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Background: The survival benefits of regorafenib (REG) and ftrifluridine/tipiracil
hydrochloride (TFTD) have been demonstrated in chemorefractory patients with
metastatic colorectal cancer (NCRC). However, the effects of crossover administration
of REG and TFTD on patient survival remain unclear. The present study evaluated the
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association between exposure to REG and TFTD and overall survival (OS) in patients with
mCRC using data from the REGOTAS study.

Patients and Methods: We analyzed patients registered in the REGOTAS study, which
retrospectively compared the efficacy and safety of use of REG or TFTD as later-line
chemotherapy for chemorefractory mCRC patients. We compared the survival outcomes
of cohort A (treated using both REG and TFTD) and cohort B (treated using either REG
or TFTD).

Results: A total of 550 patients (cohort A, n = 252; cohort B, n = 298) met the
inclusion criteria. The median OS was significantly increased in cohort A compared with
cohort B [9.6 months (95% confidence interval (Cl), 8.9-10.9 months) vs. 5.2 months
(95% Cl, 4.4-6.0 months), P < 0.001]. Multivariate analysis revealed that cohort A was
independently associated with a significant increase in OS [A vs. B: Hazard ratios (HR),
0.58;95% ClI, 0.47-0.72; P < 0.001]. Subgroup analysis adjusted using multivariate Cox
model revealed a consistently better trend in most subgroups for cohort A compared with
cohort B.

Conclusions: Our study revealed prolonged survival in patients treated with REG and
TFTD. Therefore, all active agents, including REG and TFTD, should be made available
to mCRC patients.

Keywords: regorafenib, trifluridine/tipiracil hydrochloride, colorectal cancer, prognosis, chemotherapy - oncology

INTRODUCTION

Colorectal cancer (CRC) is one of the leading causes of cancer-
related deaths worldwide (1). The development of combination
chemotherapy regimens involving cytotoxic agents [such
as fluoropyrimidine (FU), oxaliplatin (OX), and irinotecan
(IRI)] and molecular targeted therapies (such as bevacizumab,
ramucirumab, ziv-aflibercept, cetuximab, and panitumumab)
has increased the survival of metastatic CRC (mCRC) patients
by around 30 months (2-8). In the CORRECT and RECOURSE
phase III trials, the active agents, regorafenib (REG) and
trifluridine/tipiracil ~ hydrochloride  (TFTD), significantly
improved overall survival (OS) in patients with chemorefractory
mCRC (9, 10).

The strategic availability of the active ingredients
FU, OX, and IRI for all mCRC patients suitable for
systemic chemotherapy maximizes OS (11). However,
there are few reports of the benefits of using both REG
and TFTD as a salvage therapy to improve OS in mCRC
patients (12).

We previously reported the REGOTAS study, which was
a multicenter, large cohort, observational study, showed no
significant difference in OS between treatment using REG and
TFTD in patients with mCRC. The present study compared
patients treated using both REG and TFTD with those treated
with either REG or TFTD alone in the REGOTAS study to
assess the effects of exposure to REG and TFTD on OS in
patients with mCRC who received FU, OX, IRI, and bevacizumab,
as well as anti-EGFR antibody (in patients with wild type
KRAS/NRAS tumors).

METHODS

Patients

The present study retrospectively examined the clinical records
of patients with mCRC treated with later-line chemotherapy
comprising REG or TFTD during the period from June 1, 2014 to
November 30, 2015 in the participating institutions. All patients
were registered in the REGOTAS study, which is described
in detail elsewhere (13). The main eligibility criteria were: (1)
histologically confirmed colorectal adenocarcinoma; (2) no prior
treatment using REG and TFTD; (3) previous treatment with
FU, OX, IRI, bevacizumab, and anti-EGFR antibody (in patients
with wild type KRAS/NRAS tumors); (4) Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0-2; and (5)
adequate organ function. The present study was approved by
the ethics committees at each institution and was in accordance
with the guidelines for biomedical research specified in the
Declaration of Helsinki. The REGOTAS study was registered
with the University Medical Information Network (number
UMINO000020416). The requirement for informed consent was
waived due to the retrospective design of this study.

