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Abstract

Objective: To evaluate the association between the RENAL nephrometry score (RNS) and tumor proliferative activity assessed by

immunohistochemistry in patients with localized renal cell carcinoma.

Methods: The current study included 145 pathological T1 (pT1) clear cell renal cell carcinomas (ccRCC). Tumor proliferative activity

was assessed with the Ki67 index and microvessel density (MVD). RNS was retrospectively assessed in the present study. We divided

patients into 3 groups according to RNS (RNS 4−6: low-complexity, 7−9: moderate complexity, and 10−12: high-complexity tumors) and

compared the Ki67 index as well as MVD among the 3 groups. The association between the Ki67 index/MVD and each component (R, E,

N, A, L, h) was also evaluated.

Results: There were 56 low, 84 moderate, and 5 high-complexity tumors. The median Ki67 index of all tumors was 5.34% (interquartile

range: 3.28−8.57). The median Ki67 index of low, moderate, and high-complexity tumors was 3.97%, 6.39%, and 11.27%, respectively,

with a significant difference among the 3 groups (Kruskal−Wallis test, P = 0.0004). On the other hand, the median MVD of low, moderate,

and high-complexity tumors was 14.11%, 14.42%, and 21.22%, respectively, and there were no significant differences among the 3 groups.

In terms of each RNS component, there were significant differences in the Ki67 index among the 3 groups in N (P = 0.0101) and L (P =

0.0280) components, respectively.

Conclusions: The revealed association between RNS and the Ki67 index in pT1 clear cell renal cell carcinomas further supports the pre-

vious findings that the anatomy of renal cell carcinoma is associated with the malignant potential of localized clear cell renal cell carcinoma,

which may provide additional information for treatment decision. � 2019 The Author(s). Published by Elsevier Inc. This is an open access

article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Based on widespread screening and advances in imaging

modalities, the rate of detecting small renal tumors has

steadily increased [1,2]. Of those small renal tumors, clear

cell renal cell carcinoma (ccRCC) is the most frequent

form of sporadic RCC [3]. Nephron-sparing approaches

such as partial nephrectomy, cryotherapy, or thermal abla-

tion are now available for the treatment of small renal
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tumors [4]. In addition, thanks to accumulated information

on the relatively indolent natural course of small renal

tumors, active surveillance is another option [5,6], and pre-

dictors of the tumor growth rate could be beneficial for

treatment decisions, especially when patients already have

competing health risks. Our group previously reported that

the RENAL Nephrometry Score (RNS), which is now

widely utilized to assess anatomical features of renal

tumors, was associated with the annual tumor growth rate

on linear regression analysis in 47 renal tumor patients with

at least 12-month follow-up [7]. Mehrazin et al. also
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reported a similar observation on analyzing 401 small renal

masses, whereby the average tumor linear growth rate

increased by 0.037 cm/y for each 1-point increase in RNS

[8]. Furthermore, other researchers reported that a high

RNS was associated with unfavorable pathology in RCC

patients [9]. These observations strongly suggest that ana-

tomic features of renal cell carcinomas are associated with

tumor proliferative ability and the malignant potential.

Ki67 is a proliferation marker that is expressed during

the cell cycles of G1, S, G2, and M stages. Several studies

reported that Ki67 expression is associated with a poor

prognosis in patients with several types of cancer including

renal cell carcinoma [10,11]. Microvessel density (MVD),

considered to be a surrogate marker of a tumor’s angiogenic

potential, has also been associated with a poor prognosis in

patients with a number of malignancies including renal cell

carcinoma [12]. In the present study, in order to gain further

insights into the association between the anatomy of small

ccRCC and tumor proliferative activities, we assessed the

Ki67 index and MVD by immunohistochemistry in pT1

renal cell carcinoma patients, and evaluated the association

between these results and RNS.
2. Materials and Methods

2.1. Study population

This study was approved by the Institutional Review

Board of Hokkaido University Hospital. Between January

2002 and December 2014, open or laparoscopic partial

nephrectomy for small renal tumors was performed in 253

cases (246 patients) at Hokkaido University Hospital.

Excluding those with recurrent (n = 10) or multiple tumors

(n = 28), 215 were treated for single primary renal tumors.

