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Abstract

Purpose  'We investigated the expression status of vascular
endothelial growth factor (VEGF), platelet-derived growth
factor (PDGF)-B and their receptors in organ-confined
clear cell renal cell carcinoma (ccRCC) to evaluate their
prognostic significance after radical surgery.

Methods In 758 consecutive patients diagnosed with pT1-
2NO ccRCC between 2007 and 2012, we prospectively
investigated the expression levels of VEGF, PDGF-B,
VEGF receptor (VEGFR) and PDGEF receptor (PDGFR)-f
via immunohistochemistry. Clinicopathologic param-
eters and expression of the angiogenic factors were ana-
lyzed with respect to recurrence-free survival (RFS) after
nephrectomy. The median follow-up was 29.5 months (IQR
21.5, 39.6) after surgery.

Results Partial nephrectomy had been performed in
48.5 % of the patients, and tumors were staged as pTla in
514 (67.8 %), pT1b in 192 (25.3 %) and pT2 in 52 (6.9 %).
VEGF, PDGF and their receptors were identified in the
cytoplasm and membranes of the tumor cells. Expression
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level of VEGFR inversely correlated with both tumor size
(r = —0.076, p = 0.014) and nuclear grade (r = —0.297,
p = 0.004). As for PDGF-B, the expression level showed an
inverse correlation with tumor size (r = —0.216, p < 0.001)
while PDGFR- inversely correlated with nuclear grade
(r = —0.341, p = 0.001). On multivariate analysis, age,
pathologic stage, nuclear grade and PDGFR-f expression
(high vs. low or none, HR 3.121 95 % CI 1.300-7.493,
p = 0.011) were independently prognostic of RFS after
nephrectomy.

Conclusions In organ-confined ccRCC, high expression
of PDGFR-B was independently predictive of poorer RFS
after nephrectomy.

Keywords Renal cell carcinoma - Vascular endothelial
cell growth factor - Platelet-derived growth factor -
Receptor - Prognosis - Recurrence

Introduction

Renal cell carcinoma (RCC) is the most common malig-
nant neoplasm of the kidney and accounts for 5 % of all
adult malignancies (Jemal et al. 2009). Recent increases
in the usage of abdominal imaging along with advances in
the radiographic modalities have contributed to downward
migration of RCC stage at diagnosis (Pantuck et al. 2001).
Accordingly, up to 75 % of patients with newly diagnosed
RCC are staged I (Pantuck et al. 2001). However, despite the
relatively favorable prognosis after definitive surgery with
a S-year recurrence-free survival (RFS) ranging between
80 and 90 %, a substantial proportion of these pathologi-
cally organ-confined RCC recurs and demonstrates unpre-
dictable clinical course thereafter (Delahunt et al. 2002).
While tumor size, histologic subtype and nuclear grade are
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well-recognized prognostic factors for recurrence (Dela-
hunt et al. 2002; Karakiewicz et al. 2008; Komai et al. 2011;
Moch et al. 2000; Muramaki et al. 2011; Novara et al. 2007;
Scoll et al. 2009; Tsui et al. 2000), these factors are hardly
variable except for the tumor size among stage I RCCs
because clear cell RCC (ccRCC) comprises up to 80 % of
all RCCs (Amin et al. 2002). Thus, the need for identifying
additional prognostic parameters for the localized ccRCC
which accounts for majority of newly diagnosed RCC in the
contemporary era remains irrefutable.

Studies on the molecular systems that control angio-
genesis have provided evidence that new vessel formation
promotes tumor cell growth and significantly increases
the metastatic potential of RCC (Kim et al. 2004). These
findings led to the development of therapeutic approaches
targeting these angiogenic molecules: vascular endothe-
lial growth factor (VEGF), platelet-derived growth fac-
tor (PDGF) and/or their receptors (Cao 2013; Dirim et al.
2008; Ostman and Heldin 2007). In addition to the attempts
to target these molecules in metastatic RCC, prognostic
significance of the expression of these proteins in the local-
ized or advanced RCC has been the constant subject of
investigation (Sulzbacher et al. 2003).

