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Abstract
Background: Gastric cancer is a global health problem with high incidence rate and mortality rate. Due to the limitations of
traditional chemotherapy drugs, such as patient intolerance, low efficacies and serious adverse effects, trifluridine/tipiracil has been
considered to be a promising treatment for patients with heavily pretreated metastatic gastric cancer. However, the relevant
systematic review has not been occurring. The presentation of this protocol is to scientifically evaluate the efficacy and safety of
trifluridine/tipiracil in patients with highly pretreated metastatic gastric cancer.

Methods: The protocol followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols. We will
systematically search MEDLINE, PubMed, Embase, Cochrane Library, Web of Science, China National Knowledge Infrastructure
Database (CNKI), VIP Chinese Science and Technology Periodical Database (VIP), Wan Fang Database up to November 1, 2020 to
identify published articles. Using the Cochrane risk assessment tool to assess the methodological quality of the RCTs, and all
included studies will be analyzed according to the criteria in the Cochrane Handbook. Review Manager 5.3 software will be used for
literature quality evaluation and data analysis.

Results: Objective to evaluate the efficacy and safety of trifluridine/tipiracil in patients with heavily pretreated metastatic gastric
cancer by analyzing the eligible data extracted under limited conditions.

Conclusion:This study provides clear evidence to evaluate the effectiveness and safety of trifluridine/tipiracil for patients with highly
pretreated metastatic gastric cancer, and the findings will also be published in a peer-reviewed journal.

Ethicsanddissemination:No ethical statement will be required for this study because there is no direct involvement of human.
This review will be published in a peer-reviewed journal as a conference report or an article.

Registration: OSF registration number: DOI 10.17605/OSF.IO/6MF5U.

Abbreviations: 5-FU = 5-fluorouracil, CI = confidence intervals, DNA = deoxyribonucleic acid, ECOG = Eastern Cooperative
Oncology Group, GC = gastric cancer, HRs = hazard ratios, OS = overall survival, PFS = progression-free survival, PRISMA-P =
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols, RCTs = Randomized controlled trials, RRs = risk
ratios, TAS-102 = trifluridine/tipiracil (Lonsurf), TP = thymidine phosphorylase, US = United States.
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1. Introduction

Gastric cancer (GC), a global health problem, is the fifth most
common cancer in the world, and the third most common cause
of cancer-related death, according to the GLOBOCAN 2018
data.[1,2] More than 1 million people were diagnosed with GC
and caused 783,000 deaths every year.[2,3] The 5-year survival
rate for GC is 31% in the United States (US) and 19% in the
United Kingdom. In Europe, the average 5-year survival rate is
26%.[2] Most patients with GC are advanced or metastatic
disease, and palliative chemotherapy is the mainstay method.[4]

Multimodal treatment including surgical resection is the only
potential treatment standard for resectable T2-T4and/or lymph
node-positive diseases. However, 40% to 60% of resection
patients eventually relapse, and two-thirds of patients still have
advanced disease that can no longer be operated on.[5] Previously
recommended first-line and second-line treatments have low
tolerance and efficacy, the prognosis of patients with advanced
GC is very poor, and the median overall survival (OS) time is 10
to 12months.[4,6] Therefore, the emergence of new treatment
methods and drugs is of great significance.
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Table 1

The search strategy in Pubmed.

Search Search term

#1. randomized controlled trial [Title/Abstract]
#2. controlled clinical trial [Title/Abstract].
#3. randomized [Title/Abstract]
#4. randomly [Title/Abstract]
#5. RCT [Title/Abstract]
#6. #1 OR #2 OR #3 OR #4 OR #5
#7. pretreated metastatic gastric cancer [MESH]
#8. heavily pretreated metastatic gastric cancer [Title/Abstract]
#9. metastatic gastric cancer [Title/Abstract]
#10. gastric cancer [Title/Abstract]
#11. #7 OR #8 OR #9 OR #10
#12. Trifluridine/tipiracil [MESH]
#13. Lonsurf [Title/Abstract]
#14. TAS102 [Title/Abstract]
#15. #12 OR #13 OR #14
#16. #6AND #11 AND #15
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Trifluridine/tipiracil (Lonsurf; TAS-102) has been approved by
the national health authorities of the US, Japan and Europe for
the treatment of patients with metastatic colorectal cancer who
have received or are unable to receive other available treatments,
including chemotherapy with fluoropyrimidine, oxaliplatin,
irinotecan, and antivascular endothelial growth factor biologic
products, anti-epidermal growth factor receptor monoclonal
antibodies, if rat sarcoma viral oncogene homologue wild
type.[6,7] As trifluridine/tipiracil has been shown to be effective
for heavily pretreated advanced GC, it has been approved for use
in the US in February 2019, in Japan in August 2019 and in the
European Union in September 2019.[8]

