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Global distribution of dominant community methicillin-resistant Staphylococcus aureus (MRSA) clones and Panton Valentine leukocidin (PVL)

Clinical Infectious Diseases 2011.52(1)99-114
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Design Approach

The biological activities of host defense proteins depend on an amphiphilic helix

Magainin

Host defense protein
(HDP)  peptide axis — =

Charged; cationic

Hydrophobic

Cellceutix synthetic Charged; cationic

mimetic compound axis = = = e —————
Hydrophobic

Biomimetic Polymer

Capture structural and biological properties of HDPs using
fully synthetic, nonpeptidic scaffolds and sidechains

Not peptidomimetics



ationale

* Develop small non-peptidic, fully synthetic mimics of Host Defense Proteins (HDPs) as

systemic and topical agents
-Novel approach for bactericidal activity

 HDPs are small antimicrobial peptides
-Expressed widely in the animal kingdom
-Produced in skin, mucosal surfaces, neutrophils
-Target microbial membrane

* First line of defense against bacterial invasion
-Part of innate immunity
-Maintenance of epithelial barrier function
-Regulate microbiota
-Immuno-modulatory activities — link innate and adaptive immunity

HDP dysfunction implicated in inflammatory disorders of skin and mucosal surfaces
-Inflammatory bowel disease (BID), atopic dermatitis, acne, skin infections, cystic fibrosis...

Clinical lead (Gram-positive program): Brilacidin
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Phase 1 studies completed

* Ascending single-dose (PMX63-101), multiple-dose x 5 days (PMX63-102), and fixed-dose x 14 days
(PMX63-103)
* |V infusions g48H, q24H, and q12H

Pharmacokinetics
e Consistent and linear pharmacokinetics in plasma with half-life of ~ 15-23 hours.

Ex-vivo efficacy

* Long lasting bactericidal and inhibitory activity vs. MSSA and MRSA in serum from human subjects
after doses as low as 0.1 mg/kg

Safety

e Mild paraesthesia and hypoaesthesia (hnumbness and tingling) with acute onset and rapid resolution
No neurotoxicity evident in human subjects or animal safety studies

* Transient blood pressure elevation
* Dose-dependent; reversible after treatment discontinuation

Phase 2 in ABSSSI
 Brilacidin dosed in > 300 patients
» Effective; Generally safe and well-tolerated
* Phase 2a data presented at ICAAC, 2012
* PK/PD data presented at ECCMID, 2013
* Phase 2b data presented at ECCMID, 2015



% Clinical Success
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Low Medium High Dapto

Dosing Regimens

-3

BRI Low dose: 1.60 mg/kg over 5 days

BRI Med. dose: 2.15 mg/kg over 5 days
BRI High dose: 2.40 mg/kg over 5 days
Dapto dose: 4 mg/kg QD x 7 days

® Per Protocol
mBmiTT
mITT

-Efficacy comparable to 7 days of daptomycin
-Transient dose-dependent elevation of BP
-Six (6) of 160 BRI subjects with SBP > 180 mmHg

Data presented at ICAAC, Sept. 2012
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Screening Placebo

i

Placebo

Placebo

Comparator (daptomycin)

Randomization

I I I

Assessment Visits : Day 2- 3 Day 7-8 Day 10-14 Day 21-28*
(ECA) (EOT) (STFU) (LTFU)
Continuous safety assessments
*Phone visit
1L ow (0.6mg/kg single dose) . Trial conducted at 4 sites in U.S.
’Med (0.8mg/kg single dose) *  Dosing: IV infusion 1x/day for 7 days

3High (0.6 mg/kg D1; 0.3 mg/kg D2 & D3)*

lor 3 days on BRI + 4 or 6 days on placebo; or 7 days on daptomycin
. 215 patients, 4 arms, ~50 patients per arm

. ABSSSI definition (FDA Guidance, Oct 2013)
*Highest total dose of 1.2 mg/kg is less than lowest total «  275sq.cm? (redness, edema, and/or induration)

dose of 1.6 mg/kg in phase 2a study . Wound, major cutaneous abscess cellulitis/erysipelas
*  Early Clinical Response (48-72 hours)—FDA endpoint

