
ORIGINAL PAPER

Efficacy of sorafenib correlates with Memorial Sloan-Kettering
Cancer Center (MSKCC) risk classification and bone metastasis
in Chinese patients with metastatic renal cell carcinoma

Yushi Zhang1 & Yongqiang Li1 & Yi Cai1 & Ke Wang2 & Hanzhong Li1

Accepted: 14 September 2015 /Published online: 23 November 2015
# International Society for Cellular Oncology 2015

Abstract
Purpose Several prognostic models have been developed to
assess the efficacy and safety of sorafenib for metastatic renal
cell carcinoma (mRCC), but few studies have validated its use
in Chinese patients. The objective of this single center, single
arm retrospective study was to examine the efficacy and safety
of sorafenib and its related prognostic clinico-pathologic fac-
tors in Chinese mRCC patients.
Methods One hundred thirty four mRCC patients were en-
rolled. All patients received 400 mg of sorafenib orally twice
daily. The dose was subsequently adjusted in the event of
treatment-induced toxicity. Tumor response, progression-free
survival (PFS), overall survival (OS) and adverse events
(AEs) were determined.
Results The median PFS and OS were 10 months (1–
36 months) and 22months (2–37 months), respectively. Com-
plete, partial, and stable disease were observed in two
(1.49 %), 24 (17.91 %), and 99 (73.88 %) patients, respective-
ly. Hand/foot skin reactions, diarrhea and fatigue were the
most commonly observed AEs following sorafenib treatment.
Among the AEs, only 13 grades 3 and 4 were observed. Mul-
tivariate analysis revealed that independent predictive factors

for PFS included Eastern Cooperative Oncology Group
(ECOG) status, Memorial Sloan-Kettering Cancer Center
(MSKCC) risk status, and bone metastasis (all p<0.05). Fac-
tors associated with OS included MSKCC risk values, bone
metastasis and sorafenib-induced hypertension (all p<0.05).
Conclusion The introduction of sorafenib therapy for mRCC
in Chinese patients may lead to a favorable disease control
with acceptable tolerability. In addition, the parameters
predicting favorable outcomes, including ECOG status,
MSKCC risk status and bone metastasis, may have prognostic
value in clinical practice.
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1 Introduction

Renal cell carcinoma (RCC) accounts for the majority of renal
malignancies, of which 75 % are clear cell carcinomas [1, 2].
For patients with early-stage disease, surgery can be curative
[3]. Nearly 30% of the patients have metastatic RCC (mRCC)
at diagnosis [4], and another 25–30 % of the patients subse-
quently develop metastatic disease following resection with
curative intent [5]. The median survival of patients with
mRCC is approximately 8 months [6], whereas the overall
5-year survival rate of patients with RCC is less than 10% [7].

In addition to the high propensity of RCC to metastasize,
RCC is also highly resistant to conventional chemotherapy,
including cytokine therapy (i.e., interferon and interleukin-2),
as well as radiotherapy [6]. Thus, targeted systemic therapies
for mRCC, including sunitinib and pazopanib, are now the
gold standard for treatment. In addition, phase II and III trials
have shown the efficacy of sorafenib (BAY 43–9006), a multi-
kinase inhibitor of c-RAF, b-RAF, VEGFR-2 and PDGFR [8],
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as both a first- and second-line treatment option for patients
with mRCC [9–13]. However, most studies assessing the safe-
ty and efficacy of sorafenib have been conducted in North
America and Europe [13], whereas few studies have assessed
the efficacy of sorafenib in Chinese mRCC patients [14].

Given that the expression of small molecule targets can
vary in different ethnic groups, resulting in different disease
characteristics [15], it is important to assess the safety and
efficacy of treatments in different populations, especially giv-
en the fact that Zhang et al. [14] reported a higher proportion
of hand and foot skin reactions in their study population com-
pared to studies assessing sorafenib in Caucasian populations
[10, 11]. Thus, the objective of this single center, single arm
retrospective study was to examine the efficacy and safety of
sorafenib, as well as its associated prognostic clinico-
pathologic factors, in Chinese mRCC patients receiving
first-line sorafenib therapy. In addition to overall survival
(OS) and progression-free survival (PFS), the occurrence of
adverse events (AEs) was also examined.

