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A B S T R A C T

Purpose
Tivozanib is a potent and selective tyrosine kinase inhibitor of vascular endothelial growth factor
receptor 1 (VEGFR1), -2, and -3. This phase III trial compared tivozanib with sorafenib as initial
targeted therapy in patients with metastatic renal cell carcinoma (RCC).

Patients and Methods
Patients with metastatic RCC, with a clear cell component, prior nephrectomy, measurable
disease, and 0 or 1 prior therapies for metastatic RCC were randomly assigned to tivozanib or
sorafenib. Prior VEGF-targeted therapy and mammalian target of rapamycin inhibitor were not
permitted. The primary end point was progression-free survival (PFS) by independent review.

Results
A total of 517 patients were randomly assigned to tivozanib (n � 260) or sorafenib (n � 257). PFS
was longer with tivozanib than with sorafenib in the overall population (median, 11.9 v 9.1 months;
hazard ratio [HR], 0.797; 95% CI, 0.639 to 0.993; P � .042). One hundred fifty-six patients (61%)
who progressed on sorafenib crossed over to receive tivozanib. The final overall survival (OS)
analysis showed a trend toward longer survival on the sorafenib arm than on the tivozanib arm
(median, 29.3 v 28.8 months; HR, 1.245; 95% CI, 0.954 to 1.624; P � .105). Adverse events (AEs)
more common with tivozanib than with sorafenib were hypertension (44% v 34%) and dysphonia
(21% v 5%). AEs more common with sorafenib than with tivozanib were hand-foot skin reaction
(54% v 14%) and diarrhea (33% v 23%).

Conclusion
Tivozanib demonstrated improved PFS, but not OS, and a differentiated safety profile, compared
with sorafenib, as initial targeted therapy for metastatic RCC.

J Clin Oncol 31:3791-3799. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Renal cell carcinoma (RCC) with clear cell histology
is characterized by overexpression of vascular endo-
thelial growth factor (VEGF) and an increase in tu-
mor angiogenesis.1 VEGF-targeted antiangiogenic
agents have proven antitumor effects in RCC.2-7

Sorafenib and sunitinib were the first tyrosine
kinase inhibitors (TKIs) to gain regulatory approval,
and they established a prominent role in RCC treat-
ment. Each showed antitumor activity in phase III
trials by prolonging progression-free survival (PFS)
compared with interferon alfa or placebo.2,5,6 Both
drugs are characterized by a broad spectrum of ty-
rosine kinase inhibition in addition to VEGF recep-

tor (VEGFR) kinases,8,9 which are believed to be the
primary target for RCC response.2,5,6,10 Adverse
events (AEs) such as skin rash, hand-foot skin reac-
tion, and myelosuppression associated with these
two multitargeted agents may result from inhibition
of these other kinases, such as c-KIT and FLT3.11

Therefore, a more potent, highly selective inhibitor
of VEGFR may improve efficacy and tolerability,
and thus meet an unmet need for efficacious agents
with differentiated safety profiles.

Tivozanib hydrochloride (tivozanib) is a po-
tent and selective VEGFR TKI with a relatively long
half-life (approximately 4 days).12-14 Tivozanib in-
hibits phosphorylation of VEGFR1, -2, and -3 at
picomolar concentrations and inhibits other kinases
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such as c-KIT and platelet-derived growth factor receptor beta at 10�
higher concentrations, suggesting the potency and specificity of tivo-
zanib.14 A phase I study determined the maximum-tolerated dose of
oral tivozanib to be 1.5 mg per day.12 A phase II study was conducted
in 272 patients with metastatic clear cell and other histologic subtypes
of RCC. The median PFS was 11.7 months in all patients and 14.8
months in the subgroup of 176 patients with clear cell RCC and
prior nephrectomy.15 Hypertension (45%) was the predominant
treatment-related AE, with low rates of diarrhea (12%), fatigue (8%),
and hand-foot skin reaction (4%).15 These data provided the rationale
for this phase III trial comparing tivozanib with sorafenib as first-line
targeted therapy for patients with metastatic RCC.

