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Perspective

* Today’s conversation is going to be challenging!

* Please know that both us are VERY interested in
finding a way forward for compounds of this type

* But, the core problem is a deep science question
that can’t be wished away

* How do you show the value contributed by these tools?

* We think the best way forward is one of pragmatic
optimism in search of realistic scientific solutions
* So, we are very glad to be having this conversation!



Agenda

* Defining scope:
* The core problem
* Language to guide conversation

* Discussion of non-traditional products that...
* Seek to treat infections
* Seek to prevent infections

* Why this matters to CARB-X: Summary & next steps

e Supplemental slides
» Useful literature, both general and from Animal Health
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The core problem

* All products must showcase their distinctive value

* This is not a regulatory issue per se. Rather, this is
what we naturally ask of anything

* Prove to me that it works!
« How is it better / useful?
* In what settings can that advantage be seen?

* For antibiotics, limits on the routinely possible
studies (next slides) create a substantial hurdle
= Superiority is (usually) out of reach
« Non-inferiority studies are relatively unsatisfying

* Beg for the bad news™: If you're not clear on this,
you are heading into a world of hurt

*Svamape's Raln 87 1 from Swangon's Uowrithen Bufer of Mooogemend, Willlam Ssanoon was CEO of Raythaon for many year
and ks set of 35 rules is legendary



Trial Design 101: Two study designs —
everything reduces to one of these

* Superiority studies
* Xvs.Y, with an aim to show X beats Y
* TEST vs. placebo or TEST vs. Standard of Care
* Preferred design — result is unambiguous
* Everybody likes the idea of Better

* Non-inferiority (NI) studies
* Xvs.Y, with an aim to show X =Y
* Messy, harder to do accurately, confusing

* But, we (almost) always use NI for new antibiotics
* Why?



The paradox of antibiotics

* We want new drugs for bad bugs
* The advantage of NEW is easily shown in the lab on the
basis of MIC testing or in animal models of infection

« But, asking for clinical data leads to a problem

* Example: Limb-threatening infection due to MRSA*
* |t is not ethical to randomize to methicillin vs. NEW
* Must instead do something like vancomycin vs. NEW
* |n that population, vancomycin is highly effective
* Must NOT enroll if resistant to NewDrug or comparator

* Hence, antibiotic trials are (usually) designed to
avoid superiority

hARSA = ettt amaiplass
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This idea is very, very hard

* Non-life-threatening illness (e.g., migraine)
* Delayed effective therapy is not dangerous

* Cancer: Placebo is (usually) not possible, but there is
always room to improve on 5- or 10-year survival

* Infections: We routinely Cure potentially fatal iliness
* And, it's hard to improve on Cured

* But, the idea of non-inferiority is confusing
« “We want a better drug.”

* Understood, but insisting on clinical superiority before
approving new agents means progress only when/if the
pipeline (again) is inadequate for the studied population

* Next 2 slides: Let’s discuss in two other ways



In Infection, superiority means something
bad has happened: Plazomicin and CRE!

* In 2012-13, colistin was the only

alternative for CRE. A study of ?E-dﬂf all-cause mortality
plazomicin vs. colistin-based Colistin
SOQC- for CRE was plausible 8/20

* Plazomicin wins, but efforts to
control CRE made it very hard to
find cases & enroll (note small
N). Cost was S1m/case!

= And, 40% mortality is not good!

* Future studies will need to use
plazomicin (or one of the other
new agents with comparable
data) as the comparator

Hazomigin
217
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But, superiority trials are used in other
areas! Tell me again: Why notin Infection?

| Migraine | Cancer | Infection

1. Durable cure is routine Ne Mo Yes
2, Placebo is routinely acceptable Yes No Ne
3. Transiissible resistance arises. :
=3 new agents always needed. e ek Yes
4. New agents are really for use... Today Teday  Tomorrow'

Points 1 & 2: Superiority [s routinely used in some areas not but others

=  Migraine {non-life-threctening example): Placebo with rescue is possible

= Cancer; Durable cure is not routine and continual improvement {e.g., improve 5-
or 10-year survival) is hence possible, Also, resistance Is not transmissible.,

* Human Infection: Placebo not usually acceptable & it's hard to improve on Cured!

Points 3 & 4: We need to develop new anti-infectives despite this limitation
* There are negative Public Health issues if superiority is (or becomes) possible!

1. Thigpesartate pard o Shi paakn wity fiis B IESAET Lo P Pt wbvind Moo &F maiRet Tiilke . Rad mdd & T, dee e BRIVE-AT
fo il oo Boegr o 1 wisl R g b wfy S Kewdt s varicud polibeEation (Thal ] At 018 Sf-ndd an TFAT Wawid i b ery pocd grlade
b0 $tarti BRpe S ieme Satiel eorn TR i eartiomr e < S g hag o e i)

L For roference, the cormespond g anewensn Ansmsd Hoatth are Yes, Yer, Maybe & Todey. Seethi et iprmnes on Sl eeeth e
FapE Ty, Sautier P, Use of antimay codl agents in vesbor Rew S0l Tech 310 145-88, HIT
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What is a non-traditional?

* We are going to differ from prior papers
« Mechanism or chemical structure is not helpful
« What matters is what it does or does not do
* Fleming® antibiotic:
« Qualitatively, is like penicillin
* 5555: Has the spectrum for a defined syndrome and the
speed required to be suitable as the sole therapy
* Non-Fleming = non-traditional = everything else

* Phage, antibodies, small molecules, large molecules,
microbiome ... it doesn’t matter

S5 Alexander Fleomig (B Aug 1881 =11 Mar 1955) was a Scothish phiysitian, microbiododect, & phaimatologist
His best-Krnown descoveries are the enayrne lysaeyme (192 3) and banaylipanicdim [ Percillin G, 19218)












What about other potential benefits of non-
traditional products?

* Some features of non-traditional products have a
very attractive intuitive feel
* “It’s narrow =2 less pressure on other bacteria.”
* “It works via the host and hence resistance can’t arise.”
* “It will have fewer side-effects.”

* Perhaps true but very hard to prove in a clinical trial
* Less development of R: Carriage of resistant bacteriais
imperceptible, but trial endpoints must be grounded in
clinical reality

» Safer: AE rates are pretty low with most modern agents
— it’s hard to show convincing superiority on safety
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STAR: Four treatment archetypes®

Examples Example?

* Phage * Gram-negative

* Lysins activity from colistin

* Antisense + approved Gram-

positive antibiotic

Example? Example?

« Virulence * BL-BLI (Beta-lactam
factor inhibitor beta-lactamase
+approved inhibitor)

_antibiotic combinations
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Narrow-spectrum problem (1 of 2)

* Narrow-spectrum antibiotics reguire a setting
where activity for a specific pathogen can be seen
in isolation. There are 4 possible patterns:

* Pattern A: Organism = Syndrome (N. gonorrhoeae)
» Straightforward study design

* Pattern B: Organism appears within a syndrome
and symmetrical gaps in the spectrum of existing
agents make it possible to show activity of NEW:

« Example: ertapenem’® does not cover P. aeruginosa. So,
NEW + ertapenem vs. imipenem shows activity of NEW.

« Low rate of P. geruginosa is the remaining problem
« A diagnostic could support selective enrollment

Ertapesrnm i o ratbapenem that kacks actiby 4gainst Prasodomonas sarigbsosa eapanem & a tashasenem, that DOLS
corrr B sanwginoss. S0, you oould say that ertapenam has o Pseudormonas-sined bale im Hs spacenamn relathee o bonlponam



Narrow-spectrum problem (2 of 2)

* Pattern C: Organism is one of several causes of a
syndrome and existing agents often cover organism
« Ex: Klebsiella as a component of clAl & pneumonia

* This pattern further subdivides into...
* Normal commensal vs. Always a pathogen

* C1: Commensal pathogen, e.g. E. coli
* The signature of the bug is present in everybody
« Must find a setting that favors actual infection
* Possible example: E. coli in uUT! might be possible to
diagnhose with a non-5tar Trek diagnostic
« C2: Always a pathogen, e.g., Salmonella
« This might be a sweet spot for a rapid diagnostic



(Not Fully) Standalone problem

* For one of several possible reasons (e.g., lack of
speed or limited potency), NEW alone is not
deemed sufficiently active to be monotherapy

* Equipoise cannot be achieved for NEW vs. OLD design

* Instead, NEW + OLD must be compared with OLD

* In this case, NEW + OLD must show superiority to
OLD based on a clinical endpoint grounded in how
a patient feels, functions, or survives

* This problem also seen with the Augment category
and will be discussed further when we get to that
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Superiority & Endpoints

« Ultimately, these agents force a study of this form

* NEW +S0C vs. SOC
« And, we will want to see that NEW + 50C is superior to SOC

* Are there settings where this might be possible?

* Endocarditis is a good candidate: more rapid bloodstream clearance
might have a measurable clinical effect

* But, this is a hard study to enroll and there is so much noise in the
data - clinical improvement may be tough

* Endpoints: Would different endpoints help?
« Achallenging question! Whatever is proposed must be compelling.
= Are there population-level variations on "feels, functions, survives”
that we should begin to recognize?
* Finally, know that this is not a regulatory problem per se

* The agencies are simply the first to point out the issue
* Why should | use this? Why should | pay for this?



Comparing the four archetypes
Standalone & Augment: Novel & difficult




Comparing the four archetypes

Transform & Restore: Fewer development issues

BTN L - Nel it e o Dl cBlairgalle o Mo il il @ieilip@l- 1iiies
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Prevention: Surprisingly hard!

* Ex: Antibodies or microbiome products seeking to
reduce carriage of specific bacteria

= Key hurdle; Reducing carriage is not enough
* Must show an effect on a subsequent infection or other
clinical benefit
* Must show this on top of best available prevention
* Frustratingly hard & may require very large studies

* And...
« Effect & effect size must be interesting
* NNT (number needed to treat) must be reasonable

« What replaces the displaced bacteria? Shifting from
carriage of VRE* to Candida may not be a good thing!

AT CRTHAT e g b B
Erd@rnoarous






Pfizer’s S. aureus vaccine (2 of 3)

* P3 trial in population with highest rate of surgical infection
(despite good care) they could find:

* Open, posterior approach, multi-level,
instrumented, spinal fusion orthopedic surgery.

« Read that carefully!!

* Post-op infection rate predicted to be 1.4%

« Pfizer is running a trial that (clinicaltrials.gov) will enroll
over 3 years about 2,600 subjects at 1:1 vaccine:placebo*

* Has 88% power to detect 270% infection rate reduction
* This would be a fall from 1.4% to 0.42%

* Question to the Advisory Committee

* |f no safety issues, would data showing efficacy generalize
to other orthopedic procedures?

