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Summary

Background—An unmet medical need exists for patients with metastatic renal cell carcinoma 

(RCC) who have progressed on a vascular endothelial growth factor (VEGF)–targeted therapy plus 

a mammalian target of rapamycin (mTOR) inhibitor. Fibroblast growth factor (FGF) pathway 

activation has been proposed as a mechanism of escape from VEGF-targeted therapies. Dovitinib 

is an oral tyrosine kinase inhibitor that inhibits VEGF and FGF receptors. This open-label, 

multicenter phase 3 study compared dovitinib with sorafenib as a third-line targeted therapy in 

metastatic RCC.

Methods—Patients (N = 570) with clear cell metastatic RCC who received one prior VEGF-

targeted therapy and one prior mTOR inhibitor were randomized 1:1 to receive dovitinib (500 mg 

orally on a 5-days-on/2-days-off schedule) or sorafenib (400 mg orally twice daily). 

Randomization was stratified by risk group and region. The primary endpoint was progression-free 

survival (PFS) by central review. Secondary endpoints included overall survival (OS) and safety. 

Biomarker studies were an exploratory endpoint.

Findings—The median PFS was 3·7 months for dovitinib (n = 284) and 3·6 months for sorafenib 

(n = 286) (hazard ratio [HR], 0·86; 95% CI, 0·72-1·04; one-sided P = 0·063). Median OS was 11·1 

months for dovitinib and 11·0 months for sorafenib (HR, 0·96; 95% CI, 0·75-1·22). Diarrhea, 

nausea, and vomiting were more common with dovitinib, whereas palmar-plantar 

erythrodysesthesia, hypertension, and alopecia were more common with sorafenib. In both arms, 

prolonged OS was observed in patients with low baseline plasma levels of FGF2, hepatocyte 

growth factor, and VEGFA.

Interpretation—Dovitinib demonstrated activity but not superior efficacy compared with 

sorafenib in patients who progressed on prior VEGF-targeted therapies and mTOR inhibitors. This 

trial provides landmark outcome data for future studies in this third-line setting.

Funding—Novartis Pharmaceuticals Corporation

Introduction

Renal cell carcinoma (RCC) is a tumor characterized by high vascularity that depends on 

angiogenesis for growth and survival.1,2 Therapies targeting vascular endothelial growth 

factor (VEGF) and mammalian target of rapamycin (mTOR) signaling pathways represent 

standard first- and second-line treatment options in metastatic RCC.3,4 Nearly all patients 

who initially respond to these therapies acquire resistance, and there is an unmet medical 

need for new agents targeting angiogenesis and tumor growth in patients with RCC 

previously treated with VEGF-targeted therapies and mTOR inhibitors.
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Fibroblast growth factor (FGF) signaling drives angiogenesis at both the early invasive phase 

(eg, migration and proliferation) and the late vascular maturation phase (eg, morphogenesis 

and vessel maturation).5–7 FGF pathway activation has been proposed as a mechanism of 

escape from VEGF-targeted therapies,8 and increased plasma FGF2 levels were reported in 

patients with RCC experiencing disease progression while receiving VEGF-targeted 

therapies.9 Therefore, targeting antiangiogenic escape with FGF pathway inhibition 

represents one potential strategy in patients with RCC progressing on anti-VEGF therapy.10

Dovitinib (TKI258) is an oral tyrosine kinase inhibitor (TKI) that inhibits FGF receptor 

(FGFR), as well as VEGF receptor (VEGFR) and platelet-derived growth factor receptor 

(PDGFR).11 Studies in RCC xenograft models have demonstrated dovitinib activity with 

trends toward greater tumor reduction compared with sunitinib and sorafenib.12,13 Phase 1 

results indicated antitumor activity of dovitinib at the maximum tolerated dose of 500 mg on 

a 5-days-on/2-days-off schedule in pretreated patients with RCC.12 In phase 2 results, 

patients previously treated with VEGF and mTOR inhibitors demonstrated median 

progression-free survival (PFS) and overall survival (OS) of 5·5 and 11·8 months, 

respectively.14 These data as well as data from phase 2 studies of second- or third-line 

sorafenib demonstrating median PFS of 3·4 to 4 months15–19 supported studying dovitinib 

vs sorafenib as a third-line targeted treatment in patients who progressed on therapies 

targeting VEGF and mTOR.