Statistical Analysis

The exploratory primary endpoint was OS of all patients
stratified by exposure to REG and/or TFTD as follows: cohort
A (both REG and TFTD) and cohort B (either REG or
TFTD). The following pretreatment clinical data and baseline
laboratory values were used in the analysis as covariates: age,
sex, body mass index, ECOG PS, primary tumor site, surgery
on primary tumor, RAS status, metastatic tumor site (liver
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* Not received anti-EGFR antibodyin
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+ Comorbidity medical history (N=34)

Patients included in the analysis
N=550

|

l

Cohort A: Both REG and TFTD
N=252

Cohort B: Either REG or TFTD

N=298 Primary data set

Cohort A: Both REG and TFTD

Cohort B: Either REG or TFTD

1:1 matched by propensity score

N=201 N=201
FIGURE 1 | Patient selection flow diagram.
metastasis, lung metastasis, lymph node metastasis, peritoneal ~RESULTS
dissemination, and bone metastasis), number of metastatic sites, .
Patients

pathologic type, time from initiation of first-line chemotherapy
to initiation of later-line treatment, serum albumin, serum
aspartate transaminase (AST), serum C-reactive protein (CRP),
and serum carcinoembryonic antigen (CEA). Each cutoff value of
quantitative data was set with reference to that of albumin, AST,
CRP, AST, and CEA in the REGOTAS study (13).

OS was defined as the time from the start of initial REG
or TFTD to death or last follow-up. Quantitative data are
expressed as median and interquartile range (IQR). The Mann-
Whitney U-test was used to compare the continuous variables,
and Fisher’s exact test was performed to compare the categorical
variables. Survival curves were estimated using the Kaplan-
Meier method, and differences between the groups were tested
by the log-rank test. Hazard ratios (HRs) were estimated
using the Cox proportional hazard model. OS was analyzed
using univariate and multivariate Cox regression analyses. The
backward selection method was conducted for the selection
of factors retained (P < 0.2) in the multivariate analysis. The
predictive factor for OS between each group was explored using
subgroup analyses with the multivariate Cox model including
interaction terms.

A 1:1 matching using the propensity score (propensity
score-matched dataset) was performed as a sensitivity
analysis. Patients in the two groups were matched
by a difference of propensity score within 0.05. The
propensity score was calculated with a multivariate
logistic regression model including 19 prognostic variables
(Supplementary Table 1). All  P-values < 0.05 were
considered statistically significant. All statistical analyses
were performed using EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria).

Among 589 mCRC patients, 550 met the inclusion criteria
(cohort A, n = 252; cohort B, n = 298) (Figurel). The
patient characteristics are summarized in Table 1. Significant
differences between cohorts A and B were found for the following
factors: ECOG PS 0 (49 vs. 33%, respectively; P < 0.001),
lymph node metastasis (37 vs. 48%, respectively; P = 0.012),
peritoneal dissemination (12 vs. 24%, respectively; P < 0.001),
number of metastatic organ sites > 2 (71 vs. 79%, respectively;
P = 0.007), baseline serum albumin <3.5 g/dL (29 vs. 58%,
respectively; P < 0.001), baseline serum AST >40 IU/L (20
vs. 42%, respectively; P < 0.001), and baseline serum CRP >1
mg/dL (34 vs. 52%, respectively; P < 0.001). All patients received
FU, OX, IRI, and bevacizumab, and all patients with wild type
KRAS/NRAS tumors received anti-EGFR antibody.

Efficacy
The median follow-up at the time of analysis was 17.3 months
[95% confidence interval (CI), 16.1-18.0 months]. The median
OS for all patients was 6.8 months (95% CI, 3.4-11.5 months),
and 418 (76%) patients had died. The median follow-up was
significantly longer in cohort A compared with cohort B (17.6
vs. 15.2 months, respectively; P < 0.001). The median OS was
significantly greater in cohort A compared with cohort B [9.6
(95% CI, 8.9-10.9) months vs. 5.2 months (95% CI, 4.4-6.0
months), respectively; P < 0.001] (Figure 2A). There was no
significant difference in OS between patients receiving REG
followed by TFTD and TFTD followed by REG in cohort A
[10.5 months (95% CI, 9.2-12.2 months) vs. 9.4 months (95% CI,
8.3-10.8 months), P = 0.52] (Figure 2B).

Table 2 shows the results of univariate and multivariate
analyses for OS. In these analyses, the factors significantly
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TABLE 1 | Patient characteristics.

