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Point of View

• From a clinical epidemiologist
• Mainly developing research on how to assess
treatment in chronic diseases
• Knowing nothing about genetic, genetic tests
and « personalized medicine »

Personalized Medicine :
A very promising concept and a « magic » word
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Personalized Medicine :
Tailored treatments
Medicine of the present :
« one size fits all » approach

Medicine of the future :
Personalized Treatment

Molecular testing of diseases
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Personalized Medicine
or Stratified Medicine ?
• What we are sometimes able to do :
To determine the best treatment for a group of
patients sharing some similar characteristics with the
patient of interest
• Are we really able to determine the best treatment for
an individual patient ?
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• Patients characteristics ( e.g. genetic variants) can help to
identify groups of patients who are more (or less) likely to
respond to a treatment
• Probability is a group property and should not be confounded
with individual determinism
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•

At the individual level , you respond or do not respond to the
treatment, there is no probability
• 2 patients with exactly the same characteristics (that are
predictive of the response to treatment) are in the same risk
stratum
• 1 of these 2 patients could respond to the treatment and not
the other
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•

Inference of the risk associated with the characteristics of
these patients is to the corresponding group or strata level, not
to the personal or individual level

• PM only reflect attempts to fractionate or stratify the larger
population into smaller groups likely and not likely to benefit
from specific treatments
• Therefore it would be better to use the term stratified medicine

Personalized or Stratified Medicine :
A new approach ?
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Leukemia or Lymphoma
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Chronic Leukemia
Acute Leukemia
Preleukemia
∼38 Leukemia types identified:
Acute myeloid leukemia (∼12 types)
Acute lymphoblastic leukemia (2 types)
Acute promyelocytic leukemia (2 types)
Acute monocytic leukemia (2 types)
Acute erythroid leukemia (2 types)
Acute megakaryoblastic leukemia
Acute myelomonocytic leukemia (2 types)
Chronic myeloid leukemia
Chronic myeloproliferative disorders (5
types)
Myelodysplastic syndromes (6 types)
Mixed myeloproliferative/myelodysplastic
syndromes (3 types)

Indolent Lymphoma
Aggressive Lymphoma
∼51 Lymphomas identified:
Mature B-cell lymphomas (∼14 types)
Mature T-cell lymphomas (15 types)
Plasma cell neoplasm (3 types)
Immature (precursor) lymphomas (2 types)
Hodgkin’s lymphoma (5 types)
Immunodeficiency associated lymphomas
(∼5 types)
Other hematolymphoid neoplasms (∼7
types)

Personalized medicine requires perfect predictive
accuracy :
Are genetic tests perfect ?

A marker with an odds ratio of as high as 3 is in fact a very poor
classification tool.

Evolution of the strength of an association as more information is accumulated

Predictive Accuracy :
Most of the genetic tests are probably not
perfect !
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Additional value of genetic tests
From: Genetic Polymorphisms for Estimating Risk of Atrial Fibrillation in the General Population: A Prospective
Study
Arch Intern Med. 2012

From: Genetic Polymorphisms for Estimating Risk of Atrial
Fibrillation in the General Population: A Prospective Study
Arch Intern Med. 2012

Classical model : 0.750
Classical model plus genetic
polymorphisms : 0.755
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Influence of other parameters on
treatment effect : Adherence ?

• The adherence rates to prescribed Highly Active
Antiretroviral Therapies vary from 22% to 80%, in
both clinical trials and clinical practice settings
• These rates of poor medication adherence are
remarkably similar for various chronic diseases
• Adherence is probably poorly explained by genetic
testing

Sometimes a test does not fulfill
its promises in real life : CYP2C19 genotyping
Slow metabolizers :
« alternative
treatment strategies »

"Black Box" warning for the
clopidogrel label in March of 2010

- Per-patient Cost according to FDA :
$60 to $500
- 40 millions patient treated worldwide

• 32 studies of 42 016 patients, 6 studies were randomized trials (“effect
modification” design) and the remaining 26 reported individuals exposed to
clopidogrel (“treatment-only” design).
• Association between the CYP2C19 genotype and clopidogrel
responsiveness based on surrogate markers ( Levels of Clopidogrel
metabolites or Platelet Reactivity)
• No significant association of CYP2C19 genotype with a modification of the
effect of clopidogrel on any important cardiovascular outcomes or bleeding
• Usual methodological limits (use of surrogate markers, selective outcome
reporting, small study effect and strong evidence of publication bias)

• FDA Warning reflected a case of « irrational exuberance »
• « Overzealous adoption based on limited biochemical data does
not serve the public interest »

Personalized Medicine, 2011

• N-of-1 or single subject clinical trials consider an individual
patient as the sole unit of observation in a study investigating the
efficacy or side-effect of different interventions (e.g., A or B).
Best Treatment
for this patient

• An n-of-1 trial is a randomized, multiple crossover evaluation
performed in a single patient
• The ultimate goal of an n-of-1 trial is to determine the optimal or
best intervention for an individual patient

N-of-1 Trials

• Can be used to compare
– Active vs. Placebo
– Low dose vs. High dose
– Treatment A vs. Treatment B
• Can only be used for chronic, stable conditions
• Can only be used for treatments with rapid onset/termination
of effect
• The number and length of the crossover periods would be
dictated by the nature of the outcome and interventions

Area cartograms showing the sizes of countries in proportion to the number of
smokers

Generalizability of trials aimed at stopping tobacco use?
Could trials performed in USA or EU inform decisions in India or
China ?!
Area cartograms
showing the
sizes of
countries in
proportion to the
number of trials

From a Public Health point of view ,
« Continent-personalized » Medicine would be a huge
step forward

Conclusions

• The term « personalized medicine » is excellent from a
marketing point of view but potentially misleading
• The term stratified is in my view more accurate
• PM fuels frequently unrealistic expectations of predictive
accuracy
• No matter how promising genetic markers must (as any other
diagnostic or pronostic or screening markers) be assessed
carefully to demonstrate their utility in clinical practice

• In Treatment-only analysis ( Cohorts), individuals with 1 or
more CYP2C19 alleles associated with lower enzyme activity had
lower levels of active clopidogrel metabolites, less platelet
inhibition, lower risk of bleeding and higher risk of CVD events
(but small study effect , selective reporting )
• In Effect modification studies (RCTs), CYP2C19 genotype was
not associated with modification of the effect of clopidogrel on
CVD end points or bleeding

Personalized medicine
according to Wikipedia
•

Personalized medicine or PM is a medical model that
proposes the customization of healthcare - with medical
decisions, practices, and/or products being tailored to the
individual patient. The use of genetic information has played a
major role in certain aspects of personalized medicine, and the
term was even first coined in the context of genetics (though it
has since broadened to encompass all sorts of personalization
measures). To distinguish from the sense in which medicine
has always been inherently "personal" to each
patient, PM commonly denotes the use of some kind of
technology or discovery enabling a level of personalization not
previously feasible or practical.

