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Cathy, a 40-year-old mother of three, arrives in your office for her annual physical.

She has purchased a commercial genomewide scan (see the Glossary), which she believes measures the clinically 
meaningful risk that common diseases will develop, and has completed her family history online using My Family 
Health Portrait (www.familyhistory.hhs.gov), a tool developed for this purpose by the U.S. Surgeon General.

Her genomewide scan suggests a slightly elevated risk of breast cancer, but you correctly recognize that this 
information is of unproven value in routine clinical care. On importing Cathy’s family-history file, your office’s 
electronic health record system alerts you to the fact that Cathy is of Ashkenazi Jewish heritage and has several 
relatives with breast cancer, putting her at heightened risk for the hereditary breast and ovarian cancer syndrome. 
The system prompts you to discuss Cathy’s risk of breast and ovarian cancer during the visit. Considering both her 
family history and ancestry, you refer Cathy to a health care professional with advanced genetics training for 
consultation.

In the coming months Cathy elects to have her DNA tested for mutations in BRCA1 and BRCA2, the genes 
associated with hereditary breast and ovarian cancer syndrome, and to undergo a mammographic examination. 
Although the results of her genetic tests are negative, her mammogram reveals a suspicious abnormality. A biopsy 
is performed, and breast cancer is detected. Surgery is successful. Pathological examination of tissue from the 
excised tumor reveals that it is positive for estrogen-receptor protein and negative for human epidermal growth 
factor receptor type 2 (HER2); the lymph glands are free of cancer cells. Genetic-expression profiling of the tumor 
indicates a relatively high risk of recurrent cancer, and Cathy elects to receive adjuvant chemotherapy followed by 
treatment with tamoxifen. Five years later, the cancer has not recurred.

Feero WG & Guttmacher AE. N Engl J Med, 2011UCM, 25/09/2017



Feero WG. JAMA, May 2017

Precision Medicine    Definition

Precision Medicine is an emerging approach for disease 
treatment and prevention that takes into account 
individual variability in genes, environment, and lifestyle 
for each person.

(The National Institutes of Health, USA)
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Only focus on one aspect is not enough

UCM, 25/09/2017 Cheng T & Zhan X. EPMA Journal, 2017
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Precision Medicine, no overall consensus



Sharrer GT. Methods Mol Biol, 2017

Precision Medicine is not a new concept
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Hippocrates´ aphorism:

“It is more important 
to know the patient 
who has a disease, 
than the disease the 
patient has”



Precision Medicine is not a consensus strategy
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- Tests for diagnosis, treatment and 
prevention applications

- 10,733 diseases

- 16,233 genes

“An Evidence Framework for Genetic Testing” , The National Academies of Sciences, Engineering, and Medicine, Mar 2017
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https://www.genomicsengland.co.uk/the-100000-genomes-project/
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- Cancer care
Diagnostic evaluation

Treatment selection
Prognosis

- Monogenic and syndromic conditions

- Therapies

- Reproductive health
Cell-free DNA aneuploidy screening

Preimplantation genetic diagnosis
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Clinical implementation of PM    Impact
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Clinical implementation of PM    
Ethics



No easy task
Complex technologies
In continual evolution
No guidelines for clinical application (given their newness)

Knowledge asymmetry  (geneticist and nongeneticist clinicians)
Well-intentioned misapplication of tests

UCM, 25/09/2017

Clinical implementation of PM    Education
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Evans JP et al. JAMA, May 2017UCM, 25/09/2017

Clinical implementation of PM    Education



Slide provided by Dr. Gemma Llort

1994 2017

PM should move from treating diseases to managing patients
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http://www.nature.com/icogs/primer

Inherited susceptibility to Breast Cancer

Common low-penetrance alleles. MAF>10%   OR<1.5

Rare moderately penetrant disease-causing variants MAF<2%  OR≥2.0

Rare high-penetrance mutations MAF≤0.1%  OR≥5.0
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Lerner-Ellis J et al. Expert Rev Anticancer Ther, 2015  

The role of genetic testing panels in breast cancer
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Breast cancer genomic tests
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Who´s eligible for the Oncotype DX test?
Recently diagnosed stage I or II invasive BC or DCIS
Cancer is ER-positive
Lymph-node-negative BC
Making decisions about chemotherapy

How does Oncotype DX work?
Looking at these 21 genes, 12 in DCIS, in paraffin-embedded tumoral 
tissue, can provide specific information on:

Likelihood that the breast cancer will return
Benefits from chemotherapy in early-stage invasive BC
Benefits from radiation therapy in DCIS

