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Abstract
Regorafenib improves the survival of patients with metastatic colorectal cancer 
(mCRC); however, it is also characterized by detrimental dermal side effects that 
may require treatment cessation or modified dosing. In our previous prospective 
pharmacokinetic, pharmacodynamic, and pharmacogenetic studies, 17.5% (7/40) 
of the patients with mCRC had grade 3 erythema multiforme (EM) that caused 
treatment discontinuation. Haplotypes in genes encoding human leukocyte an-
tigen (HLA) are associated with EM following the administration of drugs, such 
as allopurinol. This study examined the association between HLA haplotypes 
and regorafenib-induced EM. Regorafenib was administered orally at 160 mg/
body once daily for weeks 1–3 of each 4-week cycle. To determine the HLA hap-
lotypes, we used the WAKFlow HLA Typing Kit HLA-A, -B, or -C. The carrier 
frequency of HLA-C*01:02 in patients with EM (6/7) was higher than that in tol-
erant controls (8/33; odds ratio [OR] = 18.8, 95% confidence interval [CI] = 1.95–
180, p = 0.00437). HLA-B*46:01 was also associated with EM (OR = 11.6, 95% 
CI = 1.47–92.1, p = 0.0299). These associations were no longer significant after 
Bonferroni correction for multiple testing. Therefore, regorafenib-induced EM in 
Japanese patients appears to be associated with specific HLA haplotypes but fur-
ther validation is needed.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Regorafenib-induced severe erythema multiforme (EM) has been observed 
in clinical trials and clinical practice, resulting in treatment discontinuation. 
However, the scientific basis of regorafenib-related symptoms remains unclear.
WHAT QUESTION DID THIS STUDY ADDRESS?
As EM is an immune-mediated mucocutaneous disease, a specific human leu-
kocyte antigen (HLA) may be associated with the pathogenesis of its symptoms.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Clinical and Translational Science published by Wiley Periodicals LLC on behalf of American Society for Clinical Pharmacology and Therapeutics.

http://www.cts-journal.com
https://doi.org/10.1111/cts.13589
mailto:k.fujita@med.showa-u.ac.jp
https://orcid.org/0000-0002-1575-6690
mailto:k.fujita@med.showa-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/


1742  |      FUJITA et al.

INTRODUCTION

Regorafenib is an orally administered, small-molecule, 
multi-kinase inhibitor that blocks the activity of various 
protein kinases involved in the regulation of tumor angio-
genesis, oncogenesis, and the tumor microenvironment.1 
Regorafenib is sequentially metabolized primarily in the 
liver by CYP3A4 to form two major pharmacologically 
active metabolites, regorafenib (pyridine)-N-oxide (M-2), 
and N-desmethyl regorafenib (pyridine)-N-oxide (M-5).2,3 
Because a phase III CORRECT trial demonstrated sig-
nificant survival benefit of regorafenib in patients with 
metastatic colorectal cancer (mCRC) who had progressed 
on all available standard therapies or could not tolerate 
standard therapies,4 treatment with regorafenib can ben-
efit these patients, and it has been approved for the treat-
ment of mCRC in many countries.

Despite the significant survival advantages of rego-
rafenib treatment, it induces characteristic dermal adverse 
events.4,5 Erythema multiforme (EM) is a cutaneous and 
mucosal hypersensitivity reaction with characteristic tar-
get lesions triggered by certain antigenic stimuli, includ-
ing therapeutic drugs.6 Regorafenib is known to induce 
EM in clinical trials,4 and also in clinical practice,7,8 which 
frequently results in treatment cessation. Accordingly, the 
Japanese regorafenib package insert describes caution 
regarding these adverse events. In our prospective phar-
macokinetic, pharmacodynamic, and pharmacogenetic 
studies, 17.5% (7/40) of patients with mCRC had grade 3 
EM that caused treatment discontinuation.9 Because EM 
is an immune-mediated mucocutaneous disease,10 the 
pathogenesis of the symptoms could be associated with a 
specific human leukocyte antigen (HLA).11 Evidence has 
revealed an association between cutaneous adverse events 
induced by therapeutic drugs and specific HLA haplo-
types.11 Associations between carbamazepine-induced EM 
and specific HLA haplotypes12 suggest the potential of HLA 
haplotypes to be associated with regorafenib-induced EM.

