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ABSTRACT

Background. Regorafenib improved the overall survival
(OS) of patients with metastatic colorectal cancer (mCRC)
who progress after standard therapies in two phase III
trials. The present large-scale prospective observational
study evaluated the safety and effectiveness of regorafe-
nib administered to Japanese patients with mCRC in real-
life setting.
Materials and Methods. Patients with mCRC were pro-
spectively registered and initially received ≤160 mg oral
regorafenib daily, at the investigator’s discretion, for
weeks 1–3 of each 4-week cycle. The study’s primary aim
was to assess safety, particularly unexpected clinically sig-
nificant adverse drug reactions (ADRs). A Cox’s propor-
tional hazards model was used to evaluate the association
between OS, hand-foot skin reaction (HFSR), and baseline
characteristics.

Results. We evaluated 1,227 of 1,301 patients (enrolled
from March 2013 to May 2015). ADRs occurred in 89.3% of
patients (mostly within the first 4 weeks) and were a major
reason for discontinuing treatment. The most frequent
ADRs were HFSR, liver injury, and hypertension. The cumu-
lative incidence of HFSR and liver injury was higher in
patients who initially received 160 mg than in those who
received ≤120 mg. The incidence of hypertension and
fatigue was similar between groups. Median OS was
6.9 months (95% confidential interval, 6.4–7.4). OS was
associated with early onset of HFSR and good performance
status (PS) but not with the initial dose.
Conclusion. The outcomes of this study were consistent with
those of clinical trials. There were no new safety concerns.
Regorafenib treatment would not be recommended for
patients with higher PS. The Oncologist 2019;24:e450–e457

Implications for Practice: Previous clinical trials demonstrated regorafenib improved overall survival in patients with meta-
static colorectal cancer who progress after standard chemotherapies. Because the eligibility criteria of the trials were
restricted compared with a real-world setting, the data from the trials may not fully represent the profiles of regorafenib
in clinical practice. This large-scale observational study showed that the safety and effectiveness of regorafenib in clinical
practice were generally consistent with previous trials. The majority of patients reported adverse drug reactions within the
first 4 weeks, most commonly hand-foot skin reaction. Regorafenib treatment would not be recommended for patients
with higher performance status.
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INTRODUCTION

Colorectal cancer (CRC) was the third leading cause of
cancer death worldwide in 2015 and the second in Japan
in 2016 [1, 2]. Chemotherapy is used to treat unresectable
metastatic CRC (mCRC). The standard drugs for mCRC
involve fluoropyrimidine/leucovorin plus oxaliplatin or
irinotecan. Biological agents such as bevacizumab, ziv-
aflibercept, and ramucirumab are used in combination with
cytotoxic agents. Cetuximab and panitumumab (anti-
epidermal growth factor receptor [EGFR] monoclonal anti-
body [MAb]) are used to treat patients with mCRC with
wild-type RAS [3–6]. Regorafenib and TAS-102 are standard
drugs for third-line or subsequent treatment of mCRC.

Regorafenib is an orally administered multikinase
inhibitor (MKI) that inhibits the activities of protein
kinases associated with angiogenesis, oncogenesis, and the
tumor microenvironment [7]. In the international phase III
CORRECT trial, 760 patients were randomized to receive
regorafenib or placebo at a 2:1 ratio. Treatment with
regorafenib significantly improved overall survival (OS) of
patients with mCRC compared with placebo (hazard ratio
[HR], 0.77; 95% confidence interval [CI], 0.64–0.94; one-
sided p = .0052). Most common regorafenib-related
adverse events (AEs) were fatigue and hand-foot skin reac-
tion (HFSR) [8]. The CORRECT trial included 100 Japanese
patients, 67 of whom were randomly selected to receive
regorafenib. The Japanese subpopulation in the trial
(CORRECT-J) achieved comparable efficacy and a manage-
able safety profile compared with non-Japanese patients,
although certain regorafenib-related AEs such as HFSR
were observed more frequently, and there was one case of
fatal liver injury [9]. According to the CORRECT trial, regor-
afenib is recommended by the international guidelines as
one of the standard drugs for treating mCRC [3–6].

