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PERSPECTIVES

OPINION

Predictive, personalized, preventive,
participatory (P4) cancer medicine

Leroy Hood and Stephen H. Friend

Abstract | Medicine will move from a reactive to a proactive discipline over the next
decade—a discipline that is predictive, personalized, preventive and participatory (P4).
P4 medicine will be fueled by systems approaches to disease, emerging technologies
and analytical tools. There will be two major challenges to achieving P4 medicine

technical and societal barriers—and the societal barriers will prove the most
challenging. How do we bring patients, physicians and members of the health-care
community into alignment with the enormous opportunities of P4 medicine? In part, this
will be done by the creation of new types of strategic partnerships—between patients,
large clinical centers, consortia of clinical centers and patient-advocate groups. For
some clinical trials it will necessary to recruit very large numbers of patients—and one
powerful approach to this challenge is the crowd-sourced recruitment of patients by
bringing large clinical centers together with patient-advocate groups.

Hood, L. & Friend, 5. H. Mat. Rew. Clin. Oncol. 8, 184-187 (2011); doi:10.1038/ nrolinonc. 2010, 227

implementation of P4 medicine are twofold:
technical and societal. Ultimately, we believe
that the societal challenges will prove more
difficult to overcome.

P4 medicine is more than ‘genomic medi
cine' because it requires the integration of
diverse data from the various hierarchical
levels of biclogical information—DNA (and
epigenetic changes), RNA, proteins, metabo
lites, networks, cells, and tissues—to over
come the enormons signal to noise challenges
of large data sets arising from both technical
errors as well as reflecting many different
aspects of biology that are irrelevant to the
focus of particular studies,” and ultimately
create effective predictive and actionable
maodels that can be used to guide the treat
ment of the patient. Predictive medicine will
employ the information arising from per
sonal genome sequences and longitudinal
molecular, cellular and phenotypic measure
ments to provide a baseline measurement that



PERSONALIZED, PRECISION, AND
N-OF-ONE MEDICINE

a clarification of rermr'ncn’ogy and concepts

Sul HuanNc* AND LERSY HooD*¥

ABSTRACT “Omics technologies™ now permit cost-effective molecular profil-
ing of the human body at many phenotypic levels and over time, thus reaching far be-
yond the static personal genome. Such deep, dense, and dynamic analysis has exposed
the uniqueness of each person with respect to health and disease in unprecedented
ways, rasing paradigm-dismupting questions. How valid is our medical knowledge,
tradidonally obtained in studies of large cohorts to produce care recommendations for
a fictive “average” human, if no two people are the same? If response to treatment is
different in two patients with the same diagnosis, is this becanse they suffer from two
distinct subrypes of a disease, or because they differ in the physiology that manifests
the sume disease? Such questions have evoked terms, such as personalized, preasion, or
“MN-of-one” medicine, creating potential for confusion. This article offers a termino-
logical and conceprual delineadon and presents a new approach to personal care that
relies on understanding the system dynamics of an individual as opposed to relyving
on statstical associations. A clanficaton of these terms and concepts s necessary to
comprehend the vision of 21st-century medicine that will hamess big data to deliver
“scientific wellness™ for individuals.



This article e presen
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
wi | | harness bl g dat
well nesso for 1 nd

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
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Spotify faunder Daniel Ek officially

launches new startup — and this time,
he's taking on healthcare

Neko Health's launch confirms earber Sifted reporting on IR SHOUIY IOUNCEE'S next moves

Neko Health will offer advanced fdlbdy scanning to help doctors
prevent disease.
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points about the skin, heart, vessels, respiration, inflammation and mor
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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
iIntroduce into the question.

Double F-J . Recherches de statistique sur | 6af
Comtes Rendus De LO6Acadami e D-&%KRefrintedeas: Statistical P a
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 | 6af
Comtes Rendus De LO6Acadami e D-&%KRefrintedeas: Statistical P a
research on conditions caused by calculi by Doctor Civiale. IJE 2001;30:1246-1249.
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British Medicine, 18551 1952. Perspectives in Biology and Medicine 2019;62:41-71



The rise and fall of the
Nper sonal equat

AMeasurement error
Aldiosyncrasies of the patient



ldiosyncrasy or personal equation is a

complicated unknown quantity, containing
several x0s ¢é One person
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
Nper sonal equat

AMeasurement error
Aldiosyncrasies of the patient
Aldiosyncrasies of the doctor



NThe results of treat men
on the personal equation of the medical officer in
charge much more than upon the exact methods
of treatment reli ed upon

Lancet 1918:437-9



Personalized
medicine: 1999-2030



The New England Journal of Medicine

S])Hrial Article

SHATTUCK LECTURE — MEDICAL AND SOCIETAL CONSEQUENCES
OF THE HUMAN GENOME PROJECT

Francis S. CoLuns, M.D., PH.D.

HE history of biology was forever altered
a decade ago by the bold decision to launch
a rescarch program that would characterize
in ultimate detail the complete set of ge-
netic instructions of the human being. The idea cap-
tured the public imagination, perhaps less in the man-
ner of America’s wars on cancer and the acquired
immunodeficiency syndrome than in the manner of
the great expeditions — those of Lewis and Clark,
Sir Edmund Hillary, and even Neil Armstrong. Sci-
entists wanted to map the human genetic terrain,
knowing it would lead them to previously unimag-
inable insights, and from there to the common good.
That good would include a new understanding of
genetic contributions to human disease and the de-
velopment of rational strategies for minimizing or
preventing disease phenotypes altogether.

The endeavor was both awesome and chancy. The
instruction book — the human genome — was vast-
ly larger than any genetic endowment tackled so far,
and in 1990, the tools were not yet powerful enough
to perform the task. Critical social questions, such

80,000 or so human genes are scattered throughout
the genome like stars in the galaxy, with genomic
light-years of noncoding DNA in between. The bil-
lions and billions of uncharted DNA units (approx-
imately 3 billion base pairs in humans) frustrated
searches regularly in the late 1980s, often at great
health and financial cost. If gene hunters were to
mine miracles from the human genome, they needed
more powerful tools and more ambitious strategies.

ACCELERATED GOALS FOR SEQUENCING
THE HUMAN GENOME

In 1988, Congress appropriated funds to the De-
partment of Energy (DOE) and the National Insti-
tutes of Health (NIH) to begin planning the Hu-
man Genome Project. Planners set a 15-year time
frame, estimated that the price tag would be $3 bil-
lion, and laid out formal goals to get the job done.!
On October 1, 1990, the Human Genome Project
officially began.? According to early plans, the hu-
man race would witness its own blueprint in fine de-
tail in the year 2005.

