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— BTD

— BTD experience and learnings
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“THE PROBLEM”



The Medicines Access Problem...
...Too long & too expensive
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6 —7 Years 2 -5 Years

Total Cost: € 1.5 Billion




Shifting Landscape of Drug Development

What is expected to change in the future?

* Magic moment
 RCT only

* Prediction

* Big populations

* Focus on licensing
* Regulators only

* Open utilization

To...

Life-span management

Toolkit for evidence generation
Monitoring

Small populations

Focus on patient access
Regulators, HTAs, Payers
Outcome-based
reimbursement



REGULATORY PATHWAYS:

US TOOLS FOR ACCELERATING DEVELOPMENT



US: Accelerated Approval

« Allows the earlier approval of a product based on a surrogate
endpoint, if the product:

— (1) is for a serious or life threatening disease or condition, and

— (2) the product has an effect, in an adequate and well controlled
study,:

« on a surrogate endpoint likely to predict clinical benefit
« on an intermediate clinical endpoint

« Confirmatory trial underway at the time of submission

— If confirmatory trial does not show clinical benefit, FDA has
regulatory procedures that can lead to:

« removal of the drug from the market
« modification of the label



US Expedited Development and Review Paths

For serious and life-threatening diseases, like cancer, the FDA can grant
designations to certain medicines that may help accelerate the time to approval

Dedicated Senior

Breakthrough Therapy Designation Management Team
Drug makers can apply based on clinical At the FDA helps companies
data indicating substantial improvement streamline the clinical trial process
in one clinically significant endpoint over
available medicines
Frequent FDA Meetings
Help drug makers design clinical
trials that are as efficient as

FAST TRACK possible and meet FDA
Drug makers can apply based on pre- expectations
clinical or clinical data for a serious
condition with a need for new medicines —b Rolling Review

Allows drug makers to submit
data as they become available

Shortened Application
PRIORITY REVIEW Review Time*

The FDA grants priority review to drugs Shortens the FDA’s review time
deemed major advancements by 4 months

*Breakthrough Therapy and Fast Track designations have the possibility of shortened review times; it is not guaranteed.



Breakthrough Therapy Designation

« Drugs granted Breakthrough Therapy Designation will be eligible for:

= All features of the Fast Track Program plus:
0 More intensive FDA guidance
o Organizational commitment involving senior FDA managers
o Eligibility for rolling review and priority review

 Qualifying Criteria
= Serious condition
» Improvement over existing (or available) therapies

» Preliminary clinical evidence

o Evidence sufficient to indicate that the drug may demonstrate
substantial improvement in effectiveness or safety over available
therapies, but in most cases not sufficient to establish safety and
effectiveness for approval

0 Must be clinical evidence- not just theoretical/mechanistic rationale

» Can be revoked by FDA



Outcome of BTD Requests (2013-2015)

30 Withdrawn

15% 64 Granted
32%

Heme/Onc ONLY
86 BTDRs (42%)

Industry (n=203)
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Reason for Denials (2013-2015)

Reliability of clinical evidence biggest reason

Denials N=109
Reasons for Denial1

Trial/Analysis
Issues
39
5
31
1 3
21
Safety Concern 3 Lack Of.
Substantial
Improvement

Totals exceed 100% as many denials cited multiple reasons for denia

Trial/analysis issues

Trial design issues

Sample issues

Endpoint issues

Results too preliminary

Flawed post-hoc analysis
Lack of substantial improvement
Lack of data

No clinical data

Incomplete data
Safety concern
Miscellaneous

Not serious condition

Other

78 (72%)
45 (41%)
39 (36%)
29 (27%)
19 (17%)
17 (16%)
58 (53%)
18 (17%)
4 (4%)

14 (13%)
12 (11%)
14 (13%)
2 (2%)

12 (11%)

1 Trial design issues: Treatment effect not isolated, inappropriately uncontrolled or unblinded trial, etc. Endpoint issues: lack of

a defined endpoint, faulty/flawed endpoint, or primary endpoint not supported or predictive of clinical benefit. (Note that

failing a primary endpoint does not constitute this rationale.)
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BTD Associated with Truly Breakthrough Data

(2013-2015)

« Average improvement in ORR over best available therapy. 55% (38% to

400%)

« Average ORR without available therapies: 54% (range 29% to 87%)

