13/11/2019

/

clinical
biomarkers

MOLECULAR DIAGNOSTICS
-From Bench to Clinic-

COST CliniMARK Training School
23-28 September, Spetses, Greece

Approaches for Biomarker Discovery and Validation

Daria Ler, PhD

LABORATORIJA

Eurofam Health Care e EUROFARMCENTAR

Eurofarm Center Laboratory

“Tntroduction
Perspective

[+]
Early-stage diagnosis
[+

Diagnostics business
opportunity

nds and Drivers

Integral to traditional
labs

[+

Next generation
ultrasensitive molecular
diagnostics

(]
Challenges and issues

@ket Developments

Extracting microRNAs
CF genetic screening
Leukemia diagnostics
Lung cancer
Key biomarker gene
Point of care

Genotyping test
Colon and pancreatic cancer
QRT-PCR

Biomarker analysis
Genetic dermatology

. Markets
(-]

Overview
Market forecasts
Type of testing




13/11/2019

1. Infroduction:

Molecular diagnostics

Outcome of the fruitful interplay among laboratory medicine, genomics knowledge,
and fechnology in the field of molecular genetics

|
AN
Genomic biomarkers
y To assess disease predisposition
High-throughput methods (NGS but also to design and

Identification and fine or genome-wide association implement accurate diagnostic

characterization of the ' studies) provide invaluable methods and to individualize
Detection of genomic i genetic basis of inherited insights into the mechanisms of therapeutic treatment modalities
variants, aiming fo facilitate diseases - vital for the disease
detection, sub-classification, accurate providing of
prognosis, and monitoring diagnosis

response to therapy

1.1 Perspective

Molecular diagnostics (MD) involves the measurement of DNA, RNA, proteins or
metabolites in order to detect genotypes, mutations or biochemical changes

To test for specific states of health or to see if disease exists in blood, tissue or bones

A fast-growing business, made possible by understanding of the human genome

Any gene-based therapeutic that is developed could lead to more efficient patient outcomes
if it isaccompanied by a molecular diagnostic test

The molecular diagnostics business is helping to drive the IVD industry
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Business potential
The science of molecular
diagnostics represents a
business opportunity for
diagnostics companies that
want to be on the cutting

Personalized
medicine
now encompasses any
test that modifies or

custo

edge of personalized or
individualized medicine

Therapies are tailored to
one's specific genetic
makeup

An emerging science

The medical diagnostic market is playing a key role in the ever-changing health care and
drug discovery landscape:

Novel platform technologies and a better understanding of the human genome are driving the
development of molecular diagnostics

Science and the industry are atf the point that genetic tests can optimize drug therapy

Key applications of molecular diagnostics include:

Infectious :
) Blood Genetic
disease Oncology - :
festing screening festing
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Companion diagnostics

- linking drugs with diagnostics

The prevalent health care model, offering
advantages for both, the prescription drug
and diagnostics businesses

For diagnostics companies, combining with a
successful companion drug can be a powerful
driver of sales:

especially when the test is a requirement for
prescribing the drug- crucial factor for achieving a
higher price point for the diagnostic product!

Pressure from the FDA and insurance payers also
may encourage the co-development and co-
marketing of drugs and diagnostics

However, not many drug companies are
able to develop and market companion
diagnostics linked to their targeted
therapies

Diagnostics have historically had a
commodity status, perceived as being of
lesser value than drugs

...low reimbursement rates have contributed
to low margins

It will be necessary fo demonstrate value
(the development of clinically useful
biomarkers) tend to require substantial
investment and are targeted to niche
markets

Understanding the human genome

Molecular biology has held out the promise of transforming medicine from a matfer
of serendipity to a rational pursuit grounded in a fundamental understanding of the

human genome and the mechanisms of life

Molecular biology has begun to infiltrate the practice of medicine and

genomics is speeding up these advances

Comprehensive genomics-based health care should be the norm

Understanding the molecular foundation of diseases and be able to prevent them
in many cases and design accurate, individualized therapies for illnesses
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Human Genome Project
Genetic tests - routinely (1990-2003)
predict individual to identify common genetic

A . variations, their interaction,
susceptibility to disease environmental influences, like diet,

infection and prenatal exposures

Designer Therapies- farget molecules without
significant side effects

For cancer:

routinely matched to a patient's likely response, as predicted by
molecular fingerprinting!

