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Panel 4: Efficacy of Finafloxacin in the Neutropenic Mouse Thigh Infection Following a Single Dose Administration Summary and Conclusions
(FIN), a novel (FQ) in clinical has o o
the unique property of being activated under acidic conditions, unlike other marketed FQs. s E. coli .
Since local acidic environments are a hallmark of bacterial infection, FIN may have an F. OH - aureus « Finafloxacin was 4- to 16-fold more active than the other
advantage over existing agents in treating these infections. This study was performed to | 101 109 fluoroquinolones by MIC testing at pH 5 — pH 6.
determine the PK/PD parameter that best correlates to FIN efficacy. Methods: MICs for FIN ' . '
s v N 9 9 « Finafloxacin exhibited a good correlation for the
and other FQs were determined at pH 5, 6 and 7.2. Female CD-1 mice were rendered = &--a . 2= o5% 5,
neutropenic by IP injection of Cytoxan (150/100 mg/kg at days 4-1 pre-infection). Infection H é HCl S ~. 2 8 pharmacokinetic parameters of AUC, ; and C,p,, to dose.
N - o . = \ . .
was established by injection of 10° CFU of and MSSA or E. coli (Ec) strain in the right thigh E §\ 3 7 X + Finafloxacin exhibited a good correlation between total
Dose fractionation studies (q24h, q12h and q6h) were performed from 0.25 - 150 mg/kg SC. 5 )y ] dministored di o antibacterial effect both E. col
Al thighs were removed 26 hrs post-infection and processed for CFU counts. FIN was. e 6 N 2 69 1 > administered dose and antibacterial efiect against both E. coll
administered SC from 1 to 100 mg/kg to determine PK parameters (C,, AUC, T>MIC) in 4-bJ-1,4-0xazin- 2 s N §’ 5 and S. aureus in the murine thigh infection model.
= <
neutroperic, thighvinfected animas. The dose vs. change in log CFUItigh relaionship vs N %{§ o EY + The PK/PD parameter which best predicts finafloxacin activity
untreated controls was determined and related to the PK parameters at each dose. Results: Panel 2: Minimum Inhibitory Concentration (MICs) of Finafloxacin i in this model was AUC/MIC, closely followed by C,_/MIC.
FIN was more active than the other FQs tested at pHS. The static dose for both the MSSA and Other Fluoroguinolones - r " - r r r 9 max
and Ec was 10.7 mg/kg. The correlation coefficients of the PD parameters to efficacy in the 0.1 1 10 100 1000 01 1 10 100 1000 These parameters are also used to describe the clinical
thigh model for the 24 hr AUC/MIC, C,,,/MIC and %T>MIC were 90, 79 and 57% for MSSA Finafloxacin (mg/kg) Finafloxacin (mg/kg) efficacy of marketed fluoroquinolones and could also be
and 89, 77 and 67% for Ec, respectively. The 24 hr total AUG/MIC (pH 7.2) ratio necessary to S. aureus ATCC 29213 E. coli ATCC 25922 utilized to set target exposures in the clinical evaluation of
achieve a static effect was 1325 for the MSSA and 88.1 for the Ec. The i Compound oH5 pHG pH72 pH5 pH6 pH7:2 > The static dose, no change in CFU counts in treated groups compared to the bacterial burden at the start of treatment, was calculated at 10.7 mg/kg for both the S. finafloxacin
CouMIC (pH 7.2) ratio for the static effect was 30.9 for the MSSA and 22.4 for the Ec Finafloxacin __ 0.06 003 003 0.06 0.03 0.03 aureus and & ool nfecons. Doses corfesponding 101 and 2 g reductons in tigh OFU were 20:4 and 52.5 fr 5. aureus ATGC 20213 and 191 and 52.5 kg for -
Conclusion: The efficacy of FIN in the neutropenic thigh model, for both MSSA and E. coli Ciprofloxacin 2 05 025 05 0.12 0015 i + The preliminary PK/PD target of an AUC/MIC of 88.1 for E.
correlated best to the AUC/MIC and further investigations are warranted to determine the Levofloxacin 1 0.25 0.12 1 0.25 0.03 Panel 5: PK/PD Parameter Determinations from Dose Fractionation of Finafloxacin Against Staphylococcus aureus coli is in the region of those described for other
effect of pH at the site of infection on the magnitude of this parameter Gatifloxacin 1 025 0.06 1 025 0.03 fluoroquinolones to Gram negative organisms (~125).
Norfloxacin 8 2 2 2 05 006
Introduction > FIN exhibited excellent activity at pH 7.2 against both organisms. Unlike all the other + Further testing is warranted with a larger strain set to more
FQs, FIN maintained this activity at lower pH values with MICs of 0.03 ug/mL_ at pH 6 109 109 109 accurately define the magnitude of the PK/PD parameters
Finafloxacin is a novel member of the fluoroquinolone class of antibiotics with a new pH and 0.06 jg/mL at pH &. o o ] which describe the in vivo efficacy of finafloxacin.
activated profile offering therapeutic potential for severe and difficult to treat bacterial . N N N 5 = 90% ] % 5
P 9 therapeutic p Panel 3: Pharmacokinetics of Finafloxacin following Subcutaneous 5 8] = 90% 2 = & 2 94
infections. Some of the characteristics of finafloxacin which set it aside from other members o oy % £ H £
o Administration in Thigh Infected CD-1 Mice 5 7 3 z
of the fluoroquinolone (FQ) class can be summarized as follows: pH activation and activity 2 B 2 3
. . N ] ¥ > o
under infection relevant conditions; more active than other marketed FQs against the growth prs e & o & g = 2 S8
. 3 =57% -
/ physiological forms of bacteria which cause the most serious and recurrent infections; an & 5] o L 0% 0g 5 5 . References
inclusive spectrum of activity that covers Gram positive, Gram negative, anaerobic and o o E E-EE +] HE!E% o] @Bg
atypical pathogens; more effective than the classical FQs over a range of sepsis, cSSSI, _'_"m._'_m"m{;‘m or - - - - - N and W. A. Craig. 1998. In vivo activities of amonicillin and
RTI, UTI and IAl infection models and safety, finafloxacin has an outstanding safety profile w00 10 100 1000 10000 01 1 10 100 1000 10000 10 100 amoxicillin-clavulanate against Streptococcus pneumoniac: application o
breakpoint determinations. Antimicrob. Agents Chemother. 42:2375.
compared to other fluoroquinolones. The current study was performed to determine the. AUC/MIC CmaxMIC

PK/PD parameter that is most predictive for the efficacy of finafloxacin.

