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1.  Background information on the procedure 

1.1.  Submission of the dossier 

The applicant Taiho Pharma Europe Ltd. submitted on 27 February 2015 an application for Marketing 
Authorisation to the European Medicines Agency (EMA) for Lonsurf, through the centralised procedure falling 
within the Article 3(1) and point 3 of Annex of Regulation (EC) No 726/2004. The eligibility to the centralised 
procedure was agreed upon by the EMA/CHMP on 21 November 2013. On 19 October 2015, the marketing 
authorisation application was transferred to Les Laboratoires Servier. 

The applicant applied for the following indication. 

Lonsurf is indicated for the treatment of adult patients with metastatic colorectal cancer (CRC) who have been 
previously treated with, or are not considered candidates for, available therapies including fluoropyrimidine-, 
oxaliplatin- and irinotecan-based chemotherapy, an anti-VEGF biological therapy, and an anti-EGFR therapy.  

The legal basis for this application refers to:  

Article 8.3 of Directive 2001/83/EC - complete and independent application. The applicant indicated that tipiracil 
was considered to be a new active substance. 

The application submitted is composed of administrative information, complete quality data, non-clinical and 
clinical data based on applicants’ own tests and studies and/or bibliographic literature substituting/supporting 
certain test(s) or study(ies). 

Information on Paediatric requirements 

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the application included an EMA Decision(s) CW/1/2011 
on the granting of a class waiver.  

Information relating to orphan market exclusivity 

Similarity 

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No 
847/2000, the applicant did not submit a critical report addressing the possible similarity with authorised orphan 
medicinal products because there is no authorised orphan medicinal product for a condition related to the 
proposed indication. 

New active Substance status 

The applicant requested the active substance tipiracil (as hydrochloride) contained in the above medicinal 
product to be considered as a new active substance in itself, as the applicant claims that it is not a constituent 
of a product previously authorised within the Union. 
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Scientific Advice 

Not applicable. 

Licensing status 

Lonsurf has been given a Marketing Authorisation in Japan on 24 March 2014 and United States on 22 
September 2015. 

1.2.  Steps taken for the assessment of the product 

The Rapporteur and Co-Rapporteur appointed by the CHMP were: 

Rapporteur: Pieter de Graeff Co-Rapporteur: Arantxa Sancho-Lopez 

• The application was received by the EMA on 27 February 2015. 

• The procedure started on 25 March 2015.  

• The Rapporteur's first Assessment Report was circulated to all CHMP members on 15 June 2015. The 
Co-Rapporteur's first Assessment Report was circulated to all CHMP members on 15 June 2015.  

• PRAC Rapporteur’s Assessment Report was circulated on 23 June 2015. 

• PRAC Rapporteur’s Assessment Report was endorsed by PRAC on 9 July 2015. 

• During the meeting on 23 July 2015, the CHMP agreed on the consolidated List of Questions to be sent to 
the applicant. The final consolidated List of Questions was sent to the applicant on 24 July 2015. 

• The applicant submitted the responses to the CHMP consolidated List of Questions on 13 October 2015, 
which included the request for transfer of the marketing authorisation application to Les Laboratoires 
Servier. 

• PRAC Rapporteur’s Assessment Report was circulated on 18 November 2015. 

• The Rapporteurs circulated the Joint Assessment Report on the applicant’s responses to the List of 
Questions to all CHMP members on 30 November 2015. 

• PRAC Advice was adopted on 3 December 2015. 

• During the CHMP meeting on 17 December 2015, the CHMP agreed on a list of outstanding issues to be 
addressed in writing by the applicant. 

• The applicant submitted the responses to the CHMP List of Outstanding Issues on 20 January 2016. 

• Updated PRAC Rapporteur’s Assessment Report circulated 1 February 2016. 

• The Rapporteurs circulated the Joint Assessment Report on the applicant’s responses to the List of 
Outstanding Issues to all CHMP members on 4 February 2016. 

• PRAC Rapporteur’s Assessment Report was endorsed by PRAC on 11 February 2016. 

• During the meeting on 25 February 2016, the CHMP, in the light of the overall data submitted and the 
scientific discussion within the Committee, issued a positive opinion for granting a Marketing Authorisation 
to Lonsurf.  
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2.  Scientific discussion 

2.1.  Introduction 

Problem statement 

Colorectal cancer (CRC) is the third most common cancer in men and the second most common cancer in women 

worldwide (Globocan 2012). In Europe, CRC is the most frequently diagnosed cancer and the second leading 

cause of cancer death. CRC was responsible for 215 000 deaths in Europe in 2012. The stage of disease at the 

time of diagnosis represents the most relevant prognostic factor. Five-year survival rates range from 93% for 

stage I disease to less than 10% for stage IV1.  

Surgery, followed by adjuvant chemotherapy in certain cases, represents the standard therapeutic approach for 

patients with loco-regional disease. However, approximately 25% of patients present with metastases at initial 

diagnosis and almost 50% of patients with CRC will develop metastases, contributing to the high mortality rates 

reported for CRC. The CRC-related 5-year survival rate approaches 60%2. 

At present, there is no curative treatment for patients with mCRC. When left untreated, patients have a poor 

prognosis, with a median survival of about 6 months. With the exception of few selected patients where 

resection of metastases is indicated, the standard treatment for patients with metastatic disease is represented 

by systemic chemotherapy, which has demonstrated to significantly improve overall survival to an average of 20 

months. The currently available systemic chemotherapeutic options for patients with mCRC consist essentially 

of fluoropyrimidine based regimens alone or in combination with oxaliplatin (FOLFOX, CAPOX) or irinotecan 

(FOLFIRI, CAPIRI). Fluoropyrimidine based regimens have demonstrated similar activity when given as first or 

second line therapy. Addition of the anti-VEGF monoclonal antibody bevacizumab to the above mentioned first 

or second line chemotherapies has been approved. In patients with RAS wild-type mCRC, the anti-epidermal 

growth factor receptor (EGFR) monoclonal antibodies cetuximab or panitumumab can also be administered as 

monotherapy or in combination with fluoropyrimidine-based regimens. 

Aflibercept has been registered in combination with irinotecan/5-fluorouracil/folinic acid (FOLFIRI) 

chemotherapy in adults with metastatic colorectal cancer (mCRC) that is resistant to or has progressed after an 

oxaliplatin-containing regimen. Regorafenib is an oral tumour deactivation agent that potently blocks multiple 

protein kinases, including kinases involved in tumour angiogenesis (VEGFR1, -2, -3, TIE2), oncogenesis (KIT, 

RET, RAF-1, BRAF, BRAFV600E), and the tumour microenvironment (PDGFR, FGFR). Regorafenib was approved 

for the treatment of patients with mCRC who have been previously treated with, or are not considered 

candidates for, available therapies. These include fluoropyrimidine-based chemotherapy, an anti-VEGF therapy 

and an anti-EGFR therapy.  

                                                
1 Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H, et al. Cancer incidence and mortality patterns in 
Europe: estimates for 40 countries in 2012. Eur J Cancer. 2013;49(6):1374-1403. 
2 Van Cutsem E, Cervantes A, Nordlinger B, Arnold D. Metastatic colorectal cancer: ESMO Clinical Practice Guidelines for diagnosis, 
treatment and follow-up. Ann Oncol. 2014;25(suppl 3): iii1-iii9. 
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About the product 

TAS-102 (trifluridine/tipiracil, Lonsurf) 15 and 20 mg tablets, is a new antineoplastic agent. Lonsurf is comprised 
of an antineoplastic thymidine-based nucleoside analogue, trifluridine, and the thymidine phosphorylase 
(TPase) inhibitor, tipiracil hydrochloride, at a molar ratio 1:0.5 (weight ratio, 1:0.471).  

Following uptake into cancer cells, trifluridine, is phosphorylated by thymidine kinase, further metabolised in 
cells to a deoxyribonucleic acid DNA substrate, and incorporated directly into DNA, thereby interfering with DNA 
function to prevent cell proliferation.  However, trifluridine is rapidly degraded by TPase and readily metabolised 
by a first-pass effect following oral administration, hence the inclusion of the TPase inhibitor, tipiracil 
hydrochloride.  In nonclinical studies, trifluridine/tipiracil hydrochloride demonstrated antitumour activity 
against both 5-fluorouracil (5-FU) sensitive and resistant colorectal cancer cell lines. The cytotoxic activity of 
trifluridine/tipiracil hydrochloride against several human tumour xenografts correlated highly with the amount 
of trifluridine incorporated into DNA, suggesting this as the primary mechanism of action. 

The applicant applied for the following indication: 

Lonsurf is indicated for the treatment of adult patients with metastatic colorectal cancer (CRC) who have been 
previously treated with, or are not considered candidates for, available therapies including fluoropyrimidine-, 
oxaliplatin- and irinotecan-based chemotherapy, an anti-VEGF biological therapy, and an anti-EGFR therapy. 

The recommended indication is: 

Lonsurf is indicated for the treatment of adult patients with metastatic colorectal cancer (CRC) who have been 
previously treated with, or are not considered candidates for, available therapies including fluoropyrimidine-, 
oxaliplatin- and irinotecan-based chemotherapies, anti-VEGF agents, and anti EGFR agents. 

The recommended starting dose of Lonsurf in adults is 35 mg/m2/dose administered orally twice daily on Days 
1 to 5 and Days 8 to 12 of each 28-day cycle as long as benefit is observed or until unacceptable toxicity occurs 
(see section 4.4). 

The dosage is calculated according to body surface area (BSA).  The dosage must be rounded to the nearest 5 
mg increment.  The dosage must not exceed 80 mg/dose. If doses were missed or held, the patient must not 
make up for missed doses. 

Table 1: Starting dose calculation according to body surface area (BSA) 

Starting dose BSA (m2) 
Dose in mg 

(2x daily) 

Tablets per dose Total daily 

dose (mg) 15 mg 20 mg 

35 mg/m2 < 1.07 35 1 1 70 

1.07 - 1.22 40 0 2 80 

1.23 - 1.37 45 3 0 90 

1.38 - 1.52 50 2 1 100 

1.53 - 1.68 55 1 2 110 

1.69 - 1.83 60 0 3 120 

1.84 - 1.98 65 3 1 130 

1.99 - 2.14 70 2 2 140 

2.15 - 2.29 75 1 3 150 

≥ 2.30 80 0 4 160 

Recommended dose adjustments 
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Dosing adjustments may be required based on individual safety and tolerability. 

A maximum of 3 dose reductions are permitted to a minimum dose of 20 mg/m2 twice daily. Dose escalation is 
not permitted after it has been reduced. 

In the event of haematological and/or non-haematological toxicities patients should follow the dose interruption, 
resumption and reduction criteria stated in Table 2, Table 3 and Table 4. 

Table 2: Dose interruption and resumption criteria for haematological toxicities related to myelosuppression 

Parameter Interruption criteria Resumption criteriaa 

Neutrophils < 0.5 × 109/L ≥ 1.5 × 109/L 

Platelets < 50 × 109/L ≥ 75 × 109/L 

a Resumption criteria applied to the start of the next cycle for all patients regardless of whether or not the interruption criteria were met. 

Table 3: Recommended dose modifications for Lonsurf in case of haematological and non-haematological 

adverse reactions 

Adverse reaction Recommended dose modifications 

• Febrile neutropenia 

• CTCAE* Grade 4 neutropenia (< 0.5 x 109/L)  or 

thrombocytopenia (<  25 × 109/L) that results in 

more than 1 week’s delay in start of next cycle 

• CTCAE* non-hematologic Grade 3 or Grade 4 

adverse reaction; except for Grade 3 nausea 

and/or vomiting controlled by antiemetic 

therapy or diarrhoea responsive to antidiarrheal 

medicinal products 

• Interrupt dosing until toxicity resolves to 

Grade 1 or baseline. 

• When resuming dosing, decrease the dose 

level by 5 mg/m2/dose from the previous dose 

level (Table 4). 

• Dose reductions are permitted to a minimum 

dose of 20 mg/m2/dose twice daily.  

• Do not increase dose after it has been reduced. 

* Common terminology criteria for adverse events 

Table 4: Dose reductions according to body surface area (BSA) 

Reduced dose BSA (m2) 
Dose in mg 

(2x daily) 

Tablets per dose (2x daily) Total daily 

dose (mg) 15 mg 20 mg 

Level 1 dose reduction:  From 35 mg/m2 to 30 mg/m2 

30 mg/m2 < 1.09 30 2 0 60 

1.09 - 1.24 35 1 1 70 

1.25 - 1.39 40 0 2 80 

1.40 - 1.54 45 3 0 90 

1.55 - 1.69 50 2 1 100 

1.70 - 1.94 55 1 2 110 

1.95 - 2.09 60 0 3 120 

2.10 - 2.28 65 3 1 130 

≥ 2.29 70 2 2 140 

Level 2 dose reduction:  From 30 mg/m2 to 25 mg/m2 

25 mg/m2 < 1.10 25a 2a 1a 50a 

1.10 - 1.29 30 2 0 60 

1.30 - 1.49 35 1 1 70 
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Reduced dose BSA (m2) 
Dose in mg 

(2x daily) 

Tablets per dose (2x daily) Total daily 

dose (mg) 15 mg 20 mg 

1.50 - 1.69 40 0 2 80 

1.70 - 1.89 45 3 0 90 

1.90 - 2.09 50 2 1 100 

2.10 - 2.29 55 1 2 110 

≥ 2.30 60 0 3 120 

Level 3 dose reduction:  From 25 mg/m2 to 20 mg/m2 

20 mg/m2 < 1.14 20 0 1 40 

1.14 – 1.34 25a 2a 1a 50a 

1.35 – 1.59 30 2 0 60 

1.60 – 1.94 35 1 1 70 

1.95 – 2.09 40 0 2 80 

2.10 – 2.34 45 3 0 90 

≥ 2.35 50 2 1 100 

a At a total daily dose of 50 mg, patients should take 1 x 20 mg tablet in the morning and 2 x 15 mg tablets in the evening. 

2.2.  Quality aspects 

2.2.1.  Introduction 

The finished product is presented as film-coated tablets containing 15 mg trifluridine and 6.14 mg tipiracil (as 
hydrochloride) or 20 mg trifluridine and 8.19 mg tipiracil (as hydrochloride) as active substances.  

Other ingredients are:  

Tablet core: lactose monohydrate, pregelatinized maize starch, stearic acid 
 
Film coating:  
 
Lonsurf 15 mg/ 6.14 mg film-coated tablets 
hypromellose, macrogol (8000), titanium dioxide (E171), magnesium stearate 
 
Lonsurf 20 mg/ 8.19 mg film-coated tablets 
Hypromellose, macrogol (8000), titanium dioxide (E171), iron oxide red (E172), magnesium stearate 
 
Printing ink: shellac, iron oxide red (E172), iron oxide yellow (E172), titanium dioxide (E171), indigo carmine 
aluminium lake (E132), carnauba wax, talc 
 

The product is available in aluminium/aluminium blister with laminated desiccant (calcium oxide) as described 
in section 6.5 of the SmPC.  
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2.2.2.  Active  substance 

Trifluridine  

General information 

The chemical name of trifluridine is 2'-deoxy-5-(trifluoromethyl)uridine corresponding to the molecular formula 
C10H11F3N2O5. It has a relative molecular mass of 296.20 g/mol and the following structure: 

 

 

The active substance is a non-hygroscopic white crystalline powder soluble in water and buffer solution at pH 
2-12.   

Trifluridine exhibits stereoisomerism due to the presence of 3 chiral centres in the sugar moiety. 
Stereoisomerism is controlled by starting material specifications and process reaction conditions. In addition, 
enantiomeric purity is controlled routinely by specific optical rotation. 

Polymorphism has been observed for active substance. The chosen crystal form is consistently manufactured 
and remains stable on storage of the active substance.   

Manufacture, characterisation and process controls 

The active substance is synthesized by one manufacturer in seven main steps using commercially available well 
defined starting materials with acceptable specifications. Adequate in-process controls are applied during the 
synthesis. The specifications and control methods for intermediate products, starting materials and reagents 
have been presented. 
 
Detailed information on the manufacturing of the active substance has been provided in the restricted part of the 
ASMF and it was considered satisfactory. 

The characterisation of the active substance and its impurities are in accordance with the EU guideline on 
chemistry of new active substances. The following techniques were used in the study of the structure of 
trifluridine: elemental analysis, infrared spectroscopy, nuclear magnetic resonance spectroscopy, mass 
spectrometry, UV-visible spectrophotometry and X-ray analysis of crystal structure. Potential and actual 
impurities were well discussed with regards to their origin and characterised. 

The active substance is packaged in double LDPE bags inserted into a HDPE drum.  The LDPE bags comply with 
Regulation EC 10/2011 as amended 
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Specification 

The active substance specification includes tests for: description, identity (IR, HPLC), specific optical rotation 
(Ph. Eur.), heavy metals (Ph. Eur.),  assay (HPLC), related substances (HPLC), residual solvents (GC), water 
content (Ph. Eur.), and residue on ignition (Ph. Eur.), microbial contamination (Ph. Eur.).  

The absence of a control for polymorphism in the specification is considered justified. Data have been presented 
showing that the manufacturing process consistently produces the same crystal form of trifluridine. The 
polymorphic form has also been controlled in the stability studies. The absence of particle size control is justified.  

The analytical methods used have been adequately described and non-compendial methods appropriately 
validated in accordance with the ICH guidelines. Satisfactory information regarding the reference standards 
used for assay and impurities testing has been presented. 

Batch analysis data on three production scale batches of the active substance are provided. The results are 
within the specifications and consistent from batch to batch. 

Stability 

Stability data were provided on production scale batches of active substance from the proposed manufacturer 
stored in a container closure system representative of that intended for the market for up to 36 months under 
long term conditions at 25 ºC / 60% RH (6 batches) and for 6 months under accelerated conditions at 40 ºC / 
75% RH (3 batches) according to the ICH guidelines.  

Photostability testing following the ICH guideline Q1B was performed on one batch.  

Results on stress conditions (40˚C/75%RH/3 months, 60 ̊ C/3 months, purified water/80˚C/2 hours, 0.1 mol/L 
Hydrochloride acid/80˚C/2 hours, 0.1 mol/L sodium hydroxide solution/ambient temperature/3hours, hydrogen 
peroxide 15%/5˚C/19 hours) were also provide on one batch.  

The parameters tested are the same as for release. The analytical methods used were the same as for release 
and were stability indicating. Additionally, polymorphic form was tested by XRPD as well as identification by 
fluoride and UV tests.  

No significant change was observed in the long term and accelerated conditions. For the stress testing in the 
solid state, no significant changes related to related substances were observed. The active substance was stable 
under high temperature at 60˚C, high humidity at 40˚C/75%RH and exposure to light. Based on the stability 
results of stress conditions (purified water/80˚C/2 hours, 0.1 mol/L Hydrochloride acid/80˚C/2 hours, 0.1 mol/L 
sodium hydroxide solution/ambient temperature/3hours, hydrogen peroxide 15%/5˚C/19 hours), potential 
degradation pathway were established. 

The stability results indicate that the active substance manufactured by the proposed supplier is sufficiently 
stable. The stability results justify the proposed retest period of 36 months with no special storage conditions in 
the proposed container. 
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Tipiracil hydrochloride  

General information 

The chemical name of tipiracil hydrochloride is 
5-chloro-6-[(2-iminopyrrolidin-1-yl)methyl]pyrimidine-2,4-(1H,3H)-dione monohydrochloride corresponding 
to the molecular formula C9H11ClN4O2 HCl. It has a relative molecular mass of 279.12 g/mol and the following 
structure: 

 

The active substance is a non-hygroscopic white crystalline powder freely soluble in water and buffer solution at 
pH 1-12.  

The active substance has a non-chiral molecular structure. Polymorphism has been observed. The more 
thermodynamically stable crystal form, is produced consistently in the manufacturing process. Polymorphic 
form control has been included in the active substance specification. 

Manufacture, characterisation and process controls 

The active substance is synthesized by one manufacturer in three main steps using commercially available well 
defined starting materials with acceptable specifications.  
Adequate in-process controls are applied during the synthesis. The specifications and control methods for 
intermediate products, starting materials and reagents have been presented. Detailed information on the 
manufacturing of the active substance has been provided in the restricted part of the ASMF and it was 
considered satisfactory. 
 
The characterisation of the active substance and its impurities are in accordance with the EU guideline on 
chemistry of new active substances. The structure of tipiracil was investigated using the following techniques: 
elemental analysis, mass spectrometry, ultraviolet-visible spectrophotometry, infrared spectrophotometry, 
nuclear magnetic resonance spectroscopy and X-ray analysis of crystal structure. Potential and actual impurities 
were well discussed with regards to their origin and characterised. 

Changes introduced during manufacturing process development have been presented in sufficient detail and 
have been justified.  

The active substance is packaged in double polyethylene bags in fiber drum. The polyethylene bags comply with 
EC 10/2011 Regulation as amended. 
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Specification 

The active substance specification includes tests for: description, identity (IR, HPLC, XRD), identification 
chloride, heavy metals (Ph. Eur.), assay (HPLC), related substances (HPLC), residual solvents (GC), water 
content (Ph. Eur.), and residue on ignition (Ph. Eur.).  

The analytical methods used have been adequately described and non-compendial methods appropriately 
validated in accordance with the ICH guidelines. Satisfactory information regarding the reference standards 
used for assay and impurities testing has been presented. 

Batch analysis data are provided for several batches including four production scale batches of the active 
substance. The results are within the specifications and consistent from batch to batch. 

Stability 

Stability data were provided on three pilot scale batches of active substance from the proposed manufacturer 
stored in a container closure system representative of that intended for the market for 36 months under long 
term conditions at 25 ºC / 60% RH and for 6 months under accelerated conditions at 40 ºC / 75% RH according 
to the ICH guidelines.  

Photostability testing was performed on one batch with conditions similar to the ICH guideline Q1B conditions. 
Results on stress conditions (40˚C/75%RH/3 months, 60 ̊ C/3 months, purified water/80˚C/3 hours, 0.1 mol/L 
Hydrochloride acid/80˚C/4 hours, 0.1 mol/L sodium hydroxide solution/ambient temperature/0.5 hours, 
hydrogen peroxide 30%/room temperature/24hours) were also provide on one batch. 

The parameters tested are the same as for release. The analytical methods used were the same as for release 
and were stability indicating. In addition, microbiological purity, clarity and colour of solution and pH were 
studied. 

No significant change was observed in the long term and accelerated conditions. Results of photostability study 
showed that the active substance is not light sensitive. Based on the stability results of stress conditions 
potential degradation pathways were established 

The stability results indicate that the active substance manufactured by the proposed supplier is sufficiently 
stable. The stability results justify the proposed retest period of 36 months with no special storage conditions in 
the proposed container. 

2.2.3.  Finished medicinal product 

Description of the product and Pharmaceutical development 

Trifluridine/Tiparacil Hydrochloride (FTD/TPI) is an immediate release film-coated tablet. The different tablet 
strengths are appropriately differentiated by their colour and imprinting as follows: 

15/7.065 mg film-coated tablets are white, round, biconvex, imprinted with "15" on one side, and "102" and "15 
mg" on the other side, in gray ink. The tablets have a diameter of approximately 7.1 mm and a thickness of 
approximately 2.7 mm. 
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20/9.420 mg film-coated tablets are pale red, round, biconvex, imprinted with "20" on one side and "102" and 
"20 mg" on the other side in gray ink. The tablets have a diameter of approximately 7.6 mm and a thickness of 
approximately 3.2 mm. 

Both active substances are BCS class III compounds.  The influence of the particle size distribution of both active 
substances on the content uniformity of tablets, the dissolution profile and the tablet hardness was studied. 
Based on the study results the particle size of FTD was not considered to be critical. Regarding TPI, the results 
indicated that particle size distribution of this API has an impact on the content uniformity of tablets.  

All excipients are well known pharmaceutical ingredients and their quality is compliant with Ph. Eur standards. 
The colorants used comply with EU regulation 231/2012. There are no novel excipients used in the finished 
product formulation. The list of excipients is included in section 6.1 of the SmPC and in paragraph 2.1.1 of this 
report. The choice of the excipients has been satisfactorily justified and their levels have been chosen based on 
formulation optimisation studies. The compatibility of the active substance with the excipients and the 
compatibility of active substance with each other have been adequately demonstrated. 

Both formulations (15/7.065 mg and 20/9.420 mg tablets) are dose proportionate. 

For the finished product, the base formulation used in clinical studies for other clinical indications formed the 
starting point for the development of tablets for the proposed indication. Using this base formulation, an early 
clinical trial formulation was developed in order to optimize the manufacturing method.   The process employed 
to produce the base formulation was chosen in view of excipient compatibility results. Lactose monohydrate as 
a diluent, carmellose as a disintegrant and stearic acid as a lubricant were selected as the excipients based on 
compatibility test results for the base formulation. In addition, a film coating was applied to prevent any hazard 
due to dusting of high potency active substances. Because carmellose in the base formulation was not a 
compendial article in Europe or the US at the time of development, to facilitate regulatory approval, the 
disintegrant was changed from non-compendial carmellose to compendial pregelatinized starch. Furthermore 
there was a concern regarding exposure to the active ingredients during manufacturing. Thus, the 
manufacturing method was changed to a direct compression method that is simpler and causes less dusting and 
minimizes exposure to the active ingredients. Associated with the change in the manufacturing method, a 
different type of lactose monohydrate was used as the diluent. After that, minor changes were made (e.g. for 
both strength magnesium stearate was added; for the 20 mg strength, the shape of the tablet was changed and 
red ferric oxide was added) to develop the late clinical trial formulation used in the Phase III clinical study. The 
compositions of the phase III clinical batches are the same as the to-be marketed formulation, with the 
exception regarding the imprinting on the tablet surface. The manufacturing process is the same with the 
difference of the batch scale (four-fold increase), and the manufacturing site. 

The comparative dissolution profiles of phase I/II formulation vs phase III formulation using the Quality Control 
(QC) method and the following medium: water, buffered media at pH 1.2/4.5/6.8, FaSSIF (fasted state 
simulated intestinal fluid, pH 6.5) and FeSSIF (fed state simulated intestinal fluid, pH 5.0) showed that the 
differences between phase I/II formulation and phase III formulation do not affect dissolution.  To provide 
further assurance that phase I/II formulation and phase III formulation are comparable, a bioavailability study 
was performed using the highest dose strength tablets (20 mg). It was concluded that the differences in the 
formulation and tablet shape had no influence on in vivo absorption. 

The comparative dissolution profiles of phase III formulation vs proposed formulation using the QC method and 
the QC medium (0.1 N HCl) showed that the differences between phase III formulation and the proposed 
formulation do not affect dissolution.   

