
Replenishing the antibacterial pipeline 
with CARB-X 

Kevin Outterson 

Nature Conference:  Countering Antimicrobial Resistance 

Beijing, PRC 

29 May 2018 

 
2 6/2/2018 Nature/China May 2018 



Antibiotic science is challenging 
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Discovery of novel antibiotics is 
not keeping up with emergence of  
new superbugs 

This chart excludes bedaquiline, which is the first drug in a new class to treat tuberculosis. 

Source: Pew Charitable Trusts; Deak D, Powers JH, Outterson K, Kesselheim AS. Progress in the Fight Against 

Multidrug Bacteria?: A Review of FDA Approved Antibiotics 2010-2015. ANNALS OF INTERNAL MED. 2016 MAY 31. 

DOI:10.7326/M16-0291. 
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Global antibiotics pipeline is precariously slim 

• 48 antibiotics in the global clinical pipeline in September 20171 

• but only 12 in development to treat superbugs on the WHO critical threat 
pathogen list2 

• Enterobacteriaceae (CRE) 

• Pseudomonas aeruginosa 

• Acinetobacter baumannii 

 

1 Pew Charitable Trusts, Dec 2017 
2 World Health Organization, “Global Priority List of Antibiotic-Resistant Bacteria to Guide Research, Discovery, and Development 
of New Antibiotics” 2017 
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But the fragile antibiotic clinical pipeline is 
primarily an economic problem 
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The ERG Report (2014) 

• Funded by US DHHS 

• Completely 
independent of 
industry 

• Economic analysis of 
both private and 
social NPV of 
antibacterial R&D 
programs 
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Private NPV 

• Private NPV variable 

across indications 

• CABP has the highest 

private NPV & 

HABP/VABP the 

lowest 
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Social NPV 
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Mismatched values 



The Current Model… 

12 
Modified from O’Neill AMR Review (2016) ; Larsen (BARDA 2016) 

FDA approval 
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Low sales of new patented antibiotics drive 
these poor results 
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Stewardship 
constrains access 
and undermines 
innovation 

Access without 
stewardship will 
speed resistance 

Innovation 
without access 

is unjust, and 
without 

stewardship 
is wasteful 

Hoffman, Outterson et al. JLME 2015 

The antibiotic tripod 
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Peak antibiotics 

Outterson K et al. 34 HEALTH AFFAIRS 277-85 (Feb. 2015). 

Update: US 2017 patented antibiotic market: $1.094B 
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Product Launches: New Antibiotics vs. Other 
Brands  

16 
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*Projected Sales (year 2)  
Source: NSP $ Sales, IMS 2016 

Update: total Avycaz US Sales Apr 15-Jan 18 = $113M 

6/2/2018 Nature/China May 2018 



Case study: markets for CRE antibiotics 
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CRE in Sweden 

• 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 

Löfmark S et al. DRU 2015 
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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/social value might be many millions/year 

• 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  
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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) 
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Medicare ASP rules 
June 13, 2016 
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Mathers AJ et al. Clin Infect Dis. 2018 Feb 2. 
 



Intervention reduced acquisition by 51% 
 - great news for public health 
 - terrible news for product market estimates 
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Mathers AJ et al. Clin Infect Dis. 2018 Feb 2. 
 



The view from Wall Street 

24 

Alan Carr, Needham, Achaogen Feb 28, 2018 
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Bottom line 

Shrinking market for 
innovative, targeted abx 

 

(Unless marketing) 
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Solutions 
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Convergence of principles 
• Need for both “push” and 

“pull” mechanisms 

• Delinkage (i.e., revenues 
delinked from volumes sold) 

• Access and stewardship are 
integral 

• Global collaboration and 
financing necessary 
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Antibiotic R&D Incentives 

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

BARDA 
NIAID 
IMI 
GARDP 
REPAIR 
 

MRC 
NIAID  
CARB-X 
ENABLE 
JPIAMR 
Wellcome Trust 

Market Entry Rewards 
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--------------- 
Pull 