Metabolic:

A patient with high cholesterol will know which genes are responsible,
what effect the high cholesterol is likely fo have on his system, and what
diet and pharmacologic measures will work best for him!

2015-2025

gene therapy should also
become a common freatment for a
set of conditions - Cancers, Heart
Diseses, Alzheimer's, Aging?

Drugs will be eventually
available
derive from a detailed

molecular understanding of
common illnesses

* A better understanding of the disease
processes at the molecular level may
help determine new therapeutic
procedure

* Molecular tests are identifying viruses and
infectious diseases more accurately at an
earlier stage than currentfly possible

* Molecular diagnostics
eemerged as a potential business
opportunity as diagnostics businesses

efetch higher returns on investment

Molecular level analysis
Personalized care

* Advances in genomic and proteomic science
have led to the development of targeted
diagnostics and therapeutic

¢ Laverage knowledge of an individual's genetic
makeup to create a more personalized
approach fo healthcare

* Genomic testing

«to identify an individual’s susceptibility to disease
«to predict how a given patient will respond to a
particular drug

* and match patients with the proper therapeutics

« Science of personalized medicine

*has the potential to eliminate unnecessary treatments
ereduce the incidence of adverse reactions fo drugs
sincrease the efficacy of treatments and ultimately,
improve health outcomes
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With the increasing number of Relative effectiveness of

wblockbuster drugs* - (global | medicines . i . -
sales > $1 bi\lionggnnu(gﬁy) - Risi ts of i Figure 1: Molecular diagnostics: predicting
being marketed and prescribe 5ing costs of supplying response, early treatment of disease

Macroeconomic factors

apparently many of these drugs "

only benefit part of the intended affecting healthcare budgets
patient cohort! New models of how medicines

are prescribed

Estimates suggest that overall Health technology
| effectiveness ranges from 80% to assessments

Economics Health outcomes

Moves costs from

costly primary care
> y? k) Extends therapies
facilities to longer .
for some patients
term care and
treatment

as low as 20% ) .
il -uk I Instifute of Clinica
(NICE)-

Keeps patients

In terms of health economics:
alive for longer

costs may well focus away Many healthcare systems
from expensive primary, already are transitioning
secondary or fertiary care replacing symptom-based
(hospital beds, mechanical reactive medicine with
interventions) objective testing-based
ErEEND GEeEs Reduces erroneous drug use, both saving
Focus on long-term treatment money and reducing drug resistance incidence
for individuals considered well!

Source: Business Insights Business Insights Ltd

1.2 Early-stage diagnosis

Since the first report of the use of DNA techniques to identify the sickle-cell
gene (1978) tremendous progress has been achieved in the field of genetic

screening and genetic diagnosis
Early detection of a disease, followed by genetic counseling, is essential in
the control and prevention of illnesses
The point of using molecular diagnostics to undertake genetic diagnosis is
to identify a disease-producing mutation in any family, essentially before the
disease evolves in an individual

The Human Genome Project has advanced gene identification

Genes responsible for disease have been cloned, mutations have been identified
and highly accurate molecular tests are available
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o
|nfeC1'IOUS now commonly used to identify HIV in healthy
. people long before the onset of illness
disease .
Enabled physicians and
res,eorChers to monitor ',he to demonstrate the existence of people who
efficacy of treatment with are genetically resistant to HIV infection

anti-refroviral drugs

fo identifying the virus and monitoring virus
levels within the blood of infected individuals,
both for the patient and for the community at
large

VII'USGS Enzyme immunoassay - Direct fluorescent antibody staining -
Cell culture - NAAT

Multiplex PCR coupled with fluidic or
. fixed microarrays - new approach for the
Challenge: detecting up to 19 detection of multiple respiratory viruses
different viruses that cause acute ina single test!

