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What is Hemophilia?

* Deficiency of clotting factor protein in blood

- Blood does not clot properly

- Severe patients (<1% clotting factor) at most risk
* Clinical manifestations

- Internal bleeding into joints, soft tissues

- Significant morbidity and mortality
* Well characterized genetically and clinically

- Type: FVIIl (Hemophilia A) 80-85%

- Type: FIX (Hemophilia B) 15-20%

- Severity: Severe 60%, Moderate 15%, Mild 25%
*Incidence 1 in 10,000 (X-linked recessive)

- ~50,000 PWH in Europe and North America

- Does not discriminate by race or region of the world

- Predominantly male

- One-third no known family history of the disease

NHF Publications 1958
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Hemophilia Treatment

*State of the Art treatment
- Prophylaxis (factor concentrate replacement)
* Wide range of plasma-derived and recombinant products available

- Integrated disease management

*|nhibitors

- ~20-30% PWH with severe hemophilia A develop neutralizing antibodies (inhibitors)

- Genetic risk factors: Severity of hemophilia, Large mutations of factor VIl gene, Family history,
Ethnicity

- Environmental risk factors: Intensive factor VIl treatment, Early intensive exposure to factor VIl
treatment, Factor VIII product, Immunologic/inflammatory /infectious events

- Morbidity, Mortality, Cost of Treatment all dramatically increased

*There is no cure, at least yet
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Evolution of Hemophilia Care

2010s—-2020s

2000s—2010s A

Investigational

1980s—1990s ' Therapies
Extended Half-Life * Novel bypass
1960s—1970s Clotting Factors agents
Recombinant * Human cell line * Gene thera
1950s—1960s ‘ Clotting Factors T ™
: * “Biosimilars * Gene editing
Plasma-derived * aPCC / FVlla
Clotting Factors * Cell therapy
* Improved
Blood, Plasma * On-demand pathogen
Cryoprecipitate Treatment safety
* Comprehensive * Widespread * Home
Care pioneered viral treatment /
contamination prophylaxis

e HTC network
expanded
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Are We Collecting the Right Data?

“Not everything that can be counted counts.
Not everything that counts can be counted.”

Attributed to Albert Einstein
German-born theoretical physicist

1879-1955

Public Domain, https: / /commons.wikimedia.org/w /index.php2curid=34239518
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Value in Healthcare = Value Created for Patients

Perspective

Standardizing Patient Outcomes Measurement

Michael E. Porter, Ph.D., M.B.A., Stefan Larsson, M.D., Ph.D., and Thomas H. Lee, M.D.

he arc of history is increasing-

ly clear: health care is shift-
ing focus from the volume of ser-
vices delivered to the value created
for patients, with “value” defined
as the outcomes achieved relative
to the costs.! But progress has
been slow and halting, partly be-
cause measurement of outcomes
that matter to patients, aside from
survival, remains limited. And for
many conditions, death is a rare
outcome whose measurement fails
to differentiate excellent from

moaralv rnmnatant nravidare

viders to embrace accountability
for results.

If we're to unlock the poten-
tial of value-based health care for
driving improvement, outcomes
measurement must accelerate.
That means committing to mea-
suring a minimum sufficient set
of outcomes for every major med-
ical condition — with well-defined
methods for their collection and
risk adjustment — and then
standardizing those sets nation-
ally and globally.

Whir hac arrivina at tha accan-

example, only 139 (7%) are actual
outcomes and only 32 (<2%) are
patient-reported outcomes (see bar
graph).? Defaulting to measure-
ment of discrete processes is un-
derstandable, given the historical
organization of health care deliv-
ery around specialty services and
fee-for-service payments.

Yet process measurement has
had limited effect on value. Such
measures receive little attention
from patients, who are interested
in results. Process measures don’t

trnlu Aiffarantiate amnana nravid-

Porter ME, et al. Standardizing Patient Outcomes Measurement. N Engl J Med 2016

* What matters to patients are outcomes
that encompass the whole cycle of care

* Survival, functional status, quality of
life

* Historically, outcomes measurement has
focused on clinical status and left out
functional status

* Survival and “objective” outcomes
that are readily captured by
laboratory tests
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Focus on Outcomes Important to Patients

* Patient-centric dimensions!

* Traditional clinical dimensions

Lifespan (survival) - Educational pursuit

-Factor levels (peaks & troughs) -Work / Career opportunities

-Bleeding frequency (ABR, target joints) -Family / Social life engagement

- Joint outcomes (structure, ROM) -Activity / Sports goals

-Function and mobility -Decreased burden of illness

Patient Reperted Relevant Outcomes

ABR, annual bleeding rate; ROM, range of motion

1Skinner, MW et al. Pilot and Feasibility Studies 2018;4:58 Skinner IPA Ltd. 2018



Patient Reported Outcome Data Vital

*Patient Reported Outcome (PRO) data are not only useful, but are in fact vital if we
desire to have a complete and real-world understanding of the true burden and
impact of living with a disease or the associated benefits from an intervention’

*Improved patient involvement can drive the development of innovative medicines that
deliver more relevant and impactful patient outcomes and make medicine
development faster, more efficient, and more productive?