Based on this background, we retrospectively ex-
amined the association between HLA haplotypes and 
regorafenib-induced EM by applying patients’ clinical 

data and genome samples collected in our previous pro-
spective study on regorafenib.9

METHODS

Study design

This was a retrospective study with data and samples 
obtained from our previous prospective pharmacoki-
netic, pharmacodynamic, and pharmacogenetic studies 
of patients with mCRC who were candidates for the ad-
ministration of regorafenib at Showa University Hospital 
(Tokyo, Japan).9 Our main objective was to examine the 
relationship between regorafenib-induced EM and HLA 
haplotypes. The Institutional Review Board of Showa 
University approved the study protocol. The study was reg-
istered in Japan's University Hospital Medical Information 
Network-Clinical Trials Registry (UMIN000013939). The 
eligibility of patients, treatment with regorafenib, and 
toxicity and efficacy evaluations have been described 
previously.9

HLA typing

Genomic DNA was extracted from peripheral blood, 
which had been stored at −80°C until analysis, using a 
QIAamp Blood Kit (QIAGEN). Because many cases of 
drug-induced cutaneous adverse reactions are known to 
be associated with HLA-class I,11,13,14 haplotypes in HLA-
A, -B, and -C were analyzed. To determine the HLA type, 
we used the WAKFlow HLA Typing Kit HLA-A, -B, or -C 
(Wakunaga). The results were analyzed using the Bio-Plex 
200 system (Bio-Rad Laboratories).

Pharmacokinetic analysis

The details of the pharmacokinetic analysis of regorafenib 
and its two active metabolites have been described in 

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
We found that regorafenib-induced EM in Japanese patients with metastatic 
colorectal cancer was associated with specific HLA haplotypes, HLA-C*01:02 and 
HLA-B*46:01.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR TRANS

LATIONAL SCIENCE?
These HLA haplotypes may have clinical value in identifying patients susceptible 
to EM before regorafenib treatment, which may enable us to treat patients who 
develop severe EM appropriately.
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our previous study.9 The total plasma concentration base 
and unbound plasma concentration base area under the 
plasma concentration-time curve (AUCt and AUCu) of re-
gorafenib, M-2, and M-5 from time zero to the last sam-
pling time were calculated.

Statistical analysis

Associations between two groups of categorical and con-
tinuous variables, and between two groups of categorical 
variables were analyzed using the Wilcoxon and Fisher's 
exact tests, respectively. Bonferroni correction for multi-
ple comparisons of HLA haplotypes (12 for HLA-A, 9 for 
-B, and 6 for -C) was performed to obtain corrected p val-
ues. Progression-free survival (PFS) was calculated by the 
Kaplan–Meier method. Correlations of the PFS with cat-
egorical variables were assessed by the log-rank test. All 
analyses were performed using the JMP software (version 
16.0; SAS Institute). Associations were considered statisti-
cally significant when the two-tailed p value was less than 
0.05.

RESULTS

Patient characteristics

Forty patients were enrolled in the study between 
December 2013 and October 2018. The patient charac-
teristics are shown in Table  S1. All patients had liver 
and kidney function test results that met the eligibility 
criteria. Thirty-eight patients received three or more 
lines of treatment. Among the 40 patients, seven had 
grade 3 EM, which resulted in the discontinuation of re-
gorafenib treatment. The median duration of EM onset 
was 13 days (14–16 days). The total bilirubin, serum 
creatinine, and eGFR observed in patients with and 
without EM were not significantly different (p > 0.05), 
indicating almost equal liver and kidney functions be-
tween the two groups.

Pharmacokinetics of regorafenib, M-2, and 
M-5, and EM induced by regorafenib

First, we examined the association between the AUCt 
or AUCu of regorafenib, M-2, and M-5 and regorafenib-
induced EM. No significant differences were observed 
between systemic exposure to regorafenib and its ac-
tive metabolites and regorafenib-induced grade 3 EM 
(Figure 1).

Associations of HLA haplotypes and 
regorafenib-induced EM

Next, we investigated the association between HLA hap-
lotypes and regorafenib-induced EM (Table  1). The car-
rier frequency of HLA-C*01:02 in patients with EM (6/7) 
was higher than that in the tolerant controls (8/33; odds 
ratio [OR] = 18.8, 95% confidence interval = 1.95–180, 
p = 0.00437, Fisher's exact test). HLA-B*46:01 was also 
associated with EM (OR = 11.6, 95% confidence inter-
val = 1.47–92.1, p = 0.0299, Fisher's exact test). These as-
sociations were no longer significant after Bonferroni 
correction for multiple testing (Table  1). Diplotype con-
figurations of HLA haplotypes seen in all 40 patients are 
shown in Table S2. There were no patients homozygous 
for HLA-C*01:02 or HLA-B*46:01.

Associations of HLA haplotypes and  
efficacy

We examined whether PFS was associated with HLA hap-
lotypes. PFS was not associated with both HLA-C*01:02 
(p = 0.403) and HLA-B*46:01 haplotypes (p = 0.875).