In clinical practice, patient populations are more het-
erogeneous compared with those treated in clinical trials.
Therefore, the data from 67 Japanese patients included in
the CORRECT may not fully represent the efficacy and
safety profiles of regorafenib in real-world settings. Conse-
quently, large-scale, real-world studies may detect unex-
pected, clinically significant adverse drug reactions (ADRs).
Therefore, post-marketing surveillance (PMS) is a compo-
nent of a risk management plan for new drugs required
by the Pharmaceutical and Medical Devices Agency for
Pharmacovigilance in Japan.

Here we report a large-scale, prospective, multicenter,
observational PMS study to investigate the safety and
effectiveness of regorafenib under real-world conditions.

Those data will be applied to mCRC patients treated
with regorafenib in clinical practice, not only in Japan but
also worldwide.

MATERIALS AND METHODS

This study was a prospective observational study involving
more than 500 centers in Japan. Patients with mCRC, who
progressed after standard chemotherapies and for whom
regorafenib administration was planned, were centrally
registered. The exclusion criteria strongly recommend not

treating patients with severe liver injury (aspartate amino-
transferase [AST] or alanine aminotransferase [ALT] >5 times
the upper limit of normal [ULN], bilirubin >2.0 times the
ULN), uncontrolled hypertension, or Eastern Cooperative
Oncology Group (ECOG) performance status (PS) ≥2.

This study (NCT01843400) was conducted in compliance
with the Good Post-Marketing Study Practice (GPSP) and
Good Vigilance Practice (GVP) of the Ministry of Health,
Labor, and Welfare in Japan. Approval by the ethics commit-
tee of each institution was not mandatory because GPSP
and GVP do not require such approval for a PMS. The
recommended dose of regorafenib was 160 mg per day for
3 weeks and 1 week off as described in the CORRECT trial
[8]. The dose of regorafenib could be modified according to
the product label [10] and at the investigators’ discretion.

The main study objectives were to assess the safety,
including occurrence of unknown and clinically significant
ADRs, and the effectiveness of regorafenib in real-world
clinical practice. An ADR was defined as an adverse event
for which a causal relationship with regorafenib could not
be excluded. Data collected at 2 and 6 months after treat-
ment began included demographic and disease characteris-
tics, prophylaxis for HFSR, concomitant medications, dose
of regorafenib, AEs, and laboratory values. The severity of
AEs was graded using Common Terminology Criteria for
Adverse Events version 4.0 [11]. Patients were observed
for 6 months, which was based on the progression-free
survival and OS results of the CORRECT-J trial [9]. Survival
data were collected for all patients 1 year after treatment
began. However, the observation period was 30 days after
early discontinuation and immediately ended when it was
confirmed that the patient was lost to follow-up.

All statistical analyses were performed using SAS version
9.2 (SAS Institute Inc., Cary, NC). Considering the exploratory
nature of the study, all p values were nominal and consid-
ered descriptive. Demographic characteristics of patients are
summarized descriptively. OS and time-to-treatment failure
(TTF) were estimated using the Kaplan-Meier method. OS
was defined as the time from the date of first administra-
tion of regorafenib to the date of death (regardless of the
cause) or censored on the last date of survival. TTF was
defined as the time from the date of first administration of
regorafenib to the date of treatment discontinuation for
any reason.

Cox’s proportional hazards model was used to evaluate
the association between OS and baseline characteristics.
Baseline variables with ≥10% missing data (including “not
evaluable”) and with an extreme distribution (i.e., ≥95% in
one category) were excluded from the analyses. Consider-
ing the correlation and hierarchy with respect to clinical
importance among baseline variables, the latter were man-
ually selected in advance. Baseline variables were included
in the model as covariates and were finally selected using
a stepwise method. Similar analyses were performed for
TTF and the time to the first occurrence of HFSR.

A landmark analysis of HFSR occurrence up to the 28th
day after treatment began was added to the Cox model as
a covariate of the selected baseline variables. Patients who
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experienced an event of interest (OS or TTF) before day
28 were excluded from the landmark analysis. The time
from day 28 to the event of interest was considered the
event of interest.

Based on a lowest expected incidence of increased ALT
in 0.4% of patients and increased AST in 0.4% as key
events leading to either dose reduction or interruption,
1,186 patients were required for the analysis to detect this
event in at least two patients, achieving a statistical
power = 95%. Allowing for the exclusion of some patients
from the safety analysis, the target sample size was 1,250
patients.

