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Objective: This study was performed to evaluate the comparative efficacy and safety of axitinib 

and sorafenib in the therapy of metastatic renal cell carcinoma.

Materials and methods: Eligible studies were searched from PubMed, Embase, and Future 

Medicine databases. The pooled hazard ratios and relative risk ratios (RRs) were calculated by 

using Stata 12.0 software.

Results: A total of 1,011 patients qualified to participate in this Phase III study that included 

randomized controlled trials. Meta-analysis results showed that axitinib was more highly and 

significantly associated with a survival benefit in the independently assessed progression-free 

survival in comparison to sorafenib. The values of RR of the objective response rate and disease 

control rate were also significantly different. Results of the analysis of adverse events concerning 

hypertension and hypothyroidism demonstrated that the values of RR were significantly higher 

in the axitinib group and lower risks were established in the patients treated with axitinib.

Conclusion: Therefore, axitinib was a better treatment option for metastatic renal cell carci-

noma treatment than sorafenib, especially after failure of prior systemic therapies. This analysis 

revealed that axitinib had higher risks of hypertension and hypothyroidism and lower risks of 

rash and palmar-plantar erythrodysesthesia.

Keywords: metastatic renal cell carcinoma, progression-free survival, efficacy, adverse events, 

axitinib, sorafenib, phase III study

Introduction
Renal cell carcinoma (RCC) is the most common cancer of the kidneys, with ~61,000 

new cases reported annually.1 Clear cell RCC is the most predominant subtype and 

accounts for 70%–75% of all RCC cases.2 However, ~30% of the patients with RCC 

have overt metastases, and these cases are defined as metastatic RCC (mRCC).3 The 

prognosis of patients with mRCC remains poor, and the average 5-year survival rate 

is only 12%.1

For many years, the main option for treatment of mRCC was cytokine therapy 

combined with either interleukin-2 (IL-2) or interferon alpha (IFN-α) administration. 

These treatments had poor efficacy and highly toxic effects.4,5 A growing body of 

evidence indicates that molecular mechanisms are associated with the pathogenesis of 

mRCC. Targeted agents as a new class of drugs have better potential efficacy and fewer 

adverse events (AEs) than immunotherapy.6,7 Recently, several novel targeted agents, 

including sorafenib, bevacizumab (plus IFN-α), temsirolimus, sunitinib, pazopanib, 

everolimus, and axitinib, have been assessed in large randomized controlled trials 

(RCTs) in both the first- and second-line settings.8 The results of these clinical trials 
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have revealed superior progression-free survival (PFS) and 

overall survival (OS) in comparison with the levels of these 

indicators in treatments with targeted agents and immuno-

therapy or placebo. Subsequently, institutions, such as the 

European Association of Urology Guideline Group, have 

updated clinical practice guidelines.9,10

However, the comparative efficacy and safety of axi-

tinib with sorafenib in the treatment of mRCC remains to 

be determined. We performed a meta-analysis using the 

published articles to investigate the outcomes, efficacy, and 

safety profiles of axitinib versus sorafenib in patients with 

mRCC.

Materials and methods
Relevant articles search strategy
All available literature sources written in English were 

searched from the PubMed, Embase, and Future Medicine 

databases using the key words “(advanced renal carcinoma 

OR renal cancer OR advanced RCC OR metastatic RCC) 

AND (sorafenib) AND (axitinib) AND (clinical trial)” up 

to October 2015.

Studies were included if they met the following criteria: 

they were restricted to RCTs; compared axitinib with 

sorafenib; the patients were diagnosed with mRCC or 

advanced RCC; and the minimum number of patients enrolled 

into each group was 50. The primary outcomes of interest 

were PFS, OS, objective response rate (ORR), or AEs.

