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Abstract: Cabozantinib is an oral multitargeted tyrosine kinase inhibitor (TKI) that potently
inhibits MET and AXL, both associated with poor prognosis in renal cell carcinoma (RCCJ, next
to vascular endothelial growth factor receptor 2, KIT, FLT3 and RET. Chronic treatment with
vascular endothelial growth factor receptor (VEGFR)-targeting sunitinib upregulates MET
and AXL in RCC, indicating that cabozantinib may be particularly effective in patients with
advanced RCC whose disease progressed on prior VEGFR-targeted treatment. Cabozantinib
(60 mg once daily) has been investigated in comparison to everolimus (10 mg once daily) in

a phase Il randomized controlled trial (RCT) in 658 patients with advanced RCC of whom
71% had received one prior and 29% had received at least two prior lines of VEGR-targeted
therapy. This study demonstrated highly significant improved progression-free survival of
7.4 months versus 3.9 months with a hazard ratio (HR) of 0.51 [95% confidence interval (Cl)
0.41-0.62] in favour of cabozantinib. Cabozantinib also showed a superior overall survival of
21.4 months versus 16.5 months (HR 0.66; 95% CI 0.53-0.83). Objective response rate was
higher in cabozantinib-treated patients, 17% versus 3%. Clinical benefit was shown in all
subgroups of patients, including in patients with bone or visceral metastases. The safety
profile was acceptable with manageable side effects. Based on this study, cabozantinib is a
highly effective approved second-line treatment option for patients with advanced RCC with a
manageable toxicity profile. Other recently approved second-line agents include checkpoint
inhibitor nivolumab and VEGF-targeting agent lenvatinib combined with everolimus. In the
absence of predictive markers as well as head-to-head comparisons of these three recently
approved treatments, the choice between these drugs in second-line treatment will probably
be made based on comorbidities, tolerability of previous treatment and presence of high
tumour burden with rapidly progressive disease. Future pretreatment assessment of MET
and AXL tumour aberration may aid clinicians to make a rational choice between currently
approved second-line treatment options.
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Introduction most common urological malignancies.! RCC
om van der Hulle

With an incidence of 338,000 new cases per year refers to a heterogeneous group of cancers origi- Department of Clinical
in 2012 and a related mortality of 143,000 world- nating within the renal cortex and comprising Onco\o9. Leiden

3 : : . . . . University Medical Center,
wide, renal cell carcinoma (RCC) is one of the over 90% of malignancies in the kidney. Several Leiden, The Netherlands
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RCC subtypes can be identified based on histo-
logic and molecular variants, with clear cell
(70%), papillary (10-15%) and chromophobe
(5%) carcinoma as the main histological types.?

RCC is considered to be insensitive to traditional
chemotherapy and until 2005 cytokine treatment
with high-dose interleukin (IL)-2 was the only
treatment option, although associated with a low
response rate and significant toxicity.> Advances
in understanding the pathogenesis of RCC
resulted in new treatment options that changed
the management and prognosis dramatically since
2005. Although the approved targeted agents
effectively prolong progression-free survival
(PFS) and overall survival (OS), inevitably drug
resistance develops, emphasizing the need for
new therapeutic options. In recent years, the ther-
apeutic options for patients progressing on vascu-
lar endothelial growth factor (VEGF)-targeting
first-line treatment are rapidly evolving with the
introduction of nivolumab, cabozantinib and len-
vatinib combined with everolimus.*¢ In this
review, we will focus on cabozantinib, a recently
approved novel agent for second-line treatment
after prior VEGF-targeting agents, its safety and
toxicity profile and its use in different settings.
Furthermore, current treatment alternatives and
a second-line treatment algorithm for patients
with advanced RCC will be discussed.

Insight in signalling pathways in RCC

Increased angiogenesis, one of the hallmarks of
cancers,’ is characteristic for clear cell RCC, the
main histological type of renal cell cancers.
Molecular biological studies in patients with
hereditary and sporadic RCC unravelled signal-
ling pathways involved in the development of
RCC, paving the way for new therapeutic options.
In the majority of clear cell RCC cases, altera-
tions in the VHL tumour suppressor gene located
on chromosome 3p are present resulting in inacti-
vation of the VHL protein. The VHL protein is
part of a cellular protein complex that is involved
in the ubiquitination and degradation of a
hypoxia-inducible factor (HIF).810 The loss of
VHL protein activity results in accumulation of
HIF and subsequently increased levels of proan-
giogenic factors, including VEGF, platelet-
derived growth factor (PDGF) and fibroblast
growth factor (FGF). These growth factors are
involved in signalling pathways stimulating angio-
genesis, proliferation and migration, which all
support tumour growth. Besides their role in the

development of RCC, these proangiogenic fac-
tors remain important throughout the whole
course of disease. Resistance to first-line treat-
ment targeting proangiogenic factors, particularly
VEGTF, is related to re-establishment of these
proangiogenic pathways. Described underlying
mechanisms are a shift to alternative proangio-
genic pathways, changes in gene expression pat-
terns and additional genetic mutations.11-13

