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Abstract: Hepatocellular carcinoma (HCC) is the second-most common cause of cancer-related
death in the world. In spite of HCC surveillance with repeated imaging, about 50% of patients are
diagnosed at an advanced stage and are not amenable to curative treatment options. Sorafenib,
a multikinase inhibitor, remains the standard of care for advanced HCC. Over the last 5 years,
several other medications have been tested in Phase III trials. However, they have not shown
any added benefit over sorafenib. Regorafenib, another multikinase inhibitor, has demonstrated
inhibition of a broader range of kinases, along with higher inhibition potential in preclinical
models. After its safety and pharmacological properties was studied in Phase I trials, a Phase 11
study evaluating the role of Regorafenib in patients with advanced HCC who progressed on
sorafenib therapy demonstrated efficacy and a manageable safety profile. A Phase III trial is
ongoing, and its result will help us better evaluate the role of Regorafenib in patients with
advanced HCC.
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Core Evidence clinical impact summary for Regorafenib/liver cancer therapy

Evidence Phase Findings and current status
Disease-oriented Preclinical Activity against angiogenic, stromal and oncogenic
evidence studies kinase demonstrates anti-tumor activity against
multiple cancers
Patient-oriented Phase | trial Safety and adverse event profile being similar to other
evidence kinase inhibitors and manageable in clinical practice
Also determined pharmacokinetics and
pharmacodynamics with safe and effective dosing
Phase Il trial Use in patients with advanced HCC after sorafenib
therapy, shows manageable safety profile with slower
time to progression
Phase llI trial Results of phase Ill studies on HCC patients are
awaited
Economic evidence No data No data

Introduction

Hepatocellular carcinoma (HCC) is the second-commonest cause of cancer-
related death, and accounted for 746,000 world deaths in 2012. HCC is the fifth-
commonest cancer in men and the ninth-commonest cancer in women, accounting
for 782,000 new cases in 2012." Male sex and advancing age are common pre-
disposing demographic factors, with the highest incidence rates reported from
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developing countries. Approximately 90% of HCC cases
are associated with underlying chronic liver disease and
liver cirrhosis, due to such risk factors as chronic hepatitis
from hepatitis B and C virus infection, alcohol abuse, and
aflatoxin exposure.? Symptomatic tumors usually present
at an advanced stage. In spite of regular screening and
surveillance of patients at high risk for development of
HCC, only about 30%—60% of cases can be diagnosed at
a stage amenable to curative treatment options (Figure 1).’
In this review, we focus on the management of advanced
HCC, especially the current status of Regorafenib, a
multikinase inhibitor.

What is advanced hepatocellular

carcinoma?

Staging of HCC is essential to determine the treatment
modality as well as the prognosis. This is a rather complex
process in the case of HCC, as the staging system should take
into account the 1) tumor stage (number and size of nodules,
vascular invasion, extrahepatic spread), 2) liver function
(Child—Pugh class, bilirubin, albumin, portal hypertension),
3) functional status, as determined by the Eastern Cooperative
Oncology Group (ECOG),* and 4) the patient’s symptoms.
The Barcelona Clinic Liver Cancer (BCLC) classification

system is used worldwide, and takes into account all these
variables. Apart from being extensively validated, this system
connects between the staging and treatment options, provid-
ing well-laid out algorithms for managing HCC (Figure 1).°
The American Association for the Study of Liver Diseases
and European Association for the Study of the Liver? prac-
tice guidelines endorse the use of BCLC classification.® The
Model for End-Stage Liver Disease score provides good
prognostic information among patients with cirrhosis, and
is used worldwide to list patients for liver transplantation.
However, it does not serve the same purpose in staging and
treatment of HCC.” Tumor-node metastasis classification
includes evidence of vascular invasion.® In the case of HCC,
this is not easy to determine in the absence of availability of
resected surgical specimens. The Okuda classification does
not encompass patients with early or indeterminate HCC.?
Further, these systems do not take liver function or ECOG
status into consideration, important variables for decision
making in the management of HCC. The BCLC staging
system classifies HCC into five stages: 0, A, B, C, and D
(Figure 1). Patients with advanced HCC are categorized
as BCLC stage C. These patients have portal vein invasion
and/or extrahepatic spread * cancer-related symptoms, but
with good performance status (ECOG 1-2).2 They have an
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Figure | Barcelona Clinic Liver Cancer staging system and treatment strategy.

