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Abstract: Trifluridine/tipiracil or TAS-102 (Taiho Oncology, Lonsurf®, Princeton, NJ,

USA) is a combination tablet of trifluridine, a thymidine-based nucleoside analog, and

tipiracil, a thymidine phosphorylase inhibitor, in a 1:0.5 molar ratio. This drug was first

approved for use in metastatic colorectal cancer patients. Recently, the U S Food and Drug

Administration (FDA) and the European Medicines Agency (EMA) have granted approval of

trifluridine/tipiracil for treatment of metastatic gastric and gastroesophageal junction adeno-

carcinoma in patients following at least two lines of chemotherapy including fluoropyrimi-

dine and platinum chemotherapy agents, as well as taxanes or irinotecan. This approval was

granted after the findings from first a Phase II trial (EPOC1201) investigating trifluridine/

tipiracil, and later a global Phase III trial (TAGS trial) that compared trifluridine/tipiracil

vs placebo with best supportive care. Both trials primarily utilized trifluridine/tipiracil at

a dose of 35 mg/m2 twice daily. In the EPOC1201 trial, the primary end point of disease

control rate was greater than 50% after eight weeks of therapy. The most common grade

three or four adverse event was neutropenia; additional toxicities included leukopenia,

anemia, and anorexia. In the TAGS trial, overall survival in patients treated with trifluri-

dine/tipiracil (5.7 months) was significantly improved as compared to the placebo-controlled

group (3.6 months). Treatment with trifluridine/tipiracil not only did not impair quality of life

but also tended to reduce the risk of deterioration of quality of life. The results of these

studies along with the subsequent FDA and EMA approval have generated an important

breakthrough in regard to treatment options for patients with refractory metastatic gastric or

gastroesophageal junction adenocarcinoma.

Keywords: gastroesophageal junction cancer, Lonsurf®, metastatic gastric cancer, quality of

life, TAS-102, thymidylate synthase, thymidine phosphorylase

Introduction
Worldwide, gastric cancer is the fifth most common cancer—following lung, breast,

colorectal, and prostate cancers.1 However, gastric cancer is the third most deadly

malignancy and it represents approximately 8.3% of all cancer-related deaths. Both

the incidence and mortality rate of gastric cancer are correlated to geographic area,

due in part to variations in diet, smoking, and frequency of Helicobacter pylori

infection.1 Gastric carcinoma is a relatively rare cancer in the US, with an estimated

incidence of 27,510 patients in 2019. This represents 1.6% of all new cancer
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diagnoses, and it accounts for 1.8% of all cancer-related

deaths based on data derived from trends in 2009–2015.2

Gastric cancer is typically diagnosed at advanced stages,

including locally advanced unresectable or metastatic dis-

ease. For these patients, there are few options regarding

palliative systemic treatment.3 Selection of an optimal regi-

men includes assessment of tumor expression of human

epidermal growth factor receptor 2 (HER2) as well as

patients’ performance status and medical comorbidities.

Conventional regimens include combination of fluoropyr-

imidine (5-fluorouracil or capecitabine) and a platinum

agent (oxaliplatin or cisplatin). For tumors with amplified

expression of HER2, addition of trastuzumab has been

demonstrated to produce clinical benefit.4 Second-line che-

motherapy may involve the use of taxanes, irinotecan, or

ramucirumab.5 Immunotherapy using the antiprogrammed

death-1 (PD-1) antibodies, pembrolizumab, is indicated for

treatment of patients with tumor expression of programmed

death-ligand 1 (PD-L1) ≥1 as measured by combined posi-

tive score, or tumors with high microsatellite instability or

DNA mismatch repair deficiency.6,7

Despite the currently available chemo- or immunother-

apeutic agents, the median overall survival of patients with

advanced or metastatic gastric cancer is 12 months.

