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Background: Aberrant CXC chemokine receptor 4 (CXCR4) expressions in malignant tissues have been reported; however, its role
in kidney cancer prognosis remains unknown. The aim of this study was to determine the prognostic value of CXCR4 expression in
patients with clear-cell renal cell carcinoma (ccRCC).

Methods: The study included 225 patients with ccRCC. The cohort was split into a training set (n¼ 125) and a validation set
(n¼ 100). CXC chemokine receptor 4 expression was analysed by immunohistochemical staining and its correlations with
clinicopathologic features and prognosis were evaluated.

Results: CXCR4-staining intensity increased gradually accompanied with disease progression from TNM stages I to IV in 225
patients with ccRCC. Moreover, high CXCR4 expression indicated reduced overall survival (OS) in the training (Po0.001) and
validation (Po0.001) sets, especially for patients with early-stage (TNM stage Iþ II) diseases. Furthermore, CXCR4 expression was
identified as an independent prognostic factor for OS, and combining TNM stage with CXCR4 expression showed a better
prognostic value for OS in both sets.

Conclusions: High CXCR4 expression, an independent adverse prognostic factor, could be combined with TNM stage to
generate a predictive nomogram for clinical outcome in patients with ccRCC.

Renal cell carcinoma (RCC), which has an incidence of 63 920 new
cases and B13 860 deaths annually in the United States, accounts
for 2–3% of all malignant diseases in adults (Siegel et al, 2014). Its
major histologic subtype is clear-cell RCC (ccRCC), with a
proportion of 70–85% in RCC (Escudier et al, 2012). About
20–40% localised ccRCC relapse even after curative nephrectomy,
usually leading to incurable disease (Stewart et al, 2011). Metastatic
RCC, characterised by high resistance to radiotherapy and
chemotherapy, has a poor prognosis, with a 5-year survival rate
ranging from 0–20% (Figlin, 1999).

TNM stage, Fuhrman grade, and Eastern Cooperative
Oncology Group performance status (ECOG-PS) remain the
most commonly used predictors of clinical outcome for patients
with RCC. Integrated systems, such as University of California
Integrated Staging System (UISS), and Mayo Clinic stage, size,
grade and necrosis (SSIGN) score are also used to predict
clinical outcome. In ccRCC, patients with similar clinical and
pathological features may have diverse outcomes. Improved
predictors of survival of RCC are needed (Eichelberg et al, 2009;
Sun et al, 2011).
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In ccRCC, inactivation of the von Hippel-Lindau gene is a
landmark. However, it failed to interpret the diverse biological
behaviours of ccRCC. The CXC chemokine receptor 4 (CXCR4)
and its chemokine ligand 12 (CXCL12) are two key factors in the
cross-talking between cancer cells and their microenvironment,
which makes them promising therapeutic targets for cancer. They
were first defined as regulators of lymphocyte trafficking and
localisation of B cells (Burger et al, 1999; Mohle et al, 1999).
Currently, CXCR4 overexpression is found in more than 20 human
tumour types, including ovarian cancer (Hall and Korach, 2003),
prostate cancer (Taichman et al, 2002), oesophageal cancer
(Kaifi et al, 2005), melanoma (Kim et al, 2008), neuroblastoma
(Geminder et al, 2001), and RCC (Zagzag et al, 2005; D’Alterio
et al, 2010a). A growing number of evidence have shown that the
CXCR4/CXCL12 axis has a vital role in tumour proliferation,
survival, and metastasis (Teicher and Fricker, 2010; Cho et al,
2013). CXCR4 has also been validated to be a prognostic predictor

in various cancer types, such as breast cancer (Mendeloff and
Burns, 2012), prostate cancer (Jung et al, 2011), and melanoma
(Scala et al, 2005).

In this study, we sought to explore the clinical and prognostic
value of CXCR4 in ccRCC. Our results demonstrated that high
expression of CXCR4 was associated with a poor prognosis in
patients with ccRCC. CXCR4 can further stratify early-stage
ccRCC (TNM stage Iþ II) patients into two risk groups with
significantly different overall survival (OS). In addition, the
predictive accuracy of the TNM stage was improved when CXCR4
expression was incorporated.