Flacedn wwas veally Sl
wlasidaidd af cama o s ity
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Perspective summary

* Fleming: We generally know how to develop these
* 5555 Spectrum for a syndrome, speed of sole therapy

* Qutside this zone: Non-Fleming

« Standalone & Augment: Often VERY hard
(superiority often needed)

* Restore & Transform: Easier but not easy.
Narrow-spectrum issue can be a challenge

* Prevent: Surprisingly hard (big N needed)

At heart, the problems are not regulatory ... agencies
are simply the first of those who ask hard questions

* Beg for the bad news:

* Wishing won't fix this!
» And, CARB-X is now investing heavily in this area...






HiE_I'I

Innovation

CARB-XTherapeutics Portfolio:
Innovation and Risk Analysis

Lonir

Risk






Additional (bad) news...

* FDA approval # sales

* Recent antibiotic adoption curves have been challenging
for developers

= Approval as NI to well-understood generic (cheap) SOC is
certainly part of this

* Trials must also create data that both payers and
clinicians find compelling

* And, we must be good stewards of new agents

* Pull incentives (like market entry rewards) may solve

some of these problems, depending on design (next
slide)



Pull incentives for non-traditionals

* Core problem: designing trials today mainly for
tomorrow’s patients

« Direction of travel is clear, but not rate, inflection point, or
availability of generic competition (due to resistance)

* Cf. oncology, CV, behavioral: market sizes are relatively clear

* Pull incentives can solve the payer/sales problem, but
not the regulatory approval issues described above

* But: governments could buy out and park products
just short of full approval (preparedness model),
moving them forward to confirmatory P3 trials once
the epidemiology (unfortunately) advances
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General literature

* Czaplewski et al.: Alternatives to antibiotics — a pipeline
portfolio review. Lancet Infect Dis. 16(2):239-51, 2016.

* Tse et al.; Challenges and Opportunities of Nontraditional

Approaches to Treating Bacterial Infections. Clinical
Infectious Diseases. 65(3):495-500, 2017.

« http://www.pewtrusts.org/en/multimedia/data-
visualizations/2017 /nontraditional-products-for-bacterial-
infections-in-clinical-development

« Rex et al.: Progress in the fight against multidrug-resistant
bacteria 2005-2016: Modern non-inferiority trial designs
enable antibiotic development in advance of epidemic
bacterial resistance. Clinical Infectious Diseases 65: 141-146,

2017.




Animal Health Literature
AH spends a lot of time thinking about these types of tools

* USDA Alternatives to Antibiotics 2nd meeting held at OIE in
Paris 12-15 Dec 2016:

* https:/www.ars.usda.gov/alternativestoantibiotics/Symposium2il
&/index.htm|

« See Session b where there are 5 excellent talks: EMA, FDA, China
Institute for Veterinary Drug Control, and two Industry perspectives
» A 2013 summary (slide deck) by Cyril Gay (USDA)
* htto//www.oie.int/eng/A AMR2013/Presentations/S8 1 CyrilGay.
pdf
* A 2013 review (manuscript) by Seal BS et al. (USDA)

« https://www.ars.usda.gov/alternativestoantibiotics /PDF/reports/AT
A%20challenpes%20and¥%20solutions 202013 .pdf




Treatment: Four arch etypes
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Treatment: Four archetypes
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Thank you!

John H. Rex, MD Kevin Dutterson, 1D,
Chief Medical Officer, F2G Ltd: Executive Director, CARB-X
Expert-in-Residence, Wellcome Trust Professor of Law, Boston University

Operating Partner, Advent Life Stiences Ermall: mko@bu.edu

Email; john h.rex@gmall.com
Newsletter: http://amr.solutions
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Session 1: Developing non-traditional
antibiotics with the potential to be studied
in clinical trials as monotherapies
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E Adaptive Phage

Phage vs. Bacteria

« 4B yvears co-evolution = huge diverse population of powerful bacteria killers
(Phage kill 40% of bacteria in oceans every day)

+ Phage safe to humans & even for non-targeted bacteria



«  Envisioned by NIH researcher Carl Merril, MD in 2003 Y - :
*  MNavy initiated phage hunt in 2010 '

Collected Isolated Safely Screen Banked
Ernviroramiea ol sOompales Phage ot toegel screengd Tor dedeteros Cheared phoge added Fhageionk™
onid Sracol Rodialed ESEAPE ore Bolated gt

Hodaptive Fhage

LR ANERETICE
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Fathogen Loading Phageiank ™ Assay Bl Curves

Cuttured bastena from Hiredradds Of potentiol Robols lood hundeics of IACEEHiE ik Sy Lo
poteEnt B Qrown and Mg ohoge Sioens sticans of phags into pe s Boctano dadith and
réboticoly dstibuted nito cre puled from rcihiduot wels contaireng optimizesselection of
midthwvel pialas Phageiank the pantant’s boactenal phoge ond phoge
LI combinahons
Adaptive Phage
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806 [Y-BN (I1e )Y Tom Patterson
v ! ,.-h*" November 2015: Egypt vacation

« Acute abdominal pain
» Naused

gl -+ Af hospital acquired A,
b baumannii infecton
« Evacuated back to USA



o0 [-BN (I |\"] Tom Patterson

March 11, 2014 UC50 senf a
culfure to Dr. Biswos of
MIMARC

March 17, 2014 v Infusion of
Sprecwmorn-malchad and
punhed phoage

. Bigwwars, uliized innovatve rapid phage/pathogen matehing system [HRGQT™) - Tasting
@» Adaptive Phage 100 phoge [PhageBank™) vekolate
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Case Study April 2016: Tom is ready fo go home
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Here's where APT comes In...

2016:
World-wide exclusive license to PhageBank™ and HRQT™

CRADA;

- NMRC expanding PhageBank®,

* NMEC sequencing and screening phage

* APT to commercialize

« APT to lead freatment efforts for elND patients

E‘Hher active collaborations:
Chikdren s NahonaiMedcalCenter = - Stanford Ureversity
Emary Universly = UG San Diego S5chool of Medicine
Howard BHughes Medical Inshifuie «  YaleUniveraty
Frinceton Universty



Challenge: Scalability — slow and expensive

elND 7 Acquire  HRQT Grow phage Purify phage Deliver
avs solate phage

P "
) I

i
¥ i

7-10 days




Translate elND process to commercial viability

elND 7 Acquire  HRQT Grow phage Purify phage Deliver
avs solate phage
IND/Cammerclal 1 Acquire HRQT Dellver
[ay  isolate phage
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GMP
Manufacturing

Automated high-throughput HRQT.. assay
Simultaneously tests 100s of phage vs patent's bacterig

THERAREUTICS Identifies precision PhageBank therapy in & hours



GMP
Manufacturing
Facility

Robotic Aseptic Fllling

« Rapid changeover
= 1,005 of vigisper batch
« 3 phage balches perday

Phase I/l Trialinventory (100



APT addressing challenges of precision approach

e .I L EL.] 1 I'I '-‘ ':I."'l—
e Y . - = r = T T
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Speed to match « HRQT assay — optimized with robotics

phage to patient «  Working on machine learning/Al

Time to screen, « Pre-screen to eliminate lysogenic and undesirable phage
grow, & purify «  pre-manufacture single dose vials of all phage in Phagebank
Cost * Bulk PhogeBank manufacturing NOT Just-in-time

Logisfics fime « Step i: cenfralized HRQT and PhageBank distribution (2-3 days)

Step 2a: HRQT In distributed CLIA labs (1-2 days)
Step 2b: Al + PhageBank localized "AThMs" (under 1 day)

Regulatory path «  Work with FDA o regulote expanding PhageBank

showing efficacy as = Carefully designed clinicalstudies
mono therapy « lterative approach (limited patient cohorls, limited indicafions
limited pathogens... then iterate)
@ I.L:.j.'j:r'-.-l.a_F'i_1-3ill.'
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ADVANCING TOWARDS THE CLINIC LOCUS
NOVEL MODALITIES BIOSCIENCES
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Our experience working with the FDA on engineered phagetherapy indicates a rapid
preclinical development for CRISPR-Cas3 platform assets with clear path to the clinic

DRUG DEVELOPMENT
Noval Platform Technology
CRISPR-Cas3 Bacteriophaga
Weapanlsed CRISPR-Casd Thae KAl Wbl fid SyEtin — WIrad geinnpey SpaoC e 0o Target

biacterial species

-
eliminata tarper bacterial Cas shreds DNA causimg rapsd } Uibiquatous in the erEronment,
speCias while leavinig al death in target celis Generally Regarded as 5afe
S o T (GRA4S) by FDA
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Locus' firstthree development programs were carefully selected to prove CRISPR-Cas3
efficacy acrossthree routes of administration

indications

Urinary Tract

Lanry=ated pnnary Iisct infectahg

=LATIL figey E <0l 1Ry CRE

HABP/VABP

i mcry tedd B Wenililanar
AR INnD FRlcheus | Prduancias

Recurrent CDI

Secnidnny & iorfary indectionn

freri CResifitn pm palfale

Strategic Context

First-in-Human (POLC)

Hritgal 3l Hiy P i ssciniaioay EfT ey Doy il
"lll..—l'.‘.-'. Nirst oy et !..F:I:.l-l.l::l fa [ J! B fhes

Administration

Instillation

lArs-tssdaar mreall Sy o

Multi-Drug Resistance {MDR)

Dol Dy weriiglinidm e ligtsng MDE

ENF s D=t LErTL &0 OO0 EERiEIarl LEinnsA

inhalation

S| ndeld sl Linem

Microbiome Imbalance
Eirmuinatsnin 4 © miitin® o tee g1 avrfueon
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Oral
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Series-Afunding and Type-B FDA meeting feedback support first-in-human trials by
2019 forfirstassetand advancement of second assetto IND

= ey alanp Kidveen il i selaty
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CRISPR-Cas3 engineered phages are effective across organisms and sites of infection,
demonstrating superioroutcomes in animal models of disease
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Leveraging a single species MDR using “multiple study site approach” leveraging
multiple indications createsa modulardrug developmentapproach
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If we can use a modular development framework against MDR, we can coverthe same
groundin lesstime, for lesscostand with reducedrisk
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The challenges associated with developing phage therapies could potentially become
their greatest opportunities
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Our leadershipteam brings proven drug development and executive experience
together with industry-leading scientists
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Locus Biosciences

£21+m
Funds Raised

120+
Preclinical

Studies
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ORAGEN!ICS

DEVELOPING NOVEL ANTIBIOTICS
AND BIOTHERAPEUTICS
THROUGH SYNTHETIC BIOLOGY

Duke-Margolis Health Care
Conference Presentation



Safe Harbor Statement

Certain statements made in this presentationinclude forward-looking actions
that Oragenics, Inc. ("Oragenics,” or the "Company”) anticipates based on
certain assumptions. These statements are indicated by words such as “expect”,
“anticipate”, “should” and similar words indicating uncertaintyin facts, figures
and outcomes. Such statements are made pursuant to the Safe Harbor
Provisions of the Private Securities Litigation Reform Act of 1995. While
Oragenics believes that the expectations reflected in such forward-looking
statements are reasonable, it can give no assurance that such statements will
prove to be correct. The risks associated with the Company are detailed in the
Company's various reports filed by the Company with the Securities and
Exchange Commission.