respiratory disease

Sensitive enough to diagnose respiratory
fract infections at an early and to
identify the efiological agent in outbreaks

OnCOIOgy The genefic changes involved in The earlier this detection and diagnosis can

the cancer process result in oceur, the better.

altered proteins that disrupt a — -
cell's communication network: Before: clinicians categorized cancer cells

according to their pathology - their
appearance under a microscope

uncontrolled tumor growth

Currently: genes- protein interaction in the cell

Focus on expression patterns in different types
of cancerous or precancerous cells-
molecular signatures and cancer proteomics

Challenge:
Cancer diagnosis

Figure 2: Evolution of diagnostics towards molecular diagnostics

Proteomics

Mass spectrometry Proteomic image

_ Patient's Pathology
tissue sample

Genomics

Patient's
tissue sample ,
or blood sample

DNA Gene chip Microarray image

Source: Adapted from National Cancer Institute Business Insights Ltd
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1.3 Diagnostics: business opportunity

MD evolved into an important business opportunity for IVD

Growing as aresult of constant advances in science and fechnology - generating
new opportunities and submarkets

The major factors driving the growth:
increasing incidences of various chronic diseases
ongoing fight against cancer and other ilinesses

A need for automated techniques, which combine optimized sample preparation,
analysis, and data evaluation

Diagnostic tests that help improve freatment for certain types of cancer, improve
mafches for organ fransplants, and avoid serious side effects or help deftermine the
proper dosage of drugs

These types of advances represent just the start of opportunities for businesses

*Industry will continue to grow at a double-digit pace to meet increasing demand
*Require co-approval of diagnostic and therapeutic products by regulatory agencies
*Drug companies are partnering with diagnostics companies - efficient production of effective drugs and

A growing role in| molecular tests
diagnostics

« Eliminates trial and error
*Favors more precise markers, improving diagnosis and widens drug knowledge base
Companion *Impacts therapeutic management of patient and freatment outcomes

diagnostics and
therapies

*Permanently transform the way cancer is managed at every stage of the disease continuum
*Early screening, identification tumor mutations

Tz *Molecular level inhibitors of apoptosis- important markers to determine resistance to radiation cytotoxicity
allowing early
detection and

treatment
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Increased
efficiency

Optimizing
drug therapy

* Advanced technology must be easy to use, efficient and cost effective

* Technological and biomedical breakthroughs have significantly advanced medical practice; cost of therapeutics
continues to spiral upwards

*New diagnostic biomarkers that improve early disease detection and predict treatment responses will improve the

efficiency and effectiveness of health systems

* Pharmacogenomics: molecular-based tests to predict a patient’s response to specific therapies and to monitor the
response of the disease to the agents administered

e Improves disease outcome

« Shortens length of hospital stay

* Reduces adverse events and toxicity

« Facilitates cost-effective therapy by avoiding unnecessary expensive drugs

* Optimizing doses and timing

* Eliminating ineffective drugs

2. Trends and Drivers

a. Integral to traditional labs

Molecular diagnostics can become infegral fo the
fraditional laboratory, along with hematology and

chemistry

It increases the value of the laboratory to an

institution or healthcare system Traditional lab

Molecular diagnostics is important to the clinical

laboratory!

Source: Adapted from National Cancer Insfitute
Business Insights Lid

Figure 3: Clinical potential of molecular diagnostics
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b.Improved assay/test efficiencies

Low Sensitivity A

Many False Negatives (blue)

High Specificity

Few False Positives (red)

Molecular biology revolutionized the diagnosis of

o . 6 . 5 L= C (=2 S diseases and pathogen detection in humans
[+]
= o o © N o o
[ ] > o o
o (= =
o
o o . 5 iy
g o . L o & More rapidly and with far greater sensitivity and
) . o o LI o . specificity than traditional diagnostics
o o ° o & o © ° o
o
. . L . I .
o 8 i Y - Enable early identification of persons who are af risk of
o & - P - LA developing certain disorders, improving the efficiency
o 2 [} o ° of assays and prevention programs

<— Failed Test — <—— Passed Test —>

Provide care givers with the necessary tools for
developing completely new strategies in the battle
against both infectious and chronic diseases

