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Abstract: Renal cell carcinoma (RCC) accounts for 3% of all malignancies, and is the most
aggressive cancer of the genitourinary system. Metastatic RCC is naturally resistant to chemo-
therapy and radiotherapy, and immunotherapy is of little benefit. In recent years, the emergence
of molecular-targeted therapies has largely changed the therapeutic approach to metastatic RCC.
These novel multikinase inhibitors have now become first-choice therapy because of their activ-
ity in inhibiting both cell proliferation and tumor angiogenesis. Sorafenib is the first tyrosine
kinase inhibitor found to be effective in treating patients with metastatic RCC. Due to its good
efficacy and safety, this agent is recommended as both first-line and second-line therapy for
metastatic RCC in the People’s Republic of China. Sorafenib seems to be more effective in
patients of Chinese ethnicity than in western patients, and is well tolerated with a manageable
toxicity profile, even at higher dosages and when used in combination with other anticancer
agents. Novel biomarkers for predicting the efficacy of sorafenib have potential clinical value
for guiding individualized targeted therapy.
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Introduction

Renal cell carcinoma (RCC) is the third most common malignancy of the genitourinary
system, accounting for about 3% of all adult malignancies and 2% of all cancer deaths.!
In the People’s Republic of China, the incidence of RCC has increased significantly
in the past 10 years, and is currently estimated to be six per 100,000 people per year.
Around 78,000 new cases occur each year, of which 19,500 (25%) are at a late stage
and 20,000 deaths occur each year due to this cancer.? In Shanghai, the incidence of
RCC reached 14.2 per 100,000 people in 2009, and became the ninth most common
malignancy in men.?

RCC is highly resistant to chemotherapy, and its response to cytokine therapy,
including high-dose interleukin-2 and/or interferon-alpha, is less than 20%.* Moreover,
the toxicity of cytokine therapy, particularly interleukin-2, makes this treatment only
appropriate for a small number of selected cases. For decades, the outcome for patients
with metastatic disease was dismal, and the 5-year overall survival rate was less than
10%, despite systemic treatment.’

Recently, treatment strategies for metastatic RCC have changed dramatically due
to the introduction of several new agents targeting tumor angiogenesis and intracel-
lular pathways mediating growth and proliferation. Among these agents are tyrosine
kinase inhibitors such as sorafenib, sunitinib, pazopanib, and axitinib; mammalian
target of rapamycin (mTOR) inhibitors such as temsirolimus and everolimus; and the
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anti-vascular endothelial growth factor (VEGF) monoclonal
antibody bevacizumab, usually given in combination with
interferon.®

Sorafenib (Nexavar®, Bayer Healthcare Pharmaceuticals,
Wayne, NJ, USA, and Onyx Pharmaceuticals, South San
Francisco, CA, USA) is a multi-targeting tyrosine kinase
inhibitor against VEGF receptors, platelet-derived growth
factor receptors, Fms-like tyrosine kinase 3, RET, and KIT,
as well as the RAF serine/threonine kinases B-RAF and
C-RAF. The efficacy of sorafenib in RCC has been confirmed
in Phase II and Phase I1I trials, leading to its approval by the
US Food and Drug Administration in December 2005 as
the first targeted agent to show clinical activity in RCC.%%10
Ten months later, sorafenib was approved by the State Food
and Drug Administration in the People’s Republic of China
as first-line/second-line treatment for advanced RCC. This
paper reviews the available data on the efficacy, safety, and
clinical application status of sorafenib in Chinese patients
with RCC.

Efficacy of sorafenib as first/second-
line treatment after cytokine
therapy in advanced RCC

Since December 2006, more than 4,000 Chinese patients
with advanced RCC have received sorafenib. Because most
patients in the People’s Republic of China cannot afford the
cost of continued sorafenib treatment, in April 2007, the
China Charity Federation accepted donations from Bayer
Healthcare Products Co, Ltd and established the Nexavar
(sorafenib) patient assistance program to enable more
patients with advanced RCC to have access to sorafenib. As
of May 2013, over 3,000 patients have been enrolled in this
program. After 3 months of treatment, patients who fit this
program are able to receive free sorafenib until progression
of their disease.

