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Abstract: TAS-102, with its robust survival efficacy and feasible toxicity, is one of the standard 

salvage-line treatments for patients with metastatic colorectal cancer (mCRC). No definitive 

data are available to determine which drug should be administered first during salvage-line 

treatment. Therefore, it is imperative that we establish the sequence of administration by con-

sidering drug toxicity profiles based on patient characteristics, such as age, performance status, 

comorbidities, tolerability to previous treatments, and patient preferences. The identification 

of predictive biomarkers in response to TAS-102 or its toxicity is urgently needed for better 

patient selection. Moreover, to strengthen efficacy or relieve toxicity, combinations with other 

agents, which could potentially emerge as standard treatment regimens, have been investigated 

and compared to existing active regimens for mCRC.
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Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide.1 More than 20% 

of patients with CRC are initially diagnosed with metastatic disease, while more than 

one-third of those with stage III CRC eventually experience recurrence after curative 

surgery. The 5-year survival rate of patients with metastatic colorectal cancer (mCRC) 

is particularly low at 13%.2 More effective or intensive chemotherapy may provide 

an opportunity for secondary resection of metastatic disease, which could potentially 

lead to improved survival and cure.3,4 However, given the difficulty in the treatment of 

advanced diseases, a number of patients with mCRC receive palliative chemotherapy 

to prolong survival time.

TAS-102 is an orally administered combination of trifluridine (FTD), a thymidine-

based nucleoside analog, and tipiracil hydrochloride, a thymidine phosphorylase 

inhibitor (TPI). TAS-102 was initially approved in Japan in March 2014 and was 

subsequently approved by the US Food and Drug Administration in September 2015.5 

It was then approved in the European Union in April 2016 after an international 

phase III clinical trial demonstrated clear survival benefits compared to placebo.6

In the present review, we summarize the development of TAS-102 from the first 

pilot study, as well as recent findings derived from several clinical studies. In particular, 

we focus on the role of TAS-102 in the treatment of mCRC, treatment selection 

based on patient characteristics, such as age, performance status, and comorbidities, 

and possible predictive biomarkers to refine the salvage-line clinical management of 

patients with mCRC.
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The beginning of the story: TAS-102 
development
The primary cytotoxic mechanism of oral FTD is DNA dys-

function through the incorporation of its phosphate form into 

the DNA by thymidine kinase.7,8 This mechanism is distinct 

from those of 5-FU and other fluoropyrimidines, which derive 

their cytotoxic effects from the inhibition of thymidylate 

synthase. Moreover, TPI improves the bioavailability of FTD 

by inhibiting its catabolism by thymidine phosphorylase.9 

The combination of these two agents has made TAS-102 as 

one of the new treatments beneficial for patients with mCRC 

who are refractory to fluoropyrimidines.

The schedule of TAS-102 administration had been 

investigated in several Phase I trials, as well as in Japanese 

Phase I and II trials, and was subsequently confirmed in a 

more recent Phase I trial evaluating the safety of TAS-102 

in the United States (US).10 The first Phase I trial was 

conducted in 14 patients. According to preclinical studies, 

TAS-102 was given orally once daily for 14 days with a 

1-week rest period, which was repeated every 3 weeks. The 

maximum tolerated dose was found to be 50 mg/m2/day, 

whereas the dose-limiting toxicity was neutropenia at a dose 

of 60 mg/m2/day.11 Additional Phase I trials were designed to 

determine the best TAS-102 schedule that minimizes hemato-

logical toxicity. These Phase I trials evaluated two TAS-102 

schedules: once daily on days 1–5 and 8–12 every 28 days or 

on days 1–5 every 21 days. The recommended doses (RDs) 