Collins FS. Shattuck Lecture T Medical and Societal Consequences of the Human
Genome Project. New England Journal of Medicine 1999; 341:28-37



A Hypothetical case in 2010

N J o h n-yearald c@llBge 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
about his risks of contracting coronary artery disease and
other illnesses in the future, John agrees to consider a battery
of genetic tests that ar

Collins FS. Shattuck Lecture T Medical and Societal Consequences of the Human
Genome Project. New England Journal of Medicine 1999; 341:28-37



Results of genetic testing in hypothetical patient John in 2010

Condition Genes involved *  Relative risk Lifetime risk (%)
(current
estimate)
Reduced risk
Prostate Cance HPC1, HPC2, HPC3 0.4 7
Al zhei mer APOE, FAD3, XAD 0.3 10
Elevated risk
Coronary hear APOB, CETP 2.5 70
disease
Colon cancer FCC4, APC 4.0 23
Lung cancer NAT2 6.0 40

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.



A Hypothetical case in 2010

nNJohn I s pleased to | ear.|
not always give bad nevd his risks of contracting
prostate cancer and Al zhe
because he carries lemgk 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 | un

Collins FS. Shattuck Lecture T Medical and Societal Consequences of the Human
Genome Project. New England Journal of Medicine 1999; 341:28-37



A Hypothetical case in 2010

NAnd there I's much to off
pharmacogenomics has blossomed, and a prophylactic dru
regi men based on the knowl ¢
data can be precisely prescribed to reduce his cholesterol

level and the risk of coronary artery disease to normal

N\

| evel s éo0

Collins FS. Shattuck Lecture T Medical and Societal Consequences of the Human
Genome Project. New England Journal of Medicine 1999; 341:28-37



NCETP plays an I mportant p
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 hidlansity 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
di sease wi |l | benefi t from

Collins FS. Shattuck Lecture T Medical and Societal Consequences of the Human
Genome Project. New England Journal of Medicine 1999; 341:28-37



Research

JAMA Cardiology | Original Investigation

Association of CETP Gene Variants With Risk for Vascular
and Nonvascular Diseases Among Chinese Adults

lona Y. Millwood, DPhil; Derrick A. Bennett, PhD; Michael V. Holmes, PhD; Ruth Boxall, MSc; Yu Guo, MSc; Zheng Bian, MSc; Ling Yang, PhD;
Sam Sansome, BSc; Yiping Chen, DPhil; Huaidong Du, PhD; Canging Yu, PhD; Alex Hacker, MA; Dermot F. Reilly, PhD; Yunlong Tan, MBBS;
Michael R. Hill, PhD; Junshi Chen, MD; Richard Peto, FRS; Honghing Shen, PhD; Rory Collins, FRS; Robert Clarke, MD; Liming Li, MPH;
Robin G. Walters, PhD; Zhengming Chen, DPhil; for the China Kadoorie Biobank Collaborative Group

Supplemental content
IMPORTANCE Increasing levels of high-density lipoprotein (HDL) cholesterol through
pharmacologic inhibition of cholesteryl ester transfer protein (CETP) is a potentially
important strategy for prevention and treatment of cardiovascular disease (CVD).

OBJECTIVE To use genetic variants in the CETP gene to assess potential risks and benefits of
lifelong lower CETP activity on CVD and other outcomes.

DESIGN, SETTING, AND PARTICIPANTS This prospective biobank study included 151217
individuals aged 30 to 79 years who were enrolled from 5 urban and 5 rural areas of China
from June 25, 2004, through July 15, 2008. All participants had baseline genotype data,
17 854 of whom had lipid measurements and 4657 of whom had lipoprotein particle
measurements. Median follow-up of 9.2 years (interguartile range, 8.2-10.1 years) was
completed January 1, 2016, through linkage to health insurance records and death and
disease registries.

EXPOSURES Five CETP variants, including an East Asian loss-of-function variant (rs2303790),
combined in a genetic score weighted to associations with HDL cholesterol levels.

MAIN OUTCOMES AND MEASURES Baseline levels of lipids and lipoprotein particles,
cardiovascular risk factors, incidence of carotid plague and predefined major vascular and
nonvascular diseases, and a phenome-wide range of diseases.

Millwood 1Y et al. Association of CETP Gene Variants With Risk for Vascular and
Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34i 43.



Associlation of rs2303790 with

circulating lipids

Effect (95% Cl), mg/dL

No. of
Lipid and Lipoprotein Participants
HDL cholesterol 17835
LDL cholesterol 17835
Total cholesterol 17835
Triglycerides 17835
Lipoprotein(a) 17833
Apolipoprotein Al 17792
Apolipoprotein B 17835

10.00 (8.63 to 11.37)
-0.80 (-4.08 to 2.47)
9.52 (4.94t0 14.11)
-15.97 (-32.79 to 0.85)
-0.19 (-0.35 to -0.04)
13.95 (11.28 to 16.62)
-2.42 (-4.96 10 0.12)

Lower : Higher
Levels : Levels

.
K
.
-
o
-

-1.0-0.5 0 0.5 1.0
Effect (95% Cl), SD

Millwood 1Y et al. Association of CETP Gene Variants With Risk for Vascular and
Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34i 43.

P Value
9.4x 1047
.63

4.7 %1075
.06

.02

1.3 x 10724
.06



CETP risk score including rs2303790 with
circulating lipids

No. of Lower : Higher
Lipid and Lipoprotein Participants Effect (95% Cl), mg/dL Levels | Levels
HDL cholesterol 17761 10.00 (9.25 t0 10.75) .
LDL cholesterol 17761 2.40 (0.57 to 4.24) -
Total cholesterol 17761 12.25 (9.69 to 14.82) -
Triglycerides 17761 -14.60 (-24.01to0 -5.18) .
Lipoprotein(a) 17759 -0.09 (-0.18 to -0.00) »
Apolipoprotein Al 17718 12.91 (11.43 to 14.40) a
Apolipoprotein B 17761 -0.27 (-1.69t0 1.15) B

1.0 -0.5 0 0.5 1.0
Effect (95% Cl), SD

Millwood 1Y et al. Association of CETP Gene Variants With Risk for Vascular and
Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34i 43.

P Value

1.0 x 107148
.01

6.9 x 10721
2.4x1073
.04

4.9x 10765
71



Associlation

No. of
End Point Patients

of CETP genetic risk score with

vascular events

Coronary
Major coronary events 5767

Myocardial infarction 3118
Stroke

Ischemic 13759

Hemorrhagic 6532

Total 19240
Composite

Major occlusive events 18550

Vascular death 7851

Major vascular events 24318

No. of Lower : Higher
Controls OR (95% CI) Risk Risk
119644 1.08(0.95-1.22) .
119644 1.14(0.97-1.35) +
119644 0.94 (0.86-1.02) B
119644 0.94 (0.83-1.06) N B
119644 0.94 (0.87-1.01) .
119644 0.98 (0.91-1.06) 1
119644 1.01(0.90-1.12) N B
119644 0.97 (0.91-1.04) .
0.50 0.75  1.00 1.50
OR (95% CI)

2.00

Millwood 1Y et al. Association of CETP Gene Variants With Risk for Vascular and

Nonvascular Diseases Among Chinese Adults. JAMA Cardiology 2018;3:34i 43.

