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Molecular diagnostics of Cáncer: A need for improvement 
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Historical Perspective 

 

 Rous Sarcoma Virus,  

 SRC oncogene-1965 Nobel Prize  

"for his discovery of tumour-inducing viruses" 

1970    Duesberg and Vogt, RSV 10, ALV 8.5 Kb vSRC 

1976    Varmus, Bishop, Vogt, Proto-oncogenes 

1977    Erickson, Src a kinase 

1979    Hunter and Sefton, Src a TK 

          Growth factor receptors, RTKs 

1979    Transfection assays in fibroblasts  

 (many viral ONC) 

1982    Weinberg, Cooper, Barbacid, human RAS! 

1986    Wigler, MAS oncogene 

1990s GPCRs as ligand-dependent oncogenes 

1998-2001 First clinical trial and FDA approval for Gleevec 

2010s Mutational landscapes of cancer. Cancer consortiums 

 

Oncogenes and cancer 
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Sanger sequencing method 

WT MUT 

Can detect a range of 25%-100% mutations  out of the total number of molecules in a sample (tumor biopsy):  

One heterozygous mutation affecting 100% of the tumoral cells  constitutes 50% of the mutant molecules       

Shyr D and Liu Q. Biol Proc 2013 

New sequencing based technologies 
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Studying the exome with ultrasequencing analysis I 

1. Sequencing library: 

Exome 

-20.000 genes 

-30 Mb (30x106 base pairs):  

Studying the exome with ultrasequencing analysis II 

Coberture: Percentage of DNA analysed out of the total intended sequencing target  

Depth: Number of reads (mean) of each nucleotide: In example 100X 

Mutant  

44% 4% 

Mutant  

Mutant  WT  
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Conclusions 

• We need to distinguish between protein expression and activity.  

 

• Multiple somatic mutations can confer tumor resistance to current targeted therapies  

at different levels of a signaling pathway 

 

• Sanger sequencing allows the detection of mutations when the percentage of mutated 

 DNA molecules is 30%-100%  of the total.  

 

• Next generation sequencing techniques allows the detection of mutations when the  

percentage of mutated DNA molecules is as low as 1-4%  of the total, allowing: 

 

 -Studying microclonal heterogeneity and dynamics in cancer. 

 i.e microclones showing resistance to therapy 

 

 -Explore the mutational profile of each cancer towards the identification of multiple  

therapeutical targets  simultaneously.  
 

 

 

Cáncer diagnostics: A new situation providing  

rational for our project 
• Cancer is a multigenic disorder 
 

Therapy targetting mutated genes (BCR-ABL (CML),  B-RAF (melanoma) has a lower toxicity, and better efficacy, but still 

not enough… 

 

• High molecular diversity of cancer (A) 
 

Each tumor sample has an unique combination of mutated genes. 

 

Clinical efficacy of targetted therapy needs broad target blockage; 

 

 - Combinatory therapy;  i.e MAPK plus PI3K inhibition in hCRC 

 - Multitarget therapy; Sorafenib (hCRC).  

 

• Tumor dynamics is dominated by (B) 
 

Microclonal competition. 

 

Collaboration stroma-tumor. 
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AP Clinical Services 

Integrated View 

Histopathology Cytopathology 

Molecular 
Pathology 

Digital 
Microscopy 

Patient 

Molecular Pathology or RCC 

• Where we are? 

• Wher we go? 
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Molecular Patology 

Diagnostic implications 

 

Thones et al 1968 

 Mainz Classification of RCC: Histology and Molecular correlation 
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RCC genetic classification 

• Kovacs’ genetic classification 1997 

• (Heidelberg classification) 
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Conclusions: Classification schemes for kidney cancer have undergone dramatic changes over the past two  

decades. Improvements in these classification schemes are important as pathologic variants differ not only  

in disease biology, but also in clinical behavior, prognosis,  and response to systemic therapy.  

In the era of genomic medicine,  further refinements in characterization of RCC subtypes will be critical to the  

progress of this burgeoning clinical space. 

