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Abstract

Objective: We performed this meta-analysis to compare the efficacy and toxicity of regorafenib
and TAS-102.

Methods: Electronic databases were searched to identify studies comparing the efficacy and
safety of regorafenib and TAS-102 in patients with chemotherapy-refractory metastatic colorectal
cancer using pooled analyses.

Results: Three clinical trials were included in this analysis. Regarding the reasons for treatment
discontinuation, regorafenib was significantly associated with disease progression (odds ratio
[OR]=0.33, 95% confidence interval [Cl]]=0.21-0.50) and adverse events (OR=4.38, 95%
Cl=2.69-7.13). However, overall (OR =0.97, 95% CI =0.81-1.17) and progression-free survival
(OR=1.01l, 95% Cl=0.86—1.18) did not significantly differ between the groups. The most
common treatment-related adverse events in the regorafenib group were neutropenia
(OR=0.06, 95% CI=0.03-0.11), hand—foot syndrome (OR =50.34, 95% Cl=10.44-242.84),
and liver dysfunction (OR =34.51, 95% CI=8.30—-143.43). Conversely, the incidence of throm-
bocytopenia did not differ between the two groups.

Conclusions: Regorafenib and TAS-102 have similar efficacy but different adverse event profiles.
Differences in the toxicity profiles of the two drugs will help guide treatment selection.
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Introduction

Globally, colorectal cancer (CRC) is the
third most common cancer' and the
second leading cause of cancer-associated
death.? In the initial diagnosis, approxi-
mately 25% of patients with CRC present
with synchronous metastatic disease, and
more than half of patients are diagnosed
with metastases.>*

There has been substantial progress in
the treatment of unresectable or metastatic
CRC (mCRC), with combinations of che-
motherapy drugs® and molecular targeted
drugs,®® contributing to prolonged overall
survival (OS) and improved quality of life
(QOL).” However, the outcomes of these
treatments are not satisfactory, and many
patients experience disease progression
after standard therapy. Thus, well-
tolerated, effective treatment options for
patients  with  chemotherapy-refractory
mCRC are desired.

Regorafenib, an oral multi-molecular
targeted drug that inhibits tumor angiogen-
esis and apoptosis,'® was reported to pro-
long OS and progression-free survival
(PFS) compared with the effects of placebo
in patients with mCRC who are resistant to
standard treatment in the CORRECT
trial.'" The drug has been approved by the
US Food and Drug Administration and
European Medicines Agency for the treat-
ment of refractory mCRC. Meanwhile, the
novel combination regimen trifluridine
(FTD)/tipiracil (TPI), also known as TAS-
102, has recently emerged as a treatment for
mCRC.

FTD is the active antitumor component
of TAS-102, and it is incorporated into

DNA in tumor cells, resulting in double-
strand DNA breaks.!”> TPI is a potent
inhibitor of thymidine phosphorylase that
serves to increase the efficacy of FTD
by preventing its degradation.'*'* The
RECOURSE trial indicated that TAS-102
improved OS and PFS compared with the
effects of placebo in the refractory setting.'”

Based on these findings, regorafenib and
TAS-102 are both considered new treat-
ment options for salvage line therapy.
Recent retrospective studies described the
comparable efficacy of these drugs,
although their toxicity profiles differed.'®
Thus, it remains unclear which drug
should be administered as a standard ther-
apy for refractory mCRC.

Our meta-analysis examined existing
data from previous retrospective trials com-
paring regorafenib and TAS-102 regarding
their benefits and drawbacks and provided
an overview of the efficacy and safety of
both drugs.

Methods and materials

Search strategy

Studies on the efficacy and safety of regor-
afenib and TAS-102 in the treatment of
refractory mCRC published through
December 2018 were retrieved. The search-
able databases included PubMed,
EMBASE, and Cochrane Library, and the
following keywords were used: “metastatic
colorectal cancer,” “TAS-102,” AND
“regorafenib.” In addition, relevant
Medical Subject Heading terms were uti-
lized. The reference lists of all relevant
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articles were also manually searched to
identify additional pertinent studies.

Eligibility criteria

Articles were selected for inclusion in
this meta-analysis based on the following
criteria: (1) inclusion of patients with
treatment-refractory mCRC; (2) the studies
reported data for efficacy (OS, PFS, and
the reason for treatment discontinuation)
and toxicity (incidence of severe adverse
effects); and (3) the full texts were available.
When studies included overlapped or dupli-
cated data, those with the more complete
information were included. In addition,
only studies published in English were
included.

Quality assessment

Two investigators independently assessed
the quality of the included studies. We
selected the risk of bias items recommended
by The Cochrane Handbook for Systematic
Reviews of Interventions.

