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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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Section Title
Background

Clostridium difficile infection (CDI) Statistics:
Reducing CDI is a national priority with support from CDC & DHHS

#1

CDI is the
hospital
acquired infection in the U.S.

453,000

More than
patients are infected
with C. difficile
annually in the U.S.1

29,000

Each year,
deaths are related to
complications from CDI8
Leffler DA et al. N Engl J Med 2015; 372:1539-1548.
(APIC) National Prevalence Study of Clostridium difficile in
U.S. Healthcare Facilities. November 11, 2008.
3 Louie TJ, et al. N Engl J Med 2011;364:422–31.
4 Cornely OA, et al. Lancet Infect Dis 2012;12:281–9
5 Vardakas KZ, et al. Int J Antimicrob Agents 2012;40:1–8.
1
2

25%

About
of patients
experience CDI
recurrence in
the first 3
months3-5

On average,
CDI patients
spend an
extra
days in
hospital2

4-7

$1.5B

annual added
cost to hospitals resulting
from hospital-acquired CDI6-7

Lofgren ET et al. Epidemiology 2014; 25: 570-5.
Zimlichman E, et al. JAMA Intern Med 2013
https://www.whitehouse.gov/sites/default/files/docs/
national_action_plan_for_combating_antibotic-resistant
bacteria.pdf; 173: 2039-46.
6
7
8

4

Linear Association Between Antibiotic use CDI risks

Brown et al. AAC 2013; 57:2326-2332
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β-Lactam Antibiotics Are Widely Used
Overall IV β-Lactam Use - 2014

Individual IV β-Lactam Antibiotics

US
Patients

Days on Therapy

Total IV ABx

23 million

170 million

IV b-lactams

17 million

73 million

72%

43%

% of Total

Arlington Medical Resources (AMR), a Decision Resources Group
Company 2014 audits of acute care hospital antibiotic utilization
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Disruption of the Gut Microbiome Can Lead to Clostridium difficile Infection

C. difficile
spores

IV Antibiotics

Biliary
excretion

Probiotics
and
prebiotics

Antibiotics
(Vaccines)

A BA
B

Dysbiosis

FMT &
Bacterial Replacement Therapy

CDI

mAbs &
Vaccines

ribaxamase
7

SYN-004 (ribaxamase) rye bak’ sa mase
• An orally administered, β-lactamase (an enzyme of 29 kDa) that is designed to
degrade penicillins and cephalosporins

• Formulated for pH-dependent release at ≥ 5.5 (proximal small intestine)
• Expected to be orally administered during and after administration of
intravenous (IV) β-lactam-containing antibiotics like ceftriaxone
• Intended to degrade the excess antibiotics that are excreted into the small
intestine via the bile (ribaxamase is stable in human intestinal chyme)
• Designed to prevent disruption of the gut microbiome and thus protect from
opportunistic GI pathogens like C. difficile
8

Formulated into Pellets -- Protected from Stomach Acidity -- Stable in Chyme

Ribaxamase Enteric-Coated
Pellets

~1.5mm

pH Dissolution Profile

Ribax

Stability in Human Chyme

Kaleko et al (2016) Anaerobe 41:58
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Pre-clinical Animal Models
Demonstrate the tolerability and in vivo activity of ribaxamase

• Fistulated dog model
• Ribaxamase degraded IV β-lactam antibiotics excreted into the dog intestine
•

Kaleko et al. 2016. Anaerobe 41:58-67.

• Nonclinical toxicology in dogs
• Ribaxamase was well tolerated up to 57 mg/kg/day
• Ribaxamase was well tolerated when administered with IV ceftriaxone
• Ribaxamase was not absorbed and did not change the plasma PK of the
ceftriaxone
•

Kokai-Kun et al. 2016 International Journal Toxicology 35: 309-316.