RESULTS

Patients’ Characteristics
We enrolled 1,301 patients from March 2013 to May 2015.
Twelve patients were excluded because they were not
treated with regorafenib (n = 9) or were enrolled outside
of the study period (n = 3). We excluded 62 patients whose
case report forms could not be collected. Thus, we evalu-
ated 1,227 patients for safety and effectiveness of treat-
ment (supplemental online Fig. 1) by the 26 September
2016 cutoff. At baseline, 91.6% of patients had an ECOG
PS = 0–1, and 8.3% had an ECOG PS ≥2 (Table 1). Prophy-
laxis for HFSR was administered to 83% of patients.

Regorafenib Treatment
Two thirds of patients initiated regorafenib treatment at
the standard daily dose of 160 mg (65.4%); the others
started at a daily dose of 120 mg (21.6%) or lower (13.0%).
By the fifth week of treatment, the proportion of patients
receiving 160 mg decreased to 26.4%. The largest propor-
tion of patients subsequently received 120 mg or ≤80 mg
(supplemental online Fig. 2).

The median duration of treatment, including dose inter-
ruptions, was 7.6 weeks (range, 0.1–86.3). A dose interrup-
tion or reduction was required for treating 49.3% and
42.1% of patients, respectively. At the analysis cutoff date,
90.5% of patients had discontinued treatment, of which
33.3% discontinued treatment because of an ADR. An ADR
was the most common reason for discontinuation during
the first 4 weeks of treatment, and progressive disease
(PD) was the leading reason that patients subsequently dis-
continued treatment (supplemental online Fig. 3).

Safety
ADRs were experienced by 89.3% of patients. Grade ≥3
ADRs were observed in 51.8% of patients (Table 2). The
most common ADR was HFSR (58.2%). Twelve patients
(1.0%) experienced grade 5 ADRs, including seven with a
liver injury, and four of these patients reported other
simultaneous ADRs (primary disease, four patients; gastro-
intestinal perforation, one patient).

ADRs experienced by 431 patients (35%) led to treat-
ment discontinuation, including liver injury (11.1%) and
HFSR (10.8%). ADRs led to interruption of treatment of
605 patients (49%) and dose reduction of 516 (42%), most

frequently for HFSR (27.6% and 23.1%, respectively) and
liver injury (11.6% and 7.3%, respectively).

Major ADRs leading to dose modification or discontinu-
ation were observed mainly within the first 4 weeks after
treatment began. The incidence of HFSR was the highest
during the second week and subsequently decreased to
relatively constant lower rates (Fig. 1).

There was a higher, dose-dependent cumulative inci-
dence of HFSR and liver injury in patients initially treated

Table 1. Baseline demographics and disease characteristics

Demographics and characteristics n = 1,227, n (%)

Median age (range), yr 65 (27–94)

Sex

Male 720 (58.7)

Female 507 (41.3)

BMI, kg/m2, median (range) 21.9 (12.4–38.6)

eBSAa, m2, median (range) 1.6 (1.1–2.2)

Primary site of disease

Colon 721 (58.8)

Rectum 490 (39.9)

Colon and rectum 15 (1.2)

ECOG PS

0 535 (43.6)

1 589 (48.0)

≥2 102 (8.3)

KRAS status

Wild-type 628 (51.2)

Mutant 557 (45.4)

Unknown 42 (3.4)

Number of previous systemic anticancer therapies for
metastatic disease

1–2 464 (37.8)

3 451 (36.8)

≥4 312 (25.4)

Prior therapy

Cytotoxic chemotherapy

Oxaliplatin 1,207 (98.4)

Irinotecan 1,183 (96.4)

5-FU 1,046 (85.2)

l-LV 1,036 (84.4)

Capecitabine 576 (46.9)

S-1 449 (36.6)

Leucovorin 233 (19.0)

UFT 171 (13.9)

Targeted therapy

Bevacizumab 1,116 (91.0)

Panitumumab 425 (34.6)

Cetuximab 340 (27.7)

Others 73 (5.9)
aeBSA: Body surface area estimated using the DuBois formula.
Abbreviations: BMI, body mass index; ECOG PS, European Coopera-
tive Oncology Group Performance Status; 5-FU, 5 fluorouracil;
l-LV, levofolinate calcium; UFT, tegafur uracil.