Methods

Study design

The study (Global Oncologic Learnings for Dovitinib in RCC [GOLD RCC]) was a 

multicenter, open-label, randomized phase 3 trial comparing dovitinib vs sorafenib in 

patients with metastatic RCC. The primary endpoint was PFS, as assessed by central 

radiological review according to Response Evaluation Criteria in Solid Tumors (RECIST) 

version 1·1.20 The key secondary endpoint was OS; additional secondary endpoints included 

overall response rate, time to definitive worsening of Karnofsky performance status 

(decrease by ≥ 10 points from baseline), and safety. Biomarker analyses were an exploratory 

endpoint.

Patients received dovitinib (500 mg, orally on a 5-days-on/2-days-off schedule) or sorafenib 

(400 mg, orally, twice daily) until disease progression, unacceptable toxicity, death, or 

withdrawal of consent. Treatment crossover was not permitted on study; following 

radiological confirmation of disease progression, the investigator could prescribe any 

treatment(s) deemed appropriate. Drug-related toxicities could be managed with dose 

interruptions (up to 21 days) or reductions (dovitinib: 400 mg, then 300 mg on the 5-days-

on/2-days-off schedule; sorafenib: 400 mg once daily, then 400 mg every other day).

The study protocol was reviewed and approved by each site's institutional review board/

independent ethics committee/research ethics board. All patients provided written informed 

consent. The trial was conducted in accordance with the ICH Harmonised Tripartite 

Guidelines for Good Clinical Practice, with applicable local regulations, and with the ethical 

principles laid down in the Declaration of Helsinki.
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Randomization and masking

Patients were randomized 1:1 to receive either dovitinib or sorafenib using an interactive 

web and voice response system stratified by risk group (favorable, intermediate, and poor) 

based on the Memorial Sloan-Kettering Cancer Center risk criteria21 and geographic region 

(Japan, Asia Pacific, Europe/Middle East, and Americas).

Patients

Eligible patients had metastatic RCC with clear cell histology and had received one prior 

VEGF-targeted therapy (eg, sunitinib, bevacizumab) plus one prior mTOR inhibitor (eg, 

everolimus, temsirolimus) in either sequence. Patients must have had disease progression on 

or within 6 months of last therapy (VEGF-targeted agent and/or mTOR inhibitor therapy). 

Prior treatment with cytokines or certain specified anticancer therapies was permitted. 

Additional inclusion criteria included measurable disease (RECIST 1·1), Karnofsky 

performance status ≥ 70%, and adequate hematologic, renal, and hepatic function. Exclusion 

criteria included previous sorafenib or dovitinib, brain metastases, clinically significant 

cardiac diseases, or uncontrolled hypertension.

Assessments

Tumors were evaluated using RECIST 1·1 via computed tomography scan or magnetic 

resonance imaging every 8 weeks during the first year of treatment and every 12 weeks 

thereafter. Patients who had disease progression, as determined by the local investigator, 

continued to receive study drug until disease progression was confirmed by a blinded central 

review. Following confirmation, the patient discontinued study treatment. If there was 

discordance between the local and central radiologist, the patient could continue study 

treatment and was reassessed every 8 weeks or as frequently as considered appropriate. This 

review to facilitate investigator response determination was a separate process from the 

independent blinded review to assess the primary endpoint. Patients who discontinued study 

treatment (for reasons other than centrally confirmed disease progression, death, or lost to 

follow-up) continued to have tumor assessments until the start of new anticancer therapy or 

up to 4 months after discontinuation of study treatment.