The aim of the current study was to investigate the
expression status of VEGF, PDGF-B and their receptors in
localized ccRCC and to evaluate their prognostic signifi-
cance after radical surgery.

Methods

This study was performed with the approval and oversight
of the institutional review board at our institution. Since
June 2007, we have been immunostaining a set of angio-
genic factors on all RCC specimens. For the present study,
we reviewed the data of 758 consecutive patients with
localized ccRCC who underwent radical or partial nephrec-
tomy between June 2007 and May 2012. After surgery,
patients were followed with physical examination, blood
test, chest X-ray and computerized tomography of the
abdomen and pelvis at 6- to 12-month intervals according
to stage. Patients with inadequate follow-up records (e.g.,
insufficient medical records and/or a follow-up loss within
1 year among those without recurrence) were excluded
from the analysis. The median follow-up duration was
29.5 months (IQR 21.5, 39.6) after surgery.

All specimens were reviewed to confirm diagnosis
according to the AJCC 2009 TNM classification for tumor
staging, and the Fuhrman nuclear grading system for tumor
grading (Fuhrman et al. 1982) after which representative
formalin-fixed as well as paraffin-embedded tumor sec-
tions were immunostained. The primary antibodies used
were a purified mouse monoclonal antibody against VEGF
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(G153-694, 1:500 dilution, BD Biosciences Pharmingen,
San Jose, CA), a rabbit monoclonal antibody against VEGF-
R2 (55B11, 1:100 dilution, Cell Signaling Technology, Dan-
vers, MA), a rabbit polyclonal antibody against PDGF-B
(L48, 1:400 dilution, Bioworld Technology, Louis Park, MN)
and a rabbit monoclonal antibody against PDGFR-B (Y92,
1:200 dilution, Epitomics, Burlingame, CA). Immunostain-
ing was performed by an autostainer (OptiView DAB THC
Detection Kit, Ventana Medical System, Oro Valley, AZ)
according to the protocols provided by the manufacturer.
The uniform immunostained normal human placenta tissues
were used as the positive control for adequate immunohisto-
chemical application and for evaluating positive expressions
of angiogenic factors and their receptors in tumor tissues.
The vascular endothelial cells in normal kidney tissues were
also immunostained as internal positive control. The normal
kidney tissue stained in the absence of primary antibody was
used as the negative control. The expression levels of VEGF,
VEGF-R, PDGF-B, and PDGFR-f were quantified by
counting 500 cells and estimating the proportion of immu-
nopositive cells (%) (Fig. 1). The proportion of staining cells
was graded on a four-tiered scale (0-3) by the genitourinary
pathologist (YM Cho) as follows: grade 0, <5 %; grade 1,
5-33 %; grade 2, 33-66 %; grade 3, >66 %.

The relationship between angiogenic factor expres-
sion and clinicopathologic parameters was assessed using
ordered logistic regression. All potential factors including
the expression levels of angiogenic factors associated with
disease recurrence defined as local and/or distant metastasis
identified by radiologic examinations were analyzed with
Kaplan—Meier analysis (univariate) and Cox proportional
hazards model (multivariate). For survival analysis, angio-
genic factor expression was grouped as high (grade 2 or
3) or low or none (grade 0 or 1). All tests were done using
STATA version 12.0 (StataCorp, College Station, TX), and a
p value <0.05 was considered to be statistically significant.