Trifluridine/tipiracil consists of thymidine nucleoside analog
(trifluoropyridine) and thymidine phosphorylase (TP) inhibitor
(tipiracil hydrochloride) in amolar ratio of 1:0.5.[6,7] Trifluridine,
a nucleoside analogue based on thymidine, is an active cytotoxic
component of trifluridine/tipiracil. It can be metabolized into a
triphosphate metabolite and then incorporated into deoxyribo-
nucleic acid (DNA) to inhibit DNA synthesis and function,
furthermore, its antitumor activity is mainly based on its
incorporation into DNA.[7,8] Trifluridine also inhibits thymidy-
late synthase, which is used to synthesize deoxycytidine mono-
phosphate for DNA synthesis. However, this inhibition of
thymidylate synthase plays a smaller role in the biological activity
of the molecule.[6,7] As a TP inhibitor, tipiracil can inhibit the
degradation of trifluridine through TP. When trifluridine was
administered alone, it was rapidly metabolized into inactive
forms by TP in liver and gastrointestinal tract.[9] If tipiracil was
added to the formulation, the bioavailability and cytotoxicity of
trifluridine can be improved by inhibiting the degradation of
trifluridine.[6,10] Clinical research shown that patients with
advanced GC have well tolerance to trifluridine/tipiracil, and no
treatment-related deaths.[11] In addition, in the late-line therapy
of patients who failed all available treatments (including
fluoropyrimidines), the median OS (primary end point) of
trifluridine/tipiracil was continuously improved compared with
placebo.[6] Concomitantly, clinical researches on the treatment of
patients with heavily pretreated metastatic gastric cancer by
trifluridine/tipiracil are also increasing. Therefore, its clinical
efficacy and safety are worth exploring.

2. Methods

2.1. Study registration

This study has been registered in OSF, registration number: DOI
10.17605/OSF.IO/6MF5U. And the protocol of this meta-
analysis is based on the preferred reporting items for systematic
reviews and meta-analyses protocols (PRISMA-P) guidance.[12]

2.2. Database and search strategy

We will systematically search MEDLINE, PubMed, Embase,
Cochrane Library, Web of Science, China National Knowledge
Infrastructure Database (CNKI), VIP Chinese Science and
Technology Periodical Database (VIP), Wan Fang Database up
to 1 November 2020 to identify published articles. Clinical
studies with “trifluridine and tipiracil”, “TAS-102” monother-
apy in series of patients evaluable for effectiveness will be
included. The articles will not be limited in language. We will
exclude papers reporting phases I, II, or III trials, case reports and
series with less than 20 patients, and publications only in abstract
form. To locate additional relevant publications, we will search
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the references list from each relevant article or the retrieved
articles manually. Furthermore, we will contact experts in the
field to gather information on the ongoing and unpublished
studies. Retrieve formula is listed in Table 1.
2.3. Inclusion criteria
2.3.1. Types of studies. Original article with randomized
controlled trials (RCTs), according to Cochrane Collaboration’s
RCT criteria, all references to the words “random sequence” are
regarded as RCTs, regardless of single-blind, double-blind or
non-blind. Languages are not limited to English.

2.3.2. Participants. Participants aged between 18 to 75years
old will be included. Patients with heavily pretreated metastatic
gastric cancer (histologically confirmed, non-resectable, meta-
static gastric adeno carcinoma or/and adenocarcinoma of the
gastroesophageal junction) as defined by the American Joint
Committee on Cancer staging classification (7th edition).[13]

They had previously received 2 or more standard-of-care
regimens for advanced disease and had experienced radiological
disease progression within 3months of the last dose of the last
previous therapy or were untolerable their last previous therapy.

2.3.3. Intervention. Interventions in the experimental group are
“trifluridine and tipiracil”monotherapy, while the control group
are placebo. Patients received oral trifluridine/tipiracil 35mg/m2

twice daily plus best supportive care or placebo twice a day plus
best supportive care on days 1–5 and days 8–12 of each 28-day
treatment cycle, and the course of treatment is more than or equal
to 2 cycles.

2.3.4. Outcome measures

2.3.4.1. Primary outcome. The overall survival (OS) and
progression-free survival (PFS) have been analyzed as the primary
outcome. The time of OS was from randomization to death, and
PFS was from randomization to investigation or assessment of
radiation disease progression or death from any cause.

