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Abstract

Introduction: Tivozanib is a potent and selective tyrosine ki-
nase inhibitor of vascular endothelial growth factor receptor
1 (VEGFR-1), VEGFR-2, and VEGFR-3, recently approved in Eu-
rope for the first-line treatment of metastatic renal cell carci-
noma (mRCC). Methods: Retrospective analysis of safety and
activity of tivozanib administered at 1.34 mg daily (3 weeks
on, 1 week off) within a compassionate-use program to pa-
tients with mRCC with no prior systemic treatment in Italy.
Results: From August 2018 to April 2019, 64 patients have
started tivozanib in 9 oncology units. The median age was
67.5 years (range 40-85), 62.5% males. According to Interna-

tional Metastatic Renal Cell Carcinoma Database Consor-
tium criteria, 27.1% of patients were good prognosis, 57.6%
intermediate, and 15.3% poor. Primary tumor had been re-
moved in 71.9% of patients. Histology was clear cell 89%,
papillary 4.7%, and unclassified 6.3%. The response rate was
34.4%, stable disease 40.6%, and progression 15.6%. Grade
3-4 toxicities were 7.8% hypertension, 4.7% anemia, 3.1%
mucositis, 3.1% asthenia, 1.6% diarrhea, 1.6% anorexia, 1.6%
worsening of renal function, and 3.1% cardiac events. Dose
reduction to 0.89 mg was applied to 17.2% of patients, and
the discontinuation rate due to toxicity was 5.8%. Median
progression-free survival was 12.4 months, with 68.7% of pa-
tients alive at 12 months. The developing of hypertension
predicted increased progression-free survival at multivariate
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analysis (HR, 0.128; 95% Cl, 0.03-0.59; p = 0.008). Conclu-
sions: Tivozanib showed good activity and favorable safety
profile in a real-world cohort of unselected patients with
mRCC. Predictive biomarkers of response to antiangiogenic
therapy are urgently needed in order to identify RCC pa-
tients who could still receive a monotherapy with VEGFR in-

hibitors in the first line. ©2021 S. Karger AG, Basel

Introduction

Oral tyrosine kinase inhibitors (TKIs) targeting the
vascular endothelial growth factor receptor (VEGFR)
and platelet-derived growth factor receptor families rev-
olutionized the treatment of metastatic renal cell carci-
noma (mRCC), with sunitinib and pazopanib being the
most frequent TKIs used in the first line. They achieved
comparable results in terms of overall response rates
(ORRs) (24 and 31%, respectively), progression-free
survival (PFS) (9.5 and 8.4 months), and overall surviv-
al (OS) (29.1 and 28.3 months) in a randomized trial [1].
Type and incidence of adverse events (AEs) were differ-
ent among the 2 agents, with 51 and 44% of dose reduc-
tions and 20 and 24% of early discontinuation due to
toxicities with sunitinib or pazopanib, respectively. In a
randomized phase 2 trial, cabozantinib showed im-
proved PFS over sunitinib in the subgroup of Interna-
tional Metastatic Renal Cell Carcinoma Database Con-
sortium (IMDC) [2] intermediate- and poor-risk pa-
tients (8.2 vs. 5.6 months, p = 0.012), with 46 and 20% of
dose reductions and early discontinuation due to toxic-
ity [3].

Tivozanib (formerly known as AV-951 or KRN-951)
is a selective inhibitor of vascular endothelial growth fac-
tor-induced phosphorylation of intracellular domains of
VEGFR-1, VEGFR-2, and VEGFR-3 [4]. Pharmacokinet-
ic studies showed a half-life slightly above 100 h, thus al-
lowing for once-daily administration. Preclinical studies
have reported that tivozanib may also have immune mod-
ulatory activities by reducing regulatory T cells and my-
eloid-derived suppressor cell accumulation, and their po-
tential correlation with activity of this drug has recently
been reported in a small cohort of patients with hepato-
cellular carcinoma [5].

