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This article é presents a new approach to 
personal care that relies on understanding 
the system dynamics of an individual as 

opposed to relying on statistical 
associations. A clarification of these terms 
and concepts is necessary to comprehend 

the vision of 21st-century medicine that 
will harness big data to deliver ñscientific 

wellnessò for individuals.

Huang S et al. Personalized, Precision, and N-of-One Medicine a clarification of 

terminology and concepts. Perspectives in Biology and Medicine 2019;62: 617-639



Neko Health will offer advanced full-body scanning to help doctors 
prevent disease.

CƻǊ ŀ ϵмрл ǇŀǘƛŜƴǘ ŦŜŜΣ ǘƘŜǎŜ ŜȄŀƳƛƴŀǘƛƻƴǎ ǿƛƭƭ ŎƻƭƭŜŎǘ ƻǾŜǊ рл Ƴƛƭƭƛƻƴ Řŀǘŀ 
points about the skin, heart, vessels, respiration, inflammation and more.

bŜƪƻΩǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ōŀǎŜŘ ƻƴ !LΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ŎƻƳǇŀƴȅ ŜȄǇŜŎǘǎ ƛǘǎ 
diagnostic ability to improve over time.

A couple of hours after the news was published, a spokesperson for the 
company told Sifted that the clinic is almost already fully booked.



Jean Civiale (1792-1867) and lithotrypty vs the 

lithotomy 

Lithotomy: 1141 deaths in 5715 patients 

(20%) 

Lithotrypty: 6 deaths in 257 patients (2.3%)



In statistical matters, when attempting to appreciate 

facts numerically, the first concern above all is to 

leave the individual out of sight by considering a 

man merely as a fraction of the species. One must 

deprive him of his individuality in order to eliminate 

whatever such individuality could accidentally 

introduce into the question. 

Double F-J.  Recherches de statistique sur  lôaffection caluleuse, par M.  Le docteur Civiale.  

Comtes Rendus De LôAcadamie Des Sciences, Paris 1835;1:167-77. Reprinted as: Statistical 

research on conditions caused by calculi by Doctor Civiale. IJE 2001;30:1246-1249.



In applied medicine, on the contrary, the problem 

is always individual, the facts which contribute to 

solve it present one by one; it is exclusively the 

personality of the patient with which we deal, and 

in the end it is a single human being with all his 

idiosyncracies that the doctor must treat.  For us 

the masses remain entirely out of the question.

Double F-J.  Recherches de statistique sur  lôaffection caluleuse, par M.  Le docteur Civiale.  

Comtes Rendus De LôAcadamie Des Sciences, Paris 1835;1:167-77. Reprinted as: Statistical 

research on conditions caused by calculi by Doctor Civiale. IJE 2001;30:1246-1249.



The rise and fall of 
ñthe personal 
equationò



Number of articles containing ñpersonal 
equationò in major medical journals, 1850ï1950

Brinkmann R et al.  The Rise and Fall of the ñPersonal Equationò in American and 

British Medicine, 1855ï1952. Perspectives in Biology and Medicine 2019;62:41-71



The rise and fall of the 
ñpersonal equationò

ÁMeasurement error

ÁIdiosyncrasies of the patient



Idiosyncrasy or personal equation is a 
complicated unknown quantity, containing 
several xôs é One person may feel faint 
because a cat is in the room, another may be 
poisoned by a strawberry, and a third may be 
unable to "contain his urine if he hears the 
sound of the bagpipe" ; one may react deliriously 
to opium where another is not affected with the 
same dose.

Lancet 1900;207-8



The rise and fall of the 
ñpersonal equationò

ÁMeasurement error

ÁIdiosyncrasies of the patient

ÁIdiosyncrasies of the doctor



ñThe results of treatment depended, above all, 
on the personal equation of the medical officer in 
charge much more than upon the exact methods 
of treatment relied uponò

Lancet 1918;437-9



Personalized 
medicine: 1999-2030



Collins FS. Shattuck Lecture ïMedical and Societal Consequences of the Human 

Genome Project. New England Journal of Medicine 1999; 341:28-37 



ñJohn, a 23-year-old college graduate, is referred to

his physician because a serum cholesterol level of 255

mg per deciliter was detected in the course of a

medical examination required for employment. He

is in good health but has smoked one pack of cigarettes

per day for six yearsé.. To obtain more precise information 

about his risks  of contracting coronary artery disease and 

other illnesses in the future, John agrees to consider a battery

of genetic tests that are available in 2010ò.

