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Abstract. Regorafenib is a multi-target tyrosine kinase
inhibitor that has been approved for the treatment of meta-
static colorectal cancer, advanced hepatocellular carcinoma,
and metastatic gastrointestinal stromal tumors (GIST). Severe
hepatobiliary toxicity has been reported in patients with
colorectal cancer treated with regorafenib, but not in those with
GIST. Therefore, the aim of the present study was to investigate
the incidence and clinical course of regorafenib-associated
hepatic toxicity (HT) in patients with GIST in a real-world
setting. Patients with metastatic GIST treated with regorafenib
between September 2012 and May 2014 at three German
tertiary care centers were followed up until August 2017.
Patient records were retrospectively analyzed and descriptive
statistics were employed. HT was defined as alterations in the
serum values of aspartate aminotransferase, alanine amino-
transferase, y-glutamyltransferase, alkaline phosphatase and
bilirubin (according to the Common Terminology Criteria for
Adverse Events, version 4.0), and/or corresponding clinical
signs. The time to clinical progression and the overall survival
were calculated by Kaplan-Meier curves. Overall, 21 patients
were treated with regorafenib and 5 (23.5%) of those heavily
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pretreated patients suffered from severe HT during regorafenib
treatment. In 4 (80%) of these cases, regorafenib treatment was
continued, optimizing individual treatment benefit. Clinical
monitoring and adequate therapy management are crucial
for ensuring continuation of regorafenib treatment in order to
achieve an optimal clinical outcome.

Introduction

Regorafenib is an oral a multi-target tyrosine kinase inhibitor
blocking several protein kinases and targeting tumor angio-
genesis, as well as the oncogenic kinases KIT, RET and
B-RAF (1). The antitumor effect of regorafenib has been
demonstrated in colorectal cancer, gastrointestinal stromal
tumors (GIST) and hepatocellular cancer (2-4). Since imatinib
was one of the first tyrosine kinase inhibitors to be approved
for the treatment of GIST in 2002, the therapeutic landscape
has changed markedly. The efficacy of tyrosine kinase inhibi-
tors has been demonstrated for a number of other diseases,
but several common side effects have also been reported,
including hypertension, palmar-plantar erythrodysesthesia
syndrome, diarrhea and fatigue (5).

Hepatic toxicity (HT) has been observed in patients under
treatment with various tyrosine kinase inhibitors. The inci-
dence of severe HT was estimated to be 5% in a systematic
review of patients treated with various tyrosine kinase inhibi-
tors (3,6-9). In a pivotal phase III trial of regorafenib in patients
with GIST (n=132), apart from 1 case of drug-related fatal
hepatic failure, no HT or biliary toxicity were reported (2);
however, our data indicate that almost one-quarter of patients
treated with regorafenib experience laboratory and/or clinical
signs of HT (2).

The incidence of HT among GIST patients treated with
regorafenib may be underreported. The aim of the present
study was to conduct a retrospective analysis of a real-world
cohort, treated at three German tertiary hospitals, in order to
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investigate the incidence of HT among GIST patients treated
with regorafenib, as timely management is crucial for allowing
continuation of regorafenib treatment with a durable palliative
result, while severe HT may require treatment discontinuation
and compromise the outcome of heavily pretreated patients.

Patients and methods

Patients and ethics statement. The present study included
patients with GIST who were treated with regorafenib between
September 2012 and May 2014 at three German University
Hospitals (Tiibingen, Heidelberg and Hannover). The last
follow-up was documented in August 2017. Patient data
were anonymized and assessed retrospectively. All analyses
were performed in concordance with the recommendations
of the local ethics committees, and after obtaining approval
from the Ethics Committee of Hannover Medical School
(Hannover, Germany, reference no. 3167-2016). The study
protocol conformed to the principles outlined in the latest
amendment of the Declaration of Helsinki (10).

Regorafenib treatment. Regorafenib was administered after
obtaining written informed consent from the patients. Dosing
was adjusted according to investigator's judgement following
the product information. All patients received computed
tomography or magnetic resonance imaging examinations at
baseline and subsequently every 3 months, according to local
standards. Clinical chemistry and blood count measurements
were performed according to local standards.