The other key molecular signalling axis in RCC is
the phosphatidyl-inositol-3 kinase (PI3K)/Akt/
mammalian target of rapamycin (mTOR) path-
way. This Akt/mTOR pathway is involved in
important cellular functions such as protein syn-
thesis, glucose metabolism, cellular migration,
and cell survival. It has been implicated in pro-
moting tumour growth and is relevant in multiple
cancers, including RCC.14

Targeted therapies and paradigm shift

in RCC

Better understanding of the genetics and molecu-
lar biology of RCC and the identification of the
pathways involved in the development and pro-
gression of RCC have led to the development of
several small molecules targeting receptors of
VEGF, PDGF and c-KIT. Notably, these tar-
geted therapies, often referred to as multireceptor
tyrosine kinase inhibitors (TKIs), inhibit the
tumour vasculature and not so much the tumour
cells directly. Since December 2005, several tar-
geted agents received US Food and Drug
Administration (FDA) and European Medicines
Agency (EMA) approval for treatment of
advanced disease based on large international
phase III trials, and targeted therapies became
standard therapies in both the first- and second-
line setting of advanced RCC.

First-line treatment trials

First-line treatment options nowadays include
VEGTF receptor (VEGFR)-inhibiting small mole-
cules sunitinib, pazopanib and bevacizumab (a
monoclonal antibody binding ligand VEGF)
combined with interferon (INF)-a, and the
mTOR inhibitor temsirolimus (Table 1).
Sunitinib was shown to be superior over IFN-a,
while for pazopanib efficacy was demonstrated in
a placebo-controlled trial.15:16 In the largest trial
ever performed in advanced RCC, pazopanib
was compared head to head with sunitinib in
1110 patients and shown to be noninferior to
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sunitinib.!” The intravenously administered
mTOR inhibitor temsirolimus has been approved
for poor-risk patients with clear cell RCC based
on a RCT demonstrating improved OS compared
with IFN-a.18 To date, antiangiogenesis agents,
sunitinib and pazopanib, are currently the most
widely prescribed first-line agents.1®

Second-line treatment trials

Randomized clinical phase III trials were per-
formed in patients who received one or more TKIs
or cytokine therapy. Until 2015, approved second-
line therapies included VEGFR-targeting agents
sorafenib, pazopanib, mTOR-inhibitor everolimus
and VEGFR-targeting axitinib (Table 2).

The oral agent mTOR inhibitor, everolimus, was
the first drug to be approved for second-line use in
metastatic RCC and is used as the comparator in
the registration studies of nivolumab, cabozantinib
and lenvatinib combined with everolimus. In the
RECORD-1 phase III RCT, patients who received
at least one prior anti-VEGF treatment were rand-
omized between everolimus 10 mg orally once
daily and placebo.3? Patients who were included
had progressive RCC and were on sunitinib,
sorafenib or both, and had even received more
than two prior treatments. The study allowed
patients on placebo to cross over to everolimus
upon progression. Of the patients treated with
everolimus, 29% had a favourable prognosis, 56%
an intermediate prognosis and only 15% a poor
prognosis based on the Memorial Sloan Kettering
Cancer Center (MSKCC) prognostic score.??

Median PFS was significantly longer in patients
treated with everolimus compared with placebo, 4.0
months versus 1.9 months, respectively, with a haz-
ard ratio (HR) for progressive disease of 0.3 [95%
confidence interval (CI) 0.22-0.40]. Partial
responses (PRs) were observed in only 3 of the 272
patients (1%) who received everolimus and disease
stabilization for at least 8 weeks was the best response
observed in 63% of patients. Toxicity included
pneumonitis, stomatitis and hyperglycaemia. Based
on the RECORD-1 study, everolimus became the
standard of care in second-line treatment.

Axitinib inhibits VEGFR-1, VEGFR-2 and
VEGFR-3, but not MET and AXL, and is another
TKI approved for second-line treatment of
advanced RCC. Approval was based on the phase
III randomized AXIS trial which showed an
improved PFS of 8.3 months for axitinib compared

with 5.7 months for sorafenib, with a HR for pro-
gressive disease 0of 0.656 (95% CI10.552—-0.779).32:33
Only one previous line of treatment was allowed,
which was sunitinib in 54% and cytokines in 35%
of patients. Clinical benefit was strongest in patients
previously treated with cytokines, while the benefit
was modest in the subgroup of patients who
received sunitinib as first-line treatment with a
median PFS of 4.8 months versus 3.4 months.

