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The enormous costs and long timelines for R&D as well as the
staggering odds against technical and commercial success make
portfolio decisions critically important and challenging.

Uncertain & changing
+ technical and commercial information 4

Interdependence
among projects

Dynamic
opportunities

Cross-functional
communication

Projects in different
stages of R&D

Decisions subject to

‘ regulatory & critical review
Multiple objectives & strategic Too many projects

Investments considerations competing for too few resources
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What do DECISION-MAKERS want/need to make the best
portfolio decisions?

5] Consistency 5] Repeatability 5] Acceptability
Fairness Effectiveness =] Transparency
Defensibility Efficiency 5 Completeness
Reliability Understandability Comprehensiveness
Timeliness Clarity Accuracy

Usable Believability 5] Practicality

5l Relevancy 5l Quality g Objectivity

We can’t do every project.
Some projects are better or more important than others.

We should figure out which projects are better, then do those.
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In an effort to ensure that the best portfolio decisions possible are
made by decision-makers within the organization, Bayer uses the
Dialogue Decision Process (“SDG process”).

Steering Recognize Approve Approve Make Approve
C Ommi ttee Situation Frame Information Decision Plan
| Recommendatlo »
Core Create Collect Evaluate Plan for
Team Frame Information Alternatives Implementation

This process was adapted from the Strategic Decisions Group (SDG) and instituted within Strategic Planning at
Bayer in the late 1980s.
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This process provides a structured interaction between the
Steering Committee and the Core Team with key deliverables.

RESPONSIBILITIES
* Oversee the process and provide a “sounding board”
* Approve all critical elements

* Manage the process

* Create the project evaluation frame

* Provide expert judgments and data inputs
* Collect information and playback

* Construct a decision-focused model

* Evaluate the results

* Provide data-driven recommendations

Core Team

Commitment to action by the organization is possible through
due diligence, open review, and fair weighting of evidence.
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Bayer has organized its drug R&D into a sequence of decision
points (DPs).

DP 0. decision point to begin research

DP 1. decision point to begin pre-clinical development

DP 2. decision point to begin clinical development (Phase I)

DP 3. decision point to continue clinical development (Phase II)

DP 4. decision point to continue clinical development (Phase III)
DPS. decision point to submit a Biological License Application (BLA)

DP 6. decision point to launch

Decision Point 0 Decision Point 1 Decision Point 2 Decision Point 3 Decision Point 4 Decision Point 5 Decision Point 6

(DP0) (DP1) (DP2) (DP3) (DP4) (DP5) (DP 6)

Each project in the portfolio will reside at a certain DP with various scientific
and market-related deliverables, include a project decision analysis
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The outcome of each decision point is uncertain (technical
feasibility).

Notional transition  Probability to

success rate reach market
Research (DP 0) 10% 1%
Pre-clinical development (DP 1) 50% 10%
Phase I clinical development (DP 2) 75% 20%
Phase II clinical development (DP 3) 40% 27%
Phase III clinical development (DP 4) 75% 68%
Registration (DP 5) 90% 90%
Decision Point 0 . Decision Point 1 | Decision Point 2 Decision Point 3 . Decision Point 4 | Decision Point 5 Decision Point 6
(DPO) (P 1) (DP2) (DP3) (DP4) (DP5) (DP6)

100 10
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There are also costs (and timelines) associated with each
decision point.

Decision Point 0
(DP 0)

-

Decision Point 1

(DP 1)

Dec ision Point 2

(DP 2)

Decision Point 3

(DP 3)

Decision Point 4
(DP 4)

Decision Point 5
(DP5S)

Decision Point 6
(DP 6)

o900 0®
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Even if drug development is successful, there are no guarantees
of commercial success once the new product is launched into the
competitive marketplace.

Cash flow ($ million)

AMGEN

Notional New Product Life Cycle

Research  Development  Sales ramp up Peak sales Decline

| Genentech,Inc.
GlaxoWellcome Baxter

AV£ Bristol-Myers Squibb -
Sm:thKImo Begecham

Year
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Commercial potential of a new product depends on three key
factors: size of the market, our share of that market, and the
price.

Decision Point 0
(DP 0)

-

Decision Point 1
(DP 1)

Dec ision Point 2
(DP 2)

Decision Point 3

(DP 3)

Decision Point 4
(DP 4)

Decision Point 5
(DP 5)

Decision Point 6
(DP 6)

o000 0®

What would the influence diagram look like for a DP 2 project?
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The drug (martini) portfolio consist of R&D projects that can be
internal (1) or licensed-in (L) and life-cycle management (LCM)
projects.

