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Outline

e Development of medicines for rare diseases:
Where are the problems?

- do we know enough?

- why do we get “lost in translation”?

- how do we know if trials REALLY fail?
e Regulatory pathway(s)

e Conclusions
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What is RARE?

b

e working definition for public heaIth/healthcare/regulatory

A °

e Not more than 5in 10,000 in the EU
e Not more than 200,000 in US

‘--.’ includes diseases that could affect 1 or 250,000 people in the
EU

e progeria: 25 patients

e cystic fibrosis: 40,000 (0.7 in 10,000)

S leskregonese
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How many medicines for rare diseases?

ORPHAN ASCENT

Orphan-drug designations, which come with perks for drug companies trying to find cures for rare diseases,
are on the rise at both the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA).

300
wes FDA === EMA
250

2003 Completion of the
Human Genome Project
150 spurs the identification of

rare genetic disorders

Orphan-drug designations

1985 1990 1995 2000 2005 2010

L. Fregonese
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93 Orphan Medicines authorized in EU
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A Alimentary tract
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hormonal;

J Anti-infective
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L Antineoplastic;

N Nervous system

R Respiratory system
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L. Fregonese
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Rare Lung Diseases?

Tobramycin DPI, Ivacaftor,
Mannitol, Aztreonam,
Colistimethate sodium,
Levofloxacin inh
More than 40
desighated

IPF

Pirfenidone
Nintedanib

Sildenafil, Tadalafil
Epoprostenol, Iloprost,
Treprostinil sodium

Ambrisentan,Riociguat
Bosentan, Macitentan

: Caffeine

pnoea

newborn
L. Fregonese
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Alphal antitrypsin deficiency

Alpha-1 proteinase inhibitor = Treatment of congenital alpha-1 antitrypsin

(for inhalation use) deficiency 03/06/2008  Positive

Treatment of emphysema secondary to

congenital alpha-1 antitrypsin deficiency Lzedlls Rl

Alpha-1 proteinase inhibitor

Cyclo[L-alanyl-L-seryl-L-
isoleucyl-L-prolyl-L-prolyl-L-
glutaminyl-L-lysyl-L-tyrosyl-
D-prolyl-L-prolyl-(2S)-2-
aminodecanoyl-L-alpha-
glutamyl-L-threonyl] acetate
salt

Treatment of congenital alpha-1 antitrypsin

deficiency 20/03/2013 Positive

Recombinant adeno-associates
viral vector containing human
alpha-1 antitrypsin gene

Treatment of congenital alpha-1 antitrypsin

deficiency 19/03/2007 Positive

« Four products designated at centralized level in the EU; none authorized
 No recent designations

L. Fregonese
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Development is slow and expensive

New therapies
don’t reach
Clinical Trials patients until

here

3
: "—
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6 — 7 Years 2 — 5 Years

Total > $2 - $4 Billion USD
Cost:

Forbes, Matthew Herper, "The Truly Staggering Cost Of Inventing New Drugs”, February 10, 2012
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The problems?
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Do we know enough?

characteristics factors

Y

mn;;d_ } Environmental

Gene == Pro.'n == Cell == Tissue == rysiological —» \iviqual === Family == Society

system
Mutation Amount Growth Growth Hypoxia Symptoms Relationships  Disease prevalence
Expression  Function Shape Atrophy Hyperglycaemia Disabilities Finances Healthcare costs
Di crentiation Repair Hypertension Prognosis Activities Social costs
N vement Inflammation Heart failure  Life expectancy ~ Care burden etc.
Ivision Infection Renal failure
\poptosis Ischaemia Epilepsy
Metabolism Necrosis Hemiplegia
Secretion efc. Obesity
Excitability efc.
etc.
Drug Action Therapeutic Aims



What do we know of AATD?