The majority of targeted agent trials included
mainly patients belonging to the favourable or
intermediate risk and not poor prognostic risk
groups of advanced RCC as defined by the
MSKCC algorithm.??” Amongst the first-line
treatment RCTs, the study with temsirolimus
included the highest proportion of MSKCC poor
risk patients (76%), whereas amongst the second-
line RCTs the trial with axitinib included the
highest proportion of poor risk patients (Table 2).
Although in most trials patients almost exclu-
sively had clear cell histology, regulatory approval
does not distinguish between clear cell and other
subtypes, and the same targeted agents are being
used in patients with other than clear cell histol-
ogy RCC. Most of these agents have been
approved based on improved PFS compared with
placebo or an active comparator, while OS was
the primary endpoint in the trials investigating
temsirolimus and bevacizumab plus IFN-a.18

Cabozantinib

Mechanism of action

Cabozantinib is a TKI with pronounced activity
against multiple tyrosine kinases involved in tumour
growth, angiogenesis, abnormal bone remodelling,
metastatic spread, and drug resistance of cancer.
Using i vitro testing, inhibitory activity of cabozan-
tinib has been tested against a variety of approxi-
mately 270 human kinases. Important targets of
cabozantinib are VEGFR-1, VEGFR-2, VEGFR-
3, AXL and MET (hepatocyte growth factor recep-
tor) and RET, the stem cell factor receptor KIT,
FLT3, ROS1, MER, TYRO3, TRKB and TIE-
2.35,36 Kinetic parameters for cabozantinib binding
these targets are shown in Table 3. Particularly the
inhibition of AXL. and MET could be a critically
important characteristic which distinguishes cabo-
zantinib from other multireceptor TKIs, such as
sunitinib and pazopanib.

Overexpression of MET and AXL are observed in a
wide range of malignancies and are associated with
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Table 3. /n vitro kinase inhibition profile of cabozantinib.

Kinase IC; = SD,* Enzyme concentration, ATP concentration,
nmol/liter nmol/liter umol/liter

VEGFR-2 0.035 + 0.01 0.05 3

MET 1.3+1.2 10 1

KIT 4.6 0.5 1 3

RET 5.2+ 43 15 2

AXL 7 Not determined Not determined
FLT3 11.3+1.8 0.5 1

TIE2 14.3 1.1 15 5

RON 124 +1.2 60 1

*Mean = SD of at least three independent determinations.
Adapted from Yakes et al. %

ATP, adenosine triphosphate; ICs, half maximal inhibitory concentration; SD, standard deviation; VEGFR, vascular

endothelial growth factor receptor.

a poor prognosis in patients with advanced RCC.37-38
Moreover, in preclinical models sunitinib treatment
led to increased MET and AXL signalling, thereby
promoting metastatic effects and angiogenesis,
whereas MET and AXL signalling were reduced
and tumour growth inhibited by cabozantinib in
RCC xenografts that had become resistant to suni-
tinib treatment.3%-3% Therefore, the MET and AXL
pathway seems to play an important role in primary
resistance as well as in the development of resistance
to VEGF pathway inhibition by sunitinib.40
Simultaneous blocking of MET and AXL in addi-
tion to the VEGF pathway may offer an advantage
in the treatment of advanced RCC. Cabozantinib
treatment may thus be suitable for patients whose
disease has progressed on prior anti-VEGF treat-
ment, but may also be beneficial in the first-line set-
ting as MET has been shown to be already
upregulated in treatment-naive RCC.41-43

Pharmacokinetics and metabolism

A study in healthy individuals demonstrated a
dose-proportional increase of plasma exposure
after single doses of 20, 40 and 60 mg of cabozan-
tinib.4* The median time to the maximum plasma
concentration (T, ) is approximately 4 h and the
terminal half life after a single oral dose in healthy
individuals was approximately 120 h.*%5 In a
phase I dose-escalating study, accumulation of
cabozantinib after repeated doses was demon-
strated with a four- to fivefold higher steady-state
exposure compared with day 1.4 Steady-state
plasma levels were reached after 15 days. At
steady state, the half life is approximately 55 h.
Cabozantinib is highly protein bound # vizro in

human plasma (=99.7%) and a low serum albu-
min is associated with a lower C_,, and a higher
free cabozantinib concentration.4’

Cabozantinib is metabolized by the liver to less
active metabolites which all possess #z vitro inhibi-
tion potencies of up to 10% of parent cabozan-
tinib against the most relevant target kinases.*8
The hepatobiliary route is the most important
route for cabozantinib clearance. After a single
oral dose of radioactive !#C-cabozantinib in
healthy individuals, approximately 81% of the
total administered radioactivity was recovered,
mainly in faeces (54%) and less in urine (27%).48
In a pooled analysis including 289 patients of
whom the majority were treated with cabozantinib
140 mg once daily, interindividual variability in
oral clearance (CL/F) was 35%. Only a high body
mass index (BMI) (defined as the 95% percentile
BMI relative to the median) and female sex were
shown to be associated with a 28% higher steady
state area under the curve (AUC), but this differ-
ence is not considered clinically meaningful and
does not require dose adjustments.4°

Impaired renal and liver function

Single-dose pharmacokinetics of cabozantinib was
investigated in two pharmacological studies in
patients with mild and moderate impaired renal
function [defined as an estimated glomerular filtra-
tion rate (eGFR) of =60 and <89 and =30 and
<59 ml/min/1.73 m? respectively] and mild and
moderate impaired hepatic function (defined as a
Child-Pugh score of 5-6 and 7-9), respectively,
each with matched healthy subjects.#” Plasma
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cabozantinib concentrations were higher in subjects
with mild and moderate renal impairment, and
much higher (81% and 63%) in subjects with mild
and moderate hepatic impairment, respectively. In
patients with impaired liver or moderate impaired
renal function, cabozantinib treatment should be
carefully monitored and dose adjustments made if
needed. Of note, cabozantinib has not been investi-
gated in patients with severe renal impairment
(defined as eGFR<30 ml/min/1.73 m?).