P Value

.22
11

13
.29
.10

.64
93



A Hypothetical case in 2010

NConfronted with the real]
arrives at that <cruci al nt
change in healtelated 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
ki cks the habit. o

Collins F. Shattuck Lecture & Medical and societal consequences of the human genome
project. NEJM 1999; 341: 28-37.
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The impact of communicating genetic risks of disease on risk-
reducing health behaviour: systematic review with meta-analysis

Gareth ) Hollands,' David P French,? Simon | Griffin,? A Toby Prevost,* Stephen Sutton,?

Sarah King,' Theresa M Marteau'

ABSTRACT

OBJECTIVE

To assess the impact of communicating DNA based
disease risk estimates on risk-reducing health
behaviours and motivation to engage in such
behaviours.

DESIGN
Systematic review with meta-analysis, using Cochrane
methods.

DATA SOURCES

Medline, Embase, PsycINFO, CINAHL, and the
Cochrane Central Register of Controlled Trials up to 25
February 2015. Backward and forward citation searches
were also conducted.

STUDY SELECTION

Randomised and quasi-randomised controlled trials
involving adults in which one group received
personalised DNA based estimates of disease risk for

medication use, sun protection behaviours, and
attendance at screening or behavioural support
programmes) or on motivation to change behaviour,
and no adverse effects, such as depression and
anxiety. Subgroup analyses provided no clear evidence
that communication of a risk-conferring genotype
affected behaviour more than communication of the
absence of such a genotype. However, studies were
predominantly at high or unclear risk of bias, and
evidence was typically of low quality.

CONCLUSIONS

Expectations that communicating DNA based risk
estimates changes behaviour is not supported by
existing evidence. These results do not support use of
genetic testing or the search for risk-conferring gene
variants for common complex diseases on the basis
that they motivate risk-reducing behaviour.

SYSTEMATIC REVIEW REGISTRATION
This is a revised and updated version of a Cochrane



Cardiac risk factors and prevention
ORIGINAL RESEARCH ARTICLE
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Effect of communicating phenotypic and genetic risk
OPEN ACCESS _ _

of coronary heart disease alongside web-based

lifestyle advice: the INFORM Randomised

Controlled Trial

Barbora Silarova,” ' Stephen Sharp,' Juliet A Usher-Smith, Joanne Lucas,’
Rupert A Payne,"> Guy Shefer,' Carmel Moore,® Christine Girling,’
Kathryn Lawrence,” Zoe Tolkien,? Matthew Walker,*® Adam Butterworth,*®
Emanuele Di Angelantonio,® John Danesh,*® Simon J Griffin'

Conclusions Provision of risk information, whether based
on phenotypic or genotypic characteristics, alongside web-
based lifestyle advice did not importantly affect objectively
measured levels of physical activity, other health-related
behaviours, biological risk factors or emotional well-being.

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.
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B COMMENTARY

It's the “Year of Perfect Vision,” 2020. Amy, age 21
years, visits with her physician and elects to have
complete genome sequencing. At a follow-up visit,
Amy chooses to learn of her genetic risk factors for

heart disease, C
cancer. Amy's p
for those disorc
modifications.

labetes, breast cancer, and colon
nysician provides her with risk scores

ers, and with suggestions for lifestyle

with risk scores for those disorders, and with suggestions for ~ disease. Unthinkably expensive as recently as 2004, genome-
lifestyle modifications. Specifically, Amy is alerted to her par- ~ wide association studies have been made possible through
ticularly high risk of developing type 2 diabetes, and her phy-  the availability of HapMap data’ and the ability to geno-
sician recommends a rigorous program of diet and exercise  type individuals rapidly and accurately at hundreds of thou-

FeeroWG, Guttmacher AE, Collins FS. The Genome Gets Personal Aiivos2008;

299:135%1352



The NEW ENGLAND ]OURNAL of MEDICINE

. genotyping might reveal particular genetic
variants that confer protection against specific
diseases; fecal sampling might identify patterns
of gut microbes that contribute to obesity; or
blood tests might detect circulating tumor cells or
tumor DNA that permit early detection of cancer
or its recurrence...

1he proposed 1mitative has two
main components: a near-term
focus on cancers and a longer-

President Obama has long e ariability i ccount — ot term aim to generate knowledge
p d strong convictio th t new?; blo od tvp ng, for instance, applicable to the whole range of
offers great potential f has been used to gui d bl od health and disease. Both compo-
improving health. Now, the Presi- transfusio f r more than a cen- nents are now within our reach
dent has announced a research ini- tury. But th e prospect of applying because of advances in basic re

tiative that aims to accelerate prog- this concept broadly has been search, including molecular biol-

Collins FS, Varmus H. A new initiative on precision mediciBagN Med. 2015 Feb
26;372(9):79%
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Precision medicine in 2030— AArtificial intell
seven ways to transform healthcare ~ ~HTICIATINTETIGENCE
Joshua C. Denny’-*" and Francis S. Collins® AB I g d a.ta.

1Al of Us Research Program, Mational Institutes of Health, Bethesda, MD, USA

“Mational Institutes of Health, Bethesda, MD, USA 4 .
3Present address: Bldg. 1 Room 228, 1 Center Drive, Bethesda, MD 20814, USA A E I ectronic H e al { h
*Correspondence: joshua.denny@nih.gov

hitps://doi.org/M10.1016/).cell.2021.01.015 R e CO rd S

Denny JC and Collins FS. Precision medicine in 20308 seven ways to transform
healthcare. Cell 2021;184:1415-1419



Table 1. Envisioning how precision medicine will affect clinical medicine and research in the next decade

Where we are today Where we will be in 2030
Clinical applications
Genomics for disease Primarily limited to rare Genomics is routine. Genetic causes and targeted
disease and select cancers. therapies are discovered for many “common” diseases.
Microbiome measures are routinely included.
Pharmacogenomics (PGx) Common in cancer and within select Genome-aware EHRs make PGx easy and automatically
applications of older medications at update rules from central guidelines. New PGx
select sites. associations discovered from clinical data.

Denny JC and Collins FS. Precision medicine in 20308 seven ways to transform
healthcare. Cell 2021;184:1415-1419
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But you can predict
that it is difficult to
predict ..