Data extraction
The following information was extracted from all eligible 

studies: first author’s name, published year, median age, trial 

phase, number of enrolled patients, median PFS (months), 

median PFS, median OS (months), median OS, the number 

of objective response, and the number of AEs. The ORR 

consisted of the objective response rate, which included 

complete and partial responses; disease control rate involved 

objective response rate and stable disease rate. AEs of all 

grades included diarrhea, hypertension, fatigue, decreased 

appetite, weight decreased, asthenia, hypothyroidism, rash, 

nausea, and palmar-plantar erythrodysesthesia. The RCT 

was evaluated using the Jadad scale, including the random-

ization, double-blinding, and withdrawals; the final score 

reported was between 0 and 5.11 A trial with a score equal to 

or above 3 was considered to be of high quality according 

to the Jadad scale.

Statistical analysis
The hazard ratios (HRs) and their 95% confidence intervals 

(CIs) of survival data (PFS and OS) were extracted from 

the original literature and were calculated to evaluate the 

outcomes of therapeutic trials. The relative risk ratios (RRs) 

with 95% CIs were determined to evaluate the efficacy and 

safety of the treatment with both drugs. The heterogeneity 

of the studies in the meta-analysis was assessed using the  

I2 metric and a chi-square test.12 A random-effect model was 

used for the meta-analysis with large heterogeneity (I2$50% 

and a chi-square test with P#0.1); otherwise, the fixed-

effects model was used.13 Publication bias was evaluated by 

the Egger tests with substantial heterogeneity.14 Data were 

extracted from the original studies and assessed via Stata 12.0 

software (StataCorp LP, College Station, TX, USA). P-value 

of ,0.05 was considered statistically significant.

Results
Study characteristics
A primary literature search found a total of 322 potentially 

relevant studies, which were identified and reviewed. A total 

of three RCTs meeting the inclusion criteria were subjected 

to statistical analyses. The main reasons for exclusion were 

meta-analyses or reviews, duplicate publications, and stud-

ies evaluating nonclinical outcomes, efficacy, or safety 

(Figure 1). These studies were multicenter, Phase III, RCTs, 

involving a total of 1,011 patients in the meta-analysis,15–17 in 

which the effects of the administration of axitinib (5 mg bid) 

were compared with those of the treatment with sorafenib 

(400 mg bid). The characteristics of these three trials are 

listed in Tables 1 and 2.

Meta-analyses of outcomes
In the meta-analyses, data were recorded and assessed by 

the fixed-effects model (I2,50% and a chi-square test with 

P.0.1) as described later. Two trials that compared the 

efficacy of axitinib on PFS with that of sorafenib constituted 

the independent assessment and were either treatment-naive 

or first-line drugs pretreated. The two studies included 1,011 

patients. The result that showed a pooled HR of 0.694 (95% 

CI: 0.586–0.821; P,0.001) was significant (Figure 2). The 

values of HR of each study were treatment-naive mRCC: HR 

0.770 (95% CI: 0.560–1.050)15 and drugs-pretreated mRCC: 

HR 0.665 (95% CI: 0.544–0.812).17 One trial reporting 723 

patients was pretreated, and a pooled HR of 0.969 was found 

(95% CI: 0.800–1.174, P=0.748) for the independently 

assessed OS (Table 1).

Meta-analyses of efficacy
The fixed-effects model results indicated no significant het-

erogeneity (I2,50% and a chi-square test with P.0.1). The 

above two trials including 1,011 patients were performed 
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Table 1 Studies reported HRs for PFS and OS in this meta-analysis

First author Objective 
response 
rate

Phase Median 
age (years) 
axitinib/
sorafenib

Dose 
axitinib/
sorafenib

Jadad 
scale

Median PFS 
(months) 
axitinib/
sorafenib

PFS Median OS 
(months) 
axitinib/
sorafenib

OS

Rini et al17 723 III 61/61 5/200* 3 6.7/4.7 0.665 (0.544–0.812) NA NA
Motzer et al16 723 III 61/61 5/200* 3 NA NA 20.1/19.2 0.969 (0.800–1.174)
Hutson et al15 288 III 58/58 5/200* 3 10.1/6.5 0.77 (0.56–1.05) NA NA

Note: *Indicates mg twice daily.
Abbreviations: HRs, hazard ratios; OS, overall survival; PFS, progression-free survival; NA, not applicable.