Most of the data on sorafenib in Chinese patients with
RCC have been reported retrospectively in local medical
journals, and only four studies have been published in
non-Chinese language journals or as abstracts of papers
presented at American Society of Clinical Oncology
meetings. In the first of these studies, Sun et al'® reported
the results of an open-label, multicenter, noncontrolled,
investigator-initiated trial in Chinese patients with advanced
RCC. The clinical benefit rate (complete response + partial
response + stable disease) was 84.2% in the 57 patients evalu-
ated, and the objective response rate (complete response +
partial response) was 21%. Median progression-free
survival was up to 41 weeks, but median overall survival

was not reached after a mean follow-up period of 40 weeks.
Subsequently, in 2009, Zhang et al'' reported similar results
in a study of 98 patients treated at two major centers in
Shanghai. Radiologically-confirmed complete response,
partial response, stable disease, and progressive disease
were observed in one (1%), 23 (23.5%), 62 (63.3%), and
12 (12.2%) patients, respectively. Median progression-free
survival was 60 weeks, but median overall survival was not
reached after a follow-up period of 76 weeks.

In 2012, Yang et al'? reported the outcome of sorafenib
therapy in Chinese patients with advanced RCC and from
Wauhan, the middle region of the People’s Republic of China.
Among the 30 patients treated, one had a complete response
(3.3%), four had a partial response (13.3%), 19 had stable
disease (63.3%), and six had progressive disease (20%). The
clinical benefit rate (complete response + partial response +
stable disease) was 80%, median progression-free survival
was 14 months, and median overall survival was 16 months.
Most recently, Guo et al'® provided data from patients with
RCC in the northeastern region of the People’s Republic
of China. Among the 131 patients who were available for
the survival analysis, median progression-free survival
and overall survival were 10.5 months and 16.1 months,
respectively. Comparison of the efficacy data for sorafenib in
Chinese patients with data from western patients reported in
the Phase IIl TARGET (Treatment Approach in Renal Cancer
Global Evaluation Trial) study’ shows that the objective
response rate (complete response + partial response) was
higher in Chinese patients and progression-free survival
seemed much longer, although the clinical benefit rate
(complete response + partial response + stable disease) was
similar. The ARCCS (Advanced Renal Cell Carcinoma
Sorafenib) program made sorafenib available to patients with
advanced RCC before regulatory approval in the US/Canada
(NA-ARCCS)" and European countries (EU-ARCCS),"
and the efficacy results were consistent with the TARGET
population, as shown in Table 1.

As sorafenib was recommended as one of the first-line
treatments for advanced RCC according to the Chinese guide-
line for RCC, some of the patients in the four studies had not
previously received cytokine therapy. In the study reported by
Zhang et al,!! the efficacy of sorafenib was similar regardless
of whether patients had received it as first-line treatment or
second-line treatment after cytokine therapy. These favor-
able outcomes in both objective response rate and survival
confirmed the efficacy of sorafenib in Chinese patients with
advanced RCC. Different efficacy profiles of other targeted
agents (sunitinib, pazopanib, and everolimus) between Asian
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Table | Efficacy of sorafenib as first-line treatment or second-line treatment after cytokine therapy in Chinese patients with advanced
renal cell carcinoma, with data from the TARGET study, NA-ARCCS program, and EU-ARCCS program in western patients included
for comparison®

Study Sample size Prior cytokine CR+PR CR+PR+SD PFS os
(n) therapy (%) (%) (%) (median) (median)

Sun et al'® (IIT, People’s 57 91.9 21.0 84.2 41 weeks -
Republic of China) (9.6 months)
Zhang et al'' (data from 98 39.7 245 87.8 60 weeks -
Shanghai) (15.0 months)
Yang et al'? (data from 33 45.5 16.7 80.0 60 weeks 69 weeks
Wuhan) (14.0 months) (16.0 months)
Guo et al'® (data from 101 822 36.6 88.1 45 weeks 69 weeks
Northeastern China) (10.5 months) (16.1 months)
Ye et al2 (A-PREDICT 1,033 - - - 42 weeks -
study)® (9.7 months)
TARGET study’ (data 433 100 10.2 84.0 24 weeks 76 weeks
from western patients) (5.5 months) (17.8 months)
EU-ARCCS' 1,159 67 4 85 28.3 weeks -

(6.6 months)
NA-ARCCS" 1,891 50¢ 4 84 24 weeks 50 weeks

(5.6 months) (1'1.7 months)

Notes: *Dosage in all studies is sorafenib 400 mg twice daily; ®96% of patients in this study were of Chinese ethnicity; ‘“NA-ARCCS indicate no clear percentage for cytokine
therapy, second line may also include bevacizumab/sunitinib/thalidomide/other agents treated patients.