© AlphaMed Press 2019

Regorafenib for Metastatic Colorectal Cancere452



with 160 mg compared with that of patients treated with
≤120 mg (Fig. 2A, 2B), although there was no difference in
the incidence of hypertension or fatigue between the two
initial dosing groups (Fig. 2C, 2D).

Cox regression analysis suggested that HFSR was associ-
ated with previous bevacizumab treatment (yes/no,
HR = 1.38; 95% CI, 1.02–1.85; p = .0340), ECOG PS (≥2/0–1,
HR = 0.61, 95% CI, 0.44–0.85, p = .0037) and initial dose of
regorafenib (<160 mg vs. 160 mg, HR = 0.77; 95% CI,
0.65–0.91, p = .0016). In contrast, HFSR was not associated
with previous treatment with anti-EGFR MAbs or capecita-
bine (Table 3).

Effectiveness
The median OS was 6.9 months (95% CI: 6.4–7.4; Fig. 3A).
The estimated 6-month and 1-year OS rates were 54.9%
(95% CI, 52.1–57.7) and 28.3% (95% CI, 25.6–31.0), respec-
tively. The estimated median TTF was 2.2 months (95% CI,
2.1–2.3; Fig. 3B). The relationships between OS/TTF and
baseline ECOG PS are shown in supplemental online
Figures 4 and 5.

Stepwise Cox multivariate regression analysis suggested
that certain clinical features influenced OS and TTF in the

landmark analysis (Table 3). Baseline ECOG PS had a signifi-
cant effect on OS (HR, 1.41; ECOG PS ≥2 vs. 0–1; 95% CI,
1.09–1.83; p = .0092) as well as on TTF (HR = 1.38 95% CI,
1.03–1.83; p = .0293). The occurrence of HFSR within the
first 28 days was associated with better OS (HR = 0.80;
95% CI, 0.70–0.91; p = .0010; supplemental online Fig. 6).
However, the initial dose of regorafenib did not affect
TTF or OS.

DISCUSSION

To our knowledge, we present here the first large-scale, pro-
spective observational study to investigate the safety and
effectiveness of regorafenib for Japanese patients with mCRC
in routine clinical practice. Patients’ characteristics in the cur-
rent study were mostly similar to those in the CORRECT-J
population [9], except that in this real-world study, 8.3% of
patients treated with regorafenib had a baseline ECOG PS
≥2. Approximately two thirds of patients started treatment
with 160 mg of regorafenib, which was gradually decreased
in subsequent cycles, likely to manage AEs. Treatment
duration was similar to that of the CORRECT-J trial; however,
the rate of treatment discontinuation because of ADRs was

Table 2. Regorafenib-related adverse events reported in ≥5% of patients (n = 1,227)

Regorafenib-related adverse events (MedDRA/J Ver 19.0) Any grade, n (%) Grade ≥3, n (%)

Any event 1,096 (89.3) 635 (51.8)

HFSRa 714 (58.2) 236 (19.2)

Liver injuryb 385 (31.4) 141 (11.5)

Hypertension 353 (28.8) 192 (15.6)

Thrombocytopenia 184 (15.0) 58 (4.7)

Fatigue 188 (15.3) 20 (1.6)

Fever 146 (11.9) 7 (0.6)

Decreased appetite 127 (10.4) 33 (2.7)

Dysphonia 117 (9.5) 0 (0.0)

Diarrhea 103 (8.4) 22 (1.8)

Stomatitis 73 (5.9) 7 (0.6)
aHFSR, hand-foot skin reaction; equivalent to hand-and-foot syndrome in MedDRA ver 19.0.
bIncludes all liver-relevant events and significant changes in hepatic laboratory values.

Figure 1. Proportion of patients experiencing the onset of major adverse events (AEs). Proportion of patients experiencing the first
appearance of HFSR, liver injury, hypertension, fatigue, thrombocytopenia, or fever. Most AEs were observed during the early
cycles of treatment.
Abbreviation: HFSR, hand-foot skin reaction.
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higher compared with that caused by PD, particularly in the
first 4 weeks. Major ADRs were observed during the early
cycles of treatment and subsequently remained at relatively
low rates. These findings support monitoring AEs early dur-
ing treatment and promptly initiating appropriate dose mod-
ification or interruption to minimize discontinuing treatment.