'O’Mahony, B. et al. Assessments of outcome in haemophilia - a patient perspective. Haemophilia, v. 22, n. 3, p. €208-9 (2016)

2Hoos, A et al. Partnering with patients in the development and lifecycle of medicines: a call for action. Ther Innov Regul Sci. 49:929-39.(2015) Skinner IPA Ltd. 2018



FDA Patient-Focused Drug Development —
Increased Focus on Patient Engagement

-

What burdens of
disease /treatment
matter most to patients?

How to measure?

What aspects of trials
could be better tailored
for the patients?

How to integrate patient
reported outcomes or
preferences into
Benefit-Risk assessments?

How to communicate
information to patients
and prescribers?

Translational

-

Clinical Studies

Pre-market review

Post-market

INTEGRATE PATIENTS’ PERSPECTIVES STARTING IN THE TRANSLATIONAL PHASE

J

Adapted from T. Mullin, FDA CDER presentation HTAi 2016 Annual Meeting Tokyo, Japan

Skinner IPA Ltd. 2018




Symptoms / Impacts that Matter Most to Patients

* Joint damage and/or Pain
- 2/3 rated as the most significant “It is clear that although there

* Anxiety /Depression /Stress have been great advances ...,

i ) more needs to be done not
- 2nd most important impact

only to develop new therapies

*Disease symptoms exacerbated by aging but to address broader

*Other impacts on daily life economic. social. and

- Career choices educational barriers that still

- Residence remain.”
- Sports

FDA Voice of the Patient
- School Report Conclusion
- Family Life May 2016
- Social Life

FDA Patient-Focused Drug Development Initiative Voice of the Patient Series Report on Hemophilia A/B, VWD, and
Other Heritable Bleeding Disorders. May 2016 Skinner IPA Ltd. 2018




Burden of Treatment — Quality of life, Chronic / Acute Pain

No Bleedin ‘ i
g BWSHA PWSHA with People with severe
Disorder 95% Ol inhibitors hemophilia A with a
(95% C.1.) e (95% C.I.) current inhibitor

0.937 0.726 0.556 <.001 have lower quality

(0.922-0.953) (0.702-0.749) (0.466-0.646) of life and more
chronic and acute

34% 71% <.001 pain than people
with severe

_ 71% 93% =.002 hemophilia A without

Chronic pain 29% 72% <.001 inhibitors!

e 72% 90% =.009

PROBE, Patient Reported Outcomes, Burdens, and Experiences; NOBD, people without. Bleeding disorder; PWsHA, people with severe hemophilia A
"Noone D et al. Poster PB162 presented at ISTH SSC 2018 Skinner IPA Ltd. 2018




Burden of Treatment — Caregiver

Emotional Stress
~90% of caregivers were “sometimes” to

Impact of child’s pain
Not always related to level of pain child

. “nearly always” worried about child’s future in
experiences .
their absence

Burden assessment score increased if
inhibitors developed

Financial Burden

DeKoven M, et al. Haemophilia 2014;20:822-30; DeKoven M, et al. Haemophilia 2014;20:541-9 Skinner IPA Ltd. 2018



Average Hemophilia-related Costs Per Person Per Year

Severe (n=137)

12-month costs* On-demand Prophylaxis
(n=51) (n=86)
184,518 [125,385] 292,525 [272,892]

Total Direct Costs?3

(160,758)
170,037 [118,259] 289,172 [272,236]
Clotting Factor Costs?3 (151,846) (186,502)
Average percent 0.84 0.94
attributable to Total Costs??
14,481 [1,502] 3,353 [500]
Other Medical Cost® (41,881) (8,352)
16,952 [301] 8,867 [376]
Total Indirect Cost (26,068) (17,959)
201,471 [143,431] 301,392 [286,198]
Total Costs (Direct + Indirect) 23 (164,377) (188,977)

Costs were reported as mean [median] (standard deviation) during the 12-month period.
Zhou et al. (2015) Burden of illness: direct and indirect costs among persons with hemophilia A in the United States, Journal of Medical Economics, 18:6, 457-465

Direct Medical costs
Cost of factor
Hospitalizations and surgery
Clinic visits — physician, nurse,
physio, social work
Emergency visits
Rehabilitation