Results

The median patient age was 55 years (IQR 47,64), and
70.7 % of the patients were male. Partial nephrectomy had
been performed in 48.5 % of patients, and tumors were
pathologically staged as Tla in 514 (67.8 %), T1b in 192
(25.3 %) and T2 in 52 (6.9 %) patients. On immunostaining,
both membranous and cytoplasmic expressions were noted
for all four angiogenic proteins. The expression levels of
PDGF-B and PDGFR-$ were lower than those of VEGF or
VEGFR, showing grade 0 in 57.6 and 49.3 % of the speci-
mens for PDGF-B and PDGFR-B, respectively (Table 1).
We observed a weak but significant relationship between
the expression level of some of the angiogenic factors and
the clinical and pathological parameters (Table 2). With
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increasing tumor size, the expression levels of VEGFR
(B = —0.0761, p = 0.014) and PDGF-B (8 = —0.2166,
p < 0.0001) decreased. A similar pattern was observed for
pathologic stage. With respect to Fuhrman nuclear grade,
an increase in nuclear grade was associated with decreas-
ing receptor expression (VEGFR, g = —0.2971, p = 0.004;
PDGFR-B, 8 = —0.3414, p = 0.002), while the expres-
sion levels of the respective ligand did not demonstrate
any relationship (Table 2A). The result was similar when
the patients were stratified by the Fuhrman nuclear grade
(Table 2B). However, when the relationship was analyzed
stratified by the pathologic T stage (pT stage), most rela-
tionships lost its significance (Table 2C).

Among the 758 RCC patients, 25 (3.3 %) developed
recurrence during the follow-up period, all of whom had
distant metastasis. One patient with recurrence had con-
comitant distant metastasis and local recurrence. Recur-
rence-free survival (RFS) rates for stage Tla, T1b and T2
tumors were 97.9 % (95 % CI 95.7-99.0), 83.7 % (95 %
CI 70.5-91.3) and 70.0 % (95 % CI 49.0-83.7), respec-
tively (p < 0.0001). Patient age, tumor size and Fuhr-
man nuclear grade were associated with RFS (p = 0.001,
<0.001, 0.002, respectively). Among the angiogenic fac-
tors, PDGF-B and PDGFR-f expression were associated
with RFS (Fig. 2). Patients with high expression levels
(grade 2 or 3) of PDGF-B but low or no expression of
PDGFR-B demonstrated significantly better RFS after sur-
gery. In multivariate analysis, in addition to age, pT stage,
and Fuhrman nuclear grade, high PDGFR- expression was

independently associated with poor RFS (HR 3.121, 95 %
CI 1.300-7.493, p = 0.011; Table 3). We tested combina-
tions of ligand and receptor expression statuses for each
angiogenic factor on RFS but found no significant relation-
ships (data not shown).

Discussion

In the normal human development early in the embryonic
period, VEGF regulates vasculogenesis, after which period
the expression gradually declines eventually becoming
minimal in most normal adult tissues (Nicol et al. 1997).
However, VEGF expression is re-induced under patho-
logic conditions such as during tumorigenesis promoting
neo-angiogenesis, thereby playing a major role in tumor
migration and metastasis (Nicol et al. 1997). On the other
hand, PDGF is primarily found in alpha granules of plate-
lets and is physiologically secreted by mesenchymal cells
as well as epithelial cell. Specifically, PDGF-B promotes
the survival of pericytes, which cover the surface of blood
vessels, contributing to the maintenance of vascular struc-
tures (Bergers and Benjamin 2003). Overexpression of
PDGEF in various tumor cells has also been reported pre-
viously (Heldin and Westermark 1999). Identification of
these angiogenic factors has vastly improved not only the
insights into cancer cell biology but also the development
of therapeutic targets for metastatic RCC (Kim and Kae-
lin 2006). And accordingly the value of expression status

@ Springer



2216

J Cancer Res Clin Oncol (2015) 141:2213-2220

Table 1 Clinicopathological characteristics and angiogenic factor
expression levels in clear cell RCC patients operated between 2007
and 2012