TABLE 1 | Continued

cohort A cohort B P-value* cohort A cohort B P-value*
(n = 252) (n = 298) (n = 252) (n = 298)
Age, year Anti-EGFR antibody (in patients 5 ) 10 3 0.471
Median (IQR) 65 (57-71) 64  (54-69) 0.066 with wild type KRAS/NRAS
>65 years, n (%) 110 (44 153 (51)  0.087 tumors)
Sex, n (%) 0.543 Prior regimens, n (%) 0.892
Male 144 (57) 179 (60) 23 125 (80 145 (49)
Time since initiation of first-line chemotherapy, n (%) 0.152
Female 108 (43) 119 (40)
Body mass index, n (%) 0.417 <: 8 montrr:s 159 (ii) 28171 (if)
<18.5 kg/m? 37 17 52 an z 8”7°”t . 8 (1)
>18.5 kg/m? 215 83) 246 83) Baseline albumin, n (%)
ECOG PS, n (%) 0,001 <35 g/dL 72 @9 172 (58)  <0.001
0 124 (49) 0 @ Missing 6 @) ° @
1or2 108 (57) 199 ©7) Baseline serum AST, n (%)
Primary tumor site, n (%) 0.758 E%O]U/L 50 20) 107 (36) <0.001
Right 54 1) 68 23) M|sswn-g data 2 (1) 1 (0.5)
Left 198 (79 230  (77) Baseline CRP, n (%)
. >1 mg/dL 85 (34) 156 (62)  <0.001
Surgery on primary tumor o
site, n (%) Missing data 7 3 9 )
Yes 45 (1 8) 74 (25) 0.061 Baseline serum CEA, n ("/o)
Pathologic type, n (%) 0.334 >5ng/mL 218 87) 270 91) 0.253
Well-moderately differentiated 226 (90) 268  (90) Missing data 3 M 4 o)
adenocarcinoma *P-values were calculated by Fisher’s exact probability test for categorical variables.
Others 14 ) 22 7 IQR, interquartile range; EGFR, epidermal growth factor receptor; RAS, rat sarcoma; AST,
Missing data 12 5) 8 ) aspartate transaminase; CEA, carcinoembryonic antigen; WT, wild-type; MT, mutant.
RAS status, n (%) 0.261
WT 131 52) 137 (46)
MT 118 (47) 152 (51)
Missing data 3 ) 9 @ associated with OS were cohort (A vs. B: HR, 0.58; 95% CI, 0.47-
Metastatic organ site, n (%) 0.72; P < 0.001), ECOG PS (1-2 vs. 0: HR, 1.44; 95% CI, 1.16-
Liver ’ 158 ©3) 184 62 0.860 1.78; P = 0.001), albumin (>3.5 vs. <3.5 g/dL: HR, 0.77; 95% CI,
Lung 168 67 195 ©5) 0'787 0.63-0.94; P = 0.012); AST (>40 vs. <40 IU/L: HR, 1.48; 95%
Lymoh node 9 @7 143 8) 0'012 CI, 1.24-1.76; P < 0.001), CRP (>1.0 vs. <1.0 mg/dL: HR, 1.84;
PZ 'theaI dissormination 0 (12 75 24) (')001 95% CI, 1.46-2.32; P < 0.001), CEA (> 5vs. <5 ng/mL: HR, 1.69;
I I 1 I B
5 17 0 % 2 <0049 95% CI, 1.16-2.47; P = 0.006), liver metastasis (Yes vs. No: HR,
one . . . . .
. . 1.51; 95% CI, 1.17-1.94; P = 0.001), peritoneal dissemination
Number of metastatic organ sitefsl, n (%) 0055 (Yes vs. No: HR, 1.38; 95% CI, 1.05-1.82; P = 0.023), and time
! S @9) 6 @ since initiation of first-line chemotherapy (>18 vs. <18 months:
=2 e B’ 19 HR, 0.64; 95% CI, 0.50-0.81; P < 0.001).
0,
Drug exposure, (%) 1000 In the subgroup analysis adjusted using the multivariate
FlLJOI"Opy‘I’ImIdIne 252 (1000 298  (100) Cox model, cohort A demonstrated consistently better trends
Oxaliplatin 252 (100) 298  (100) in almost all subgroups examined compared with cohort B
Irinotecan 252 (100) 298 (100) (Figure 3)
Bevacizumab 252 (100) 298  (100)
Anti-EGFR antibody (in patents 131 (100) 137  (100)
with wild type KRAS/NRAS . .
rumors) Safety and Toxicity
Intolerable drug, n (%) Safety and toxicity are shown in Table3. There was no
Any drugs 79 31) 9% 32 0.900 significant difference in incidence of grade >3 hematologic
Fluoropyrimidine 4 @ 29 @) 0.003 toxicities between cohorts A and B, except for anemia (5 vs.
Oxaliplatin 66 26) 77 6  1.000 11%, respectively; P = 0.019). Additionally, for nonhematologic
rinotecan 8 ) o8 ©) 0.006 toxicities, incidence of grade >3 anorexia was higher in cohort
Bevacizumab 11 @ 31 (10) 0.013 B than cohort A (2 vs. 8%, respectively; P = 0.001), whereas the
incidence of hand-foot skin reaction was higher in cohort A than
(Continued) ~ cohort B (13 vs. 4%, respectively; P < 0.001).
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TABLE 2 | Univariate and multivariate analyses of overall survival (OS).

