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Introduction 

estimated at 435,000 cases [1], with 156,000 deaths 
reported worldwide in 2022 [1, 2]. Renal cell 

–80% 
of all kidney cancer cases, with clear cell renal cell 
carcinoma (RCC-
[3, 4]. 

Recent data indicate that 15–30% of RCC-cc 

disease [5], while an additional 20–

RCC (mRCC) is a life-
–3 years 

 
 of RCC, which can 

elicit -11], and also 
 

radiotherapy and chemotherapy, the treatment of 

 

anti-

combination first-
combination with the anti-CTLA-

- or third-line 
-

 

-
properties 

 
-

-cc, dense CD8+ T-cell 
infiltration is often is 
[19, 20]; 

-23], 

-cell 
. 

While the role of T lymphocytes has been 

-

response in RCC-
contradictory, with s

-
-32]. Similarly, the association 

 

- 

clear cell renal cell carcinoma (mRCC-cc) treated 
-

third-  

Patient and Methods 
Study design and objectives 

were assessed and correlated with baseline clinical 
-cc 

-

 

Biomedical Research, the Declaration of Helsinki, and 

obtained from all participants. 

Immunohistochemical staining 
and CD8+ 

-
antibodies to CD3+ ( ) and CD8+ T cells 
(clone 4B11) and CD20+ (clone L26 all 
antibodies were obtained from Leica Biosystems 

. After 
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Image analysis 
Whole-

-

 
-

- 

 -

 -wide 

 

Data analysis 

CD20+/CD8+ and CD8+/CD3+ ratios were 
.  the raw 

cell densities and ratios 
as 

low (below the 25th percentile), intermediate (25th-70th 
percentiles) or th percentile) [35]. 

Treatment and outcome assessment 

-

 complete 
response (CR), partial response (PR), stable disease 

. 

Statistical analysis 

 
 or death from any . OS was 

defined as the time from therapy initiation to death 

separately for the first-  therapy and second- 
or third- therapy. Patients 

death at the time of data analysis were 
censored at the date of last follow-  

-
-

Mann-

 

 
 –

-
 and GraphPad Prism 9.0 (GraphPad Software 

 
A 2-sided p 

 

Results 
Demographics of RCC patients 

 Table 1.  

nephrectomy for their RCC-cc and presented with 

(53%). The median patient 1 47–
78); 67% of patients were males and 33% females. 
Twenty-    and 

first-line therapy. 
-line 

Thereafter, all patients were 
-line (56%) or 

third-line (44%) therapy. 
The median follow- 76.0 months. 

Twenty-two patients (61%) had died by the end of 
follow-  
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Distribution of TILs in different primary tumor 
regions  

  0.001) 
than those of CD8+ and CD20+ cells across all 

  0.001) and OM 
(P  0.05). Density of CD3+ and CD8+ T cells and 
CD20+ B cells s were 

ificantly  ( ). 
  0.001) correlation was 

across all 

 
 

Associations of TIL densities with clinical- 
pathological characteristics 

 correlated with 
smaller densities of CD8+ T cells in the   = -0.47, P 
=  = -0.47, P = 0.02), and PT  = 
-0.35, P = 0.04), as well as with smaller densities of 
CD20+ B cells in  = -0.39, P =  = 
-0.38, P = 0.02). -4) was 

 = 

-2): 116/mm2 - 2 
-102).  

 = -0.47, P = 0.005) 
 = -0.38, P = 0.03). 

metastases (data not shown). 
 

 
Figure 1. Statistics depicting the spatial distribution of CD3+, CD8+, and CD20+ 
tumor infiltrating lymphocytes per mm2 of the section in the TC, IM, OM, and PT of 
mRCC-cc. Black lines: medians; *: P < 0.05; ***: P < 0.001. mRCC-cc, metastatic clear 
cell renal cell carcinoma; IM, inner invasive margin; OM, outer invasive margin; PT, 
peritumor zone; TC, tumor center. 