were 100 and 160 mg/m2/day on the first and second regimens, 

respectively. The doses (100 and 160 mg/m2/day) were sub-

sequently evaluated in 12 patients with solid tumors resistant 

to 5-FU, though no objective responses were observed.12 

Thereafter, Phase I trials that administered TAS-102 on days 

1–5 and 8–12 every 4 weeks were performed to compare 

thrice- and twice-a-day administration. The Phase I trial that 

administered TAS-102 three times a day to their patients, 

85% of which had CRC, determined a RD of 70 mg/m2/day 

and showed stable disease in 9 out of 15 patients.13 Based on 

the aforementioned Phase I trials and considering efficacy 

and toxicity, a RD of 50 mg/m2 twice a day, 5 days a week 

for 2 weeks, was established in the US. A Phase I trial in 

Japan that administered TAS-102 twice a day on days 1–5 

and days 8–12 for 4 weeks was conducted in 21 patients with 

solid tumors that were refractory to standard chemotherapy to 

determine the optimal Phase II dose and examine the pharma-

cokinetic (PK) profile. PK data indicated that systemic con-

centrations of FTD and TPI increased linearly with increasing 

oral doses, while dose-dependent increases were observed for 

doses up to 70 mg/m2/day. Therefore, a RD of 70 mg/m2/day 

was determined for future Phase II trials. The disease control 

rate (DCR) was 50% with a median progression-free survival 

(PFS) of 2.4 months in 18 patients with mCRC.14 Hence, 

the schedule and dosage of TAS-102 administration were 

reconfirmed in another US Phase I trial.10

To investigate the efficacy and safety of TAS-102, a 

multicenter, double-blind, randomized Phase II trial was 

conducted in Japan involving patients with mCRC refractory 

to 5-FU, irinotecan, and oxaliplatin. Patients were random-

ized in a 2:1 ratio to either TAS-102 plus best supportive care 

(BSC) or placebo plus BSC. The primary endpoint of this 

study was overall survival (OS). The TAS-102 group had a 

better median survival time compared to the placebo group 

(9.0 months vs 6.6 months; hazard ratio [HR] in OS 0.56; 

95% confidence interval [CI] 0.39–0.81; P=0.001).15

Effectiveness across the world
A significant result regarding survival benefit from the 

Japanese Phase II trial showed that the efficacy of TAS-102 

was assessed across the world through the Phase III 

RECOURSE trial. A total of 800 patients with mCRC refrac-

tory or intolerant to 5-FU, irinotecan, oxaliplatin, bevaci-

zumab, and anti-epidermal growth factor receptor (EGFR) 

antibodies of wild-type KRAS were randomly assigned in a 

2:1 ratio to either TAS-102 (35 mg/m2 per dose twice daily 

on days 1–5 and 8–12, every 4 weeks) or placebo in Japan, 

US, Europe, and Australia. Regorafenib became available 

for the management of previously treated colorectal cancer 

during the course of the study. The primary endpoint was 

OS, whereas PFS, response rate, DCR, and safety were 

included as secondary endpoints. Approximately 60% of the 

patients in both treatment arms had previously received four 

or more treatment regimens. The results demonstrated that 

compared to placebo, the TAS-102 group had significantly 

better OS (HR 0.68; 95% CI 0.58–0.81; P,0.001; median 

OS: 7.1 months vs 5.3 months) and PFS (HR 0.48; 95% CI 

0.41–0.57; P,0.001; median PFS: 2.0 months vs 1.7 months). 

DCR was also significantly better in the TAS-102 group than 

in the placebo group (44.0% vs 16.3%; P,0.0001).6

The RECOURSE Spanish subgroup reported significant 

improvements in OS and PFS with TAS-102 versus placebo, 

which was consistent with the overall RECOURSE popula-

tion. No new safety signals were identified.16 This subgroup 

analysis indicates that European and Japanese patients have 

comparable TAS-102 activity.

