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The Antibiotic Tripod

Access for the
millions

of people without /
antibacterials
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" towards
creating new
antibacterials

Sustainable use
of novel 4
antibacterials ¢

Hoffman, Outterson et al. (2015)



The Antibiotic Tripod

Access without 14 Innovation
sustainable use will /) without access
speed resistance | is unjust, and

: without

sustainable use

Sustainable use is wasteful

constrains access /
and undermines 4
innovation

Hoffman, Outterson et al. (2015)






Peak antibiotics

EXHIBIT 2

US Antibiotic Sales For Human Use, In 2013 Constant Dollars, By Mode Of Administration,
1998-2013
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sources IMS Health (US manufacturer US dollar sales at ex-manufacturer prices), and St. Louis
Federal Gross Domestic Product deflator (2013 = 100).

Outterson K, et al. Repairing the Broken Market for Antibiotic Innovation. 34 HEALTH AFFAIRS 277-85 (Feb. 2015).



Private NPV

Figure 3: Estimated Private ENPVs by Indication for a New Antibacterial Drug (in $ Million)
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Social NPV

Figure 6: Sensitivity of Estimated Social ENPVs by Indication for a New Antibacterial Drug (in $
Adillion) - Error Bars Represent 90% Confidence Bounds
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Bad Bugs
Need Drugs
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Ten new ANTIBIOTICS by 2020




FDA JO1 NMEs (2010-15)

ceftaroline fosamil (Oct. 2010)
fidaxomicin (May 2011)
bedaquiline (Dec. 2012)
dalbavancin (May 2014)

tedizolid (June 2014)
oritavancin (Aug. 2014)
ceftolozane/tazobactam (Dec. 2014)
ceftazidime/avibactam (Feb. 2015)

“Recently marketed antibiotics are more expensive
but have been approved without evidence of
clinical superiority.” Deak, Outterson, Kesselheim,
Powers. Annals Intern Med June 2016



Ceftaroline \

DT

{TAK-599, PPI-0903)/
Fidaxomicin \

(OPT-80, PAR-101) /
Bedaquiline \

Peninsula » Cerexa Cerexa, wholly owned by Forest Labs
o 2
2004 2010
Optimer Cubist
e <
2003 2011

te .

>
> |
>

(TMC207, R207910I/

2006 2011
{Merger)
\Ve'r:»ccor, NRTIPON Durata
Dalbavancin - =
(21397) “Blosearch 2:0 A -
/e 2014
Dong A Pharmaceuticals {Korea) Licensed by Trius Cubist m
Tedizolid ’ . .
TR701
I } / Oral: 2007 iv: 2009 2014
1 Voluntary Clinical Hold 1
m InterMune | Targenta | The Medicines Co.
Oritavancin 1 I 5 >
{LY333328)
1996 2014
Calixa Cubist
Cetolozane /
tazobactam ’ 22 >
{CXA-201, rnzsazos/ 2009 2011

Ceftazidime / \
avibactam

[NXL104, Avnssof/

Cerexa
o EEmE |

2008

01

¢

(4]

Shown here are the company sponsorship timelines for each antibiotic along with key milestones related to FDA approval. Drug names while under
development are shown in parentheses.
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Source: Deak, Outterson, Powers & Kesselheim, Annals Int Med 2016 (online first)







CRE in Sweden
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National mandatory
reporting 2007-13

24 clinical infections, 70
other colonized

81% associated with
travel abroad

84% with hospitalization
abroad

Only 1 transmission chain
in a Swedish hospital

28% possibly XDR
1 case — colistin only



Commercial Impact

 Sweden

— 24 cases over 7 years, every case was susceptible
to at least one current abx

— Market value of a CRE drug in Sweden =0
— But insurance value might be many millions/year

e USA
— 9,000 estimated cases 2011

— |If same pattern as Sweden, expect <250 US cases
in 2020 susceptible to colistin only

Rex & Outterson, Lancet Infect Dis 2016



CDC Strategy

 CRE —target 60% decline by 2020 through
aggressive measures

* Similar patterns for other diseases
— 50% decline in c. difficile
— Nosocomial MDR Pseudomonas — ¥35%
— MRSA BSI — ¥50%
— Invasive pneumococcal <5 and >65 -- ¥25%

National Strategy for Combatting Antibiotic-Resistant Bacteria
(White House, Sept. 2014, Table 3)



Prop’d Rule on ASPs as a CoP

June 13, 2016
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Wall Street’s View

* US CRE market = $400-600M / year

* 4-5 relatively undifferentiated drugs will be in that
market by 2018, including:
— ceftazidime/avibactam (approved 2/15)
— meropenem/vaborbactam
— eravacycline
— plazomicin
— relebactam

* @$10k/course = implied 40k — 60k courses / year
* My query: How will they sell that much?

Alan Carr, Needham, Antibiotic R&D Update 15 (April 6, 2016).



