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ABSTRACT

Background. Regorafenib at different dosing strategies and
TAS-102 are treatment options for refractory metastatic colo-
rectal cancer (mCRC). We aimed to evaluate the comparative
effectiveness evidence supporting these different strategies.
Materials and Methods. We searched different databases for
randomized controlled trials evaluating TAS-102 or regorafenib
in patients with refractory mCRC who failed prior oxaliplatin,
irinotecan, and fluoropyrimidine. Outcomes of interest
included overall survival (OS) and progression-free survival
(PFS). The overall effect was pooled using the DerSimonian
random effects model. We conducted network meta-analysis
based on White’s multivariate meta-regression to pool evi-
dence from direct and indirect comparisons.
Results. Six trials at low risk of bias (2,445 patients) were
included. Direct comparisons showed that Rego 160 and

TAS-102 as monotherapy were superior to best-supportive
care (BSC) in terms of PFS (Rego 160: hazard ratio [HR], 0.4;
95% confidence ratio [CI], 0.26–0.63; TAS-102: HR, 0.46 CI,
0.40–0.52) and OS (Rego 160: HR, 0.67; CI, 0.48–0.93;
TAS-102: HR, 0.67; CI, 0.57–0.80). Network analysis showed
no statistically difference in PFS or OS between Rego 160
and TAS-102. Rego 80+ was superior to BSC in terms of OS
(HR, 0.44; CI, 0.23–0.84) and PFS (HR, 0.37; CI, 0.21–0.66).
Rego 80+ was associated with statistically nonsignificant
improvement in OS and PFS compared with TAS-102 and
Rego 160.
Conclusion. Regorafenib 160 and TAS-102 appear to have sim-
ilar efficacy. Rego 80+ is shown to be superior to BSC. A trend
for improved OS was observed with Rego 80+ versus Rego
160 or TAS 102. The Oncologist 2019;24:1174–1179

Implications for Practice: Regorafenib at a dose of 160 mg and TAS-102 appear to have similar efficacy in patients with
refractory metastatic colorectal cancer. Regorafenib with a dose escalation strategy is superior to best-supportive care.
Given its tolerability and the observed trend in survival benefit compared with regorafenib 160, dose escalation strategy of
regorafenib (80+) may be the preferred option in this setting.

INTRODUCTION

The mainstay of treatment for advanced metastatic colorectal
cancer (mCRC) includes a combination of chemotherapy and
targeted agents aiming to prolong survival while preserving
and improving quality of life [1]. First- and second-line treat-
ments usually include a combination of oxaliplatin or irinotecan
with a fluoropyrimidine (5-fluorouracil or capecitabine). In addi-
tion, targeted agents are usually added and include monoclo-
nal antibodies that are directed against epidermal growth
factor receptor (EGFR) in RAS wild-type patients, or vascular
endothelial growth factor (VEGF) [2]. These combinations have

led to a significant improvement in overall survival in mCRC
that is now reaching up to a median of 30 months [3, 4].
Beyond the second line, also known as refractory mCRC, treat-
ment options include 2 agents, namely regorafenib and TAS-
102 [5, 6]. Regorafenib is a multikinase inhibitor that blocks
the activity of vascular endothelial grown factor receptor
(VEGFR) in addition to other kinases involved in tumor angio-
genesis [7], whereas TAS-102 is an oral nucleoside cytotoxic
agent that comprised trifluridine and tipiracil hydrochloride
at a molar ratio of 1:0.5 [8].
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Herein, we present the results of a systematic review and
network meta-analysis that aim to evaluate the comparative
effectiveness evidence supporting the use of regorafenib and
TAS-102 in patients with refractory mCRC.

MATERIALS AND METHODS

The reporting of this systematic review follows the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) statement [9].

Data Sources and Search Methods
A comprehensive literature search was performed for full-
text articles published in print or online from database incep-
tion up to August 2018 from electronic databases, MEDLINE,
EMBASE, Scopus, Web of Science, and the Cochrane Central
Register of Controlled Trials (CENTRAL). Detailed search strat-
egy is as described in supplemental online Appendix 1. The
terms “metastatic colorectal cancer,” “TAS-102,” “trifluridine/
tipiracil,” and “regorafenib” were used to identify the trials
of interest. Two individual reviewers (M.B.S. and R.B.) identi-
fied and reviewed full-text articles that were deemed rele-
vant by screening the list of titles. Disagreements between
the two reviewers were resolved with consensus.