Safety assessments included regular monitoring of hematology, coagulation, blood 

chemistry, physical examination, electrocardiogram, and multiple gated acquisition scan or 

echocardiogram. Adverse events (AEs) were assessed according to the Common 

Terminology Criteria for Adverse Events version 4·03 throughout the study and 30 days 

after the last dose of study treatment. Blood samples for dovitinib trough concentrations 

were collected predose on day 5 of weeks 2, 4, and 6.

Biomarkers

Blood samples for pharmacodynamic analyses were collected predose on days 1, 26, and 57 

and subsequently every 12 weeks (on day 1 of that week) and at the end of study treatment. 

Circulating growth factors VEGFA, FGF2, placental growth factor (PLGF), and hepatocyte 

growth factor (HGF) were evaluated by immunoassay (Meso Scale Discovery, Rockville, 

MD, USA). Details on biomarker analysis and statistics are provided in the appendix.
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Statistics

The distribution of PFS was estimated using the Kaplan-Meier method. A total of 411 PFS 

events were needed for a one-sided log-rank test at 2·5% significance level to have ≥ 96% 

power to show a statistically significant difference when the true hazard ratio (HR) is 0·67 

(eg, when the median PFS in dovitinib was 6 months and the median PFS in sorafenib was 4 

months). Assumptions for the median PFS of sorafenib were based on results of clinical 

trials and consideration of the disease condition after progression from two lines of prior 

anticancer treatments.18,22

The study incorporated an interim analysis for PFS, which took place after 175 PFS events 

(per central review) were documented. Both futility and efficacy analyses were performed by 

an independent statistician at the interim analysis. An α-spending function according to Lan-

DeMets group sequential design with an O'Brien-Fleming type stopping boundary was used 

to construct the efficacy stopping boundaries. A user-defined gamma function (γ = 3) was 

used as β-spending function to determine the futility boundary. Interim analyses for OS were 

conducted concurrently with the interim and final PFS analyses. The final OS analysis will 

take place after 386 deaths are recorded, to provide a one-sided log-rank test at 2·5% 

significance level to have ≥ 80% cumulative power to show a statistically significant 

difference when the true HR is 0·75.

This study is registered with ClinicalTrials.gov, number NCT01223027.

Role of the funding source

Novartis Pharmaceuticals Corporation was the funding source and with the study steering 

committee participated in study design and data collection, analysis, and interpretation. All 

authors had full access to the primary data. RJM had the final responsibility for the decision 

to submit for publication.

Results

Patient characteristics

A total of 764 patients were assessed for eligibility. Most of the 194 patients not proceeding 

to randomization were considered screening failures (n = 169). The most common reason for 

screening failure was the presence of brain metastases (n = 59). Between March 2011 and 

September 2012, 570 patients were randomized at 199 sites to receive dovitinib (n = 284) or 

sorafenib (n = 286; Figure 1). Of these, 280 and 284 patients received at least one dose of 

dovitinib and sorafenib, respectively. As of the January 2013 data cutoff, 440 PFS (central) 

and 265 OS events were reported.

Patient characteristics were balanced between the arms (Table 1). The most common prior 

VEGF inhibitor was sunitinib (90% overall), and the most common mTOR inhibitor was 

everolimus (87% overall). Most patients (92%) received a VEGF inhibitor followed by an 

mTOR inhibitor. As of the data cutoff, the majority of patients (87%) discontinued 

treatment, most commonly due to disease progression (58%; Figure 1).
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Efficacy

The median PFS by central radiologist review was 3·7 and 3·6 months in the dovitinib and 

sorafenib arms, respectively (HR, 0·86; 95% CI, 0·72-1·04; one-sided P = 0·063; Figure 2). 

