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The promise of biopharms

New promise for ‘intractable’ targets
Life-changing medicines for patients
Address high unmet medical needs
Create new and massive markets
Very difficult to copy

Patent expiries are less scary
Generate stable, long-lived revenues
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While Biopharms account for only 12% of the overall CVtcl

market, they represent 11 of the 48 products that sell
over £1bn, or 23% of all current blockbusters
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£B
Aranesp 3.0 Amgen
Enbrel 2.6 Amgen/Wyeth
Erypo 2.2 Developed Amgen/Mkted J&J
Remicade 2.2 J&J /Schering-Plough
Mabthera 2.0 Roche
Neulasta 1.9 Amgen
Epogen 1.9 Amgen
Herceptin 1.6 Genentech
Avastin 1.2 Genentech
Lantus 1.1 Sanofi-Aventis
Humira 11| Abbott
Total £20.8B

Source: RAPIER / IMS data; MAT Jan 2007
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Pharmaceutical companies Cl.lt@l

join the chase S S——

Most large Pharmaceutical Companies are investing in
Biopharmaceuticals

* Partnering assets and technologies
* Acquisitions

* Development of internal capabilities
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Is this sustainable? Cl.lt@l
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 High revenues driven by superior efficacy and cost of goods

« BIG QUESTION : can/will health care systems continue to
support increasing costs?

* le ....Explosion in treatments and R&D in Oncology today vs 10
years ago

« Today : cost impact of oncology trials in Europe signaling
Increased cost to development

« Cost will drive a changing landscape:
 Introduction of bio-similars...... question not “if” but “when”
 Efficiency in approaches to drug development and manufacture
 Increasing focus on reducing cost of goods
» Importance of getting the dose right
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For Biopharmaceuticals, biology, clinic, process development
and manufacture are criticallx Interdependent

e G R e, A e et
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Key milestones and considerations

« Importance of candidate » Assay development & validation
selection - Can we afford to get it wrong?
* Shortage of supply in early - impact on clinical development
development planning through biomarkers
* Route of administration - POM & POC
e FTIH « Impact on product label
. MABEL  Immunogenicity
. Safety  Impact on manufacture

- Healthy volunteers vs * Failed batch can cost up to $3mill

patients  Cost for validated biochemical
- parallel group studies assay is $54,000 to $84,000 and will

_ require 450 to 720 person-hours.
* Long half life

* Immunogenicity
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Integrated thinking and approaches Cl}t@'
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Importance of getting the dose
right

Manufacturg * Increased probability of success
Biology in phase Il

« Can we afford to get the dose
Process wrong?

DevelgpmeX

« The implications to CoG
Clinic
« How to study more doses and

get the dose right more
efficiently?
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Adaptive Dose-response Finding  Cytel
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The principle Cytel
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The Best Design

» Highest information value per
resource unit invested

Learning and decision making in real time

 Make the Correct Decision
« At the earliest time point
* In the most efficient way
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Definition — Adapt BY DESIGN Cytel
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Adaptive Design Validity means

providing correct statistical inference
(such as adjusted
p-values, estimates and

uses accumulating data to confidence intervals)

decide on how to modify

aspects of the study assuring consistency between

different stages of the study
minimizing operational bias

Integrity means

« providing convincing results to a
without undermining the proader scientific community
validity and integrity of « preplanning, as much as possible,
pased on intended adaptations

the trial
* maintaining confidentiality of data
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Mean Response

Subjects

Late response scenario

*Increased allocation to

............................. dose Of interest

*Increased precision on
estimate

10

40

—

20 40

Adaptive Design with one interim
(Results from Single simulation)
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Mean Response

Subjects

Early response scenario

*Increased allocation to
dose of interest

~ eIncreased precision on
estimate

40

10 20

Adaptive Design with one interim
(Results from single simulation)
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lllustrating through a case study Cytel
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Optimal design for n=400
« Chronic pain phase 2 trial
» — Dose-effect
- — Efficacy at optimal dose

