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Purpose: This study aimed to characterize the different expressions of 20 tissue markers in multiple metastatic lesions and organs 
in patients with metastatic renal cell carcinoma (mRCC).
Materials and Methods: Sixty-six patients with mRCC, harboring 162 metastasectomy tissue lesions (MTLs), were enrolled. Im-
munohistochemical analysis for the following tissue markers was performed: BAP1; CD31; CD 34; HIF1α and 2α; Ki67; pS6; PBRM1; 
PDGFRα and β; PDL1; PSMA; PTEN; α-SMA; TGase2; VEGFR1, 2, and 3; VHL loss; and CA9. Cases were identified pathologically using 
the semi-quantitative H-score (0–300), including the intensity score (0, 1, 2, 3). The concordance rate was calculated as the number 
of patients with concordant binary score out of the total number of patients in that comparison.
Results: The specimens from 66 patients were divided into those from the same organs and those from different organs. Forty-two 
patients (44 cases) with 96 MTLs and 39 with 83 MTLs were examined. Among the 20 tissue markers, only BAP1, PSMA, VEGFR3, 
PDGFRα, and pS6 tissue showed high concordance ratio (>0.7) regardless of different metastatic tissues and different metastatic 
lesions within the tumor.
Conclusions: The study demonstrated the intratumoral heterogeneity of mRCC with a low-concordance index of most tissue 
markers. However, some had high concordance with a similar expression regardless of the metastatic organs, metastatic sites, or 
presence of recurrence.
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INTRODUCTION

About one-third of newly diagnosed patients with renal 
cell carcinoma (RCC) have metastatic lesions, and another 
one-third of localized RCC progressed to recur and metasta-
size even after adequate surgical treatment [1,2]. For those 
with a known dismal prognosis of metastatic RCC (mRCC) 
due to chemotherapy, immunotherapy, or radiotherapy re-
sistance, recent molecular genetic analyses led to a great ad-
vancement in improving survival outcomes in mRCC after 
introducing various new targeted and immunologic agents [3]. 
However, there still exist some impediments in achieving a 
remarkable progress in survival because of the side effects, 
drug resistance, diverse histology of RCC, intra- and intertu-
moral heterogeneity, and multiplicity of mRCC [4-6]. 

Various genetic and molecular approaches have been 
proposed to understand RCC histopathogenesis, including 
the von Hippel-Lindau-hypoxia-inducible factor-vascular 
endothelial growth factor (VHL-HIF-VEGF) pathway, phos-
phatidylinositol 3-kinase/protein kinase B/mammalian tar-
get of rapamycin (PI3K/Akt [activation of protein kinase]/
mTOR) pathway, and oncogenetic pathways of progression 
to metastasis, and of neovascularization in RCC [3,7,8]. How-
ever, the heterogeneity and different histology make it dif-
ficult to predict the treatment responses in mRCC in that 
some patients have both responsive primary and metastatic 
lesions, whereas the others demonstrate therapeutic respon-
siveness in either the primary or metastatic lesions [4,9-11]. 

One of the methods for understanding the molecular 
pathways and identifying the pathologic and morphologic 
characteristics of RCC is immunohistochemistry (IHC) stain-
ing of tissue microarrays (TMAs). It is a useful tool for un-
der standing the roles of candidate genes in RCC pathogen-
esis, differentiating disease characteristics and expressive 
responses from primary and metastatic lesions, and deter-
mining the tissue expressions of tumor heterogeneity in dif-
ferent organ sites. 

Therefore, in this study, 20 potential RCC-related tissue 
markers previously known as related to the oncogenesis of 
kidney cancer including vascular angiogenesis and to tar-
geted therapy were applied immunohistochemically to the 
TMA of specimens from patients with mRCC who under-
went metastatectomy to find out the intra-/interindividual 
as well as intratumoral heterogeneity of metastatic RCC le-
sions [3-11]. 

