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DARWIN EU® Real-World

data/study/evidence

Catalogue of Standard Data Analyses

Off-the-shelf studies Complex
Illi These are mainly characterisation questions that can be executed with a generic protocol. This .;j, These are studies requiring development or customisation of specific study designs, protocols,
I88= includes disease epidemiology, for example the estimation of the prevalence, incidence of analytics, phenotypes. This includes studies on the safety and effectiveness of medicines and
health outcomes in defined time periods and population groups, or drug utilization studies at the vaccines.

population or patient level.

Patient-level characterisation Prevalent user active comparator cohort studies

Patient-level DUS analyses New user active comparator cohort

(+]

(+]

© Population-level DUS analyses Self-controlled case risk interval
(+]

Population-level descriptive epidemiology Self-controlled case series

Time series analyses and Difference-in-difference studies

L+
L+
L+
L+
L+
L+

RMM effectiveness




Complex

.;j’ These are studies requiring development or customisation of specific study designs, protocols,
analytics, phenotypes. This includes studies on the safety and effectiveness of medicines and
vaccines.




Biobanks:

Smaller, richer, linked
iy ™

Ty
r'l'rl. » Clinical measurements

l" ; |
'-!‘? 9 - Genomics*

.
_—
R
1
S ——

m  Lifestyle factors

T

S—
-\

_\\‘
—

o —

S S— —

|
[

. [ p"((f({('
{

 Proteomics
* PROMs

' 4“(“(
-




Biobanks:

Smaller, richer, linked

Support growing regulatory
needs for drugs/devices




Existing and ongoing

global biobanks

biobank

Enabling scientific discoveries that improve human health

Table1. Comparison of the Self-Reported Ethnic Origins of UK Biobank Participants (Recruited in 2006—2010) With Census Data for the Age
Group 40-69 Years in England, Wales, and Scotland in 2001 and 20113

UK Biobank 2001 UK Census 2011 UK Census
Ethnicity® (n = 499,877) (n = 20,198,307) (n = 23,146,612)
No. of Persons % No. of Persons % No. of Persons % Scotla nd ~ 36‘/ 000

White® 472,837 94.6 19,085,322 94.5 21,133,317 91.3 participants
Black or black British® 8,066 1.6 302,073 1.5 565,777 2.4
Mixed® 2,958 0.6 82,389 0.4 191,085 0.8
Indian 5,951 1.2 325,651 1.6 442 338 1.9
Pakistani 1,837 04 147,695 0.7 239,166 1.0
Bangladeshi 236 0.0 46,220 0.2 75,919 0.3
Chinese 1,574 0.3 70,572 0.3 109,412 05 England ~450,000
Other Asian 1,858 0.4 73,917 0.4 240,324 1.0 participants
Other ethnic group 4,560 0.9 64,468 0.3 149,274 0.6

500 K participants, recruited between 2006-2010

~Wales 20,000 participants < o tanon




biobank’

Enabling scientific discoveries that improve human health

Touchscreen questionnaire and
computer-assisted verbal

interview
Sociodemographic

Lifestyle

Environmental factors

Early life factors

Family history
Psychosocial factors

Health and medical history

Sex-specific factors

Cognitive function

Hearing tests

Ethnicity, education, employment, household
information, Townsend deprivation index
(socioeconomic status)

Smoking; alcohol consumption; physical activity; diet;
sleep

Current address; current (or last) occupation; domestic
heating and cooking fuel; housing; means of travel;
shift work; mobile phone use; sun exposure

Birthplace, birth weight, breastfed, childhood body size
and height, maternal smoking, handedness, adopted,
and part of multiple birth

Illnesses of father/mother/siblings, age of parents, age
parents died, and number of siblings

Social support, bipolar/major depression, anxiety, nerves,
psychological traits, and mood

Medical conditions, medications, operations, cancer
screening, pain, oral health, eyesight, hearing, and
general health

Male specific—first facial hair, age voice broke, hair/
balding pattern, children fathered; female specific—
hormone replacement therapy, contraception,
pregnancy, menstruation, menopause, and cervical
test

Pairs matching; reaction time; prospective memory”;
fluid intelligence®; numeric memory®

Speech reception threshold®

Linkage:

+ Primary care records

+ Secondary care records
« Death register

CENTRAL ILLUSTRATION: UK Biobank Data Types

Sociodemographics

e

Lifestyle factors

Heart MRI

Blood pressure

B

Physical activity.
monitoring

Body size and

body composition Whole body DXA
of bones and joints

ﬁ
)

Blood

« Cancer register

Heart and lung
function measure

Arterial stiffness

P Genetics ‘

Low-molecular
—> weight metabolites

° @ °
° °
0°9:°, 0%
° °

L Biochemical

measures

Caleyachetty, R. et al. J Am Coll Cardiol. 2021;78(1):56-65.

b Proteins




Granular genetic data

Genotype data

Whole exome Whole genome Whole exome Whole genome

sequencing data |l sequencing data | sequencing data
500,000 300,000

;v_zgv_/\ 000 ;{470,000 J (500000

sequencing data

https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/genetic-data




| u - +
Existing and ongoing Our ~5 million, 10x bigger than

Future

global biobanks Health UKBB !!!

