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Abstract

Introduction: METEOR was a phase 3 trial (NCT01865747) of cabozantinib versus everolimus 

in adults with advanced or metastatic clear cell RCC previously treated with VEGF receptor 

(VEGFR) tyrosine kinase inhibitors (TKIs). This post hoc analysis of METEOR compared 

outcomes for patients recruited from European and non-European countries.

Material and methods: Adults with advanced/metastatic clear cell RCC who had received ≥ 1 

prior VEGFR-TKI treatment were randomized 1:1 to receive cabozantinib or everolimus. Patients 

were categorized by recruitment region: Europe or outside of Europe (rest of world [RoW]). 

Progression-free survival (PFS), overall survival (OS), objective response rate (ORR), and adverse 

events (AEs) were compared between regional subgroups.

Results: In total, there were 320 eligible patients from Europe (cabozantinib, 167; everolimus, 

153) and 338 from RoW (North America, 240 patients; Asia-Pacific, 86; Latin America, 12; 

randomized as cabozantinib, 163; everolimus, 175). PFS and OS were longer with cabozantinib 

than with everolimus and similar for the Europe and RoW subgroups. For PFS, the hazard ratio 

(HR) for cabozantinib versus everolimus was 0.54 for the Europe subgroup (p < .001) and 0.50 

for the RoW subgroup (p < .001). For OS, the HR was 0.75 for the Europe subgroup (p = 

.034) and 0.69 for the RoW subgroup (p = .006). ORR in the Europe subgroup was 15% for 

cabozantinib and 3.9% for everolimus (p < .001). For the RoW subgroup, ORR was 20% for 

cabozantinib and 2.9% for everolimus (p < .001). Incidence of grade 3/4 AEs were similar 

for the Europe (cabozantinib, 74%; everolimus, 58%) and RoW subgroups (cabozantinib, 69%; 

everolimus, 64%).
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Conclusion: In the METEOR trial, efficacy outcomes for patients recruited from European and 

non-European countries favored cabozantinib over everolimus. The efficacy and safety results for 

the regional subgroups were consistent with those of the overall METEOR population.
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Introduction

In 2018, over 400,000 people worldwide received a diagnosis of renal cancer and 

approximately 175,000 deaths were attributed to this disease (representing 1.8% of all 

cancer-related deaths) [1]. Renal cell carcinoma (RCC) accounts for approximately 80% of 

renal cancers [2], with clear cell carcinoma the most common histological subtype, reported 

in 75–80% of cases [3].

The von Hippel–Lindau tumor suppressor gene is frequently inactivated in RCC, leading 

to overexpression of hypoxia-inducible factors and downstream targets, including AXL, 

MET, and vascular endothelial growth factor (VEGF) [4–6]. Novel targeted therapies, 

including VEGF-pathway inhibitors, have significantly improved patient outcomes since 

their introduction [7].

Cabozantinib, a tyrosine kinase inhibitor (TKI), has activity against multiple receptor 

tyrosine kinases, including AXL, MET, and the VEGF receptor (VEGFR) [4]. Cabozantinib 

is approved in the USA for adults with advanced RCC in both first and subsequent lines of 

treatment [8], in Europe for adults with treatment-naive advanced RCC with intermediate 

or poor risk and adults following prior VEGF-targeted therapy [9], and in both the USA 

and Europe as first-line treatment in combination with nivolumab. In the randomized phase 

2 CABOSUN trial (NCT01835158) in treatment-naive adults with advanced or metastatic 

clear cell RCC with poor or intermediate risk, cabozantinib demonstrated significantly 

improved efficacy compared with sunitinib, based on median progression-free survival (PFS; 

8.2 versus 5.6 months; adjusted hazard ratio [HR] for progression or death 0.66 [95% 

confidence interval (CI) 0.46–0.95]; one-sided p = .012) and objective response rate (ORR; 

33% versus 12%, as assessed by investigator review) [10]. In the randomized phase, 3 

METEOR trial (NCT01865747) in adults with advanced or metastatic clear cell RCC who 

had been previously treated with VEGFR-TKIs, cabozantinib demonstrated significantly 

improved efficacy compared with everolimus, based on median PFS (7.4 versus 3.9 months; 

HR 0.51 [95% CI 0.41–0.62]; p < .0001), ORR (17% versus 3%) and median overall 

survival (OS; 21.4 versus 16.5 months) [11,12].