PATIENTS AND METHODS

Patients

Eligibility criteria included written informed consent; age � 18 years;
prior nephrectomy; histologically confirmed RCC with a clear cell component
and recurrence or metastases; measurable disease per Response Evaluation
Criteria in Solid Tumors (RECIST) criteria; Eastern Cooperative Oncology
Group performance status (ECOG PS) 0 to 1; and adequate hematologic,
renal, and hepatic function. Patients could be treatment-naive or could have
received one or fewer prior systemic treatments (immunotherapy, chemother-
apy, or hormonal therapy) for metastatic RCC. Prior systemic therapy given as
an adjuvant following nephrectomy was counted as a prior therapy if recur-
rence was detected within 6 months of completing treatment. Prior VEGF-
targeted therapies or mammalian target of rapamycin–targeted therapy were
not permitted.

Patients were excluded for significant cardiovascular disease, including
uncontrolled hypertension, myocardial infarction, or thromboembolic disor-
ders, within 6 months of study entry. Uncontrolled hypertension was defined
as blood pressure � 150/100 mmHg (while taking two or more antihyperten-
sive medications) documented on two consecutive measurements taken � 24
hours apart. Patients with brain metastases were allowed if the metastases were
stable for at least 3 months following prior treatment. The study was approved
by an institutional review board or ethics committee at each center and was
conducted in accordance with Good Clinical Practice guidelines and the Dec-
laration of Helsinki. An independent data monitoring committee monitored
the study.

Study Design

This was an open-label, randomized phase III trial. Patients were ran-
domly assigned 1:1 to either tivozanib or sorafenib as their initial targeted
therapy. Random assignment of patients was stratified by geographic region,
number of prior treatments for metastatic disease, and number of metastatic
sites/organs involved.

Study drugs were provided by the sponsor. Tivozanib was administered
orally at 1.5 mg once per day every day for 3 weeks followed by 1 week off (one
cycle is 3 weeks on, 1 week off). Sorafenib was administered orally at a dose of
400 mg (two 200-mg tablets) twice per day continuously (one cycle is 4 weeks
on). Patients continued to receive the study drug until disease progression,
unacceptable toxicity, death, or for some other reason for discontinuing the
study drug. Hypertension for tivozanib16 or skin toxicity for sorafenib17 was
managed according to specific guidelines. For other AEs, tivozanib dose reduc-
tion to 1.0 mg per day and sorafenib dose reductions to 400 mg once daily and
then to 400 mg every other day were allowed for patients with grade � 3
drug-related AEs.

Patients randomly assigned to sorafenib who had RECIST-defined pro-
gressive disease (PD) per investigator assessment were given the option to cross
over to receive tivozanib in a separate protocol (NCT01076010). All patients
were followed for collection of subsequent cancer therapy information and
overall survival (OS).

End Points and Assessments

The primary end point was PFS, defined as the time interval between the
date of random assignment and the date of disease progression or death.
Patients without disease progression were censored at the last tumor assess-
ment documenting the absence of disease progression. Death was considered
an event only if it occurred within 140 days of the last tumor assessment
documenting the absence of PD on the basis of US Food and Drug Adminis-
tration guidance regarding the censoring rule for PFS18 (see Methods in the
Appendix, online only).

Secondary end points included OS, objective response rate (ORR; com-
plete response plus partial response), safety and tolerability, kidney-specific
symptoms, and health-related quality of life (HRQoL).

Tumor assessments made by using computed tomography scan or mag-
netic resonance imaging were performed at baseline, week 8, and once every 8
weeks thereafter until PD. All imaging scans were evaluated by independent
radiology review blinded to study treatment. Tumor response was evaluated
according to RECIST version 1.0.

Patients with radiologic evidence of PD, as assessed by the investigator,
had confirmation by blinded independent radiology review within 48 hours.

Randomly assigned to sorafenib
   Received sorafenib

(n = 257)
(n = 257)

Discontinued sorafenib
   Reason for discontinuation
      Progressive disease
      Treatment-emergent AE
      Death*
      Withdrew consent
      Lack of efficacy
      Noncompliance
      Other

(n = 192)

(n = 153)
(n = 18)
(n = 9)
(n = 3)
(n = 3)
(n = 1)
(n = 5)

Randomly assigned to tivozanib
   Received tivozanib

(n = 260)
(n = 259)

Analyzed for PFS
Analyzed for safety

(n = 257)
(n = 257)

Analyzed for PFS
Analyzed for safety

(n = 260)
(n = 259)

Discontinued tivozanib
   Reason for discontinuation
      Progressive disease
      Treatment-emergent AE
      Death*
      Withdrew consent
      Lack of efficacy
      Other

(n = 154)

(n = 107)
(n = 19)
(n = 12)
(n = 5)
(n = 4)
(n = 7)

Patients randomly assigned to treatment
(N = 517)

Fig 1. CONSORT diagram based on data
cutoff date of December 15, 2011. AE,
adverse event; PFS, progression-free sur-
vival. (*) Includes patient deaths that oc-
curred on study drug any time after first
dose but before patient being discontin-
ued from study drug for any reason.
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This independent review to confirm investigator-called PD was a separate
process from the third-party review of response performed by the core
imaging laboratory to assess the primary end point. Confirmation of PD
was not required if significant clinical deterioration, appearance of new
lesions, or � 50% increase in measurable disease per RECIST was noted by
the investigator.