..how the deficiency
The genetic defect... ..its protein correlates.. acts in the hod:-

had i
AUtoepcu\es (carbamazepin®s

149702 —j—
N

Rep\aceme\’\t the ram?.yk J

L Potentially damaging to lungs.

Gene therapy
« Antisense oligonucleotides
© S|RNAS, mlcrORNAS 3 Alpha-1 Antitrypsin Deficiency

14p12
1412
[ ]

white bloodcell (neu;ophﬂ)

Lungs lack alpha-1 antitrypsin
coating, leaving them open to
damage by neutrophil elastase

Lung

Alpha-1 antitrypsin
Trapped in liver, causing
liver damage

Neutrophil elastase
Uninhibited, causing
lung damage.

...and its clinical
manifestations

White blood cell(neutrophil)

L. Freﬁonese



GenOtype-phenotype Correlatlon: FOP s Aot
Ivacaftor and G551D Cystic fibrosis

, Z

Discovery/Manufacture |
Pre-clinical devel 0 oH
re-clinical development - alone

utations, Tvacafto

¢ on F508Del (MOre

Jta on different M
and no

of CF patients)

Mean Absolute Change (+/- SE) in % Predicted FE'
, -

Very few chloride ions )"0 Cof

move 'nto or wt o' m. T T T T T T T T T T T T T
cell, leading to thick, 0 4 8 12 16 20 24 28 32 36 40 44 48
sticky mucus Study Weeks

L. Fregonese [ ==—= PLACEBO e—e—e VX770 |
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Why (When, and Where)
do we get lost in translation?

Environmental

Inherited |
characteristics | factors
|
Y
Gene <= Protein == Cell <= Tissue == Ph?;:::g"calzlnm.., al €= Family <<=  Society
Mutation Amount Growth Growth Hypoxia Symptoms Relationships  Disease prevalence
Expression  Function Shape Atrophy Hyperglycaemia Disabilities Finances Healthcare costs
Diii. “entiation Repair Hypertension Prognosis Activities Social costs
Move. ent Inflammation Heart failure  Life expectancy are burden etc.
Divisior Infection Renal failure
Apoptosis Ischaemia Epilepsy
Metabolism Neu, o ~ie Hemiplegia
Secretion etc. (
Excitability etc.
elc.

“Failure of efficacy to translate from pre-clinical models to the clinical setting
combined with the emergence of adverse events not predicted from the pre-clinical
models remain at the core of late stage attrition” (IMI2 Strategic Research Agenda)
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Lung disease models

Cigarette smoking expensive,
cumbersome (months, high
exposure), variability of damage,
mild emphysema, comorbidities

Tissue-degrading approaches (PPE,
human neutrophilic elastase,
papain) and serine/cysteine
proteases): lower costs, higher
homogeneity of the damage, dose-
response, panacinar emphysema

“Natural models”: e.g. tight skin,

pallid mice. Defect and its
consequences natural, no evidence

L. Fregonese

of good translation
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Poor translation of good results of an elastase

challenge rat model

Palovarotene

- - - - Placebo

Lung density change from baseline g-L-!

A
!

-100+

I L] L) L] L] l '
0 3 6 9 12 0 6 12
Time months

FEV1 change from baseline (ml)
&
o

L. Fregonese Stolk J et al, Eur Respir J 2012; 40: 306-312
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How do we know if
those trials
REALLY failed?

L. Fregonese
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Outcome Endpoint
What the trial is measuring How it is measured
(e.g. lung function) (e.g. FEV1)

o "Ideally a trial would have an objective or 'hard’' endpoint such as
mortality, the complete disappearance of a tumor or no trace of
infection in a sample”

e To detect a 40% reduction in mortality in 5 years, 684 al-antitrypsin
deficient individuals with FEV1 35%-49% predicted would need to be

recruited over a 2-year period (Schiuchter MD, Am J Respir Crit Care Med. 2000)
e Surrogate endpoints are those that measure e.g. function, QoL, etc.

