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The impact of immunohistochemical staining with ezrin-carbonic
anhydrase IX and neuropilin-2 on prognosis in patients
with metastatic renal cell cancer receiving tyrosine
kinase inhibitors
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Abstract The identification of prognostic factors in patients
with renal cell carcinoma (RCC) represents an area of increasing
interest. In this retrospective study, we evaluated the prognostic
role of carbonic anhydrase-IX, ezrin, and neuropilin in metasta-
tic RCC patients. The expression of several biomarkers were
measured by immunohistochemistry (IHC) in 45 patients with
advanced stage RCC treated with second-line tyrosine kinase
inhibitors (TKIs) targeting vascular endothelial growth factor
(VEGF) after failure of interferon-alpha between January 2007
and June 2012. Kaplan-Meier curves and log-rank tests were
used for analysis of progression-free survival (PFS) and overall
survival (OS), and a multivariate Cox proportional hazard mod-
el was employed to identify factors with an independent effect
on the survival. Age, ezrin and neuropilin-2 overexpression

were found to be statistically significant factors (P<0.05) for
PFS in the univariate analysis. Ezrin and neuropilin-2 overex-
pression, hemoglobin and albumin level were statistically sig-
nificant factors (P<0.05) for OS in the univariate analysis. Mul-
tivariate analysis revealed that low expression of ezrin and
neuropilin-2 was an independent prognostic factor for PFS
and OS. The median PFS was 4 months for patients overex-
pressing neuropilin-2 versus 11 months for those with lower
expression of neuropilin-2 (p=0.033). The median OS was lon-
ger in patients with low levels of neuropilin-2 expression
(26 months) compared to patients overexpressing neuropilin-2
(13 months) (p=0.023). Increased expression of ezrin was asso-
ciated with poor prognosis in patients treated with TKIs
targeting VEGF (PFS, 3 vs 7 months; p=0.012). High ezrin
expression was associated with shorter OS (p=0.009). This is
the first study in the literature showing that neuropilin-2 and
ezrin are related with prognosis in patients with advanced RCC.
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Introduction

Each year, approximately 57,000 patients are diagnosed with
renal or upper urinary system cancer in the USA, resulting in
more than 12,900 deaths [1]. These tumors account for nearly
3 % of all adult cancers, with a male-to-female ratio of 1.6:1.
Renal cell carcinoma (RCC) occurs mostly between 50 to
70 years of age. RCC is not a single entity, but rather a
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collection of different types of tumors, each derived from the
various parts of the nephron possessing distinct genetic charac-
teristics and tumor biology [2–5]. Metastatic RCC is relatively
resistant to treatment. Antitumoral activity of conventional cy-
totoxic chemotherapy is minimal in patients with RCC [6].
Interferon-alpha (IFN-α) or interleukin-2 (IL-2)-based cytokine
therapy had objective response rates of only 15–30 % with
severe side effects [7]. Better understanding of the molecular
biology of RCC has led to identification of many molecular
pathways which can be targeted for the treatment of patients
with advanced stage/metastatic RCC. As a result, RCC treat-
ment modalities have been changed dramatically in recent
years. Thus, currently novel therapies directed at the inhibition
of these targets are at the forefront of RCC treatment [8].
Targeted antiangiogenic agents including axitinib, sunitinib, so-
rafenib, pazopanib, bevacizumab (in combination with IFN-α),
temsirolimus, and everolimus have been approved by the FDA
for use in patients with advanced stage RCC.

Molecules related to the underlying biology of RCC have
been investigated as potential biomarkers for prediction of ther-
apeutic benefit. Unfortunately, there are currently no predictive
biomarkers that can help in the selection of systemic therapy in
metastatic disease, and most data are retrospective in nature.
Carbonic anhydrase IX (CA IX) may play a crucial part in cell
proliferation and adhesion and malignant cell invasion [9].

Immunohistochemical analysis of CA-IX expression
has been investigated as a diagnostic and a prognostic
marker for clear cell RCC previously [10, 11]. Another
marker called Bezrin^ serves as an intermediate between
the cell membrane and the actin cytoskeleton. It plays a
key role in the control of cell morphology. Ezrin regulates
cell-cell and cell- matrix adhesions by interacting with ad-
hesion molecules E-cadherin and beta-catenin and has an
important role in the regulation of adhesive and invasive
behaviors of cancer cells and also in the tumor progression
and metastasis [12].