Multiplatform molecular analysis of gastric carcinoma

may help identify biomarkers to guide selection of thera-

peutic agents.3 Various chemo- and targeted therapeutic

agents have been investigated for treatment of advanced

gastric cancer in pretreated patients with the goal of improv-

ing survival. One of these investigated agents involves

a combination of trifluridine and tipiracil. On February 22,

2019, the US Food and Drug Administration (FDA)

approved oral administration of trifluridine/tipiracil in

patients with metastatic gastric or gastroesophageal junc-

tion adenocarcinoma who had progressed following at least

two lines of prior chemotherapy. Approval of trifluridine/

tipiracil for the same indication was granted by the

EuropeanMedicines Agency (EMA) on September 6, 2019.

In this review, the safety and efficacy of trifluridine/

tipiracil are evaluated based on up-to-date evidence. An

overview of the chemistry, pharmacodynamics, and pharma-

cokinetics of trifluridine/tipiracil is provided. Next, the data

from the preclinical and clinical studies that investigated

trifluridine/tipiracil in gastric adenocarcinoma and gastroe-

sophageal junction (GEJ) adenocarcinoma are examined.

Ongoing clinical studies to investigate trifluridine/tipiracil

in combination with other chemotherapeutic or targeted

agent for gastric/GEJ adenocarcinoma are described.

Trifluridine and Tipiracil:
Chemistry, Pharmacodynamics, and
Pharmacokinetics
Trifluridine is a nucleoside metabolic inhibitor, and it is used

in combination with tipiracil, which is a thymidine phosphor-

ylase inhibitor, at a molar ratio of 1:0.5. Trifluridine, chemi-

cally described as 2ʹ-deoxy-5(trifluoromethyl) uridine, is

a thymidine-based nucleoside analog (Figure 1).

Trifluridine is phosphorylated to its active monophosphate-

derivative that subsequently inhibits thymidylate synthase.

This enzyme is involved in the synthesis of pyrimidine

deoxynucleotide, and therefore DNA. Additionally, trifluri-

dine can be further phosphorylated to trifluorothymidine-

triphosphate that can be incorporated into DNA. Through

both of these mechanisms, trifluridine impairs DNA synth-

esis, leading to DNA damage and ultimately cell death

(Figure 2). Although trifluridine is structurally and function-

ally similar to 5-fluorouracil, which is commonly used in

gastrointestinal malignancies, the distinct mechanism of

action of trifluridine contributes to its utility in patients with

malignancies refractory to 5-fluorouracil.8,9

Tipiracil, chemically described as 5 chloro-6-[(2-imi-

nopyrrolidin-1-yl)methyl]pyrimidine-2,4-(1H,3H)-dione

monohydrochloride (Figure 1), functions primarily to pre-

vent the metabolism of trifluridine to trifluorothymine

(Figure 2). In vivo testing demonstrated that addition of

tipiracil to trifluridine significantly increased the bioavail-

ability of trifluridine. Additional studies were performed to

determine the optimal molar ratio of 1:0.5 for trifluridine

and tipiracil. In addition to this function, tipiracil has

postulated effects, including its ability to inhibit the degra-

dation of thymidine to thymine. This process generates

deoxyribose-1-phosphate and subsequently deoxyribose,

which is thought to contribute to angiogenesis. It has

been suggested that tipiracil can inhibit tumor angiogen-

esis for additional cytotoxicity.8,9

Pharmacokinetic studies with oral dosing of trifluri-

dine at 35 mg/m2 twice daily yielded a mean half-life at

a steady state of 2.1 and 2.4 hours for trifluridine and

tipiracil, respectively. Metabolism of trifluridine is pre-

dominantly mediated by thymidine phosphorylase, and it

is renally excreted. Administration of the combination

increased the area under the curve (AUC) concentration

of trifluridine by 37-fold compared to administration of

trifluridine alone. Following administration of a single

dose of trifluridine, the mean time to peak plasma con-

centration was approximately two hours. Additional
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studies to augment absorption of trifluridine-tipiracil