Drug-drug interactions and Cytochrome P450
(CYP] metabolism

The absorption of cabozantinib is affected by
food intake: a high-fat meal increased C_,, and
AUC values after a single 140 mg oral cabozan-
tinib dose, by 41% and 57%, respectively, and
delayed T, relative to fasting conditions in
healthy volunteers from 4 h to 6 h after adminis-
tration. It should be noticed that cabozantinib
capsules were used in this study, but nowadays
tablets are generally used whereas bioequivalence
was not demonstrated for both formulations.*
Food fasting is recommended 2 h prior and 1 h
after administration of cabozantinib. Another
study investigated the effect of proton pump inhi-
bition (esomeprazole) on cabozantinib exposure
and did not demonstrate a clinically meaningful
change in plasma exposure, suggesting that con-
comitant use of pH-lowering agents is allowed.%>

Cabozantinib is a substrate of CYP3A4 n vitro
that metabolizes cabozantinib to metabolites of
which four are present in plasma at exposures
(AUC) over 10% of the parent compound,
whereas inhibition of CYP3A4 reduces the for-
mation of one of these metabolites (cabozantinib
N-oxide metabolite) by over 80%.48:50

Chronic coadministration of strong inhibitors or
inducers of CYP3A4 should thus be avoided
when prescribing cabozantinib to reduce the risk
of drug—drug interactions, or the dose of cabozan-
tinib should be adjusted.

Clinical phase I, Il and Il trials with
cabozantinib in advanced RCC

Phase [ trial in advanced RCC and other

tumours

Phase I clinical trials in patients with solid
tumours have been conducted to define the maxi-
mum tolerated dose/recommended dose for oral

administration of cabozantinib. In a phase I study
in patients with medullary thyroid cancer a maxi-
mum tolerated dose of 140 mg cabozantinib daily
was established.46 Subsequently, cabozantinib was
investigated in a single-arm, open-label phase I
trial [Clinical Trials.govidentifier: NCT01100619]
in 25 patients with advanced RCC whose disease
progressed on prior TKI and mTOR therapies.>!
Grade 3 and higher adverse events (AEs) included
fatigue (20%), diarrhoea (12%), anorexia (4%),
hypophosphatemia (40%), hypertension (4%),
vomiting (4%) and hand—foot syndrome (4%).
Three patients developed grade 3 pulmonary
embolism, and one patient had grade 4 mental
status changes. Dose reduction because of AEs
occurred in 20 (80%) patients. Cabozantinib was
highly effective with a median PFS of 12.9 months,
a median OS of 15.0 months, and an objective
response rate of 28% in this phase I study.

Cabozantinib versus sunitinib in first-line

phase Il randomized trial in metastatic RCC

The CABOSUN [ClinicalTrials.gov identifier]
randomized phase II study evaluated 60 mg of
cabozantinib compared with standard of care
sunitinib (50 mg once per day; 4 weeks on, 2
weeks off) as first-line therapy in 157 intermedi-
ate- or poor-risk patients with metastatic RCC
(79 patients received cabozantinib and 78 patients
sunitinib).52 Inclusion criteria were an Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status of 0-2 and intermediate or poor risk
as per International Metastatic Renal Cell
Carcinoma Database Consortium (IDMC) crite-
ria.53 PFS was the primary endpoint.

Updated results were recently presented at the
ESMO 2017 meeting (poster LBA38). Cabozantinib
had a significantly longer median PFS of 8.6 months
compared with 5.3 months with sunitinib and was
associated with a 52% reduction in rate of progres-
sion (HR 0.48; 95% CI 0.31-0.74).52

PFS according to IDMC risk group showed PFS
advantage for cabozantinib across risk groups,
with IDMC intermediate-risk group patients (n =
127) having a median PFS of 11.4 versus 6.1 (HR
0.52; 95% CI 0.32-0.82) and in the smaller poor
risk group (z = 30) a median PFS of 6.8 versus
2.7 (HR 0.31; 95% CI 0.11-0.92). Patients with
bone metastases, a poor prognostic factor, seemed
to benefit from cabozantinib therapy with a
median PFS of 5.5 months versus 3.3 months
with a HR of 0.51 (95% CI 0.26-0.99).
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Table 4. Adverse events reported in at least 30% of patients in either treatment arm of the CABOSUN study.

Adverse events Cabozantinib (n = 78)

Sunitinib (n = 72)

Any grade Grade 3 or 4 Any grade Grade 3or 4

% % % %
Any adverse event 96 68 99 65
Fatigue b4 6 68 17
Hypertension 67 28 44 21
Diarrhoea 73 10 54 (i
AST increased 60 3 31 3
ALT increased 55 5 28 0
Anorexia 47 5 32 1
Hand-foot syndrome 42 8 33 4
Dysgeusia 41 0 29 0
Thrombocytopenia 38 1 61 11
Oral mucositis 37 5 29 6
Anaemia 33 1 46 3
Nausea 32 3 39 4
Weight loss 32 4 17 0
Neutropenia 15 0 35 4
Leukopenia 12 0 85 3

Patients were counted once at the highest grade for each preferred term. Adverse events were graded according to
National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0).