Note: Adapted from: This article was published in the Journal of Hepatology, 56, European Association for the Study of the Liver, European Organisation for Research and
Treatment of Cancer. EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma, 908-943, Copyright Elsevier 2012.2
Abbreviations: RF, radiofrequency ablation; PEI, percutaneous ethanol injection; TACE, transcatheter arterial chemoembolization.
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expected median survival of 6 months.'® Currently, the only
approved treatment for advanced-stage HCC is sorafenib
(Figure 1).

Molecular mechanisms of HCC

and targeted therapies
Hepatocarcinogenesis is a complex multistep process involv-
ing several pathways with activation of growth factors and
their receptors, such as vascular endothelial growth factor
(VEGF),"2 fibroblast growth factor (FGF), epidermal
growth factor (EGF)," and insulin like growth factor;'*!> such
oncogenes as RAS with activation of Ras-mitogen-activated
protein kinase and RAF oncogenes;'®!” such developmental
pathways as Wnt/B-catenin and hedgehog pathways;'®'%!1° and
inactivation or dysregulation of various tumor-suppressor
genes (Figure 2).

Identification of these pathways has provided new treat-
ment targets, with avenues for development of pharmaceuti-
cal agents for treatment of advanced-stage HCC that are not
amenable to curative treatment options of resection, liver
transplantation, or tumor ablation. Demonstration of efficacy
and safety of sorafenib, a multikinase inhibitor of angio-
genesis (VEGF and platelet-derived growth factor [PDGF]
receptors) and tumor proliferation (Raf kinase) in a random-
ized placebo-controlled double-blind large multicenter study
for advanced HCC changed the paradigm of management of
HCC patients.? In a dose of 400 mg twice daily, sorafenib
compared to placebo was useful in improving the median
overall survival (10.7 versus 7.9 months, P<<0.001), with a
shorter time to radiologic progression (5.5 versus 2.8 months,
P<0.001). Side effects, including hand—foot skin rash,
diarrhea, weight loss, and hypophosphatemia, were frequent
with sorafenib, but were manageable in most cases.

A Developmental pathways
hedgehog, Wnt/B catenin

A Growth factors and receptors
IGF, TGF a, VEGF, EGF, FGF

I

[ Hepatocellular carcinoma

|

A Tumor-promoter genes
MYC, RAS, RAF

]

W Tumor-suppressor genes
P53, PTEN, RB, TGF

Figure 2 Pathways involved in the development of hepatocellular carcinoma.
Note: Multikinase inhibitors sorafenib and Regorafenib activate growth receptors,
oncogenes, and developmental Wnt pathway.

Abbreviations: IGF, insulin-like growth factor; TGF, transforming growth factor;
VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; FGF,
fibroblast growth factor; PTEN, phosphatase and tensin homologue.

Median improvement was limited to about 3 months
only, indicating the need for newer drugs for the treatment
of advanced HCC patients. Since then, many Phase II or III
studies have been performed with newer drugs. All Phase I1I
studies with sunitinib (angiogenesis inhibitor),?' linifanib
(angiogenesis kinase inhibitor),?? and brivanib (inhibitor of
VEGF and FGF receptors)® failed in demonstrating superior-
ity of these agents over sorafenib. Further, all these agents
had a poorer side-effect profile compared to sorafenib. With
the rationale of multiple pathways being involved in hepa-
tocarcinogenesis, a combination of agents has been tried
for the treatment of advanced HCC. A Phase III study with
sorafenib (VEGF- and PDFG-receptor inhibitor) and erlotinib
(EGF-receptor inhibitor) combination failed to be superior
to a sorafenib and placebo combination.* Given the unavail-
ability of more effective treatment options, sorafenib has
remained the standard of care for the treatment of advanced
HCC over the last 5 years.