The discriminatory power of the dissolution method has been demonstrated. 
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FTD/TPI film-coated tablets are manufactured by a standard compression process. The studies performed 
demonstrated that the manufacturing process posed no risk to content uniformity. 

The primary packaging is aluminium/aluminium blister with laminated desiccant (calcium oxide). The material 
complies with EC requirements. The choice of the container closure system has been validated by stability data 
and is adequate for the intended use of the product.  

Manufacture of the product and process controls 

The manufacturing process consists of four main steps: milling of the two active substances, mixing of the raw 
materials, tableting and film-coating. The process is considered to be a standard manufacturing process. 

Major steps of the manufacturing process have been validated by a number of studies on three production scale 
batches per tablet strength. It has been demonstrated that the manufacturing process is capable of producing 
the finished product of intended quality in a reproducible manner. The critical steps have been identified .The 
in-process controls are adequate for this type of manufacturing process and pharmaceutical form. Information 
about the storage and transportation of the bulk tablet are provided. The maximum holding time for the bulk 
tablets is validated. 

Product specification  

The finished product release and shelf-life specifications include appropriate tests for this kind of dosage form : 
description, identification (HPLC, UV), dissolution (HPLC, Ph. Eur.), uniformity of dosage units (Ph. Eur.), 
elemental impurities (Ph. Eur.), related substances (HPLC), assay (HPLC), water content  (Ph. Eur.), and 
microbial test (Ph. Eur.).  

The analytical methods used have been adequately described and appropriately validated in accordance with the 
ICH guidelines.  Satisfactory information regarding the reference standards used for assay and impurities 
testing has been presented. 

Batch analysis results are provided for several development batches including clinical batches and for three 
production scale batches per strength confirming the consistency of the manufacturing process and its ability to 
manufacture to the intended product specification.  

Stability of the product 

Stability data were provided for three production scale batches of each strength stored under long term 
conditions for 18 months at 25 ºC / 60% RH and for 6 months under accelerated conditions at 40 ºC / 75% RH 
according to the ICH guidelines. The batches of medicinal product are identical to those proposed for marketing 
and were packed in the primary packaging proposed for marketing.  

Samples were tested according to shelf-life specifications described in the section above. The analytical 
procedures used are stability indicating. 

In addition, one batch was exposed to light as defined in the ICH Guideline on Photostability Testing of New Drug 
Substances and Products. 

No significant changes have been observed in the long term and accelerated stability studies. Photostability 
results demonstrated that the product is not light sensitive. 
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To support the storage and shipment of bulk tablets to the packaging site, the following studies have been 
performed: bulk stability studies, thermal cycle study (-20˚C - 40˚C/75% RH), bulk shipping studies. No 
significant changes have been observed.  

Based on available stability data, the proposed shelf-life of 30 months with no special storage precaution as 
stated in the SmPC (section 6.3) are acceptable. 

Adventitious agents 

It is confirmed that the lactose is produced from milk from healthy animals in the same condition as those used 
to collect milk for human consumption and that the lactose has been prepared without the use of ruminant 
material other than calf rennet according to the Note for Guidance on Minimising the Risk of Transmitting Animal 
Spongiform Encephalopathy Agents Via Human and veterinary medicinal products. 

The magnesium stearate and stearic acid are of vegetable origin. 

  

2.2.4.  Discussion on chemical, and pharmaceutical aspects 

Information on development, manufacture and control of the active substance and finished product has been 
presented in a satisfactory manner. The results of tests carried out indicate consistency and uniformity of 
important product quality characteristics, and these in turn lead to the conclusion that the product should have 
a satisfactory and uniform performance in clinical use.  

 

2.2.5.  Conclusions on the chemical, pharmaceutical and biological aspects  

 

The quality of this product is considered to be acceptable when used in accordance with the conditions defined 
in the SmPC. Physicochemical and biological aspects relevant to the uniform clinical performance of the product 
have been investigated and are controlled in a satisfactory way. Data has been presented to give reassurance on 
viral/TSE safety. 

 

2.2.6.  Recommendation(s) for future quality development   

Not applicable. 
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2.3.  Non-clinical aspects 

2.3.1.  Introduction 

TAS-102 has undergone a series of nonclinical studies to support its use in adult patients with metastatic 
colorectal cancer who have been previously treated with, or are not candidates for, standard chemotherapies. 

2.3.2.  Pharmacology 

Primary pharmacodynamic studies  
In vitro studies 

The IC50 values of FTD and 5-Fu for inhibition of cultured human cancer cell line investigated in study 
20061-004, were in a similar range, varying from 0.214-24.4 µM for FTD and from 3.18-17.7 µM for 5-FU. 
However, the IC50s against cell lines DU145 and CCRF-CEM differed markedly between FTD (1.48 and 0.214 
µM) and 5-FU (7.70 and 8.40 µM). 

Table 10: Influence of FTD and 5-FU (IC50 µM) on the proliferation of human cancer cell lines in vitro 

 

In a study investigating the sustainability of inhibitory effect of FTD on TS by measurement of intracellular dTTP 
pool in HeLa cells (study 20111-003), the dTTP pool was reduced during exposure to both FTD and FdUrd, but 
the dTTP pool following drug washout recovered markedly better with FTD than with FdUrd. TS inhibitory action 
was cancelled more quickly following drug washout with FTD than with FdUrd. 
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Figure 4: Influence of FTD or FdUrd on the dTTP pool (T/C%) after 4 h incubation (Pre-drug 
washout) and following 4 h washout (Post-drug washout) n=3 

Upon uptake of FTD in NUGC-3 and MCF-7 cells, the amount of FTD uptake into DNA was much greater than that 
of the other nucleosides, Ara-C, dFdC and FdUrd (study M01-2006-0025).  

In vivo studies 

The antitumor efficacy of oral administration (twice daily) and continuous infusion (osmotic pump) of FTD for 14 
days in MX-1 human breast cancer xenografted nude mice was evaluated in study 11TA03. Approximately one 
month after inoculation, 2 mm fragments of tumour were excised and subcutaneously implanted into the right 
chest of male BALB/cAJclnu/ nu mice. Groups were formed such that mean tumour volume (TV) between groups 
was equal. Then administration with either TAS-102 or its anti-tumour component FTD or a comparator followed 
for 14 or 28 days. Relative tumour volume (RTV) was calculated from each calculated tumour volume (TV) 
calculated on certain days (n) The inhibition rate of tumour growth (IR) was calculated from the RTV most often 
at Day 15. RTV and IR were calculated using the following formulas:  RTVn = (TV on Day n) / (TV on Day 0) and 
IR (%) = [1-(mean RTV15 of treatment group) / (mean RTV15 of control group)] × 100. As indicator for toxicity, 
changes in body weight (reductions of >20 %) were taken. 

A comparison of the RTV between the oral administration group and the continuous infusion group showed that 
oral administration resulted in significantly higher anti-tumour efficacy (p<0.01). Oral administration of FTD 
seems to be superior to continuous infusion, confirming the validity of oral administration 

The anti-tumour efficacy between once daily and twice daily oral administration of TAS-102 for 14 days in MX-1 
human breast cancer xenografted nude mice was evaluated in study 11TA04 . The anti-tumour efficacy of 
TAS-102 is higher when the compound is given as a divided daily dose compared to a single dose in human 
breast tumour MX-1 xenografts in nude mice, suggesting that administration of TAS-102 using a divided-dosing 
regimen may result in greater efficacy. 

The effective dose levels of TAS-102 that could be administered to substantially reduce the growth of human 
gastric carcinoma SC-2 xenografts in nude mice were determined in study 20061-003. Tumour volume 
reduction following treatment with TAS-102 (500 mg/kg/day) was associated with significant toxicity (23.5% 



    
  
EMA/CHMP/287846/2016 Page 22/106 

weight loss) at Day 15. In comparison, weight loss following treatment with 250 mg/kg/day was circa 5%, 
suggesting that the optimum dose level of TAS-102 against SC-2 human gastric cancer xenografts in nude mice 
lies between 250 and 500 mg/kg/day. 

In nude mice bearing intraperitoneally implanted human colon adenocarcinoma (KM20C) tumours, TAS-102 
showed superior prolongation of survival compared with CPT-11 and S-1-treated mice (28 days) bearing human 
colon adenocarcinoma (KM20C) xenografts (study 11TA05). These findings suggest that TAS-102 may be 
effective in prolonging survival of advanced and recurrent colorectal cancer in patients.   

In mice bearing human colon cancer (KM20C), human breast cancer (MC-2) and human lung cancer (Lu-134) 
xenografts, treatment with TAS-102 (150 mg/kg/day, b.i.d.) for 14 consecutive days, showed significant (p < 
0.01) anti-tumour activity against all three tested human cancer xenografts in nude mice (study 03-09-008). TP 
expression was observed in KM20C, MC-2, and Lu-134 tumours, with the highest expression in MC-2 tumours.  

 

Figure 5: Expression levels of TP in human KM20C, MC-2 or Lu-134 tumor cells (all n=3/group) 

However, whilst TP was expressed in all three tumour types investigated, TPI showed no anti-tumour efficacy in 
this study, suggesting that TPI acts solely as a modulator to inhibit the degradation of FTD (the TAS-102 
effector) in blood, with little or no direct involvement in the anti-tumour efficacy of TAS-102. MC-2 and Lu-134 
human xenografts in nude mice seem to be more effectively inhibited by TAS-102 in comparison to KM20C 
human xenograft. 

The anti-tumour effect of TAS- 102 on the human colon cancer-derived cell line COL-1 and the mutant 
KRAS-containing cell line HCT-116 was evaluated in nude mice bearing subcutaneously implanted tumours 
(study 11TA01). TAS-102 is more effective than cetuximab on cetuximab insensitive colorectal cancer xenograft 
in nude mice, which may suggest that TAS-102 will be effective in treating patients with progressive, recurrent 
colorectal cancer and KRAS mutations that do not respond to cetuximab. 

Table 11: Inhibition of COL-1 and HCT-116 human colon adenocarcinoma xenografts in nude mice 
by TAS-102 and cetuximab. 

 COL-1 (wt KRAS) HCT-116 (mutant KRAS) 

Cetuximab, 40 mg/kg IP on day 1, 4, 8, 11 80.8 %  0.6 % 

TAS-102, 150 mg/kg/day p.o. BID  55.8 % 55.5%  

NB No toxicity-related deaths were recorded during the administration period of either drug. 

The anti-tumour activity of TAS-102 and TS-1 against MX-1 human breast cancer xenografts in nude mice was 
evaluated in study 11TA02. The IR of the TAS-102 (150 mg/kg/day) treated group was 64.3 % and of the TS-1 
(8.3 mg/kg/day) treated group 10.5%. Compared to control, both TAS-102 and TS-1 produced significant 
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anti-tumour activity (RTV), which was significantly higher for TAS-102 over TS-1 against MX- 1 human breast 
cancer xenografts in this model. 

A correlation analysis between the anti-tumour efficacy of TAS-102 in vivo and the amount of FTD incorporated 
into DNA was conducted (study 03-12-003). The high degree of association (R2 = 0.84) between the 
anti-tumour efficacy of TAS-102 and the amount of FTD incorporated into DNA confirms incorporation of FTD 
into DNA as the main effector mechanism for the anti-tumour activity of TAS-102. 

Figure 6: Anti-tumor efficacy (IR%) of TAS-102 (Day 15) and FTD incorporation into DNA (pmol/μ
g DNA) on Day 7, in mice subcutaneously implanted with various human-derived tumour cell lines 
(table) and the correlation between these two (graph) 

 

 

 

The mechanism(s) underlying the anti-tumour efficacy of TAS-102 were investigated by means of transcription 
analysis using mice bearing subcutaneously implanted KM20C human colon tumour xenografts (study 
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03-12-012). On the basis of a transcription study in cells from mice bearing KM20C tumour and treated with 
TAS-102, it is suggested that the decreased expression of genes under control of TBP observed following 
TAS-102 administration could be attributable to the incorporation of FTD into A-T-rich promoter regions, thus 
influencing the interactions between DNA and transcription factors 

Which TBP regulated genes are expressed to a lesser extent in tumours inhibited by TAS-102 and how decrease 
in expression of these genes leads to tumour inhibition is not unravelled. This lack of information will not 
influence the benefit/risk balance of this product.  

Secondary pharmacodynamic studies 
The applicant has conducted receptor screening studies for FTD, FTY and TPI at concentrations of 10μM.  

No significant interaction between FTD, TPI, FTY and different receptors, enzymes and channels tested has been 
reported up to the tested concentration of 10μM, which is in excess of the free maximum concentration of FTD, 
FTY and TPI in human serum upon dosing with Lonsurf according to the clinical dosing regimen. It can thus be 
anticipated that no secondary pharmacological effects will occur. 

Table 12: calculation of the maximum plasma concentration in µM of FTD, FTY and TPI in humanplasma 

Test compound Cmax ng/mL (plasma) Molecular Weight (g/mol) Cmax  µM (plasma) 

FTD 4752 - 5448  296.20  18.39 

FTY 560 -718* & 904**  180.08 5.02  

TPI 69 - 79  279.12 0.28 

* after multiple dosing 
** after single dosing TPU-TAS-102-103 

Safety pharmacology programme 
Effects on CNS, respiratory and cardiovascular systems have been studied in rat and monkey for TAS-102, FTD 
and TPI. Effect of FTD and TPI on hERG current has been studied in HEK293T cells.  

Oral administration of TAS-102 at dose levels of up to 435 mg/kg of FTD, or TPI at dose levels of up to 2000 
mg/kg produced no treatment related behavioural, physiological, body temperature changes or respiratory 
parameters in the rat when compared to the vehicle treated group (studies B040836, B061097, B050588, 
B040837, B061098 and B050587). 

Oral administration of TAS-102 at dose levels of up to 108.8 mg/kg of FTD and oral administration of TPI at dose 
levels of up to 1000 mg/kg produced no effects on cardiovascular parameters in the conscious monkey (studies 
B040835, B061099 and B050589). 

The effect of FTD was assessed in vitro on the peak hERG tail current recorded from a HEK293 cell line stably 
expressing the hERG (human ether a go go related gene) potassium channel (studies B050268 or B050270). 
FTD is considered to have no effect on hERG current at concentrations up to 300 µmol/L (88.86 mg/L) and TPI 
is considered to have no effect on hERG current at concentrations up to 100 μmol/L (24.3 mg/L). Human Cmax 
for FTD is 4.8 mg/L and for TPI 0.068 mg/L.  

Pharmacodynamic drug interactions 
The inhibitory effects of FTD on cell proliferation when used concomitantly with dThd analog-type antiviral drugs 
in vitro were determined in study 03-13-004. None of the tested zidovudine (AZT), stavudine (d4T) or 
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telbivudine (LdT) influenced the inhibitory action of FTD on cell growth at clinically relevant concentration with 
HCT116 and NUGC-3 cancer cell lines. Zidovudine (AZT) attenuated the cell growth inhibitory effects of FTD, 
mainly at near clinical concentration of AZT. This would suggest that the possibility that the anti-tumour effects 
of Lonsurf could be attenuated when AZT is used concomitantly in clinical practice. 

2.3.3.  Pharmacokinetics 

Single dose pharmacokinetics were studied in mice, rats and monkeys. Tissue distribution was studied in rats. 
Metabolism and excretion were studied in rats and monkeys. 

Analytical methods 

In toxicokinetic studies, FTD, FTY and TPI in plasma were measured by LC-MS/MS methods in rats, by HPLC-UV 
methods in dogs and by LC-MS/MS or HPLC-UV in monkeys. The methods were sufficiently validated. 

FTD 

Absorption 

Based on excretion in urine and expired air and in rats also bile, at least 77% and 79% of FTD was absorbed in 
rat and monkey respectively. After oral administration, Tmax of FTD was similar among animal species (mouse 
0.17 – 0.33 h, rat 0.25 – 0.5 h, monkey 0.9 – 1.5 h) and slightly longer in humans (1.3 – 2.1 h), indicating rapid 
absorption. FTD was rapidly metabolised into FTY (Tmax after oral administration mouse 0.33 – 2 h, rat 1 h, 
monkey 1.1 – 1.8 h, human 2.0 – 2.7 h). Absorption in humans appears much lower than in rats and monkeys, 
based on low excretion of FTD + metabolites in urine and low membrane permeability in Caco-2 cells. 

Oral bioavailability of FTD (administered without TPI) was low (3.0% in monkeys) due to a high first-pass effect. 
The exposure to FTD (based on AUC(0-inf) increased 2.5 times in mice and 100 times in monkeys due to the 
co-administration with TPI. Molar ratios for FTD/TPI of 1:1 and 1:0.5 provided a significantly higher exposure to 
FTD in monkeys than a ratio of 1:0.2.  

Elimination half-life of FTD was short, 0.21 h in rats and 0.22 h in monkeys following IV administration. In mice, 
conversion into FTY was too quick to determine a half-life for FTD. In humans, half-life was also short (1.4 – 1.7 
h following oral administration). 

Vd and CL were only provided for monkeys. CL/F was much higher for FTD alone (44.4 L/h/kg) than for FTD 
combined with TPI (0.35 L/h/kg), probably due to the fast conversion of FTD to FTY when FTD is administered 
without TPI. Vd/F for FTD alone (20.7 L/kg) was higher than total body water. Vd/F for FTD combined with TPI 
(0.585 L/kg) was lower than total body water.  

Repeated dose plasma pharmacokinetics studies were not performed. Toxicokinetic studies showed no 
consistent gender effects in the exposure to FTD and FTY in rats and monkeys. Exposure to FTD increased 
approximately dose-proportionally at lower doses and less than dose-proportionally at higher doses in rats and 
monkeys. Exposure to FTD and FTY in rats showed some potential for accumulation following repeated dosing. 
In monkeys, no effect was observed from repeated dosing. 

Distribution 

Plasma protein binding of FTD was 83%, 72%, 45%, 91% and 97% in mouse, rat, dog, cynomolgus monkey and 
human. The high protein binding for humans compared to the animal species provides extra safety margins: 
factor 5.7 for the mouse, 9.3 for the rat, 18 for the dog, and 3.0 for the monkey at clinical concentrations. 
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In blood of rats, cynomolgus monkeys and humans, 14C-FTD did not distribute to blood to a significant extent, 
at clinically relevant concentrations (blood/plasma ratios were around 0.6 – 0.8 in vitro and comparable or 
slightly higher in vivo). 

14C-FTD was found at the highest concentrations in large intestine, urine in bladder, uveal tract, bone marrow, 
and thymus. Low concentrations were found in the brain. The reliability of this study is however limited because 
measurements were started several hours after the plasma peak and because total radioactivity was measured, 
which at 4 h after dosing consisted mainly of FTY. There was no evidence of significant binding to melanin. 

FTD and metabolites distributed to rat foetal tissues in substantial amounts. At 48 h after dosing, still substantial 
amounts remained. FTD (including metabolites) was excreted in milk of rats. 

Metabolism 

In vitro studies: FTD was not metabolized by human liver microsomes. FTD was metabolized into FTY 
(44.5-92.3% of the total radioactive peak area) and 5-CU (2.1-7.8% of total radioactive peak area) by 
cryopreserved human hepatocytes. 5-CdUrd was formed non-enzymatically (0.0-2.3% of total radioactive peak 
area). FTD was primarily metabolized by thymidine phosphorylase. Published in vitro data indicate that the 
metabolism of FTD into FTY s not inhibited by TPI in dogs. 

In vivo studies: In rats, monkeys and humans FTY is the major metabolite. In plasma of rats, also a minor 
unknown metabolite was found. Urine excretion data in rats treated with radio-labelled TAS-102 vs 
radio-labelled FTD indicate that metabolism of FTD into FTY is inhibited by TPI in rats, though to a limited extent. 
In plasma of monkeys, also hydrolysed FTY and glucuronides of FTD were found, as well as other minor 
metabolites. In humans, 5-CU and 5-CdUrd are minor metabolites. These were not found in plasma of rats or 
monkeys. This is however not a problem, as they are only very minor metabolites in humans. 

Excretion 

Excretion of radioactivity following the oral administration of 14C-FTD to non-fasted male rats in urine, faeces, 
expired air and bile was 61%, 21%, 16% and 0.4% respectively. Considering the low excretion in bile, excretion 
in faeces probably mainly consisted of unabsorbed dose. In cynomolgus monkeys, 79% of radioactivity was 
excreted in urine following the oral administration of 14C-FTD. Excretion in faeces was 4%. Excretion was almost 
complete in 7 days. In humans, 1.5% of the administered dose of TAS-102 was excreted as unchanged FTD in 
urine and 21.0% of the administered dose was excreted as unchanged FTD + metabolites, which is much lower 
than in rats and monkeys. Excretion in faeces was not determined in humans. 

TPI 

Absorption 

Based on excretion in urine and expired air and in rats also bile, approximately 15-24% and 27% of TPI was 
absorbed in rat and monkey respectively. In rats, absorption was 19% based on the ratio of AUCs of total 
radioactivity following oral and IV administration. After oral administration, Tmax of TPI was short in mice and 
rats (0.33 h and 0.5 – 1 h resp.) and slightly longer in monkeys and humans (2.3 h and 2.3 – 3.5 h resp.), 
indicating rapid absorption. 

Bioavailability of TPI was low in rats (9%), probably mainly due to the low absorption. 

Elimination half-life of TPI following IV administration was approximately 1.5 h in rats. Half-life following oral 
administration was 2.4 – 3.5 h in mouse and 1.8 h in monkey (no half-life after IV administration available in 
these species). This was similar to humans (1.7 – 2.2 h).  
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CL/F was higher in the mouse (73.3 – 73.7 L/h/kg) than in the monkey (2.14 L/h/kg). Vd/F was high in the 
mouse and far beyond total body water (258 – 372 L/kg). Vd/F in the monkey was 5.56 L/kg which was higher 
than total body water. 

Toxicokinetic studies showed no consistent gender effect in rats except at the highest dose (2000 mg/kg/day) 
where exposure was higher in females. In monkeys, no consistent gender effect was visible after treatment with 
TAS-102. After administration of TPI alone (at higher doses than in the studies with TAS-102), exposure was 
lower in female monkeys than in males. Exposure to TPI increased approximately dose-proportionally in rats 
after administration of TAS-102 and less than dose-proportionally in the study with administration of TPI alone 
(at higher doses than in the studies with TAS-102). Exposure to TPI increased less than dose-proportionally in 
monkeys. There was no evidence of accumulation or induction of TPI in rats and monkeys. 

Distribution 

Plasma protein binding of TPI was low, 5.5%, 1.9%, 3.1%, 3.0% and 7.1% in mouse, rat, dog, cynomolgus 
monkey and human. 

In blood of rats, cynomolgus monkeys and humans, 14C-TPI did not distribute to blood to a significant extent, at 
clinically relevant concentrations (blood/plasma ratios were around 0.6 – 0.8 in vitro and comparable or slightly 
higher in vivo). 

14C-TPI was mainly found in large intestine, small intestine and liver. There was no distribution of TPI to the brain. 
The reliability of this study is however limited because measurements were started several hours after the 
plasma peak. There was no evidence of significant binding to melanin. 

TPI and metabolites were distributed to rat fetal tissues in small quantities. TPI (including metabolites) was 
excreted in milk of rats.  

Metabolism 

In vitro studies: TPI was not metabolized by rat and human liver S9 or by cryopreserved human hepatocytes. 

In vivo studies: 6-hydroxymethyluracil (6-HMU) was the main metabolite of TPI in rats. In monkeys, uracil was 
an important metabolite. The parent compound was also an important component in monkey plasma. There 
were also other metabolites in plasma of monkeys which were not further identified. In humans, no metabolites 
of TPI were found in plasma except that 6-HMU was found at very low amounts. 6-HMU was also found in rats. 
There are therefore no unique human metabolites of TPI.  

Excretion 

Excretion of radioactivity following the oral administration of 14C-TPI to non-fasted male rats in urine, faeces, 
expired air and bile was 14-24%, 68-83%, 0.4% and 0.2% respectively. Considering the low excretion in bile, 
excretion in faeces probably mainly consisted of unabsorbed dose. Following the oral administration of 14C-TPI 
to monkeys, 27% of radioactivity was excreted in urine and 68% in faeces. Excretion was complete in 7 days. 
In humans, approximately 29% of the administered dose of TPI was excreted in urine in its unchanged form, 
which is higher than in rats and monkeys. Excretion in faeces was not determined in humans. 

FTD and TPI 

Based on plasma pharmacokinetics and metabolism, rat and monkey are suitable animal species for the pivotal 
toxicology studies. Dog would have been a less suitable species because FTD metabolism is not inhibited by TPI 
in dogs. 
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Pharmacokinetic drug interactions 

In vitro studies with human biomaterials showed no evidence that trifluridine, FTY and tipiracil are metabolized 
by the CYP enzymes tested (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 
CYP3A4/5). In vitro evaluation indicated that trifluridine and FTY had no inductive effect on human CYP1A2, 
CYP2B6 or CYP3A4/5 suggesting that neither trifluridine, FTY, nor tipiracil would cause, or be affected by, a 
CYP-mediated drug interaction.  

In vitro evaluation of trifluridine and tipiracil hydrochloride was conducted using human uptake and efflux 
transporters (trifluridine with MDR1, OATP1B1, OATP1B3 and BCRP; tipiracil hydrochloride with OAT1, OAT3, 
OCT2, MATE1, MDR1 and BCRP). Neither trifluridine nor tipiracil hydrochloride was an inhibitor of or substrate 
for human uptake and efflux transporters based on in vitro studies, except for OCT2 and MATE1. Tipiracil 
hydrochloride was an inhibitor of OCT2 and MATE1 in vitro. 

2.3.4.  Toxicology 

Single dose toxicity 
Table 13: Single dose toxicity studies with TAS-102, FTD and TPI 

Study ID Species/ 
Sex/Number/ 
Group 

Dose (mg/kg) 
/Route 

Approx. lethal 
dose mg/kg 

Major findings 

B-3685 
GLP 

Rat 
M+F/5 

TAS-102 
250, 500, 1000, 2000  
Oral gavage 

2000 
2000: mortality (1M, 4F), bw↓, 
erosion and necrosis in 
gastro-intestinal tract 

87931 
GLP 

Dog 
M+F/1 

TAS-102 
250, 500, 1000, 2000  
Oral gavage 

2000 (M) 
>2000 (F) 

≥250: emesis, soft/liquid feces, fc↓,  
≥500: bw↓ 
2000: mortality (1M), sclerosis lung, 
necrosis in gastro-intestinal tract 

B-3751 
GLP 

Rat 
M+F/5 

FTD 
250, 500, 1000, 2000  
Oral gavage 

2000 
2000: mortality (2M, 3F), bw↓, small 
thymus and spleen (M), necrosis in 
gastro-intestinal tract 

87930 
GLP 

Dog 
M+F/1 

FTD 
250, 500, 1000, 2000  
Oral gavage 

>2000 
≥250: Emesis, feces↓, bw↓, fc↓ 
≥500: necrosis in gastro-intestinal 
tract 

97-19 
GLP 

Rat 
M+F/5 

TPI 
2000 
Oral gavage 

>2000 2000: salivation, white feces 

Fc=food consumption, bw= body weight 

Mortality of male and female rats was observed at single oral doses of 2000 mg/kg TAS-102 and FTD. One male 
dog was sacrificed showing moribund condition at 2000 mg/kg TAS-102. No mortality was observed after a 
single dose of 2000 mg/kg FTD in dog or 2000 mg/kg TPI in rats.  