Adapted from Choueiri et al.52 and updated at ESMO meeting 2017, poster LBA38.

ALT, alanine transaminase; AST, aspartate transaminase; ESMO, European Society for Medical Oncology.

A PR was observed in 16 of the 79 patients (20%)
who received cabozantinib and in 7 of the 78
patients (9%) who received sunitinib. Additionally,
stable disease occurred in 43 patients (54%) with
cabozantinib versus 30 patients (38%) with suni-
tinib. After a median follow up of 30.8 months and
the occurrence of 90 deaths, the median OS for
cabozantinib- and sunitinib-treated patients was
26.6 (95% CI 14.6—not evaluable) wversus 21.2
months (95% CI 16.3-27.4) with a HR of 0.79
(95% CI 0.53—1.2). The incidence of grade 3 or 4
AEs seems to be comparable in patients treated
with cabozantinib and sunitinib: 68 and 65%,
respectively. In Table 4, AEs occurring in over
30% of either treatment arm of the CABOSUN
study are shown. Dose reductions were more fre-
quently required in patients who received cabozan-
tinib, 58% of patients versus 49% of patients.
Similar percentages of patients discontinued treat-
ment because of AEs, 21% in the cabozantinib and
22% in the sunitinib treated patients, respectively.

METEOR phase Ill randomized trial of
cabozantinib versus everolimus

METEOR, a phase III randomized trial, investi-
gated the efficacy of 60 mg cabozantinib versus 10

mg of everolimus once daily in 658 patients with
advanced RCC whose disease progressed on or
after one or two lines of VEGFR-targeted thera-
pies.> Patients were included between August
2013 and November 2014 and were stratified
based on number of prior VEGFR TKIs (one or at
least two) and MSKCC risk group. Patients thus
had to have progressive disease on at least one
VEGFR-targeted therapy, but there was no limit
on the number of lines of prior treatment. Multiple
types of prior therapies including cytokines, mono-
clonal antibodies (such as those targeting VEGF or
programmed death 1 [PD-1]), and chemothera-
pies were allowed, while only prior mTOR inhibi-
tor treatment was an exclusion criterion. Patients
with treated brain metastases were also allowed.

The primary endpoint was PFS, secondary end-
points included time to progression (TTP), OS,
objective response rate (ORR), disease control
rate (DCR) and safety.

The majority of patients (71%) received only one
prior VEGFR-targeted TKI (sunitinib in 63%
and pazopanib 43% of patients), whereas 29%
had more than one prior treatment. Forty-six per-
cent of patients belonged in the favourable, 42%
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in the intermediate, and 13% in the poor-risk cat-
egory as defined by MSKCC criteria.

METEOR reached its primary endpoint of a statis-
tically significant prolongation in median PFS of
cabozantinib compared with the standard of care,
single-agent everolimus (7.4 months wversus 3.9
months), with a highly significant HR of 0.51 (95%
CI 0.41-0.62; p < 0.001) corresponding to a 49%
reduction in the risk of disease progression or death
(Table 2). Also, two other efficacy endpoints were
reached: cabozantinib showed a benefit in ORR
(17% wersus 3%; p < 0.0001) and there was a sig-
nificant improvement in OS with a HR of 0.66
(95% CI 0.53—-0.83) in favour of cabozantinib.3*

Moreover, an increased OS and PFS with cabo-
zantinib compared with everolimus (HR <1)
were also observed for all subgroups analysed,
including age, sex, race, but also MSKCC risk
groups, number of prior VEGFR-targeted TKIs,
duration of prior VEGFR-targeted TKI treat-
ment, prior sunitinib or pazopanib therapy, prior
treatment with checkpoint inhibitors targeting
PD-1 or programmed death-ligand 1 (PD-L1),
and MET expression level, as can be seen from
the HR for OS and PFS shown in Table 5.
Interestingly, improvement of OS and PFS with
cabozantinib was irrespective of tumour burden
or metastatic site, and even irrespective of pres-
ence of bone metastases, known to be associated
with poor prognosis.>*

Highly relevant for clinicians, the presence of
bone metastases or visceral metastases was associ-
ated with favourable response to cabozantinib
versus everolimus. Moreover, patients with metas-
tases in at least three organs had a higher chance
of a clinical response than those with metastases
in one or two organs, indicating that patients with
high volume disease may particularly benefit from
cabozantinib treatment. Longer response to first
VEGPFR inhibitor and a longer interval between
the start of the prior treatment and study enrol-
ment were associated with a higher chance of a
favourable response (Table 5).