Abbreviations: CR, complete response; lIT, investigator-initiated trial; OS, overall survival time; PFS, progression-free survival time; PR, partial response; A-PREDICT,
A Phase Il Study Of Axitinib In Metastatic Renal Cell Cancer in Patients Unsuitable for Nephrectomy; SD, stable disease; TARGET, Treatment Approach in Renal Cancer
Global Evaluation Trial; EU-ARCCS, European Renal Cell Carcinoma Sorafenib program; NA-ARCCS, North America Renal Cell Carcinoma Sorafenib program.

and western populations are listed in Table 2,'2! and it is may be the inherent differences between ethnic Chinese
difficult to determine the underlying mechanisms for these  and other ethnic groups. Data from other areas of Asia, such
differences. as Japan®*? and Korea,* have also shown better clinical

A potential explanation for the seemingly greater efficacy ~ outcomes in patients with advanced RCC treated using
of sorafenib in Chinese patients than in western patients  sorafenib in comparison with western patients. Differences

Table 2 Comparison of studies using targeted agents in advanced renal cell carcinoma from Chinese and western countries

Drug and study Sample Prior cytokine CR+ PR CR+PR+SD PFS os
size (n) therapy (%) (%) (%) (median) (median)
Sunitinib
People’s Republic of China 105 0 31.1% 76.7% 61.7 weeks 133.4 weeks
(A6181132)' (14.4 months) (31.1 months)
Registration study'’ 375 0 47% 87% 47.1 weeks I13.1 weeks
(I'l months) (26.4 months)
Pazopanib
Asian (COMPARZ)'® 188 0 - - 36 weeks -
(8.4 months)
EU and NA (COMPARZ)'® 349 0 - - EU 36.4 weeks -

(8.5 months)
NA 35.6 weeks
(8.3 months)

Registration study'? 290 47% 30% 68% 39.4 weeks 98.1 weeks
(9.2 months) (22.9 months)

Everolimus

People’s Republic of China® 64 - 5% 66% 29.6 weeks Not reached
(6.9 months)

Registration study? 277 - 1.8% 68.3% 21 weeks 63.4 weeks
(4.9 months) (14.8 months)

Abbreviations: EU, European Union; NA, North America; COMPARZ, Pazopanib Versus Sunitinib in the Treatment of Locally Advanced and/or Metastatic Renal Cell
Carcinoma; CR, complete response; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease.
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in expression of tumor markers and molecular features in
patients from different ethnic groups have been well docu-
mented for a number of malignancies, including lung cancer,
prostate cancer, breast cancer, and astrocytoma,>* and it
has been demonstrated that RCC may have different charac-
teristics and behavior in different ethnic groups.*® However,
whether ethnicity and associated differences in molecular
features are the major reason for the observed differences
in the efficacy of sorafenib needs further investigation.
A possible solution may be found by use of gene-profiling
technologies to detect differences between patients from
different ethnic backgrounds and different responses to
sorafenib. Single nucleotide polymorphisms in VEGF,
VEGF receptors, fibroblast growth factor receptors, and the
ABCBI gene have been found to be correlated with treatment
of advanced RCC;3!*2 however, there is no such evidence
for sorafenib in RCC. Studies of hepatocellular carcinoma
have shown that specific single nucleotide polymorphisms in
organic cation transporter-1 might reduce sorafenib uptake
and responsiveness,** and a similar mechanism may also
occur in patients with RCC. Therefore, some answers may
be obtained by comparing these potential single nucleotide
polymorphisms between different ethnic groups.