Figure 1 Flow diagram of the selected studies.

Table 2 Efficacy and safety of the included studies

Efficacy Rini et al17 Hutson et al15

Axitinib 
(N=361), 
n (%)

Sorafenib 
(N=362), 
n (%)

Axitinib 
(N=192), 
n (%)

Sorafenib 
(N=96),  
n (%)

Objective response rate 70 (19) 34 (9) 62 (32) 14 (15)
Disease control rate 250 (69) 231 (64) 145 (76) 65 (68)

Safety Axitinib 
(N=359) 
n (%)

Sorafenib 
(N=355) 
n (%)

Axitinib 
(N=189) 
n (%)

Sorafenib 
(N=96) 
n (%)

Diarrhea 197 (55) 189 (53) 94 (50) 38 (40)
Hypertension 145 (40) 103 (29) 92 (49) 28 (29)
Fatigue 140 (39) 112 (32) 62 (33) 25 (26)
Decreased appetite 123 (34) 101 (28) 54 (29) 18 (19)
Nausea 116 (32) 77 (22) 37 (20) 14 (15)
Palmar-plantar erythrodysesthesia 98 (27) 181 (51) 50 (26) 37 (39)
Weight decreased 89 (25) 74 (21) 69 (37) 23 (24)
Asthenia 74 (21) 50 (14) 39 (21) 15 (16)
Hypothyroidism 69 (19) 29 (8) 39 (21) 7 (7)
Rash 45 (13) 112 (32) 18 (10) 19 (20)
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to evaluate the efficacy, including the assessment of indica-

tors, such as the objective response rate and disease control 

rate. RR obtained in the meta-analysis of the studies for the 

objective response rate was significant (RR =2.12, 95% CI: 

1.55–2.89, P,0.001) (Figure 3). The RR value obtained 

in treatment-naive mRCC was slightly higher (RR =2.21, 

95% CI: 1.31–3.75) than that in drugs-pretreated mRCC 

(RR =2.06, 95% CI: 1.41–3.03) (Figure 3). Meta-analysis 

showed that the difference in the values of RR was slightly 

significant in the disease control rate (RR =1.09, 95% CI: 

1.00–1.19, P=0.044) (Figure 4). The variations in the values 

of RR in treatment-naive mRCC and in drugs-pretreated 

mRCC were not significant (RR =1.12, 95% CI: 0.95–1.31; 

RR =1.09, 95% CI: 0.98–1.20, respectively) (Figure 4).

Meta-analyses of safety
The fixed-effects model in the current meta-analysis exhib-

ited no significant heterogeneity (I2,50% and a chi-square 

test with P.0.1). Two trials involving 1,011 patients were 

conducted to assess AEs of all grades (Figures S1–S10). The 

meta-analysis of hypertensive events and hypothyroidism 

indicated that RR was significantly higher (RR =1.47, 95% 

CI: 1.23–1.75, P,0.001; RR =2.47, 95% CI: 1.72–3.54, 

P,0.001; respectively) in the axitinib group. The differences 

between the values of RR in treatment-naive mRCC and in 

drugs-pretreated mRCC were significant. Our results revealed 

that the overall RR of rash and palmar-plantar erythrodys-

esthesia in the axitinib group were significantly lower than 

those in the sorafenib group (RR =0.41, 95% CI: 0.31–0.54, 

P,0.001; RR =0.57, 95% CI: 0.48–0.67, P,0.001, respec-

tively). The difference between the values of RR in treatment-

naive mRCC and in drugs-pretreated mRCC was significant. 