*  Clinical Response (Day 7-8; Day 10-14)—EMA endpoint

0
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Number (%) of Subjects @

Definition Brilacidin (mg/kg IV)
0.6 0.8 0.6/0.3 Daptomycin Overall

1 day 1 day 3 days 7 days
Intent-to-Treat (ITT) 54 53 54 54 215
All Treated/Safety 53 53 53 50 209
Microbiological ITT (MITT) 31 (58.5) 35 (66.0) 29 (54.7) | 38(76.0) 133 (63.6)
Chnical Evaluable — EOT (CE-EOT) 48 (90.6) 46 (86.8) 49 (92.5) | 47(94.0) 190 (90.9)
Chnical Evaluable — STFU (CE-STFU) 49 (92.5) 42 (79.2) 45(84.9) | 46(92.0) 182 (87.1)
Microbiological Evaluable — EOT 29 (54.7) 28 (52.8) 26 (49.1) | 35(70.0) 118 (56.5)
(ME-EOT)
Microbiological Evaluable — STFU 29 (54.7) 24 (45.3) 23(43.4) | 34(68.0) 110 (52.6)
(ME-STFU)

Source: Section 14, Table 14.1.2.1.

(a) Percentages are based on the number of subjects who recerved at least 1 dose of study treatment in each treatment group.

* ATS Population = All subjects who received any amount of study drug
 mITT Population = All ATS subjects with ABSSSI pathogen isolated at baseline

==
<4

FDA Early Endpoint & Safety
EMA Endpoints at EOT and STFU



FDA ABSSSI Guidance (Oct, 2013):

“Clinical response should be based on the percent reduction in the lesion size at 48 to
72 hours compared to baseline, measured in patients who did not receive rescue
therapy and are alive. A clinical response in a patient generally is defined as a percent
reduction in lesion size greater than or equal to 20 percent compared to baseline”.

“Clinical Response” if all of the below criteria are fulfilled:
* Did not receive rescue therapy
e Alive
e >20% reduction in lesion area (lesion length x lesion width)

11



0.6 mg/kgIVx1

day (N=53)

tates
2 hours

N assessed 51
Clinical Response (%) 47 (92.2)
95% C.I. (84.8, 99.5)

0.8 mg/kglIVx1 Brilacidin x 3 days Daptomycin
day (N=53) (N=53) (N=50)

48 52 48

46 (95.8) 51 (98.1) 45 (93.8)
(90.2, 100) (94.3, 100) (86.9, 100)

ATS = All Treated/Safety Population

Pre-specified analysis population in statistical analysis plan (SAP) for primary endpoint

Per FDA Guidance—ABSSSI (Oct, 2013)




Study Timepoint

pe
se at EOT and STFU

0.6 mg/kg | 0.8 mg/kg | Brilacidin x | Daptomycin

IV x 1 day IVx1lday |3days

EOT
(D7-8)

STFU
(D10-14)

mITT Population

N assessed

Clinical Response (%)

95% C.I.

Non-clinical Response*
N assessed

Clinical Response (%)

95% C.1.

Non-clinical Response*

30 31 29 38
29(96.7)  26(83.9) 26(89.7)  35(92.1)
(90.2,100)  (70.9,96.8) (78.6,100) (83.5,100)
1 5 3 3

30 29 25 36
29(96.7)  24(82.8)  24(96.0)  34(94.4)
(90.2,100)  (69.0,96.5) (88.3,100) (87.0, 100)
1 5 1 2

*Includes Pl response of “Clinical Failure” and “Indeterminate”



Response at EOT and STFU

Baseline Pathogen

PI Clinical Assessment at Day 7/8: EOT

PI Clinical Assessment at Day 10-14: STFU

Brilacidin
0.6 0.8 0.6/0.3
1 davy 1 davy 3 days

Daptomycin
T davs

Brilacidin
0.6 0.8 0.6/0.3
1 day 1 davw 3 days

Daptomycin
T days

Staphviococcus aureus
MSSA only
+ 5 lugdunensis
+ 5 anginonsus-milleri
+ 5. pvogeneas
MRSA only
+ E. faecalis
+ 8§ agalactiae
Streptococcus
agalactiae

anginonsus-milleri

pyogenes

Staphyviococcus

lugdunensis

Group C Beta-hemolovtic
streplrococci

16/17 (94.1)
1/1 (100.0)

9/9 (100.0)

2/2 (100.0)
1/1 (100.0)

15/18 (83.3)

1/1 (100.0)

7/8 (87.5)

12/13 (92.3)
1/1 (100.0)
1/1 (100.0)

10/11 (90.9)

11/13 (84.6)

