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Abstract

Purpose of Review This paper reviews the development,
mechanism of action, clinical efficacy, and safety of regoraf-
enib and TAS-102. Through this review, we aimed to help
clinicians make an appropriate choice in patients who
progressed after standard therapies.

Recent Findings Regorafenib and TAS-102 have shown su-
perior survival results compared with placebo in refractory
metastatic colorectal cancer (mCRC). In the phase III
CORRECT study, regorafenib showed significant improve-
ment in overall survival (OS) and progression-free survival
(PFS). TAS-102 was associated with OS and PFS benefit as
well in the phase [Il RECOURSE study. However, the toxicity
profiles were quite different between the two agents.
Summary Regorafenib and TAS-102 are approved for the
management of refractory mCRC. Optimal treatment se-
quence for using these two novel agents is not defined yet.
Safety profiles and patient’s condition should be considered
before using these two agents in clinical settings. Further in-
vestigation is needed to identify the predictive biomarkers of
both agents. These results will allow patients to benefit more
from regorafenib and TAS-102.
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Introduction

Colorectal cancer (CRC) is one of the most important public
health issues and represents a major cause of cancer-related
deaths worldwide [1-3]. Each year, nearly 1.36 million pa-
tients are diagnosed with CRC and almost 700,000 patients
die from CRC [2]. Surgery is the curative treatment option for
patients with resectable non-metastatic CRC; however, de-
spite this curative surgery, approximately half of the patients
eventually develop metastasis [2]. In patients with metastatic
CRC, palliative chemotherapy remains as the current standard
of care [4, 5].

The backbone of currently recommended chemotherapy is
a combination of cytotoxic doublet using fluoropyrimidine
with either oxaliplatin or irinotecan (FOLFOX or FOLFIRI)
[4, 5]. After the development of biologic agents that target
vascular endothelial growth factor (VEGF; bevacizumab,
aflibercept, and ramucirumab) and epithelial growth factor
receptor (EGFR; cetuximab or panitumumab), survival of pa-
tients with metastatic CRC has markedly improved up to
30 months [6—12]. Although some patients maintain good
performance status after progression to above standard thera-
pies, little option had been available for patients with resis-
tance to standard treatment.

Fortunately, recent large phase III studies have demonstrat-
ed the efficacy of two novel agents (regorafenib and TAS-102)
in patients with metastatic colorectal cancer (mCRC) who
failed or were intolerant to standard treatment [13ee, [4ee].
Regorafenib and TAS-102 have shown superior survival data
compared with placebo. Both drugs are oral agents, which is
preferred by a large number of patients due to convenience
[15, 16].

There is a lack of data that directly compares regorafenib
with TAS-102 in terms of efficacy and safety. Moreover, it is
not yet clear as to which drug is more effective among
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different patient groups. In this review, we will examine the
clinical efficacy and safety of the two novel drugs and provide
some new determinants that could assist for proper patient
selection.

Regorafenib

Regorafenib (Stivarga, Bayer) is an oral multitargeted tyrosine
kinase inhibitor. Its chemical name is 4-[4-({[4-chloro-
3-(trifluoromethyl) phenyl] carbamoyl} amino)-3-
fluorophenoxy]-N-methylpyridine-2-carboxamide
monohydrate.

Preclinical Study

In vitro biochemical assays or cellular assays have shown that
regorafenib potently inhibits vascular endothelial growth fac-
tor receptor (VEGFR)1, VEGFR2, VEGFR3, tyrosine kinase
with immunoglobulin and epidermal growth factor homology
domain 2 (TIE2), platelet-derived growth factor receptor
(PDGFR)-B, fibroblast growth factor receptor (FGFR)I,
KIT, RET, RAF-1, and BRAF [17]. In a human colorectal
xenograft model, regorafenib showed a significant tumor re-
duction [17]. In another preclinical study using patient-
derived CRC models, regorafenib alone and in combination
with irinotecan showed significant tumor growth inhibition
and delayed time to tumor growth [18].

Phase I Studies

Mross et al. performed a first-in-human, phase I dose-
escalation study that evaluated the safety, pharmacokinetic,
pharmacodynamic, and efficacy profiles of regorafenib in pa-
tients with advanced solid tumors [19]. In this phase I study,
53 patients with advanced solid tumors refractory to standard
treatment were enrolled into eight cohorts at dose levels from
10 to 220 mg daily. Five patients had dose-limiting toxicities
(DLTs) in cycle 1 at the 220 mg dose level and two patients
had DLTs at 160 mg. The recommended regorafenib dose was
determined to be 160 mg once daily, given in cycles of 21 days
on, 7 days off. The most common grade 3/4 adverse events
(AEs) were hand-foot skin reaction (19%), hypertension
(11%), diarrhea (8%), and rash/desquamation (6%).

Based on efficacy and safety data from dose-escalation
study, 160-mg dose was investigated in the expanded cohort
who had mCRC of same phase I study [20]. Thirty-eight pa-
tients (dose-escalation 15, extension 23) were enrolled in this
study, and 27 patients were evaluated for tumor response. No
patients had complete response (CR), one patient (4%) had a
partial response (PR), and 19 patients (70%) had stable disease
(SD). Median progression-free survival (PFS) was 107 days
(95% CI, 66-161), and 13 patients had PFS of >100 days at
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the time of data cutoff. Another phase I study confirmed fea-
sibility of 160 mg once daily in 15 Japanese patients and
showed similar result to European study in terms of pharma-
cokinetics and safety profiles [21].