MATERIALS AND METHODS

Patients and clinical database. We recruited 225 ccRCC patients
undergoing nephrectomy at the Zhongshan Hospital, Fudan

Table 1. Correlations between CXCR4 expression and clinical characteristics in ccRCC patients

Training set (n¼125) Validation set (n¼100)

Patients CXCR4 expression Patients CXCR4 expression

Characteristic No. % Low High P No. % Low High P

Mean age, years

Mean±s.d. 57.6±12.7 55.9±12.4 59.0±12.9 0.166 60.5±11.5 59.4±11.3 62.0±11.7 0.266

Gender 0.705 0.687

Female 41 32.8 20 21 35 35.0 38 27
Male 84 67.2 38 46 65 65.0 19 16

Tumour size, cm

Mean±s.d. 5.1±2.8 4.5±2.3 5.7±3.1 0.010 5.1±2.8 4.5±2.6 5.7±2.9 0.037

T stage 0.239 0.234

T1 77 61.6 40 37 65 65.0 41 24
T2 16 12.8 5 11 10 10.0 5 5
T3 32 25.6 13 19 24 24.0 11 14

N status 1.000 0.576

N0 122 97.6 57 65 97 97.0 56 41
N1 3 2.4 1 2 3 3.0 1 2

M status 1.000 1.000

M0 122 97.6 57 65 95 95.0 54 41
M1 3 2.4 1 2 5 5.0 3 2

TNM stage 0.314 0.173

I 85 68.0 44 41 69 69.0 43 26
II 26 20.8 10 16 17 17.0 8 9
III 11 8.8 3 8 10 10.0 3 7
IV 3 2.4 1 2 4 4.0 3 1

Fuhrman grade 0.484 0.175

1 28 23.2 15 13 22 22.0 12 10
2 47 36.8 24 23 40 40.0 27 13
3 36 28.8 14 22 28 28.0 15 13
4 14 11.2 5 9 10 10.0 3 7

Tumour necrosis 0.115 o0.001

Absent 77 61.6 40 37 56 56.0 41 15
Present 48 38.4 18 30 44 44.0 16 28

ECOG-PS 0.097 0.128

0 81 64.8 42 39 62 62.0 39 23
X1 44 35.2 16 28 38 38.0 18 20

Abbreviations: CXCR4¼CXC chemokine receptor 4; ECOG-PS¼Eastern Cooperative Oncology Group performance status.

BRITISH JOURNAL OF CANCER CXCR4 in ccRCC

2262 www.bjcancer.com | DOI:10.1038/bjc.2014.179

http://www.bjcancer.com


University, Shanghai, China, between 1999 and 2006. This study
was approved by the hospital’s ethics committee and informed
consent was obtained from each patient. Inclusion criteria included
the following: no history of previous anticancer therapy, no history
of other malignancies, patients after radical or partial nephrect-
omy, and histopathologically proven ccRCC. Exclusion criteria
were as follows: mixed type of primary renal cancer as confirmed
histopathologically, tumours with necrosis 480%, and patients
who died within the first month after surgery due to surgical
complications. Computer-generated random numbers were used to
assign 125 of these patients to a training set, and 100 patients to a
validation set. Patients’ baseline clinical and pathological data and
information about disease outcome, including date of death or last
follow-up, were recorded. Tumour size was recorded as the longest
diameter described in the pathology report. Tumour necrosis was
defined as microscopic coagulative necrosis and was recorded as
either present or absent. Presence of nodal and metastatic disease
was defined according to intraoperative, pathologic, and radio-
graphic findings. Patients were staged using radiographic reports
and postoperative pathological data and were reassigned according
to the 2010 AJCC TNM classification (Edge and Compton, 2010).
Patients were followed up postoperatively with physical examina-
tions, laboratory studies, chest imaging, and abdominal ultrasound
or CT scans every 6 months for the first 2 years and annually
thereafter for 5 years. We calculated OS from the date of
nephrectomy to the date of death from all causes.