Toxicity and safety profile

In both treatment arms AEs were observed,
namely in 100% of cabozantinib and 99% of
everolimus-treated patients. Table 6 shows AEs
occurring in over 30% of patients in either treat-
ment group. The toxicity profile of cabozantinib
in this trial seems to be similar to what is observed

for other TKIs (Table 4). The most common
grade 3 or 4 AEs were hypertension (15%), diar-
rhoea (13%) and fatigue (11%) with cabozan-
tinib, and anaemia (17%), fatigue (7%) and
hyperglycaemia (5%) with everolimus. Grade 3
and higher AEs more frequently or exclusively
observed in the everolimus-treated group include
anaemia (17%), hyperglycaemia (5%) and pneu-
monia (4%).

Discontinuation of study treatment due to AEs
not related to RCC occurred in 9.1% of cabozan-
tinib- and 10% of everolimus-treated patients,
indicating a similar overall tolerability. Among
patients treated with cabozantinib, 60% had to
have their dose decreased during the trial.
Importantly, the median daily dose was 43 mg for
cabozantinib and 9 mg for everolimus.

Cabozantinib regulatory status

Based on the results of the phase III METEOR
study, cabozantinib (Cabometyx; Exelixis, Inc.,
San Francisco, CA) tablets were approved by the
FDA in April 2016 for the treatment of advanced
RCC in patients who have received prior antian-
giogenic therapy, and by the EMA for the treat-
ment of advanced RCC following VEGF-targeted
therapy in September 2016 (Cabometyx; Ipsen,
Paris, France). Based on the CABOSUN study,
EMA approval for first-line treatment has been
requested.

Two other recently approved second-line
targeted therapies

In September 2015, three clinical trials including
METEOR reported the advantage of novel drug
treatment in patients with advanced RCC who
have previously received VEGF inhibitors, and all
trials compared the new drug or a combination of
drugs of interest to everolimus.

Anti-PD checkpoint inhibitor nivolumab in
second-line treatment

FDA approved PD-1 checkpoint inhibitor
nivolumab (Opdivo, Bristol-Myers Squibb, New
York) in November 2015 as a new second-
line treatment for advanced RCC based on the
results of the phase III trial CHECKMATE-
025 [ClinicalTrials.gov identifier: NCT01668784].
Patients with advanced RCC progressive on one or
two antiangiogenic therapies were included in the
study and randomized between nivolumab (3 mg/
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Table 5. Hazard ratios for progression-free survival and overall survival for subgroups in the METEOR study.

Total number Patients on Progression- Overall
of patients, cabozantinib/ free survival survival HR
n (%) everolimus, HR (95% Cl)
N (95% CI)
Overall 658 (100) 330/328 0.51(0.41-0.62)  0.66 (0.53-0.83)
Age <65 years 394 (60) 196/198 0.53(0.41-0.68)  0.72 (0.54-0.95)
=65 years 264 (40) 134/130 0.50(0.36-0.69)  0.62(0.44-0.88)
MSKCC risk group  Favourable 300 (46) 150/150 0.51(0.38-0.69)  0.66 (0.46-0.96)
Intermediate 274 (42) 139/135 0.47 (0.35-0.65)  0.67 (0.48-0.94)
Poor 84 (13) 41/43 0.70 (0.42-1.16)  0.65(0.39-1.07)
Previous No 96 (15) 47149 0.51(0.30-0.86)  0.75 (0.44-1.27)
nephrectomy Yes 562 (85) 283/279 0.51(0.41-0.64)  0.66(0.52-0.84)
ECOG status 0 442 (67) 226/216 0.46 (0.36-0.59)  0.65(0.49-0.87)
1 216 (33) 104/112 0.64 (0.46-0.90)  0.72(0.51-1.02)
Diagnosis to <1 year 135 (21) 59/76 0.55(0.36-0.84)  0.89 (0.58-1.37)
randomization =1 year 522 (79) 271/251 0.51(0.41-0.65)  0.66(0.51-0.85)
Tumour MET High 101 (15) 51/50 0.41(0.24-0.68]  0.55(0.31-0.99)
status Low 312 (47) 150/162 0.58(0.43-0.79]  0.72 (0.52-1.00)
Unknown 245 (37) 129/116 0.50(0.36-0.68]  0.67 (0.47-0.95)
Number of organs 1 115 (17) 59/56 0.84(0.52-1.17)  0.72 (0.39-1.34)
with metastases 2 178 (27) 101/77 0.60 (0.40-0.89)  0.73 (0.47-1.16)
=3 358 (54) 168/190 0.38(0.29-0.50]  0.65 (0.49-0.86)
Bone metastases  No 516 (78) 253/263 0.57 (0.45-0.71)  0.71(0.55-0.91)
Yes 140 (21) 77/65 0.33(0.21-0.51)  0.54 (0.34-0.84)
Visceral No 172 (26) 89/83 0.64 (0.42-0.97)  0.70(0.44-1.12)
metastases Yes 486 (74) 241/245 0.48(0.38-0.60)  0.66 (0.52-0.86)
Visceral and bone  No 546 (83) 270/276 0.56 (0.45-0.70)  0.73 (0.57-0.93)
metastases Yes 112 (17) 60/52 0.26 (0.16-0.43)  0.45(0.28-0.72)
Number of 1 464 (71) 235/229 0.52(0.41-0.66)  0.65 (0.50-0.85)
ngeivious VEGFR =2 194 (29) 95/99 0.51(0.35-0.74)  0.73(0.48-1.10)
s
Duration of first <6 months 190 (29) 88/102 0.62 (0.44-0.89) 0.69 (0.47-1.01)
VEGFR TKI >6 months 466 (71) 242/224 0.48 (0.38-0.62)  0.69 (0.52-0.90)
Progression after <3 months 112 (17) 44/68 0.67 (0.42-1.07)  0.76 (0.47-1.24)
start of most =3 months 542 (82) 283/259 0.50 (0.40-0.62)  0.68 (0.53-0.88)
recent VEGFR TKI
Previous PD-1 or No 626 (95) 312/314 0.54 (0.44-0.66)  0.68 (0.54-0.85)
PD-L1treatment  yes 32 (5) 18/14 0.22(0.07-0.65)  0.56 (0.21-1.52)
Only previous Sunitinib 267 (41) 135/132 0.43(0.32-0.59)  0.66(0.47-0.93)
VEGFR TKI Pazopanib 171 (26) 88/83 0.67 (0.45-0.99)  0.66 (0.42-1.04)