Sorafenib as second-line treatment

after prior sunitinib therapy

In a multicenter, randomized, open-label trial, Qin et al**
compared the progression-free survival times achieved
with axitinib and sorafenib administered as second-line
treatments. A total of 204 Asian patients with metastatic
RCC were randomly assigned (2:1) to 28-day cycles of
axitinib 5 mg twice daily or sorafenib 400 mg twice daily;
135 patients received axitinib and 69 received sorafenib.
Prior therapy included sunitinib (45%) or cytokines (53%).
The objective response rate was 23.7% with axitinib and
10.1% with sorafenib, and median progression-free survival
was 6.4 months with axitinib and 4.8 months with sorafenib,
which is quite similar to the findings of the AXIS (Compara-
tive effectiveness of axitinib versus sorafenib in advanced
renal cell carcinoma) study in which a median progression-
free survival of 6.7 months was reported with axitinib and
4.7 months with sorafenib.*® However, in a recent update
of data from the AXIS study,*® axitinib did not prove to
be superior to sorafenib in the analysis of overall survival;
median overall survival was 20.1 months (95% confidence
interval [CI] 16.7-23.4) with axitinib and 19.2 months (95%
CI 17.5-22.3) with sorafenib (P=0.3744). As a result of
these data and the National Comprehensive Cancer Network

guideline for RCC, sorafenib remains a treatment option for
patients with treatment failure on sunitinib.

Adverse effects of sorafenib

in Chinese patients

A systematic review of the adverse effects of sorafenib in
western patients was conducted by Bhojani et al.*” Hand-foot
skin reaction, rash, alopecia, mucositis, diarrhea, hyperten-
sion, fatigue, hypophosphatemia, and weight loss were the
most commonly reported toxicities.*® Grade 3 or 4 toxicities
(which have included hypophosphatemia) are uncommon.

The most common adverse events observed with sorafenib
in the studies of Chinese patients are shown in Table 3. The
overall incidence of adverse events with sorafenib has ranged
from <1% to 80%, and that of grade 3/4 toxicity from <1%
to 24%. In comparison with data for western patients reported
in the TARGET study,” Chinese patients seem to experience
more hand-foot skin reaction and alopecia. However, these
two adverse effects are not fatal and have always been man-
ageable, even in outpatients. A higher incidence of hand-foot
skin reaction was also seen in the sorafenib Asian-Pacific
trial in patients with hepatocellular carcinoma. Therefore,
Chinese patients may be more prone to the hand-foot skin
reaction caused by sorafenib. In several pooled safety analy-
ses of sorafenib in the treatment of solid tumors, including
RCC, and the severity of the skin reaction were statistically
correlated with the time to progression.’*#!

In the study by Zhang et al'' in Chinese patients with
metastatic RCC, grade 3 and 4 toxicities were observed in
35.7% of patients, and only nine (9.2%) terminated their treat-
ment because of drug-related adverse events. In A-PREDICT
(A Phase II Study Of Axitinib In Metastatic Renal Cell
Cancer in Patients Unsuitable for Nephrectomy), Ye et al*?
investigated the safety and efficacy of sorafenib in a large
subset of Asian patients (n=1,092, including 1,033 from the
People’s Republic of China) in daily clinical practice. Drug-
related adverse events were experienced by 35% of patients,
the most frequent being hand-foot skin reaction (21%),
diarrhea (7%), rash (7%), alopecia (5%), and hypertension
(3%). Serious drug-related adverse events were seen in less
than 2% of all patients, and only 3% discontinued sorafenib
due to drug-related adverse events. These results indicate that
sorafenib is well tolerated by Chinese patients with RCC.

Cardiotoxicity is seldom reported in patients treated with
sorafenib. Sun et al'® noted palpations in 17% of sorafenib-
treated patients, while Zhang et al'' reported one case of
angina on a combination of sorafenib and interferon therapy;
however, no angina events occurred with sorafenib alone.
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Bleeding events related to sorafenib have occurred in
some Chinese patients, although not in western patients
treated in the TARGET study.” Digestive tract hemorrhage
(4%, nasal or mucocutaneous hemorrhage (9%), hematuria
(4%), and hemoptysis (14%) were observed in the study by
Zhang et al.!'! Although uncommon, hemorrhagic events
could be lethal, so careful clinical monitoring is necessary.
Treatment with sorafenib should be suspended if gross bleed-
ing appears, and should not be resumed until it has abated.

