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Introduction

 l Tivozanib hydrochloride (tivozanib) is a novel, potent, selective, long half-life tyrosine 
kinase inhibitor of vascular endothelial growth factor receptors (VEGFRs) 1, 2,  
and 3, demonstrating activity in advanced renal cell carcinoma (RCC) in  
Phase II and III trials1–3

 – In healthy volunteers, exposure (maximum serum concentration and area under 
the curve) to tivozanib generally increases in a dose-proportional manner, and 
accumulation at steady state is approximately 6–7 times single-dose levels4

 – Tivozanib also has a long half-life of 4.5–5.1 days4,5

 l The relationship between tivozanib exposure, blood pressure, and sVEGFR2 was 
explored. Hypertension and sVEGFR are known as potentially relevant predictive 
biomarkers of activity VEGFR-inhibitors and clinical outcome6–8

Methods

 l Pharmacokinetic, blood pressure, and sVEGFR2 data from tivozanib-treated  
RCC patients from a Phase II (n=21) and a Phase III (n=259) study were pooled  
and analyzed 

 l The Phase II study (AV-951-07-201; NCT00502307) was a randomized,  
placebo-controlled discontinuation trial to determine the safety and efficacy of 
tivozanib, and the Phase III study (AV-951-09-301; NCT01030783) was a randomized 
controlled, multicenter, open-label study to compare tivozanib with sorafenib

 l In both studies, patients were treated with 1.5 mg tivozanib daily for 21 days  
followed by a 7-day rest (28-day treatment cycle). Patients in both trials were  
treated for multiple cycles

 l The following clinical and biological endpoints were analyzed based on a time-
dependent relationship:

 – sVEGFR2

 – Diastolic blood pressure

 – Systolic blood pressure

 l Blood pressure measurements taken on Cycle 1 Day 1 (predose baseline) and  
on Cycle 1 Day 15, Cycle 2 Day 1, and Cycle 3 Day 1 were used in this analysis. 
Measurements were rounded to the nearest 5 mm Hg, and the analysis focused  
on blood pressure shifts in 5 mm Hg increments

 l Serum samples for sVEGFR2 (Phase III study only) were collected on Cycle 1 Day 1 
(predose) and on Cycle 1 Day 15, Cycle 2 Day 1, and Cycle 2 Days 22–28

 l Models of drug exposure as predictors of longitudinal changes in sVEGFR2 were 
constructed by non-linear, mixed-effects modeling 

 – sVEGFR2 and blood pressure were considered continuous endpoints and were 
binned into average concentration (Cavg) quartiles containing an equal number  
of patients in four exposure categories to examine the interrelationships

 – Analysis was carried out using R (V2.14.0, R Development Core Team [2008]),  
or NONMEM (Version 7.2, ICON Development Solutions, Ellicott City, MD, USA)

Results

Tivozanib Exposure and Blood Pressure 

 l Among tivozanib-treated patients, diastolic blood pressure increased a median of 
5 mm Hg relative to Day 1 at all post-dose time points in the first two treatment  
cycles. Diastolic blood pressure vs time over the first two treatment cycles in each 
study for tivozanib patients is shown in Figure 1

 l Systolic blood pressure did not show a significant change from baseline after the 
start of treatment, and no treatment-related or other covariate effects on systolic 
blood pressure could be identified

Figure 1. Diastolic blood pressure vs time for the first two treatment cycles 

for tivozanib-treated patients. 

CFB, change from baseline. 

 l No significant relationship was seen between the measured changes in diastolic blood 
pressure and the differences in tivozanib exposure

 l The change in diastolic blood pressure as a function by study day after the start of tivozanib 
treatment is shown in Table 1 and Figure 2

Table 1. Change in Diastolic Blood Pressure (mm Hg) by Cycle and Study Day

Cycle and  
Study Day

N Min 25th  
percentile

Median Mean 75th  
percentile 

Max Standard 
Deviation

Cycle 1 Day 15 278 –30.00 0.00 5.00 4.66 10.00 30.00 9.37

Cycle 2 Day 1 278 –25.00 0.00 5.00 4.30 10.00 35.00 9.40

Cycle 3 Day 1 255 –30.00 0.00 0.00 3.35 10.00 40.00 9.74

Figure 2. Effect of tivozanib exposure on change in diastolic blood pressure

 at Cycle 1 Day 15. 

CDF, cumulative distribution function; CFB, change from baseline. 

 l Similarly there was no significant relationship between the measured changes in systolic blood 
pressure and the differences in tivozanib exposure. Changes in systolic blood pressure as a 
function by study day after the start of tivozanib treatment is shown in Table 2 and Figure 3 

Table 2. Change in Systolic Blood Pressure (mm Hg) by Study Day

Cycle and 
Study Day N Min 25th  

percentile Median Mean 75th  
percentile Max Standard 

Deviation 

Cycle 1  Day 15 278 –30 –5.00 0.00 4.41 10.00 65.00 11.84

Cycle 2  Day 1 278 –35 –5.00 0.00 3.60 10.00 40.00 12.33

Cycle 3  Day 1 255 –50 –5.00 0.00 2.25 10.00 80.00 14.73

Figure 3. Effect of tivozanib exposure on change in systolic blood pressure 

at Cycle 1 Day 15. 
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CDF, cumulative distribution function; CFB, change from baseline. 

 l No temporal exposure-response relationship could be identified among those patients treated 
with tivozanib, and no other covariate relationships were identified for diastolic or systolic 
blood pressure

Pharmacokinetics and sVEGFR2 

 l sVEGFR2 declined as a non-linear function of time from Day 1 to Cycle 2 Days 22–28 among 
tivozanib-treated patients, and this decrease appeared saturable with time. The curvilinear 
decrease in sVEGFR2 over time is shown in Figure 4

Figure 4. Mean change in sVEGFR2 vs time in tivozanib-treated patients. 

 l The decrease in sVEGFR2 was greater as Cavg increased. The size of decrease in sVEGFR2 drug 
effect increased approximately 6% for each 10 ng/mL increase in Cavg (Figure 5) 

Figure 5. Change in sVEGFR2 as a function of Cavg. 

CFB, change from baseline.

Conclusions

 l Pharmacokinetic/Pharmacodynamic analysis of data from patients treated with tivozanib in 
Phase II and III studies showed that patients had a median increase in diastolic blood pressure 
of 5 mm Hg on Cycle 1 Day 15 and Cycle 2 Day 1 compared with baseline 

 l Levels of serum sVEGFR2 were found to decrease with time, and the effect size increased 
with tivozanib exposure. These findings are consistent with previous reports that decreases of 
sVEGFR may serve as a pharmacodynamic marker of VEGFR inhibition

 l A significant association of tivozanib exposure and blood pressure is likely, but has not been 
found in the present analysis. This might be due to infrequent monitoring of blood pressure in 
the Phase III study 
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