Safety was evaluated by AEs, vital signs, physical examinations, ECOG
PS, ECG, laboratory values, and concomitant medications. AEs were collected
throughout the patients’ participation, including a period of 30 days after the
last dose of study drug. AEs were graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events version 3.0.

HRQoL was assessed with the Functional Assessment of Cancer
Therapy-General (FACT-G),19 FACT Kidney Symptom Index–Disease-
Related Symptoms (FKSI-DRS),20 and EuroQol-5D (EQ-5D)21 question-
naires. These questionnaires were administered on day 1 of each cycle and on
discontinuation from the study drug.

Statistical Methods and Analysis

Target enrollment was 500 patients (250 patients per arm) to observe 310
events (progression or death) yielding 90% power to detect a difference
(P � .05) between treatment arms with respect to PFS, assuming the median
PFS for patients receiving sorafenib and tivozanib was 6.7 months and 9.7
months, respectively (a projected increase of 3 months or 44.8%). The final
PFS analysis was to be performed after 310 events occurred. Final OS analysis
was to be performed after completion of follow-up for all patients, or after all
patients in the follow-up had been on study for at least 2 years. Assuming the
median OS for patients receiving sorafenib and tivozanib was 18 months and
24 months, respectively, approximately 300 events would be observed by the
time of the final OS analysis, yielding 70% power to detect a difference
(P � .05) between the treatment arms with respect to OS.

Efficacy end points were analyzed in the intent-to-treat (ITT) popula-
tion, which comprised all randomly assigned patients. Safety analyses were
performed in the safety population, which included all randomly assigned
patients receiving at least one dose of study drug.

PFS between treatment arms was compared on the basis of independent
radiology review assessment by using a stratified log-rank test; stratification
factors were the number of prior treatments (0 or 1) and the number of
metastatic sites/organs involved (1 or � 2). The distribution of the PFS was
estimated by using the Kaplan-Meier method. The hazard ratio (HR) and its
95% CI were determined by using the Cox proportional hazards model. PFS
was also compared between treatment arms in predefined subgroup analyses
on the basis of baseline characteristics, including ECOG PS, prior treatment for
metastatic disease, and Memorial Sloan-Kettering Cancer Center risk group.22

ORR was compared between treatment arms by using the Cochran-Mantel-
Haenszel statistics, stratified as for the primary PFS analysis. Repeated-
measures mixed-effects (RMME) models were fitted to test for HRQoL
differences between treatment arms.23,24 All P values were two-tailed. Statisti-
cal analyses were performed by using SAS software version 9.1 (SAS Institute,
Cary, NC).

RESULTS

Patients

Between February and August 2010, 517 patients were randomly
assigned at 76 centers across 15 countries. Most patients (457 [88%])
were enrolled in Central or Eastern Europe. Five hundred sixteen
patients received treatment: 259 received tivozanib, and 257 received
sorafenib. One patient was randomly assigned to tivozanib but was
not dosed (Fig 1). At the data cutoff (December 15, 2011), 59% of
patients in the tivozanib arm and 75% in the sorafenib arm had
discontinued the study treatment, most often because of PD (Fig 1).

Baseline characteristics were well balanced between the two arms
(Table 1), except for ECOG PS. More patients had a favorable ECOG
PS of 0 in the sorafenib arm compared with the tivozanib arm (139

[54%] v 116 [45%], respectively; Fisher’s exact test P � .035). Seventy
percent of patients had received no prior systemic treatment for met-
astatic disease. For the remaining 30% of previously treated patients,
the predominant therapy (� 90%) was interferon alfa. Fewer than
10% of patients had received prior adjuvant systemic therapy.

