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Novel In Vitro Diagnostic Development
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IVD challenges

= Sample selection and access
= Broad antibody assessment vs. assay-specific antibody development

= Robustness assurance program:

- Performance under “routine use” conditions

= Transfer of manufacturing (production, standardization & QC) into operations of
rare reagents (antibody conjugates) and kit components (reagent, calset, controls)

= Production and reference standardization (= controlled lot-to-lot variability; <5%)

= Design verification and validation (incl. external studies under routine conditions)
before the assays are used in phase lll studies for clinical use validation
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Challenges to Demonstrating Clinical Utility

In order to influence outcomes,

A diagnostic must:

Be ordered
Be performed
Be reported in a timely manner
Be appropriately interpreted
Influence a clinical decision

... that leads to an intervention

... consistently enough to clearly
link to outcomes

A therapeutic must:

Be administered



Natriuretic Peptides
From diagnosis of CHF to guiding therapy
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Developing the Evidence
Why clinical evidence for diagnostics is harder

Clinical Questi¢> Test >> Decision>> Action >> 0utcome>

Clinical Question:

= Do natriuretic peptide levels contribute to improved outcomes in
outpatient HF management?



NP-Guided Heart Failure Therapy
Lessons from Therapy Guidance Trials

Outcome Pivotal trial |
Positive PROTECT
Positive for <75y
Negative BERGER Marker target
PRIMA Control group
TIME-CHF Biomarker choice
STARS BNP Heart failure population
STARBRITE ]
Evolving knowledge on
Troughton Pilot study guided therapy and trial design
2000 2005 2010 2015



Natriuretic Peptide Guided Heart Failure Therapy

Data Support

Troughton ~ STAR-BRITE STARS-BNP  TIME-CHF  grpitts PRIMA
n 499 364
Marker NT-BNP NT-BNP
Aim (pg/ml) < 400/ 800 < 1270
Control SNYHA I 2 groups
1° EP hosp._free AII-cau_se
survival mortality
Age (y) 77 76
Male (%) 66 62
EF (%) 30 37
IHD (%) 58 71
Ref. JAMA 2009 JACC 2010

Outcome primary endpoint: [ positive

positive (<75 Y)

PROTECT

W negative



Natriuretic Peptides

From diagnosis of CHF to guiding therapy
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The proportion of tiple therapy ispircnolactone and =50% of the target dosa
of an angictensinconverting ergyme inhibitor/angiotensin receptor blocker and
of a betablocker) was similar among groups at baseling, but was higher in the
BM group wversus the MC group, and higher in the MC versus the usual care
(UCH group at follow-up, Abbreviations as in Figure 1.
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Up to 18 months, the combined end point of death or heart failure (HF) hospk
talization was lower in the BM (37%) versus MC group (B0%; p < 0.08) and in
the MC versus UG group (85%; p = 0.04). Abbreviations as in Figures 1 and 3.
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Example
A good concept...

Patients screened
Excluded before informed consent Apprommately 2’900

23% unable to give consent

13% unwilling to give conent

13% admission NT-proBNP <1,700 pg/ml
9% Heart failure not primary diangosis

9% Discharge before consent was obtained
7% (Planned) intervention

4% COPD / pulmonary embolism

Informed consent

447 Excluded before randomisation
6 patients
1 PCI
2 |ICD implantations
NT-proBNP drop more than 3 Heart failure not primary diagnosis
10% (at least 850 pg/ml)
Insufficient NT-proBNP drop
96 patients

Randomization
345

NT-proBNP guided Clinical guided
174 171

| Follow-up at 2 weeks, 1,3,6,9,12,15,21,24 months
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Primary endpoint

>20%, no impact
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Author’s Conclusions:

= “No value to information”

= “...simply increasing diuretics
IS often not enough...”

= “Only value when there is
room to add significant
therapy...”
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Developing the Evidence
Why clinical evidence for diagnostics is harder

Clinical Questi(> Test >,> Action >> Outcome>

Making the diagnosis is only the first step

= Still requires intervention in order to alter outcomes

= How to control the intervention?

= Do evidence requirements differ if the test is used for diagnosis or
therapy selection?
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Developing the Evidence
Why clinical evidence for diagnostics is harder

In most cases, links to outcomes require an intervention
= Best evaluated as part of a ‘test and treat’ plan

= Test result must be acted upon for there to be any potential
benefit
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PROTECT Study Design

Optimal drug therapy

Visits every 3 months

CHF patients NYHA lI-1V, EF <£40%

A 4

Randomization

Biweekly follow-up
meetings for therapy
adjustment

Optimal drug therapy

+ NT-proBNP< 1000 pg/ml

Visits every 3 months

Bhardwaj Am Heart J

Total cardiovascular
events at 1 year

>1000 pg/ml
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NT-proBNP Guided Heart Failure Therapy
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Adusted ORyrpoane = 044
(95% Cl= 22-84: P =019)

0
5
-
®
°
2
£
S
Z

Total CV Events

From J. Januzzi, UNC Heart Failure Meeting 2010

[ NT-proBNP
O0S0C

17



NT-proBNP Guided Heart Failure Therapy
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What Does it Take to Establish Morbidity and
Mortality Benefits in Heart Failure?

ACE inhibitor SOLVD 2569

Beta blocker MERIT-HF 3991
Angiotensin Receptor Blocker Val-HeFT 5010
Nitrates-Hydralazine AHeFT 1050
Direct Renin Inhibitor Atmosphere 7041
NPs guidance 2300

Adapted from M. Felker, Duke Clinical Research Institute
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What about regulatory oversight?

= A bad test is as harmful as a bad drug!

= Would you use a drug if:
— You aren’t sure how it is formulated?
— You don’t have clinical data about how it should be used?
— You don’t have reliable efficacy data?

= This is especially worrisome if crucial treatment decisions are
made based on the test results (as in PM)
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What about regulatory oversight?

Consider a risk-based approach:

Tests that influence crucial treatment decisions deserve the
highest level of scrutiny

Tests that are used as part of a larger diagnostic algorithm can
afford a lower level of scrutiny

Results should not depend on the lab where the test is performed

- “lab developed tests” should receive the same degree of
oversight as IVDs

Reimbursement should reflect the level of evidence of
performance, safety and clinical utility provided
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Where we need more clarity:

= Newly discovered biomarkers and their application to existing
drugs on the market (drug labeling changes)

= Companion diagnostics (“Personalized Medicines”) in general

= Appropriate use of data from observational studies and
retrospective data

= New technologies
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To Support Innovation in Diagnostics:
Recommendations

= |ncrease research funds for studies to demonstrate
clinical utility

- Including industry-government partnerships
= Increase regulatory requirements on a risk-balanced basis
= Ensure a level playing field

* |ncrease reimbursement commensurate with increased data
requirements (as for therapeutics)

- Set incentives appropriately to reward innovation
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