Among these cases, 152 patients were pathologically diag-

nosed with pT1 ccRCC. Excluding cases with a missing

preoperative image (n = 6), or insufficient pathological

information (n = 1), 145 patients were included in the pres-

ent study. This inclusion flow is summarized in Supplemen-

tary Figure 1. Patients’ characteristics including age, sex,

tumor size, tumor location, and pathological outcomes

were retrospectively collected from the medical charts. The

histological grade was defined by the Japanese pathological

criteria. It is based on nuclear morphology. It is divided

into grades 1, 2, and 3 (Grade 1, tumors have smaller nuclei

than renal tubular epithelial cells; Grade 2, tumors have the

same sized nuclei as renal tubular epithelial cells; and

Grade 3, tumors have larger nuclei than renal tubular epi-

thelial cells, as well as more irregular and pleomorphic

nuclei). Using preoperative computed tomography imaging,

tumors were classified by RNS as well as its individual

components [13]. RNS is based on 5 anatomical parame-

ters: (R)adius (largest diameter), (E)xophytic/endophytic

natures of the tumor, (N)earness of the deepest part of the

tumor to the collecting system or sinus, (A)nterior (a)/pos-

terior (p) descriptor, and the (L)ocation relative to the polar
line. All components other than (A) are recorded on a 1, 2,

or 3-point scale. The (A) describes the mass location to the

coronal plane of the kidney. The suffix “x” is assigned if

anterior or posterior tumor designation is not possible. An

additional suffix “h” is utilized to designate a hilar location

of the tumor (abutting the main renal artery or vein) [13].

RNS was determined by consensus between 2 senior urolo-

gists. For subsequent analyses, RNS of 4 to 6, 7 to 10, and

10 or greater were classified as low, intermediate, and high

complexity, respectively, and we compared the Ki67 index

as well as MVD among the 3 groups, and between the low-

and moderate/high-complexity groups. The association

between each component of RNS and the Ki67 index or

MVD was also evaluated.
2.2. Immunohistochemistry

Immunohistochemical staining was performed at Mor-

photechnology Company Limited (Sapporo, Japan). Anti-

Ki67 monoclonal antibody (clone Ki67, Dako M7240,

1:150) was used for Ki67 detection. Anti-CD34 monoclonal

antibody (clone QBEnd 10, Dako F7166, 1:300) was used

for blood vessel detection. Representative parts of cancer

tissues were stained, and sample images were acquired

using NanoZoomer (Hamamatsu Photonics, Japan).
2.3. Ki67 index analysis

The 5 fields with the highest density of Ki67-positive

nuclei were selected. The Ki67-positive or -negative nuclei

number at low magnification (£100) was determined using

Image J software (National Institutes of Health, Bethesda,

MD, USA) and Gunma-LI, Version 017 (Japan Brain

Tumor Reference Center, Gunma, Japan) [14]. The Ki67

index was calculated as the number of positively Ki67-

stained nuclei expressed as a ratio of the total nuclei using

the average of 5 fields.
2.4. Micro-vessel density analysis

The 5 most vascularized fields within each CD34-stained

section were selected. MVD was quantified at low magnifi-

cation (£100) using Image J software. MVD was deter-

mined as the CD34-stained area as a percentage of the total

area using the average of 5 fields [15].
2.5. Statistical analysis

Outlier box plots represent the median (center line) and

25th and 75th percentiles (box), and the ends of the

whiskers are the outermost data points from their respective

quartiles that fall within the distance computed as 1.5 times

the interquartile range (IQR). The Kruskal−Wallis test was

performed for multiple comparisons, followed by the Wil-

coxon test for paired comparisons. JMP version 13 (SAS
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Institute, Tokyo, Japan) was used for all calculations, and

P < 0.05 was considered significant.

3. Results

The clinical and pathological features of the 145

ccRCCs are shown in Table 1. The median patient age was

63 years (range: 30−85 years). The median tumor size at

surgery was 2.4 cm (range: 1.0−6.3). The median RNS

based on the initial image was 7 (range: 4−10). These

included 56 low (RNS 4−6), 84 moderate (RNS 7−9), and
5 high-complexity (RNS 10−12) tumors. Representative

images of Ki67 and CD34 staining in ccRCCs are shown in

Fig. 1.