2.Blaser, J., B. B. Stone, M. C. Groner, and S. H. Zinner. 1987. Comparative
study with enoxacin and netilmicin in a pharmacodynamic model to determine

> For S. aureus, the correlations achieved were 90% for AUG/MIC, 79% for C,../MIC and 57% for %T24>MIC importance of ratio of antibiotic pesk concentration to MIC for bacterial
w0 > The AUC/MIC ratios at stasis, 1 log and 2 log CFU reductions were 132.5, 235.4 and 581.3, respecively.
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R Panel 6: PK/PD Parameter Determinations from Dose Fractionation of Finafloxacin Against Escherichia coli mice and men. Clin. Infect. Dis. 26:1-12
Mice: Female 5 - 6 wk old GD-1 mice (18-22 gm) rendered neutropenic by IP injection of Cytoxan et 4. Craig, W. A., and S. Gudmundsson. 1996, Postantibiotic effect, p. 296-329.
(cyclophosphamide) 150 mg/kg (4 days) and 100 mgkg (-1 day) pre-infection In V. Lorian (ed.), Anibioics in aboratory medicine, 4ih d. The Williams
& Wilkins Co., Baltimore, M.
Thigh Infection: A fresh overnight culture of a S. aureus and E. coli strains diluted to approx. 2 x Finalloxacin Dose - 5. Dudley, M. N. 1991. Pharmacodynamics and pharmacokinetics of antibiotics
10° CFUMML and 0.1 mL injected (5x10° final GFU) IM into the thighs of the pre-treated mice. Parameter Tmpke  10mgks  S0mghg 100 mpke 109 109 with special reference to the fluoroquinoloncs. Am. J. Med. 91(Suppl. 6A)
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Determination of the Effect of Age and Gender on the Pharmacokinetics (PK) and Tolerability of a Single

FIN is a novel that exhibits improved antibacterial and
pharmacodynamic properties under acidic conditions which often characterize infection sites.
Previous dlinical studies have indicated that FIN is well tolerated with few treatment related
adverse events (AEs). This study aimed to determine primarily the effect of age and gender on
the PK of FIN and assess its safety profile.

Methods: The study was conducted under approval of the Celerion IRB, the FDA IND #
106,696, and in accordance with GCP. This was a single center, open label study in 40 healthy
subjects (10 young adult males, 10 young adult females, 10 elderly adult males, and 10 elderly
adult females). All subjects received a single oral dose of 400 mg FIN (2 x 200 mg tablets).

Results: Following a single dose of 400 mg, the mean peak exposure (C,.,,) of FIN was similar
in elderly (4630 - 6190 ng/mL) and young (5160 - 6440) subjects. The average exposure (AUC,
) was approximately 18% greater in elderly (20250 - 23477 ng.h/mL) versus young (17240 -
19942 ng.h/mL) subjects (not statistically significant). Mean exposure was similar in males and
females (<16% difference) and Cmax was statistically higher in females (6190 - 6440 ng/mL)
than males (4630 - 5160 ng/mL). The mean t,,of FIN was comparable in both genders within
each age group. Renal clearance was reduced in the elderly group. In total, 23 AEs (22 mild
and 1 moderate) and no serious AEs were observed. There were no significant findings in
dlinical laboratory values, vital signs, ECGs, and physical examinations.

Conclusions: There were no statistically significant age o gender effects on FIN PK except on
urinary excretion (age) and peak exposure (gender). The administration of a single oral dose of
400 mg FIN was safe and well tolerated in the young and elderly male and female subjects in
this study.

Finafloxacin is a novel pH activated, broad spectrum fluoroquinolone
in development for infection indications in the hospital and critical
care setting [1]

Finafloxacin exhibits enhanced activity at low pH and under other
environmental conditions associated with infection [1, 2]

Finafloxacin exhibits bactericidal activity against forms of quiescent
growth, thought to be relevant in vivo e.g. non-growing cells,
biofilms and persisters [3]

Other fluoroquinolones lose activity under such conditions.
Consequently, finafloxacin exhibited superior activity in a series of
infection models [4, 5]

The activity of finafloxacin under infection relevant conditions and
against infection relevant growth forms in combination with the high
dosing potential predicted from its safety profile [6, 7], suggest
finafloxacin will offer improved properties over currently marketed
fluoroquinolones

Dose of Finafloxacin HCI (FIN) in Healthy Volunteers

L. Mooney?, M. Murphy?, M. Kabbaj3, A. Vente?, H. Labischinskit, and D. Swearingen?

!MerLion Pharmaceuticals GmbH, Berlin, Germany, 2Celerion, Belfast, United Kingdom, 3Celerion, Zurich, Switzerland, *Celerion, Tempe, AZ.

Previous clinical studies have indicated that finafloxacin is well tolerated with few
treatment-related AEs. As a part of the clinical development of finafloxacin, other PK
studies are required to determine the effect of other variables on the PK profile of
finafloxacin.

The primary objective of the study was as follows:

e To assess the PK profile of finafloxacin in healthy young and elderly
volunteers.

The secondary objective of the study was as follows:

* To determine the safety and tolerability of finafloxacin in healthy young
and elderly volunteers.

* All pertinent study documents were reviewed by the independently functioning Celerion
Institutional Review Board (IRB) prior to study initiation. The IRB operations are in
compliance with the U.S. Code of Federal Regulations (21 CFR Part 56) and International
Conference on Harmonisation (ICH) guidelines. This study was conducted under the FDA
investigational new drug number IND 106,676.

« This was a single-center, open-label, single-dose study in 40 healthy subjects. The subjects
were assigned to 1 of 4 groups comprised of the following: 10 healthy young adult males,
10 healthy young adult females, 10 healthy elderly adult males, and 10 healthy elderly adult
females.

* The subjects fasted for 10 hours and were administered 400 mg finafloxacin (as 2 x 200 mg
tablets) administered with 240 mL of water.

« Blood samples were withdrawn at the following times, predose and at 30 minutes, 45
minutes, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and 24 hours postdose.