MATERIALS AND METHODS

1. Patients’ inclusion criteria and tissue samples
Between 2001 and 2017, a total of  180 patients with 

mRCC were selected along with their 288 metastatic speci-
mens. After a review of medical records, only 66 patients 
with mRCC, harboring 162 metastasectomy tissue lesions 
(MTLs), were enrolled in the study with the exclusion of 
patients without follow-up history and survival outcome. All 
samples were reviewed blindly, retrospectively and patho-
logically, by a uropathologist (WSP) with a 15-year experi-
ence assisted by a urologist (SHK) in accordance with the 
guidelines of World Health Organization/International Soci-
ety of Urological Pathology (ISUP) consensus conference [12]. 
This study was approved by the Institutional Review Board 
of the National Cancer Center (approval number: NCC 2015-
0219). The need for informed consent was waived by the 
board. The enrolled patients’ medical records were obtained 
from a previously prospectively registered RCC registry da-
tabase of the institution (Table 1).

2. IHC and assessment of TMA 
TMA and IHC were performed in accordance with the 

previous studies using TMAs made by this group [13,14]. 
TMA blocks were built using representative tumor areas 
and paired normal control tissue from formalin-fixed, paraf-
fin-embedded tumor material [15] and marked on standard 
hematoxylin/eosin (H&E)-stained sections for the expressions 
of tissue markers.

The following 20 tissue biomarkers were immunohis-
tochemically stained on the MTL TMA: BRCA1-associated 
protein-1 (ubiquitin carboxy-terminal hydrolase) (BAP1), poly-
bromo 1 (PBRM1), phosphorylated S6 (pS6), phosphatase and 
tensin (PTEN), tissue glutaminase, protein-glutamine γ–glu-

Table 1. Baseline characteristics (n=66)

Variable Value
Age (y) 54.00±10.52
Body mass index (kg/cm2) 24.41±2.71
Tumor size (cm) 7.27±3.09
Sex 48 (72.7)a/18 (27.3)b

American Society of Anesthesiologists 
score 1/2+3 (miss=10)

15 (26.8)a/41 (73.2)b

Clinical stage T1–2/T3–4 or N+ (miss=7) 38 (64.4)a/21 (35.6)b

Furhman grade 1+2/3+4 (miss=3) 20 (31.7)a/43 (68.3)b

Sarcomatoid differentiation (miss=4) 57 (91.9)a/5 (8.1)b

Necrosis (miss=4) 37 (59.7)a/25 (40.3)b

Lymphovascular invasion (miss=4) 49 (79.0)a/13 (21.0)b

Values are presented as mean±standard deviation or number (%).
a:Male, b:female.
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tamyltransferase (TGase-2), programmed cell death 1 ligand 
(PDL1), carbonic anhydrase 9 (CA9), prostate-specific mem-
brane antigen (PSMA), Ki67, α-SMA, CD31, CD34, VEGR1, 
VEGFR2, VEGFR3, PDGFRα, PDGFRβ, HIF1α, HIF2α, and 
VHL tissue biomarkers.

The percentage of cells stained (0%–100%) and the stain-
ing intensity were assessed within the nuclei and the cyto-
plasm of malignant cells and compared to that of the paired 
benign cells. The cases were identified pathologically by a 
senior uropathologist (WSP) blinded to the clinical outcome 
using the semi-quantitative H-score (0–300), including the 
intensity score (0 for negative, 1+ for weak, 2+ for moderate, 
and 3+ for strong). The intensity score was classified into 
two categories (negative or positive) to examine the concor-
dance rate of the expressions of markers between different 
organs, and different sites of the same organ. 

3. Statistical analysis 
The immunostaining results for the 20 tissue biomark-

ers were analyzed under three conditions: between different 
sites of the same organ (Table 2), different organs (Table 3), 
and same organ with recurrent sites (Table 4). Only one tis-
sue or tissues with additional surgery in less than 1 month 
were excluded from the analysis. 

To examine the concordance rate of the 20 tissue mark-
ers, the H-score or intensity score was converted into binary 
variables according to specific criteria in each marker. The 
concordance rate was calculated as the number of patients 
with concordant binary score out of the total number of 
patients in that comparison. All statistical analyses were 
performed using R project 3.3.3 and SAS 9.4 software (SAS 
Institute Inc., Cary, NC, USA). 