1 endpoint: absolute A pain score

Min effective dose «» A =-1.00, sd = 2.50
20% discontinuations, LOCF/mBOCF
Adjusted overall type | error oo < 0.025 one-tall
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Constraints Cl.lt@l
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 Cost of goods
« $500K per kg

« Shortage of API

« Impact on Design considerations
« Timing of manufacturing campaigns

* Drug supply strategies to minimize drug wastage....on demand
packaging

* Randomization strategies
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Objectives Evaluation) Decision ) Execution

Max expected value

_ . _ Percelvec
Ethics Science | Regulatory | Economics

— Benefit — Safety — Safety — Value — Transparency
— Equipoise — Integrity — Benefit-risk [~ Optionality — Communication
— Integrity — Validity — Compliance [~ Time — Credibility
| Autonomy B B - B
Disclosure Accuracy Good practice [— Risk Endorsement
Inf Consent o
— Power — Transparency — Cost — Visibility

Precision Biologics Conference Baltimore 2009 Resources



p Objectives,) Options ) Evaluation) Decision ) Execution

One Interim
drop arms

Response-
adaptive
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p Objectives) Options ) Evaluation) Decision ) Execution

Fixed Interim Response-
adaptive

RND DB PC MC RND DB PC MC RND DB PC MC

3 active arms Stagell Up to 5 cohorts

1 placebo arm 3 active arms 3-4 active doses
1 placebo arm Placebo

Fixed doses _ _

Fixed design Interim analysis Up & down design

Drop 2 arms

Monotonicity Fixed doses

assumed Stage 2
1 active dose Ilvanova et al

Hsu & Berger 1 placebo t-statistic design

Posch & Bauer
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Cytel
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4 Objectives Evaluation

: : : ~elrcelved

— Beneficence [ Safety — Safety — Value — Transparency
— Equipoise — Integrity — Benefit-risk  — Optionality  — Credibility
— Integrity — Validity — Compliance — Time — Communication
| Autonomy B B SR I _
Disclosure Accuracy Good practice [— Risk Endorsement
Inf Consent o
— Power — Transparency — Cost — Visibility

Precision Resources
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Simulation scenarios

Abs diff pain score
from baseline

Base 0
Mod 1

Omg

1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00

10 mg

1.00
1.00
1.00
1.20
1.50
1.80
2.20
2.20

20 mg

1.00
1.00
1.00
1.50
2.20
2.50
2.80
3.00

Cytel
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40 mg

1.00
2.00
PAVA
2.20
2.50
3.00

3.00
3.50

-Placebo effect -Optimum dose-Next best dose -Inappropriate dose
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Patient flow
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Power % P(select target | N(allocated to
dose) % target dose)

Base 0

Mod 1 45 85 100
Mod 2 55 76 100
Mod 3 51 60 100
High 1 57 42 100
High 2 51 63 100
High 3 74 83 100

High 4 75 93 100



Interim

Patient flow
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Study schedule
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Interim

Power % P(select target | N(allocated to
dose) % target dose)

Base O

Mod 1 73 92 142
Mod 2 78 85 135
Mod 3 74 75 125
High 1 91 31 81
High 2 91 33 83
High 3 94 50 100

High 4 92 64 114



Adaptive

Power % P(select target | N(allocated to
dose) % target dose)

Base O

Mod 1 72 98 177
Mod 2 89 100 166
Mod 3 83 84 155
High 1 93 61 132
High 2 99 30 191
High 3 99 65 210

High 4 100 74 213



Study Schedule

Patient flow
\ \/\/’> \/\/’2> W 13> \/\//L> W {)> W 6> W/ > \/\/8> W €J>\/\/’\ (>\,\/’] >

ACTIVE 3 POST-DOSING

PLA
C
EBO

ACTIVE 2 POST-DOSING

ACTIVE 1 POST-DOSING

RUN

-IN
PLACEBO POST-DOSING

Study schedule

Fixed design : 13.5 months FPFV ¢ FSR
Single Interim : 15 months FPFV ¢ FSR
Response Adaptive : 15 months FPFV - FSR



Cost analysis of Drug Supply CIllt@l
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* Since this was a US study a central depot would be used to  supply 9
high recruiting sites, 33 medium recruitment sites and 18 low recruitment
sites.

