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Abstract. A 75-year-old man diagnosed with ileal gastroin-
testinal tumor with peritoneal dissemination was subjected to 
salvage treatment with regorafenib at 120 mg/day. Following 
the initiation of the treatment, liver dysfunction appeared 
on day  28, and continued to worsen despite termination 
of the treatment. Since no increase in the levels of serum 
immunoglobulins of the patient was observed, and negative 
results were obtained for the analysis of viral markers and 
autoantibodies, a diagnosis of regorafenib‑induced hepatitis 
was suggested. In consequence, the patient received steroid 
pulse therapy and continuous administration of predniso-
lone, without sufficient improvement. Liver biopsy revealed 
interface hepatitis with prominent plasma cell infiltration, 
suggesting regorafenib‑induced autoimmune hepatitis. 
The patient was then administered azathioprine and pred-
nisolone, which improved the hepatic injury. The present 
case represents the first report of successful treatment of 
regorafenib‑induced severe hepatic injury by the use of an  
immunosuppressant.

Introduction

Gastrointestinal stromal tumors (GISTs) are common sarcomas 
arising in the gastrointestinal tract (1). Advanced GISTs are 
generally treated using a combination of surgical resection 
and chemotherapies (2). The recent development of kinase 

inhibitors, including imatinib mesylate, sunitinib malate and 
regorafenib, has markedly improved the clinical outcomes of 
patients with advanced metastatic GIST (2).

Regorafenib is an oral multikinase inhibitor that inter-
feres with multiple signaling pathways involved in the 
proliferation and survival of tumor cells, including those 
mediating angiogenesis, oncogenesis and maintenance of the 
tumor microenvironment (3). A previous phase III clinical 
study, known as the GRID study, examined the efficacy of 
regorafenib over placebo for standard therapy‑refractory 
metastatic GISTs, and demonstrated that patients treated with 
regorafenib experienced a superior progression‑free survival, 
compared with the placebo group (3). In addition, regorafenib 
was also observed to be effective for the treatment of advanced 
colorectal cancers (CRCs) in a global phase  III study of 
760 patients (the CORRECT study) (4). Thus, regorafenib is 
currently used worldwide as an anticancer drug (4).

However, treatment with regorafenib may lead to adverse 
events. In the CORRECT study (4), toxicities of common termi-
nology criteria of adverse events grade ≥3 appeared in 59.8% 
of the patients who received regorafenib. While hypertension, 
hand‑foot skin reaction and diarrhea were observed in 23.5, 
19.7 and 5.3% of patients, respectively, grade ≥3 hyperbiliru-
binemia was observed in 2% patients, and no other adverse 
events associated with liver dysfunction were reported. In the 
GRID study  (3), liver dysfunction was reported among the 
drug‑related adverse events observed in ≤10% of patients, and 
frequent increased levels of serum transaminase were reported 
in sub‑analyses of Japanese patients in the CORRECT study (5). 
Liver dysfunction occurring in association with administration 
of regorafenib has been previously recognized as drug‑induced 
hepatitis (DIH) (6). Patients suffering liver dysfunction related 
to regorafenib often discontinue the treatment, and are subse-
quently administered liver‑protecting agents  (7). Although 
treatment with steroids and plasmapheresis has previously been 
employed for patients with DIH in a severe state, fatal results 
have occasionally occurred.

Drug‑induced autoimmune hepatitis (DIAIH) is one of the 
categories of autoimmune hepatitis (AIH) (7). The damage 
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to hepatocytes observed in DIAIH is considered to develop 
through autoimmune reactions associated with a certain 
drug, while DIH represents direct injury to hepatocytes by 
a causative drug (7). DIAIH and AIH share the histological 
features of hepatitis in association with the infiltration of 
plasma cells (7). The frequency of DIAIH among classical 
AIH has been estimated to be 9%, but a limited number of 
drugs such as minocycline and nitrofurantoin have been 
reported to often induce DIAIH (8). In the present case report, 
the first description of DIAIH possibly caused by regorafenib, 
and its successful treatment with the immunosuppressant drug 
azathioprine, is described.

Case report

Anemia was identified in a 75‑year‑old man visiting his local 
doctor for treatment of hypercholesterolemia and periodic 
examination in September 2011. The patient had undergone 
appendectomy ~50 years earlier, and presented no history 
of drug allergy, although the patient had been smoking 
20 cigarettes/day and drinking 40 g of alcohol/day during 
50 years. Computed tomography (CT) revealed an intrapelvic 
tumor of 10 cm in diameter and several small nodules of ~1 cm 
in diameter in the abdominal cavity. Gastrointestinal endos-
copy did not reveal any specific findings.