Network of major AMR development push initiatives 

 
 

Budget USD 455m (2016-21) Euro 270m (2017-23) USD 165m (2018-23) Euro 85m (2014-20) 

Products Novel therapeutics, 
diagnostics, preventatives, 
devices 

Novel therapeutics, 
Optimize antibiotics, 
Develop combinations 

Novel therapeutics, 
companion diagnostics 

Novel therapeutics 

Pathogens High priority defined by 
WHO and CDC, largely 
Gram-negatives 

WHO priority pathogen list, 
especially Gram-negatives 

High priority defined by 
WHO and CDC 

E. coli, K. pneumoniae, P. 
aeruginosa and A. 
baumannii 

Stages of 
development 

Hit-to-lead through end of 
Phase 1 

Any stage of development 
to patient access 

Lead optimization through 
end of Phase 1 

Hit-to-lead through end of 
Phase 1 

Geography Global Global Europe & U.S. Europe 

Funding 
instruments 

Non-dilutive funding and 
expert support  

Sponsor role (preclinical 
studies & clinical trials) 

Convertible loans and 
royalty-based  

Financial, in-kind and 
expertise support 

Funding 
allotments 

Flexible, with milestones; 
>30% cost share 

Direct funding and flexible 
partnerships 

USD 1m to 15m Flexible 

Conditions Stewardship and market 
access requirements 

Stewardship and access. 
Consider in/out licencing 

Stewardship and access 
requirements (in progress) 

Limited compensation 
when value generated 

6/2/2018 
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CARB-X push incentives 
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A non-profit partnership 
accelerating the best science 
from around the world to fight 
drug resistant infections  

FUNDERS 

ACCELERATORS 

31 

ALLIANCE PARTNER 
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Geneva 22 May 2018 
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How CARB-X works 
CARB-X welcomes applications from around the world. Projects are selected through 

a competitive process by panels of experts. Funded projects are supported by a 

network of world-class accelerators    
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CARB-X funds 
R&D to combat 
the rising 
threat  
of serious  
drug-resistant 
bacteria 

Urgent public 
health need 
Antibiotic resistance kills an 

estimated 700,000 people each 

year world-wide. No new 

antibiotic classes for drug-resistant 

Gram-negative bacteria have been 

approved in decades.   

Turning science 
into products 
CARB-X provides non-dilutive 

funding and accelerator support 

for projects that target Gram-

negative resistant bacteria on the 

WHO and CDC priority lists. 

Investing globally 
CARB-X is a non-profit public-

private partnership investing more 

than $500M in 2016-2021 to 

accelerate the early development 

of life-saving antibiotics, vaccines 

and rapid diagnostics. 

Partnering for results 
CARB-X is funded by BARDA and the 

Wellcome Trust, the UK Government and 

the Bill & Melinda Gates Foundation. 

NIAID provides pre-clinical services. 

Partners include the Broad Institute of 

MIT and Harvard, MassBio, California Life 

Sciences Institute and RTI International. 

CARB-X is based at Boston University. 
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Curza 
Salt Lake City, UT 
 
VenatoRx Pharmaceuticals 
Malvern, PA 
 
Integrated Biotherapeutics 
Rockville, MD 
 
Contrafect Corporation 
Yonkers, NY 
 
Melinta Therapeutics 
New Haven, CT 
 
Seres Therapeutics 
Cambridge, MA 
 
Vedanta Biosciences 
Cambridge, MA 
 
T2 Biosystems 
Lexington, MA 
 
Helixbind Inc. 
Marlborough, MA 
 
 
 
 
 