Neoadjuvant and adjuvant sorafenib
therapy in Chinese patients
Neoadjuvant and adjuvant treatments

in RCC are not evidenced-based

and still experimental

Neoadjuvant therapy is usually used to downstage locally
advanced tumors and to improve survival in other malig-
nancies, such as breast cancer and rectal cancer. However,
its application in RCC has been limited, due to the minor
responses achieved with targeted agents in primary kidney
tumors.** Moreover, the toxicity associated with targeted
therapy, such as diarrhea, hypertension, fatigue, weight
loss, and coagulopathy, may affect subsequent surgical
treatment, and patients may experience more perioperative
complications.* In a study of sorafenib, Cowey et al** evalu-
ated the safety and feasibility of neoadjuvant therapy in the
preoperative setting, and observed a median decrease of 9.6%
in the size of primary tumors. Thus, preoperative sorafenib
therapy appears to be safe and feasible, and has the potential
to reduce the size and density of primary kidney tumors.
Unfortunately, there are no serial studies of the preopera-
tive use of targeted therapy in Chinese patients with locally
advanced RCC, although several case reports in Chinese
medical journals have provided data, albeit limited, on the
use of such therapy in the neoadjuvant setting.

The adjuvant use of targeted therapy after resection of
localized RCC is being investigated in view of the expecta-
tion that earlier targeted therapy interventions can decrease
the incidence of recurrence and metastasis, and therefore
increase the cure rate for localized RCC. Two Phase III
clinical trials are ongoing to determine the potential role of
sorafenib in the adjuvant setting. The primary endpoint for
both studies is disease-free survival. One of these studies,
the ASSURE (Adjuvant Sorafenib or Sunitinib for Unfavor-
able Renal Carcinoma) trial, compares sorafenib twice daily
continuously, sunitinib once daily for 4 weeks on and 2 weeks
off, and placebo in patients with resectable localized RCC,*

while the other, the SORCE (Sorafenib in Treating Patients at
Risk of Relapse After Undergoing Surgery to Remove Kid-
ney Cancer) trial, compares adjuvant sorafenib for one year,
adjuvant sorafenib for 3 years, and placebo in patients with a
high or intermediate risk of relapse after complete resection
of kidney tumors.*” As yet, no strong evidence-based data
are available from either of these studies.

Other Phase II clinical trials of adjuvant sorafenib or
sunitinib have been reported recently. Zhao et al*® evalu-
ated the efficacy and safety of targeted agents (sorafenib
and sunitinib) as postoperative adjuvant therapy in Chinese
patients with clear-cell RCC who were at high risk of dis-
ease recurrence. In this study, patients who received either
sorafenib (n=20) or sunitinib (n=23) for one year were com-
pared with 388 patients at high risk of disease recurrence
who did not receive adjuvant therapy. The recurrence rate
in the sorafenib and sunitinib groups was not significantly
different (15% and 17.4%, respectively), but was lower than
in the control group (38.7%). Disease-free survival was sig-
nificantly longer in the sorafenib and sunitinib groups than
in the control group (18.9£5.9 months and 16.916.1 months,
respectively, versus 13.317.2 months). This study provides
preliminary evidence of the efficacy of adjuvant sorafenib
therapy after radical nephrectomy in Chinese patients, and
suggests that sorafenib might have the potential to decrease
the recurrence rate and prolong disease-free survival in
high-risk patients in this setting. However, the sample size
of this study was rather small and the control group was an
historical population, which made it insufficient to support
clinical decision-making.

Dose escalation of sorafenib
after failure of treatment

at regular dosages

In 2009, Si et al* performed a preliminary study of sorafenib
dosage escalation after failure of conventional dosages in
Chinese patients with metastatic RCC. An increase in the
sorafenib dosage from 800 mg daily to 1,200 mg or 1,600 mg
daily achieved an objective response (complete response +
partial response) rate of 44% (7/16), and a disease control
rate (complete response + partial response + stable disease)
of 81% (13/16). In another study, Zhang et al** reported the
results for dose escalation of sorafenib to 600 mg twice daily
or 800 mg twice daily after failure of treatment at regular dos-
ages in 24 Chinese patients. The disease control rate achieved
in this study was 83.3% and median progression-free survival
was 5 months. Adverse effects were only slightly increased in
these patients. A large, globally-driven, dose-escalation study
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of sorafenib was also performed in 83 patients.”' A dosage
of sorafenib escalated above 400 mg twice daily appeared to
contribute greater clinical benefit. However, dose escalation
per protocol was not feasible for the majority of patients.
In 2012, Amato et al> reported the efficacy and toxicity
of escalated doses of sorafenib in patients with metastatic
RCC. In 44 patients who received sorafenib at dosages of
600-800 mg twice daily, the objective response (complete
response + partial response) rate reached 55% (24/44), and
median progression-free survival was 8.43 months. The
higher dosage of sorafenib led to better disease control with-
out a significant increase in adverse effects. In the People’s
Republic of China, most patients treated with sorafenib are
enrolled into the patient assistance program after 3 months
and obtain free treatment from the China Charity Federation.
If disease progression occurs, patients who have tolerated
regular dosages of sorafenib well can be considered for a
dosage increase to 600 mg twice daily, still at no charge.
Larger studies to verify the efficacy of sorafenib dose escala-
tion are planned.