1. Intangible
variance



Random phenotypic variance? Piebald pattern in guinea pigs
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58% of the variance intangible ..

e

ndi fferences
due to irregularities in
development due to the
iIntangible sort of

causes to which the
word chance

Sewall Wright 1921




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

Site or type Heritable factors Shared environment Non-shared environment

Stomach 0.28 (60.51) 0.10 (60.34) 0.62 (0.490.76)
Colorectum 0.35 (0.160.48) 0.05 (060.23) 0.60 (0.520.70)
Pancreas 0.36 (60.53) 0 (00.35) 0.64 (0.470.86)
Lung 0.26 (60.49) 0.12 (G0.34) 0.62 (0.510.73)
Breast 0.27 (0.040.41) 0.06 (60.22) 0.67 (0.590.76)
Cervix uteri 0 (60.42) 0.20 (60.35) 0.80 (0.570.97)
Corpus uteri 0 (00.35) 0.17 (60.31) 0.82 (0.640.98)
Ovary 0.22 (60.41) 0 (0-0.24) 0.78 (0.590.99)
Prostate 0.42 (0.290.50) 0 (G-0.09) 0.58 (0.560.67)
Bladder 0.31 (60.45) 0 (00.28) 0.69 (0.530.86)
Leukemia 0.21 (60.54) 0.12 (60.41) 0.66 (0.450.88)

Lichtenstein P, Holm MV, Verkasalo OK et al. Environmental and heritable factors in the causation dil damgies. Med000343.78-85.



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
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Stochastic variation in the initial phase of
bacterial infection predicts the probability
of survival in D. melanogaster

David Duneau'?*, Jean-Baptiste Ferdy®, Jonathan Revah'?, Hannah Kondolf'#,
Gerardo A Ortiz’, Brian P Lazzaro'", Nicolas Buchon**

'Department of Entomology, Cornell University, Ithaca, United States; * Laboratoire
Evolution & Diversité Biologique, UMR5174 EDB, CNRS, ENSFEA, Université
Toulouse 3 Paul Sabatier, Toulouse, France; *Cornell Institute of Host Microbe
Interactions and Disease, Cornell University, Ithaca, United States

Abstract A central problem in infection biclogy is understanding why two individuals exposed
to identical infections have different outcomes. We have developed an experimental model where
genetically identical, co-housed Drosophila given identical systemic infections experience different
outcomes, with some individuals succumbing to acute infection while others control the pathogen
as an asymptomatic persistent infection. We found that differences in bacterial burden at the time
of death did not explain the two outcomes of infection. Inter-individual variation in survival stems
from variation in within-host bacterial growth, which is determined by the immune response. We
developed a model that captures bacterial growth dynamics and identifies key factors that predict
the infection outcome: the rate of bacterial proliferation and the time required for the host to
establish an effective immunological control. Our results provide a framework for studying the

individual host-pathogen parameters governing the progression of infection and lead ultimately to
life or death.

DOI: https://doi.org/10.7554/elife 28298 001
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Du Plessis L et al. Establishment and lineage dynamics of the SARSCoV-2 epidemic
in the UK. Science 2021;371:708712
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The emergence and development of beha-
vioral individuality in clonal fish

Received: 4 March 2022
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Published online: 28 October 2022

Kate L. Laskowski®'2® |, David Bierbach**%, Jolle W. Jolles ®5,
Carolina Doran' & Max Wolf'*

W Check for updates

Behavioral individuality is a ubiguitous phenomenon in animal populations,
yet the origins and developmental trajectories of individuality, especially very
early in life, are still a black box. Using a high-resolution tracking system, we
mapped the behavioral trajectories of genetically identical fish (Poecilia for-
mosa), separated immediately after birth into identical environments, over the
first 10 weeks of their life at 3 s resolution. We find that (i) strong behavioral
individuality is present at the very first day after birth, (ii) behavioral differ-
ences at day 1 of life predict behavior up to at least 10 weeks later, and (iii)
patterns of individuality strengthen gradually over developmental time. Our
results establish a null model for how behavioral individuality can develop in
the absence of genetic and environmental variation and provide experimental
evidence that later-in-life individuality can be strongly shaped by factors pre-
dating birth like maternal provisioning, epigenetics and pre-birth develop-
mental stochasticity.



Categories of nNnenvironm
cause children in the same family to differ

ASystematic 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)
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Nonshared Environment: A Theuretic:al, Methodological,
and Quantitative Review

Enc¢ Turkheimer and Mm? Waldron
University of Yirgina

When genetic similarity is controdled, siblings often appear no more alike than individoals selected 21
rundom frim the population. Simo: R, Plemin and D, Daniels” seménal 1987 review, i has become widely
acoegried that the soufce of this disskmblanty 18 a vamance companent called nonshared enviropment. The
authors review the concepual feendaiions of nogshared esvironment, with emphasis on distinctions
betaeen components of envinnmentsl variance and causal progerisss of covironmenlal events and
berween the effective and ohjective aspects of she environmest. A statkstical model of shared and
nonshared enviremental variables is developed, A quantitative review sbows that messured nenshaned
environmenlal varahkles do ool eccount for o substunbial poction of the nosshared varabilsty posited by
benmsetric studies of Behavior, Other explanations of the preposderance of nonshared epviroamental
variabdlicy are sagpested,

Why Are Children in the Same Family S50 Differem? gate the origing of nonshared environmmental variance. The follow-

. ) ) ) ing is typicak:
In what may have been the miost influential amicle ever wriltén

it the feld of developmental behavior genetics, Plomin and Resenrch on nonshared snvimemens can be cateparizad inte (2) anal

Turkheimer E et al. Nonshared environment: A theoretical, methodological, and quantitative
review. Psychological Bulletin 2000;126:78-108.



The gloomy prospect

NWhat 1 s happening envi
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, ilinesses, and other traumas, as

bi ographies often attes"

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 nNnenvironm
cause children in the same family to differ

ANon-systematic non-shared environment
AMeasurement error
ADevelopmental

- mutations, metastable epialleles, cell division
Imbalances, etc

ALife

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)

Davey Smith G. Epidemiology, epigenetics and the ‘Gloomy Prospect’: embracing
randomness in population health research and practice. International Journal of
Epidemiology 2011;40:537-562.



T VL biographical level
smokes for |74

93 YEARS |
and she ain't 8/ s

Chance at the
ontological or
epistemological
level




Johannes Heester.....




Johannes Heester quits smoking at age 106

"l did it for love, for my wonderful wife ... she should have me
as long as possible..."


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




Smoking and lung cancer

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

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

Ageographical differences within US virtually all
variance (Weinberg 1982)

Abetween-country differences ditto



Lung cancer

AHeritable: 26%
AShared environment 12%
ANon-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.



AMost traits have a non-trivial heritable component i

good news,

In that genetic variants can tell us about

modifiable causes

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

AUnstable as
account for
be Intractab

nects of non-shared environment may
nigh proportions of the variance but may

e

AModifiable 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
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Uher R. Genes, environment and individual differences to responding to treatment for
depression. Harv Rev Psychiatry 2011;19:109-24



GENDEP Background

"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



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

GENDEP Press Release

"This study has the potentia

the treatment of ©

epression.

to revolutionise
ts main aim is to

make It easier for doctors to decide which

antidepressant wi
given depressec

| be most i

ef f ec

kely to work for a

person, with the least side

t sée"

Peter McGuffin
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Personalized medicine? Treatment responses of 20
participants on the same antidepressant in GENDEP
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Uher R. Genes, environment and individual differences to responding to treatment for
depression. Harv Rev Psychiatry 2011;19:109-24



Statistical pitfalls of personalized medicine

Misleading terminology and arbitrary divisions stymie drug trials and can give false hope about
the potential of tailoring drugs to individuals, warns Stephen Senn.