Table 1. Baseline Demographics and Clinical Characteristics

Characteristic

Tivozanib
(n � 260)

Sorafenib
(n � 257)

No. % No. %

Age, years
Median 59 59
Range 23-83 23-85

Sex
Male 185 71 189 74
Female 75 29 68 26

Race/ethnicity
White 249 96 249 97
Asian 10 4 8 3
Black 1 �1 0 0

Time from diagnosis to study entry, years�

� 1 109 42 105 41
� 1 137 53 137 53

Most common sites of metastasis
Lung 212 82 204 79
Lymph nodes 182 70 166 65
Adrenal gland 78 30 57 22
Liver 67 26 49 19
Bone 61 23 52 20

No. of organs involved
1 76 29 88 34
2 99 38 106 41
� 2 85 33 63 25

ECOG PS
0 116 45 139 54
1 144 55 118 46

MSKCC prognostic group
Favorable 70 27 87 34
Intermediate 173 67 160 62
Poor 17 7 10 4

Prior systemic therapy for metastatic
RCC†

0 181 70 181 70
1 78 30 76 30

Prior systemic therapy by setting‡
Metastatic 49 19 55 21§
Adjuvant 23 9 22 9§
Other 13 5 9 4

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; MSKCC, Memorial Sloan-Kettering Cancer Center; RCC,
renal cell carcinoma.

�Time since initial diagnosis to study entry was not calculated for patients
with partial dates.

†Recorded based on the stratification factor and number of prior treatments
at random assignment.

‡Recorded based on the setting of prior therapy. Metastatic setting refers to
patients who received systemic therapy when they had overt metastatic
disease. Adjuvant setting refers to patients who received systemic therapy in
the adjuvant setting, but recurrence was detected within 6 months of
completion of adjuvant treatment, in which case it was counted as a prior
systemic therapy for metastatic RCC. “Other” refers to patients who re-
ceived prior therapy, but the setting was not available or other than metastatic
or adjuvant.

§Three patients in the sorafenib group who received prior adjuvant therapy
also received one prior therapy for metastatic disease.
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PFS

Tivozanib prolonged PFS compared with sorafenib (Table 2
and Fig 2A). Among the overall ITT population, 153 patients
(58.8%) progressed or died while taking tivozanib versus 168
(65.4%) taking sorafenib (data cutoff was December 15, 2011).
Median PFS, based on independent radiology review, was 11.9
months for tivozanib and 9.1 months for sorafenib (HR, 0.797;
95% CI, 0.639 to 0.993; P � .042).

Prespecified PFS subgroup analyses based on baseline character-
istics showed a consistent advantage with tivozanib treatment (Fig 3).
In the subgroup of patients who were treatment naive for metastatic
disease (n � 181 for each arm), median PFS was 12.7 months for
tivozanib and 9.1 months for sorafenib (Table 2, Fig 2B; HR, 0.756;
95% CI, 0.580 to 0.985; P � .037).

A sensitivity analysis of PFS in the ITT population, per investiga-
tor assessment, was consistent with the primary PFS result; median

Table 2. Summary of Efficacy Measures in Intent-to-Treat Population

Efficacy Measure

Independent Radiology Review

Tivozanib (n � 260) Sorafenib (n � 257)
HR for Progression

or Death 95% CI PNo. % 95% CI No. % 95% CI

PFS
Overall estimated median PFS, months 11.9 9.3 to 14.7 9.1 7.3 to 9.5 0.797 0.639 to 0.993 .042
Stratified estimated median PFS, months

Prior treatment
No prior treatment 12.7 9.1 to 15.0 9.1 7.3 to 10.8 0.756 0.580 to 0.985 .037
Prior systemic therapy for metastatic RCC 11.9 8.0 to 16.6 9.1 7.2 to 11.1 0.877 0.587 to 1.309 .520

ECOG PS
0 14.8 11.3 to N/A 9.1 7.5 to 11.0 0.617 0.442 to 0.860 .004
1 9.1 7.5 to 12.9 9.0 7.2 to 10.9 0.920 0.680 to 1.245 .588

MSKCC prognostic group
Favorable 16.7 14.7 to N/A 10.8 9.0 to 16.5 0.590 0.378 to 0.921 .018
Intermediate 9.4 8.2 to 13.0 7.4 7.1 to 9.2 0.786 0.601 to 1.028 .076
Poor� 3.7 1.9 to 7.4 10.9 5.3 to 11.0 1.361 0.546 to 3.393 .504

Tumor response
Best observed RECIST response

Complete response 3 1.2 2 0.8 — —
Partial response 83 31.9 58 22.6 — —
Stable disease 134 51.5 168 65.4 — —
Progressive disease 34 13.1 19 7.4 — —
Not evaluable 6 2.3 10 3.9 — —

Objective response rate 86 33.1 27.4 to 39.2 60 23.3 18.3 to 29.0 — .014

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; MSKCC, Memorial Sloan-Kettering Cancer Center; N/A, not
achieved; PFS, progression-free survival; RCC, renal cell carcinoma.