0.8
Hazard Ratios of OHOP Grants with Randomized Trials

0.56 0.57 0.59 I

Oncology Drugs Granted BT Status =Placebo [ =Active

Comparator

Hazard Ratio
o o o
N FY [=)]

o

‘Endpoints included progression-free survival (PFS), event-free survival (EFS) and OS; All but one drug were for
indications with available therapies; One drug had an improved safety profile over available therapy

BTD Granted:
Average HR:
0.48

BTD Denied:
Ave. HR: 0.68
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BTD: Phase 1 Initiation to FDA Approval (2013-2015)

5.5 years on average to date

2006

2007 2008 2009 2010 2011 2012 2013 2014 2015

2016

2017

Imbruvica (Ibrutinib) - MCL

Imbruvica (lbrutinib) -
Waldenstrom's Macroglobulinemia |

Zykadia (Ceritinib) - NSCLC

Imbruvica (Ibrutinib) - CLL w/ 17p
Deletion

Ibrance (Palbociclib) - Breast

Cancer
Keytruda (pembrolizumab) -
Melanoma

Darzalex (daratumumab) - Multiple

Myleoma

Gazyva (obinutuzumab) - CLL
Arzerra (ofatumumab) - CLL
Alecensa (alectinib) - NSCLC

Zydelig (idelalisib) - CLL

Tagrisso (osimertinib) - NSCLC

Empliciti (elotuzumab) - Multiple
Myeloma

Blincyto (blinatumomab) - ALL
Opdivo (nivolumab) - Melanoma

Keytruda (pembrolizumab) - NSCLC

Opdivo (nivolumab) - Non-Sq
NSCLC

Opdivo (nivolumab) - RCC
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Start of BTD program

Only oncology drugs approved on the market 2013-2015 granted BTD are

presented

Key

Phase I Initiated O
NDA/BLA Submitted l:l

SNDA/SBLA Submitted [

*
A

BTD Granted

Full Approval

:| 0 Accelerated Approval +
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FDA BLA/NDA Approval - Some BTD Statistics

18 approvals received in 2013-2015 for drugs with BTD
 All received priority review
e 4 drugs (22%) had fast track with rolling BLA/NDA

* 56% received accelerated approval with relatively small

phase 1-2 studies (Average trial size: 131 patients - range: 61-198
patients)

 No ODAC meetings
 Average duration of Phase 1 initiation to approval: 5.5 years

« Average approval timing ahead of PDUFA date: 2.5 months



Key Success Factors Associated with BTD

* No distinction between SMEs and “Big Pharma” impacts BTD
assessment — focus on breakthrough innovation

« Simple application approach allows for preliminary
interaction with the FDA to discuss BTD intent before
submitting formal request

« Rapid interaction with senior FDA decision-making
stakeholders

« Application possible from any time after IND filing and initial
clinical experience available up to the time of (s)NDA/(s)BLA
filing

* Application for BTD (and Priority Review) granted on a per ..
indication basis and is not limited to first indication



REGULATORY PATHWAYS:

EU TOOLS FOR ACCELERATING DEVELOPMENT



Some Recent NME Approvals

11 12 13 14 15 16 17 18

19 20

US orphan
] P

drug [ ] US breakthrough

Month 1 2 3 4 5 6 7 8 9 10
S
Zelboraf
28.4.1 17.8.11
Erivedge
Perjeta
6.12.1 8.6.12
Kadcyla
31.8.12 22.2.13
Gazyva
(GA101) 111.13 US priority
25.4.13 11 P
Zelboraf

Erivedge [30.11.11 — 20 months > 12.7.13>
Perjeta* [2.12.11 - 15 months 43.13 >
Kadcyla*[24812- 15 15.11.13
months
Gazyvaro “ 59413~ 15 months \ 29.07.14
N

FUcomaraonat

* Requested acc. assessment [ EU accelerated assessment | Iapproval EU orphan drug

© 2014 EUCRAF
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EMA support for early access

« European Medicines Agency (EMA) has committed to
enabling early patient access to innovative new medicines

using existing processes
 Current EU requlatory approaches to accelerate early access
to medicines and lead to full marketing authorisation are:
— Conditional Marketing Authorisation (CMA)
— Exceptional Circumstances (EC)
— Accelerated Assessments (AA)
— PRIority MEdicines (PRIME) scheme
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EU: Conditional Marketing Authorisation (CMA)

« Whatis a CMA?