Research eclinical Phase I Phase I  Phase III Registration Launch

new diseases
product improvements
manufacturing improvements 13
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“To know that we know what we know, and that we do not know

what we do not know, that is true knowledge.” (Confucius)

Level of
Understanding
High ——
L 2
'h
LCM S
.p_rgje_c_t_________......-‘
R&D
project
Low ——

LCM project
franchise cannibalization
more alternatives
budget target bias
expert bias
R&D project
g0/no go
uncertainty is your friend
Sgt Schultz bias

DP0 - DP1 - DP2 - DP3

" -DP4 | - DP5 - DP6 |

Research Preclinical Phasel Phase 11

Phase III Registration Launch
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Depending on the decision frame, we could use multi-objective
decision analysis (MODA) or single-objective decision analysis
(SODA).

MODA

Value = f(objectives, trade-off weights)
Buying a SUV

* performance
* design
* cost

SODA

NPV = f(revenues, costs, timelines)

Introducing a new SUV MODA

Value = f(objectives, trade-off weights)
* product target profile

* market size

* market share

e price

investment SODA

NPV = f(revenues, costs, timelines)

16



April 8,2014

We recently used MODA to determine our research strategy
where a cross-functional team first identified possible scoring
criteria through brainstorming.

Medical need
Scientific feasibility
Clinical feasibility
Clinical complexity
Preclinical success
Market channel costs
Pipeline activity
Marketed therapy
Competitive threat
Relevant animal model
Entry into market

KEY QUESTIONS:

Is there a market?
Will it work?
Can we make it?

Can it be replaced?
Target definition

Technical feasibility

: S Efficacy
Screening/Prioritization Safety

Convenience
Technical | |Commercial Unique selling points
Time to market

Feasibility Potential C "
ost per kg

Core competency
Concept feasibility/risk
Competitive alternatives

Market potential

- prevalence/incidence
- future market growth

Cost of therapy

Therapeutic need
Development effort/cost
Likelihood of replacement
Evidence for mechanistic link

17
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The scoring criteria must be collectively exhaustive, mutually
exclusive, discernible, and clearly defined.

Desirable properties for scoring criteria
comprehensive, to include all important dimensions (collectively exhaustive)
non-redundant, to avoid double-counting (mutually exclusive)
relevant, to discriminate (test of importance)
well-defined, to clearly communicate (clarity test)

Scoring must be consistent, repeatable, and defensible
based on scorer’s interpretation of the project
not based on the scorer’s interpretation of the scoring criteria

18
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The team organized the criteria into a hierarchy of questions.

Is there a market?
Will it work?
Can we make it?
Can it be replaced?

NOTE: the top-level questions should be completely specified by the lower-level questions

Market potential
Incidence/prevalence?
Disease trend?

Cost of treatment?
Marketing effort?

Competitive threat
Marketed therapy?
Pipeline activity?

Technical feasibility
Target definition?
Evidence of link?

Animal model?
Manufacturing capability?

Clinical feasibility
Efficacy?

Safety?

Design?

Resources?

19
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The team created measurement scales for each the lower-level
question where “more Is better.”

Market

Incidence/Prevalence

Disease Trend

Cost of Treatment $ <$10,000
. $S $10,000 - $50,000
Potential $$$  >$50,000
Marketing Effort X GP or SP, new class and no experience
XX SP, new class or no experience
XXX SP, experience
Marketed therapy X Many drug options
P XX Several drug options but unsatisfactory efficacy/safety/convenience
C Omp etltlve XXX Few drug options and unsatisfactory efficacy/safety/convenience
Pipeline Activity X One or more compounds in Ph III
Thl’eat XX One or more compounds in Ph I/I1
XXX Only early research or preclinical development
Target Definition X Narrow
XX Medium/Variable
XXX Broad
. Evidence of link X Laboratory data
TeChnlcal XX Animal model
o oy XXX Clinical data
FeaSlblllty Animal Model X Not available
X X Available, not tested
XXX Available, tested
Manufacturing Capability X New source (non-plasma)
XX New plasma product or new purification technology
XXX Current technology
_
Efficacy X Same as current therapy
XX Better than current therapy
XXX Significantly better than current therapy
1 Safety X Same side effects as current therapy
Cllnlcal XX Moderate side effects but less than current therapy
.21 XXX Minimal side effects
Feasibility . o .
Design X Complex trial design, not well established
XX Medium complexity in design and execution
XXX Well developed design, straightforward execution
Resources: X Full blown Phase I11
XX Combined Phase I/II or II/III with med-large patient numbers
XXX Combined Phase I/II or II/III with small patient numbers 20
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The team collected primary and secondary information for 46
possible DP 0 research projects, reduced this initial set to the

top-7, and then scored these.