A phase 2 study was conducted in 272 patients with
mRCC (83% clear-cell histology) who were treated with
tivozanib at 1.5 mg/daily for 3 weeks followed by a 1-week
break, with an ORR of 24% and a promising median PFS
of 11.7 months [6].
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The large randomized TIVO-1 trial was therefore
planned to compare tivozanib against sorafenib in 517
mRCC patients with a clear-cell component not previ-
ously exposed to TKIs or mTOR inhibitors (only 1 prior
regimen with chemotherapy, hormonal therapy, or cyto-
kine-based immunotherapy allowed).

Tivozanib 1.5 mg/daily (3 weeks on, 1 week off)
achieved superior ORR at a blinded independent radiol-
ogy review (33.1 vs. 23.3%) as well as superior PFS (11.9
vs. 9.1 months; HR, 0.797;95% CI, 0.639-0.993; p = 0.042)
compared to sorafenib [7]. However, the final OS analysis
showed a trend toward longer survival on the sorafenib
arm than on tivozanib (median, 29.3 vs. 28.8 months; HR,
1.245; 95% CI, 0.954-1.624; p = 0.105) as a result of 2 fac-
tors: the availability of tivozanib (within a separate cross-
over phase 2 study) just for patients progressing on
sorafenib (but not vice versa) and the limited availability
of active agents post-progression on tivozanib in Eastern
Countries where the majority of patients were enrolled.
Indeed, a greater proportion of patients in the sorafenib
arm, as compared to those randomized to tivozanib (63
vs. 13%), did receive a subsequent targeted therapy for
mRCC, mainly tivozanib itself [8, 9]. The spectrum of
AEs was typical of TKIs, with hypertension and dyspho-
nia being more frequent with tivozanib and hand-foot
syndrome and diarrhea with sorafenib. The discontinua-
tion rate due to toxicity was low and comparable between
the 2 drugs (4% tivozanib and 5% sorafenib), but tempo-
rary treatment interruptions due to AEs occurred in 92
patients (36%) treated with sorafenib versus 50 (19%)
treated with tivozanib as well as dose reductions occurred
in 111 patients (43%) treated with sorafenib versus 37
(14%) treated with tivozanib (Fisher’s exact test p = 0.001
for both).

The U.S. Food and Drug Administration rejected the
approval of tivozanib for mRCC in May 2013, but then
European Medicine Agency (EMA) approved it on Au-
gust 2017 on the basis of both the above considerations
regarding TIVO-1 study design, as well as improved
side-effect profile and reduced rate of serious AEs with
tivozanib [10]. Comparable PES benefit and less risk of
grade 3-4 toxicities were reported with tivozanib in a re-
cent network meta-analysis compared to other TKIs
[11].

After EMA registration, a compassionate use of tivo-
zanib was opened in Italy, allowing early access to the
drug for first-line mRCC patients. The aim of this analy-
sis was to evaluate the safety and activity of tivozanib ad-
ministered to a multicenter cohort of real-world patients
with mRCC enrolled in the compassionate use.
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Table 1. Patients’ characteristics, N = 64

Patients, %

Age

Median 67.5 years
Range 30-85 years
25 pts =70 years (39.1)

Gender

40 males (62.5)
24 females (37.5)

ECOG performance status

22 ECOGO0 (34.4)
23 ECOG 1 (35.9)
16 ECOG 2 (25.0)
3ECOG3(4.7)

BMI (59 patients)

28 <25 kg/m? (43.8)
31225 kg/m? (48.4)

Creatinine clearance

Median 63 mL/min (range 30-97)

Surgery on primary tumor (total or partial nephrectomy)46 yes (71.9)

18 no (28.1)

Histology

57 clear cell (89)
3 papillary (4.7)
4 unclassified/specified (6.3)

Site of metastases

46 lung (71.9)

24 bone (37.5)

35 lymph nodes (54.7)

4 brain (6.3)

9 liver (14.1)

5 pancreas and/or thyroid (7.8)

IMDC score (59 patients)

16 good (27.1)
34 intermediate (57.6)
9 poor (15.3)

IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; ECOG, East-
ern Cooperative Collaborative Group; BMI, body mass index.