Regorafenib, a multikinase inhibitor like sorafenib, is
being currently studied in the treatment of patients with
advanced HCC who fail to respond to sorafenib. Based on
lessons from the sorafenib study and Phase III trials with
other drugs, Regorafenib in the treatment of advanced
HCC is currently being studied, avoiding the limitations
of previous trials. First of all, all the newer drugs have
been entered into Phase III studies without prior assess-
ment in preclinical, Phase I, or Phase II studies. It is now
suggested that newer drugs to be tested for advanced HCC
should go through all phases in a stepwise fashion before
beginning a Phase III trial. Further, it is suggested that
Phase I studies on newer drugs be performed in cirrhotic
patients with establishment of the right dose and pharma-
cokinetics of the drug in this population.® Secondly, overall
survival was the primary endpoint in the sorafenib study.
Underlying cirrhosis present in 70%—90% of HCC patients
may confound assessment of cause of patient mortality in
HCC patients.” Therefore, it is recommended that time to
progression be assessed as the primary outcome. Although
this translates well with overall survival, results of post
hoc analysis from sorafenib studies would provide robust
evidence of time to progression as a valid surrogate marker
for overall survival. Finally, mechanisms of a ceiling effect
of sorafenib with disease stabilization remain unknown.
Therefore, newer drugs should be tested among patients
who progress on sorafenib therapy. In this regard, brivanib
use among patients who have not responded to sorafenib
failed to show efficacy compared to placebo treated patients
(median overall survival of 9.4 versus 8.2 months, P=0.33).2
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Adverse events were also more frequent in the experimental
arm compared to patients in the placebo arm. This review
of the use of Regorafenib in advanced HCC is timely and
relevant, as its use has overcome many of the limitations
with previously tested newer drugs, including demonstra-
tion of preclinical efficacy, Phase I dose-finding studies in
HCC patients, and Phase II studies in HCC patients before
moving into Phase III study.

Structure pharmacokinetics and

pharmacodynamics of Regorafenib
Regorafenib is a novel multikinase inhibitor belonging to
the group of biaryl urea chemicals. Its chemical name is
4-(4-[{(4-chloro-3-[trifluoromethyl]phenyl)carbamoyl}
amino]-3-fluorophenoxy)-N-methylpyridine-2-carboxamide
hydrate. The structure of Regorafenib (Figure 3) is very
similar to sorafenib, except for a fluorine atom in the
center phenyl ring.?’?® This structural change results in a
broader spectrum of kinase inhibition and a higher inhibi-
tion potential (Table 1).° Studies using Regorafenib have
shown potent inhibition of angiogenic and stromal receptor
tyrosine kinases, including VEGFR-1, VEGFR-2, VEGFR-3,
PDGFRp, FGFR-1, and tyrosine kinase with immuno-
globulin and epidermal growth-factor homology domain 2.
It has also shown activity against oncogenic receptor tyrosine
kinases and intracellular signaling kinases.’'

The bioavailability of Regorafenib is 69% after oral
administration in tablet form, and 83% when given as
an oral solution. The drug is metabolized in the liver by
cytochrome P450 3A4 and uridine 5’-diphospho-glucuron
osyltransferase 1 A9 into two active metabolites — N-oxide-
Regorafenib and N-desmethyl-Regorafenib — and excreted
primarily in the feces.*? The plasma concentration of
Regorafenib and its metabolites showed multiple peaks
in relation to time. It had an initial time to maximum
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Figure 3 Structure of Regorafenib. 4-(4-[{(4-Chloro-3-[trifluioromethyl]phenyl)
carbamoyl}amino]-3-fluorophenoxy)-N-methylpyridine-2-carboxamide.

Table | Biochemical activity of regorafenib and sorafenib: target
inhibition

Molecular Regorafenib Sorafenib
target IC,, (nM) £ SD IC,, (nM) £ SD
c-RAF 2.5+0.6 613

BRAF 28+10 2246
BRAFVe0 19+6 38+9
VEGFR-| 13+0.4 NA
VEGFR-2 4.2+1.6° 90£15
VEGFR-3 46+10° 2046

TIE-2 311146 NA
PDGFR-3 2243 57420
FGFR-1 202£18 580+100
C-Kit 72 68121

RET 1.5+0.7 NA

Fle-3 NA 58+20

Notes: *‘Murine VEGF-R. Strumberg D, Schultheis B. Expert Opin Investig Drugs.
2012;21(6):879-889, copyright © 2012, Informa Healthcare. Reproduced with
permission of Informa Healthcare.*

