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Abstract: Renal cell carcinoma (RCC) is the most common type of kidney malignancy, and
the clear-cell subtype represents the majority of RCCs. RCC is a heterogeneous disease in
terms of genetic and histological features which determine the behavior of the disease. The
von Hippel-Lindau (VHL) is a tumor suppressor gene and mutations of this gene are seen in
95% of clear-cell RCCs. Inactivation of VHL causes the accumulation of hypoxia-inducible
factor-1 (HIF-1), and in turn, accumulation of HIF-1 induces overexpression of vascular
endothelial growth factor (VEGF); the increase in VEGF expression makes RCC a highly
vascularized tumor, and forms the rationale for antiVEGF treatment. In the past decade,
improvement in the survival of RCC patients has been observed due to new effective
therapies, such as antiVEGF and mammalian target of rapamycin (mTOR) targeting agents
and immune checkpoint inhibitors. The majority of VEGF targeted agents are not just
selective to VEGF receptors, but usually also have inhibitory effects on other kinases, such
as ¢-KIT and FLT3. Tivozanib is an extremely potent and selective tyrosine kinase inhibitor
(TKI) of VEGFR-1, 2, and 3, with a relatively long half-life, that is approved by the
European Commission for the treatment of advanced/metastatic RCC. Tivozanib, at very
low serum concentration can inhibit phosphorylation of VEGFR —1, =2, and —3 tyrosine
kinase activity. This article summarizes the clinical data on tivozanib in the treatment of
advanced/metastatic RCC.
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Introduction

Comprising 2-3% of all malignancies, kidney cancers are one of the most prevalent
cancers in the world." Renal cell carcinoma (RCC) is the most common type (85%)
among them, and clear-cell subtype tumors represent the majority of RCC.*> RCC is
a heterogeneous disease in terms of genetic and histological characteristics. The von
Hippel-Lindau (VHL) gene is a tumor suppressor gene and its inactivation is seen
as one of the most common oncogenic events that play a pivotal role in 95% of
clear-cell RCCs. Inactivation of VHL causes accumulation of hypoxia-inducible
factor-1 (HIF-1) which induce overexpression of vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF), fibroblast growth factor (FGF),
and epidermal growth factor (EGF) that make RCC a highly vascularized tumor.>*
This is why RCC is susceptible to anti-VEGF treatment. The prognosis of the
patients with early, localized RCC is very good, and the cure rate is high with
approximately 90% of 5-year survival.” However, about 16% of RCC patients are
diagnosed at the metastatic stage and, the 5-year survival rate of these patients with
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metastatic RCC is only around 12%. Currently, several
treatment options are available and also some more are
being developed in the management of the advanced
disease.® RCC is highly resistant to conventional che-
motherapy, therefore in the past, systemic treatment of
mRCC was limited to cytokine treatment with interferon
o (IFNa) and interleukin-2.”* The advancements in the
antiVEGF, and mammalian target of rapamycin (mTOR)
targeting therapies and immune checkpoint inhibitors in
the last years have obviously improved treatment out-
comes and success rate of treatment in patients with
advanced or metastatic RCC.>'" Development of the new
therapies coupled with improved knowledge of disease
biology have led to increased survival such that the med-

. . . . 11.12
ian survival of the patients now is more than 2 years.

Targeting VEGF pathway for the
treatment of mMRCC

In recent years, many new molecules that target VEGF
signaling pathways have been tested and some of them
already approved for the treatment of patients with meta-
static renal cell carcinoma worldwide.'? These VEGF tar-
geted therapies include sunitinib, bevacizumab, tivozanib,
sorafenib, pazopanib, lenvatinib, axitinib, cabozantinib,
and nintedanib. Sorafenib and sunitinib are the first tyro-
sine kinase inhibitors (TKIs) that gained regulatory
approval in the treatment for metastatic RCC. Their anti-
tumor activity has been reported in phase III trials by
improved progression-free survival (PFS) compared with
interferon alfa or placebo.'*'> Both agents are not selec-
tive to VEGF receptors, they have also inhibitory effects
on other kinases, such as ¢-KIT and FLT3.'® These less
selective targeted agents are also associated with some
adverse events which include skin rash, stomatitis, hand-
foot skin reaction, diarrhea, fatigue, myelosuppression,
therefore, in order to improve patient outcomes, a more
potent and more selective inhibitor for VEGFRs may
demonstrate improved antitumor activity and tolerability
in metastatic RCC and may reduce the off-target toxicities
of less selected anti VEGF agents.