Immunohistochemistry. Immunohistochemical staining was per-
formed on tissue microarray (TMA). Tissue microarrays were
established as previously described (Zhu et al, 2008). Primary
antibody against human CXCR4 (1 : 400 dilution, R&D systems,
Minneapolis, MN, USA) was applied in the procedure. The
sections were heated at 70 1C for 1 h, dewaxed in xylene, and
dehydrated through a gradient concentration of alcohol. After
retrieving and blocking the endogenous peroxidase and non-
specific staining with 3% (v/v) HR2ROR2R and normal goat
serum, the sections were incubated with anti-CXCR4 antibody
overnight at 4 1C. The slides were then incubated with HRP-
conjugated goat anti-mouse IgG secondary antibody for 10 min at
37 1C. Finally, the sections were visualised by DAB solution
(DAKO, Carpinteria, CA, USA) and counterstained with haema-
toxylin (DAKO). Staining intensities and percentages of positive
tumour cells were scored independently by two pathologists who
were blind to the patients’ outcome. A five-staged score (0, 1, 2, 3,
and 4) was deducted from these two parameters according to a
previously described scheme (Went et al, 2005).

Statistical analysis. For statistical analyses, CXCR4 staining was
dichotomized into two groups (high (scores 0, 1, and 2) and low
(scores 3 and 4)). We compared two groups using w2 or Fisher’s
exact test for categorical variables and the t-test for continuous
variables. Survival curves were established using the Kaplan–Meier
method, and log-rank test was applied to compare the difference
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Figure 1. CXCR4 expression in ccRCC tissues. CXCR4 expression in TNM stage I (A), TNM stage II (B), TNM stage III (C), TNM stage IV (D). Scale
bar¼50.0mm. Frequencies of CXCR4 expression level in each TNM stage (E), TNM stage Iþ II and IIIþ IV (F).
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between the curves. The Cox proportional hazards regression
model was applied to perform univariate and multivariate analyses,
and those parameters that demonstrated a statistically significant
effect on OS in the univariate analysis were included in the
multivariate analysis. The sensitivity and specificity for the
prediction of OS were analysed by receiver operating characteristic
(ROC) curves. The area under the curve (AUC) was used to
measure prognostic or predictive accuracy. Data were analysed
using SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, USA). All
statistical tests were two-sided and statistical significance was set at
0.05. We used the R software version 3.0.2 and the ‘rms’ package
(R Foundation for Statistical Computing, Vienna, Austria) to
perform the nomogram analysis.

RESULTS

Immunohistochemical CXCR4 intensity and its association with
pathological characteristics. The characteristics of patients were
listed in Table 1. The median follow-up was 62 months (range: 7–116
months) and 68 months (range: 8–117 months) for the training and
validation sets, respectively. The two sets were well matched for
pathological characteristics. CXCR4-positive staining was predomi-
nantly located in the nuclei of tumour cells. A total of 53.6% (67 of
125) and 43% (43 of 100) tumours were scored as high CXCR4
expression in the training and validation sets, respectively. CXCR4-
staining density increased gradually accompanied with disease
progression from TNM stage I to IV (Figure 1A–D), even though
the correlation did not reach significant difference (Figure 1E and F).
CXCR4 expression was significantly associated with tumour size
(P¼ 0.010 and P¼ 0.037, respectively; Table 1). Additionally, in the
validation set, CXCR4 expression was associated with tumour
necrosis (Po0.001; Table 1).

Prognostic value of CXCR4 intensity for clinical outcome of
ccRCC patients. We applied Kaplan–Meier survival analysis to
compare OS according to the CXCR4 expression. Patients with
high CXCR4 expression had a significantly poorer OS than those
with a low CXCR4 expression in the two sets (Po0.001 and
Po0.001, respectively; Figure 2A and D). We further examined
whether CXCR4 expression could stratify patients with early-stage
and late-stage (stage IIIþ IV) diseases. When the analysis was
restricted to early-stage RCC, patients could be significantly
stratified by CXCR4 expression (P¼ 0.001 and P¼ 0.002, respec-
tively; Figure 2B and E). However, the CXCR4 expression was not
predictive in late-stage RCC in our study (P¼ 0.162 and P¼ 0.270,
respectively; Figure 2C and F).