2/2 (100.0)
12/13 (92.3)
1/1 (100.0)
_171 (100.0)
1/1 (100.0)
3/3 (100.0)

2/2 (100.0)

16/17 (94.1)
1/1 (100.0)

9/9 (100.0)

2/2 (100.0)
1/1 (100.0)

14/17 (82.4)

1/1 (100.0)

6/7 (85.7)

12/12 (100.0)
1/1 (100.0)
1/1 (100.0)

8.8 (100.0)

11/12 (91.7)

2/2 (100.0)
11/12 (91.7)
1/1 (100.0)

. 1/1(100.0)
1/1 (100.0)
3/3 (100.0)

2/2 (100.0)

mITT Population




e Pathogen

Brilacidin MIC (pg/ml)
Pathogen ¥ N icatates Range MICsp MICoqg
Minimum Maximum
5. aureus 113 0.50 2.00 1.00 1.00
MS5S5A4 65 1.00 2.00 1.00 1.00
MRSA 48 0.5 2.00 1.00 1.00
5. pyogenes 2 200 2.00 - -
S. agalactiae 2 2.00 2.00 - -
Group C Beta- haemolytic streptococci 1 2.00 2.00 - -
S. anginonsus-milleri group 3 0.25 4.00 2.00 4.00
E_faecalis 3 4.00 8.00 4.00 8.00
S. lugdunensis 4 1.00 1.00 1.00 1.00

(a) Based on central laboratory results.
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Mean % Change from Baseline in Lesion Area by Study Visit—Days 1-7, EOT, and STFU
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** Baseline is Screening or Day 1 measurement, whichever is closer and prior to first study drug administration. ™ Baseline is Screening or Day 1 measurement, whichever is closer and prior to first study drug administration.



Selection

a
I m Efficacy predictions consistent across two PK/PD models for microbiologically evaluable subjects

IMNSTITUTE FOR CLIMNICAL

PHARMACODYNAMICS Data on File (2015) ICPD, ECCMID (2013)*

! !

Brilacidin Average predicted % probability of Average predicted % probability of
Single Dose Sponsor-defined clinical success Sponsor-defined clinical success
(mg/kg) (2015 pooled analysis, Studies 203 & 204) (2012 analysis for Study 203 alone)
EOT TOC/SFTU EOT TOC
0.4 84.33 86.40 89.0 88.8
0.6 88.92 89.23 91.6 90.9
0.8 92.03 91.40 93.5 92.6
1.0 94.16 93.08 94.9 93.9

* Use of Pharmacokinetics-Pharmacodynamics and Monte Carlo Simulation Analyses to Support
Brilacidin Dose Selection for Patients with Acute Bacterial Skin and Skin Structure Infecfions



Brilacidin: Brilacidin:
0.8 mg/kg

single dose

Daptomycin
3-day regimen

Brilacidin:
0.6 mg/kg single
dose

No. of Subjects
No. of Treatment-Emergent AEs

Subjects with at least 1 TEAE, n (%)

Subjects with AE leading to study withdrawal, n (%)

Subjects with at least 1 TR AE, n (%)

-Subjects with AE of numbness or tingling (N/T), n (%)

-Excluding N/T, subjects with at least 1 TRAE, n (%)

Subjects with at least 1 SAE, n (%)
Subjects with AE leading to death, n (%)

Subjects reported with AE of hypertension or BP
increased, > 160 mmHg, n (%)

53
90

42 (79.2)
3(5.7)

35 (66.0)
31 (58.5)
4(7.5)
3(5.7)
0 (0.0)

53
114

43 (81.1)
1(1.9)

37 (69.8)
33 (62.3)
4(7.5)
1(1.9)
0 (0.0)

9 (17.0)

53
149

49 (92.5)
2 (3.8)

47 (88.7)

39 (73.6)
8 (15.1)
2 (3.8)
0 (0.0)

14 (26.4)

50
61

23 (46.0)
1(2.0)

17 (34.0)
4 (8.0)
13 (26.0)
0 (0.0)
0 (0.0)



Brilacidin is a potent anti-staphylococcal compound, with high activity vs. MRSA
Single-dose brilacidin was effective in a phase 2b ABSSSI study

Efficacy rates were--
* High across all brilacidin treatment groups, including both single-dose regimens
* High in all analysis populations, including microbiologically evaluable populations
e High at early FDA timepoint (Day 2-3), indicating immediate clinical response

e High at later EMA timepoints (Days 7-8; 10-14), indicating a sustained clinical
response

e Similar to 7 days of active comparator (daptomycin)

