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Abstract
Background: The treatment options for intractable metastatic colorectal cancer include regorafenib, trifluridine/tipiracil,
and fruquintinib. In this study, we aimed to conduct a network meta-analysis for comparing the efficacy of these agents.
Methods: We searched the PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and ClinicalTrials databases
for relevant literature, up to February 2020. The data were collected from randomized controlled trials on regorafenib,
trifluridine/tipiracil, or fruquintinib, administered to patients with metastatic colorectal cancer who failed on treatment with
oxaliplatin, irinotecan, or fluoropyrimidine. The primary end points, namely, the overall survival and progression-free
survival, were analyzed for subsequent network analysis using the Review Manager and Aggregate Data Drug Informa-
tion System software for performing direct and indirect comparisons. Results: A total of 7 trials were analyzed in this
study. Trifluridine/tipiracil and regorafenib proved to be superior to the placebo, with respect to the overall survival (odds
ratio: 0.38, 95% confidence interval: 0.27-0.52 for trifluridine/tipiracil; odds ratio: 0.47, 95% confidence interval: 0.26-0.84
for regorafenib) and progression-free survival (odds ratio: 0.18, 95% confidence interval: 0.05-0.67 for trifluridine/tipiracil;
odds ratio: 0.06, 95% confidence interval: 0.04-0.09 for regorafenib). Regorafenib (80 mg) was superior to the placebo in
terms of the overall survival and progression-free survival and inferior to trifluridine/tipiracil and fruquintinib. Network
analysis revealed that the efficacy of trifluridine/tipiracil and fruquintinib was fundamentally similar, and both the agents
were superior to regorafenib. Conclusion: Regorafenib (80 mg) was superior to the placebo, but inferior to 160 mg regor-
afenib, trifluridine/tipiracil, and fruquintinib. This study further revealed that the efficiency of trifluridine/tipiracil and fruquintinib is
identical, but their toxicity profiles are different.
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Introduction

Colorectal cancer (CRC) is one of most common malignant

tumors. Morbidity and mortality due to CRC have gradually

declined in the western countries, but the annual incidence of

CRC is still increasing in China.1 About 25% of patients with

colon cancer have metastases at the time of diagnosis. Patients

with inoperable metastatic colorectal cancer (mCRC) are

mainly administered systemic chemotherapy, and the standard

first-line and second-line treatments are usually a combination

of oxaliplatin, irinotecan, and fluorouracil, administered orally

or intravenously.2-5 For patients with RAS wild-type mCRC, an

epidermal growth factor receptor monoclonal antibody can be

included in the treatment regimen, however, in other cases of

mCRC, anti-vascular endothelial growth factor (VEGF) anti-

bodies are administered with the treatment regimen.6

Regorafenib (160 mg),7 trifluridine/tipiracil (TAS-102),8

and fruquintinib9 are approved for the treatment of refractory

mCRC following disease progression after second-line che-

motherapy. Regorafenib, a multitargeted tyrosine kinase inhi-

bitor, which inhibits the processes involved in tumor

angiogenesis (via vascular endothelial growth factor receptor

[VEGFR] and tyrosine-protein kinase receptor 2), oncogenesis

(via Tyrosine-Protein Kinase Kit, RET proto-oncogene, and

BRAF V600E mutation), metastasis (via VEGFR, platelet-

derived growth factor receptor [PDGFR], and fibroblast

growth factor receptor [FGFR]), and tumor immunity (via col-

ony stimulating factor 1 receptor), prolongs the survival time

of patients with refractory mCRC. TAS-102, a combination of

the nucleoside analog, trifluridine, and the thymidine phos-

phorylase inhibitor, tipiracil hydrochloride, is also beneficial

in patients with mCRC. Fruquintinib is an antiangiogenic

agent, and a recent study demonstrated that the median overall

survival (OS) of patients with advanced mCRC was extended

by 2.7 months following treatment with fruquintinib.10

We therefore aimed to evaluate the efficacy and adverse

effects of regorafenib, TAS-102, and fruquintinib by perform-

ing a literature search and network meta-analysis.

Methods

The systematic review was reported to be consistent by the

preferred reporting items for systematic reviews and meta-

analysis.

Literature Search

We searched the PubMed, EMBASE, and Cochrane Central

Register of Controlled Trials databases up to February 2020,

using the following search strings: “metastatic colorectal

cancer,” “TAS-102,” “fruquintinib,” and “regorafenib” for

screening articles on prospective, placebo-controlled, rando-

mized clinical trials (RCTs). We also searched the Clinical-

Trials database for screening relevant articles. Systematic

reviews and meta-analyses were also analyzed for checking

whether any articles had been omitted in our search results.