Practical issues: toxicities
In the previous Phase II trial and RECOURSE trial, neutro-

penia was the most common adverse event in patients treated 
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with TAS-102. This required at least one dose reduction and/

or treatment interruption in up to a third of the patients. Other 

common adverse events of TAS-102 included leukopenia, 

lymphocytopenia, and anemia for hematologic toxicity and 

nausea, appetite loss, fatigue, and diarrhea for non-hematologic 

toxicity.6,11,14,15 TAS-102 was generally well tolerated accord-

ing to a safety report from the RECOURSE trial, while no 

new safety concerns were observed in the European subgroup 

during the Phase III trial. Neutropenia was the most frequent 

and clinically significant adverse event in the European sub-

group. The only substantial difference in the safety profile of 

TAS-102 was that European patients had higher incidences 

of asthenia and lower incidences of fatigue compared to the 

overall RECOURSE trial population. The frequency of serious 

adverse events and hospitalizations was somewhat lower in 

the European population than in the overall population. How-

ever, this may have been due to local differences in healthcare 

expenditure, socioeconomic status, and lifestyle,17 as well as 

the relatively small number of patients in this population.

Reports have shown that TAS-102 has been consistently 

safe in clinical practice regardless of prior regorafenib use. 

Retrospective studies that have investigated safety pro-

files in patients receiving both TAS-102 and regorafenib 

demonstrated comparable toxicity between those receiving 

TAS-102 before and after regorafenib. However, patients 

who received regorafenib after TAS-102 tended to have 

higher rates of grade 3 or 4 anemia, while those who received 

TAS-102 after regorafenib tended to have higher rates of 

grade 3 or 4 leukopenia and neutropenia.18,19 The safety pro-

file of TAS-102 in patients with poor Eastern Cooperative 

Oncology Group (ECOG) performance status (PS) remains 

unclear, because patients with ECOG PS 2 were not enrolled 

in the RECOURSE trial.

The role of TAS-102 in the treatment of 
mCRC
TAS-102 is recognized as a standard salvage-line treatment 

for patients previously treated with 5-FU, irinotecan, and 

oxaliplatin plus targeted agents in the National Compre-

hensive Cancer Network guideline, which is similar to 

the Japanese CRC treatment guideline.20 Both TAS-102 

and regorafenib serve as key chemotherapeutic agents in 

salvage treatment, because Phase III clinical trials for each 

drug showed similar survival benefits compared to placebo. 

However, both drugs had very different safety profiles due 

to completely different mechanisms of action. Regorafenib 

has been associated with fatigue, hand–foot skin reactions, 

diarrhea, voice changes, hypertension, rashes, etc., while 

TAS-102 has been associated with nausea, vomiting, fatigue, 

diarrhea, neutropenia etc. (Table 1).6,21

Retrospective studies have shown that TAS-102 and 

regorafenib have not only different toxicity profiles but also 

comparable efficacy in patients with mCRC. One retrospec-

tive study reported that patients (n=6) who received crossover 

treatment from regorafenib to TAS-102 had a median PFS 

and OS of 4.7 and 11.5 months, respectively, while those 

(n=8) who received crossover treatment from TAS-102 to 

regorafenib had a median PFS and OS of 3.7 and 7.6 months, 

respectively,22 suggesting that the order of the salvage-

line regimens may be associated with survival. However, 

a sub-analysis of another retrospective study using a bigger 

cohort showed no significant difference in OS between 

both groups (P=0.99). This study indicated no statistically 

significant difference in PFS between the regorafenib and 

TAS-102 groups (median PFS: 2.1 months vs 2.1 months) 

after univariate (HR, 1.20; 95% CI, 0.87–1.67; P=0.27) 

and multivariate (adjusted HR, 1.27; 95% CI, 0.90–1.83; 