2.3.4.2. Secondary outcome.
1.
 ORR (objective response rate; randomization start plus two-
time or four-time cancer evaluations): the proportion of
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patients with a complete response or a partial response
according to RECIST v1.1.[14]
2.
 DCR (disease control rate; randomization start plus two-time
or four-time cancer evaluations): the proportion of patients
with a complete response, a partial response, or stable disease.
3.
 ECOG (Eastern cooperative oncology group) performance
status (https://ecog-acrin.org/resources/ecog-performance-sta
tus). The record time from randomization until the first date on
which an ECOG performance status score of 2 or higher.
4.
 Adverse events will be graded according to the US National
Cancer Institute’s Common Terminology Criteria for Adverse
Events (CTCAE; version 4.0).[15] And the record time at the
beginning of drug therapy.
2.4. Exclusion criteria

We will not include studies as follows:
1.
 Articles with unclear tables, figures, inclusion and exclusion
criteria.
2.
 Studies which do not meet the above mentioned inclusion
criteria.
3.
 Duplicate publications, case series, reviews, observation study,
animal research and pharmacological experiments.
4.
 Studies in which the treatment has been combined with
another therapy.
5.
 Case reports and series with less than 20 patients.

6.
 Intervention duration less than 2 cycles.
Figure 1. Preferred Reporting Items for Systematic Reviews
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2.5. Study selection and data extraction

We will refer to the Cochrane collaborative network system
evaluator handbook.[16] Using Note Express document manage-
ment software (version 3.2; Beijing Aegean Software Company,
Beijing, China; https://en.freedownloadmanager.org) to import
the search results. Eliminating duplicate and irrelevant articles by
reading the article title and abstract.
Two authors (XY He and TY Zhang) will independently

extract data through the predesigned form, the relevant items
as following: the name of the first author, publication
year, patient demographics (i.e., age, number, and drug
administered), median treatment duration, median follow up
(months), study design (i.e., the type of blinding, the type
of control, the methods for randomization), survival
outcomes expressed as hazard ratios (HRs) for OS and
PFS, additional outcomes and the number of patients who
came from the intervention group and the control group. Any
disagreement will be resolved through discussion with a third
reviewer. All articles included are judged by the third reviewer
(Xin Zhou). If the consensus still cannot be reached, the
dispute shall be settled by contacting the original author for
original data.
The whole selection process will be presented in a PRISMA

flow diagram (Fig. 1). Quantitative data for meta-analysis will be
extracted on a separate extraction sheet. Review Manager 5.3
software will be used for literature quality evaluation, data
synthesis and analysis.
and Meta-Analyses flow chart of study selection process.
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2.6. Assessment of methodologic quality

Wewill use the Cochrane risk assessment tool to assess the risk of
bias,[17] including double blinding and concealment of assign-
ments, adequacy of allocation sequence generation, incomplete
outcome dates, selective outcome reporting, follow-up, and other
biases. It is classified as “yes” if adequate, otherwise, it is
classified as “no”. In addition, it is classified as “unclear” if the
author does not well describe in such a way that its adequacy is
describable.
Two researchers (LJ Wu and YC Wu) will independently

evaluate the risk of bias for each included study. The tool has 7
components: a. adequate sequence generation; b. concealment of
assignment; c. blindmethod (participants and personnel); d. blind
method (outcome evaluator); e. incomplete result data processed
(ITT analysis); f. selective reporting; g. other potential threats to
effectiveness. Each of these indicators is divided into high bias
risk, low bias risk, and ambiguity. We will use “H” to indicate
high bias risk, “L” to indicate low bias risk, and “U” to indicate
the bias risk is unclear. Andwewill use a scale from 0 to 7. Studies
will be scored, a score of 1 or 2 being considered to be of low
quality, while trials with a score of 3–5 are considered to be of
high quality. Studies meeting at least 3 criteria will be included in
the final analysis. All researchers resolved their disagreements
through discussion. If necessary, we will contact the study
authors to inquire missing information. Furthermore, trials
of high risk of bias should be considering execute sensitive
analysis.
2.7. Data synthesis and statistical analysis