— Authorisation while the collection of comprehensive data is ongoing in order
to address unmet medical needs.

— Comprehensive data are generated post-authorisation in agreed timelines.

* When can it be obtained?
— For a first approved indication (MAA) only

— Product addresses debilitating or life-threatening disease, or is for an
emergency situation or orphan disease;

— Data show a positive risk-benefit balance and comprehensive data will be
provided post-authorisation

— Quality and non-clinical data required as for a normal authorisation

* What's the impact?
— Encouraged to consider seeking accelerated assessment
— CMA is valid for 1 year and must be renewed annually
— Specific Obligations must be met to convert CMA to a full authorisation 19



EU: Exceptional Circumstances (EC)

 What is an Authorisation under Exceptional Circumstances?

— Authorisation when comprehensive data on efficacy and safety cannot be
obtained, but it is still appropriate to grant the authorisation due to
exceptional circumstances.

« When can it be obtained?

— Medicines without comprehensive data on efficacy and safety under normal
conditions of use, respectively because:

« So rare that cannot be expected to provide comprehensive evidence;

« In the present state of scientific knowledge, comprehensive information
cannot be provided, or it would not be ethical to collect such
information.

* What's the impact?
— Annual reassessment of benefit-risk for life time of MAA

— Safety — ongoing notification required of any incident relating to product

use 20

— Does not lead to completion of a full dossier or to a 'standard' authorisation



EU: Accelerated Assessment (AA)

« What is an Accelerated Assessment?
— Accelerated assessment reduces the CHMP review time for a MAA

* When can it be obtained?
— For a first approved indication (MAA) only

— Products with potential major public health interest, particularly from the
point of view of therapeutic innovation.

* What's the impact?

— Reduction of the MAA evaluation time from up to 210 days (+ clock stop
time) to 150 days (+ 1 month clock stop time) — similar to US Priority Review
duration

— GMP inspection readiness of the manufacturer must be confirmed

21



Oncology Approvals (2006-2013)

Standard MA  Conditional MA

{n=22} {n=11} P-value
Cata
Number of patients in pvotal study 662240 265(177) <0001
Pivotalstudy is RCT 29 (919%) 5 (460%) 0004
Primaryendpoint in pivotal study .
Overall survival 19 (999%) 0 0%) Llnk to
Progression-free survival 7 (229%) 3(279%) ESCher 2014:
Time to pogression 1 (2%) 1 (99%) < R \
Response rate 5 (16%) 7 (64%) e
MNumber of patients in safety popuktion 980 (978 453 (220) 0005
Timelines
Totalassessment time indaye 315(77) 293 (84) 000s
Activeassessment time indaye 197 (17 201 (1 0809
Clockstoptime indays 118(68) 192 (76) 0004 ik
Acce lerated assessment, n %) 6(19%) 0 0% 0312 Tanh:;n:
Procedures
Scientific advice, n (%) 26 (789%) 8 (7206) 0698
SAG-O meeting, n (%) 9 (289 8 (729%) 0014
Corsersus vote, n (%) 28 (58%) 6 (55%) 0024
Appeal pooadure, n 36) 0 (0%) 1 (99%) 0.2%

22

Escher. 2014. Improving the EU system for marketing authorisation of medicines.



PRIME:

PRIORITY MEDICINES IN THE EU



What is PRIME?

« EU PRIME introduced in March 2016 to support innovation
and ensure timely access to “"breakthrough” Priority
Medicines

e The PRIME scheme:

— Supports development of innovative medicines addressing unmet
medical need and bringing major therapeutic advantage to patients

— Builds on currently existing regulatory framework and procedures

— Focuses on early regulatory support and scientific advice together
with accelerated assessment of innovative medicines
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Typical EU Clinical Drug Development
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 Early and continual dialogue to validate the development plan is often lacking
* Long review times (ca. 14 months) with sequential responses

» Rescue use of Conditional Marketing Authorization or label restrictions
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PRIME Concept to Support Innovative Medicines

Early identification of
therapeutic innovation
in areas of unmet

medical need

1
Iterative Scientific advice |

Accelerated MAA
assessment for

. |
Enhanced regulatory guidance)