Table 1. Baseline clinical characteristics of patients. 

 Patients (n = 36) 
Sex, n (%)  
 Male 24 (67) 
  12 (33) 
Age, years  
  61 (47 78) 
ECOG performance status at nivolumab initiation, n (%)  
 0 12 (33) 
 1 24 (67) 
IMDC risk group  
 ble 4 (11) 
  28 (78) 
  4 (11) 
Past nephrectomy, n (%) 36 (100) 

, n (%)  
 1-2 10 (28) 
 3-4 23 (64) 
  3 (8) 
T stage, n (%)  
 1 5 (14) 
 2 3 (8) 
 3 26 (72) 
 4 2 (6) 
Clear cell histology, n (%) 36 (100) 
Resection margin status  
 R0 22 (61) 
 R1 5 (14) 
  9 (25) 
Metastatic disease, n (%)  
  17 (47) 
  19 (53) 
First-line therapy, n (%)  
 s  28 (78) 
 pazopanib 8 (22) 
Response to 1st line TKI therapy, n (%)  
 CR/PR 22 (62) 
 SD 7 (19) 
 PD 7 (19) 
Second-line therapy, n (%)  
 none 20 (56) 
  1 (3) 
  7 (19) 
 cabozantinib 8 (22) 
Nivolumab therapy, n (%)  
 Second line 20 (56) 
 Third line 16 (44) 
3rd lines of nivolumab therapy, n (%)  
 CR/PR  11 (31) 
 SD  13 (36) 
 PD  12 (33) 

response; PR:  
 

Survival 
st median 

OS w -79.0) and 
-  
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nd/3rd 
median OS w -76.0) 
and -  

shown in Table S1. 

Association of clinical-pathological 
characteristics with survival 

st  = 0.36 
-0.80), P = 0.01. A 

st  = 
-10.62, P = 0.02) and after 2nd line 

therapy: HR = -10.38, P = 0.03).  

Associations of TIL densities with first-line TKI 
survival outcomes 

-

 
= 0.033 and P = 

 = 0.025 and P = 

 a
 = 

1.67-12.68), P =  = 
1.18-9.01), P = 0.02 for OM. 

intermediate ratios in Kaplan-Meier analysis (P = 

 = 0.005 and P = 

analysis (Table 2). The associations remained 

 = 3.53 (95% 
-10.38), P = 0.022 for CD20+/CD8+ cell ratio in 

 = -9.50), P = 0.028 for 
CD20+/CD8+ cell ratio in OM. 

associated with borderline shorter OS in 
Kaplan-Meier analysis (P = 

 = 
-15.84), P = 0.060. 

 

 
Figure 2. Kaplan-Meier analysis of PFS of mRCC-cc patients on the 1st line of TKI therapy in relation to high, intermediate, and low densities of CD20+ B cells in the inner 
invasive margin (A) and outer invasive margin (B). PFS, progression-free survival; IM, inner invasive margin; OM, outer invasive margin; mRCC-cc, metastatic clear cell renal cell 
carcinoma; TKI: tyrosine kinase inhibitors. 

 
Figure 3. Kaplan-Meier analysis of PFS of mRCC-cc patients on the 1st line of TKI therapy in relation to high, intermediate, and low CD20+/CD8+ ratio in the inner invasive 
margin (A) and outer invasive margin (B). mRCC-cc: metastatic clear cell renal cell carcinoma; PFS, progression-free survival; IM, inner invasive margin; OM, outer invasive margin; 
TKI: tyrosine kinase inhibitors. 
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Figure 4. Kaplan-Meier analysis of OS of mRCC-cc patients on the 1st line of TKI 
therapy in relation to high, intermediate, and low densities of CD20+ B cells in the 
outer invasive margin. OS, overall survival; OM, outer invasive margin; mRCC-cc: 
metastatic clear cell renal cell carcinoma; TKI: tyrosine kinase inhibitors. 