showed that ingestion of a high-fat, high-calorie meal

decreased the AUC of tipiracil but did not change that

of trifluridine.8,9

Preclinical and Clinical Studies
Using Trifluridine and Tipiracil
Trifluridine was initially synthesized as a potential chemother-

apeutic drug, but investigations of the agent were subsequently
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Figure 1 Chemical structure of trifluridine and tipiracil hydrochloride. One mole of TAS-102 is composed of two moles of trifluridine and one mole of tipiracil

hydrochloride.The chemical structure of trifluridine and tipiracil shown in this figure is used with permission from Taiho Oncology.9
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with deoxyuridine-MP. This results in depletion of deoxythymidine-MP and ultimately preventing DNA synthesis and cell division. Trifluridine-MP can be further
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and tipiracil shown in this figure is used with permission from Taiho Oncology.9
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halted due to side effects as well as its limited pharmacokinetic

profile. In the mid-2000s, trifluridine and tipiracil were inves-

tigated in clinical trials for patients with a variety of malignan-

cies—including breast and colon cancer. Over the years,

trifluridine and tipiracil were studied for treatment of mostly

gastrointestinal malignancies—specifically colorectal cancer.

A phase III study demonstrated a significant improvement of

overall survival of 7.1 months with trifluridine/tipiracil, com-

pared to 5.3months with placebo control.10 Based on the result

of this study, approval of trifluridine/tipiracil for treatment of

metastatic colorectal cancer that has progressed

following second-line or beyond systemic therapywas granted

by the US FDA in 2015.

To study this drug combination in patients with locally

advanced or metastatic gastric cancer that had progressed

following initial therapy containing 5-fluorouracil, an experi-

ment was designed to explore their in vitro activity. The

combination of trifluridine and tipiracil was demonstrated

to produce growth inhibition of both 5-fluorouracil sensitive

and resistant human gastric cancer cells. Additional testing in

cultured cells overexpressing thymidylate synthase revealed

decreased cell death to trifluridine suggesting cross-

resistance. However, when trifluridine and tipiracil was

administered in mouse xenograft models, again both sensi-

tive and resistant to 5-fluorouracil, the tumors demonstrated

decreased tumor volume. It was concluded that the primary

antitumor mechanism of action was incorporation of the

metabolite of trifluridine into DNA, as opposed to strictly

relying on inhibition of thymidylate synthase.11

In phase I studies performed in the US, the recom-

mended dose schedule of treatment on days one to five

and eight to twelve of a 28-day cycle was developed.

Initial studies in heavily pretreated breast cancer patients

established a maximum tolerated dose of 25 mg/m2 twice

daily. This dosing strategy was subsequently used in a phase

II American study for advanced gastric patients.8 In the

TAS102-9806 study, 18 patients with gastric cancer were

enrolled for treatment using the drug combination with

a dose of 25 mg/m2 twice daily. During the course of this

study, one patient had stable disease, and after four cycles of

therapy all patients had progressed.10 This study was sub-

sequently closed early. However, later studies in Japan

investigated the use of 35 mg/m2 twice daily and demon-

strated that this was an acceptable dosing with grade 4

neutropenia as the primary dose-limiting toxicity.12

This increased dosing strategy was subsequently uti-

lized in the Phase II EPOC1201 trial. In this study, a total

of 29 patients with advanced or recurrent gastric or

gastroesophageal junction adenocarcinoma after one or

two prior lines of therapy was enrolled. These patients

received trifluridine and tipiracil at 35 mg/m2 twice daily;

there was also a cohort of six patients who were treated with

trifluridine and tipiracil at a dose of 40 mg/m2 twice daily.

The primary end point was a disease control rate (DCR) of

greater than or equal to 50% after eight weeks of therapy.