• Piglet Model of Antibiotic-Mediated Dysbiosis
• Ribaxamase protected the gut microbiome from disruption by β-lactam
antibiotics
• Ribaxamase prevented the propagation of antibiotic resistance genes
•

Connelly et al. 2017. Journal of Applied Microbiology, Open Access, 2016/2575.
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Ribaxamase Protected the Gut Microbiome in Piglets

Pre
Ceftriaxone

Post

Day -7
Day -4
Day 4

63

Day 8
15

Pre
Ceftriaxone
+ ribaxamase

Post

Day -7

3

Day -4

0

% Relative
Abundance

Day 4
Day 8

Individual
Pigs

Bacterial Taxa
Connelly et al (2017) J Appl Microbiol
doi:10.1111/jam.13432
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Clinical development

Early Phase Clinical Studies
Phase 1 and Phase 2a
• Phase 1 - two studies in normal, 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
• Roberts et al. 2016. Clinical Drug Investigation 36: 725-734

• Phase 2 - two studies in subjects with functioning ileostomies,
administered IV ceftriaxone ± oral ribaxamase
• Ribaxamase degraded ceftriaxone to below the level of detection in the intestine
• Ribaxamase did not affect the plasma PK of the ceftriaxone
• Ribaxamase can be administered in the presence of proton pump inhibitors
• Kokai-Kun et al. 2017. Antimicrobial Agents and Chemotherapy. 41(3):e02197-16.
13

Phase 2 Mechanism of Action Studies in Subjects with Ileostomies
Allows serial sampling of intestinal chyme

Small non-fatty meal

1 gram IV ceftriaxone

Full meal

Oral ribaxamase (75-150 mg)

Ceftriaxone Plasma PK

Ceftriaxone Concentrations in Intestinal Chyme

Period 1
14

Period 2
14

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

Modified intent to treat = 412 patients

1:1
Ceftriaxone +
Ribaxamase
(plus a macrolide)

Primary Endpoint:

• Prevention of
C. difficile infection (CDI)

Ceftriaxone +
Placebo
(plus a macrolide)

Exploratory Endpoints:
• Evaluate ability to limit disruption of
the gut microbiome

15

Enriching for a Population at Risk for C. difficile Infection

• Patients were admitted to a hospital for several days
• At least 5 days of ceftriaxone use expected
• Patients > 50 years old
• Patients with higher PORT scores
(a measure of the severity of the primary infection)
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Proof of Concept Study
Study Design

US
Romania
Hungary
Serbia

Randomized 1:1,
150 mg ribaxamase
or placebo
Treatment
Period 1

Treatment
Period 2

5-14 days

72 hrs

IV Ceftriaxone
+
Study Drug
(qid dosing)

Study Drug
(qid dosing)

Follow-up
Period

6 weeks
Monitor for diarrhea
and C. difficile infection

4 week
followup visit

Fecal microbiome and fecal colonization samples taken for analysis
Diarrhea = 3 or more loose or watery stools in a 24 hour period, samples are collected
CDI = local lab results for presence of C. difficile toxins A and/or B by an approved test
(confirmed at a central lab by toxin ELISA)
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Canada
Bulgaria
Poland

Study Demographics and Safety Outcomes
•
•
•
•
•

206 patients per group in mITT
Average age of patients ~70 years old
~2/3 males in each group
~1/3 of patients received macrolides
~1/3 patients received concurrent drugs for stomach acidity (PPIs)

• Adverse Events
• Percentage of subjects reporting at least one treatment emergent adverse event (TEAE)
was similar between ribaxamase and placebo groups (40.8% vs. 44.2%)
• SAEs, including fatal AEs, were not considered drug-related by investigators at the
clinical sites, or by an independent third-party expert, each of whom determined that SAEs
were attributable to disparities in underlying health and comorbidities between the
groups

• Cure rate for the LRTI to the ceftriaxone treatment was equivalent in both
groups at 2 weeks post treatment
18

Analysis of Changes in the Gut Microbiome
16S rRNA sequencing of DNA extracted from fecal samples
Placebo

Ribaxamase

T0-Screening

T0-Screening

T1-72 hrs

T1-72 hrs

T2-4 weeks

T2-4 weeks

652 samples sequenced, 229 patients, 187 full-3 sample sets
Sequencing and data analysis performed by DNA Genotek, Ottawa, Canada
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Heat Map Comparison of Taxa in Ribaxamase vs. Placebo at T0 & T1
Ribaxamase protected the gut microbiome from antibiotic-induced changes in taxa

Placebo

T0
Overgrowth of Taxa

Loss of Taxa

T1
Abundance of taxa

Ribaxamase

T0

Little or no taxa

Prevents Overgrowth of Taxa

Prevents Loss of Taxa

T1

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

2
0
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SYN-004 (ribaxamase) Protected Microbial Diversity
Prevented ceftriaxone-mediated loss of α-diversity and enhanced microbiome recovery

