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HEALTHCARE CHALLENGES

Personalized Health Care is P4/Systems Medicine .,
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0COsteo NEW DIAGNOSTICS

* IN THE -OMICS ERA, TREMENDOUS TECHNOLOGICAL ADVANCES AND AMPLE VENTURE
CAPITAL ARE COMBINING TO PRODUCE NEW MEDICAL DIAGNOSTICS.

* NEW BIOMARKERS ARE BEING IDENTIFIED TO PREDICT OR DETECT A WIDE RANGE OF
DISEASES;

* NEW DEVICES ARE BEING DEVELOPED TO CONTINUOUSLY MONITOR BIOLOGIC
PARAMETERS.

Vision: These new diagnostics can transform medicine from
treating disease to promoting health, from being reactive to being
proactive, and from being general to being personal.

Lee The Lancet 2018



Osteoporosis is the most frequent metabolic bone disease, affecting large

number of people of both genders worldwide.

QO WHO estimate >200 mil people suffer from osteoporosis

FRACTURE STUDIES (<]
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® Women & Men

One-Third of women

| LEGEND
About this map

K Risk Category Women &
Men
Low
<150/ 100000
Medium
150-250 / 100 000
High
=250 / 100 000

~ More prevalent than Breast Cancer

Q . sec)

a ¢ One-Fifth of men

More prevalent than Prostate Cancer

Q 5% pharmacological prevention

O 29% Long-term fracture care
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DISABILITY CAUSED BY OSTEOPOROSIS

Parkinsonism
Ovarian cancer
Prostate cancer

Hip fracture
Stomach cancer
Rheumatoid arthritis

Breast cancer

Hypertension

Osteoporotic fracturel

Colon and rectal cancer

Cirrhosis of the liver

Lung cancer

Diabetes mellitus

Chronic obstructive pulmonary disease

0

Harvey, 2010
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Disability-adjusted life-years (x1,000)

* OSTEOPOROTIC FRACTURES ARE ASSOCIATED WITH
MORE DISABILITY THAN MANY OTHER CHRONIC
NCDS

* FRAGILITY FRACTURES ACCOUNT FOR 0.83% OF THE
BURDEN OF NCD WORLDWIDE AND 1.75% IN EUROPE

* COMBINED ANNUAL COSTS OF ALL OSTEOPOROTIC
FRACTURES ARE:

e $20BILLION IN THE USA
* $30 BILLON IN THE EUROPEAN UNION 5
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\/ Current diagnostics : not suitable for preventive screening, nor for

- treatment monitoring
\J [ ]
Bone der‘S“'-ome‘:ry([)xﬂ\) Bone loss and osteoporotic fracture
= Currently used to detect osteoporosis remain difficult to predict

= High specificity but low sensitivity
= Effective only when BMD significantly decreased

= 2 vyears is needed before bone mass changes could be detected

ECLIA

* expensive reagents,

* not available everywhere,

* skilled technician or robots needed; /

tests grouped or sent to centralised labs
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S SCREENING, DIAGNOSIS, AND TREATMENT

Osteoporosis is under-recognized

Fractures are not recognized as sentinel events

Osteoporosis is under-treated




NEEDS

* THERE ARE TWO IMPORTANT GAPS IN THE CLINICAL ARMAMENTARIUM OF OSTEOPOROSIS
MANAGEMENT:

* EARLY-STAGE IDENTIFICATION OF HIGH-RISK INDIVIDUALS WHO WOULD BEST BENEFIT
FROM INTERVENTION

* A LOW COST, ACCESSIBLE TREATMENT MONITORING SOLUTION FOR THOSE AFFECTED.
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PoC in-office device for identifying

individuals at high risk of osteoporosis
and osteoporotic fracture.

e The final device brings together biomarker
measurement, profiling of genetic variations and
assessment of the underlying risk factors.

* It enables physicians to have the test results during
consultation time, which enhance the predictive
accuracy of fracture prognosis and to provide the
affected individuals with personalized care.

 This also would improve the patients compliance

towards treatment
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Industrialization and
manufacturability

Industrial proof-of-concept
demonstrating mass
manufacturability at acceptable cost.

@

=
Requircmcnts ‘%\\\\\
< .