Phase III Studies

Based on the previous results, the CORRECT trial was
conducted to evaluate the efficacy and safety of regorafe-
nib in patients with mCRC that were refractory or intoler-
ant to approved standard treatment [13ee]. It was an inter-
national, randomized, placebo-controlled, phase III trial
that enrolled 760 patients who were randomly assigned in
a 2:1 ratio to either regorafenib (160 mg once daily, for the
first 3 weeks of each 4-week cycle) or placebo. All patients
received the best supportive care possible, and cross-over
was not allowed during the study period. Patients were
stratified according to previous VEGF-targeting treat-
ments, time from diagnosis of metastatic disease, and geo-
graphic area. All patients in the CORRECT trial were pre-
viously heavily treated, having received prior treatment
with fluoropyrimidine, oxaliplatin, irinotecan, and
bevacizumab. Patients who had KRAS wild-type tumors
were also treated with anti-EGFR therapies (cetuximab or
panitumumab). All patients showed Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1,
and almost half of the patients received four or more pre-
vious systemic chemotherapy. The primary endpoint was
OS, which was significantly improved in regorafenib
group compared to placebo group (median OS, 6.4 vs.
5.0 months; hazard ratio [HR] 0.77; 95% confidence inter-
val [CI] 0.64-0.94; p = 0.0052; Table 1). OS benefit was
noted in most subgroups, and median PFS was also statis-
tically longer in the regorafenib arm (1.9 vs. 1.7 months,
HR 0.49; 95% CI 0.42-0.58; p < 0.0001). Objective re-
sponse rate (ORR) was 1.0% vs. 0.4% (p = 0.19), and
disease control rate (DCR; PR plus SD assessed at least
6 weeks after randomization) was 41 vs. 15%
(p < 0.0001) with regorafenib versus placebo, respectively.

Based on the result of CORRECT trial, the US Food and
Drug Administration (FDA) approved regorafenib on
September 27, 2012 for treatment of patients with mCRC
who have been previously treated with fluoropyrimidine-,
oxaliplatin-, and irinotecan-based chemotherapy, an anti-
VEGF therapy, and, in cases of KRAS wild type, an anti-
EGFR therapy [24].

In the CORRECT trial, 15% of the patients were Asian—of
those, most of them were Japanese [13¢¢]. Due to the unbal-
ance in the study population, another study was conducted to
evaluate regorafenib in a broader population of Asian patients
with mCRC (CONCUR trial). The CONCUR trial was a ran-
domized, double-blind, placebo-controlled, phase III trial,
which enrolled patients in Korea, China, Hong Kong,
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Pivotal clinical trials of regorafenib and TAS-102

Table 1

Median OS HR for OS

(months)

Median HR for PFS

PFS

DCR (%)

ORR (%)

Treatment N,

Study design

Reference

patients

(months)

0.77 (95% C1 0.64-0.94;
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5.0
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p < 0.0001)
031 (95%CI 8.8

0.55 (95% C1 0.40-0.77;
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6.3

0.22-0.44;
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0.045)

0(p=

1.6
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(Li et al. [22¢°])

0.68 (95% CI 0.58-0.81;

2.0 7.1

1.7

44

502
258

TAS-102
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Phase III RCT

RECOURSE trial

p < 0.001)

5.3

0.41-0.57;
p < 0.001)

043 (95% ClI 7.8

16 (p < 0.001)

0.4 (p =0.29)

(global)

(Mayer et al. [14ee])

0.79 (95% CI1 0.62-0.99;

441 2.0

1.0

0@

271

TAS-102
placebo

Phase III RCT

TERRA trial

0.035)

p=

7.1

0.34-0.54;

1.8

= NA)

NA) 14.6 (p

135

(Asia)

(Kim et al. [23°¢])

» < 0.001)

DCR disease control rate, HR hazard ratio, N number, NA not available, ORR objective response rate, OS overall survival, PFS progression-free survival, RCT randomized controlled trial

Taiwan, and Vietnam [22e¢]. Patients were stratified by num-
ber of metastatic sites and time from diagnosis for metastatic
disease. The CONCUR investigators also randomly assigned
204 patients at a 2:1 ratio (regorafenib 160 mg: placebo). The
primary endpoint was OS, which was also significantly better
in regorafenib group than in placebo group (median OS, 8.8
vs. 6.3 months; HR 0.55; 95% CI 0.40-0.77; p = 0.00016),
consistent with the results of the CORRECT trial. PFS was
also significantly longer in patients treated with regorafenib
(median PFS, 3.2 vs. 1.7 months; HR 0.31; 95% CI 0.22—
0.44; p < 0.0001). Survival outcomes were better in the
CONCUR trial than in the CORRECT trial, which might have
been due to difference of eligibility criteria. Prior targeted
agent such as bevacizumab, cetuximab, and panitumumab
was mandatory in the CORRECT trial, but not in CONCUR
trial. Only about 60% of patients in the CONCUR trial had
been treated with targeted agents, whereas all patients in the
CORRECT trial were previously treated with targeted agents.
Interestingly, subgroup analysis showed that OS benefit of
regorafenib was greater in patients who were not exposed to
targeted therapy than those who were (HR 0.31; 95% CI10.19—
0.53). Benefit in those receiving previous targeted therapy was
similar to that observed in CORRECT (HR 0.77, 95% CI
0.64-0.94). Though it was a pre-planned analysis, it should
be interpreted with caution.