* Urine samples were collected from subjects over a 24-hour period postdose at the
following intervals: baseline (predose) sample, 0 — 4 hours, 4 - 8 hours, 8 — 12 hours, and 12
—24 hours.

« Finafloxacin PK parameters were summarized using descriptive statistics. The comparisons
between the four age-gender groups ed 400 mg fi
an analysis of variance (ANOVA).

were assessed using

* The safety assessments included laboratory evaluations, physical examinations, AEs,
standard 12-lead ECG and vital sign
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Summary of the Mean Pharmacokinetic Parameters for Plasma Finafloxacin in all Treatment Groups

Summary of the Mean Pharmacokinetic Parameters for Urine Finafloxacin in all Treatment Groups

Treatment Group Treatment Group
YoungMales | YoungFemales | Elderly Males | Elderly Females ineti a—— ‘ m— ‘ fe— ‘ p—
‘oung Males oung Females erly Males erly Females
™ ) ™ \ ™|
Geometric Mean (GeometricCV%) | w W [ w
Geometric Mean ic cv)
Cons 8/mU) RO R o o 132458) 115(2349) : 843 (222) 855 (285)
16534 (35.4) 18555 (23.5) 19498 (21.6) 22472(19.7) CumAe,,, (mg) - . — —
AUG,, (ng-h/ml) (10 o) { (10) o (10) (10) (10) (10)
AUC, , (ng-h/mL) 16530 054) el LTl e e o (me/h) 182(39.2) 158027.7) 9.68(339) 119(262)
AUC, . (ngth/mL) 720 i03] S 53] 0 1] 207189 e (10) (10) (10) )
Arithmetic Mean 50 Arithmetic Mean  SD
o 7642201 7872168 6.0620.961 7092139 Cumbose Excr. 355+129 25275 25248 22263
b ) 0] @ (10) (10) (%) (10) (10) (10) (10)
0354+0.123 0319.+0,06%0 0347 00511 0364 20,0570
CUF (U/h/kg) : o L0 o @ o T0s267 To0e212 92150 EYRY)
Lr (m
Ve /F (Uke) 401192 368131 LlE(foO],SN z,nuxo)nl w0 w0 w0 w0
AUCIAUC, () T 3417 R 72157 Median (Minimum
Froser - ‘ 202(200,2.03) ‘ 201198, 202) ‘ 2.06(2.00,2.08) ‘ 203196, 2.05)
T
09% 09% 0877 0876 s | (10) | (10) | (10) | (10)
Toae (1) (0,500, 1.50) (0.749, 1.50) (0.499,2.50) (0,509, 1.50)
[ (10) (10) (10) | CLr; Renal clearance, CumAe0-24; Cumulative amount excreted in urine, CumDose Excr.; finafloxacin urinary excretion,

Abbreviations: AUC; area under the plasma concentration-versus-time curve, CL/F; total body clearance calculated as: Dose / AUC,,.,

Ry Maximum rate of urinary excretion, T,,; time of the maximum measured urine concentration,

€, maximum measured plasma concentration, t,,; apparent terminal elimination half-lfe, T,,; time of the maximum measured
plasma concentration, Vz /F; apparent volume of distribution at the terminal phase.
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Summary of Adverse Event (AE) Incidence by Treatment Group

e 22/23 AEs were classified by the principal investigator (PI) as
mild in intensity and 1 /23 as moderate

*  The most common AEs were headache and nausea

*  There were no significant findings in clinical laboratory, vital
signs, ECGs, and physical examinations.

Treatment Group Subject Incidence| Number of [ Number of Treatment-
AEs Related* AEs

Young Males (n=10) 4(40%) 6 6

Young Females (n=10) 6 (60%) 1 6

Elderly Males (n=10) 2(20%) 2 2

Elderly Females (n=10) 3(30%) 4 2

Total (n=40) 15 (38%) 23 16

T

tleast possibly related to study treatment

Conclusions

The average systemic bility (AUCq ;) of fi was appr 18% greater in elderly versus young subjects

(not statistically significant). Mean systemic exposure was similar in males and females (<16% difference).

The mean peak exposure (C,,,) of FIN was similar in elderly (4630 - 6190 ng/mL) and young (5160 - 6440) subjects, but

slightly higher in females versus males.

Urinary excretion of finafloxacin (based on CumAe, ,, and R,.,,) was significantly lower (by 42% — 54%) in elderly compared to

young subjects and was similar between genders.

There were no statistically significant age or gender effects on FIN PK except on urinary excretion (age) and peak exposure

(gender).

Overall, there were no major safety concerns found in the vital sign, safety laboratory, ECG, AE, or physical examination
with the ion of il in young and elderly healthy male and female subjects.

The administration of a single oral dose of 400 mg finafloxacin was safe and well tolerated in the young and elderly male and
female subjects in this study.




In vitro Investigation of Finafloxacin Under Conditions Simulating Lower Respiratory Tract Infection

E-177

in (FIN) is a novel (FQ) that exhibits improved antibacterial
and pharmacodynamic properties at pH values below neutral which often characterize sites such as
in chronic and lower respiratory tract infection (LRTI). The aim of this study was to investigate the
activity of FIN under in vitro conditions simulating LRTI including pH, low oxygen, presence of
sputum components and biofilms.

Methods MICs against LRTI pathogens were determined in an artificial sputum media (ASM) at pH
7.2, 6.2 and 5.2 under both aerobic and anaerobic conditions. Time kill curves were conducted in
the presence of sputum from cystic fibrosis (CF) patients. Minimum biofilm eradication
concentrations (MBEC) were determined using a modified Calgary device.

Results Finafloxacin exhibited MICs in ASM against MRSA, P. aeruginosa (Pa), K. pneumoniae and S.
maltophilia which were 2-16-fold lower than those of the other FQs, ciprofloxacin (CIP),
levofloxacin or moxifloxacin (MXF), at pH 6.2 and 5.2 under aerobic and at all pHs, under anaerobic
conditions. FIN MICs in ASM were 2-64-fold lower than those of tobramycin (TOB), ceftazidime
(CAZ) and meropenem (MEM) against all organisms tested in ASM at pH values below neutral or
under anaerobic conditions.

