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Simple Summary: Prognosis of renal cell carcinoma may be poor when it is diagnosed at higher 

stage because of its extrarenal extension (mostly to the intraparenchymal branches of the renal 

vein). The assessment of retrograde venous invasion may be challenging, with a high in-

ter-observer variability. To reduce this variability, we have introduced an adjustment of the mac-

roscopic approach to renal gross sampling. In order to demonstrate the effectiveness of this more 

laborious method of sampling, we have compared the pathological staging as obtained following 

standard and modified procedures. The results of our study have highlighted as, thanks to the 

modified procedure, a higher number of cases with invasion of renal vein has been detected, 

providing a more accurate staging of the patient that could benefit of better fitting treatments. 

Abstract: (1) Background: Overall survival of the patients with renal cell carcinoma (RCC) depends 

mostly on extra-renal extension, documented by the invasion of the pelvicalyceal system, or the 

perinephric/renal sinus fat or the renal vein/its segmental intraparenchymal branches. Staging may 

be challenging because of the high inter-observer variability. We have introduced a more accurate 

procedure to detect the extra-renal extension and, to possibly evaluate the impact of such more 

laborious approach, we have compared the RCC pathological staging obtained following both 

standard and modified procedures; (2) Methods: We selected 54 consecutive cases of RCC diag-

nosed 18 months before and 54 consecutive cases diagnosed 18 months after the introduction of the 

new method of sampling. Clinico-pathological characteristics have been statistically analyzed; (3) 

Results: Most of the features analyzed were non statistically significative, except the extra-renal 

invasion. More precisely, the occurrence of retrograde venous invasion was higher in the cases 

grossly approached with the more accurate method; (4) Conclusions: Extra-renal extension to in-

traparenchymal renal vein branches may be underestimated, leading to an inappropriate un-

der-staging. Using more accurate staging procedures, to disclose the occurrence of intra-renal veins 

tumoral thrombosis, helps to better define the pathological stage, allowing patients to benefit of 

better fitting treatments. 
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1. Introduction 

Renal cell carcinoma (RCC) is the most frequent malignant tumor of the kidney in 

adulthood, representing 90% of all renal tumors [1]. Overall, survival mostly depends on 

stage of the disease, histotype and grade, according to the recent WHO classification of 

tumor of the urinary system [1-3]. 

The pathological stage of the disease varies according to two main features: tumor 

size (pT1,2) and extra-renal extension (pT3x). As specified by the pT suffixes, the occur-

rence of extra-renal extension worsens the prognosis, irrespective of tumor size, thus 

setting the case at a higher stage [4]. Extra-renal extension encompasses invasion of the 

renal vein or its segmental branches, invasion of the pelvi-calyceal system, invasion of the 

perirenal fat and/or renal sinus. Wider extension of disease includes invasion of the vena 

cava, the Gerota’s fascia and ipsilateral adrenal gland involvement [1]. Obviously, such 

distinct pT stratification also implies sharp prognostic differences: 5-year overall survival 

of patients harboring pT1-2 tumors is 92.6%, as opposed to 66.7% for pT3a [5]. Therefore, 

it is of paramount relevance to correctly identify and evaluate extra-renal extension, since 

gross examination of the surgical sample [6-8], to avoid inappropriate staging, inade-

quate complimentary treatments and less favorable outcome [9,10]. 

A recent study has demonstrated high inter-observer variability as to proper RCC 

staging [6]. Frequently, clear cell RCC shows predilection for intravenous growth [11] 

and this peculiar feature may represent a source of discordance, mostly due to the un-

derestimation of subtle finger-like protrusions extending, in a retrograde fashion, into 

intraparenchymal veins [6]. Intravenous spread may be misinterpreted as satellite foci of 

a multifocal tumor [12]. According to the recent recommendations of the International 

Society of Urological Pathology (ISUP) [7,8], since macroscopic handling of the surgical 

specimen it is mandatory to evaluate all the crucial sites which contribute to the assess-

ment of extra-parenchymal extension. Furthermore, ISUP recommendations [8] also 

proposed clear cut instructions on how to correctly identify extra-parenchymal extension 

at a microscopic level, while well-defined guidelines to properly assess in-

tra-parenchymal venous branches invasion are still lacking. Therefore, careful gross 

evaluation of renal sinuses, as well accurate search for intra-parenchymal venous 

spreading may result of pivotal relevance for prognostic and predictive purposes [13-15]. 

In order to reduce inter-operator variability, to avoid under-staging of the disease, 

and to more precisely define RCC patients’ prognosis, we hereby propose an adjustment 

of the macroscopic approach to surgical samples, along with more extensive microscopic 

evaluation of the renal sinus. Also, to possibly evaluate the impact of such more labori-

ous approach, we compared the RCC pathological staging as obtained following stand-

ard procedures and according to the modified procedures. 