A Hypothetical case in 2010

Collins FS. Shattuck Lecture ïMedical and Societal Consequences of the Human 

Genome Project. New England Journal of Medicine 1999; 341:28-37 



Condition Genes involved * Relative risk 

(current 

estimate)

Lifetime risk (%)

Reduced risk

Prostate CancerHPC1, HPC2, HPC3 0.4 7

Alzheimerôs diseaseAPOE, FAD3, XAD 0.3 10

Elevated risk

Coronary heart 

disease

APOB, CETP 2.5 70

Colon cancer FCC4, APC 4.0 23

Lung cancer NAT2 6.0 40

Results of genetic testing in hypothetical patient John in 2010

HPC1, HPC2, and HPC3 are the three genes for hereditary prostate cancer; APOE is the gene for 

apolipoprotein E; FAD3 and XAD are hypothetical genes for familial Alzheimer;s dementia; APOB is 

the gene for apolipoprotein B; CETP is the gene for cholesteryl ester transfer protein; FCC4 is the 

hypothetical gene for familial colon cancer; APC is the gene for adenomatous polyposis coli; and 

NAT2 is the gene for N-acetyltransferase 2.



ñJohn is pleased to learn that genetic testing does

not always give bad news ð his risks of contracting

prostate cancer and Alzheimerôs disease are reduced,

because he carries low-risk variants of the several

genes known in 2010 to contribute to these illnesses.

But John is sobered by the evidence of his increased

risks of contracting coronary artery disease,

colon cancer, and lung cancerò.

A Hypothetical case in 2010

Collins FS. Shattuck Lecture ïMedical and Societal Consequences of the Human 

Genome Project. New England Journal of Medicine 1999; 341:28-37 



ñAnd there is much to offer. By 2010, the field of 

pharmacogenomics has blossomed, and a prophylactic drug 

regimen based on the knowledge of Johnôs personal genetic 

data can be precisely prescribed to reduce his cholesterol 

level and the risk of coronary artery disease to normal 

levels éò 

Collins FS. Shattuck Lecture ïMedical and Societal Consequences of the Human 

Genome Project. New England Journal of Medicine 1999; 341:28-37 

A Hypothetical case in 2010



ñCETP plays an important part in the metabolism of high-
density lipoprotein, a lipoprotein associated with lowered 

susceptibility to atherosclerosis. A certain genetic variant of 
the CETP gene is correlated with higher plasma CETP 

levels and lower levels of plasma high-density lipoprotein. 
One study showed that in men who carried this genetic 

variant, treatment with pravastatin slowed the progression 
of coronary atherosclerosis. This finding may allow 

physicians to predict which patients with coronary artery 
disease will benefit from treatment with pravastatin.ò

Collins FS. Shattuck Lecture ïMedical and Societal Consequences of the Human 

Genome Project. New England Journal of Medicine 1999; 341:28-37 



Millwood IY et al. Association of CETP Gene Variants With Risk for Vascular and 

Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34ï43.



Association of rs2303790 with 

circulating lipids

Millwood IY et al. Association of CETP Gene Variants With Risk for Vascular and 

Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34ï43.



Millwood IY et al. Association of CETP Gene Variants With Risk for Vascular and 

Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34ï43.

CETP risk score including rs2303790 with 

circulating lipids



Millwood IY et al. Association of CETP Gene Variants With Risk for Vascular and 

Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34ï43.

Association of CETP genetic risk score with 

vascular events



ñConfronted with the reality of his own genetic data, he 

arrives at that crucial ñteachable momentò when a lifelong 

change in health-related behavior, focused on reducing 

specific risks is possible .. His substantial risk of 

contracting lung cancer provides the key motivation for him 

to join a support group of persons at genetically high risk 

for serious complications of smoking, and he successfully 

kicks the habit.ò

A Hypothetical case in 2010

Collins F. Shattuck Lecture ð Medical and societal consequences of the human genome 

project. NEJM 1999; 341: 28-37.





Silarova B, et al.  Effect of communicating phenotypic and genetic risk of coronary heart disease alongside web-

based lifestyle advice: the INFORM Randomised Controlled Trial. Heart 2019;105:982-989.