Tivozanib; mechanism of action

Tivozanib is designed to target the vascular endothelial
growth factor (VEGF) pathway, a clinically validated target
in RCC. Tivozanib is a TKI of VEGFR-1, 2, and 3 (Figure 1).
It is an extremely potent and selective tyrosine kinase inhi-
bitor with a relatively long half-life. At very low serum

concentration tivozanib can inhibit phosphorylation of
VEGFRI1, -2, and —3, however, for the inhibition of other
kinases such as c-KIT and PDGFR much higher concentra-
tions are needed, which makes tivozanib more potent and
specific to VEGFR tyrosine kinases. The serum concentra-
tion of tivozanib to inhibit each of the three VEGFRs, is
0.21 nM for VEGFR-1, 0.16nM for VEGFR-2, and 0.24 nM
for VEGFR-3 (Table 1).'"®'® The European Commission
(EC) has approved tivozanib for the treatment of adult
patients with advanced RCC in the European Union and
also approved in Norway and Iceland in 2017. This approval
based on a phase 3 trial that compared tivozanib with sor-

afenib as first-line treatment.'*2°

Clinical data

In the initial phase I study that demonstrated safety and
efficacy of tivozanib in patients with advanced RCC, the
dose of tivozanib was reported as 1.5 mg/day in a 4-week-
on, 2-week off schedule.”! Subsequently, in order to deter-
mine antitumor activity and safety of tivozanib in metastatic
RCC population, a phase I randomized study was conducted
in a heterogeneous group of patients with metastatic RCC. In
this study, adult patients with non-resectable primary meta-
static RCC, measurable recurrent or metastatic RCC were
enrolled. The patients were allowed to receive one previous
systemic treatment that not contains an inhibitor of VEGF
pathway for RCC. Additionally, patients with Karnofsky
performance status >70% and sufficient hepatic, renal, and
bone marrow functions were eligible and included for the
phase II study as well. As expected patients with central
nervous system (CNS) involvement were excluded. Other
exclusion criteria were a symptomatic cardiovascular disease
(CVS) that contains uncontrolled hypertension, active clini-
cally symptomatic left ventricular heart failure, and myocar-
dial infarction within 3 months previously. In the study 46%
of the patients had been previously treated, majority of the
patients had clear-cell subtype (83%), and most of the
patients (73%) of had prior nephrectomy for the primary
tumor removal. The patient was scheduled to have tivozanib
at the dose of 1.5 mg/d orally as a three week on, one week
off schedule for 4 months. Tumoral lesions were evaluated
radiologically and the response was determined according to
Response Evaluation Criteria in Solid Tumors (RECIST) in
every 2 cycles of treatment. The diameters of target lesions
were compared with their baseline, if a patient had >25%
tumor diameter shrinkage then continued to take open-label
tivozanib, on the contrary to this, patients who had radiolo-
gical progressive disease did stop to take treatment. Patients
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Figure | Mechanism of action of tivozanib on vascular endothelial cell in renal clear cell cancer.

Table | Cross trial comparison

events rates (grades 3-4)

of VEGF targeted agents, their minimal

inhibitory concentrations for VEGFRs, and their adverse

Drug Sorafenib'*'¢ Sunitinib'®'¢ Pazopanib'é? Axitinib'"'8 Tivozanib'*?’
IC50 (nmol/L) for VEGFR-I NA 10 10 0.1 0.21

IC50 (nmol/L) for VEGFR-2 90 10 30 0.2 0.16

IC50 (nmol/L) for VEGFR-3 20 10 47 0.1-0.3 0.24
Mucositis-stomatitis NA 43%(%10) NA 9%(% 1) 4%(%<1)
Hand-foot syndrome 30%(%6) 21%(%5) NA NA 4%(%<1)
Fatigue 37%(%6) 58%(%9) 19%(%2) 27%(%4) 8%(%2)
Diarrhea 43%(%2) 58%(%6) 52%(%4) 319%(%5) 129%(%2)

Dose reduction 13% 32% NA 29% 10%

Dose interruption 21% 38% 14% NA 4%
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who could not be classified as progressive or responsive with
a less than 25% change in tumor size (decrease or increase)
were randomly assigned to for the next 12 weeks in a double-
blind tivozanib or placebo. Finally, assessment of the patients
in sixteen weeks open-label, the objective response rate
(ORR) of patients treated with tivozanib was 18% (95%CI,
14-23%), and median progression-free survival (PFS) was
significantly higher in patients who treated with tivozanib
than patients receiving placebo, 10.3 and 3.3 months, respec-
tively (P=0.01). Nephrectomy is known as a positive con-
tributor factor on the prognosis of metastatic RCC that has
been reported.”” Therefore, the lower rate of nephrectomy in
this study may have decreased the activity of tivozanib. A
subgroup analysis of the study for patients with clear-cell
RCC and nephrectomy showed higher median PFS and ORR
than reported. PFS was 14.8 months and the objective
response rate was 30% for the patients who had nephrectomy.
In conclusion of the study, tivozanib obtained promising PFS
rate and proved its activity in patients with advanced/meta-
static RCC. The obtained PFS rate of the study was higher
than reported rates with other tyrosine kinase inhibitors for
VEGFRs. Entire PFS for tivozanib in this study was
11.7 months, however, it was shorter with other TKI agents
that reported in their phase II trials.>>> This phase II trial
showed the efficacy and safety of tivozanib in advanced RCC
and supported its usage in patients with advanced or meta-
static clear-cell RCC in phase III trials.