Hospitals and diagnostic laboratories using MD
techniques need products that guarantee the highest
levels of reliability and the greatest speed

Early detection may allow faster response with the
appropriate therapy, even before the manifestation
of symptoms

c. Next generation ulirasensitive molecular diagnostics

The variety of

technologies has PCR, gRT-PCR, high-throughput

sequencing

transformed
clinical Successful implementation of these
laboratory technologies in clinical practice
medicine

Chemical/biochemical/enzymatic
Selectively amplify a single molecule of DNA/ PCR analyzes

RNA

PCR eliminates the need to prepare large
amounts of DNA from tissue samples

revolutionized Microfluidics  DNA lab-on-a-chip technology
molecular
diagnostics

diagnostics

GeneChip DNAarray from
Affymetrix

Gene expression profiling

mMIiRNAs

high tissue specificity

Formalin-Fixed and Paraffin-Embedded blocks of fissue

Biochips/
microarrays

Others

Protein array: mAbs

precise and more valuable point-of-care

10
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3.Challenges and issues

(o) QPR

L . The complexity involved

Coordination with health : L -

i f The lack of technical in fraining staff is a
Moj%rccnhuc:gi?grzrtsc{IVD cgripohcy fofslolve Clinical laboratories expertise makes it major concern, which is
cduesiing e mecies deMIs AU Ao need qualified difficult for laboratories why manufacturers are
cc?mmunif involving molecular technical staff to utilize molecular being pushed to further
Y CIEEEsIE i8S diagnostics automate their product
offerings
b 4

...challenges for developers

*Many different types of w (
biological tests - protein,

genes, sequencing... each is

different

* To focilitate the development
of MD

*Need anaccess to
innovation, which often occurs
at the university level

*Trying to standardize tests

Lack of Access to
regulatory Academia
standards

[ | v

' y
Level of Complication

required of developing
financial companion
investment diagnostics

*Developers need fo make
themselves attractive enough

. > dl = For the best success -partnership
for financial investmant

with drug companies to develop

cornpanion diagnostics
*Facing a variety of regulations

and standards worldwide J L

11
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RNAs
from tissue

ing mi

Extract

4. Market Developments- overview

Important modulators
in cellular growth and
proliferation,
apoptosis, and
developmental fiming

Stanford University
Medical Center,
Stanford, CA-
developed a novel
methodology for
extracting microRNAs
from cancer fissues

‘ Identified 17 new and

53 known miRNAs
from normal skin,

melanoma and
lymph nodes

New technique will
make it possible to
identify novel miRNAs
that may differ in
cancerous and
healthy fissue, even
from long-preserved
tissue

Leading to improved
disease prognosis and
freatment response

Facilitating the
discovery of oncomirs -
- microRNAs with a role

in cancer -- as

biomarker

Cystic fibrosis genetic screening

oF coter [

... autosomal recessive disease
caused by mutations in the CFIR
gene

..affecting many body systems,
especially the respiratory and
digestive systems.

Genetic screening a panel of 23
common mutations in CFTR
Universally recommended for

the reproductive-age population

Widespread experience with (CF)
mutation testing and screening
continues to reveal new insights about
the mutational alleles of the CFIR
gene
Need for further refinements in how
best to detect them and assure
appropriate quality control while doing
SO

May 2009 issue of The Journal of
Molecular Diagnostics, in Pratt et al.,
describe a project coordinated by the
US CDCs Genetic Testing Reference

Material (GeT-RM)

Program to develop a set of
reference materials for the expanded
cystic fibrosis panel of mutations.