e Important that the surrogate endpoints reflect the disease and its
natural history

L. Fregonese



Drug

Interferon-y
Pirfenidone

Warfarin

N-acetylcysteine

Bosentan
Etanercept

Interferon-y
Pirfenidone

Imatinib
Sildenafil
Bosentan
Pirfenidone
Nintedanib
(BIBF1120)
Prednisolone+
azathioprine

Warfarin

Thalidomide
Ambrisentan

Septrin

Trial
acronym

ARTEMIS

TUPAC

Year

2004
2005

2012
2013

2013

Study
duration
weeks

24
35%

52

Subjects Primary end-point

n

330
107

24
492

118

PFS

Change in lowest
MWD ShO.

Survival time
Change in VC

Change in 6MWD
Change in FVC and
OL.co
Survival time
Change in VC

Time to disease
progression
>20% increase in
MWD
Time to IPF
worsening

Change in % pred
EVvC

Rate of FVC decline

Change in FVC
PFS

Cough qguestionnaire

== A L
e tuU uiodstcd

progression

Change n FVC

ANI AAEDN

Result

No effect [28]
Reduced acute
exacerbations [27]

Improved survival [30]
Reduced progression

[29]
No effect [35]
No effect [31]

No effect [32]
Reduced
progression [34]
No effect [33]

No effect [46]
No effect [47]

Reduced
progression [36]
Trend to reduced
progression [48]
Increased
mortality [49]
Increased adverse
events [50]
Reduced cough [51]
No effect [52]

No effect [53]

PES: progression-free survival; 6BMWD: 6-min walking distance; So0.: arterial oxygen saturation measured by
pulse oximetry; VC: vital capacity; FVC: forced vital capacity; /A .co: diffusing capacity of the lung for carbon

monoxide. #

: median follow-up.
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Which endpoints for AATD?

FLOW UOLUNE LOOP

AAT levels
(e.g. gene
therapy)

TLCO,
Ventilation
inhomogeneity

| e b -—-—- ot | o | e
- | repy

st
[ - e Ve

= = CT scan denS|ty

AL LE COmm
) '

LLL)

| The overall results of the combined analysis of
2 separate trials of comparable design, and the
only 2 controlled clinical trials completed to
date, has confirmed that IV AAT augmentation
therapy significantly reduces the decline in lung
density (Stockley RA et al, 2010)

(8w v WE D Mad il breovs v Soarns Laidan Tha Nadhad s e oo oo s T b

Exacerbations?

Cochrane review from 2010 conclude
on no certainty on efficacy

Other

L. Fregonese
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Trial designs

« Replacement therapy IV 60 mg/kg/week based on “protective”
threshold of 80 mg/dL (patients with heterozygous phenotypes
whose levels of al-antitrypsin exceed this level do not usually
develop lung disease.

Il:> How do we know if this is really the protective dose?

« Slow decliners/worsening vs. fast decliners/ worsening:
Il:> do we know which ones we are studying?

« Lack of significant changes at CT scan in most studies
‘rvation period: how long is long enough?

« Which endpoint and design for which therapeutic indication/product? (e.qg.
gene therapy, regeneration/stem cells)

L. Fregonese
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The regulatory pathway in the EU

e O S e B G
‘i

J

HLS
:ﬁ[ll'ﬂ
[]i[l
=1
=k s
Bl

"The areas of science used in the assessment of quality,
safety and efficacy of human and veterinary
medicines throughout their life-span”

“..basic and applied biomedical sciences (genetics,
pharmacology, biostatistics, ...), social sciences such as
decision sciences, risk assessment and communication

sciences...”
L. Fregonese
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INVESTORS ACADEMIA
With the final aim that

patients may have an early access
INDUSTRY to effective, safe and affordable
drugs

HTA PAYERS

REGULATORS
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Drug development
in the centralized EU regulatory system