Stephen Sean &

vy f =

Personalized medicine aims to match individuals with the therapy that is i FOEversice

best suited to them and their condition. Advocates proclaim the




0.8
&

0.6- = _\

04. egsssee 138 people
' “Sesessss  respond
O

0.2.- 4443444+

e

62 people show
-0.21 no reponse

|
Responders Non-responders

Comparison 1 (% improvement)

|- *‘W‘E‘

Senn S. Statistical pitfalls of personalized medicine. Nature 2018;563:619-621
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There is potential for Futile to try to pinpoint
tailored therapy. a subset of responders.

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

Events (% p.a.)

p-value for

Baseline Statin/ Control/ RR (CI) per 1 mmol/L -
subgroup more statin less statin reduction in LDL -C hegerr?rgﬁr&elty
Age (years)
¢ 65 6113 (2.9) 7510 (3.6) L 0.78 (0.75 - 0.82)
> 65, ¢75 4161 (3.7) 5050 (4.6) s 5 0.79 (0.74 - 0.83) p=0.14
> 75 1010 (4.9) 1113 (5.5) R 0.87 (0.76 - 0.99)
Gender |
Male 8943 (3.5) 10979 (4.4) ] 0.78 (0.75 - 0.81) 0=0.02
Female 2341 (2.6) 2694 (3.0) il 0.84 (0.78 - 0.91)
All patients 11284 (3.3) 13673 (4.0) O 0.79 (0.77 - 0.81)
M 99% % : ! !
9% or <> 95% G 05 075 1 1.25
LDL-C lowering LDL-C lowering
better worse



Effect of statin therapy on MAJOR
VASCULAR EVENTS
by baseline LDL-C and prior vascular disease

Events (% p.a.)

Baseline Statin/ Control/ RR (Cl) per 1 mmol/L hgig?(ljuz:\%rit
subgroup more statin less statin reductionin LDL -C or tr%nd y
Pre-treatment LDL -C (mmol/L) ;
<25 2483 (3.8) 2773 (4.3) —4— 0.78 (0.69 - 0.89)
225,<3.0 1906 (3.4) 2276 (4.0) —=— 0.77 (0.70 - 0.85) p=0.22
23,<35 2071 (3.2) 2533(4.1) —— 0.76 (0.70 - 0.82)
235 4668 (3.0) 5895 (3.9) . 0.80 (0.77 - 0.84)
History of vascular disease |
CHD 8671 (4.6) 10426 (5.6) . 0.79 (0.76 - 0.82)
Non-CHD vascular 707 (3.1) 822 (3.7) e 0.83 (0.73 - 0.94) p=0.18
None 1906 (1.4) 2425 (1.8) — 0.75 (0.69 - 0.82)
All patients 11284 (3.3) 13673 (4.0) <> 0.79 (0.77 - 0.81)
M 99% % : ! !

por > 95% G 05 075 1 1.25

LDL-C lowering LDL-C lowering

better worse



Effect of statin therapy on MAJOR VASCULAR EVENTS
by diabetes, treated hypertension and smoking status

Events (% p.a.)

Baseline Statin/ Control/ RR (CI) per 1 mmol/L hgig?éu?aggit
subgroup more statin less statin reduction in LDL -C or trgend y
Diabetes |
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) p=0.78
No diabetes 8484 (3.2) 10378 (4.0) | 0.78 (0.76 - 0.82)
Treated hypertension :
Yes 6374 (3.7) 7565 (4.5) ] 0.80 (0.77 - 0.84) 0=0.11
No 4656 (2.8) 5815 (3.5) L 0.77 (0.73 - 0.81)
Smoking status
Current smokers 2303 (3.7) 2922 (4.7) —— 0.79 (0.73 - 0.85) p=0.88
Non-smokers 8979 (3.2) 10749 (3.9) . 0.79 (0.76 - 0.82)
All patients 11284 (3.3) 13673 (4.0) O 0.79 (0.77 - 0.81)
- 99% < > 95% C : ! ! !

oo e 05 075 1 1.25

LDL-C lowering LDL-C lowering

better worse



Effect of statin therapy on MAJOR
VASCULAR EVENTS
by 5-year predicted MVE risk

Events (% p.a.)

Baseline Statin/ Control/ RR (CI) per 1 mmol/L p-value for
subgroup more statin less statin reduction in LDL -C trend
5-year MVE risk g
< 5% 167 (0.4) 254 (0.6) ; 0.62 (0.47 - 0.81)
2 5 <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) p=0.04
2 20, <30% 4109 (4.7) 4919 (5.8) . = 0.81 (0.77 - 0.86)
2 30% 2787 (7.6) 3458 (9.8) . 5 0.79 (0.74 - 0.84)
Al patients 11284 (3.3) 13673 (4.0) ) 0.79 (0.77 - 0.81)
M- 99% 95% Cl : ! !

or <> 05  0.75 1 1.25

LDL-C lowering LDL-C lowering

better worse
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Does evidence support the high expectations placed in
precision medicine? A bibliographic review [version 5; peer
review: 2 approved, 1 approved with reservations, 3 not
approved]

Jordi Cortés ' 1, José Antonio Gonzalez!, Maria Nuncia Medina2, Markus Vogler?,
Marta Vilaro4, Matt ElImore!, Stephen John Senn®, Michael Campbell€, Erik Cobo'

1Department of Statistics and Operations Research, Universitat Politéenica de Catalunya, Barcelona, 08034, Spain
2Escuela Colombiana de Ingenieria Julio Garavito, Bogotd, 111211, Colombia

pepartment of Statistics, Ludwig-Maximilians-Universitat Minchen, Minchen, 80539, Germany

*Fundacié liga per ala investigacid | prevencio dal cincer, Reus, 43201, Spain

SCompetence Center for Mathodology and Statistics, Luxembourg Institute of Health, Strassen, 1445, Lusambaourg
G5chool of Health and Related Research, University of Sheffiald, Sheffield, S1 4D4A, UK

v5 First published: 09 Jan 2018, 7:30(
httpsdolorg/10.12688/11 000research. 13490.1)
Second verslon: 13 Jun 2018, 7:30 (
httpsYdolorg/10.12688/11 000research. 13490.2)
Third verslon: 15 Mov 2018, 7:30 (
httpsdolorg/10.12688/11 000resaarch. 13490.3)
Fourth verslon: 07 Mar 2018, 7:30 (
httpsdol.org/10.12688/11 000research. 13490 4)