The reports by Schwartz et al. and
Hantash et al. (2009) identify
mutations that may lead to false
screening results, either due fo a large
deletion in CFIR or because of
mutations that interfere with laboratory
screening methods

12
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Leukemia diagnostic kit

China Medical
Technologies, Beijing,
received Chinese
regulatory approval
forits leukemia
BCR/ABL fusion gene
detection Fish probe
in November 2009

- -~ewans Neticimalignan
= gene i Malignant)
ST OT o SR Mo

leukemia

blood cells treatment

wvhite bIaos: Fisina damage

Test kit is used to
detect the

Philadelphia
translocation genetic
defect associated
with chronic myeloid
leukemia, acute
lymphoblastic

leukemia, and acute
myeloid leukemia

Development,
manufacture and
markets IVD products
using fluorescent in
situ hybridization (Fish),
enhanced
chemiluminescence,
and surface plasmon
resonance (SPR)
technologies

Chinese regulatory
authorities approved
the company's SPR-
based analysis system
...for which an HPV-
DNA biosensor chip

is also available

The company
already offers a
range of Fish probes
for diseases including
breast cancer,
bladder cancer, and
cervical cancer
Additional Fish
probes are in clinical
development or under
regulatory review

Leukemia survival rates

80%

@
@

1960-63 197577 | 1990-92

200713

New lung cancer test

EarlyCDT-Lung

*Test detects the body's immune response in the form of 7 antibodies to antigens,

produced by solid-tumor cancer cells

https://oncimmune.com/lung-cancer-blo:

od-test/

‘Oneimmune

EarlyCDT*—Lung
For Risk Assessment
of Pulmonary Nodules
Clinician Slides

e 2012

©

*These autoantibodies will appear long before tumors develop-early stage....improves survival rates

*Developed by researchers af the University of Nottingham, UK

*Commercial company Oncimmune (USA) LLC, De Soto, KS

It is one of the world's

biggest killers

e conventional blood sample that could become a routine part
of care for people considered most at risk (smokers, those with
respiratory diseases and those with a family history of the disease)

Oncimmune
has identified the

antibodies specific to
breast cancer

*The company hopes that a single blood test,
which would be able to identify any cancer
type, will be available within five years

13
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Genotyping test launch

>
=
A O% . 2 OGQQ‘ AB
%, E
Ho, ¢ =
mozygom Recess'we
BIOOd TypHeS Reduction of
Domina® eterozy, unnecessary
&ous tfreatment with

& e, anti-D immune
o 79 !
; o globulin

MaterniT

Antigen

—_—

21PLUS
Father: Rh+
Mother: _R;; SensiGene|
— RHD

Isolates and
analyzes cf
DNA from a

maternal

blood
\qRT—PCR

—
RhD+
85% of
Caucasians
of African
American and

Hispanic
99% of Asian and
Jafive American

Sequenom Inc., San
Diego, CA launched

SensiGene
Fetal RHD
Genolyping
test

Widely used in
Europe for more
than a decade,
and hasledto

better patient
vnugemeni

Innovative colon and pancreatic cancer diagnostic

Estimated 1.2 million new
cases of colorectal and
pancreatic cancer
worldwide

approx. 637,000 deaths from
the disease

Health Discovery Corp. GA
entered into exclusive agreement
with the Surgery Center of NY in
2010

New molecular diagnostic tests for
the early detection of colon and
pancreatic cancer

2nd

leading cause of
cancer-related deaths

53%

Leukemia

others

Breast Cancer

Melanoma

Lung and
Bronchus
Cancer

Cancer Science & Therapy, 2018

CRCincidence 1in22 1in24
o
30%
higher in men
decreassin will be diagnosed with

mortality due

to screening CRC in their lifetime

https://ruesch.georgetown.edu/youngadultcrc

14
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Brain cancer companion diagnostic

N

Phase Il clinical

development

treatment of

glioblastoma
multiforme

Peptide vaccine-targets the tumor-
specific EGFR variant Il (EGFRvIII)
...mutated form only present in
cancer cells and occurs in 25% to
40% of GBM tumors

Designed to identify those patients whose
tumors express the EGFRvIIl mutation
(EGFRVIIRNA)

More targeted and personalized treatment

Qiagen assay -
qRT-PCR

Pfizer and Celldex Therapeutics Inc., MA, entered into
an agreement to grant Pfizer an exclusive worldwide
license to PF-04948568 (CDX-110)

