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Abstract

Cabozantinib is an inhibitor of multiple receptor tyrosine kinases (RTKs) with roles in cancer pathogenesis. This review
focuses on data relevant to the use of cabozantinib tablets (Cabometyx®) in the treatment of hepatocellular carcinoma (HCC)
in patients who have been previously treated with the multi-RTK inhibitor sorafenib, an indication for which cabozantinib
tablets are approved in the EU and USA. Approval of cabozantinib in this setting was based largely on the findings of
CELESTIAL, a phase 3 trial in adults with advanced HCC who had previously received sorafenib, had progressive disease
after at least one systemic therapy and had received up to two systemic treatments for their advanced disease. Compared
with placebo in this study, cabozantinib prolonged both overall survival and progression-free survival, with these findings
largely unaffected by patient/disease characteristics. The tolerability profile of cabozantinib in CELESTIAL was acceptable
and consistent with that of other multi-RTK inhibitors, with adverse events that were manageable with dose modification
and supportive care. Thus, cabozantinib is a welcome additional treatment option for use in adults with HCC previously
treated with sorafenib.

Cabozantinib: clinical considerations in advanced 1 Introduction

hepatocellular carcinoma

Liver cancer is one of the most common causes of cancer-
related death worldwide, with the majority of primary liver
cancers being hepatocellular carcinomas (HCCs) [1]. Risk
factors for HCC are numerous [2], with key causes including
hepatitis B and C virus (HBV and HCV) infection [3] and
most HCC cases occurring in individuals with cirrhosis and
other histological liver abnormalities [2, 4]. The hepatocar-
events cinogenic process of HCC is thought to involve the develop-
ment of genetic derangements (via chronic inflammation,
damage/regeneration and carcinogens) that often lead to
various signalling pathways being overexpressed and/or con-
stitutively activated, with the greatest number of poor prog-
nostic gene signatures being seen in more aggressive HCC
forms with higher levels of alpha-feta protein (AFP) [5].
Treatment options for HCC vary on the basis of tumor
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burden, liver function and patient performance status, and
include resection, transplantation, local ablation, transarte-
rial chemoembolization (TACE) and systemic therapy [3, 4,
6]. The first systemic agent available for HCC was sorafenib,
a drug that impacts various tumor-signalling pathways via
inhibition of multiple receptor tyrosine kinases (RTKs),
including VEGFR1-3, PDGFR, KIT, and RET [7]. HCC
is often advanced at diagnosis, and for years, sorafenib was
the only systemic treatment available for advanced disease,
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leaving patients who progressed on the drug with no further
systemic treatment options [7]. However, in recent years,
the treatment landscape for advanced HCC has improved
with the introduction of additional systemic therapies, one
of which is cabozantinib.

Cabozantinib is a multi-RTK inhibitor with an RTK inhi-
bition profile distinct from, but partially overlapping, that of
sorafenib. This review focuses on data relevant to the use of
cabozantinib tablets (Cabometyx®) in the treatment of HCC
in patients who have been previously treated with sorafenib,
an indication for which cabozantinib tablets are approved
in the USA [8] and EU [9]. Discussion of the other indica-
tions for which cabozantinib tablets or cabozantinib capsules
(Cometriq®) are approved is beyond the scope of this review.

2 Pharmacodynamic Properties
of Cabozantinib

Cabozantinib is a potent inhibitor of several RTKs with
roles in oncogenesis, angiogenesis, tumor growth, metas-
tasis and various other pathological processes [8, 9]. These
RTKSs include the hepatocyte growth factor receptor MET,
VEGFR-1, -2 and -3, AXL, FLT-3, KIT, MER, RET, ROS1,
TIE-2, TRKB, and TYRO3 [8-10]. Cabozantinib inhibited
the phosphorylation (activation) of MET and VEGFR-2 [10,
11] in vitro, as well as in mice (MET in liver [10] and tumor
[10, 11] tissue and VEGFR-2 in lung tissue [11]), and like-
wise inhibited in vitro phosphorylation of AXL, FLT3 and
KIT [10].