The specific search strategies are enlisted in Supplemental

Table S1. Two reviewers (GZZ and FP) independently

reviewed the full-text articles by screening the list of titles and

abstracts, on the basis of the inclusion criteria. The disagree-

ments between the 2 reviewers were resolved by consensus.

Inclusion Criteria and Outcome Measures

Studies on phase II/III, accessible, prospective, placebo-

controlled RCTs on regorafenib, TAS-102, or fruquintinib in

patients with mCRC were included in our study. Uncontrolled

or single-arm studies, review articles, letters, meta-analysis

data, case reports, commentaries, or publications that were not

in the English language were excluded. The study participants

had been assigned to receive one of the following agents: regor-

afenib, TAS-102, or fruquintinib, and the results were com-

pared with those of the placebo or best supportive care

groups. The studies reported the outcomes of progression-

free survival (PFS), OS, and adverse events (AEs) following

treatment with the aforementioned agents.

Data Extraction

In this study, OS and PFS were selected as the primary out-

comes. Two reviewers (GZZ and LSX) extracted and tabulated

the basic data from the articles, including the corresponding

author, year of publication, name of the study, country, regi-

men, follow-up, AEs, and treatment arms. The inconsistencies

were resolved by a third reviewer (FP).

Risk of Bias and Quality Assessment

Two reviewers (FP and LSX) individually assessed the quality

of the studies included herein, on the basis of Cochrane risk of

bias tool, and subsequently reviewed the results using Review

Manager software, version 5.4.11 The main points of quality

assessment included the procedure of allocation, concealment

of allocation, participant blinding, blinding of outcome assess-

ment, incomplete outcome data, and selective reporting.

Statistical Analyses

We collected the data regarding the hazard ratio (HR) for sur-

vival time and the AEs observed in the different studies. All the
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data were processed by the Aggregate Data Drug Information

System (ADDIS) software, version 1.8,12 for performing direct

and indirect comparisons. The results were subsequently ver-

ified with STATA software, version 14.2.13

Results

Selected Studies

We screened a total of 639 studies, of which 39 were eligible

for the assessment. Seven randomized controlled trials were

included for the meta-analysis, as depicted in Figure 1. The 7

clinical trials selected herein included a total of 2755 patients.

Three trials compared TAS-102 with placebo, 2 trials

compared 160 mg regorafenib with placebo, 1 trial compared

160 mg regorafenib with 80 mg regorafenib, while 1 study

compared fruquintinib with placebo. The common characteris-

tics of the trials are enlisted in Tables 1 and 2, and in Figure 2.

Direct Meta-Analysis

Regorafenib versus placebo. The efficacy of 160 mg regorafenib

was compared to that of the placebo in 2 trials, CONCUR14 and

CORRECT.15 CONCUR was conducted in Asia, while COR-

RECT was conducted worldwide, in multiple centers. The

results of the 2 trials were consistent. They demonstrated that

regorafenib prolonged the OS (odds ratio [OR]: 0.47, 95% CI:

0.26-0.84) and PFS (OR: 0.06, 95% CI: 0.04-0.09) in patients

with mCRC (Table 3; Figure 3).

Table 1. Characteristics of Studies Included in the Analysis.

Author Name Country Regimen No. of patients Follow-up (m) Period

Li et al14 CONCUR Multicenter Regorafenib 204 7.4 April 2012-February 2013

Grothey et al15 CORRECT Multicenter Regorafenib 760 April 2010-March 2011

Bekaii-Saab et al16 ReDOS America Regorafenib

(80"120"160) mg

14.16 June 2015-June 2017

Li et al10 FRESCO China Fruquintinib 416 13.3 December 2014-May 2016

Yoshino et al17 JapicCTI-090880 Japan TAS-102 169 11.3 Aug 2009-April 2010

Mayer et al18 RECOURSE Japan TAS-102 800 NA June 2012-October 2013

Xu et al19 TERRA Asia TAS-102 406 13.8 October 2013-June 2015

Figure 1. Flowchart of the screening process.

