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About 40% of 
cancers can be 
explained by known 
risk factors 
 
Parkin DM et al, BJC 2011 
 
Many causes of 
cancer remain to be 
discovered 
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What about the other 60%?  

Its not chance! 
 



Large international differences cannot be chance 
Cancer site Low incidence 

region 
Incidence 
rate/100.000 
(mortality) 

High incidence 
region 

Incidence 
rate/100.000 
(mortality) 

Prostate Vietnam 3.2 (1.8) Ireland 126 (17.9) 

Brain Singapore 1.8 (1.3) US 6.3 (3.6) 

Testes South Korea 0.7 (0.1) Norway  12.1 (0.2) 

NHL Vietnam 1.7 (1.2) US 16.3 (4.0) 

Kidney Thailand 1.7 (1.0) Czech Rep 23.6 (8.3) 

Pancreas India 1.1 (1.0) Japan 10.0 (9.0) 

Colorectal Gambia 2.2 (2.0) Japan 41 (15.2) 



How can genomics reveal new causes of 
cancer? 

1. The cancer genome  
- mutation signatures 

 

2. Our own germline variation  
- Mendelian randomization 
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Physical activity… 
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BMI 

Mendelian Randomization Florence,  September 2006 

Mendelian randomization : 
Use genes for an exposure/ not the exposure itself 
 
 Genes that influence 

body weight  BMI Cancer  

BMI 

Socioeconomic status  
Hypertension  
Physical activity… 
 
Various biases 
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MR

1.47

1 1.5 2
Relative Risk

WCRF 3rd     MR analysis*  
Report        

*Weighted measure of 700 
gene variants found to be  
associated with BMI 
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Effect of 5 BMI unit increase on cancer risk 
WCRF third report v Mendelian randomization analysis 

Cancer Sites

Breast (postmenopause)

Lung

WCRF
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MR

0.57

1.29

0.5 1 1.5
Relative Risk

WCRF 3rd     MR analysis * 
Report        



 

BMJ. 2018 May 16; 



 

BMJ. 2018 May 16; 

• Genetic analysis among over 400,000 individuals 
 

• ‘Higher levels of obesity increase the risk of individuals 
taking up smoking, as well as smoking intensity’. 
 

 



Many potential uses of Mendelian 
randomization for cancer 

• Anthropometric  - BMI, etc 
• Behavior : smoking, alcohol consumption, coffee consumption 
• Clinical conditions, e.g. diabetes, insulin levels, lipids, 

hypertension, lung function etc 
• Circulating vitamins, eg vitamin D, Vitamin B6, folate, B12… 
• Circulating metabolites and proteins, 
• Drug targets….eg PCSK9 inhibitors 

 
• Can look at the effect on disease outcome as well as onset 
 
 



Increased fasting insulin levels and cancer risk : 
a Mendelian randomization analysis 

Carreras-Torres et al. PLoS One 2017, Carreras-Torres et al. JNCI 2017, 
Johansson et al. submitted 

Cancer Sites

Lung

Pancreas

Kidney

MR

1.48

1.66

1.82

1 2 4
Relative Risk
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Summary 
• Genetics is playing an increasing and 

important contribution to our knowledge of 
the causes of cancer 

• This evidence is complimentary to other forms 
of evidence 

• It has important potential to help fill in the 
missing 60% 

• Lots more to come……. 
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Bridging the cancer genetics divide: 

    Considerations for low and middle income countries  
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Track 2 - Advances in screening and early detection 



Objectives: 
 

 To have a basic understanding of the common hereditary cancer syndromes, 
and to be aware of rapidly changing evidence-informed guidelines for testing 
and clinical management. 
 

 To know the concepts of multigene panels, tumor/normal sequencing (NGS), 
and the expanding and critical role(s) of well-trained providers such as the 
cancer genetic counselor. 
 

 To consider what core elements are needed to ensure that a cancer genetics 
service can provide high quality comprehensive patient care, that is 
“reasonable” for a given context and health system.  

 
 



Pedigree modified to protect 
confidentiality 

BRCA 1 Family 

Frequency:  
 
General population: 
1/500-1/700 
 
Ashkenazi Jewish: 1/40 



Lynch 
Syndrome  



DNA Sequencing 

Sanger Sequencing 
Gold standard since 1970s 

Two reads per DNA position 

Used for single gene testing and confirmatory 
testing 

 

Next-Generation Sequencing 
Clinically available in 2010 

Simultaneous reading for each targeted 
position 

Used for multi-gene testing and high 
throughput data 

Cost effective for more than one gene 
analyzed 

http://www.ambrygen.com/sites/default/files/Optimizing_Technology_White_Paper_10_13_14final.pdf 



New Frontiers…germline testing for risk prediction/reduction…. treatment 

Modified from Walsh, 2015 

Myriad files for patent on 
BRCA1 

Myriad files for patent on 
BRCA2 

2015- patients tested 
before 8/2015 are 
eligible for update 
panel testing at 
Myriad 
 



 
“Multigene testing is ideally ordered in the context of 

professional genetic expertise for pre- and post-  
test counseling…. for risk prediction, risk reduction 
for patient & family members, tailored TREATMENT 

options” 

NCCN 2018….  
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3 technical considerations for policymakers: 
 
Analytical validity (NB/ high rates of discordance btw commercial labs) 

 
Clinical validity (reliable evidence of strength of association)  

 
Clinical utility  (proven /evidence for the information leading to 
prevention/screening or Rx that impacts health – not always clear)  

 
         accompanying editorial:   

 
“New technology is introducing great complexity”  

 
     #understatementoftheyear 





Technical, regulatory, and health systems considerations 

1. What is understood about the acceptability of genetic testing for 
hereditary cancer in a community? (stigma about cancer, about 
hereditary disease) 
 
 

2. Does ”testing” include comprehensive education and pos-test 
counseling by trained providers? (many ordering providers in 
U.S. get this wrong!) 
 