Material and Methods

Inclusion Criteria
We retrospectively collected the clinical data of all consecutive
mRCC patients enrolled in the tivozanib compassionate use (Au-
gust 2018 to April 2019), treated in 9 oncology centers in Italy.
Inclusion criteria were as follows:
o adult patients with histological diagnosis of renal cell carcino-
ma, either clear-cell or alternative histologies
» metastatic disease, any site, without any former systemic treat-
ment with TKIs or immunotherapy
+ adequate performance status (Eastern Cooperative Oncology
Group-ECOG 0-2), normal hematology, liver, and renal function
« absence of swallowing problems or any other serious comor-
bidity contraindicating the administration of TKIs
This was an academic study conducted within the Meet-Uro
Italian network (Meet-Uro 16 study). EUSA Pharma provided for
the supply of tivozanib to each center.

Treatment
Patients started tivozanib at 1.34 mg daily (3 weeks on, 1 week
off) as per EMA registration. Dosage could be reduced to 0.89 mg

Tivozanib in Metastatic Renal Cell
Carcinoma

daily according to the AEs experienced by the patients, at the dis-
cretion of the treating physician.

Patient prognosis was categorized before the start of treatment
according to the IMDC prognostic score [2]. Disease was staged
and reassessed every 3-4 months mainly with contrast-enhanced
computerized tomography or with alternative radiological assess-
ments as per clinical practice of each center. Visits and blood tests
were repeated every month or more frequently, according to the
toxicities developed by the patients.

We defined dose interruption as a temporary withhold of tivoza-
nib, with the aim of allowing the patient to recover from toxicity.
Cause of definitive drug suspension was differentiated as either due
to disease progression, unacceptable toxicity, or patient refusal to go
on with treatment. AEs were retrospectively collected in the clinical
charts as they were registered according to clinical practice, then
classified, and graded according to National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (CTCAE version 4.0).

Statistical Analysis

Clinical characteristics were summarized with descriptive sta-
tistics. Tumor response and progression were assessed according
to Response Evaluation Criteria in Solid Tumors (RECIST) ver-
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Fig. 1. PES of the whole cohort of 64 patients. PES, progression-free
survival.

sion 1.1 [12]. PFS was calculated from the start of treatment to
disease progression or censored at the last follow-up date known
without progression (radiological and/or clinical). OS was calcu-
lated from the start of treatment to death for any cause. The sur-
vival status of patients lost to follow-up was checked with munici-
pal registries.

The association between nominal variables has been analyzed
with the x? or Fisher’s exact test whenever appropriate according
to the size subgroups. PFS and OS have been estimated with the
Kaplan-Meier method and compared with log-rank test and Cox
proportional hazards method. The effect of different prognostic
factors on PFS including age (<70 vs. > 70 years), performance sta-
tus (0 vs. 1-2), body mass index (<25 vs. > 25 kg/mgq), previous
surgery on renal tumor (yes vs. not), IMDC risk category (good,
intermediate, poor), and dose reduction, hypertension, or hypo-
thyroidism developing during treatment was first assessed by the
univariate analysis. The multivariate analysis was performed with
covariates affecting patient prognosis at univariate analysis and
incorporating IMDC risk category. All statistical analyses have
been carried out with the software “R,” version 4.0.3.

Results

Patients

We identified 64 patients who received at least 1 dose
of tivozanib, median age 67.5 years, more than one-third
being >70 years (39.1%). Patients’ characteristics are out-
lined in Table 1. Almost 90% of patients had clear-cell
histology. Sixteen patients (27.1%) had a good IMDC
prognostic score, 34 (57.6%) had an intermediate-risk
score, and 9 (15.3%) had a poor-risk score. Twenty-two
out of 24 patients with bone metastases received bone-
targeted agents (bisphosphonates or denosumab). Fif-
teen patients received concomitant palliative radiother-
apy during tivozanib administration, mainly on bone le-
sions.
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Fig. 2. Progression-free survival according to the previous surgery
on the kidney (1 - thick line) or none (0 - dotted line), p = 0.006.
PES, progression-free survival.