P=0.18) analyses. The median OS was 6.7 and 6.5 months 

in the regorafenib and TAS-102 groups, respectively. No 

statistically significant difference in OS was found after 

univariate (HR, 1.01; 95% CI, 0.70–1.49; P=0.97) or mul-

tivariate (adjusted HR, 0.98; 95% CI, 0.65–1.51; P=0.92) 

analysis. The number of dose modifications and interrup-

tions due to adverse events was significantly greater in the 

regorafenib group than in the TAS-102 group. The median 

time to treatment failure (TTF) was 1.8 and 2.0 months in 

the regorafenib and TAS-102 groups (HR, 1.22; 95% CI, 

0.89–1.70; P=0.21), respectively. Interestingly, subgroup 

analysis showed that elderly individuals with poor ECOG PS 

and higher lactate dehydrogenase levels in the regorafenib 

group tended to have shorter PFS than those in the TAS-102 

Table 1 Comparison of Phase III trials evaluating TAS-102 and 
regorafenib

Trial RECOURSE CORRECT

TAS-102 vs 
placebo

Regorafenib vs 
placebo

N 534 vs 266 505 vs 255
Median PFS (months) 2.0 vs 1.7 1.9 vs 1.7
HR (95% CI) 0.48 (0.41–0.57) 0.49 (0.42–0.58)
Median OS (months) 7.1 vs 5.3 6.4 vs 5.0
HR (95% CI) 0.68 (0.58–0.81) 0.77 (0.64–0.94)
Any grade Aes (%) 98 vs 93 93 vs 61
Grade 3–4 AEs (%) 69 vs 52 54 vs 14
Most relevant Aes Neutropenia, anemia, 

nausea, appetite loss
Hand–foot skin reaction, 
rash, fatigue, hypertension

Abbreviations: PFS, progression-free survival; HR, hazard ratio; CI, confidence 
interval; OS, overall survival; AEs, adverse events.
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group.19 In addition, another retrospective study showed 

that TAS-102 and regorafenib had comparable PFS and OS 

despite prior regorafenib use.18

The REGOTAS trial, another retrospective study, has 

recently reported clinical data on patients who were treated 

with TAS-102 and/or regorafenib collected from 24 institu-

tions of the Japanese Society for Cancer of the Colon and 

Rectum. Clinical outcomes in 550 patients (223 and 327 in 

the regorafenib and TAS-102 groups, respectively) were 

evaluated using the Kaplan–Meier method and Cox models 

based on propensity score adjustment and matching for OS 

as the primary endpoint. OS was similar between both groups 

(HR of TAS-102 to regorafenib, 0.96; 95% CI, 0.78–1.18). 

No statistically significant differences between both groups 

were found for PFS (HR 0.94) and time to ECOG PS $2 

deterioration (HR 1.00). However, TTF was significantly 

longer in the TAS-102 group compared to the regorafenib 

group (HR 0.81; P=0.025). In addition, exploratory sub-

analysis was performed to investigate the impact of age on 

survival. The results indicated that the regorafenib group had 

favorable survival among those aged ,65 years but unfavor-

able survival among those aged $65 years compared to the 

TAS-102 group (P for interaction =0.012) (Table 2).23

Overall, no definitive data are available to determine 

which drug should be administered first during salvage-line 

treatment. Therefore, it is imperative that we establish the 

sequence of administration by considering drug toxicity 

profiles based on patient characteristics, such as age, PS, 

comorbidities, tolerability to previous treatments, and patient 

preferences. Maximizing the availability of both drugs may 

be a clinically important treatment strategy to prolong sur-

vival during poor prognostic conditions.

Promising predictive biomarkers
Although data regarding molecular pathways related to CRC 

have been accumulated, few clinically useful prognostic 

markers for CRC-specific survival have been recognized. 

BRAF V600E mutation in mCRC is the only notable excep-

tion.24 Moreover, only limited data are available concerning 

predictive markers for any specific agents, with the only vali-

dated marker being RAS mutations, a well-known predictive 

marker for resistance to anti-EGFR antibodies.25,26

Sub-analyses of previous trials were performed to inves-

tigate the impact of KRAS and BRAF status on TAS-102 

efficacy. The efficacy of TAS-102 was similar in all patients 

irrespective of their KRAS mutation status.6 Nevertheless, 

Table 2 Retrospective studies evaluating TAS-102 and regorafenib as salvage-line treatment