2010 approaches 
é



FeeroWG, Guttmacher AE, Collins FS. The Genome Gets Personal Almost.JAMA.2008; 
299:1351ς1352



Collins FS, Varmus H. A new initiative on precision medicine. N EnglJ Med. 2015 Feb 
26;372(9):793-5



Denny JC and Collins FS.  Precision medicine in 2030ð seven ways to transform 

healthcare.  Cell 2021;184:1415-1419

ÁArtificial intelligence 

ÁBig data

ÁElectronic Health 
Records



Denny JC and Collins FS.  Precision medicine in 2030ð seven ways to transform 

healthcare.  Cell 2021;184:1415-1419



ñItôs difficult to make predictions, 

particularly about the futureò

Niels Bohr Mark Twain Sam Goldwyn Yogi Berra Anonymous



But you can predict 
that it is difficult to 

predict ..



1. Intangible 
variance



Random phenotypic variance? Piebald pattern in guinea pigs

Sewall Wright 1921



ñdifferences .. must be 
due to irregularities in 
development due to the 
intangible sort of 
causes to which the 
word chance is appliedò

Sewall Wright 1921

58% of the variance intangible ..



Site or type Heritable factors Shared environment Non-shared environment

Stomach 0.28 (0-0.51) 0.10 (0-0.34) 0.62 (0.49-0.76)

Colorectum 0.35 (0.10-0.48) 0.05 (0-0.23) 0.60 (0.52-0.70)

Pancreas 0.36 (0-0.53) 0 (0-0.35) 0.64 (0.47-0.86)

Lung 0.26 (0-0.49) 0.12 (0-0.34) 0.62 (0.51-0.73)

Breast 0.27 (0.04-0.41) 0.06 (0-0.22) 0.67 (0.59-0.76)

Cervix uteri 0  (0-0.42) 0.20 (0-0.35) 0.80 (0.57-0.97)

Corpus uteri 0 (0-0.35) 0.17 (0-0.31) 0.82 (0.64-0.98)

Ovary 0.22 (0-0.41) 0 (0-0.24) 0.78 (0.59-0.99)

Prostate 0.42 (0.29-0.50) 0 (0-0.09) 0.58 (0.50-0.67)

Bladder 0.31 (0-0.45) 0 (0-0.28) 0.69 (0.53-0.86)

Leukemia 0.21 (0-0.54) 0.12 (0-0.41) 0.66 (0.45-0.88)

Effects of heritable and environmental factors in cancers at 
various sites.  Proportion of variance (95% CI)

Lichtenstein P, Holm MV, Verkasalo OK et al. Environmental and heritable factors in the causation of cancer. N Engl J Med2000;343:78-85.



Variation of growth of genetically identical marbled 

crayfish in an aquarium   

How well would 

precision medicine 

enthusiasts be able to

predict outcome?

Vogt et al. J Exp Biol 2008;211:510-23



Genetically identical Armadillo quadruplets

Ballouz S et al. The transcriptional legacy of developmental stochasticity. BioRxiv. 2019





Du Plessis L et al.  Establishment and lineage dynamics of the SARS-CoV-2 epidemic 
in the UK.  Science 2021;371:708-712





Categories of ñenvironmentalò factors that 
cause children in the same family to differ

ÁSystematic non-shared environment

- birth order, gender differences

- sibling interaction

- parental treatment

- extrafamilial networks: peer groups, teachers, 
television 

Plomin R et al. Why are children in the same family so different from one another? 

Behavioral and Brain Sciences 1987;10:1-16 (reprinted in the IJE 2011)



Turkheimer E et al.  Nonshared environment: A theoretical, methodological, and quantitative 

review.  Psychological Bulletin 2000;126:78-108. 



The gloomy prospect

ñWhat is happening environmentally to make 
children in the same family so different from 
one another? One gloomy prospect is that the 
salient environment might be unsystematic, 
idiosyncratic, or serendipitous events, such as 
accidents, illnesses, and other traumas, as 
biographies often attestò 

Plomin R et al. Why are children in the same family so different from one another? 

Behavioral and Brain Sciences 1987;10:1-16 (reprinted in the IJE 2011)



Categories of ñenvironmentalò factors that 
cause children in the same family to differ

ÁNon-systematic non-shared environment

ÁMeasurement error 

ÁDevelopmental

- mutations, metastable epialleles, cell division 
imbalances, etc

ÁLife

Plomin R et al. Why are children in the same family so different from one another? 