Fig. 2 and Table 2 show the association between RNS and

the Ki67 index. The median Ki67 index of all tumors was

5.34% (IQR: 3.28−8.57), and those of low, moderate, and

high-complexity tumors were 3.97% (IQR: 2.34−6.43),
6.39% (IQR: 4.11−8.98), and 11.27% (IQR: 5.88−17.63),
respectively. There were significant differences in the Ki67

index among the 3 groups (Fig. 2A), as well as between the

low and moderate/high groups (Fig. 2B). The Ki67 index of

moderate or high-complexity tumors was significantly higher

than that of low-complexity tumors (Fig. 2A). In terms of the

association between each RNS component and the Ki67

index, N (P = 0.0101) and L (P = 0.0280) components were

significantly associated with the Ki67 index (Table 2, and

Supplementary Figure 2).

Fig. 3 and Table 3 show the association between RNS

and MVD. The median MVD of all tumors was 14.51%

(IQR: 10.82−20.90), and those of low, moderate, and high-
Table 1

Tumor characteristics (n = 145)

Variables All tumors (n = 145

Age at surgery, year, median (range) 63 (30−85)
Sex, no. (%)

Male 103 (71.0)

Female 42 (29.0)

Tumor size, cm, median (range) 2.4 (1.0−6.3)
cT1a: cT1b 133:12

RENAL nephrometry score, median (range) 7 (4−10)
R, median (range) 1 (1−2)
E, median (range) 2 (1−3)
N, median (range) 2 (1−3)
A, no. (%)

A 58 (40.0)

P 42 (29.0)

x 45 (31.0)

L, median (range) 2 (1−3)
Grade*, no. (%)

G1 12 (8.3)

G2 113 (78.5)

G3 20 (13.8)

pT1a: pT1b 136:9

*Histological grade was defined by Japanese pathological criteria
complexity tumors were 14.11% (IQR: 10.20−20.66),
14.42% (IQR: 10.82−20.03), and 21.22% (IQR: 16.21

−25.24), respectively. There was no significant difference

in MVD among the 3 groups of RNS, on comparing each

component (Table 3, Fig. 3A, and Supplementary Figure

3). Similarly, there was no significant difference in MVD

between the low and moderate/high groups (Fig. 3B).

4. Discussion

Based on the increased incidental detection of small

renal mass, especially in the elderly or patients with pre-

existing comorbidities, it is becoming more important to

predict malignancy or its aggressiveness before treatment

decisions. Modern renal biopsy series have reported a high

accuracy of over 90% for determining tumor malignancy

[16−18]. However, the accuracy for tumor grading is still

limited (around 40%−60% accuracies reported) [18−20]
and the underuse of renal biopsy has also been pointed out

in actual clinical practice [21], which means that radiologi-

cal characteristics play a major role in determining the

management. Recently, Kutikov and Uzzo developed the

RNS system to standardize assessment of the anatomical

characteristics of renal masses [13], and subsequently

reported that RNS was correlated with both the tumor grade

and histology, such that large interpolar and hilar tumors

were more likely to represent high-grade cancers [9]. Their

group also reported the association between RNS and the

linear growth rate in 401 masses with a surveillance dura-

tion of at least 6 months [8]. In the present study, using an

immunohistochemical method, we supported previous
Tumor complexity

) Low (n = 56) Moderate/High (n = 89)

66 (33−85) 62 (30−82)

40 (71.4) 63 (70.8)

16 (28.6) 26 (29.2)

2.3 (1.2−4.1) 2.6 (1.0−6.3)
45:1 78:11

5 (4−6) 8 (7−10)
1 (1−2) 1 (1−2)
1 (1−3) 2 (1−3)
2 (1−3) 3 (1−3)

23 (41.1) 35 (39.4)

15 (26.9) 27 (30.3)

18 (32.0) 27 (30.3)

1 (1−3) 3 (1−3)

8 (14.3) 4 (4.5)

44 (78.6) 69 (77.5)

4 (7.1) 16 (18.0)

56:0 80:9
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Fig. 1. Representative cases with low-complexity (A) or high-complexity (B) tumor.