2 Materials and methods

2.1 Patients

From June 2007 to December 2013, all cases of RCC treated
at the Peking Union Medical College Hospital were included
for analysis if they met the following inclusion criteria: (1)>
18 years of age, (2) diagnosed with pathologically proven
RCC, (3) advanced RCC with foci that could be evaluated
according to Response Evaluation Criteria in Solid Tumors
(RECIST) [16], (4) treated with sorafenib alone without other
anti-tumor therapy, and (5) sufficient organ function, which
was defined by routine blood tests (i.e., absolute neutrophil
count (NAC)≥1500 cells/mm3; platelet count≥75,000 cells/
mm3; hemoglobin (Hgb)≥9.0 g/dl), and by analyzing liver
and kidney functions (serum aspartate aminotransferase
(AST) and alanine aminotransferase (ALT)≤2.5-fold above
the upper limit of normal (ULN); total bilirubin≤1.5 ULN;
serum creatinine (Scr)≤1.5 ULN). Patients were excluded
from the study if they (1) received anti-angiogenic or other
anti-tumor therapy (i.e., radiotherapy and chemotherapy), (2)
had gastrointestinal dysfunction, including the inability to re-
ceive oral medication and requirement for intravenous nutri-
tion, and (3) were pregnant or breastfeeding. This study was
approved by the institutional review board of the Peking
Union Medical College Hospital, and informed consent was
obtained from each patient prior to enrollment in the study.

2.2 Sorafenib treatment protocol

All patients received an initial dose of 400 mg of sorafenib
orally twice daily. The dose was subsequently adjusted in the

event of toxicity. Patients with grade I and II toxicity
continued to receive 400 mg sorafenib orally twice daily.
For those with grade III toxicity, the dose of sorafenib
was reduced to 400 mg sorafenib daily at 8:00 am and
200 mg sorafenib daily at 16:00 pm. In patients with
grade IV toxicity, therapy was initially discontinued and
then resumed with 200 mg of sorafenib orally twice daily
when the side effects resolved.

2.3 Follow-up

All patients were routinely followed in outpatient care clinics
until their death or the end of our analysis at June 30, 2014. No
patients were lost at follow-up. The responses were evaluated
following RECIST guidelines [16].

2.4 Statistical analyses

Patients’ demographics, baseline characteristics and AEs were
summarized as n (%) for categorical variables and median
(range: min. to max.) for survival. A Kaplan-Meier survival
curve was used to analyze PFS and OS. Moreover, a Cox-
regressionmodel was applied to identify the factors associated
with PFS and OS. Results were presented as hazard ratios
(HRs) with corresponding 95 % confidence intervals (95 %
CIs). All statistical assessments were two-tailed, and p-values
<0.05 were considered significant. All statistical analyses
were performed using the SAS 9.0 statistical software package
(SAS Institute Inc., Cary, NC, USA).

3 Results

3.1 Patient outcome characteristics after sorafenib
treatment

A total of 134 patients (94 males and 40 females) with
mRCC that received sorafenib were included for evalua-
tion. The patients’ demographics and baseline characteris-
tics are listed in Table 1. The median age of the patients
was 59.8 years (range: 22–82 years). 53 of the patients
(39.6 %) died during the study period (Table 1). The
median PFS and OS were 10 months (range: 1–36 months)
and 22 months (range: 2–37 months), respectively (Fig. 1a
and b). As shown in Table 2, 26 (19.40 %) patients ex-
hibited a response to sorafenib treatment. Specifically, two
patients (1.49 %) achieved a complete response and 24
patients (17.91 %) achieved a partial response. In addition,
99 patients (73.88 %) showed stable disease and 9 patients
(6.72 %) showed disease progression (Table 2).
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3.2 Occurrence of adverse events (AEs) after sorafenib
treatment

As shown in Table 3, all mRCC patients experienced hand/
foot skin reactions after sorafenib treatment. Diarrhea and fa-
tigue were the second and third most commonly observed
AEs, occurring in 76.87 % and 30.60 % of the patients, re-
spectively. Among the AEs, 11 patients (8.21 %) showed
grades 3 and 4 hand/foot skin reactions. However, only two
patients (1.49 %) showed grades 3 and 4 diarrhea, and no
patient showed grade 3 fatigue (Table 3). Furthermore, no
patient terminated the treatment prematurely due to toxicity.

3.3 Factors associated with survival in mRCC patients
treated with sorafenib

Next, we analyzed the patients’ demographics and baseline
characteristics associated with PFS and OS by multiple Cox
regression analysis. As shown in Fig. 2a, PFS was associated
with an Eastern Cooperative Oncology Group (ECOG) [17]
performance status of 1 (vs. 0), Memorial Sloan-Kettering
Cancer Center (MSKCC) [18] risk groups of 3 (vs. 1), and
bone metastasis (vs. no bone metastasis) (all p<0.05). How-
ever, no association was observed between PFS and MSKCC
values of 2 (vs. 1). Similarly, OSwas associated withMSKCC
values of 3 (vs. 1), bone metastasis (vs. no bone metastasis),
and sorafenib-induced hypertension (vs. no hypertension) (all
p<0.05; Fig. 2b). Among the 31 patients with non-clear-cell
histology, 13 patients (41.9 %) had deceased by the end of the
study and 24 patients (77.4 %) showed disease progression.
The median OS and PFS times were 20 months (range: 2–
70 months) and 9 months (range: 2–36 months), respectively
(Fig. S1).

