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Forward-Looking Statements
This presentation includes forward-looking statements within the meaning of the Private Securities Litigation Reform Act of 1995, as
amended, on Synthetic Biologics’ current expectations and projections about future events. In some cases forward-looking statements
can be identified by terminology such as "may," "should," "potential," "continue," "expects," "anticipates," "intends," "plans,"
"believes,“ "estimates,” “indicates,” and similar expressions. These statements are based upon management’s current beliefs,
expectations and assumptions and are subject to a number of risks and uncertainties, many of which are difficult to predict and
include statements regarding our timeline for our SYN-004 (ribaxamase) and SYN-010 clinical trials and reporting of data, the size of
the market, benefits to be derived from use of SYN-004 (ribaxamase) and SYN-010, our anticipated patent portfolio, and our
execution of our growth strategy. The forward-looking statements are subject to risks and uncertainties that could cause actual results
to differ materially from those set forth or implied by any forward-looking statements. Important factors that could cause actual
results to differ materially from those reflected in Synthetic Biologics’ forward-looking statements include, among others, our product
candidates demonstrating safety and effectiveness, as well as results that are consistent with prior results, our ability to initiate clinical
trials and if initiated, our ability to complete them on time and achieve the desired results and benefits, our clinical trials continuing
enrollment as expected, our ability to obtain regulatory approval for our commercialization of product candidates or to comply with
ongoing regulatory requirements, regulatory limitations relating to our ability to promote or commercialize our product candidates for
the specific indications, acceptance of our product candidates in the marketplace and the successful development, marketing or sale of
our products, developments by competitors that render our products obsolete or non-competitive, our ability to maintain our license
agreements, the continued maintenance and growth of our patent estate, our ability to become or remain profitable, our ability to
establish and maintain collaborations, our ability to obtain or maintain the capital or grants necessary to fund our research and
development activities, a loss of any of our key scientists or management personnel, and other factors described in Synthetic
Biologics’ annual report on Form 10-K for the year ended December 31, 2017, subsequent quarterly reports on Form 10-Qs and any
other filings we make with the SEC. The information in this presentation is provided only as of the date presented, and Synthetic
Biologics undertakes no obligation to update any forward-looking statements contained in this presentation on account of new
information, future events, or otherwise, except as required by law.
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Discuss a strategy to protect the gut microflora from antibiotic damage
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Description

SYN-004 (ribaxamase)

Oral β-lactamase enzyme coadministered with IV β-lactam
designed to degrade excess antibiotic

SYN-007

Delayed release oral β-lactamase
enzyme co-administered with ORAL
β-lactam

SYN-006

Oral carbapenemase enzyme coadministered with IV carbapenem
antibiotic

SYN-020 (IAP)

Oral intestinal alkaline phosphatase
enzyme co-administered with IV or
oral antibiotic to reverse dysbiosis
(not antibiotic degrading)

Preclinical Phase 1 Phase 2 Phase 3

Ribaxamase Program Overview
Ø Orally administered β-lactamase for use with IV penicillins and cephalosporins
Ø Enteric coated pellets that release the β-lactamase in the duodenum
Ø Designed to degrade the β-lactam antibiotic in the upper GI tract
Ø To remove the antibiotic from the chyme before it reaches the colon
Ø Ribaxamase is not absorbed, so it does not alter systemic antibiotic levels
Clinical Objectives
1. Diminish the risk of Clostridium difficile infection (CDI)
2. Prevent colonization by MDR pathogens (and secondary infections)
3. Slow the emergence and/or spread of MDR pathogens
4. Prevent changes to the microflora
Kaleko et al (2016) Anaerobe 41:58
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TARGET OUTCOMES:
ü Restore healthy, diverse
microbiome
ü Suppress proliferation of
pathogens e.g. C. difficile
ü Limit emergence of AMR

Ribaxamase enzyme released into the upper
small intestine degrades β-lactam antibiotic

SYN-004 (ribaxamase) administered concomitantly with IV β-lactam antibiotic throughout the course of IV antibiotic therapy

Early Clinical Trials --- Safety and Mechanism
Two Phase 1 studies in healthy volunteers
• Well tolerated up to 750 mg single dose and 300 mg q.i.d. for 7 days
• Not systemically absorbed and no anti-drug antibodies were detected

Two Phase 2a studies in volunteers with ileostomies
• Subjects received IV ceftriaxone +/- oral ribaxamase
• Ribaxamase did not affect the plasma PK of ceftriaxone
• Ribaxamase removed ceftriaxone from the chyme
• Ribaxamase was efficacious with proton pump inhibitors

Kokai-Kun et al (2017) Antimicrobial Agents and Chemotherapy 41:e02197
Roberts et al (2016) Clinical Drug Investigation 36:725

Phase 2b Proof-of-Concept Study
84 Multinational Clinical Sites
Patients admitted to the hospital for
treatment of a lower respiratory tract
infection

US
Canada
Romania Bulgaria
Hungary Poland
Serbia

Modified intent to treat = 412 patients

1:1
Ceftriaxone +
Ribaxamase
(plus a
macrolide)