Sorafenib and sunitinib are the first TKIs that gained
approval for advanced RCC treatment, and they showed
substantial antitumor activity as first-line treatment in
phase III trials in terms of improved PFS compared with
interferon alfa or placebo.'**® The data achieved in the
phase II trial of tivozanib provided the rationale for a
phase III trial comparing tivozanib with sorafenib as
first-line targeted therapy for patients with meta-
static RCC.

In the randomized phase III trial that compared tivoza-
nib and sorafenib, patients were randomly assigned to
receive either tivozanib or sorafenib treatment. Patients
with age >18 years, with measurable disease and histolo-
gically, confirmed recurrent or metastatic RCC with a
dominantly clear cell component were enrolled in this
study. Eastern Cooperative Oncology Group performance
status (ECOG PS) 0-1, with adequate hepatic, hematolo-
gic, and renal functions were the main eligibility criteria.
The patients could be treatment-naive or could have
received one or fewer prior systemic treatments (che-
motherapy, hormonal, or immunotherapy therapy) for

metastatic RCC, however prior VEGF targeted therapies
or mTOR inhibitors were not permitted. Patients who had
unstable brain metastases or significant CVS including
uncontrolled hypertension, myocardial infarction, or
thromboembolic disorders were also excluded.

Tivozanib was administered orally at the dose of
1.5 mg/day every day for 3 weeks followed by 1 week
off. Sorafenib was administered orally at a dose of 400 mg
twice per day continuously. Patients continued to receive
drugs until disease progression, unacceptable toxicity, or
death. Tivozanib significantly improved PFS compared
with sorafenib such that the median PFS was 11.9 months
in the tivozanib arm while only 9.1 months in sorafenib
arm (HR, 0.797; 95% CI, 0.639-0.993; P=0.042). The
tumor response was also improved. According to the
blinded independent radiological assessment ORR was
33.1% (95% CI, 27.4-39.2%) in tivozanib arm and
23.3% (95% CI, 18.3-29.0%) in sorafenib arm, which
was statistically significant superiority (P=0.014). Median
PFS was also improved; 12.7 months for tivozanib and
9.1 months for sorafenib: this difference was also statisti-
cally meaningful (HR, 0.756; 95% CI, 0.580-0.985;
P=0.037) among patients who were treatment naive for
metastatic RCC.

At the time of the final OS analysis, a total of 219
patients (42%) died in the ITT population with 118 deaths
among tivozanib-treated patients and 101 deaths were
observed in the sorafenib arm. At the final analyses, a
trend toward longer survival rate was seen in patients
treated with sorafenib in the first line compared to the
patients in tivozanib arm (median, 29.3 v 28.8 months;
HR, 1.245; 95% CI, 0.954-1.624; P=0.105). This was due
to probably the availability of second-line therapies; the
OS outcome of the patients in the study seems to be
confounded by differential use of next-line targeted cancer
therapies because the crossover allowed patients who had
progressed on sorafenib to switch to tivozanib. The final
OS analysis of the study reported that 156 patients (61%)
randomly assigned to sorafenib had crossed over to tivo-
zanib, but vice versa was not possible. Such that the
majority of patients in the sorafenib arm received a next-
line targeted therapy for RCC (63% in the sorafenib arm
vs 13% in the tivozanib arm), this is one of the major
confounding factors that may have affected the OS rate in
this study. However the study still confirmed that tivozanib
prolonged PFS compared with sorafenib in patients with
metastatic RCC, and besides tivozanib was better tolerated
and had lower AEs rates that included hand-foot skin
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reaction and diarrhea. Tivozanib required fewer dose
reductions and interruptions compared with sorafenib,
however, higher rates of hypertension and dysphonia
were reported in tivozanib arm.

In this study, the median duration of treatment was
12 months for tivozanib, and 9.5 months for sorafenib.
The rate of patients who experienced at least one treat-
ment-emergent AE was 91% in the tivozanib arm versus
97% in the sorafenib arm. The rate of reported grade 3—4
AEs was 61% of patients in tivozanib arm and 70% of
patients in the sorafenib arm. The adverse events which
were more common in tivozanib arm were hypertension
and dysphonia, whereas hand-foot syndrome and diarrhea
were reported more commonly in the sorafenib arm. The
rate of treatment discontinuation due to treatment-related
AEs was reported in 4% patients for tivozanib and 5%
sorafenib, and also treatment interruptions due to AEs
occurred in 36% of patients treated with sorafenib versus
19% of patients treated with tivozanib. Dose reductions
due to AEs occurred more common in sorafenib treatment
arm 43% versus 14% in tivozanib treatment arm, the most
common adverse events that cause dose reduction were
hand-foot syndrome (tivozanib v sorafenib, 2% vs 18%),
diarrhea (1% vs 5%), and hypertension (2% vs 4%).
Health-related quality of life (HRQoL) questionnaires
were completed by >99% of patients in both arms at
baseline, but completion rates decreased over time.
Statistical analysis of score changes from baseline between
the two treatment arms with well-balanced baseline
HRQoL scores was not significantly different.