4 Discussion

Despite advances in the development of multiple targeted sys-
temic therapies for mRCC, its prognosis remains poor. Nev-
ertheless, the median OS of mRCC patients has increased
from 10 months in the era of cytokines to about 30 months
in the more recent era of targeted therapies [19]. Although
studies have shown the efficacy and safety of sorafenib as both
first- and second-line treatment options for mRCC [9–13],
only few have specifically analyzed its effects in Chinese pa-
tients [14]. In this single center, single arm retrospective study
of 134 Chinese mRCC patients, the median PFS and OS were
10 and 22months, respectively. In addition, sorafenib induced
a response in 19.40 % of the patients with stable disease,
which was observed in 73.88 % of the cases, and only a few
grade 3 or 4 toxicities were noted. Thus, as reported by Zhang
et al. [14], sorafenib was found to be both efficacious and
well-tolerated by Chinese mRCC patients.

Table 1 Demographic and baseline characteristics of 134 mRCC
patients

Variable N=134

Age

<60 y 65 (48.5)

≥60 y 69 (51.5)

Male sex 94 (70.2)

ECOG performance status

0 16 (12.0)

1 89 (66.4)

2 26 (19.4)

3 3 (2.2)

MSKCC

Low risk 32 (23.9)

Intermediate risk 88 (65.7)

High risk 14 (10.4)

Metastatic sites

Lung 72 (53.7)

Liver 6 (4.5)

Bone 30 (22.4)

Lymph node 25 (18.7)

Brain 5 (3.7)

Adrenal 13 (9.7)

Local recurrence 8 (5.9)

Others (liver was not considered) 10 (7.5)

No. of metastatic sites

1 88 (66.7)

2 25 (18. 6)

≥3 21 (15.7)

Inferior vena cava tumor thrombus

Yes 8 (5.9)

No 126 (94.1)

Previous therapy

Cytokine 73 (54.5)

Others (No Immunotherapy) 61 (45.5)

Nephrectomy

Yes 103 (76.9)

No 31 (23.1)

Histology

Clear cell 103 (76.9)

Non-clear cell 31 (23.1)

Survival status

Alive 81 (60.4)

Dead 53 (39.6)

PFS status

PFS 82 (61.2)

No 52 (38.8)

Survival, median (range: min to max) y 22 (2 to 37)

Data represent N (%) for categorical variables

ECOG, Eastern Cooperative Oncology Group; PFS, progression free
survival
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The results of the present study indicate that the median
PFS was 10 months. In addition, complete, partial, and stable
disease were observed in two (1.49 %), 24 (17.91 %), and 99
(73.88%) of the patients, respectively. The two patients with a
complete response, a 59-year-old male and a 69-year-old

female, had clear cell carcinomas, ECOG statuses of 1 and 2
and moderate MSKCC classifications. The outcomes ob-
served in the present study are better than those in previous
studies that assessed the efficacy of sorafenib in Caucasian
patients [10, 11, 20, 21]. Specifically, among patients previ-
ously treated with immunotherapy, those treated with sorafe-
nib had an improved median PFS of 5.5 months compared to
2.8 months in the placebo group [10]. In addition, in patients
receiving sorafenib as first-line treatment, the median PFSwas
5.7 months as compared to 5.6 months in patients treated with
interferon [11, 21]. Our results were similar to a Phase II
Japanese study that reported a PFS of 32 weeks with sorafenib
[22], but lower than the 60 week median PFS reported in
Chinese patients by Zhang et al. [14]. This latter discrepancy
may be due to differences in previous treatments received by

Fig. 1 mRCC patient survival
after sorafenib treatment. Kaplan-
Meier curves of (a) progression-
free-survival (PFS) and (b)
overall survival (OS) for 134
mRCC patients after sorafenib
treatment

Table 2 Summary of
the response of mRCC
patients to sorafenib
treatment

Response N=134

Complete response 2 (1.49)

Partial response 24 (17.91)

Stable disease 99 (73.88)

Disease progression 9 (6.72)

Data were summarized as N (%) of patients
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the patients, since 39 (39.8 %) patients in the study by Zhang
et al. received sorafenib as second-line treatment [14]. In ad-
dition, 16 (16.3 %) patients in the study by Zhang et al. re-
ceived concurrent cytokine therapy [14]. Further studies with
larger numbers of patients are needed to examine the efficacy

as well as tolerability of administering cytokine therapy along
with sorafenib as first-line treatment for mRCC. In the
ROSORC trial [23] that included 128 Italian patients with
mRCC, no difference in PFS was observed between patients
receiving sorafenib alone versus those administered sorafenib
plus interleukin-2. However, response to combination therapy
may differ by ethnicity and, therefore, these observations war-
rant further analysis.