Behavioral and Brain Sciences 1987;10:1-16 (reprinted in the IJE 2011)



Chance from the 

subcellular to the  

biographical level 

Chance at the 

ontological or 

epistemological 

level



Johannes Heester.....



"I did it for love, for my wonderful wife ... she should have me

as long as possible..." 

Johannes Heester quits smoking at age 106

http://1.bp.blogspot.com/_vJTHmDDicdo/TP_idDky4VI/AAAAAAAAAck/ztb8vWg2H8I/s1600/kapnisma4-425x288.jpg


Winnie: the tail of a 

distribution or a 

black swan?



Smoking and lung cancer

Álung cancer in cohort studies, pseudo-variance 
explained 5-10% at best

Álung cancer trends in US, 93% of variance 
(Whittmore 1989)

Ágeographical differences within US virtually all 
variance (Weinberg 1982)

Ábetween-country differences ditto



Lung cancer 

ÁHeritable: 26%

ÁShared environment 12%

ÁNon-shared environment 62% 

Lichtenstein P, Holm MV, Verkasalo OK et al. Environmental and heritable factors in 

the causation of cancer. N Engl J Med 2000;343:78-85.



ÁMost traits have a non-trivial heritable component ï
good news, in that genetic variants can tell us about 
modifiable causes

ÁExposures with apparently small contributions in 
terms of variance explained can account for most 
cases of disease in a population  

ÁUnstable aspects of non-shared environment may 
account for high proportions of the variance but may 
be intractable 

ÁModifiable exposures that the genetic and shared 
environmental components are informative about 
are likely to be the appropriate group-level public 
health targets 



2. Variability in 
response



Personalized medicine? Treatment responses of 20 

participants on the same antidepressant in GENDEP   

Uher R. Genes, environment and individual differences to responding to treatment for 

depression. Harv Rev Psychiatry 2011;19:109-24  



"Parallel elements of the research conducted in 
basic science (including studies in cultured cells), 

will enhance the ability of the project to make 
reliable predictions. It is hoped that these 

predictions will lead to the making of a genetic 
test to assist clinicians in choosing the right 

antidepressants for their patients."

http://gendep.iop.kcl.ac.uk/background.php

GENDEP Background

http://gendep.iop.kcl.ac.uk/background.php


"This study has the potential to revolutionise 
the treatment of depression. Its main aim is to 

make it easier for doctors to decide which 
antidepressant will be most likely to work for a 

given depressed person, with the least side 
effectsé"

Peter McGuffin 

GENDEP Press Release 





Personalized medicine? Treatment responses of 20 

participants on the same antidepressant in GENDEP   

Uher R. Genes, environment and individual differences to responding to treatment for 

depression. Harv Rev Psychiatry 2011;19:109-24  





Senn S. Statistical pitfalls of personalized medicine. Nature 2018;563:619-621



Senn S. Statistical pitfalls of personalized medicine. Nature 2018;563:619-621



Comparison of 
cross-over trials 

analysed
appropriately and 

as though 
unmatched



Actual data from 
large scale 

individual patient 
meta-analyses of 

RCTs



Effect of statin therapy on MAJOR VASCULAR 

EVENTS by age and sex

0.5 0.75 1 1.25

Baseline
subgroup

Statin/
more statin

Control/
less statin

RR (CI) per 1 mmol/L
reduction in LDL -C

p-value for
heterogeneity

or trend

99% or 95% CI

LDL-C lowering
worse

LDL-C lowering
better

Events (% p.a.)

All patients 11284 (3.3) 13673 (4.0) 0.79 (0.77 - 0.81)

Male 8943 (3.5) 10979 (4.4) 0.78 (0.75 - 0.81)

Female 2341 (2.6) 2694 (3.0) 0.84 (0.78 - 0.91)

Gender

p=0.02

¢65 6113 (2.9) 7510 (3.6) 0.78 (0.75 - 0.82)
> 65, ¢75 4161 (3.7) 5050 (4.6) 0.79 (0.74 - 0.83)

> 75 1010 (4.9) 1113 (5.5) 0.87 (0.76 - 0.99)

Age (years)

p=0.14



Effect of statin therapy on MAJOR 

VASCULAR EVENTS

by baseline LDL-C and prior vascular disease

0.5 0.75 1 1.25

Baseline
subgroup

Statin/
more statin

Control/
less statin

RR (CI) per 1 mmol/L
reduction in LDL -C

p-value for
heterogeneity

or trend

99% or 95% CI

LDL-C lowering
worse

LDL-C lowering
better

Events (% p.a.)