CLINICAL DEVELOPMENT PIPELINE

i TYPE INDICATION(S)  DEVELOPMENT STATUS
Rindopepimut . Glioblastoma :
(CDX-110) Mactine Mukiforie Phase 2
" Antibody-drug Breast -
G conjugate Cancer Phase 2b
i ‘ Bladder -
CDX-1307 Antibody-vaccine el Phasez
CDX 1401 Antibody.vaccine Multiple Phase 112
solid tumors

“CDX-011: glembatumumab vedotin (ADC technology licensed from Seattle Genetics)

BREAKING
NEWS

Median survival fime was 26 months compared with 15
months for the historical control group

BRAIN CANCER NEWS

Median time to progression (TTP) was 14.2 months
compared with 7 months for the control group

No significant side effects reported

Annual meeting of the American Society of Clinical Oncology in Chicago, llinois, 2010

(

|

Genetic dermatology

Molecular dermatology research and development company DermaGenoma, Inc., CA

1. HairbX a genetic
screening test for
female and male
pattern baldness
(Androgenetic
Alopecia)

2. HairDX (RxR)
Genetic Test for
Finasteride Response

Developed new
diagnostics and
prescription based

therapies for skin
conditions failored
fo an individual’s
genetic makeup

3. Predicting
Finasteride response
for the freatment of
common hair loss

Helps to assess if a
patient has an
increased risk of
developing benign
prostatic hyperplasia

The HairDX

GENETIC TEST

for Finasteride response

for Hair Loss

HerpesDX Genetic
Test for Frequent
Genital Herpes

/' PsoriasisDX Genetic
/ Test
Identify those at high

risk for developing
psoriatic arthritis

Patients’ risk for
developing frequent
HSV-2 outbreaks

HerpesDX

GENETIC TEST

_ for Frequent Genital Herpes |

15



13/11/2019

5.Markets

Offers a number of benefits
ability to perform rapid analysis
achieve high sensitivity

provide detailed information for the diagnosis and personalized treatment

IVD market has emerged in response to a need for more rapid, sensitive and specific
diagnostic tests than traditional techniques

Several factors will contribute to further significant growth of this market: decentralization of
testing and advances in personalized medicine

The market is demanding cost effective and simpler tests that have cleared regulations

Improve ease of

use, data quality

and turnaround
time

Need for new biomorkex Techniques that

assays lower the cost/test

Growth drivers

Al

Infectious diseases one of the highest-growing
segments of the IVD market

mutidrug-rs TB, HIV, HIN1

| Quest Diagnostics' Simplexa Influenza A HIN1 test
| first test to receive clearance from the agency for
‘ the virus 2010

Need for advances in genomics that drive the

General driver of the MD market: aging population development of companion diagnostics

First pharmacogenomic diagnostics product Roche

Require more testing for diseases that evolve with
Diagnostics' AmpliChip CYP450

increasing age

Identifies mutations in two genes (CYP2dé and
CYP2c19) and determines whether a patient is a
fast, normal or slow metabolizer of drugs

The average life span is expected to extend
another 10 years by 2050

|
L

16
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World market forecasts

Figure 6: World market for molecular diagnostics, 2009-2015, ($m)

Figure 5: Key playersin molecular diagnostics

2009 2010 2011 2012 2013 2014 2015
Blood screening 695 799 918 1056 1215 1397 1,606
HIV/HCV testing 726 784 847 915 988 1,067 1152
STD testing 435 487 546 611 685 767 859
Oncology testing 351 414 488 576 6380 802 947
HPV testing 267 307 353 406 467 537 617
Hospital acquired 86 99 116 136 159 186 217
infections
Genetic testing 357 414 480 557 647 750 870
Total 2917 3304 3748 4257 4841 5506 6268

Source: Business Insights

Business Insights Ltd

Company

Abbott

Becton Dickinson
Celera

Cytocell
Gen-Probe
IntelligentMDx
Novartis
OncoVista
Qiagen

Roche
TrovaGene (Xenomics)

Source: Business msights

Key areas of focus

HIV, HPV, oncology

Healthcare-associated infections, toxins

HIV, cystic fibrosis, respiratory pathogens

Genetic diseases; breast cancer, lymphoma

Viruses, infectious diseases

Infectious disease, influenza

Allograft rejection, theumatoid arthritis

Circulating tumor cells

HPV, HIV, genotyping, gene silencing, next generation sequencing
Virology, genomics, oncology, blood screening