» The total accrual rate for the 60 sites was expected to average 10
subjects/week

» The API requirements that would satisfy all scenarios was estimated by
simulating the accrual and randomization process for the fixed, single
iInterim, and adaptive t-statistic designs.

Biologics Conference Baltimore 2009



STATISTICAL SOFTWASE & SERVICES

Cost analysis of Drug Supply thel

Max APl across | Cost of APl | Permuted Block
all scenarios (S000’s) Scheme

Traditional Fixed Site Stratified
Design 4.74 kg 2,372

Single interim Site Stratified
dropping arms 5.15 kg 2,575

design

Adaptive t-statistic
Design 6.15 kg 3,077 Centralized



Cost analysis of Drug Supply thel
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* The cost of the single interim dropping arms design was 9%
higher than the fixed design

W The cost of the adaptive t-statistic design was higher by $500,000
compared to the single interim, dropping arms design
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) Objectives )

Design options

Options ) {"\/?;fl".jl«’;;\i.f.f)'f Decision

Cytel
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-

- Execution

Fixed

Interim

Adaptive

N=400 Hsu - Berger Posch - Bauer lvanova et al
Scenario N=4x 100 N=4x50 N=5x80
+ 2 x 100

Power (Moderate
scenarios)

Target selected
(Mod.scens.)

T(FPI-LPI)
Cost $M

Hsu - Berger

45-55%

60-85%

Posch - Bauer

73-78%

75-92%

lvanova et al

72-89%



Role of Simulation in evaluation Cytel
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« How did each design perform in picking correct dose?

« What was the impact of interim and end of study analyses?
« Establishing/improving decision criteria

 Impact of missing data

 Ensuring type 1 error is controlled

* Recruitment rates

* Drug supply planning & randomization options

« Predictive value of early time point measurements
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Objectives ) Options ) Evaluation) Decision ) Execution

adaptive
Ethics ﬂ Ethics D Ethics D

Science n Science D Science D

Regulatory n Regulatory ﬂ Regulatory ﬂ

Economics n Economics D Economics D

Perceived riskn Perceived riskﬂ Perceived riskﬂ

Ops risk Q) Ops risk D Ops risk Q)

I_I WorSt I) IOW Biologics Conference Baltimore 2009 ‘ mOderate . beSt




Applying Adaptive Methodology

to aid business decisions

Cytel

STATISTICAL SOFTWARE & SERVICES

Transforming the way we
manage portfolio and
budget decisions

Improved study & CDP

Dashboard with
restricted access to
support

exec management

decision making by
monitoring compound
& portfolio performance

planning
Predict

probability of success

A

Simulations to evaluate
study options &
performance

l

Improving Business &
budgetary decisions
- Triggering
portfolio decisions
- Developing
back-up strategies

39

A

Using data collected
during the study
(potentially POC / dose
ranging )

-Both for adaptive &
traditional

enable better resource

Information for
manufacture/PCD to

anagement




Conclusion thel
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* Increasing pressure on industry to become more efficient

« Even more important factor for biopharmaceuticals due to high cost of
goods

» Limited supplies in early development

» Efficient use of resources to maximize return on development
investment

« Gained efficiencies through adaptive dose ranging
* Able to explore more doses
« Maximizing information value
« Getting the dose right to increase probability of success in phase Il

* Increased business efficiencies by levering adaptive methodology to
become aid for business and budgetary decisions
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