 
Figure 5. Kaplan-Meier analysis of PFS of mRCC-cc patients on the 2nd line of 
nivolumab therapy in relation to high, intermediate, and low densities of CD8+ T cells 
in the PT zone. PFS, progression-free survival; PT, peritumor zone; mRCC-cc: 
metastatic clear cell renal cell carcinoma.  

 

Table 2. Hazard ratios for progression-free survival between high 
or intermediate versus low T- and B-cell cell density per individual 
ROI in mRCC-cc patients under the TKIs and nivolumab therapy. 

 PFS on TKIs PFS on nivolumab 
CD3 TC   
 intermediate 0.98 (0.42-2.31), P = 0.97 0.62 (0.26-1.47), P = 0.28 
  0.93 (0.37-2.35), P = 0.88 0.76 (0.31-1.89), P = 0.56 
CD3 IM   
 intermediate 1.04 (0.44-2.46), P = 0.92 0.81 (0.35-1.91), P = 0.63 
  1.33 (0.53-3.46), P = 0.55 0.69 (0.27-1.74), P = 0.43 
CD3 OM   
 intermediate 0.97 (0.41-2.29), P = 0.94 0.88 (0.38-2.05), P = 0.77 
  1.60 (0.62-4.15), P = 0.33 0.60 (0.23-1.57), P = 0.30 
CD3 PT    
 intermediate 0.95 (0.40-2.24), P = 0.91 0.41 (0.17-1.02), P = 0.056 
  2.27 (0.88-8.88), P = 0.09 0.63 (0.25-1.61), P = 0.33 
CD8 TC   
 intermediate 2.02 (0.82-4.99), P = 0.13 1.05 (0.42-2.60), P = 0.92 

 PFS on TKIs PFS on nivolumab 
  1.41(0.54-3.64), P = 0.48 1.16 (0.44-3.05), P = 0.77 
CD8/CD3 TC   
 intermediate 0.85 (0.37-1.96), P = 0.71 1.14 (0.46-2.82), P = 0.78 
  0.93 (0.38-2.29), P = 0.87 1.09 (0.41-2.86), P = 0.86 
CD8 IM   
 intermediate 0.56 (0.24-1.35), P = 0.20 1.69 (0.67-4.27), P = 0.27 
  0.62 (0.24-1.60), P = 0.32 0.94 (0.34-2.60), P = 0.90 
CD8/CD3 IM   
 intermediate 0.80 (0.34-1.91), P = 0.62 0.76 (0.31-1.84), P = 0.54 
  0.84 (0.33-2.14), P = 0.72 0.68 (0.26-1.84), P = 0.45 
CD8 OM   
 intermediate 0.78 (0.33-1.85), P = 0.57 0.47 (0.19-1.21), P = 0.12 
  0.90 (0.35-2.34), P = 0.83 0.74 (0.28-1.93), P = 0.53 
CD8/CD3 OM   
 intermediate 0.84 (0.36-2.01), P = 0.70 0.80 (0.32-1.96), P = 0.62 
  0.67 (0.26-1.72), P = 0.41 0.86 (0.33-2.23), P = 0.75 
CD8 PT   
 intermediate 1.46 (0.60-3.59), P = 0.41 0.26 (0.10-0.69), P = 0.007 
  1.35 (0.51-3.55), P = 0.55 0.63 (0.24-1.67), P = 0.35 
CD8/CD3 PT   
 intermediate 1.48 (0.63-3.50), P = 0.37 1.02 (0.40-2.55), P = 0.98 
  0.98(0.39-2.51), P = 0.97 1.18 (0.44-3.18), P = 0.74 
CD20 TC   
 intermediate 1.07 (0.46-2.51), P = 0.87 1.05 (0.43-2.54), P = 0.92 
  1.90 (0.75-4.78), P = 0.18 1.05 (0.41-2.68), P = 0.91 
CD20/CD8 TC   
 intermediate 0.79 (0.34-1.85), P = 0.59 0.71 (0.29-1.75), P = 0.46 
  2.21 (0.87-5.70), P = 0.10 1.24 (0.50-3.09), P = 0.65 
CD20 IM   
 intermediate 1.00 (0.43-2.37), P = 0.99 0.62 (0.26-1.45), P = 0.27 
  3.30 (1.27-8.62), P = 0.015 0.78 (0.30-1.98), P = 0.60 
CD20/CD8 IM   
 intermediate 1.29 (0.561-2.98), P=0.56 1.02 (0.42-2.47), P = 0.96 
  4.46 (1.64-12.97), P = 0.003 0.80 (0.30-2.15), P = 0.66 
CD20 OM   
 intermediate 0.99 (0.42-2.34), P = 0.99 1.02 (0.43-2.43), P = 0.97 
  3.25 (1.24-8.50), P = 0.016 1.03 (0.40-2.68), P = 0.95 
CD20/CD8 OM   
 intermediate 1.19 (0.51-2.76), P = 0.67 1.81 (0.73-4.52), P = 0.20 
  4.15 (1.57-10.97), P = 0.004 1.09 (0.40-3.02), P = 0.86 
CD20 PT   
 intermediate 1.05 (0.45-2.47), P = 0.91 0.53 (0.21-1.30), P = 0.17 
  1.58 (0.63-3.98), P = 0.33 0.57 (0.22-1.47), P = 0.25 
CD20/CD8 PT   
 intermediate 0.58 (0.25-1.35), P = 0.21 1.26 (0.51-3.14), P = 0.62 
  2.31 (0.89-6.01), P = 0.09 0.80 (0.29-2.23), P = 0.68 