Ceftriaxone +
Placebo
(plus a
macrolide)

Primary Endpoint

Exploratory Endpoint

Prevention of C. difficile
infection

Protection of the gut
microbiome

Inclusion Criteria to Enriched for Risk of C.diff. Infection

Patients were admitted to a hospital for several days
At least 5 days of ceftriaxone use expected
Patients > 50 years old
Patients with high PORT scores

Design of the Phase 2b Study
Randomized to 150 mg ribaxamase or placebo qid
Treatment Treatment
Period 1
Period 2

5-14 days

72 hrs

IV Ceftriaxone Study Drug
+
Study Drug

Feces collected

Follow-up Period

6 weeks
Monitor for diarrhea
and C. diff infection

4 week
follow-up
visit

Diarrhea à 3 or more loose stools in a 24 hour period, samples were collected
CDI

à

Local lab reported toxins A and/or B by an approved test
Sent to a central lab for confirmation by toxin ELISA

Phase 2b Study Demographics
206 patients per group
Average age ~70
~2/3 of each group were males
~1/3 of each group received macrolides
~1/3 of each group received drugs for stomach acidity (PPIs)
The cure rates for the LRTI for both groups were comparable

Ribaxamase Protected Against C. difficile Infection
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No CDI patient reported previous CDI

P-values are 1-sided based on the pre-specified Z-test
Study was powered at 80% with 1-sided alpha=0.05

Patients Treated for CDI
Vancomycin,
metronidazole,
fidaxomicin

A Trend Towards Diminished New C. difficile Colonization
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Ribaxamase Protected from Colonization by VRE
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Ribaxamase Protected the Gut Microbiome From CRO
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¹Data are a representative subset of all patients in each treatment group
²Each square represents the proportion of a particular taxa in that patient’s sample, each column is a patient and each row is a taxa
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Connelly et al (2017) J Appl Microbiol doi:10.1111/jam.13432
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Ceftriaxone increased the abundance of resistance genes for multiple Abx
Ribaxamse reduced the emergence of antibiotic resistance
Connelly et al (2017) J Appl Microbiol.
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Pipeline Products
Use with oral antibiotics à SYN-007
• Beneficial for patients transferred from IV
• Potentially beneficial for all outpatients on oral β-lactams
• Developed a delay-released formulation of ribaxamase in the GI tract
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SYN-007 Protected the Microbiome and Suppressed AMR
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Pipeline Products
Use with carbapenems à SYN-006
• Increasing in usage and is very damaging to the microbiome
• The potential to diminish the emergence of carbapenem resistance
• Developing a metallo-β-lactamase with broad activity
• Currently tested in pigs

SYN-006 does not Interfere with Ertapenem Serum Levels in Pigs

IV Ertapenem +/- SYN-006 TID for 4 days
Serum ertapenem PK collected at day 3
Feces for whole genome sequencing before
and after the antibiotic regimen
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SYN-006 attenuated ertapenem-induced increased frequency of
aminoglycoside, macrolide, tet, and efflux pump AR genes

Pipeline Products
Oral intestinal alkaline phosphatase enzyme (IAP) à SYN-020
• Endogenous enzyme co-administered with IV or oral antibiotic to mitigate
dysbiosis and facilitate microbiome recovering (not antibiotic degrading)

IAP to Protect and Restore the Gut Microbiome
Naturally-occurring enzyme produced by enterocytes in the proximal small intestine
Well-studied for decades
Dephosphorylates a broad spectrum of substrates
IAP maintains gut health via multiple mechanisms
•
•
•

Detoxifies inflammatory mediators
Tightens the gut barrier
Promotes the growth of commensal flora

Efficacious in several animals models of GI inflammation and in humans with colitis
Manufacturing and formulations have limited IAP clinical uses
• We solved these problems!

IAP Protects Mice Against CDI

S u r v iv a l

T o ta l S y m p to m p s S c o re

v e h ic le

S Y N 40
80

60

40

20

0

S Y N 40

15

*

10

5

h o u rs

T im e p o s t in fe c tio n (h )

6
9

2

100

7

80

8

60

4

40

2

20

4

0

0

0

P e r c e n t s u r v iv a l

vehicle

v e h i c2 l0e

100

SYN-020

IAP may Promote a Preferential Gut Microenvironment

Stacked bar graph, filtered, frequency, genus level

Summary and Conclusions
In a Phase 2b trial, Ribaxamase protected the gut microbiome from CRO and significantly diminished
• the incidence of CDI
• overgrowth with VRE
• the emergence of resistance to multiple classes of antibiotics
Ribaxamase did not interfere with systemic antibiotic levels or antibiotic efficacy
Currently working with the FDA to define the remaining elements of the Phase 3 trial protocol
Pipeline products
• use with oral antibiotics
• microbiome protection from all classes of beta-lactams
• antibiotic “agnostic” --- IAP has the potential to be efficacious in indications beyond CDI
Similarities between the human clinical and preclinical data facilitate the develop of new products
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