Study Eligibility and Outcome Measures
We searched for trials that investigated the effect of
regorafenib and TAS-102 in refractory mCRC compared with
best-supportive care (BSC). Only randomized controlled trials
(RCTs) were included. Uncontrolled trials were excluded.

Outcomes of interest were overall survival (OS), progression-
free survival (PFS), adverse events, and quality of life.

Data Extraction
Prespecified data elements were extracted from each trial
using a structured data abstraction form, including baseline
characteristics, sample size, and interventions used (Table 1).
Two reviewers extracted the data from the included trials
(M.B.S. and R.B.), and disagreements were resolved by refer-
ring to a third reviewer (B.F.). The number of events in each
trial was extracted, when available, based on the intention-
to-treat approach.

Risk of Bias Assessment and Quality of Evidence
The methodologic quality was assessed using the Cochrane
risk-of-bias tool [10]. Two reviewers independently assessed
trial quality by examining several components: generation
of allocation, concealment of allocation, blinding of partici-
pants, caregivers, data collectors, and outcome assessors,
incomplete outcome data, and any other potential source of
bias. The quality of evidence (i.e., certainty in the estimates)
was evaluated using the GRADE approach (Grading of Recom-
mendations Assessment, Development, and Evaluation) [11].

Statistical Analysis
We extracted hazard risk (HR) from the included trials.
Logarithm-transformed HR was pooled using the DerSimonian
and Laird random effects model. We conducted network
meta-analysis based on White’s multivariate meta-regression
to pool evidence from direct and indirect comparisons. We

Table 1. Baseline characteristics of the included trials

Study Medications
No. of
patients Study period

Median age
(range), yr Study sites PFS OS

ECOG
PS 0, %

KRAS
mutated,
%

CORRECT 2013 Rego 160 505 April 30, 2010–
March 22, 2011

61 (54–67) North America,
Europe, Asia
and Australia

1.9 6.4 52 54

BSC 255 61 (54–68) 1.7 5 57 62

CONCUR 2015 Rego 160 136 April 29, 2012–
Jan 19, 2013

57.5 (50–66) 25 centers in Asia 3.2 8.8 26 34

BSC 68 55.5 (48.5–62.0) 1.7 6.3 22 26

ReDOS 2018 Rego 80+* 54 March 27, 2015–
September 1, 2017

62 (53– 68) 22 sites in the U.S. 2.5 9 37 38.9

Rego 160 62 61 (53– 68) 2 5.9 37 53.2

RECOURSE
2015

TAS-102 534 June 17, 2012–
October 8, 2014

63 (27–82) Multicenters;
global,
including U.S.

2 7.1 56 51

BSC 266 63 (27–82) 1.7 5.3 55 51

Yoshino 2012 TAS-102 112 August 25, 2009–
April 12, 2010

63 (28–80) Multicenters;
Japan

2 9 64 45

BSC 57 62 (39–79) 1 6.6 61 52

TERRA TAS-102 271 October 16, 2013–
June 15, 2015

58 (26–81) 2 7.8 24 37

BSC 135 56 (24–80) 1.8 7.1 22 37

*Rego 80+ is a dose-escalation strategy with weekly increase in the dosing if no drug-related side effects up to 160 mg/day.
Abbreviations: BSC, best-supportive care and placebo; ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PFS, progression-free
survival; PS, performance status.
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used the I2 statistic to assess for heterogeneity across the
included trials. Two sided p value <.05 was deemed statistically
significant.

RESULTS

Included Studies
A total of 1,007 titles and abstracts were identified by the
screening electronic search strategy, of which 12 full-text
articles met the eligibility for assessment (Fig. 1). Six trials
met the inclusion criteria [7, 12–16]. (Fig. 1; Table 1).

These six included trials encompassing a total of 2,445
patients. Three trials evaluated TAS-102 versus BSC [14–16].
Two trials compared regorafenib 160 mg with BSC, and one
trial compared two different dosing strategies of regorafenib
(ReDOS trial): Rego 160 (regorafenib at 160 mg once daily for
the first 3 weeks of each 4 week cycle) versus a dose escala-
tion strategy, Rego 80+ (regorafenib at 80 mg per day, weekly
dose escalation if no significant drug-related toxicities, up to
160 mg per day) [7, 12, 13]. Median age in these trials ranged
from 24–81 years. All the trials included patients with Eastern
Cooperative Oncology Group (ECOG) performance status (PS)
of 0–1 except Yoshino 2012, which also included patients
with ECOG PS of 2 (Table 1; Fig. 2).