By investigator assessment, the median PFS was 3·9 months in both arms (HR, 1·00; 95% 

CI, 0·82-1·21); appendix Figure 1). Analysis of PFS by patient demographics and disease 

characteristics showed 95% CIs that crossed unity (appendix Figure 2). The best overall 

response by central review was partial response (4% in both arms; stable disease was 52% in 

both arms; appendix Table 1). The best percentage change from baseline in sum of diameters 

as per central review by waterfall plot was evaluable in 230 and 241 patients and showed 

tumor reductions in 117 (51%) and 111 (46%) patients in the dovitinib and sorafenib arms, 

respectively (Figure 3).

The median OS was 11·1 and 11·0 months in the dovitinib and sorafenib arms, respectively 

(HR, 0·96; 95% CI, 0·75-1·22; Figure 4). The median time to definitive worsening of 

Karnofsky performance status was 5·1 months in the dovitinib arm and 5·7 months in the 

sorafenib arm (HR, 1·12; 95% CI, 0·87-1·45; appendix Figure 3).

Safety and exposure

In each arm, the median duration of exposure was 3·7 months and the median relative dose 

intensity was 99%. The geometric mean trough concentration of dovitinib was 93·8, 82·7, 

and 83·7 ng/mL in the 205, 202, and 170 patients with pharmacokinetic assessments on day 

5 of weeks 2, 4, and 6, respectively. These trough concentrations, which were similar to 

those predicted,23 were not predictive of the safety and efficacy of dovitinib in the current 

study (data not shown).

Dose changes (mostly reductions) took place in 96 (34%) and 119 (42%) patients in the 

dovitinib and sorafenib arms, respectively. Dose interruptions were reported in 134 patients 

(48%) in the dovitinib arm and 99 patients (35%) in the sorafenib arm. AEs led to dose 

changes/interruptions in 144 patients (51%) in the dovitinib arm, most commonly due to 

fatigue (11%), diarrhea (9%), nausea (6%), and vomiting (5%). In the sorafenib arm, 138 

patients (49%) had AEs leading to dose change/interruption, most commonly due to palmar-

plantar erythrodysesthesia (14%), fatigue (7%), diarrhea (5%), and decreased appetite (4%).

Treatment-emergent AEs of any grade reported with a frequency of ≥ 10% in the dovitinib 

arm are shown in Table 2. Treatment-emergent grade 3/4 AEs with a frequency of ≥ 5% 

were hypertriglyceridemia (14%), fatigue (10%), hypertension (8%), diarrhea (7%), dyspnea 

(6%), anemia (5%), and γ-glutamyltransferase increase (5%) in the dovitinib arm, and 

hypertension (17%), fatigue (8%), dyspnea (7%), palmar-plantar erythrodysesthesia (6%), 

and anemia (6%) in the sorafenib arm. Treatment-emergent acne-like rashes (including rash, 

rash maculopapular, rash pruritic, dermatitis, dermatitis acneiform, and acne) were reported 

in 85 (30% any grade, 1% grade 3) and 66 (23% any grade, 2% grade 3) patients treated 

with dovitinib and sorafenib, respectively. Treatment-emergent serious AEs were reported in 

133 (48%) and 112 (39%) patients in the dovitinib and sorafenib arms, respectively. The 

frequency of individual serious AEs was < 6% (any grade).
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Selected hematologic and laboratory abnormalities are shown in Table 2. Notable changes (≤ 

20%) from baseline in cardiac ejection fraction (evaluated by echocardiogram or multiple 

gated acquisition scan) were reported in 16 patients in each arm. Hypothyroidism was 

reported in 14 (5%) and 8 (3%) patients (all grade 1/2 events) in the dovitinib and sorafenib 

arms, respectively.

Deaths on study or within 30 days after last dose were reported in 39 (14%) and 42 (15%) 

patients, most commonly due to RCC (n = 33 and n = 36) in the dovitinib and sorafenib 

arms, respectively. Four deaths were suspected to be related to study drug (large intestine 

perforation, pulmonary embolism, and death not otherwise specified in the dovitinib arm and 

toxic epidermal necrolysis in the sorafenib arm).