Alpha diversity
is a measure of
the community
composition within
an individual
sample

α-diversity
•
•
•
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Observed OTUs
Chao1 Diversity
Shannon Diversity

SYN-004 (ribaxamase) Protected Microbial Diversity
Prevented ceftriaxone-mediated loss of β-diversity and enhanced microbiome recovery
Placebo T0

T1

T2

Ribaxamase

T0

T1

T2

p=0.0025p=0.0064

Beta diversity
compares the
community
composition of
two different
sample sets

β-diversity
•
•

Principle coordinate analysis of the β-diversity (unweighted Unifrac) of patient samples.
β-diversity is the community composition of two different samples. Each dot represents
one patient sample.

Data are principle coordinate analysis of the β-diversity (unweighted Unifrac) of patient samples. β-diversity is the community
composition of two different samples. Each dot represents one patient sample.
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Bray-Curtis
Unweighted
Unifrac

SYN-004 (ribaxamase) Protected Microbial Diversity
Prevented ceftriaxone-mediated loss of β-diversity and enhanced microbiome recovery
Placebo T0

T1

T2

Ribaxamase

T0

T1

T2

p=0.0025p=0.0064

Beta diversity
compares the
community
composition of
two different
sample sets

β-diversity
•
•

Screening samples are similar with regards to β-diversity in both groups

Data are principle coordinate analysis of the β-diversity (unweighted Unifrac) of patient samples. β-diversity is the community
composition of two different samples. Each dot represents one patient sample.
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Bray-Curtis
Unweighted
Unifrac

SYN-004 (ribaxamase) Protected Microbial Diversity
Prevented ceftriaxone-mediated loss of β-diversity and enhanced microbiome recovery
Placebo T0

T1

T2

Ribaxamase

T0

T1

T2

p=0.0025p=0.0064

Beta diversity
compares the
community
composition of
two different
sample sets

β-diversity
•
•

Placebo samples display a significant loss of β-diversity as compared with ribaxamase

Data are principle coordinate analysis of the β-diversity (unweighted Unifrac) of patient samples. β-diversity is the community
composition of two different samples. Each dot represents one patient sample.
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Bray-Curtis
Unweighted
Unifrac

SYN-004 (ribaxamase) Protected Microbial Diversity
Prevented ceftriaxone-mediated loss of β-diversity and enhanced microbiome recovery
Placebo T0

T1

T2

Ribaxamase

T0

T1

T2

p=0.0025p=0.0064

Beta diversity
compares the
community
composition of
two different
sample sets

β-diversity
•
•

By T2, the ribaxamase samples have recovered to their starting diversity, but the
placebo samples still display a significant loss of diversity as compared with screening

Data are principle coordinate analysis of the β-diversity (unweighted Unifrac) of patient samples. β-diversity is the community
composition of two different samples. Each dot represents one patient sample.
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Bray-Curtis
Unweighted
Unifrac

Clostridium difficile Infection (CDI)

Number of Subjects with CDI

Primary Endpoint
9

P=0.027

8

P=0.045

7

P=0.028

6
5

3.4%

4

71%
relative
risk
reduction

3.9%

3
2
1%

1

1%

0
Local Lab

Central Lab

Placebo

•
•
•

Ribaxamase

Patients Treated for CDI
(oral vancomycin, metronidazole
and fidaxomicin)

No CDI patients reported previous CDI

P-values are 1-sided based on the pre-specified Z-test
The study was powered at 80% with 1-sided alpha=0.05
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New C. difficile Colonization at 72 hrs & 4 weeks

20

P=0.088

18
16

P=0.059

14
12
10
8
6
4
2
0

72 hours

4 weeks
Placebo

•
•

Ribaxamase

New colonization is negative on screening and then positive on a subsequent sample
P-values are 1-sided based on the pre-specified Z-test
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New VRE Colonization at 72 hrs & 4 weeks

80
70

P=0.0001

P=0.0002

72 hours

4 weeks

60
50
40
30
20
10
0
Placebo

•

Ribaxamase

P-values are 1-sided based on the pre-specified Z-test
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Apparent Mono-domination by Enterococcal Species
Appear to be dominated by enterococci
Loss of microbial diversity
in VRE colonized patients
P<0.001