Combination strategies
using sorafenib with other

anticancer agents

Although single-agent use of sorafenib has demonstrated a
survival benefit in patients with metastatic RCC, few patients
are cured and most patients will eventually become resistant
to it. In other malignancies, combination chemotherapy regi-
mens consisting of drugs with different antitumor activity
are commonly used, but whether combinations of sorafenib
and other anticancer agents are able to improve the efficacy
of treatment needs to be investigated. Several clinical trials
of sorafenib in combination with cytokines, gemcitabine,
capecitabine, bevacizumab, temsirolimus, everolimus,
panobinostat, or vorinostat have been conducted.

Full-dose sorafenib plus interferon was found to be
feasible in a Phase I study,” and two Phase II studies have
shown that this combination increases response rates but not
progression-free survival or overall survival.***> A random-
ized Phase II trial of sorafenib plus two different doses of
interferon has been investigated. Bracarda et al** reported that
sorafenib plus frequent low-dose interferon (3 mU five times
a week) showed good efficacy and tolerability, and interest-
ingly, a 6% complete response rate was reported with this
intriguing regimen, while in 2011, Procopio et al*® reported
that a combination of sorafenib and interleukin-2 (4.5 mU
five times a week) did not demonstrate improved efficacy
versus sorafenib alone. In a Phase IV trial of first-line therapy

with sorafenib in combination with interferon in Chinese
patients, Huang et al’’ found that the objective response rate
reached 32.8% (45/137), which was higher than the response
rate achieved with single-agent sorafenib in other studies,
but adverse effects were significantly increased with this
combination regimen.

Bevacizumab and temsirolimus are being investigated
in combination with sorafenib in patients with advanced
RCC in the BEST (Bevacizumab, Sorafenib Tosylate, and
Temsirolimus in Treating Patients With Metastatic Kidney
Cancer) trial.®® This four-arm, randomized, Phase II study
compares bevacizumab alone and in combination with tem-
sirolimus or sorafenib and also a combination of sorafenib
plus temsirolimus. Although the study aimed to detecta 67%
improvement in median progression-free survival in the three
combination therapy arms in comparison with single-agent
bevacizumab, none of the combination regimens achieved
this primary endpoint. Median progression-free survival
was 8.7 months with bevacizumab alone as compared with
7.3 months for bevacizumab plus temsirolimus (hazards
ratio 0.91, 95% CI10.68—1.23), 11.3 months for bevacizumab
plus sorafenib (hazards ratio 0.84, 95% CI 0.62—1.13), and
7.7 months for sorafenib plus temsirolimus (hazards ratio
1.11,95% C10.83-1.49). Objective response rates (complete
response + partial response) were 12% for bevacizumab
single-agent therapy versus 28% for bevacizumab plus
temsirolimus, 30% for bevacizumab plus sorafenib, and 27%
for sorafenib plus temsirolimus. Although bevacizumab plus
sorafenib achieved the longest progression-free survival and
highest response rate, no statistically significant differences
between the four study arms were found. Common toxicities
included hypertension, fatigue, hand-foot syndrome, and
diarrhea. Grade 3/4 adverse events and dose reductions
were more common in the combination therapy arms.
In the People’s Republic of China, combination therapy
with sorafenib plus bevacizumab is mostly applied as
second-line treatment in patients who have failed first-line
tyrosine kinase inhibitor therapy. Preliminary results from
a Phase II clinical trial of 24 patients who received this
combination (including 16 who had failed on single-agent
sorafenib, six who had failed on sunitinib, and two who had
failed on pazopanib) have been reported by Sheng et al.*
Sorafenib was given at a dosage of 400 mg twice daily and
bevacizumab at a dosage of 5 mg/kg every 2 weeks. The
objective response (complete response + partial response)
rate was 16.8% (4/24), the disease control rate (complete
response + partial response + stable disease) was 70.8%
(17/24), and median progression-free survival was 7 months.
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However, the efficacy of sorafenib plus bevacizumab needs
to be further verified before its widespread clinical use is
contemplated.