Transreal DNA and RNA testing for infectious disease, tumor testing

Business Insights Ltd

Geographical segmentation

Figure 7: World market for molecular diagnostics by geography ($m)

Region Market share Sales
USNA 60% 1,982.40
Europe 20% 660.80
Japan 7% 23128
ROW 13% 429.52

Figure 8: World market for molecular diagnostics by geography ($m)

Row
13%

Japan
%

us
Europe
20%

Source: Adapted from National Cancer Insfitute

Figure 9: World market for molecular diagnostics by application ($m)

Application

Blood screening

HIV/HCV testing

STD testing

Oncology testing

Genstic testing

HPV testing

Hospital acquired infections

Market share Sales
24.18% 799
23.72% 784
14.74% 487
12.53% 414
12.53% 414

9.30% 307
3.00% 99

Figure 10: World market for molecular diagnostics by application ($m)

Genetic testing 12.53%
Hospital uired
Irﬂeghorg%q,m

HPV testing 9.30%

Oncol test
1.‘1‘059!% &

STD testing 14.74%

Blood screening 24 18%

HIVIHCY testing
23.72%

17
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Type of testing

Figure 11: Global molecular diagnostics blood screening market($m)

2009 2010 2011 2012 2013 2014 2015

Procrelix assay (Gen-Probe) 2084 2396 2939 3063 3523 4051 4659
Cobas (Roche) 1875 1997 2113 2429 2794 3213 3695
m2000 (Abbott) 1736 1997 2204 2535 2915 3353 3855
1250 1600 1930 2540 2920 3350 3860

6945 799.0 9186 1,056.7 12152 1,396.7 1,606.9

Figure 12: Molecular diagnostics HPV testing market, breakup by
competition ($m)

2009 2010 2011 2012 2013 2014 2015

Digene HPV (Quigen) 2401 2608 2823 2840 2800 2683 2777
Aptima Assay (Gen-Probe) 00 100 150 406 700 1073 1543

Quest HPV test 133 147 161 178 195 215 236
Cervista 133 120 247 325 420 3537 741
Others 0.0 93 147 309 551 858 874
Total 2667 3068 3528 4058 466.6 5366 6171

< Fistinfroduced and approved: HIV and HCV, HBV and West Nile Virus

« NATs detect directly the genetic material of viruses instead of waiting
for the formation of antibodies

< They reduce the seronegative window during which an infecting
agent is undetectable

“ Makes up more than 24% tof the overall molecular diagnostics market

< Will experience a 15% compound annual growth rate (CAGR) through
2019

< American Social Health Association reported estimates that about 80% of
sexually active individuals will be infected with HPV at some point in their
lifetime

« By the age of 50 more than 80% of women will have contractedat least
one strain of genital HPV

< Current market only about 20% of women over the age of 30 are
screened for HPV - leaves a lot of room for market growth!

< The HPV testing segment makes up more than 9% of the overall molecular
diagnostics market

<« Will experience about a 15% CAGR through 2019

Figure 13: Molecular diagnostics hospital aquired infections testing market,
breakup by competition ($m)

2009 2010 2011 2012 2013 2014 2015

GenXpert (Cephid) 259 298 348 407 477 558 652
Luminex 43 50 100 120 200 300 400
Others 561 644 712 830 912 1001 1122
Total 863 992 1160 1357 1589 1859 2174

Source: Business Insights Business Insights Ltd

Figure 14: Molecular diagnostics HIV/HCV testing market, breakup by
competition ($m)

2009 2010 2011 2012 2013 2014 2015

Roche 290.4 3215 3303 3567 3852 4160 4493
Gen-Probe 2105 2352 2371 2561 2766 2987 3226
Abbott 2033 1725 2117 2286 2469 2667 283.0
Becton Dickinson 145 235 423 457 494 5333 57.6
Others 73 314 254 274 296 85320 346