FIN, CIP, LVX and MER MICs increased 1-2-fold, TOB 8-fold and CAZ >32-fold when 20mg/mL mucin
was included in CAMHB. DNA (up to 10 mg/mL) had minor (1-4-fold MIC increase) effects on all
antibiotics. FIN retained bactericidal activity at 4 x MIC against Pa 27853 in 20% CF sputum.

MBEC (mg/L) against biofilms of Pa 27853 at (pH 7.2, 6.2 and 5.2) were for FIN; 16, 4 and 2, CIP; 1.5,
3and 15, LVX; 6, 12 and 8, TOB; 2, 4 and 4, CAZ; >128, >128 and >128 and MEM; 2, 0.75 and 1.

Conclusions These data highlight some of the factors which could potentially effect antibiotic
treatment of LRTI. FIN exhibited robust activity when examined under in vitro conditions simulating
this environment and warrants further clinical investigation.

* Finafloxacin is a novel pH activated, broad spectrum fluoroquinolone in
development for infection indications in the hospital and critical care
setting

Finafloxacin exhibits enhanced activity at low pH and under other
environmental conditions associated with infection [1, 2]

Finafloxacin exhibits bactericidal activity against forms of quiescent
growth, thought to be relevant in vivo e.g. non-growing cells, biofilms
and persisters [3]

Other fluoroquinolones lose activity under such conditions, therefore
finafloxacin exhibited superior activity in a series of infection models
[4,5]

The activity of finafloxacin under infection relevant conditions and
against infection relevant growth forms in combination with the high
dosing potential predicted from its safety profile [6,7,8], suggest
finafloxacin will offer improved properties over currently marketed
fluoroquinolones

Chee Yong Gohl, Falicia Goh?, and Will Stubbings?

1MerLion Pharmaceuticals Pte Ltd, Singapore, 2ZMerLion Pharmaceuticals GmbH, Berlin, German

Finafloxacin is a candidate for treatment of severe and chronic infections of
the lower respiratory tract including: pneumonia, exacerbations of COPD or
cystic fibrosis (CF), because of its broad spectrum and activity under infection
relevant conditions.

The antibacterial activity of finafloxacin was investigated in a series of in vitro
experiments that mimic the conditions of lower respiratory tract infection and
compared to antibiotics already on the market. This included determination
of antibacterial activity in a artificial sputum media designed to resemble CF
sputum at varying pH and oxygen availability. Bactericidal activity against P.
aeruginosa was also investigated in real CF sputum and against biofilms
grown in vitro.

* MICs were determined in pH adjusted cation adjusted Mueller-Hinton broth
using CLSI methodology for broth microdilution. Mucin (from porcine
stomach), DNA (from salmon sperm) or sterilized sputum (from cystic
fibrosis patients) was added to investigate the effects of these individual
components on antibacterial activity.

The following antibiotics (with abbreviations) were tested: ciprofloxacin
(CIP), ceftazidime (CAZ), finafloxacin (FIN), levofloxacin (LVX), meropenem
(MEM), moxifloxacin (MXF) and tobramycin (TOB).

o Artificial sputum (AS) composition that closely resembles CF sputum was
used to determine MICs: 5g/L of mucin, 4g/L of DNA, 5.9 mg/L of DTPA
(diethylentriamene pentaacetate), 5g/L of NaCl, 2.2g/L of KCl, 50g/L of
amino acids, 5mL/L of egg emulsion as described by Sriramulu et al. 2000
[9]. AS was supplemented with 400 pM of KNO3 to facilitate bacterial
growth under anaerobic conditions and 3% laked horse blood for S.
pneumoniae. Because it was difficult to score growth after incubation by
visual means, a drop plate method was employed where 10 uL of each well
was transferred onto agar and growth scored after overnight incubation.

e Minimum biofilm eradication concentrations of the test drugs were
determined using the modified Calgary device method published by
Moskowitz et al., 2004 [10].

Anaerobic conditions were applied to the above susceptibility testing
methods using GasPak™ EZ Anaerobe Container System Sachets (Becton
Dickinson, UK).
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Effect of mucin (porcine stomach) on MIC of

Median MIC* [mg/L] for finafloxacin and comparator antibiotics in artificial sputum, | finafloxacin and comparator antibiotics against .
Species tested and number  |determined at pH 7.2, pH 6.2 and pH 5.2 with and without oxygen aeruginosa ATCC 27853 determined at at pH 7.2
Finafloxacin Ciprofloxacin Levofloxacin Moxifloxacin “Tobramycin Ceftazidime Meropenem
Aatreonam
5.2 o, | ano, | o, ano, | o, [ano, | o, Ao, | o, | Ano, | o, [ano,| o, | ano, >312 —#— Ceftazidime
Escherichia coli [n=5] 0.03 0.03 0.25 0.5 0.5 1 1 2 32 64 0.5 1 0.25 0.25 2 32
molophiialnes) | 2 s 64 64 | 32 | 32 | 16 16 | o4 | 64 | 16 | 32 | 8 | 16 g 1
n=s) 32 8 16 2 | 32 | 32 | e 64 | 16 | 64 | 64 | 64 | 32 | 3 2 s —+—Tobramycin
aureus [n=5] 0.25 1 4 8 2 4 1 1 32 32 64 64 32 64 3 a —=— Ciprofloxacin
pneumoniae [n=5] n.d. n.d. n.d. n.d. nd. | nd. n.d. n.d. n.d. nd. | nd | nd | nd | nd o 2 —— Levofloxacin
9 H ~* Finaforacin
Kiebsiell pneumoniae [n=5) 64 s 64 64 | o4 | 64 | o4 64 | o4 | 64 | 8 | 16 | 025 | 05 14 By
pH6.2 o, | ano, | o, Ao, | o, [ano,[ o, | ano, | o, | Ao, [ o, [Ano,| o, |ano, 05 4 erovene
o 5 10 15 20
Escherichia coli [n=5] 0.03 0.03 0.06 0.25 0.125 | 0.25 0.25 0.5 16 64 0.25 0.5 0.125 | 0.125 Mucin [mg/mL]
Stenotrophomonas maltophiian=s) | 2 4 3 2 IERE 16 | o4 | 64 | 64 | 64 | 64 | 64
Pscudomonas aeruginosa [n=5] 1 1 4 2 IR 16 | 32 | 32 | 32 | e | 32 | 16 | Timekill profile of finafloxacin and ciprofloxacin
Staphylococcus aureus [n=5] 0125 | 025 1 2 05 1 025 05 32 48 64 64 64 64 against P. aeruginosa ATCC 27853 determined in
treptococcus pneumoniae [n=5] 05 n.d. 2 n.d. 1 n.d. 05 n.d. 64 n.d. 2 nd. | 025 | nd. | CAMHB with 20% CF sputum at pH 7.2
Klebsiella pneumoniae [n=5] 4 4 64 64 8 32 64 64 64 0.5 16 0.5 1
pH7.2 o, | ano, | o, Ao, | o, [ano,[ o, | ano, | o, | Ao, [ o, [Ano,| o, |ano, e e control
escherichia ol 1n=5] 025 | 0125 | 0008 | 006 | 006 |0125| 006 | 05 2 16 | 025 | 05 |o0125 | 006 10
o
Stenotrophomonas matophiialnsi | 4 8 16 64 16 2 16 64 | 64 | 16 | 64 | 64 | 64 E 1o e cpnmict
Pscudomonas aeruginosa [n=5] 2 | os 2 1 I s s 16 | 32 |32 |64 | 32| 4 g AN 1 Mic
Staphylococcus aureus 1n=5] 025 | 025 | os 2 |o25| 1 | ows | os 2 32 | 64 | 64 | 16 | 32 0
10*
Streptococcus pneumoniae [n=5] 1 05 4 1 2 0.25 1 64 64 4 4 | o025 | 025 w - ;‘;:i ’,‘\”n“i
Kiebsiella pneumoniae [n=5] 16 4 64 4 16 8 32 16 64 | 05 | 64 a Z R 5 10 15 20