RESULTS 

A total of 66 patients with 162 metastatic specimens ob-
tained were analyzed to determine the expressing patterns 
of different tissue markers within tumors. The mean age 
and tumor size were 54 years and 7.27 cm, respectively (Table 
1). The patients’ 162 specimens were divided into those from 
the same organs and those from different organs, including 
80 from the kidneys, 36 from the lungs, 20 from the bone, 7 
from the brain, 4 from the lymph nodes, and 15 from other 
organs. A total of 96 metastatic tumor lesions (MTL) from 
42 patients (44 cases) and 83 MTLs from 39 patients were 
made TMAs to examine the concordance of the 20 immuno-
histochemical tissue markers within the same and differ-
ent organs, respectively. The H-score or intensity score was 

Table 2. Marker distribution tables with the sum score and positive/negative distribution within the same metastatic organs from the same pa-
tients with mRCC  

Markers n Median Min. Max. Negative Positive Concordance rate
BAP1 loss 96 280 10 360 95 (99.0) 1 (1.0) 0.977 
PBRM1 loss 96 150 0 290 77 (80.2) 19 (19.8) 0.659 
PS6 96 0 0 280 84 (87.5) 12 (12.5) 0.818 
PTEN loss 96 270 0 300 79 (82.3) 17 (17.7) 0.682 
TGase2 96 225 0 290 47 (49.0) 49 (51.0) 0.568 
PDL1 96 10 0 290 84 (87.5) 12 (12.5) 0.750 
VHL loss 48 10 0 300 13 (27.1) 35 (72.9) 0.583 
HIF1 48 20 10 280 44 (91.7) 4 (8.3) 0.750 
HIF2 48 270 20 300 14 (29.2) 34 (70.8) 0.833 
VEGFR1 48 165 10 290 25 (52.1) 23 (47.9) 0.583 
VEGFR2 48 150 10 290 29 (60.4) 19 (39.6) 0.333 
VEGFR3 48 20 10 280 44 (91.7) 4 (8.3) 0.917 
PDGFRα 48 280 150 290 3 (6.3) 45 (93.8) 0.917 
PDGFRβ 48 150 10 290 29 (60.4) 19 (39.6) 0.333 
CA9 96 225 0 290 45 (46.9) 51 (53.1) 0.500 
CD31 48 NA NA NA 28 (58.3) 20 (41.7) 0.500 
CD34 48 NA NA NA 27 (56.2) 21 (43.8) 0.333 
SMA 48 20 5 50 41 (85.4) 7 (14.6) 0.667 
PSMA 96 0 0 60 93 (96.9) 3 (3.1) 0.932 
Ki67 96 0 0 30 50 (52.1) 46 (47.9) 0.432 

Values are presented as number only or number (%).
mRCC, metastatic renal cell carcinoma; Min., minimum; Max., maximum; NA, not available.
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converted into binary variables to calculate the concordance 
rate. However, there was no gold standard to convert the H-
score to a binary variable, so it was classified follows: BAP1, 
PBRM1, PTEN, and VHL (H-score 10≤ vs. >10); PS6, TGase2, 
PDL1, HIF1, HIF2, VEGFR1, VEGFR2, VEGFR3, PDGFRα, 
PDGFRβ, and CA9 (H-score <200 vs. ≥200); CD31 and CD34 
(intensity score 0+1 vs. 2+3); SMA (H-score ≤40 vs. >40); 
PSMA and Ki67 (H-score 0 vs. >0). 

Within the 96 MTS of  the same organs, the BAP1, 
PSMA, VEGFR3, PDGFRα (>0.9 concordance rate), PS6, 
HIF2 (>0.8 concordance rate), PDL1, and HIF1 (>0.7 concor-
dance rate) exhibited highly concordant expressions, even 
though they originated from different MTLs (Table 2 and 
Figs. 1–5).

As for the expression of different metastatic organs in the 
same 39 patients, BAP1, PSMA, HIF1, VEGFR3 (>0.9 con cor-
dance rate), PDGFRα, SMA (>0.8 concordance rate), PS6, PDL1, 
and PTEN (>0.7 concordance rate) showed consistent results, 
despite being obtained from different organs (Table 3 and Figs. 
1–5).

For 26 patients who exhibited recurrence within the 
same organ, the tissue samples were re-stained for the mark-
ers, and MTLs were analyzed to examine the concordance of 
the recurrent site within the same organ. BAP1, PSMA (>0.9 

concordance rate), PS6, VEGFR3, PDGFRα (>0.8 concordance 
rate), PTEN, and HIF2 (>0.7 concordance rate) demonstrated 
concordance (Table 4 and Figs. 1–5).