Latest published: 10 Jun 2019, 7:30 (
httpsdol.org/10.12688/11 000research. 13480.5)

Abstract

Background: Precision medicine is the Holy Grail of interventions that are
tailored to a patient's individual characteristics. However, conventional
clinical trials are designed to find differences in averages, and interpreting
these differences depends on untestable assumptions. Although anly an
ideal, a constant effect of treatment would facilitate individual management.
A direct consequence of a constant effect is that the variance of the



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, | 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, 18" February 1938



No treatment effect

A ser. SBP;

—
—ilar il

Cortes J et al. Does evidence support the high expectations placed in precision
medicine? A bibliographic review F1000 research. 2019



Constant treatment effect

B ser SBP;

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

C seprc SBP;

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

D serc SBP;

Cortes J et al. Does evidence support the high expectations placed in precision
medicine? A bibliographic review F1000 research, 2019



Hypothetical trial of 8 participants producing
homoscedasticity but a non-constant effect

G serc SBP;

Cortes J et al. Does evidence support the high expectations placed in precision
medicine? A bibliographic review F1000 research, 2019



Variance ratio of treatment group compared

with control group

Study

No. of
Patients

Variability Ratio
(VR) (95% CI)

Litman et al,” 2016
StudyRIS, '# 1996
Daniel et al, 1% 1999
Potkin et al,20 2008
Zhorowski et al,2! 1995
Marder et al, 22 1994
Kane et al,%3 2007
Marder and Meibach,2* 2007
Durgam et al,* 2014
Casey et al,26 2008
Potkin et al,27 2007
Durgam et al,28 2015
Hirayasu et al,2% 2010
Hera021,30 2009
Ogasaetal,’! 2012
McEvoy et al,32 2007
Tzimos et al, >3 2008
NCT016171,34 2015
Nasrallah et al,*® 2010
Correll et al, % 2016
Canuso et al, > 2010
Shen et al,38 2014
Kane et al,39 2010
Study93202,%0 2002
Lieberman et al,*! 2016
Bugarski et al,%2 2014
van Kammen et al 43 1996
Study94202,%4 2002
Potkin et al,%5 2003
Litman et al, 4 2014
Kinon et al,47 2011
Kane et al,*¢ 2002
Egan et al, 49 2013
Durgam et al, 5% 2016
Barbato et al,*! 2007
Study049,°2 2010
Meltzer et al,>3 2011
Meltzer et al, >4 2007
Loebel et al,5% 2013
Kane et al,%¢ 2015
Garcia et al,>” 2009
Davidson et al,*8 2007
Canuso et al,>® 2010
Hera022,5% 2009
Nakamura et al,®! 2009
Study115,52 2000
Beasley et al,b3 1996
Lindenmayer et al,5* 2008
Schmidt et al 552012
Meltzer et al, %% 2004
Coppola eta,57 2011
Chouinard et al,58 1993
Summary

83
236
142
463
436
255
754
537
286
230
234
299
456
523
145
307
114
354
486
326
310
142
336
136
155
140
148
222
495
63
184
502
123
248
394
349
585
295
602
292
359
489
304
348
180
318
98
330
136
191
133
87
15360

0.58 (0.42-0.81)
0.79 (0.65-0.96)
0.81 (0.64-1.04)
0.85 (0.75-0.97)
0.87 (0.76-1.00)
0.87 (0.73-1.03)
0.89 (0.80-0.99)
0.91(0.80-1.03)
0.91(0.77-1.08)
0.91(0.76-1.10)
0.93(0.78-1.12)
0.94 (0.80-1,10)
0.95 (0.84-1.09)
0.95 (0.84-1.08)
0.96 (0.75-1.23)
0.96 (0.81-1.13)
0.97 (0.73-1.28)
0.97 (0.84-1.13)
0.97 (0.84-1.12)
0.97 (0.83-1.14)
0.97 (0.82-1.15)
0.98 (0.78-1.24)
0.98 (0.84-1.15)
0.99 (0.78-1.26)
0.99 (0.79-1.24)
0.99 (0.78-1.26)
1.00 (0.78-1.28)
1.00(0.83-1.21)
1.00(0.88-1.13)
1.00(0.69-1.45)
1.00(0.81-1.25)
1.00(0.88-1.13)
1.00(0.77-1.30)
1.00(0.84-1,20)
1.00(0.87-1.15)
1.01(0.86-1.17)
1.01(0.90-1.14)
1.01(0.85-1,18)
1.01(0.90-1,13)
1.01(0.86-1.18)
1.01(0.87-1.18)
1.01(0.89-1.14)
1.01(0.85-1.20)
1.02 (0.88-1.18)
1.04(0.84-1.28)
1.05 (0.90-1.23)
1.06 (0.80-1.40)
1.09 (0.91-1.31)
1.11(0.87-1.42)
1.13(0.92-1.38)
1.14(0.89-1.45)
1.62 (1.20-2.19)
0.97 (0.95-0.99)

in Control

Greater = Greater

T —

: H"“'W”*'*“W\*'HH*WHMH+++++++++++

in Treatment

ljU
VR (95% CI)

15

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

Dnag M Giraater in platobs Giraaier in antisepress ant & WR [85% CIJ
Trazodon 1026 bt o 055 [0.67, 1.03
Ao lagne 703 —— o 097 [0UE3, 1.03)
Amitriptging 2429 PR o 087 [0.82, 1.03
Buprapian =54 ——— a 0,08 [0.94, 1.03
Mirtazapine 1288 : o 0562 050, 1.07]
Febonting 1872 P — o 00,568 [0.84, 1.04]
Flumseing &708 —— o 0563 055, 1.0
Farmesting TEGH —— o 0565 095, 1.03]
wenlatasing 4500 —— o 0.5 095, 1.03
wiazodong 722 —— o 0565 085, 1.04]
Cllalopmm 2138 —_—— o 1000 054, 1.07]
Serraling 06 —— .08 1000 085, 1.05]
Deswrniataing 4276 —_— o 1000 055, 1.05]
Fluvaamine 7 i o 1,00 [10.E3, 1.20f
Baefazndona 1295 —_— o 100 [0.63, 1.0
Worlmeed ne 31932 [ S o 1000 054, 1.05]
Ceudomatine ITBS — [V 1,01 [0.95, 1.05]
Lewosmi inacipran 2508 —_ o 1.0 0.7, 1.06
Escimabopram 1185 — B0 02 110 [T, 1.25
Summary 61144 - o 100 [0.85, 1.01]
] L] I ] L] L]
0.8 0.9 1 1.1 1.2 1.3
VR (5 CI)

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

A Intranasal 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)

A Fourteen anti-manic drugs: homogenous
Improvements (Hsu TW et al. eClinMed 2022)