To investigate whether CXCR4 expression was an independent
prognostic predictor of OS, univariate and multivariate analyses
were performed. As shown in Table 2, univariate analysis
demonstrated that CXCR4 was significantly associated with OS
in the training set (HR 4.32, 95% CI 1.98–9.42, Po0.001, ) and
validation set (HR 3.57, 95% CI 1.69–7.56, P¼ 0.001). Further-
more, multivariate analysis showed that CXCR4 remained an
independent prognostic indicator for OS in the training set (HR
3.38, 95% CI 1.49–7.68, P¼ 0.004) and validation set (HR 2.88,
95% CI 1.26–6.59, P¼ 0.012), as did TNM stage (P¼ 0.002
and Po0.001, respectively), Fuhrman grade (Po0.001 and
P¼ 0.002, respectively), and ECOG-PS (P¼ 0.047 and P¼ 0.015,
respectively).

Extension of the TNM stage prognostic model with CXCR4
intensity for ccRCC patients. On the basis of above-mentioned
findings, we investigated whether incorporation of the
CXCR4 expression into the TNM stage would improve its
predictive accuracy. The combination of CXCR4 expression and
TNM stage (AUC 0.774 and AUC 0.804, respectively) showed a
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Figure 2. Kaplan–Meier analysis of OS according to the expression of CXCR4 in patients with ccRCC. Kaplan–Meier analysis of OS of all
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better prognostic value than TNM stage alone (AUC 0.702,
P¼ 0.045; AUC 0.719, P¼ 0.003, respectively) or CXCR4
expression alone (AUC 0.688, P¼ 0.005; AUC 0.689, P¼ 0.038,
respectively) in both sets (Figure 3A and B). Finally, we
constructed a nomogram to predict OS at 3, 5, and 10 years,
with a predictive accuracy of 88.9, 85.6, and 83.8%, respectively
(Figure 3C). Our results rising from the training set yielded
a multivariate model, which constituted the basis of the
nomogram. The predictors included TNM stage, ECOG-PS,
Fuhrman grade, and CXCR4 expression, all of which were
independent prognostic indicators for OS in multivariate
analysis in the training set.

DISCUSSION

Our study confirms the biologic and prognostic significance of
CXCR4 for patients with ccRCC and provides support for their use

to stratify patients with different prognoses after nephrectomy.
Chemokine receptors form a superfamily that can mediate
chemotaxis of cells towards a gradient of chemokine. CXCR4 is a
G protein-coupled chemokine receptor (Caruz et al, 1998). It exerts
its biological effect by binding to its ligand CXCL12, activating the
downstream protein kinase B (AKT)/mitogen-activated protein
kinases (MAPKs) signalling pathway (Teicher and Fricker, 2010).
The previous studies demonstrated that CXCR4 was mediated by
the hypoxia-inducible transcription factor (HIF) pathway and had
a critical role in tumour initiation and metastasis in patients with
RCC (Staller et al, 2003; Vanharanta et al, 2013). A recent paper
reported that galectin-1 could promote tumour progression
through upregulation of CXCR4 via NF-kB in RCC (Huang
et al, 2014). In this study, CXCR4-positive staining was
predominantly located in the nuclei of ccRCC. However, Zagzag
et al (2005) demonstrated that all the samples of RCC showed a
cytoplasmic staining, with additional staining in the nuclei and
membranes. CXCR4 nuclear expression was reported in breast

Table 2. Univariate and multivariate Cox regression analyses of potential prognostic factors for overall survival