Biomarkers

Plasma samples were available from 281 patients in the dovitinib arm and 280 patients in the 

sorafenib arm. Prolonged OS in the dovitinib and sorafenib arms was observed in the 

subgroups of patients with low baseline levels of FGF2, HGF, PLGF, and VEGFA (Figure 

5). A similar trend was observed for PFS; however, P values were less significant for all 

biomarkers except HGF (appendix Figure 4). Significant changes from baseline including 

increases in PLGF and VEGFA levels were observed following treatment with dovitinib and 

sorafenib, consistent with VEGFR inhibitory effects (Figure 5). HGF and FGF2 levels 

increased following treatment with dovitinib and decreased following treatment with 

sorafenib (Figure 5).

Discussion

GOLD RCC is the first phase 3 trial comparing two TKIs in the third-line setting following 

both VEGF and mTOR inhibitor drugs. Nearly all patients treated with these therapies in the 

front line eventually progress; although the mechanism for acquired resistance is not clearly 

understood, activation of the FGF pathway is suspected to play a role in antiangiogenic 

escape from VEGF-targeted therapies.8,9,12 Dovitinib was selected for comparison with 

sorafenib based on its targeting profile which includes FGFR, in addition to the VEGFR and 

PDGFR inhibition that is shared with sorafenib. Historical cross-study comparisons 

suggested superior antitumor activity for dovitinib compared with sorafenib in patients who 

progressed on prior anti-VEGF and mTOR inhibitor therapies.12,14

Although both TKIs showed similar antitumor activity, the study did not meet its primary 

endpoint of demonstrating PFS superiority for dovitinib over sorafenib. An objective 

response rate of 4% was observed in each arm, and a relatively high proportion of patients 

had measurable lesions decreased by waterfall assessment. Comparison with historical 

control data suggests that both dovitinib and sorafenib may prolong PFS in the third-line 

setting. For example, in the everolimus pivotal phase 3 study (Renal Cell Cancer Treatment 

With Oral RAD001 Given Daily [RECORD-1]), patients in the placebo arm who had 

previously progressed on sunitinib and sorafenib had a median PFS of 1 ·8 months.24 In 

GOLD RCC, patients had a median PFS nearly twice that despite receiving both prior 

VEGF-targeted therapy and mTOR inhibitors. Thus, the results of this study support the use 

of a VEGFR TKI (ie, sorafenib) in patients who have already received prior VEGF and 
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mTOR inhibitors. The OS results of ≈ 11 months highlight the continued need for study and 

identification of novel drugs for RCC and provide landmark outcome data for clinical trial 

design.

Comparable efficacy of dovitinib and sorafenib challenges the hypothesis that FGF 

activation is the fundamental mechanism of resistance to VEGF-targeted therapy. However, 

multiple factors could be responsible, including alternative mechanisms of resistance,10 

reactivation of previously suppressed pathways, drug dosing, and pharmacodynamic effects 

at the tumor site. Dovitinib, as an FGF and VEGF pathway inhibitor, had demonstrated 

activity in preclinical models of RCC and in a phase 1/2 trial in patients who failed prior 

anti-VEGF and mTOR therapies.12,14 Moreover, up-regulation of FGF signaling may cause 

escape from VEGF-targeted therapies, as was suggested by relative high plasma FGF2 levels 

found in patients who previously received anti-VEGF and mTOR therapies in the prior 

study.12 In GOLD RCC, however, the median baseline plasma FGF2 levels were comparable 

to those observed in the RCC patient population regardless of prior therapies and were not 

particularly elevated (data not shown). However, the role of the FGF pathway in disease 

prognosis cannot be discounted because prolonged OS was observed in patients with low 

baseline FGF2 levels (Figure 5).

Increased FGF levels following dovitinib treatment are consistent with FGFR inhibition,12,25 

and both dovitinib and sorafenib had similar anti-VEGF target inhibition (as demonstrated 

by VEGFA and PLGF induction). The activity of these agents in the third-line setting 

suggests that VEGF pathway inhibition might offer an effective treatment option for patients 

previously treated with anti-VEGF and mTOR inhibitors. HGF levels also increased 

following treatment with dovitinib, which has not been reported before. Further analyses are 

required to determine the significance of this finding. Nevertheless, the biomarker results are 

hypothesis generating and should be interpreted with caution.

