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Abstract \

Background: Patients with metastatic colorectal cancer (MCRC) often suffer from progressive disease despite previous therapy.
It has been a great challenge for those patients. In 2012, regorafenib was approved for mCRC. In this meta-analysis, we aimed to
collect and present existing data to explorethe clinical use of regorafenib.

Methods: The online electronic databases, such as PubMed, Embase, and the Cochrane library, updated to November 2017 were
systematically searched. Trials on the effectiveness of regorafenib in patients who suffer from treatment-refractory metastatic
colorectal cancer were included, of which the main outcomes included 3 parameters: overall survival (OS), progression-free survival
(PES), and grade 3/4 AE.

Results: Totally, 4 trials were included in this meta-analysis. The OD was significantly better with the use of regorafenib (OR=0.78,
95%Cl=0.65-0.94, > =69%, P=.008), and PFS (OR=0.52, 95%Cl =0.34-0.79, [?’=97%, P=.002). However, the most common
toxicities occurred more frequently in the regorafenib group than the control group (OR=3.73, 95%Cl=1.68-8.28, [°=79%,
P=.001).

Conclusion: Regorafenib demonstrates better efficacy and has manageable adverse-event profile for treatment-refractory mCRC.
Considering the safety feature of regorafenib, further studies and clinical trials are warranted to investigate the dosing of regorafenib
and alternative approaches are needed to explore predictive biomarker fortherapy selection.

Abbreviations: Cls = confidence intervals, mMCRC = metastatic colorectal cancer, ORs = odds ratios, OS = overall survival, PFS =
progression-free survival, PSM = propensity score matching, ROBI = risk of bias items, RRs = risk ratios, VEGF = vascular

endothelial growth factor.
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1. Introduction

Colorectal cancer (CRC), the third most commonly diagnosed
cancer in humans, is one of the leading causes of cancer-related
death in the world."" Patients harboring unresectable or
metastatic CRC (mCRC) with standard treatment are offered
anti-epidermal growth factor receptor (EGFR) antibodies,!*°!
antivascular endothelial growth factor (VEGF) antibodies,**!
and chemotherapy (fluoropyrimidines plus either irinotecan or
oxaliplatin) typically in the case of RAS wild-type tumors. Novel
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drugs have been developed for mCRC, and have been shown to
extend median overall survival (OS) to 30 months versus first-line
chemotherapy.l”™!

Nevertheless, few other therapeutic options can be offered to
treatment-refractory patients who develop metastases and do not
respond to the above mentioned drugs. Therefore, alternative
therapeutic approaches are in great demand for patients with
progressive diseases even who have exhausted all current
available standard treatments. Previous studies have shown that
patients harboring mCRC with disease progression after
standard chemotherapy exhibited longer OS with the use of
regorafenib versus placebo.

Regorafenib is an oral small-molecule multikinase inhibitor,
which targets drug to inhibit angiogenesis and apoptosis.®' In
the CORRECT trial (regorafenib monotherapy for patients with
mCRC who were previously treated), regorafenib and placebo
were compared in patients with mCRC who were unable to
tolerate standard therapies or refractory to all current standard
chemotherapies.!""! Regorafenib resulted in significantly longer
progression-free survival (PFS) and OS. On the basis of the results
of CORRECT, the US Food and Drug Administration approved
regorafenib on September 2012 to treat patients with refractory
mCRC.I"?!

In order to make a more rational choice of treatment for
treatment-refractory mCRC patients, we performed the current
meta-analysis to pool controlled trials with regorafenib and
analyze both the efficacy and toxicity of regorafenib.
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2. Methods and materials

2.1. Ethical review

Ethical approval was waived because this study did not involve
any human participants or animals.

2.2. Search strategy

Two investigators independently searched electronic databases,
including PubMed, Embase, and the Cochrane library updated to
November 2017. The process was established to find all articles
with the keywords “metastatic colorectal cancer” AND
“regorafenib,” and associated Medical Subject Heading (MeSH)
terms were also used. The reference materials of included articles
that dealt with the topic of interest were also manually searched
to check for additional relevant publications.