Repeat dose toxicity 
Table 14: Pivotal repeat-dose toxicity studies with TAS-102 

Study 
ID 

Species/S
ex/ 
Number/G
roup 

Dose (as mg 
FTD/kg) 
/Route 

Duration NOAEL 
(mg/kg/ 
day) 

Major findings 
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Study 
ID 

Species/S
ex/ 
Number/G
roup 

Dose (as mg 
FTD/kg) 
/Route 

Duration NOAEL 
(mg/kg/ 
day) 

Major findings 

B-3687 
GLP 

Rat 
M/5 

 
0, 15, 50, 150, 
450 
Oral gavage 

2 weeks 50 

≥150: Necrosis glandular epithelial in duodenum, 
jejunum, ileum and rectum↑, follicular atrophy 
mesenteric / submandibular lymph nodes ↑ 
450: Bw gain↓, fc↓, white blood cell and 
reticulocyte count ↓, necrosis cecal glandular 
epithelial, thymic atrophy↑ 

B-3906 
GLP 

Rat 
M+F/12 
 

  
0, 50, 150, 450 
Oral gavage 

1 month/  
1 month 
recovery 
period for 6 
animals/ 
sex/dose 

50 

≥150: Bw↓ (F), fc↓(F),  
450: Bw gain↓, fc↓, red blood cell hemoglobin, 
hematocrit, white cell, reticulocytes(M), 
fibrinogen (M) ↓, Corpuscular vol ↑(M), total 
protein↓, γ-globulin ↓, cholesterol↑ (F), 
bilirubin↑(F), 

07CA07 
GLP 

Rat 
M+F/12 
 

  
0, 5, 15, 50, 
150 
Oral gavage 

3 months/  
2 months 
recovery 
period for 6 
animals/ 
sex/dose 

15 

≥50: White blood cell count↓(F) 
Disarrangement of odontoblasts and oseodentin↑ 
in incisors, apoptotic bodies in epithelial cells 
small intestine↑, fatty infiltration in bone marrow↑ 
150: Discoloration, breakage and malocclusion of 
incisors↑, bw↓ fc↓, white bloodcell count↓, red 
bloodcell count ↓ (M), mean corpuscular 
hemoglobin↑, apoptotic bodies in epithelial cells 
small intestine↑, fatty infiltration in bone marrow↑   

87935 
GLP 

Dog 
M/3 

  
0, 17, 50, 150 
Oral gavage 

2 weeks N.D. 

17: Protein and blood in urine and fecal blood↑, 
thymus weight↓,  
≥17: Emesis, fc↓, bw↓ soft/liquid/reduced, black 
and red feces ↑, Thinnes↑, white blood cell, 
segmented neutrophil and lymphocyte 
count↓,dark foci in intestines↑glandular/cryptal 
necrosis in the gastrointestinal tract, 
hypocellularity of bone marrow, lymphoid atrophy 
of the thymus, spleen, lymph nodes and 
intestines↑ 
≥50: Mortality (50: 1M, 150: 1M), activity↓, cold 
to touch, tremors, weakness, red blood cell count, 
haemoglobin and haematocrit↑, raised, dark, firm 
areas and hemorrhagic pneumonia in lungs↑ 

87936 
GLP 

Monkey 
M+F/3 

0, 1.9, 7.5, 30, 
120 
Oral gavage 

2 weeks 1.9 
 

≥7.5: white blood cell and lymphocyte count ↓,  
≥30: Liquid/soft feces↑ (F), salivation ↑, Typhlitis, 
colitis, villous atrophy duodenum, jejunum and 
ileum, lymphoid atrophy spleen germinal 
center↑  ,  
120: Mortality (1M, intestinal parasite), liquid/soft 
feces↑, emesis↑, cryptal necrosis in 
colon+cecum↑, hematopoietic hypocellularity in 
bone marrow↑, atrophy mesenteric lymph nodes↑, 
severity of gastritis ↑ (F) 

87941 
GLP 

Monkey 
M+F/3 0, 6.25, 25, 100 

1 month / 
1 month 
recovery 
period for 2 
animals/ sex/ 
dose, except 
6.25 dose 

6.25 

≥25: soft/liquid stool↑, emesis↑, dehydration↑, 
red/white blood cell↓, haemoglobin↓, 
haematocrit↓, small thymus, raised/dark areas on 
cecum, inflammatory lesions of cecum (M)/colon 
(F), lymphoid atrophy spleen, 
mandibular/mesenteric lymph nodes and 
gut-associated lymphoid tissue↑ 
100: bw↓(M), mean platelet volume↓, corpuscular 
haemoglobin↑, platelet count↑, Urea nitrogen, 
creatinine and alanine aminotransferase↑, 
hematopoietic hypocellularity in bone marrow, 
gastritis, villous atrophy and cryptal 
degeneration/regeneration of the small intestine, 
inflammatory lesions in large intestine, lymphoid 
atrophy in thymus, myeloid erythroid ratio ↓ 
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Study 
ID 

Species/S
ex/ 
Number/G
roup 

Dose (as mg 
FTD/kg) 
/Route 

Duration NOAEL 
(mg/kg/ 
day) 

Major findings 

B-6227 
GLP 

Monkey 
M+F/3 

0, 1.25, 5, 20 
 
FTD 
20 
Oral gavage 

3 months /  
2 month 
recovery 
period for 2 
animals/ 
sex/dose, 
except 1.25 
TAS-102 

TAS-102 
1.25 
FTD 
20 

TAS-102: 
≥1.25: sporadic emesis 
≥5: bw↓, fc↓, red blood cell count↓ 
20: Mortality (1F, soft/watery stool↑, lateral 
position, hypothermia, necrosis and/or atrophy in 
small intestines), soft/watery stool↑, bw↓, fc↓, 
white blood cell count, lymphocytes↓(M), 
haemoglobin↓, haematocrit↓, figrinogen↑, 
inflammatory cell infiltration rectum↑, atrophy of 
spleen↑ 
FTD:  
20: sporadic emesis 

Fc=food consumption, bw= body weight 

Table 15: Pivotal and non-pivotal repeat-dose toxicity studies with FTD 

Study 
ID 

Species/S
ex/ 
Number/G
roup 

Dose (mg/kg) 
/Route 

Duration NOAEL 
(mg/kg/
day) 

Major findings 

B-3836 
GLP 

Rat 
M/5 

 
0, 15, 50, 150, 450 
Oral gavage 

2 weeks 50 

≥150: bw↓ 
450: unkempt fur, fc↓, reticulocyte ratio↓, white 
bloodcell count↓, small thymus, small seminal 
vesicles, decrased spleen weight, atrophy 
hemo-lymphatic system, necrosis of glandular 
epithelial cells. 
450: Mortality (3M, soft feces, diarrhea, 
decreased activity, unkempt fur, emaciation, 
fecal occult blood, urinary glucose and bilirubin, 
distension of stomach, focal reddening of small 
intestine, small thymus, spleen, semical vesicle 
and prostrate, mucosal atrophy and necrosis of 
glandular epithelium of intestines, atrophy of 
hemo-lymphatic system, atrophy of 
seminiferous tubules, decreased sperm, 
increased cellular debris in epididymis tubuls, 
swelling of liver sinusoidal lining cells). 

B-3927 
GLP 

Rat 
M+F/12 

 
0, 15, 50, 150 
Oral gavage  

1 month/ 
1 month 
recovery 
period for  
6 animals/ 
sex/dose, 
except 15 
mg/kg/day 

50 

≥150: bw↓, fc↓, whitish incisors, white bloodcell 
count↓, fibrinogen↓, triglycerides↓, potassium 
blood↑, potassium+chloride in urine↓, crystal in 
urine (M), ovary weight↑, dark red spot+erosion 
in stomach, necrosis glandular epithelial cells 
small intestines, thymus weight↓  

87934 
GLP 

Dog 
M/3 

 
0, 2, 6, 17 
Oral gavage 

2 weeks 2 

6: mean absolute segmented neutrophils, 
monocytes eosinophils↓, small thymus, cryptal 
necrosis intestine, mucosal atrophy stomach, 
hypocellularity bone marrow, lymphoid atrophy 
thymus, spleen, lymph nodes and intestines. 
≥6: fc↓, white blood cell count↓ , bilirubin in 
urine, 
17: Mortality (3M), bw↓, emesis, soft liquid 
reduced feces, activity↓, thinnes, dehydration, 
cold to touch, hunched posture, labored 
breathing, weakness, tremors, platelet count↓, 
Serum: albumin globulin ratio, potassium, 
chloride↓, Serum: bilirubin, alkaline 
phosphatase, cholesterol, triglycerides, 
globulin↑, blood, glucose and protein in urine,  
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Study 
ID 

Species/S
ex/ 
Number/G
roup 

Dose (mg/kg) 
/Route 

Duration NOAEL 
(mg/kg/
day) 

Major findings 

88308 
GLP 

Monkey 
M+F/3 

0,1.56, 6.25, 25 
Oral gavage 

1 month/ 
1 month 
recovery 
period for  
2 animals/ 
sex/dose, 
except 1.56 
mg/kg/day 

25 1.56+25: slight to mild atrophy of intestines 

09CB04 
Non-GLP 
Non-pivo
tal 

Monkey 
M/2 0, 50, 100, 150 1 month N.D. 

≥50: adverse effects in lymphatic and 
hematopoietic system, gastrointestinal tract, 
kidney, liver, adrenal gland, testis, epididymis 
and skin. 
≥100:  mortality (100: 2M, 150: 2M) 

 

Table 16: Pivotal and non-pivotal repeat-dose toxicity studies with TPI 

Study 
ID 

Species/S
ex/ 
Number/G
roup 

Dose (mg/kg) 
/Route 

Duration NOAEL 
(mg/kg/
day) 

Major findings 

97-20 
GLP 
 

Rat 
M/5 

0, 80, 400, 2000 
Oral gavage 2 weeks N.D. None 

98-04 
GLP 

Rat 
M+F/12 

0, 80, 400, 2000 
Oral gavage 

1 month/ 
2 week 
recovery period 
for  
6 animals/ 
sex/dose, 
except 80 
mg/kg/day 

2000 Crystalline sediment and white clouding in the 
urine 

88309 
GLP 

Monkey 
M+F/3 

0, 100, 300, 1000 
Oral gavage 
 

1 month/ 
1 month 
recovery period 
for  
2 animals/ 
sex/dose, 
except 100 
mg/kg/day 

100 

≥300: soft liquid feces, inflammatory lesions in 
large intestine and thymic lymphoid atrophy 
1000: dark areas of stomach, gastritis, gastric 
mucosal hemorrhage, mixed cell infiltration in 
gall bladder, lymphoid hyperplasia of 
mesenteric lymph node and infiltration of foamy 
macrophages with lymphoid atrophy of spleen 
cells 

Genotoxicity 
TAS-102 and FTD scored positive in all three pivotal genotoxicity assays, with and without metabolic activation 
and are therefore considered genotoxic. TPI scored negative in all three pivotal genotoxicity assays, with or 
without metabolic activation and is therefore considered not genotoxic.  

Carcinogenicity 
In accordance with ICH S9, no carcinogenicity studies have been performed. 

Reproduction Toxicity 
The effect on fertility and reproduction of TAS-102 were performed in accordance with ICH M3(R2). Fertility in 
male and female Sprague-Dawley rat was not affected up to a dose of 450 and 150 mg/kg/day TAS-102, 
respectively. In a 2-week repeated dose study, 450 mg/kg/day FTD alone was observed to induce atrophy of 
seminiferous tubules, decreased sperm, increased cellular debris in epididymis tubules, swelling of liver 
sinusoidal lining cells. These effects are expected due to the mechanism of action of FTD. Effects are observed 
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at systemic concentrations below the human recommended dose.  

TAS-102 induced teratogenicity and embryo foetal mortality at 150 mg/kg/day and impaired embryo-foetal 
growth in absence of maternal toxicity at 50 mg/kg/day. Developmental toxicity is expected due to the 
mechanism of action of TAS-102 and is observed in animals at a concentration lower than the human intended 
dose. 

No peri- and postnatal toxicology studies have been performed. 

Toxicokinetic data 
Table 17: Toxicokinetics after exposure to TAS-102: 

Study ID Daily Dose 
(mg/kg) 

Animal AUC(0-24) 
(ng.h/ml) 

Animal:Human 
Exposure Multiple 
(not corrected for protein 
binding) 

  ♂ ♀ ♂ ♀ 

Rat 
2 weeks 
B-3687 

50 (day 14) 

AUC 
FTD:6186 
FTY:43686 
TPI:1405 

- 
FTD: 0.13 
FTY: 4.20 
TPI: 1.89 

- 

Rat  
1 month 
B-3906 
Cmax (ng/ml) 

50 (day 28) 

Cmax (ng/ml) 
FTD : 6239 
FTY : 21331 
TPI : 449 

Cmax (ng/ml 
FTD :7636  
FTY : 22577 
TPI :545 

Based on Cmax 
FTD: 1.28 
FTY: 31.4 
TPI:6.47 

Based on Cmax 
FTD: 1.57 
FTY: 33.3 
TPI: 7.86 

Rat  
3 months 
07CA07 

15 (week 13)  
FTD : 1800 
FTY : 13500 
TPI : 424 

FTD : 2550 
FTY : 15000 
TPI : 492 

FTD :0.04 
FTY :1.30 
TPI :0.57 

FTD :0.05 
FTY :1.44 
TPI :0.66 

Dog 
2 weeks 
87935 

17 (week 2) 
FTD :11528 
FTY : 58783 
TPI : 3253 

- 
FTD :0.24 
FTY :5.65 
TPI :4.37 

- 

Monkey 
2 weeks 
87936 

1.9 (week2) 
FTD :1149 
FTY : 997 
TPI : 42 

FTD :1309 
FTY : 1528 
TPI : 31 

FTD :0.02 
FTY :0.10 
TPI :0.06 

FTD :0.02 
FTY :0.15 
TPI :0.04 

Monkey 
1 month 
87941 

6.25 (day 28) No AUC data available 

Monkey 
3 months 
B-6227 

TAS-102 
1.25 (week 13) 
FTD 
20 (week 13)  
 

TAS-102 
FTD :3200 
FTY :1550 
TPI :257 
FTD 
FTD :675 
FTY :35100 
TPI : ND 

TAS-102 
FTD :1670 
FTY :1420 
TPI :140 
FTD 
FTD :433 
FTY :35800 
TPI : ND 

FTD :0.07 
FTY :0.15 
TPI :0.35 

FTD :0.04 
FTY :0.14 
TPI :0.19 

Human 
12 days 
TPU-TAS-102-102 

TAS-102 
70 mg/day 
(day 12) 

FTD* : 47392 
FTY* : 10412 
TPI* : 744 

- - 

ND=not detected; AUC0-24h calculated from AUC0-12 

 

Table 18: Toxicokinetics after exposure to FTD: 

Study ID Daily Dose 
(mg/kg) 

Animal AUC(0-24) 
(ng.h/ml) 

Animal:Human 
Exposure Multiple 
(not corrected for protein 
binding) 

  ♂ ♀ ♂ ♀ 
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Study ID Daily Dose 
(mg/kg) 

Animal AUC(0-24) 
(ng.h/ml) 

Animal:Human 
Exposure Multiple 
(not corrected for protein 
binding) 

  ♂ ♀ ♂ ♀ 

Rat 
2 weeks 
B-3836 

50 (day 14) 
FTD : 2357 
FTY : 38007 
 

- FTD :0.05 
FTY :3.65 - 

Rat 
1 month 
B-3927 

50 (day 28) : No AUC data available 

Dog 
2 weeks 
87934 

2 (day 14) FTD :187  
FTY :2712 - FTD :0.004 

FTY :0.26 - 

Monkey 
1 month 
88308 

25 (day 22) FTD : 236 
FTY : 37158 

FTD : 290 
FTY : 33388 

FTD :0.005 
FTY :3.57 

FTD :0.006 
FTY :3.20 

ND=not detected 

Table 19: Toxicokinetics after exposure to TPI: 

Study ID Daily Dose 
(mg/kg) 

Animal AUC(0-24) 
(ng.h/ml) 

Animal:Human 
Exposure Multiple 
(not corrected for protein 
binding) 

  ♂ ♀ ♂ ♀ 

Rat 
1 month 
98-04 

2000 (day 27) TPI :23092 
 

TPI :27004 
 TPI :31.0 TPI :36.3 

Monkey 
1 month 
88309 

100 (day 22) TPI :10918 
 TPI :8440 TPI : 14.6 TPI : 11.3 

ND=not detected 

Local Tolerance 
No stand-alone local tolerance studies were conducted.  

Other toxicity studies 
Phototoxicity 

The phototoxic potential of FTD and TPI were tested in Balb/3T3 clone A31 cells using Neutral Red uptake. No 
photo-toxicity was observed for either compound. 

Combination toxicology of TAS-102 with Azidothymidine 

A combination study with TAS-102 (450 mg/kg/day) and azidothymidine (AZT) (167 mg/kg/day) was 
performed in male rats. AZT did not induce any adverse effects and did not enhance adverse effects induced by 
TAS-102. 

2.3.5.  Ecotoxicity/environmental risk assessment 

Trifluridine 

Parameter Study ID/GLP Protocol Results Criterion Conclusion 

Bioaccumulation Reference / Shake flask, Log Dow  = -0.425 log Kow > 4.5 Not B 
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unknown pH 2-12 

were tested 

at pH 6 

Trifluridine is considered not to be a PBT or vPvB substance. 

The refined PECsw is 0.002 µg/L for trifluridine, which is below the action limit of 0.01 µg/L. Therefore , a phase 
II assessment is not warranted. 

Tipiracil 

Parameter Study ID/GLP Protocol Results Criterion Conclusion 
Bioaccumulation Not provided Shake flask, 

pH 2-12 
were tested 

Log Dow =  
-4.25 at pH 2; 
-3.16 at pH 4; 
-2.30 at pH 6; 
-2.03 at pH 7; 
-1.97 at pH 8; 
-1.95 at pH 10; 
-2.01 at pH 12 

log Kow > 4.5 pm 

Tipiracil is considered not to be a PBT or vPvB substance. 

The refined PECsw is 0.0009 µg/L for tipiracil, which is below the action limit of 0.01 µg/L. Therefore, a Phase II 
assessment is not warranted. 

2.3.6.  Discussion on non-clinical aspects 

Lonsurf or TAS-102 is a combination of trifluridine (FTD) and tipiracil hydrochloride (TPI). FTD is an 
antineoplastic thymidine-based nucleoside analogue, which is incorporated into deoxyribonucleic acid (DNA) in 
tumour cells following phosphorylation and metabolism.  

TPI inhibits degradation of FTD by inhibiting thymidine phosphorylase (TPase), thus increasing systemic 
exposure to FTD when FTD and TPI are given together. This pharmacodynamic action follows from data 
submitted in the pharmokinetic part of the dossier.  

In vitro evaluation indicated that trifluridine and FTY had no inductive effect on human CYP1A2, CYP2B6 or 
CYP3A4/5. Thus trifluridine is not expected to cause or be subject to a significant medicinal product interaction 
mediated by CYP. In the in vitro induction study evaluating the inductive effect of tipiracil on human CYP 
isoforms, the concentration of tipiracil in the study was too low to investigate the potential induction in intestinal 
cells. Inductive effect of tipiracil on human CYP isoforms cannot be excluded (see section 5.2 of the SmPC). The 
applicant is recommended to further investigate the potential induction of intestinal CYP3A4 by tipiracil at 
relevant concentrations. 

Tipiracil hydrochloride was an inhibitor of OCT2 and MATE1 in vitro, but at concentrations substantially higher 
than human plasma Cmax at steady state. Thus it is unlikely to cause an interaction with other medicinal 
products, at recommended doses, due to inhibition of OCT2 and MATE1. Transport of tipiracil hydrochloride by 
OCT2 and MATE1 might be affected when Lonsurf is administered concomitantly with inhibitors of OCT2 and 
MATE1. 

Humans exposed to single dose of FTD have AUC of 7120-10082 ng.h/ml and when exposed to a single dose of 
TPI have an AUC of 302-392 ng.h/ml. Doses tested in Safety pharmacology studies resulted in more than 5 
times higher exposure than human exposure, thus dose levels are regarded to be sufficiently high.  
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It can be anticipated from the conducted secondary pharmacology screen that no secondary pharmacological 
effects will occur in human upon dosing with Lonsurf according to the clinical dosing regimen. 

Toxicology assessment of trifluridine/tipiracil hydrochloride was performed in rats, dogs and monkeys. The 
target organs identified were the lymphatic and haematopoietic systems and the gastrointestinal tract. All 
changes, i.e., leucopenia, anaemia, bone marrow hypoplasia, atrophic changes in the lymphatic and 
haematopoietic tissues and the gastrointestinal tract, were reversible within 9 weeks of drug withdrawal. The 
fact that a large relative portion of the drug is taken up into DNA may contribute to the MoA, which may also 
explain observed toxicity effects in GI tract and the hematopoietic system consisting of rapidly dividing cells. 
Whitening, breakage, and malocclusion were observed in teeth of rats treated with trifluridine/tipiracil 
hydrochloride, which are considered rodent specific and not relevant for human (see section 5.3 of the SmPC). 

Corrected for protein binding, exposure to FTD when given TAS-102 in rat and monkeys at the NOAEL was, 
respectively, 0.03-0.16 times and 0.06-0.2 times the exposure in humans at the intended dose. 

Dogs appear to be very sensitive to TAS-102 and FTD. Target organs affected by TAS-102 in dogs are similar 
compared to those affected in rat and monkey, however, adverse effects in dogs seem to be more severe 
compared to rat and monkey. Corrected for protein binding, exposure to FTD by TAS-102 in dog at 17 
mg/kg/day is ca. 4x higher than in human at the recommended dose.  However, 17 mg/kg/day is not the NOAEL. 
In the repeated dose study with FTD in dogs, the NOAEL was established at 2 mg/kg/day, which corresponded 
to a safety factor of 0.004. Corrected for protein binding, the safety factor is 0.07. Although the Applicant does 
not discuss the increased sensitivity of dogs to TAS-102, the dog can be regarded as a too sensitive model in 
view of scientific relevance and animal welfare.  

In rat, the type of adverse effects observed after FTD exposure alone were similar, but more severe compared 
to TAS-102. Furthermore, FTD levels were 2x lower in FTD exposure alone compared to TAS-102 exposure. Also 
in dog, at comparable levels of FTD, adverse effects observed after FTD exposure alone were more severe than 
after exposure to TAS-102.  The cause of more severe effects observed in rat and dog at a similar or lower AUC 
after FTD exposure compared to TAS-102 is not clear, but may be related to relatively high scatter in AUC-data. 

After one week exposure, at a dose of 25 mg/kg/day FTD in TAS-102, adverse toxicological effects were 
observed in the monkey, whereas no effects were observed after treatment with FTD alone. This is due to the 
decreasing metabolization of FTD by TPI in TAS-102 as the concentration ratio FTD:FTY is 1:50 in FTD exposure 
alone (based on Cmax) and 4:1 in TAS-102 (based on concentration 2 hours after exposure). Due to absence of 
any effect in the one month monkey study, FTD was tested in one monkey at 100 and 150 mg/kg/day, which 
proved to be lethal. In our opinion, it was not necessary to perform a subsequent study in monkey, as severe 
toxicity was already established in the study with one monkey. The added value of the additional study in light 
of scientific relevance and animal welfare is therefore highly questioned.  

In rat and monkey models, at similar doses of FTD, less FTY metabolite was formed after exposure to TAS-102 
compared to FTD alone, whereas in dog, no difference in FTY formation was observed between exposure to FTD 
alone and TAS-102. This indicates the intended mechanism of action of TPI is observed in rat and monkey, but 
not in dog. 

Animal: human exposure multiples corrected for protein binding were less than 1 for FTD after exposure to 
TAS-102 and FTD, whereas the major metabolite FTY was below 1 only in monkey after exposure to TAS-102. 
TPI was found not to induce adverse effects at exposure multiples of at least 11x. As adverse effects induced by 
FTD are part of its mechanism of action, the low exposure multiples after treatment with TAS-102 in monkeys 
may be of relevance for the human situation. 
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No long term studies evaluating the carcinogenic potential of trifluridine/tipiracil hydrochloride in animals have 
been performed. Trifluridine was shown to be genotoxic in a reverse mutation test in bacteria, a chromosomal 
aberration test in mammal-cultured cells, and a micronucleus test in mice. Therefore, Lonsurf should be treated 
as a potential carcinogen (see section 5.3 of the SmPC). 

Results of animal studies did not indicate an effect of trifluridine and tipiracil hydrochloride on male and female 
fertility in rats. The increases in the corpus luteum count and implanting embryo count observed in female rats 
at high doses were not considered adverse). Lonsurf has been shown to cause embryo-foetal lethality and 
embryo-foetal toxicity in pregnant rats when given at dose levels lower than the clinical exposure. No 
peri/post-natal developmental toxicity studies have been performed. 

Trifluridine may cause foetal harm when administered to pregnant women. Women should avoid becoming 
pregnant while taking Lonsurf and for up to 6 months after ending treatment. Therefore, women of child-bearing 
potential must use highly effective contraceptive measures while taking Lonsurf and for 6 months after stopping 
treatment. It is currently unknown whether Lonsurf may reduce the effectiveness of hormonal contraceptives, 
and therefore women using hormonal contraceptives should add a barrier contraceptive method. Male patients 
should be using effective contraception during treatment and for up to 6 months after discontinuation of 
treatment.  

It is unknown whether Lonsurf or its metabolites are excreted in human milk. Studies in animals have shown 
excretion of trifluridine, tipiracil hydrochloride and/or their metabolites in milk. A risk to the suckling child cannot 
be excluded. Breast-feeding should be discontinued during treatment with Lonsurf (see sections 4.6 and 5.3 of 
the SmPC). 