Cabozantinib displayed antiangiogenic effects in pre-
clinical studies, inhibiting endothelial cell tubule formation
in vitro [10], reducing tumor microvessel density in HCC
xenografts [11] and disrupting the vasculature of MET-
and VEGF-expressing tumors in mice [10]. The drug also
had anti-proliferative effects in HCC [11] and other human
cancer cell lines [10], inhibited tumor proliferation/growth
in rodent xenograft models of HCC [11] and other cancers
[10] and promoted tumor xenograft apoptosis [10, 11]. Note,
cabozantinib appeared to be more potent against HCC xeno-
grafts that were positive for phosphorylated MET, indicating
potential for the phosphorylated protein to be a marker of
susceptibility to the drug [11].

Cabozantinib also inhibited hepatocyte growth factor-
induced migration and invasion of HCC [11] and other
tumor cells [10, 11] in vitro, and inhibited metastasis of
HCC cells to the lungs and liver of mice [11]. In contrast,
sorafenib (which targets VEGFR but not MET) increased
lung and liver tumor burden in the metastasis model, pos-
sibly as a result of MET activity upregulation [11]. Thus, by
targeting both VEGFR and MET, cabozantinib may block
some pathways of metastatic escape.

A\ Adis

3 Pharmacokinetic Properties
of Cabozantinib

Cabozantinib reached maximum plasma concentrations in
a median of 3—4 h in healthy adults who received a single
20, 40 or 60 mg dose of the drug as tablets; exposure to
the drug increased dose-proportionally [12]. Cabozan-
tinib tablets are not bioequivalent to cabozantinib cap-
sules [12] and, consequently, the two formulations are
not interchangeable [8, 9]. Cabozantinib should not be
taken with food (Sect. 6) [8, 9], as administering a single
140 mg capsule dose in a fed versus a fasted state moder-
ately increased exposure to the drug in healthy adults [13].
Cabozantinib has an oral volume of distribution of 319 L
and displays high plasma protein binding (>99.7%) [8].
In vitro data indicate that cabozantinib is metabolized by
CYP3A4 [8, 9], with CYP2CO contributing only mini-
mally [9]. Elimination of the drug occurs via the feces and
urine, with 54 and 27% of a single dose being recovered
via these routes within 48 days of administration [8, 9].
Cabozantinib has a plasma terminal elimination half-life
of ~# 110 h and a mean estimated clearance at steady state
of 2.48 L/h following oral doses of 20-140 mg [9].

Exposure to cabozantinib was not impacted to any
clinically relevant degree by mild hepatic impairment
in a population pharmacokinetic analysis [8], although
was increased by 63% by moderate hepatic impairment
(Child Pugh class B) in a dedicated pharmacokinetic study
[14]. No dosage adjustment is necessary for mild hepatic
impairment [8, 9], while moderate hepatic impairment
requires dosage reduction in the USA [8]; close monitor-
ing is advised in both populations in the EU [9]. Mild
or moderate renal impairment (i.e. estimated glomerular
filtration rate 60-89 or 30—59 mL/min/1.73 m?) increases
cabozantinib exposure marginally [14] and requires no
dosage adjustment [8, 9], although caution is recom-
mended in the EU [9]. As the efficacy and safety of cabo-
zantinib have not been determined in patients with severe
renal or hepatic impairment, the drug is not recommended
for use in these populations in the EU [9] and should be
avoided in patients with severe hepatic impairment in the
USA [8]. Cabozantinib pharmacokinetics do not appear
to be impacted to any clinically relevant extent by age,
race or sex [8].

