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Abstract 
Background:  In phase III TIVO-3 trial, tivozanib improved progression-free survival (PFS) compared to sorafenib for patients with metastatic 
renal cell carcinoma (mRCC). However, the effectiveness of this drug after exposure to other selective VEGFR agents has not yet been defined. 
Herein, we characterize the clinical efficacy of tivozanib in patients with mRCC previously treated with axitinib.
Methods:  We identified patients from the intention to treat (ITT) population, in the TIVO-3 trial, who received treatment with axitinib before 
enrolment in the study and evaluated PFS, response rate (RR), and safety.
Results:  Out of 350 patients, 172 (83:89, tivozanib:sorafenib) had received prior treatment with axitinib in TIVO-3. In this subgroup, PFS was 5.5 
months with tivozanib and 3.7 months with sorafenib (HR 0.68). RR was 13% and 8% favoring tivozanib.
Conclusions:  Tivozanib is active in the treatment of patients with mRCC who have progressed on prior therapies, including axitinib.
Key words: metastatic renal cell carcinoma; tivozanib; sorafenib; axitinib; vascular endothelial growth factor inhibitor.

Introduction
The management of patients with metastatic renal cell carcino-
ma (mRCC) has evolved in recent years to include combinations 
of immune checkpoint inhibitors (ICIs) and vascular endothe-
lial growth factor receptor-tyrosine kinase inhibitors (VEGFR-
TKIs). Relative to the cytokine era, these agents have significantly  
improved the outcome among those diagnosed with mRCC. 
Recently, tivozanib, a potent and highly specific VEGFR-TKI, 
was approved by the US FDA for patients with relapsed or 
refractory mRCC following 2 or more systemic therapies1. 
This was based on data from the phase III TIVO-3 trial which 
demonstrated an improved progression-free survival (PFS) and 
response rate (RR) with tivozanib over sorafenib (5.6 months 
vs. 3.9 months; hazard ratio [HR] 0.73, P = .016) and (18% vs. 
8%, P = .017) for PFS and RR, respectively (NCT02627963)2.

The TIVO-3 trial enrolled patients with mRCC with at least 
1 prior VEGFR-TKI and 1 or 2 additional lines of therapy in 

the metastatic setting. The trial included a relatively large pro-
portion of patients with prior ICI, accounting for 26% of the 
study population. In this setting, tivozanib appeared to have 
a PFS advantage relative to sorafenib2. Notably, this was also 
observed in patients with prior TKIs alone (5.5 months vs. 3.3 
months; HR 0.57, 95% CI 0.39-0.83)2. However, it has been 
speculated that prior use of axitinib, which bears mechanistic 
resemblance to tivozanib, renders tivozanib less effective. To 
this end, the current analyses specifically examine the TIVO-3 
dataset for outcomes of patients with prior axitinib therapy.

Methods
Patients in the TIVO-3 trial were adults with mRCC who 
had progressed on 2 or 3 lines of systemic therapy, including 
at least 1 VEGFR-TKI (except for sorafenib or tivozanib). 
They were randomized in a 1:1 fashion to either tivozanib, 
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administered at 1.5 mg orally once a day for 21 days fol-
lowed by a 7-day off period (28-day cycles), or sorafenib 
dosed at 400 mg orally twice daily. Treatment was continued 
until disease progression, as determined by an independent 
radiology review committee (IRC), or until unacceptable tox-
icity. In this post hoc analysis of TIVO-3 data, we identified 
patients from the intent to treat (ITT) population who re-
ceived treatment with the VEGFR-TKI axitinib, before en-
rollment in the study.

Characterization of PFS, RR, dose reductions, treatment 
interruptions, and treatment discontinuations was performed 
using descriptive statistics. Patient outcomes based on previ-
ous exposure to axitinib were exploratory, and not prespeci-
fied in the trial protocol.

Results
Between May 24, 2016, and August 14, 2017, 457 patients 
were assessed for eligibility, and 350 were randomized to re-
ceive tivozanib (n = 175) or sorafenib (n = 175). Prior treat-
ment with axitinib was noted in 172 (49%) patients from the 
ITT population. Among these, 83 (48%) received tivozanib 
and 89 (52%) received sorafenib (Table 1). No significant dif-
ferences were observed between these groups.