 
 
 

JCO 2018 Ginsburg and Brennan 



3. Who will interpret variants of uncertain significance? (can be v 
complicated) 
 

4. Work force and technical capacities for risk-reduction 
interventions? (if access to timely, affordable, good quality 
diagnostic imaging, pathology, screening, and surgery is limited, 
why offer testing?) 

 

Technical, regulatory, and health systems considerations 

JCO 2018 Ginsburg and Brennan 



Technical, regulatory, and health systems considerations 
 
5. Have ethical, legal, and regulatory frameworks to protect 
personal and to protect individuals from genetic discrimination? 
(”GINA” like legislation?) 
 
6. Is the health system funded well enough to support cancer 
genetics services? (what % GDP is spent on health? 
Public/private?)  

JCO 2018 Ginsburg and Brennan 



Questions? 

Thank you! 
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Are we ready for population-wide germline 
genetic testing? An example from Brazil 

Patricia Ashton Prolla, MD, PhD 
pprolla@hcpa.edu.br  
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•Track 2: Advances in screening and early detection 
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Objectives  
 

 To review the basic epidemiology of breast cancer in Brazil and 
fundamentals of hereditary breast cancer; 
 

 To review statistics of a founder TP53 germline mutation, R337H, in 
Southern Brazil and its role in breast cancer predisposition; 
 

 To consider pros and cons of population testing for R337H and what 
questions must be answered in order to enable adequate testing and 
management of mutation carriers in the long term. 
 
 



Outline 
  

 
XX; 

 
XX 
 
 

 
 https://gco.iarc.fr 

Brazil 



Breast Cancer  
in Latin America and Brazil 

 Most common cancer in women; 
 59.700 new breast cancer cases are 

estimated in 2018; 
 

 Adjusted incidence rates 
       Entire country: 51,33/100.000 
       South region:  73,07/100.000 



At least 10% of all Breast Cancers  
are Hereditary 

Penetrance: moderate - high; 
germline mutations cause a well known 
cancer syndrome. 
 
Allele frequency: very low - low.  
 
OR for breast cancer: > 5.0.  
 
Actionability: high; evidence based 
risk reducing guidelines exist.  
 
Implications for other family 
members: well defined. 

10% of breast cancers 
are hereditary 

Familial 



Genetic Heterogeneity of Hereditary 
Breast Cancer: Multigene Panel Testing  

Slavin et al. 2015 



Best genetic testing approach:  
high risk testing vs. population testing ? 

High 
risk 

Population 
based 

Recreational/
DTC 



Southern Brazilian Founder Mutation 
TP53 c. 1010G>A (p.Arg337His)  

 

2009 

About 1:300 newborns in Southern 
Brazil carry TP53 R337H 

 
Adrenocortical carcinoma screening 

offered until age 15 ys 



Wilson & Jungner Criteria for Newborn Screening 
(1968): applied to TP53 R337H 



TP53 mutations  
and breast cancer in Brazil 

BRCA1 
29% 

BRCA2 
21% 

[CATEGORY 
NAME] 

[PERCENTAGE
] 

MUTYH Het 
[PERCENTAGE] 

ATM 
8% 

CHEK2 
6% 

PALB2 
4% 

BRIP1 
2% 

RAD51C 
2% 

Other genes 
[PERCENTAGE] 

Guindalini RS et al, unpublished 

Pathogenic/Likely Pathogenic 
variants in 1554 hereditary 

breast cancer patients in Brazil   
(Multigene panel testing) 

Most (70%) are R337H 



TP53 c. 1010G>A (p.Arg337His)  
and Breast Cancer in Southern Brazil 

303 consecutively 
recruited breast 
cancer patients  

(age at diagnosis 
<50) from an 

outpatient breast 
surgery clinic) 

40 with modified 
Chompret criteria 

1 carrier 
(2,5%) 

263 without 
modified   

Chompret criteria 

6 carriers 
(2,3%) 

1/43 early onset BC patients in this series is an R337H carrier;  
Chompret criteria for TP53 testing are insufficient to detect most carriers. 

Camila Bittar, preliminary results, unpublished 



Should all women with early onset breast cancer  
in Southern Brazil be tested for R337H ? 

Why not ? 
Mutation frequency is high and criteria-based testing 

will likely miss most carriers. 
 
 
 And what about population screening in asymptomatic individuals ? 

 



0 5 10 15 20 25 30 

STS 
Breast 

ACC 
Thyroid 

Lung  
Skin 

Kidney 
Brain 

Haematol  
Prostate  
Stomach 

Bone  Formiga, Andrade, Kowalski and Achatz. JAMA Oncology, 2017. 



Approach for TP53 R337H mutation testing in Brazil must be urgently reviewed. 
 
Best setting ? pre-menopausal breast cancer patients (”diagnostic”) 
  NB screening; asymptomatic young adults (”predictive”)  
                      
Unanswered questions that must be addressed for successful long-term 

outcomes: 
 

 - Prevalence of the mutation in the population (all 5 regions) ? 
 - Penetrance (Breast cancer; who will get pediatric/adult onset cancers) ? 
 - Feasibility of population-wide testing, counseling and screening of  carriers, 

including acceptance within the population.  
 

 

In conclusion 



Thank you ! 

Porto Alegre 
Spring 2015 
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