TAS-102

TAS-102 (Lonsurf, Taiho Oncology) is a combination drug
that consists of trifluridine (FTD) and tipiracil hydrochloride
(TPI) at a molar ratio of 1:0.5. FTD (2'-deoxy-
5-(trifluoromethyl) uridine) is an antineoplastic thymidine-
based nucleoside analog first developed in the early 1960s
[25]. FTD shows antitumor activity by inhibition of
thymidylate synthase (TS), and when TS is inhibited, the con-
version of deoxyuridine monophosphate (dUMP) to
deoxythymidine monophosphate (d{TMP) is blocked, leading
to DNA damage and cell death [26-28]. Phase I/II study of
FTD monotherapy showed antitumor activity in breast cancer
and colon cancer, but its toxicity profile was not acceptable
[29]. In addition, the half-life of FTD is too short (about
18 min) for use as an anticancer agent [30].

TPI (5-chloro-6-[(2-iminopyrrolidin-1-yl)methyl]pyrimidine-
2,4-(1H,3H)-dione monohydrochloride) inhibits thymidine
phosphorylase (TP), an enzyme that degrades FTD to its metab-
olite [30]. Thus, TPI is effective in inhibiting FTD degradation
and increasing the bioavailability of FTD [31]. Using a xenograft
model, Emura et al. found that combination of FTD and TPI was
effective for maintaining adequate plasma concentration of FTD,
and the optimum ratio of FTD to TPI was 1:0.5 M, which
yielded high antitumor activity and low toxicity [32].
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Preclinical Study

In vitro study using 5-fluorouracil (5-FU)-resistant CRC cell
line demonstrated that TAS-102 has a significantly higher an-
titumor activity than intravenous 5-FU or continuous 5-FU
infusion treatments [33]. In a preclinical study using a mouse
model of human CRC, TAS-102 markedly inhibited the num-
ber of liver metastasis [34].

Phase I Study

Several phase I studies were conducted to determine the max-
imal tolerated dose (MTD), DLTs, and optimal dosing sched-
ule [35-39]. Based on the results of encouraging preclinical
studies, Hong et al. performed a phase I study of TAS-102 in
patients with advanced or metastatic solid tumor refractory to
standard therapy [35]. 50 mg/m*/day was selected as the MTD
when administered daily for 14 days, followed by a 1-week
rest, and bone marrow toxicity was the primary DLT. Other
phase I studies determined the optimal treatment dose as once
daily or three times a day every 3 or 4 weeks [36, 37].

An additional dose-escalation phase I study was performed
in Japan to determine the MTD and DLTs in patients with
advanced solid tumors [38]. In this study, TAS-102 was ad-
ministered twice daily on days 1-5 and days 8—12 in a 28-day
cycle, and 21 patients were enrolled (n = 18, CRC) into five
cohorts at 15 to 35 mg/m? twice daily. The recommended
TAS-102 dose was determined to be 35 mg/m? twice daily
in this treatment schedule. The most common grade 3/4 AEs
were predominantly hematologic AEs: neutropenia (42.9%),
leucopenia (33.3%), and anemia (33.3%). No patients had CR
or PR, and 11 patients (52.4%) had SD.

A previous phase I study conducted in patients with meta-
static breast cancer in the USA identified 25 mg/m? twice
daily as the MTD [40]. Because phases I and II studies in
Japanese populations showed that a higher dose (35 mg/m>
twice daily) was feasible [38, 41¢]. Bendell et al. evaluated the
safety of TAS-102 in Japanese recommended dose (RD) and
in US patients with mCRC [39]. Twenty-seven patients with
mCRC were enrolled; DLT was not observed in cohort 1
(30 mg/m” twice daily), whereas it was observed in one of
the nine patients in cohort 2 (35 mg/m? twice daily). In this
study, RD was also determined 35 mg/m2 twice daily as same
dose of Japanese trial [38]. The dose of TAS-102 is deter-
mined by the body surface area (BSA). TAS-102 is available
as two strengths of tablet: 15 and 20 mg. When BSA is 2.3 or
higher, the dose is capped at 80 mg BID.

Phase II Study
Japanese investigators conducted a double-blind, randomized,

placebo-controlled phase II trial to evaluate the efficacy and
safety of TAS-102 in patients with unresectable mCRC who
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were refractory or intolerant to fluoropyrimidine, irinotecan,
and oxaliplatin [41¢]. They randomly allocated 169 patients,
in a 2:1 ratio, to either TAS-102 plus best supportive care
(BSC) or placebo plus BSC. TAS-102 was administered
35 mg/m? twice daily, 5 days a week, with 2 days of rest, for
2 weeks, followed by a 14-day rest period. Treatment with
TAS-102 showed an OS benefit of 2.4 months (median OS,
9.0 vs. 6.6 months; HR 0.56; 95% CI 0.39-0.81; p = 0.0011).

Phase III Studies

The phase III RECOURSE study enrolled 800 eligible pa-
tients with mCRC whose cancer were refractory to standard
chemotherapy or intolerant to those treatments [ 14¢¢]. Patients
were randomly assigned at a 2:1 ratio to receive TAS-102
(35 mg/m” twice daily in the same treatment schedule as used
in the previous phase II study [41¢]) or placebo. Patients were
stratified by KRAS mutation status, time from diagnosis of
metastatic disease, and geographic area. The patients were
required to receive at least two prior standard chemotherapies
with each of the following agents: a fluoropyrimidine,
oxaliplatin, irinotecan, bevacizumab, and anti-EGFR mono-
clonal antibodies (cetuximab or panitumumab).
Approximately 60% of patents received four or more prior
anticancer regimens. All but one patient and all but two pa-
tients with KRAS wild-type tumors had received bevacizumab
and anti-EGFR antibody, respectively. Regorafenib became
available during the course of the study, and 18% patients
were then pretreated with regorafenib. The primary endpoint
was OS, which was significantly improved in the TAS-102
group than in the placebo group (median OS, 7.1 vs.
5.3 months; HR 0.68; 95% CI 0.58-0.81; p < 0.001). The
OS benefit with TAS-102 was observed in all pre-specified
subgroups. Median PFS was also statistically longer with
TAS-102 (2.0 vs. 1.7 months; HR 0.48; 95% CI 0.41-0.57,
p <0.001). ORR was 1.6 vs. 0.4% (p = 0.29) and DCR (PR
plus SD assessed at least 6 weeks after randomization) was 44
vs. 16% (p < 0.001) with TAS-102 vs. placebo.