Proteomic Sensor Development
Fabricate a cost-effective, reproducible
and robust electrode array to be used
in electrochemical sensing  of
biomarkers

Genomic Sensor Development
Fabricate a cost-effective, reproducible
and robust electrode array to be used
in electrochemical sensing of genetic
profile

Microfluidic Manifold
Development




WP1: Requirements and
specifications

WP2:
Proteomics

Genomics

WP4: Microfluidics

WP8: Ethics requirements

WP53: Integration

WP10: Management and
WP9: Dissemination and

WP7: Industrialization and manufacturabi

WPG6: Clinical validation
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“  MULTIFACETED AND PERSONALIZED APPROACH FOR SCREENING
e AND DIAGNOSIS OF OSTEOPOROSIS

* FOR PROVISION OF ACCURATE PICTURE OF BONE STATUS A MULTIFACETED APPROACH AND
PERSONALIZED STRATEGY IS NECESSARY WHICH SHOULD CONTAIN DIFFERENT INFORMATION SUCH

AS:
* PROTEOMIC
* GENOMIC
* CRF DATA

* TREATMENT AND MONITORING PLAN SHOULD BE DESIGNED FOR EACH INDIVIDUAL PATIENT ®
THROUGH AMALGAMATION OF DIFFERENT OSTEOPOROSIS-RELATED PERSONAL INFORMATION

.~ N N\



PocOsteo poCOSTEO APPROACH

* COMBINING PANELS OF CIRCULATING BIOMARKERS, RATHER THAN A SINGLE MOLECULE, CONSISTING OF BONE
FORMATION AND RESORPTION MARKERS, IS A DYNAMIC APPROACH THAT COULD CONFIRM, COMPLEMENT, OR QUITE
OFTEN PROVIDE MORE ELABORATE INFORMATION ON HIGH TURNOVER PATIENTS AS WELL AS TREATMENT

COMPLIANCE AND EFFICACY BEYOND THAT OBTAINED BY OTHER HIGH-THROUGHPUT APPROACHES.

* IN POCOSTEO, BASED ON A DEVELOPED MODELING, THE MARKERS WILL BE ADJUSTED BASED ON A GROUP OF

VARIABLES TO REDUCE THE EFFECT OF PREANALYTICAL VARIABILITY AS MUCH AS POSSIBLE.

1-Reservoirs 2 -Separation 3 —SPE for EC measurements




PRE-ANALYTICAL VARIABILITY

* THERE IS STRONG EVIDENCE THAT ELEVATED BTM LEVELS MAY BE INDICATIVE OF AN INCREASED FRACTURE RISK.
HOWEVER, UTILIZATION OF THESE MARKERS IS VERY LIMITED DUE TO THEIR PRE- AND ANALYTICAL VARIABILITY.

* Fx SNPs
* BMD
SNPs

* miRNAs

Genomics
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Clinical Risk Factors lﬁD

To have accurate PoC device, robust analyses of factors that affecting BTMs is

necessary.
'a.PoCOsteo
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Q FACTORS WHICH CAN INFLUENCE BTM MEASUREMENT

/\ o Age
Very important  _ NMenopausal status
Ll ,l = Gender
= Fractures

Important

= Pregnancy and lactation

= Drugs

= Disease

= Bed rest/immobility
= Geography

=  Ethnicity

= Oral contraception

Less important

LI

Vasikaran et al (2011) Osteoporos Int 22:391-420

/\

Very important

R

Important

Less important

Vasikaran et al (2011) Osteoporos Int 22:391-420

= Circadian

= Fasting status
= Exercise

= Menstrual
= Seasonal
= Diet



nent R s Genetics Cellular Level
Gene X

Low sun exposure, diet, etc.O environment O Disproportionate differentiation

Falling risk, force of impact © nteractions

Low physical activity @) O Polymorphisms

@ Mutation O Altered osteoblast activity

Ol Mechanosensing osteocyte

/ Growth

O Narrow bones

O
O
O

Biomechanical Level

Muscle strain O Large
Body weight, adiposity O | _effect

Metabolic Level — ¥ @ & e O Thin cortices
Glucose, lipids @) A \ Morphology / 4 O Insufficient gain
Calcium, hofmones.  ® ~ bone quality

tollehnessiy Remodeling (Aging)

Material Properties W, strength
W, BMD &

O T Bone loss
Weak effect -0 T Bone expansion

Poor type 1 collagen O

Defective mineralization O

System adaptation

Process heterogeneity
N

E.g., osteogenesis imperfecta

If successful adaptation...