Who´s eligible for the MammaPrint test?
Invasive stage I or stage II BC
ER-positive or ER-negative
In three or fewer lymph nodes
Smaller than 5 centimeters

How does MammaPrint work?
The MammaPrint test looks at the activity of 70 genes, in fresh tumoral 
tissue, and then calculates a recurrence score that is either low risk or 
high risk



Kummar S et al. BMC Medicine, 2012
Benafif & Hall. Onco Targets Ther, 2015

The increasing understanding of molecular basis
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5,783 women BRCA1/2 carriers observed prospectively for an average 5.6 years

Finch APM et al. J Clin Oncol , 2014

Management and recommendations.  Salpingo-ooforectomy
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Finch APM et al. J Clin Oncol , 2014

Impact of oophorectomy. Cancer incidence
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Impact of oophorectomy. All-cause mortality

Finch APM et al. J Clin Oncol , 2014UCM, 25/09/2017



Metcalfe K et al. BMJ, 2014

1)  390 BRCA1/2 mutation carriers with BC and unilateral or bilateral (181) 

mastectomy, were followed for up to 20y from diagnosis

2)  79 women died of BC in the follow up period: 18 in the bilateral mastectomy 

group and 61 in the unilateral mastectomy. 

3)  At 20 y the survival rate for women who had mastectomy of the contralateral 

breast was 88% and for those did not was 66%

4)  Multivariable analysis, controlling for age of diagnosis, year of diagnosis, 

treatment, and other prognostic features, contralateral mastectomy was associated 

with 48% reduction in death from BC

Clinical management and recommendations
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Screening recommendations in BRCA carriers (SEOM)

Llort G et al. Clin Transl Oncol, 2015  UCM, 25/09/2017



Feero WG & Guttmacher AE. N Engl J Med, 2011

Defining the gene and its regulation

UCM, 25/09/2017



Cheng T & Zhan X. EPMA Journal, 2017

The development of techniques offers promise to find more biomarker pattern
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Feero WG & Guttmacher AE. N Engl J Med, 2011

Genomic variation.   There is no “normal” human genome sequence.

- Humans are very similar at the DNA sequence level; about 99.6% of base pairs are 
identical from person to person.

- Given the size of the genome (approximately 6 billion bp in every nucleated non–
germ-line cell), there is substantial latitude for individual genetic variation, since 
the difference between any two people is about 24 million bp.

Glossary 

Allele: One of two or more versions of a genetic sequence at a particular location in the genome.

Mutation: A change in a DNA sequence. Germ-line mutations occur in the eggs and sperm and can be passed on to 
offspring, whereas somatic mutations occur in body cells and are not passed on.

Single-nucleotide polymorphism (SNP): A single-nucleotide variation in a genetic sequence; a common form of variation in 
the human genome (frequency greater tan 1%).

HapMap: The nickname of the International HapMap (short for “haplotype map”) Project, an international venture that 
seeks to map variations in human DNA sequences to facilitate the discovery of genetic variants associated with health. The 
HapMap describes common patterns of genetic variation among people.

UCM, 25/09/2017



Multistage 
approach

No SNPs selection

Chromosomal regions, no genes 

Many positive cases by chance

Replication in independent cohort

Hirschhorn JN & Daly MJ. Nature Rev, 2005

GWAS
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Ahmed S et al. Nat Genet, 2009

GWAS
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GWAS in breast cancer
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Evans JP et al. JAMA, 2017UCM, 25/09/2017

- A genome sequence is not a single test. 

- It represents millions of tests in which each nucleotide of a 
genome is queried and variants departing from a reference 
sequence are reported.

- Genomic information rarely results in a yes or no answer 
about disease state, but rather a probabilistic estimate of risk.

WGS

- The chance of an individual manifesting a genetic disease   
depends on 2 factors:

. the certainty with which a variant is associated with 
disease, and

. the penetrance of the condition 

- Lack of knowledge of either factor impairs the predictive 
value of genetic information, resulting in false positives    
(variants interpreted as being likely pathogenic but that    
actually are benign) and overdiagnoses (pathogenic variants 
that do not lead to disease due to incomplete penetrance).
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Approximate Number of Gene Discoveries Made by WES and WGS 
versus Conventional Approaches since 2010 according to OMIM Data

Boycott KM et al. Am J Hum Genet, 2017
Chong JX et al. Am J Hum Genet, 2015UCM, 25/09/2017



Approximate Number of Novel Gene-Phenotype Discoveries 
from 2010 to 2015 according to Orphanet Data