Based on the result of the RECOURSE study, FDA ap-
proved TAS-102 on September 22, 2015 for the treatment of
patients with mCRC who have been previously treated with
fluoropyrimidine-, oxaliplatin-, and irinotecan-based chemo-
therapy, an anti-VEGF biological therapy, and, in cases of RAS
wild-type, an anti-EGFR therapy [42].

Like the CONCUR study, the TERRA study was conduct-
ed to confirm the efficacy and safety of TAS-102 in a broader
Asian population with mCRC with or without exposure to
targeted therapy [23<¢]. It was a randomized, double-blind,
placebo-controlled phase III study of TAS-102 in Asian pa-
tients in Korea, China, and Thailand. Patients were stratified
by KRAS mutation status and geographic area. Approximately
half of the patients had received prior targeted therapy. The
study showed similar results with RECOURSE study. TAS-
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102 treatment showed an improvement in OS (median OS, 7.8
vs. 7.1 months; HR 0.79; 95% CI 0.62—0.99; p = 0.0035) and
PFS (median PFS, 2.0 vs. 1.8 months; HR 0.43;95% CI 0.34—
0.54; p < 0.001). Pre-specified subgroup analysis of OS
showed a favorable trend for TAS-102 in most subgroups. A
higher benefit was observed in RECOURSE compared with
TERRA in terms of OS (HR 0.68 vs. 0.79). Benefit of OS in
TERRA was similar to that of Japanese population in
RECOURSE (HR 0.76). Cross-trial comparisons should be
interpreted with caution because several factors such as prior
targeted therapy exposure, post-study treatment, and sample
size might affect the results.

Safety

Treatment-related AEs of regorafenib and TAS-102 in the pivotal
phase III trials are shown in Table 2. AEs of both drugs are
generally manageable, but the toxicity profiles are quite different.
Therefore, it is important for oncologists to be aware of what AE
is expected to occur in those receiving regorafenib or TAS-102.

The most common grade 3/4 adverse events observed in
regorafenib group in CORRECT were hand-foot skin reaction
(HFSR; 17 vs. <1%), fatigue (9.6 vs. 5.1%), diarrhea (7.2 vs.
1%), hypertension (7 vs. 1%), and rash/desquamation (6 vs.
0%) when compared to placebo group. Most AEs occurred
during the early treatment cycle (cycle 1 or 2). Generally, these
toxicity profiles in CONCUR trial were similar to CORRECT
except for HFSR [22¢¢]. Notably, HFSR of any grade was
higher in Asian than in non-Asian patients (74 vs. 47%).
However, grade 3 HFSR was not different between two study
populations.

Dose modification was carried out in 67 and 71% of pa-
tients (compared with 23 and 16% in the placebo arm) in
CORRECT and CONCUR, respectively. Dose reduction and
interruption were required in 38 and 61% of the patients in
CORRECT, respectively. In CONCUR, 14% of patients
discontinued due to AEs. The most frequent AEs requiring
dose modification were dermatological and gastrointestinal
events. However, regorafenib arm did not experience signifi-
cantly worse quality of life measured by European
Organisation for Research and Treatment of Cancer Quality
of Life Questionnaire-Core 30 (EORTC QLQ-C30) than pla-
cebo arm in CORRECT and CONCUR. Interestingly, these
adverse events occurred mostly in the first cycle of treatment
and became less prominent with subsequent cycles. Therefore,
patient education is essential for adequate management of ad-
verse events and frequent follow-up is needed during the first
cycle. Owing to frequent dose modification and interruption,
variations in dosing or interval scheduling are made without
supporting evidences in clinical settings. ReDOS trial
(NCT02368886), a randomized phase II study of lower dose
regorafenib compared to standard-dose regorafenib in patients
with mCRC, is ongoing to gather more evidence [43].

Unlike regorafenib, in the case of TAS-102, myelotoxicity
was the DLT and the most common grade 3/4 AE was neutro-
penia in phase I studies [38, 39]. In the phase IIl RECOURSE
study, grade 3/4 treatment-related AEs occurred in 69% of
patients assigned to TAS-102 and 52% of patients assigned
to placebo [14e¢]. The most frequent TAS-102-related AE of
grade 3/4 was neutropenia (38% in TAS-102 vs. 0% in place-
bo), but there was relatively low incidence of febrile neutro-
penia (4 vs. 0%). TAS-102 had higher incidence of leukopenia
(21 vs. 0%), anemia (18 vs. 3%), and thrombocytopenia (5 vs.
<1%). Therefore, a patient should test complete blood count
on day 15 of each cycle. Significant non-hematologic toxic-
ities were uncommon. TAS-102 had higher incidence of nau-
sea (48%) and vomiting (28%) of any grade, but severe (grade
>3) nausea (2 vs. 1%) and vomiting (2 vs. <1%) were not
common. Diarrhea of any grade was 32% (vs. 12%), but grade
>3 was relatively low (3 vs. <1%). Delay of next cycle owing
to AE occurred in 53% of patients receiving TAS-102, and
dose reduction was necessary in 13.7% of patients. Treatment
withdrawal due to AEs was observed in 19 (3.6%) patients in
the TAS-102 group. The adverse events in TERRA were con-
sistent with previous known safety profiles of TAS-102.