Variables No (%)
Age (years) (median, IQR) 55 (47, 64)
Gender
Male 536 (70.7)
Female 222 (29.3)
Tumor size (cm) (median, IQR) 3.2(2,4.5)
T stage
Tla 514 (67.8)
T1b 192 (25.3)
T2 52 (6.9)
Fuhrman grade
1 40 (5.3)
2 443 (58.4)
3 248 (32.7)
4 27 (3.6)
Resection margin
Negative 739 97.5)
Positive 19 2.5)
Angiogenic factors
VEGF
0 176 (23.2)
1 111 (14.6)
2 130 (17.2)
3 341 (45.0)
VEGFR
0 271 (35.8)
1 130 17.2)
2 110 (14.5)
3 247 (32.6)
PDGF-B
0 437 (57.6)
1 147 (19.4)
2 76 (10.0)
3 98 (12.9)
PDGFR-B
0 374 (49.3)
1 82 (10.8)
2 100 (13.2)
3 202 (26.6)

IQR Interquartile range, VEGF vascular endothelial cell growth factor
VEGFR vascular endothelial growth factor receptor, PDGF platelet-
derived growth factor, PDGFR platelet-derived growth factor receptor

of such molecular markers in determining prognosis after
treatment, especially in pathologically organ-confined
RCC, has been constantly investigated (Cao 2013; Dirim
et al. 2008; Sulzbacher et al. 2003). Similarly, in addition
to VEGF and PDGF, expression status and their correlation
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with prognosis of hypoxia-inducible factor, carbonic anhy-
drase 9 and proteins in the mammalian target of rapamycin
pathway as well as their receptors have been studied exten-
sively (Darwish et al. 2013; Gilbert et al. 2006; Lidgren
et al. 2005).

However, most preexisting studies on the molecular
markers as potential predictors of oncological outcome of
RCC are limited by their retrospective nature with a rela-
tively small sample size, insufficient follow-up, lack of
reliability in the assay used for marker detection and lim-
ited availability of reference values (Gerber et al. 1999).
Contributing to the inconsistent results across the previous
studies was the inclusion of samples with various patho-
logic characteristics at various stages, sizes and histo-
logic subtypes. There is insufficient knowledge as to what
stage in the tumorigenesis and propagation the genes for
the expressions of these proteins are activated. Expression
status may reflect the initial, active or terminal phase after
feedback in the process (Ostman and Heldin 2007). Fur-
thermore, tumor necrosis at the center of the tumor and the
pseudocapsule formation at the periphery are all related to
the increase in the tumor size, and the possibly differential
activity of these molecules still remains to be discovered
(Rajandram et al. 2014). Coupled with frequent sarcoma-
toid differentiation and lymphovascular invasion found in
RCC tissues, choice of the area within the tumor mass for
immunohistochemical investigation should affect the out-
come greatly (Rioux-Leclercq et al. 2007). All these factors
contributed to inconsistent results across the studies, pre-
venting direct comparison, and hence, few molecular mark-
ers are employed in actual clinical practice, most requiring
further investigation.

To minimize these shortcomings of the previous studies,
we limited our analysis to size <7 cm, organ-confined RCC
with clear cell histology, the patient group which consti-
tutes more than 70 % of the contemporary RCC population.
Larger tumors had been included for comparison purposes.
Also due to the association with the von Hippel-Lindau
gene, aberration of which is frequently observed in ccRCC
(Park et al. 2013), we hypothesized that VEGF and/or its
receptor expression could be altered at earlier stage which
could convey its metastatic potential. Using the same pro-
tocol, we prospectively stained representative areas in the
tumor without gross necrosis or hemorrhage, confirmed
microscopically and scored. Because the staining intensi-
ties were relatively weak and similar in most of the subjects,
we could quantify the staining result only by estimating the
proportion (%) of immunopositive cells rather than scoring
the staining intensity. In the current study, we found increas-
ing tumor size and increasing nuclear grade were associ-
ated with decreasing VEGFR expression. On the other hand,
similar correlation was observed between the tumor size,
nuclear grade and the PDGF-B. With respect to RFS, we
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Table 2 Relationship between
angiogenic factor expression
levels and clinicopathological