The outcomes of combination regimens of sorafenib
and cytotoxic agents in Chinese patients with RCC were
reported at the 2013 American Society of Clinical Oncol-
ogy meeting. Guo et al® conducted a multicenter Phase 11
clinical trial to investigate the efficacy in terms of overall
response rate and progression-free survival achieved
with a combination of gemcitabine, fluorouracil, and
sorafenib as first-line treatment in Chinese patients with
metastatic RCC. The regimen consisted of intravenous
gemcitabine 800 mg/m? (days 1 and 15) and fluorouracil
1,250 mg/m? by continuous intravenous infusion over
48 hours (days 1 and 15) every 28-day cycle, plus oral
sorafenib 400 mg twice daily (days 1-28) for four cycles,
followed by sorafenib monotherapy. In 52 patients who
received this regimen, partial response and stable disease
were achieved in 23 patients (44%) and 28 patients (54%),
respectively, and the disease control rate was 98%. The
6-month progression-free survival rate was 56.25%, but
median progression-free survival was not reached. Most
adverse events were grade 1 or 2, and included hand-
foot skin reaction (n=32), rash (n=24), diarrhea (n=23),
fatigue (n=13), and hypertension (n=4). Grade 3 adverse
events included hand-foot skin reaction (n=8), neutropenia
(n=13), thrombocytopenia (n=1), and pulmonary edema
(n=1). These preliminary results suggest that sorafenib
in combination with gemcitabine and fluorouracil may
improve response rates and progression-free survival in
Chinese patients, with acceptable adverse effects. Guo
et al®' also investigated anti-VEGF drugs combined with
gemcitabine-based chemotherapy in metastatic collecting
duct carcinoma. Four patients received sorafenib (400 mg
twice daily) and two received sunitinib (37.5 mg once
daily), both in combination with gemcitabine (1.0 g/m?
on days 1 and 8) and cisplatin (40 mg on days 1-3) every
28 days. One patient achieved a partial response and four
had stable disease, with a disease control rate of 83.3%
(5/6). Median progression-free survival and overall
survival were 3.5 months and 6.5 months, respectively.
Grade 3—4 toxicities included neutropenia (4/6), throm-
bocytopenia (2/6), hand-foot syndrome (1/6), and rash
(1/6). Although collecting duct carcinoma accounts for
less than 1% of kidney cancers, it is highly aggressive
with an extremely poor prognosis, and there is currently
no standard treatment for this disease. Nevertheless, this
small-sample trial has demonstrated modest antitumor

activity of sorafenib plus gemcitabine and cisplatin in
collecting duct carcinoma.

Prognostic and predictive
biomarkers for the efficacy

of sorafenib

A number of clinical and pathologic markers, such as prior
nephrectomy, anemia, serum calcium level, lactate dehydro-
genase, Karnofsky performance status, number of metastatic
sites, blood neutrophil levels, and blood platelet levels have
all been demonstrated to be of prognostic value in patients
with metastatic RCC treated with targeted drugs.®? Given
that there are few definitive biomarkers for predicting the
efficacy and toxicity of targeted agents, identifying potential
predictive and surrogate biomarkers in patients receiving
sorafenib and other targeted agents remains an area of active
investigation. A retrospective univariate analysis of base-
line plasma samples collected in a cohort of the TARGET
trial” suggested that VEGF (P=0.0024), carbonic anhydrase
IX (P=0.034), tissue inhibitor of metalloproteinase-1
(P=0.001), and RAS p21 (P=0.016) may be prognostic
biomarkers for overall survival. Further, tissue inhibitor of
metalloproteinase-1 remained prognostic for survival in a
multivariate analysis (P=0.002).%

Several Chinese investigators have made contributions
towards identifying predictive biomarkers for sorafenib
treatment. Recent studies have indicated that hypertension
and obesity predict a longer progression-free survival with
targeted therapy.**% In a study of 77 patients with metastatic
RCC treated with sorafenib or sunitinib, Chi et al®® found
that patients with primary hypertension had a longer median
progression-free survival than those with normal baseline
blood pressure (14.0 months versus 9.5 months, P=0.01),
and in a multivariable analysis, primary hypertension was
an independent predictor of progression-free survival. Mao
et al®” tested the polymorphisms in hypertension-associated
genes (angiotensinogen and VEGF) and obesity-associated
genes (apolipoprotein E), and showed that a polymorphism
in the promoter of the angiotensinogen gene (rs2493137)
might be associated with a better clinical outcome in patients
treated with sorafenib.