2.3. Eligibility criteria

Studies to meet the following criteria should be included in the
meta-analysis:"!! the studies were designed as randomized
controlled trials (RCTs) and propensity score matching (PSM)
controlled trials;®  patients harboring treatment-refractory
mCRG;P! the outcomes included efficacy (PFS and OS) and
toxicity (incidence of severe adverse effects), and ORs with
corresponding 9 confidence intervals (Cls) were provided;'™ only
full texts were included. Studies with complete information
would be included from overlapped or duplicated data in
multiple reports. Only English publications were eligible.

2.4. Eligibility assessment

The quality of the retrieved studies was assessed by 2 reviewers
separately. The risk of bias items (ROBI) recommended by The
Cochrane Handbook for Systematic Reviews of Interventions
was used.

2.5. Data extraction

Two authors extracted the relevant data from individual studies
separately. Disagreement was settled by discussion. The main
categories were based on the following parameters from the
eligible studies: family name of first author, year of publication,
study design, number of patients, and end point of interests. We
extracted the corresponding risk ratios (RRs) and odds ratios
(ORs) to assess the association strength for dichotomous (severe
adverse effect [SAE] rate [grade > 3]) data and survival (PFS and
0OS), respectively, with the corresponding 95% CI.

2.6. Statistical analysis

In the pooled analysis, the end points of interest were PFS, OS,
and AE. Additionally, using the method of inverse variance, the
end point outcome was regarded as a weighted average of
individual estimates of OR from included studies.

Based on heterogeneity, we performed a systematic analysis to
explore the overall results across the included studies. Heteroge-
neity across studies was examined using the I? statistic.[**! Studies
were considered to have high, moderate, or low heterogeneity
when I” was >75%, 50-75%, or 25% to 50%, respectively.m]
We used the fixed-effects model when there was low heterogene-
ity among studies. In other cases, we used the random effects
model. A P value <0.05 was considered statistically significant.
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Review Manager version 5.3 software (Revman; The Cochrane
collaboration Oxford, United Kingdom) was used to perform
further statistical analyses. Forest plots indicated the findings of
our meta-analysis, and the Begg test and the Egger test were
conducted for publication bias evaluation.

3. Results

3.1. Literature search process and characteristics of the
included studies

In total, 254 studies were searched for evaluation initially. Based
on the criteria described in the methods, 9 publications were
identified, but several publications did not provide sufficient
details of outcomes of 2 approaches. Therefore, a final total of 4
RCTs!"'I compared regorafenib versus chemotherapy. The
search process is described in Figure 1.

All the mentioned studies were based on moderate-to-high
quality evidence. Table 1 describes the major characteristics of
the qualified studies.

3.2. Clinical and methodological heterogeneity
3.2.1. Pooled analysis of PFS comparing regorafenib with

the control group. Pooled PFS data from 4 studies!™> ™" showed
significant differences in PFS of patients in the regorafenib versus
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Figure 1. PRISMA flow chart of the selection process of eligible studies for
pooling.
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the primary characteristics of the eligible studies in more detail.

Author Year Trail Study design Regorafenib The control The control arm
Jin Li 2015 CONCUR RCT 136 68 Placebo
Axel Grothey 2012 CORRECT RCT 505 255 Placebo
Takayuki Yoshino 2015 CORRECT (1) RCT 67 33 Placebo
2015 CORRECT (2) RCT 438 222 Placebo
Moriwaki T 2017 REGOTAS PSM 174 174 Trifluridine/tipiracil

CORRECT (1): in Japanese subpopulations.
CORRECT (2): in non-Japanese subpopulations.

the control group (OR=0.52, 95%CI=0.34-0.79, P=.002)
(Fig. 2).

3.2.2. Pooled analysis of OS comparing regorafenib with the
control group. Pooled OS data from all studies™*™”! showed

that regorafenib significantly improved OS of patients versus
chemotherapy (OR=0.78,95%CI=0.65-0.94, P=.008) (Fig. 3).