Abbreviations: IC,, half-maximal inhibitory concentration (concentration at
which the compound reaches half of its maximal inhibitory effect); SD, standard
deviation; VEGFR, vascular endothelial growth-factor receptor; TIE, tyrosine kinase
with immunoglobulin and epidermal growth-factor homology domain; PDGFR,
platelet-derived growth-factor receptor; FGFR, fibroblast growth-factor receptor;
NA, not applicable; RET, ret proto-oncogene.

concentration of 1-6 hours, a secondary maximum of
6-8 hours, and a tertiary maximum of 24 hours. The
terminal half-life of Regorafenib was 20—40 hours, result-
ing in accumulation of the drug after multiple doses.
Pharmacodynamic assessment showed dose-dependent
reduction of plasma VEGFR-2 during cycles 1-3.%

Efficacy of Regorafenib
in advanced HCC

Preclinical studies have demonstrated the potential for
Regorafenib as oral therapy for human cancers with tolerable
side effects.’! Its activity against angiogenic, stromal, and
oncogenic kinases was studied in in vitro and in vivo models.
The benefit from preclinical models led to the evaluation of
Regorafenib in clinical trials. In a Phase I study, Regorafenib
was used as monotherapy in patients with advanced solid
tumors, including HCC.* Based on safety profile and
pharmacological data, the recommended dose from was
found to be 160 mg daily for 3 weeks every 4 weeks, with
a 1-week gap between the two cycles. The most common
adverse effects were reported to be dermatologic reaction,
hypertension, and diarrhea, as experienced with sorafenib
and other multikinase inhibitors.

Regorafenib has been tested in Phase II trials as
monotherapy for renal cell cancer, HCC, gastrointestinal
stromal tumors, and metastatic colorectal carcinoma.**’
In a prospective open-label Phase II study in patients with
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advanced HCC (BCLC stage B or C) who progressed on
sorafenib therapy, 36 patients were enrolled from 13 cen-
ters across Europe and Asia.** Regorafenib was used in
a dose of 160 mg for 3 weeks, and repeated again after a
break of 1 week. The primary endpoint of the study was the
safety of Regorafenib. Secondary endpoints were efficacy
(defined as time to progression), objective tumor-response
rate (complete response + partial response), disease-control
rate (complete response + partial response + stable disease),
and overall survival. Response in this study was assessed
using the modified Response Evaluation Criteria in Solid
Tumors (mRECIST).?® The median time to progression
was 4.3 (2.9—-13.1) months, with median overall survival of
13.8 (9.3-18.3) months. About 65% and 44% of patients
were alive without HCC progression at 3 and 6 months,
respectively, after starting treatment. Similar overall survival
rates were 88% and 79%, respectively. The best response
based on mRECIST was partial response in one patient (3%),
stable disease in 25 patients (69%), and progressive disease
in five patients (14%), giving an overall response of 3% and
a disease-control rate of 72%.

Safety of Regorafenib
in advanced HCC

Safety data on Regorafenib use for advanced HCC are
derived from the Phase II study. Although limited by lack
of placebo arm in this study, the safety data are similar
to the drug’s use in other cancers and to sorafenib safety
data in HCC. Thirty-five (97%) of the 36 patients in the
Phase II study had at least one adverse event. The most
common adverse events included diarrhea, fatigue, and
hand—foot skin reaction (Table 2). Most of these adverse
events were manageable with supportive measures, dose
reductions, and treatment interruption. Fourteen patients
(39%) had biochemical abnormalities, such as proteinu-
ria, acidosis, bilirubin, creatinine, hypoalbuminemia, and
hypophosphatemia. Twenty-one patients had a grade 3 or
higher adverse event. Five of these were reported as adverse
reactions and related to the use of Regorafenib.

Over a median duration of 19.5 (2-103) weeks of
Regorafenib administration, 33 of 36 patients discontinued
treatment before the data-cutoff date. Twenty of these dis-
continued treatment for adverse events (Table 2), ten due to
disease progression, two due to consent withdrawal, and one
patient died on therapy. Among the patients who discontinued
treatment due to adverse events, seven of them were due to
adverse reactions and related to Regorafenib. A total of seven
deaths occurred during the study period. However, these were

Table 2 Adverse-effect profile of Regorafenib

Any grade, Grade 3 Leading to
n (%) or higher, discontinuation
n (%) of study, n (%)

Any adverse event 35 (97) 21 (58) 7 (19)
Gastrointestinal

Diarrhea 19 (53) 2 (6) I (3)

