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Tyrosine kinase inhibitor sunitinib targets the  
vasculature of clear cell renal cell carcinoma:  
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Abstract: Tyrosine kinase inhibitor sunitinib is thought to exert its anti-tumor effect by modulating angiogenesis in 
clear cell renal cell carcinoma (ccRCC). The pathological changes after sunitinib treatment have, however, rare-
ly been studied in surgically resected ccRCC specimens. Such studies are important as they allow researchers 
to examine whether sunitinib targets the intended tissue and the effectiveness of treatment. We analyzed the 
pathological and immunohistochemical features of 14 surgically resected ccRCCs following sunitinib treatment 
and 25 untreated ccRCCs. Treated and untreated ccRCCs were similar in tumor size, nuclear grade and patho-
logical stage. The treated tumors, however, showed significantly higher extent of tumor necrosis (32%) and more 
likely to have pericellular fibrosis (100%) and vasculopathy involving medium/large vessels (78.6%) compared with 
untreated tumors (23%, 20% and 40%, respectively, p<0.03). The treated tumors showed 47% reduction in mi-
crovessel density demonstrated on CD34 immunohistochemistry compared to the untreated tumors (64 vs 33, 
p=0.003). Architectural disruption, including vascular dilation and fragmentation, were significantly more common 
in treated tumors. VEGFR-2 expression (VEGFR-2/CD34 ratio) was higher on tumor microvessels in treated tumors 
than untreated tumors (0.95 vs 0.81, p=0.04). Our study confirms that tumor microvessels are the primary target of 
sunitinib treatment in ccRCCs. Sunitinib treatment significantly reduces the microvessel density and also produces 
significant structural disruption that lead to hypoxia, ischemia and necrosis in tumors. The treatment also increases 
the VEGFR-2 expression on the residual tumor microvessels and may contribute to the occurrence of resistance to 
sunitinib treatment. 
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Introduction

Clear cell renal cell carcinoma (ccRCC) accounts 
for about 70% of RCCs in adults. The carcino-
genesis of ccRCC is related to von Hippel 
Landau (VHL) gene inactivation [1-3], although 
recent studies have also demonstratred the 
important role of chromatin remodeling genes 
and metabolic pathways [4-9]. Most sporadic 
ccRCCs show VHL gene inactivation by dele-
tion, mutation, or promoter hypermethylation 
[3, 10]. It is clear that VHL protein plays a criti-
cal role in hypoxia inducible factor (HIF) homeo-
stasis and regulation of genes in hypoxia induc-

ible pathway. In ccRCC in which VHL gene 
expression is inactivated, HIF protein accumu-
lates in the cytoplasm and subsequently dif-
fuses into the nuclei to activate the genes re- 
gulated by HIF including vascular endothelial 
growth factor (VEGF), platelet derived growth 
factor (PDGF) and carbonic anhydrase IX (CAIX) 
[11, 12]. These growth factors bind to their cor-
responding receptors to activate cellular sig- 
naling cascades to promote cell proliferation, 
growth and survival. The unchecked stimulation 
of these pathways leads to tumor developme- 
nt, growth and progression. Overexpression of 
VEGF and PDGF is particularly relevant to clear 
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cell renal carcinogenesis as they are potent 
proangiogenic factors and promote tumor an- 

giogenesis and therefore growth and progre- 
ssion.