(A), (B) Axial and Sagittal Computed Tomography Image and immunostaining of Ki67 and CD34 in low-complexity (A) or high-complexity (B) tumor

(magnification£100. Scale bar: 100 mm). (C) The clinical features, Ki67 index, and MVD of 2 cases are shown.
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observations including ours that RNS was associated with

the annual tumor growth rate of small renal tumors. As

shown in Fig. 2A and Table 2, there were significant differ-

ences in the Ki67 index among low, moderate, and high-

complexity groups (median Ki67 index: 3.97% vs. 6.39%

vs. 11.27%, respectively, Kruskal−Wallis test, P = 0.0004).

When combining the moderate and high-complexity groups

together, similarly, we observed a significant difference in

the Ki67 index between the low and moderate/high-com-

plexity groups (Fig. 2B, P = 0.0003). We consider that our

observations further support the relationship between
anatomical features and biological characteristics in small

renal cell carcinoma. Out of the 145 cases, there were 21

overlapping with our previous study [7], which meant that

21 had data on annual tumor growth rates before surgery.

In these 21 cases, the Ki67 index was significantly corre-

lated with the annual growth rate (Spearman correla-

tion = 0.6074, P = 0.0035, data not shown).

Regarding the clinicopathological role of Ki67 expres-

sion in RCC, Gayed et al. previously reported that, out of

401 patients, high expression of Ki67 (≥10% tissue positiv-

ity) was noted in 6.5% and associated with adverse



Table 2

Association between the RENAL nephrometry score and Ki67 index

Ki67 index (%)

Median (IQR)

P value

(Kruskal−Wallis

test)

All tumors (n = 145) 5.34 (3.28−8.57)
Complexity 0.0004

Low (RNS: 4−6, n = 56) 3.97 (2.34−6.43)
Moderate (RNS: 7−9,
n = 84)

6.39 (4.11−8.98)

High (RNS: 10−12, n = 5) 11.27 (5.88−17.63)
R score 0.1079

1 (n = 133) 5.20 (3.19−8.47)
2 (n = 12) 7.46 (4.68−13.25)

E score 0.3215

1 (n = 43) 4.77 (2.35−7.68)
2 (n = 89) 5.73 (3.62−8.85)
3 (n = 13) 5.42 (3.59−7.87)

N score 0.0101

1 (n = 52) 4.44 (2.27−6.76)
2 (n = 29) 5.50 (2.39−8.66)
3 (n = 64) 6.42 (4.12−8.91)

A score 0.7384

a (n = 58) 5.43 (3.35−8.34)
p (n = 42) 5.97 (4.12−8.05)
x (n = 45) 4.68 (2.33−10.22)

L score 0.0283

1 (n = 58) 4.65 (2.36−6.82)
2 (n = 34) 6.91 (3.31−9.89)
3 (n = 53) 5.85 (4.05−9.35)

Hilar location 0.0751

¡(n = 133) 5.20 (3.19−8.36)
+(n = 12) 8.16 (5.06−13.47)
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Fig. 2. Ki67 index and association with renal complexity.

(A) Dot plot showing the Ki67 index in low, moderate, and high-complex-

ity tumors. Statistical significance was determined with the Kruskal−Wallis

test followed by the Wilcoxon test. * P < 0.05, ** P < 0.001. (B) Dot plot

showing the Ki67 index in low and moderate/high-complexity tumors. Statisti-

cal significance was determined with the Wilcoxon test. ** P ≤ 0.001

H. Kikuchi et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 301.e19−301.e25 301.e23
pathological features (T stage, Grade, Tumor size ≥5 cm,

sarcomatoid differentiation, tumor necrosis, and lympho-

vascular invasion) [10]. We also observed significant differ-

ences in the Ki67 index among grade 1, 2, and 3 tumors

(median Ki67 index: 2.86% vs. 5.43% vs. 8.33%, respec-

tively, Kruskal−Wallis test, P = 0.0009, data not shown).