Treatment Selection and Biomarker

To date, there has not been any direct comparison of regoraf-
enib and TAS-102 in clinical trial settings, and such studies are
unlikely to be implemented in the near future. Therefore, a
crucial issue that remains is determining the optimal sequence
for using the two effective agents in refractory mCRC. Clues
for this issue might be found through subgroup analyses of
previous studies and retrospective studies. A non-randomized
retrospective study evaluated the efficacy and safety of rego-
rafenib and TAS-102 in Japanese population [44], which in-
cluded a total of 200 patients whose baseline characteristics
were similar. In this study, OS was not significantly different
between regorafenib and TAS-102 (median OS, 6.7 months in
regorafenib vs. 6.5 months in TAS-102; HR 1.01; 95% CI,
0.70-1.49; p = 0.97). Toxicity profiles of the two drugs were
different, as shown in previous studies [13ee, 14ee, 230 45].
Interestingly, previous regorafenib or TAS-102 treatment had
little effect on subsequent treatment with opposite drugs. In
RECOURSE, 18% (17% in TAS-102 and 20% in placebo
arm) received prior regorafenib administration before enroll-
ment. Benefit of TAS-102 was maintained irrespective of prior
regorafenib use in subgroup analysis (prior use of regorafenib:
“Yes” subgroup HR 0.53 (95% CI 0.36-0.78) vs. “No” sub-
group 0.47 (95% CI 0.39-0.56) [14e¢]. Therefore, patients’
conditions and safety profiles should be taken into consider-
ation when trying to optimize treatment sequence. Moreover,
patient education and extensive discussion between patients
and oncologists are crucial.
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Table 2 Treatment-related
adverse events of regorafenib and

Regorafenib in CORRECT trial

TAS-102 in RECOURSE trial

TAS-102 (V= 500) (N =533)
Any grade (%) Grade 3/4 (%) Any grade (%) Grade 3/4 (%)

Any event 93 54 98 69

Hematologic AE
Neutropenia NA NA 67 38
Leukopenia NA NA 77 21
Anemia 7 3 77 18
Thrombocytopenia 13 3 42 5
Febrile neutropenia NA NA 4

Non-hematologic AE
Anorexia 30 3 NA NA
Nausea 14 <l 48 2
Vomiting 8 1 28 2
Decreased appetite NA NA 39 4
Fatigue 47 10 35 4
Diarrhea 34 7 32 3
Fever 10 19 1
Alopecia 7 0 NA NA
Stomatitis 27 3 <1
Hand-foot skin reaction 47 17 0
Rash or desquamation 26 NA NA
Hypertension 28 NA NA
Hyperbilirubinemia 9 36 9

AFE adverse event, NA not available

Notably, the first portion of survival curves overlaps in the
four pivotal studies (CORRECT and CONCUR in regorafe-
nib, RECOURSE and TERRA in TAS-102). Several efforts
had been made to find the potential predictive biomarker in
these groups. Unfortunately, biomarkers for predicting the ef-
ficacy of regorafenib and TAS-102 are yet to be established.
Some researchers have suggested potential biomarkers for
each drug. Tabernero et al. retrospectively analyzed the
CORRECT study population to investigate the clinical activity
of regorafenib using tumor mutational status or plasma protein
levels [46]. The authors conducted correlative analyses of OS
and PFS in patients who were enrolled in the CORRECT trial
and found that high concentration of one of the plasma pro-
teins, TIE-1, was associated with improved OS. Yoshino et al.
investigated the association between thymidine kinase 1
(TK1) expression and efficacy of TAS-102 from previous
phase II and phase III studies [47]. The authors measured
TK1 expression in samples from 329 patients using immuno-
histochemistry and found that high expression of TK1 was
associated with poor prognosis in the placebo group and was
associated with improvement of OS in the TAS-102 group. In
a randomized phase II trial of TAS-102, the drug showed
efficacy irrespective of KRAS mutational status, while it
seemed to be better in patients with KRAS mutation (median
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0OS, 13.0 months in TAS-102 vs. 6.9 months in placebo;
p = 0.0056) than those with KRAS wild-type (median OS,
7.2 vs. 7.0 months; p = 0.191) [41¢]. The KRAS status, how-
ever, was not identified as a significant factor for determining
survival in the following phase IIl RECOUSE trial [14e°].

Several researchers investigated the role of imaging bio-
marker of 18-fluoro-deoxyglucose ([ *F]JFDG) positron emis-
sion tomography (PET) or ['*F]fluorothymidin (FLT) PET in
these two agents [48, 49]. Lee et al. investigated ['*F]JFLT
uptake in colon cancer cell lines and mouse xenograft models
after TAS-102 administration [48]. Further study is needed to
validate the role of ['®F]FLT in assessing pharmacodynamics
of TAS-102. Also, there is an ongoing study using ['*F]FLT as
a predictive imaging biomarker of treatment response to rego-
rafenib (NCT02175095).

Conclusions

In summary, regorafenib and TAS-102 showed antitumor ac-
tivity and survival advantage in patients with refractory
mCRC in well-designed phase III clinical trials. Both drugs
have been approved in similar treatment settings (refractory to
fluoropyrimidine-, oxaliplatin-, and irinotecan-based
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chemotherapy, anti-VEGF therapy, and, if RAS wild-type,
anti-EGFR therapy) and are used as oral agents. However,
the toxicity profiles of the two drugs are very different, which
should be considered for patient selection.

Several studies investigated few potential biomarkers, and
more studies are currently ongoing to discover valid biomark-
er for efficacy of the two agents.