Overall survival

Training set Validation set

Variable HR (95% CI) P HR (95% CI) P

Univariate

Tumour size 1.22 (1.12–1.34) o0.001 1.33 (1.22–1.46) o0.001

T stage 0.001 o0.001

2 vs 1 3.61 (1.56–8.35) 0.003 5.46 (2.01–14.84) 0.001
3 vs 1 3.71 (1.81–7.62) o0.001 4.85 (2.22–10.57) o0.001

N status (N1 vs N0) 4.48 (1.06–18.93) 0.042 31.90 (6.87–148.18) o0.001

M status (M1 vs M0) 21.21 (4.09–109.93) o0.001 9.59 (3.18–28.93) o0.001

TNM stage o0.001 o0.001

II vs I 3.39 (1.65–6.96) 0.001 2.84 (1.21–6.64) 0.016
III vs I 17.69 (6.46–48.43) o0.001 30.95 (9.42–101.69) o0.001
IV vs I 59.07 (10.34–337.40) o0.001 59.85 (12.65–283.10) o0.001

Fuhrman grade o0.001 o0.001

2 vs 1 0.65 (0.20–2.12) 0.470 1.01 (0.19–5.22) 0.994
3 vs 1 2.74 (1.00–7.50) 0.049 7.18 (1.66–9.31.15) 0.008
4 vs 1 8.43 (2.96–24.01) o0.001 16.09 (3.39–76.43) 0.005

Tumour necrosis

Present vs absent 1.97 (1.04–3.71) 0.037 6.22 (2.82–13.74) o0.001

ECOG-PS (X1 vs 0) 2.21 (1.16–4.22) 0.016 4.40 (2.09–9.25) o0.001

CXCR4 (high vs low) 4.32 (1.98–9.42) o0.001 3.57 (1.69–7.56) 0.001

Multivariate

Tumour size 1.03 (0.92–1.16) 0.588 1.06 (0.92–1.21) 0.409

TNM stage

IIIþ IV vs Iþ II 4.96 (1.78–13.84) 0.002 9.06 (2.89–28.37) o0.001

Fuhrman grade

3þ4 vs 1þ2 4.16 (1.95–8.87) o0.001 4.53 (1.71–12.00) 0.002

Tumour necrosis

Present vs absent 1.27 (0.57–2.84) 0.504 1.90 (0.71–5.08) 0.325

ECOG-PS (X1 vs 0) 2.11 (1.01–4.40) 0.047 2.76 (1.22–6.26) 0.015

CXCR4 (high vs low) 3.38 (1.49–7.68) 0.004 2.88 (1.26–6.59) 0.012

Abbreviations: CI¼ confidence interval; CXCR4¼CXC chemokine receptor 4; ECOG-PS¼Eastern Cooperative Oncology Group performance status; HR¼ hazard ratio.
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cancer (Woo et al, 2008), lung cancer (Na et al, 2008),
and colorectal cancer (Wang et al, 2010), indicating an
increased risk of lymph node metastasis. Wang et al (2009)
demonstrated that CXCR4 nuclear localisation may be
responsible for certain metastatic changes in ccRCC. In our
study, the analysis of correlations between lymph node
involvement and CXCR4 expression was not applicable due to
limited cases (n¼ 6).

A growing body of evidence indicated that CXCR4 expression
was upregulated in a series of malignant tumours and CXCR4
had crucial roles in the metastasis of many solid tumours
(Burger and Kipps, 2006). Thyroid (De Falco et al, 2007), prostate
(Taichman et al, 2002), and colon (Zeelenberg et al, 2003) cancer
models showed that directed metastasis of cancer cells was
mediated by CXCR4 activation towards a concentration gradient
of CXCL12. CXCL12 expression levels are high in the liver, lung,
and bone marrow, making them common metastasis sites. In
our study, CXCR4 expression was positively correlated with
tumour size, implying that CXCR4 expression might promote
tumour growth. It has been reported that CXCR4 could enhance
tumour cell proliferation in many cancers (Bajetto et al, 2006;

Shen et al, 2010; Luo et al, 2014). The growth-promoting role of
CXCR4 could also be confirmed by showing that CXCR4
antagonists inhibit tumour growth in multiple experiment
orthotopic (Smith et al, 2004; Cho et al, 2013) and subcutaneous
human xenograft (De Falco et al, 2007; Porvasnik et al, 2009).
Moreover, we also observed an association between high CXCR4
level and tumour necrosis, which might be due to rapid tumour
growth mediated by CXCR4 upregulation.