A Psychotherapy 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

G serc SBP;

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



Distribution of Distribution of Number of Number of

raw phenotype  processed independent independent
Trait Description
phenotype vQTLs for QTLs for
each trait each trait
HT Standing height 0 1063
Forced vital
FVC 0 325
capacity
Forced expiratory
FEV1 0 266
volumein1s
FFR FEV1 and FVC ratio 3 221

Heel bone mineral

Wang H et al. Genotype-by-environment interactions inferred from genetic effects on phenotypic
variability in the UK Biobank. Science Advances 2019;5:eaaw3538



Distribution of Distribution of Number of Number of

raw phenotype  processed independent independent
Trait Description
phenotype vQTLs for QTLs for
each trait each trait

Heel bone mineral

BMD density T-score, 6 267
automated

BW Birth weight 1 57

BMI Body mass index 22 271
Waist

WC 16 196
circumference

HC Hip circumference 16 249

Wang H et al. Genotype-by-environment interactions inferred from genetic effects on phenotypic
variability in the UK Biobank. Science Advances 2019;5:eaaw3538



Distribution of Distribution of Number of Number of

raw phenotype  processed independent independent
Trait Description
phenotype vQTLs for QTLs for
each trait each trait

WHR Waist-to-hip ratio 1 157

WHR adjusted for
WHRadjBMI 0 187

BMI

Body fat
BFP 5 249

percentage

Basal metabolic
BMR 5 465

rate

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 vQTL QTL Phenotypic Phenotypic
Gene p-value p-value variance in mean in each
each genotype genotype
group group
FEV\IFVC Ratio| 15 |CHRNA3| 1.09E14 | 2.11E06 0.9757 0.0072
1.0107 -0.0019
1.0588 -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




Quantilei quantile plot of p-values for interaction term from
linear regression using each candidate moderating genetic
variant in turn with the HMG CoA allele score

W A =0.998925

Observed - logys(p)
.
|

0 1 2 3 4 b 6 7
Expected —log,,(p)

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

100

Relative Risk (%) 50

40
30
20
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0 . ; .
P S - S S S I - T N S R S T R -
fﬁﬁfgﬁgﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁkﬁ@
SN LA R S v ¢ @ &F o oF F & F L& T & T 07 0
I PN N P OO NP SRR R 0@&‘0\@8 § € o € P I S
o & R RS S & & & &
& < Vo' o Tl F F S & S 5@&@’*& T o S
& $ A CF IS TS S T
£ ks S o @? $° A oF 3 & N
0‘5‘ < q@’ @\Q— 15@ d‘a -',}(\' < '@63
> & TS F &®
@"fq d&o&a
Q"o
S o &
$° T
& ©

Roberts NJ et al. The predictive capacity of personal genome sequencing. Science
Translational Medicine 2012; doi: 10.1126/scitranslmed.3003380



Contralateral
cancers



The major contribution of stochastic events:
cancers of bilateral organs

Joung et al, Cancer Res Treat 2018



The suggested pattern of breast cancer incidence
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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
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Cervical cancer could be eliminated in
England, experts say

LU Je FARFANREIPAEY L]

Vaccination and HPV screening could potentially end the disease,
NHS England says
Cervical cancer is an avoidable disease - in theory, at least

A As the generatio

Experts say cervical cancer could be eliminated in England through a
combination of the vaccine and NHS screening, which will now test every
woman for HPV, the virus that causes most cases of the disease.



Prevalence of HPV16 and/or HPV18 infection by year and age
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Surveillance of type-specific HPV in sexually active young females in England, to end 2018.
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VIEWPOINT

S. Gail Eckhardt, MD
LiveSTRONG Cancer
Institutes, Dell Medical
School, The University
of Texas at Austin,

Christopher Lieu, MD
Division of Medical
Oncology, University of
Colorado Denver,
Aurora,

Is Precision Medicine an Oxymoron?

The initial results of the National Cancer Institute Mo-
lecular Analysis for Therapy Choice (NCI-MATCH) trial
were presented at the 2018 American Society of Clini-
cal Oncology Annual Meeting. The NCI-MATCH trialisan
ongoing phase 2 trial that seeks to determine whether
targeted therapies for specific gene mutations will lead
to objective responses agnostic to the primary cancer
type. The trial features nearly 40 treatment arms, each
of which aims to enroll at least 35 patients whose
tumors have a specific genetic alteration. Individual arms
rely on objective response as the primary end point,
which also drives decisions about expansion beyond
the first stage of accrual. Additional arms in the
NCI-MATCH trial are currently enrolling, and several are
in development.

Three cohorts from the NCI-MATCH trial were re-
ported; patients with tumors harboring ERRB2/HER2 am-
plification, FGFR alterations, or PIK3CA mutations were
treated with T-DM1, AZD4547, or taselisib, respec-
tively. Objective response rates were low across all arms,

as co-occurring mutations, each of which could have lim-
ited the impact of targeted single-agent therapy.

The modest results reported for these NCI-MATCH
arms stand in contrast to those of the neurotrophic
tropomyosin receptor kinase (TRK) inhibitor, larotrec-
tinib, which was associated with durable objective re-
sponses across a wide range of malignant neoplasms
(75%) independent of their histologic features.* In this
case, fusions involving tropomyosin receptor kinase
genes lead to chimeric proteins with constitutively ac-
tivated or overexpressed kinase function conferring
dominant oncogenic potential, similar to EML4-ALK (the
fusion between echinoderm microtubule associated
protein-like 4 and anaplastic lymphoma kinase) in non-
small cell lung adenocarcinoma. However, unlike gene
fusion events, the presence of other genetic altera-
tions has not reliably led to tissue-agnostic activity, which
may be due to differences in pathway activation and de-
pendence among tumors, indicating that context may
be important for some oncogenic pathways. This is ex-

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



The causes of much
disease remain
unknown



Avolidability
of cancer

The Causes of Cancer
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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

A A 7-8% of the cases
of cancer in both sexes
might have been
avol dabl eo

A Preventable in practice
~1/3rd

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

JNCI) Natl Cancer Inst (2022) 114(3): djab204

hittps://dol erg/ 101093 /jnel/djab204
First published anline November 8, 2021
OXFORD Comrmentary

Identifying Novel Causes of Cancers to Enhance Cancer Prevention:
New Strategies Are Needed

Paul Brennan, PhD (3,7 George Davey-Smith, MD, FRS (3,>"

Unternational Agency for Research on Cancer (IARC/WHD), Genomie Epidemiclogy Branch, Lyon, France and *Medical Research Council Integrative Epidemiclogy Unit
{IEU), University of Bristol, Clifton, Bristol, UK
The authors contributed squally to this work.

*Correspondence to: Paul Brennan, PhD, International Agency for Research on Cancer (IARC/WHO, Genomis Epidemislogy Branch, 150 Cours Albert Thomas, Lyon
G9008, France {&-mail: brennanp@iarc.fr).