Current data release

Table 2: Demographic characteristics

9 89 1 32 Date of latest release: N %
)
26 June 2024 . . .
- . . Baseline questionnaire data 989,132 100
participants with completed baseline ’
health questionnaires Release documentation: Sex*
Our Future Health data dicti Female ol 267
ur Future Hea ata dictionary
33 0 ’ 0 69 (Excelfile) Male 427,643 432
o . Intersex / Other / Prefer not to answer 494 0.0
participants with genotype arraydata  paticipant and Questionnaire coding Age (years)®
file (CSV file)
18-29 82,998 8.4
644, 1 19 NHS England linked health records 30-39 140,730 14.2
participants with linked health record coding file (CSV file) 40-49 156,404 15.8
data Genotyping array CPRA 50-59 210,580 21.3
(“Chrom:Pos:Ref:Alt”) variant list (CSV 60-69 234,258 23.7
file) 70-79 140,231 14.2
80+ 23,931 2.4

9 https://ourfuturehealth.org.uk




Existing and ongoing

Participants at a Glance

global biobanks

Enroliment Numbers

This graph represents participants who have consented to
join the program and those who have completed all initial

832’°°°+ steps of the program. The initial steps are consenting,

agreeing to share electronic health records, completing the
Participants first three surveys, providing physical measurements, and

] ]
~ 1 m I I I I 0 n U S donating at least one biospecimen to be stored at the
Y 4 biobank.

RESEARCH PROGRAM The following numbers are approximated to protect
participants’ privacy. Numbers are updated as of August 26,

2024.
566’°°o+ 800,000

Participants who have
completed initial steps of the 700,000
program
600,000
500,000
400,000
Diversity ~45% Racial and Ethnic 300,000
. o Minorities
Includes racial and ethnic minorities as well as 200,000
sexual and gender minorities, people with low .
_ - e 8°+0/ Underrepresented in 100,000
income or limited education, and other groups. (4]

Biomedical Research

May 2017  Aug.2018 Nov.2019  Feb.2021 May 2022  Aug. 2023
Aug. 2017  Nov.2018  Feb.2020 May 2021  Aug.2022 Nov. 2023
Nov. 2017  Feb.2019 May 2020  Aug. 2021 Nov.2022 Feb. 2024

Feb.2018 May 2019  Aug.2020 Nov. 2021 Feb. 2023 May...
May 2018  Aug. 2019 Nov.2020 Feb.2022 May 2023

- Participants Participants who have completed the initial steps of...

https://allofus.nih.gov/get-involved/opportunities-researchers
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RESEARCH PROGRAM

EHR Domains

Conditions

25,638

medical concepts

254,700 participants

View Conditions

Genomics

SNV/Indel Variants

245,400

Participants in Short-Read
Whole Genome Sequencing
(WGS) dataset

1,074,881,214

SNV/Indel Variants

View SNV/Indel Variants

Drug Exposures

29,865

medical concepts

239,740 participants

View Drug Exposures

Genomic data only in
Researcher Workbench

1,040 participants in the
Long-Read WGS dataset

97,060 participants in the
Short-Read WGS Structural
Variants dataset

312,940 participants in the
Genotyping Arrays dataset

Register for access

o Labs & Measurements ()

16,618

medical concepts

255,640 participants

View Labs & Measurements

Procedures ()

30,328

medical concepts

242,580 participants

View Procedures

Measurements and Wearables

o Physical Measurements ()

8

Physical Measurements
337,540 participants

Participants have the option to
provide a standard set of physical
measurements.

View Physical Measurements

https://allofus.nih.gov/get-involved/opportunities-researchers

Fitbit (i ]

6

Fitbit Measurements
15,620 participants

Fitbit data includes heart rate and
activity summaries.

View Fitbit



Use cases (1): Drug safety

What are effects of sclerostin inhibition on CVD

risk factors and outcomes?