PK/PD model correctly predicted high efficacy using single doses

Confidential

19
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 Single-dose brilacidin was safe and well tolerated in a phase 2b ABSSSI study

e Reduction in total dose decreases the frequency, severity, and duration of adverse
events, vs. phase 2a study

* Blood pressure events low in 0.6 mg/kg single-dose regimen, similar to or better than
daptomycin (active control)

* There were no treatment-related SAEs or hypertension-related SAEs
 Numbness/Tingling mild, transient, and decreased in frequency and severity, vs.
phase 2a study

* PK/PD model correctly predicted decrease in AEs with lower total dose, particularly low
single-dose regimens

20



Brilacidin was safe and effective in two phase 2 studies

Convenient single-dose regimen
* Pharmacoeconomic advantages

Efficacy comparable to 7-day regimen of robust comparator (daptomycin x 7 days)
QIDP designation (Nov 2014) under the GAIN Act

 Eligible for Fast Track and Priority Review

Minimal potential for development of resistance
* Novel class, with no cross-resistance
* Novel mechanism of action confers fitness disadvantage for bacterial resistance
* Single dose removes non-compliance as driver for resistance

Immunomodulatory, with anti-biofilm properties
* May accelerate the healing process

Phase 3 planning in progress

21
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Brilacidin, Host Defence Peptide mimetic, one of a new class of immunomodulatory agents that can target multiple disease indications
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INTRODUCTION and PURPOSE

Oral uloerative mucositis (OM] & @ common, painful, dose-
limiting_toxieity of drug and radiation for cancer
(Scully 2008). The disorder iz characterized by brekdown of
the oral musosa that results in the formation of uloerative
lesionz. In granuloeytopenic paients. i
accomgany mueasitiz are frequent

indigenous oral bacteria often leading to sepsis or basteremia
(Donneily 2003).

Muscsitis ocours to some degree in more than one third of

patients. receiving anti-necplastio drug therapy (Sonls 2004).
The and

are significantly greater among
patients who are treated with induction therapy for leukemia
or with many of the conditioning regimen: for bone marrow
tranzplant (Vera-Lionch  2007). these  individuals,
moderate to severs musositiz & not umuzual in mare than
three-quarters of patients.

Moderate to severe musasitis ooours in virtuslly all patients
wha receive radiation therapy for tumars of the head and neck
and eypioally begins with cumulative expasures of 15 Gy and
then worsens as total dases of 60 Gy or more are reached (Sonls
2004, Sonis 2007).

Hast defense proteins {HOPs) form part of the innate immune

Frotein (HDP), with both antimiorobial and immunomodulatory
properties
Brilacidin completed a sucoessful Phase 2 clinioal trial as an
anti-staghylocoocal agent for treatment of Acute Bacteria Skin
and Skin Structure Infeations (ABSSSI) [ECCMD-2969].
Based om the effioasy in pre-olinioal models and its
immuncmodulatory activity, brilacidin is being tested in Phaze 2
trial for shemoradiation therapy induoed 0.
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o treat ovol it Loncet nfect 0. 2005140511,
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METHODS

Radiation hamster orsl mucosis model

houte radiation hamster oral mucasitls study
Hamsters. received a single 40 Gy radistion dow. Brlcidin wes
opically 3 times dally at 1, 3 or 10 mg/ml over 28 days n=10).

Fracticnated radiation hamster oral mucositis study

Hamsters reoeived 7.5 Gy radistion dose 8 times aver 10 days.
Brilacidin was applied topically at & dose of 3 mg/mL. 3 times
daily sither Days 0-35; Days 0-3.
(0=7).

Immunomodulatory activity of brilacidin
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RESULTS
Acute radiation hamster oral mugssitts study

RESULTS
Immunomodulatary activity of brilacidin

Fractionsted radiation hemster orsl mugosms study
The abjective of this study was to demomstrate

Phase 2 alintosl trial of brilactdin for Oral Mucastttz

Based an the very promising reslts of the pre-clinical hamster orall
i
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Brilacidin has broad spectrum in vitra antmicrablal activity
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Beilacidin fas rapid 10,50 & hrs) bactericidal activity

Brilacidin has potent and rapid bactericidal activity sgainst stationary
fphase cultures of MESA and MASA

‘s i 3
aisa play a role In treating the leskons. Based on these promésing studies, a|
radiation

For further imformanion
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