Discovery/Manufacture
Non-clinical

Clinical
Human Therapeutic Therapeutic Therapeutic
Pharmacology Exploratory = Confirmatory
(“Phase 1”) (“Phase II”) (“Phase llI”)  (“

Use .

| Paediatric Investigation Plan | _
Extension

Orphan Drug Marketing Application

Designation Authorisation Maintenance

Application Procedures

L. Fregonese
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The Committee for Orphan Medicinal products (COMP)

1 member per each of 28
Member States

« 3 members representing
patients' organisations

« 3 members nominated by
the European Commission

« 1 member nominated by
Iceland and one by
Norway.

e Decides on orphan status at early development stage and on its confirmation when a
medicine reaches marketing authorization

e Patients inputs in e.g. deciding on advantages of new formulations and administration
routes, among others
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Orphan Status

Early development phases : : :
Y P P Gives access to incentives

« Proof of concept e 10 years market exclusivity

* Prevalence criterion e EU and national funding
« Serious (life-threatening and or e Data protection
chronically debilitating) Can be granted to companies

or private citizens

« Significant benefit (EMA only)

L. Fregonese
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EMA Committees (Human products)

Orphan Scientific MAA MAA Changes
designation Advice & Pre- Evaluation MA + PhV
& PIPs Protocol assist. submission
COMP SAWP CHMP CHMP CHMP
PDCO /CHMP PDCO CAT PRAC
CAT PDCO CAT
HMPC PRAC COMP
COMP PDCO
Pre-submission phase Evaluation Post authorisation
Submission Launch

26
|
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PCWP

Since 2006, the Agency has had a permanent Patients' and Consumers' Working Party
(PCWP) in place, to provide advice to the Agency and its scientific committees on matters

of direct and indirect interest to patients in relation to medicines
Three main areas:

e transparency and communication;

o 2014...
e safety of medicines; OZOOG i
Patients and
Patients and . Health
. . . . . . O 2005 Pcaartyw(Pc"eIWPw’; orking Per:les:iaorrelals
e involvement with EMA and its scientific committees Department
Framework of created
. . . interaction with
regarding medicines evaluation () 2003 R ar.
Working group with  Organisations
patients
01996
h ue
with HIV
patients

L. Fregonese




¢ Clinical
Evaluation
* Non-

QSE clinical
Quality Evaluation

Efficacy Evaluation

Benefit-risk
assessment

How do we assess medicines?
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Is everything equal?

- Decision on * Regulatory
benefit-risk Decision -
balance Market

N approval and
post-market
I commitments

Evaluator’s recommendation
Peer review

Expert opinions/ Consultations
Medical / Scientific Advisory
Dialogues with applicants

Adequate
Data

X

- =

_— -

Or are some more
important?

no specific
obligations

specific obligations
Conditional MA

Exceptional

\ specifiC
obligations

(supervised use)

Time to Approval
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Areas of failure

Phase 2 Failures: 2008 — 2010 Phase 3 Failures: 2007 - 2010
(N = 87 compounds) (N = 83 compounds)

Financial and/or commercial
Strategic Safety (including A —~Not

Efficacy
* Versus placebo: 32%
* As add-on therapy: 20%
* Versus active control: 5%

Efficacy

66%

Pharmacokinetics
/bioavailability 1%

Safety

Efficacy is the major problem

Arrowsmith J. Nat Rev Drug Discov 2011;10:82 and 328
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The patient’s voice on benefit/risk

Maximum Acceptable PML Risk

Crohn’s Diseas9rogressive Multifocal Leukoencephalopathy

® Physicians

® Parents
@ Patients

0.51%
0.37% 0.45%

[ e

Maximum Acceptable 10-Year Risk

I 0.10% I
T
&

0.00%

Mild to Remission Moderate to Remission Severe to Remission

Therapeutic Benefits
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What comes out of the assessment