Such, Lopez-Beltran, Martignoni, et al 2014  
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Clasificacion histológica y genética de los tumores renales, OMS 2004 

 

 

 

         

Yellow is Dr Kovacs 

Revision of WHO 2004 with expanded categories 

AJSP, 2014 

 

 

 

 

                                                                               

Leyomiomatous RCC 

Thyroid-like RCC 

Succinate Dehydrogenase B RCC 

Anaplastic lymphoma kinase RCC 
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WHO 2016 

Moleculatr Features in Familiary RCC 
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Emerging/provisional categories of 

RCC 

WHO 2016 
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MiT family (microphthalmia 

transcription factor)  translocation 

carcinomas 
• Children>>adults>>indolent-to-aggressive 

 

• Chromosome translocation involving the 
transcription factor E3 (TFE3) located on 
Xp11.2 and resulting in gene fusions ( most 
commonly with ASPL and PRCC)  
– TFE3 RCC 

• Chromosome translocation involving the 
transcription factor EB (TFEB) on 
chromosome 6 
– TFEB RCC 
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MiTF/TFE translocation carcinomas 

MiTF translocation carcinomas 

TTF3 
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TFEB 6:11 

MiTF/TFE translocation carcinomas 

• CD10 and racemase 

positive either 

diffusely or focally 

• EMA, AE1-AE3 and 

CK7 weakly or focally 

expressed 

• Melan A and HMB45 

focally expressed 

CD10 

CK7 
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ALK-RCC 

ALK translocation RCC 
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ALK-RCC 
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Eur Urol 

2016 

Molecular Pathology and 

ommon subtypes of RCC 
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-3p -3p 

ccRCC 
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FISH seems to 

be more 

consistent 

than IHC in 

DD of 

selected RCC 

subtypes in 

Needle Biopsy 

samples 

 

 

 

 

 

 

 

 

      

Biomarquers and CS mostality 
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Cheng, Lopez-Beltran, Montironi.CCR, 2009 

Multifocal ccRCC 

46% discordant pattern>>independent origin? 
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pRCC 

Lopez-Beltran et al 2011 
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PRCC Immunohistochemistry 

• Diffuse positivity for CK7 

(more often in type 1 than 

in type 2) 

• Racemase diffusely 

positive with cytoplasmic 

granular staining 

• CD10 usually positive 

with luminal membranous 

staining 

CK7 

Racemase 

CD10 
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Papillary Carcinoma 

Molecular Pathology 

• Hereditary : germline 

mutations of the c-

MET protooncogene 

at 7p31 

• Sporadic: gains of 

chromosomes 7 and 

17 and loss of 

chromosome Y in 

male patients 

Jones, Lopez-Beltran, Cheng, CCR, 2005 

Multifocal pRCC>>patrón concordante 
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NEJM 374:2 

Jan 2016  
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Chromophobe RCC 

chr10 Ch#10 
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Chromophobe Carcinoma 

Immunohistochemistry 

• Diffuse expression of 
CK7 with 
membranous 
accentuation 

• CD117 diffusely 
positive 

• CD10 negative 

• Other positive 
markers: Claudin-7, 
Ksp Cadherin,CD82 

CK7 

CD117 

Sarcomatoid Differentiation in 

Renal cell Carcinoma 

• 8% in clear cell 

• 3% in papillary 

• 9% in chromophobe 

• 29% in collecting duct 

• 11% in unclassified 

• 95% of cases nuclear grade 3 or 4 

Peralta-Venturina et al., 2001 
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Molecular Pathology of clear cell 

RCC 

Therapeutic implications 
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**

Mutations observed in ccRCC. Adapted from Wellcome Trust Sanger Institute 

(http://www.sanger.ac.uk/). (*) Number of positive samples should be 1.                    

Reproduced with permission.  

 
ccRCC 

Pathways of VHL-associated carcinogenesis. 

 

http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
http://www.sanger.ac.uk/
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ccRCC Molecular Pathways 

• Inactivation of VHL<<<Two key pathways essential 
to the pathophysiology of the ccRCC:  

• (1) the hypoxia-inducible pathway associated 
with frequent mutations of the von Hippel–Lindau 
(VHL) tumor suppressor gene 

• (2) the mTOR (mammalian target of rapamycin) 
signaling pathway. 