Definition of HT. HT was defined as any alteration in the
serum values of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), y-glutamyltransferase (y-GT),
alkaline phosphatase (AP) and bilirubin, corresponding
to an adverse event of grade =3 according to the Common
Terminology Criteria of Adverse Events (CTCAE), version 4.0,
and/or by corresponding clinical signs (e.g., icterus, pruritus
and exanthema) (11). The values were documented at the
start of therapy, at maximum peak and at the end of therapy,
or last value recorded (resolution). HT was considered as
regorafenib-associated only in patients without evidence of
hepatic tumor progression and no other plausible cause.

The institutional cut-off for pathological values was applied,
and CTCAE grading was performed by the multiplication of
the upper limit of normal.

Statistical analysis. Statistical analysis was performed using
SPSS 24.0 (IBM Corp.). Descriptive patient and treatment
characteristics were evaluated. Clinical progression-free
survival (cPFS) was defined as the time from initiation
of regorafenib treatment until the first evidence of either
clinical or radiological progression, and it was calculated by
Kaplan-Meier curves. Overall survival (OS) was defined as the
time from initiation of regorafenib treatment until death from
any cause, and it was calculated using Kaplan-Meier curves.

Results

Patient characteristics. A total of 21 patients treated with rego-
rafenib for GIST were identified within the observation period.

Table I. Baseline patient and tumor characteristics at diagnosis.

Baseline parameters No. (%)*

Patients
Median age at diagnosis, years (range)

21 (100.0)
67.2 (31.4-87)

Sex
Male 16 (76.2)
Female 5(23.8)
Primary GIST location
Esophagus 3(14.3)
Stomach 6 (28.6)
Small intestine 8 (38.1)
Colon 2(9.5)
Peritoneum 2(9.5)
Median time to metastasis, months (range) 0 (0-64)
Synchronous metastasis at initial diagnosis 12 (57.1)
of GIST
Synchronous liver metastasis at initial 7 (33.3)
diagnosis of GIST
Primary molecular pathology
¢-KIT exon 11 mutation 8 (38.1)
¢-KIT exon 9 mutation 4(19.0)
c-KIT wild-type 1(4.8)
Not available 8 (38.1)

“Unless otherwise indicated. GIST, gastrointestinal stromal tumors.

The median follow-up was 14.8 months (range, 2-42 months)
and the median age at diagnosis was 67.2 years (range,
31-87 years). The primary origin of GIST was mostly in the
small intestine (n=8, 38.1%), followed by the stomach (n=60,
28.6%). Synchronous metastases at initial diagnosis were
present in 12 patients (57.1%). A total of 7 patients (33.3%)
suffered from liver metastases at initial diagnosis, while overall
hepatic metastases developed in 19 patients (90.5%) (Table I).
The patterns of metastatic spread are shown in supplemen-
tary Table SI.

Treatment. Patients received 3-8 therapeutic lines prior to the
initiation of regorafenib, while the median duration of rego-
rafenib treatment was 5.15 months (range, 2-20 months). Dose
reduction of regorafenib was necessary in 15 patients (71.4%).
The subsequent therapeutic lines ranged from O to 5 (Table II).

Incidence of HT. A total of 5 patients with clinical and/or
laboratory HT were identified (23.5%). The median time to HT
was 1.7 months (range, 0.9-11.2 months). Of these 5 patients,
1 exhibited liver progression of GIST at time of HT, while the
remaining 4 patients were able to continue regorafenib treat-
ment without reoccurrence of HT. Only 1 patient discontinued
treatment with regorafenib permanently due to severe toxicities
other than HT (Table III).