Abstract

The burden of cancer from a clinical, societal, and economic viewpoint continues to increase in all parts of the world, along
with much debate regarding how to confront this. Projected increases in cancer indicate a 50% increase in the number of
cases over the next 2 decades, with the greatest proportional increase in low- and medium-income settings. In contrast to
the historic high cancer burden due to viral and bacterial infections in these regions, future increases are expected to be due
to cancers linked to westernization including breast, colorectum, lung, and prostate cancer. ldentifying the reasons underly-
ing these increases will be paramount to informing prevention efforts. Evidence from epidemioclogical and laboratory studies
conducted in high-income countries over the last 70 years has led to the conclusion that approximately £0% of the cancer bur-
den is explained by known risk factors—the 2 most important being tobacco and obesity in that order—raising the question
of what is driving the rest of the cancer burden. International cancer statistics continue to show that approximately 80% of
the cancer burden in high-income countries could be preventable in principle, implying that there are important environ-
mental or lifestyle risk factors for cancer that have not yet been discovered. Emerging genomic evidence from population and
experimental studies points to an important role for nonmutagenic promoters in driving cancer incidence rates. New re-
search strategies and infrastructures that combine population-based and laboratory research at a global level are required to
break this deadlock.

Brennan P, Davey Smith G. Identifying Novel Causes of Cancers to Enhance Cancer Prevention: New
Strategies are Needed. JNCI: Journal of the National Cancer Institute 2022;114:353-360



Genetics can help
Inform on the causality
of exposures at a group
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JAMA | Original Investigation

Association of Genetic Variants Related to CETP Inhibitors
and Statins With Lipoprotein Levels and Cardiovascular Risk

Brian A. Ference, MD, MPhil, M5c; kohn 1. P Kastelein, MD, PhD; Henry M. Ginsberg, MD; M. John Chapman, PhD, D%c; Stephen 1. Michaolls, MBBS, PhD;
Kausik K. Ray, MD, MPhil; Chris ). Packard, D%c; Ulrich Laufs, MD, PhD; Rebert D. Brook, MD; Clare Oliver-Williams, PhD; Adam 5. Butterworth, PhD;
John Danesh, FRCP, DFhil; George Davey Smith, MD, D5c; Alberico L. Catapano, PhD; Marc 5. Sabatine, MD, MPH

B Editorial page 915
IMPORTAMNCE Some cholesteryl ester transfer protein (CETP) inhibitors lower low-density
lipoprotein cholesterol (LDL-C) levels without reducing cardiovascular events, suggesting that

the clinical benefit of lowering LDL-C may depend on how LDL-C is lowered. CME Quiz at
jamanetwork.comylearmning

Supplemental content

DBJECTIVE To estimate the association between changes in levels of LDL-C {(and other
lipoproteins) and the risk of cardiovascular events related to variants in the CETP gene, both
alone and in combination with variants in the 3-hydroxy-2-methylglutaryl-CoA reductase
{HMGCR) gene.

DESIGM, SETTING, AND PARTICIPANTS Mendelian randomization analyses evaluating the
association between CETP and HMGCR scores, changes in lipid and lipoprotein levels, and the
risk of cardiovascular events involving 102 837 participants from 14 cohort or case-control
studies conducted in Morth America or the United Kingdom between 1948 and 2012. The

assoCiations with cardiovascular events were externally validated in 189 539 participants
from 48 studies conducted between 2011 and 2015.

EXPOSURES Differences in mean high-density lipoprotein cholestenol (HDL-C), LDL-C, and
apolipoprotein B (apoB) kevels in participants with CETP scores at or above vs below the median.

MAIN OUTCOMES AND MEASURES Odds ratio (OR) for major cardiovascular events.

Ference BA et al. Association of Genetic Variants Related to CETP Inhibitors and
Statins With Lipoprotein Levels and Cardiovascular Risk. JAMA. 2017;318:947-56.



P4 medicine



he 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
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SINCE 1828 fundament

DICTIONARY

fundament noun
@ Save Word

fun-da‘ment | \ ‘fon-de-mant @ \

Definition of fundament

1 :anunderlying ground, theory, or principle

2 a :BUTTOCKS
b :ANUS
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Genetics Will Revolutionize Social Science

Knowledge of which DNA strand does what will make it easier to judge which policies are effective.

By Charles Murray
Jan. 27,2020 6551 pmET

Polygenic scores are revolutionary because they

are causal i n only one di
because tests make you nervous or rise

because you grew up rich.
racism and other forms of prejudice.

Socioeconomic and cultural environments can

play an important role in how those bits of DNA

are expressed,but t hey dondt <chal
themselves. That means polygenic scores will

of fer social scientists s
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 the
actually exceed the greater robustness of

findings from a more general population of

patients with the disease in question?
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The response of subgroups of patients with schizophrenia to
different antipsychotic drugs: a systematic review and meta-
analysis

Stefan Leucht”, Anna Choimani*, Marc Krause, johannes Schneider-Thoma, Dongfang Wang, Shimeng Dong, Myrto Samara, Motalie Peter,
Mazximilian Hwhn, fosef Priller, fohn M Davis

Summary

Background As comparatively few trials in subgroups of patients with schizophrenia have been done, clinicians need
to know whether they can rely on the resulls of randomised controlled trials (RCTs) in the general population of
patients with schizophrenia. We aimed to compare the efficacy and side-effects of antipsychotic drugs in different

subgroups.

Methods In this syslemalic review and meta-analysis, we searched reference lists of previous systemalic reviews and
meta-analyses, the Cochrane Schizophrenia Group's Study-Based Register (from database inception to April 27, 2020),
and PubMed (from April 1, 2020 to June 14, 2021). We excluded studies in patienls with stable schizophrenia
(ie, relapse prevenlion studies), studies with a high risk of bias, and studies from mainland China due to quality
concerns concerning allocation and masking methods. We included single-blind RCTs or better that assessed one or
more of 16 second-generation and 18 first-generation antipsychotics in the general population of patients with
schizophrenia or in one or more of the subgroups: children and adolescents [age range as defined in the original
studies), palients with a first episode, patients with predominant or prominent negalive symploms, palients with
comorbid substance use, patients with treatment-resistant schizophrenia, or older patients (age range as defined in the
original shidies). Two authors independently screened the resulls of the search, retrieved [ull-text articles, and checled
the inclusion criteria. Using the Preferred Reporting Items for Systematic Reviews and Meta-analyses guideline, all
paramelers were extracled in duplicate. The primary oulcome was change in overall symploms. We compared drug
efficacy between subgroups, by sex, schizoaffective disorder versus schizophrenia, and study eorigin using random-
effects, inverse variance meta-analyses and random-effects subgroup tests, and meta-regression.
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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.
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NA Just soci ety
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- A Theory of Justice

John Rawls
1921-2002

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