Data extraction

Two authors extracted the relevant data
from individual studies separately, and dif-
ferences were settled through discussion.
From each of the eligible studies, the main
variables extracted were the authors’
names, year of publication, country of pub-
lication, number of patients, mean age,
number of male patients, and endpoints of
interest. We extracted the corresponding
variables and risk estimates of mortality
with 95% confidence intervals (CIs).

Statistical analysis

A sensitivity analysis was also performed to
examine the impact of heterogeneity on the
overall results. To assess the heterogeneity
of the included studies and determine the
model for analysis, the I statistic and

chi-squared test were used.'” A fixed-
effects model was used if the heterogeneity
was insignificant (I < 50%). If the hetero-
geneity was significant (I > 50%) or uncer-
tain, we used a random-effects model for
further analysis.'® P < 0.05 denoted statisti-
cal significance. Review Manager version
5.3 software (RevMan; The Cochrane
Collaboration, Oxford, UK) was used to
perform further statistical analyses.

Results

Overview of the literature search and
study characteristics

In total, 156 articles were initially identified.
Based on the eligibility criteria, 153 articles
were excluded because of the absence of
relevant outcome data. Therefore, three
trials' ' comparing regorafenib and
TAS-102 were included in the analysis.
The search process is described in Figure 1.
All studies included in this study were based
on moderate- to high-quality evidence.
Table 1 provides a brief description of
these three studies.

Clinical and methodological heterogeneity

Pooled analysis comparing PFS  between
regorafenib and TAS-102. Pooling the PFS
data from all studies revealed that the two
drugs had similar effects on PFS
(OR=1.01, 95% CI=0.86-1.18, P=0.93,
Figure 2).

Pooled  analysis comparing OS  between
regorafenib and TAS-102. The pooled data
revealed no difference in OS between the
two drugs (OR=0.97, 95% CI=0.81-
1.17, P=0.77, Figure 3).

Pooled analysis comparing the reasons for
treatment discontinuation between regorafenib
and TAS-102. Concerning the reasons for
treatment discontinuation, regorafenib was
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Figure 1. PRISMA flowchart of study selection.

associated with significantly rates of disease
progression (OR=0.33, 95% CI=0.21-
0.50, P<0.00001, Figure 4) and adverse
events (OR=4.38, 95% CI=2.69-7.13,
P <0.00001, Figure 5) than TAS-102.

Pooled analysis comparing adverse events
between regorafenib and TAS-102. The results
of systematic evaluations of adverse events
are presented in Figures 6-9. The incidence
of the most common toxicities was higher in
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Table I. The primary characteristics of the eligible studies.

Number of patients

Mean patient age

Number of
male patients

First author Year Country Regorafenib TAS-102 Regorafenib TAS-102 Regorafenib TAS-102 Reference
Toshinori Sueda 2016 Japan 23 14 59 66 12 10 19
Toshikazu 2018 Japan 146 54 Not Not 126 197 20
Moriwaki report report
Toshiki Masuishi 2016 Japan 223 327 64 64 90 30 21
Odds Ratio 0Odds Ratio
Study or Subgroup log(Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Toshikazu Moriwaki 2018 -0.0619 0.0952 74.1% 0.94 (0.78, 1.13)
Toshiki Masuishi 2016 0.1823 0.1641 24.9% 1.20(0.87, 1.66] il
Toshinori Sueda 2016 0.8022 0.8535 0.9% 2.23 [0.42, 11.88] *
Total (95% CI) 100.0% 1.01 [0.86, 1.18]

Heterogeneity: Chi* = 2.53, df = 2 (P = 0.28); F = 21%

0.1 0.2

. S

YRS

0.5

Test for overall effect: Z = 0.09 (P = 0.93) Regorafenib TAS-102 4
Figure 2. Pooled analysis of progression-free survival in the regorafenib and TAS-102 groups.
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Toshikazu Moriwaki 2018 -0.0408 0.1059 75.5% 0.96[0.78, 1.18)
Toshiki Masuishi 2016 0.01 0.1871 24.2% 1.01[0.70, 1.46) -
Toshinori Sueda 2016 0.5083 1.7525 0.3% 1.66 [0.05, 51.58)
Total (95% CI) 100.0% 0.97[0.81, 1.17] &
Heterogeneity: Chi® = 0.15, df = 2 (P = 0.93); " = 0% b t p |
0.01 0.1 10 100
Test for overall effect: Z = 0.29 (P = 0.77) Favours [experimental] Favours [control]
Figure 3. Pooled analysis of overall survival in the regorafenib and TAS-102 groups.
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Toshikazu Moriwaki 2018 168 223 296 327 79.3% 0.32(0.20,0.52]
Toshiki Masuishi 2016 126 146 47 50 12.9% 0.40 [0.11, 1.42] —
Toshinori Sueda 2016 14 23 12 14 7.8%  0.26 [0.05, 1.44] *
Total (95% CI) 392 391 100.0% 0.33 [0.21, 0.50] ‘
Total events 308 355