The statistical analyses will be performed by Cochrane
Collaboration Review Manager V.5.3.5.5, for all the statistical
analyses, a value of P< .05 will be regarded as statistically
significant, and all tests will be two-sided. In addition, for the
time-to-event variables, including OS, PFS, HRs with 95%
confidence intervals (CI) will be calculated for each study. For
the dichotomous variables, risk ratios (RRs) with 95%CIs will be
calculated for each study; continuous outcomes weighted will be
adopted for mean difference.
Homogeneity of risk estimates between studies is assessed

using the I2 statistic and the Cochran Q statistic. I2<50% or
P> .10 indicated no statistical heterogeneity, the fixed-effect
model (Mantel-Haenszel method) will be used to analyze.
Otherwise, random-effects model (DerSimonian-Laird method)
will be calculated. If the heterogeneity between studies remains
high after subgroup analysis, sensitivity analysis will be
performed. After excluding the low-quality study, a meta-
analysis is conducted again to compare the new combined results
with the previous results. If there is no significant change between
the 2 results, the sensitivity will be very low. By contrary, there is
a big difference between the 2 results, or even get the opposite
conclusion, the sensitivity is high. However, if heterogeneity still
remains high detected, recognized methods that based on clinical
parameters will be used to explore it.

2.8. Subgroup analysis

Subgroup analysis will be based on the possible factors that may
lead to heterogeneity. We will conduct subgroup analysis
according to race, age, tumor location (gastric versus gastro-
oesophageal junction), gender and Eastern Cooperative Oncolo-
gy Group (ECOG) performance status (1 vs 0) (https://ecog-acrin.
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org/resources/ecog-performance-status). If quantitative synthesis
is not appropriate, we will conduct a narrative synthesis.
2.9. Publication bias

Publication bias will be explored by funnel plot analysis if a
sufficient number of studies (n>10) are available and quantita-
tive test of publication bias by Begg method. On the contrary,
Egger test will be applied.
3. Discussion

At present, there is no screening method to detect GC, and
patients with early GC usually have no symptoms, so the early
diagnosis rate of GC is low, and more than 70% of patients with
advanced GC.[18] For patients with unresectable advanced GC,
systemic chemotherapy is a standard treatment.[19] However,
resistance to chemotherapeutic agents often leads to treatment
failure,[20] once resistance appears, treatment programs will
become limited.[21] Therefore, more optimized chemotherapy
agents and therapy methods will be required.
Clinical studies have shown that trifluridine/tipiracil has a

positive efficacy on patients with advanced GC and its toxicity is
acceptable,[10] moreover, trifluridine/tipiracil monotherapy was
beneficial to the median PFS and OS values of patients with
advanced GC,[10,19,21] and it has well tolerance.[18] Trifluridine
has 2 antitumor mechanisms. It not only inhibits thymidylate
synthase, which is similar to fluorouracil, but also produce
double-stranded DNA breaks by incorporating the triphosphate
form into DNA.[21] Tipiracil can improve the pharmacokinetics
of trifluridine when used in combination with trifluridine, thereby
increasing the drug concentration and antitumor activity.[22]

Although trifluridine is classified as fluoropyrimidine, its main
mechanism of action is different from that of traditional
fluoropyrimidines such as 5-FU, allowing for make trifluridine
overcome 5-FU resistance.[8,20,23,24] As a relatively new oral
fluoropyrimidine therapy, trifluridine/tipiracil is a useful treat-
ment option in addition to second-line treatment for patients who
havemade progress in previous treatment or have limited therapy
options and poor prognosis. However, there are many adverse
events of trifluridine/tipiracil include myelosuppression, haema-
tological adverse events such as leucopenia, thrombocytopenia,
neutropenia, anaemia, gastrointestinal events such as nausea,
vomiting, diarrhoea and other symptoms.[25,26] In addition, due
to the higher incidence of grade 3 or 4 hyperbilirubinaemia in
patients with moderate to severe hepatic insufficiency, the use of
trifluridine/tipiracil is not recommended. It is also not recom-
mended for patients with severe renal insufficiency or end-stage
renal disease.[20,25] These adverse events cannot be ignored, it is
necessary to evaluate its effectiveness and safety based on a large
number of reliable clinical trial results in order to better guide
clinical medication.
In conclusion, we will conduct follow-up systematic research

based on the existing RCTs data of trifluridine/tipiracil treatment
of heavily pretreated metastatic GC, and we will review it
according to the process of determining the research criteria, data
retrieval, data extraction and data analysis. This is the first time to
evaluate the efficacy and safety of trifluridine/tipiracil in the
treatment of heavily pretreated metastatic GC, which is
innovative. At the same time, this study will provide a more
complete knowledge base on the treatment of metastatic GC by
trifluridine/tipiracil, which will contribute to a deeper under-
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standing of trifluridine/tipiracil, and may provide a reliable basis
for clinicians.
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