The following questions need to be addressed in order for
these two agents to be applied further into clinical practice. Is
there any role for earlier use of these agents? Could TAS-102
be a new backbone for combination treatment? Recently, im-
mune checkpoint inhibitor is being investigated for use in
microsatellite-instable and even in microsatellite-stable
mCRC—is there any synergy of the two agents with immu-
nologic drugs in mCRC? When we find the answer to these
issues, regorafenib and TAS-102 will serve as solid pillars of
colorectal cancer treatment.

Compliance with Ethical Standards

Contflict of Interest Jae Ho Jeong declares that he has no conflict of
interest.

Yong Sang Hong declares that he has no conflict of interest.

Tae Won Kim has received research funding through grants from
Bayer and Taiho.

Human and Animal Rights All reported studies/experiments with hu-
man or animal subjects performed by the authors have been previously
published and complied with all applicable ethical standards (including
the Helsinki declaration and its amendments, institutional/national re-
search committee standards, and international/national/institutional
guidelines).

Funding This study was supported in part by grants from the Asan
Institute for Life Science (2015-414) and Korea Health 21 R&D
Project, Ministry of Health and Welfare and Family Affairs
(HI06C0868), Republic of Korea.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

¢ Of major importance

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer
J Clin. 2016;66(1):7-30.

2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M,
et al. Cancer incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer.
2015;136(5):E359-86.

3. Oh C-M, Won Y-J, Jung K-W, Kong H-J, Cho H, Lee J-K, et al.
Cancer statistics in Korea: incidence, mortality, survival, and prev-
alence in 2013. Cancer Res Treat. 2016;48(2):436-50.

4. National Comprehensive Cancer Network (2017) NCCN clinical
practice guidelines in oncology (NCCN guidelines): colon cancer.

10.

11.

12.

13.ee

14,00

16.

17.

Version 1. [Internet]. [cited 2017 Jan 27]. Available from: https://
www.ncen.org/professionals/physician_gls/pdf/colon.pdf

Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH,
Aderka D, et al (2016) ESMO consensus guidelines for the man-
agement of patients with metastatic colorectal cancer. Ann Oncol.
2016;27(8):1386—1422.

Saltz LB, Clarke S, Diaz-Rubio E, Scheithauer W, Figer A, Wong
R, et al. Bevacizumab in combination with oxaliplatin-based che-
motherapy as first-line therapy in metastatic colorectal cancer: a
randomized phase III study. J Clin Oncol. 2008;26(12):2013-9.
Bennouna J, Sastre J, Amold D, Osterlund P, Greil R, Van Cutsem
E, et al. Continuation of bevacizumab after first progression in
metastatic colorectal cancer (ML18147): a randomised phase 3 trial.
Lancet Oncol. 2013;14(1):29-37.

Jonker DJ, O’Callaghan CJ, Karapetis CS, Zalcberg JR, Tu D, Au
H-J, et al. Cetuximab for the treatment of colorectal cancer. N Engl J
Med. 2007;357(20):2040-8.

Van Cutsem E, Kéhne C-H, Hitre E, Zaluski J, Chang Chien C-R,
Makhson A, et al. Cetuximab and chemotherapy as initial treatment
for metastatic colorectal cancer. N Engl J Med. 2009;360(14):
1408-17.

Venook AP, Niedzwiecki D, Lenz H-J, Innocenti F, Mahoney MR,
O’Neil BH, et al. CALGB/SWOG 80405: phase III trial of
irinotecan/5-FU/leucovorin (FOLFIRI) or oxaliplatin/5-FU/
leucovorin (MFOLFOX6) with bevacizumab (BV) or cetuximab
(CET) for patients (pts) with KRAS wild-type (wt) untreated met-
astatic adenocarcinoma of the colon or rectum. J Clin Oncol.
2014;32(5s):abstr LBA3.

Van Cutsem E, Tabernero J, Lakomy R, Prenen H, Prausova J,
Macarulla T, et al. Addition of aflibercept to fluorouracil,
leucovorin, and irinotecan improves survival in a phase Il random-
ized trial in patients with metastatic colorectal cancer previously
treated with an oxaliplatin-based regimen. J Clin Oncol.
2012;30(28):3499-506.

Tabernero J, Yoshino T, Cohn AL, Obermannova R, Bodoky G,
Garcia-Carbonero R, et al. Ramucirumab versus placebo in combi-
nation with second-line FOLFIRI in patients with metastatic colo-
rectal carcinoma that progressed during or after first-line therapy
with bevacizumab, oxaliplatin, and a fluoropyrimidine (RAISE): a
randomised, double-blind, multicentre, phase 3 study. Lancet
Oncol. 2015;16(5):499-508.

Grothey A, Van Cutsem E, Sobrero A, Siena S, Falcone A, Ychou
M, et al. Regorafenib monotherapy for previously treated metastatic
colorectal cancer (CORRECT): an international, multicentre,
randomised, placebo-controlled, phase 3 trial. Lancet.
2013;381(9863):303—12. A pivotal randomized phase III study
that showed the benefit of overall survival when adding rego-
rafenib in patients with metastatic colorectal cancer in whom
standard treatments have failed.

Mayer RJ, Van Cutsem E, Falcone A, Yoshino T, Garcia-Carbonero
R, Mizunuma N, et al. Randomized trial of TAS-102 for refractory
metastatic colorectal cancer. N Engl J Med. 2015;372(20):1909—19.
A landmark randomized phase I1I study that showed an overall
survival gain in patients with metastatic colorectal cancer with
adding TAS-102, whose disease had progressed after standard
therapies.