Univariate Multivariate
Variable Category HR Lower Upper P-value* HR Lower Upper P-value*
Treatment Cohort A vs. cohort B 0.48 0.40 0.59 <0.001 0.58 0.47 0.72 <0.001
Age >65 vs. <65 1.22 1.01 1.48 0.044 117 0.96 1.43 0.127
Gender Male vs. Female 0.95 0.79 1.16 0.634
Body mass index <18.5 kg/m2 vs. >18.5 0.94 0.72 1.22 0.623
ECOG PS 1or2vs.0 1.64 1.35 2.01 <0.001 1.44 1.16 1.78 0.001
Primary tumor site Left vs. Right 079 063 0.99 0.042 0.88 0.69 113 0.315
Surgery on primary tumor site Yes vs. No 0.60 0.48 0.76 <0.001 0.80 0.62 1.02 0.071
Pathologic type Well-moderately differentiated vs. others ~ 0.97 0.64 1.46 0.874
Baseline serum albumin >8.5 g/dL vs. <8.5 0.51 0.43 0.62 <0.001 0.77 0.63 0.94 0.012
Baseline serum AST >40 IU/L vs. <40 1.84 1.53 2.22 <0.001 1.48 1.24 1.76 <0.001
Baseline serum CRP >1.0mg/dL vs. <1.0 1.68 1.44 1.95 <0.001 1.84 1.46 2.32 <0.001
Baseline serum CEA >5ng/mL vs. <5 1.85 1.38 2.49 <0.001 1.69 1.16 2.47 0.006
Liver metastasis Yes vs. No 1.65 1.35 2.03 <0.001 1.51 1.17 1.94 0.001
Lung metastasis Yes vs. No 0.84 0.69 1.038 0.089 0.95 0.75 1.49 0.691
Lymph node metastasis Yes vs. No 1.40 1.15 1.70 <0.001 1.18 0.94 1.49 0.150
Peritoneal dissemination Yes vs. No 1.62 1.20 1.93 <0.001 1.38 1.05 1.82 0.023
Bone Yes vs. No 0.96 0.70 1.34 0.829
Number of metastatic organ sites >2vs. 1 1.48 1.18 1.87 0.001 1.05 0.76 1.43 0.777
Prior regimens >3 vs. <3 0.85 0.70 1.04 0.108 0.79 0.61 1.08 0.078
Time since initiation of first-line chemotherapy >18 months vs. <18 0.63 0.51 0.78 <0.001 0.64 0.50 0.81 <0.001
RAS status MT vs. WT 118 0.99 1.41 0.067 0.91 0.71 1.16 0.455

*P-values were calculated using the Cox proportional-hazards model.

RAS, rat sarcoma; AST, aspartate transaminase; CEA, carcinoembryonic antigen; WT, wild-type; MT, mutant.

Sensitivity Analysis

A total of 201 patients per group were matched by propensity
score. Patients’ characteristics were well-balanced between the
two groups (Supplementary Table 2), and the median OS was
found to be significantly longer in cohort A compared with
that of cohort B [9.3 months (95% CI, 8.2-10.5 months) vs.
5.3 months (95% CI, 4.8-6.7 months), P < 0.001] as in the
observational dataset (Supplementary Figure 1). The incidence
of grade >3 toxicity was also similar to that in the observational
dataset, except for the incidence of hand-foot skin reaction
(Supplementary Table 3).

DISCUSSION

To the best of our knowledge, this is the first study to report
the beneficial effects of the crossover administration of REG
and TFTD on survival of patients with chemorefractory mCRC.
Although increased exposure to standard chemotherapy agents,
such as FU, OX, and IRI, and molecular targeting agents,
including bevacizumab and anti-EGFR antibodies, contribute to
a prolongation of OS (11, 14), our findings suggested that making
all key active agents, including REG and TFTD, available could
further improve OS in mCRC patients.

It has not previously been shown that treatment with both
REG and TFTD contributes to longer OS compared with use
of either REG or TFTD alone in patients with chemorefractory

mCRC. The CORRECT trial did not include patients who had
previously received TFTD, and the RECOURSE trial included
only 18% of patients who had previously received REG (9, 10).
Furthermore, details of post-study treatments were not reported
in either of these phase III studies. Our findings indicated that
treatment with both REG and TFTD improved OS compared
with use of either REG or TFTD alone in mCRC patients
who were refractory or intolerant to standard chemotherapy,
irrespective of the subgroup. While the optimal sequential order
of REG and TFTD therapy remains unclear, there was no
significant difference in OS between the patients in cohort A
who received TFTD followed by REG or REG followed by TFTD.
These data support the findings from an Italian retrospective
study in which patients received both REG and TFTD that
showed that the median OS was 12.8 months (95% CI, 10.2-14.4
months) for REG followed by TFTD and 10.3 months (95% CI,
8.7-14.4 months) for TFTD followed by REG (15).