Recently, the efficacy of tivozanib treatment after sorafe-
nib in patients with advanced renal cell carcinoma was eval-
uated by a phase 3 crossover study. The crossover of the
patients in the study that compared sorafenib with tivozanib
who progressed on sorafenib was subsequently treated with
tivozanib. A total 74% of patients randomized to sorafenib in
phase III trial were treated with a next-line therapy after
progression, however, only 35% of tivozanib-treated patients
received a next-line therapy.?” The majority of next-line treat-
ment in the study was tivozanib which was due to the lack of
available second-line therapies in the Eastern European coun-
tries at that time, whereas the patients who randomized to
tivozanib had no salvage therapy. That is why the results of
overall survival in the phase 3 tivozanib trial were considered
to be confounded by the differential use of subsequent RCC
therapy in the two treatment arms. Therefore, this crossover
study designed to determine the efficacy of tivozanib in the
patients who progressed on sorafenib treatment.

A total 161 of the patients with ECOG PS <2 were
included to the analysis who initially treated with sorafe-
nib, these patients were two groups which including
patients who crossed over to tivozanib after the first docu-
mented disease progression and patients who continued on
sorafenib on entering this study and subsequently pro-
gressed and started tivozanib. Exclusion criteria were the
patients who progressed during sorafenib treatment
>4 weeks since the last dose of sorafenib, newly detected
CNS mmetastasis or documented progression of CNS
metastases, inadequate hepatic, renal, or hematologic func-
tions, unhealed wounds, uncontrolled hypertension, active
infections or infections requiring parenteral antibiotics,
current receipt of treatment with another oncology therapy.
Tivozanib was administered orally 1.5 mg/day continu-
ously with a 3 week on 1 week off schedule. Treatment
was continued until disease progression or unacceptable
toxicity.

A prolongation of median PFS which showed the anti-
tumor activity of tivozanib was demonstrated in the study,
and it was 11 months. The median overall survival that
started from the first tivozanib dose was 22 months. The
objective response rate all of which was PR, was 18%,
without a CR, stable disease was observed in further 52%
of the patients, while the progressive disease was 21%. A
majority of crossover patients had measurable disease post
baseline, 92.6% of them had a reduction in target lesion
diameter. Hypertension was the most common tivozanib
treatment-related adverse event observed and that was
26% in the crossover population. This study provided
evidence of tivozanib treatment activity in patients with
recurrent disease after sorafenib treatment.?®

As ongoing trials, tivozanib is currently being evaluated in
third-line treatment of patients with RCC who have failed 23
prior systemic regimens (one of which is a VEGF inhibitor
other than sorafenib or tivozanib) in a comparative study to
sorafenib, and immune checkpoint inhibitor-targeted therapy
combination in the ongoing TiNivo phase 1/2 trial (nivolumab,
tivozanib). The immune-targeted combination treatment trial
has passed successfully from phase I to phase IL>**° The
characteristics of the trials with tivozanib in RCC are given
in Table 2.

As a more selective antiVEGFR therapy, tivozanib
appeared to exhibit greater clinical benefit in terms of response
rate and significantly longer PFS than sorafenib in a phase 3
comparison trial. The objective response rate of tivozanib was
greater than sorafenib, also sorafenib was associated with a
higher incidence of diarthea and hand-foot syndrome
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compared with tivozanib. The approval of tivozanib in the
European Union plus Norway and Iceland in 2017 after the
completed phase 3 comparison trial and its possible effective
combinations with emerging immunotherapies seem to reopen
for tivozanib the way to the future therapeutic field for patients
with mRCC.

Conclusion

The treatment paradigm in mRCC is rapidly changing and
evolving. Newer TKI’s and immune check points inhibi-
tors alone or in combination have been proven to be
effective.’'*? More recently pembrolizumab in combina-
tion with axitinib has been approved, after phase 3 study
showing superiority of this combination over sunitinib
monotherapy as a frontline treatment irrespective of
PDL-1 expression or risk status.’' As an effective TKI,
further studies are needed to better define the place of
tivozinib as a monotherapy or in combination with
immune check point inhibitors, in the first and second
line treatment and according to risk group status and/or
PDL-1 expression in patients with RCC.
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