Nausea 12 (33) 0 0

Constipation 9 (25) 0 0

Vomiting 5(14) 0 0

Abdominal pain 4(I) I (3) 0

Hyperbilirubinemia 4 (I1) 2 (6) 0
General

Fatigue 19 (53) 6 (17) 4(I)

Weight loss 7 (19) 0 0

Fever 4(11) 0 0

Headache 7 (19) 0 0

Voice changes 10 (28) 0 0

Anorexia 13 (36) 0 0
Dermatologic

Hand—foot skin 19 (53) 5(14) 0

reaction

Oral mucositis 5(14) 1 (3) 0
Endocrine

Hypothyroidism 15 (42) 0 0

Hyperthyroidism 4(I) I (3) 0
Cardiovascular

Arrhythmia 1 (3) I (3) I (3)

Hypertension 13 (36) 1 (3) 0
Renal

Proteinuria 6(17) 1 (3) 0

Hypophosphatemia 2 (6) 2 (6) 0
Hematologic

Hematoma 1 (3) I (3) I (3)

Anemia 4(I) I (3) 0
Psychiatric

Mood alteration/ 4 (1) 0 0

depression

Note: Data from Bruix et al.3*

considered not to be related to Regorafenib. Drug-related
liver injury is a known serious adverse event from tyrosine-
kinase inhibitors.**** Two patients in the study died from liver
dysfunction; however, neither of these deaths was thought to
be related Regorafenib.

Summary and future perspectives
The Regorafenib Phase Il study lacks the strengths of
the sorafenib study of large sample size and randomized
double-blind placebo-controlled design. However, time to
progression as the primary endpoint, response evaluation
by mRECIST criteria with emphasis on tumor enhancement,
and a step-by-step approach of going through all the phases
will help us better understand the role of this drug in the
treatment of advanced HCC.

Core Evidence 2014:9

submit your manuscript 85

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ravi and Singal

Dove

Regorafenib is currently being evaluated in a Phase 111
study in patients with advanced HCC who have progressed
on sorafenib treatment (ClinicalTrials.gov identifier
NCT01774344, RESORCE [REgorafenib after SORafenib in
patients with hepatoCEllular carcinoma] trial). With a target
enrollment of about 530 patients (2:1 Regorafenib:placebo),
this randomized study has been recruiting participants all
over the world since May 2013, and is estimated to finish
enrollment by October 2016. The primary endpoint of the
study is overall survival and secondary outcomes, being time
to progression, progression-free survival, objective tumor
response, and disease control. Successful completion and
results of the ongoing Phase III Regorafenib study among
sorafenib progressors may potentially influence the treatment
algorithms among patients with advanced HCC.

Further studies and data are needed to clearly define
1) criteria for progression on sorafenib, 2) accurate surrogate
endpoints that best translate into survival, and 3) biomarkers
to help personalize treatment of advanced HCC patients. For
example, the c-Met tyrosine-kinase inhibitor tivantinib showed
better efficacy in patients with high Met expression. Similarly,
anti-glypican 3 monoclonal antibody was most effective among
patients with high glypican 3 expression in tumor tissue. How-
ever, the lack of accessible tumor tissue, given the frequent
noninvasive accurate diagnosis of HCC, and the heterogeneity
of intratumoral tissue for these markers makes these approaches
difficult. In this regard, studies using liquid biopsy or serum
assays using proteomic, metabolomic, or genetic approaches
are critical for identifying accurate biomarkers for response to
these drugs and personalizing use to patients who are likely to
best respond to them. Given its more broader and potent kinase
inhibition, Regorafenib, like sorafenib, may also be tested in
combination with transcatheter arterial chemoembolization for
treating BCLC stage B or C HCC and for prevention of HCC
recurrence after curative treatment of HCC.*#

In conclusion, HCC remains a serious public health
problem. Current treatment options for advanced HCC
patients are limited, and provide a maximum survival of
about a year. Sorafenib chemotherapy remains the standard
of care as of today. With the guidelines laid for study-design
strategies, use of better primary end points, and identifying
biomarkers for personalizing use of chemotherapy to best
responders will hopefully change the paradigm of treatment
of advanced HCC and improve its outcome.

Disclosure
The authors report no conflicts of interest in this work.
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