20-30% of ccRCCs present with metastatic dis-
ease. After surgical resection, 1/3 of patients 
develop distant metastasis [3]. Treatment for 
advanced ccRCC remains a challenge. Many 
small molecular inhibitors have been devel-
oped to target genes implicated in the HIF regu-
lated pathways. In recent years, sunitinib has 
been recommended as a first line therapy for 
metastatic ccRCC [13]. As a multi-kinase inhibi-
tor, it selectively inhibits several tyrosine kinas-
es, including vascular endothelial growth factor 
receptor 2 (VEGFR-2), platelet-derived growth 
factor receptor ß (PDGFR-ß), stem cell factor 
receptor (Kit) and Fms-related tyrosine kinase 
3 (Flt-3). The antitumor effect of sunitinib is 
thought to be mediated by inhibition of three 
major pathways [10]. Inhibition of the Protein 
Kinase C (PKC) pathway causes rapid disrup-
tion of existing tumor blood vessels which leads 
to acute tumor regression. Inhibition of MAP 
kinase pathway inhibits new blood vessel for-
mation which leads to tumor growth delay or 
slow tumor regression. Finally inhibition of PI3K 
pathway may have a direct effect on cancer 
cells causing cancer cell death. 

Thought to primarily targeting tumor angiogen-
esis [14], the anti-tumor mechanism of suni-
tinib is not entirely clear. Most published stud-
ies used cell culture and animal xenograft  
models [14-16]. The pathologic and molecular 
changes after sunitinib treatment have been 
studied in ccRCC surgical resection specimens 
in only a few studies [17, 18]. None, however, 
provided detailed morophometric analysis of 
the treatment effect. Our current study was 
aimed to identify the histological changes in 
treated tumors and to explore the possible anti-
tumor mechanism by studying the morphomet-
ric changes in tumor vasculature, expression of 
key molecules such as VEGFR-2 and CAIX after 
treatment. 

Material and methods

Patient cohort

14 ccRCC tumors with neoadjuvant sunitinib 
treatment prior to surgical resection (study 
cases) and 25 ccRCC tumors with no treatment 
(control cases) were included. Study and con-
trol cases were matched for ISUP nucleolar 

Figure 1. Morphology of microvessels in clear cell re-
nal cell carcinoma. On CD34 immunostains, tumor 
microvessels form delicate and arborizing vascula-
ture without conspicuous lumens (A). They, however, 
may become dilated (A, arrows) and discontinuous. 
Tumor microvessel dilatation is categorized as nor-
mal (A), focal (B) and diffuse (C) when <10%, 10-50% 
and >50% of microvessels show dilatation. Similarly 
tumor microvessel fragmentation is categorized as 
normal (A), focal (B) and diffuse (C) when short and 
discontinuous microvessels account for <10%, 10-
50% and >50% of microvessels. 
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grade and pathological stage (pT). Patients in 
the study group was treated with 2-7 cycles of 
sunitinib on a 4/2 schedule (50mg/day for 28 
days followed by 14-day rest before the next 
cycle started).

Pathological examination of nephrectomy 
specimens

Surgical specimens were examined according 
to the College of American Pathologists cancer 
protocols (www.cap.org). Briefly, nephrectomy 
specimens were bivalved to reveal the tumors. 
Surgical margins, tumor size, anatomic extent 
of the tumor (perinephric and sinus invasion 
and vascular invasion), and percentage of tu- 
mor necrosis were documented. Tumors were 
sampled at 1 section/cm tumor for routine his-
tological examination.

Immunohistomical staining and evaluation

Immunohistochical staining procedure followed 
the established protocol. One representative 
block from each case was stained for: CD34 
(0.8 µg/ml, Ventana, Tucson, AZ), CA9 (1:2000, 
Novus Biologicals, Littleton, CO), and VEGFR2 

score which was calculated by multiplying the 
staining intensity (negative [0], week [1] and 
strong [2]) and percentages of positive cells 
(0-100). Therefore, the CAIX staining score 
ranged from 0 to 200.

Morphometric analysis of tumor microvessels

Evaluation of tumor microvessel density (MVD) 
and morphology was performed on CD34 im- 
munostain slides. Representative tumor sec-
tions immunostained with CD34 were scanned 
at low magnification to identified five 4X fields 
with greatest number of tumor microvessels. 
For MVD, any discrete CD34-positive structure 
was counted as a tumor microvessel. Any con-
tiguous structure, regardless of its branching 
contour, was counted as a microvessel. MVD 
was calculated as the number of microvessels 
per 4X field. 