Development Program Overview

AGO013 &
Oral Mucositis

0G716
Clostrichivrm  Deficiie. Infections

Lantibiotic Library
Expand Indications
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ORA(GEN)ICS

Novel Lantibiotic Platform for:
Multidrug Resistant Bacterial Infections.




CDC Antibiotic-Resistant Threats, 2017

(cases/yr, US)

Drug-resistant pathogen e = grem («]) goay= gram () Infections/year

Clostridium difficile 500,000
Ui g ety Paciban s pnonrohae=or a1 AT R i
MRS POVKIN IONGE 6 (00
MDA nadobbcter F 3010
Thrug-Reshzant Campriobar tes 3 1000
Exipnaed Spectam )t emese Sl obacton Ao L6000
AP, B e = Gl L ey G700
Chimg- Mt Mo Typhaid Saimcnetia ELERL &
Drug-Resszant Typhokl Samonstls 3800
[ Hesstont Shageta £7.000

Methicillin-Resistant Staphylococcus aureus (MRSA) 80,000

Drug-Resistant Streptococeus pneumoniae 1,200,000

Centol {vicaosa Dootiot LK MR paffuogm i opedate, 117



C. difficile and C. difficile Infection (CDI):

Epidemiology

C. difficile is an infection of the colon causing celitis by producing
toxins that damage lining of the colon

500,000 infections annually resulting in 28,000 deaths
83,000 will experience at least one recurrence

Deaths have increased 400% since 2000

Healthcare-associated infections occur: 37% hospital onset, 36% nursing home onset,
27% community onset

C. difficile associated diarrhea is associated with a 1-2 week hospital stay

Emerging problem: 8% of CDI associated with onset of concomitant Vancomycin Resistant
Enterococci (VRE) infection



Competitive Overview

Currently Approved Therapies: V' Projected N
i " anAa il lC ealae |
Metronidazole - 2019 US. sales

Vancomycin ' far

daromidn '- L difficite
y g WLy
T oranic

Rifaximin therapres:
Zinplava (monoclonal antibody) y  P420IVE

Therapies under development:

Follow-on generations of existing antibiotics, enzymes and enzyme/protein synthesis
inhibitors, vaccines, microbiome/fecal transplant therapies, and toxin binding polyclonal
antibodies.




Lantibiotics: Novel Platform of Antibiotics to Treat

Serious Life-Threatening Infections

Lantibiotics are novel class of peptide antibactenal compounds naturally produced by
variety of Gram-positive bacterial strains to attack competing bacterial strains

Platform: =700 lantibiotic structures created through saturation mutagenesis,
potentially generating a pipeline of new compounds

Prior development limited by manufacturing technical hurdles

Platform provides potential for development in multidrug resistantinfections:

Methicillin Resistant Stophiococcus aurews (MRSA)
Vancamycin Resistant Enterococc) (VRE}

Virulent Clostndium difficile

Grami{-) infections

R, gy -

Uil s W gl N il - O Mutacin 1140: a lantibiotic
- PO a T B RO R TR
L o TR e produced by Streptococcus mutans
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Lantibiotic Profile

Preliminary MU 1140 (parent compound) preclinical data:

Novel mechanism of action (unique binding t© Lipid 1)
No cross-reactivity with existing classes of antibiotics
Winimal in vitro cytotoxicity in mouse and human cell lines; mimimal immunogenicity

0OG716 selected as lead compound

for treatment of C. difficile infections
Crally active

-

Microbwology profite favorably compares to previous compounds

Potent against Clostridium difficile in standard
animal infection model

Intellectual property extends into late 2030s for
second-generation compounds




Oral OG716 Superior at Preventing C. difficile

Deaths in Hamster Model

DAY 1
Infectiom

DAY 2
Clindamyein
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Lantibiotic Development Challenges

Technical/Manufacturing:

BSL2 production microbe (Strepococcus mutans)
1400L fermentation scale yields ~150 grams
Expensive purification process

Commercial:
Limited “Big Pharma” Partnering Activity
Antibiotic stewardship: "Save the Best for Last™ to prevent
resistance development

{-) Net Present Value

Corporate Financing/Program Development Costs:
Post IND Costs =5100MM
Manufacturing Runs (>1 kg): ~51.5MM
Phase 2/3: >71000 patients and at least 3 years to NDA




Lantibiotics: 0G716 C. difficile Program Milestones

v v

4Q16 1Q17 4Q18 2Q19 (estimate)
Tech Transfer of Manufacture Toxicology and File IND
Manufacturing of API Microbiology virmeng of filing of the IND |5

Process Ongoing 8t 14000 scale Underway s e o T,
Fermentaton complete transitioning to GIMWP Single dose-escalating 1at VA '-J::a;:":nl.;:-:?ﬂﬁli.]:m :

purticabion underway maRiufache sty complete and results
discussed with FOA: rat and
rovoenioey 18 -chay to stuchies

urder development



ORA(GEN)ICS

Q: Is there a pathway to early introduction of new
antibiotics in limited patient populations to treat MDR
infections and improve economics for small companies?

Thank you




Session 1
Panel Discussion &

Audience Q&A

E-Mail Questions to |
Duke.Abx@Duke.edu W @DukeMargolis

Duke [ #4rsrinse




Session 2: Generating agents that restore
activity to—and are used in combination
with—existing antimicrobials

E-Mail Questions to |
Duke.Abx@Duke.edu w @DukeMargolis

Duke | Mesmsses
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SPER®

Potentiation Strategies and Challenges for Development
Troy Lister, VP Research, Spero Therapeutics



Forward-looking Statements
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Potentiation Approach Seeks to Normalize the Battle for Gram-
Negative Intracellular Residency

* Quter membrane architecture — LPS
Multiple porins for chemotype specific (or non-specific) uptake,
Passive (up to) dual membrane penetration,

Multiple, promiscuous, multi-component efflux pumps,
* Target inhibition profile

Target resistance

Chemotype specific resistance — modifiers, degraders

Kinetics for each of these processes are all simultaneously
operative

» Then add in human ADME...



The Spectrum of Activity of Polymyxins is Ideal; However,
Nephrotoxicity (Should) Limits Clinical Use

Serum Creatinine Colistin

Safety Population® n=21 nN1(%)
> 0.5 mg/dL increase any time on study

(including on or post IV therapy) §:16/(50.0)
> 0.5 mg/dL while on IV therapy 6/16 (37.5)
Full Recovery or improvement® | 3/6

* Patients starting CRRT pripe to baseline were exclisded from the analysls, oswere 3l post-bassling serurm creatinine measuramonts collected aftor
start of CRRT.

= Full recovery defined as last post-baseline serum creatinine value < 0.5mg UL above the baseline value. Improvementdefined as last post-baseline
serum creatinine value > 0.3 mg/di less than peak serum creatinine but not < 0.5 mg/dl above the basaline value

Colistin 300-mg loading dose; 5 mg kg /d, dwvided qa% or g1 2h 85 60-minute infusion

Source: Achaogen presentation, CARE trial data

WEE TR



SPR741: Nonclinical Studies Establish Go for Clinical Evaluation
« 7-day repeatdose (TID, 1 hour infusion) non-GLP monkey study

Dose BUN SrCr Renal Crmax AUC ox
Compound | (mg/kg/day) ([increase] | (increasa) | histopathology  (pug/mL}) | {pug*hr/mL}
PMB 12 2% 3% UEnﬁnhnal tubular dregen 17 761
2/3 mild tubular degen
SPR741 60 Mo change WNo change 2/3 normal 66 489

1;"3 mm|mal tuhu lar degen




SPR741: Nonclinical Studies Establish Go for Clinical Evaluation

* 14-day repeat dose (TID, by 1 hour infusion) GLP mankey (4 dose groups) and
rat (3 dose groups, ramp dosing) studies

Effact Effect
NOAEL NODAEL Lavel Leval

Cax AUC, a0 Cmay AUC g3
Species | [ug/mL) [pe*hrfml) | (pgfml) | (pg*hr/ml) Effact Lavel Findings

Minimal-to-mild increase in BUN w/
‘associated histopathological findings

Minimal-to-mild increase in BUN and
Monkey 47 363 78 672 serum creatinine with associated

histopathological findings

Rat 3 8 i 20

PG TN



SPR741: Favorable Clinical Safety Profile Predicted by Nonclinical
Studies

Human Crnax: AUC ;25 | Stopping rules mot?
SPR74L Dose (mg, TID) | (jg/mL) (pug*hrfmlL) »2-fold increase in SrCr over baseline

50 3 28 None

150 11 28 None-
200 (19 me/ke/d) 27 3 None

600 93 328 None

« Administered 1.8 g/day for 14 consecutive days of a polymyxin
« Colistin at 5 mg/kg/day related with 40-50% increase in serum creatinine

NOAEL NOAEL Effect Level Effect Leve!

Cmax Auc‘ﬂ_.;ﬂ Cmax Aucm_;.“
Spocies | (pg/mL) | {jg*hr/mL) (g /mL) |ug*hr/mL) Effact Laval Findings
| | ~ Minimal-to-mild increase In BUN and
Monkey a7 363 18 672 StCr w f associated histopathology

el QLD



Case Study in Potentiation: SPR741+Azithromycin

Opportunity

* Broad spectrum activity

* Robust in vivo translation (thigh, lung, UTI)

« Divergentclearance pathways and target organs of toxicity

iE=i2

MIC.; MICs, - !