The absence of local tolerance studies was considered acceptable as the clinical route of administration of 
TAS-102 is oral, and histopathological evaluation of the tongue, oesophagus and gastro-intestinal tract were 
assessed as part of the repeated dose toxicity studies. 

Trifluridine and Tipiracil are both considered not to be a PBT or vPvB substance.  

The refined PECsw is 0.002 and 0.0009 µg/L for trifluridine and tipiracil, respectively. This is below the action 
limit of 0.01 µg/L. Therefore, a Phase II assessment is not warranted for trifluridine and tipiracil . 

2.3.7.  Conclusion on the non-clinical aspects 

The non-clinical data submitted are considered sufficient to support the evaluation of the benefit risk of Lonsurf. 

2.4.  Clinical aspects 

2.4.1.  Introduction 

GCP 

The Clinical trials were performed in accordance with GCP as claimed by the applicant. 

The applicant has provided a statement to the effect that clinical trials conducted outside the community were 
carried out in accordance with the ethical standards of Directive 2001/20/EC. 
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• Tabular overview of clinical studies 

Table 20: Overview of clinical phase I studies conducted in the US 

 

Table 21: Description of Clinical Efficacy and Safety Studies 
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Table 22: Overview of clinical pharmacology studies 

 

2.4.2.  Pharmacokinetics 

The clinical pharmacology program has been conducted for TAS-102 in patients with advanced solid tumours, 
and in patients with metastatic CRC. Given the anti-neoplastic character of trifluridine, no studies have been 
conducted in healthy volunteers. 

The clinical pharmacology program consisted of basic pharmacokinetic (single- and multiple-dose, absorption, 
distribution, metabolism, and excretion, drug-drug interaction, food effect and relative bioavailability, and 
pharmacokinetics in Japanese and Caucasian patients) properties of trifluridine and tipiracil in patients with 
advanced solid tumours or metastatic CRC, population PK analysis, exposure-effect relationships in patients, 
exposure QTc relationships in patients. Additionally, in vitro studies with human biomaterials were performed in 
order to assess the potential of trifluridine and tipiracil to act either as a substrate, inhibitor, or inducer of drug 
metabolizing enzymes and drug transporters. 

Ongoing or planned studies include studies to evaluate the PK of Lonsurf components/metabolites in patients 
with renal impairment (TO-TAS-102-107) and hepatic impairment (TO-TAS-102-106), a Phase I 
dose-escalating, safety, tolerability, and pharmacokinetic study of TAS-102 with CPT-11 in patients with 
advanced gastrointestinal tumours (TPU-TAS-102-109), a Phase I, open-label, non-randomised, 
pharmacokinetic study of TAS-102 in Chinese patients with solid tumours (10040100), a randomized, 



    
  
EMA/CHMP/287846/2016 Page 39/106 

double-blind, Phase III Study of TAS-102 versus placebo in Asian (China, South Korea and Thailand) patients 
with metastatic CRC refractory or intolerable to standard chemotherapies (10040090), and an open-label 
expanded access Phase IIIb study of TAS-102 in patients with metastatic colorectal cancer refractory to or 
failing standard chemotherapy (TO-TAS-102-401). A study to assess the mass balance of orally administered 
trifluridine and tipiracil as components of TAS-102 (TPU-TAS-102-108) was submitted during the procedure. 

Methods 

The plasma and urine concentrations of the parent compound trifluridine, its major metabolite 5 
trifluoromethyluracil (FTY), and tipiracil were determined by liquid chromatography-tandem mass spectrometry 
(LC/MS/MS) after administration of TAS-102. Analytical methods for trifluridine (and its metabolites) and 
tipiracil were adequately validated. 

PopPK analysis  

The structural model for trifluridine was a 1-compartment disposition model with transit absorption model 
(nt=4). A covariance structure for the IIV between Vd/F and CL/F was included in the base and final model.  

The structural model for tipiracil was a two-compartment disposition model with transit absorption model 
(nt=4). A covariance structure for the IIV between Vd/F and CL/F was included in the base and final model. 

In the popPK model no single dose data have been included in the model. Single dose data were not included 
because the 3-fold increase in trifluridine could not be modelled according to the applicant and the multiple dose 
data were considered more relevant for correlation with efficacy and safety. Sufficient PK rich data set was 
available following multiple dosing to develop a popPK model. 

Goodness-of-fit plots for population was not impressive but the popPK model predicted the individual plasma 
concentration reasonably well; there is underestimation of the higher concentrations of trifluridine and tipiracil 
and some overestimation of the lower concentrations. VCP plots and individual overlay plots confirmed that 
plasma samples were sufficiently well predicted although the exposure in subjects with slow absorption was less 
well predicted. Vd/F, CL/F, MTT parameters seem to be estimated with acceptable precision because their 
relative standard errors (%) and shrinkages (%), and residual errors were below 30%.  

Absorption  
Following Lonsurf administration, trifluridine and tipiracil are rapidly absorbed with mean Tmax values of 1-2 
hours for trifluridine and 2-3.5 hours for tipiracil. At day 12 of cycle 1, treatment with TAS-102 35 
mg/m2 resulted in mean trifluridine AUC values ranging from 20950 and 24546 ng*h/ml, Cmax from 4752 and 
5548 ng/ml for studies  in Japanese as well as Caucasian patients (J001-10040010, TAS-102-102, and 
TAS-102-103). Mean tipiracil AUC values varied between 317-382 ng*h/ml and mean Cmax between 69 and 79 
ng/ml. 

No absolute bioavailability study has been conducted with TAS-102 to evaluate the oral bioavailability of 
trifluridine and tipiracil. Absorption of trifluridine is estimated >57% to almost complete and >27% but <50% 
for tipiracil based on urinary and fecal excretion of trifluridine related compounds and tipiracil related 
compounds in the mass balance study TAS-102-108.  

Trifluridine and tipiracil are high soluble, i.e., 60 mg/ml and 120 mg/ml, respectively, in aqueous solutions over 
pH range pH 1.2-7.5. Based on the estimated absorption from the mass balance study and the high solubility, 
trifluridine and tipiracil are classified as BCS class 3 substances.   
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Permeability of trifluridine in Caco-2 was concentration dependent, more pronounced in the B-A direction and 
was affected by inhibitors verapamil and 2,4-dinitrophenol. These results indicate the involvement of 
transporter in bidirectional fluxes of trifluridine across Caco-2 cell monolayers.  

Bioavailability 

Trifluridine is rapidly degraded by intestinal and liver thymidine phosphorylase (thymidine phosphorylase). 
Tipiracil is an inhibitor of thymidine phosphorylase.  Study TAS-102-102evaluated the effect of tipiracil on the 
bioavailability of trifluridine at a TAS-102 dose of 35 mg/m2. Trifluridine AUC was 37-fold higher following 
administration of TAS-102 than following administration of trifluridine alone. The trifluridine Cmax was 22-fold 
higher for TAS-102 compared to trifluridine alone. These findings support the contribution of tipiracil, in the 
combination of trifluridine and tipiracil (Lonsurf). 

 

Figure 7. Mean trifluridine Plasma Concentrations Time Profile after Single Dose of TAS-102 or 
trifluridine Alone (Study TAS-102-102) 

Study TAS-102-104 evaluated the relative bioavailability of TAS-102 tablets compared to an oral solution in 
patients with advanced solid tumours. Bioavailability of trifluridine and tipiracil was comparable following 
TAS-102 60 mg administration as tablets or solution.   

Food 

The effect of a high-fat, high-calorie meal on the pharmacokinetics of trifluridine and tipiracil was studied in 
Study J004-10040040. Trifluridine area under the concentration-time curve (AUC) did not change, but 
trifluridine Cmax, tipiracil hydrochloride Cmax and AUC decreased by approximately 40% compared to those in a 
fasting state.  

Table 23: Food effect on the pharmacokinetics of trifluridine and tipiracil in Japanese patients with solid 

tumours (study J004-10040040) 
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Distribution 
The blood/plasma concentration ratios for trifluridine and tipiracil were 0.6 over the concentration range of 
0.5-50 μg/mL for trifluridine and 0.010- 1 µg/mL of tipiracil (Study 11DA34), indicating that in human blood, 
trifluridine and tipiracil are distributed mainly in the plasma fraction. 

The plasma protein binding of trifluridine and tipiracil in human serum was determined by ultrafiltration methods 
(studies AE-2350-2G and AE-2350-3G). The plasma protein binding for trifluridine was high (96%) and 
independent of the concentration 0.5-50 μg/mL; trifluridine was primarily bound to HSA. The extent of 
trifluridine binding to plasma protein was not affected by the presence of other albumin-bound drugs (Study No. 
12DA05) or tipiracil. Trifluridine did not displace the albumin-bound drug warfarin in human plasma (Study No. 
12DA05).  Plasma protein binding for tipiracil was low (<8%) over the concentration range 0.05- 5 μg/mL. 
Tipiracil is a substrate for OCT2 and MATE1 transporters (studies 09DB12 and 12DB11, data not shown). These 
transporters can be involved in the elimination of tipiracil in urine. 

A potential drug interaction caused by plasma protein displacement is low. In the mass balance study using 
a 14C-trifluridine, > 90% of radioactive material could be recovered from plasma at 2 hours after dosing, but the 
recovery declined to < 1% at 96 hours and later time points indicating covalent binding of trifluridine related 
substance with proteins.  

Trifluridine is a substrate for nucleoside transporters CNT1, ENT1 and ENT2 (Takahashi K, 2015; Sakamoto K, 
2015) which may be involved in the absorption and distribution of trifluridine. 

Volume of distribution and oral clearance of trifluridine and tipiracil across studies are summarised in the table 
below. 

Table 24: Oral clearance and apparent volume of distribution of trifluridine and tipiracil in PK studies 
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 Trifluridine tipiracil 
 CL/F (L/hr) Vd/F(L) CL/F (L/hr) Vd/F(L) 

J001-10040010* 
Day 1 
Day 12 

 
8.73 (1.33) 
3.53 (0.22) 

 
17.32 (4.00) 
10.06 (2.81) 

 
135.42 (78.44) 
139.86 (69.56) 

 
327.08 (198.32) 
529.84 (498.02) 

J001-10040040* 
Fasting 
Fed 

 
7.84 (4.14) 
8.51(4.44) 

 
22.94 (13.39) 
19.24(7.55) 

 
57.35 (23.68) 
99.16 (33.30) 

 
179.08 (92.5) 
303.4 (91.76) 

TPU-TAS-102-102 
TAS-102 
FTD ALONE 

 
10.53 ± 4.46 
282.90 ± 193.31 

 
20.92 ± 9.68 
486.14 ± 402.88 

 
109.33 ± 46.38 

 
332.95 ± 175.70 

TPU-TAS-102-103 9.31 ± 4.23 19.60 ± 10.22 96.19 ± 49.04 273.67 ± 155.40 
TPU-TAS-102-104 10.23 ± 5.27 24.23 ±9.41 61.47 ±36.34 182.67 ± 98.32 
*For 74 kg 

Elimination 
Following a single dose of Lonsurf (35 mg/m2) in patients with advanced solid tumours, the oral clearance (CL/F) 
for trifluridine and tipiracil hydrochloride were 10.5 L/hr and 109 L/hr, respectively. 

The estimated apparent systemic trifluridine CL/F was 2.9 L/h at day 12 of a treatment cycle (popPK analysis).  

The estimated tipiracil CL/F following multiple dosing was 88.7 L/h for a typical cancer patient (popPK analysis).  

Following the multiple-dose administration of Lonsurf at the recommended dose and regimen, the mean 
elimination half-life (t1/2) for trifluridine on Day 1 of Cycle 1 and on Day 12 of Cycle 1 were 1.4 hours and 2.1 
hours, respectively.  The mean t1/2 values for tipiracil hydrochloride on Day 1 of Cycle 1 and on Day 12 of Cycle 
1 were 2.1 hours and 2.4 hours, respectively. 

Metabolism 

In vitro studies showed that trifluridine and tipiracil are not metabolized by CYP enzymes. It was demonstrated 
that trifluridine is primarily metabolized by thymidine phosphorylase.  

In the mass balance study, trifluridine and FTY were the major circulating moieties with 53% and 33%, 
respectively, of extractable radioactivity. No other peaks greater than 5% of radioactive material were detected. 
In urine, 53% - 57% of the administered dose was excreted as trifluridine related compounds: ~1% as 
unchanged trifluridine, ~25% as FTY, ~18% as 2 trifluridine-glucuronide isomers. Other minor metabolites, 5 
carboxyuracil and 5-carboxy-2’-deoxyuridine, were detected, but those levels in plasma and urine were at low 
or trace levels. 

TPI is a specific inhibitor of TPase and consequently an inhibitor of the metabolism of trifluridine in the intestinal 
tract and liver. Due to the low absorption of tipiracil, its activity might be focus in the intestinal tract. In the mass 
balance study, 6-HMU was the only major metabolite of tipiracil in plasma, urine and faeces: plasma 
radioactivity consisted of 30.9% 6-HMU and 53.1% tipiracil, radioactivity in urine consisted of 14.0% 6-HMU and 
79.1% tipiracil, and the faecal radioactivity consisted of 34.4% 6-HMU and 48.2% tipiracil. 6-HMU appeared in 
plasma or in blood after disappearance of tipiracil, which indicates that 6-HMU was slowly produced. No other 
metabolites greater than 5% were observed in plasma, urine and faeces. 

Polymorphism 

Trifluridine is a substrate for thymidine phosphorylase and thymidine kinase and for human nucleoside 
transporters. Polymorphism of these enzymes and transporters has not been investigated. 

Inter-conversion 

Trifluridine and tipiracil are polymorphic; however, given the high solubility of these compounds there is no 
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difference in the dissolution rate between the polymorphic forms. 

Pharmacokinetic of metabolites 

The main metabolite of trifluridine is FTY, which in detected in plasma and urine in a relevant concentration. 
Pharmacokinetic parameters of FTY are summarized in Table 25. The trifluridine-glucuronide isomers were not 
detected in plasma only in urine.  

Table 25: Single-dose TAS-102 PK studies – Mean ± SD (%CV) 

 

Concentrations of tipiracil metabolite, 6-HMU, were low in plasma and Cmax was reached 48h after 
administration of TAS-102.  Approximately 17% of the tipiracil dose was excreted 6-HMU in the feces. tipiracil 

Excretion 

Urinary excretion of trifluridine, FTY, tipiracil and trifluridine metabolites was evaluated after single dose 
TAS-102 in relative bioavailability study-TAS-102-104 in the US and in the dose finding study J001-10040010 in 
Japanese patients. 

Of the administered dose, 21% - 25% was excreted as trifluridine related compounds but only a small fraction 
of the administered dose of TAS-102 was excreted as unchanged trifluridine (1.5 and 3.7%). 

Twenty seven (27) % - 29% of the administered dose of tipiracil was excreted in its unchanged form. Renal 
clearance of tipiracil was 293 ml/min, exceeding the glomular filtration rate suggesting a transporter mediated 
excretion of tipiracil in the urine, presumably OCT2. 

In the mass balance study TAS-102-108, an oral solution incorporating a light tracer dose of either 
[14C]-trifluridine or [14C]-tipiracil and 60 mg TAS-102 was administered on Day 1 in 8 patients (4 patients 
received [14C]-trifluridine / 60 mg TAS-102 and 4 patients received [14C]-tipiracil /60 mg TAS-102). Of the 
administered [14C]-trifluridine, on average, 60% of the radioactivity was recovered, consisting of 54.8% urinary 
excretion, 2.6% fecal excretion, and 2.4% expired CO2 (see Table 26).The overall recovery of radioactivity was 
relatively poor  probably due to covalent binding to proteins and incorporation in DNA.  

Table 26: Excreta PK Parameters and Summary Statistics for Total Radioactivity of [14C]-trifluridine Excreted in 

Urine, Feces, Respired 14CO2 and Total Recovered – study TAS-102-108 
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Results of the mass balance study in the subjects administered a tracer dose of or [14C]-tipiracil and 60 mg 
TAS-102 is shown in the below table. Fecal excretion represented 50 ± 22% of total excretion of the 
administered dose, while renal excretion accounted for 27 ± 8%. In 1 patient, the overall recovery was 
extremely poor at 36.3% of the dose (18.8% urine and 17.5% feces), probably due to poor fecal production. For 
the other 3 patients, the overall recoveries were > 85% and similar across the remaining patients. 

Table 27: Excreta PK Parameters and Summary Statistics for Total Radioactivity of [14C]-tipiracil Excreted in 

Urine, Feces, and Total Recovered – study TAS-102-108 

 

Dose proportionality and time dependencies 
Dose proportionality 

In a dose finding study (15 to 35 mg/m2 twice daily), the AUC from time 0 to 10 hours (AUC0-10) of trifluridine 
tended to increase more than expected based on the increase in dose; however, oral clearance (CL/F) and 
apparent volume of distribution (Vd/F) of trifluridine were generally constant at the dose range of 20 to 
35mg/m2.  As for the other exposure parameters of trifluridine and tipiracil hydrochloride, those appeared to be 
dose proportional. 

Time dependency 

In the pharmacokinetic (PK) analyses of the multiple dose administration of Lonsurf (35 mg/m2/dose, twice daily 
for 5 days a week with 2 days rest for 2 weeks followed by a 14-day rest, repeated every 4 weeks), trifluridine 
area under the concentration-time curve from time 0 to the last measurable concentration (AUC0-last) was 
approximately 3-fold higher and maximum concentration (Cmax) was approximately 2-fold higher after multiple 
dose administration (Day 12 of Cycle 1) of Lonsurf than after single-dose (Day 1 of Cycle 1) (see section 5.2 of 
the SmPC). 

There was no indication of further accumulation of 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). 

The AUC for FTY was also increased (1.5-fold) after multiple dosing of TAS-102 compared to Day 1 in studies 
TPU-TAS-102-102, TPU-TAS-102-103 but not in Study J001-10040010; Cmax values for FTY were similar after 
single and multiple dosing. Elimination half-life of FTY was increased following multiple dosing. On Day 1, the 
t1/2 ranged from 1.5 to 1.8 hours on average, and, on Day 12, the t1/2 ranged from 4.1 to 7.3 hours on 
average. 

For tipiracil, AUC, and Cmax were similar after single and multiple dosing of TAS-102. There was no accumulation 
for tipiracil hydrochloride, and no further accumulation of trifluridine with successive cycles (Day 12 of Cycles 2 
and 3) of administration of Lonsurf.  

Following multiple doses of Lonsurf (35 mg/m2/dose twice daily) in patients with advanced solid tumours, the 
mean times to peak plasma concentrations (tmax) of trifluridine and tipiracil hydrochloride were around 2 hours 



    
  
EMA/CHMP/287846/2016 Page 45/106 

and 3 hours, respectively. 

Endogenous thymidine exposure increased considerably by TAS-102 35 mg/m2; plasma concentrations 
increased from 2 ng/ml to 97 ng/ml. 

Intrasubject variability 
Study TPU-TAS-102-104 was a partial replicate design study, allowing for intra-subject variability estimation. 
There is a considerable intersubject variability for both trifluridine and tipiracil. The intra-subject variability, 
however, is low to moderate for trifluridine AUC 16.4% and Cmax 25.4%, respectively, while the intra-subject 
variability of tipiracil is moderate to high 28.9% for AUC and 36% for Cmax. 

Target populations 
Pharmacokinetic parameters CL/F and Vd/F estimated by popPK analysis were in agreement with the 
pharmacokinetic parameters determined by non-compartmental analysis in patients with solid tumours.  
Exposure of trifluridine and tipiracil in patients with CRC has been determined in the phase 3 study RESOURSE 
by means of popPK analysis.  

Special populations 
Population PK analysis was conducted to evaluate intrinsic and extrinsic factors that may influence trifluridine 
and tipiracil exposure. The comparable exposure of trifluridine and tipiracil in patients with different BSA 
supports TAS-102 dosing based on BSA. In addition, creatinine clearance was a significant covariate for CL/F of 
trifluridine and tipiracil, and serum albumin was a significant covariate for CL/F of trifluridine. Other covariates 
tested such as age, gender, race, hepatic function parameters, and concomitant administration of OCT2 inhibitor 
were not significant covariates for either trifluridine or tipiracil PK parameters. 

Impaired renal function 

No formal renal impairment study has been conducted for Lonsurf. Based on a population PK analysis, the 
exposure of Lonsurf in patients with mild renal impairment (CrCl = 60 to 89 mL/min) was similar to those in 
patients with normal renal function (CrCl ≥ 90 mL/min). A higher exposure of Lonsurf was observed in 
moderate renal impairment (CrCl = 30 to 59 mL/min). Estimated (CrCl) was a significant covariate for CL/F in 
both final models of trifluridine and tipiracil hydrochloride. The mean relative ratio of AUC in patients with mild 
(n=38) and moderate (n=16) renal impairment compared to patients with normal renal function (n=84) were 
1.31 and 1.43 for trifluridine, respectively, and 1.34 and 1.65 for tipiracil hydrochloride, respectively.  The PK of 
trifluridine and tipiracil hydrochloride have not been studied in patients with severe renal impairment or 
end-stage renal disease (see section 5.2 of the SmPC).  

Impaired hepatic function 

No formal hepatic impairment study has been conducted for Lonsurf. Based on the population PK analysis, liver 
function parameters including alkaline phosphatase (ALP, 36-2322 U/L), aspartate aminotransferase (AST, 
11-197 U/L), alanine aminotransferase (ALT, 5-182 U/L) , and total bilirubin (0.17-3.20 mg/dL) were not 
significant covariates for PK parameters of either trifluridine or tipiracil hydrochloride. The PK of trifluridine and 
tipiracil hydrochloride have not been studied in patients with moderate or severe hepatic impairment (NCI 
Criteria Group C and D). Serum albumin was found to significantly affect trifluridine clearance, with a negative 
correlation. For low albumin values ranging from 2.2 to 3.5 g/dL, the corresponding clearance values range from 
4.2 to 3.1 L/h (see sections 4.4 and 5.2 of the SmPC). 

Body weight 
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The comparable exposure of trifluridine and tipiracil in patients with different BSA supports TAS-102 dosing 
based on BSA. 

In relation with age, number of patients ≥65 years of age included in population PK analysis should be broken 
down by the following ranges of age: 65-74, 75-84 and >85. 

Age 

The age of the patients ranged from 33 to 82 years old in the dataset analysed. Age was not a significant 
covariate for PK parameters of either trifluridine or tipiracil. Therefore, the PK of trifluridine and tipiracil are not 
expected to be affected by age. 

Table 28: Number of elderly patients in TAS-102 PK studies 

 

Pharmacokinetic interaction studies 
No dedicated in vivo drug interaction studies were conducted. 

In vitro studies with human biomaterials showed no evidence that trifluridine and tipiracil are metabolized by the 
CYP enzymes tested. Neither trifluridine, FTY, nor tipiracil had an inhibitory or inducing effect on CYP suggesting 
that neither trifluridine, FTY, nor tipiracil would cause, or be affected by, a CYP-mediated drug interaction. The 
concentration of tipiracil in the induction study was too low to investigate the potential induction in intestinal 
cells. Potential induction of intestinal, renal and hepatic CYP3A4 by tipiracil relevant concentrations should be 
investigated.  

Trifluridine seems to be no substrate for OATP1B1, OATP1B3, P-glycoprotein, BCRP. In vitro studies indicated 
that trifluridine is a substrate for the nucleoside transporters CNT1, ENT1 and ENT2. Tipiracil was a substrate for 
OCT2 and MATE1 but not for OAT1, OAT3, P-glycoprotein, and BCRP.  

Although tipiracil is also an in vitro inhibitor of OCT2, it is not considered to be an in vivo inhibitor, due to the 
relative high inhibition constant compared to the in vivo exposure to tipiracil. 
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2.4.3.  Pharmacodynamics 

Mechanism of action 
Trifluridine is an antineoplastic thymidine-based nucleoside analogue, which is incorporated into 
deoxyribonucleic acid (DNA) in tumour cells following phosphorylation by thymidine kinase 1. TAS-102 
demonstrated antitumour activity against both 5-FU sensitive and resistant colorectal cancer cell lines. The 
cytotoxic activity of TAS-102 against several human tumour xenografts correlated with the amount of trifluridine 
incorporated into DNA, confirming this as the primary mechanism of action. These data provide support for 
rationale of treatment of patients with metastatic CRC with TAS-102 after initial treatment with conventional 
fluoropyrimidines. 

Tipiracil inhibits degradation of trifluridine by inhibiting thymidine phosphorylase (thymidine phosphorylase), 
thus increasing systemic exposure to trifluridine when trifluridine and tipiracil are given together. 
Co-administration of tipiracil resulted in a 37-fold increase in trifluridine exposure 

Primary and Secondary pharmacology 
Biomarkers  

In RECOURSE, patients were stratified for KRAS status. BRAF status was reported when status was available. No 
biomarker analysis was planned for RECOURSE. 

Exposure-effect relationship  
Specific dose-response and blood level-response analyses of efficacy with TAS-102 have not been completed. A 
PK/PD analysis of data obtained in the pivotal Phase 3 study (TPU-TAS-102-301; RECOURSE) was submitted 
with the response to D120 LoQ. 

This report evaluated the PKPD data collected during the RECOURSE trial. A total of 138/534 (25.8%) patients 
in the TAS-102 group had evaluable parameters (estimated trifluridine AUC and tipiracil AUC) and are included 
in the PK/PD analysis. Patients in the TAS-102 treatment group who participated in the optional PK assessment 
were categorised into two groups, a high-exposure group (>median) and a low-exposure group (≤median) 
based on median AUC values of trifluridine (43.51 hr*µg/mL) and tipiracil (0.65 hr*µg/mL).  

Patient demographics and baseline characteristics for most parameters were comparable for the 2 groups and 
within the patient subgroups defined according to median trifluridine or tipiracil  AUCs. In the trifluridine and 
tipiracil high AUC groups, there were more patients ≥65 years of age (trifluridine, 50.7%; tipiracil, 46.4%) and 
more patients with mild to moderate renal impairment at baseline based on creatinine clearance (trifluridine, 
56.5%; tipiracil, 56.5%) and baseline eGFR (trifluridine, 49.3%; tipiracil, 50.7%) compared to the respective 
low AUC group with baseline based on creatinine clearance (trifluridine, 21.7%; tipiracil, 21.7%) and baseline 
eGFR (trifluridine, 21.7%; tipiracil, 20.3%). In the trifluridine high AUC subgroup there were more females 
47.8% vs the low AUC subgroup 26.1%, while there was no difference for the tipiracil high/low subgroups 36.2% 
vs. 37.7%. 