Total 726.0 784.1 8468 9145 987.7 1,066.7 1,152.1

Source: Business Insights Business Insights Ltd

< Little progress has been made on eliminating health care-associated
infections

< The market for testing is still good:

< Rates of postoperative sepsis, or bloodstream infections, increased
by 8%

< Postoperative catheter-associated urinary tract infections increased
by 3.6%

“ Rates of selected infections due to medical care increased by1.6%

“ Rates of postoperative pneumonia improved by12%

<+ Hospital acquired infections testing makes up 3% of the molecular
diagnostics market

< This segment is expected to experience a 17% CAGR through 2019

< Diagnostic tests include viral load monitoring (quantitative),
detection (qualitative) and genotyping

< HIV infects about 0.6% of the world's population
< 270-300m people worldwide are infected with HCV

« Chronic HCV infection develops in 75% - 85% of infected persons
and leads to chronic liver disease

“ HIV/HCV testing segment represents nearly 24% of the molecular
diagnostics market

« Expected to have an 8% CAGR overall through 2019

18
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Figure 14: Molecular diagnostics STDs testing market($m)

2009 2010 2011 2012 2013 2014 2015

Sequenom 167.8 178.1 2066 2452 2845 3300 3828
Biomeriux 714 91.1 1057 1338 1552 180.0 2088
Luminex 536 704 817 948 1099 1275 1479
Others 64.3 746 865 836 96.9 1125 1305
Total 357.1 4142 4805 5574 6465 7500 870.0

Source: Business Insights Business Insights Ltd

2009 2010 2011 2012 2013 2014 2015

Aptima Combo (GenProbe) 217.5 2388 2401 2689 3012 3374 3778

Hologic 1088 1072 1309 1467 1643 1840 206.1
Becton Dickinson 653 828 1037 1161 1301 1457 1632
Others 435 585 70.9 795 890 997 1116
Total 4351 4873 5456 6112 6846 7668 858.7

Source: Business Insights Business Insights Ltd

< Overall, ca.900 genetic tests available, and more are under development
« Almost 10% of the population has had some type of genetic test already

< In addition, 75-80% of people believe that they will have a genetic test by
2020

“ Most testing is used to find changes that are associated with inherited
disorders and early detection of genetic disorders - significantly reduce
morbidity as well mortality rates

< Genetic testing segment, which totals more than 12.% of the market

< Market should experience a 16% CAGR through 2019

< The market for STD testing is significant

< STDs have for several decades ranked among the top five diseases for
which adults seek health care services

« WHO estimates that more than 340m new cases of curable STDs occur
every year worldwide in men and women aged 15 -49 years

< NAT-based tests for STD

< More than 30 different sexually fransmissible bacteria, viruses and
parasites

< The STD segment, which represents almost 15% of the molecular
diagnostics market, will experience a 12% CAGR through 2019
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Figure 172 Molecular diagnostics oncology testing market($m)

2009 2010 2011 2012 2013 2014 2015

Tllumina 1122 1324 1563 1844 2176 2568 303.0
Thinprep (Hologic) 1052 1242 1465 1729 2040 2407 2841
Quest 70.2 828 97.7 1153 1360 160.5 1894
Gen-Probe 000 207 293 400 600 80.0 100.0
Others 63.1 538 586 637 624 644 704
Total 350.7 4139 4884 5763 680 8024 946.9

Source: Business Insights Business Insights Ltd

Figure 18: Molecular diagnostics dignosing cancer

< Future growth liesin oncology diagnostics - how molecular diagnostics
can diagnose cancer (Fig. 18)

< Cancer has about a 1-1.5% prevalence in developed western
countries, which translates into a significant market opportunity for
molecular diagnostics

< Emphasis on biomarker discovery and diagnostic-drug
codevelopment

< Emergence of phar g and corn tests
..likely fto command premium pricing because of their high clinical value

< The oncology segment comprises more than 12.5% of the overall
molecular diagnostics market

< Will experience an 18% CAGR through 2019

Determines how genes and
proteins interact in cells

Focuses on gene and
protein activity pattems

Uncovers changes in cells

Captures data and

expression patterns
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