Regarding each component of RNS, N and L compo-

nents were associated with an increased Ki67 index. Mehra-

zin et al. also reported that R, E, and N components were

associated with an increased linear growth rate of renal

tumors, and, moreover, the N component was strongly asso-

ciated with this (P < 0.0001) [8]. In addition, Correa et al.

observed that, in 334 renal tumors less than 4 cm, the N

component, defined as less than 4 mm from the collecting

system or renal sinus fat, was the only anatomical feature

associated with a diagnosis of cancer (odds ratio, 3.58, P =

0.04) as well as high-grade histology (odds ratio, 2.81, P =

0.003) [22]. Although the mechanism explaining the rela-

tionship between a central tumor location and marked prob-

ability of high-grade disease has not been clarified yet,

Correa et al. postulated that, due to increased extracellular

tonicity and decreased oxygen tension in the microenviron-

ment of the inner renal medulla, normal renal tubule cells
induce cell-protecting pathways, such as the hypoxia-induc-

ible factor pathway, and these pathways are also utilized by

cancer cells to promote growth and survival.

In the present study, considering the potential relation-

ship between angiogenesis and tumor growth, MVD was

also evaluated using anti-CD34 monoclonal antibody,

which showed no significant difference in MVD among the

3 groups of RNS, between the low- and moderate/high-

complexity groups, or either in terms of each component.

In terms of the survival impact of MVD in RCC, there have

been conflicting observations. Several researchers reported

that a higher blood vessel density in RCC indicates a better

prognosis, whereas some researchers reported an inverse

relationship [23−26]. There are several endothelial markers

such as CD31 or CD105. Those endothelial markers are

heterogeneous and are known to reveal different character-

istics of tumor blood vessels. For example, CD34 is known
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Fig. 3. MVD and association with renal complexity.

(A) Dot plot showing MVD in low, moderate, and high-complexity

tumors. Statistical significance was determined with the Kruskal−Wallis

test. There was no significant difference between the groups. (B) Dot plot

showing MVD in low and moderate/high-complexity tumors. Statistical

significance was determined with the Wilcoxon test. There was no signifi-

cant difference between the groups.

Table 3

Association between RENAL nephrometry score and MVD.

MVD (%)

Median (IQR)

P value

(Kruskal−Wallis

test)

All tumors (n = 145) 14.51 (10.82−20.90)
Complexity 0.1924

Low (RNS: 4−6, n = 56) 14.11 (10.20−20.66)
Moderate (RNS: 7−9,
n = 84)

14.42 (10.82−20.03)

High (RNS: 10−12, n = 5) 21.22 (16.21−25.24)
R score 0.8746

1 (n = 133) 14.33 (10.86−20.90)
2 (n = 12) 19.23 (7.26−20.83)

E score 0.8023

1 (n = 43) 14.24 (10.06−20.01)
2 (n = 89) 14.51 (10.86−21.07)
3 (n = 13) 16.39 (10.92−23.69)

N score 0.0896

1 (n = 52) 16.01 (11.28−20.58)
2 (n = 29) 11.83 (8.62−17.53)
3 (n = 64) 15.30 (11.26−22.34)

A score 0.4712

a (n = 58) 14.93 (10.88−21.00)
p (n = 42) 13.30 (9.13−19.82)
x (n = 45) 15.75 (11.48−21.58)

L score 0.5250

1 (n = 58) 14.95 (10.47−21.68)
2 (n = 34) 12.63 (8.39−21.86)
3 (n = 53) 14.86 (11.17−20.29)

Hilar location 0.4052

¡(n = 133) 14.24 (10.86−20.50)
+(n = 12) 17.72 (10.67−25.58)
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to be expressed in differentiated endothelial cells, whereas

CD31 is expressed in both differentiated and undifferenti-

ated endothelial cells [27]. It has been reported that CD31-

positive and CD34-negative blood vessels were determined

as undifferentiated vessels and the vessel density was asso-

ciated with a poor prognosis in ccRCC patients [28]. Fur-

ther studies may be required to verify the correlation

between immature blood vessel formation and RNS using

other endothelial antibodies.

In terms of survival, which was not our main aim, 7

patients developed disease recurrence after surgery. There

was no significant difference in recurrence rate between the

low and moderate/high groups (5-year recurrence-free sur-

vival: low: 97.1%, moderate/high: 94.5%, log-rank test,

P = 0.4724).