HFSR was the most common ADR, which is consistent
with the findings of other trials. HFSR is a known AE associ-
ated with MKIs such as sorafenib [12–14], and Asian patients
seem to be more susceptible [9, 15]. However, it is unknown
whether specific genetic polymorphisms are associated with
the development of HFSR. An exploratory Cox regression
analysis conducted here suggests that baseline ECOG PS, ini-
tial dose, and previous bevacizumab treatment influenced
the occurrence of HFSR.

There is an association between better ECOG PS and
MKI-related HFSR [16, 17], possibly explained by the gener-
ally more active lifestyles (e.g., walking) of patients with a
better ECOG PS [18] and longer treatment compared with
patients with a poor ECOG PS. Therefore, it is important
that health care professionals educate patients on manag-
ing their physical activity during treatment.

Molecularly targeted agents such as inhibitors of vas-
cular endothelial growth factor (VEGF) or EGFR induce
dermatological toxicity, including HFSR. Our data suggest
that prior bevacizumab treatment was a risk factor for
regorafenib-related HFSR, but anti-EGFR agents were not.
Inhibition of the VEGF signal transduction pathway may
represent one of the factors associated with the develop-
ment of MKI-associated HFSR [19]. Although regorafenib

was administered as a single agent here, treatment with bev-
acizumab followed by regorafenib may contribute to long-
term inhibition of VEGF, which may explain the observed
higher incidence of HFSR in patients previously treated with
bevacizumab.

In real-world clinical practice, some physicians select a
starting dose lower than the approved dose but without
the support of clinical evidence or consideration of
patients’ characteristics. In the present study, the initial
dose of regorafenib did not affect TTF or OS. Two small
phase II trials recently presented the efficacy and safety of
a lower initial dose of regorafenib. These results did not
reduce the efficacy of regorafenib and were associated
with a slightly, but not drastically, lower incidence of HFSR
compared with the previous clinical trial data [20, 21].
Interestingly, the ReDOS study, a randomized phase II trial
comparing a dose escalation arm and a standard arm, sug-
gested that the rapid dose escalation strategy showed sig-
nificantly higher proportion of initiation of Cycle 3 as the
primary endpoint and a better survival trend [21]. Although
this strategy might be an option for some patients depend-
ing on their condition, more robust data are required to
consolidate the dose escalation strategy in clinical practice.

Our study showed that OS was associated with the early
onset of HFSR, which is consistent with findings for regorafe-
nib and other MKIs [22–24]. Post hoc analysis of the COR-
RECT and RESORCE phase III trials of regorafenib for CRC
and hepatocellular carcinoma also showed an association
between HFSR and OS, as in our study [25, 26]. Onset of
HFSR could indicate high sensitivity for patients treated with

Figure 2. Time to the first onset of adverse events (AEs) ≥ grade 3. Cumulative incidence rates for HFSR (A), liver injury (B), hyper-
tension (C), and fatigue (D), with the first onset of those AEs plotted for patients grouped as having received an initial
dose = 160 mg or ≤120 mg.
Abbreviation: HFSR, hand-foot skin reaction.
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Table 3. Landmark analysis of baseline variables that influenced overall survival, time-to-treatment failure, and hand-foot
skin reaction

Clinical features

Univariate analysis
Multivariate

analysis adjusted
Multivariate

analysis stepwise

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Overall survival

Sex: female/male 1.11 (0.97–1.27) .1212 0.95 (0.80–1.13) .5694

Age: ≥65 years/<65 years 0.96 (0.84–1.10) .5596 0.98 (0.85–1.14) .8375

eBSAa: <1.6 m2/≥1.6 m2 1.22 (1.07–1.40) .0042 1.23 (1.04–1.46) .0169 1.20 (1.04–1.39) .0107

Primary site in rectum: yes/no 0.76 (0.66–0.87) <.0001 0.81 (0.69–0.94) .0067 0.81 (0.70–0.94) .0058

Primary site resected: yes/no 0.58 (0.48–0.70) <.0001 0.70 (0.56–0.86) .0007 0.70 (0.57–0.86) .0006