Neuropilin-2 (Nrp-2) is a non-tyrosine kinase glycoprotein
which has been characterized as a neuronal receptor for certain
members of the collapsin/semaphorin family. Nrp-2 has an
extensive distribution into tissues including tumor-derived
cells and endothelial cells. Nrp-2 found in embryonic neurons
is considered to be responsible for the regulation of growth of
axons and guiding axon growth via binding to certain mem-
bers of the semaphorin family. Studies in mouse embryos
suggested a role of Nrp-1 in the angiogenesis and
vasculogenesis. Inhibition of Nrp-2 in the colorectal carcino-
ma cells resulted in reduced cell growth, invasion, and a 60 to
80 % regression in hepatic metastases [13].

In the present study, we aimed to determine the effect of
immunohistochemical staining of ezrin, carbonic anhydrase
IX (CA IX), and neuropilin-2 on the prognosis of patients
diagnosed with metastatic RCC who were treated with TKIs
between January 2007 and June 2012.

Materials and methods

Patient population

Data were obtained in 53 consecutive patients with metastatic
RCC who were treated with tyrosine kinase inhibitors (TKI) in
the Department of Oncology at the University of Gazi between
January 2007 and June 2012. Eight patients were excluded from
the analysis because of unavailable tissue for accurate reevalua-
tion (n=4), incomplete records (n=2), or administration of ther-
apy outside the study institution (n=2). For each patient, treat-
ment modalities, clinical course, laboratory and imaging find-
ings, presence of metastasis, and disease status were recorded.

The relationship between immunohistochemical staining
of ezrin, carbonic anhydrase-IX, and neuropilin-2 and re-
sponse to treatment with TKIs was investigated in patients
with metastatic RCC. For the purposes of this study,
progression-free survival (PFS) was defined as time from the
start of treatment with TKIs to clinical and/or radiological
evidence of disease progression and overall survival (OS)
was defined as the time from the date of metastatic RCC
diagnosis to the last follow-up visit date or death of the patient.

The study enrolled 45 patients who showed disease progres-
sion or who had intolerance to IFN-α during first-line IFN-α
therapy. All of the patients had metastatic RCC treated with an
anti-VEGF-targeted therapy (sunitinib,sorafenib, or pazopanib)
as their second-line anti-VEGF agent. Patients with
intermediate-risk group according to the Memorial Sloan-
Kettering Cancer Center (MSKCC) included in the study.

Statistical analysis

Data analysis was conducted using Statistical Package for the
Social Sciences (SPSS) 17.0 software package. Descriptive
analyses were used for demographic data and Kaplan-Meier
test for survival analysis. OS and PFS were estimated using
Kaplan-Meier method, and a log-rank test was used for com-
parison of study groups for survival. Multivariate analyses
were performed using a Cox regression analysis. A p value
of <0.05 was considered significant for statistical analyses.

Immunohistochemical examination

Hematoxylin-eosin (H&E)-stained tumor sections of the pa-
tients were re-examined by an uropathologist and immunohis-
tochemical staining for ezrin, neuropilin-2, and carbonic
anhydrase IX was performed on the 4-micron sections from
corresponding paraffin blocks using the standard streptavidin-
biotin-peroxidase procedure. Sections underwent heat-
induced epitope retrieval in 0.01 M sodium citrate buffer at
pH 6.0 for 20 min. As primary antibodies, carbonic
anhydrase-IX Ab (rabbit polyclonal antibody, Clone H-120,
Santa Cruz Biotechnology, at 1/200 dilution), ezrin antibody
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(ezrin Ab-1, Thermo Scientific, Clone 3C12 mouse polyclon-
al antibody, MS-661-P1, at 1/200 dilution), and neuropilin-2
antibody (polyclonal NRP2 ab, Sigma-Aldrich, Atlas antibod-
ies, at 1/200 dilution) were used. For each staining session,
clear cell RCC for carbonic anhydrase-IX, lung parenchyma
for ezrin, and placental tissue for neuropilin-2 were used as
positive controls.

The pathology slides were reviewed by an expert urologic
pathologist who had no knowledge of patients’ treatment and
outcomes. Tumors were scored positive for ezrin-carbonic
anhydrase IX and neuropilin-2 if tumor cells showed definite
nuclear and/or membranous staining and negative if tumor
nuclei and cell membrane had no immunoreactivity. Staining
intensity (weak, 1 point; moderate, 2 points; strong, 3 points)
and percentage groups of positive tumor cells (≤25%, 1 point;

26–50 %, 2 points; 51–75 %, 3 points; >75 %, 4 points) were
multiplied to achieve a score between 1 and 12. Subsequently,
patients were divided into two groups (underexpressing or
overexpressing) based on their median values for each stain
(Figs. 1, 2, and 3).