« Medicine licensed for a specific therapeutic indication within the
patient population
- Depends on the trial (e.g. vs. placebo, add-on, resistance to existing
treatments)
- Positive Risk/benefit ration cannot necessarily be extrapolated to
different populations with the same disease (e.g. different age)

« Warnings and description of side effects
« Risk management measures

The Problem of comparative effectiveness
Comparative effectiveness research is the generation and synthesis
of evidence that compares the benefits and harms of alternative
methods to prevent, diagnose, treat, and monitor a clinical
condition or to improve the delivery of care

L. Fregonese
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Regulatory
Agency

Payer/ HTA

Prescriber

Drug
candidates

Market and

patient
access

Does the drug
do more good
than harmin a

One decision valid in 28 EU
+ 3 EEA countries

What are the

health and cost
consequences
associated with

How does the
drug perform
relative to other
interventions in

e 30+ different HTA
i methodologies and

interpretations

e 40+ independent decisions
about whether the medicine
should be paid for

Am | willing and
able to pay for
this treatment
out-of-pocket?

Nature Rev Drug Disc, 2010
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EMA initiatives helping innovative products

e Reinforce relationships and support to Academia and SME
e New EU clinical trial regulation
e Guidelines (for biologics, biosimilars, clinical trials, etc)
e Scientific advice
e Medicines Adaptive Pathways to the Patients
- Accelerated MA for innovative orphan drugs
- Early HTA
- Adaptive licensing

e Open data, access to documents
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Adaptive Licensing (pilot, EU) FEaas==ssss

[ Patients treated, no active surveillance

License Patients in observational studies, registries, etc

wmm Patients in RCTs (or other interventional studies) C u rre nt S ce n a ri o :
E N Post-licensing, treatment
2 / population grows rapidly;
5 treatment experience does not
g

contribute to evidence generation
# Adaptive Licensing:

Initial “Full”
License License

/

after initial license, number of

/\ treated patients grows more

\ slowly, due to restrictions;

patient experience is captured to

contribute to real-world

number of patients treated

information

time (years)
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Where to?
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Rare Catch 22

Disease
No treatments g o * poorly known e
available ‘ 0.
A ] Uncertainty on
o d endpoints and
u » biomarkers
m N
- ' Few patients o
u > e 4
® | 4
Limited drug A ) ”
development/ <
attrition EEE Challenges in trial

design

L. Fregonese
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Some actions

e Stimulate companies to early dialogue with regulators on innovative
products (gene therapy, oligonucleotides, etc)

e Help and promote the study of phenotypes/different forms of the
disease (registries)

e Participate in discussion and creation of endpoints (e.g. patient
reported outcomes, discussions on CT scan)

e Stimulate scientific community to consistency in trial design
e Stimulate real-life studies for comparative effectiveness!!

e Participate in development of treatments for COPD in general

L. Fregonese
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The right medicines for the right disease

e Good knowledge of a disease together with coherent work on preclinical and

clinical data can improve medicines development
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‘Right Pathway’ ‘Right ';'arget’ ‘Right Molecule

e negative studies, translatability relative to potential therapeutic use,
identification of phenotypes, standardization of endpoints, etc.

L. Fregonese
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Clinical research and real-life effectiveness

e Identification of responder’s phenotypes---risk to reduce even
more population size for establishing efficacy/effectiveness

~ The role of Precision Medicine

,h '\Paﬁemgmp / “

Drug toxic but Drug toxic but
beneficial NOT beneficial

NN

same prescription

Drug NOT toxic and Drug NOT toxic
NOT beneficial and beneficial

Precision medicine is becoming an integral part of the R&D process making it
possible to more effectively prevent, diagnose and treat diseases. Precision
medicine could help to control costs by reducing unnecessary treatment and
side effects.

"Real life” effectiveness studies --- also allowing impact of non-
drug interventions (e.g. lung disease)

L. Fregonese
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Thank you
for your attention

Laura.Fregonese@ema.europa.eu