Response and Second-Line Therapy

Twenty-two patients achieved a radiological partial re-
sponse (34.4%) according to the treating oncologist’s
evaluation, with a median time to response of 3.0 months
(range 2.3-4.3 months). Twenty-six patients had stable
disease as their best response (40.6%), 10 patients devel-
oped early progression (15.6%), and 6 patients were not
evaluable.

RR was compared between patients with or without
involvement of bone (25.0 vs. 47.0%, respectively, X2 test
p =0.08), of lymph nodes (39 vs. 37.0%, p = 0.89), of liver
(33 vs. 38.4%, p = 0.58), of lung (45 vs. 22.2%, p = 0.098),
of brain (33 vs. 38.1%, p = 0.86), and of pancreas and/or
thyroid (50 vs. 37.0%, p = 0.98). At the cutoff date of Jan-
uary 25, 2020, therapy with tivozanib had been defini-
tively stopped in 34 patients (53.1%), while 30 patients
were still on treatment. The main reasons for discontinu-
ation were disease progression (31 patients, 91.2%), fol-
lowed by toxicity (2 patients, 5.8%), and a single case of
refusal to continue the treatment despite the absence of
severe toxicities (1 patient, 3%). Out of 34 patients dis-
continued from first-line tivozanib, 16 patients (48.5%)
had started a second-line therapy at the cutoff date:
nivolumab in 10 patients (62.4%), sunitinib in 1 (6.3%),
cabozantinib in 1 (6.3%), while 4 patients (25%) were en-
rolled onto an experimental trial.

Progression and Survival

After a median follow-up of 12.5 months, 33 patients
have progressed or died, with an estimated PFS of 12.4
months (95% CI, 8.2 - not reached) (shown in Fig. 1). At
univariate analysis, patients with ECOG performance sta-
tus 0 had a superior PFS compared to the remaining pa-
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Fig. 4. OS of 64 patients (median not reached). OS, overall sur-

vival.

Table 2. Multivariate analysis for progression-free survival

Variable Patients,n  Hazardratio 95%Cl p value
ECOG PS >0 versus 0 64 2.029 (0.64-6.41) 0.227
Previous surgery on the kidney no versus yes 64 1.639 (0.65-4.14) 0.296
Hypertension yes versus no 64 0.128 (0.03-0.59) 0.008
Radiological response no versus yes 58 2.091 (0.43-10.19)  0.361
IMDC intermediate versus good 50 3.961 (0.67-23.51)  0.129
IMDC poor versus good 25 2.723 (0.86-7.03) 0.538

ECOG PS, Easter Cooperative Oncology Group performance status; IMDC, International Metastatic Renal Cell
Carcinoma Database Consortium; Cl, confidence interval.

tients (median PES 13.8 vs. 7.9 months; p = 0.004). Previ-
ous surgery on the kidney had been performed on 71.9%
of patients and was associated with improved PFS com-
pared to unoperated patients (13.8 vs. 4.4 months; p =
0.006) (shown in Fig. 2), as well as the development of hy-
pertension during treatment in 34.4% of patients com-
pared to patients with no hypertension (15.6 vs. 8.1 months;
p <0.001) (shown in Fig. 3) and the achievement of radio-
logical response compared to patients with stable disease
or progression as their best response (15.6 vs. 12.4 months;
p =0.04). Patients in the good IMDC group had a superior
PES compared to intermediate and poor patients (median
PES not reached vs. 12.4 and 6 months, respectively; p =
0.07). Age 270 years, BMI >25 kg/m? hypothyroidism, and
dose reduction were not significant for PES. At multivari-
ate analysis, only hypertension was independently associ-
ated with improved PFS with an HR of 0.128 (95% CI,
0.03-0.59; p = 0.008) (Table 2). At the cutoft date, 44 pa-
tients were still alive at 12 months (68.7%) and the median
survival had not been reached (shown in Fig. 4).