• Inhibitors targeting various aspects of these 
pathways support the onset of a new therapeutic 
era for patients with metastatic ccRCC. 
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Pathways of VHL-associated carcinogenesis. 
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Terapêutica Sistémica - mTORi 

 

Nargund VH et al. “Urological Oncology, 2nd Edition”  

 

 

• Tensirolimus 

 

• Everolimus 

 

Terapêutica Sistémica - Anti-VEGF 

 

Nargund VH et al. “Urological Oncology, 2nd Edition”  

 

 

• Ac monoclonais 

• Bevacizumab 

 

 

• Pequenas moléculas 

• Sunitinib 

• Pazopanib 

• Sorafenib 

• Axitinib 

• Cabozantinib 
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López-Beltran et al 2008 

Molecular Pathology of RCC 
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Gene Expression Profiling 

• Gene expression profiling study, 31 adult renal 
tumors (including 13 clear cell renal cell 
carcinomas, 5 papillary renal cell carcinomas, 4 
chromophobe renal cell carcinomas, 3 
oncocytomas, and 6 angiomyolipomas) were 
analyzed.  

• The authors found that clear cell renal cell 
carcinomas, chromophobe renal cell carcinoma, 
and papillary renal cell carcinomas expressed 
different panel of genes, which correlated with 
cellular origin of the tumors. Shuetz et al JMD 2008 

Gene Expression Profiling 

• Large series of 65 cases >>gene expression profiling 
can identify tumor subtypes with100% accuracy  
– a unique metastatic signature can be identified for renal cell 

carcinomas. Jones et al CCR2005 

• In another study, 112 renal cell carcinomas and normal 
kidney samples were analyzed for gene expression 
profiling.  

• The gene expression patterns showed that the molecular 
changes corresponded well to the histopathologic tumor 
types, and a set of 80 genes was sufficient to classify 
tumors with a very low error rate. 

• Distinct gene expression signatures were associated 
with chromosomal abnormalities of tumorcells, 
metastasis formation, and patient survival Sultman et al CCR 2005 
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Gene Expression Profiling 

 
 

AP Clinical Service 

Integrated View 
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AP Clinical Service 

Integrated View 



49 

Other problems in the Horizon 

Doença 

Hospedeiro Tratamento 

Heterogeneity  
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#1. TÍTULO 

Heterogeneity – Cellular level 

#1. TÍTULO 

Heterogeneidade - Celular 
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#1. TÍTULO 

Heterogeneity - Cellular 

#1. TÍTULO 

Heterogeneity - Histológic 
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#1. TÍTULO 

Heterogeneidade - Histológica 

Heterogeneity - Clínic 

• Extension  
– Oligometastátic vs.  metastátic 

 

 

 
 

 

 

• “Timing” for dissemination 

– Metacronous < 6 m vs. Sincronous > 6 m. 

≠ 
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Future directions  
 

  • Genétics - NGS 
– ccRCC- RECORD-3  – 261 pts 

• Somatic mutations in 341 genes. 

• With predictiv importance. 

– PBRM1 mt (41% da amostra)  PFS (11,1 vs. 5,3m) com Everolimus. 

– KDM5C mt  PFS (PFS 20.6 vs 8.4m) com Sunitinib.    

 

– Papilary RCC– 161 dts 
•  Tipos 1 e 2. 

• Tipo 1 com mutações MET em 81% casos Cabozantinib / Foretinib? 

• Tipo 2 various (3 or more subtypes) 

 

– Collecting Duct Ca – 17 dts 
• 36  Genétic alt.  (2.1 / case)  

– NF2 (5/17, 29%)  mTORi ? 

– SETD2 (4/17, 24%) 

– SMARCB1 (3/17, 18%) 

– CDKN2A (2/17, 12%)  Palbociclib? 

 

“The Anatomy Lecture of Dr. Nicolaes Tulp” – Rembrandt, 1632  

ANATOMIC PROFILING:  THE AUTOPSY 
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ANATOMY LECTURE 

After “The Anatomy Lecture of Dr. Nicolaes Tulp” – Rembrandt, 1632  

Conclusiones 
• La clasificación histologica y genética es un factor 

importante en el cancer renal 

• Factores pronósticos convencionales con mayor 
relevancia en el momento actual 

• Marcadores biológicos son importantes a nivel 
diagnostico. 

• La presencia de reacciones adversas con las 
medicaciones de diana justifica investigacion de 
marcadores biologicos de respuesta. 

• La indicicación de nuevas dianas terapeuticas en cancer 
renal se realiza según criterios clinicos. 

• Papel del patólogo en relación a dianas terapeuticas 
como paradigma acual es limitado 

 

Thanks 

Fundaçao Champalimaud, Lisbon, pt 