Metastasis in liver: yes/no 1.99 (1.71–2.32) <.0001 1.91 (1.62–2.25) <.0001 1.85 (1.58–2.18) <.0001

Metastasis in lung: yes/no 0.94 (0.82–1.08) .3881 1.06 (0.91–1.23) .4766

Metastasis in lymph nodes: yes/no 1.16 (1.01–1.33) .0384 1.13 (0.98–1.31) .0940

Metastasis in peritoneum: yes/no 1.27 (1.09–1.48) .0025 1.11 (0.93–1.33) .2628

Metastasis in bone: yes/no 1.45 (1.14–1.85) .0023 1.66 (1.27–2.16) .0002 1.68 (1.30–2.18) <.0001

Presence of ascites: yes/no 2.66 (2.26–3.14) <.0001 2.09 (1.71–2.57) <.0001 2.21 (1.85–2.65) <.0001

Presence of pleural effusion: yes/no 2.06 (1.59–2.67) <.0001 1.20 (0.88–1.63) .2462

ECOG PS: ≥2/0–1 2.11 (1.67–2.66) <.0001 1.37 (1.05–1.78) .0213 1.41 (1.09–1.83) .0092

KRAS mutation: yes/no 0.97 (0.85–1.11) .6714 1.31 (1.02–1.67) .0313

Previous treatment with cetuximab: yes/no 0.98 (0.84–1.14) .7755 1.12 (0.91–1.38) .2978

Previous treatment with panitumumab: yes/no 1.05 (0.92–1.21) .4633 1.28 (1.02–1.60) .0316

Initial dose of regorafenib: <160 mg/160 mg 0.99 (0.86–1.15) .9387 0.95 (0.82–1.10) .4939

Line of previous chemotherapy: ≥4/1–3 0.88 (0.75–1.03) .1024 0.92 (0.77–1.09) .3246

HFSR present on 28th day: yes/no 0.79 (0.69–0.90) .0005 0.79 (0.69–0.91) .0014 0.79 (0.69–0.91) .0012

Time-to-treatment failure

Sex: female/male 1.27 (1.11–1.45) .0006 1.31 (1.10–1.56) .0030 1.34 (1.16–1.55) <.0001

Age: ≥65 years/<65 years 0.88 (0.77–1.01) .0704 0.91 (0.79–1.05) .2117

eBSAa: <1.6 m2/≥1.6 m2 1.21 (1.06–1.39) .0053 1.07 (0.90–1.27) .4411

Metastasis in liver: yes/no 1.54 (1.34–1.78) <.0001 1.62 (1.39–1.88) <.0001 1.61 (1.39–1.88) <.0001

Metastasis in lymph nodes: yes/no 1.19 (1.03–1.36) .0157 1.22 (1.06–1.41) .0070 1.23 (1.06–1.42) .0051

Presence of ascites: yes/no 1.67 (1.39–2.02) <.0001 1.54 (1.26–1.88) <.0001 1.55 (1.27–1.89) <.0001

ECOG PS: ≥2/0–1 1.41 (1.08–1.84) .0119 1.34 (1.01–1.80) .0458 1.38 (1.03–1.83) .0293

KRAS mutation: yes/no 0.94 (0.82–1.07) .3468 0.95 (0.82–1.10) .4979

Initial dose of regorafenib: <160 mg/160 mg 0.96 (0.83–1.10) .5219 0.88 (0.76–1.03) .1132

Line of previous chemotherapy: ≥4/1–3 0.82 (0.71–0.96) .0120 0.82 (0.69–0.96) .0156 0.83 (0.71–0.97) .0231

HFSR present on 28th day: yes/no 1.03 (0.90–1.18) .6811 0.99 (0.86–1.15) .9264

Hand-foot skin reaction

Sex: female/male 1.05 (0.91–1.22) .4983 1.14 (0.95–1.38) .1569

Age: ≥65 years/<65 years 0.86 (0.75–1.00) .0483 0.97 (0.83–1.14) .7140

ECOG PS: ≥2/0–1 0.60 (0.44–0.83) .0019 0.62 (0.45–0.87) .0055 0.61 (0.44–0.85) .0037

KRAS mutation: yes/no 1.01 (0.87–1.17) .9339 1.04 (0.81–1.34) .7532

History of allergy: yes/no 1.20 (1.01–1.43) .0382 1.14 (0.95–1.36) .1670

Previous treatment with capecitabine: yes/no 0.97 (0.84–1.12) .6759 1.00 (0.85–1.16) .9451