Tivozanib in Metastatic Renal Cell
Carcinoma

Toxicity

Dose reduction to 0.89 mg/daily was reported in 11 pa-
tients (17.2%) due to AEs, while temporary interruption
of treatment was applied to 11 patients (17.2%). Almost
all patients experienced grade 1-2 AEs (92.3%), the most
frequent of which are asthenia/fatigue, hypothyroidism,
hypertension, and gastrointestinal. The overall incidence
of grade 3-4 toxicities was 21.5%, with a nonsignificant
trend for increased incidence in patients 270 years of age
(47%, x* test p = 0.11). Interestingly, there were no epi-
sodes of skin toxicities >grade 2. Two elderly patients ex-
perienced a myocardial infarction (3.1%, 1 fatal). The cu-
mulative incidence of toxicities is reported in Table 3.

Discussion
In this retrospective study, we analyzed the tolerability

and activity of tivozanib administered as a first-line regi-
men to patients with mRCC within a nationwide compas-
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Table 3. Toxicity of tivozanib

Grade 1-2 Grade 3-4

patients, n % patients, n %

Asthenia/fatigue
Hypertension
Cardiac events
Skin toxicity
Mucositis
Heartburn/gastritis
Diarrhea
Nausea/vomiting
Hoarseness
Anemia
Erythrocytosis
Thrombocytopenia
Hypothyroidism
Hypercholesterolemia

Worsening of renal function

Liver toxicity

42 65.6 2 3.1
22 344 5 7.8
- 2% 3.1
9 14.1 -
12 18.8 2 3.1
8 12.5 -
12 18.8 1 1.6
13 20.3 1 1.6
1 1.6 -
7 10.9 3 4.7
2 3.1 -
3 4.7 -
29 453 -
2 3.1 -
4 6.3 1 1.6
3 4.7 -

* Two cases of myocardial infarction were reported, 1 fatal.

sionate-use program. Real-world population studies ac-
quire increased relevance whenever a new agent with im-
proved safety profile is approved in order to verify its
tolerability in a broader range of patients, less selected
compared to registration studies.

Our cohort of 64 patients represent a typical population
of every day mRCC patients, with a higher median age of
67.5 years than 59 years of those enrolled into the random-
ized TIVO-1 trial [7], and a double rate of IMDC poor-risk
subgroup (15.3 vs. 7%). Despite this, investigator-assessed
RR of 34.4% and median PFS of 12.4 months in our study
compare favorably with the centrally reviewed RR and PFS
reported in the registration trial (33.1% and 11.9 months,
respectively), thus confirming the efficacy of tivozanib as a
first-line TKI in the real-world setting. Responses appeared
quite early during treatment (median time to response 3.0
months) and were registered more frequently in patients
with lung metastases (45%) or lymph nodal disease (39%)
than those with bone involvement (25%), but differences
were not statistically significant.

At univariate analysis, several clinical parameters pre-
dicted prolonged PFS, first of all ECOG performance sta-
tus which is a well-known prognostic factor in mRCC.
Moreover, also the removal of the primary tumor impact-
ed on PES, as suggested by many other retrospective re-
ports [13] but not in the recent randomized CARMENA
trial [14]. Indeed, the role of cytoreductive nephrectomy
remains controversial in the current days, but a potential
benefit may still be hypothesized for certain subgroups of

752 Oncology 2021;99:747-755
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patients (e.g., good-risk patients with limited burden of
metastatic disease).