The subpopulation included in the PKPD analysis is not fully representative for the TAS-102 treated subgroup as 
overall survival seems higher in in this PKPD population vs. TAS-102 ITT population in RECOURSE (8.9 vs 7.1 
months and HR 0.53 vs. 0.68). This trend was observed also for radiologic PFS as the TAS-102 PK/PD group 
median PFS (3.3 months) was longer for TAS-102 and placebo (2.0 and 1.7 months, respectively). Therefore, 
the data should be interpreted with caution. 

In the trifluridine group, OS appeared more favourable in the high AUC group compared to the low AUC group 
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(HR, 0.72 [CI: 0.46, 1.11]) and the associated OS medians were 9.3 vs. 8.1 months, respectively. PFS also 
appeared more favourable in the high AUC group compared to the low AUC group (HR, 0.82 [CI: 0.57, 1.18]) 
and the associated PFS medians were 3.7 vs. 2.0 months, respectively. 

In the tipiracil group, the direction of the OS effect was not as pronounced, but was in favour of the low tipiracil 
AUC group (HR, 1.09 [CI: 0.70, 1.69]) and median OS was 7.8 months in the high AUC group compared with 9.2 
months in the low AUC group. No specific pattern emerged in the PFS results with a HR 0.97, [CI: 0.67, 1.41] 
and median PFS of 2.0 months in the high AUC group compared to 3.7 months in the low AUC group. 

Consistent with the OS and PFS results for the overall PK/PD Population, all AUC groups performed better than 
placebo throughout the follow-up period. 

QTc prolongation  

Pre-clinical studies indicate that trifluridine and tipiracil have no effect on hERG channel. Also other 
fluoropyrimidines are not known to prolongate QTc prolongation.  

Based on the results of the linear model for the relationship between plasma trifluridine, FTY, and tipiracil 
concentrations and the placebo-adjusted baseline-subtracted QTc intervals, no concentration dependent 
QT-prolonging effect was observed.   

Haematologic toxicities  

In the dose finding study J001-10040010, Cmax and AUC of trifluridine were associated with haematologic 
toxicities. In RECOURSE study, PKPD analysis indicated that the incidence of Grade ≥3 neutropenia and any 
Grade ≥3 drug related AE was higher (>10%) in the trifluridine high AUC group compared with the low AUC 
group. Any dose reduction was higher in the trifluridine high AUC group (23%) compared with the low AUC group 
(9%). However, no apparent difference was seen between the tipiracil high AUC group and the low AUC group. 

Pharmacodynamic interactions  

Trifluridine, like other thymidine analogues such as the anti-viral agent AZT, is phosphorylated by thymidine 
kinase prior to incorporation into DNA. Attenuation of the inhibitory effect of trifluridine on tumour cell 
proliferation in the presence of AZT was considered due to competition for thymidine kinase in vitro (Study No. 
03-13-004). However, treatment with TAS-102 in combination with AZT in rats did not influence the toxicity 
relative to TAS-102 alone (Study No.13CC20). 

2.4.4.  Discussion on clinical pharmacology 

Trifluridine is an antineoplastic thymidine-based nucleoside analogue, which is incorporated into 
deoxyribonucleic acid (DNA) in tumour cells following phosphorylation by thymidine kinase 1. TAS-102 
demonstrated antitumour activity against both 5-FU sensitive and resistant colorectal cancer cell lines. The 
cytotoxic activity of TAS-102 against several human tumour xenografts correlated with the amount of trifluridine 
incorporated into DNA, confirming this as the primary mechanism of action. These data provided support for 
rationale of treatment of patients with metastatic CRC with TAS-102 after initial treatment with conventional 
fluoropyrimidines.  

In the pivotal study RECOURSE, patients were stratified for KRAS status. No further biomarker analysis was 
planned for RECOURSE. Relation of expression of thymidine phosphorylase and thymidine kinase, two enzymes 
known to play an essential role in the mechanism of action of trifluridine, with efficacy has not been discussed. 
In cell lines development of resistance to trifluridine involved decreased activity of thymidine kinase 1 and 
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nucleoside transporter (Temmink 2010). In xenografts, antitumor activity of TAS-102 was best related to the 
thymidine kinase and thymidine phosphorylase ratio (Emura 2004). Furthermore, deficient mismatch repair 
enzyme status (dMMR) is associated with sensitivity to fluoropyrimidine-based adjuvant treatment of CRC 
(Sargent 2010) and, given the mechanism of action of trifluridine, MMR status could be an important marker for 
TAS-102 treatment. MSI status and TK1 as possible biomarkers will be further explored in a selected Japanese 
subpopulation from the phase III RECOURSE study.  

The oral bioavailability of trifluridine is low due to degradation by thymidine phosphorylase, therefore 
monotherapy with trifluridine is not feasible. Tipiracil prevents degradation of trifluridine by inhibiting thymidine 
phosphorylase (thymidine phosphorylase), thus increasing systemic exposure to trifluridine when trifluridine 
and tipiracil are given together. Co-administration of tipiracil resulted in a 37-fold increase in trifluridine 
exposure. This demonstrates the rationale for addition of tipiracil, in the combination of trifluridine and tipiracil 
(TAS-102).  

Trifluridine and tipiracil have high solubility and low/moderate permeability characteristics. Permeability of 
trifluridine and tipiracil is the rate limiting step for absorption. 

The to-be marketed formulation has not been used in clinical studies. The composition of the to-be marketed 
formulation is identical to the late formulation except for imprinting. No bioequivalence study is considered 
necessary for the to-be market formulation, because trifluridine and tipiracil are BCS class III compounds, the 
composition of the tablets was identical and dissolution of all formulations was very fast at all pH tested, i.e. 
dissolution ≥85% at 15min.  

Selection of the tipiracil dose in TAS-102 was based on a single dose finding study in 4 male cynomolgous 
monkeys 4 using one trifluridine dose with 3 different tipiracil doses (molar ratio trifluridine:tipiracil 1:0.2, 1:0.5 
and 1:1). All three doses of tipiracil greatly enhanced the oral bioavailability of trifluridine in monkeys. The 
applicant did not provide in vitro data on the inhibition of thymidine phosphorylase by tipiracil to support dosing 
based on molar ratio rather than using a high flat tipiracil dose that maximally inhibits thymidine phosphorylase. 
No studies in humans were conducted to confirm the appropriate dose of tipiracil. Although study TAS-102-102 
showed that bioavailability of trifluridine was greatly increased in presence of tipiracil a more than dose 
proportional increase in trifluridine was observed over the dose range 15-35 mg/m2 suggesting that inhibition of 
thymidine phosphorylase by tipiracil is not maximal. tipiracil is an competitive inhibitor of TPase with a Ki of 5 
ng/ml. Because tipiracil was shown to be a competitive inhibitor of TPase, the dose administration of tipiracil as 
a molar ratio to trifluridine is considered acceptable. However, it was shown that there is a positive correlation 
between trifluridine and tipiracil exposure. The estimated 1.5-2 fold higher trifluridine exposure as results of a 
higher tipiracil exposure is small compared to the 37-fold increase in exposure of trifluridine as result of 
co-administration with tipiracil. Therefore, inhibition of TPase by tipiracil is probably near maximal. 

The clinical dose and dosing interval of Lonsurf has been supported by non-clinical studies but final dose and 
dosing interval i.e. 35 mg/m2 bid for 5 days a week with 2 days rest for 2 weeks, followed by a 14-day rest, 
repeated every 4 weeks, has been selected based on tolerability in patients with solid tumours and CRC. Given 
the high number of dose delay in the phase 3 study and the two different MTD determined, the applicant was 
requested to discuss the selected dose and dosing interval further (see clinical efficacy part). Exposure effect 
relationship indicated that higher exposure to trifluridine was associated with longer overall survival and greater 
risk of safety events, but exposure to tipiracil was not. 

The applicant claims that 80 mg/dose should not be exceeded as included in the protocol for RECOURSE study. 
However ASCO guideline (2012) recommends the use of actual body weight to calculate appropriate dose of 
chemotherapy drugs for obese patients. Additional PopPK analysis indicated that capping of the dose to 80 mg 
in the current dosing regimen is unlikely to result in underexposure of FTD in obese adult patients.  
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The applicant recommended TAS-102 to be administered in a fed state because Cmax and AUC of trifluridine were 
associated with haematologic toxicities (Study J001-100400100) and Cmax of trifluridine was lower under fed 
conditions. When taken within one hour after completing a meal, trifluridine and tipiracil are rapidly absorbed 
with Tmax of around 2 hours and 3 hours, respectively. After peak concentrations are reached, trifluridine and 
tipiracil plasma concentrations declined rapidly with an elimination half-life of 2 hours. In the clinical dose range 
20-35 mg/m2, trifluridine pharmacokinetics can be considered dose proportional.  The AUC of trifluridine was 
not decreased after a meal and, therefore, the applicant considered it unlikely that efficacy is affected when 
TAS-102 is administered with a meal. The dosing recommendation in the SmPC to take TAS-102 after a meal 
reflect the conditions it has been administered in the pivotal and most other clinical studies. 

Exposure of trifluridine was 2 to 3-fold higher following multiple dosing (Day 12 cycle 1) compared to single dose 
administration of TAS-102. This is unexpected given the short elimination half-life of trifluridine 2 h and the 
twice daily dosing. There was no indication of further accumulation of 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). Pharmacokinetics of 
tipiracil were dose proportional and  exposure was similar after single and multiple dosing of TAS-102. Therefore 
a more profound inhibition of thymidine phosphorylase by tipiracil following multiple dosing is not expected. 
Reasons for the time dependent pharmacokinetics of trifluridine is not known. Because maximal accumulation 
was reached by the end of the first cycle and did not further increase in following cycles and the accumulation 
was consistent among patients, the accumulation of trifluridine after repeated administration is considered not 
to be a safety or efficacy risk of TAS-102.  

Major elimination pathway for trifluridine seems degradation by thymidine phosphorylase to metabolite FTY. FTY 
does not show anti-tumour activity.  Of the administered dose, 55% of the administered dose was excreted as 
trifluridine related compounds but only a small fraction of the administered dose of TAS-102 was excreted as 
unchanged trifluridine (1.5 and 3.7%). Nevertheless, trifluridine exposure was approximately 50% higher in 
patients with moderate renal impairment compared to patients with normal renal function. Trifluridine exposure 
was correlated with tipiracil exposure. Therefore, the increased trifluridine exposure in patients with moderate 
renal impairment might (in part) be due to the higher tipiracil exposure in patients with moderate renal 
impairment.  

Excretion of tipiracil in the urine is probably the primary elimination pathway of tipiracil but 17% of the 
administered dose was excreted as 6-HMU metabolite in faeces, indicating a secondary elimination pathway. 
27% - 29% of the administered dose of tipiracil was excreted in its unchanged form. Renal clearance of tipiracil 
was 293 ml/min, exceeding the glomerular filtration rate suggesting a transporter mediated excretion of tipiracil 
in the urine. Tipiracil is a substrate for OCT2 and MATE1. These transporters may be involved in the excretion of 
tipiracil in urine.  

In the popPK analysis, no patients with severe renal impairment and moderate or severe hepatic impairment 
were included. Lack of efficacy and safety data in patients with severe renal impairment and moderate and 
severe hepatic impairment has been acknowledged in the SmPC. Trifluridine exposure was approximately 50% 
higher in patients with moderate renal impairment compared to patients with normal renal function. Patients 
with moderate renal impairment experienced more adverse events and should be more often monitored for 
haematological toxicities (see section 4.4 of the SmPC). The applicant will conduct a renal impairment study 
(TPU-TAS-102-107), which results will be available by December 2017. In addition, a formal hepatic impairment 
study is considered necessary. The applicant will conduct a hepatic impairment study (TPU-TAS-102-106) and 
submit the results by December 2017 (see RMP). 
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There was a negative correlation between serum albumin and CL/F of trifluridine. In vitro studies indicated that 
protein binding was not concentration dependent. Ex vivo protein binding in plasma from subjects in the renal 
and hepatic impairment studies may further elucidate this issue. 

No adjustment of the starting dose is required on the basis of patient’s race. 

The influence of gastrectomy on PK parameters could not be examined in the population PK analysis because 
there were few patients who had undergone gastrectomy (1% of overall). This is adequately reflected in section 
5.2 of the SmPC. 

Potential interactions involving CYP450 enzymes is considered low as trifluridine and tipiracil are no substrate, 
inhibitor or inducer of CYP450 enzymes. However, inductive effect of tipiracil on human CYP isoforms cannot be 
excluded.  

In vitro transport studies indicated that trifluridine and tipiracil are no substrates for P-glycoprotein and BCRP 
and trifluridine is not likely to be a substrate for OATP1B1. OATP1B3, OAT1, and OAT3 transporters. 

Trifluridine is intracellularly activated by thymidine kinase. Nucleoside transporters mediate the uptake of 
trifluridine into the cells (Takahashi 2015, Sakamoto 2015) In vitro studies have indicated that expression of 
thymidine kinase and expression of nucleoside transporters may be involved in resistance to trifluridine. Effect 
of polymorphisms on trifluridine function is not known but for gemcitabine, expression of hENT1 and 
polymorphism of hENT1 has been associated with efficacy and toxicity of gemcitabine (Tanaka et al 2010).  

Trifluridine, like other thymidine analogues such as the anti-viral agent AZT, is phosphorylated by thymidine 
kinase prior to incorporation into DNA. Caution is required when using medicinal products that are human 
thymidine kinase substrates, e.g., zidovudine.  Such medicinal products, if used concomitantly with Lonsurf, 
may compete with the effector, trifluridine, for activation via thymidine kinases.  Therefore, when using antiviral 
medicinal products that are human thymidine kinase substrates, monitor for possible decreased efficacy of the 
antiviral medicinal product, and consider switching to an alternative antiviral medicinal product that is not a 
human thymidine kinase substrate, such as lamivudine, zalcitabine, didanosine and abacavir (see sections 4.5 
and 5.1 of the SmPC). 

Study J001-100400100 showed that endogenous thymidine exposure increased considerably by Lonsurf 35 
mg/m2 from 2 to 97 ng/ml. However, the increased concentration of thymidine following multiple dosing of 
Lonsurf is still much lower than the plasma concentrations of trifluridine Cmax 2381 ng/mL, therefore, 
competition for phosphorylation by thymidine kinase 1 or nucleoside transporters seems unlikely. 

As trifluridine was shown to be a substrate for the nucleoside transporters CNT1, ENT1 and ENT2, caution is 
required when using medicinal products that interact with these transporters. 

No dedicated in vivo drug interaction studies were conducted. Tipiracil hydrochloride was a substrate for OCT2 
and MATE1, therefore, the concentration might be increased when Lonsurf is administered concomitantly with 
inhibitors of OCT2 or MATE1. 

It is unknown whether Lonsurf may reduce the effectiveness of hormonal contraceptives. Therefore, women 
using hormonal contraceptive must also use a barrier contraceptive method (see section 4.6 of the SmPC). 

The efficacy and safety of Lonsurf was compared between a high-exposure group (>median) and a 
low-exposure group (≤median) based on the median AUC value of trifluridine. OS appeared more favourable in 
the high AUC group compared to the low AUC group (median OS of 9.3 vs. 8.1 months, respectively). All AUC 
groups performed better than placebo throughout the follow-up period. The incidences of Grade ≥3 neutropenia 
were higher in the high-trifluridine AUC group (47.8%) compared with the low-trifluridine AUC group (30.4%). 
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2.4.5.  Conclusions on clinical pharmacology 

The pharmacology package supporting the pharmacokinetic & pharmacodynamic characterisation of trifluridine 
and tipiracil is comprehensive and in general well executed. Studies in patients with renal and hepatic impaired 
function are ongoing and results are awaited (see RMP). Induction of CYP enzymes by tipiracil cannot yet be 
excluded and the applicant is recommended to conduct an additional in vitro CYP induction study using the 
appropriate concentration of tipiracil. In addition, the applicant is recommended to further evaluate biomarkers 
involved in the mechanism of action of trifluridine.  

2.5.  Clinical efficacy 

This application is supported by the results of one pivotal phase III TPU-TAS-102-301 RECOURSE study and 
supportive data from a Phase II trial conducted in Japan (Study J003-10040030). 

2.5.1.  Dose response study(ies) 

A series of initial dose-finding Phase 1 studies were conducted in the US in patients with solid tumours. Based on 
preclinical findings (Study M96-029), these studies used daily dosing of TAS-102 in order to facilitate FTD 
incorporation into tumour cells. In the first 3 studies initiated (Studies TAS102-9801, TAS102-9802, and 
TAS102-9803), TAS-102 was administered once daily (QD) using various dosing schedules of 3- or 4-week 
cycles. The initial starting dose in the first human study (TAS102-9801) was 100 mg/m2/day, which was 1/3 of 
the toxic low dose in a 4-week toxicity study in monkeys. The results of these studies indicated that TAS-102 
was better tolerated when administered for 5 consecutive days rather than for 14 consecutive days, and a dose 
regimen of 5 days a week with 2 days rest for 2 weeks, repeated every 4 weeks was determined to be the 
optimal dosing regimen. 

While these initial 3 studies were on-going, results of non-clinical studies became available that demonstrated 
significantly greater tumour reduction in mice following BID dosing compared with QD dosing. Therefore, 2 
additional studies were initiated to evaluate BID and three times daily (TID) dosing (Studies TAS102-9804 and 
TAS102-9805, respectively) using the regimen of 5 days a week with 2 days rest for 2 weeks, repeated every 4 
weeks. In Study TAS102-9804, which was conducted in heavily pre-treated breast cancer patients, the 
maximum tolerated dose (MTD) was 50 mg/m2/day, while in study TAS102-9805, which was conducted in a 
patient population of primarily mCRC patients, the MTD was 70 mg/m2/day. 

In a subsequent Phase 1 dose-finding study conducted in Japan (Study J001-10040010), a TAS-102 regimen of 
35 mg/m2 BID (70 mg/m2/day) administered for 5 days a week with 2 days rest for 2 weeks, followed by a 
14-day rest (1 treatment cycle) repeated every 4 weeks, was well tolerated in patients with advanced solid 
tumours. The efficacy and safety of this regimen was established in the Japanese Phase 2 study in patients with 
mCRC (Study J003-10040030). The tolerability of this regimen in Western patients with refractory metastatic 
colorectal cancer was confirmed in a Phase 1 dose-finding study conducted in the US (Study TPU-TAS-102-101). 
Therefore, this regimen was selected for evaluation in the pivotal, global, Phase 3 study (RECOURSE). 

Selection of the tipiracil dose in TAS-102 was based on a single dose finding study in 4 male cynomolgous 
monkeys 4 using one trifluridine dose with 3 different tipiracil doses (molar ratio trifluridine:tipiracil 1:0.2, 1:0.5 
and 1:1). All three doses of tipiracil greatly enhanced the oral bioavailability of trifluridine in monkeys. Because 
the difference in AUC of trifluridine was not statistically significant different for 1:0.5 and 1:1 ratio, TAS-102 was 
optimized at a molar ratio of 1:0.5 (trifluridine:tipiracil). 
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2.5.2.  Main study 

Study TPU-TAS-102-301 (RECOURSE): Randomised, double-blind, phase 3 study of TAS-102 plus 
best supportive care (BSC) versus placebo plus BSC in patients with metastatic colorectal cancer 
refractory to standard chemotherapies. 

 
Figure 8: Study Design - RECOURSE 

Methods 

Study Participants 

Key inclusion criteria 
Male and female patients age 18 years or older with definitive histologically or cytologically confirmed 
adenocarcinoma of the colon or rectum with KRAS status determined (mutant or wild-type), and an Eastern 
Cooperative Group (ECOG) performance status of 0 or 1. 

Patients must have received at least 2 prior regimens of standard chemotherapies for metastatic colorectal 
cancer and were refractory to or failing those chemotherapies as follows: 

• Standard chemotherapies must have included all of the following agents approved in each country: 
o Fluoropyrimidines, irinotecan and oxaliplatin 
o An anti-vascular endothelial growth factor (VEGF) monoclonal antibody (bevacizumab) 
o At least one of the anti-epidermal growth factor receptor (EGFR) monoclonal antibodies 

(cetuximab or panitumumab) for KRAS wild-type patients. 

• Patients who had progressed based on imaging during or within 3 months of the last administration of 
each of the standard chemotherapies. 

• Patients who had withdrawn from standard treatment due to unacceptable toxicity warranting 
discontinuation of treatment and precluding retreatment with the same agent prior to progression of 
disease were also eligible to enter the study. 

• Patients who had received adjuvant chemotherapy and had recurrence during or within 6 months of 
completion of the adjuvant chemotherapy were allowed to count the adjuvant therapy as one regimen 
of chemotherapy. 

• Patients who had adequate organ function as defined by pre-define laboratory values obtained within 7 
days prior to study drug administration on Day 1 of Cycle 1. 
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Key exclusion criteria 
Subjects who met any of the following main exclusion criteria were to be excluded from the study: 

• Had a serious illness or medical condition(s), such as: 
o Other concurrently active  
o Known brain metastasis or leptomeningeal metastasis. 
o Active infection (ie, body temperature ≥38°C due to infection). 
o Ascites, pleural effusion or pericardial fluid requiring drainage in last 4 weeks. 
o Intestinal obstruction, pulmonary fibrosis, renal failure, liver failure, or cerebrovascular 

disorder. 
o Uncontrolled diabetes. 
o Myocardial infarction within the last 12 months, severe/unstable angina, symptomatic 

congestive heart failure New York Heart Association (NYHA) class III or IV.  
o Gastrointestinal hemorrhage. 
o Known HIV) or AIDS-related illness, or hepatitis B or C. 
o Patients with autoimmune disorders or history of organ transplantation who required 

immunosuppressive therapy. 
o Psychiatric disease that may have increased the risk associated with study participation or study 

drug administration, or may have interfered with the interpretation of study results. 
• Had treatment with any of the following within the specified time frame prior to study drug 

administration: 
a. Major surgery within prior 4 weeks (the surgical incision should be fully healed prior to study 
drug administration). 

b. Any anticancer therapy within prior 3 weeks (except for bevacizumab within prior 4 weeks). 

c. Extended field radiation within prior 4 weeks or limited field radiation within prior 2 weeks. 

d. Any investigational agent received within prior 4 weeks. 

• Had received TAS-102. 
• Had unresolved toxicity of greater than or equal to Common Terminology Criteria for Adverse Events 

(CTCAE) Grade 2 attributed to any prior therapies (excluding anemia, alopecia, skin pigmentation, and 
platinum-induced neurotoxicity). 

• Was a pregnant or lactating female. 
• Was inappropriate for entry into this study in the judgment of the Investigator. 

Treatments 
Patients received TAS-102 35 mg/m2/dose or placebo, administered orally BID (after morning and evening 
meals) for 5 days a week and 2 days of rest (during weeks 1 and 2), followed by a 14-day rest (1 treatment 
cycle), repeated every 4 weeks. 

Method of Assigning Subjects to Treatment 

Once patient confirmation of eligibility and the criteria for randomisation had been met, patients were centrally 
randomised in a 2:1 ratio to TAS-102 or placebo via an Interactive Voice/Web Response System (IWRS) based 
on a dynamic allocation method (biased coin). The IWRS assigned kit numbers corresponding to the patient’s 
treatment assignment and informed the study site user of the kit number that had been assigned to the patient 
for the dispensing of study drug. 

Duration  
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Patients received study medication until any of the discontinuation criteria were met:  

• Patient request at any time irrespective of the reason; 
• RECIST-defined or clinical disease progression; 
• Patient experienced an irreversible, treatment-related, Grade 4, clinically relevant, non-haematologic 

event; 
• Unacceptable toxicity, or change in underlying condition such that the patient could no longer tolerate 

therapy; 
• Physician’s decision (includen the need for other anticancer treatments); 
• Pregnancy. 

Dose reductions/Interruptions 

Study medication dose reductions were allowed in the case of toxicity. A maximum of 3 dose reductions of study 
medication were permitted, in 5 mg/m2 steps, to a minimum dose of 20 mg/m2 (40 mg/m2/day). Dose 
escalations (on a “mg/m2” basis) were not permitted at any time. 

Objectives 
The primary objective of the RECOURSE trial was to compare the overall survival (OS) for TAS-102 + best 
supportive care (BSC) (experimental arm) with placebo + BSC (control arm) in patients with refractory 
metastatic colorectal cancer.  

Secondary objectives included the comparison of TAS-102 and placebo for Progression-free survival (PFS); 
Safety and tolerability. 

Outcomes/endpoints 
Primary endpoint: 

Overall survival was defined as the time [in months] from the date of randomisation to the date of death for each 
patient in the ITT population. 

Secondary endpoint: 

- PFS was defined as the time (in months) from the date of randomisation until the date of the 
investigator-assessed radiological disease progression or death due to any cause. 

- Time to treatment failure was defined as the time (in months) from the date of randomisation until the date of 
radiologic disease progression, permanent discontinuation of study treatment, or death due to any cause. 

- Overall response rate was defined as the proportion of patients with objective evidence of complete response 
(CR) or partial response (PR) with no confirmatory scan required. The assessment of ORR was based on 
Investigator review of radiologic images following RECIST criteria (version 1.1, 2009) and was restricted to 
patients with measurable disease (at least 1 target lesion) at baseline and with at least one tumour evaluation 
while on study treatment. 

- Disease control rate was defined as the proportion of patients with a best overall response of CR, PR, or SD. 

- Duration of response, derived for patients with a best overall response of PR or CR, was defined as the time 
from the first documentation of response (CR or PR) to the first documentation of objective tumour progression 
or to death due to any cause. 
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Sample size 
The study was designed to detect with 90% power a hazard ratio for OS of 0.75 (25% risk reduction) in the 
TAS-102 arm compared with the placebo arm with a 1-sided type 1 error of 0.025. A variable accrual period of 
18 months and a 3% per year loss to survival follow-up rate was assumed. 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. 

Based on these design operating characteristics and assuming a median survival time of approximately 5 
months in the control arm, the primary analysis target events milestone was projected to be reached 
approximately 5 months after the last patient was randomised in the study. The median OS in the control arm 
was estimated based on the observed median of 4.6 months in a similar control arm of the Phase 3 cetuximab 
study. The estimate was rounded to 5 months to reflect a higher control median in the Japanese population, as 
observed in the Phase 2 study (J003-10040030). 

Randomisation 
Patients were randomised (2:1) to receive TAS-102 or placebo. In order to ensure comparability of the 
treatment groups, patients were to be stratified by KRAS status (wild-type, mutant), time since diagnosis of 
metastasis (<18 months, ≥18 months), and geographic region (Region 1: Asia [Japan]; Region 2: Western 
[Australia, Europe, US]). 