3.1 Drug Interactions

As cabozantinib is a substrate of CYP3A4, drugs that
inhibit or induce CYP3A4 may increase or decrease cabo-
zantinib concentrations in plasma [15]; thus, if drugs must
be taken in combination with cabozantinib, consider those
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with little or no potential to inhibit/induce this enzyme [9].
In cabozantinib recipients, strong inhibitors or inducers of
CYP3A4 should be avoided in the USA [8] and chronic
coadministration of strong CYP3A4 inducers should be
avoided in the EU [9]. If coadministering cabozantinib
with strong CYP3A4 inhibitors is necessary, caution is
advised in the EU [9] and a reduction in cabozantinib dos-
age is recommended in the USA [8]. The cabozantinib
dosage should be increased if coadministered with strong
CYP3A4 inducers in the USA [8].

As cabozantinib is also an MRP2 substrate in vitro, drugs
that inhibit this transporter could increase cabozantinib con-
centrations in the plasma [8, 9]; cautious concomitant use
is advised in the EU [9]. By contrast, bile salt-sequestering
agents may reduce exposure to cabozantinib by impacting its
absorption or re-absorption; however, the clinical relevance
of this potential interaction is not yet known [9].

Cabozantinib inhibits p-glycoprotein (p-gp) in vitro (and
may thus increase plasma concentrations of drugs that are
p-gp substrates [8, 9]) and induces CYP1A1 mRNA [8]. Itis
not known if these potential interactions are of any clinical
significance [8], although patients should be cautioned about
taking p-gp substrates and cabozantinib concomitantly [9].
Cabozantinib (because of its high plasma protein binding)
may also interact with warfarin, warranting international
normalization ratio monitoring [9]. Although it is not yet
known if cabozantinib alters the pharmacokinetics of contra-
ceptive steroids, use of additional methods of contraception
is advised in the EU [9].

4 Therapeutic Efficacy of Cabozantinib

This section focuses on the clinical efficacy of oral cabo-
zantinib in patients with previously-treated advanced HCC,
as evaluated in a randomized, double-blind, phase 3 trial
(CELESTIAL) [16]. This study was conducted on the basis
of the findings of a randomized, phase 2, discontinuation
trial that assessed the potential of cabozantinib in patients
with advanced solid tumors (n= 526) [17]; however, given
the limited number of evaluable HCC patients in this study
(n=41)[17, 18], it is not discussed further here. Some data
are available as abstracts/posters [19-25].

Patients eligible for CELESTIAL were adults (aged
>18 years) with pathologically confirmed HCC uname-
nable to curative therapies (e.g. surgery, transplant, radi-
ofrequency ablation) who had previously been treated with
sorafenib (tolerance to sorafenib was not specified) [16].
Patients must have had disease progression despite one or
more systemic therapies for HCC, were permitted to have
received up to two systemic treatment regimens for advanced
disease and had an ECOG performance status (PS) of 0 or 1
and Child-Pugh class A liver function. Eligible patients were

randomized to receive cabozantinib or placebo, with rand-
omization stratified by etiologic factor [the most common
of which was HBV infection (38% of patients)], geographic
region [the most common of which was Europe (48%)] and
evidence of extrahepatic disease and/or macrovascular inva-
sion (85% of patients affected). Therapy was continued for
as long as clinical benefit was evident or until unacceptable
toxicity; treatment could be continued beyond radiographic
progression provided clinical benefit was sustained. The data
discussed here are from the second planned interim analysis
(data cut-off 1 June 2017) in which patients had received
cabozantinib or placebo for a median duration of 3.8 and
2.0 months. At baseline, 79 and 77% of patients in the cabo-
zantinib and placebo groups had extrahepatic disease, 27
and 34% had macrovascular invasion, and 27% of patients
across the two groups had previously received two systemic
anticancer regimens for advanced HCC [16].

Treatment with cabozantinib significantly prolonged
overall survival (OS; primary endpoint) relative to placebo,
with the corresponding hazard ratio (HR) indicating a 24%
reduction in the risk of death (Table 1) [16]. Kaplan—-Meier
estimates of the proportion of patients alive at 6, 12, 18 and
24 months in the cabozantinib (72, 46, 32 and 18%, respec-
tively) and placebo (61, 34, 18 and 13%) group supported
these findings. Progression-free survival (PFS) was also
significantly prolonged with cabozantinib versus placebo
(Table 1) [16].