Adapted from Choueiri et al.34

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; IMDC, International Metastatic Renal
Cell Carcinoma Database Consortium; MSKCC, Memorial Sloan Kettering Cancer Center; PD-1, programmed death 1; PD-
L1, programmed death-ligand 1; TKI, tyrosine kinase inhibitor; VEGFR, vascular endothelial growth factor receptor.

kg intravenously every 2 weeks) or everolimus (10
mg orally once daily). The study reached its pri-
mary endpoint of a statistically significant prolon-
gation in OS: 25.0 months in the nivolumab group
versus 19.6 months in the everolimus group with a
HR 0of 0.73 (98.5% CI 0.57-0.93) (Table 2), while
no improvement in PFS was observed.* OS benefit

for nivolumab was observed across prespecified
subgroups, including subgroups based on the
MSKCC prognostic score and the number of pre-
vious antiangiogenic therapies. The ORR was
higher with nivolumab: 25% versus 5% for everoli-
mus with an odds ratio 0f5.98 (95% CI 3.68-9.72).
Objective responses were mainly a PR (24% out of
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Table 6. Adverse events reported in at least 30% of patients in either treatment arm of the METEOR study.

Adverse event Cabozantinib (n = 331)

Everolimus (n = 322)

Any grade, n (%)

Grade 3 or 4, n (%)

Any grade, n (%)  Grade 3 or 4, n (%)

Any adverse event 305 (92) 235 (71)
Diarrhoea 249 (75) 43 (13)
Fatigue 195 (59) 36 (11)
Nausea 173 (52) 15 (5)
Decreased appetite 156 (47) 10 (3)
Hand-foot syndrome 142 (43) 27 (8)
Vomiting 113 (34) 7(2)
Weight decreased 114 (34) 9(3)
Hypertension 122 (37) 49 (15)
Cough 68 (21) 1(<1)
Rash 54 (16) 2(1)
Anaemia 61(18) 19 (6)

296 (89) 193 (58)
92 (29) 7 (2)
154 (48) 24 (7)
93 (29) 1(<1)
114 (35) 3(1)
19 (6) 3(1)
47 (15) 3(1)
42 (13) 0 (0)
26 (8) 12 (4)
110 (34) 3(1)
94 (29) 2 (1)
126 (39) 53 (16)

Events reported irrespective of whether the event was considered by the investigator to be related to the study treatment.
One treatment-related death occurred in the cabozantinib group (death not otherwise specified) and two occurred in the
everolimus group (one aspergillus infection and one pneumonia aspiration). The severity of adverse events was graded
according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0).

Adapted from Choueiri et al.34

25%) in the nivolumab group and 5% in the
everolimus group, whereas complete remissions
were rarely observed (1% in the nivolumab group
versus <1% in the everolimus group). Side effects
were in general modest and treatment well toler-
ated. PD-L1 expression was not shown to be a pre-
dictive marker for a response to nivolumab.

Combination of lenvatinib plus everolimus

In May 2016, the FDA approved the two-drug
regimen lenvatinib (Lenvima, Eisai, Tokio,
Japan) in combination with everolimus (Afinitor,
Novartis, Basel, Switzerland) as a treatment for
patients with advanced RCC following prior
antiangiogenic therapy based on the results of a
three-arm randomized phase II study in approxi-
mately 150 patients (Table 2). Patients were ran-
domized between three arms: lenvatinib (18 mg
once daily) in combination with everolimus (5 mg
once daily) (z = 51); lenvatinib alone (at a higher
dose of 24 mg) (n = 52); and everolimus alone
(10 mg once daily) (z = 50). Patients with meta-
static RCC progressive on one line of antiangio-
genic therapy were included.