3.2.3. Pooled analysis of AEs comparing regorafenib with
the control group. Systematic evaluations of AE data are shown
in Figures 4-10. The most common toxicities occurred
significantly more frequently in the regorafenib group than in
the placebo group (OR=3.73,95%CI=1.68-8.28, P=.001)
(Fig. 4). The most common treatment-emergent AEs
were diarrhea (OR=7.12,95%CI=2.99-16.99, P<.00001)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
CONCUR 2015 =1.1712 0.175 19.0% 0.31[0.22, 0.44]) =
CORRECT 2012 -0.7133 0.0786 21.1% 0.49 [0.42, 0.57] -
CORRECT 2015(1) -0.755 0.2291 17.5% 0.47 [0.30, 0.74] —
CORRECT 2015(2) -0.6931 0.089 20.9% 0.50 [0.42, 0.60] -
REGOTAS 2017 -0.0619 0.0337 21.6% 0.94 [0.88, 1.00] by |
Total (95% CI) 100.0% 0.52 [0.34, 0.79] =TT
Heterogeneity: Tau® = 0.22; Chi* = 123.23, df = 4 (P < 0.00001); I’ = 97% 'ro 1 0= 0*5 1 2= é 105
Test for overall effect: Z = 3.06 (P = 0.002) i - Regor'afenib the control
Figure 2. Pooled analysis of PFS comparing regorafenib with the control group. PFS = progression-free survival.
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
CONCUR 2015 -0.5978 0.1625 16.7% 0.55 [0.40, 0.76) S
CORRECT 2012 -0.2614 0.0943 24.8% 0.77 [0.64, 0.93) =
CORRECT 2015(1) -0.2107 0.3231 6.8% 0.81 [0.43, 1.53) ——
CORRECT 2015(2) -0.2614 0.1105 22.8% 0.77 [0.62, 0.96) =
REGOTAS 2017 -0.0408 0.0621 28.8% 0.96 [0.85, 1.08) -
Total (95% CI) 100.0% 0.78 [0.65, 0.94] <
Heterogeneity: Tau’ = 0.03; Chi* = 12.90, df = 4 (P = 0.01); I’ = 69% ) t t 1 t |
Test for overall effect: Z = 2.64 (P = 0.008) o1 02 Reggr-a?fenib] the cozntrol s 10
Figure 3. Pooled analysis of OS comparing regorafenib with the control group. OS =overall survival.
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
CONCUR 2015 73 136 10 68 26.2% 6.72 [3.17, 14.24) —d
CORRECT 2012 270 500 35 253 31.5% 7.31[4.91, 10.88) —a
CORRECT 2015(1) 5 65 3 32 15.5% 0.81 [0.18, 3.60) *
CORRECT 2015(2) 43 435 10 221 26.9% 2.31[1.14, 4.70) —_——
Total (95% CI) 1136 574 100.0% 3.73 [1.68, 8.28] e
Total events 391 58
Heterogeneity: Tau® = 0.48; Chi’ = 14.23, df = 3 (P = 0.003); P = 79% :0 1 0:2 0:5 1 2: S: 10:

Test for overall effect: Z = 3.24 (P = 0.001)

Regorafenib the control

Figure 4. Pooled analysis of AEs comparing regorafenib with the control group. AEs=adverse effects.
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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
CONCUR 2015 1 136 1 68 19.2% 0.50(0.03, 8.06) * o
CORRECT 2012 36 500 2 253 35.8% 9.74[2.33,40.78) E—
CORRECT 2015(1) 1 65 0 32 9.5% 1.51[0.06, 38.15] + > *
CORRECT 2015(2) 35 435 2 221 35.5% 9.58([2.28,40.22) ———®
Total (95% CI) 1136 574 100.0% 7.12 [2.99, 16.99] —=m
Total events 73 5

Heterogeneity: Chi* = 4.74, df = 3 (P = 0.19); I’ = 37%
Test for overall effect: Z = 4.43 (P < 0.00001)

0.1 0.2

0.5 1 2
Regorafenib the control

Figure 5. Pooled analysis of diarrhea comparing regorafenib with the control group.