 
Spero Therapeutics 
 Cambridge, MA 
 
Visterra Inc. 
Cambridge, MA 
 
Tetraphase Pharmaceuticals 
Watertown, MA 
 
Macrolide Pharmaceuticals 
Watertown, MA 
 
Entasis Therapeutics (2)  
Waltham, MA 
 
Microbiotix Inc. 
Worcester, MA 
 
 

Europe and Asia 
Iterum Therapeutics Ltd. 
Dublin, Ireland 
 
Proteus IRC 
Edinburgh, Scotland 
 
Oppilotech Ltd. 
London, UK 
 
Eligochem Ltd. 
Sandwich, UK 
 
Antabio 
Labège, France 
 
 

Bugworks Research India Pvt Ltd. 
Bangalore, India 
 
Shionogi & Co., Ltd 
Osaka, Japan 

Idorsia 
Allschwil, Switzerland 
 
Debiopharm International S.A. 
Lausanne, Switzerland 

Great science knows no boundaries 

Global Reach: CARB-X Funds 33 Projects in 7 Countries* 

 
Forge Therapeutics 
San Diego, CA 
 
Cidara Therapeutics  
San Diego, CA 
 
MicrobeDx 
Los Angeles, CA 
 
Inhibrx 
La Jolla CA 
 
Amicrobe Inc. 
Calsbad, CA 
 
Talis Biomedical  
Menlo Park, CA 
 
MicuRx Pharmaceuticals 
Hayward, CA 
 
Achaogen 
San Francisco, CA 
 
Specific Diagnostics 
Mountain View, CA 
 
 

North America 

* As of 26 May, 2018 
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33 active PD subawards 



• 33 early development 
projects targeting serious 
drug resistant bacteria  

• 9 new classes of 
antibiotics 

• 10 non-traditional 
antibiotics 

• 11 new molecular targets 

• 6 rapid diagnostics 

As of May 26, 2018 37 



• CARB-X has announced 
more than $87 million in 
awards, plus an 
additional $118 million if 
project milestones are 
met.  

• More awards to come in 
2018, including a 
significant number of 
additional vaccines and 
other preventatives 

As of May 26, 2018 38 



CARB-X Clinical Investments 

• 5 funded projects in Phase I (ending at 
SAD/MAD) 

• Total CARB-X Phase I investment: $15.825M 

• Company cost share: $13.775M 

6/2/2018 Nature/China May 2018 39 



CARB-X MRB Decisions (as of 28 May 2018) 

• First MRB meeting was Oct 2017 

• 10 decisions thus far 
– Terminations:  2 

– No cost extensions: 3 

– Budget modifications within stage: 1 

– Milestones met and progress to funding next stage: 4 

• We have no quotas; the process is driven by whether the projects 
meet the pre-determined milestones 
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Post-award services 

• In addition to funding, CARB-X also provides wrap-around support 
services through accelerators and experts on our AdBoard 

• Business, scientific, technical, regulatory support 

• Based on company need & stage of development 

• FDA workshops 14 June / 21-22 Aug 

6/2/2018 Nature/China May 2018 41 
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• We hosted 3 Bootcamps 
– What is a TPP; CMC; Microbiology for an NDA 

• ~190 people at each 

• VERY positive feedback 

Nature/China May 2018 43 
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BEAM Alliance Position Paper 2017,  
urging ‘push-pull’ incentives for SMEs 

- November 16, 2017 

CARB-X (and funders) …. are at the 
forefront of innovative funding in AMR and 
have proven it is possible to take action 
within a few months to make the 
difference….  
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Private investment following CARB-X funding 

Every $1 that CARB-X 
invested in Powered by 
CARB-X projects was 
followed by more than 
$7.2 in private funding 

*As of 31 March 2018; does not include $18M in non-CARB-X grants. 