VRE +

29

VRE -

Comparison of Patients with Enterococcal Mono-domination
> 30% of taxa present were enterococci at T1 or T2
16
14
12
10
8

6 VRE

6
4

1 VRE

2
0

Placebo

Ribaxamase
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Resistome Analysis of Longitudinal Fecal Samples

CDC Contract 200-2016-91935
• DNA extracted from 350 fecal samples sequenced by whole genome shotgun
sequencing (Diversigen, Houston, TX)
• Interrogated against the CARD database
• 21,000,000 DNA matches
• 1300 AMR genes identified with ~60,000 matches per sample
• Including many genes of interest, β-lactamases, vancomycin and macrolide
resistance genes
• Statistical analysis was performed to determine which genes significantly
changed from the screening sample (T0) to the post antibiotic sample (T1) in
the placebo vs. the ribaxamase patients
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Analysis of the Change in Relative Abundance of AMR Genes
Collection point T0 to T1, Placebo vs. Ribaxamase-treated patients

Ribaxamase

Placebo

T0

T1
Tet and erm
resistance
genes

Vancomycin
resistance
genes

Β-lactamase
genes

Decreased
Increased

LefSe Analysis
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Comparison of Ribaxamase vs. Placebo-Treated
Change in relative abundance from T0 to T1 in genes of interest
Gene of Interest
gb|AY082011|0-699|ARO:3002923|vanRD
gb|EU999036|688-1390|ARO:3002934|vanSD
gb|AY769934|27-993|ARO:3003096|CfxA5
gb|U38243|149-1115|ARO:3003001|CfxA
gb|AY769933|0-966|ARO:3003005|CfxA4
gb|AF118110|71-1037|ARO:3003002|CfxA2
gb|AF472622|52-1018|ARO:3003003|CfxA3
gb|AY082011|5900-6932|ARO:3000005|vanD
gb|GQ343019|132-1023|ARO:3002999|CblA-1
gb|GQ342996|797-1793|ARO:3003097|CfxA6
gb|DQ212986|7030-7795|ARO:3003069|vanXYG
gb|DQ212986|5137-5983|ARO:3002965|vanWG
gb|NC_023287|65291-66509|ARO:3000615|mefA
gb|DQ212986|7787-9926|ARO:3002972|vanTG
gb|DQ212986|5984-7034|ARO:3002909|vanG
gb|NC_012469|1800927-1802391|ARO:3000616|mel
gb|U05883|555-1458|ARO:3003559|cepA

P value
0.00533347
0.01298036
0.015348147
0.020131869
0.021717324
0.024848669
0.029625208
0.084866514
0.175826761
0.453301435
0.583249332
0.637510487
0.692877942
0.737817419
0.762362859
0.801144237
0.825294268

CfxA β-lactamase

Vancomycin R

qPCR analysis of cfxA and
vanRD determined that there
was both new acquisition of
AMR and expansion of existing
AMR pools
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Conclusions
• Ribaxamase reduced the incidence of new onset CDI by 71% as
compared with placebo (confirmed at the central lab), p=0.045
• Ribaxamase protected the diversity of the gut microbiome
• Ribaxamase appeared to be well-tolerated and not affect the cure
rate for the primary infection
• Ribaxamase reduced new colonization with C. difficile and VRE,
(p=0.0002), reduced enterococcal mono-domination
• Ribaxamase reduced ceftriaxone-induced changes in the gut
resistome
• Including β-lactamases and vancomycin resistance genes
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Ribaxamase Represents a Paradigm Shift
In the Use of Intravenous β-lactam Antibiotics
Systemic
Antibiotics

Bile

Treat
Infection

Current paradigm
Stomach

Duodenum

Jejunum

Ileum

Cecum

Colon

û Disrupted
microbiome
û Secondary
infections such
as C. difficile
û Selects for
resistant species

Excess Antibiotic

Oral
antibiotics

Ribaxamase paradigm
Ribaxamase

ll
ll

Stomach

Duodenum

No Drug Release

Jejunum

Ileum

Cecum

Colon

ü Healthy, diverse
microbiome
ü Suppresses
secondary
infections
ü Limits
emergence of
resistant species

Antibiotic

llll

Degraded
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Questions?

