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Introduction 

As expression of tumour heterogeneity in RCC, brain (BM) and pancreatic metastases (PM) look like 
the two faces of the same coin: they arise from the same tumour type but they have reverse 
prognosis. BM have been reported in 16% of RCC with unfavorable prognosis (median overall 
survival: 13 months) but PM have been reported in 10% of RCC and have been associated with long 
term survival (median overall survival: 39 months) (Keira 2015; Grassi 2015). Today, no identifiable 
parameters can reliably predict the risk of BM or PM formation but evidence from other tumour 
types shows that distinct molecular tumour phenotypes may be associated with an increased risk of 
brain metastasis. Therefore, we hypothesized that clinical and pathological factors or biomarkers 
expression may vary significantly throughout the metastases sites (BM and PM), in the primary 
tumour versus metastases (BM or PM) and finally throughout the primary tumours, and potentially 
force the predictive value of one of these factors. Farther, this knowledge will be important to 
determine whether the development of optimal predictive models can be conducted on tissue from 
metastatic sites or whether primary tumour tissue is likely to be more informative. For these 
reasons, we performed an extensive analysis of biomarkers expression in a series of metastasis to 
brain and pancreas after surgical resections and when it was available in the corresponding primary 
tumour too. 

Experimental design 

All patients with radiological diagnosis of BM and/or PM from RCC have been assessed for eligibility 
from the RCC French database (from 5 French institutions) 
Tissue specimens of histologically confirmed RCC were retrieved by between November 2015 and 
October 2016. Only RCC patients who underwent nephrectomy, pancreatectomy or neurosurgical 
resection and with available histological tissue samples were enrolled. Patient characteristics, 
treatments and outcome data were collected.  
To understand the occurrence of BM or PM from RCC patients, we proposed 3 steps:  
i) Correlation between clinico-pathological characteristics and metastasis location

Patients characteristics, treatments and outcome data were retrospectively collected.



Characteristics were described at diagnosis and by groups (patients with a diagnosis of BM were 
defined in BRAIN group, patients with a diagnosis of PM were defined in PANCREAS group; when a 
patient had both,  the group was defined by the site of metastasis that occurs firstly) 
ii) Histopathologic features description by revision of samples
Two urologic pathologists centrally reviewed all available microscopic slides according to the 1998
UK Royal College of Pathologist Guidelines, in a blinded fashion. Primary and metastatic tumours
from the same patient were reviewed separately. Primary tumors characteristics were compared
between patients with BM vs PM. The pathologic features studied included histologic subtype,
eosinophilic cytoplasm, tumour necrosis, sarcomatoid differentiation, Vascular Invasion (VI),
lymphocytic infiltrate (TIL) and presence of haemorrhage. For primary tumours, Fuhrman grade was
also described.
iii) IHC and FISH analyses in BRAIN, PANCREAS and primary nephrectomy samples

PD-1, PD-L1, ALK and c-MET protein expression was determined by IHC. IHC for PD-L1 (monoclonal
mouse antibody, E1L3N) was performed using Cell Signaling Technology.
IHC for MET (monoclonal mouse antibody, SP44) was performed using a Ventana staining system.
PD-L1 expression

Immunostaining present (> 1%) or absent in  tumor cells (TC) and immune cells (IC).
MET expression

Positive if ≥ 50%  of TC showed a moderately dense staining.
Evaluation of IHC
The positivity of markers was described:
- inter-patients, considering all available primary tumors and metastases;
- intra-patients, analyzing paired samples.
ALK and MET gene status and copy number alteration of chromosome 7 were studied with FISH.
Statistical analyses

For the three steps, comparison of demographic and patho-biologic features between BM and PM
were evaluated using Chi2 or Fisher’s exact test for categorical data and Kruskal-Wallis test for
continuous data. Overall survival (OS) was estimated by Kaplan-Meier method. Statistical analyses
were carried out using SAS version 9.4.

Results, Conclusion and Future Perspectives 

Between November 2015 and September 2016, 380 patients with radiological diagnosis of BRAIN 

and/or PANCREAS have been assessed for eligibility from the RCC French database. Only RCC 

patients who underwent surgical resection/biopsy of BRAIN or PANCREAS and with available 

(metastases and/or primary) histological tissue samples were enrolled. Today, not all samples are 

available and not all samples have been analysed. 

i) Correlation between clinic-pathological characteristics and outcome:

Population
▪ 184 patients were included in this study. The median age was 54 years with a majority of men
(70%). Most tumors (99%) were clear-cell histology.
▪ 47% had a diagnosis of first metastasis to any other location than brain/pancreas (26% to lung;
22% to any other location).
▪ 27% underwent at least one metastasectomy before brain/pancreas surgery.
Characteristics by metastasis location