GOLD RCC provides the first comparison of the AE profile for dovitinib with that of a 

VEGFR TKI. Gastrointestinal side effects were the most common AEs reported in the 

dovitinib arm. As with other VEGFR TKIs, mild elevation of liver enzymes was observed, 

although no patients were reported to have met Hy's law criteria: the presence of concurrent 

alanine or aspartate aminotransferase levels > 3 × upper limit of normal (ULN), serum total 

bilirubin > 2 × ULN, and serum alkaline phosphatase < 2 × ULN.26,27 Rash was observed in 

30% of patients treated with dovitinib and was characterized as a distinct follicular 

acneiform rash predominantly on the face and chest. Overall, dovitinib demonstrated a 

tolerable safety profile with no unexpected toxicities noted beyond those in phase 1/2 

dovitinib studies.12,14

In summary, dovitinib showed clinical activity in the treatment of advanced RCC, following 

VEGF-targeted and mTOR inhibitor therapy, but was not superior to sorafenib. Results 

highlight the continued need for more effective drugs for RCC and provide landmark 

outcome data for studies of novel third-line agents.
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Panel: Research in context

Systematic review

We searched PubMed using the MeSH terms “enal cell carcinoma, ” “receptors, vascular 

endothelial growth factor,” and “TOR serine-threonine kinases” for English-language 

articles. Prior to this study, there had been no large, prospective, randomized phase 3 clinical 

trials comparing treatment options in patients with RCC who had previously received one 

prior VEGF-targeted therapy and one prior mTOR inhibitor.

Therefore, GOLD RCC is the first study of its kind in this patient population, comparing the 

efficacy and safety of dovitinib vs sorafenib in 570 patients.

Interpretation

The study did not meet its primary endpoint (PFS by central review) because dovitinib and 

sorafenib had similar efficacy in this patient population. Biomarker data from this study 

suggest that VEGFR and FGFR inhibition can be achieved in the third-line setting. Data 

from GOLD RCC provide landmark efficacy data for future study of third-line agents. 

Indeed, the 11-month median OS highlights the need for novel agents in this setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The study was sponsored by Novartis Pharmaceuticals Corporation. The authors thank the patients, families, and 
research teams for their involvement with the study. Financial support for medical editorial assistance was provided 
by Novartis Pharmaceuticals Corporation. We thank Peter J. Simon, PhD, for medical editorial assistance with this 
manuscript.

Appendix Table 1

Best overall response

Dovitinib (n = 284) Sorafenib (n = 286)

Central review, n (%)

 Complete response 0 0

 Partial response 11 (4) 11 (4)

 Stable disease 147 (52) 149 (52)

 Progressive disease 82 (29) 90 (31)

 No measurable disease at baseline per central review 3 (1) 1 (< 1)

 Unknown* 41 (14) 35 (12)

Investigator review, n (%)

 Complete response 0 0

 Partial response 18 (6) 11 (4)

 Stable disease 164 (58) 173 (60)
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Dovitinib (n = 284) Sorafenib (n = 286)

 Progressive disease 60 (21) 66 (23)

 No measurable disease at baseline per central review 0 0

 Unknown* 42 (15) 36 (13)

*
Includes patients with no valid postbaseline assessment, all postbaseline assessments having overall response of unknown, 

new antineoplastic therapy started before first postbaseline assessment, stable disease < 6 weeks after randomization, and 
progressive disease > 17 weeks after randomization.
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Figure 1. 
Trial profile.

OS, overall survival; PFS, progression-free survival.
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Figure 2. 
Kaplan-Meier estimates of progression-free survival (by central analysis).
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Figure 3. 
Best percentage change from baseline.