2. Materials and Methods 

Starting on May 2017, taking into account ISUP recommendations [7,8] and relevant 

studies on this subject, [16,17] we have introduced more extensive sampling of the renal 

sinus for cases grossly doubtful for invasion of renal sinus, in view of the proximity of the 

tumor mass; in addition, we also performed immunohistochemical stains for desmin and 

CD31, to more accurately identify intra-parenchymal venous branches possibly invaded 

by the tumor. 

Briefly, after removing the perinephric fat, accurate sampling of any area firmly 

adhering to it and inking its inner surface, according to this new procedure the renal vein 

was opened up to its closer internal branches present at the hilum (once the specimen 

had been bi-valved) and carefully examined to detect the presence of any thrombi. Sub-

sequently, 3-5 samples from the renal sinus/parenchymal interface were obtained and 

submitted for histological examination. 

Up to November 2018, 141 RCC cases examined according to the new procedure had 

accumulated and, for comparative purposes, all RCC diagnosed over the 18 months 

preceding the application of this procedure were collected. 
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All microscopic slides were independently and blindly reviewed by three 

pathologist trainees (GC, MM, VR) and, in case of divergent opinions, the slides were 

collegially reviewed and discussed together with a senior uro-pathologist (MGM), to 

come to a final agreement. 

The revision of each case included analyses of the following clinico-pathological 

characteristics: age, gender, type of surgery (radical nephrectomy vs. nephron sparing 

surgery) side and size of the tumor, histological subtype and grade (according to the 

WHO and ISUP recommendations) [1,3,19], TNM stage (according to 8th edition) [4] and, 

for pT3x cases, occurrence of extrarenal extension. Cases showing neoplastic satellite 

nodules without clear cut evidence of intra-vascular localization were further investi-

gated by immunohistochemistry with anti-desmin and anti-CD31 antibodies. 

All data were statistically analyzed by Pearson’s chi-squared test, Fisher’s exact test 

and t-test. 

Informed consent was obtained from all individual participants included in the 

study. All procedures were in accordance with the ethical standards of the institutional 

and/or national research committee and with the 1964 Helsinki Declaration and its later 

amendments or comparable ethical standards. The research project was approved by the 

local Ethics Committee (n. 143/CE/2015)". 

3. Results 

Overall, this study included 139 RCC (Group 1: November 2015 – April 2017) sam-

pled according to standard procedures and 141 cases (Group 2: May 2017 – October 2018) 

sampled with the new protocol (Table 1). 

 

Table 1. Type of surgery and cohort object of the study  

 Group 1  

Nov 2015-Apr 

2017 

N (%) 

Group 2 

May 2017-Oct 2018 

N (%) 

Partial 

nephrectomy 

85  87 

Radical 

nephrectomy  

54 (38.9) 54 (38.3) 

Total 139 141 

 

Among these, 54 cases in each group (38.9% and 38.3%) were obtained from radical 

nephrectomy and represented the object of our study; partial nephrectomy samples were 

excluded due to the impossibility to appropriately and systematically apply the proposed 

protocol. 

Clinico-pathological results are summarized in table 2. 

 

Table 2. Clinico-pathological characteristics 

 Group 1  

Nov 2015-Apr 2017 

N (%) 

Group 2 

May 2017-Oct 2018 

N (%) 

p-value 

Gender   p=<0.05 

Males 42 (77.8) 36 (66.7)  

Females 12 (22.2) 18 (33.3)  

Age (ys) 61.9 63.8 p=0.20 
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Side   p=0.50 

Right 30 (55.6) 31 (57.4)  

Left 24 (44.4) 23 (42.6)  

Size (cm) 5.61 5.29 p=0.50 

Histological subtypes [1]   p=0.98 

CCRCC 39 (72.2) 36 (66.7)  

PapRCC 8 (14.8) 6 (11.1)  

ChRCC 5 (9.3) 7 (13)  

Others 2 (3.7) 5 (9.2)  

Grade [1]   p=0.21 

G1 12 (22.2) 15 (27.8)  

G2 29 (53.7) 21 (38.9)  

G3 11 (20.4) 15 (27.8)  

G4 2 (3.7) 3 (5.6)  

Extrarenal extension   p=0.6 

Overall (perinephric fat, 

renal sinus fat, 

intraparenchymal 

branches of renal vein) 

14 (25.9) 18 (33.3)  

intraparenchymal 

branches of renal vein 

1 (1.8) 9 (16.7) p=0.019 

    

Total 54 54  

CCRCC: Clear Cell Renal Cell Carcinoma; PapRCC: Papillary Renal Cell Carcinoma; ChRCC: Chromophobe Renal 

Cell Carcinoma 

 

In Group 1, 42 patients were males (77.8%) and 12 females (22.2%) while in Group 2 

there were 36 males (66.7%) and 18 females (33.3%), in agreement with the literature; [1] 

nevertheless, a slightly lower prevalence in males was detected in Group 2 and, in com-

parison with Group 1, the difference was statistically significant (p=0.033). 