L I i
Promote use of existing tools | _therap?utlc
innovations

Proactive dialogue I

Exploratory Confirmatory authorisation

SA 1
(SAWP)
Accelerated

Eligibility
(CHMP)

Assessment
confirmation
(CHMP)
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Available EMA Support

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

) ¥ Home P Human regulatory P Support for early access b PRIME: priority medicines
Pre-authorisation

PRIME: priority medicines

Post-opinion

Post-autherisation - ~

Product information

Scientific advice and
protocol assistance

PRIME - PRI’ORITY MEDICINES

Support for early
access N _—
PRIME is a scheme launched by the European Medicines Agency (EMA) to enhance

b PRIME: priority support for the development of medicines that target an unmet medical need. This

Moy voluntary scheme is based on enhanced interaction and early dialogue with
developers of promising medicines, to optimise development plans and speed up
evaluation so these medicines can reach patients earlier.

Accelerated
assessment
Through PRIME, the Agency offers early and proactive support to medicine developers to
optimise the generation of rebust data on a medicine’s benefits and risks and enable
accelerates ent of medicines applications.

Conditional marketing
authorisation

Ea] L This will help patients to benefit as early as possible from therapies that may significantly

Adaptive pathways improve their quality of life.

Accelerated assessment
Scientific guidelines

An agency of the Eurcpezn Union

Text size: [2 4] A| |Site-wide search GO»

Search document library [ &

Follow us: [ BN You D

Home Find medicine JUOTETREATMET N Veterinary regulatory Committees News & events  Partners & networks About us

[ Email () Print @) Help [ Share

Related content
b Support for early access

b Launch of PRIME - Paving the way
for promising medicines for
patients (07/03/2016)

PRIME at a glance - Factsheet

EUROTFEAN MEDICINES AGENCY
SCIENCE MIED HEALT!

NES

7 March 2016
EM& 191104/ 2015
Hurnan Medicines Reszarch and Crevelo praent Sup port Divisien

European Medicines Agency Guidance for applicants
seeking access to PRIME scheme

EMA PRIME Mailbox:;
prime@ema.europa.eu

EUROPEAN MEDICINES AGENCY
SCIENCE MEDIC NES HEALTLE

25 February 2016
EM& CHR' ST a0 2015
Comnmitte e for Medicinal Products for Humnan Use

Erhanced early dialogue to facilitate accelerated
assessment of PRIority MEdicines (PRIME)

ot
Pra-suthariestion

Post-apinion

Post-authorisation

Presust wiommation

Sestrtihie adviee and
protocel assatance

snarty
medizines

Acerieeated
assessment
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1 March 2016
EM&S21801/2015
Human Medicines Ressarch and Developrment Support: Division

Development support and regulatory tools for early
access to medicines




PRIME eligibility criteria for “Big Pharma”

» Development in an area of Major Public Health Interest

= No single definition of what constitutes major public health interest
— this needs to be justified on a case-by-case basis.

» Potential to significantly address the Unmet Medical Need
= no satisfactory method of diagnosis, prevention or treatment, or

= the medicinal product offers potential for major therapeutic
advantages over existing options

» Initial Proof of Concept evidence
= Potential promising activity based on PoC clinical data

= Appropriateness of data depends on magnitude, duration and
relevance of the observed clinical effect

28



Eligibility Assessment for PRIME

* Submission of a PRIME Eligibility Request using EMA PRIME
Template (Justification Briefing Package) and per submission
timetable

* Assessment procedure:

Day 1 — Start of Procedure — SAWP

Day 30 — Discussion and recommendation during SAWP plenary
meeting

Day 40 — CHMP recommendation on eligibility is adopted
Day 40 - EMA Contact appointed

Publication in CHMP Monthly Report of granted/denied applications
(incl. type of product, indication, type of supportive data, type of
applicant)

* CHMP Rapporteur assigned 1 month after PRIME eligibility confirmedZ(Co—
) ; . 9
rapporteur assigned prior to MAA filing)



After PRIME Designation is Granted

* Kick-off meeting is held ASAP:

— to facilitate the initial interaction between the applicant and the multi-
disciplinary assessment team of experts and EMA

* Kick-off meeting ASAP to facilitate interaction between the

applicant and:
— EMA, CHMP Rapporteur
— Scientific Advice Working Party (SAWP)
— Paediatric Committee (PDCO)
— Committee for Orphan Medicinal Products (COMP)
— HTAs (?)