Boycott KM et al. Am J Hum Genet, 2017UCM, 25/09/2017
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“Genetic test scenario”
_______________________________________

- What test

- In which population*

- Purpose of the test*

- Outcome of interest

- Implications (personal, familial,…)

- Comparable alternative methods

_______________________________________
* Clinical scenario
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1.- “Don’t order a test unless you know what to do with the result”

2.- “When you order 20 tests, each with 95% specificity, you are likely to 
get at least one false positive result” 

Two clinical axiomas



Rockwell KL. JAMA, June 2017UCM, 25/09/2017

Direct-to-Consumer (DTC) Medical Testing

- Growing medical marketplace offers (low-value) medical testing directly to consumers

$15 million/2010      $130 million/2015      $350 million/2020

- Tests are ordered online without a physician order.

- Consumers purchase tests without a prescription/examination and regardless medical history

- Companies offer tests to the public without any reference to evidence-based guidelines

- Advertisements appeal to fears of contracting common disorders

- Tests have a low/negative value for a large segment of the consuming public

- Relative lack of regulation compared with the health care industry

- The FDA recently approved 10 DTC tests despite their low clinical value



Rockwell KL. JAMA, June 2017UCM, 25/09/2017

DTC.  Cascade of additional downstream interventions

- Consumers cannot obtain advice about their results

- Patient anxiety over results, patient selfmisdiagnosis

- They will need to see their physicians for guidance

- Physicians that never order such testing are not familiar with responding to the results

- Risks of downstream interventions based on low-value testing

Refer to a specialist, repeat testing, order additional tests, etc

- There are also important health care system implications related to cost.



Precision oncology remains a hypothesis in need of verification 
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Few patients benefit from precision oncology. 

Meric-Bernstam F et al. J Clin Oncol, 2015
http://ecog-acrin.org/nci-match-eay131/interim-analysis

Centre Population Method Results
(% patient/drug match)

___________________________________________________________________________________________

MD Anderson 2,600 50-genes panel 6.4  
advanced ca. 

US National Cancer Inst. 795 tumor seq 2
relapsed tumors 

___________________________________________________________________________________________
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But being assigned such a therapy is not proof of benefit.

Schwaederle M et al. JAMA Oncol, 2016

Treatment based on biological markers
______________________________________________________________

Respond at all 30%
Median progression-free survival 5.7 months 

______________________________________________________________

Estimation:    
Precision Medicine (Oncology) will benefit around 1.5% 
of patients with relapsed and refractory solid tumors
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The ultimate judge of a therapeutic strategy is the randomized controlled trial .

Le Torneau C et al. Lancet Oncol, 2015

SHIVA trial

Median 
progression-free 
survival was 2.3 
months in the 
experimental 
group versus 2.0 
months in the 
control group. 

UCM, 25/09/2017



Will Precision Medicine (PM) improve Population Health (PH)?

Khoury MJ & Galea S. JAMA, 2016

PM might not Improve PH

1.- Disease pathogenesis of common diseases is extraordinarily complex

2.- The identification of good predictors is unlikely in common diseases different to cancer

3.- High-risk individuals rarely change their behavior to avoid the disease 

PM can improve PH

1.- Stratification of populations into risk groups for multiple chronic diseases could provide 
more efficient and effective prevention and treatment strategies.

2.- Genetically targeted approach to health has demonstrated a PH benefit (newborn 
screening, hereditary cancers)

3.- PM technologies and big data are leading to a new era of precision public health that 
goes beyond personalized treatment of individuals affected by disease.

a) Applying emerging methods and technologies for measuring disease, pathogens, 

exposures, behaviors, and susceptibility in populations

b) Developing policies and targeted implementation programs to improve health

UCM, 25/09/2017



Will Precision Medicine improve Population Health?

Maas P et al. JAMA Oncology, 2016UCM, 25/09/2017



SEOM. Las cifras del cáncer en España, 2017

Precision Medicine & Public Health
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Maas P et al. JAMA Oncology, 2016

Geneticists and epidemiologists are aware that cancer strikes 
neither capriciously nor randomly
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Ahmed S et al. Nat Genet, 2009

GWAS
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Maas P et al. JAMA Oncology, 2016

Breast Cancer Risk from Modifiable and Nonmodifiable Risk Factors

Table 3. Comparison of Empirically Estimated and Theoretically 
derived Odds Ratios for deciles of PRS-24 

Estimated Odds Ratios 
Empirical            Theoretical Model 

PGRS Decile 1 1 1 
PGRS Decile 2 1·19 1·21 
PGRS Decile 3 1·32 1·42 
PGRS Decile 4 1·43 1·48 
PGRS Decile 5 1·54 1·59 
PGRS Decile 6 1·65 1·76 
PGRS Decile 7 1·80 1·92 
PGRS Decile 8 2·07 2·04 
PGRS Decile 9 2·26 2·32 
PGRS Decile 10 2·79 2·88 
Family History    1·40 1·37 

- 17,171 cases and 19,862 controls 
From The Breast and Prostate Cancer Cohort Consortium

- To develop a empirical model for predicting absolute risk of breast cancer.