(Fig. 5), fatigue
(Fig. 6),

hand-foot skin

reaction

(OR=1.96,95%CI=1.27-3.04, P=.003)
(OR=38.60,95%CI=
12.23-121.80, P<.00001) (Fig. 7), thrombocytopenia (OR=
5.72,95%C1=1.74-18.75, P=.004) (Fig. 8) and hypertension

pooled data showed that the SAEs were more commonly

reported in the regorafenib group. The AEs had no statistical

significance

only

in

anorexia

with

exclusion of
regorafenib group (OR=1.17; 95% CI, 0.63-2.19; P=.62)

the

(OR=7.34,95%CI=3.28-16.41, P<.00001) (Fig. 9); the (Fig. 10).
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
CONCUR 2015 4 136 1 68 4.0% 2.03([0.22, 18.53) - +
CORRECT 2012 48 500 13 253 47.9% 1.96[1.04, 3.69) ——
CORRECT 2015(1) 5 65 3 32 11.4% 0.81[0.18, 3.60)
CORRECT 2015(2) 43 435 10 221 36.7% 2.31(1.14, 4.70) _—
Total (95% CI) 1136 574 100.0% 1.96 [1.27, 3.04] B
Total events 100 T

Heterogeneity: Chi* = 1.57, df = 3 (P = 0.67); I’ = 0%

0.1 0.2

0.5 1

Vit

Test for overall effect: Z = 3.01 (P = 0.003) Regorafenib the cozntrol "
Figure 6. Pooled analysis of fatigue comparing regorafenib with the control group.
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
CONCUR 2015 22 136 0 68 17.0% 26.92[1.61, 450.93) —
CORRECT 2012 83 500 1 253 33.9% 50.16 [6.94, 362.53) =
CORRECT 2015(1) 18 65 0 32 14.7% 25.32[1.47, 435.14) —_—
CORRECT 2015(2) 65 435 1 221 34.5% 38.65([5.33, 280.49) —
Total (95% ClI) 1136 574 100.0% 38.60 [12.23, 121.80] »
Total events 188 2
Heterogeneity: Chi* = 0.21, df = 3 (P = 0.98); F = 0% I t t t t {
Test for overall effect: Z = 6.23 (P < 0.00001) ok 9 Reggrffemb] the control 1
Figure 7. Pooled analysis of hand-foot skin reaction comparing regorafenib with the control group.
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
CONCUR 2015 4 136 0 68 16.7% 4.65 [0.25, 87.68) b +
CORRECT 2012 14 500 1 253 33.5% 7.26[0.95, 55.52) ¥
CORRECT 2015(1) 4 65 0 32 16.1% 4.76 [0.25, 91.10] = *
CORRECT 2015(2) 10 435 1 221 33.6% 5.18[0.66, 40.70] —_———
Total (95% CI) 1136 574 100.0% 5.72 [1.74, 18.75] ——=mEiemm
Total events 32 2

ity: Chi® = = = = t + t t + {
Heterogeneity: Chi* = 0.10, df = 3 (P = 0.99); I° = 0% 0.1 02 0's 1 B 10

Test for overall effect: Z = 2.88 (P = 0.004)

Regorafenib the control

Figure 8. Pooled analysis of thrombocytopenia comparing regorafenib with the control group.
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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% ClI

CONCUR 2015 15 136 2 68 30.0% 4.09[0.91, 18.44) L +
CORRECT 2012 36 500 2 253 31.2% 9.74[2.33, 40.78) —_—*
CORRECT 2015(1) 7 65 0 32 7.5% 8.33 [0.46, 150.64) *
CORRECT 2015(2) 29 435 2 221 31.3% 7.82[1.85,33.09) E——
Total (95% CI) 1136 574 100.0% 7.34 [3.28, 16.41] =T
Total events 87 6