A) &/ GWAS +e4 UK Biobank B) [ o+ owas(0dds] e+ UKBLR[Odds] +#+ UKB-SA(Birth) [Hazard] |
GWAS (INTERVAL Study) | | GWAS (deCODE genetics) GWAS (Fenland study) | T T T T T T — T T T T T
3,301 participants 35,559 participants 10,708 participants Heel bone mineral density - i 1 :
10,042,828 SNPs 27,133,668 SNPs 10,187,632 SNPs | Hip fracture |
| 1
[ ] Cholesterol —le— I
1 1
| 1
. LDL-Cholesterol ,_.E._. 1 o
Meta-analysis | Coronary artery disease - W 1
I 1
! HDL-Cholesterol ee o= |
Sclerostin ' !
. | 1
SNPs —> [~ Outcomes iveeri
inhibition Triglycerides - : —e— 1 Myocardial infarction |- D:"j:l{ 1
A ' 1
‘ | Apolipoprotein-A ._._|: :
X
Apolipoprotein-B - II—H 1 Ischaemic stroke - | ——— —
Linear regression Logistic regression Cox regression Polipop ! ]
(Continuous outcomes) (Categorical outcomes) (Survival outcomes) I 1
11 GWAS summary statistics: C-Reactive protein ._p_.' :
- Heel bone mineral density I [
| - Hip fracture ion 4
o e ditaare 15 UK Biobank outcomes (patient-level data): Lipoprotein (a) - ' | Hypertension v ol
- Myocardial infarction - Coronary artery disease - Apolipoprotein A * |
- Ischaemic stroke - Myocardial infarction - Apolipoprotein B 1 1
- H - Ischaemic stroke - Lipoprotein (a) g 1
I T:::::ZT:!’:’:% - Hypertension - C-Reactive protein Glucose i 1
- HDL chol | - Type Il diabetes - Triglycerides ] [ 1 ot
o (ch;;s‘t:rf; - Cholesterol - Glucose i Type 2 diabetes _'+—‘—| r
- Ghicose - HDL cholesterol - HbAlc HbA1c |- —— 1 |
- HbAlc = LDL cholesterol L 1 ! ! ' ! ; 1
04 02 0 02 04 06 08 1 1.2 0.1 0.25 0.5 1 2 4

SD change per 1-SD decrease in sclerostin levels Ratio per 1-SD decrease in sclerostin levels

Accepted in Nature Communications




Use cases (2): Mechanistic

What are the genetic determinants for COVID-19
vaccines antibody responses?

A) Seroconversion - One dose
30 4

d ~iog10(P)

Observe
c 1

-logso(P)

555555555

B) Seroconversion - Two doses

rs68033958

~logyo(P)
g
&
&
%

r 53094055

8
Chromosome

Accepted in Nature Communications




Use cases (3): Vaccine effectiveness

(more details covered by Frank)

A 1.50 = B 1.50 =

o g COVID-18 infection o e COVID-19 infection

E E

8 Severe COVID-19 3 Severe COVID-19

3 3

o o
@ @

| 1
= g
= —— =
S ~ S

@ 1.004 T I @ 1.004 ._‘“"""""-.._

= y =
A=) =]
=) =

© @
B B

o 4}

5 o
I 0754 T 0754

T T 1 T T 1
0.75 1.00 1.50 0.75 1.00 1.50
Odds ratio for the 1st—-dose antibody response Odds ratio for the 2nd-dose antibody response

Published in Nature Communications

https://www.nature.com/articles/s41467-024-48339-5
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Real-world

Population

genetics




Maximizing drugs efficacy while minimizing
unwanted effects in real-world settings

Deeper Deeper
genotyping phenotyping

Known D
PGx genes Validation Drugs
ST Discovery Diseases
PGx genes




How can we make more personalized recommendations
about the number of doses people may need?

0.075

nature medicine uxscaras

- No
- Yes

Cumulative probability

0.025
Article https://doi.org/10.1038/s41591-022-02078-6

Humanleukocyte antigen alleles associate =
with COVID-19 vaccineimmunogenicity and
risk of breakthrough infection

HLA status

=

2

@

o
o

a
o
>

Fi ndings: 0.050 = S?Ir}:y;ggD%z?I'géE/R
Trial participants with HLA-DQB1*06 gene alleles had 37% 5 jé:;?;’f:jeégéyg%
lower risk of breakthrough COVID-19 infection. 3 oo

um




We conducted a similar study linking
PGx with RWD in UK Biobank.

—— Non HLA-DQB1*06 carrier HLA-DQB1*06 carrier —— Non HLA-DQB1*06 carrier HLA-DQB1*06 carrier
0.08 / \
]
Q
=
< 0.064
'S
R=
GEJ 0.04 1
E s
=
0.02 /
: . 5 __j_,//
O O I
0.004 — 00004 —
0 30 60 90 120 150 180 210 240 270 0 30 60 90 120 150 180 210 240 270
Days after the ndex date Days after the index date
Infection: HR 0.98 (0.94 to 1.02) Hospitalisation: HR 1.01 (0.89 to 1.14)




Why & Lessons

Triangulated decision-making




This i1s not the end of our
story!

nature communications

Article https://doi.org/10.1038/s41467-024-48339-5

Relationship between HLA genetic
variations, COVID-19 vaccine antibody
response, and risk of breakthrough
outcomes

4 N

Cumulative incidence for the severe COVID-19

0,008 =

0.008 =

0.004 =

0,002 =

=
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= Tha highast 25%—100% 2nd—-dose ganelic Scora

Tha lowast 25% 2nd=dose genalic scora

—— The lpwest 10%: 2nd—dose genstic score

= Tha lowast 5% 2nd-dose genelic scor

T T T T T T T T T T T T T
0 30 &l 50 1200150 180 210 2440 270 300 230 30

Days after vaccination




Thanks for your listening

PGx in Real-World Data Studies

Professor Daniel Prieto-Alhambra
Dr Junqging (Frank) Xie
University of Oxford
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