* It was not possible to read the MIC by visual means, therefore growth wa

p plate method. [0,] = aerobic, [AnO,] = anaerobic

Time / h
Finafloxacin MIC; 4 mg/L, ciprofloxacin MIC; 0.5 mg/L

Minimum Biofilm pH7.2 pH6.2 pH5.2
Inhibitory Concentration " s 3 s
of and
antibiotics 6 12 8
against biofilms of P. 16 2 2
aeruginosa ATCC 27853, N
ined at pH 7.2, | Tobramycin 2 4 4
6.2and5.2 Ceftazidime 2128 2128 2128
Meropenem 2 0.75 1
) bbi 010. Agents and ct submission.

(2)  Kresken et al. 2008. 48" ICAAC / 46" IDSA Washington DC. Poster F1-2037.

(3)  Goh etal. 2008. 48" ICAAC/ 46" IDSA Washington DC. Poster F1-2042.
(4)  Endermann et al. 2008, 48" ICAAC / 46" IDSA Washington DC. Poster F1-2044.
(5) Endermann et al. 2008. 48" ICAAC / 46 IDSA Washington DC. Poster F1-2045.
(6)  Schmuck et al. 2008. 48" ICAAC / 46" IDSA Washington DC. Poster F1-2047.
(7) patel et al. 2010. Antimicrobial Agents and Chemotherapy In In submission.

(8)  Moony et al. 2010. 50" ICAAC. Poster A1-685

(9)  Sriramulu et al., 2000. Journal of Medical Microbiology.
(10)  Moskowitz et al,, 2004. Journal of Clinical Microbiology.

Conclusions

Finafloxacin exhibited pH activation in artificial sputum, in contrast the other fluoroquinolones and tobramycin lost
activity under acidic pH in artifical sputum

Consequently, finafloxa (except cipl

with P. aeruginosa) in arti

was more active (2- to 32-fold) than the
al sputum at pH 6.2 and pH 5.2 under aerobic conditions.

Finafloxacin was the most active of all of the tested under

pH 6.2 and pH 5.2

even more notably at

Finafloxacin exhibited bactericidal activity against planktonic P. aeruginosa in 20% CF sputum and against biofilms
of P. aeruginosa

Finafloxacin exhibits antibacterial activity in the presence of sputum and sputum components which can inactivate
other ibioti Fur , the i activity of under acidic and anaerobic
conditions, against important respi y could be of of chronic and severe
lower respiratory tract infection.

for the
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Background Finafloxacin (FIN) s a novel fluoroquinolone that exhibits improved antibacterial and

pharmacodynamic properties at pH values below neutral which often characterize infection sites. Deep The potency of antibiotics against organisms that grow aerobically is routinely | MIC,, [mg/L] for finafloxacin and comparator antibiotics, determined at pH 7.2, pH 6.2 and pH 5.2 with and without oxygen