parameters

Age Tumor size Pathologic stage Fuhrman grade
A. Overall
VEGF
Coefficient —0.0024 —0.0544 —0.1666 0.0945
p value 0.675 0.089 0.125 0.366
VEGFR
Coefficient —0.0102 —0.0761 —0.2048 —0.2971
p value 0.071 0.014 0.058 0.004
PDGF-B
Coefficient —0.0049 —0.2166 —0.5496 —0.1004
p value 0.408 <0.0001 <0.0001 0.365
PDGFR-$
Coefficient —0.0014 —0.0107 —0.1423 —0.3414
p value 0.808 0.748 0.210 0.002
Age Tumor size Pathologic stage
Coefficient p value Coefficient p value Coefficient p value
B. Stratified by Fuhrman grade
Grade 1,2
VEGF 0.025 0.723 —0.082 0.421 —0.038 0.738
VEGFR —0.012 0.213 —0.131 0.021 —0.139 0.019
PDGF-B —0.023 0.592 —0.184 0.012 —0.215 0.008
PDGFR-f 0.193 0.251 —0.193 0.093 —0.203 0.079
Grade 3,4
VEGF 0.019 0.983 —0.091 0.392 —0.093 0.291
VEGFR —0.091 0.293 —0.251 0.011 —0.194 0.024
PDGF-B —0.103 0.384 —-0.291 0.003 —0.431 0.002
PDGFR-f 0.029 0.193 —0.092 0.129 —0.105 0.112
Age Tumor size Fuhrman grade
Coefficient P value Coefficient P value Coefficient P value
C. Stratified by pT stage
Tla
VEGF 0.016 0.709 —0.091 0.171 —0.199 0.025
VEGFR —0.024 0.586 —0.083 0.188 —0.039 0.375
PDGF-B —0.017 0.702 —0.210 0.006 0.018 0.679
PDGFR-B 0.010 0.819 —0.073 0.291 —0.082 0.062
T1b
VEGF —0.014 0.845 0.012 0.940 —0.018 0.915
VEGFR —0.149 0.040 —0.019 0.842 —0.221 0.002
PDGF-B —0.039 0.595 —0.060 0.492 -0.113 0.120
PDGFR-8 —0.099 0.901 0.059 0.421 -0.117 0.105
T2
VEGF —0.181 0.199 0.097 0.635 0.172 0.222
VEGFR —0.142 0.314 —0.139 0.324 —0.023 0.870
PDGF-B 0.020 0.887 —0.228 0.104 0.089 0.532
PDGF R-$ —0.119 0.400 0.367 0.007 —0.088 0.535

Statistically significant values indicate bold

VEGF vascular endothelial cell growth factor, VEGFR vascular endothelial growth factor receptor, PDGF
platelet-derived growth factor PDGFR platelet-derived growth factor receptor
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Fig. 2 Recurrence-free survival according to the PDGF-B (a) and
PDGFR-f (b) expression status in clear cell RCC

found only PDGFR-B was of an independently prognostic
value. There are two previous studies which evaluated the
prognostic value of PDGF-A and/or its receptor (Sulzbacher
et al. 2003; Tawfik et al. 2007). Results are in accordance
with our study, but still inconclusive most probably owing
to the aforementioned differences in study population. And
more importantly, the markers investigated were PDGF-AA
or PDGFR-a in these studies. While these receptors share
similar structures and form homo- or heterodimers to exert
various downstream effects, PDGFR-a is mainly expressed
by malignant cells whereas PDGFR-f is expressed in stro-
mal and perivascular cells (Ostman and Heldin 2007). For
this reason, most previous studies in RCC had focused on
PDGFR-a. However, with the more recent insight into the
tumor microenvironment and its importance in the control
and promotion of tumor proliferation and migration, we
were led to investigate the role of PDGF-B and PDGFR-{.
We found that expression of PDGFR-f correlated
inversely with RCC tumor differentiation, but on multivari-
ate analysis, high PDGFR-B expression was observed to be
prognostic of increased risk of recurrence following radical
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Table 3 Multivariate analysis of predictors of recurrence in clear cell
RCC patients after surgery