When stratification factors [16, 20, 21] and other patient/
disease characteristics (e.g. age [16, 22], sex [16], race [16],
ECOG PS [16], AFP level [16, 23], sum of target lesion
diameters (SOD) [21], prior TACE status [24] and number
of previous systemic therapies [16] (including sorafenib only
[16, 25]) were assessed to determine their impact on these
survival endpoints, findings were generally consistent with
those of the overall trial population. The HR for death indi-
cated that OS favored cabozantinib versus placebo (i.e. was
<1.0) in most subgroups, with the exceptions being patients
enrolled in Asia (1.01; 95% CI 0.68-1.48) and patients with
HCV (without HBV) infection (1.11; 95% CI 0.72-1.71);
however, the difference was not always statistically signifi-
cant (based on 95% CIs) [16]. By contrast, significant PFS
benefit was seen with cabozantinib over placebo in all sub-
groups, as indicated by HRs (and 95% ClIs) for progression
or death [16, 20-25].

The rate of objective tumor response with cabozantinib
was significantly greater than with placebo, albeit <4.0%
(Table 1), with all of the responses being partial in nature
[16]. The remaining cabozantinib and placebo recipients had
stable disease (60 vs. 33%), progressive disease (21 vs. 55%)
or were missing/not evaluable (15 vs. 11%) [16]. Almost
half of cabozantinib recipients had a reduction from base-
line in the SOD as a best response (47 vs. 11% of placebo
recipients) [19]. Moreover, cabozantinib was associated with
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Table 1 Efficacy of oral cabozantinib in adults with previously-treated advanced hepatocellular carcinoma in the phase 3 CELESTIA

trial [

Endpoint

Median overall survival® (months) 10.2
Median progression-free survival® (months) 5.2
Objective response rate® (% of pts) 3.8%
Disease control? rate (% of pts) 63.8
Median time to progression® (months) 54

CAB? (n=470ITT)

]; results from the second interim analysis (data cut-off 1 June 2017)

PL (n=237ITT) HR (95% CI) where available

8.0 0.76 (0.63-0.92)**
1.9 0.44 (0.36-0.52)*%**
0.4

333
1.9 0.41 (0.34-0.49)

CAB cabozantinib, HR hazard ratio, /77 intent-to-treat, PL placebo, pts patients

*p<0.01, **p=0.005, ***p < 0.001 vs. PL

“Dosage was 60 mg once daily, with reductions (to 40 then 20 mg once daily) and interruptions permitted for adverse event management

Primary endpoint. These findings were consistent with those of the first interim analysis (data cut-off June 2016), at which time the HR for the
between-group difference in death was 0.71; the corresponding p-value (p =0.0041) was not significant enough for the trial to be stopped early

¢ Assessed by the investigator, according to RECIST, version 1.1

dPartial response or stable disease; no between-group statistical analyses were reported

“Time to radiologic progression or clinical deterioration (determined retrospectively); no p-value reported for between-group difference [19]

a rate of disease control almost twice as high [16], and a
time to progression almost three-times as long [19], as with
placebo (Table 1). In the respective groups, 26 and 33% of
patients were subsequently treated with systemic or local
liver-directed anticancer therapy other than radiation [16].

5 Tolerability of Cabozantinib

Oral cabozantinib had an acceptable tolerability profile in
adults with advanced HCC in CELESTIAL, with the adverse
events (AEs) being manageable through dose modification
and supportive care [16].