�Based on 17 patients given tivozanib and 10 patients given sorafenib, corresponding to 5% of patients enrolled onto the trial.

Tivozanib
Sorafenib

No. at risk
Tivozanib
Sorafenib

 
260
257

 
179
183

 
126
91

 
68
46

 
2
2

Pr
ob

ab
ili

ty
 o

f P
FS

Pr
ob

ab
ili

ty
 o

f P
FS

Time (months)

1.0

0.8

0.6

0.4

0.2

A

0 5 10 15 20

Tivozanib
Sorafenib

No. at risk
Tivozanib
Sorafenib

 
181
181

 
121
128

 
87
63

 
46
30

 
2
1

Time (months)

1.0

0.8

0.6

0.4

0.2

B

0 5 10 15 20

Fig 2. Kaplan-Meier plot of progression-free survival (PFS) as determined by independent radiology review. (A) Overall intent-to-treat population; (B) no
prior treatment.
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PFS was 14.7 months for tivozanib and 9.6 months for sorafenib
(Appendix Fig A1, online only; HR, 0.722; 95% CI, 0.580 to 0.899;
P � .003).

Baseline ECOG PS favored the sorafenib arm, but its impact on
the PFS analysis compared with tivozanib was small. When
adjustment was made for baseline imbalances in ECOG PS, the PFS
superiority for tivozanib over sorafenib was modestly strengthened
(adjusted v unadjusted unstratified HR, 0.765 v 0.785 [ITT population
by independent review]).

ORR

The confirmed ORR for tivozanib, based on blinded indepen-
dent radiology review of tumor response, was 33.1% (95% CI, 27.4%
to 39.2%) versus 23.3% (95% CI, 18.3% to 29.0%) for sorafenib
(Table 2; P � .014). The ORR for tivozanib, based on investigator
assessment, was 35.4% (95% CI, 29.6% to 41.5%) versus 30.7% (95%
CI, 25.2% to 36.8%) for sorafenib (P � .260).

OS

A total of 219 deaths (42% of patients) had occurred at the
protocol-specified final OS analysis in the ITT population (data cutoff
was August 27, 2012), with 118 deaths in the tivozanib arm and 101 in
the sorafenib arm. The final OS analysis showed a trend toward longer
survival on the sorafenib arm than on the tivozanib arm (median, 29.3
v 28.8 months; HR, 1.245; 95% CI, 0.954 to 1.624; P � .105; Fig 4). A
greater proportion of patients in the sorafenib arm received a next-line
targeted therapy for RCC (63% in the sorafenib arm v 13% in the
tivozanib arm; Table 3). Almost all of the patients in the sorafenib arm

who received a next-line targeted agent (156 of 162) received tivozanib
(Table 3) in the separate companion protocol that allowed patients on
the sorafenib arm to cross over to tivozanib at progression on the
phase III trial. Compared with patients from Central/Eastern Europe,
patients from North America/Western Europe on the tivozanib arm
received more next-line therapy, including next-line targeted therapy
(Table 3). A trend toward longer OS in the tivozanib arm (HR, 0.503;

Overall
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Fig 3. Forest plot: subgroup hazard ratios for
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Group performance score; MSKCC, Memorial
Sloan-Kettering Cancer Center.
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95% CI, 0.174 to 1.451; P � .195) was observed in the stratum of
patients from North America/Western Europe (n � 40).

Safety

Patients received tivozanib for a median duration of 12.0 months
and sorafenib for 9.5 months at the data cutoff of June 1, 2012. Most
patients (484 [94%]) experienced at least one treatment-emergent AE:
235 (91%) in the tivozanib arm versus 249 (97%) in the sorafenib arm.
The most common AEs in both arms are listed in Table 4. Grade � 3
AEs were reported in 338 patients (66%) overall: 159 (61%) in the
tivozanib arm versus 179 (70%) in the sorafenib arm. AEs more
common with tivozanib compared with sorafenib included hyperten-
sion and dysphonia. AEs more common with sorafenib compared
with tivozanib included hand-foot syndrome and diarrhea. Common
laboratory abnormalities are also listed in Table 4.