The present study had several limitations. First, the sam-

ple size was small, and the present cohort contained a few
high-complexity tumors (n = 5). Also, this cohort contained

a few tumors with a radius score of 2 (n = 12) and a few

with a hilar location (n = 12). We are planning to expand

the high-complexity cohort in a multi-institutional setting.

Second, no central pathological review was performed.

Third, as described above, different endothelial markers

might generate different results in terms of the association

between MVD and RNS. However, we consider that several

interesting observations were made in this study. As the

next step, we are planning a new study to evaluate whether

the Ki67 index could be effectively evaluated by needle

biopsy, and whether the combined use of the Ki67 index

and RNS score could be used to more accurately to predict

the tumor growth rate.
5. Conclusions

RNS was associated with the Ki-67 index in pT1 ccRCC

patients, but was not associated with MVD. Our observa-

tions further support the previous findings that the anatomy

of renal cell carcinoma is associated with the malignant

potential in localized ccRCC, which may give us additional

information for treatment decision.



H. Kikuchi et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 301.e19−301.e25 301.e25
Conflict of interest

None declared.
Supplementary materials

Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/j.

urolonc.2019.02.005.
References

[1] Kane CJ, Mallin K, Ritchey J, Cooperberg MR, Carroll PR. Renal cell

cancer stage migration: analysis of the National Cancer Data Base.

Cancer 2008;113:78–83.

[2] Nguyen MM, Gill IS, Ellison LM. The evolving presentation of renal

carcinoma in the United States: trends from the Surveillance, Epide-

miology, and End Results program. J Urol 2006;176:2397–400:dis-

cussion 400.

[3] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J

Clin 2017;67:7–30.

[4] Campbell SC, Novick AC, Belldegrun A, Blute ML, Chow GK, Der-

weesh IH, et al. Guideline for management of the clinical T1 renal

mass. J Urol 2009;182:1271–9.

[5] Smaldone MC, Kutikov A, Egleston BL, Canter DJ, Viterbo R, Chen

DY, et al. Small renal masses progressing to metastases under active

surveillance: a systematic review and pooled analysis. Cancer

2012;118:997–1006.

[6] Mehrazin R, Smaldone MC, Kutikov A, Li T, Tomaszewski JJ,

Canter DJ, et al. Growth kinetics and short-term outcomes of cT1b

and cT2 renal masses under active surveillance. J Urol

2014;192:659–64.

[7] Matsumoto R, Abe T, Shinohara N, Murai S, Maruyama S, Tsuchiya

K, et al. RENAL nephrometry score is a predictive factor for the

annual growth rate of renal mass. Int J Urol 2014;21:549–52.

[8] Mehrazin R, Smaldone MC, Egleston B, Tomaszewski JJ, Concodora

CW, Ito TK, et al. Is anatomic complexity associated with renal

tumor growth kinetics under active surveillance? Urol Oncol

2015;33:167 e7-12.

[9] Kutikov A, Smaldone MC, Egleston BL, Manley BJ, Canter DJ, Sim-

han J, et al. Anatomic features of enhancing renal masses predict

malignant and high-grade pathology: a preoperative nomogram using

the RENAL Nephrometry score. Eur Urol 2011;60:241–8.

[10] Gayed BA, Youssef RF, Bagrodia A, Darwish OM, Kapur P, Saga-

lowsky A, et al. Ki67 is an independent predictor of oncological out-

comes in patients with localized clear-cell renal cell carcinoma. BJU

Int 2014;113:668–73.

[11] Wang Z, Xie H, Guo L, Cai Q, Shang Z, Jiang N, et al. Prognostic and

clinicopathological value of Ki-67/MIB-1 expression in renal cell car-

cinoma: a meta-analysis based on 4579 individuals. Cancer Manag

Res 2017;9:679–89.
[12] Hlatky L, Hahnfeldt P, Folkman J. Clinical application of antiangio-

genic therapy: microvessel density, what it does and doesn’t tell us. J

Natl Cancer Inst 2002;94:883–93.

[13] Kutikov A, Uzzo RG. The R.E.N.A.L. nephrometry score: a compre-

hensive standardized system for quantitating renal tumor size, loca-

tion and depth. J Urol 2009;182:844–53.