Tumor microvessels were also evaluated for 
their morphological alterations, including dila-
tation and fragmentation. In untreated tumors, 
tumor microvessels usually formed delicate 
and arborizing vasculature without conspicu-
ous lumens (Figure 1A). In treated tumors, 

Table 1. Clinical and pathological features of clear cell renal cell carcinomas

Clinicopathological features Untreated Treated P 
value

No. patients 25 14
Male, number/% 19/76.0% 11/78.6% 0.86
Age (years) 61±10 (45-81) 63±8 (52-80) 0.91
    Mean ± SD (range)
Tumor size (cm) 5.6±3.4 (2.5-10.0) 5.9±3.2 (3.0-11) 0.43
    Mean ± SD (range)
ISUP nucleolar grade 0.97
    1/2 7 4
    3/4 18 10
Pathological stage 0.46
    T1 3 1
    T2 5 6
    T3 15 7
Tumor necrosis 19/76.0% 11/79% 1.0
    Number/%
Extent of tumor necrosis 23±18% (5-60) 32±20% (5-60) 0.03
    Mean ± SD (range)
Pericellular fibrosis 5/20% 14/100% 0.000
    Number/%
Vasculopathy in small/medium vessels 10/40% 11/78.6% 0.02
    Number/%

(1:150, Cell Signa- 
ling, Danvers, MA). 
The 5-µm tissue 
sections were ant-
gen-retrieved acco-
rding to the specifi-
cations of the man-
ufacturers of prima-
ry antibodies. The 
slides were then 
incubated sequen-
tially with primary 
antibodies, biotinyl-
ated secondary an- 
tbody, avidin-perox-
idase complex (Ve- 
ntana, Tucson, AZ) 
and chromogenic 
substrate diamino-
benzidine. The st- 
ains were perform- 
ed on a Ventana 
Benchma-rk auto-
matic stainer (Ven- 
tana, Tucson, AZ). 
The expression of 
CAIX was evaluated 
using a composite 
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tumor microvessels, however, often became 
dilated and discontinuous (Figure 1C). Tumor 
microvessel dilatation was categorized as nor-
mal (<10% microvessels showing dilation, Fig- 
ure 1A), focal (10-50% microvessels showing 
dilation, Figure 1B) and diffuse (>50% micro- 
vessels showing dilation, Figure 1C). Similarly 
tumor microvessel fragmentation was catego-

rized as normal (>90% microvessels forming 
arborizing vascular network with <10% short 
vessels, Figure 1A), focal (50-90% microves-
sels forming arborizing vascular network  
with 10-49% short vessels, Figure 1B) and dif-
fuse (<50% microvessels forming arborizing 
vascular network with >50% short vessels, 
Figure 1C). 

To evaluate the expression of VEGFR-2 on tu- 
mor microvessels, VEGFR-2 positive microves-
sels were counted in the same fashion as MVD 
was counted. Expression of VEGFR-2 was cal-
culated as VEGFR-2/CD34 ratio.

Statistical analysis

Student t test was used for continuous vari-
ables and x2 test was used for categorical  
variables. Statistical significance was set at 
p<0.05.

Results

There is no significant difference between the 
treated and control tumors in terms of gender 
distribution, age, tumor size, ISUP nucleolar 
grade and pathological stage (Table 1). The % 
of tumors with tumor necrosis (Figure 2A, Table 
1) was not different between two groups. 
However, the treated tumors showed a signifi-
cant increase in the amount of tumor necrosis 
compared with the untreated tumors (32% vs 
23%, p=0.03, Table 1). Apoptosis was not sig-
nificantly identified in both groups. Pericellular 
fibrosis, in which tumor cells were surrounded 
by hyalinized fibrous tissue (Figure 2A), was 
seen in all 14 treated tumors. Tumor cells with 
pericellular fibrosis had degenerative appear-
ance with single cells and poorly formed nests 
with pyknotic nuclei separated by fibrous  
tissue with inconspicuous vascular septa 
(Figure 2A). Coagulative necrosis was seen in 
11/14 (79%) of treated tumors (Figure 2B). 
These changes were interspersed within the 
tumor areas with no obvious treatment effect. 
Pericellular fibrosis was also seen, but in much 
lesser extent, in untreated tumors (5/20%, 
p<0.001, Table 1). There were small and medi-
um vessels with intimal thickening and myxoid 
and hyalinized changes involving intima and 
media and resulting in luminal narrowing and 
occlusion (Figure 2C). Such changes were more 
common in treated tumors (11/78.6%) than 
untreated tumors (10/40%, p=0.02, Table 1). 