The development of hypertension impacted on PFS of
our patients, as previously reported for other TKIs, because
of the close link between intense antiangiogenic activity
and constriction of peripheral vasculature with an increase
ofblood pressure [15]. In our analysis, also the achievement
of radiological response (all partial, none complete) im-
pacted on prolonged disease control as reported in other
retrospective cohorts treated with different TKIs [16, 17].
Long-term data of a randomized trial recently confirmed
that the RECIST response is a predictor of long-term out-
come with both TKIs and modern immunotherapy [18].

On the contrary, age >70 years did not impact on PES,
suggesting that age does not influence the activity of tivo-
zanib as already demonstrated for other TKIs adminis-
tered to older mRCC patients [19, 20]. At multivariate
analysis, hypertension was the only clinical variable pre-
dictive for increased PFS (Table 2).

Considering the brief follow-up of our study, OS anal-
ysis can be considered only preliminary. Yet, we report a
12-month survival rate (44/64 patients, 68%) compared
to the TIVO-1 study (183/260 patients, 70.4%) [7].

More importantly, the tolerability of tivozanib appears
fairly comparable to that previously reported. Grade 3-4
toxicities were retrospectively reported in 21.5% of our
cohort, consisting mainly of hypertension (7.8 vs. 27% in
the TIVO-1 trial) [7], fatigue (3.1 vs. 5%), anemia (4.7 vs.
2%), and mucositis (3.1 vs. <1%). More than one-third of
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our patients had >70 years and showed a superior inci-
dence of grade 3-4 events (45.3%), although not statisti-
cally significant. In this setting, multidimensional geriat-
ric parameters may help to identify those patients at an
increased incidence of toxicities and guide precautionary
dose adjustments [21]. We registered a superimposable
rate of temporary treatment interruptions (17.2 vs. 19%
of patients), dose reductions (17.2 vs. 14% of patients),
and early discontinuation due to toxicity (5.8 vs. 5% of
patients) compared to the TTVO-1 study [7], thus proving
that the favorable toxicity profile of tivozanib is main-
tained also in a less selected population of patients. High-
er rates of dose reduction of 46 and 42% were reported in
real-world cohorts of Italian patients treated with first-
line sunitinib [22] or second-line cabozantinib [23], re-
spectively, as an indirect proof of improved manageabil-
ity of standard-dose tivozanib.

Of particular note is the very low rate of skin toxicity,
the so-called hand-foot skin reaction, which may be par-
ticularly frequent with TKIs and impact heavily on the
quality of life [24]. Skin toxicity was reported as grade 1-2
by 14.1% of our patients and never grade 3 (vs. 14 and 2%,
respectively, in the TIVO-1 study). This event is more
troublesome with sunitinib (39% grade 1-2 and 11% grade
3-4) [1] and cabozantinib (34.6% grade 1-2 and 7.7%
grade 3-4) [3] and, to less extent, with pazopanib (29%
grade 1-2 and 6% grade 3-4) [1], thus representing a po-
tential advantage for the use of tivozanib in the first line.

One patient died of acute myocardial infarction dur-
ing treatment with tivozanib in our study (1.5%), while in
the registration trial 7 deaths occurred due to cardiac
events during or within 30 days from the last dose of tivo-
zanib (2.7%). Cardiac toxicity has been described with all
TKIs [25] and requires close monitoring of patients, es-
pecially those with a previous history of hypertension or
ischemic heart disease, who are at increased risk of devel-
oping cardiovascular events during treatment.

Asawhole, our data confirm the activity and fair toler-
ability of tivozanib in a real-world population, making
tivozanib an attractive alternative to other TKIs for the
first-line monotherapy of mRCC, especially in those
Counties where the novel immune-based combinations
are not available or reimbursed. A recent network meta-
analysis confirmed the lower risk of grade 3-4 toxicities
induced by tivozanib compared to other TKIs [11], with
a potential advantage in terms of quality of life of patients
and reduced risk of toxicity-induced discontinuation.

