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Cancer is a Genetic Disease 

Endogenous and 

exogenous mutagens 

DNA replication errors 

Caused by the accumulation of genetic and epigenetic 

alterations in DNA of normal somatic cells  

3,000 point mutations 

hundreds chromosomal aberrations 



Alterations in gene expression and cell  

reprogramming  



The hallmarks of cancer 

Sustaining 

proliferative signal 
Evading growth 

suppressors 

Resisting  

cell death 

Enabling replicative 

immortality 

Inducing  

angiogenesis 

Activating  

invasion and metastasis 

Hanahan & Weinberg Cell, 2011 



From Cancer Genetics to Cancer Genomics  

2010 

Next-Gen 

Sequencing 

Personalized Medicine 
Individual tumor mutational profile 

1914 

Cancer cytogenetics 

Microscopy 

Gross chromosomal alterations 

1970 

Cancer Genetics 
Recombinant DNA 

 Gene-specific alterations 

2000 
Semi-automated 

sequencing and 

microarrays 
Cancer Genomics 

Genome-wide alterations 



Genetic Alterations 

Determine tumor charcateristics 

Predict disease 

outcome 

Predict treatment  

response 

Specific for tumor cells 

Development of 

alternative therapies 

Indirect detection of 

tumor cells 

Why search for genetic alterations in 

tumor genomes? 



Laboratory of Cancer Genetics and Genomics 

at the Ludwig Institute 

Major Interest: Cancer Genetics and Genomics 

Expertise: Genome-wide methodologies for:  

- gene expression analysis (quantitive, qualitative) 

- germline polymorphisms (CNV, SNPs) 

- somatic alterations (genetic, epigenetic) 

- bioinformatics 



Early Genome Initiatives in Brazil 



Cancer Genome Initiative in Brazil 



Understand Tumor Biology 



Understand Tumor Biology 

A23pos A23neg 



Identify Tumor Biomarkers 
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Metastasis-free survival Overall survival 

p<0.001 p<0.001 



Identify New Therapeutic Targets 



Next-Generation Sequencing Platforms 

Roche-454 Illumina-Solexa AB-SOLiD 

SOLiD 4 System HiSeq 2000 Genome 

Sequencer FLX 

Reads: 400nt 

Run: 1.2Mi reads 

Run: 480M bases 

Cost:  48k bases/$ 

Time:  480k bases/h 

Reads: 75 a 100nt 

Run: 2Bi reads 

Run: 200G bases 

Cost:  10M bases/$ 

Time:  1G base/h 

Reads: 50nt 

Run: 2Bi reads 

Run: 100G bases 

Cost:  10M bases/$ 

Time:  0.7G bases/h 



Sequencing Tumor Genomes 

HCC1954BL HCC1954 



Sequencing Tumor Genomes 



Sequencing Tumor Genomes 



Molecular Oncology Center at Hospital Sírio-Libanês 

Available Platforms: 

- NextGen sequencing (5500XL and Illumina) 

- Dedicated Bioinformatics Group 

Major Interest: Translational Research in Oncology 



middle 

low 

7cm 

Ongoing Projects at MOC-HSL 

~ 40,000 cases/yr US 

anal dentate line 

Adenocarcinomas 

Rectal Tumors 



Radical Surgery 

T3/T4 locally advanced tumors  

Local Excision 

T1/T2 initial tumors 

Management of Rectal CancerSurgical 

Intervention 



Management of Rectal Cancer 
Why search for Alternatives to Radical Surgery? 

Overall Morbidity 38% 

Mortality 2-3% 

Urinary Dysfunction 20% 

Sexual Dysfunction 15% 

Anorectal Dysfunction 20% 

Recurrence Rates 8-40% 



6 weeks 8 weeks 

RT – 5040cGy – 3 fields 

CT – 5FU (425mg/m2) + leucovorin (20mg/m2) 
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Management of Rectal CancerNeoadjuvant 

Therapy - for locally advanced tumors 



Complete 

Response 

ypT0 

Radical Surgery 

Conservative Surgery 

?????? 

No Response 

Near Complete 

Management of Rectal CancerVariable clinical 

response 



Complete 

Response 

ypT0 

Conservative Surgery 

Radical Surgery No Response 

Management of Rectal CancerMajor Challenges 

#1 Can we avoid the unnecessary toxic effects of QRT in patients with no 

clinical evidence of response to therapy? 

#2 Can we avoid the unnecessary surgery and comorbidities in patients 

with complete clinical response to therapy? 



Management of Rectal CancerMajor Challanges 

Next Generation Sequencing 

SOLiD platform 

#1 Avoid unnecessary CRT 

toxic effects 

#2 Avoid unnecessary 

surgery and morbidity 

Develop a predictive 

marker for therapeutic 

response  

RNA-seq 

Gene Expression analysis 

Develop a biomarker 

for detection of residual 

disease  

Paired-end gDNA-seq 

Chromosomal Rearrangements  



Predicting Response to Neoadjuvant Therapy 
A Total of 47 Differentially Expressed Genes 

MUC17 

Incomplete 

Response 

Complete 

Response 



Predicting Response to Neoadjuvant Therapy 
Gene Signature - Training Set 

47 Differentially 

Expressed 

Genes  

Complete Incomplete 



Predicting Response to Neoadjuvant Therapy 
Gene Signature -Validation Set 

47 Differentially 

Expressed 

Genes  



Management of Rectal CancerMajor Challanges 

Next Generation Sequencing 

SOLiD platform 

#1 Avoid unnecessary CRT 

toxic effects 

#2 Avoid unnecessary 

surgery and morbidity 

Develop a predictive 

marker for therapeutic 

response  

RNA-seq 

Gene Expression analysis 

Develop a biomarker 

for detection of residual 

disease  

Paired-end gDNA-seq 

Chromosomal Rearrangements  



Assessing Response to Neoadjuvant Therapy 
Personalized Biomarkers  



Assessing Response to Neoadjuvant Therapy 
Intrachromossomal rearrangements  

Patient # 1 



Assessing Response to Neoadjuvant Therapy 
Detecting Circulating DNA in the plasma samples 
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Rectal Cancer  

Multidisciplinary 

Approach 
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