seated and chronic infection sites e.g. intraabdominal abscesses and in cystic fibrosis airway can also be 5 i i iti 9 n - - - - - -
comprised of areas with low oxygegn. The aim of this study was to dC:terrnme the eﬂecv( of pH and ferf.odll'med o pH 72 7: and in a;mos:‘:hen: conditions .I(ir.l.SA Cozhfor.moref Finafloxacin Ciprofloxacin Levofloxacin Moxifloxacin
oxygen on the activity of FIN and comparator antibiotics. OHSU {OUS 0"83"'5"15)». OM{GVGF, the pH and oxygen availa I,ItY. at t e. site o PH7.2 pH62 pH5.2 pH7.2 pH62 PH5.2 pH7.2 PH62 pH5.2 pH7.2 PH62 pH5.2
Methods MICs were performed aerobically and anaerobically at pH 7.2, 6.2 and 5.2 against 176 clnical infection could be quite different and thus standard susceptibility testing may 0, [Ano,| o, [Ano,| 0, [Ano,| 0O, [Ano,| 0O, [Ano,| O, [Ano,| O, TAno,| O, [Ano,| 0, Ano,| 0, [Ano,| o, [ Ano,| O, [ AnO,
isolates. under- or overestimate the capacity of an antibiotic to work in certain locations. Staphylococcus aureus [n=16] 025 | 0125 | 0125 | 0125 | 0125 | 025 05 05 1 1 3 2 025 | 025 05 05 2 F) 0125 | 0125 | 025 | 05 1 1
Coagulase negative staphylococci [n=8] 0.125 0.125 0.06 0.06 0.06 0.125 0.25 0.25 0.25 0.5 2 2 0.25 0.25 0.25 0.5 2 2 0.125 0.125 0.25 0.5 1 1
Results Comparative aerobic and anaerobic median MICs (MIC)are shown in the Table. The activity of The enhancing effect of acidic pH on the activity of finafloxacin (and the negative | [Srevtococcus preumonioe [v-13] T [ 025 | nd | nd | nd | nd | 1 T [ nd | nd | nd | na [ 1 T | nd | nd [ nd | nd | 025 | 0125 | nd | nd | nd | na.
tobramycin (TOB) decreased under anaerobic conditions whereas FIN activity was increased; pH o N . > Non-pneumococeal Streptococcus spp. [n=18] | 05 | 025 | 025 | 0135 | nd. | nd | 05 | 05 | 05 | 05 | nd [ nd | 05 | 05 | 05 T | nd | nd | 042 [ 025 [ 025 025 [ nd | na.
readings confirmed this effect was not due to changes in pH during incubation. effect on activity of other fluoroquinolones) has been described before. The aim of Enterococcus spp. [n=15] 1 1 1 1 2 2 2 3 2 32 32 32 2 2 2 3 16 16 05 1 1 2 B B
Under aerobic conditions, FIN activity increased by a factor of 2-8 at pH 6.2 / 5.2 compared to at pH 7.2. this study was to investigate the activity of finafloxacin and other antibiotics against Escherichia coli [n=15] 0125 | 0008 | 0.008 | 0008 | 003 | 0008 | 0008 | 006 | 0125 | 0125 | 05 | 05 | 003 | 0125 | 0425 | 025 | 1 1 006 | 025 | 025 | 05 2 2
3 N ) ) . . . . ) Pseudomonas aeruginosa [n=15] 2 05 1 0.25 05 05 | 0125 | 0125 | 025 | 025 2 2 05 05 1 1 3 2 2 2 2 2 16 16
Conversely, the activities of c\pruﬂuxac!n.(CIP), levofloxacin (LVX), moxifloxacin (MXF) and TOB were a selection of clinically relevant facultative anaerobes, using variables of pH and Stenotrophomonas maltophifa [n=10] B = = DESRImNGS FYR 7 5 T 5 SRR 5 5 Gl 7 SRR a a 7 > SR
decreased by a factor of 2-32 in the acidic media. Meropenem (MEM) and ceftazidime (CAZ) activity oxygen availability. ebsiella spp. =151 = 5 5 5 5 > 5 o N e B z 5 5 R 5 5 B N
was not affected by pH. Proteus spp. [n=13] 1 | 025 | 025 | 0125 | 025 | 025 | 003 | 006 | 0125 | 0125 | 2 T | o6 | 0125 | o025 | oz | 1 T 05 2 2 4 | 16| 16
Under anaerobic and low pH conditions, the activity of FIN was similar to at pH 7.2 (anaerobic). CIP, [Acinetobacter baumanni [n=11] 8 1 2 1 4 4 % 2 | 2 | 2 | 2| B B % | 2 | 2| 2 | 1% 5 | m | = | 2| »
LVX, MXF and TOB, all exhibited decreased activity at lower pH, compared to at pH 7.2, under anaerobic “ Enterobacter spp. [n=6] 025 | 006 | 006 | 006 | 006 | 0125 | 003 | 006 | 0125 | 025 | 2 | 2 | oo6 | 025 | 025 | 05 | a | 4 |oms| os | T [ 1 | 8 | =
conditions. Serratia marcescens [n=6] 05 | 025 | o025 | 025 | 05 | 05 | oos [ 0425 | 05 | 05 | &4 | 2 [os | o025 | 05 | o5 [ 4 | & | o5 1 2 4 | 16| =