Gao et al 3



Trifluridine/tipiracil versus placebo. The efficacy of TAS-102

was compared with that of the placebo in 3 trials, namely,

JapicCTI-090880,17 RECOURSE,18 and TERRA,19 of which

JapicCTI-090880 was a phase II study, conducted in Japan. We

pooled and analyzed the results of these 3 clinical studies, and it

was found that TAS-102 prolonged the OS (OR: 0.38, 95% CI:

0.27-0.52) and PFS (OR: 0.18, 95% CI: 0.05-0.67) of patients

with mCRC (Table 3; Figure 3).

Indirect Network Meta-Analysis

A total of 7 RCT trials were included and analyzed in the

network meta-analysis (Tables 1 and 2) that was performed

with ADDIS, version 1.8, and subsequently verified by

Figure 2. Network of the various interventions collected for the

network meta-analysis. The numbers indicate the numbers of the

trials. Regorafenib: Regorafenib 160 mg, Regorafenib80: Regora-

fenib 80 mg.

Table 2. Characteristics of Patients in the Studies at Baseline.

Author Name Treatment No. of patients Age (mean)

Gene mutation

(KRAS/BRAF) ECOG (0/1) Sex (male)

Li et al14 CONCUR Regorafenib 136 NA (46/0) (35/101) 85

Placebo 68 NA (18/1) (15/53) 33

Grothey et al15 CORRECT Regorafenib 505 NA (273/14) (265/240) 311

Placebo 255 NA (157/3) (146/109) 153

Bekaii-Saab et al16 ReDOS Regorafenib

(80"120"160) mg

54 62 (21/34) (20/34) 36

Regorafenib 62 61 (0/2) (23/39) 35

Li et al10 FRESCO Fruquintinib 278 55 (121/NA) (201) 158

Placebo 138 57 (37/NA) (101) 97

Yoshino et al17 JapicCTI-090880 TAS-102 112 63 (45/NA) (72/37) 64

Placebo 57 62 (26/NA) (35/21) 28

Mayer et al18 RECOURSE TAS-102 534 63 (272/NA) (301/233) 326

Placebo 266 63 (135/NA) (147/119) 165

Xu et al19 TERRA TAS-102 271 NA (99/NA) (64/207) 170

Placebo 135 NA (50/NA) (30/105) 84

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Table 3. Overall Survival and Progression-Free Survival.

Author Treatment mOS (m) HR mPFS (m) HR

Li et al14 Regorafenib 8.8 0.55 (0.40-0.77) 3.2 0.31 (0.22-0.44)

Placebo 6.3 P < .01 1.7 P < .001

Bekaii-Saab et al16 Regorafenib

(80"120"160) mg

9.8 0.72 (0.47-1.10) 2.8 0.84 (0.57-1.24)

Regorafenib 6.0 P < .01 2.0 P < .01

Li et al10 Fruquintinib 9.3 0.65 (0.51-0.83) 3.71 0.26 (0.21-0.34)

Placebo 6.6 P < .01 1.8 P < .001

Yoshino et al17 TAS-102 9.0 0.56 (0.44-0.71) 2.7 0.35 (0.25-0.50)

Placebo 6.6 P < .001 1.0 P < .001

Mayer et al18 TAS-102 7.1 0.68 (0.58-0.81) 2.0 0.48 (0.41-0.57)

Placebo 5.3 P < .001 1.7 P < .001

Xu et al19 TAS-102 7.8 0.79 (0.62-0.99) 2.0 0.43 (0.34-0.54)

Placebo 7.1 P ¼ .035 1.8 P < .001

Grothey et al15 Regorafenib 6.4 0.77 (0.64-0.94) 1.9 0.49 (0.42-0.58)

Placebo 5.0 P < .01 1.7 P < .001

Abbreviations: HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival.
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STATA. The results demonstrated that the efficacies of fru-

quintinib and TAS-102 were similar, with respect to the PFS

(HR: 0.76, 95% CI: 0.16-3.77) and OS (HR: 1.30, 95% CI:

0.06-27.40) and agreed with the results of a previous study.20

Intriguingly, both TAS-102 and fruquintinib were superior to

regorafenib with respect to the PFS and OS (Table 4), and both

Table 4. Summary of Adverse Effects Associated With TAS-102.