The differences observed in patients’ characteristics indicate
the requirement for both REG and TFTD to be made available
to patients with chemorefractory mCRC. In the present study,
patients with ECOG PS 1 or 2, peritoneal dissemination, albumin
<3.5 g/dL, AST >40 IU/L, or CRP >1 mg/dL had fewer
chances to receive both REG and TFTD. The consistent efficacy
of crossover administration of REG and TFTD irrespective
of the subgroup highlights that exposure to both REG and
TFID contributes to improved OS in patients with poor
prognostic factors.
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FIGURE 2 | (A) Kaplan-Meier curves of overall survival (OS) in cohorts A and B. The median OS of cohorts A and B were 9.6 months (95% Cl, 8.9-10.9) and 5.2
months (95% Cl, 4.4-6.0), respectively (Log-rank, P < 0.001). (B) Kaplan-Meier curves of OS in cohort A (REG followed by TFTD vs. TFTD followed by REG). The
median OS values of REG followed by TFTD and TFTD followed by REG were 10.5 months (95% Cl, 10.2-16.1) and 9.4 months (95% Cl, 7.3-17.3), respectively
(Log-rank, P = 0.52).

It is important to note that the nature of this analysis
may have led to an inherent bias. In particular, patients
who live longer have a greater opportunity to be treated
with more lines of chemotherapies. Furthermore, patients with
poor ECOG PS or a shorter life expectancy may have been
excluded from receiving the salvage-line chemotherapy of REG
and/or TFTD. Therefore, we only analyzed patients who were
refractory or intolerant to standard chemotherapies [FU, OX,
IRI, bevacizumab, and anti-EGFR antibody (if the patients had
wild type KRAS/ NRAS tumor)] in order to minimalize the
inherent bias. Multivariate analysis of prognostic factors also

demonstrated that crossover administration of REG and TFTD
was independently associated with significant OS prolongation.
In addition, subgroup analysis adjusted by the multivariate
Cox model revealed that cohort A consistently demonstrated
better trends in almost all subgroups examined compared
with cohort B. These findings highlight the importance of
making active agents, including REG and TFTD, available to
all patients.

However, while making these active agents available is a
valuable treatment strategy, the OS of these patients remains
unsatisfactory and warrants further improvement. A promising
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efficacy of TFTD with bevacizumab was previously reported in a
phase I-II trial (C-task force) (16), and was recently replicated

TABLE 3 | Frequency of treatment-related grade >3 adverse events (AE).

Variable cohort A cohort B P-value*
(n = 252) (n =298)
Hematologic toxicities, n (%)
Any 67 (27) 91 (31) 0.355
Neutropenia 50 (20) 63 (21) 0.674
Anemia 13 5) 33 (11) 0.019
Thrombocytopenia 12 5) 13 (4) 0.985
Non-hematologic toxicities, n (%)
Any 65 (26) 80 (27) 0.856
Fatigue 3 1) 12 (4) 0.076
Anorexia 4 2) 24 8) 0.001
Febrile neutropenia (1) 6 ) 0.674
Hand-foot skin reaction 32 (13) 12 (4) <0.001
Liver dysfunction 14 6) 14 5) 0.794

*P-values were calculated by Fisher’'s exact probability test for categorical variables.
AE, adverse event.

in retrospective and prospective studies (17, 18). In addition,
the combination of REG with nivolumab showed manageable
toxicities and encouraging antitumor activity in microsatellite
stable mCRC patients (19). We believe that these combination
therapies are effective strategies to prolong OS in patients with
chemorefractory mCRC.

The present study had some limitations that should be
considered when interpreting the results. First, this was a
non-randomized retrospective study with a limited sample
size. Second, all patients enrolled in this study were Japanese.
However, the absence of ethnic differences in the analysis of the
efficacy of REG and TFTD in the phase III trials could enable
the results to be applied to all patients, regardless of ethnicity
(9, 10, 20, 21).

CONCLUSIONS

Our multicenter retrospective study revealed the survival benefits
of crossover administration of REG and TFTD. Our findings
highlight the importance of making all active agents, including
REG and TFTD, available to patients with mCRC.