Conclusions These data highlight the impact of environmental conditions on antibiotic activity, and that - —
L . . . . H of plate wells (at MIC) of
pH and oxygen are important parameters. FIN demonstrated enhanced activity under both acidic and * MICs were determined in pH adjusted cation adjusted Mueller-Hinton broth Tobramycin Ceftazidime Meropenem ZC “p. s S W,(E“S 19)113
anaerobic conditions, and warrants clinical investigation for indications where these conditions prevail. (MHB) using CLSI methodology for broth microdilution. Anaerobic conditions P2 BL6Z S 2 [z pilleZ LIS BHEZ (LG 52 (Sa), E. coli 25922 (Ec) and P.
: 3 - y 0, [An0, | 0, [An0, | O, [ AnO,| O, | AnO,| O, | AnO,| O, [ AnO,| O, | AnO,| 0, | AnO, AnO, p 27853 (Pa)
were applied methods using GasPak™ EZ Anaerobe Container System Sachets Staphylococcus aureus (n=16] 1 B 0 T 16 2 32 2 32 6 8 B B B 16 B 025 following 24 h anaerobic
(Becton Dickinson, UK). Coagulase negative staphylococei [n=8] 2 32 32 32 6 64 32 32 32 16 2 2 05 1 4 1 0.06 incubation.
Streptococcus preumoniae [n=13] i 3 [ nd | nd | nd | nd 4 2 nd_ | nd. nd_| 015 | 015 | nd | nd. nd.
Backgrou « The following antibiotics (with abbreviations) were tested: ciprofloxacin (CIP), Non-pneumocaceal Streptococcus pp. [n=18] i % [ 16 8 | nd | nd | 035 | o025 | 025 | o0 X 0008 | 0008 | 0008 | 0008 nd. p—ry Final pH
Porr . : . Enterococcus spp. [n=15] 32 32 32 32 32 32 64 32 64 32 8 8 4 a a a
ceftazidime (CAZ]! finafloxacin (FIN)' levofloxacin (LVX), meropenem (MEM)' Escherichia coli [n=15] 1 a 4 8 16 32 0.25 0.5 05 05 2 1 0.03 0.03 0.06 0.06 0.125 0.125 Suree | sa d :ﬂ
« Finafloxacin is a novel pH activated, broad spectrum fluoroquinolone in moxifloxacin (MXF) and tobramycin (TOB). Pseudomonas aeruginosa [n=15] 05 2 2 4 ® | 16 4 16 4 16 8 16 1 o5 | os | o5 1 1 ap 6.
. s . N - Stenotrophomonas maltophila [n=10] & 6 | & | 6 | & [ na | 32 % 32 32 s | nd | e & 3 & & | nd 7
development for infection indications in the hospital and critical care « Clinical isolates were obtained from the National University Hospital (NUH); Kiebsiella spp. [n=15] 8 T[] 8 [ =] = 2 s 2 5 | 4 4 | 006 | 006 [ 015 [ 015 | 025 | 015 o 2
setting Singapore, Pseudomonas aeruginosa ATCC 27853 from the ATCC and :’:‘::‘:;:;‘c[’"baj] T = e L e = g s 7
in manniin= B
« Finafloxacin exhibits enhanced activity at low pH and under other Staphylococcus aureus NRS384 (USA-300) from NARSA. Enterobacter spp. [n=6] 05 2 2 a 16 2 1 T 2 2 2 2 006 | 006 | 006 | 0125 | 025 | 0125 108 6. 3
" Py :. " : " Serratia marcescens [n=6] 4 16 16 16 32 32 05 05 1 32 32 32 0.06 0.125 0.125 0.25 0.25 05 & 3] 7
environmental conditions associated with infection [1, 2] « Time kill curves were performed with drug at 0.5x, 1x, and 4x MIC according
« Finafloxacin exhibits bactericidal activity against forms of quiescent growth, to CLSI defined protocols. A hypoxic chamber was used for time kill cultures
o X L 5 . . Time kil of P. i under bic conditions at pH 7.2 Conclusions
thought to be relevant in vivo e.g. non-growing cells, biofilms and persisters under anaerobic conditions.
. . . .
[3] ® Anaerobic incubator strips were used in all experiments and pH indicators . i " R * In addition to pH activation, finafloxacin activity was enhanced under anaerobic, compared to aerobic
« Other fluoroquinolones lose activity under such conditions. Consequently, strips were used to monitor pH in MIC wells before and after incubation. I It o :[a:z"m:iw‘ conditions. This effect was most pronounced at pH 7.2, suggesting that there may be an overlapping
. . " . S . . . S i i st . S N .
Finafloxacin exhibited superior activity in a series of infection models [4, 5] 2w - B mechanism for pH and anaerobic activation of finafloxacin.
« The activity of finafloxacin under infection relevant conditions and against References T ©T LI mel * Acidic pH had a negative effect on the activity of other fluoroquinolones and tobramycin.
infection relevant growth forms in combination with the high dosing Time Kill of S NRS384 determined und bic conditions at pH 7.2 * Tobramycin also exhibited reduced activity under anaerobic conditions (compared to aerobic) against
potential predicted from its safety profile [6, 7, 8], suggest finafloxacin will (6] Stubbings et al. 2010. Antimicrobial Agents and C} 1py In submission. me Kl of % qureus etermined under anacrobic conditions at - most species tested. In general, the activities of ciprofloxacin, levofloxacin and moxifloxacin were
offer improved properties over currently marketed fluoroquinolones ) Kresken et al. 2008. 48" ICAAC / 46" IDSA Washington DC. Poster F1-2037. i i i i : : .
@) Goh et al. 2008. 48" ICAAC / 46™ IDSA Washington DC. Poster F1-2042. . . unaffected by oxygen with several exceptions e.g. Klebsiella spp. and Enterobacter spp.
(4) Endermann et al. 2008. 48" ICAAC / 46™ IDSA Washington DC. Poster F1-2044. fik i w0 e X . L y . - .
(s) Endermann et al. 2008. 48" ICAAC / 46 IDSA Washington DC. Poster F1-2045. i L oma ] bl * These data suggest that finafloxacin could exhibit greater antibacterial and bactericidal activity at
(6) Schmuck et al. 2008. 48" ICAAC / 46 IDSA Washington DC. Poster F1-2047. B foamet 8 ] _baao infection sites with low pH or oxygen availability, than would be predicted from its MIC (at pH 7.2);
) Patel et al. 2010. Antimicrobial Agents and C| In issi 2 e e e . . e .
® Moony et al. 2010, 50" ICAAC. Poster AL-685. B et e whereas other fluoroquinolones and tobramycin could exhibit worse than expected activities.
el et
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Introduction

