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Abstract
Background: Molecular targeted therapies were found to be efficacious and safer in the treatment of metastatic renal cell
carcinoma (mRCC). Sorafenib is the first target agent (TA) to report a benefit in this disease and has largely established a prominent
role in progression-free survival (PFS). However, there have been conflicting results across the trials that evaluated the efficacy of
sorafenib.

Objective: The aim of the study was to perform a meta-analysis to compare the efficacy and safety of sorafenib in first-line
treatments of mRCC.

Methods:We searched online electronic databases: PubMed, Embase, and the Cochrane Library updated on September 2017.
Trials on the efficacy of sorafenib in first-line treatments of advanced RCC were included, of which the primary outcomes were
objective response rate (ORR), PFS, overall survival (OS), and grade 3/4 adverse events (AEs).

Results: A total of 5 trials were included in this analysis. The group of AEs showed significantly improved PFS (odds ratio [OR]=
0.78, 95% confidence interval [CI]=0.70–0.86, P< .001), as well with the ORR (OR=1.89, 95%CI=1.38–2.59, P< .0001)
compared with sorafenib. However, there was no significant difference in OS (OR=0.97, 95%CI=0.78–1.22, P= .82).

Conclusion: Sorafenib did not achieve efficacy and safety benefit in patients with mRCC compared with those treated with TAs.
The role of sorafenib in first-line treatments of mRCC may change in favor of newer drugs. More research is needed to confirm
whether these new TAs could replace sorafenib as the gold standard in the future.

Abbreviations: AE = adverse event, CI = confidence interval, mRCC =metastatic renal cell carcinoma, OR = odds ratio, ORR =
objective response rate, OS = overall survival, PFS = progression-free survival, TA = targeted agent, VEGF = vascular endothelial
growth factor.
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1. Introduction

Renal cell carcinoma (RCC) is one of the most progressive
urologic cancers with a poor prognosis.[1,2] Approximately 25%
to 30% of patients with RCC have overt metastatic or advanced
disease, with a dismal 5-year survival rate (only 10–12%).[3] The
therapeutic effect of conventional cytokine-based therapies is
rather limited because of their high toxicity profile,[4,5] and
advanced RCC is highly chemoresistant.[1]
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In recent years, there has been growing evidence on the
association of molecular mechanisms with metastatic RCC
(mRCC). Molecular targeted therapy has recently successfully
developed and has shown promising results in first-line treat-
ments of advanced RCC.[6–8] RCC with clear cell histology is
linked to the overexpression of vascular endothelial growth
factor (VEGF), which is involved in tumor angiogenesis.[9]

Currently approved and available VEGF/VEGFR-targeted drugs
have been introduced to the clinical armamentarium with a
beneficial effect in terms of improving progression-free survival
(PFS) and overall survival (OS) rates.[10,11] Tyrosine kinase
inhibitors (TKIs) interrupt the intracellular signaling of several
pathways involved in the progression of mRCC by targeting
growth factors such as VEGF.
Sorafenib was the first plausible TKI alternative to front-line

treatment for RCC,[12] which showed antitumor activity in phase
III trials based on its ability to improve PFS.[13] Nonetheless, this
is challenged by more recent trials including sorafenib as an
optional treatment in first-line therapies and as a standard
treatment which showed that, compared to other target agents
(TAs), sorafenib had no significant benefits in PFS in treating
mRCC.[14] Moreover, improvements in OS were not found when
using sorafenib as neoadjuvant therapy in patients with mRCC.
To make more rational choice of treatment for patients with

mRCC, we performed a meta-analysis of studies to evaluate the
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therapeutic effect and adverse effects of sorafenib compared to
other TAs in the treatment of mRCC.
2. Methods and materials

2.1. Ethical review

Ethics approval was waived because this study did not include
any human participants or animals.
2.2. Search strategy