[14] Tanaka G, Nakazato Y. Automatic quantification of the MIB-1 immu-

noreactivity in brain tumors. Int Congress Ser 2004;1259:15–9.

[15] Fox SB, Leek RD, Weekes MP, Whitehouse RM, Gatter KC, Harris

AL. Quantitation and prognostic value of breast cancer angiogenesis:

comparison of microvessel density, Chalkley count, and computer

image analysis. J Pathol 1995;177:275–83.

[16] Lane BR, Samplaski MK, Herts BR, Zhou M, Novick AC, Campbell

SC. Renal mass biopsy−a renaissance? J Urol 2008;179:20–7.
[17] Wang R, Wolf JS Jr., Wood DP Jr., Higgins EJ, Hafez KS. Accuracy

of percutaneous core biopsy in management of small renal masses.

Urology 2009;73:586–90:discussion 90-1.

[18] Neuzillet Y, Lechevallier E, Andre M, Daniel L, Coulange C. Accu-

racy and clinical role of fine needle percutaneous biopsy with com-

puterized tomography guidance of small (less than 4.0 cm) renal

masses. J Urol 2004;171:1802–5.

[19] Blumenfeld AJ, Guru K, Fuchs GJ, Kim HL. Percutaneous biopsy of

renal cell carcinoma underestimates nuclear grade. Urology

2010;76:610–3.

[20] Osawa T, Hafez KS, Miller DC, Montgomery JS, Morgan TM, Pala-

pattu GS, et al. Comparison of percutaneous renal mass biopsy and R.

E.N.A.L. Nephrometry score nomograms for determining benign vs

malignant disease and low-risk vs high-risk renal tumors. Urology

2016;96:87–92.

[21] Leppert JT, Hanley J, Wagner TH, Chung BI, Srinivas S, Chertow

GM, et al. Utilization of renal mass biopsy in patients with renal cell

carcinoma. Urology 2014;83:774–9.

[22] Correa AF, Toussi A, Amin M, Hrebinko RL, Gayed BA, Parwani

AV, et al. Small renal masses in close proximity to the collecting sys-

tem and renal sinus are enriched for malignancy and high fuhrman

grade and should be considered for early intervention. Clin Genito-

urin Cancer 2018;16:e729–33.

[23] Joo HJ, Oh DK, KimYS, Lee KB, Kim SJ. Increased expression of cav-

eolin-1 and microvessel density correlates with metastasis and poor

prognosis in clear cell renal cell carcinoma. BJU Int 2004;93:291–6.

[24] Nativ O, Sabo E, Reiss A, Wald M, Madjar S, Moskovitz B. Clinical

significance of tumor angiogenesis in patients with localized renal

cell carcinoma. Urology 1998;51:693–6.

[25] Yoshino S, Kato M, Okada K. Prognostic significance of microvessel

count in low stage renal cell carcinoma. Int J Urol 1995;2:156–60.

[26] Zhang JP, Yuan HX, Kong WT, Liu Y, Lin ZM, Wangs WP, et al.

Increased expression of Chitinase 3-like 1 and microvessel density

predicts metastasis and poor prognosis in clear cell renal cell carci-

noma. Tumour Biol 2014;35:12131–7.

[27] Poblet E, Gonzalez-Palacios F, Jimenez FJ. Different immunoreactiv-

ity of endothelial markers in well and poorly differentiated areas of

angiosarcomas. Virchows Arch 1996;428:217–21.

[28] Yao X, Qian CN, Zhang ZF, Tan MH, Kort EJ, Yang XJ, et al. Two

distinct types of blood vessels in clear cell renal cell carcinoma have

contrasting prognostic implications. Clin Cancer Res 2007;13:161–9.

https://doi.org/10.1016/j.urolonc.2019.02.005
https://doi.org/10.1016/j.urolonc.2019.02.005
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30060-2/sbref0028

	Nephrometry score correlated with tumor proliferative activity inT1 clear cell renal cell carcinoma
	1. Introduction
	2. Materials and Methods
	2.1. Study population
	2.2. Immunohistochemistry
	2.3. Ki67 index analysis
	2.4. Micro-vessel density analysis
	2.5. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	Conflict of interest
	Supplementary materials
	References