All patients 11284 (3.3) 13673 (4.0) 0.79 (0.77 - 0.81)

< 2.5 2483 (3.8) 2773 (4.3) 0.78 (0.69 - 0.89)
²2.5, < 3.0 1906 (3.4) 2276 (4.0) 0.77 (0.70 - 0.85)
²3, < 3.5 2071 (3.2) 2533 (4.1) 0.76 (0.70 - 0.82)
²3.5 4668 (3.0) 5895 (3.9) 0.80 (0.77 - 0.84)

Pre-treatment LDL -C (mmol/L)

p=0.22

CHD 8671 (4.6) 10426 (5.6) 0.79 (0.76 - 0.82)

Non-CHD vascular 707 (3.1) 822 (3.7) 0.83 (0.73 - 0.94)

None 1906 (1.4) 2425 (1.8) 0.75 (0.69 - 0.82)

History of vascular disease

p=0.18



Effect of statin therapy on MAJOR VASCULAR EVENTS

by diabetes, treated hypertension and smoking status

0.5 0.75 1 1.25

Baseline
subgroup

Statin/
more statin

Control/
less statin

RR (CI) per 1 mmol/L
reduction in LDL -C

p-value for
heterogeneity

or trend

99% or 95% CI

LDL-C lowering
worse

LDL-C lowering
better

Events (% p.a.)

All patients 11284 (3.3) 13673 (4.0) 0.79 (0.77 - 0.81)

Type 1 diabetes 145 (4.5) 192 (6.0) 0.77 (0.58 - 1.01)

Type 2 diabetes 2593 (4.2) 3028 (5.1) 0.80 (0.74 - 0.86)

No diabetes 8484 (3.2) 10378 (4.0) 0.78 (0.76 - 0.82)

Yes 6374 (3.7) 7565 (4.5) 0.80 (0.77 - 0.84)
No 4656 (2.8) 5815 (3.5) 0.77 (0.73 - 0.81)

Current smokers 2303 (3.7) 2922 (4.7) 0.79 (0.73 - 0.85)

Non-smokers 8979 (3.2) 10749 (3.9) 0.79 (0.76 - 0.82)

Diabetes

p=0.78

Treated hypertension

p=0.11

Smoking status

p=0.88



Effect of statin therapy on MAJOR 

VASCULAR EVENTS

by 5-year predicted MVE risk

0.5 0.75 1 1.25

Baseline
subgroup

Statin/
more statin

Control/
less statin

RR (CI) per 1 mmol/L
reduction in LDL -C

p-value for
trend

99% or 95% CI

LDL-C lowering
worse

LDL-C lowering
better

Events (% p.a.)

All patients 11284 (3.3) 13673 (4.0) 0.79 (0.77 - 0.81)

< 5% 167 (0.4) 254 (0.6) 0.62 (0.47 - 0.81)
²5, < 10% 606 (1.1) 847 (1.6) 0.69 (0.60 - 0.79)
²10, < 20% 3615 (3.0) 4195 (3.5) 0.79 (0.74 - 0.85)
² 20, < 30% 4109 (4.7) 4919 (5.8) 0.81 (0.77 - 0.86)
²30% 2787 (7.6) 3458 (9.8) 0.79 (0.74 - 0.84)