METEOR was conducted in 26 countries [11]. To establish whether the findings from 

the overall study population are reflected in patients from European and non-European 

countries, we conducted post hoc analyses of efficacy and safety outcomes from METEOR 

in these geographical subgroups.
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Materials and methods

Study design and patients

METEOR study design and methods have been reported previously [11,12]. Briefly, 

participants were aged 18 years or older with advanced or metastatic clear cell RCC. 

Key inclusion criteria were: at least one prior VEGFR-TKI treatment; disease progression 

during or within the previous 6 months of the most recent VEGFR-TKI treatment; and 

a Karnofsky Performance Status score of at least 70%. Patients were randomized 1:1 

to receive cabozantinib (60 mg once daily) or everolimus (10 mg once daily). Dose 

reductions for cabozantinib (40 mg, then 20 mg) and everolimus (5 mg, then 2.5 mg) 

were permitted for managing adverse events (AEs). The study protocol was approved by the 

ethics committee or institutional review board at each participating center, and all patients 

provided written informed consent.

Assessments

The primary endpoint in the METEOR study was PFS, and secondary endpoints included 

OS and ORR [11,12]. Tumor response and progression were assessed by an independent 

radiology committee according to Response Evaluation Criteria in Solid Tumors version 1.1 

criteria [13,14] at screening, every 8 weeks for the first year, and every 12 weeks thereafter. 

Reported AEs were graded according to National Cancer Institute Common Terminology 

Criteria for Adverse Events version 4.0 [15] and coded using Medical Dictionary for 

Regulatory Activities version 17.0.

Statistical analyses

Statistical methods used for the primary analysis of METEOR trial data are reported 

elsewhere [11,12]. Efficacy was evaluated in the intention-to-treat (ITT) population (defined 

as all randomized patients), and safety was assessed in patients who had received study 

treatment. The current analyses were performed post hoc and were not powered to detect 

statistically significant differences between groups.

Patients from the METEOR trial were categorized according to whether they were recruited 

from Europe or outside of Europe (North America [Canada and the USA], the Asia-Pacific 

region [Taiwan, South Korea, and Australia], and Latin America), hereafter referred to as 

rest of the world (RoW).

Efficacy (PFS, OS, and ORR) and safety (AEs) outcomes and anticancer treatments, 

particularly VEGFR-TKIs, taken before or after study treatment were assessed.

PFS and OS were evaluated using Kaplan–Meier analysis. The current nominal statistical 

comparisons of PFS and OS for cabozantinib versus everolimus in each geographical region 

were made using unstratified HRs with 95% CIs and estimated using a Cox regression 

model.

ORRs were compared between treatment groups for each geographical region using 

stratified Cochran–Mantel–Haenszel tests and unstratified chi-squared tests. All other 
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comparisons are descriptive. The data cutoff date for the outcomes assessed in these post hoc 
analyses was October 2, 2016.

Results

Patient demographics and clinical characteristics

Of 658 patients randomly assigned to receive cabozantinib or everolimus (ITT population), 

320 (48.6%) were from Europe and 338 (51.4%) from the RoW. Within the RoW subgroup, 

240 patients (71.0%) were from North America, 86 (25.4%) were from the Asia-Pacific 

region and 12 (3.6%) were from Latin America. In the Europe and RoW subgroups, 

respectively, 167 and 164 patients were treated with cabozantinib, and 151 and 171 patients 

were treated with everolimus (safety population).

Baseline characteristics and demographics were generally balanced between groups (Table 

1). Median ages were in the range 61–63 years, and most participants were male and white. 

Compared with the European subgroup, the RoW subgroup included higher proportions of 

patients identifying as Asian or Black/African American, but numbers were still low. Most 

participants in all groups (68.3–74.2%) had received one VEGFR-TKI before the study, 

most commonly sunitinib (56.4–70.7%) (Table 1).

Efficacy

Median PFS and OS in patients who received cabozantinib or everolimus (ITT population) 

were similar in both subgroups (Figure 1). Among patients who received cabozantinib, in 

the Europe and RoW subgroups, respectively, median (95% CI) PFS was 7.3 (5.7–9.1) 

months and 7.9 (7.2–9.2) months, while median (95% CI) OS was 21.1 (17.4–23.0) months 

and 22.0 (95% CI 18.2–26.0) months. In the everolimus treatment groups, median (95% CI) 

PFS and OS were 3.9 (3.7–5.5) months and 16.9 (14.0–19.0) months, respectively, in the 

Europe group, and 3.7 (3.6–5.4) months and 17.3 (13.8–20.1) months, respectively, in the 

RoW group.