Azithromycin >16 >16 = - S
Azithromycin | - -  E I N
+ SPR741 0.12 0.5 i . B =
A G ST S
L .i"f ..|" ..’f

F
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Case Study in Potentiation: SPR741+Azithromycin

Challenges

* Uncharacterized incidence of macrolide-R in Gram-negative
bacteria. It is high, especially in MDR and Acinetobacter

* Poor exposure in urinary tract

* Not suitable in bacteremic patients (10% of UTI patients)
* High rates of phlebitis

* Approved only for short durations of therapy
* Difficulty in adoption



Case Study in Potentiation: SPR741+Azithromycin

Demonstrated in vitro and in vivo potentiation of over a dozen partner
@ agents across a wide variety of MDR bacteria, including

Enterobacteriaceae, A. baumannii

Excellent pre-clinical and clinical safety profile

First polymyxin molecule to complete and proceed
beyond Phase 1

Robust CMC package with multiple routes to API

© e 6 6

Composition of matter IP protected through 2035

kil 11



Summary/Conclusions

* |dentify and front load your killer experiment

— Tox, resistance, in vivo translation, PK/PD

— “If an experimentisn’t worth doing, it isn't worth doing wel
* New modalities are difficult

— 0Old learnings and data won't necessarily apply

— But, we must prevail —incremental improvements will only get us so far
— New approaches are needed

* Polymyxins can be safe(r)!
— We must look past intrinsic bias

I.H'
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TAXISTANCE ™
Novel Drug Development Platform

Focused on the disruption of the foundation of bacterial cell wall
architecture to address elemental drug resistance mechanisms:

1) Efflux Pump Inhibition (EP1)
Platform technology targeting the most problematic Gram-negative pathogens

2) FtsZ modulation blocks post-mitotic septum formation®
Marrow spectrum, Oral anti-MRSA/StrepA

3) MreB modulation undermines cell shape integrity, polar protein localization
and chromosome segregation

* Qualified Infectious Disease Product (QIDP) designation granted by FDA

W e T Thﬂ ‘S



Efflux Pump Inhibition (EPI):
An Antibiotic Drug Development Platform

« Wide Range of Antibiotic Classes Impacted
« EPIs are potent synergistic agents with 28 antibiotics (so far)
* Macrolides, Cephalosporins, Monobactams, Sulfanomides,
Tetracyclines, Polypeptides; Antimycobacterials,
Polypeptides and Fluoroquinclones

» Durable, validated in vivo efficacy in murine septicemia and
thigh models of wild type P. aeruginosa infection

« Pathogen-specific and Broad Spectrum EPIs
» Targeting P aeruginosa, K. pneumoniae, A. Baumannii and
E. coli

e T e T Tf"‘ﬂ ‘S



TXY842

A Broad-Spectrum EPI Potentiates a Macrolide against Multiple
Gram-Negative Pathogens

= .-;':"r.l:'l!d:'.'hl-l AT T70% | A Asdimveesmn & TCC 1560 i-lpuuﬂ:fﬂ:iaﬁtt-l:

E colf ATCC 28922

MIC = Manimum Inhibitery Concentration
The amount of drug needed o inhibit bacterial growth (Lower is Better)

X Multiplier = Addition of EF| to Macrolidse results in more potency (Higher is Betler]

Significantly reduced dose of Macrolide required for effectivenass, thereby reducing nsk of
antibiotic resistance emergence

TYYB42 deliverad at 6.25 pg/mL




TXY3155

A Pathogen-specific EPI Selectively Potentiates a
Cephalosporin against P. aeruginosa

P serpgarode ATCC FTRSS A Sarreamees ATCC T965E K preurnams ATOC 1310883

MIC sl

Cophaloipans
Antihiatie

MIC = Minimum Inhibitory Concentration
Tha amount of drug needed to inhib#t bactenial growth (Lower is Better)
A Multiplier = Addifion of EPI to Cephalesparin resulls in more potency (Higher is Better)

Significentiy reduced dose of Cephalesporin required for effectiveness, thereby reducing risk of
antibiots resistance ameargence
S

TYYH42 deivered a1 6.25 pgiml

m




Efficacy Studies of TXY9155 in Combination with a Cephalosporin
in a Murine Septicemia Model of P. aeruginosa infection

B0
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Tremendous Potential
with One Critical Obstacle

« Generics — Key Access, Watch Group, Reserve
« Providing the global community with cost-effective access to life-saving drugs that
already exist, but no longer work

« Branded - Lifecycle Management
« Amoxicillin/Augmentin

* R&D - 'Do-overs'
» Enable significant reduction of dose to overcome toxicity issues of past, current and
future climical candidates

Challenges

« First-in-Class
« Platform: Blessing & Curse
« Funding and Economics — The Elephant in the Hoom

TAﬂIS



Antibiotics as a Category

« Ease of Translation - Bench to Bedside

+ 28.1% approval success rate for anti-infectives compared to 16.9% for all New
Chemical Entities (NCEs)

« 37.7% approval success rate for anti-infectives that reach Phase |l compared
to 21.5% for all NCEs

- Economic Incentives and Direct R&D Support

»  GAIN (Generating Antibiotic Incentives Now) 2012 Legislation
- Added market exclusivity for antibiotics (up o 5 years)
Priority Review

 CARB-X
- TAXIS recently filed applications

- Market Dynamics will not Materially Change w/o Pull

Tﬁ‘ﬂ's




Health Outcomes & Economics

« Life Expectancy pre-Antibiotics was 2 What it is Now:
« |nfectious disease management and control is the foundation of modern medicine
« As advancements in Cardiovascular and Oncology disease management drove the
ascent of life expectancy, we forgot about Antibiotics

* DRGs
« Life-saving Antibiotics are reimbursed at Pennies on the Dollar compared to CA
Therapeutics
« VWe spend 100s of thousands of dollars on medicines that ‘'may extend life by.___
Months?..... butvery little is spent on Antiblotics, without which the wonders of
modern medicine become irrelevant — we won't live lang enough to take advantage of
these wonders!

e P e T Tﬁﬂ ‘S






Development Overview

Focused on Discovery & Development of Novel Antibiotics to Address
Growing Threat to Societal Health of MDR Pathogens:
« Licensed Rutgers University technology: Broad patent portfolic
» 11 Employees: 3,500 sq ft. Chemisiry & Biclogy laboratories, Monmouth Junction, NJ, USA
« NCEs and Enhancement of Exstmg Cassas Grami+) and Gram(-) Dneg Cendidates

Psuedomonas, Klebsiella, E. Coll & Acinelobacier Drug Development:

Effiux Pump Inhibition (EPI). 3 Distinct Classes of Novel Compounds Resurrect
Activity of Generic Antiblotics

= Dhilabde yilidaied i vivo eM2acy i P e gnioss ol Seplc sy sided o (plecian
= I wifio potoncy onbancamant up be 50X m presence of EPYE, 1400 roduction m adgrants FOR
«  Broad patent estale

= WOA documerted &5 EMux Pung iInkdkthon nof associidad wi mambdans diiuphon
e Multipes pobdcation <ufemicseors b high profile poorals & NRINAID grat apps
=  Chasactenzhdion of PR, Salely Phaimacosdn & Lead Ophenceadicn By HT, 2009

Anti-MRSA (+5trepA) Drug Development — Lead Candidate: TXA709:
«  91% Oral Bicavedabilty; Synergistic with Beta-Lactams
« Mo Cross-Resistance with Marketed Drugs
«  FDRAgranted TXATCS CIDP desgnation, Completed GMPIGLP precinical toxicology

« Target markels: inpatient |V wioral stepdown for sepsis and cutpatient aral for c355!
«  TKgsupply of GMP matarial in hand; progressng toward Phase | tral in Q318

TAﬂIS




The Team

MANAGEMENT TEAM & DIRECTORS
Gregory Mario, MBA - President & CEQ

S. David Kimball, Ph.D. — Prev. CS0, Hydra Biosciances

Edmond J. LaVoie, PhD - Prof. & Chair of Medicinal Chemistry, Rutgers School of Pharmacy
Ernest Mario, Ph.D. - Board Member for Celgene and former CED and Vice Chairman of GSK
Gail Mcintyre, Ph.D. — Prev. SVP at Furiex and PPD; TXAT09 Development Team leader

EATENDED TEAM

Keith Bostian, Ph.D. — Institute for Life Sciences Entrepreneurship, Kean College
Robert Bonomo, MD — Case Western, Louis Stokes VA

Chris Cimarust, Ph.D, = Prev. SVP Pharmaceutical Dev., BMS3

Henry Chambers, MD - Infectious Disease, UCSF

Timothy D. Costello, Ph.D. - CMC Manager

Zemer Gitai, Ph.D, = Princeton University

David Hooper, MD = Infectious Disease, Mass, General

James Kahn, MD - Prev. JNJ Executive Infectious Disease Research

Dean L. Shinabarger, Ph.D. - CEDQ, Micromyx

Lynn Silvar, Ph.D. — Molacular and Microbiology

Vincent Tam, Pharm.D., - University of Houston, Clinical Pharmacodynamics
Michelle Usher - TXAT0D Regulatory Affairs Manager
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Session 2
Panel Discussion &

Audience Q&A

E-Mail Questions to |
Duke.Abx@Duke.edu W @DukeMargolis

Duke [ #4rsrinse




Understanding the Development

Challenges Associated with Emerging
Non-Traditional Antibiotics

Duke-Margolis Center for Health Policy

Break for Lunch 12:30 - 1:25 PM

Duke [




Session 3: Developing agents that are studied in
combination with existing antimicrobials to
enhance elimination of bacteria

E-Mail Questions to |
Duke.Abx@Duke.edu W @DukeMargolis

Duke | Mesmsses




Improve Clinical Outcomes of Serious

Lysins: Alternative Antimicrobials to
Bacterial Infections
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Furward Looking Statements

.................................................................................................

This presaniation contans, and our officers and represantalives may from time 10 time make, Torward-locking statemants” within the meaning of
the LS. fedaral sacunties awse. Fnrl.!.'arﬁnﬂll.ing Slatamants Can ba identflaa by words suth-as "projecta,” “may.” “will,” “could.” “wialkd,
“shouid.” “balieve.” “expect.” "target” “antcipate.” "estimate, ~"intend "“plan.” "proposed”, “potential™or gimilar refarences to future penods.
Examples of forwand-locking statemanis in this presaniation include statemeanis made regarding ContraFec! Corporaton’'s ("ContraFect”]
therapeulls prodush canakiates, Including thelr abllity to ireal life-threatening, drug resistant infections, CF-301 propentias and activily Including
Bt not limited 1o the abiiity of CF-301 uvsed in addition to SOC antibiotics 10 significantly improve climical sbiccess ratées compared to SOC
antitdolics alone, synergy with conventional antibictics and clearance of biclims, CF-301's value propositon and product atiribules. expeciations
regarding clinical olicomes and afficacy of CF-307, in vAro ana in vivo study résults, CF-301 Phase 2 study cessgn. anticipated fiming of topline
shudy results. fiming of tha completion of clinlcal {rials or ability to achieve Phase 2 study endpoints. Forward-looking sialements are stataments
that are nol historical facts nor assurances of future performance. Instead, they are based on ConiraFect’s current bellefs, expectations and
assumplions regarding the futuna of ts business. future plans, propesals. strategies. profections, anticipated events and trends. the economy and
othar future condiions. Because lorward-locking statemants reldate 10 tha fulure. thay are subjec! 1o inheren! neks. uncemanties and changas in
circumatances 1hat arg iffcull [0 predsct and many of whith are bayond ContraFecl’s controf; ImEingding hosa detaiied in ContraFects filings with
the Securities and Exchange Commission, Actual resulls may differ from those set Torih in the forward-lcoking statements. imporian faciors that
couvle causs actund residts to differ inCluce, among others, Ine cccurrance of any adverse evenis related (o the tiscovery, cevelopmant and
commerciaiization of ContraFect s procuc! candidales such as unfavorable clinical friat resulls, insuficient supplies of drug products, the lpck of
regulatory approval, or the unsuccessfui attainment or maintenance of patent protection. Any forward-icoking statement made by ContraFettin
this preasentaton i basad onfy on information curnently avaliable and spasks only as of the date on which it (3 made. No represantstion o
Wwarranty s made as 1o the completenass or accuracy of the information provided in this presentation, Except as required by apphicabile law,
ConiraFect expressly discigims any abligations to publicly updats any forward-looking statements. whether wrillan or oral, thatl may be mads from
tima o time, whethar as 8 rasull of new information. futura gevelopmenis or clhensise. Audiances ame cautioned thal fervard-loking stalemants
or similar information are not guarantess of future performance and. accordingly. are expressiy cautionad not 1o put undue reliznce on forward-
Ieokirsg slatements or samilar informaton due 1o the Inkaran! uncenamly hergmn,