Study Masuishi et al19 Sueda et al22 REGOTAS23

Treatment TAS-102 Regorafenib TAS-102 Regorafenib TAS-102 Regorafenib

N 50 146 14 23 327 223

Response rate 0% 0.8% 0% 0%

Disease control rate 38% 33% 29% 30%

P=0.60

Median PFS 2.1 months 
95% CI 1.8–3.1

2.1 months 
95% CI 1.8–2.5

2.1 months 
95% CI 0.92–6.39

3.0 months 
95% CI 1.64–4.52

2.1 months  
95% CI 2.0–2.3

2.1 months 
95% CI 2.0–2.4

HR 1.20 95% CI 0.87–1.67 P=0.27 P=0.59

Adjusted HR 1.27  
95% CI 0.90–1.83 P=0.18

Adjusted HR 0.94  
P=0.54

Median OS 6.5 months 
95% CI 5.3–8.3

6.7 months 
95% CI 5.8–7.6

6.3 months 
95% CI 3.21–9.93

5.8 months 
95% CI 3.7–11.7

7.4 months 
95% CI 6.8–8.3

7.9 months 
95% CI 6.8–9.2

HR 1.01 95% CI 0.70–1.49  
P=0.97

P=0.60

Adjusted HR 0.98  
95% CI 0.65–1.51 P=0.92

Adjusted HR 0.96  
95% CI 0.78–1.18 P=0.69

Subsequent chemotherapy 44% 54% 50% 65%

TAS-102 0% 30% 0% 26% 0% 59%

Regorafenib 28% 0% 57% 0% 37% 0%

Reason for treatment discontinuation

Disease progression 94% 86% 86% 61% 92% 75%

Adverse events 6% 12% 14% 26% 7% 24%

Abbreviations: PFS, progression-free survival; HR, hazard ratio; OS, overall survival; CI, confidence interval.
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one clinical trial showed that TAS-102 seemed to have more 

pronounced OS and PFS benefits in patients with KRAS 

mutations, for which no reasonable biological explanation 

has been adapted so far.15 Moreover, although no differences 

in OS and PFS were observed between wild-type BRAF and 

BRAF-mutated tumors, no definitive conclusions can be made 

due to the small sample size.

A retrospective study including 181 patients treated 

with TAS-102 investigated whether genetic polymorphisms 

in homologous recombination and cell-cycle checkpoint 

pathways for DNA repair were associated with clinical 

outcomes. ATM gene polymorphisms were identified as 

a candidate predictor of TAS-102 efficacy. Patients with 

any G allele in ATM rs609429 had better OS than those 

with the C/C variant (median: 8.7 months vs 4.4 months, 

HR 0.37, P=0.022), which remained significant even 

after multivariable analysis.27 A retrospective study of 

two randomized Phase II and III trials was performed to 

assess the association between thymidine kinase 1 (TK1) 

expression, which induces incorporation of FTD into DNA, 

and TAS-102 efficacy. The study indicated that among 

patients with high TK1 expression, those receiving pla-

cebo had poor prognosis, while those receiving TAS-102 

showed significant improvements in OS.28 Although these 

findings may show that TK1 expression could be a poten-

tial predictive marker for TAS-102, further validation is 

still needed.

On the other hand, clinical markers to predict outcomes 

of TAS-102 treatment have also been investigated. Kasi et al 

conducted a cohort study in which chemotherapy-induced 

neutropenia (CIN) 1 month after starting TAS-102 appeared 

to be a prognostic and/or predictive factor of clinical out-

comes. In their study, CIN was significantly associated with 

better prognosis in patients treated with TAS-102. Those 

who experienced $grade 2 CIN after 1 month had longer 

PFS (median 3.0 months vs 2.4 months; P=0.01) and OS 

(median 14.0 months vs 5.6 months; P,0.0001). Moreover, 

OS remained statistically significant even after multivariate 

analysis (adjusted HR 0.21; 95% CI 0.11–0.38). These 

findings have led us to hypothesize that an increase in the 

TAS-102 dosage may be needed to achieve better outcomes 

in patients not experiencing any neutropenia.29 Predictive 

and/or prognostic markers for TAS-102 in combination with 

other cytotoxic and/or biologic drugs have still been under 

investigation.