Meta-analysis RR value of diarrhea was 1.08 (95% CI: 

0.95–1.22, P=0.231). The variations between the values of 

RR in treatment-naive mRCC and in drugs-pretreated mRCC 

were not significant. The prevalence of nausea, fatigue, 

decreased appetite, decreased weight, and asthenia were sig-

nificantly associated with the treatment in the axitinib group 

(RR =1.46, 95% CI: 1.16–1.83, P=0.001; RR =1.24, 95% CI: 

1.04–1.48, P=0.018; RR =1.27, 95% CI: 1.04–1.54, P=0.021; 

RR =1.28, 95% CI: 1.03–1.61, P=0.028; RR =1.42, 95% CI: 

1.08–1.88, P=0.014, respectively). While the values of RR in 

Figure 2 Forest plot showing the pooled HR from the fixed-effects model for PFS in axitinib vs sorafenib treatments in mRCC patients.
Abbreviations: CI, confidence interval; HR, hazards ratio; mRCC, metastatic renal cell carcinoma; PFS, progression-free survival.

Figure 3 Forest plot depicting the pooled RR from the fixed-effects model for objective response rate in axitinib vs sorafenib treatments in mRCC patients.
Abbreviations: CI, confidence interval; mRCC, metastatic renal cell carcinoma; RR, risk ratio.
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treatment-naive mRCC were nausea (RR 1.34 CI: 0.76–2.36), 

fatigue (RR 1.26 CI: 0.85–1.87), decreased appetite (RR 1.52 

CI: 0.95–2.45), weight decreased (RR 1.52 CI: 1.02–2.28), 

and asthenia (RR 1.32 CI: 0.77–2.27); and in drugs-pretreated 

mRCC were nausea (RR 1.49 CI: 1.16–1.91), fatigue (RR 1.24 

CI: 1.01–1.51), decreased appetite (RR 1.20 CI: 0.97–1.50), 

weight decreased (RR 1.19 CI: 0.91–1.56), and asthenia (RR 

1.46 CI: 1.05–2.03).

Discussion
The results of the present study of axitinib and sorafenib 

safety and efficacy suggested that treatment with axitinib 

had a clinical advantage over that with sorafenib. However, 

the side effect profiles of the targeted agents, such as hyper-

tension, rashes, fatigue, and hypothyroidism needed to be 

carefully considered in clinical treatment choices. Therefore, 

we evaluated AEs of all grades in this study.

The pooled analysis found that the administration of 

axitinib was associated with a considerably higher and sta-

tistically significant survival benefit over sorafenib treatment 

in the independently assessed PFS (HR =0.694; P,0.001). 

Moreover, the patients treated with axitinib had slightly 

longer median PFS compared to those treated with sorafenib 

(drugs-pretreated mRCC, 6.7 vs 4.7 months; treatment-naive 

mRCC, 10.1 vs 6.5 months; respectively). While no improve-

ment was established in PFS for 288 treatment-naive patients 

(HR =0.770, 95% CI: 0.560–1.050),15 we should be cautious 

in the interpretation of this result. Although our findings indi-

cated that axitinib application had a significant survival ben-

efit in PFS when compared to that of sorafenib (HR =0.694; 

P,0.001), we also assume that more well-designed RCTs 

with larger sample sizes should be conducted to further con-

firm the relative efficacy of axitinib and sorafenib therapy in 

patients with treatment-naive mRCC. Additionally, no OS 

data were presented in the treatment-naive trial. Motzer et al16 

reported that the median OS in the axitinib treatment group 

was not significantly longer than that in the sorafenib treat-

ment group (20.1 vs 19.2 months, respectively). In addition, 

this result suggested that the treatment with axitinib did not 

contribute significantly to improvement in OS in comparison 

with sorafenib (HR =0.969; P=0.748).

Complete response in mRCC treated with targeted 

therapy is a rare event; nevertheless, it positively influences 

the survival.18 The percentage of patients reaching complete 

response in the current study of axitinib and sorafenib efficacy 

and safety was 0%.15,17 Based on the objective response rate 

values obtained, the statistical analysis indicated that better 

efficacy was achieved by the treatment with axitinib compared 

to treatment with sorafenib (RR =2.12; P,0.001). Moreover, 

this efficacy in treatment-naive and drugs-pretreated patients 

was not significantly different (RR =2.21, 95% CI: 1.31–3.75; 

RR =2.06, 95% CI: 1.41–3.03, respectively). However, slight 

differences were found between disease control rates of the 

two treatment groups (RR =1.09, P=0.044). Therefore, based 

on the analysis of PFS, objective response rate, and disease 

control rate, our results further identified better efficacy of 

the therapy with axitinib in mRCC patients because of the 

large sample sizes (n.1,000).