Twelves C, Gollins S, Grieve R, Samuel L. A randomised cross-
over trial comparing patient preference for oral capecitabine and 5-
fluorouracil/leucovorin regimens in patients with advanced colorec-
tal cancer. Ann Oncol Off J Eur Soc Med Oncol. 2006;17(2):239—
45.

Liu G, Franssen E, Fitch M1, Warner E. Patient preferences for oral
versus intravenous palliative chemotherapy. J Clin Oncol.
1997;15(1):110-5.

Wilhelm SM, Dumas J, Adnane L, Lynch M, Carter CA, Schiitz G,
et al. Regorafenib (BAY 73-4506): a new oral multikinase inhibitor

@ Springer


https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf

332

Curr Colorectal Cancer Rep (2017) 13:325-333

18.

19.

20.

21.

2D 00

23,0

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

of angiogenic, stromal and oncogenic receptor tyrosine kinases with
potent preclinical antitumor activity. Int J Cancer. 2011;129(1):
245-55.

Schmieder R, Hoffmann J, Becker M, Bhargava A, Miiller T,
Kahmann N, et al. Regorafenib (BAY 73-4506): antitumor and
antimetastatic activities in preclinical models of colorectal cancer.
Int J Cancer. 2014;135(6):1487-96.

Mross K, Frost A, Steinbild S, Hedbom S, Biichert M, Fasol U,
et al. A phase I dose-escalation study of regorafenib (BAY 73-
4506), an inhibitor of oncogenic, angiogenic, and stromal kinases,
in patients with advanced solid tumors. Clin Cancer Res.
2012;18(9):2658-67.

Strumberg D, Scheulen ME, Schultheis B, Richly H, Frost A,
Biichert M, et al. Regorafenib (BAY 73-4506) in advanced colo-
rectal cancer: a phase I study. Br J Cancer. 2012;106(11):1722-7.
Sunakawa Y, Furuse J, Okusaka T, Ikeda M, Nagashima F, Ueno H,
et al. Regorafenib in Japanese patients with solid tumors: phase |
study of safety, efficacy, and pharmacokinetics. Investig New
Drugs. 2014;32(1):104-12.

LiJ, Qin S, Xu R, Yau TCC, Ma B, Pan H, et al. Regorafenib plus
best supportive care versus placebo plus best supportive care in
Asian patients with previously treated metastatic colorectal cancer
(CONCUR): a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol. 2015;16(6):619-29. A randomized
phase III study that confirmed an overall survival benefit with
regorafenib in Asian patients with metastatic colorectal cancer
who failed to standard chemotherapies.

Kim TW, Shen L, Xu JM, Sriuranpong V, Pan H, Xu R, et al.
TERRA: a randomized, double-blind, placebo-controlled phase 3
study of TAS-102 in Asian patients with metastatic colorectal can-
cer. Ann Oncol. 2016;27(suppl_6):465PD. A randomized phase
III study of TAS-102 that demonstrated an improvement of
overall survival in Asian patients with metastatic colorectal
cancer who failed conventional chemotherapies.

U.S Food and Drug Administration. Approval letter for stivarga
[Internet]. [cited 2016 Dec 15]. Available from: http://www.
accessdata.fda.gov/drugsatfda docs/nda/2012/
2030850rig1s000Approv.pdf

Heidelberger C, Parsons DG, Remy DC. Syntheses of 5-
trifluoromethyluracil and 5-trifluoromethyl-2'-deoxyuridine. J
Med Chem. 1964;7(11):1-5.

Heidelberger C, Anderson SW. Fluorinated pyrimidines. XXI. The
tumor-inhibitory activity of 5-Trifluoromethyl-2’-deoxyuridine.
Cancer Res. 1964;24:1979-85.

Santi DV, Sakai TT. Thymidylate synthetase. Model studies of in-
hibition by 5-trifluoromethyl-2'-deoxyuridylic acid. Biochemistry.
1971;10(19):3598-607.

Wilson PM, Danenberg PV, Johnston PG, Lenz H-J, Ladner RD.
Standing the test of time: targeting thymidylate biosynthesis in can-
cer therapy. Nat Rev Clin Oncol. 2014;11(5):282-98.

Ansfield FJ, Ramirez G. Phase I and II studies of 2'-deoxy-5-
(trifluoromethyl)-uridine (NSC-75520). Cancer Chemother Rep.
1971;55(2):205-8.

Dexter DL, Wolberg WH, Ansfield FJ, Helson L, Heidelberger C.
The clinical pharmacology of 5-trifluoromethyl-2'-deoxyuridine.
Cancer Res. 1972;32(2):245-53.

Fukushima M, Suzuki N, Emura T, Yano S, Kazuno H, Tada Y,
et al. Structure and activity of specific inhibitors of thymidine phos-
phorylase to potentiate the function of antitumor 2’'-
deoxyribonucleosides. Biochem Pharmacol. 2000;59(10):1227-36.
Emura T, Suzuki N, Fujioka A, Ohshimo H, Fukushima M.
Potentiation of the antitumor activity of a, a, a-trifluorothymidine
by the co-administration of an inhibitor of thymidine phosphorylase
at a suitable molar ratio in vivo. Int J Oncol. 2005;27(2):449-55.
Emura T, Suzuki N, Yamaguchi M, Ohshimo H, Fukushima M. A
novel combination antimetabolite, TAS-102, exhibits antitumor

@ Springer

34.

3s.

36.

37.

38.

39.

40.

4]1..

42.

43.

44,

45.

46.

47.

activity in FU-resistant human cancer cells through a mechanism
involving FTD incorporation in DNA. Int J Oncol. 2004;25(3):
571-8.