Heterogeneity: Chi’ = 0.74, df = 3 (P = 0.86); = 0% t t i

w4
—
o

0.1 0.2 0.5

Test for overall effect: Z = 4.85 (P < 0.00001) R Ta
Figure 9. Pooled analysis of hypertension comparing regorafenib with the control group.
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
CONCUR 2015 1 136 0 68 3.6% 1.52[0.06,37.72] * ’
CORRECT 2012 16 500 7 253 48.7% 1.16[0.47, 2.86) L
CORRECT 2015(1) 6 65 3 32 19.7% 0.98 [0.23, 4.21) .
CORRECT 2015(2) 10 435 4 221 28.0% 1.28 [0.40, 4.12] =
Total (95% CI) 1136 574 100.0% 1.17 [0.63, 2.19]
Total events 33 14

ity: Chi® = = = P = I + + + + + i
Heterogeneity: Chi* = 0.10, df = 3 (P = 0.99); I’ = 0% b1 02 0's 1 3 3 10

Test for overall effect: Z = 0.49 (P = 0.62)

Regorafenib the control

Figure 10. Pooled analysis of anorexia comparing regorafenib with the control group.

4. Discussion

Regorafenib, a multikinase inhibitor and orally administered
drug, blocks the activity of several protein kinases linked to the
tumor microenvironment (fibroblast growth factor receptor and
platelet-derived growth factor receptor), oncogenesis (RAF1,
KIT, RET, BRAF, and BRAF V600E) and angiogenesis (TIE2 and
VEGF receptors 1-3).11°!

In 2012, regorafenib was approved to treat patients with CRC.
Two prospective randomized trials have shown clinically benefits
of regorafenib for patients with refractory mCRC.!"®/ Nevertheless,
there was a debate regarding the clinical significance of regorafenib
amongseveral authors due to its adverse effects.™”! Additionally,
given that the moderate beneficial effects could be found in the trial
setting, it is still uncertain for clinical practice to have similar
outcomes. We specifically focused on the question through results
aggregation from control trials of various countries.

Remarkably larger overall survival benefit had been noted in
our trial. Cross-trial comparisons were needed with cautions with
the unclear reasons for differences. Considering the different
targeted treatments had been offered earlier, the regorafenib
effect might be affected despite its independence of ethnic origin.
It indicated that patients who had received targeted treatment
(appendix) earlier may be exposed to the effect of post-study
treatment in all subgroups. A moderate-to-high heterogeneity
was presented in this meta-analysis. This heterogeneity reflected
differences in patient populations in terms of ethnicity, previous
treatment, and mutation statuses.

The commonly occurred adverse events of grade 3 or higher
with the use of regorafenib were diarrhea, hypertension, fatigue,
hand-foot skin reaction, and thrombocytopenia. Although a
larger chance of adverse events was observed in the regorafenib
group in comparison with the control group, most adverse events
could be managed through reduction or discontinuance of the

drug. The frequent occurrence of adverse events, calls for further
investigation of regorafenib dosing. According to a recently
published retrospective study, it remains unclear whether the
adverse events associated with regorafenib treatment are dose- or
time-dependent.!?®! Therefore, looking into toxicity driven
dosing is highly relevant considering the safety profile of
regorafenib. Further work is needed to determine the biomarkers
which may provide further tailoring of the therapy to obtain
clinical benefit in a maximum way.?"!

Our data indicated that regorafenib could be regarded as a
novel standard therapy for late-stage mCRC. However, several
unsolved questions exist for further investigation. On one hand,
the mechanism of regorafenib on how to activate in human CRC
remains to be explored regardless of the available preclinical data
in CRC models.?>?%! On the other hand, different responses
could be gained with patients in different subgroups through
regorafenib therapy. The validation and identification of
biomarkers that are to refine the patient populations might
obtain benefit from regorafenib. Further work is in great need to
identify the subgroups of the current study.

In conclusion, the current evidence indicated that regorafenib
conferred a survival benefit mCRC patients not responding to
standard treatments. The AEs associated with regorafenib
treatment frequently occurred. Considering the safety profile
of regorafenib, further studies and clinical trials to investigate the
dosing of regorafenib and alternative approaches are needed to
explore molecular biomarkers for therapy selection.
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