TAS-102 Versus BSC
Three RCTs evaluated the efficacy of TAS-102 versus BSC in
patients with refractory advanced mCRC (Table 1). The first
trial was a multicenter phase II trial in Japan [16]. The OS
benefit seen in this trial was confirmed in two other phase
III trials: TERRA, which was conducted in China, Korea, and
Thailand, and RECOURSE, a global phase III study that led to
the U.S. Food and Drug Administration approval of TAS-102
in the U.S. [14, 15]. Pooling the results of the three trials
that evaluated the efficacy of TAS-102 versus BSC demon-
strated an improvement in both PFS (HR, 0.46; 95% confi-
dence interval [CI], 0.40–0.52) and OS (HR, 0.67; 95% CI,
0.57–0.80; Fig. 3).

Rego 160 Versus BSC
Two RCTs evaluated the efficacy of Rego 160 versus BSC in
patients with refractory advanced mCRC; one was con-
ducted globally (CORRECT), and the other was in Asia
(CONCUR) [7, 13]. Both trials showed that regorafenib
160 mg improved PFS and OS over placebo in patients with
refractory mCRC (Table 1). A meta-analysis of these two
trials showed that compared with BSC, Rego 160 demon-
strated an improvement in both PFS (HR, 0.40; 95% CI,
0.26–0.63) and OS (HR, 0.67; 95% CI, 0.48–0.93; Fig. 3).

Network Meta-Analysis
Six trials were included in the network meta-analysis
(Table 1; Fig. 2). Both Rego 160 and TAS-102 appear to have
similar efficacy in refractory mCRC in terms of PFS (HR, 0.93;
95% CI, 0.66–1.32) and OS (HR, 1.00; 95% CI, 0.72–1.41;
Table 2). The dose escalation strategy of regorafenib (Rego
80+) was found to be superior to BSC in terms of OS (HR,
0.44; 95% CI, 0.23–0.84) and PFS (HR, 0.37; 95% CI,
0.21–0.66). In contrast, neither TAS-102 nor Rego 160 was
found to have superior OS or PFS compared with Rego 80+.

Adverse Events and Quality of Life
TAS-102 and regorafenib are known to have different toxicity
profiles. Therefore, only descriptive data are reported here,
with no statistical analysis comparing the two. Pertinent
adverse events were collected and summarized in supple-
mental online Table 1. TAS-102 is associated with more
cytopenias compared with regorafenib, which is more associ-
ated with hand-foot skin reaction (HFSR) and hypertension
(supplemental online Table 1). Quality of life data were
reported in the trials evaluating the effectiveness of
regorafenib 160 versus BSC (CONCUR and CORRECT) [7, 13].
These trials showed a similar deterioration in quality of life in
both the regorafenib and placebo groups. In contrast, unlike
the regorafenib 160, the dose escalation strategy did not
appear to compromise quality of life at the second week of

Figure 1. Flow chart showing the search and screening process.

Figure 2. Evidence network of the different studied interven-
tions that are included in the network meta-analysis. The num-
bers refer to the number of trials, and the thickness of the
connecting line corresponds to the number of trials between
comparators.
Abbreviation: BCC, best-supportive care.
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therapy initiation in the ReDOS trial [12]. None of the TAS-
102 trials reported quality of life results. However, it was
noted in the RECOURSE trial that the median time to the
change of ECOG PS to 2 or worse in TAS-102 group was lon-
ger (5.7 months) than the placebo group (4 months) [14].

Risk of Bias
A qualitative assessment was performed by assessing vari-
ous indicators for each individual study using the aforemen-
tioned tools for risk of bias and quality assessment. Overall,
the trials were deemed to be at low risk for bias (supple-
mental online Figs. 1 and 2).

Quality of Evidence
The quality of the evidence for the comparisons of both
regorafenib versus BSC and TAS-102 versus BSC was high
(for the outcome of OS). However, because of imprecision,
the quality was low for the indirect comparison (regorafenib
vs. TAS-102; supplemental online Table 2).

DISCUSSION

In this systematic review and meta-analysis of patients with
refractory mCRC, we found that regorafenib 160 and TAS-
102 have comparable efficacy and are superior to placebo.

Figure 3. Meta-analyses of the included trials. (A): Overall survival analysis. (B): Progression-free survival analysis.
Abbreviation CI, confidence interval.
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Similarly, the data demonstrate that the dose escalation
strategy of regorafenib 80+ is superior to placebo.