Results

Characteristics of patients

This study enrolled a total of 45 patients diagnosed with met-
astatic RCC who had disease progression or who didn’t toler-
ate first-line interferon-α (IFN-α) treatment during follow-up
visits. Median age of the patients was 58 years (range, 34–80)

Fig. 1 Immunohistochemical staining of carbonic anhydrase IX. a High-intensity staining; b low-intensity staining

Fig. 2 Immunohistochemical staining of ezrin. a High-intensity staining; b low-intensity staining
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and 24.4 % were female. Demographic, clinical, and patho-
logical characteristics of patients are shown in Table 1.

In all RCC tissue samples, positive staining signals of CA-
IX were detected in 16 (35.6 %) with low immunoreactivity
and in 29 (64.4 %) with high immunoreactivity, respectively.
Of the 45 immunostained RCC specimens, 23 (51 %) showed
low expression, and 22 (49 %) showed high expression level
of neuropilin-2. Twenty-two of 45 cases (49 %) was consid-
ered as ezrin-low group, while 23 of 45 cases (51 %) was
considered as ezrin-high group.

The median follow-up was 15 months (range, 1–61) and 34
patients (75.6 %) were died. Median OS and median PFS were
17 months (95 % CI 9–24) and 6 months (95 % CI 3–8),
respectively.

Prognostic factors for PFS and OS

Univariate analysis

Eight independent predictive factors that influenced PFS and
OS were evaluated (Tables 2 and 3). As shown by the univar-
iate analysis, statistically significant predictive factors for PFS
were age at diagnosis and overexpression of ezrin and
neuropilin (Table 2). Univariate analysis revealed that hemo-
globin value, albumin level, and ezrin and neuropilin overex-
pression were significantly related to overall survival in pa-
tients with metastatic RCC (Table 3).

Fig. 3 Immunohistochemical staining of neuropilin-2. a High-intensity staining; b low-intensity staining

Table 1 Demographic, clinical, and pathological characteristics of patients

Age, median (range, years) 58 (34–80)

ECOG performance status

0 44.4 % (n=20)

1 40.0 % (n=18)

2 13.3 % (n=6)

3 2.2 % (n=1)

Gender

Female 24.4 % (n=11)

Male 75.6 % (n=34)

Metastasis site

Liver %17.8 (n=8)

Bone %37.8 (n=17)

Lung %68.9 (n=31)

Number of metastases

<2 75.6 % (n=34)

≥2 24.4 % (n=11)

Histology

Clear cell 88.9 % (n=40)

Papillary 4.4 % (n=2)

Indeterminate 4.4 % (n=2)

Other 2.2 % (n=1)

Response to VEGF-targeted therapy

Complete response 0 % (n=0)

Partial response 15.6 % (n=7)

Stable disease 42.2 % (n=19)

Progressive disease 42.2 % (n=19)

Treatment duration, months (range) 5 (1–44)
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A multivariate analysis of factors influencing PFS and OS

In univariate analysis factors that reached a p value below 0.05
entered into the multivariate model. In multivariate analysis
age (p=0.022) and overexpression of ezrin (p=0.012) and
neuropilin (p=0.033) were remained significant factors
influencing PFS (Table 4) (Fig. 4). Statistically, independent
prognostic factors for overall survival were overexpression of
ezrin (p=0.009) and neuropilin (p=0.023) (Fig. 5).

Discussion

In the present study, we investigated the effect of different
biomarkers on prognosis in metastatic RCC. To the best of
our knowledge, this is the first study in the literature which
simultaneously analyze three biomarkers namely ezrin
neuropilin-2 and carbonic anhydrase IX in metastatic RCC.
As a result, we have demonstrated that ezrin and neuropilin-2
has prognostic implications in RCC. As far as we know, these
data are novel and first in literature.