Two investigators independently searched electronic databases:
PubMed, Embase, and the Cochrane Library up to September
2017. The process was established to identify all articles with the
keywords “renal cell carcinoma” AND “first line”, AND
“sorafenib”, and relevant Medical Subject Heading (MeSH)
terms were used. The reference lists of all articles that dealt with
the topic of interest were also manually checked for additional
relevant publications.
2.3. Eligibility criteria

Studies included in the meta-analysis should meet the following
criteria: studies were designed as randomized or nonrandomized
controlled trials comparing sorafenib with other TA-based
chemotherapy as a first-line treatment; studies enrolled patients
with mRCC and/or patients with advanced RCC; and the
outcomes of interest were efficacy (survival, tumor response) and
toxicity (incidence of severe adverse effects [SAEs]), and hazard
ratios (HRs) with corresponding 95% CIs were provided. For
duplicated or overlapped data in multiple reports, we just
included the one with most complete information.
2.4. Quality assessment

Two investigators separately rated the quality of the retrieved
studies. We chose the risk of bias items recommended by The
Cochrane Handbook for Systematic Reviews of Interventions.
2.5. Data extraction

Two authors independently extracted the relevant data from each
trial. Disagreement was revolved by consensus. From each of the
eligible studies, the main categories were based on the following:
family name of the first author, publication year, study type, trial
name, treatment regimen, and endpoint of interests. We extracted
the corresponding HRs and risk ratios to describe the strength of
the association for OS and PFS and dichotomous (overall
response rate (ORR) and SAE rate) data, respectively, with
corresponding 95% confidence intervals (CIs).
2.6. Statistical analysis

The endpoints of interest in the pooled analysis were OS, PFS,
ORR, and SAE data, and the endpoint outcomes were considered
as a weighted average of individual estimate of the HR in every
included study, using the inverse variance method. If HRs and
corresponding 95% CIs were reported, lnHRs and the
corresponding lnLLs and lnULs were used as data points in
pooling analysis. Meanwhile, if the study did not provide HRs or
95%CIs, the only available data were in the form of K–Mcurves.
Survival data were extracted from amplified K–M curves,
according to the methods described by Tierney et al.[15]
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A sensitivity analysis was also performed to examine the
impact on the overall results, depending on heterogeneity across
the included studies, which was examined the I2 statistic.[16]

Studies with an I2 of 25% to 50%, 50% to 75%, or >75% were
considered to have low, moderate, or high heterogeneity,
respectively.[17] When there was low heterogeneity among
studies, the fixed-effects model was used. Otherwise, the random
effects model was used. A P value less than .05 was considered
statistically significant. Statistical analyses were performed using
Review Manager version 5.3 software (Revman; The Cochrane
collaboration Oxford, United Kingdom). The findings of our
meta-analysis were shown in forest plots. The Begg test and the
Egger test were conducted to evaluate publication bias.
3. Results

3.1. Overview of literature search and study
characteristics

A total of 364 studies were retrieved initially for evaluation.
Based on the criteria described in the methods, 10 publications
were evaluated in more detail, but some did not provide enough
detail of outcomes of 2 approaches. Therefore, a final total of 5
randomized controlled trials [18–22] addressed the addition of
sorafenib to chemotherapy. The search process is described in
Figure 1.
All included studies in this study were based on moderate- to

high-quality evidence. Table 1 describes the primary character-
istics of the eligible studies in more detail.
3.2. Clinical and methodological heterogeneity
3.2.1. Pooled analysis of PFS comparing the addition of
sorafenib with chemotherapy. Pooled PFS data from all 5
studies[18–22] showed that other TAs prolonged PFS (OR=0.78,
95%CI=0.70–0.86, P<.001) compared with the chemotherapy
group (Fig. 2).

3.2.2. Pooled analysis of OS comparing the addition of
sorafenib with chemotherapy. A random-effects model was
used to pool the OS data,[19–22] since heterogeneity across the 4
studies was high. The pooled data showed that sorafenib plus
chemotherapy did not improve OS (OR=0.97, 95%CI=0.78–
1.22, P= .82) when compared with other TA treatments (Fig. 3).