Grade

Yoshino et al17 Mayer et al18 Xu et al19

TAS-102 (�3/any) Placebo (�3/any) TAS-102 (�3/any) Placebo (�3/any) TAS-102 (�3/any) Placebo (�3/any)

Fatigue 7/66 2/24 21/188 15/62 2/55 0/9

Diarrhea 7/43 0/12 16/170 1/33 2/40 1/3

Vomiting 4/38 0/14 11/148 1/38 2/50 0/5

Nausea 5/73 0/16 10/258 3/63 2/244 0/70

Stomatitis NA NA 2/43 0/17 1/4 0/0

AST level elevated NA NA 23/155 1/91 10/63 7/40

Hyperbilirubinemia NA NA 45/189 31/69 8/99 0/28

Anemia NA NA 96/404 8/87 NA NA

Neutropenia 57/81 0/1 200/353 0/2 NA NA

Thrombocytopenia 5/44 0/1 27/223 1/21 NA NA

ALT level elevated NA NA 10/126 10/70 3/48 4/29

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; NA, not available; TAS-102, trifluridine/tipiracil.

Figure 3. Direct analysis of the trials included in the study. A, Analysis of PFS; B, Analysis of OS. OS indicates overall survival; PFS,

progression-free survival.
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were superior to 80 mg regorafenib with respect to the PFS and

OS. All the results were subsequently verified by STATA

(Supple mental Figure S1).

Adverse Events

Both regorafenib and fruquintinib are multitarget agents, but

differ from TAS-102. We therefore collected the descriptive

data regarding these agents in this study (Tables 5 and 6).

TAS-102 is a combination of 2 active pharmaceutical agents,

trifluridine and tipiracil, of which tipiracil prevents the

degradation of trifluridine, and consequently increases the

activity of trifluridine. We therefore identified that the common

AE of TAS-102 was the inhibition of bone marrow function.

The AEs of regorafenib and fruquintinib were hypertension,

hand-foot syndrome, and fatigue. The incidences of grade 3 and

grade 4 AEs following regorafenib and fruquintinib therapy

were found to be similar.

Quality Assessment and Risk of Bias

The qualitative assessment was conducted using the aforemen-

tioned tools21 for calculating the risk of bias (Figure 4), in

combination with the GRADE approach,22,23 that comprises

4 steps for quality assessment. Overall, the trials had a low risk

of bias. However, their quality was low for indirect network

analysis as no closed-loop study had been performed for

achieving the quality necessary for estimating the effects of

the treatments.

Discussion

Decisions regarding subsequent systemic therapy for mCRC,

following disease progression beyond second-line treatments,

primarily depend on the agents that were previously used.24-26

TAS-102 is an antimetabolic agent that can prolong the OS of

heavily treated patients with mCRC by 2 months.18 On the

other hand, regorafenib and fruquintinib are small molecule

inhibitors that block multiple kinases, including VEGFR,

FGFR, and PDGFR, among others.27,28 Our meta-analysis

study revealed that TAS-102 was more effective than regora-

fenib and fruquintinib in terms of the OS but not the PFS, while

the efficacies of regorafenib and fruquintinib were comparable.

Interestingly, 80 mg regorafenib was found to be superior to the

placebo, but inferior to TAS-102, fruquintinib, and 160 mg

regorafenib. However, the toxicity and side effects of these

Table 5. Collection of Adverse Effects Associated With Regorafenib and Fruquintinib.

Grade

Grothey et al15 Li et al14 Li et al10 Bekaii-Saab et al16

Regorafenib

(�3/any)

Placebo

(�3/any)

Regorafenib

(�3/any)

Placebo

(�3/any)

Fruquintinib

(�3/any)

Placebo

(�3/any)

Regorafenib80

(�3/any)

Regorafenib

(�3/any)

Hypertension 36/139 2/15 15/31 2/3 59/154 3/21 4/34 9/29

Hand-foot syndrome 83/233 1/19 22/132 0/3 30/137 0/4 8/27 10/33

Fatigue 48/237 13/71 4/23 1/5 3/33 0/10 7/42 11/44

Proteinuria 7/35 1/4 2/13 1/1 9/117 0/34 NA NA

Diarrhea 36/169 2/21 1/24 1/2 8/56 0/3 1/23 2/25

Vomiting 3/38 0/13 NA NA NA NA 0/13 1/14

Rash and desquamation 29/130 0/10 NA NA NA NA 0/10 3/16

Myalgia 2/28 1/7 1/7 0/0 NA NA NA NA

Nausea 72 28 NA NA NA NA 0/23 0/31

Oral mucositis 136 9 NA NA NA NA NA NA

AST level elevated NA NA 8/32 0/6 1/64 1/14 1/8 2/10

Hyperbilirubinemia 10/45 2/4 9/50 1/5 4/56 2/10 2/7 5/13

ALT level elevated NA NA 32 5 1/50 1/12 0/8 1/8

TSH level elevated NA NA NA NA 0/69 0/3 NA NA

Hypothyroidism NA NA NA NA 0/43 0/3 NA NA

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; NA, not available; TSH, thyroid stimulating hormone.