* Kick-off meeting content:

— Development program & regulatory strategy are presented

— Recommendations are received on planning regulatory interactions
30



“Typical” PRIME Candidates

Current expectations for PRIME candidates:
« Developing first indication

* Few to no therapeutic options available

» Proof of Concept data available

« Magnitude of benefit observed suggests potential for truly
“breakthrough” status

“If you're thinking Breakthrough, think PRIME!”

31



Learnings from the EMA — Status October

B ¥ therapeutic area

Cencology

Hasmatolegy-haemostasealagy
Infectious diseasas
Pricurnology-allargalogy

Gastroemferclagy-Hepatalogy

Waccines

m Granted » Denied Out of scope* Neuralogy
Immunology-rheumatology-transplantation

Ophthalmalogy

By t f li t
¥ t¥pe of applican Cardiovescular disesses

Diagnastic
Musoulg-skeletal system

FHEEETQQE
28]

Endocrinalogy-Gynassalagy-Fertility-Metabolism

mGranted m Denied
mzranted w Denied

= Tnk Indkaczs =llglollcy aquescs reczbped guc nocacamed oy EMA & coey mae dasmad oumde cne soope Oof Coa soname o lon & foemac and conoe e Insdeq uam m s o 0o el
cayheiy, Tnese e noC Included Incne oreacdomn 0y Cype Of S001KAACS S 0y TN ra DEuck anss,

32



Oncology PRIME Designations to Date

PRIME

Designation Company

May 2016 KTE-C19 Kite Pharma

June 2016 CTLO19 Novartis

Autologus CD4 and CD8 T-
cells transduced with lentiviral
vector containing an affinity-

enhanced T-cell receptor to

target the cancer-testis
tumour antigen NY-ESO-1
(NY-ESO-1¢259T)

Adaptimmune

July 2016 (with GSK)

Adenovirus serotype 5
containing partial E1A deletion
and an integrin-binding
domain (DNX-2401)

July 2016 DNAtrix

Autologous CD3+
T Cells Expressing
CD19 Chimeric
Antigen Receptor
(JCARO15)

Juno
Therapeutics

September
2016

BTD
Status
(at time
of
granting)

Data
Phase (if
known)

Substance
type

Type of

Therapeutic indication .
applicant

Treatment of adult patients with diffuse large
B-cell ymphoma (DLBCL) who have not

Advanced responded to their prior therapy, or have had 1b SME Y
Therapy . .
disease progression after autologous stem
cell transplant (ASCT)
Advanced Treatment of primary haemophagocytic 5 Other v
Therapy lymphohistiocytosis (HLH)
Treatment of HLA-A*0201, HLA-A*0205, or
HLA-A*0206 allele positive patients with
inoperable or metastatic synovial sarcoma
Advanced who 12 SME Y
PY" have received prior chemotherapy and whose
tumor expresses the NY-ESO-1 tumor
antigen.
Treatment of recurrent glioblastoma in
patients
Advanced for which a gross to.tal resection is not 12 Other N
Therapy possible
or advisable, or for those who refuse further
surgery
Advanced = Treatment of relapsed/refractory adult B-cell 1b Other v
Therapy Acute Lymphoblastic Leukaemia (ALL)
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Key Learnings from PRIME to Date (1)

« SMEs are submitting many of the PRIME applications and
only 1/3 - 1/4 of submission are
receiving PRIME designations.

» Is there a need for a pre-application contact
mechanism?

 Different data requirements for SMEs and Pharma
companies to support PRIME applications (PoP vs PoC data)
may not best support healthcare innovation.

> Does this discourage earlier partner dialogue to align on
development?

« Requirements for POC data don't reflect non-standard

development approaches often seen in oncology. 2

> Ic there a need tn allow earlier PRTMF dialoniie to alinn



Key Learnings from PRIME to Date (2)

« EMA appears to be taking a narrower approach to granting
PRIME designations than FDA is with BTD (BTD from PoP
clinical data through to (s)BLA/(s)NDA submission).

» Is this reducing opportunity for partner dialogue on
breakthrough developments?

« PRIME is only available for first indications as Accelerated
Assessment can only be granted for MAAs and not for new
Indications.

» Should the formal groundwork be laid for extending
Accelerated Assessments to subsequent filings for new
Indications?
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