In summary, valid predictors for TAS-102 efficacy have 

yet to be discovered. The detection of such biomarkers 

may improve the selection of patients who can benefit from 

TAS-102 and consequently the best active drug for patients 

with refractory mCRC, which prevents unnecessary toxicities 

and optimizes the treatment strategy.

Future perspectives on the TAS-102 
regimen
The evaluation of TAS-102 in combination with other active 

drugs, such as irinotecan, oxaliplatin, antiangiogenetics, 

and anti-EGFR antibodies, for mCRC may be promising. 

Temmink et al have shown that FTD potentiates oxaliplatin-

induced adduct formation, leading to a synergistic effect in 

colon cancer cell lines.30 SN38-induced cytotoxicity in human 

colon cancer cell lines was increased after pre-incubation 

with FTD.31 These in vitro preclinical findings were later con-

firmed in vivo using colorectal xenograft nude mouse models, 

because the combination of TAS-102 with oxaliplatin32 or 

irinotecan33 produced higher growth inhibitory activity. 

Combinations of TAS-102 with bevacizumab or anti-EGFR 

antibodies were also investigated in the preclinical setting, 

showing significantly better effectiveness in tumor regres-

sion of CRC xenografts than TAS-102 monotherapy.34 

A preclinical study provided a compelling rationale for 

evaluating the combination of anti-EGFR antibodies and 

TAS-102 for mCRC. Both colon cancer cells and colon 

cancer patient-derived xenograft models showed that panitu-

mumab in combination with TAS-102 leads to additive and 

synergistic antiproliferative effects via blocking of EGFR-

mediated tumor response to FTD.35 In addition, the antitumor 

effects of TAS-102 plus anti-PD-1 antibody were studied in a 

syngeneic mouse colorectal cancer model. The combination 

of TAS-102 and anti-PD-1 antibody inhibited in vivo tumor 

growth at significantly higher rates than monotherapy. Flow 

cytometry analysis revealed that the combination increased 

CD8+ T-cell percentages in whole lymphocyte and decreased 

regulatory T-cell percentages in CD4+ T cells.36

A Japanese Phase I trial evaluating the combination of 

TAS-102 and irinotecan was recently reported. A total of 

10 patients were enrolled, and the recommended TAS-102 

and irinotecan doses were 50 and 150 mg/m2, respectively.37 

C-TASK FORCE, a Phase I/II trial, was performed to evalu-

ate the efficacy and safety of TAS-102 with bevacizumab in 

25 patients with mCRC refractory to standard therapies. The 

report showed that the trial met its primary endpoint, a PFS 

rate of 42.9% at 16 weeks. The combination of TAS-102 

and bevacizumab showed promising antitumor activity with 

acceptable toxicity, with median PFS and OS of 5.6 and 

11.2 months, respectively, as assessed by the investigators.38 

Given that no consensus is available on which administration 
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sequence of TAS-102 and regorafenib is more beneficial in 

salvage-line treatment of refractory mCRC, the combination 

of TAS-102 and bevacizumab could potentially be a good 

option in current clinical practice. The use of TAS-102 for 

not only up-front but also maintenance therapy has been 

evaluated in clinical trials. Moreover, many clinical trials that 

assess the efficacy of combination strategies with TAS-102 

are ongoing (Table 3).

Conclusion
TAS-102, with its robust survival efficacy and feasible toxic-

ity, is one of the standard salvage-line treatments for patients 

with mCRC. The identification of predictive biomarkers in 

response to TAS-102 or its toxicity is urgently needed for 

better patient selection. Moreover, to strengthen efficacy or 

relieve toxicity, combinations with other agents, which could 

potentially emerge as standard treatment strategies, have been 

investigated and compared to existing active regimens for 

mCRC. Combinations with immuno-oncology agents have 

also been investigated for enriched patients, which may gener-

ate novel biological strategies for the treatment of mCRC.
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