22018 ContreFect Corporation



Lysins: Novel Alternatives to Conventional Antibiotics

CS o ol s

LYSIN THERAPY Lysins: Phage-derived, Recombinant Therapeutic Proteins

PHAGE LIFECYCLE
: -I_- gl — Moval MOA. Paplidogiycan Hydrotysis leading to Osmaotic Lysis

Fotent and Rapidly Bactericidal (Weasurad in viiro by MC and Time Kill Assays)
Targeted. Speties-specific Killiing

ata® v Highly Potent Eradicaton &f Biofliims (Measured by MBEC and EM)
l * l Low Propensity For Resistance and No Antibiolic Cross-resisiance
g e e Synengy with Convantional Antisfaphyloceccal Antibiotiza

EI.i-FrI:II'E‘EElII.'.II'I o EFI'IEIFQJH'I'IH- of Antibiotic Sasistants in VITha ana & vivo
Marked Post-antiblebc ENacl

CF-301: Lead Lysin Candidate now in Phase 2

25 kDA modutar paciarial call wall hydnolase

Highly active against Sfaphplccoccus auwreis {Including antibiodic resistant strains). afl othar
Siaph specwses and soma Shep species

Complimaniary to and synergiste with conventional antibiotics
YWall iolafated with predictabla PH n Phase 1

Being studied in Phase 2 as 8 polential tharapevtic to improve clinical cure rates for S
aureus bacteramia and andocarditis used In addition to conventional antisiaphyloceceal
and|biolics

L2018 ContreFact Corporation






Cr-301: Low Propensity for Resistance

In vitro Serial Passage Resistance Studies - MRSA

5] AP
£ 100 4
B
2
i e 3 T
& DA = ¢F-10j
0 b 5 1% I F13 11

Tirne {days]

~  After 26 days of serial passage, CF-301 MIC remained stable (increased <2 fold)

»  CF-301 suppresses resistance to daptomycin (DAP), vancomycin or oxacillin

Source: SChuch ot al MDD 2014209

L2018 ContreFact Corporation



CF-301: A Potent Anti-Staphylococcal Biofilm Agent

Biofilm: A Miljﬂr Medical Problem CF-301 Clears In Vitro Biofilm On A
MRSA-Infected Catheter in 15 minutes

* Bicfilms harbor and protect bactena
fram immune defenses Before Exposure ta CF-301

o " ) -

* Conventional antibiotics can't clear or
penetrate biofilms

Biofilms can increase antibiotic
resistance 1 .000-fold

Mature MRSA biofilms are highly 15 min Exposure to CF-301
susceptible to CF-301 in vitro and
resistant to Daptomycin (DAP)

* CF-301 MBECg" = 0.25 ug/mi
DAP MBECgs" >1,024 ug/ml

“myrwraen Biolibm.-eradicating Sourre Schuch, et al aac 2017

L2018 ContreFact Corporation



CF-301 Enhances DAP Activity in Rabbit Endocarditis Model

Results from single dose of CF-301 BB Heart Vegetation Durdwn
plus daptomycin dosed daily for 4 days
~G-log reduction in CFUs at all CF-301
doses vs. vehicle (p=0.001)
« > 3 log reduction in CFUs at all CF-301
doses tested vs. DAF alone (p=0.002)

« Efficacy maintained at the lowest CF-301
dose tested (0.09 mgikg) (p=0.001)

Approximates Phase 2
doea

Lag,, CFUIg bissue

Similar efficacy demonstrated with

broad range of timing of CF-301 dose
relative to initial dose of SOC DSt 18 TEe. G A

Sopes Sl gl Ol Presmgation COMREPVIDEF Baaliceg Apud 2087
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Cr 301: Phase 1 Trial Demonstrated Safety and Tolerability

Single escalating IV dose, double-blind, placebo-controlled
« 20 healthy volunteer; 4 dosing cohorts (0.04, 0.12, 0.25, 0.40 mg/kg)

Well tolerated; no clinical adverse safety signals
* No serous adverse events (AEs)
¢ No CF-301-related hypersensitivity AES

« 5 non-senous AEs were mild, transient and resolved by end of study
CF-301 - headache. contact dermatitis, allergic rhinttis
Flacebo - viral upper respiraiory fract Infection, viral infection

9 of 13 CF-301 subjects developed anti-drug antibodies
¢ Complete or near complete resolution by Day 180
* Not correlated with markers of allergic immune response

Well-behaved pharmacokinetic (PK) profile

* Estimated eflective exposures at 0.25 mg/kg dose

L2018 ContreFact Corporation



CF-301 Ongnlng Phase 2 Cllnlcal Trla[

Stu dy pnpulatmn

« Aduits with complicated Staph aureus bacteremia, including endocarditis, caused by MESA or
MSSA, receiving standard of care anhbiotic therapy

Study design

* |nternational, multi-center, randomized, double-blind, placebo-controlled clinical trial

= Supenority design compares CF-301 + SOC vs. Placebo + S0OC
= 115 patients randomized 3:2 to receive single 2-hour 1Y mfusion CF-301 or placebo

Endpoints
« Primary endpoint. early chinical response (Day 14)
« Safety, tolerability and pharmacokinetics
« Additional clhinical, microbiological and health resource utilization measures

Key milestones

* First patient randomized in May 2017
* Topline data expected in 4Q18

L2018 ContreFact Corporation
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Atox Bio At a Glance -

Acute Inflammation Therapies for Critically 1ll Patients

Overview
Late stage company developing Reltecimod, an immunomodulator for critically ill patients
Host oriented approach to treating morbidity associated with severe acute inflammation
Ongoing pivotal Phase 3 study in Necrotizing Soft Tissue Infections {NSTI; “Flesh Eating Bacteria®)
Abdominal Sepsis induced Acute Kidney Injury (AKI) Phase 2 study begun in April 2018

*  Ongoing Phase 3 Study in N5TI with Reltecimod
First product to be specifically developed for N5TI
FPhase 2 data demonstrated clear efficacy; no serious adverse events
—~  FDA and EMA orphan drug status; FDA fast track designation

Financing ARIX:; ﬁ?ﬁﬁ% %T‘REIEI.'
Recent financing: 530M in December 2017 ( :)‘ SR-one: @E_THEME{'
- S25M BARDA contract @
Funded thTGUEh data readout LUNMDBECKFONOVENTURES

AtoxBio



Reltecimod = A Novel Immunomodulator to Treat Severe Inflammation

Short peptide that binds to the CD28 dimer interface to attenuate the formation of the immunological synapse
with B7-2 (CD86)

»  Modulates, but does not inhibitthe immune response to attenuate the excessive acute inflammation

Different from antibiotics— Reltecimod is pathogen agnostic

Mo risk of resistance development [ el

[ Reftacimod ]

Rasting T call Activated T call

/ e

F

AtoxEio



Modulation of Cytokine Response

I vitro: Amimals:
Short exposure to Reltecimod 15 sulficient to Reltecimod attenuates but does not
attenuate SEB-nduced cytokine response in inkhibit iL+-6 cytokine expression ina
human PBMCs CLP model
1400 IL-6 IL-6
1300 = G000 ®
iy NORSMacimed 'E
1060 = 5000 |  Cootl
g 0.3 el Ml et & —
H E 4-1 Relggamgsd
@ L3 gy Rip (et racxd = W00 L Y |
1.0 g ol Bep tepcimcet &0 E
. i = 00 S
W AUC® 80.646
1400 H“
200 -
— (3
0 O 12 24 3k a8
0 1 ¥ 3 4 5% & 7 B 9 P e n
ime (h]
Timae (] NeE-13

AaMecirnod Sdmsuslared B 3 Boaly picl thlsingie datddnmed indatubicd o1 M S 38 Reoti

AtoxEio




Severe Acute Inflammation Could Lead to Organ Failure

Organ fallure causes nearly 50% of all ICU deaths

AtoxBio



Necrotizing Soft Tissue Infections — No Approved Pharmacologic Treatment

What is N5TI? R | Clinigal suspiiron of NET) =
[l‘i r'll""":.""""“': .i:.l:u.'l:l.'.l;‘ 163 11 I.'rl
Rapidly-progressing infectians involving significamnt <01 2004 IDEA G idulins : "
nocfosis and tissue dedruction coupled with = PP rPrT—prer—

systemic organ dysfunction prmatmaEn
1* Broed specirum (oo

iy

Significant Treatment Limitations:
Significant morbidity |*  Penicilin = dindamycin i

* Multl srgan dysfunctionafure: sstended 10U sy,
acute kidney Injury, exiended hospitsl stay

Foar adudanl ql.l-‘lEIW aHite Urgert ke leat doteldnment’

= pulpkihy Ivasive SLrgery falierng v esormmm asciabiantmy

* Undesicable snd hage number 4 debriclerments: ) roluimtilia et gl iy
impaited mability, severe disfiguration, kg : 1
iehakdlilation, amputations [~10%]

BMortakity 152006
Currantly o approved pharmacologic treatments |°

Significant unmet need

-



NSTI Phase 2 (ATB-201): Study Design

First randomized, double blind, placebo controlled study in patients with N5TI

3 ]

40 patients (3 arms) Single dose of Reltecimod (6 hr) 7 level 1 US trauma sites
10 Placebo, 15 Reltecimod 0.25 ma/kg,
15 Reltecimod 0.5 mgfkg

Baveline Severity ] .50 mg/kg | 0.25 mg/hg | Placebo.
SOFA 347 287 3.10,
Shock (vasopressor support) 4 (27%) 1 {7%) 0 [0%6)

+ Endpoints evaluated both the systemicand local manifestations of NSTI: resolution of organ dysfunction,
ICU stay, days on ventilator and number of debridements
AtoxEBio