Excludes one dovitinib patient who had 170% increase from baseline and 48 dovitinib and 

60 sorafenib patients who had percentage changes in target lesions that were contradicted by 

overall lesion response of disease progression.
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Figure 4. 
Kaplan-Meier estimates of overall survival.
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Figure 5. 
Kaplan-Meier estimates of overall survival by treatment and baseline plasma biomarker 

groups and model-adjusted average fold-change from baseline ± 1 standard error.

FGF2, fibroblast growth factor 2; HGF, hepatocyte growth factor; HR, hazard ratio; PLGF, 

placental growth factor; VEGFA, vascular endothelial growth factor A. Low biomarker is 

defined as < median, and high biomarker is defined as ≥ median. P values are adjusted for 

the false discovery rate. *0.05 ≥ P > 0.01. **P ≤ 0.01 (change from baseline). #P ≤ 0.05 

(dovitinib to sorafenib).
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Table 1
Baseline demographics and disease characteristics

Dovitinib (n = 284) Sorafenib (n = 286)

Age, years, median (range) 61 (29–89) 62 (18–81)

Age ≥ 65 years, n (%) 97 (34) 121 (42)

Sex, n (%)

 Male 213 (75) 219 (77)

 Female 71 (25) 67 (23)

Race, n (%)

 White 233 (82) 232 (81)

 Asian 42 (15) 40 (14)

 Black 3 (1) 5 (2)

 Other/unknown 6 (2) 9 (3)

Region, n (%)

 Europe and Middle East 171 (60) 170 (59)

 America 66 (23) 67 (23)

 Asia (excluding Japan) 28 (10) 28 (10)

 Japan 19 (7) 21 (7)

Karnofsky performance score, n (%)

 100 83 (29) 73 (26)

 90 93 (33) 101 (35)

 80 73 (26) 83 (29)

 70 35 (12) 29 (10)

MSKCC risk group, n (%)21

 Favorable 58 (20) 59 (21)

 Intermediate 164 (58) 162 (57)

 Poor 62 (22) 65 (23)

Metastatic site of cancer, n (%)

 Lung 224 (79) 216 (76)

 Lymph nodes 144 (51) 147 (51)

 Bone 99 (35) 119 (42)

 Liver 94 (33) 94 (33)

Prior therapy, n (%)

 Prior nephrectomy 272 (96) 260 (91)

 Radiotherapy 66 (23) 91 (32)

 Cytokines 20 (7) 23 (8)

 Targeted therapy

  VEGF targeted 284 (100) 286 (100)

   Sunitinib 260 (92) 253 (88)

   Bevacizumab 10 (4) 11 (4)
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Dovitinib (n = 284) Sorafenib (n = 286)

   Axitinib 3 (1) 6 (2)

   Pazopanib 10 (4) 11 (4)

   Other investigational agent 1 (< 1) 5 (2)

  mTOR inhibitor 284 (100) 286 (100)

   Everolimus 247 (87) 247 (86)

   Temsirolimus 35 (12) 39 (14)

   Other investigational agent 2 (1) 0

Number of prior treatment regimens, n (%)

 2 264 (93) 259 (91)

 3 16 (6) 25 (9)

 ≥ 4 4 (1) 2 (1)

Best response to last VEGF-targeted agent, n (%)

 Complete response 7 (2) 5 (2)

 Partial response 76 (27) 72 (25)

 Stable disease 121 (43) 120 (42)

 Disease progression 50 (18) 42 (15)

 Unknown/not applicable 29 (10) 42 (15)

Best response to last mTOR inhibitor, n (%)

 Complete response 0 1 (< 1)

 Partial response 19 (7) 18 (6)

 Stable disease 123 (43) 105 (37)

 Disease progression 108 (38) 116 (41)

 Unknown/not applicable 32 (11) 46 (16)

MSKCC, Memorial Sloan-Kettering Cancer Center; mTOR, mammalian target of rapamycin; VEGF, vascular endothelial growth factor.
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