Laboratory changes in patients with HT. The levels of AST,
ALT, y-GT, AP and bilirubin were elevated in patients with
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Figure 1. Box plot displaying laboratory values of (A) ALT, (B) AST, (C) LDH,

(D) AP, (E) y-GT and (F) bilirubin. y-GT was elevated and grade >3 at BL

for 2 patients with HT, of whom 1 patient exhibited a significant increase in AST and ALT from normal to grade 3 and 4 values, without further alteration of

v-GT; the other patient exhibited a minor increase in AST, ALT, AP and y-GT

levels. Median, interquartile range, 95% confidence interval, maximum and

minimum levels measured at BL, levels at maximum elevation (max.) and resolution of toxicity (res.) are shown for patients with HT and those without HT

(normal). HT, hepatic toxicity; ALT, alanine aminotransferase; AST, aspartate
v-GT, y-glutamyltransferase; BL, baseline.

Table II. Treatment parameters of 21 patients treated with
regorafenib.

aminotransferase; LDH, lactate dehydrogenase; AP, alkaline phosphatase;

Table III. Characteristics of HT in patients treated with
regorafenib.

Treatment parameters No. (%)* Hepatic toxicity No. (%)*
Median age at regorafenib initiation, years (range) 70 (35-86)  Patients with liver metastasis prior to 19 (90.5)
Median number of therapeutic lines before 4 (3-8) regorafenib treatment
regorafenib (range) Number of patients with HT 5(235)
Median duration of regorafenib treatment, months 5.15 (2-20) HT laboratory value alterations 4 (80.0)
(range) Clinical signs only of HT 1(20.0)
Regorafenib dose reduction (due to any reason) 15(714)  Median time to HT, months (range) 1.7 (0.9-11.2)
Reason for discontinuation of regorafenib HT patients on hepatotoxic comedication 3(14.3)
Disease progression 15(71.4)  Liver progression at the time of HT® 1(4.8)
Toxicity other than HT 1(4.8) Regorafenib continuation after HT 4(19.0)
Death 1(4.8) Reoccurrence of HT 0(0.0)
Not evaluable 4(190) | . o ]
Median number of systemic treatments after 1 (0-5) ‘Unless otherwise indicated. *Liver progression defined as new and/or

regorafenib failure (range)

“Unless otherwise indicated. HT, hepatic toxicity.

HT (Fig. 1A-F). The median maximum level of ALT in patients
with HT was 200 U/1 (range, 12-992 U/l) compared with
30 U/I (range, 22-72 U/l) in non-HT patients; AST, HT 118 U/l
(range, 38-1,104 U/1) vs. non-HT 38 U/I (range, 26-94 U/1); AP,
HT 398 U/l (range, 208-571 U/l) vs. non-HT 108 U/I (range,
32-772 U/N); v-GT, HT 499 U/l (range, 205-771 U/1) vs. non-HT
98 U/I (range, 13-1,400 U/l); bilirubin, HT 79 pmol/l (range,
36-127 umol/1) vs. non-HT 20 umol/l (range, 1-47 pmol/l);

larger tumor lesions within the liver on imaging. HT, hepatic toxicity.

and lactate dehydrogenase (LDH), HT 527 U/l (range,
356-610 U/1) vs. non-HT 278 U/ (range, 181-412 U/1). The last
available values, or those measured at the end of treatment, did
not differ significantly from baseline levels. The median ALT
at resolution in patients with HT was 29 U/I (range, 21-37 U/l),
the AST was 30 U/l (range, 27-32 U/1), the AP was 90 U/l
(range, 72-107 U/l), the y-GT was 48 U/l (range, 46-50 U/1),
the bilirubin was 9 ymol/l (range, 4-13 ymol/l) and the LDH
was 275 U/l (range, 268-281 U/l) (Fig. 1). The patterns of
laboratory changes in patients with HT are summarized in
supplementary Table SII.
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Figure 2. Overall survival of patients with gastrointestinal stromal tumors
treated with regorafenib with and without HT. HT, hepatic toxicity.

Survival. The median cPFS under treatment with regorafenib
was 8.6 months [95% confidence interval (CI): 0-17.8 months],
while the median OS from initiation of regorafenib treatment was
29.3 months (95% CI: 17.1-41.5 months). When comparing HT
with non-HT patients, no significant differences in cPFS or OS
were observed (cPFS log-rank P=0.9; OS log-rank P=0.07; Fig. 2).