In both subgroups, PFS and OS were longer in patients who received cabozantinib than in 

those who received everolimus (Figure 1). For PFS, the HR (95% CI) was 0.54 (0.41–0.72; 

p < .001) in the Europe group and 0.50 (0.37–0.66; p < .001) in the RoW group. For OS, the 

HR (95% CI) was 0.75 (0.57–0.98; p = .034) in the Europe group and 0.69 (0.52–0.90; p = 

.006) in the RoW group.

The ORR, as assessed by independent radiology review, was higher in patients treated 

with cabozantinib than in those treated with everolimus in both subgroups. In the Europe 

group, the ORR (95% CI) was 15% (10–21%) for cabozantinib and 3.9% (1–8%) for 

everolimus (p < .001). In the RoW group, the ORR (95% CI) was 20% (14–27%) for 

cabozantinib and 2.9% (0.9–7%) for everolimus (p < .001). All confirmed responses were 

partial (Supplementary Table 1).

Safety

In the safety population, the incidence of treatment-emergent AEs was at least 99% in any 

group and, for most patients (89–99%), treatment-emergent AEs were judged to be related 
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to treatment. The proportion of patients experiencing serious treatment-related treatment-

emergent AEs was similar across the subgroups (range 12–19%) (Supplementary Table 2).

The proportions of patients who received cabozantinib and everolimus, respectively, who 

experienced all-cause grade 3/4 AEs were similar in the Europe subgroup (74% and 58%) 

and the RoW subgroup (69% and 64%). In the Europe and RoW subgroups, the most 

frequently reported (in 10% or more of patients) grade 3/4 AEs were hypertension (18% 

and 13%, respectively), diarrhea (14% and 13%, respectively), and fatigue (11% each) with 

cabozantinib, and anemia (18% and 16%, respectively) with everolimus.

Subsequent anticancer treatments

In the Europe and RoW subgroups, respectively, 64 patients (38%) and 63 patients (39%) 

treated with cabozantinib and 69 patients (45%) and 86 patients (49%) were treated with 

everolimus received subsequent anticancer therapy (Supplementary Table 3).

Discussion

The METEOR trial compared the efficacy and safety profile of cabozantinib with that 

of everolimus in patients with advanced or metastatic RCC who had progressed after 

VEGFR-TKI therapy [11,12]. Findings from these post hoc analyses of data from METEOR 

were consistent with those reported for the overall study population [11]. In subgroups of 

patients recruited from European or non-European (North America, the Asia-Pacific region, 

and Latin America) regions, cabozantinib treatment was associated with improved efficacy 

compared with everolimus treatment.

Baseline demographic and clinical characteristics were generally well balanced between the 

treatment groups in the overall METEOR population [11]. However, this large study was 

conducted in 26 countries [11,12]. Given that participant characteristics that can influence 

study outcomes (such as ethnicity, socioeconomic makeup, healthcare systems, and access 

to treatments or subsequent therapies [16–21]) may vary by geographic region, we evaluated 

efficacy and safety outcomes from the METEOR study in subgroups of patients from Europe 

and the RoW.

In the present post hoc analyses, efficacy outcomes with cabozantinib or everolimus were 

consistent between the two subgroups, and with those of the overall METEOR study 

population [12]. The uptake of subsequent anticancer therapies was also balanced between 

these subgroups. Likewise, safety profiles for cabozantinib and everolimus were generally 

similar in both subgroups, with no new safety signals, and consistent with those of the 

overall METEOR study population [12]. Proportions of patients assigned to cabozantinib or 

everolimus who reported grade 3/4 AEs were similar in the Europe subgroup (74% and 58%, 

respectively) and RoW subgroup (69% and 64%, respectively), and consistent with those of 

the overall METEOR study population (71% and 60%, respectively) [12]. Hypertension was 

the most common grade 3/4 AE with cabozantinib and anemia with everolimus. This was 

consistent between the two subgroups and with the overall METEOR study population [12].
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The absence of major differences in efficacy and safety outcomes between the two 

subgroups may reflect the fact that baseline patient demographic and clinical characteristics 

were generally well balanced. There were also no major differences in prior VEGFR-TKI 

treatment, although a previous sub-analysis of METEOR study data found that prior therapy 

had no substantial effect on clinical outcomes with cabozantinib [22].