Emura T, Murakami Y, Nakagawa F, Fukushima M, Kitazato K. A
novel antimetabolite, TAS-102 retains its effect on FU-related re-
sistant cancer cells. Int ] Mol Med. 2004;13(4):545-9.

Hong DS, Abbruzzese JL, Bogaard K, Lassere Y, Fukushima M,
Mita A, et al. Phase I study to determine the safety and pharmaco-
kinetics of oral administration of TAS-102 in patients with solid
tumors. Cancer. 2006;107(6):1383-90.

Overman MJ, Kopetz S, Varadhachary G, Fukushima M, Kuwata
K, Mita A, et al. Phase I clinical study of three times a day oral
administration of TAS-102 in patients with solid tumors. Cancer
Investig. 2008;26(8):794-9.

Overman MJ, Varadhachary G, Kopetz S, Thomas MB, Fukushima
M, Kuwata K, et al. Phase 1 study of TAS-102 administered once
daily on a 5-day-per-week schedule in patients with solid tumors.
Investig New Drugs. 2008;26(5):445-54.

Doi T, Ohtsu A, Yoshino T, Boku N, Onozawa Y, Fukutomi A, et al.
Phase I study of TAS-102 treatment in Japanese patients with ad-
vanced solid tumours. Br J Cancer. 2012;107(3):429-34.

Bendell JC, Rosen LS, Mayer RJ, Goldman JW, Infante JR,
Benedetti F, et al. Phase 1 study of oral TAS-102 in patients with
refractory metastatic colorectal cancer. Cancer Chemother
Pharmacol. 2015;76(5):925-32.

Green MC, Pusztai L, Theriault RL, Adinin RB, Hofweber M,
Fukushima M, et al. Phase I study to determine the safety of oral
administration of TAS-102 on a twice daily (BID) schedule for five
days a week (wk) followed by two days rest for two wks, every (Q)
four wks in patients (pts) with metastatic breast cancer (MBC). J
Clin Oncol. 2006;24:abstr 10576.

Yoshino T, Mizunuma N, Yamazaki K, Nishina T, Komatsu Y,
Baba H, et al. TAS-102 monotherapy for pretreated metastatic co-
lorectal cancer: a double-blind, randomised, placebo-controlled
phase 2 trial. Lancet Oncol. 2012;13(10):993-1001. Based on this
randomized phase II study, RECOURSE study was conducted
to evaluate the efficacy and safety of TAS-102 in patients with
metastatic colorectal cancer.

U.S Food and Drug Administration. Approval letter for lonsurf
[Internet]. [cited 2016 Dec 15]. Available from: http://www.
accessdata.fda.gov/drugsatfda docs/nda/2015/
2079810rig1s000Approv.pdf

Bekaii-Saab TS, Ou F-S, Ciombor KK, Farhat MI, Kirshner JJ,
Knost JA, et al. Regorafenib dose optimization study (ReDOS): a
phase II randomized study of lower starting dose regorafenib com-
pared to standard dose regorafenib in patients with refractory met-
astatic colorectal cancer (mCRC). J Clin Oncol. 2016;34:abstr
TPS3630.

Masuishi T, Taniguchi H, Hamauchi S, Komori A, Kito Y, Narita Y,
et al. Regorafenib versus trifluridine/tipiracil for refractory metasta-
tic colorectal cancer: a retrospective comparison. Clin Colorectal
Cancer. 2017;16(2):e15-€22.

Yoshino T, Komatsu Y, Yamada Y, Yamazaki K, Tsuji A, Ura T,
et al. Randomized phase I trial of regorafenib in metastatic colo-
rectal cancer: analysis of the CORRECT Japanese and non-
Japanese subpopulations. Investig New Drugs. 2015;33(3):740-50.
Tabernero J, Lenz H-J, Siena S, Sobrero A, Falcone A, Ychou M,
et al. Analysis of circulating DNA and protein biomarkers to predict
the clinical activity of regorafenib and assess prognosis in patients
with metastatic colorectal cancer: a retrospective, exploratory anal-
ysis of the CORRECT trial. Lancet Oncol. 2015;16(8):937-48.
Yoshino T, Shinozaki E, Yamazaki K, Komatsu Y, Nishina T, Baba
H, et al. Effect of thymidine kinase 1 expression on prognosis and
treatment outcomes in refractory metastatic colorectal cancer: re-
sults from two randomized studies of TAS-102 versus a placebo. J
Clin Oncol. 2017;37:abstr 529.


http://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/203085Orig1s000Approv.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/203085Orig1s000Approv.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/203085Orig1s000Approv.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/207981Orig1s000Approv.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/207981Orig1s000Approv.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/207981Orig1s000Approv.pdf

Curr Colorectal Cancer Rep (2017) 13:325-333

333

48.

Lee HJ, Oh SJ, Lee EJ, Chung JH, Kim Y, Ryu JS, et al. Positron
emission tomography imaging of human colon cancer xenografts in
mice with [18F]fluorothymidine after TAS-102 treatment. Cancer
Chemother Pharmacol. 2015;75(5):1005-13.

49.

Lim Y, Han SW, Yoon JH, Lee JM, Lee JM, Paeng JC, et al.
Clinical implication of anti-angiogenic effect of regorafenib in met-
astatic colorectal cancer. Santini D, editor. PLoS One. 2015;10(12):

€0145004.

@ Springer



	Treatment of Refractory Colorectal Cancer: Regorafenib vs. TAS-102
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Regorafenib
	Preclinical Study
	Phase I Studies
	Phase III Studies

	TAS-102
	Preclinical Study
	Phase I Study
	Phase II Study
	Phase III Studies
	Safety
	Treatment Selection and Biomarker

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