Discussion

Tyrosine kinase inhibitor-induced HT has been previously
described, but its relevance in GIST patients receiving regorafenib
treatment has not been clearly defined by previous studies (9).
While the pivotal phase II1 trial of regorafenib in advanced GIST
initially did not report any severe HT, unlike the phase III trial
of regorafenib in colorectal cancer, our data demonstrated that
almost one-quarter of patients treated with regorafenib (5/21;
23.5%) exhibited laboratory and/or clinical signs of HT (2,3).
The pivotal phase III trial of regorafenib vs. placebo in
patients with refractory GIST did not initially report relevant
HT, apart from 1 case of drug-related fatal hepatic failure (2).
Only elevation of AST levels was observed in 8% of the cases
in a subsequent publication (12). Similarly, a phase III trial of
regorafenib monotherapy for metastatic colorectal cancer only
reported hyperbilirubinemia in 65/500 (11%) of the patients,
whereas no other signs of HT were reported (3). The phase III
trial of regorafenib monotherapy in patients with hepatocellular
carcinoma revealed an increase in bilirubin, ALT and AST as a
drug related adverse event. Elevated drug related bilirubin was
found in ~25% (95/374) of patients treated with regorafenib,
while 1 patient experienced grade 4 toxicity. Drug-related
elevation in AST was observed in ~18% of patients treated with
regorafenib, while 3 patients experienced grade 4 toxicity (4). HT
as predefined toxicity has been most sufficiently reported in two
retrospective studies of regorafenib in GIST from the UK. First,
a report of 20 patients treated within the UK Managed Access
Program revealed hepatobiliary toxicity in 10% (severe in 5%)
of the patients; more importantly, a recent single-center study
of 50 patients reported HT in only 2% of the patients (13,14).
Hence, previous studies of regorafenib in GIST have reported an

HT incidence of only up to 10%, while a review of HT in patients
with solid neoplasias treated with tyrosine kinase inhibitors
reported elevated AST, ALT or bilirubin levels in 21-47.3% of
the treated patients, ultimately underlining the need for aware-
ness of HT during tyrosine kinase inhibitor treatment (9).

Reasonable explanations for differences in HT between
study populations and individuals treated with regorafenib
outside the trials remain elusive. Due to the small sample size,
retrospective design of the analysis and lack of liver biopsies,
a convincing explanation is not possible. Of note, a selection
bias is possible, since all patients in the present study have been
treated at German tertiary care centers. However, dose reduc-
tions of regorafenib in our cohort were necessary in 71.4% due
to any adverse event, which is very similar to the 72.0% dose
reductions in the phase III study of regorafenib in GIST (2).
Therefore, differences in dosing and therapeutic management
cannot explain the discrepancy in reported HT. Furthermore,
a clear definition of HT as an integrative term for an adverse
event that may be defined by complex changes in a number of
laboratory values is not available, and may explain HT being
previously less recognized and/or underreported. Interestingly,
hepatic metastases prior to initiation of regorafenib treatment
were reported in 85.7% (n=24/28) of the patients in an analysis of
GIST by Schvartsman et al, which is comparable to our reported
incidence of liver metastasis in 90.5% of regorafenib-treated
patients (15). However, whether this associated with the occur-
rence of HT remains elusive. Furthermore, at least in our cohort,
no association with hepatotoxic medication or intrahepatic
tumor progression was apparent as a possible etiology for the
observed HT. Other possible explanations for HT, such as
UGT1A1 polymorphisms, suggested for pazopanib-associated
HT, remain speculative (16). Differences in metastatic spreading
patterns within the liver, as well as supportive liver treatment
or previous liver interventions, may also affect the course of
disease. Effect size and multifactorial reasoning do not permit
any definitive conclusions on these issues.

In conclusion, taking the present data as well as previous
studies of regorafenib treatment in other tumor patients
into consideration, it may be suggested that HT in GIST
patients treated with regorafenib has been underreported
thus far. However, clinical monitoring and adequate therapy
management allows continuation of regorafenib treatment.
Regorafenib administration may achieve a durable palliative
result, while even significant HT, once adequately monitored,
may not lead to a compromised outcome in these heavily
pretreated patients.
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