Table 6. Network Analysis of the Studies.

Network analysis HR (95% Cl)

Rego80 vs BSC

OS 3.83(0.14-104.01)

PFS 0.12(0.03-0.53)

Fruqu vs Rego

OS 0.20(0.01-5.00)

PFS 0.98(0.19-5.16)

Fruqu vs Rego80

OS 0.11(0.00-7.35)

PFS 0.65(0.10-4.45)

TAS-102 vs Rego80

OS 0.14(0.00-5.36)

PFS 0.54(0.07-3.34)

TAS-102 vs Rego

OS 0.20(0.02-2.92)

PFS 0.75(0.15-3.67)

TAS-102 vs Fruqu

OS 1.30(0.06-27.40)

PFS 0.76(0.16-3.77)

Abbreviations: BSC, best supportive care; Fruqu, fruquintinib; HR, hazard

ratio; OS, overall survival; PFS, progression-free survival; Rego, regorafenib;

TAS-102, trifluridine/tipiracil.
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drugs were found to be similar. Therefore, any one of these 3

agents can be selected for the treatment of refractory mCRC.

The sequence of treatments in refractory mCRC is a crucial

factor in prolonging the OS of patients, as an optimal treatment

sequence can maximize the benefits of chemotherapy.29 To

date, there are no RCTs on the outcomes of different treatment

sequences. The results of the RECOURSE study demonstrated

that TAS-102 is superior to the placebo in patients who previ-

ously received regorafenib, whereas the results of the FRESCO

study10 revealed that fruquintinib is superior to the placebo in

patients who previously received anti-VEGF therapy. It is worth

mentioning that regorafenib turned out to be inferior to fruquin-

tinib and TAS-102, with respect to the OS, but not with respect

to the PFS, and we identified that the primary cause for this

observation was the results of the CORRECT study. The COR-

RECT study comprised 760 patients (regorafenib [n ¼ 505] and

placebo [n¼ 255]); of which, 445 patients expired within 1 year

(1-year OS), which was a rare phenomenon in the other studies.

This may narrow the difference between the 2 groups, and pro-

spective RCTs are urgently necessary for identifying the best

treatment sequence in this setting. Taken together, the results

of our study demonstrated that various factors should be taken

into account when selecting the appropriate treatment option

from among regorafenib, fruquintinib, and TAS-102, including

the economy, toxicity, and patient selection.

Chen30 et al conducted an indirect network meta-analysis of

the 3 chemotherapeutic agents, regorafenib, TAS-102, and fru-

quintinib, from 6 trials, namely, CORRECT, CONCUR,

RECOURSE, TERRA, JapicCTI-090880, and FRESCO. They

observed that the efficacies of regorafenib and fruquintinib

were comparable, which was consistent with the results of our

study. Similar comparisons were made by Zhang and cowor-

kers.31 In this meta-analysis, we analyzed 2 landmark phase II

studies for robust evaluation of the efficacy of different doses

of regorafenib (REDOSE).31

The present study has several limitations with regard to the

individual studies and indirect analysis performed herein. In

this study, we performed a fewer number of direct compari-

sons, and therefore, the assessment was primarily based on

indirect analysis, which is a major source of bias. Additionally,

the data were obtained by reviewing published data instead of

the raw data published with the articles. These 2 factors

reduced the reliability of our study.

To summarize, the OS of regorafenib, TAS-102, and fru-

quintinib was found to be superior to that of the placebo in

patients with mCRC. Regorafenib (80 mg) was found to be

superior to the placebo, but inferior to 160 mg regorafenib,

TAS-102, and fruquintinib. It was observed that the efficacy

of 160 mg regorafenib, TAS-102, and fruquintinib in treating

mCRC was identical, but their toxicity profiles were different.

Therefore, any of the aforementioned agents can be used in the

clinics for the treatment of mCRC.

Conclusion

Regorafenib (80 mg) was found to be superior to the placebo, but

inferior to 160 mg regorafenib, TAS-102, and fruquintinib. It

was further observed that the efficacies of TAS-102 and fruquin-

tinib are similar, however, their toxicity profiles are different.
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