In recent years, promising results have been obtained in the
treatment of metastatic RCC with the introduction of targeted
agents owing to molecular advances. Inevitably, increased use
of targetedmolecular therapies in the clinical practice in parallel

Table 2 Prognostic factors influencing progression-free survival
among patients treated with vascular endothelial growth factor-targeted
therapy—univariate analysis

Characteristics Progression-free survival
Univariate analysis

HR 95 % CI p Value

Age 0.967 0.939–996 0.026

Gender 0.873

Female 1

Male 1.068 0.480–2.376

Ezrin expression 0.022

Low 1

High 2.326 1.132–4.778

Neuropilin expression 0.033

Low 1

High 2.008 1.004–4.018

CA IX expression 0.310

Low 1

High 1.428 0.686–2.970

Number of metastatic organs 0.205

<2 1

≥2 1.571 0.782–3.155

Hemoglobin 0.918 0.699–1.205 0.537

Albumin 0.768 0.416–1.417 0.398

Statistically significant values are italicized (p value of<0.05)

HR hazard ratio, CI confidence interval

Table 3 Prognostic factors influencing overall survival among patients
treated with vascular endothelial growth factor-targeted therapy—
univariate analysis

Characteristics Overall survival
Univariate analysis

HR 95 % CI p Value

Age 0.994 0.964–1.024 0.695

Gender

Female 1

Male 1.068 0.480–2.376 0.873

Ezrin expression 0.012

Low 1

High 2.705 1.235–5.928

Neuropilin expression 0.028

Low 1

High 2.343 1.096–5.007

CA IX expression 0.998

Low 1

High 1.001 0.445–2.255

Number of metastatic organs 0.392

<2 1

≥2 1.402 0.647–3.037

Hemoglobin 0.710 0.528–0.955 0.023

Albumin 0.463 0.230–0.928 0.030

Statistically significant values are italicized (p value of<0.05)

HR hazard ratio, CI confidence interval

Table 4 Prognostic factors that influence progression-free survival and
overall survival among patients using vascular endothelial growth factor-
targeted therapy—multivariate analysis

Parameter HR (95 % CI) Median overall
survival (months)

p Value

Ezrin expression 0.009

Low 1 26

High 3.009 (1.076–8.414) 13

Neuropilin
expression

0.023

Low 1 26

High 3.036 (1.078–8.544) 13

Parameter HR (95 % CI) Median progression-
free survival
(months)

p Value

Ezrin
expression

0.012

Low 1 7

High 3.608 (1.586–8.204) 3

Neuropilin
expression

0.033

Low 1 11

High 2.300 (1.044–5.069) 4

Age 0.955 (0.920–0.992) 0.022

Statistically significant values are italicized (p value of<0.05)

HR hazard ratio, CI confidence interval
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with rapid developments in the field of tumor biology required
novel biomarkers in order to identify patient groups who would
most benefit from such therapies. A predictive biomarker
would not only be helpful in identification of patient groups
who would benefit from a therapy but also would prevent ex-
posure of patients to ineffective and toxic therapies by defining
a tumor group with Bde novo^ resistance. When designing the
study, we aimed to investigate the prognostic significance of
expressions of carbonic anhydrase-IX, ezrin, and neuropilin for
metastatic RCC patients who were receiving TKIs.

Currently, a multitude of clinical and analytical factors are
considered to affect prognosis in metastatic RCC patients as
shown by studies. Of these factors, performance status, histo-
logical type and grade of the tumor, number of metastases,

disease-free interval, hemoglobin, serum calcium, and lactate
dehydrogenase levels are the most extensively studied and
widely recognized. The primary goal of individualized meta-
static RCC therapy is to provide sufficiently reliable prognos-
tic and predictive markers to the clinicians. Here, the specific
purpose should be identification of biological markers with
the ability to distinguish patient subgroups who would most
benefit from a particular therapy.

Various molecular markers serve as independent prognostic
factors for RCC and provide important information on the tu-
mor biology [14–17]. One of these factors, CA IX is regulated
by Von Hippel-Lindau (VHL) gene and expressed by most
clear cell RCC [10, 18, 11]. Immune staining of CA IX may
serve as a marker for response to systemic therapy in patients

Fig. 4 Kaplan–Meier curves of PFS based on staining of ezrin and neuropilin-2

Fig. 5 Kaplan–Meier curves of overall survival based on staining of ezrin and neuropilin-2

8476 Tumor Biol. (2015) 36:8471–8478



with advanced stage disease [18–20]. In the present study, we
did not identify an effect of underexpression or overexpression
of CA IX on PFS and OS in patients with metastatic RCC who
were treated with a TKI and showed progression following
cytokine therapy. In the recently published TARGET study
[21], there was not a statistically significant difference in medi-
an PFS (5.5 vs 5.4 months, p=0.97) between patients with high
or low levels of CA IX expression. In the present study, median
PFS andmedianOSwere 6 and 20months for the patient group
with a high level of CA IX expression respectively (p=0.310 ).
In the low expression group, PFSwas 7months and the OSwas
17 months (p=0.998).