Treatment-emergent AEs (TEAEs) occurred in most
cabozantinib and placebo recipients (99 vs. 92%), with
those that occurred most commonly (i.e. incidence >20%)
and with at least a 10% greater incidence with cabozantinib
including diarrhea, decreased appetite, palmar-plantar eryth-
rodysesthesia (PPE), fatigue, nausea, hypertension, vomit-
ing, increased AST level and asthenia (Fig. 1) [16]. Five-
fold more cabozantinib than placebo recipients (16 vs. 3%)
discontinued treatment because of AEs that were considered
to be treatment related (TRAEs), among which were PPE,
fatigue, decreased appetite, diarrhea and nausea in the cabo-
zantinib group (1-2% of recipients discontinued for each) [8,
16]. Dose reductions occurred in 62 and 13% of patients in
the cabozantinib and placebo groups (median 38 days to first
cabozantinib reduction) [16] and treatment was interrupted
in 84% of cabozantinib recipients (median 28 days to first
interruption) [9].

Grade 3 or 4 TEAEs occurred in almost twofold more
cabozantinib than placebo recipients (68 vs. 36%), with the
most frequent with cabozantinib being PPE (17 vs. 0% of
placebo recipients), hypertension (16 vs. 2%), increased
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Fig. 1 Most common (incidence >20%) treatment-emergent adverse
events with >10% greater incidence with oral cabozantinib than with
placebo in adults with advanced hepatocellular carcinoma in the
CELESTIAL trial [16]. AST aspartate aminotransferase, PPE palmar-
plantar erythrodysesthesia

AST (12 vs. 7%), diarrhea (10 vs. 2%) and fatigue (10 vs.
4%) [16]. Some patients experienced grade 5 AEs within
30 days of the last cabozantinib or placebo dose (12% of
each group), although these were often related to progres-
sion of disease; 1.3% of cabozantinib recipients had grade
5 AEs that were considered to be treatment related, among
which were bronchoesophageal fistula, upper gastrointesti-
nal (GI) hemorrhage, hepatic failure, portal-vein thrombosis,
pulmonary embolism and hepatorenal syndrome (one patient
each). Half of cabozantinib recipients experienced serious
TEAEs (50 vs. 37% of placebo recipients) [16]. Of note,
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among the exclusion criteria of CELESTIAL were concomi-
tant anticoagulant/antiplatelet therapy (low doses of aspirin,
warfarin or low molecular-weight heparin were permitted),
untreated/incompletely treated varices with bleeding/high
bleeding risk and various other clinically significant ill-
nesses, including certain cardiovascular disorders, and GI
disorders with high fistula/perforation risk [16].

Liver function should be monitored before initiating
cabozantinib and closely during treatment [9]. As many of
the AEs associated with the drug (including GI AEs, hyper-
tension, and PPE) occur early in the course of therapy, close
patient monitoring is recommended during the first 8 weeks
to determine whether dose modifications may be necessary
[9]. As highlighted in CELESTIAL, cabozantinib therapy
may need to be interrupted and/or reduced in dosage in order
to manage suspected adverse drug reactions (depending on
their severity), although may need to be permanently discon-
tinued if adverse reactions cannot be adequately managed;
supportive/medical care may also be required [9].

On the basis of the tolerability profile of cabozantinib
across trials and indications, there are specific warnings and
precautions relating to the potential for PPE, hepatic func-
tion abnormalities, GI disorders/fistulas/perforations, hyper-
tension and thromboembolic events, as well as a number of
other AEs, including hepatic encephalopathy, hemorrhage,
thrombocytopenia, wound complications, reversible poste-
rior leukoencephalopathy syndrome, proteinuria, QT inter-
val prolongation and electrolyte abnormalities [9].

6 Dosage and Administration
of Cabozantinib

For the treatment of HCC in patients (specifically adults [9])
previously treated with sorafenib, the recommended dosage
of cabozantinib in the EU [9] and USA [8] is 60 mg taken
once daily on an empty stomach (i.e. no food should be eaten
for at least 2 h before and for 1 h after taking the drug).
Treatment should be continued until there is no longer clini-
cal benefit [9], there is disease progression [8] or toxicity is
unacceptable [8, 9]. Consult local prescribing information
for details regarding potential drug interactions, use in spe-
cial patient populations, dosage modifications, contraindica-
tions, warnings and other precautions.