Among the patients who had received treatment with ax-
itinib before the study, tivozanib was also associated with a 
PFS benefit over sorafenib (5.5 months vs. 3.7 months; HR 
0.68). These findings were consistent irrespective of the line 
in which the study treatment was rendered (Table 1). In line 
with this PFS advantage, a trend toward increased RR was 
also seen in the subgroup of patients previously treated with 
axitinib (13% vs. 8%) (Fig. 1).

A detailed description of the treatment-related adverse 
events in the ITT population has been previously reported3. In 
the axitinib-pretreated population, treatment-related adverse 
events were reported among 145 patients (84.5%). Within 
this population, 48 patients (28%) required a dose reduction 
due to AE, 92 patients (53.3%) required a treatment interrup-
tion, and 44 patients (25.6%) required treatment discontinu-
ation. These rates were similar to those in the ITT population 
with no axitinib exposure (Table 2).

Discussion
Our data support the activity of tivozanib in patients previ-
ously treated with other VEGFR-specific agents, such as ax-
itinib. Specifically, in TIVO-3, the benefit of tivozanib over 
sorafenib concerning PFS and RR was maintained in the 
subset of patients with prior axitinib treatment. Furthermore, 
there appeared to be no substantial signals of increased 

toxicity with tivozanib following axitinib (relative to patients 
without prior axitinib). A potential explanation for the ac-
tivity of tivozanib following axitinib could lay in subtle but 
distinct mechanisms of VEGFR blockade at a molecular level. 
The 2 agents have unique conformational binding character-
istics which could theoretically prompt differences in clinical 
activity4.

Furthermore, when 1 considers purported mechanisms of 
resistance to VEGFR-inhibitors, there is good rationale to 
suspect that re-challenge with these agents (after treatment 
interruption) may inhibit tumor growth. Conditions of hy-
poxia (induced by VEGFR-blockade) could lead to upregula-
tion of hypoxia-inducible Factor α (HIFα), with downstream 
production of VEGF and other proangiogenic agents leading 
to angiogenic escape5. Once VEGFR TKIs are stopped, the 
increased production of VEGF can override other mech-
anisms of angiogenesis leading to restoration of the tumor 
vasculature dependence on VEGF. This could render the tu-
mor once again sensitive to VEGFR inhibitors after a period 
of temporary cessation. Beyond our study, this could explain 
the persistent clinical benefit observed in other studies. For 
example, the “resume” study included 52 patients who had 
received sunitinib in the 1st-line setting; of these patients, 
54% of patients had achieved an objective response6. With 
rechallenge in the 3rd-line setting and beyond, a RR of 15% 
was observed.

The rising prominence of the use of anti-angiogenic thera-
py/immunotherapy combinations in the upfront setting rais-
es the challenge of selecting agents that will still be active in 
the salvage setting7. The analysis presented here supports that 
tivozanib preserves its efficacy even after exposure to axitinib, 
a mechanistically similar agent. This data is especially rele-
vant in the context of upfront contemporary regimens, such 
as axitinib with pembrolizumab or axitinib with avelumab, 
after which tivozanib could still provide benefit. Furthermore, 
ongoing investigation examining tivozanib in combination 
with immune checkpoints inhibitors, such as the phase III 
TiNivo-2 trial, will provide insights on the utility of such regi-
mens in 2nd-line following other IO/TKI combinations8.

Limitations of the current study include the post-hoc 
and unplanned nature of the analysis, our limited sample 
size, and lack of stratification based on axitinib exposure. 
Consequently, results should be considered hypothesis- 
generating. Notably, despite these limitations, efficacy as-
sessments favored tivozanib, even among patients previously 
treated with axitinib. In conclusion, tivozanib is active in the 
treatment of mRCC, conferring a substantial clinical benefit 
as compared to sorafenib in previously treated disease even in 
the context of prior axitinib therapy another highly selective 
VEGFR-TKI.

Table 1. PFS and RR of tivozanib and sorafenib.

Patient group N (subjects) PFS (months) HR RR

Tivo Sor Tivo Sor Tivo (%) Sor (%) 

ITT 175 175 5.6 3.9 0.73 18 8

Prior axitinib in 3rd-line subgroup 47 46 5.5 3.9 0.71 16 6

Prior axitinib in 4th-line subgroup 36 43 5.5 3.6 0.64 11 10

Prior axitinib in 3rd- or 4th-line subgroup 83 89 5.5 3.7 0.68 13 8

Abbreviations: PFS, progression-free survival; HR, hazard ratio; RR, response rate; Tivo, tivozanib; sor, sorafenib; ITT, intention to treat.
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