3.2.3. Pooled analysis of ORR comparing the addition of
sorafenib with chemotherapy. The pooled ORR data[18–20] did
achieve advantage in the other TAs (OR=1.89, 95%CI=1.38–
2.59, P<.0001). In other words, the addition of sorafenib did not
increase the rate of ORR (Fig. 4).

3.2.4. Pooled analysis of AEs comparing the addition of
sorafenib with chemotherapy. Only 2 studies reported
available data on AEs,[18,20] so it was not possible to perform
meta-analysis. In Escudier et al’s study,[18] treatment-emergent
AEs of any grade were similar in both arms. Hutson et al [20]

showed that SAEs were reported in 64 (34%) of 189 patients
receiving axitinib, and 24 (25%) of 96 patients receiving
sorafenib.
4. Discussion

VEGF-targeted antiangiogenic agents have proven as the primary
mechanism for antitumor effects in RCC,[23–26] and it has been
the preferred therapeutic option for patients with mRCC.[4,5,27]



Figure 1. PRISMA flow chart of selection process to identify studies eligible for pooling.
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Sorafenib is the first TA and inhibits the VEGFR-2/PDGFR-beta
signaling cascade, and is a plausible alternative to front-line
immunotherapies for RCC.[13] In a randomized phase II trial of
sorafenib as a first-line therapy for mRCC,[18] patients in the
sorafenib arm of this study had a longer PFS than anticipated.
However, the efficacy of sorafenib used in cancer chemotherapy is
often associated with distinctive challenges due to negative first-
linedata andevidenceof the greater activityof sunitinib formRCC.
At present, sorafenib is included in ESMO’s guidelines as first-

and second-line therapies for patients with mRCC. However,
3

current clinical trials compare new targeted therapies with
sorafenib to achieve benefit in efficacies, and health-related quality
of life, while maintaining an acceptable safety profile. Sorafenib
appears to be challenged by newer targeted therapies.[28]

In our research, we performed a meta-analysis of all available
studies involving sorafenib as a first-line treatment of mRCC. In
our study, we demonstrated that combination of sorafenib did
not have advantages in ORR compared with TAs. This suggests
that the most significant advantage of other TAs compared with
sorafenib is their effectiveness in objective response.

http://www.md-journal.com
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Figure 3. Pooled analysis of overall survival comparing the addition of sorafenib with chemotherapy.

Figure 4. Pooled analysis of objective response rate comparing the addition of sorafenib with chemotherapy.

Figure 2. Pooled analysis of progression-free survival comparing the addition of sorafenib with chemotherapy.

Table 1

The primary characteristics of the eligible studies.

Study Trial Study type Sorafenib-based (N) Other ATs-based (N)

Bernard Escudier 2009 RCT Sorafenib-treated (97) IFN-2a–treated (92)
Robert J. Motzer 2013 TIVO-1 RCT Sorafenib-treated (257) Tivozanib-based (260)
Thomas E Hutson 2013 AGILE RCT Sorafenib-treated (96) Axitinib-based (192)
Hai-Liang Zhang 2017 Retrospective study Sorafenib-treated (483) Sunitinib-based (362)
Wen Cai 2017 Retrospective study Sorafenib-treated (100) Sunitinib-based (74)

RCT= randomized control trial.
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Moreover, PFS did not translate into a benefit. Multivariate
analysis revealed significant association between PFS and several
predictors such as demographic and clinical characteristics,
ECOG performance status, MSKCC score for risk, Heng risk
4