DISCUSSION

Cutaneous adverse events induced by therapeutic drugs 
have been revealed to be associated with specific HLA 
haplotypes. Carbamazepine-induced Stevens-Johnson 
syndrome or toxic epidermal necrosis which is associated 
with HLA-B*15:02, and allopurinol-induced severe cutane-
ous adverse drug reactions which occur in patients carry-
ing HLA-B*58:01 are observed in East Asian population.11 
Associations with both HLA-C*01:02 and HLA-B*46:01 
have also been reported in East Asian populations in rela-
tion to cutaneous adverse reactions to other drugs,15–17 but 
the current report is the first for regorafenib-induced EM. 
According to the prescription information of regorafenib 
released by the US Food and Drug Administration in 
2013, the incidence of serious adverse reactions such as 
EM in phase III CORRECT study4 was 0.2%,18 much lower 
than that observed in our study (17.5%). In the CORRECT 
study, a relatively small number of Japanese patients with 
mCRC (n = 67) were treated with regorafenib compared 
to non-Japanese patients (n = 438). The frequency of 
HLA-C*01:02 observed in East Asians, including Japanese 
(~20%), was higher than in Western populations (~3.0%).19 
In addition, although HLA-B*46:01 is observed in East 
Asians, such as Japanese (5%–20%), the frequency of the 
haplotype in Western populations is almost zero.19 The 
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higher incidence of regorafenib-induced EM observed 
in our Japanese patients appears to be attributed to the 
higher frequencies of these HLAs in Japanese patients. 
However, the lower incidence of regorafenib-induced se-
vere EM observed in the CORRECT study might reflect 
the small proportion of Japanese patients participating in 
the international phase III trial compared to Western pa-
tients. Cases of regorafenib-induced severe EM observed 
in clinical practice have been reported in Japan,7,8 but not 
in Western countries. Considering these results, Japanese 
patients will may be more likely to develop regorafenib-
related EM, although the grade and frequency have not 
been comprehensively elucidated. HLA-C*01:02 and HLA-
B*46:01 might have clinical values to identify patients sus-
ceptible to EM before initiating regorafenib treatment, 
which enables us to treat patients who tend to develop 
severe EM appropriately. Further clinical studies are re-
quired to confirm the reproducibility of these results.

Because Ikeda et al.20 demonstrated that the haplo-
type frequencies of HLA-C*01:02 and HLA-B*46:01 in the 
Japanese population were 17.6% and 4.77%, respectively, 

~32% and 9.3% of Japanese are estimated to possess these 
haplotypes, respectively. The frequencies of HLA-C*01:02 
and HLA-B*46:01 carriers observed in our 33 control patients 
were 24.2% and 6.06%, roughly consistent with the calculated 
values for the Japanese population. These results suggested 
that our control patients were adequate for estimating the 
risk of these haplotypes in regorafenib-induced EM.

Our patients were enrolled between 2013 and 2018, 
shortly after the introduction of regorafenib into clinical 
practice. During this early period, the emergence of toxic-
ities, such as hand-foot syndrome, limited the use of rego-
rafenib despite the observed survival benefits. According to 
the results obtained from clinical trials,21,22 physicians in 
clinical practice have adopted a lower initial dose of rego-
rafenib (<160 mg/day) to safely start the therapy, and then 
increase the dose depending on the toxicities. However, be-
cause EM is an immune-mediated mucocutaneous disease, 
the dose of regorafenib does not appear to be associated 
with the incidence and the grade of EM. Our results showed 
no association between EM, and systemic exposure to rego-
rafenib and its active metabolites. Therefore, dose reduction 

F I G U R E  1   Associations of AUCu or AUCt values of regorafenib (a or d), M-2 (b or e), and M-5 (c or f) with regorafenib-induced EM. 
No significant differences between AUCu or AUCt values of regorafenib, M-2, and M-5 with regorafenib-induced EM were observed. AUCu 
and AUCt were analyzed for 36 patients, which included 6 patients with grade 3 EM. We failed to determine AUCu or AUCt values in some 
patients because of the plasma concentrations below the limit of quantitation. Wilcoxon test. Bars represent the means. AUCu, unbound 
plasma concentration base area under the plasma concentration-time curve; AUCt, total plasma concentration base area under the plasma 
concentration-time curve; EM, erythema multiforme.
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might not effectively manage EM. We recommend medical 
oncologists to discontinue regorafenib treatment when 
patients develop EM. The identification of patients predis-
posed to EM by HLA typing before regorafenib treatment 
may warn the physicians in terms of careful management 
of such patients. HLA typing is already available widely in 
Japanese hospitals. Therefore, this typing kit could be used 
for HLA typing in patients with cancer who are candidates 
for regorafenib administration.