In another study, Guo et al®® used CXCR4 (a chemokine
receptor) to predict the efficacy of sorafenib in patients
with metastatic RCC. CXCR4 is implicated in the process
of metastasis in RCC, and previous studies have shown
that higher expression of CXCR4 predicts a higher rate of
metastasis and a poorer prognosis in patients with localized
RCC. In 58 patients with metastatic RCC who were treated
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Table 4 Potential biomarkers for patients with advanced renal cell carcinoma treated using sorafenib

Study Sample Pathologic Biomarker CR+PR+SD PFS
size (n) subtypes (%) (median)

Chi et al% 77 — Primary hypertension (+) — 14.0 months
Primary hypertension (-) 9.5 months

Mao et al®’ 57 - Angiotensinogen - Prolonged PFS
polymorphism (rs2493137)

Guo et al*® 26 - CXCR4 negative or lower - 20.0 months
expression 6.0 months
CXCR4 higher expression

Zhang et al® 83 Clear-cell ESR decreased group - 27.0 months
ESR stable group 12 months
ESR increased group 6 months

Zhang et al® 17 Sarcomatoid KIT (+) 75% 92 weeks (OS)
KIT (-) 25% 44 weeks (OS)

Abbreviations: OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease; n, number; CR, complete response.

with targeted drugs (26 with sorafenib, 23 with sunitinib, five
with pazopanib, two with CCI-779, and two with axitinib) as
first-line therapy, the progression-free survival of sorafenib-
treated patients with negative or low CXCR4 expression
was 20.018.0 months, while the progression-free survival of
patients with intermediate or high CXCR4 expression was
6.0+0.8 months (P=0.038). However, no such correlation
was found in the group of patients treated with sunitinib
(P=0.947). Thus, CXCR4 has a potential role in predicting
progression-free survival in patients treated with sorafenib.

Serum erythrocyte sedimentation rate (ESR) was mea-
sured by Zhang et al® in 83 patients with metastatic clear-cell
RCC. Forty-three (41%) patients had an ESR higher than
40 mm/hour. Median progression-free survival was 27 months
in the decreased ESR group, 12 months in the stable ESR
group, and 6 months in the increased ESR group. ESR was
an independent predictor for progression-free survival in a
multivariate Cox regression model analysis, indicating that
a dynamic change in ESR could be useful for monitoring
the treatment response and predicting progression-free sur-
vival in patients with metastatic RCC treated with sorafenib
as second-line therapy. Zhang et al™® also measured c-KIT
expression in 17 patients with metastatic sarcomatoid RCC
treated with sorafenib, and found that c-KIT-positive patients
had a higher disease control rate than c-KIT-negative patients
(75% versus 25%, respectively, P=0.036). Median overall
survival time was 92 weeks for c-KIT-positive patients and
44 weeks for c-KIT-negative patients (P=0.002). A multi-
variate Cox regression model analysis revealed that only
number of metastatic organs and c-KIT were independent
prognostic factors.

The abovementioned biomarkers are summarized in
Table 4.

Conclusion

Sorafenib is the first oral multikinase inhibitor to be
approved by the Chinese State Food and Drug Administra-
tion for the treatment of patients with advanced RCC. The
findings of the studies reviewed in this paper indicate that
sorafenib can be used as both first-line and second-line
treatment for Chinese patients with RCC. Sorafenib seems
to be more effective in Chinese patients than in western
patients, but causes relatively higher rates of some adverse
effects in Chinese patients. Studies in Chinese patients have
indicated that sorafenib can also be used safely at higher
dosages and in combination with other anticancer agents.
Overall, this targeted agent is well tolerated with a man-
ageable toxicity profile, even at higher dosages and when
used together with other agents. Ongoing research with
sorafenib may encourage its use in new strategies for the
treatment of RCC. Further, novel biomarkers may be used
to predict the efficacy of sorafenib and guide individualized
targeted therapy.
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