Ten patients (4%) in the tivozanib arm and 14 (5%) in the
sorafenib arm discontinued therapy due to treatment-related AEs.
More patients in the sorafenib arm had treatment interruptions
and dose reductions due to AEs than those in the tivozanib arm:
treatment interruptions due to AEs occurred in 92 patients (36%)
treated with sorafenib versus 50 (19%) treated with tivozanib;
dose reductions due to AEs occurred in 111 patients (43%) treated
with sorafenib versus 37 (14%) treated with tivozanib (Fisher’s
exact test P � .001 for both). Dose reductions were most com-
monly due to hand-foot syndrome (tivozanib v sorafenib, 2% v
18%), diarrhea (1% v 5%), and hypertension (2% v 4%). Mean
relative dose intensities of tivozanib and sorafenib were 94% and
80%, respectively.

On the basis of the assessment of the deaths that occurred within
30 days of the last dose of study drug, eight in the tivozanib arm and
two in the sorafenib arm were due to PD, whereas 13 in the tivozanib
arm and 12 in the sorafenib arm were related to other causes. In the
tivozanib arm, two deaths resulted from myocardial infarction, two
from cardiac failure, and one each from hypertension, dyspnea, cere-
brovascular accident, aortic aneurysm rupture, arteriosclerosis coro-
nary artery, cardiac arrest, apnea, pulmonary embolism, and death not

otherwise specified. In the sorafenib arm, three deaths were due to
cerebrovascular accident, one each to cardiac failure, arteriosclerosis
coronary artery, coronary artery insufficiency, hemorrhage, pleural
effusion, jaundice, acute respiratory distress syndrome, and pulmo-
nary embolism. One patient in the sorafenib arm had two AEs with an
outcome of death within 30 days of last dose: pulmonary embolism
and acute cardiac failure.

HRQoL

HRQoL questionnaires were completed by � 99% of patients in
both arms at baseline. Completion rates decreased over time, in line
with study dropout, falling below 50% after cycle 13. As a result, only
data from the first 12 months (cycle 13) were considered in the RMME
model analysis.

Baseline HRQoL scores were well balanced between the two
arms. The RMME model analysis showed no statistical difference
between the two arms in score changes from baseline (data cutoff on
December 15, 2011; Appendix Table A1, online only). HRQoL was
maintained at a level comparable to the baseline level during the first
12 months of treatment in both arms (ie, decrease in scores did
not exceed the pre-established criteria for clinically meaning-
ful changes).20,25,26

DISCUSSION

Tivozanib was associated with a significant improvement in PFS com-
pared with sorafenib when administered to patients with metastatic
RCC as initial targeted therapy. Preplanned subgroup analyses of
patients who were treatment naive for metastatic RCC also showed
higher PFS for those being given tivozanib than those being
given sorafenib.

Inhibiting the VEGF pathway has been proposed as the primary
mechanism for tumor inhibition for clear cell RCC.27 Tivozanib is
characterized from preclinical data as a highly potent, selective inhib-
itor of VEGFR, with less inhibition of other kinases, including c-KIT

Table 3. Summary of Next-Line Therapy in the Overall Population and by Region

Category

Overall Population Central/Eastern Europe
North America/Western

Europe Rest of World

Tivozanib
(n � 260)

Sorafenib
(n � 257)

Tivozanib
(n � 229)

Sorafenib
(n � 228)

Tivozanib
(n � 22)

Sorafenib
(n � 18)

Tivozanib
(n � 9)

Sorafenib
(n � 11)

No. % No. % No. % No. % No. % No. % No. % No. %

Patients who discontinued
assigned therapy� 190 73† 226 88 165 72 198 87 16 73† 17 94 9 100 11 100

Patients with next-line therapy 68 26 168 65 52 23 145 64 13 59 14 78 3 33 9 82
Patients with next-line

targeted therapy 34 13 162 63 26 11 139 61 7 32 14 78 1 11 9 82
VEGFR inhibitor 18 7 158 61 13 6 138 61 5 23 11 61 0 9 82
Tivozanib 0 156 61 0 138 61 0 10 56 0 8 73
mTOR inhibitor 16 6 4 2 13 6 1 � 1 2 9 3 17 1 11 0
Cytokines 14 5 3 1 14 6 3 1 0 0 0 0
Radiotherapy 10 4 2 1 4 2 2 1 5 23 0 1 11 0
Other 10 4 1 � 1 8 3 1 � 1 1 5 0 1 11 0