5-year MVE risk

p=0.04





In placebo controlled RCTs 
with continuous outcomes 

differential treatment 
response in subgroups of 

patients will generally lead to 
the treatment group having 

greater variance for the 
outcome than seen in the 

placebo group 

Cortes J et al. Does evidence support the high expectations placed in precision 

medicine? A bibliographic review F1000 research, 2019



The point has, I think, 
received the rather large 

amount of theoretical attention 
that it has chiefly through lack 
of contact with the practical 

experimental situation 

RA Fisher to HE Daniels, 18th February 1938



Cortes J et al. Does evidence support the high expectations placed in precision 

medicine? A bibliographic review F1000 research. 2019 

No treatment effect 



Cortes J et al. Does evidence support the high expectations placed in precision 

medicine? A bibliographic review F1000 research, 2019

Constant treatment effect 



Cortes J et al. Does evidence support the high expectations placed in precision 

medicine? A bibliographic review F1000 research, 2019

Sub-populations responding to treatment differently 



Cortes J et al. Does evidence support the high expectations placed in precision 

medicine? A bibliographic review F1000 research, 2019

Individual patient variability in response 



Hypothetical trial of 8 participants producing 

homoscedasticity but a non-constant effect  

Cortes J et al. Does evidence support the high expectations placed in precision 

medicine? A bibliographic review F1000 research, 2019



Winkelbeiner S et al.  Evaluation of 

Differences in Individual Treatment 

Response in Schizophrenia Spectrum 

Disorders: A Meta-analysis. JAMA 

Psychiatry. 2019;76:1063-1073. 

Variance ratio of treatment group compared 

with control group



Variance ratio of treatment group compared with control 

group

Munkholm K et al. Individual response to antidepressants for depression in adults-a meta-analysis and 

simulation study. PLOS One 2020;15:e0237950



Recent studies 

ÅIntranasal oxytocin in schizophrenia/ASD - evidence of 

increased variance for schizophrenia negative 

symptoms, but not for 6 other outcome measures.  

(Martins et al.  BJ Pharmacol 2022;179:1525-1543)

ÅFourteen anti-manic drugs: homogenous 

improvements (Hsu TW et al.  eClinMed 2022)

ÅPsychotherapy for depression: higher variance in the 

intervention group intervention group (Kaiser T et al.  

Clin Psychol 2022)



Hypothetical trial of 8 participants producing 

homoscedasticity but a non-constant effect  

McCutcheon RA et al.  World Psychiatry 2022;21:287-294;

Galanter N et al.  arXiv 2022.



Variance and 
interactions (gene-

environment or 
gene-gene) in 

genetic studies



Wang H et al.  Genotype-by-environment interactions inferred from genetic effects on phenotypic 

variability in the UK Biobank.  Science Advances 2019;5:eaaw3538



Wang H et al.  Genotype-by-environment interactions inferred from genetic effects on phenotypic 

variability in the UK Biobank.  Science Advances 2019;5:eaaw3538



Wang H et al.  Genotype-by-environment interactions inferred from genetic effects on phenotypic 

variability in the UK Biobank.  Science Advances 2019;5:eaaw3538



Variance inflation for lung function according to 

CHRNA3 SNP

Trait CHRN Nearest

Gene

vQTL

p-value

QTL

p-value

Phenotypic 

variance in 

each genotype 

group

Phenotypic 

mean in each 

genotype 

group

FEV\FVC Ratio 15 CHRNA3 1.09E-14 2.11E-06 0.9757

1.0107

1.0588

0.0072

-0.0019

-0.0225

Wang H et al.  Genotype-by-environment interactions inferred from genetic effects on phenotypic 

variability in the UK Biobank.  Science Advances 2019;5:eaaw3538



Quantileïquantile plot of p-values for interaction term from 

linear regression using each candidate moderating genetic 

variant in turn with the HMG CoA allele score

Xu ZM & Burgess S. Polygenic modelling of treatment effect heterogeneity. Genetic Epidemiology 

2020;44:868-879.



3. Prediction from 
clones



Relative risk of disease assuming MZ twin 

concordance is due to the germline genome and 

optimal model: low risk 

Roberts NJ et al. The predictive capacity of personal genome sequencing. Science 

Translational Medicine 2012; doi: 10.1126/scitranslmed.3003380



Contralateral 
cancers



Cancer? Cancer?

The major contribution of stochastic events: 
cancers  of bilateral organs

Joung et al, Cancer Res Treat 2018



The suggested pattern of breast cancer incidence 

in patientsô relativesand the general population

Peto J, Mack TM. High constant incidence in twins and other relatives of women 
with breast cancer.  Nature 2000; 26: 411-414.



Annual hazard rates for contralateral breast cancer over time

Nichols H B et al. Declining incidence of contralateral breast cancer in the United States from 1975 to 2006.

JCO 2011;29:1564-1569

1975 to 2005



Effective 
medicine





Prevalence of HPV16 and/or HPV18 infection by year and age 

group

Surveillance of type-specific HPV in sexually active young females in England, to end 2018. 