A final summary of concordance greater than 0.7 be-
tween the different tissues of different metastatic lesions 
among 20 tissue markers was documented in the Table 5. 
BAP1 loss, PSMA, VEGFR3, PDGFRα and pS6 markers had 
a significantly high concordance regardless of different met-
astatic tumors within the same organs, different metastatic 
organs, and metachronous tumors of the same metastatic 
organs within the same patients.

DISCUSSION

One of the challenges in systematically treating mRCC 
is the presence of different genetic clones in different sub-
populations of the same tumor, termed as intratumoral het-
erogeneity and multiplicity, resulting in different therapeu-
tic responses and the development of therapeutic resistances 
to systemic therapies [11]. Although various new molecular 
targeting agents enabled patients to prolong overall survival 
more than that in the past era of  cytokine therapy [16], 
the prognostic survival of patients with mRCC is still not 
enough, necessitating further genetic, molecular, and mor-

Table 3. Marker distribution tables with the sum score and positive/negative distribution within different metastatic organs from the same pa-
tients with mRCC  

Markers n Median Min. Max. Negative Positive Concordance rate
BAP1 loss 83 250 10 300 80 (96.4) 3 (3.6) 0.923 
PBRM1 loss 83 50 0 290 64 (77.1) 19 (22.9) 0.667 
PS6 83 10 0 280 73 (88) 10 (12) 0.744 
PTEN loss 83 270 0 300 73 (88) 10 (12) 0.795 
TGase2 83 170 0 290 43 (51.8) 40 (48.2) 0.615 
PDL1 83 10 0 290 67 (80.7) 16 (19.3) 0.718 
VHL loss 41 10 0 290 17 (41.5) 24 (58.5) 0.462 
HIF1 41 20 10 270 38 (92.7) 3 (7.3) 0.923 
HIF2 41 270 20 290 11 (26.8) 30 (73.2) 0.462 
VEGFR1 41 150 10 290 26 (63.4) 15 (36.6) 0.385 
VEGFR2 41 150 10 300 24 (58.5) 17 (41.5) 0.385 
VEGFR3 41 20 10 280 39 (95.1) 2 (4.9) 0.923 
PDGFRα 41 280 150 290 3 (7.3) 38 (92.7) 0.846 
PDGFRβ 41 150 10 280 24 (58.5) 17 (41.5) 0.462 
CA9 83 200 0 290 40 (48.2) 43 (51.8) 0.410 
CD31 41 NA NA NA 23 (56.1) 18 (43.9) 0.615 
CD34 41 NA NA NA 19 (46.3) 22 (53.7) 0.385 
SMA 41 10 5 50 38 (92.7) 3 (7.3) 0.846 
PSMA 83 0 0 60 82 (98.8) 1 (1.2) 0.974 
Ki67 83 0 0 30 44 (53) 39 (47) 0.615 

Values are presented as number only or number (%).
mRCC, metastatic renal cell carcinoma; Min., minimum; Max., maximum; NA, not available.
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Table 4. Marker distribution tables with the sum score and positive/negative distribution within metachronous tumor lesions of the same meta-
static organs from the same patients with mRCC  

Markers n Median Min. Max. Negative Positive Concordance rate
BAP1 loss 60 280 20 300 60 (100.0) NA (NA) 1.000 
PBRM1 loss 60 135 0 290 51 (85.0) 9 (15.0) 0.679 
PS6 60 10 0 280 51 (85.0) 9 (15.0) 0.821 
PTEN loss 60 275 0 300 50 (83.3) 10 (16.7) 0.714 
TGase2 60 155 0 290 33 (55.0) 27 (45.0) 0.500 
PDL1 60 10 0 290 50 (83.3) 10 (16.7) 0.679 
VHL loss 33 10 0 300 10 (30.3) 23 (69.7) 0.667 
HIF1 33 20 10 280 30 (90.9) 3 (9.1) 0.667 
HIF2 33 270 20 290 7 (21.2) 26 (78.8) 0.778 
VEGFR1 33 180 10 290 17 (51.5) 16 (48.5) 0.667 
VEGFR2 33 150 10 290 18 (54.5) 15 (45.5) 0.333 
VEGFR3 33 20 10 280 30 (90.9) 3 (9.1) 0.889 
PDGFRα 33 280 150 290 2 (6.1) 31 (93.9) 0.889 
PDGFRβ 33 150 10 290 21 (63.6) 12 (36.4) 0.333 
CA9 60 205 0 280 28 (46.7) 32 (53.3) 0.607 
CD31 33 NA NA NA 18 (54.5) 15 (45.5) 0.556 
CD34 33 NA NA NA 19 (57.6) 14 (42.4) 0.333 
SMA 33 20 5 50 28 (84.8) 5 (15.2) 0.667 
PSMA 60 0 0 60 59 (98.3) 1 (1.7) 0.964 
Ki67 60 0 0 30 32 (53.3) 28 (46.7) 0.464 