Indirect costs

Time lost by PWH from work or
school

Time lost by caregivers from
work

Chronic pain and disability over
time

Reduced enjoyment of life

Skinner IPA Ltd. 2018




Lifetime costs of Hemophilia A with need for bypassing ICERE

INSTITUTE FOR CLINICAL

a gen‘l' ( B PA) P rcphy laxis AND ECONOMIC REVIEW

$100 M $99 M
$90 M

$80 M
$60 M
40 M
$21 M 19M
$20 M I I $19
Emicizumab BPA No Emicizumab BPA No
Prophylaxis Prophylaxis Prophylaxis Prophylaxis Prophylaxis Prophylaxis
Patients > 12 Years of Age Patients < 12 Years of Age

®m On-Demand Treatment Cost  ®m Prophylaxis Drug Cost = Total Cost

ICER, Institute for Clinical and Economic Review; Hemophilia A: Report-at-a-Glance. ICER Review. April 2018 Skinner IPA Ltd. 2018




Goals for 21st Century Data Science & Bio-specimen Collection -
Patient / participant-entered data collection

*Patient /participant perspective will be sought in all stages of research study
development and performance, with feedback of study results to participants

*Maximize information gained from patient reported outcomes (PROs) while
minimizing the burden of data collection

*Harmonize PRO data collection across research studies

*Use PRO data for well-defined purposes to positively impact the community.

NHLBI / DBDR FVIII Inhibitor State of the Science Workshop — Factor VIl Inhibitors: Generating a National Blueprint for Future Research
National Institutes of Health Bethesda, Maryland May 15-16, 2018 Skinner IPA Ltd. 2018




coreHEM — Comparing outcomes for gene therapy

*A “core outcome set” to measure, demonstrate and differentiate the effectiveness
and value of gene therapy in hemophilia relative to current standard of care is
essential’

*For the first time in hemophilia, a core outcome set has been developed, with the
involvement of representatives of all relevant stakeholder groups

- Includes outcomes supporting assessment of comparative effectiveness and value, with the goal of
streamlining regulatory approval, health technology assessment and market access

*Patient involvement ensures that the outcomes are meaningful and relevant to those
living with hemophilia

1Skinner et al. Comparing Outcomes Across Clinical Trials: Core Outcome Set for Hemophilia Gene Therapy as a Model for Other Diseases (2017). DIA Global Forum Vol. 9 Issue 5;

2lorio et al. ; for the coreHEM panel. Core outcome set for gene therapy in haemophilia: Results of the coreHEM multistakeholder project. Haemophilia. 2018;00:16. Skinner IPA Ltd. 2018




Core outcome set for gene therapy in hemophilia: Results of the
coreHEM multi-stakeholder project

* Frequency of bleeds

* Factor activity level

* Duration of expression

* Chronic pain

* Mental health status

* Utilization of healthcare system (direct costs)

Additional Outcomes . Dura-tion/frequency/type of physical aFtivity/sport/pIay
* Physical health/general health perception

* Liver toxicity

* Short-term immune response to FVIII/FIX

* Immune response to gene therapy (cytotoxic)
* Thrombosis

Core Outcome Set

Short-Term

Adverse Events * Development of other disorders

* \Vector integration into host genome

* Duration of vector-neutralizing response
* Cause of death

Long-Term

Mortality * Cause of death

lorio, Skinner, Clearfield, Messner, Pierce, Witkop, Tunis. (2018). Core outcome set for gene therapy in hemophilia: results of the coreHEM multi-stakeholder project. Haemophilia, 201 8.
DOI: 10.1111 /hae.13504; coreHEM: Developing Comparative Effectiveness Outcomes for Gene Therapy in Hemophilia, Final Report (May 2018) Skinner IPA Ltd. 2018




Collect Core Outcomes Across the Life Cycle that Reflect the
Priorities of the Hemophilia Community

4 N

Shared decision making

Collect and report Increase predictability and using outcomes

well specified consistency of payer / HTA meaningful to the quality
outcomes within clinical appraisal when making of life and functioning of
trials coverage decisions patients

Market Authorization Market Access On-Market Use

Consistent collection and reporting of relevant and well-specified outcomes

(N

Skinner, Clearfield, lorio, Tunis. Comparing Outcomes Across Clinical Trials: Core Outcome Set for Hemophilia Gene Therapy as a Model for Other Diseases
(2017). DIA Global Forum Vol. 9 Issue 5. Skinner IPA Ltd. 2018




Ultimately clinical research should improve patient care

*Trials must evaluate outcomes that genuinely reflect real-world settings and concerns

*However, many trials continue to measure and report outcomes that fall short of this
clear requirement

*Complex issues include the use of surrogate, composite and subjective endpoints; a
failure to take account of patients’ perspectives when designing research outcomes

*The treatment choices of patients and clinicians should ideally be informed by
evidence that interventions improve patient-relevant outcomes

Heneghan et al. Why clinical trial outcomes fail to translate into benefits for patients. Trials (2017) 18:122
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