Variables Category Cohort A CohortB HR 95%CI P*value

Full set analysis 252 298 —e— 0.58 0.47 0.72

Age <65 142 145 —e—v 0.53 039 072 0.597
265 110 153 —e— 057 041 079

Sex Male 144 179 —e— 0.62 046 084 0.574
Female 108 119 ==l 053 038 073

ECOG PS 0 124 99 —e— ! 0.59 0.41 0.84 0.614
Tor2 128 199 —— 054 041 072

Primary tumor site Right 54 68 —e—A 0.45 0.32 0.70 0.716
Left 198 230 e 058 046 074

Surgery on primary tumor Yes 45 74 —e— ! 0.64 0.50 0.82 0.099
No 207 224 —— § 040 029 059

RAS status wT 131 137 —e—! 0.67 049 093 0.403
MT 118 152 —e— ; 048 035 065

Liver metastasis Yes 158 184 —e— : 0.52 0.40 0.68 0.309
No 94 114 —e— 0.76 0.52 1.1

Peritoneal dissemination Yes 30 72 |_..._| 0.91 0.54 1.55 0.230
No 222 226 —e— : 0.55 043 069

Number of metastatic 1 72 63 p——o— : 0.35 0.22 0.55 0.127

organ site >2 180 235 = 061 048 079

Prior regimens <3 lines 127 153 f—e——/ : 0.39 0.30 0.54 0.009
>3 lines 125 145 —e— 0.82 0.59 1.14

Time since initiation of first-line <18 months 59 87 —e— 0.50 033 0.75 0.294

chemotherapy >18 months 193 211 —e— 0.59 045 076

Baseline albumin <3.5 g/dl 72 172 —e— : 0.47 033 066 0.024
>3.5 g/dl 174 126 —e— 0.69 0.51 0.93

Baseline AST <40 1U/L 200 190 —e—oy ! 0.60 046 078 0.509
240 U/L 50 107 — 0.54 036 081

Baseline CRP <1.0 mg/dl 160 133 —e— | 0.63 046 085 0.866
21.0 mg/d 85 156 —e— 0.49 035 068

Baseline CEA <5.0 ng/ml 31 24 b - ! 0.88 029 261 0.224
>5.0 ng/ml 218 270 e ' 0.53 042 066

0.5 1.0 15
Favors CohortA Favors CohortB
FIGURE 3 | Subgroup analysis adjusted by multivariate Cox model (cohort A vs. B).

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 576036


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Chida et al.

Crossover of REG and TFTD

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by National Cancer Center Hospital
East and each participating facilities. Written informed
consent for participation was not required for this study
in accordance with the national Ilegislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

KC, DK, and YS: conception and design and development of
methodology. SE TMo, AT, YK, TKaj, KYamaz, MK, AM, TD,
YH, TS, NS, ME, TI, TKas, KA, SY, YO, HK, DS, KO, TT,
and KYamas: acquisition of data. KC, DK, TMo, and MG:
analysis and interpretation of data. KC, DK, and TMo: writing,
review and/or revision of the manuscript. TMo and YS: study

REFERENCES

1. Bray E Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. Cancer ] Clin. (2018) 68:394-424.
doi: 10.3322/caac.21492

2. de Gramont AD, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J,
et al. Leucovorin and fluorouracil with or without oxaliplatin as first-line
treatment in advanced colorectal cancer. J Clin Oncol. (2002) 18:2938-47.
doi: 10.1200/JC0O.2000.18.16.2938

3. Douillard J, Cunningham D, Roth AD, Navarro M, James RD, Karasek P, et al.
Irinotecan combined with fluorouracil compared with fluorouracil alone as
first-line treatment for metastatic colorectal cancer: a multicentre randomised
trial. Lancet. (2000) 355:1041-7. doi: 10.1016/S0140-6736(00)02034-1

4. Saltz LB, Clarke S, Diaz-Rubio E, Scheithauer W, Figer A, Wong R, et al.
Bevacizumab in combination with oxaliplatin-based chemotherapy as first-
line therapy in metastatic colorectal cancer: a randomized phase III study. J
Clin Oncol. (2008) 26:2013-9. doi: 10.1200/JC0O.2007.14.9930

5. Tabernero J, Yoshino T, Cohn AL, Obermannova R, Bodoky G, Garcia-
Carbonero R, et al. Ramucirumab versus placebo in combination with second-
line FOLFIRI in patients with metastatic colorectal 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) 16:499-508. doi: 10.1016/S1470-2045(15)70127-0

6. Van Cutsem E, Tabernero J, Lakomy R, Prenen H, Prausova ], Macarulla
T, et al. Addition of aflibercept to fluorouracil, leucovorin, and irinotecan
improves survival in a phase III randomized trial in patients with metastatic
colorectal cancer previously treated with an oxaliplatin-based regimen. J Clin
Oncol. (2012) 30:3499-506. doi: 10.1200/JCO.2012.42.8201