The mean age at presentation was 61.9 in Group 1 and 63.8 in Group 2, without sta-

tistically significant differences (t-value= -1.27; p=0.20). The right side was the most af-

fected in both groups: 30 cases (55.6%) in Group 1, 31 (57.4%) in Group 2, without statis-

tically significant differences. The mean size of tumors in Group 1 was 5.61 cm (range: 

1.9-22) and 5.29 in Group 2 (range: 2-23 cm), in agreement with the literature [18] and 

without statistically significant differences (p=0.50) between the groups. Tumor sizes of 

the tumors confined to the kidney, when stratified in four classes according to TNM 

(pT1a,b and pT2a,b), lead to comparable results in both groups, without statistically sig-

nificant differences (p=0.53). 

In line with the literature data [1], clear cell renal cell carcinoma (CCRCC) was the 

prevalent histological subtype in both groups (39 case in Group 1, 36 in Group 2), fol-

lowed by papillary RCC (8 cases vs. 6). Chromophobe carcinomas were slightly more in 

Group 2 (7 vs 5 cases), as well as other histological subtypes (5 vs 2 cases), including 2 

papillary clear cell RCC, 2 cases of unclassified carcinomas with sarcomatoid features 

and 1 multilocular cystic renal neoplasm of low malignant potential. 

No statistically significative differences were identified when stratifying the histo-

logical subtypes for gender, age (p=0,98 gender; p=0,37 age) or size. 
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As to tumor grade, the cases of Group 2 were more homogenously distributed in a 

4-tier scale [1,19] if compared to Group 1, with G2 cases being more abundant. However, 

statistical analyses did not demonstrate any significant differences (p=0.21) between the 

groups. 

Overall, higher percentages of tumors with extrarenal extension (pT3x) were de-

tected in Group 2. without statistically significant differences (p=0.29). Also, extrarenal 

extension and tumor size and grade appeared directly correlated in both groups, once 

again without statical significance (p>0.16). 

As to the occurrence of perinephric and renal sinus fat invasion, both were equally 

represented in the 2 groups, without any statistically significant differences (p=0.6). 

Notably, a relevant difference was highlighted with regard to the occurrence of in-

vasion of the intra-parenchymal branches of the renal vein: 9 out of 54 cases (16.7%) in the 

Group 2 as opposed to 1 case out of 54 (1.8%) in Group 1; the difference resulted statis-

tically significant (p=<0.05) using the Fisher exact test (in consideration of the small sam-

ple size). When stratifying such 9 cases, a clear and direct correlation with size and grade 

was demonstrated but not with age and gender. Quite obviously, most (Group 1: 1/1, 

Group 2: 6/9) of these cases were of the CCRCC subtype. 
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4. Discussion 

RCC is a common tumor whose prognosis greatly depends on the time of diagnosis 

and on stage. Stage I-II tumors (i.e., intra-parenchymal tumors without extra-renal ex-

tension or nodal involvement) have a better prognosis than stage III tumors, which are by 

definition characterized by extra-renal extension or loco-regional lymph node metasta-

ses. Nevertheless, pathological staging, though based on apparently stringent criteria, [7] 

frequently is a complex issue, in view of inconstant inter-observer agreement [6] and the 

very variable patterns of invasiveness. 

Microscopic assessment of extra-renal tumoral extension relies upon accurate and 

generous macroscopic sampling at critical sites [6-8,16,17], and may be supported by 

immunohistochemistry, when deemed necessary. 

To possibly overcome such troubles, we have experienced the more complete and 

standardized sampling technique of nephrectomies described herein, aimed at obtaining 

more accurate detection of intra-venous dissemination of the tumor, thus possibly im-

proving inter-observer reproducibility. 

Most of the results of the current study do not differ from those found in the litera-

ture, with particular regard to age, size, grade and histological subtypes. The minimal 

differences we detected did not show statistically significant differences, except for gen-

der. 

The main endpoint of this study was to evaluate whether or not the introduction of a 

new standardized sampling technique and the use of immunohistochemistry in doubtful 

cases, could facilitate the detection of neoplastic renal sinus invasion. 

The results of our study seem to support such hypothesis, with specific reference to 

the infiltration of the intra-parenchymal branches of the renal vein, which could have 

previously been underestimated. In fact, while the overall number of pT3x cases is quite 

similar in both study groups, relevant differences were detected as to the sites of ex-

tra-renal invasion. 

In principles, pT3a encompasses cases with fat (perinephric and renal sinus) inva-

sion and intra-parenchymal veins invasion and, considering this parameter per se, we 

could not show relevant differences in the 2 investigated groups. Nevertheless, when 

taking into account individual sites of involvement, the occurrence of tumoral venous 

thrombosis, the main focus of our study, was more frequently detected in Group 2 and 

the difference was statistically significant. 

Unfortunately, the relatively limited sample size and the restricted follow-up time 

do not allow for definitive conclusions, with specific regard to the prognostic implica-

tions of the proposed procedure. Nevertheless, taking into account the data of the liter-

ature, it seems likely that RCC patients could benefit of better fitting treatment, based on 

more accurate staging procedures, which would better disclose the occurrence of in-

tra-renal veins tumoral thrombosis, thus avoiding inappropriate under-staging. 
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