ATB-201: Significant Treatment Effect on Resolution

of Organ Dysfunction

Tested using SOFA (Sequential Organ Failure Assessment) Day 14 SOFA<1 Reflects Medical
score evaluating & major organ systems: Wellness and Lack of Organ Dysfunction
* Respiratory- Pa02/Fi02 Placeno o:2smgfkg | DSmglhg

= Cardiovascular-Mean Arterial Pressure OR _
Patients with

administration of vasopressors Day 14 /10 10/14 13/14
* Renal - Serum Creatinine or urinary output SOFAC (40%) (71.4%) (92.9%)
= Coagulation - Platelets 30,0162
* CN5 - Glasgow Coma Scale
= Liver — Bilirubin |
| | Miean Day 14 27 1.1 a7
SOFA score tracks patient status during ICU stay. Has SUFA score

demonstrated to be a good indicator of prognosis (both
short-term and longer term)

Hedger, B0 Musog R, Speory, 1 dosm, M, Hepeey, &, Moore, £0. pr g, JAKS Sierg, 2034 1680065 58-536 At B - ﬂ




Mean ALUC £ SEM

Lower Cytokine Exposure is Correlated to Persistent Organ Dysfunction in

Patients with NSTI: Phase 2 (ATB-201) Study

Patients defined as success by SOFA (N=24), had ~20% reduction in TAUC valuesin 3/4 tested cytokines (p<0.03) as
compared to patients defined as failure (N=10) when evaluated either at 0-24 or 0-48 hours post-surgery

300
250
200
150
100

50

P=0,0095

[

MCP-1

0-24 hours

F=(.0180

P={l.0188

D-48 hours
Feli111 500 P 0247 Peu1B0 0 PO0176 P, 1003
e
A0
I |
30K i

Mean AUC + SEM

I—
2
=
i
=

0o |- -
IL-6 MCP-1 TNFa IL-& IL-6

B Failure (N=10): persistent organ dysfunction beyond 14 days

AtoxBio

2 Success (N=24): resolution of organ dysfunction



ATB-201: Consistent Response Across Multiple Clinically

Relevant End Points

Days in ICU 8.9 4.9 5.4
Days on Ventilator 5.2 3.1 2.7
% of patients with only 1 debridement 20 % 33
% of patients with >3 debridement 10 20 13
% Mortality 20 6.7 B.7

*  No drug related serious adverse effects

AtoxEio




NSTI Phase 3 ACCUTE Pivotal Trial (ATB-202) — Study Design

._ &

290 patients [1:1) - 60% anrolled
Primary Endpoine (NICCE]

1. Allve at day 28

2. <=3 Debridernents

3. Mo amputation after first debridement

4. Drgan dysfunction {mS0FA at day 14 <=1}
4. Docreasa of 23 scorn points in mS0OFA at day 14

p-nlue .01

single dose of Reltecimod |6 hr)

68 level 1 US trauma sites

Ca-Primany Endpaiat

1. Alive at day 28
Z. <=3 Debridemeants
3. Mo amputation after lirst debridement

i

10-12 French sltes to be inltiated in

p-valile 5 0.05 August 2018

l.'lil.l-q-:-plld MICCE alone an primary I-rl-#-l;ﬂrrhu'l'lh pevalue SOUOE
Organ dysfunction at entry criterii: baseline mS0FA >=3 [t least one organ with a score of >=22%)

Major secondary end point — complete recovery from Acute Kidney mnjury {study powered to

achieve statistical sighificance on this end point)
® Comdne itk e ML E SOCKUE SH A Sasaidi-T delanltisn

AtoxBio



AKI Phase 2 (ATB-203) — Study Design

}§,$
120 patients (1:1) Single dose of Reltecimod (6 hr) ~50 level 1 US trauma sites
Abdominal sepsis induced AKI First sites Initiated in April 2018

To compare the rates of complete recovery (alive, free of dialysis and return of serum creatinine to
<150% of reference baseline at Day 14 )

- Primary endpoint; Complete recavery {75% treated vs 50% placebo) at Day 14

- One sided p-value of 0.05-allows for variance of treatment difference down to 22% with BO% power far positive

study
«  Blinded review to assess AKl stage at entry and recovery

«  Study initiated and first patient enrolled
AtoxEio




Unique Drug Development Challenges

«  Small foreign biotech
Transition original biothreat development plan (focus on animal rule) to move drug into clinic
identify unique patient population/clinical indication with unmet medical need

Avoid pitfalls encountered by other development programs that focused on broader heterogenous sepsis
patient populations

Need to develop novel clinical endpoint
«  Challenging patient enrollment
Sporadicacutely occurring orphan disease with minimal available epidemiological information

Unlike other arphan diseases no central patient registry/centers of excellence to access potential patients
and predict patient enraliment

Limited number of investigative sites with clinical trial resources and access to target patient population to
effectively conduct study

« Single pivotal trial for regulatory review and approval given orphan nature of clinical indication

AtoxBio
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Forward-Looking Statements
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Paradigm shift in development & treatment of anti-infectives

Current Approach Near Future
Ragid
Diagnostics
1)  Empiricalbbroad- ._} Diagnostic-driven, narrow
spectrum antibiotics = spectrum anti-infectives

2) MNeon-inferiority | ' Superiority
clinical trial design clinical trial design




Paradigm shift in infectious diseases treatment

Empirical broad- Diagnostic-driven, targeted
spectrum antibiotics L
pect monoclonal antibody (mAb)

Challenges: Solutions offered by mAbs:
" Growing antibiotic resistance » Optimized by nature to fight infection
= Variable safety; Short duration = Strong safety; Long durability of action
= Lack of product differentiation = Highly differentiated; precision medicine
* Antibiotics perturb microbiome = Avoids negative impact on microbiome

————  —



Therapeutic vs. Prophylaxis Uses of mAbs in ID

Benefits Achqantmgoes

Risks/Disadvantages

" Larger addressable patient
population

" No competition with antibiotics
* Potentially antibiotics sparing

» Avoids expenditure of the entire
disease episode

Prophylaxis

* More challenging re-imburserment

ratiomale

o Larger clinical study sample size
(mare castly and longer to
completa)

= Requires disgnostic confirmeation

Coverage potentialof mAbs in 1D

" More persuasive redmbursement
rationale

= smaller clinical study sample size
(less costly & Taster to complete)

* Adjunctive modality avoids
competition with antibiotics

Therapeutic
= Smaller patient addressable
papulation
" pare difficult patient recruitment

= Adunctive modality associated
with higher risk of showing
improvement over antibiotics

" Requires diagnostic confirmation




Infectionsin the Intensive Care Units (ICU)

Aridis has 2 portfolio of human mAbs to treat respiratorv infections

Most commaon patiogens in ICU poeumams

Respiratory A baumannii £ 8% F AR-40%
infections -
= 0%

Bloedstream
intectigons

23.5%

Rt AU rorhiy
bvfections
ol
ditwcHina 16.6%
L R




Aridis is focusing on therapeutic treatment using
mADs in critical care setting

=
E ICU Patlent wia Pneumonis Prearnania Symptoms
iy
ﬁ E ICU Patient w)'o Bacteremla Bactaremle
-
=)
o ; * =2 Week Increase in 1CU Days
i 4 * 3x Increase in Costof Care
& * |ncrease In Mortailty Rate
X
Prophylaxis Treatment
Corrently No Approved Treated with Vancosmycin, Linezolid,
Antiblotics for Prophylactic Use lelavandcin, Tedizobd, Ceftobiprole,

Caftarodine, Naiillin and Others

Meno or Combination Tharapy

Treatment

Unmet Neadtor Safer, Prolongad Therapy
with the Ab#ity to Address Resistance




Clin

™
—
A Clinically
= o =2 Meaningful
= Improvements

E

Y 1 o
i

Rationale:

* Differences in MOA & PK/PD may result in complementarity in effects
* Use superiority trial design to clearly demonstrate clinical benefits

* Provides opportunity for outcome-based & value-based pricing

» Provides for product differentication

’



AR-301 Mechanism of Action: Targets S. aureus a-Toxin

.
P
le 1

e

Destroyed Protected
Immune Cell Immune Cell




Recently Completed AR-301 Phase 2a Trial

. Randomized, double.blind, placebo.controlled, single
ascending dose of AR-301

| ® 31 sibes across EL and ULS.
MNumber of Patients = 48 patients with HAP ar VAP caused by 5. aureus

E SOC [antibiotics alone] + Placeho [n*16)
* 50C + AR-301 {1 mg/kg ) {n=6]

" SOC+ AR-201 (3 mg/kg) (n=8)

= S0C + AR-301 {10 mg/kg) (n=10)

* S0C + AR301 (70 mg/kg)(1-8)

Design
{ClinkalTnals gov D NCTO1 589 185)

Groups I
{all groups received standard
af care "SOC" antibictics) |

Primary Endpoint v E-afnw.;nd pharmacokinetics
| ¥ Time to removal of ventilator (VAP patients)
¥ Microbiological cure _
¥ Shorter time lo eradication | E::i::mfnﬁ Paa
secondary Endpoints v Days iniCU trestment benefit
v Hospilalization days
e T

Clipical curg rate




AR-301 Phase 2 Efficacy: Time on Mechanical Ventilation

Ventilation Days in VAP Patients

‘““’“"'“’“ﬁ“::ﬂ:;“n}“_’"“'”‘“ Lower Probability of Ventilation Requirement for
d VAP patients (explorat analysls
g < 0.01 for Placabo ve. AR-301 (poalad) e . wl !
10—
i Antibdotics Alane [n=3)
5 § o8
3 : :
= _E o
= n 2 * AR-301 povled (n=20] |
g £ oA =
= r2
. I 2 l i o~
£ . P
h ey : i 1 2 1
a4 pns i i L& i 1] 3 10 i F ] -
& LLH, Dhiri &5 WenEiliElan
Al -:'51 | Ill LE B im III-.
| :
AR-308 (g gl

# S0




Mechanism of Action: AR-105 Facilitates ImmuneKilling

AR-105 mAb

Immune Cell

AR:105 mAb binds to P geruginosa alginate; Improves Immune recognition;
Activates complement system (C3b) Enhances bacterial engulfment/killing




Ongoing Global Phase 2 Trial of AR-105

Drasign = Randomired, doublé-biind, placebo-controfled,
[ClimicalTrials gov 10 NCTOR02 Tes) s}ng'lﬂ- dose

* Upto 14[: patients with VAP caused by Geam (-)

Number of Patients
F aerugm:;:m

Clinical centers = Lip to 130 sites, up to 23 countries (U5, EL, Asia]
Groups . maceha .:nnhu:mtﬁ .ah:mr {up I;I:- llﬂmmuﬂl
|3t jrounes retobvad standicd of care “S0C"

ot ’ o * Antibiotics + 20 mg/kg (up to 120 patients)
Primary Endpaint =  Clinical cure rate

*  Time to removal of ventilator

*  Microtiological cure

= Al-cause mortality
secondary Endpoints = Time to clinical resolution

* DaysiniCU

®  Hospitalization days

* AnbGbiotics utifization




a7l w )i

L g P S T e Py

Thank you

Vi Trueng
CEC

Aridis Pharmadeuticels
1241 Optical Cownrt
San Joss, CA 93138
{408} 3p3-1742
trisnm @ ar Gt phar ma. oo
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Session 3
Panel Discussion &

Audience Q&A

E-Mail Questions to |
Duke.Abx@Duke.edu W @DukeMargolis

Duke [ #4rsrinse




Session 4: Preventing infections using non-
traditional antibiotic agents

E-Mail Questions to |
Duke.Abx@Duke.edu W @DukeMargolis

Duke MARGOLIS CENTER
s Hoalth Pollcy
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Novel Monoclonal Antibody Therapies
for Serious Infections




The “ldeal” Anti-infective?