Values are presented as number only or number (%).
mRCC, metastatic renal cell carcinoma; Min., minimum; Max., maximum; NA, not available.
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Fig. 1. One patient’s immunohistochem-
istry of BAP1: (A) two separate meta-
static tumors within the same lung, (B) 
two different metastatic tumors from 
two different metastatic organs such as 
lung and brain, (C) two metachronous 
tumors of same metastatic bone. Mag-
nification: ×100.
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phological researches for understanding mRCC. 
The 20 tissue markers in this study were known to be 

significantly related to the VHL-HIF-VEGF pathway, PI3K/

Akt/mTOR pathway, and metastatic neovascularization of 
mRCC [3,7,8]. In order to define the intertumoral and in-
tratumoral differences, the correlation of their expressions 
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Fig. 2. One patient’s immunohistochem-
istry of pS6: (A) two separate metastatic 
tumors within the same lung, (B) two 
different metastatic tumors from two 
different metastatic organs such as 
lung and femur, (C) two metachronous 
tumors of same metastatic lung. Magni-
fication: ×100.
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Fig. 3. One patient’s immunohistochem-
istry of PSMA: (A) two separate meta-
static tumors within the same lung, (B) 
two different metastatic tumors from 
two different metastatic organs such as 
lung and femur, (C) two metachronous 
tumors of same metastatic organ. Mag-
nification: ×100.
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were analyzed within tumors from the same intrapersonal 
organs and different organs, as well as between primary and 
recurrent tumors of the same sites within the same meta-

static tumors using immunohistochemical analysis of TMA. 
Five tissue markers had high correlation not influenced by 
different metastatic organs, intrapersonal differences, and 
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Fig. 4. One patient’s immunohistochem-
istry of VEGFR3: (A) two separate meta-
static tumors within the same lung, (B) 
two different metastatic tumors from 
two different metastatic organs such as 
lung and femur, (C) two metachronous 
tumors of same metastatic lung. Magni-
fication: ×100.
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Fig. 5. One patient’s immunohistochem-
istry of PDGFRα: (A) two separate meta-
static tumors within the same lung, (B) 
two different metastatic tumors from 
two different metastatic organs such as 
lung and femur, (C) two metachronous 
tumors of same metastatic organ. Mag-
nification: ×100.
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metachronous timing of metastatic tumors within the same 
sites (BAP1 loss, PS6, VEGFR3, PDGFRα, and PSMA, con-
cordance rate ≥0.7, Table 2). The other tissue markers were 
influenced by the aforementioned factors with completely 
different expressions within the same metastatic tumors, 
the same intrapersonal organs, and between recurrent and 
primary metastatic lesions.

This led to some information on the systemic therapeutic 
schema of life-threatening metastatic tumor complications of 
mRCC. The BAP1 loss, PS6, VEGFR3, PDGFRα, and PSMA 
would be the best candidate targets controlling metastatic 
tumors in that the immunosuppressive effect of primary 
tumors was eliminated after primary tumor removal by cy-
toreductive nephrectomy, and the immunity defense system 
reactivates so as to concentrate on the metastatic tumors. 
With these five-specific tissue markers, the therapeutic re-
sponsiveness would be enhanced more efficiently in systemic 
targeted therapies on metastatic lesions, resulting in the 
improved survival of patients with mRCC. In addition, the 
use of HIF1 and 2 and PDL1 inhibitors might be another ad-
ditional excellent strategy for reducing the metastatic tumor 
complications in patients with synchronous mRCC, irrespec-
tive of different metastatic organs and interpersonal differ-
ences.