Blinding (masking) 
This was a double-blind study. TAS-102 tablets of each of the strengths and the corresponding placebo tablets 
were identical in appearance and were packaged in identical containers. During the conduct of the study, the 
treatment assignment was unknown to all patients, investigators, and ancillary study personnel at each study 
site.  

Statistical methods 
Analysis sets 

The primary population for the efficacy analysis was the ITT population, which was defined as all randomized 
patients, independently on whether they received or not study medication.  

The population for safety analysis comprised all patients who received at least 1 dose of study medication. 

Analysis methods 

The difference in OS between the two treatment arms was assessed in the ITT population using the stratified 
log-rank test and the HR was estimated using a Cox proportional hazards (CPH) model including treatment and 
the 3 stratification factors in the model.  Overall survival for each arm was summarised using Kaplan Meier 
curves and was further characterised in terms of the median and survival probability at 3, 6, 9 and 12 months, 
along with the corresponding 2-sided 95% confidence intervals (CIs) for the estimates.  

The primary analysis of OS includes follow-up data (including death events) obtained through the date of the 
571st death observed in the study. Patients having a documented survival status (alive or dead) after this date 
were censored at the cut-off date. 

For analyses of PFS, the two treatment groups were compared using a log-rank test stratified by the same 
stratification factors as used in the analyses of the primary endpoint. The HR (TAS-102 plus BSC group/placebo 
plus BSC group) and 95% confidence interval were provided. KM estimates and KM curves were also presented 
for each treatment group. ORR and DCR were compared between treatments. The differences in ORR between 
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the TAS-102 and placebo group and the corresponding 95% confidence intervals were also calculated. Several 
sensitivity analyses for PFS have been performed. 

Interim analyses  

No interim analyses for efficacy or futility were planned or performed during this study. 

Results 

Participant flow 

 

Recruitment 
A total of 800 patients were randomised (2:1) into the study (ITT population), 534 in the TAS-102 group and 
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266 in the placebo group, consistent with the planned 2:1 randomization. The study was conducted in a total of 
101 sites in 13 countries (number of sites): United States (21),  Japan (20)  Spain (11), Italy (9),  Germany (8),  
Belgium (6),  France (6),  Australia (5),  United Kingdom (5),  Austria (4),  Ireland (3), Sweden (2) and  Czech 
Republic (1). 

Conduct of the study 
The original study protocol dated 23 February 2010 was subsequently amended 8 times, including 3 worldwide 
amendments and 5 country-specific amendments. 

Amendment 1 (dated 28 March 2012) essentially clarified inclusion/exclusion criteria, and clarification of 
stratification variables 

Amendment 2 (dated 22 April 2012) essentially was implemented to remove carbon dioxide measurements from 
clinical chemistry tests 

Amendment 3  (dated 13 November 2012) essentially was implemented for clarification of end of study 
treatment, exclusion criteria and to exclude interacting thymidine analogous during study treatment. 
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Baseline data 
Table 29: Demographic and Other Baseline Characteristics (ITT Population) – RECOURSE study 

 

 

More patients with KRAS wild type (85.5%) were ≥18 months post time since diagnosis of metastases  

compared to patients with KRAS mutant tumours (73.2%) , consistent with the availability of EGFR-inhibitors for 

patients with KRAS wild-type tumours. ifteen percent of tumours harboured a BRAF wild type and in only 0.7% 

(TAS-102) and 1,5% (placebo)  tumours had a BRAF mutation. 
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Table 30: Cancer Diagnosis (ITT Population) – RECOURSE study 

 

Regarding prior systemic cancer therapy, both treatment groups were comparable with respect to prior systemic 

cancer therapies.  
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Table 31: Prior Cancer Therapies (ITT Population) – RECOURSE study 

 

 

The median number of prior lines of therapy for metastatic disease was 3. All patients had received prior 

treatment with fluoropyrimidine-, oxaliplatin-, and irinotecan-based chemotherapy; and all but 1 patient had 

received bevacizumab. All but 2 patients with KRAS wild-type tumours had received panitumumab or 

cetuximab. The majority of patients (60.9%) had received ≥4 prior systemic cancer therapies. Sixty one percent 

(61%, N = 485) of all randomised patients received a fluoropyrimidine as part of their last treatment regimen 

prior to randomisation, of which 455 (94%) were refractory to the fluoropyrimidine at that time. 
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Post-study treatments 

Post-treatment included use of regorafenib (Table 32) and was equally distributed between the TAS-102 and 
placebo groups. More than 40% of patients actually received post-study treatments. 

Table 32: Post-study Anti-tumour Treatments Received After the End of the Treatment Period (ITT Population) – 

RECOURSE study 

 

Numbers analysed 
In respect to efficacy results, of the 800 patients in the ITT Population, 798 received at least one dose of study 

medication as treated (AT) Population. 

Table 33: Study Analysis Populations – RECOURSE study 
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Outcomes and estimation 

Primary endpoint:  

Overall survival 
A total of 574 deaths were included in the primary analysis of OS based on a cut-off date of 24 January 2014. For 
patients alive on the survival cut-off date, survival was censored on the cut-off date. Among patients with 
censored survival data, the median follow-up for OS was 8.29 months (range: 1.8 to 19.0 months).  

Table 34: Primary analysis for overall Survival (ITT population) – RECOURSE study 
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Table 35: Updated overall Survival as of 08 October 2014 (ITT Population) – RECOURSE study 

 

 

Figure 9: Survival status as of 08 October 2014 (ITT Population) - RECOURSE study 
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Figure 10: Forest Plot of Hazard Ratios for Treatment Effect on OS by Subgroups – RECOURSE study 
The overall survival benefit was maintained after adjusting for all significant prognostic factors, namely, time 
since diagnosis of first metastasis, ECOG PS and number of metastatic sites (hazard ratio: 0.69; 95% CI [0.58 
to 0.81]). 
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Secondary endpoints 

Progression free survival 

The PFS analysis was conducted at the pre-specified cut-off date of 31 January 2014 for non-survival data. 
Table 36: Radiologic Progression-Free Survival (ITT Population) – RECOURSE study 
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Figure 11: Radiologic Progression-Free Survival (ITT Population) – RECOURSE study 
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Figure 12: Forest Plot of Hazard Ratios for Treatment Effect on PFS by Subgroups – RECOURSE study 

Time to treatment failure (TTF) 

Median TTF was 1.9 months for the TAS-102 group versus 1.7 months for the placebo group with a HR of 0.50 
(95% CI: 0.42, 0.58), p<0.0001), consistent with PFS results, considering the small number of patients who 
discontinued treatment for reasons other than disease progression or death. 

Overall Response Rate/Disease Control Rate 
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Table 37: Best Overall Response Rate/Disease Control Rate (TR Population) – RECOURSE study 

 

Duration of response and duration of stable disease 

Only 8 patients in the TAS-102 group achieved tumour response. The median duration of response was 7.4 
months (95% CI: 1.9 to 7.5 months). 

Ancillary analyses 
Time to ECOG Performance Status ≥2 

An analysis of time to worsening ECOG PS status was pre-specified.  The median time to ECOGPS ≥2 (ECOG PS 
2 = ambulatory and capable of all self-care but unable to carry out any work activities) was 5.7 months for the 
TAS-102 group versus 4.0 months for the placebo group with HR of 0.66 (95% CI: 0.56, 0.78), p<0.0001 
(stratified log-rank test). 
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Figure 13: Time to ECOG Performance Status of ≥2 (ITT Population) – RECOURSE study 

Summary of main study(ies) 

The following tables summarise the efficacy results from the main studies supporting the present application. 
These summaries should be read in conjunction with the discussion on clinical efficacy as well as the benefit risk 
assessment (see later sections). 

Table 38: Summary of Efficacy for RECOURSE study 
Title: RECOURSE  
Study identifier TPU-TAS-102-301 
Design Randomised, double blind, placebo-controlled 
Hypothesis Superiority 
Treatments groups 
 

Experimental 
 

TAS-102: 35 mg/m2/dose administered BID for 
5 days a week with 2 days rest for 2 weeks, 
followed by a 14-day rest, repeated every 4 
weeks. N= 534 

Control 
 

Placebo 
N= 266  

Endpoints and 
definitions 
 

Primary 
endpoint 

Overall 
survival 

time from randomisation to death 

Secondary 
endpoint 
 

Progression 
free survival 

time from randomisation until 
investigator-assessed radiological disease 
progression or death 

TTF time from randomisation until radiologic 
disease progression, permanent 
discontinuation of study treatment, or death 

ORR proportion of patients with objective evidence 
of complete response (CR) or partial response 
(PR) 

DCR proportion of patients with a best overall 
response of CR, PR, or SD 
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Additional 
pre-specified 
analysis 

Time to 
ECOG 
Performanc
e Status ≥2 

time from randomisation until patients has 
ECOG Performance Status ≥2 

Results and Analysis  

Analysis description Primary Analysis 

Analysis population and 
time point description 

Intent to treat 

ITT population as of 8 October 2014 for OS only otherwise, data cut-off 24 
January 2014 

Primary endpoint 

 

Treatment 
group 

TAS-102 
 

Placebo 
 

Number of 
subject 

534 266 

Median OS 7.2 months 5.2 months 

HR (95% CI) 

P value 

HR 0.69 (0.59, 0.81) 

p<00001 

1-year 
survival (%) 

27.1 16.6 

Secondary endpoints Median PFS 2.0 months 1.7 months 

HR (95% CI) 

P value 

HR 0.48 (0.41, 0.57) 

p<0.0001 

TTF 1.9 months 1.7 months 

HR (95% CI) 

P value 

HR 0.50 (0.42, 0.58) 

p<0.0001 

ORR 1.6% 0.4% 

P value P=0.2862 

DCR 44.0% 16.3% 

P value P<0.0001 

Time to ECOG 
Performance 
Status ≥2 

5.7 months 4.0 months 

HR (95% CI) 

P value 

HR 0.66 (0.56, 0.78) 

P<0.0001 
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Clinical studies in special populations 

TAS-102 has not been studied in children (< 18 years) or in pregnant or lactating women. TAS 102 has been 
given to patients ≥75 years of age, but experience is limited. 

Table 39: Summary table of older subjects included in the clinical development of TAS-102 

 

The effect of TAS-102 on overall survival was similar in patients <65 years and ≥65 years of age. There were no 
patients 85 years or older in the RECOURSE study and the Japanese phase 2 study.  

Table 40: Overall survival by age subgroup (ITT population) – Recourse study 

 

Moreover the majority of patients enrolled in the studies performed with TAS 102 to date were Caucasian/Whites 
and Asians (57.3% and 34.5% respectively), with data essentially lacking in patients with other races (e.g., 
blacks, etc.).Despite the low number of patients OS and PFS HRs in African Americans are in line with HRs in the 
overall study population and PK data support the potential benefit in this particular population. 

For patients with moderate renal impairment, efficacy seems to be less compared to patients with normal to mild 
renal impairment. However, the small sample size for patients with moderate renal impairment might affect this 
result.  

Table 41: Overall Survival by Renal Function Subgroup (ITT Population) – Recourse study 

 

In RECOURSE, there were 303 patients with mild hepatic impairment (203 patients treated with TAS-102 and 
100 patients on placebo) and an additional 5 patients who had moderate impairment (1 patient treated with 
TAS-102 and 4 patients on placebo). In patients with mild hepatic impairment, benefit was also demonstrated. 

Table 42: Overall Survival by Hepatic Dysfunction subgroup (ITT Population) – Recourse study 
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Supportive study 
Study J003-10040030 was a randomised, double-blind, placebo-controlled, multicenter study evaluating the 
efficacy and safety of TAS-102 versus placebo in Japanese patients with mCRC who had received prior two or 
more chemotherapeutic regimens including fluoropyrimidine, irinotecan, and oxaliplatin. One hundred and 
seventy-two (172) Japanese patients were randomised (2:1) to receive TAS-102 (35 mg/m2/dose BID) given 
orally twice daily for 5 days a week with 2 days rest for 2 weeks, repeated every 4 weeks; or placebo.  Patients 
were stratified by baseline ECOG performance status (PS=0, PS=1 or 2). The primary endpoint was overall 
survival. Of the 172 patients randomised, 2 patients discontinued prior to treatment and 1 treated patient was 
not eligible; All patients had received prior treatment with fluoropyrimidine-, oxaliplatin-, and irinotecan-based 
chemotherapy; 82% of patients had received ≥3 prior chemotherapy regimens. Demographic and other 
baseline characteristics The patients were generally comparable. 

Median OS (9.0 months) was higher in the TAS-102 group compared to the placebo group (6.6 months ; 
HR=0.56; 95% CI: [0.39, 0.81]; p = 0.0011). Median PFS assessed by independent review committee was 2.0 
months in the TAS-102 group compared with 1.0 month in the placebo group (HR=0.41; 95% CI: [0.28, 0.59]; 
p < 0.0001).Overall response rate was 0.9% (1/112) in the TAS-102 group and 0.0% (0/57) in the placebo 
group. Disease control rate was 43.8% (49/112) in the TAS-102 group and 10.5% (6/57) in the placebo group 
(p<0.0001). The expression of TK1 and TPase proteins were not related to efficacy endpoints (DCR, PFS and OS) 
in either group. 

2.5.3.  Discussion on clinical efficacy 

The clinical dose and dosing interval of TAS-102 has been supported by non-clinical studies but final dose and 
dosing interval i.e. 35 mg/m2 bid for 5 days a week with 2 days rest for 2 weeks, followed by a 14-day rest, 
repeated every 4 weeks, has been selected based on tolerability in patients with solid tumours and CRC.  

Design and conduct of clinical studies 
The evidence of efficacy of TAS-102 in patients with mCRC is based on the results of one pivotal study 
(RECOURSE), supported by the data of phase III study J003-1004030, enrolling Japanese patients with mCRC.  

RECOURSE is a pivotal, phase III, multicentre, multinational, randomized, double blind, placebo-controlled 
study. The two arms design of the study with placebo plus BSC as comparator is considered acceptable, as 
patients enrolled in the trial had received all the standard treatment options currently available in EU except for 
the multikinase inhibitor regorafenib, which has not been granted MA at the time of the beginning of the study. 
However, with the enrolment of patients, 18% of patients in the RECOURSE study actually received regorafenib 
as prior therapy.  

Half of patients in both groups had KRAS mutant and these were balanced between the two groups. 

Although in the minority of patients, BRAF data were available and collected (15.5%). BRAF mutations were 
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found in 8 of the 124 subjects (6.5%), which is in line with the reported range in the literature. It is not likely that 
missing data on BRAF status would have led to a serious mismatch of assignment for this prognostic factor. 

The selection of OS as primary endpoint of the pivotal RECOURSE study corresponds to the accepted standards 
of clinical cancer research and is in accordance with EMA guidelines (CPMP/EWP.205/95/Rev.3; 
CHMP/EWP/2330/99). Additionally, it needs to be noted that regorafenib became available after the pivotal 
study was already on-going, with enrolment almost completed. 

Efficacy data and additional analyses 
The study population in RECOURSE was similar to the general patient population with mCRC in several aspects. 
The treatment groups were comparable with respect to demographic and baseline characteristics. 

The majority of patients (60.9%) had received ≥4 prior systemic cancer therapies, and over 45% of patients in 
each group had also received ≥4 lines in the metastatic setting, indicating that this was a heavily pretreated 
population. Of note, approximately 44% of the patients in both treatment groups were over the age of 65. Since 
elderly patients represent a large portion of the target population, this is considered acceptable.  

The study did not included ECOG PS 2 patients which can be considered a limitation, due to the advanced disease 
setting, and that patients with ECOG PS 2 might represent a considerable proportion of the potential target 
population. 

There was a significant improvement in overall survival of 2.0 months (median 7.2 months) for Lonsurf 
compared to the placebo (median OS 5.2 months; HR 0.69, p<0.0001).  The percentage of patients surviving at 
1 year was 27% in the Lonsurf group and 17% in the placebo group. The observed OS benefit is considered 
clinically relevant. The effect on OS was observed in several subgroups of the population (including race, 
geographic region, age, sex, ECOG PS, KRAS status, time since diagnosis of first metastasis, number of 
metastatic sites, and primary tumour site), with the exception of patients from Australia. The small sample size 
could potentially explain the lack of effect in this subgroup. No imbalance in post-study therapies between the 
two study arms was observed from the data provided. No OS benefit was observed in the subgroup of patients 
who received two or less prior therapies, and since PFS is consistent between subgroups with different lines of 
treatment, the lack of OS benefit in this subgroup is therefore considered to be caused by post-study 
treatments. 

Among patients who received fluoropyrimidines at their last treatment and were resistant to this last regimen, 
treatment with Lonsurf was still efficacious (HR=0.75, 95% CI [0.59 to 0.94]). In addition, patients who 
received prior treatment with regorafenib (18%) benefit of TAS 102 was similar to patients who were not treated 
with this drug (HR=0.69). 

In order to put the observed results into perspective, it is worth mentioning the results from the phase III study 
that led to the approval of regorafenib (Lancet.2013 Jan 26;381(9863):303-12), the only other agent currently 
marketed in the intended indication. Median OS was 6.4 months (IQR 3.6-11.8) in the regorafenib group and 5.0 
months (IQR 2.8-10.4) in the placebo group (HR 0.77 for regorafenib vs. placebo, 95%CI 0.64-0.94; p=0.0052). 
Median PFS was 1.9 months (IQR 1.6-3.9) and 1.7 months (IQR 1.4-1.9) for regorafenib and placebo, 
respectively. ORR were low for both groups (1.0% and 0.4%, respectively, p=0.19) with no CR and a total of 6 
PR (5 in regorafenib-treated patients and 1 in placebo). Aside from race and prior cancer therapy, both 
populations are very similar in terms of baseline demographic and disease characteristics. The main differences 
reside in the proportion of Asian patients included in the Lonsurf studies (approximately 34%, vs. 14% in the 
regorafenib study), minimum number of prior therapies (patients in TAS-102 study had received at least two 
prior regimens, vs. at least 1 prior regimen in the regorafenib study) and the proportion of patients with 



    
  
EMA/CHMP/287846/2016 Page 75/106 

available KRAS/BRAF status.  

The OS results of TAS-102 appear to be supported by the investigator-assessed PFS data. A statistically 
significant increase in PFS was observed with TAS-102 compared with placebo (HR 0.48 [0.41, 0.57], p< 
0.0001). Median PFS was 2.0 months (95% CI 1.9-2.1) in the TAS-102 arm and 1.7 months (95% CI 1.7-1.8) 
in the placebo arm. Results of supportive analyses of PFS including clinical progression and initiation of 
anti-tumour therapy as PFS events were consistent with that of the primary analysis of PFS. PFS benefit was 
maintained across all specified subgroups (KRAS status, time since diagnosis of first metastasis and 
geographical region). 

The median time to ECOG PS ≥2 (ECOG PS 2 = ambulatory and capable of all self-care but unable to carry out 
any work activities) was longer for the Lonsurf group (5.7 months) than for the placebo group (4.0 months, HR 
of 0.66 (95% CI: 0.56, 0.78), p<0.0001). Unfortunately quality of life data was not planned when the study was 
designed as at that time, QoL instruments were not considered sensitive enough in such an advanced CRC 
patient population. Assessment of ECOG performance status might be subject of inter-physician differences.  

Other patient reported outcomes able to indirectly assess clinical benefit for patients (e.g. use of analgesics, 
pain control, other specific disease related symptoms) have not been evaluated. 

The supportive study J003-10040030 was a randomised, double-blind, placebo-controlled, multi-center study 
entirely conducted in Japan. A total of 172 patients who had received at least two or more chemotherapeutic 
regimens, including fluoropyrimidine, irinotecan, and oxaliplatin, were randomised. Study design, baseline 
population and disease characteristics (other than race and inclusion of ECOG PS 2 patients) were comparable 
with those of the pivotal study. In the supportive study, patients with ECOG PS =2 were allowed to enrol; 
however, the total number (n=4, 3 in TAS-102, 1 in placebo) is too limited to reach any conclusions.  

In terms of efficacy results, the majority of the key results were mainly consistent with those obtained in 
RECOURSE. TAS-102 improved OS compared with placebo (median OS 9.0 and 6.6 months in the TAS-102 and 
placebo groups, respectively (HR=0.56; 95% CI: [0.39, 0.81]; p =0.0011). 

From the data presented to date a subgroup benefiting most could not be identified. Unfortunately, no 
biomarker analysis has been provided by the applicant. 

Based on the mechanism of action of FTD, the relationship between efficacy endpoints (PFS, and OS) and the 
expressions of thymidine kinase 1 (TK1, FTD activating enzyme) or thymidine phospholyrase (TP, FTD 
metabolizing enzyme) in tumours were investigated in an exploratory manner in Study J003-10040030. Using 
median cut-off data for tumour TK1 and TP, the correlation between Lonsurf clinical effects and the expression 
of TK1 or TP proteins was not observed.  

Currently, there does not appear to be a predictive marker in the metastatic CRC setting to clearly define 
subpopulations that would derive greater or no benefit from TAS-102. The applicant is recommended to submit 
the results of a biomarker study in Japanese patients evaluating the TK1 protein expression and the following 
genes ABL1, AKT1, ALK, APC, ATM, BRAF, CDH1, CDKN2A, CSF1R, CTNNB1, EGFR, ERBB2, ERBB4, FBXW7, 
FGFR1, FGFR2, FGFR3, FLT3, GNA11, GNAQ, GNAS, HNF1A, HRAS, IDH1, JAK2, JAK3, KDR, KIT, KRAS, MET, 
MLH1, MPL, NOTCH1, NPM1, NRAS, PDGFRA, PIK3CA, PTEN, PTPN11, RB1, RET, SMAD4, SMARCB1, SMO, SRC, 
STK11, TP53, VHL and MSI status. 

The effect of TAS 102 on overall survival was similar in patients <65 years and ≥65 years of age. There were no 
patients 85 years or older in the RECOURSE study and the Japanese phase 2 study.  
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No formal hepatic or renal impairment studies have been performed with TAS-102. The results of two PK studies 
investigating the PK of TAS-102 components/metabolites in patients with renal impairment (TO-TAS-102-107) 
and hepatic impairment (TO-TAS-102-106) will be submitted by December 2017 (see RMP).  

For patients with moderate renal impairment, efficacy seems to be less compared to patients with normal to mild 
renal impairment. However, the small sample size for patients with moderate renal impairment might affect this 
result. In patients with mild and moderate hepatic impairment, benefit was also demonstrated. 

2.5.4.  Conclusions on the clinical efficacy 

The 2.0 months gain in median OS associated to treatment with TAS-102 appears to be of clinical relevance 
considering the lack of subsequent therapies. A minority (18%) of patients received regorafenib as a prior 
treatment, which has not been granted MA at the beginning of the trial. However, the benefit in OS in patients 
who received this drug was comparable to those who did not receive regorafenib. Patients who received only 2 
regimens did not benefit from TAS-102, which is considered to be due to the effect of post-study treatments, 
which are common available in these patients. No specific biomarker predictive for response to TAS-102 has 
been identified in RECOURSE. Additional analysis will be conducted post-approval as part of the exploratory 
genomic study. 

2.6.  Clinical safety 

The safety database of TAS 102 consisted of data from 8 clinical studies including 6 open label studies  and 2 
randomized studies (safety database group 2), in which a total of 761 mCRC patients (safety data group 1) were 
exposed to TAS 102 in the proposed dose of 35 mg/m2 bid.  

Table 43: Overview of Clinical Studies Included in Integrated Safety Database - Patients with mCRC Receiving 

Starting Dose of 35 mg/m2 BID 

 

Moreover, deaths and SAEs as observed in other studies performed with TAS-102 administered in with other 
dose schedules or in other indications than mCRC were reported. 

However, the safety analysis is focused on the data available from the phase 3 pivotal RECOURSE study, in 
which TAS-102 was compared with placebo in the target population. 
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Patient exposure 
In the RECOURSE study 798 patients received at least one dose of study medication (533, Lonsurf; 265, 
placebo). In patients receiving Lonsurf the average duration of treatment was higher than for patients receiving 
placebo (12.65 and 6.76 weeks, respectively). Patients who were treated with Lonsurf had a mean relative dose 
intensity per cycle of 0.886 compared to 0.944 in the placebo group.  

At the time of clinical cut-off for reporting of non-survival data (31-January 2014), 759 (95.1%) patients in the 
AT Population had discontinued study treatment and 39 patients (37, Lonsurf; 2, placebo) were continuing on 
treatment. The observed small differences in primary reasons for discontinuation of study treatment between  
the two treatment groups are not considered significant. 

Table 44: Primary Reasons for Discontinuation from Study Treatment (AT Population) 

 
a NOTE: Death was not a pre-specified reason for discontinuation on the eCRF. Patients with reason for discontinuation 
indicated as “Other” with verbatim of "death" or "died" in the description field are counted here. 
b Patient 1: PI decision – “Progression due to decision of radiologist and Investigator” 
   Patient 2: Need for radiotherapy 
   Patient 3: Patient withdrew consent – “Patient decision not to continue on trial treatment” 
   Patient 4: PI decision – “Investigator decision to stop the treatment because of the hepatic progression” 
   Patient 5: Need for radiotherapy 
   Patient 6: PI decision – “Per physician discretion, overall tumor burden was increasing. It was not 
   RECIST specific, but clinically significant” 
   Patient 7: CT scan report unavailable – “As suggested by the Sponsor we have changed the reason for   stopping the 
treatment to Other because we do not have the Tc scan report; rdp was referred by phone” 
   Patient 8: Lack of compliance 
   Patient 9: PI decision 
c Patient 10: Radiologic progression 

In safety data group 2, more patients discontinued treatment in the placebo group (99.4%) than in the Lonsurf 
group (93.7%). The most common reason for treatment discontinuation was progression of disease, which was 
reported in 96% of patients in the placebo group compared to 84.8% of patient in the Lonsurf group. As of the 
database cut-off, more patients in the Lonsurf group (6.3%) compared to placebo group (0.6%) continued 
treatment. The average number of weeks of exposure per patient in Safety Data Group 2 was 12.9 weeks in the 
Lonsurf group and 6.4 weeks in the placebo group, and the median was 6.7 weeks and 5.7 weeks, respectively. 
Treatment discontinuation due to death was equally distributed between the two groups. More patients in the 
Lonsurf group (3.4%) discontinued treatment due to an AE/SAE than in the placebo group (1.6%), but the 
overall incidence was low. 

Adverse events 
Overall the type of AEs reported among Lonsurf - treated patients as observed across both safety data-groups 
was consistent.  
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The overview of adverse events from the RECOURSE study are presented in the below table. 