Figure 2. Morphological alterations in treated clear 
cell renal cell carcinoma include pericellular fibrosis 
(A), necrosis (B), and vasculopathy involving small 
and medium vessels with intimal thickening, myxoid 
change involving intima and media and luminal nar-
rowing and occlusion (C). 
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Treated tumors showed significantly reduced 
MVD (33/4X field) compared with untreated 
tumors (64/4X field, p=0.003, Table 2). The 
morphology of the tumor microvessels was al- 
so significantly different between treated and 
untreated tumors. Focal and diffuse vascular 
dilatation was observed in 6/14 and 8/14 
treated tumors, and in 15/25 and 3/25 untreat-
ed tumors (p=0.004), while focal and diffuse 
vascular fragmentation was observed in 1/14 
and 12/14 treated tumors, and 1/25 and 
12/25 untreated tumors (p=0.014). 

VEGFR-2 immunostain was found on the endo-
thelial cells but not on tumor cells (Figure 3A 
and 3C). The expression of VEGFR-2 on tumor 
microvessels was normalized against the CD- 
34 positive microvessels. VEGFR-2/CD34 ratio 
was higher in treated tumors (0.95) than un- 
treated tumors (0.81, p=0.04). 

Finally, CAIX immunostain was localized on tu- 
mor cell membranes. The composite staining 
score was 129.3±42.5 and 91.5±41.5 in un- 
treated and treated tumors (p=0.09). 

Discussion

The anti-tumor mechanisms of sunitinib in 
ccRCC have been previously studied using cell 
culture and mouse xenograft models and it is 
thought that sunitinib primarily targets the 
tumor angiogenesis rather than exerting direct 
effect on tumor cells. Histological examination 
of treated tumors is critical as it allows research-
ers to examine whether sunitinib targets the 

33 in treated tumors vs 64 in untreated 
tumors), which resulted probably from both 
suppresson of neo-angiogenesis and destruc-
tion of preexisting tumor microvessels [19]. In 
addition, sunitinib treatment produced signifi-
cant structural alterations in tumor microves-
sels. Microvascular dilatation and fragmenta-
tion were seen in all the treated tumors. The 
latter indicated highly tortuous microvascular 
network that appeared fragmented and dis- 
continuous on tissue sections. Structural dis-
ruption of microvessels results in loss of physi-
ological integrity of vessels leading to vessel 
leakage as evidenced by deposition of fibrinoid 
material and fibrosis in pericellular and sinosoi-
dal pattern. The vasculopathy involving small 
and medium vessels with intimal and medial 
thickening and myxoid and hyalinized changes 
and luminal narrowing and occlusion, first 
reported by Tsuzuki et al. [18], is also seen in 
almost 80% of treated tumors. The reduction in 
MVD and structural alterations seen in tumor 
vessels result in increased extent of necrosis  
in treated tumors which was increased by 
almost 40% (from 23% in untreated tumors to 
32% in treated tumors) even though both treat-
ed and untreated tumors did not differ signifi-
cantly in tumor size, stage and nuclear grade.