This combination inhibits two critical independ-
ent VEGF and mTOR pathways simultaneously.
Lenvatinib, in addition to VEGFRs, also targets
MET (similar to cabozantinib, but unlike cabo-
zantinib not AXL) and the FGF pathway. The

pivotal phase II trial demonstrated that lenvatinib
plus everolimus reduced the risk of progression or
death by 63% wversus everolimus alone. Median
PFS with lenvatinib plus everolimus was 12.8
months versus 5.6 months with everolimus (HR
0.45; 95% CI 0.22-0.79). Common side effects
of lenvatinib included fatigue, nausea, hyperten-
sion, and a considerable proportion of patients
with high-grade diarrhoea (20%). Two deaths
were reported to be related to study treatment:
one cerebral haemorrhage in the combination
arm and one myocardial infarction in the len-
vatinib alone arm.

Rational choice for second and further line
treatment in advanced RCC

Currently, an amazing number of seven regula-
tory approved drugs are available for second-line
treatment of patients with advanced RCC
(Table 2). Novel approved agents, cabozantinib,
nivolumab and lenvatinib, in combination with
everolimus, now result in a paradigm shift in
treatment of patients who received one prior
VEGF-targeted therapy.

All three novel treatment options showed superiority
compared with everolimus. Moreover, PFS obtained
with cabozantinib and the combination of lenvatinib
and everolimus was longer, whereas OS obtained
with all three novel treatments was longer than the
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OS demonstrated for previous second-line treat-
ments. However, it should be noted that distribution
in prognostic risk groups, number of prior lines of
treatment, type of prior treatment, presence of unfa-
vourable risk factors (e.g. presence of bone and liver
metastases) and availability of subsequent treatment
options, may contribute to observed differences in
PFS and OS between studies.

The choice between nivolumab, cabozantinib or
the lenvatinib with everolimus combination as a
second-line therapeutic approach poses a true
challenge for clinicians since head-to-head com-
parisons and predictive markers are lacking. In
the absence of regulatory or financial restrictions,
the following considerations should be taken into
account when choosing between these three treat-
ment options for a patient.

First, important limitations of the study investi-
gating the combination of lenvatinib with everoli-
mus are the small sample size, the unblinded
study design, and it remains unclear whether the
combination of lenvatinib with everolimus is
superior over single agent lenvatinib. In view of
the frequency of AEs, a careful risk—benefit assess-
ment should be done when considering the com-
bination of lenvatinib with everolimus.

Secondly, comorbidity and experienced toxicity to
first-line VEGF-targeted therapy should be con-
sidered carefully before choosing the second-line
treatment. For instance, patients who experienced
severe toxicity to first-line VEGF-targeted therapy
seem more likely to also tolerate cabozantinib less
well. Furthermore, pre-existing autoimmune dis-
ease and inflammatory disease are (relative) con-
traindications for checkpoint inhibitors.

Third, the rate of disease progression and the
volume of disease might be considered. It is a
general belief that time to response is usually
longer for checkpoint inhibitors compared with
VEGPF-targeted therapy, and this could translate
into physician’s preference for cabozantinib over
nivolumab in patients with rapidly progressive
disease or high volume of disease. The median
time to response for nivolumab was 3.5 months,
which may translate into a relatively long period
of time before the clinician can decide whether
the disease does not respond to nivolumab, more
so since treatment beyond progression may be
followed by a remission in a low percentage of
patients on checkpoint inhibitors. Of note, the
median time to response was only reported for

nivolumab (and everolimus) in the
CHECKMATE study. The potential advantage
of nivolumab is the prolonged responses in a
minority of patients. This consideration is sup-
ported by a network meta-analysis comparing the
OS results for nivolumab with cabozantinib,
indicating that the HR for OS favoured cabozan-
tinib during the first 5 months, whereas the HR
for OS became increasingly in favour of
nivolumab thereafter.>®> Another network meta-
analysis including all available second-line treat-
ment options, except the lenvatinib with
everolimus combination, demonstrated no differ-
ence in OS (HR 0.9; 95% CI 0.69-1.19) despite
the superior PFS for cabozantinib over nivolumab
with a HR of 0.58 (95% CI 0.45-0.74).5¢

As both METEOR and CHECKMATE included
patients who had already received two lines of treat-
ment, in daily practice the alternative agent
(nivolumab or cabozantinib) will most likely be used
upon progression of disease as a third-line agent.

Conclusion

Cabozantinib is a novel multitargeted MET-, AXL-
and VEGFR-2-targeting TKI that improved PFS,
OS and ORR compared with everolimus in patients
with advanced RCC whose disease progressed after
one or more prior VEGFR-targeted therapies. The
safety profile of cabozantinib was acceptable, AEs
manageable and similar to those of other VEGFR
TKIs. The recommended dose of cabozantinib in
metastatic RCC is 60 mg orally daily.

The recent introduction of two other treatment
options, nivolumab and lenvatinib combined with
everolimus, will now translate into a new treat-
ment paradigm of preferred treatment options in
the second-line treatment of patients with
advanced RCC whose disease has progressed on
one or more prior VEGFR-targeted therapies.

Efforts to assess the efficacy of cabozantinib and
other MET inhibitors in the papillary type subset
of RCC are ongoing.
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