Previous treatment with bevacizumab: yes/no 1.43 (1.08–1.90) .0132 1.35 (1.01–1.82) .0463 1.38 (1.02–1.85) .034

Previous treatment with cetuximab: yes/no 0.98 (0.83–1.16) .8132 1.07 (0.86–1.33) .5565

Previous treatment with panitumumab: yes/no 1.07 (0.92–1.24) .4140 1.05 (0.84–1.32) .6691

Initial dose of regorafenib: <160 mg/160 mg 0.73 (0.62–0.86) .0001 0.78 (0.66–0.92) .0030 0.77 (0.65–0.91) .0016

eBSAa: <1.6 m2/≥1.6 m2 0.84 (0.72–0.97) .0196 0.81 (0.68–0.98) .0274
aeBSA: Body surface area estimated using DuBois formula.
Abbreviations: CI, confidence interval; ECOG PS, European Cooperative Oncology Group Performance Status; HFSR, hand-foot skin reaction;
HR, hazard ratio.
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regorafenib. Considering those results, even though these
were a post hoc analysis, the early onset of HFSR might be a
surrogate marker of better prognosis by regorafenib treat-
ment. However, HFSR is the most common reason for dis-
continuing treatment, and it should therefore be well
managed. In the present study, 17.0% of patients did not
receive prophylaxis for HFSR. Health care professionals must
be well informed about the risks for and management of
HFSR during long-term treatment with regorafenib.

Liver injury is a critical ADR caused by regorafenib.
Although the incidence of serious liver injury in clinical
practice was not higher in our study compared with the
CORRECT-J trial [9], the risk of liver injury requires careful
monitoring and minimization because of the risk of death.
A recent review of regorafenib-induced liver injury in
Japanese patients considered this effect idiosyncratic, that
predictive biomarkers have not been identified, and that
the second cycle was the most frequently observed time to
onset. These findings highlight the importance of conduct-
ing weekly tests for liver function, particularly during the
first two cycles, to identify hepatic events early and discon-
tinue treatment, which are the most important strategies
for risk mitigation [27].

The benefit conferred upon OS by regorafenib treat-
ment of patients with mCRC in a real-world setting is con-
sistent with the experience of randomized clinical trials [8,
15]. Here, an exploratory Cox regression analysis suggests
that worse ECOG PS (≥2) was significantly associated with
poorer OS and TTF compared with better ECOG PS (0–1).
The current study included patients with ECOG PS ≥2 (8.3 %),
whereas the CORRECT and CONCUR trials only included
patients with ECOG PS 0–1 [8, 15]. The REBECCA study of a
cohort of patients in the French compassionate program,
including patients with ECOG PS ≥2 (10.6%), showed that
worse ECOG PS was associated with poorer OS [22], consis-
tent with our results. The possible benefits of regorafenib in
patients with ECOG PS ≥2 cannot be excluded because
changes in ECOG PS after treatment initiation were not inves-
tigated here. Importantly, the available data indicated that
treatment with regorafenib would not be recommended for
patients with poor ECOG PS (≥2).

This study has several limitations. Certain baseline
data, including those for tumor markers and laboratory
values, were not analyzed because of the large number
of missing data. These may be important predictors of
the effectiveness and safety of regorafenib treatment that

require further investigation. Although safety and effec-
tiveness were not prospectively analyzed, the Cox regres-
sion analysis was exploratory and retrospective, and the
data require careful interpretation. Nevertheless, the infor-
mation obtained from this cohort of 1,227 patients in real-
world settings will be useful for making clinical decisions
to use regorafenib to treat patients with mCRC.

CONCLUSION

Our data suggest that the safety and effectiveness profiles
of regorafenib of Japanese patients with mCRC treated in
clinical practice were consistent with those of clinical trials.
No new safety concerns were observed. To prevent early
treatment discontinuation because of ADRs, weekly moni-
toring for the first 2 months is strongly recommended.
Treatment with regorafenib would not be recommended
for patients with poor ECOG PS.
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