- Chi* = =2(p= P = ! i ! i } i
Heterogeneity: Chi* = 0.18,df = 2 (P = 0.91); I = 0% b1 o2 10

Test for overall effect: Z = 5.04 (P < 0.00001)

0.5 1 2
Regorafenib TAS-102

Figure 4. Pooled analysis of the reasons for treatment discontinuation due to disease progression in the

regorafenib and TAS-102 groups.

the regorafenib group than in the TAS-102
group. The most common treatment-
related adverse events in the regorafenib
group were neutropenia (OR =0.06, 95%

CI=0.03-0.11, P<0.00001, Figure 6),
hand—foot syndrome (OR=50.34, 95%
CI=10.44-242.84, P <0.00001, Figure 7),
and liver dysfunction (OR =34.51,
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Toshikazu Moriwaki 2018 54 223 21 327 78.9% 4.66(2.72,7.97]
Toshiki Masuishi 2016 13 23 3 14 9.9% 4.77 [1.04, 21.79] —t
Toshinori Sueda 2016 6 23 2 14 11.2% 2.12 [0.36, 12.34] ’
Total (95% CI) 269 355 100.0%  4.38 [2.69, 7.13] P et
Total events 73 26
Heterogeneity: Chi® = 0.71, df = 2 (P = 0.70); I’ = 0% L + t b + |
Test for overall effect: Z = 5.94 (P < 0.00001) %L B2 Reggr'asfemblTAs-lzuz I.G

Figure 5. Pooled analysis of the reasons for treatment discontinuation due to adverse events in the

regorafenib and TAS-102 groups.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Toshikazu Moriwaki 2018 6 223 107 327 72.9% 0.06[0.02, 0.13] +—
Toshiki Masuishi 2016 4 146 20 54 24.5% 0.05[0.02, 0.15] +—
Toshinori Sueda 2016 0 23 2 14 2.6% 0.11[0.00, 2.39] *
Total (95% CI) 392 395 100.0% 0.06 [0.03, 0.11] ~
Total events 10 129
Heterogeneity: Chi® = 0.24, df = 2 (P = 0.89); I' = 0% }D 1 052 0‘5 1 10=
Test for overall effect: Z = 8.27 (P < 0.00001) 7" Regorafenib TAS-102
Figure 6. Pooled analysis of the incidence of neutropenia in the regorafenib and TAS-102 groups.
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Toshikazu Moriwaki 2018 44 223 0 327 22.8% 162.38 [9.94, 2652.40] L4
Toshiki Masuishi 2016 30 146 0 54 40.4% 28.54 [1.71, 475.36] —_—
Toshinori Sueda 2016 3 23 0 14 36.8% 4.95 [0.24, 103.36) -
Total (95% CI) 392 395 100.0%  50.34 [10.44, 242.84] »
Total events 77 0
Heterogeneity: Chi* = 3.07,df = 2 (P = 0.22); I’ = 35% t + + + + J
Test for overall effect: Z = 4.88 (P < 0.00001) 0.1 0.2 Regg':fenlb TAS-].ZOZ 10

Figure 7. Pooled analysis of the incidence of hand—foot syndrome in

the regorafenib and TAS-102 groups.

Experimental Control 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Toshikazu Moriwaki 2018 27 223 1 327 41.4% 44.91 [6.05, 333.08) —
Toshiki Masuishi 2016 44 146 0 54 29.5% 47.32[2.86, 783.37) ="
Toshinori Sueda 2016 4 23 0 14 29.1% 6.69[0.33,134.39] L mnd
Total (95% CI) 392 395 100.0% 34.51[8.30, 143.43) -
Total events 75 1

Heterogeneity: Chi® = 1.26, df = 2 (P = 0.53); ¥ = 0% 50 1 052 t } é 10=

Test for overall effect: Z = 4.87 (P < 0.00001)

0.5 2
Regorafenib TAS-102

Figure 8. Pooled analysis of the incidence of liver dysfunction in the regorafenib and TAS-102 groups.

95% CI=8.30-143.43, P <0.00001,
Figure 8). Conversely, the incidence of
thrombocytopenia (OR=1.97; 95%
CI=0.98-3.97; P=0.06, Figure 9) did not
differ between the two groups.