In our analysis, neither TAS-102 nor Rego 160 was found
to have superior OS or PFS compared with dose escalation
strategy of regorafenib (Rego 80+). In contrast, a trend
toward the hazard ratio for OS favored Rego 80+ over TAS-
102 and Rego 160.

In addition to extending survival, one of the main goals
of palliative therapy is to preserve or improve quality of life
compared with placebo. This could be best achieved when
the treatment controls the disease without side effects that
significantly deteriorate quality of life. TAS-102 and
regorafenib have different side effect profiles with more
hematological toxicities associated with TAS-102 compared
with HFSR, and hypertension with regorafenib [7, 12–16].
Both the CONCUR and CORRECT trials showed similar deteri-
oration in quality of life measures in patients who received
regorafenib versus placebo [7, 13]. Interestingly, patients
who received the dose escalation strategy of regorafenib did
not appear to have a decrease in quality of life at the sec-
ond week of therapy initiation compared with full-dose
regorafenib [12]. This is related to the lower rates of adverse
events reported with the Rego 80+ compared with Rego 160.

The sequencing of treatment in refractory mCRC is a key
component in enabling patients to receive all available
agents which will likely translate to improved patient out-
comes [17]. There are no major randomized trials comparing
agents that are used in the refractory setting. Recently, the
REVERCE study (randomized phase II study of regorafenib
followed by cetuximab vs. the reverse sequence in patients

with mCRC) showed that early introduction of regorafenib
prior to cetuximab was associated with longer OS (17.4
vs. 11.6 months; HR, 0.61l; 95% CI, 0.39–0.96) and trended
to an improvement in PFS and PFS2 [18]. In addition, we
learn from the RECOURSE trial that patients with prior
regorafenib exposure appeared to maintain benefit from
TAS-102 compared with those who are regorafenib naive
[14]. It is therefore possible that regorafenib may provide
improved benefit when allowed to be used as indicated but
earlier in the treatment paradigm [17]. Clinically, multiple fac-
tors should be taken into consideration when choosing
between the two agents, including comorbidities, toxicity
profile, and patient preferences.

Of note, Abrahao et al. previously reported a network
meta-analysis of only three (CORRECT, CONCUR, and
RECOURSE) of the 6 included trials here comparing
regorafenib 160 with TAS-102 and found similar efficacy
between the two [19]. Our study expands on this by includ-
ing three additional landmark trials and provides simulta-
neous assessment of the relative efficacy of the different
dosing strategies for regorafenib. Limitations of our study are
related to both the network analysis and individual trials.
Given the limited number of direct comparative effectiveness
trials, estimates based purely on indirect treatment compari-
sons typically warrant lower confidence compared with those
based on combined direct- and indirect-treatment compari-
sons. In addition, our analysis was performed with study-
level data rather than individual patient data, which would
limit the power of our analysis.

CONCLUSION

In patients with refractory mCRC, regorafenib 160 (once daily
for the first 3 weeks of each 4 week cycle), and TAS-102
appear to have similar efficacy and are superior to BSC. In
addition, the dose escalation strategy of regorafenib 80+
(80 mg per day, weekly dose escalation if no significant drug-
related toxicities, up to 160 mg per day) is superior to BSC.
Given its tolerability and the observed trend in OS benefit
compared with regorafenib 160, dose escalation strategy of
regorafenib (80+) may be the preferred option in this setting.
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For Further Reading:
Toshikazu Moriwaki, Shota Fukuoka, Hiroya Taniguchi et al. Propensity Score Analysis of Regorafenib Versus
Trifluridine/Tipiracil in Patients with Metastatic Colorectal Cancer Refractory to Standard Chemotherapy (REGOTAS): A
Japanese Society for Cancer of the Colon and Rectum Multicenter Observational Study. The Oncologist 2018;23:7–15.

Implications for Practice:
Previous studies of patients with metastatic colorectal cancer refractory to standard chemotherapy had demonstrated
that both regorafenib and trifluridine/tipiracil could result in increased overall survival compared with placebo, but
there are no head‐to‐head trials. This large, multicenter, observational study retrospectively compared the efficacy of
regorafenib and trifluridine/tipiracil in 550 patients with metastatic colorectal cancer refractory to standard
chemotherapy who had access to both drugs. Although no difference in overall survival was found between the two
drugs in adjusted analysis using propensity score, regorafenib showed favorable survival in patients aged <65 years,
whereas trifluridine/tipiracil was favored in patients aged ≥65 years in the subgroup analysis.
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