+ Targets only the pathogen of interest

« Minimal (if any) potential for resistance development

* Few (if any) target organs of toxicity

* Well-established manufacturing and quality characteristics
» Single dose PK

* Not an antibiotic

« Safety profile allows potential for pre-emptive therapy, assuming at-risk subjects can
be identified

arsanis =



Challenges for mAbsin ID

-

Novel approach or appearance of novelty

 Novel mechanisms of action, e.g.. targeting virulénce factors

« How much targeting is too much ® Species vs. strains vs. clones
« Costof poods = Pressure on price and potency

 -All the 'normal’ challenpes of anti-infective development

* All the 'normal’ challenges of prevention development
— What Is the real risk of disease Incidence? <> Study size/power

— What are the real costs of diseaze? <» Number needed 1o freat

« Combination product development

-

arsanis =



Monoclional Antibodies as Therapeutics

* First approved in 1986
» Today over 45 approved mAbs with global sales =70 billion USD

* 4 approved for infectious disease (ndications:

—
_
A B e B ——
.
=y =
[ Kt | : |
Y \
ZINPLAVA-
(bezlotoxumab) Ei
Anthrax treatment Col
RSV prevenlion 201272016 16 ?

= arsanis "




There are no approved drugs to proactively prevent pneumaonia in mechanically ventiiated
patients

Treatment

=
4
Lt |
F
i

Sl o Bty 5 arsanis




ASNI100 is the only therapy in developmentthat neutralizes all six cytotoxins critical to 5.
gqureus pneumonia pathogenesis

ASMN 100 protects both lung epithelia! cellsand phagooytes from 5. cureus oytotoxin

indyced damage, potentially preventing 5. aureus bactena from invading lung tissue and

allowing phagocytes toeliminate 5. oureus

Pathogenesis of 5. ouwreus Pneumaonla ASN100: Mechanism of Action

L) s

Diegsn @ riges @ DosEn @ Lok

-

arsanis -
T eSS



ASN100 protected human phagocytes against leukocidins froma
diverse set of 5. aureus isolatesin in vitro studies
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Phase 2 superioritytrial with results expectedin 2018

Roublelilind, placebo controdled supetiority brial designed Lo detect & statistically significant 50%
reduction in the ocromence of S pureus giftELrmonid m ILj_;:_Il-Jit.k_ i aaecally venlikaled palkeesks

AR F el R PR 4K i e L
L il iESEHAEIEN T TR Lot o i F P flilety, ¥
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ASN100: A Precision Therapy for an Unmet Medical Need

Hundreds of thousands of patients at risk for 5. aureus poeumonla In the US each year

3. ourdiss PReomania

=20% ol ventilated
Ventllated patiants are heavily-cclonized!

Patients in US (High risk) * Mortality: 30%
aach year, >30% « 20 excess days in
on antthiotics hospital
{6 n 1CL)
A single dose to prevent

progression to pneuymaonia, a
disease that costs hospitals
450,000 or more per patient

n—— arsanis”




Targeted immunotherapy with mAbs offers a promising alternative therapeutic approach
for seriousinfections

Potential acvantages:

0 Sefective, precise affect on novel targets

o Fully hurman

o Preserve healthy microbioms

0 Mo propagalion of antibiotic resistance
o Lweek half fife expected for fully human mAbs
o Frml]w therapy sﬁmnnirig_amiml;’mhial stewartship

o firgadly patentiate activity of antibiotics at sub-therapeatic doses g
darsanis -

S e JRLLA -rljl'!t-llla FPeE=idei]



= i
il

L L
L
'.._'_ F ] " - - KW, =
.. =l || i ]
E 5 5 - ™ e W

Non-Traditional Antibiotics Program

Rebiotix

Microbiieta Restoraiion Thesamsy




REBIOTIX: MICROBIOME PIONEER AND LEADER

At Rebiotix, we are revolutionizing the treatment of debilitating
diseases by harnessing the power of the human gut microbiome
to greatly improve lives

« Foaundedin 2011 to bring the first microbiome therapeutic product to market

« Developed proprietary microbiome-based drug platform to rehabilitate the
human gut microbiome

- Demonstrated efficacy in preventing recurrent Clostridium difficile infection
(CD1) in three Phase 2 trials

- Enralling Phase 3 trial of lead product RBX2660
- Fast Track, Orphan, Breakthrowgh Therapy designation

« Expanded into oral formulation & novel disease targets

Rebiotix is the most clinically successful microbiome company

-
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INCREDIBELE IMPORTANCE OF THE HUMAN MICROBIOME

Human Gut Microbiome:
« Most diverse and dense microbial community in the body
+ Plays an impartant role in the immune system
« Can be damaged (Dysbiosis)

— Antibiohics, viruses. stress or environmental factors

« Dysbiosis can lead to C. difficile infections (CDI)
- #1 healthcare-associated infection (HAI) in the US

. OUR « Restoring a healthy microbiome can
i A
1 ‘u.]rl I'C OTHER effectively prevent recurrent CD|

Can microbiome restoration act to treat or
prevent other infections?

& R
Reiofix



REBIOTIX MICROBIOTA RESTORATION THERAPY™ (MRT)

Mimics a Normal, Healthy Human Gut Microbiome

HUMAN GUT MICROBIOME REBIOTIX MRT SOLUTION
High diversity and high

High diversity and high

microbial population microbial population per dose
Dominated by four major bactesial Drug processing presenvesnormal
phyla inciuding spore & donor phyta including spore- & non—
non-spore-forming microbes spore-forming micrebes

Key non-spore-forming genus Cansistent Bacteroides per dose

Bacteroides constifites ~30% of
bacteriain healthy gut*

MNon=spore-forming Bacterondes - . Direct evidence that Bacteroidia are
decimated in C. diff patiants restored in REX2E60-reated patiants

Lead product candidate REX2660 - liquid microbiota suspension

s Rebiotix



REBIOTIX DEMONSTRATED SIGNIFICANT IMPACT ON DYSBIOSIS

Patients are analyzed at baseline & over follow-up

FCHLLOW UP

RAXIees AMALYRS | 2 - SICK PATIENT & BASELME | - | EFATICNT & GO e %

Bepoagriads O ey il o= 128 -a=lia

T = TR P e =STATCEH hi=
ek My P ST ST
.
o 1 o oL F 1 {
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REX2660 CLINICAL DEVELOPMENT PROGRAM SUMMARY

Study Design Criteria PUNCH™ | PUNCH™ | PUNCH™ = PUNCH™

cD CD2 Open cD3
(Phiase ) (Fhase2b) | Label (Ph2)  (Phase3)

Consistent Patient Population:
Multi-recurrent CD1

Consistent endpoint: o o v v
Freedom from Recurrent CDI

Consistent Product: v v v v
Same mfg process & release criteria

Controlled Trial Mo Yes Yes Yies
Total Patients N=34 N=127 N=242 enralling
(Active + Control)

Treatment Success v, Control 87% v.na B7%v48% TE% v 52%

(mutipe dosest  (p <0.05) (p<0.0001)

-
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PUNCH™ CD2: GROUNDBREAKING MICROBIOME TRIAL

“GOLD STANDARD" PHASE 2B TRIAL DESIGN.:

- Progpective, Randomized, Double-blind, Placebo-controlled
= 133 patients randomized; Three freatment arms

- Enrciiment from Dec 2014 = Nov 2015

Theainen Rinaresnis
Doy 1 Day ¥ ]

*HEHE&E-D REX2650

|

Firstever mulncenter, rendomized, doubie-biing, placeto controtled IND study for
microbiots based drug e

&
Rebofix




PUNCH™ CD2:

PHASE 28 RBA2660 STATISTICALLY SIGNIFICANT V. PLACEBO

Efficacy by Patient Population

s ‘J-.Dm
P=0.589 (M5) " r_'.r;':.
. Pad.04 .

E1% '
-
@
o
E
w
=

u2x REX26ED HPlacebs Wix REX2880
» Two doses of REX2E60 were not differeptthan one dose forall populatons, P=0,539-

Mo escalating dose effect

« Treatment with- single-dose REX 2680 significant ve: Placebo

* Earioedes g onTie G SOy IS v v Nk ressded !..-i._
Rebofix



REBIOTIX MRT RESTORED A HEALTHIER MICROBIOME

Crm 2

« Qver 200 patient samples collected and segquenced

« Patients were dysbiotic at study entry, dissimilar to a normal range
for “healthy” individuals (HMP; Human Microbiome Project)

=

MUL"I_'_I_EHMEH SIONAL SIMILARITY ANALYSIS

- P e ™
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After treatment, patient
microbiomes

prograssively shifted
closer to HMP
“normal”

Rebiofix



ANTIMICROBIAL RESISTANCE AND THE MICROBIOME

« Antibiotics facilitate antimicrobial resistance (AR) in the microbiome

* Microbiome functions as a reservoir of AR
- AR genes from benign microbes can transfer horizontally to pathogens

« Can modulating the microbiome affect carriage of resistant
aorganisms and resistance genes?