Public Health England.   22 January 2020;14:2.  



The best 
ñpredictionò is 

existing disease



Eckhardt SG et al. Is precision medicine an Oxymoron? JAMA Oncol. 2019;5:142-143



The causes of much 
disease remain 

unknown 



Avoidability
of cancer 

Å Time trends

Å Geographical 
differences 

Å Migrant 
studies

Å Identified 
causes

Doll R and Peto R. The causes of cancer: quantitative estimates of avoidable risks of cancer in the 

United States today. Journal of the National Cancer Institute 1981;66:1191-1308.



Preventable in principle and 
preventable in practice

Å ñ75-80% of the cases 
of cancer in both sexes  
might have been 
avoidableò

Å Preventable in practice 
~1/3rd

Å Both of these 
estimates have 
remained the same for 
40 years

Doll R and Peto R. The causes of cancer: quantitative estimates of avoidable risks of cancer in the 

United States today. Journal of the National Cancer Institute 1981;66:1191-1308.



Genetics can help 
inform on the causality 
of exposures at a group 
level (ñMendelian 
randomizationò)



The HPS3/TIMI55ïREVEAL Collaborative Group.  Effects of Anacetrapib in Patients 

with Atherosclerotic Vascular Disease.  New Eng J Med 2017;3377:1217-27



P4 medicine



The P4 acronym stands for a new concept 
and practice of medicine: predictive, 

preventive, personalized, and 
participatory. Unlike the new integrative 

movements, which seek to extend or 
complement traditional medicine to 

embrace omics, P4 medicine places 
health care on a new fundament: a new 

academic discipline in its own right, 
systems biology

Huang S et al. Personalized, Precision, and N-of-One Medicine a clarification of 

terminology and concepts. Perspectives in Biology and Medicine 2019;62: 617-639





Polygenic scores are revolutionary because they 

are causal in only one direction. They donôt drop 

because tests make you nervous or rise 

because you grew up rich. Theyôre impervious to 

racism and other forms of prejudice. 

Socioeconomic and cultural environments can 

play an important role in how those bits of DNA 

are expressed,but they donôt change the codes 

themselves. That means polygenic scores will 

offer social scientists something theyôve never 

had before: a secure place to stand in assessing 

what is innate and what is added by the 

environment.

Charles Murray. Genetics Will Revolutionize Social Science: Knowledge of which DNA strand does 

what will make it easier to judge which policies are effective.  Wall Street Journal 27th January 2020



Stratified medicine 

For an individual patient, when does the 
(assumed) benefit of using evidence from the 
subgroup of patients theyôre most similar to 
actually exceed the greater robustness of 
findings from a more general population of 
patients with the disease in question?





άΧ ƎǊŀƴŘ ƴŀǊǊŀǘƛǾŜǎ ΦΦ ƘŀǾŜ ŎǊǳƳōƭŜŘ ŀƴŘ Ŏŀƴ ƴƻ ƭƻƴƎŜǊ 
ŎƻƴǎǘǊŀƛƴ ȅƻǳΧ ¢ƘŜ ǿƻǊƭŘ Ƙŀǎ ŎŜŀǎŜŘ ǘƻ ōŜ ǎǘƻǊȅ-shaped, 
which means that you can make your life up as you go along. 
You can own it, just as you can own a boutique. As the 
current cliché has it, everybody is different, a proposition 
which if true would spell the end of ethics, sociology, 
demography, medical science and a good deal besides.

¢ŜǊǊȅ 9ŀƎƭŜǘƻƴ Φ  ²ƘŀǘΩǎ ȅƻǳǊ ǎǘƻǊȅΚ  [ƻƴŘƻƴ wŜǾƛŜǿ ƻŦ .ƻƻƪǎ мсth February 2023

Whatôs your story?



Chance at the individual level and ñThe Veil 

of ignoranceò

A rational understanding of the role of chance might make for a less unequal world

ñA just society is a society 

that if you knew everything 

about it, youôd be willing to 

enter it at a random place.ò

John Rawls

1921-2002

- A Theory of Justice



ñóThe process of learning lifeôs single 

lesson: that there is more accident 

to it than a man can ever admit to in 

a lifetime and stay saneò  

V. 1963