No possible adaptation of the
system can avoid fracture

Monogenic disease

no fracture will occur!

Fracture

risk Common disease/complex trait

Trends in Endocrinology & Metabolism | \

O Altered osteoclast activity . /



Osteo POCOSTEO APPROACH

POCOSTEO GENOMICS IS BASED ON THE RESULTS OF A GWAS AND MENDELIAN STUDIES ON 25
COHORTS IN EUROPE, US, EAST ASIA AND AUSTRALIA.

THE 15 FRACTURE ASSOCIATED LOCI IDENTIFIED IN THIS STUDY WOULD BE ASSESSED IN
POCOSTEO.

THESE GENETIC DETERMINANTS OF OSTEOPOROTIC FRACTURE ARE SHOWN TO ALSO INFLUENCE
BMD, REPORTING BMD HAS A MAJOR CAUSAL EFFECT ON FRACTURE

. J—

3 -PCB electrode array for
measurements

N - Nt
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1-Reservoirs 2 -Fluidics in mixing area




PoCOsteo
POCOSTEO APPROACH

* WHILE SEVERAL GENES WERE IDENTIFIED BY GENOMICS TECHNOLOGIES TO BE SPECIFICALLY

DATA INTERPRETATION IN

RELATED TO OSTEOPOROSIS, THE FUNCTION OF SUCH G m
PROTEOMICS.

THE CONTEXT OF FUNCTIONAL NETWORKS REO“

e LITTLE INFORMATION IS AV B‘ﬂ HE COMBINATION OF PROTEOMIC, GENOMIC
AND CRF DATA. (‘“




THE FRACTURE RISK MODEL IS INTENDED TO BE DEVELOPED IN TWO DIFFERENT STUDIES,
WHICH ARE BEING CARRIED OUT INDEPENDENTLY AT TWO DIFFERENT CENTERS

= A POPULATION-BASED COHORT IN A MIDDLE EASTERN POPULATION, AT ENDOCRINOLOGY AND METABOLISM
RESEARCH INSTITUTE AT THE TEHRAN UNIVERSITY OF MEDICAL SCIENCES

= AFACILITY-BASED COHORT IN A EUROPEAN POPULATION, AT THE DIVISION OF ENDOCRINOLOGY AND DIABETOLOGY
OF THE MEDICAL UNIVERSITY OF GRAZ ' F . S
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PoCOsteo

Baseline

Year 1

Year 2 (optional;

“extension Phase")

Year 3 (optional;

“extension Phase")

History (CRFs)

Physical Examination (iran only)
BMD + VFA

HR-pQCT (subgroup Graz only)
Routine Parameters

Hormonal Status (eptional)
Bone-Specific lab

Additional Tests (FGF 23,
myostin, Sclerostin) (optional Graz)

Samples for freezer (aliquots for
genomic/proteomic tests; SNPs, miRNAs)

Samples for biobank (aliquots for
genomic/proteomic tests; SNPs, miRNAs)

History (CRFs)

Physical Examination (iran only)
BMD + VFA

HR-pQCT (subgroup Graz only)
Routine Parameters

Hormonal Status (optional)
Bone-Specific lab

Additional Tests (FGF 23,
myostin, Sclerostin) (optional Graz)

Samples for freezer (aliguots for
genomic/proteomic tests; SNPs, miRNAs)

Samples for biobank (aliquots for
genomic/proteomic tests; SNPs, miRNAs)

History (CRFs)

Physical Examination (iran only)
BMD + VFA

HR-pQCT (subgroup Graz only)
Routine Parameters

Hormonal Status (optional)
Bone-Specific lab

Additional Tests (FGF 23,
myostin, Sclerostin) (optional Graz)

Samples for freezer (aliguots for
genomic/proteomic tests; SNPs, miRNAs)

Samples for biobank (aliquots for
genomic/proteomic tests; SNPs, miRNAs)

History (CRFs)

Physical Examination (iran only)
BMD + VFA

HR-pQCT (subgroup Graz only)
Routine Parameters

Hormonal Status (optional)
Bone-Specific lab

Additional Tests (FGF 23,
myostin, Sclerostin) (optional Graz)

Samples for freezer (aliguots for
genomic/proteomic tests; SNPs, miRNAs)

Samples for biobank (aliquots for
genomic/proteomic tests; SNPs, miRNAs)
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For more information please visit: www.pocosteo.eu
Or

, follow us on twitter: #PoCOsteo