However, the structural disruption, including 
microvascular dilatation and fragmentation, 
vasculopathy involving small and medium ves-
sels and pericellular fibrosis were also found  
in untreated tumors, although these changes 
were significantly less common and severe in 
untreated tumors. These findings suggest the 

Table 2. Morphological analysis of tumor microvessels 
in clear cell renal cell carcinomas
Morphological analysis Untreated Treated P value
MVD 64 33 0.003
    Number/4X fields
Dilatation 0.004
    Normal 7 0
    Focal 15 6
    Diffuse 3 8
Fragmentation 0.014
    Normal 12 0
    Focal 1 2
    Diffuse 12 12
VEGFR2 expression 0.81±0.35 0.95±0.25 0.04
    VEGFR2/CD34 ratio ± SD

intended tissue and the effectiveness  
of treatment. It may also identify mor-
phological features and tissue tumor 
markers that may correlate with the 
treatment response. Only two studies so 
far investigated the treatment effect in 
surgically resected ccRCC specimens 
[14, 17]. However, neither study provided 
a quantitative measurement of the  
treatment effect. In this study, we con-
ducted a detailed analysis of both  
quantitative and qualitative alterations  
in tumor microvessels in surgically re- 
sected ccRCCs treated with sunitinib. 

Our study confirmed that subinitib pri-
marily affected tumor microvessels. The 
treated tumors showed almost 50% 
reduction in tumor microvessels (MVD= 



Pathological changes in clear cell renal cell carcinoma after sunitinib treatment

3576	 Int J Clin Exp Pathol 2016;9(3):3571-3578

architectural changes in tumor vessels are not 
specific for sunitinib treatment. The tumor ves-
sels are inherently architecturally unstable and 
prone to structural alterations such as dilata-
tion, fragmentation and tortuosity. Sunitinib, 
however, augments these changes, presum-
ably by increasing the endothelial permeability 
and loss of pericytes [14, 19] and therefore 
modulating the structure and function of tumor 
microvessels and consequently exerting its 
anti-tumor effect. 

Another important finding of this study is that 
the treated tumors had higher expression of 
VEGFR-2 (VEGFR-2/CD34 ratio) on tumor mic- 
rovessels which were significantly reduced in 
number. The mechanism by which sunitinib 
increased the VEGFR-2 expression on the resid-
ual tumor microvessels was not studied in  
this report but it is possible that hypoxia and 
ischemia resulting from sunitinib treatment 
may up-regulate VEGFR-2 expression on residu-

al tumor microvessels. This finding may have 
important therapeutic implications. Sunitinib is 
a multi-kinase inhibitor that targets VEGFR-2 
which plays a critical role in angiogenesis. 
Although treatment with sunitinib substantially 
improves patient outcome, the initial success  
is overshadowed by the occurrence of resis-
tance. The mechanisms of resistance are poor-
ly understood [20], but increased expression of 
VEGFR-2 on tumor vessels could play a role in 
the development of the resistance. Therefore, 
further, more specific inhibition of VEGFR-2 may 
help overcome the resistance in treated ccRCC. 
A recent study by Duignan et al. [15] using a 
more specific anti-VEGFR-2 antibody DC101 
found that combined use of sunitinib and 
DC101 reduced the tumor volume to an extent 
greater than with sunitinib or DC101 used 
alone in a murine RCC model.  

In summary, we conducted a detailed morpho-
logical analysis of the sunitinib treatment effect 

Figure 3. Expression of VEGFR-2 on tumor microvessels in treated (A) and untreated (C) tumors. CD34 immunos-
tains highlighted microvessels in treated (B) and untreated (D) tumors. 
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in surgically resected ccRCC specimens. Our 
study shows that the tumor microvessels are 
the primary target of sunitinib treatment in 
ccRCC. Sunitinib treatment significantly reduc-
es the microvessel density and also produces 
significant structural alterations that lead to 
hypoxia and ischemia and necrosis in tumors. 
The treatment also increases the VEGFR-2 
expression on the residual tumor microvessels 
and may contribute to the occurrence of resis-
tance to sunitinib treatment. 
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