Variables HR 95 % CI P value
Age (year) 1.061 1.018-1.093  0.001
Sex (vs. female) 0.535 0.234-1.296 0.264
Tumor size (cm) 1.073 0.916-1.064 0.280
Pathologic T stage

Tla Reference — -

T1b 3.584 1.268-9.265 0.024

T2 7.035 1.254-31.287 0.038
Fuhrman grade

1,2 Reference - -

3 1.189 0.684-2.845 0.785

4 5.127 1.657-15.185 0.009
Resection margin 3.854 0.865-27.985 0.253
Operation method (partial vs. 1.869 0.785-3.514  0.246

radical)
VEGEF (high vs. low or none) 1.217 0.684-2.945 0.458
VEGEFR (high vs. low or none)  1.345 0.577-2.568  0.521
PDGF-B (high vs. low or none) 0.487 0.041-1.398  0.232
PDGFR-$ (high vs. low or none) 3.095 1.311-7.321  0.021

Statistically significant values indicate bold

VEGF vascular endothelial cell growth factor, VEGFR vascular
endothelial growth factor receptor, PDGF platelet-derived growth
factor, PDGFR platelet-derived growth factor receptor

surgery. In order to minimize the impact of tumor size,
we had stratified the cohort according to the pathologic
stage (Table 2B). In this stratified analysis, the correlation
between PDGFR-B expression status and Fuhrman grade
lost its statistical significance although the inverse direc-
tion of the relationship remained unchanged. Poorly dif-
ferentiated tumors are by definition tumors with increased
mitotic figure, disrupted cellular architecture with aber-
rant microvasculature (Fuhrman et al. 1982). Our finding
that PDGFR-P expression was in inverse relationship with
the nuclear grade irrespective of tumor stage can thus be
explained. The inverse correlations of VEGFR, PDGF-B/
PDGFR-f and pathological grade are unique and interest-
ing finding of this study. Most previous studies analyzed
the expression status of angiogenic factors and their recep-
tors in RCC patients which included locally advanced
RCCs (e.g., pT3 RCCs), whereas our data only included
pT1-2 NOMO ccRCCs. Since the exact timing of PDGF
and VEGF expression increase is unknown throughout the
tumorigenesis, we presumed that our finding is probably
due to different tumor stages of the patients and thus can
be limited to only localized ccRCCs. However, the finding
that high PDGFR-B expression in localized RCC has inde-
pendent prognostic value in a multivariate model is novel
and worth note. Considering that all of our recurrences
were distant metastases, this finding could imply that while
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poorly differentiated tumors lose the ability to maintain a
well-formed vascular structure, those that retain the ability
possess increased potential for subsequent recurrence. On
the other hand, since the timing of the initiation of metas-
tasis in a pathologically organ-confined cancer is unknown,
this could also imply that elevated PDGFR-f expression
in organ-confined RCC is part of the early events. Further
research of the molecules that function in concert with or at
the downstream of these vasculogenic proteins could help
elucidate the mechanism. Moreover, to be more generaliz-
able, confirming the prognostic role of PDGFR-B expres-
sion may require additional validations.

Conclusions

Although high tumor expression level of PDGFR- was
associated with low nuclear grade, it was independently
predictive of poorer RFS after nephrectomy in patients with
organ-confined ccRCC. While the mechanism of PDGFR-f
contributing to the development of subsequent metastasis and
its relations with other vascular markers needs further to be
determined, our finding provides additional prognostic infor-
mation to aid in the following of patients with stage I ccRCC.
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