- The model includes modificable and nonmodificable risk components

Nonmodificable factors

Polygenic risk score (PRS)
Family history
Age at first birth
Parity
Age of menarche
Height
Menopausal status

Modificable factors

Body mass index
Menopausal hormone therapy
Alcohol consumption
Smoking status
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Maas P et al. JAMA Oncology, 2016

Breast Cancer Risk from Modifiable and Nonmodifiable Risk Factors
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Maas P et al. JAMA Oncology, 2016

Breast Cancer Risk from Modifiable and Nonmodifiable Risk Factors
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Maas P et al. JAMA Oncology, 2016

Conclusions

These results illustrate the potential value of risk stratification to 
improve breast cancer prevention, particularly to aid decisions on risk 
factor modification at the individual level. 

The effect of such models for improving the cost-benefit ratio of 
population-based prevention programs will depend on the 
implementation cost of risk assessment.

Breast Cancer Risk from Modifiable and Nonmodifiable Risk Factors
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Xu GJ et al. Science, 2015
Kish LJ & Topol EJ. Nat Biotech, 2015

Precision Medicine & Public Health
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Colorectal cancer (CRC)

UCM, 25/09/2017

Third most common cancer

Second leading cause of cancer-related death

Chemotherapy (CT): 5-fluorouracil, Capecitabine, Oxaliplatin

The majority of patients are initially responsive

Patients with tumor recurrence due to drug resistance have por prognosis

- It  is of paramount importance to elucitate CT resistence in CRC patients

- Cancer chemoresistence results from a complex interplay between gene 
regulation and environment

- Microbiota is linked to CRC initiation and progression via affecting        
intestinal inflammation 



Rook G et al. Lancet, July 2017
Claesson MJ et al. Nat Rev Gastroenterol Hepatol, Aug 2017

Microbiota

UCM, 25/09/2017

- Complex communities of microorganisms live on and in the human body, and variations in 
the composition and function of these communities are increasingly linked to various 
conditions and diseases, mainly related with immunoregulation (allergies, autoimmunity, 
inflammatory bowel disease)

- Although it is not known if microbiome changes are causative or consequential in most 
pathophysiologies, they might provide biomarkers for disease detection or management 

- Microbiome analysis is likely to become a routine component of secondary health care 
and is emerging as a modifiable environmental risk factor in multifactorial diseases that 
could be targeted by novel therapeutics 

- Technology advancements are leading to a range of powerful methods for microbiome 
analysis becoming available and affordable for clinical studies 



Yu T et al. Cell , July 2017

Fusobacterium nucleatum (Fn) is associated with CRC recurrence and 
patient outcome
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Yu T et al. Cell , July 2017

Fn promotes cancer autophagy activation
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Co-culture with Fn:
- 992 downregultaed gene
- 1,466 upregulated genes (ULK1, ATG7)



Yu T et al. Cell , July 2017

Fn induces cancer chemoresistance via autophagy pathway
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Yu T et al. Cell , July 2017

Fn activates cancer autophagy via selective loss of miR-18a* and miR-4802
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Yu T et al. Cell , July 2017

TLR4 and MYD88 Pathway Is Involved in Fn-Mediated Chemoresistance

UCM, 25/09/2017



Yu T et al. Cell , July 2017

Fn promotes Chemoresistence to CRC by Modulating Autophagy
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- Genetics and Genomics are irrevocably changing the face of biomedical research and, more slowly, clinical 
medicine.

- Turning back now from the use of genomic technologies in health care is inconceivable.  

- A wide approach to individual variability in environment, lifestyle and genes, will improve our capacity to    
diagnose, prevent and predict diseases.

- PM should be supervised only by a qualified physician and conducted only by scientifically qualified persons. 

- Some major challenges: 

. education

. to define “genetic test scenarios” and clinical guidelines

. to regulate DTC medical testing

. to develop precision approaches to interventions in individuals and populations 

Conclusions

UCM, 25/09/2017