** Total CARB-X Base investments announced as of 31 March 2018. Does not 
include uncontracted Options. 
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Applying to CARB-X 
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How Funding Decisions are Made 
 

Scientific review: Advisory board reviews 
applications and makes recommendations 
Governance: Joint Oversight Committee makes 
funding decisions 
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What to Expect When You Apply 
About 8 months from EOI to decision 
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What CARB-X Funds  

• Early development projects that 
address serious bacterial threats 

– antibiotics and therapeutics of all 
types 

– rapid diagnostics 

– prevention such as vaccines, 
microbiome, devices 

• Projects must target specific bacteria 
on the Antibiotic Resistance Threats 
List issued by the Centers for Disease 
Control and Prevention (CDC) in 2013 
or on the Priority Bacterial Pathogens 
list published by the World Health 
Organization (WHO) in 2017 

https://www.cdc.gov/drugresistance/biggest_threats.html
https://www.cdc.gov/drugresistance/biggest_threats.html
http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/


CARB-X Funds Projects in Early Development  
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Who Can Apply for CARB-X Funding? 

51 

CARB-X welcomes applications from around the world 

• Projects must be in scope – CARB-X and specific round 
• Applicants must have a legal entity and be considered a going 

concern – solvent with funding in place for operations for at 
least 12 months 

• Applicants must own or have rights to the intellectual property 
and reasonable expectation of freedom to operate required to 
carry out the project  

• Applicants must be able to contribute at least 30% of the cost 
of the program/project  

– Applicants from larger or better-resourced companies are 
encouraged to propose higher amounts of cost share where 
feasible, as this demonstrates financial commitment to the 
project 

• Applicants must have appropriate operations or capabilities in 
place to support product development, at least through 
proposed project phases 

• Applicants from noncommercial drug development centers or 
academic institutions must meet additional requirements (next 
slide) 
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CARB-X Welcomes Applications from Academic and 
Non-commercial Developers 

Organization must be able to demonstrate R&D/business capabilities, 
including   

• Capabilities similar to those expected of a drug development industry partner, 
particularly through the development stages in scope for CARB-X. 

• Access to and use of relevant experts (internal and/or external) to advance 
projects toward clinical investigation within the framework of a major 
regulatory agency, e.g. FDA, EMA, PMDA 

• Active management of IP supporting the project  
• Well-developed strategy for advancement to human clinical with options for 

‘exit strategy’ from organization (e.g. spin out, licensure to biotech) 
• Capabilities in commercial (business) development and technology transfer (if 

IP is controlled by a university, is the project supported by the Technology 
Transfer office?) 

• Financial commitment and stability to cover cost share of at least 30% of the 
total cost of the project 
 

52 

Please note: CARB-X does not fund basic research/drug discovery including screening 
for novel targets 
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CARB-X 2018 Funding Round 2  
• Scope of Round 2 

– Broad scope of therapeutics, vaccines, microbiome, diagnostics and 
devices  

• Expressions of Interest (EOI) accepted on-line only https://carb-x.org/apply/ 

• EOI must be submitted June 1 - June 8, 2018, 5 pm EST 
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Applying for Round 2? 
Mark your calendar  

June 1 - 8 
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UK Government Official Development Assistance (ODA) 

• £20 million over 3 years 

• Focused on development of alternatives to traditional antibiotics1 including vaccines 
for infection prevention in low and middle income countries (LMICs) 

• UK funds for CARB-X projects will also meet ODA eligibility criteria 

• ODA is government aid for activities with the primary intention to promote the 
welfare and economic development of LMICs 

• ODA-eligible research and development: 
• Has to target problems directly and primarily relevant to LMICs  

• Should investigate a specific problem or seek a specific outcome which will impact 
LMICs in the immediate or longer-term 

• Demonstrate appropriate pathways to impact that ensure the LMIC benefits from 
the research 

• While LMICs should be the primary beneficiaries, the research can also be relevant 
and have secondary benefits for HICs 

• Complete details at https://carb-x.org/apply/ 
  

55 

 1 as defined in Czaplewski et al, Lancet 2016 
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Prevention 