Currently, ezrin is considered to be involved in the devel-
opment of various types of cancer including malignant soft
tissue sarcomas and esophageal, pancreatic, gastric, endome-
trial, ovary, and breast cancer [22–27]. Zhang et al. have
shown that ezrin expression was an unfavorable prognostic
factor for both survival and disease-free interval in patients
with non-small cell lung cancer [28].

In patients with hepatocellular cancer, recurrence of the dis-
ease right after resection of the tumor was found to be associated
with ezrin expression. Additionally, ezrin expression is related to
the expression of cytokeratin 19 (CK 19) which is a marker for
progenitor cells in these patients. Measurement of ezrin expres-
sion is considered for potential use in identification of increased
risks among patients due to recurrence of the disease.

Ezrin is synthesized by the glomerular and tubular epithe-
lial cells of the kidney. To our best knowledge, there are no
studies which investigated the prognostic significance of ezrin
in metastatic RCC patients receiving TKIs. In the present
study, increased expression of ezrin was found to be an inde-
pendent prognostic factor for both PFS and OS. As an inde-
pendent prognostic factor, overexpression of ezrin might be-
come a novel molecular target in patients receiving TKIs.

Nrp-2 acts a coreceptor for vascular endothelial growth fac-
tor (VEGF)-D and has a critical role in the metastasis to lymph
nodes in several types of cancer including papillary thyroid
cancer [29–31]. It would not be surprising to target
antiangiogenic approaches for cancers, given the dependency
of RCC on angiogenesis and unavailability of effective forms
of systemic therapy. Aberrant activation of additional signaling
pathways may contribute to altered kinetics of the cell cycle in
the RCC and may provide an excellent target for therapeutic
interventions. Neuropilins are overexpressed in various tumors
including melanoma, glioblastoma, leukemia and lymphoma
and carcinomas (e.g., pancreatic, prostate, breast, colon, and
renal). Generally, neuropilin expression is clinically associated
with more aggressive tumor behavior. Indeed, expression of
Nrp-1 and Nrp-2 is associated with poor prognosis independent
of well-known prognostic factors [32]. In this study, we aimed
to demonstrate the prognostic significance of neuropilin expres-
sion in metastatic RCC patients. Both PFS and OS were signif-
icantly reduced in patients with neuropilin overexpression

compared to those with lower levels of expression (PFS 4 vs
11 months, p=0.033, and OS 13 vs 26 months, p=0.023). No
studies have been conducted to demonstrate the prognostic sig-
nificance of Nrp-2 for metastatic RCC. It would be interesting
to investigate molecular agents targeting both Nrp-2 and VEGF
for the treatment of metastatic RCC in future studies.

More importantly, these studies would represent amajor step
forward in the field of targeted therapy which is tremendously
important for oncology and encourage further molecular and
clinical studies to identify reliable biomarkers suitable for use in
the clinic and to provide increased benefit from therapies
targeting angiogenesis with selection of appropriate patients.

Our study has a number of limitations. Firstly, bias in patient
selection and data collection which is typical for a retrospective
study and particularly differences in characteristics of patients
selected for histopathological examination were shortcomings
of the study. Secondly, it was difficult to ascertain the presence
or absence of an interaction because of the small sample size.
Thirdly, the results of this study cannot be extrapolated to all
patients receiving treatment with other TKIs because most of
the study patients were treated with sunitinib.

In conclusion, the prognosis of metastatic RCC is still poor
despite rapid advances in the field of tumor biology and a need
for novel biomarkers has emerged to identify patient groups
who would most benefit from the treatment following the in-
troduction of molecular targeted therapies into our daily clinical
practice. CA IX expression measured in the tissue does not
seem to have an effect on PFS or OS among metastatic RCC
patients treated with TKIs. Overexpression of ezrin has an ad-
verse independent effect on both PFS and OS in metastatic
RCC patients treated with TKIs. Neuropilin overexpression
has a negative independent effect on PFS and OS in metastatic
RCC patients receiving TKIs. Newmolecular models are need-
ed for making decisions on treatment with targeted agents giv-
ing consideration to clinical factors as well as molecular char-
acteristics of the tumor which affect the prognosis. Prospective
studies in a larger number of patients are needed to demonstrate
such molecular models in metastatic RCC. Our study is the first
to demonstrate the independent prognostic significance of ezrin
and neuropilin-2 expressions on OS and PFS histopathologi-
cally in addition to clinical factors.
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