N Scary prediction:
oy
By 2050, 10 milion people per year are
projected to die from AR infections,

g YWeboomse Yt (2014)
-
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COMMUNITY RESISTOME OVER TIME

At baseline — high level of

resistance genes
Coias Wy

-

Canhdental — do nol duplcate g
w Rebnolix



COMMUNITY RESISTOME OVER TIME

T days post treatment

-

F@:P,;IE- fix

Canhdental — do nol duplhcate



COMMUNITY RESISTOME OVER TIME

30 days post treatment
ks iy
- —

-
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UNIFRAC DISTANCE PREDICTS RESISTANCE GENE ABUNDANCE

 The closer the recipient specimen taxonomy was to donor taxonomy, the fewer
resistance genes were detected

« Follows the pattern of microbiome and metabolic profiles of successiul patients

Test for comrelation (hne)
po<0.00] ***

WASTPENLY L R

AR gafviar OO |

Ciszanc & oem tocex fmmghted v . - -
Rebiofix



DEVELOPING A PROTOTYPE MICROBIOME HEALTH INDEX™
(MHI) TO MEASURE RESPONSE

Baseline and “Heaithy" Fhase 2B
o

020D 100004
1000 - woof
100 5 1004 % -+ g
- 1 10 | .
; 14 11 {.E LA
0.1 4 .14 2
0,04 - 0.01- 1 J_
0.001 4 0,001
G000 = 1- -y - = 0,001 -

il REXAED HUP

REAIRGD
i

Sigaaim
i Bkt BE
Td Badore
A0 Tasi=

Al i cass

0o puccE BE

« Prototype MHI is a single measure of collective changes in key taxa
« MHI threshold of health vs dyshiosis determined from Baseline and RBX2660

« Most of responders are above the threshold as early as 7 days, median MHI
for failures never exceeds threshold

Rebiofix



PUNCH CD™ CONCLUSIONS AND NEXT STEPS

* When treated with RBX2660, significant reduction in CDI infections was
shown in recurrent CDI patients over standard-of-care antibiotic
therapies

« RBX2660, in the context of preventing CDI recurrence, may be the first
therapy with potential to reverse the enrichment of antibiotic resistance

* Distance from RBX2660 composition can measure treatment success
and is a predictor of AR abundance
- Claser to donor, better treatment success and fewer AR genes

« Correlation was repeated with additional clinical data sets
— Analysis of further study samples, provided by Rebiotix, are currently being evaluated
at Washington University St. Louls CDC Epicenter

« New proof-of-concept clinical studies are underway to test MRT on
other infections

-
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Thank you

Additional information, contact: Lee Jones
Ljones@Rebiotix.com
651-705-8772

[
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Engineering Antimicrobials™

AMICROBE

To prevent and treat infections

Purpose-built antimicrobials for surgery and trauma

Duke-Margolis
June 14, 2018

Phis ek B3 sopporeed in pard by US ey Medical Bewesech & Mabevied Somenand through the Military Born Aeseasch Progrem OSE1EWMH-14-3-0068) and by
tha Acciiant Secretoy of Delence for Hedlh Attes throwgh the Peed Rivewed Madizad RBesaacch Program [WRLESWVH-16-1-0561). Dpioiont. interp relation,
chnclidans and recommatndation ae hode of Amicigbe snd e ot mceskiby endorssd by Dol CARB-X vdanport H orovidsd By Depart mést o Hedldh &
Human Services Assistant Secretary for Preperedness & Response [AROA) and Wellcoma Frust through Bosion Univessity (S50000.2454).



What we do

Materials

Science
.'I.-'lr.rm-u:"r_e materials

Two lead product candidates for surgery and trauma:

G 1. Broad microbicidal activity i
Amicidin-a ] 2. Optimized physical properties Amicidin-{ ]

Surgical Gel Solution
3. Safety
DoD WEIXWH-15-2-0065 Dol WEIXWH-15-2-0065
Dol WEBIXWH-16-1-0561 CARE-X 4500002454

AMICROBE



Why?

Because microbes like wound environments

Microbial growth & Topical - : .
invasion antiseptics "..surgical infection, at the outset, is always
1 local....since the microbes are, so to speak,

£ o .

j within reach of the hand. The question then is
~ simply, how to destroy them without harming

the tissues?"

— The Treatment of Infected Wounds (1917)

Alexis Carrel and Georges Dehelly
(Dakin’s Solution)

A new technology is needed



surgical f Traumatic
Waund

The progression of infection

“Surgical infection, at the outset, is always local”
= Alexis Carrel & Georges Dehelly, 1917

Contamination with Infection
Micrabes

3

Systemic Invasian /

Amicidins™

To fill the gap between antiseptics and antibiotics




Amicidins are synthetic proteins (with a block architecture)

/\ Purpose-built antimicrobials

Cationicblocks Hydrophobicblocks

] o] ] A

iong (=100 AL} shorl (<100 AA) ordered  disordered

Amicidin-a
Barrier gel
Amicidin- @

Surfactant solution

Broad microbicidal activity and physical properties for enhanced intrawound performance



Manufactured with robust polymer methods

/\ Scalable, cost-effective

One-pot polymerization
Amicidins _
I,- Cationic
s e ¥ x
amino acids
“1# block”

1, 1st Monomer
2. Initiator >
3. Solvent 'I b

4. Znd Monomer

]

: Hydrophobic
amino acids
ward pblack”

To enable metric ton production

AMICROBE



Broadly microbicidal against key pathogens

— =
99.9.99,999% killing in 1 hr at 10-100 pg/ml
_F'EII'T.'LEI| List Microbicidal Action
S gureus [incl. MRSA) P geruginosa®

5. epidermidis
Vancomycin-resistant E. foecium

L. pyogenses
A, baumannil {incl. Pan-resistant)

P oeruginasa (incl. multidrug-resistant)
E. coli {incl, ESBL+)

K. pneumoniae (incl. KPC, ESBL+: CRE)
P mirabilis

MOR B. fragiiis

C. albicans [incl. fluconazole-resistant)

Positive

Bold = CDC 2013 Threats 10 min; 100 ug/mL Amicidin-B
MDOE= multichrug resistant
CRE = carbapenem-resistant Enterobacteriaceas

Hydrophobic block may penetrate
microbial membrane

Rapid multi-modal mechanism conserved in evolution; resistance unlikely

AM FE#EEE *Performed by Linnaeus Bloscience




E*"*"‘““‘"““ “Active” microbicidal barrier

Surgical GE

/\ Intraoperative use to reduce incidence of surgical site infections
Ex vivo Porcine Skin Model (P geruginosa)

(" Key qualities: )
1. Broad & rapid microbicidal activity

2. Tissue-coating, barrier properties

3. Shear-thinningfor easy application & spreading
4. Transparencyfor visualization of coated tissues

'\j. Bioresorbability & easy removal by irrigation j

Bacteria (Log CFU)

O = O W B WU I~

- p—

15 min pre-microbes

|

0.50% 1% 2%

Concentration in water {wt)

O

Fluid |

O@.

= Hydrogel

To prevent microbial contamination and block progression

ANIEKSEE

% = no microbes detacted



l‘“‘m'“;gl'ﬂ,ﬂ, Potent microbicidal solution (with surfactant activity)

/\ Intraoperative and post-operative treatment of contaminated and infected wounds

rl"'Eﬂggua’rll'liﬂi:

1. Broad & rapid microbicidal activity

b

3. Bioresorbability & easy removal by irrigation

2. Enhanced anti-biofilm activity & tissue debridement

>

Bactena (Log CFLY

(=]

n

-

Las

Feed

e

=

MBEC Biofilm Assay (P geruginosal

Ywalet ﬂﬂﬂ']% 'I}Ulm'l': IZ:IIU'E"E lﬂﬂﬁ

Amicidin- - concentration {M'%E'_i

To treat microbial contamination / lecal infections and biock progression

ANIEKSEE

W = o microhes detected

w0



Interrupting the progression of infection

S e ——— -
/\ Rodent deep tissue orthopedic model with MRSA & P. aeruginoso University of Cincinnatd
DoD WE1XWH-15-2-0065
Surgical Wound . Local systemic Invasion
Wound Contamination Infection & Sepsis
Bacterial Wound

NS g L iy

« Incision made, femur exposed, stainless steel suture placed around bone
* Wounds inoculated for 15min, followed by saline rinse; closed at 1 hr
= Assessments include microbial counts, tissue histology, and physical exam

Progression depends on microbial number & virulence

AMICROBE



Limits contamination and blocks progression

Amicidin-o
Surgical Gel

— - . -
/\ Applied intraoperatively (post-incision and pre-closure) University of Cincinnat
DoD WEB1XWH-15-2-0065

Rodent Deep Tissue Orthopedic Model
P aeruginosa 107; 24 hr study; n=8)

9 1,000,000,000
w Control
g 100,000,000
B Amicidin-a (1 wt% in water)
7 10,000,000
6 1,000,000
5 100,000
g4 10,000
3 1,000
2 100
1 10
!|:| L = L s 1

Muscle Spleen Liver Kidney Lung
i —— *= No microbes detected



solution
- L

Applied post-contamination {intraoperatively and post-operatively) University of Cincinnati
DoD WEB1XWH-15-2-0065

l‘“‘m‘“i"‘"'ﬁ Treats contaminated / infected wounds

Rodent Deep Tissue Orthopedic Model
[P oeruginosa 107 48 hr study; n=6)

= Control Amicidin-B (1 wt3)
. . 3 i :
o g e f"‘
]
“4q
m
o
£ 3 i
= 36
2
=3
L
51
T -
0 Femur Stainless steel wire  Feamur

Contral Amicidin-B (1 wti)

AMICROBE



Purpose-built antimicrobials for surgery & trauma
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Amicidin-a « Prevent surgical site infection {551}
Surgical Gel | - Delayedclosure wounds
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» 55! [superficial & deep incisional) Solution
* "Dirty” traumaticwounds

To prevent and treat [ife-threatening infections
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Amicrobe Senior Team

Michael P. Bevilacqua, M.D., Ph.D., Founder, C50, and CEQ
= Brigham and Women's Hospilal, Harvard Medical & UCSD Medical Faculty
* Pew Scholar; Howard Hughes Investigator
= Amgen Vice President; start-up experience

Timothy J. Deming, Ph.D., Founder and Head of SAB
* Prol. of Bioengineering and Chemistry, UTLA
« World-recognized leader in synthetic block copolypeptides

Joseph 5. Solomkin, M.D., F.A.C.5., Chief Medical Officer
= Prol of Surgery Emerites, University of Cincinnati
* WHO & CDC task force member for surgical site infection prevention

Doug L. Locker, Ph.D., VF, Preclinical Development & Manufacturing
» 20+ years in large & small motecule manufacturing & development
= Substantial FDA experence, includmg fave INDS and one MDA

Daniel ). Huang, Vice President of Operations
* Project and data management expertise; operations and finance
« Government contract negotiation and administration

Thank you again to the DoD and CARB-X



Topics for discussion

-
/\ Clinical trial design to enable use in a broad range of surgical and trauma settings

Importance of surrogate markers in prevention studies

AMICROBE



Session 4
Panel Discussion &

Audience Q&A

E-Mail Questions to |
Duke.Abx@Duke.edu w @DukeMargolis

Dulce: [axcats e




Session 5: Wrap-up panel to discuss
remaining needs and next steps

E-Mail Questions to |
Duke.Abx@Duke.edu W @DukeMargolis

Dulce: [axcats e




Understanding the Development

Challenges Associated with Emerging
Non-Traditional Antibiotics

Duke-Margolis Center for Health Policy

JW Marriott » Washington, DC
June 14, 2018

Dulce: [axcats e
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