Table 45: Overview of Adverse Events – Recourse study (AT Population)  

 

The most frequently reported AEs in patients treated with Lonsurf were nausea, anaemia, decreased appetite, 
fatigue, diarrhoea, neutropenia, neutrophil count decreased, vomiting, and white blood cell (WBC) count 
decreased as an AE.  

The most frequently reported ≥Grade 3 treatment-related AEs were neutropenia, neutrophil count decreased, 
anaemia and WBC count decreased. 
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Table 46: Summary of adverse events occurring in ≥5% of patients in either treatment group summarised by 

MedDRA SOC and preferred term– Recourse study (AT Population) 

 

 

The treatment-related adverse events are summarised in the table below. 
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Table 47: Treatment-Related Adverse Events Reported in ≥5% of Subjects – RECOURSE study (AT Population) 

 

Liver impairment 

Liver impairment-related AEs, such as jaundice and ascites were almost as frequently reported in the placebo 
group (32.3%, grade ≥3 15.8%) as in the TAS-102 group (31.8%, grade ≥3 13.2%) in safety database group 
2. Liver impairment-related AEs leading to discontinuation of treatment were more common observed in the 
placebo group (5.0%) than in the TAS-102 group (1.4%). Fatal liver impairment occurred also more frequently 
in the placebo group (2.2%) than in the TAS-102 group (0.5%). 

Renal impairment 

Renal impairment-related AEs were more frequent in the Lonsurf group (9.0% of patients) compared to the 
placebo group (4.9% of patients). The renal impairment-related AEs with the greatest frequency difference 
between groups were proteinuria (Lonsurf, 22 [4.1%]; placebo, 5 [1.9%]); all of these AEs were of Grade 1 or 
2 severity. Renal impairment led to treatment discontinuation in 0.4% of patients in both Lonsurf and placebo 
group. 

Table 48: Sponsor-defined Renal Abnormality-related Adverse Events – Recourse study (AT Population) 
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Infection related AEs 

In the TAS-102 group, infection-related AEs (including leukopenia and neutropenia) were more frequent than in 
the placebo group (73.7% and 33.2%, respectively); however, only 6 (1.1%) patients in the TAS-102 group 
discontinued treatment due to infection related AEs). Three patients in the TAS-102 group experienced fatal 
infections (i.e. sepsis, liver abscess and pneumonia).  

Table 49: Sponsor-defined Infection-related Adverse Events (AT Population) 

 

Treatment-related infections occurred more frequently in Lonsurf-treated patients (5.6%) compared to those 
receiving placebo (1.9%). 

Bleeding events 

Bleeding events occurred at similar rates in the TAS-102 (9.0%; grade ≥3 0.8%) and placebo group (8.7%) in 
safety database group 2.. However, the incidence of events ≥Grade 3 was lower in TAS-102 (0.8%) than on 
placebo group (3.1%). 

Thromboembolic events 
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Thromboembolic events (TEEs) were more frequent in the TAS-102 group (3.7%) compared to the placebo 
group (1.9%) in safety database group 2.. Of these events, nine patients experienced a pulmonary embolism 
(PE), whereas no PEs were reported in the placebo group. All PEs were ≥Grade 3, including one fatal case. Seven 
out of the 9 cases were considered unrelated to study medication, including the fatal case.  

Handfoot syndrome 

In RECOURSE, hand-foot syndrome was equally distributed in 2.3% patients in the TAS-102 and 2.3% of 
patients in the placebo group and was of low grade (1-2). 

Fatigue 

In both study groups, (35.3% (3.9% grade 3-4) for patients receiving TAS-102 and 23.4% (5.7% grade3-4) of 
patients receiving placebo, fatigue was commonly reported and in the majority of cases was considered related 
to treatment. Asthenia was reported in 18.2% (grade 3 and 4 3.4%) of patients in the TAS-102 group and 
11.3% (grade 3 and 4: 3.0%) of patients in the placebo group.  

QT prolongation 

In Study TPU-TAS-102-103, cardiac safety and QT prolongation correlated to PK of Lonsurf was investigated in 
30 patients  following a single dose and following multiple doses (BID on Days 1through 5, followed by a 
recovery period from Day 6 through Day 7 and BID dosing on Days 8 through 12).  No patient had a QT, QTcF, 
or QTcB interval >500 msec at any time point; TAS-102 did not appear to be arrhythmogenic. 

Other Cardiac events 

In RECOURSE study, the overall incidence of cardiac AEs was low in both treatment groups (Lonsurf, 3.9%; 
placebo, 4.5%). In order to further examine the incidence of events related to arrhythmia versus those related 
to cardiac ischaemia, AE preferred terms categorized as either arrhythmic or ischaemic events 
(Sponsor-identified) were summarized. The overall incidence of arrhythmic events was 2.8% in the TAS-102 
group and 3.4% in the placebo group, while the incidence of cardiac ischaemic events was 0.6% and 0.4%, 
respectively. 

Adverse events of special interest (AESI) 
Consistent with the pharmacology of TAS-102, the pre-clinical toxicology profile and the mechanism of action of 
TAS-102 and the population treated, AEs of special interest (AESI) included myelosuppression, and 
gastro-intestinal disorders. 

Myelosuppression 
In the pivotal RECOURSE trial, the frequency of haematologic impairment-related AEs, primarily neutropenia, 
anaemia and other events associated with myelosuppression, was much higher in the TAS-102 group (70.9%) 
than in the placebo group (15.5%). 

In 0.3% of patients in the TAS-102 group, the occurrence of anaemia led to treatment discontinuation in the 
TAS-102 group.  Blood transfusion was administered to 16.9% of patients. 

Treatment related neutropenia events were generally manageable with reductions in dose, delays in cycle 
initiation and occasional use of granulocyte colony-stimulating factor (G-CSF; 9.4% of patients receiving 
TAS-102. The incidences of febrile neutropenia leading to hospitalisation in the TAS-102 and placebo groups 
were 2.6% and 0.0%, respectively. In 0.2% neutropenia led to treatment discontinuation of TAS-102. Three 
(0.5%) patients died of fatal infections related to TAS-102. 

Gastro-intestinal disorders 
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In the RECOURSE study, treatment related GI disorders occurred more frequently in the TAS-102 arm compared 
to the placebo arm. Stomatitis was reported in 7.9% of patients receiving TAS-102 compared to 6.0% of those 
receiving placebo, with a very low rate of Grade 3/4 stomatitis (0.4%) in the TAS-102 group, which was 
manageable. Mucosal inflammation was reported for 5.6% of patients in the TAS-102 group and 4.5% of 
patients in the placebo group. 

Dose reduction and dose delays 
In the TAS-102 group of Safety Data Group 2, a total of 95 (14.7%) patients had dose reductions: 69 (10.7%) 
patients had a single dose reduction, 23 (3.6%) patients had 2 reductions, and 3 (0.5%) patients had ≥3 
reductions. In the placebo group, 0.9% of patients had one dose reduction. The median number of cycles until 
the first dose reduction was 3.0 (range 2 to 13). In RECOURSE study, The most frequent AEs leading to dose 
reduction in the TAS-102 group were: neutropenia (17 [3.2%]), anaemia (11 [2.1%]), neutrophil count 
decreased (10 [1.9%]), febrile neutropenia (10 [1.9%),] fatigue (8 [1.5%]), and diarrhoea (7 [1.3%]) 

Dose delays occurred frequently in the TAS-102 group: More than half (56.0%) of patients experienced a delay 
of ≥4 days in initiation of at least 1 cycle, and 26.4% of patients who initiated ≥2 cycles) experienced a delay of 
≥8 days in initiation of at least 1 cycle. Almost half of the total of TAS-102 cycles ( 49.1%) were delayed by at 
least 4 days and 13.8% were delayed by at least 8 days. The median number of cycles delayed by ≥4 days was 
2.0 (range 1-14); and the median number of cycles delayed by ≥8 days was 1.0 (range: 1-6) Delays in cycle 
initiation were primarily due to neutropenia/decreased neutrophil count and anaemia. 

Adverse drug reactions as reflected in the product information 
The following criteria were used to establish causal relationship of the AE with Lonsurf: 

AEs were considered as related if it follows a reasonable temporal sequence from administration of study 
medication and, one of the following conditions is true: positive de-challenge or re-challenge or the event cannot 
be reasonably explained by the patient’s clinical state and/or other administered therapies. 

AEs were considered as not related when there is no reasonable possibility that the study medication caused the 
event. Reasonable possibility is illustrated by the following examples:  

- a single occurrence of an event that is uncommon and known to be strongly associated with drug exposure; 

- one or more occurrences of an event that is not commonly associated with drug exposure, but is otherwise 
uncommon in the population exposed to drug  

- an aggregate analysis of specific events in a clinical trial (such as known consequences of the underlying 
disease or condition under investigation or other events that commonly occur in the study population 
independent of drug therapy) that indicates those events occur more frequently in the drug treatment group 
than in a concurrent or historical control group. 

The table below provides the list of ADRs and their respective frequencies. 
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Table 50: Adverse drug reactions reported with Lonsurf in the RECOURSE study 
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Serious adverse event/deaths/other significant events 
Data from randomized trials (Safety Data Group 2) showed that SAEs were reported for 27.7% of patients in the 
Lonsurf group and 29.2% of patients in the placebo group, while treatment-related SAEs were reported for 9.8% 
of patients in the Lonsurf group and 0.6% of patients in the placebo group. Most common treatment related 
SAEs for TAS-102 were febrile neutropenia (2.8%) and anaemia (1.5%).  

Gastrointestinal SAEs were reported for 7.1% of patients in the Lonsurf group and 8.4% of patients in the 
placebo group, but were considered treatment-related in only 2.2% of patients in the Lonsurf group and 0.3% 
of patients in the placebo group. The most frequent gastrointestinal SAEs in the Lonsurf group were abdominal 
pain (1.4%) and vomiting (1.1%). Serious infections were reported for 4.8% of patients in the Lonsurf group 
(2.3% treatment related) and 4.3% in the placebo group (0.3% treatment related). 

Fatal adverse events from Safety Data Groups 1 and 2 are summarised in the table below. One fatal (Grade 5) 
AE in the TAS-102 group (septic shock) was considered related to study treatment in the Safety Data Group 2. 

Additional fatal AEs reported in Safety Data Group 1 included haematochezia, staphylococcal infection, and an 
additional case of septic shock (1 patient each). These additional fatal (Grade 5) AEs were not considered related 
to study medication. 
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Table 51: Fatal Adverse Events: Safety Data Groups 1 and 2 
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Laboratory findings 
In the pivotal RECOURSE trial 37.9% of patients in the TAS-102 group experienced Grade 3 or Grade 4 
neutropenia and 113 (21.4%) patients experienced Grade 3 or 4 leukopenia during treatment, while no Grade 
3 or 4 values were observed for these parameters in the placebo group. Grade 3 or 4 lymphocytopenia (18.2%), 
anaemia (18.2%) and thrombocytopenia (4.5%) were all more frequent in the TAS-102 group than in the 
placebo group. Median haemoglobin, neutrophil counts and thrombocytes gradually decreases with start but 
remained stable from cycle 4,1, and 3 respectively. 

Table 52: Grade 3 or 4 Abnormalities in Haematology Parameters that Worsened from Baseline (AT 

Population) in RECOURSE 

 

Median time to recovery in patients receiving TAS-102 were 28 days (range 1-217) for haemoglobin,  8 days for 
neutrophils (range 1-56), and 15 days (range 1-30) for platelets.  

Serum chemistry abnormalities were equally distributed between the TAS-102 group and the placebo group. 
Serum glucose increase Grade 3 elevations in glucose were more frequently observed in the TAS-102 group 
(6.2%) compared to (2.4%) the placebo group, and is considered to be caused by an imbalance at baseline. 

Safety in special populations 
Renal impairment 
Of the 533 patients in the RECOURSE study who received TAS-102, 306 (57%) patients had normal renal 
function (CLcr ≥90 mL/min), 178 (33%) patients had mild renal impairment (CLcr 60-89 mL/min), and 47 (9%) 
had moderate renal impairment (CLcr 30-59 mL/min), Patients with severe renal impairment were not enrolled 
in the study.  
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Table 53: Overview of Adverse Events by Baseline Renal Function – Estimated Glomerular Filtration Rate (AT 

Population). RECOURSE study 

 

In patients with moderate renal impairment, a higher incidence of ≥Grade 3 AEs and SAEs compared to the 
other 2 subgroups was observed in safety database group 2 receiving Lonsurf. The incidence of dose reductions 
was also increased in patients with renal impairment: based on baseline CLcr in 11.2%, 17.6%, and 23.9%, for 
normal, mild, and moderate renal impairment respectively. Also, drug interruptions occurred more frequently 
with moderate renal impairment: among patients in Safety Data Group 2 receiving Lonsurf, the incidence of 
drug interruption in normal, mild, and moderate group patients based on baseline CLcr was 28.7%, 26.7%, 
and38.8%, respectively. Cycle initiation delays of ≥8 days were observed in 69 of 314 (22.0%) patients with 
normal renal function, 57 of 179 (31.8%) patients with mild renal impairment, and 18 of 51(35.3%) patients 
with moderate renal impairment based on baseline CLcr.  

Hepatic impairment 

The pharmacokinetics of trifluridine and tipiracil hydrochloride have not been studied in patients with moderate 
or severe hepatic impairment. In RECOURSE, in the Lonsurf group, no marked safety differences were observed 
between patients with normal function and mild hepatic dysfunction. There were only 5 patients with moderate 
hepatic impairment (1 patient treated with TAS-102 and 4 patients on placebo). 

Age 

No particular concern exists for use in the elderly population, although a higher incidence and severity of blood 
and lymphatic disorders and cardiac events might be expected in the elderly population as compared to adult 
subjects. Patients 65 years of age or older who received Lonsurf had a higher incidence of the following events 
compared to patients younger than 65 years: Grade 3 or 4 neutropenia (48% vs 30%), Grade 3 anaemia (26% 
vs 12%), Grade 3 or 4 leucopenia (26% vs 18%) and Grade 3 or 4 thrombocytopenia (9% vs 2%).   
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Table 54: Overview of Adverse Events by Age Group (AT Population) 

 

In RECOURSE, only 45 patients were aged >75 years. In this particular subgroup of patients, AEs were more 
common than in patients ≥65 to <75 years and mainly included anaemia (46.7% vs. 40.2%), abdominal pain 
(20.0% vs. 14.1% constipation (22.2% vs. 12.9%), pyrexia (24.4% vs. 17.4%), hypoalbuminemia (8.9% vs. 
2.5%), dizziness (8.9% vs. 3.3%), dyspnoea (17.8% vs. 7.5), and dry skin (8.9% vs 3.7%). 

The review of AEs in the safety Data group 1 and 2 did not show emerging pattern in the incidence of events 
between the age groups except for cardiac events where an increase would be expected (see tables below). 
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Table 55: Adverse event profile for Elderly population (Group 1) 
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Table 56: Adverse event profile for Elderly population (Group 2) 

 

 

Radiotherapy 

There was a slightly higher incidence of overall haematological and myelosuppression-related adverse reactions 
for patients who received prior radiotherapy compared to patients without prior radiotherapy in RECOURSE 
(54.6% versus 49.2%, respectively), of note febrile neutropenia was higher in Lonsurf-treated patients who 
received prior radiotherapy vs. those who did not. 

Safety related to drug-drug interactions and other interactions 
Intrinsic Factors 

Gender 

In female patients receiving TAS-102 group in Safety Data Group 2, AEs that were  reported more than in men  
included anaemia (36.7% vs 31.3%), abdominal pain (19.1% vs 13.3%), abdominal pain upper (10.2% vs 
3.6%), nausea (58.6% vs 46.4%), vomiting (41.0% vs 20.8%), and cough (13.3% vs 7.4%).  Anaemia (9.2% 
vs 5.2%), abdominal pain (15.4% vs 13.5%, abdominal pain upper 3.8% vs 3.6%, nausea 31.5% vs 19.8%, 
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vomiting 23.1% vs 11.5%, and cough 12.3% vs 8.9% were also more frequently observed in the placebo group. 
Female patients in the TAS-102 group had also a higher incidence of  grade 3-4 neutropenia than male patients; 
this abnormality was not observed in the placebo group . 

ECOG performance status 

In both TAS-102 and placebo groups in safety group 2, ≥Grade 3 AEs and serious AEs were more frequent for 
patients with PS=1-2 at baseline compared to those with PS=0 at baseline. AE which were more reported in the 
ECOG 1/2 group than in the ECOG 0 group receiving TAS-102 were vomiting (31.9% vs 26.5%) and oedema 
peripheral (13.6% vs 8.0%), but a difference was also reported in the placebo group. 

Race 

Grade 3 or higher AE were reported in 70,5% of Caucasians/Whites, 75% (n=4) of African Americans , and 
67.6% of Asians patients receiving TAS-102. In the placebo group, grade 3 or higher AE were less reported in 
Asians (36.4%), compared to Caucasians/Whites (51.9%) and African Americans (60.0%, n=5). It should be 
noted that few data exists in the African American population. 

Extrinsic Factors 
Drug Interactions 
The effect of food on PK of TAS-102 was investigated in Study J004-10040040, a single-center, open-label, 
2-group, 2-period crossover, PK study of TAS-102 administered to patients with solid tumours. The patients 
received single doses of TAS-102 (35 mg/m2) under two conditions, assigned in random order: fasting condition 
and after a meal. Sixteen patients were enrolled in the study, and 14 patients were included in the evaluation of 
the food effect. The results showed that food consumption did not affect the AUC of FTD, but reduced the Cmax 
of FTD and the Cmax and AUC of TPI by about 40%. The AUC of FTD, the antitumor component of TAS-102, was 
generally the same between fed and fasting states; a possible decrease in exposure to FTD and TPI due to food 
consumption was considered unlikely to affect the efficacy of TAS-102. 

However, a significant correlation between the increase in the Cmax of FTD and the decrease in neutrophil 
counts, observed in the dose-finding study of TAS-102 conducted in Japan (Study  J001-10040010), suggests 
that TAS-102 should be administered in a fed state in which the Cmax is lower, rather than in a fasting state. 

No clinical drug interaction studies of TAS-102 have been performed. 

Geographical region 

Analysis of safety data by geographic region was performed for Safety Data Group 2. In both treatment groups, 
treatment-related AEs were more frequent in Japanese patients than in US/EU/Australia patients, and SAEs 
were more frequent in US/EU/Australia patients than in Japanese patients. 

Discontinuation due to adverse events 
Discontinuation of treatment 
In the RECOURSE study, 3.6% of patients in the TAS-102 group and 1.5% of patients in the placebo group had 
adverse event/SAE indicated as the primary reason for discontinuation of study treatment based on the 
treatment discontinuation page of the eCRF. The most frequent AEs leading to discontinuation in the TAS-102 
group (at least 3 patients) were general physical health deterioration (2.3% of patients), fatigue (1.1%) and 
dyspnoea (0.6%); while in the placebo group, the most frequent AEs leading to discontinuation (at least 3 
patients) were blood bilirubin increased (2.3%), general physical health deterioration (1.9%), ascites (1.9%), 
decreased appetite (1.5%), hepatic failure (1.1%), abdominal pain (1.1%) and asthenia (1.1%). All other AEs 
leading to DC were reported for 2 or fewer patients in either group. 
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Dose reduction 
In the RECOURSE study, 73 (13.7%) patients in the TAS-102 group had at least 1 dose reduction during 
treatment. Adverse events leading to dose reduction were reported for 72 of these patients. The most frequent 
AEs leading to dose reduction in the TAS-102 group were: neutropenia (17, 3.2%), anaemia (11, 2.1%), 
neutrophil count decreased (10, 1.9%), febrile neutropenia (10, 1.9%), fatigue (8, 1.5%), and diarrhoea (7, 
1.3%). In the placebo group, 3 (1.1%) patients had a single dose reduction, with 2 reporting AEs leading to dose 
reduction (1, anaemia; 1, bronchopneumonia). Across all cycles, 289 (54.2%) patients in the TAS-102 group 
had AEs that resulted in interruptions in dosing, dose delays and/or dose reductions compared to 36 (13.6%) 
patients in the placebo group.  
Dose interruption or delay 
In terms of dose delays, cycles delayed ≥4 days were more frequently reported for TAS-102 than placebo 
(52.6% vs. 6.5%). In the TAS-102 group, the most frequent AEs leading to interruptions/delays and/or dose 
reductions were: neutrophil count decreased (109, 20.5%), neutropenia (106, 19.9%), and anaemia (29, 
5.4%). In the placebo group, the most frequent AEs leading to these outcomes (in at least 3 patients) were: 
decreased appetite (5, 1.9%) and pyrexia (3, 1.1%). 

2.6.1.  Discussion on clinical safety 

Overall, the safety profile of TAS-102 (Lonsurf) was consistent across studies and is attributable to the 
antineoplastic agent trifluridine and typical for a myelosuppressive agent: haematological toxicity was most 
prominent in the pivotal RECOURSE study. 

The safety profile of TAS-102, with mainly bone marrow related and GI related AEs, appears predictable, 
manageable and well tolerated by the heavily pretreated target population. According to the RECOURSE study 
protocol, patients were selected on the basis of lack of significant hepatic or renal co-morbidities, CNS 
metastases, cardiac disease, uncontrolled hypertension and diabetes mellitus and gastrointestinal 
haemorrhage.  Also, only patients with ECOG 0 or 1 performance status were allowed to be enrolled in the 
pivotal study.  

RECOURSE Study 

At the time of the non-survival data cut-off (31-January-2014), the majority of patients (n=759, 95.1%) had 
discontinued treatment, and 39 patients (37 and 2, in the TAS-102 and placebo groups, respectively) continued 
on treatment. 

The main reason for discontinuation in both groups was (clinical/radiological) disease progression. The 
proportion of patients discontinuing due to AEs was in general low, with a higher percentage of patients 
discontinuing in the TAS-102 group.  

The most frequent reason for dose reduction and/or cycle delays in the TAS-102 treated patients were 
haematological-related AES. Data provided are within the expected range and show an increased incidence of 
AEs and G3/4 haematological AEs in patients previously exposed to RT or who received more lines of prior 
chemotherapy regimens. Given the overall low rate of treatment discontinuations, haematological events 
appear well tolerated and manageable in clinical practice. 

Despite the high incidence of dose delays, there was very little difference (2%) between the number of cycles 
initiated and completed, indicating good tolerability and no evidence for cumulative toxicity. 

The most common treatment-related AEs for the Lonsurf-treated patients were: nausea, anaemia, decrease 
appetite, fatigue, diarrhoea, neutropenia, neutrophil count decreased, vomiting, and WBC count decreased, all 
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of them reported in >20% patients. The frequency of hematologic impairment-related AEs, primarily 
neutropenia, anaemia, leucopenia, and thrombocytopenia associated with myelosuppression, was much higher 
in the Lonsurf group (70.9%) than in the placebo group (15.5%).  

Haematological toxicity is considered an expected AE for this class of products. The clinical management of 
these toxicities, in terms of dose adjustments and/or the use of supportive haematological therapies have been 
adequately provided by the Applicant.  

Complete blood cell counts must be obtained prior to initiation of therapy and as needed to monitor toxicity, but 
at a minimum, prior to each treatment cycle.  

Treatment must not be started if the absolute neutrophil count is < 1.5 x109/L, if the platelet counts are < 75x  
109/L, or if the patient has an unresolved Grade 3 or 4 non-haematological clinically relevant toxicity from prior 
therapies.  

Serious infections have been reported following treatment with Lonsurf (see section 4.8). Given that the 
majority were reported in the context of bone marrow suppression, the patient’s condition should be monitored 
closely, and appropriate measures, such as antimicrobial agents and granulocyte-colony stimulating factor 
(G-CSF), should be administered as clinically indicated. In the RECOURSE study, 9.4% of patients in the Lonsurf 
group received G-CSF mainly for therapeutic use (see section 4.4 of the SmPC). 

GI events were commonly observed with the administration of Lonsurf. The degree of emetogenicity attributed 
to Lonsurf is substantial. Considering the health and QoL impact of nausea and vomiting, even of further 
magnitude in this advanced disease setting, instructions for preventive measurements have been adequately 
reflected. Patients with nausea, vomiting, diarrhoea and other gastrointestinal toxicities should be carefully 
monitored, and anti-emetic, anti-diarrhoeal and other measures, such as fluid/electrolyte replacement therapy, 
should be administered as clinically indicated. Dose modifications (delay and/or reduction) should be applied as 
necessary (see sections 4.2 and 4.4 of the SmPC).  

Overall, the safety profile of Lonsurf seems to be generally in line with that of a thymidine nucleotide analogue. 
The main differences observed were that mucositis (reported as “mucosal inflammation” or “stomatitis”, 
respectively 5.6% and 7.9% for Lonsurf and 4.5% and 6.0% for placebo) and hand-foot syndrome adverse 
events (2.3% in both treatment groups), were reported with lower incidence that those found in the literature 
(up to 50%). Most of the events were grade 1-2 (<1% grade >3 in Lonsurf, 0% placebo). 

As for maximum CTC grade, the majority (78.4%) of Lonsurf patients experienced AEs of maximum grade ≤3 
(28.9% Grade 1-2, 49.5% Grade 3), with anaemia (15.9%), neutropenia (13.7%),  neutrophil count decreased 
(11.8%), and WBC count decrease (9.2%) as the most commonly reported grade 3 events and neutropenia 
(6.4%) and neutrophil count decreased (4.1%) as the most frequent grade 4 AEs.  

In both treatment groups, frequencies of treatment-related AEs followed similar trends to those observed for all 
causality AEs, with a higher percentage of treatment-related AEs in the Lonsurf group than the placebo group 
(85.7% vs. 54.7%, respectively). Grade ≥3 treatment-related AEs were also more frequent for Lonsurf patients 
(49.0% vs. 9.8% in the placebo group). 

In the pivotal RECOURSE study the number of patients receiving the target dose of Lonsurf administered 
decreases with the number of cycles.  Although it is observed that dose interruptions in the Lonsurf group 
occurred more frequently in the second or subsequent cycles, suggesting late or cumulative toxicity, the median 
relative dose intensity was still 91.2% in the Lonsurf group and only 3.4% of patients discontinued treatment, 
suggesting that the proposed dosing regimen is manageable.  
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The most common reason for treatment discontinuation was progression of disease and although the number of 
patients who discontinued Lonsurf due to AE/SAE was higher in the Lonsurf group (3.4%) than in the placebo 
group (1.6%), the absolute numbers are low. 

From safety database group 2 data, the most frequently reported treatment-related AEs were anaemia, 
neutropenia, neutrophil count decreased, decreased appetite, and WBC count decreased  and nausea.  

Safety data group 1 and 2 were generally in line, including exposure and reasons for discontinuation. 