Since the registration of tivozanib in 2017 by EMA
[10], the landscape of first-line treatment of mRCC has
been revolutionized by immune-based combination reg-
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imens such as the association of the anti-CTLA-4 ipilim-
umab plus the anti-programmed cell death (PD-1)
nivolumab [26], the combination of the anti PD-1 pem-
brolizumab plus the TKI axitinib [27], and the combina-
tion of the anti PD-1 ligand avelumab plus axitinib,
nivolumab plus cabozantinib, or pembrolizumab plus
lenvatinib. The first immunotherapy-only regimen has
been approved by EMA only for IMDC intermediate- or
poor-risk patients, while the hybrid combinations of im-
munotherapeutic plus antiangiogenic agent are (or will
be) approved for all IMDC risk groups.

Current international guidelines encompass one of
these combinations as the preferred choice for the first-line
treatment of mRCC [28, 29], although there is a wide de-
bate on whether this should be the choice for all patients,
especially those who have a good IMDC risk with low met-
astatic burden in the lung and/or lymph nodes [30]. The
gene expression analysis of the IMMOTION151 trial has
given an important hint on how we should ideally proceed
in the choice of the first-line regimen [31]. In this study, a
specific angiogenic high genetic signature has demonstrat-
ed to predict increased benefit from sunitinib compared to
the angiogenic low counterpart. This signature was found
most frequently in IMDC good-risk patients and was rarer
in those with intermediate/poor risk or in tumors with sar-
comatoid features, which, on their turn, showed more fre-
quently a T-effector high signature, which was predictive
of increased benefit from the association of immunother-
apy plus the antiangiogenic agent bevacizumab.

Further prospective randomized trials are necessary to
verify if patients with angiogenic high tumors may be
managed with a monotherapy with TKI instead of a com-
bination regimen, with the aim of reducing costs and
rates of AEs, provided that comparable long-term out-
comes are achieved. If that will be the case, tivozanib may
be a good option in view of its good activity and favorable
tolerability, although only indirect comparisons are avail-
able between tivozanib and sunitinib, pazopanib, or cabo-
zantinib [10].

Our study has several weaknesses, the most important
of which is its retrospective nature. Since tivozanib is per-
ceived to be better tolerated than sunitinib or cabozan-
tinib, there could have been a sort of negative selection
bias, favoring its use in patients with worse performance
status or with more comorbidities, in those not eligible
for clinical trials. In fact, the proportion of poor-risk pa-
tients in this study is increased compared to clinical trials,
but the favorable RR and PFS rates obtained, although not
centrally reviewed, do not support a strong negative se-
lection bias of our cohort.
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Moreover, some AEs not impacting on dose reduction
or treatment interruption may have gone underreported
in the clinical charts, especially if we consider that pa-
tients were usually seen after 1 week of rest from the treat-
ment, so we may assume that some of the peaks of tox-
icities (e.g., hypertension) may have been missed. For
these reasons, prospective studies are needed to confirm
these findings and explore more in depth the potential use
of tivozanib monotherapy in patients with mRCC.

Moreover, a very recent trial explored the association
of tivozanib (1.5 mg daily for 3 weeks followed by 1-week
rest) with nivolumab in 25 mRCC patients (52% pretreat-
ed) and reported a promising RR of 56% (including 1
complete response) and a PES of 18.9 months [32]. Fur-
ther clinical development of the association of tivozanib
with checkpoint inhibitors is therefore warranted in view
of the improved tolerability of this TKI and of its immune
modulatory properties [5].

Conclusions

This real-world study confirms the favorable risk-ben-
efit balance of tivozanib in the first-line treatment of
mRCC, with RR and PFS results comparable to the regis-
tration trial and very limited rates of dose reductions and
discontinuation due to toxicity. Validation of predictive
biomarkers of response to antiangiogenic therapy is ur-
gently needed in order to identify mRCC patients who
could still receive a monotherapy of VEGFR inhibitors in
the first line with the aim of maximizing cost-effective-
ness and prolong disease control with a limited incidence
of AEs and improved quality of life. Trials combining
tivozanib with immunotherapy are ongoing.
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