In September 2011, the patient was admitted to the National 
Hospital Organization Kyushu Medical Center (Fukuoka, 
Japan), and surgical resection of the intrapelvic tumor and 
partial ileectomy were then performed. Macroscopically, the 
tumor was 10.5 cm in diameter and limited to the muscular 
layer of the terminal ileum. Histological examination revealed 
spindle‑shaped atypical cells proliferating in fascicular 
form. Immunohistochemically, the tumor cells were positive 
for c‑kit and cluster of differentiation 34, partially positive 
for α‑smooth muscle actin (SMA), and negative for desmin 

and S‑100. Therefore, the postoperative diagnosis was ileal 
GIST with peritoneal dissemination, representing a high‑risk 
status. Consequently, administration of imatinib mesylate 
at 400 mg/day was started in December 2012. However, in 
January 2013, high fever appeared, and radiological examina-
tion detected bilateral interstitial pneumonia. Imatinib therapy 
was subsequently terminated, and the interstitial pneumonia 
immediately improved.

During the observational period following imatinib therapy, 
the peritoneal tumors gradually enlarged. Therefore, oral 
administration of regorafenib at 120 mg/day was initiated in 
October 2013 (Fig. 1). However, the therapy was discontinued 
9 days later, due to the appearance of fever, and restarted on 
day 15, following complete recovery. Increased levels of serum 
transaminases, including alanine aminotransferase (ALT) 
(274 IU/l) and aspartate aminotransferase (AST) (385 IU/l), 
and total bilirubin (T‑Bil) (1.1 mg/dl) were detected on day 28. 
In consequence, the treatment with regorafenib was terminated. 
However, the laboratory findings continued to worsen despite 
suspending the treatment, and the patient was readmitted to 
the hospital 31 days later. Further increase in the levels of 
T‑Bil (5.2 mg/dl), AST (1,840 IU/l) and ALT (2,534 IU/l) were 
observed on day 37. CT scan on day 35 revealed no significant 
lesions in the liver and a marked improvement of the peritoneal 
disseminations. No other adverse events were noticed during 
this period. Laboratory analyses revealed no increase in the 
levels of serum immunoglobulin (Ig), and negative results were 
obtained for viral markers of hepatitis B and C, antinuclear 
antibody and α‑SMA, suggesting that viral hepatitis and AIH 
were unlikely.

In consequence, regorafenib‑induced hepatitis was diag-
nosed, and steroid pulse therapy (1,000 mg/day) was initiated 
at day  37. Continuous administration of prednisolone at 
40 mg/day was started at day 40, but limited improvement was 
observed. Based on the histological examination of a specimen 

Figure 1. Clinical course and variation in the serum levels of ALT, AST and T‑Bil. ALT, alanine aminotransferase; AST, aspartate aminotransferase; T‑Bil, 
total bilirubin.
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derived from liver biopsy conducted at day 50, which exhib-
ited interface hepatitis with plasma cell infiltration (Fig. 2), 
regorafenib‑induced autoimmune hepatitis was suggested. 
Administration of prednisolone (30 mg/day) in addition to the 
immunosuppressant drug azathioprine (50 mg/day) markedly 
ameliorated the liver dysfunction, and the patient experi-
enced complete recovery within one month. No evidence of 
progression of DIAIH following withdrawal of azathioprine 
was observed on day 91 and also with reduced dose of pred-
nisolone (5 mg/day) was observed on day 150. Upon recovery 
from liver dysfunction, chemotherapy was terminated, and the 
patient was under follow‑up for 14 months. During this period, 
the peritoneal GISTs exhibited a moderate growth, although 
the patient did not experience any specific symptoms.