Abbreviations: mTOR, mammalian target of rapamycin; VEGFR, vascular endothelial growth factor receptor.
�On or before August 27, 2012.
†One patient erroneously appears as “discontinued” but was ongoing as of August 27, 2012.
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and platelet-derived growth factor receptor beta,12-14 and a long half-
life compared with sorafenib.9,17 AEs observed for tivozanib in this
study had a similar spectrum to those reported previously15 and were
consistent with those of a selective inhibitor of the VEGF pathway.
Hypertension was the predominant AE for tivozanib. In this phase III
trial, hypertension occurred in nearly half the patients. However, in
most instances, it was controlled with medication, with 2% of patients
requiring dose reduction and � 1% of patients requiring dose discon-
tinuation for hypertension. Several other studies have suggested that
development of hypertension in the setting of VEGF-targeted therapy
is associated with improved efficacy and may indicate on-target
activity.28-31 Other AEs in this study, such as hand-foot syndrome and
diarrhea, were more common with sorafenib than with tivozanib. One
retrospective study suggested that patients find hand-foot syndrome
and diarrhea to be among the most burdensome AEs associated
with TKIs.32

Compared with historical results from the pivotal phase III trial
of sorafenib in metastatic RCC2 and a randomized phase II trial of
sorafenib as first-line therapy for metastatic RCC,33 patients in the
sorafenib arm of this study had a longer PFS than anticipated. How-
ever, the PFS and ORR (23.3%) for the sorafenib-treated patients in
this study are in line with those in a recent randomized phase II trial
with sorafenib as the control arm (PFS, 9.0 months; ORR, 24%)34 and
an expanded-access study of sorafenib (PFS, 8.3 months)35 in a
treatment-naive metastatic RCC population.

Sorafenib was selected as the active comparator in this trial on the
basis of regulatory approval and its widespread use for advanced RCC.
Since 2005, seven new targeted agents have gained regulatory approval
in the United States for metastatic/advanced RCC indications
(sorafenib, sunitinib, pazopanib, bevacizumab [plus interferon], ax-
itinib, temsirolimus, and everolimus). Most of these agents were com-
pared with either interferon alfa or placebo in randomized phase III
trials.2,4-7,36,37 This study represents one of only three phase III trials
with the use of an active, targeted therapy comparator38,39 evaluating
efficacy and tolerability of first-line targeted treatment in meta-
static RCC.

OS in this study was confounded by differential use of next-line
targeted cancer therapies, because the one-way cross-over design al-
lowed patients who had progressed on sorafenib to switch to tivoza-
nib. An alternative hypothesis to explain the trend toward longer OS
on the sorafenib arm is that sorafenib is more effective than tivozanib
for improving OS, notwithstanding the antitumor activity of next-line
tivozanib in the patients in the sorafenib arm for whom treatment
failed. On the basis of the trial extension design and data, our hypoth-
esis is that the trend toward longer OS in the sorafenib arm is related to
the greater proportion of patients in the sorafenib arm who received
next-line targeted RCC treatment (63% v 13% in the tivozanib arm).
At the time of the final OS analysis for this study, 156 patients (61%)
randomly assigned to sorafenib had crossed over to tivozanib in the
companion trial. The efficacy results for this cohort of patients in the

Table 4. Common Treatment-Emergent Adverse Events (� 10% in either treatment arm) and Selected Clinical Laboratory Abnormalities

Variable

Tivozanib (n � 259) Sorafenib (n � 257)

All Grade 3 Grade 4 All Grade 3 Grade 4

No. % No. % No. % No. % No. % No. %

Adverse event
Hypertension� 115 44 66 25 4 2 88 34 45 18 1 � 1
Diarrhea 59 23 6 2 0 84 33 17 7 0
Dysphonia 55 21 0 0 12 5 0 0.0 0
Fatigue 50 19 14 5 0 41 16 9 4 0
Weight decreased 47 18 7 3 0 53 21 9 4 0
Asthenia 40 15 10 4 1 � 1 43 17 7 3 0
Palmar-plantar erythrodysesthesia 36 14 5 2 0 139 54 43 17 0
Back pain 35 14 8 3 0 21 8 5 2 0
Nausea 31 12 1 � 1 0 19 7 1 � 1 0
Stomatitis 29 11 1 � 1 0 23 9 2 1 0
Dyspnea 29 11 4 2 0 22 9 5 2 0
Decreased appetite 27 10 1 � 1 0 24 9 2 1 0
Alopecia 6 2 0 0 55 21 0 0