• Vaccines, microbiome, mAbs and non-traditional 
approaches are also in scope 

• Can spend approximately $75M in this category 
over next 4 years 
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Recap 

57 

CARB-X 2018 Funding Round 2 will open for Expressions of Interest from 
June 1 through June 8, 2018 at 5 pm EST 

• CARB-X welcomes applications from around the world  

• Expressions of Interest applications must be submitted on-line at    
https://carb-x.org/apply/ 

• To qualify for funding and support, projects must be in scope and 
organizations must meet certain criteria  

• The Powered by CARB-X portfolio is the world’s largest and most scientifically 
diverse portfolio of early development antibacterial products to respond to 
the threat of the most serious drug-resistant bacteria and we intend to 
continue to build the portfolio 

 

• More information: www.carb-x.org 
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Portfolio 
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FUNDING CYCLES 
Base Growth Projects Pending Decision & Negotiation

3 new classes 
7 new targets 

4 nontraditional 
1 Dx 

4 new classes 
2 new targets 

1 nontraditional 
1 NG candidate  

1 oral

2 microbiome 
1 vaccine 
1 topical 

1 new class 
5 nontraditional 

1 new target 

All Dx 

1 novel target 
1 novel class 
4 next gen 

United States 
United 

Kingdom 
India 

France 
Ireland 

Switzerland 

Japan 

Y5 Finish 
Line 

Does not include awards in process 

CARB-X Portfolio Growth 
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CARB-X Goals re Type/TRL – April 2018 

Categories Year # 1 Projected Current Status 

Antibacterials     

  Direct acting- Gram-negative 16 20 (+2) 

  Direct acting- Gram-positive 0 1 (+1) 

  Indirect therapeutic 2 5 

Preventatives 1 1 

Diagnostics 1 5 (+1) 

Σ   =20  =32 (+4) 

TRL Projected Current Status 

TRL #3 HTL 8 4 

TRL #4 LO 6 15 (+4)   

TRL #5 PC 4 6 

TRL #6 P1 2 7 
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Pathogen Profile of CARB-X Portfolio 

Pathogen Profile Announced Projects Pending Projects Total 

Pseudomonas Antabio, Contrafect, Inhibrx, Microbiotix, 
Visterra     

5 

Acinetobacter    0 

CRE VenatoRx, Shionogi  2 

Klebsiella 0 

NG Debiopharm, Talis +1 2 

Broad Spectrum 
Gram-negatives  

Bugworks, Cidara, Eligochem, Entasis x 2, 
Forge, Iterum, Spero, Tetraphase, Seres, 
Amicrobe, Achaogen AG, Idorsia, Curza, 
Macrolide, MicuRx, Specific Diagnostics, 
Helixbind, T2, Proteus , Melinta, MicrobeDx     

22 

C difficile Vedanta      +1  2 

Staph aureus Integrated Biotherapeutics    1 
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 CARB-X Therapeutics Portfolio: Innovation and Risk Analysis 

Risk 

In
n

o
va

ti
o

n
 

Low High 

High 

2b companies 

2a companies 

1a/1b companies 

Terminated 

8x: Indirect acting 
mechanism, class, and 

development risk 
 

9x: Known 
mechanism, new 
class compound risk 
but not target risk 

5x: Known class & 
mechanism 

Value, but is a 
known class  

 

12x: New 
mechanism & class 
mechanism & class 

risk 
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Final comments 
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The limits of push incentives 

• Push incentives like CARB-X can only reduce costs, 
making the NPV less negative 

• No one wants stronger antibiotic revenues through 
unchecked drug-resistant infection pandemics or 
aggressive sales tactics 

• Large companies continue to exit. Down to a handful 
from >30 a few decades ago. In the past 3 years: Cubist, 
AZ and now Novartis 

• A sustainable global solution requires a significant pull 
incentive 
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Bagley N, Outterson K. We will miss antibiotics 
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Questions 
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