Discussion

Despite advances in treatment and diagno-
sis, many patients with mCRC experience
disease progression despite the use of stan-
dard therapies, resulting in high mortality
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Experimental Control

Study or Subgroup Events Total Events Total

Toshikazu Moriwaki 2018 14 223 11 327 71.8%
Toshiki Masuishi 2016 11 146 2 54 23.2%
Toshinori Sueda 2016 1 23 0 14 5.0%
Total (95% CI) 392 395 100.0%
Total events 26 13

Heterogeneity: Chi* = 0.01, df = 2 (P = 0.99); I’ = 0%

Test for overall effect: Z = 1.90 (P = 0.06)

7
0Odds Ratio Odds Ratio
Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.92 [0.86, 4.32) =
2.12 [0.45, 9.88)
1.93 [0.07, 50.76) *
1.97 [0.98, 3.97] ——OEEEE—
0.1 0.2 0.5 1 2 5 10

Regorafenib TAS-102

Figure 9. Pooled analysis of the incidence of thrombocytopenia in the regorafenib and TAS-102 groups.

rates.”> Recently, there has been interest in
clinical research for the treatment of
chemotherapy-resistant mCRC to further
improve outcomes in this specific setting.
Thus, the need for efficacious and less
toxic treatment options has  been
recognized.

Recent trials have reported survival ben-
efits with tolerable toxicity profiles for
regorafenib and TAS-102 versus placebo
after the failure of standard chemotherapies
in patients with mCRC.""'3%3-* Both drugs
have been accepted for use in the US,
Europe, and Japan.21 However, criteria
for the appropriate selection of regorafenib
or TAS-102 have not yet been established.
Thus, we performed a meta-analysis of the
efficacy and toxicity of both drugs in
patients with mCRC who were intolerant
to standard chemotherapies.

In terms of efficacy, no difference in PFS
or OS was observed between the two drugs.
These results indicate that regorafenib or
TAS-102 confer similar improvements in
survival among patients with mCRC who
are refractory to standard treatments. In a
study by Moriwaki and colleagues,*' regor-
afenib provided an OS benefit in patients
aged <65 years, whereas TFD tended to
be more beneficial in elderly patients. The
reason for this difference is unclear. It is
possible that tolerance to regorafenib
decreases with age, whereas tolerance to
TFD was similar between the age groups.
Additionally, Sueda et al."” reported that
patients who received crossover treatment
with both drugs exhibited better OS than

patients who received only one of the
drugs. This result indicates that strategies
that maximize the availability of both
drugs can prolong OS in patients with
refractory disease. Moreover, potential pre-
dictive or prognostic biomarkers of regora-
fenib efficacy were evaluated in a
retrospective study.? The results illustrated
that the KRAS and PIK3CA mutational
status may be predictive of clinical benefit
for regorafenib treatment. In studies of
TAS-102, no correlation was observed
between the efficacy of TAS-102 and two
potential biomarkers: thymidine kinase 1
and thymidine phosphorylase.?® To our dis-
appointment, no predictive biomarkers for
the efficacy and safety of TAS-102 have
been found. Therefore, it is relevant that
selection criteria, including patients’ clinical
factors and a history of previous therapy,
are associated with efficacy profiles.
However, the results emphasize the need
for further investigation.

Several factors may affect patient adher-
ence to treatment, with perhaps the most
important being the management of symp-
toms and/or side effects of treatments.>”*®
The adverse events associated with regora-
fenib and TAS-102 treatment were revers-
ible and not life-threatening.”” In our
analysis, the most frequently reported
grade >3 adverse events in the regorafenib
group were neutropenia, hand-foot syn-
drome, and liver dysfunction. Despite
their frequency, these adverse events were
mostly manageable, but they can cause
significant suffering and require dose
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adjustment and treatment discontinuation.
Because regorafenib-related toxicities might
worsen patient QOL, it is possible that
regorafenib-related adverse events affected
disease progression during treatment and
prompted  treatment  discontinuation.
Therefore, it is highly important to consider
toxicity-driven dosing. Currently, an initial
reduction of the regorafenib dose is being
investigated by some ongoing studies to
clarify the efficacy and safety of this treat-
ment (NCT02368886, UMINO000014661).%

This study had some limitations. First,
all included studies were retrospective non-
randomized analyses; thus, the possibility
of bias cannot be eliminated, which may
have affected the results. Second, the effica-
cy of regorafenib and TAS-102 may differ
among different patient subgroups. Further
investigations of these regimens in a large-
scale study with greater statistical power are
needed.

Conclusion

Our meta-analysis found that regorafenib
and TAS-102 have similar efficacy but dif-
ferent adverse event profiles in patients with
mCRC who are refractory to standard che-
motherapy. To our knowledge, patient
comorbidities and the safety profiles of the
drugs are the major drivers of the selection
of regorafenib or TAS-102. Further analy-
ses of biomarkers, assessments of initial
dose reduction, or the use of combination
therapy may aid in further tailoring the
treatment  for  chemotherapy-resistant
mCRC to obtain maximal clinical benefits.
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