Although drug-induced severe cutaneous adverse reac-
tions are generally known to be associated with a specific 

HLA haplotype,11,13,14 phenytoin-related severe cutaneous 
adverse reactions were reported to be associated with the 
plasma concentration profile of the therapeutic drug.23 
Conversely, we could not observe associations between 
regorafenib-induced EM and AUC of regorafenib and ac-
tive metabolites, suggesting the substrate-dependent re-
lations between drug-induced severe cutaneous adverse 
reactions and pharmacokinetics.

This study has several limitations. First, the sample 
size was small and insufficient to obtain significant re-
sults after the Bonferroni correction. Although 160 mg/

T A B L E  1   Association between HLA haplotypes and regorafenib-induced grade 3 EM.

HLA haplotype

EM

OR (95% CI) p Corrected-pYes (N = 7) No (N = 33)

HLA-A

A*24:02 1 (14.3)a 12 (36.4) 0.292 (0.03–2.72) 0.393 1.00

A*02:01 1 (14.3) 9 (27.3) 0.444 (0.05–4.22) 0.656 1.00

A*02:06 1 (14.3) 6 (18.2) 0.750 (0.08–7.44) 1.00 1.00

A*11:01 2 (28.6) 4 (12.1) 2.90 (0.41–20.28) 0.279 1.00

A*31:01 1 (14.3) 5 (15.2) 0.933 (0.09–9.51) 1.00 1.00

A*33:03 1 (14.3) 4 (12.1) 1.21 (0.11–12.81) 1.00 1.00

A*02:07 2 (28.6) 3 (9.09) 4.00 (0.53–30.28) 0.204 1.00

A*26:03 1 (14.3) 4 (12.1) 1.21 (0.11–12.81) 1.00 1.00

A*11:02 1 (14.3) 1 (3.03) 5.33 (0.29–97.49) 0.323 1.00

A*02:03 1 (14.3) 1 (3.03) 5.33 (0.29–97.49) 0.323 1.00

A*26:05 1 (14.3) 0 (0.00) 15.5 (0.57–423.02) 0.175 1.00

A*24:07 1 (14.3) 0 (0.00) 15.5 (0.57–423.02) 0.175 1.00

HLA-B

B*51:01 2 (28.6) 6 (18.2) 1.80 (0.28–11.60) 0.611 1.00

B*15:01 1 (14.3) 5 (15.2) 0.933 (0.09–9.51) 1.00 1.00

B*54:01 3 (42.9) 4 (12.1) 5.44 (0.88–33.76) 0.0877 1.00

B*44:03 1 (14.3) 5 (15.2) 0.933 (0.09–9.51) 1.00 1.00

B*46:01 3 (42.9) 2 (6.06) 11.6 (1.47–92.14) 0.0299 0.807

B*48:01 1 (14.3) 4 (12.1) 1.21 (0.11–12.81) 1.00 1.00

B*59:01 1 (14.3) 0 (0.00) 15.5 (0.57–423.02) 0.175 1.00

B*15:18 1 (14.3) 2 (6.06) 2.58 (0.2–33.24) 0.448 1.00

B*08:01 1 (14.3) 0 (0.00) 15.5 (0.57–423.02) 0.175 1.00

HLA-C

C*01:02 6 (85.7) 8 (24.2) 18.8 (1.95–180.01) 0.00437 0.118

C*07:02 1 (14.3) 8 (24.2) 0.933 (0.09–9.51) 1.00 1.00

C*08:01 2 (28.6) 6 (18.2) 1.80 (0.28–11.60) 0.611 1.00

C*14:02 3 (42.9) 7 (21.2) 2.79 (0.5–15.46) 0.338 1.00

C*14:03 1 (14.3) 5 (15.2) 0.933 (0.09–9.51) 1.00 1.00

C*04:01 1 (14.3) 1 (3.03) 5.33 (0.29–97.49) 0.323 1.00

Note: HLA haplotypes observed in patients who suffer grade 3 EM are listed.
Abbreviations: CI, confidence interval; EM, erythema multiforme; OR, odds ratio.
aNumber of patients (%).
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day was the initial dose of regorafenib in this study, many 
patients in recent clinical practice are initiated with a 
reduced dose of regorafenib to manage regorafenib-
induced toxicities. Therefore, it might be difficult to ini-
tiate regorafenib with a dose of 160 mg/day, even though 
we can enroll additional patients. Second, we did not 
validate the present findings. Therefore, further studies 
involving more patients are necessary to validate their 
application in clinical practice.

In conclusion, we revealed for the first time that 
regorafenib-induced grade 3 EM observed in Japanese 
patients with mCRC was associated with specific HLA-
C*01:02 and HLA-B*46:01 haplotypes.
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