This was achieved in the trial, as the investigator-assessed

DCR was 65.5% and the independent central review DCR

was 51.9%. The median progression-free survival was 2.9

months, and overall survival was 8.7 months. Similar to

prior trials, the most common grade three or four adverse

event was neutropenia at 69%; additional grade three and

four adverse events included leukopenia (41.4%), anemia

(20.7%), and anorexia (10.3%).12

Results of the Phase III TAGS trial that investigated

trifluridine/tipiracil vs placebo in patients with heavily

pretreated metastatic gastric cancer led to FDA and EMA

approval of the drug combination. In this study, a total of

507 patients with metastatic gastric adenocarcinoma who

progressed after two or more prior therapies was enrolled

at 110 academic hospitals in 17 countries. Patients were

randomized to trifluridine and tipiracil vs placebo in a 2:1

ratio; therefore 337 patients received therapy with the

combination therapy at an initial dose of 35 mg/m2

twice daily and 170 received the placebo. The primary

end point was overall survival, and efficacy as well as

safety were monitored. The median overall survival in

the experimental group was 5.7 months compared to 3.6

months in the placebo-controlled group with a two-sided

P-value of 0.00058. Similar to prior studies, the most

common grade three or higher adverse event was neutro-

penia (34%); the second most common was anemia at

19%. During the course of the trial, there was one fatal

event in the patients receiving trifluridine and tipiracil

due to cardiopulmonary arrest. Dose modification with

dosing delays or dose reduction due to adverse events

was required in 58% of the patients receiving trifluridine

and tipiracil compared to 22% of patients receiving

placebo.13

A subgroup analysis in the TAGS trial was conducted to

examine efficacy and safety of trifluridine/tipiracil in patients

who had undergone gastrectomy and those who had not

undergone gastrectomy. The overall survival hazard ratios

(trifluridine/tipiracil vs placebo) in the gastrectomy subgroup

and no gastrectomy subgroup were 0.57 and 0.8, respec-

tively. The progression-free survival hazard ratios (trifluri-

dine/tipiracil vs placebo) in the gastrectomy subgroup and no
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gastrectomy subgroup were 0.48 and 0.65, respectively.

Among patients treated with trifluridine/tipiracil, grade

three or higher adverse events occurred in 84.1% and

76.3% of patients in the gastrectomy subgroup and no gas-

trectomy subgroup, respectively. Those adverse events were

primarily neutropenia, anemia, and leukopenia. Result of this

subgroup analysis indicates that treatment of patients with

trifluridine/tipiracil was similarly tolerable in both sub-

groups, and the efficacy benefits may be greater in patients

of the gastrectomy subgroup than the no gastrectomy

subgroup.14

The health-related quality of life (QoL) outcomes in

the TAGS trial were analyzed and compared among

patients treated with trifluridine/tipiracil and compared

with placebo. Using the EORTC QLQ-30 and EORTC

QLQ-ST022 questionnaires, QoL was evaluated at base-

line and at each treatment cycle. In both groups of patients

who had been treated with trifluridine/tipiracil and those

with placebo, no clinically significant deteriorations in the

mean QLQ-C30 Global Health Status score were detected.

A trend towards reduction of the risk of deterioration of

QoL scores was found in the trifluridine/tipiracil-treated

patients as compared with the placebo-controlled group.

Results of this analysis indicates that treatment with tri-

fluridine/tipiracil not only did not impair QoL, but also

tended to reduce the risk of deterioration of QoL.15

Summary and Future Perspectives
In summary, the combination of trifluridine and tipiracil

offers a new treatment option for patients with advanced

metastatic gastric or gastroesophageal junction cancer who

have progressed following at least two lines of prior che-

motherapy. As demonstrated in the TAGS trial, this combi-

nation therapy was found to improve median overall survival

and progression-free survival compared to placebo regard-

less of gastrectomy. These survival improvements outweigh

Table 1 Selected Phase III Clinical Studies of Systemic Therapies in Advanced and Metastatic Gastric Carcinoma

Treatment Setting (line) Patients (n) ORR (%) PFS (months) OS (months) Ref.