7 Place of Cabozantinib in Managing
Advanced Hepatocellular Carcinoma

Over the years, a variety of targeted systemic treatments
have been investigated as treatments for HCC. The multi-
RTK inhibitor sorafenib was the first such agent to improve
survival in those with advanced disease and remains the

standard of care in this setting today [3, 4, 6]. However,
sorafenib is no longer the only systemic treatment option
available for HCC, with second-line (regorafenib, cabo-
zantinib, nivolumab, pembrolizumab) and further first-line
(lenvatinib) targeted systemic options now also approved for
use in various markets, and some novel agents also showing
promise in development. Like sorafenib, most of the newer
approved agents inhibit multiple RTKs with roles in HCC
pathogenesis, although differences in their RTK inhibition
profiles [5] allow for sequential use.

Of these agents, cabozantinib is the most recently
approved for HCC. The drug inhibits various RTKs (Sect. 2),
some of which (MET and AXL) are implicated in antiangio-
genic agent resistance [26, 27] and are poor prognostic fac-
tors in HCC [28-30] (although MET expression is not cur-
rently used for patient selection). Cabozantinib is indicated
in the EU and USA for the treatment of HCC in patients
previously treated with sorafenib, with the approval being
largely based on the findings of the large CELESTIAL trial
(Sect. 4). Compared with placebo in this study, cabozantinib
prolonged both the OS and PFS of adults with advanced
HCC who had previously received sorafenib (regardless of
their tolerance of the drug), had progressive disease after at
least one systemic therapy and had received up to two sys-
temic treatments for advanced disease, with these findings
largely unaffected by patient/disease characteristics (Sect. 4).
Cabozantinib had an acceptable tolerability profile in this
study, consistent with that of other multi-RTK inhibitors,
with AEs that were manageable through dose modification
and supportive care (Sect. 5).

On the basis of these findings, some [3, 4] of the most
recent guidelines [3, 4, 6] for HCC management strongly
recommend cabozantinib as a second-line targeted treatment
option for advanced disease, although the patient population
specifics differ slightly between guidelines (i.e. patients with
well-preserved hepatic function with progressive HCC on
one or two systemic therapies and ECOG PS 0-1 [3] or those
with good hepatic function whose HCC is unresectable (and
unsuitable for transplant) or inoperable/metastatic/of high
tumour burden and has progressed on/after sorafenib [4]).
The only other agent strongly recommended for use in this
setting is regorafenib [3, 4, 6], which was the first systemic
agent approved for use after sorafenib progression [7] and
is considered in some guidelines as the standard option for
those who have progressed on, but tolerate, sorafenib [3, 6].

Further robust clinical and real-world studies would be
beneficial to confirm the efficacy and safety of cabozan-
tinib in patients with poorer performance status or more
impaired hepatic function than those enrolled in CELES-
TIAL (Sect. 4) and to determine the drug’s efficacy relative
to that of other agents such as regorafenib (as only indirect
comparisons of second-line treatments for HCC are available
to date [31, 32]). Cost-effectiveness data for cabozantinib
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would also be of interest. In the meantime, current data indi-
cate that cabozantinib prolongs survival and has acceptable
tolerability in patients with HCC previously treated with
sorafenib, making it a welcome additional treatment option
for use in this setting.

Data Selection Cabozantinib: 189 records

identified

Duplicates removed 49

Excluded during initial screening (e.g. press releases; 102
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 4
small patient number; nonrandomized/phase 1/2 trials)

Cited efficacy/tolerability articles 12
Cited articles not efficacy/tolerability 22

Search Strategy: EMBASE, MEDLINE and PubMed from 1946
to present. Clinical trial registries/databases and websites were
also searched for relevant data. Key words were cabozantinib,
XL184, Cabometyx, hepatocellular carcinoma, HCC. Records
were limited to those in English language. Searches last updated
25 January 2019.
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