criteria, and the number of metastases. In Escudier et al study,
the intermediate MSKCC risk group showed a trend toward
improved PFS for sorafenib (HR, 1.16).Thus, sorafenib may be
beneficial for intermediate-risk patients, who constitute the
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majority of newly diagnosed patients. Moreover, there was a
positive trend of PFS that favored sorafenib in patients who had
liver metastases (HR, 1.52) and in patients who had bone
metastases (HR, 1.17). Bone metastasis and liver metastasis have
been shown as significant predictors for PFS. Moreover, it is
intriguing that ECOG performance status seemed to affect PFS of
patients with a combined use of axitinib or tivozanib, but not in
those receiving sorafenib.[23] However, it is worth noting that
ECOG performance status 0 and 1 are broad categories that
allow much clinical latitude and remain somewhat subjective. As
improved clinical[29] and molecular [30] prognostic categories are
developed, older classifications (e.g., ECOG performance status)
are likely to be replacedwithmore objective ones in future clinical
trials. Furthermore, the discrepancy of the PFS findings with
sorafenib therapy may be related to the diversity of patient
populations enrolled in each study differing in many aspects
related to prognosis and ethnicity. A Chinese study conducted by
Zhang et al[21] showed that superior efficacy of sorafenib in
Chinese patients with mRCC yielded PFS of 11.1 months, in line
with previous Chinese,[31] Korean [32,33] and Italian [34] studies.
However, the results from TIVO-1 trial suggested that treatment
with sorafenib as a first-line treatment yielded PFS of 9.1
months.[19] This suggests that patients with different prognostic
profiles need different approaches.
For the OS data that were reported, there were issues of

confounding due to crossover to differential use of next-line
targeted cancer therapies.[26] Both of these factors can underesti-
mate the difference between 2 treatments in a trial as the OS for
patients receiving the less efficacious treatment may be improved
by the addition of further treatments or theremay be some patient
populations included in the study too ill to receive treatment. It
may be more difficult to show the trend toward longer OS in the
sorafenib arm in recent studies due to the increased availability of
a number of poststudy treatment options over time. Finally, it has
been suggested that crossover treatments should be taken into
consideration as prognostic factor for OS.[35,36]

Although the efficacy of targeted therapies in terms of tumor
growth control at metastatic sites is definite, their AEs are often
major limitations. In the present study, we could have
hypothesized that sorafenib may have comparable toxicity
with TAs as a first-line therapy for mRCC. Previous studies
have shown that TA-related AEs were associated with different
ethnicities. Ye and Zhang[37] indicated that patients experi-
enced hand-foot syndrome, and significant difference was
found in favor of Chinese patients over Western patients with
sorafenib treatment. A Japanese study showed that hand-foot
syndrome was the most frequent AE and 10.7% patients had
SAEs.[5] The TARGET study indicated that diarrhea, rash,
fatigue, and hand-foot syndrome were common AEs in a
Western population and hypertension and cardiac ischemia
were SAEs in patients using sorafenib.[38] Therefore, a more
potent, highly selective inhibitor of TAs may improve
tolerability, and thus a comparison of safety in clinical practice
would provide important information for patient counseling
and option for subsequent lines of treatment.
Our study has several limitations. First and foremost, as this

study was a study-level meta-analysis, there is publication bias
leading to heterogeneity among included studies. The retrospec-
tive studies included had an inherent limitation, and differences in
patient comorbidities could not be incorporated in such an
analysis. Second, only 2 studies reported available data on AEs,
so we did not have access to predict efficacy in AEs.
5

5. Conclusion

This study demonstrates that other TAs have shown promising
response rates and PFS when compared to sorafenib. Sorafenib
showed an acceptable safety profile as a first-line therapy for
patients with mRCC. Over recent years, as much progress has
been achieved in understanding of molecular mechanism of
advanced RCC and development of new targeting drugs, the
overall efficiency of sorafenib is far from satisfactory.Meanwhile,
some studies indicated that sorafenib might retain a role in the
treatment of mRCC for some selected patients.
Therefore, the combination of these targeted drugs still

requires more studies and trials to identify its application. It
must be concluded that more research is needed to confirm
whether these new cancer therapies should replace sorafenib as
the gold standard in the future. Considering the physical
conditions of patients with advanced RCC, appropriate selection
of treatments is required to improve their quality of life.
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