In mRCC patients treated with sunitinib, hypertension has
been found to be associated with clinical outcome [24]. Its
relation with ECOG status has previously been associated
with disease control following sorafenib treatment in Chinese
patients [14], and the latter authors suggested that ECOG sta-
tus may be reflective of a better tolerance to treatment. Until
now, the most frequently used predictive model for patients
with mRCC was the MSKCC model developed by Motzer
[18], which categorizes patients into favorable-, intermediate-,
and poor-risk groups, according to the number of adverse
factors, time from diagnosis to start of systemic therapy of
less than 1 year, elevated serum LDH level, high corrected
serum calcium level, anemia and low performance status. In
2009, Heng et al. [25] confirmed the prognostic factors for OS
in patients receiving VEGF-targeted agents and internally val-
idated a model that relies on 4 of the 5 Motzer criteria (i.e.,
high serum corrected calcium level, low hemoglobin level,
low Karnofsky performance score and time from diagnosis
to therapy of less than 1 year) in addition to absolute neutro-
phil and platelet counts greater than ULN and, subsequently,
validated these factors in a population-based study in 2013
[26]. In the present study, multivariate analysis revealed that
the independent predictive factors for PFS included ECOG
status, MSKCC risk status and bone metastasis. Factors asso-
ciated with OS included MSKCC risk values, bone metastasis
and sorafenib-induced hypertension. The association of the
MSKCC risk classification with both PFS and OS is similar
to that observed in mRCC patients treated with sunitinib and
cytokine as first-line therapy [27]. Further studies will be

Table 3 Summary of the adverse
events of patients after sorafenib
treatment

Variable *Grades 1–4 (N=134) †Grades 3 and 4 (N=15)

Hand/foot skin reaction 134 (100) 11 (8.21)

Diarrhea 103 (76.87) 2 (1.49)

Fatigue 41 (30.60) 0 (0)

Hypertension 26 (19.40) 0 (0)

Dermatosis of the skin or mucous membranes 26 (19.40) 0 (0)

Elevated transaminase 16 (11.94) 1 (0.75)

Alopecia 14 (10.45) 0 (0)

Loss of appetite 7 (5.22) 0 (0)

Leukopenia 2 (1.50) 1 (0.75)

*Data represent N (%) of patients
†Data calculated as N (%) of patients for given specific adverse events

Fig. 2 Factors associated with survival in mRCC patients treated with
sorafenib. Cox multiple regression analysis of patients’ demographics
and baseline characteristics associated with (a) progression-free survival
(PFS) and (b) overall survival (OS). HR, hazard ratio; 95 %CI, 95 %
confidence interval of HR. *p<0.05, significantly associated with PFS
or OS
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aimed at examining the International mRCC Database Con-
sortium (IMDC) criteria and their association with survival in
Chinese mRCC patients treated with sorafenib.

The results of the current study revealed that hand/foot skin
reactions, diarrhea and fatigue were the most commonly ob-
served AEs following sorafenib treatment. The treatment was,
however, generally well-tolerated as only 13 grade 3 and 4
AEs were observed. These observations are consistent with
those reported by Zhang et al. [14] in patients that received
sorafenib as first- or second-line treatment, but are in contrast
to some studies in which up to 9 % of the patients had to
discontinue the treatment due to drug-related toxicity [7, 28].
Of note, all of the patients in the present study experienced
low-grade hand/foot skin reactions in response to sorafenib
treatment. In a small Japanese study of mRCC patients, this
reaction was found to serve as an independent predictive fac-
tor for a better clinical outcome as determined by MSKCC
risk classification, tumor response, and PFS [29]. In a national
registry-based study carried out in the Czech Republic hand/
foot skin reaction was, however, not found to be associated
with PFS or OS [30], suggesting that this reaction may be an
independent predictive factor only in patients with specific
ethnicities.

The present study has the following limitations that warrant
further discussion. Firstly, this was a single arm, retrospective
study of a relatively small cohort of patients from a single
center in China, which limits the generalizability of the results
and may account for the low toxicity observed. Furthermore,
the impact of co-administration of low-dose interferon was not
ascertained in the present study. In addition, our study did not
address the prognostic value of molecular markers for mRCC.
Therefore, a multi-center prospective investigation of conven-
tional clinico-pathological parameters in addition to bio-
markers in a large number of mRCC patients receiving soraf-
enib as first-line therapy is required to confirm the results of
the present study.

5 Conclusion

In conclusion, this retrospective study confirms that introduc-
tion of sorafenib as first-line therapy in Chinese mRCC pa-
tients can lead to favorable disease control with acceptable
tolerability. In addition, we identified the prognostic parame-
ters for predicting outcomes in Chinese mRCC patients re-
ceiving sorafenib as first-line therapy, which may be useful
for defining prognosis in clinical practice.
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