7. Heinemann V, von Weikersthal LF, Decker T, Kiani A, Vehling-Kaiser U, Al-
Batran SE, et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab
as first-line treatment for patients with metastatic colorectal cancer (FIRE-
3): a randomised, open-label, phase 3 trial. Lancet Oncol. (2014) 15:1065-75.
doi: 10.1016/S1470-2045(14)70330-4

8. Schwartzberg LS, Rivera F, Karthaus M, Fasola G, Canon JL, Hecht JR,
et al. PEAK: A randomized, multicenter phase II study of panitumumab

supervision. All authors contributed to the article and approved
the submitted version.

ACKNOWLEDGMENTS

The authors thank all patients and families for participating
in the studies, as well as all the study centers, colleagues, and
nurses involved and the authors also would like to thank Enago
(www.enago.jp) for the English language review.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fonc.
2021.576036/full#supplementary-material

Supplementary Figure 1 | Kaplan—Meier curves of overall survival (OS) in the
propensity score-matched dataset (cohort A vs cohort B). The median OS of

cohort A and B were 9.3 months (95% Cl, 8.2-10.5 months) and 5.3 months
(95% Cl, 4.8-6.7 months), respectively (P < 0.001).

Supplementary Table 1 | Variables used for calculating propensity score.

Supplementary Table 2 | Comparison of patient characteristics between
regorafenib and TFTD groups in the propensity score-matched dataset.

Supplementary Table 3 | Frequency of treatment-related grade>3 AE in the
propensity score-matched dataset.

plus modified fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) or
bevacizumab plus mFOLFOX6 in patients with previously untreated,
unresectable, wild-type KRAS exon 2 metastatic colorectal cancer. J Clin
Oncol. (2014) 32:2240-7. doi: 10.1200/JC0O.2013.53.2473

9. 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) 381:303-12. doi: 10.1016/S0140-6736(12)
61900-X

10. 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. New Engl ] Med. (2015) 372:1909-19.
doi: 10.1056/NEJMoal414325

11. Grothey A, Sargent D, Goldberg RM, Schmoll HJ. Survival of patients with
advanced colorectal cancer improves with the availability of fluorouracil-
leucovorin, irinotecan, and oxaliplatin in the course of treatment. J Clin Oncol.
(2004) 22:1209-14. doi: 10.1200/JC0O.2004.11.037

12. Sueda T, Sakai D, Kudo T, Sugiura T, Takahashi H, Haraguchi N, et al. Efficacy
and safety of regorafenib or TAS-102 in patients with metastatic colorectal
cancer refractory to standard therapies. Anticancer Res. (2016) 36:4299-306.

13. Moriwaki T, Fukuoka S, Taniguchi H, Takashima A, Kumekawa Y, Kajiwara
T, 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. Oncologist. (2018) 23:7-15.
doi: 10.1634/theoncologist.2017-0275

14. Shitara K, Matsuo K, Kondo C, Takahari D, Ura T, Inaba Y, et al. Prolonged
survival of patients with metastatic colorectal cancer following first-
line oxaliplatin-based chemotherapy with molecular targeting agents
and curative surgery. Oncology. (2011) 81:167-74. doi: 10.1159/000
333404

15. Cremolini C, Rossini D, Martinelli E, Pietrantonio E Lonardi S,
Noventa S, et al. Trifluridine/Tipiracil (TAS-102) in refractory
metastatic colorectal cancer: a multicenter register in the frame of
the Italian compassionate use program. Oncologist. (2018) 23:1178-87.
doi: 10.1634/theoncologist.2017-0573

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 576036


http://www.enago.jp
https://www.frontiersin.org/articles/10.3389/fonc.2021.576036/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1200/JCO.2000.18.16.2938
https://doi.org/10.1016/S0140-6736(00)02034-1
https://doi.org/10.1200/JCO.2007.14.9930
https://doi.org/10.1016/S1470-2045(15)70127-0
https://doi.org/10.1200/JCO.2012.42.8201
https://doi.org/10.1016/S1470-2045(14)70330-4
https://doi.org/10.1200/JCO.2013.53.2473
https://doi.org/10.1016/S0140-6736(12)61900-X
https://doi.org/10.1056/NEJMoa1414325
https://doi.org/10.1200/JCO.2004.11.037
https://doi.org/10.1634/theoncologist.2017-0275
https://doi.org/10.1159/000333404
https://doi.org/10.1634/theoncologist.2017-0573
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Chida et al.

Crossover of REG and TFTD

16.

17.

18.

19.

20.

21.