Bottom line

* Few cases, should decline
* Volume per case may decline

* Shrinking, unattractive market
for innovative, targeted abx

* Unless marketing









Incentives

Phase Incentives Standards

Orphan Drug Statu

BARDA Accelerator assessment

Post-registratio hreat assessment

Chatham House, Towards a New Global Business'iviodel for Antibiotics: Delinking Revenues
from Sales Oct. 2015



Convergence of principles
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E

June 17, 2016: “Actively engage in initiatives and proposals to implement a
iy new business model to bring new antibiotics to the market, including models
in which investment costs or revenues are de-linked from sales volumes.”




DRIVE-AB Shortlist

Type of innovation
Incentlve/ModeI stimulated Delinkage

Push  Early phase research

Incremental innovation
Push and development with a n/a
higher risk profile

Non-Profit Antibiotic
Developer

Greater diversity of broad
Diagnosis pull and narrow-spectrum
Confirmation Model antibiotics with significant
improvements

Partial Delinkage Pull Rargly u-sed, eMErsEncy Yes
antibiotics

Market Entry pull Most pressing public
Rewards health threats

No

Yes




Diagnosis Confirmation Model

A diagnosis-driven, dual-price model built on stewardship

compone Nnts
If Necessary: Data feedback to Hospital
Training and Education Surveillance P
Guidelines Modifications

g g

guidelines guidelines
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Treatment Diagniosis Revise Hospital to pay

(dose 1, 2+) treatment (?) Full Price

. ¢ Hospital to pay
\/ Deescalate Empiric Use Price
sample




Partial Delinkage
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Market Entry Rewards

CrossMark

Lancet Infect Dis 2016;
16:500-05

AstraZeneca Pharmaceuticals,
Waltham, MA, USA, F2G
Pharmaceuticals, Eccles,

(Cheshire, UK, and University of
Texas Medical School-Houston,
Houston, TX, USA

(Prof J H Rex MD); and Boston
University School of Law,
Boston, MA, USA, and
Chatham House, London, UK
(Prof K Outterson |D)

Antibiotic reimbursement in a model delinked from sales:
a benchmark-based worldwide approach

John H Rex, Kevin Qutterson

Despite the life-saving ability of antibiotics and their importance as a key enabler of all of modern health care, their
effectiveness is now threatened by a rising tide of resistance. Unfortunately, the antibiotic pipeline does not match
health needs because of challenges in discovery and development, as well as the poor economics of antibiotics.
Discovery and development are being addressed by a range of public-private partnerships; however, correcting the
poor economics of antibiotics will need an overhaul of the present business model on a worldwide scale. Discussions
are now converging on delinking reward from antibiotic sales through prizes, milestone payments, or insurance-like
models in which innovation is rewarded with a fixed series of payments of a predictable size. Rewarding all drugs
with the same payments could create perverse incentives to produce drugs that provide the least possible innovation.
Thus, we propose a payment model using a graded array of benchmarked rewards designed to encourage the
development of antibiotics with the greatest societal value, together with appropriate worldwide access to antibiotics
to maximise human health.



Annual payment®

Drug approved at US FDA and European Medicines Agency to treat
at least one defined infectiont caused by at least one or more
pathogens listed on the CDC 2013 threat assessment as either
urgent, serious, or of concern to public health?

Has a clinical spectrum of activity on the label that includes one or
more urgent pathogens on the CDC 2013 threat assessment§

Has a clinical spectrum of activity on the label that includes one or
more serious pathogens on the CDC 2013 threat assessment§

|5 the first approved drug to act via a given mechanism of action]

|5 the second, third, or fourth agent approved to act via a given
mechanism of action

|5 the fifth or subsequent agent to act via a specific mechanism of
action but offers a medically relevant improvement in safety,
efficacy, or ease of dosing

Delivery of agreed paediatric commitment studies||

|5 approved for a second, third, or fourth defined infectiont fora
specific agent||

Approved in oral dosage form||

Base paymentt

Bonus equal to one base payment
Bonus equal to 50% of a base payment

Bonus equal to a base payment

Bonus equal to 75% of a base payment
for a second agent, 50% for a third
agent, or 25% for a fourth agent

Bonus equal to 10% of a base payment

Payments based on model or separate
contract open to tender

Bonus equal to 25% of a base payment

Bonus equal to 25% of a base payment



The Antlblotlc Tripod

Global Access U/ Innovation
Strategy: # Strategy: I?RIVE-
MSF/CDDEP/Gilead / AB/delinkage
/ Global access &
sustainable use
commitments as

‘a condition of
funding

Sustainable Use
Strategy:
WHO/CDC

Hoffman, Outterson et al. (2015)



Funding:

1. Federal $
-~ 2. Payorplay




Urgently Needed:

1. Serious, targeted economic
incentives

2. Fully integrated tripod
solution

~ 3. Global coordination
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