DIT 0 RESEA_‘RC,H PROJECT #1 #2 #3 #4 #5 #6 #7
(Disease Indication)
MARKET POTENTIAL
Incidence/Prevalence ~10,000 ~33,000 22,000 ~2,225 ~50,000 ~500 1-2%
Disease Trend ) — — T — T S
Cost of Treatment $33 $ $33 $35$ $$ - 58 phh) $3%
Marketing Effort XX X X XXX XXX X XX XX
COMPETITIVE THREAT
Marketed Therapy X X X X XXX XXX X (X) X X XXX
Pipeline Activity XX X (X) X X X X X X X (X) ?
TECHNICAL FEASIBILITY
Target Definition broad broad broad med/variable narrow narrow broad
Evidence of IG link XXX XXX XXX XX X XXX XXX
Animal Model X X X ? XXX X X ? X
Manufacturing Capability XX XX XX XXX XX XX XX
CLINICAL FEASIBILITY
Efficacy XXX XXX XX XXX X X XXX XXX
Safety XXX XXX XXX XXX XXX XXX XXX
Design XXX X X X XXX X X XXX X
Resource XXX X X XX X XXX XX

21
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We never got to the next steps in MODA which are 1) assess the
relative importance of the scoring criteria and 2) rank
order/prioritize the indications.

Scoring . Disease Cost of Marketing Marketed o000
Incidence trend Treatment Effort Therapy

Resources

Criterion
Measurement - - - - - o0 o -
Scales . _ . . . -
X, X, X, X, Xs X4
Relative
tmportanes D) GO () wee (0
Weights

'

Prioritization Overall measure of
VALUE
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Instead we relied on the “tried and true” approach in evaluating
projects (R&D and LCM).

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Sales in the United States 269 | 47.6 | 568 | 60.2 | 629 | 52.5 | 43.1 40.0 | 39.5 ] 389 | 384 | 379 | 373 | 36.8 | 36.2

Sales in Canada 2.7 4.8 5.7 6.0 6.3 53 4.3 4.0 3.9 3.9 3.8 3.8 3.7 3.7 3.6

Sales in Europe 3.4 4.6 5.2 5.6 5.7 4.7 4.4 4.3 4.3 4.2 4.1 4.1 4.0 4.0

Sales in Japan 1.1 1.1 1.1 1.1 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9

Total Sales 29.6 | 557 | 682 | 72.6 | 759 | 64.7 | 53.2 | 493 | 48.7 | 48.0 | 474 | 46.7 | 46.0 | 453 | 44.6

Rebate 2.7 5.0 6.1 6.5 6.8 5.8 4.8 4.4 4.4 4.3 4.3 4.2 4.1 4.1 4.0

Cost of goods sold 0.7 1.5 2.1 2.5 2.6 24 2.0 1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0

Depreciation 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Sales Force 9.0 9.0 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 4.5 4.5 4.5

Promotion & Information 7.0 7.0 23.0 | 23.0 | 115 11.5 11.5 11.5 11.5 11.5 11.5 11.5 115 | 115 2.3 2.3 2.2

Phase IV Trials 3.0 3.0 3.0

Development Costs 3.5 3.9 4.7 8.4 8.5 8.0 7.1

Start Up Costs 1.7

Operating Results (pre-tax) -3.5 -3.9 -6.4 -8.4 95 | -159 ] -15.0 | -6.7 13.2 | 37.0 | 40.7 | 465 | 36,5 | 26.5 | 23.0 | 224 | 219 | 21.2 | 20.6 | 33.1 325 | 319

Tax 5.3 14.8 16.3 18.6 14.6 10.6 9.2 9.0 8.7 8.5 8.2 13.2 13.0 12.7

Depreciation 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Change in Net Working Capital 8.9 7.8 3.8 1.3 1.0 -3.4 -3.4 -1.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2

New Plant Investment 14.1

Cash flow -3.5 -39 64 | 225 -85 | -15.0 | -14.1 | -14.7 1.0 194 | 24.0 | 279 | 26.2 | 20.3 15.9 14.6 | 14.2 13.9 | 135 | 20.1 19.7 19.3
NPV= 28.0

Cash flow ($ million)

-30.0

NPV —35_ 39 64 225 85 150 141 147 10 194 240 193

- - - - - . ~28.0
1.07' 1072 1.07° 1.07* 1.07° 1.07° 1077 1.07® 1.07° 1.07" 1.074
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For each project, we varied the inputs in the decision-focused
model and generated various outputs.

INPUTS OUTPUTS
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Likelihood of two Phase III clinical trials
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The portfolio prioritization problem is finding the right static
balance between R&D projects and life-cycle management
(LCM) projects in a dynamic and operational environment.
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“He who learns but does not think is lost. He who thinks but
does not learn is in great danger.” (Confucius).
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