Kuboki Y, Nishina T, Shinozaki E, Yamazaki K, Shitara K, Okamoto W,
et al. TAS-102 plus bevacizumab for patients with metastatic colorectal cancer
refractory to standard therapies (C-TASK FORCE): an investigator-initiated,
open-label, single-arm, multicentre, phase 1/2 study. Lancet Oncol. (2017)
18:1172-81. doi: 10.1016/S1470-2045(17)30425-4

Kotani D, Kuboki Y, Horasawa S, Kaneko A, Nakamura Y, Kawazoe
A, et al. Retrospective cohort study of trifluridine/tipiracil (TAS-
102)  plus trifluridine/tipiracil  monotherapy
for metastatic colorectal cancer. BMC Cancer. (2019) 19:1253.
doi: 10.1186/s12885-019-6475-6

Pfeiffer P, Yilmaz M, Méller S, Zitnjak D, Krogh M, Petersen LN, et al. TAS-
102 with or without bevacizumab in patients with chemorefractory metastatic
colorectal cancer: an investigator-initiated, open-label, randomised, phase
2 trial. Lancet Oncol. (2020) 21:412-20. doi: 10.1016/S1470-2045(19)
30827-7

Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama
M, et al. Regorafenib plus nivolumab in patients with advanced gastric
or colorectal cancer: an open-label, dose-escalation, and dose-expansion
phase Ib trial (REGONIVO, EPOC1603). J Clin Oncol. (2020) 28:2053-61.
doi: 10.1200/JC0O.19.03296

Li J, Qin S, Xu R, Yau TC, 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) 16:619-
29. doi: 10.1016/S1470-2045(15)70156-7

Xu J, Kim TW, Shen L, Sriuranpong V, Pan H, Xu R, et al

bevacizumab  versus

Results of a randomized, double-blind, placebo-controlled, phase
II trial of trifluridine/tipiracil (TAS-102) monotherapy in Asian
patients with previously treated metastatic colorectal cancer: the

TERRA study. J Clin Oncol. (2018) 36:350-8 doi: 10.1200/JCO.2017.
74.3245

Conflict of Interest: DK received honoraria from Takeda, Chugai, Lilly, and
Merck Serono. TMo received a research grant from Chugai Pharma, Takeda,
Taiho Pharmaceutical, Yakult Honsha Boehringer Ingelheim, Merck Sharp and
Dohme Oncology, Sanofi Aventis. TMa has received honoraria from Takeda,
Chugai, Merck Serono, Taiho, Bayer, Lilly Japan, Yakult Honsha, and Sanofi and
has received research funding from MSD, Daiichi Sankyo, and Ono. AT received a
research grant from Takeda, MSD, LSK, and Sumitomo Dainippon. TKaj received
honoraria from Taiho and Bayer. KYamaz received honoraria from Taiho and
Bayer, and a research grant from Taiho. AM received honoraria from Lilly, Chugai
and Takeda. TD received honoraria from SAWAI and Sysmex, and a research
grant from MSD and ONO. NS received a research grant from MSD, Ono,
Astellas, Dai-ichi-Sankyo. DS received honoraria from Chugai, and a research
grant from Lilly, Ono, Dai-ichi-Sankyo, and Astellas, and endowed chairs from
Yakult, Chugai, and Ono. MG received consultant fees from Dai-ichi-Sankyo,
Ferring Pharmaceuticals, and Novartis. YS received a research grant from Taiho,
MSD, and Lilly.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Chida, Kotani, Moriwaki, Fukuoka, Masuishi, Takashima,
Kumekawa, Kajiwara, Yamazaki, Komoda, Makiyama, Denda, Hatachi, Suto,
Sugimoto, Enomoto, Ishikawa, Kashiwada, Ando, Yuki, Okita, Kusaba, Sakai,
Okamoto, Tamura, Yamashita, Gosho and Shimada. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 576036


https://doi.org/10.1016/S1470-2045(17)30425-4
https://doi.org/10.1186/s12885-019-6475-6
https://doi.org/10.1016/S1470-2045(19)30827-7
https://doi.org/10.1200/JCO.19.03296
https://doi.org/10.1016/S1470-2045(15)70156-7
https://doi.org/10.1200/JCO.2017.74.3245
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Survival Benefit of Crossover Administration of Regorafenib and Trifluridine/Tipiracil Hydrochloride for Patients With Metastatic Colorectal Cancer: Exploratory Analysis of a Japanese Society for Cancer of the Colon and Rectum Multicenter Observational Study (REGOTAS)
	Introduction
	Methods
	Patients
	Statistical Analysis

	Results
	Patients
	Efficacy
	Safety and Toxicity
	Sensitivity Analysis

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