Discussion

The patient of the present case report exhibited acute‑onset 
hepatic injury following the initiation of regorafenib therapy. 
The clinical features and histological findings from liver tissue 
suggested DIAIH. DIAIH is one of the categories of AIH, and 
shares similar characteristics with it, including predominant 
incidence among women, presence of autoantibodies, increased 
levels of serum IgG, and infiltration of lymphocytes and plasma 
cells into liver tissue (9). These features of AIH differ from 
those observed in the patient of the present case report. Thus, 
the gender of the patient (man), his lack of autoantibodies and 
the normal levels of serum IgG displayed by the patient were 
suggestive of DIH. Although autoantibodies are considered to 
be suitable markers for distinguishing DIAIH from other forms 
of DIH, drugs such as nitrofurantoin and methyldopa, known 
to induce DIAIH, may not trigger autoantibody production in 
20‑40% of patients with DIAIH attributable to these agents, 
according to previous reports (10). Furthermore, histological 
examination of the liver in the present case clearly revealed 
specific features of DIAIH, and the prominent effectiveness 
of the immunosuppressant therapy administered to the patient 
further supported the diagnosis of DIAIH. In addition, the 
absence of a relapse in hepatitis following the withdrawal of 

immunosuppressants and tapering of prednisolone to a dose of 
5 mg/day was also consistent with DIAIH.

In previous clinical studies examining the efficacy of rego-
rafenib for the treatment of GIST and CRC, low incidences of 
adverse events in terms of liver function were reported (3,4). 
However, a more frequent appearance of adverse events 
related to liver dysfunction has been recognized among Asian 
populations, particularly in Japanese patients (5). High levels 
of transaminase, classed as grade ≥3, were more frequently 
observed in the Japanese subpopulation, compared with the 
whole cohort in the CORRECT study (5), while in the other 
CORRECT study  (4), a 62‑year‑old Asian man suffered 
grade 5 drug‑induced liver dysfunction. A previous retrospec-
tive study of 32 cases of metastatic CRC revealed that 19 and 
16% of patients exhibited increased levels of AST and ALT 
of grade ≥3, respectively, and 1 patient succumbed to liver 
dysfunction under salvage‑line regorafenib monotherapy (11). 
In a previous prospective phase  III study  (4), intensive 
supportive care, including plasmapheresis, was unable to 
rescue a proportion of patients with regorafenib‑related liver 
dysfunction. However, the etiologies of liver dysfunction in 
association with regorafenib were not clearly described in 
these studies. Generally, in previous cases of patients diag-
nosed with regorafenib‑induced hepatitis, the administration 
of the drug was discontinued, and the patients subsequently 
received liver‑protecting agents (6). Considering the clinical 
courses of the population who suffer regorafenib‑induced 
liver dysfunction, the establishment of appropriate methods of 
diagnosis and specific therapies for DIAIH is required.

In the present case, the reasons leading to the development 
of DIAIH in association with regorafenib remain unclear. 
Possible risk factors for DIAIH due to exposure to certain 
drugs have been previously proposed, particularly in terms of 
the patient's background and the characteristics of the causative 
agents (7). Patient's age, female gender and alcohol intake have 
been identified as risk factors for DIAIH (7). In addition, genetic 
predispositions to DIAIH have been reported, including human 
leukocyte antigen B8 haplotype for clometacin‑induced AIH 
and DRB1*03 genotype for isoniazid‑induced AIH, suggesting 
that certain genetic backgrounds may induce specific forms 
of DIAIH (12). While the majority of cases of DIAIH are 
considered to be caused by minocycline and nitrofurantoin, 
a previous report has described one case of AIH induced by 
imatinib, a molecular targeting agent usually employed for the 
treatment of malignant neoplasms (13).

Current therapeutic strategies for DIAIH consist of discon-
tinuation of the causative agent and subsequent administration 
of liver‑protecting agents, steroids and immunosuppressants. 
The use of immunosuppressants for the treatment of DIAIH is 
based on the pathogenesis of this condition, since the dominant 
mechanism of hepatocyte injury depends on the infiltrating 
immune cells (7). In the present case, regorafenib‑induced 
severe liver injury appeared refractory to prednisolone therapy, 
and responded to the subsequent azathioprine therapy.

In conclusion, the present case report offers the first 
description of possible regorafenib‑induced AIH in a patient 
with metastatic GIST. Based on the findings of the present 
study, it can be proposed that liver biopsies for patients with 
refractory drug‑induced liver dysfunction may aid to achieving 
the appropriate diagnosis and providing valuable information 

Figure 2. Histological examination of liver tissue obtained by biopsy on 
day 50 post‑initiation of regorafenib therapy. The sample slide was stained 
with hematoxylin and eosin, and observed by light microscopy at high power 
(magnification, x400).
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for selecting the adequate therapy. Further exploration of the 
actual incidence of regorafenib‑induced liver injuries such as 
AIH among patients with CRC and GIST, and clarification 
of the molecular mechanisms involved in the development of 
DIH, is required.
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