Clinical chemistry†
Increased ALT 73 28 2 1 0 88 34 7 3 2 1
Increased AST 97 37 5 2 0 130 51 8 3 2 1
Increased amylase 104 40 9 4 3 1 135 53 15 6 2 1
Increased lipase 119 46 23 9 6 2 164 64 52 20 11 4
Hypophosphatemia 76 29 11 4 0 182 71 67 26 0
Proteinuria 186 72 8 3 0 187 73 7 3 0

Hematology
Low hemoglobin 105 41 5 2 4 2 125 49 7 3 1 � 1
Neutropenia 28 11 5 2 1 � 1 27 11 3 1 2 1
Thrombocytopenia 47 18 0 1 � 1 31 12 0 0

�Hypertension event includes hypertension and hypertensive crisis.
†In addition to laboratory abnormalities noted in the table, 78 (30%) patients in the tivozanib arm and 18 (7%) in the sorafenib arm had normal thyroid-stimulating

hormone levels prior to dosing that increased to � 10 �IU/mL after treatment. Nonetheless, few of these patients had low T3 (tivozanib v sorafenib: 23 patients
�9%� v five patients �2%�) or low T4 (five �2%� v two �1%�) on or after the date that the increases in thyroid-stimulating hormone were observed.
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extension study have been reported: the ORR was 13%, and the me-
dian PFS was 8.4 months.40 The predominant enrollment in Central/
Eastern Europe appears to be the main contributor to the imbalance in
next-line targeted therapy between the two arms. Patients treated in
this region on the tivozanib arm of our study were observed to receive
less next-line targeted therapy as part of the standard of care (Table 3).
The OS result is consistent with other observations that two consecu-
tive targeted agents are associated with a longer OS than treatment
with only one line of targeted therapy.41,42

In conclusion, tivozanib improved PFS compared with sorafenib
in patients with metastatic RCC. Although tivozanib was character-
ized by higher rates of hypertension and dysphonia, it was generally
well tolerated and had lower rates of certain AEs, including hand-foot
skin reaction and diarrhea, and it required fewer dose reductions and
interruptions compared with sorafenib. Further study of tivozanib is
warranted to provide additional insights into the utility of tivozanib
for the treatment of patients with metastatic RCC.
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Appendix

Methods

Censoring rule for progression-free survival. On the basis of US Food and Drug Administration guidance regarding the censoring rule
for progression-free survival,18 death or progression after more than one (ie, at least two) missed tumor assessments should be censored
at the date of last radiologic assessment of measured lesions. Because tumor assessments were performed every 8 weeks until disease
progression in this trial, this guidance was interpreted as death should not be considered an event if it occurred after two to three missed
tumor assessments or � 140 days after the last tumor assessment documenting the absence of progressive disease.

Table A1. Health-Related Quality of Life Assessment of Patients Treated With Tivozanib or Sorafenib

FACT-G FKSI-DRS EQ-5D

Tivozanib
(n � 257)

Sorafenib
(n � 248) P�

Tivozanib
(n � 256)

Sorafenib
(n � 248) P�

Tivozanib
(n � 256)

Sorafenib
(n � 250) P�

Baseline
Mean 77.01 77.27 29.16 29.35 0.73 0.73
SD 14.98 15.94 4.77 5.10 0.25 0.26

Change from baseline .805 .965 .391
LS mean change† �2.83 �3.10 �0.94 �0.93 �0.05 �0.06
SE 1.04 1.02 0.33 0.34 0.02 0.02

NOTE. Health-related quality of life analysis included patients with baseline and one or more postbaseline evaluable forms.
Abbreviations: EQ-5D, EuroQol-5D; FACT-G, Functional Assessment of Cancer Therapy-General; FKSI-DRS, FACT Kidney Symptom Index–Disease-Related

Symptoms; LS, least square; MSKCC, Memorial Sloan-Kettering Cancer Center; SD, standard deviation.
�P value is for the overall differences between the two treatment arms.
†The least-square means for each treatment arm were estimated by using data from the first 12 months (cycle 13) of assessments by repeated-measures

mixed-effects models controlling for treatment, assessment time, treatment-by-time interaction, baseline score, age, ECOG performance status, geographic region,
number of metastatic sites, number of prior treatments, MSKCC prognostic factor status, time from diagnosis to study entry and any dose reduction during the
study. Negative differences from baseline indicate worsened quality of life or more symptoms.
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Fig A1. Kaplan-Meier plot of progression-free survival (PFS) as determined by investigator assessment in intent-to-treat population.
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