Finafloxacin (FIN) is a novel fluoroguinolone (FQ) that exhibits improved antibacterial and pharmacodynamic Pseudomonas aeruginosa is an important hospital pathogen which is pH 5.2 pH 6.2 pH7.2 Table 1: ion pi i ions and
properties at pH values below neutral which often characterize infection sites. The aim of this study was to e - o mutation ies of fi in. ci i
determine the propensity of FIN and other FQs to select for resistance in the nosocomial pathogen Pa and to becoming increasingly difficult to treat due to the emergence and FIN cp LVX FIN cp LVX FIN cp LvX and in, determined at pH 5.2 pH 6.2 and
determine the effects of defined target and efflux resistance mechanisms on activity. selection of resistant strains. Resistance to fluoroquinolones is usually i (/1] 3 a a 7 3 3 7 5 A pH 7.2 determined with Pa ATCC 27853
Methods mediated through combinations of target mutations in gyrA and PC (/] 5 4 P 5 s » = > s The MPC of FIN d g e o 10 oH
Mutation prevention (MPC) for FIN, (cp), (LvX) were for Pa . e . . meg/L] . The o lecreased at acidic pH compared to pl
27853 from an inoculum of 10 CFU/mL at pH 7.2, 6.2 and 5.2. Susceptibility testing was also performed at these mutations giving rise to increased activity of efflux pumps. 7.2, conversely the MPCs of CIP and LVX increased.
MPC/MIC 8 16 16 8 8 16 16 8 8 o e,
pHs (CLSI method). The aims of this study were to investigate the propensities of . Ml“l?"‘s to FIN, CIP and LVX exhibited proportional 4-16
Results finafloxacin and other marketed fluoroguinolones to select for M"‘(::";;z",;‘;‘g"“ 82x10° | 2.7x10% | 43x10° |20x10% | 3.4x10% | 7.4x10° | 1.6x10° | 1.8x10° | 51x10? |  foldincreasesin MICtothe other FQs.
MPCs for FIN were 64, 8 and 8 mg/L at pH 7.2, 6.2 and 5.2 respectively, for CIP (2, 8 and 64) and for LVX (8, 32 and B . . : - .
. : resistance in P. aeruginosa and to measure their activities against
64). MPC/MIC ratios were in the range 4-16, resistance frequencies were in the range 3.4 x10* - 1.9 x10°, and > ) e ) o Table 2: MICs of finafloxacin, ciprofloxacin and
mutant MICs were 4-16-fold higher than that of the parent. The susceptibility of isogenic sets of Pa harboring strains harboring combinations of mutations within target and strain i Up MIC [me/L JpH 5.2 MIC [me/L IpH 6.2 MIC [mg/LIpH 7.2 acin, at pH 5.2 pH 6.2 and pH 7.2, against
defined mutations in efflux regulators, target mutations and combinations thereof are shown in the Table. i . resistance marker efflux pum - - i
Conclusi regulatory genes affecting drug efflux. pume (LY cp Lvx (LY cwe Lvx (L9 e Lvx isogenic P. aeruginosa harboring combinations of
onclusions . N
Unlike marketed FQs, FIN activity increases at low pH. This was reflected in the greater potency of FIN towards FQ MLS087 WIS 0'5) g 8 05| 9257705 8 0:12577 1103 target and MDE fluoroquinolone  resistance
data suggest that FIN could have an advantage over other FQs at sites acidified by infection and inflammation + Mutations in nalB and nfxC, resulting in increased
processes. ML5087 nfxBD11bp MexCD-OprJ 0.5 4 8 05 | 0125 | 05 4 0125 | 05 expression of MexAB-OprM and MexEF-oprN respectively,
« MICs were determined in pH adjusted cation adjusted Mueller- ML5087nfxB-M13a  |nfxBD11bp, gyrAT83! MexCD-Opr) 8 64 >64 | 16 4 16 | >64 8 16 resulted in MIC increases for all FQs by 4 to 32-fold.
Hinton broth (MHB) using CLSI methodology for broth microdilution. = . . C of 3 gyrA and MDE mutation resulted in MIC
Background (MHB) using 8y MLS087 FEID (RIS MexAB-Opriv/ [ B2 16 B2 8 @3 2 o @3 4 increases of 16 to >128-fold, relative to wild type.
inafl o | . d broad f inol . e The following antibiotics (with abbreviations) were tested: ML5087nalB-M6a nalB (=mexRT130P), gyrAT83l |MexAB-OprM 16 >64 >64 32 32 64 >64 16 32 « Lowering pH from 7.2 to 6.2 and 5.2 increased the activity
.
;lna onacln f|s fif no.ve ) ZH ?ctlva.lteh, b roa. ISp:C"fJ.m | uoroqullno [olr]\e n ciprofloxacin (CIP), finafloxacin (FIN) and levofloxacin (LVX). The ML5087-M4 nfxC MexEF-OprN 2 16 32 2 2 8 2 05 2 of finafloxacin by a factor of 4 to 32-fold. Conversely, the
evelopment for infection indications in the hospital and critical care setting X PR - ArainulR. activities of ciprofloxacin and levofloxacin decreased at
) . . » ) putative efflux pump inhibitor  (EPI)  phenylalanyl-arginyl-& ML5087nfxC-M4-M8 | nfxC, gyra T831 MexEF-OprN | 16 64 | >64 | 32 32 64 | 64 16 32 the lower pHs by a factor of up to 32-fold.
* Finafloxacin exhibits enhanced activity at low pH and under other environmental naphthylamide (PABN) was added to 8 pg/mL to examine the role of
conditions associated with infection [1, 2] efflux in wild type and MDR backgrounds. FQ pH5.2 pH 6.2 pH7.2 Table 3: MICs of isogenic strains harboring MDR
. n mutations, in the presence and absence of efflux
* Finafloxacin exhibits bactericidal activity against forms of quiescent growth, thought P. aeruginosa strain ATCC 27853 was used for determination of Strain ::'j:::ce EIN cp Lvx FIN clp LvX FIN cp Lvx pump inhibitor (EPI)
to be relevant in vivo e.g. non-growing cells, biofilms and persisters [3] mutation prevention concentration (MPC) and mutation frequency. LEER) +EP +EPI RER +EPI +EPI +EPI +EPI +EPI
10 . s : wild type 05(0125| 1| 05| 4| 1 |os| 006 | 025 | <006| 05| <006 8| 1 |0.125| <0.06| 05| <0.06| e Addition of the putative efflux pump inhibitor PARN
e Other fluoroquinolones lose activity under such conditions. Consequently, Inocula of 10% colony forming units were spread onto a series of partially restored sensitivity in both wild type and MDE
) X o N o N 3 N Mueller-Hinton agar (MHA) plates containing 2-fold dilutions of the nfxBD11bp mexcD-opr) | 0.5 0125 4 | 1 | 8| 2 | 05| 0125|0125 0125| 05| 0125 8 | 2 | 0.125| <006 05 | 0.125
finafloxacin exhibited superior activity in a series of infection models [4,5] BesnErhareerm | Tos Gl 6 el 61 o sl slasial osla il os oSl g I backgrounds, suggesting that efflux plays a role both in
test drug. The lowest concentration at which no mutants grew petl(Fmet ARG k ¥ X . . . . the intrinsic resistance of the strain and in the reduced
® The activity of finafloxacin under infection relevant conditions and against infection following 48 h incubation was the MPC. BC mexEF-oprN 2 T |32 16 | 32] 16| 4 1 2 2 2 1 | 2] s 05 | os | 2 1 susceptibility of the MDE mutants.
relevant growth forms in combination with the high dosing potential predicted from . . .
its safety profile [6, 7, 8], suggest finafloxacin will offer improved properties over To examine the effects of target mutations, regulatory mutations CIP; ciprofloxacin, EPI; efflux pump inhibitor (PABN at 8 mg/L) FIN; in, LVX; MPC; mutation

affecting multiple drug efflux (MDE) pumps and combinations
thereof, P. aeruginosa strain ML5087 was used. Mutants containing
MDE resistance markers in: nfxB (overexpression of MexCD-Oprl),
nalB /| mexR (overexpression of MexAB-OprM) and nfxC
(overexpression of MexEF-OprN) were constructed with and without

currently marketed fluoroquinolones.
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* Finafloxacin activity against P. aeruginosa was reduced by the presence of mutations in the target gene (gyrA) and MDE backgrounds nfxB, nfxC and nalB, to a similar degree
to other fluoroquinolones. Despite this, the pH activation exhibited by finafloxacin resulted in an overall greater potency than ciprofloxacin and levofloxacin against
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