-cc: metastatic clear 
-

inhibitors 
 

Associations of TIL densities with nivolumab 
survival outcomes 

An intermediate density of CD8+ T cells in the 

Kaplan-Meier analysis (P = 

 (data not shown). 
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Objective response rate 
-

%) with CR and 20 patients 
(56%) with PR (Table 1); 7 patients (19% SD 
and other 7 patients (19%) had PD. The ORR to 

patients (6%) with 
CR, 9 patients (25%) with PR, 13 patients (36%) with 
SD, and 12 patients (33%) with PD. 

Associations of TILs densities with objective 
response rate 

first-

compared to patients with SD and PD (Tables S2 and 
S3

-
1- -

-318), P = 

after 1st  (Table 
S2).  

Discussion 

T and B 
cells RCC-

 

 

phenomenon well- -cc [37-39], 

-42]. 

-45]. 

and 
-

 
H

-
ed 

 

 

-
-mediated 

anti-

 

-cell-
the 

inhibition of a by 
- .  

in RCC-

-
 

this 

 
[53]. R
check- -L1, PD-1 and 
LAP- - and 

- -
-35 [25-27], fector cell 

responses. 

mRCC-cc patients [43].  

, -presentation, direct 
, participation in antibody- 

anti-
-cc [51, 56, 57] 

 appeared to be 
 

-1 

CD8+ T cell densities in patients with mRCC-cc 
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 on the 1st 

nd  

cells in RCC-
 CD8+ T cell infiltration correlated with 

  [20, 
24, 40, 58, 60, 61], whereas 

- ations [46, 
57, 62]. These discrepancies likely reflect 

 [24, 65]. 
- -cc, both 

identified [47]; the 

total 
in 

RCC-cc . 

find associations oscore  
in pateints with localized or metastatic RCC-cc [67]. 

and 
 

core [66]
 

The eff -

B cell infi - 

-PD-1 therapy [31]. 

between B cell depletion and response to anti-PD-1 
inhibitors in melanoma [33]. Therefore, the role of B 

 

. 

Strengths and limitations of the study 

-

-
-

nd or 3rd 

 

of T cell infiltration in RCC- -dependent, 
 

o

-

state-of-the-
 

easy 
implementation. 

Conclusion 

- -

decision-
-  
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