EOX/ECF/ECX/EOF vs FOLFOX/CAPOX/XP 1st 349 vs 653 42 vs 33 NS 6.6 vs 6.1 NS 10.5 vs 9.9 NS 16

DCF vs cisplatin/5-FU 1st 221 vs 224 37 vs 25 *P=0.01 5.6 vs 3.7 *P <0.001 9.2 vs 8.6 *P <0.02 17

Cisplatin/5-FU/LV vs oxaliplatin/5-FU/LV 1st 112 vs 106 25 vs 34 3.9 vs 5.8 NS 8.8 vs 10.7 NS 18

Trastuzumab/5-FU/cisplatin vs 5-FU/cisplatin 1st (HER2 amplified) 298 vs 296 47 vs 35 *P <0.01 6.7 vs 5.5 *P <0.01 13.8 vs 11.1 *P <0.01 4

Ram vs placebo 2nd 238 vs 117 3.4 vs 2.6 2.1 vs 1.3 *P <0.01 5.2 vs 3.8 *P <0.05 19

Ram/Pac vs placebo/Pac 2nd 330 vs 335 28 vs 16 *P <0.01 4.40 vs 2.86 *P <0.01 9.63 vs 7.36 *P <0.05 20

Trifluridine/tipiracil vs placebo 3rd 337 vs 170 4 vs 2 2.0 vs 1.8 *P <0.0001 5.7 vs 3.6 *P <0.01 13

Note:- *P, statistically significant P value.

Abbreviations: CAPOX, capecitabine, oxaliplatin; DCF, docetaxel/cisplatin/5-fluorouracil; ECF, epirubicin/cisplatin/5-fluorouracil; ECX, epirubicin/cisplatin/capecitabine;

EOF, epirubicin/oxaliplatin/5-fluorouracil; EOX, epirubicin/oxaliplatin/capecitabine; FOLFOX, folinic acid/5-fluorouracil/oxaliplatin; 5-FU, 5-fluorouracil; HER2, human epi-

dermal growth factor receptor 2; LV, leucovorin; Pac, paclitaxel; Ram, ramucirumab; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; XP,

capecitabine/cisplatin.

Table 2 Ongoing Clinical Studies to Investigate Trifluridine/Tipiracil in Gastric Cancer

ClinicalTrials.

gov Identifier

Title Study Tumor Types

NCT03686488 TAS 102 in combination with ramucirumab

in advanced, refractory gastric or

gastroesophageal junction (GEJ)

adenocarcinoma

Phase 2 study, single arm,

open label

Advanced refractory gastric or gastroesophageal

junction adenocarcinoma

NCT04074343 TAS-102 and irinotecan in 2L+ gastric and

gastroesophageal adenocarcinoma

Phase 1b study, single arm,

open label

Advanced recurrent or unresectable gastric

adenocarcinoma and gastroesophageal cancer

NCT03368963 TAS102 in combination with nal-IRI in

advanced GI cancers

Phase I, dose- escalation

study followed by a phase II

study, single arm, open label

Advanced or metastatic colorectal

adenocarcinoma, gastric adenocarcinoma,

pancreatic adenocarcinoma cholangiocarcinoma,

unresectable digestive system adenocarcinoma

Abbreviations: TAS-102, trifluridine and tipiracil hydrochloride; 2L+, after at least one line of treatment with a fluoropyrimidine and platinum containing regimen; nal-IRI,

nanoliposomal irinotecan; GI, gastrointestinal.
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the adverse events that primarily involved hematologic toxi-

city without causing deterioration of QoL. The survival out-

comes of the TAGS trial and selected phase III clinical trials

for advanced, unresectable or metastatic gastric adenocarci-

noma or GEJ adenocarcinoma are described in Table 1.

Currently, three clinical trials are ongoing for further inves-

tigation of trifluridine/tipiracil in locally advanced or meta-

static gastric cancer (Table 2). Hopefully, these clinical

studies will generate the supporting data to expand the use

of trifluridine/tipiracil for improving the clinical outcomes

for patients with gastric and GEJ adenocarcinoma.
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