Special populations 

No marked safety differences were observed between patients with normal function and mild hepatic 
dysfunction. In patients with moderate renal impairment, a higher incidence of ≥Grade 3 AEs, SAEs, incidence 
of dose reductions and, drug interruptions were observed. In addition, a higher exposure of trifluridine and 
tipiracil was observed in patients with moderate renal impairment, compared with patients with normal renal 
function or patients with mild renal impairment. Patients with moderate renal impairment should be more 
frequently monitored for haematological toxicities (see sections 4.4 and 5.2 of the SmPC). 

It is however agreed that no dose adjustments can be recommended for patients with mild to moderate renal 
impairment for the time being Patients with severe renal impairment were not enrolled in the RECOURSE study.  
Lonsurf is therefore not recommended for use in patients with severe renal impairment or end-stage renal 
disease. 

A study in patients with renal impairment is ongoing and study results will be submitted by December 2017 (see 
RMP). 

Lonsurf is not recommended for use in patients with moderate or severe hepatic impairment (National Cancer 
Institute [NCI] Criteria Group C and D) as Lonsurf has not been studied in these patients (see section 4.4 of the 
SmPC). A study in patients with hepatic impairment is ongoing and study results will be submitted by December 
2017 (see RMP). 

In the Lonsurf group, AEs were more frequently reported in patients >65 years than in patients <65 years of age 
and mainly included anaemia, neutropenia, neutrophil count decreased, platelet count decreased, and white 
blood cell count decreased.  The data in patients >75 years are limited but do suggest higher toxicity. Since an 
a priori decrease in dose could potentially negatively impact efficacy and the difference in toxicity is not 
considered significant, no adjustment of the starting dose is required in patients ≥ 65 years old (see sections 
4.2, 4.8, 5.1 and 5.2 of the SmPC). 

AEs were more frequent in Japanese patients than in US/EU/Australia patients, and SAEs were more frequent in 
US/EU/Australia patients than in Japanese patients, which might be due to differences in reporting. AEs were 
equally distributed among races. There is limited data on Lonsurf in Black/African American patients but there is 
no biological rationale to expect any difference between this subgroup and the overall population (see section 
4.2 of the SmPC). 

AEs Grade ≥3 and serious AEs were more frequently reported in patients with ECOG PS1-2 at baseline compared 
to those with PS=0 at baseline. AE which were more reported in the ECOG PS1-2 group than with PS=0 group 
receiving TAS-102 were vomiting (31.9% vs 26.5%) and oedema peripheral (13.6% vs 8.0%), but a difference 
was also reported in the placebo group. 

Lonsurf had no clinically relevant effect on QT/QTc prolongation compared with placebo in an open label study 
in patients with advanced solid tumours. 
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There are no data available on the effects of Lonsurf on human fertility. There are no available data from the use 
of Lonsurf in pregnant women. Based on the mechanism of action, trifluridine is suspected to cause congenital 
malformations when administered during pregnancy. Studies in animals have shown reproductive toxicity. 
Lonsurf should not be used during pregnancy unless the clinical condition of the woman requires treatment with 
Lonsurf (see sections 4.6 and 5.3 of the SmPC).  

The highest dose of Lonsurf administered in clinical trials was 180 mg/m2 per day. The adverse drug reactions 
reported in association with overdoses were consistent with the established safety profile. The primary 
anticipated complication of an overdose is bone marrow suppression. There is no known antidote for an 
overdose of Lonsurf. Medical management of an overdose should include customary therapeutic and supportive 
medical intervention aimed at correcting the presenting clinical manifestations and preventing their possible 
complications (see section 4.9 of the SmPC). 

Since Lonsurf contains lactose, patients with rare hereditary problems of galactose intolerance, the Lapp lactase 
deficiency or glucose-galactose malabsorption should not take this medicine (see section 4.4 of the SmPC). 

From the safety database all the adverse reactions reported in clinical trials have been included in the Summary 
of Product Characteristics 

2.6.2.  Conclusions on the clinical safety 

Overall, the safety profile of TAS-102 (Lonsurf) was consistent across studies and is attributable to the 
antineoplastic agent trifluridine and typical for a myelosuppressive agent: haematological toxicity was most 
prominent in the pivotal RECOURSE study. Nausea and vomiting were reported frequently and it should be 
questioned whether patients adequately received supportive therapies. Overall, the toxicity related to TAS-102 
treatment appears to be manageable, and seems, in some aspects such as the absence of mucositis to be better 
tolerable than fluoropyrimidines. More data on safety in patients with renal and hepatic impairment are awaited. 

2.7.  Risk Management Plan 

The CHMP received the following PRAC Advice on the submitted Risk Management Plan (RMP): 

The PRAC considered that the RMP version 1.0 (dated 18 February 2015) could be acceptable if the applicant 
implements the changes to the RMP as described in the PRAC endorsed PRAC Rapporteur assessment reports 
dated 09 July 2015, 11 November 2015 and 11 February 2016.  

The CHMP implemented this advice without changes. 

The applicant implemented the changes in the RMP as requested by PRAC and CHMP.  

The CHMP endorsed the Risk Management Plan version 4.0 (dated 15 February 2016) with the following content: 
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Table 57. Summary of Safety concerns 

Important identified risks Bone marrow suppression  

Gastrointestinal symptoms (nausea, vomiting, 
diarrhoea) 

Infection  

Use in patients with moderate renal impairment 

Important potential risks Developmental toxicity/Use in pregnant and breast 
feeding women 

Important missing information Use in patients with moderate to severe hepatic 
impairment 

Use in patients with severe renal impairment 

Use in patients with cardiac disorders 

Use in patients in a worse condition than ECOG 0-1. 

Pharmacovigilance plan 

Table 58. On-going and planned additional PhV studies/activities in the PhV Plan 

Study/activity 

Type, title and 

category (1-3) 

Objectives Safety concerns 

addressed 

Status 

(planned, 

started)  

Date for submission 

of interim or final 

reports (planned or 

actual) 

TO-TAS-102-107: A 

phase I, open-label 

study to evaluate the 

safety, tolerability, 

and pharmacokinetics 

of TAS-102 in patients 

with advanced solid 

tumours and varying 

degrees of renal 

impairment. 

Category 3 

 

Compare PK profile and assess 
safety and tolerability of 
TAS-102 in patients with 
advanced solid tumours 
(except breast cancer) and 
varying degrees of renal 
impairment. PK parameters 
will be compared for patients 
with normal renal function and 
those with renal impairment. 
The first part of the study will 
be followed by an extension 
part aiming to further assess 
the safety and tolerability of 
TAS-102 in this population of 
patients. 

Safety in patients 

with renal 

impairment 

Ongoing December 2017 
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Study/activity 

Type, title and 

category (1-3) 

Objectives Safety concerns 

addressed 

Status 

(planned, 

started)  

Date for submission 

of interim or final 

reports (planned or 

actual) 

TO-TAS-102-106: A 

phase I, open-label 

study to evaluate the 

safety, tolerability, 

and pharmacokinetics 

of TAS-102 in patients 

with advanced solid 

tumours and varying 

degrees of hepatic 

impairment. 

Category 3 

Compare the plasma PK 
profile of TAS-102 (FTD, FTY, 
and TPI) in patients with 
advanced solid tumours and 
varying degrees of hepatic 
impairment in order to 
evaluate the impact of hepatic 
impairment on the PK profile 
of TAS-102 (FTD and TPI) and 
FTY (the major metabolite of 
FTD). 

 
An Exploratory Objective 
(Cycles 2 and beyond) is to 
assess the safety and 
tolerability of TAS-102 in 
patients with advanced solid 
tumours and varying degrees 
of hepatic impairment in 
Cycles 2 and beyond. 
 

Safety in patients 

with hepatic 

impairment 

Ongoing  Final report Dec 2017 

*Category 1 studies are imposed activities considered key to the benefit risk of the product. 
  Category 2 studies are specific obligations 
  Category 3 studies are required additional PhV activity (to address specific safety concerns or to measure the effectiveness of risk minimisation 
measures) 
 

Risk minimisation measures 

Safety Concern Routine Risk Minimisation Measures Additional Risk 
Minimisation 
Measures 

Bone marrow 

suppression 

(identified risk) 

Wording in Section 4.2 of the SmPC (Recommended dose adjustments),4.4, 4.8. 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

Gastrointestinal 

symptoms 

(identified risk) 

Wording in Section 4.4 of the SmPC, 4.8 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

Infection 

(identified risk) 

Wording in Section 4.2 of the SmPC (Recommended dose adjustments), 4.4, 4.8 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

None 
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Safety Concern Routine Risk Minimisation Measures Additional Risk 
Minimisation 
Measures 

patients. 

Use in patients with 

moderate renal 

impairment 

(identified risk) 

Wording in Section 4.4 of the SmPC, 5.2 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

Developmental 

toxicity/Use in 

pregnant and 

breast feeding 

women (potential 

risk) 

Wording in Section 4.6 of the SmPC, 5.3 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

Use in patients with 

moderate to severe 

hepatic impairment 

(missing 

information) 

Wording in Section 4.4 of the SmPC, 5.2. 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

Use in patients with 

severe renal 

impairment 

(missing 

information) 

Wording in Section 4.4 of the SmPC, 5.2. 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

Use in patients with 

cardiac disorders 

(missing 

information) 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

Use in patients in a 

worse condition 

than ECOG 0-1 

Wording in SmPC Section 5.1 

Prescription only medicine. 

Use restricted to physicians experienced in chemotherapy treatment in cancer 

patients. 

None 

 

2.8.  Pharmacovigilance 
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Pharmacovigilance system 

The CHMP considered that the pharmacovigilance system summary submitted by the applicant fulfils the 
requirements of Article 8(3) of Directive 2001/83/EC. 

2.9.  Product information 

2.9.1.  User consultation 

The results of the user consultation with target patient groups on the package leaflet submitted by the applicant 
show that the package leaflet meets the criteria for readability as set out in the Guideline on the readability of 
the label and package leaflet of medicinal products for human use. 

2.9.2.  Additional monitoring 

Pursuant to Article 23(1) of Regulation No (EU) 726/2004, Lonsurf (trifluridine / tipiracil) is included in the 
additional monitoring list as: 

• It contains a new active substance which, on 1 January 2011, was not contained in any medicinal 
product authorised in the EU; 

Therefore the summary of product characteristics and the package leaflet includes a statement that this 
medicinal product is subject to additional monitoring and that this will allow quick identification of new safety 
information. The statement is preceded by an inverted equilateral black triangle. 

3.  Benefit-Risk Balance  

Benefits 

Beneficial effects 
A statistically significant improvement in OS with TAS-102 plus BSC (7.2 months) compared with placebo plus 
BSC (5.2 months) has been observed in the pivotal RECOURSE study. The hazard ratio for death (TAS-102 
versus placebo) was 0.69 (95% CI, 0.59-0.81; p<0.001). The 1-year overall survival rates were 27% and 17% 
respectively. The 2 months gain in median OS associated to treatment with TAS-102 appears to be of clinical 
relevance considering the lack of subsequent therapies and the poor prognosis of this patient population. The 
investigator-assessed PFS results appear to support the OS data (secondary endpoint). Treatment with TAS-102 
decreased the risk of death by 31% compared with placebo (HR 0.69 [95% CI: 0.59, 0.81], and 1- and 2-sided 
p<0.0001, stratified log-rank test).  

Treatment effect on OS was robust after adjustment for stratification factors in multivariate analysis and was 
consistently favourable across the stratification groups (KRAS status, time since diagnosis of 1st metastasis, 
and geographical region) and all pre-specified subgroups. This effect was further substantiated by the results of 
the key secondary efficacy endpoint: PFS HR=0.48, 95% CI: 0.41-0.57, p<0.0001. Results obtained for other 
secondary efficacy endpoints (TTF, ORR, DCR and DR) were also supportive.  
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Uncertainty in the knowledge about the beneficial effects. 
Unfortunately the results of the biomarker analysis, which could potentially help in order to identify parameters 
for patient selection, have not been provided for the pivotal RECOURSE study. In the phase II Japanese Study 
J003-10040030 the expression of TK and TPase proteins were not related to efficacy endpoints (DCR, PFS and 
OS) in either group. MSI status and TK1 as possible biomarkers will be further explored in a selected Japanese 
subpopulation from the phase III RECOURSE study. The included population is the most favourable within the 
generally unfavourable late stage mCRC having failed several prior chemotherapy regimens (e.g. ECOG PS=0-1 
patients). Another limitation is the limited characterisation of Lonsurf in the elderly population. However, the 
effect of TAS 102 on overall survival was similar in patients <65 years and ≥65 years of age.   

Risks 

Unfavourable effects 
Overall, the safety profile of TAS-102 was consistent across studies and is attributable to the antineoplastic 
agent trifluridine and typical for a myelosuppressive agent: in addition to gastrointestinal AEs haematological 
toxicity was most prominent in the pivotal RECOURSE study. 

The most frequently reported treatment-related AEs were anaemia, neutropenia, neutrophil count decreased, 
decreased appetite, and WBC count decreased and nausea. In the pivotal RECOURSE trial, the frequency of 
haematologic impairment-related AEs, primarily neutropenia, anaemia and other events associated with 
myelosuppression, was much higher in the TAS-102 group (70.9%) than in the placebo group (15.5%). 

Treatment related anaemia was more frequently reported for TAS-102 (31.3% (grade ≥3, 12.2%)) than for 
placebo (4.5 (grade ≥3 1.9). Patients with higher trifluridine exposure had an increased risk of Grade ≥3 
neutropenia. These events were generally manageable with reductions in dose, delays in cycle initiation and 
occasional use of G-CSF (9.4% of patients receiving TAS-102). Three (0.5%) patients died due to fatal infections 
related to TAS-102. 

GI events were commonly observed with the administration of TAS-102. Treatment related diarrhoea, nausea 
and vomiting were commonly reported and occurred more frequently in the TAS 102 group than in the placebo 
group.  

No effect of TAS-102 on QTc prolongation or other cardiac events have been observed. Thromboembolic events 
(TEEs) were more frequent in the TAS-102 group (3.7%) compared to the placebo group (1.9%). 

Treatment-related SAEs were reported for 9.8% of patients in the TAS-102 group and 0.6% of patients in the 
placebo group. Most common treatment related SAEs for TAS-102 were febrile neutropenia and anaemia.  

Overall, the safety profile of TAS-102 seems to be generally in line with that of a thymidine nucleotide analogue. 
Renal impairment-related AEs (all grades) were more frequent in the TAS-102 group than placebo (9.0% vs. 
4.9%, respectively). Considering the advanced stage of the intended target population, any deleterious effect on 
renal function is considered relevant, especially due to potential toxicity implications. Adequate information on 
the monitoring/management of these events has been included in the SmPC. 

Uncertainty in the knowledge about the unfavourable effects 

An important limitation of the safety database is the short median duration of follow-up of patients treated with 
TAS-102.  

In patients with moderate renal impairment, a higher incidence of Grade ≥ 3 AEs and SAEs was observed. A 
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study in patients with renal impairment is ongoing and study results are awaited. In the meantime, no specific 
dose recommendation for patients with mild to moderate renal impairment is warranted. 

Effects table 

Table 59: Effects Table for Lonsurf: treatment of adult patients with metastatic colorectal cancer (CRC) 

Effect Short 
Description 

Uni
t 

Lonsurf 
35mg/m2/dose BID 

Control 

Favourable Effects 
OS Primary 

endpoint 
Median 
(months) 

7.2 
95% CI (6.6, 7.8) 

5.2 
95% CI (4.6, 5.9) 

HR 95% CI: 0.69 (0.59, 0.81) 

p<0.0001 

PFS 2ndary 
endpoint 

Median 
(months) 

2.0 
95% CI (1.9, 2.1) 

1.7 
95% CI (1.7, 1.8) 

HR 95% CI: 0.48 (0.41, 0.57) 

p<0.0001 
ORR 2ndary 

endpoint 
Number (%) 8 (1.6%), 

95% CI (0.7, 3.1) 

 
CR= 0 (0.%) vs PR = 8 (1.6%) 

1 (0.4%), 

95% CI (0.0, 2.1) 

 
CR= 1 (0.4%) vs PR = 0 (0%) 

Unfavourable Effects 
Nausea 
 

Proportion 
 

AE 48.4% 
G3/4 1.9% 
SAE 0.6% 
 

AE 23.8% 
G3/4 1.1% 
SAE 0.0% 
 

Anemia 
 

Proportion 
 

AE 40.2% 
G3/4 16.1% 
SAE 1.9% 
 

AE 8.3% 
G3/4 2.6% 
SAE 0.0% 
 

Fatigue 
 

Proportion AE 35.3% 
G3/4 3.9% 
SAE 0.6% 
 

AE 23.4% 
G3/4 5.7% 
SAE 0.0% 
 

Diarrhoea 
 

Proportion AE 31.9% 
G3/4 3.0% 
SAE 0.8% 
 

AE 12.5% 
G3/4 0.4% 
SAE 0.0% 
 

Neutropenia 
 

Proportion AE 29.3% 
G3/4 20.1% 
SAE 0.8% 
 

AE 0.0% 
G3/4 0.0% 
SAE 0.0% 
 

Vomiting 
 

Proportion AE 27.8% 
G3/4 2.1% 
SAE 1.3% 
 

AE 14.3% 
G3/4 0.4% 
SAE 0.0% 
 

neutrophil count 
decreased 
 

Proportion AE 27.8% 
G3/4 15.9% 
SAE 0.0% 
 

AE 0.4% 
G3/4 0.0% 
SAE 0.0% 
 

WBC decreased Proportion AE 27.4% 
G3/4 10.3% 
SAE 0.2% 
 

AE 0.4% 
G3/4 0.0% 
SAE 0.0% 
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Effect Short 
Description 

Uni
t 

Lonsurf 
35mg/m2/dose BID 

Control 

Tolerability AE   98.3% 
≥1dose reduction: 13.7% 
≥1dose delay: 52.6% 
 
AE leading to discontinuations 
34.5% 
G3/4 27.3% 

AE   93.2% 
≥1dose reduction: 1.1% 
≥1dose delay: 6.5% 
 
AE leading to discontinuations 
11.1% 
G3/4 8.3% 

Benefit-risk balance 

Importance of favourable and unfavourable effects 
The efficacy results of the pivotal RECOURSE study are considered of clinical relevance. A statistically significant 
improvement in OS (HR 0.69) associated with treatment with TAS-102 compared with placebo, and supported 
by a statistically significant improvement in PFS (HR 0.48) is observed. The gain in median OS is 2.0 months, 
whereas the median improvement in PFS consists of a few weeks at best (formally the difference in median PFS 
between treatment arms was only 0.3 months). However, such subgroup has not been identified so far. 
Symptom-related endpoints and quality of life scores are not available, but dose reductions, dose interruptions, 
or discontinuations were not excessively frequent.  

The toxicity profile of TAS-102 is more or less comparable with fluoropyrimidines and typical for a 
myelosuppressive agent. In addition to gastrointestinal AEs, haematological toxicity was most prominent; the 
limited occurrence of mucositis in patients receiving TAS-102 is considered favourable. Overall, the safety issues 
with TAS-102 are manageable, although it is questioned whether patients were adequately supported with 
anti-emetics, due to the high incidence of nausea and vomiting. Additional recommendations for prevention and 
management have been addressed in the SmPC. Other toxicities frequently associated with this class of product 
(e.g. mucositis, and hand-foot syndrome) which are known to have a major impact on patient´s QoL, were 
reported with low frequency. This is particularly relevant in the context of non-curative therapy for an end-stage 
disease. 

Benefit-risk balance 
The benefit of TAS-102 in terms of OS needs to be weighed against observed drug-related toxicity, in particular 
haematological toxicity and GI-symptoms like diarrhoea, nausea and vomiting. While these are significant AEs 
that affect quality of life, the majority of these events were mild to moderate, had limited impact on treatment 
continuity, and were generally treated without requiring hospitalisation. Overall, the safety issues were 
manageable. Therefore, the benefit-risk is considered positive. 

Discussion on the benefit-risk balance 

For patients whose colorectal cancer has been treated with, and has proven refractory to, fluoropyrimidines, 
oxaliplatin, irinotecan, an anti-VEGF therapy, and an anti-EGFR inhibitor in case of KRAS wild-type tumours, 
therapeutic options that provide overall survival or clinical benefit remain limited. Current National 
Comprehensive Cancer Network (NCCN) guidelines list three options: regorafenib, participation in a clinical trial 
or best supportive care. 

Although no direct comparison has been performed, the efficacy shown by TAS-102 can be considered in line 
with that obtained with regorafenib, recently authorised for use in a similar setting. The safety profile of Lonsurf 
is distinct from that of regorafenib. Unfortunately, comparative data are lacking since regorafenib was not 
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licensed at the time of clinical evaluation of Lonsurf. 

The subgroup analyses in RECOURSE presented so far did not identify a subgroup benefitting most from the 
treatment on the basis of tumour characteristics. No biomarker analyses have been provided in RECOURSE. The 
Applicant is recommended to provide data from the ongoing study in selected Japanese subpopulation from the 
phase III RECOURSE study regarding MSI status, TK1 protein expression and other biomarkers which may also 
be relevant. 

4.  Recommendations 

Outcome 

Based on the CHMP review of data on quality, safety and efficacy, the CHMP considers by consensus that the 
risk-benefit balance of Lonsurf in the treatment of adult patients with metastatic colorectal cancer (CRC) who 
have been previously treated with, or are not considered candidates for, available therapies including 
fluoropyrimidine-, oxaliplatin- and irinotecan-based chemotherapies, anti-VEGF agents, and anti EGFR agents, 
is favourable and therefore recommends the granting of the marketing authorisation subject to the following 
conditions: 

Conditions or restrictions regarding supply and use 

Medicinal product subject to restricted medical prescription (see Annex I: Summary of Product Characteristics, 
section 4.2). 

Conditions and requirements of the Marketing Authorisation  

• Periodic Safety Update Reports  
The requirements for submission of periodic safety update reports for this medicinal product are set out in the 
list of Union reference dates (EURD list) provided for under Article 107c(7) of Directive 2001/83/EC and any 
subsequent updates published on the European medicines web-portal. 

The marketing authorisation holder shall submit the first periodic safety update report for this product within 6 
months following authorisation. 

Conditions or restrictions with regard to the safe and effective use of the medicinal product 
• Risk Management Plan (RMP) 
The MAH shall perform the required pharmacovigilance activities and interventions detailed in the  agreed RMP 
presented in Module 1.8.2 of the Marketing Authorisation and any agreed subsequent updates of the RMP. 

An updated RMP should be submitted: 

• At the request of the European Medicines Agency; 

• Whenever the risk management system is modified, especially as the result of new information being 
received that may lead to a significant change to the benefit/risk profile or as the result of an important 
(pharmacovigilance or risk minimisation) milestone being reached.  
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• Obligation to complete post-authorisation measures 
The MAH shall complete, within the stated timeframe, the below measures: 

Not applicable. 

Conditions or restrictions with regard to the safe and effective use of the medicinal product to be 
implemented by the Member States. 

Not applicable. 

New Active Substance Status 

Based on the review of data, the CHMP considered that the active substance tipiracil hydrochloride was to be 
qualified as a new active substance. 
 
 

 

 


	1.  Background information on the procedure
	1.1.  Submission of the dossier
	1.2.  Steps taken for the assessment of the product

	2.  Scientific discussion
	2.1.  Introduction
	2.2.  Quality aspects
	2.2.1.  Introduction
	2.2.2.  Active  substance

	UTrifluridine
	General information
	Manufacture, characterisation and process controls
	Specification
	Stability
	UTipiracil hydrochloride
	General information
	Manufacture, characterisation and process controls
	Specification
	Stability
	2.2.3.  Finished medicinal product

	Description of the product and Pharmaceutical development
	Manufacture of the product and process controls
	Product specification
	Stability of the product
	Adventitious agents
	2.2.4.  Discussion on chemical, and pharmaceutical aspects
	2.2.5.  Conclusions on the chemical, pharmaceutical and biological aspects
	2.2.6.  Recommendation(s) for future quality development

	2.3.  Non-clinical aspects
	2.3.1.  Introduction
	2.3.2.  Pharmacology
	2.3.3.  Pharmacokinetics
	2.3.4.  Toxicology
	2.3.5.  Ecotoxicity/environmental risk assessment
	2.3.6.  Discussion on non-clinical aspects
	2.3.7.  Conclusion on the non-clinical aspects

	2.4.  Clinical aspects
	2.4.1.  Introduction
	2.4.2.  Pharmacokinetics
	2.4.3.  Pharmacodynamics
	2.4.4.  Discussion on clinical pharmacology
	2.4.5.  Conclusions on clinical pharmacology

	2.5.  Clinical efficacy
	2.5.1.  Dose response study(ies)
	2.5.2.  Main study
	Post-study treatments
	Figure 11: Radiologic Progression-Free Survival (ITT Population) – RECOURSE study
	Figure 12: Forest Plot of Hazard Ratios for Treatment Effect on PFS by Subgroups – RECOURSE study
	UDuration of response and duration of stable disease
	Only 8 patients in the TAS-102 group achieved tumour response. The median duration of response was 7.4 months (95% CI: 1.9 to 7.5 months).
	UTime to ECOG Performance Status ≥2


	Study J003-10040030 was a randomised, double-blind, placebo-controlled, multicenter study evaluating the efficacy and safety of TAS-102 versus placebo in Japanese patients with mCRC who had received prior two or more chemotherapeutic regimens includin...
	Median OS (9.0 months) was higher in the TAS-102 group compared to the placebo group (6.6 months ; HR=0.56; 95% CI: [0.39, 0.81]; p = 0.0011). Median PFS assessed by independent review committee was 2.0 months in the TAS-102 group compared with 1.0 mo...
	2.5.3.  Discussion on clinical efficacy
	2.5.4.  Conclusions on the clinical efficacy

	2.6.  Clinical safety
	The overview of adverse events from the RECOURSE study are presented in the below table.
	The most frequently reported AEs in patients treated with Lonsurf were nausea, anaemia, decreased appetite, fatigue, diarrhoea, neutropenia, neutrophil count decreased, vomiting, and white blood cell (WBC) count decreased as an AE.
	The most frequently reported ≥Grade 3 treatment-related AEs were neutropenia, neutrophil count decreased, anaemia and WBC count decreased.
	The treatment-related adverse events are summarised in the table below.
	Extrinsic Factors
	2.6.1.  Discussion on clinical safety
	2.6.2.  Conclusions on the clinical safety

	2.7.  Risk Management Plan
	2.8.  Pharmacovigilance
	2.9.  Product information
	2.9.1.  User consultation
	2.9.2.  Additional monitoring


	3.  Benefit-Risk Balance
	4.  Recommendations