When shared by groups, 101 (55%) patients were BRAIN and 83 (45%) PANCREAS. As expected 
based on literature reports, the proportion of BRAIN was higher than PANCREAS group.  
Between BRAIN and PANCREAS patients, there were no significant differences in baseline 
characteristics (sex, age at diagnosis of RCC, nephrectomy, primary RCC (left vs right), histology, 
Fuhrman grade, metastasectomy) except for T stage. Forty-three (58%) patients in the BRAIN 
group had a T3-T4 stage vs 22 (30%) patients in the PANCREAS group (p= 0.0012) (Table 1). 
Table 1. Characteristics at diagnosis 

Comparing patients characteristics at time to BRAIN or PANCREAS formation (Table 2), there were 
no differences in presence of metastases or metastasectomy before brain/pancreas metastasis, 
but BRAIN patients have frequently a diagnosis of lung metastasis before brain/pancreas 
metastasis (38% BRAIN vs 11% PANCREAS (p= 0.0002). Interestingly, time to BRAIN was shorter 
than time to PANCREAS (median: 3.66 vs 8.44 years, p<.0001). 



Table 2. Characteristics at Brain or Pancreas metastasis 

Survival analysis 
▪ In the overall population set of 184 patients, the number of deaths was 101 (55%). Patients with
BRAIN have a shorter OS [median: 1.97 months 95% CI (1.44–3.03) versus 9.35 (7.01–13.88, P <
0.0001] than patients with PANCREAS. (Figure 1.)

Figure 1. Survival by groups 
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ii) Histopathologic features description by revision of samples (BM, PM and primitive tumour)

RCC samples were recovered from different institutions (Mareseille, Lyon, George Pompidou, Foch

and Caen Hospitals et others small centres in France).

181 resected RCC specimen were successful collected (42 primary tumours and 138 metastases).

Clinicopathologic characteristics were assessed by revision of samples. Factor considered were:



histopathology (clear cell vs non clear cell), Fuhrman grading classification (from I to IV), presence 

of a sarcomatoids component (Yes/No), presence of necrosis (Yes/No), the microscopic vascular 

invasion Yes/No), Tumor-infiltrating lymphocytes (TILs) (absent/low, med/high), and bleeding 

(Yes/No).  

Histopathologic features description  

Most of primary tumor specimens reviewed were clear cell histology (100%), without eosinophilic 

cell morphology (52%), grade 2 of Fuhrman (63%), without necrosis (52%), moderate Tumor 

Inifiltrate Lymphocytes (TIL) (49%) and hemorrhage (65%). Throughout the primary tumours, we 

observed a difference in the presence of TIL: moderate/high in 84% of primary tumors of patients 

who developed BM and low in 44% of primary tumors of patients who developed PM (p< 0.001) 

(Table 3). 

Table 3. Histology review of 43 primary tumors and repartition by brain vs pancreatic metastasis 

development 



Between BM and PM, we observed statistically significant discordance of eosinophilic cell 

morphology, necrosis, sarcomatoid features, TIL and grade of hemorrhage (Table 4).  

Table 4. Histology review of 87 brain vs 51 pancreatic metastases 

iii) IHC and FISH analyses in BRAIN, PANCREAS and primary nephrectomy samples

Inter-patients IHC 
Considering all specimens, PD-L1 TC and IC were expressed in 22% and 51% of cases, respectively. MET 
was positive in 23% of cases. We observed a lower expression of PD-L1 TC and MET in primary RCC 
compare to metastases and a significant higher expression of MET in BM compared to PM (Table 5). 

Intra-patients IHC 
35 specimens were paired samples from same patients (primary-metastasis); 20 were BM and 15 were 
PM respectively paired with their primary. 



Table 5. Inter-patients biomarker expression 

Comparing paired samples (primary-metastasis), there was discordance of PD-L1 in TC or IC and of 
MET expression in 30%, 27% and 24% of samples, respectively. PD-L1 discordance was higher in the 
80% of cases were BM or PM were metachronous (> 6months). The discordance of PD-L1 TC, IC and 
MET between primary tumor and PM/BM was 15%/40%, 33%/22% and 0%/67%, respectively (Table 6). 
Correlation of IHC findings with histopathologic features 
PD-L1 positivity (TC and IC) was correlated to higher Fuhrman grade (p<0.02), PDL-L1 IC to TIL (p<0.02) 
and MET to TIL (p=0.013) and to necrosis (p<0.001).   

Table 6. Intra-patients biomarker expression 

In conclusion 

This project describes for the first time tumour heterogeneity in RCC by clinical, pathological and 

biological aspects, focusing on differences between brain and pancreatic metastases. Previous study 

have shown that PD-L1 and c-MET, are not predictive biomarkers, but only prognostic factors. In this 

large analysis, we found that RCC is characterized by an inter and intra-tumor heterogeneity in terms 

of histopathological features, and of PD-L1 and MET expression between primary and metastases 

(brain/pancreatic lesions). Our data support to develop clinical studies that will  investigate the 

predictive biomarkers analyzing primary and metastatic lesions. 

Outlook 

FISH analysis and PD-1 and ALK IHC are still on-going.  
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