Various studies have reported interethnic differences, particularly between Asian and non-

Asian patients, in exposure, efficacy, and safety of TKIs used in cancer treatment [16–18]. 

Although the RoW subgroup in the present study included a higher proportion of Asian 

patients than the Europe subgroup, the absolute number of Asian patients was small relative 

to the overall population, and no marked differences in efficacy or safety outcomes were 

observed between the two subgroups.

An important limitation of the present analyses was the incorporation of participants from 

North America, the Asia-Pacific region, and Latin America into a single subgroup, thereby 

losing some of the regional granularity that would have resulted from considering these 

regions separately. However, as previously reported [12], in the overall study population, 

the proportions of patients who received cabozantinib and of those who received everolimus 

who were recruited from Latin America (2% each) and the Asia-Pacific region (12% and 

14%, respectively) were relatively small. Furthermore, both subgroups were numerically 

well balanced, with each including approximately half of the participants. A previous 

post hoc analysis of the METEOR study presented at the European Society for Medical 

Oncology 2016 Congress reported outcomes for patients from Europe, North America, and 

the Asia-Pacific region, despite the small sample sizes involved, and demonstrated that 

improvements in PFS, OS, and ORR were consistent across these subgroups [23].

In conclusion, these post hoc analyses of data from the METEOR study of cabozantinib 

compared with everolimus, in patients with advanced or metastatic RCC who had received 

previous treatment with VEGFR-TKIs, indicate that efficacy and safety outcomes were 

similar in the Europe and RoW subgroups and consistent with those observed in the 

overall METEOR study population. In both regional subgroups, PFS, OS, and ORR favored 

cabozantinib over everolimus. These data provide confidence that efficacy and safety 

outcomes observed in the multinational METEOR study are reflected in both European 

and non-European populations, and further support cabozantinib as a preferred second-line 

treatment option for patients with RCC in this setting [24].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Progression-free survival and overall survival outcomes in the Europe and rest of the 

world subgroups of the METEOR study. Median progression-free survival time (A) and 

cabozantinib versus everolimus hazard ratios (B). Overall survival time (C) and cabozantinib 

versus everolimus hazard ratios (D). *p < .05; **p < .01; ***p < .001. CI: confidence 

interval; RoW: rest of the world.
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Table 1.

Baseline demographics and clinical characteristics of participants in the Europe and rest of the world 

subgroups of the METEOR study.

Europe Rest of the world

Characteristic Cabozantinib (n = 167) Everolimus (n = 153) Cabozantinib (n = 163) Everolimus (n = 175)

Median age (range), years 63.0 (32–86) 63.0 (33–84) 61.0 (36–83) 61.0 (31 –84)

Male, n (%) 122 (73) 114 (75) 131 (80) 126 (72)

Geographic region, n (%)

 Europe 167 (100) 153 (100) 0 0

 North America 0 0 118 (72) 122 (70)

 Asia-Pacific 0 0 39 (24) 47 (27)

 Latin America 0 0 6 (3.7) 6 (3.4)

Race, n (%)

 White 139 (83) 122 (80) 130 (80) 141 (81)

 Black or African American 0 0 6 (3.7) 3 (1.7)

 Asian 1 (0.6) 1 (0.7) 20 (12) 25 (14)

 Other 13 (7.8) 10 (6.5) 6 (3.7) 3 (1.7)

 Not reported 14 (8.4) 20 (13) 1 (0.6) 2 (1.1)

 Missing 0 0 0 1 (0.6)

Number of prior VEGFR-TKI 
therapies, n (%)

 1 114 (68.3) 108 (70.6) 121 (74.2) 121 (69.1)

 2 49 (29.3) 43 (28.1) 35 (21.5) 48 (27.4)

 ≥ 3 4 (2.4) 2 (1.3) 7 (4.3) 6 (3.4)

Type of prior VEGFR-TKI therapy, n 
(%)

 Axitinib 26 (15.6) 28 (18.3) 26 (16.0) 27 (15.4)

 Pazopanib 59 (35.3) 54 (35.3) 85 (52.1) 82 (46.9)

 Sorafenib 14 (8.4) 12 (7.8) 7 (4.3) 19 (10.9)

 Sunitinib 118 (70.7) 101 (66.0) 92 (56.4) 104 (59.4)

 Other VEGFR-TKI 7 (4.2) 6 (3.9) 3 (1.8) 3 (1.7)

TKI: tyrosine kinase inhibitor; VEGFR: vascular endothelial growth factor receptor.
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