Drug tolerability can influence clinical decisions and 

should be considered in guiding therapy, because some stud-

ies have reported that ~33% of the patients with mRCC are 

lost with each subsequent line of therapy, and only 52% of 

the patients with mRCC receive a second-line or more lines 

of treatment.19,20 In our study, the risks of hypertensive events 

and hypothyroidism were significantly higher for axitinib 

(RR =1.47, P,0.001; RR =2.47, P,0.001, respectively), 

whereas the patients treated with axitinib had lower risks 

of rash and palmar-plantar erythrodysesthesia (RR =0.41, 

Figure 4 Forest plot illustrating the pooled RR from the fixed-effects model for disease control rate in axitinib vs sorafenib treatments in mRCC patients.
Abbreviations: CI, confidence interval; mRCC, metastatic renal cell carcinoma; RR, risk ratio.
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P,0.001; RR =0.57, P,0.001, respectively). No signifi-

cant difference in the risk of diarrhea was found between 

the treatments with the two drugs and mRCC (P=0.231). 

Nausea, fatigue, decreased appetite, reduced weight, and 

asthenia were also more prevalent events in the axitinib-

treated patients. Interestingly, the risks of nausea, fatigue, 

and asthenia were slightly higher for axitinib in the drugs-

pretreated group, and only the risk of weight loss was slightly 

higher for axitinib in the treatment-naive group. Therefore, 

the results for the risks of nausea, fatigue, decreased appetite, 

reduced weight, and asthenia need to be confirmed by future 

studies based on larger sample sizes.

Several limitations of this research were identified. First, 

three eligible studies were Phase III RCT trials but not 

double-blind trials; therefore, they can be potential cohort or 

case-control investigations. Second, selection bias might 

exist, because the study was limited to the literature sources 

published in English. Third, the main race of the current 

study was Caucasians. Other ethnic populations, for example, 

Asians and Africans, also should be considered in future 

trials. Fourth, comparative data for patients with nonclear 

cell histology were absent, and the selection of treatment in 

these cases remained an issue.

Conclusion
The current analysis showed that compared with sorafenib, 

axitinib could provide patients with a clinically significant 

PFS benefit. Moreover, axitinib was also more effective for 

mRCC therapy. The analysis of AEs revealed that axitinib 

posed higher risks of hypertension and hypothyroidism but 

presented a lower hazard of rash and palmar-plantar eryth-

rodysesthesia. However, based on the findings of a single 

RCT (n=288), we conclude that caution is to be exercised, 

since axitinib did not confer a survival advantage to patients 

with treatment-naive MRCC. Therefore, axitinib is a better 

treatment option for mRCC, especially after failure of prior 

systemic therapies.
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Supplementary materials

Figure S1 Forest plot showing the pooled RR from the fixed-effects model for hypertensive events in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.

Figure S2 Forest plot displaying the pooled RR from the fixed-effects model for hypothyroidism in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.

Figure S3 Forest plot presenting the pooled RR from the fixed-effects model for rash in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.
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Figure S4 Forest plot illustrating the pooled RR from the fixed-effects model for palmar-plantar erythrodysesthesia in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.

Figure S5 Forest plot depicting the pooled RR from the fixed-effects model for diarrhea in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.

Figure S6 Forest plot showing the pooled RR from the fixed-effects model for nausea in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.
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Figure S7 Forest plot of the pooled RR from the fixed-effects model for fatigue in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.

Figure S8 Forest plot showing the pooled RR from the fixed-effects model for decreased appetite in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.

Figure S9 Forest plot indicating the pooled RR from the fixed-effects model for weight decreased in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.
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Figure S10 Forest plot presenting the pooled RR from the fixed-effects model for asthenia in axitinib vs sorafenib treatments.
Abbreviations: CI, confidence interval; RR, risk ratio.
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