The aforementioned complications in genomic mutatio-
nal and tumorigenic analyses were based on the intertumo-
ral and intratumoral heterogeneity whereby the number 
of biopsied samples, metastatic sites, metastatic organs, and 
tumor microenvironment influenced the concordance of 
expressions in tumor tissues. For example, although there is 
no consensus as to how many samples should be taken dur-
ing biopsies, larger numbers of biopsied specimens showed 

higher correlation [17]. Sankin et al. [18] biopsied 3 to 5 re-
gions of tumors from 14 patients to examine for 5 specific 
mutations (VHL, PBRM1, BAP1, and the other two tissue 
markers) and demonstrated that a minimum of 3 samples 
are required to detect mutations with 90% certainty. Abel et 
al. [19] showed that quadruple biopsy demonstrated higher 
concordance with nephrectomy specimens in terms of tumor 
grade (57.8% vs. 31.2%). This study used mostly 2 or 3 core 
biopsied specimens, and about 20% were from 4 to 5 biopsied 
specimens. However, no studies have ever demonstrated the 
concordance of 20 tissue markers related to mRCC in 162 
metastatic tissues from different lesions and organs from at 
least 30 patients with mRCC.

An important consideration in planning systemic ther-
apy for mRCC is the differences in primary and metastatic 
lesions. A logical approach to assess the differences in pri-
mary and metastatic lesions would be to analyze the expres-
sion of the genes and signaling pathways targeted by these 
molecules in the various tumor and metastatic lesions from 
each patient, similar to this study. This research team (Chung 
et al.) has continuously tried to identify the morphological 
expressions of known prognostic tissue markers of mRCC to 
determine the tumor characteristics of mRCC, and to inves-
tigate the carcinogenetic mechanism of metastasis in RCC 
and the therapeutic resistance to systemic targeted therapy. 
Three previous immunohistochemical TMA studies ([20,21], 
Abstract in J Clin Oncol  2019;37(7 Suppl):643) revealed no 
significant correlations of  expressions among BAP1 loss, 
PBRM1 loss, pS6, PTEN loss, TGase2, PDL1, CA9, PSMA, and 
Ki67 between primary and metastatic lesions in patients 
with mRCC who underwent cytoreductive nephrectomy 
with metastatectomy [20]; pS6 and Ki67 were as significant 
factors for poor survival after adjusting for the significant 
prognostic clinicopathological parameters in patients with 
localized RCC who underwent radical nephrectomy [21]; 
and VHL1 loss, PBRM1 loss,TGAse-2, PDL1, VEGFR1, CD31, 
CD34, and pS6 were as significant prognostic markers in 
primary tumors of patients with mRCC who underwent cy-
toreductive nephrectomy (Abstract published in J Clin Oncol 
2019;37(7 Suppl):643). 

This study had several limitations, including its retro-
spective design with a small number of  patient-matched 
samples and TMA specimens, intraindividual and interin-
dividual interpretational errors, and some technical errors 
in TMA preparation. Most importantly, the small sample 
size and absence of gold standard for converting the H-score 
might influence the concordance indices of tissue markers 
with small deviating expressions within the TMA whereby 
the distribution of some of the highly concordant markers 

Table 5. Concordance score >0.7 for the mRCC markers among 20 tis-
sue markers

A B C
BAP1lossa BAP1lossa BAP1lossa

PSMAa PSMAa PSMAa

VEGFR3a VEGFR3a VEGFR3a

PDGFRαa PDGFRαa PDGFRαa

PS6a PS6a PS6a

PDL1 PDL1
HIF1 HIF1a

HIF2 HIF2
PTENloss PTENloss
SMAa

A different metastatic tumors within the same organs, B different met-
astatic organs, and C metachronous tumors of the same metastatic 
organs within the same patients. 
a:Represents concordance ≥0.8.
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had shifted to one side. However, this was the first patho-
logical concordance report of various tissue markers to prove 
the heterogeneity, multiplicity, and metachronous diversity 
of mRCC with intralesional and interlesional differences. 
Some markers had highly concordant expressions regardless 
of the different organs, lesions, and recurrent time intervals. 
Furthermore, this understanding of the different expres-
sions of important tissue markers could provide some in-
formation not only on finding new targeting microenviron-
mental and tumorigenic markers but also approaching the 
progression and resistance mechanism after using systemic 
targeted therapies and immune checkpoint inhibitors [3,8,22]. 

CONCLUSIONS

The findings of  the study demonstrated the intratu-
moral heterogeneity of mRCC with the use of several tissue 
markers. Some markers had different expressions with a 
low-concordance index, whereas some had high concordance 
with a similar expression regardless of the metastatic or-
gans, metastatic sites, or presence of recurrence. 
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