CXCR4 has been validated to be a prognostic factor in a variety
of cancers, such as breast cancer (Mendeloff and Burns, 2012) and
prostate cancer (Jung et al, 2011). D’Alterio et al (2010a, b)
demonstrated that CXCR4 expression is independently associated
with disease-free survival in patients with RCC. In ccRCC, despite
being diagnosed with early stage, B25–40% of RCC patients who
underwent partial or radical nephrectomy eventually experienced
recurrence (Stewart et al, 2011). This implied that defining
molecular subgroups may identify patients who could benefit
from targeted therapies and personalised treatment. In our study,
we found that high CXCR4 expression was an independent poor
predictor for OS of ccRCC. Early-stage ccRCC patients could be
stratified according to CXCR4 expression levels. These data
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indicated that CXCR4 expression may be a potential prognostic
marker of ccRCC with regard to counselling patients, selecting
patients for adjuvant therapies after surgery. Furthermore,
incorporation of CXCR4 expression into the TNM stage system
could improve prognostic value for OS. These data suggested that
the CXCR4 expression might increase prognostic information for
patients with ccRCC and lead to a more accurate classification
under the TNM stage system. However, the effects of integration of
CXCR4 expression into the current TNM stage model and the
potential clinical practice changing should be validated in a larger
population. We proposed a nomogram that can be used to predict
OS at 3, 5, and 10 years. Although the nomogram is useful for
visualising our predictive models, it needs to be tested on
independent patient populations.

As CXCR4 had such crucial roles in tumour growth, invasion,
migration, and survival, optimal use of CXCR4 inhibition might be
a part of potential targeted therapy. There is evidence that blocking
CXCR4 can inhibit the proliferation, invasion, and metastasis
of tumour cells (Rubin et al, 2003; Smith et al, 2004). CXCR4
antagonist AMD3100 is the most studied among the agents that
inhibit CXCR4 signalling. AMD3100 is a small synthetic inhibitor
of the CXCL12-binding chemokine receptors CXCR4 and CXCR7
(Pusic and DiPersio, 2010). It could interrupt the interaction of
tumour cells with the microenvironment of distant metastasis sites
and enhance the sensitivity to therapy (Azab et al, 2009). Previous
study has demonstrated that CXCR4 antagonists may be useful for
the treatment of peritoneal carcinomatosis of gastric cancer in a
mouse model (Yasumoto et al, 2006). These data suggested that
targeting CXCL12/CXCR4 signalling with AMD3100 may be a
novel and efficient strategy for the treatment of ccRCC. The
profound molecular roles of CXCR4 and its antagonist in ccRCC
remain far from being fully elucidated and need further
investigation.

Several limitations of this study should be acknowledged. First,
we have no external validation. The clinical and prognostic
implications of CXCR4 in ccRCC remain to be investigated in a
larger cohort in the future. Second, the previous research
demonstrated that CXCR4 expression was associated with
metastasis. However, owing to a small number of patients with
metastatic disease, the relationship between CXCR4 expression and
tumour metastasis was not established in our study. In addition,
CXCR7 is also a receptor for CXCL12 that binds this chemokine
with greater affinity (Sun et al, 2010), the clinical and prognostic
implications of the CXCL12/CXCR4/CXCR7 axis in patients with
ccRCC remain to be evaluated.

In conclusion, our study clearly demonstrated that high CXCR4
expression was strongly associated with a poor outcome. CXCR4
can further stratify early-stage ccRCC patients with significantly
different OS. This finding provides a novel independent predictor
for prognosis and may improve current predictive systems in terms
of counselling patients, selecting patients for adjuvant therapies,
and customising follow-up after surgery.
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