ICAAC 2013
JMI Laboratories
North Liberty, 1A, USA

Activity of Cadazolid Against Gram-positive Clinical Isolates, Including

L inezolid-resistant Subsets with Defined Resistance Mechanisms

RE MENDES!, PR RHOMBERG!?, HH LOCHER?, RN JONES!?
1JMI Laboratories, North Liberty, lowa, USA, ?Actelion Pharmaceuticals Ltd, Allschwil, Switzerland

ABSTRACT INTRODUCTION RESULTS

E-144

www.jmilabs.com
ph. 319.665.3370, fax 319.665.3371
rodrigo-mendes@jmilabs.com

CONCLUSIONS

Table 1. Antimicrobial activity and MIC distribution for cadazolid tested against wildtype

Gram-positive pathogens and those possessing molecularly characterized linezolid

resistance mechanisms.
Background: Cadazolid (formerly ACT-179811) is a Cadazolid (formerly ACT-179811) is a n_0\_/el an_tir_ni_crobial agent cu_rrently In « Cadazolid (MIC5(_,,90, 0.12-0.25/9.25 ug/rr_lL_) de_monstrated potent qctivity MIC (ug/mL) No. (cumulative %) of isolates inhibited at each cadazolid MIC (ug/mL) of: e The in vitro activi_ty of cadazol_id was margin_ally affe_cted (tvyo- to four-fold)
new antibiotic currently in development for the development for the treatment of Clostridium difficile-associated diarrhea and when tested against selected wildtype clinical isolates of E. faecalis and Organism/genotype o 90% 0015 003 o008 olr oot - ] 3 when tested against E. faecalis and E. faecium strains having mutated
treatment of Clostridium difficile-associated diarrhea. has recently completed Phase Il clinical trials. Cadazolid has shown potent in Enterococcus faecium. G2576T enterococcal mutants had MIC values (No tested) ' ' ' ' ' ' 23S rRNA alleles compared with wildtype isolates. In comparison, linezolid
The activity of cadazolid was assessed against vitro activity against C. difficile and has an antibacterial spectrum against Gram- (MIC¢p,99, 0.25-0.5/0.5-1 pug/mL) two- to four-fold higher than the respective E'V:/"f‘l‘;‘t:a“z ((ﬁ)) 012 025 000 000 000) 8121 3(1000) exhibited MIC results against linezolid-nonsusceptible enterococci eight- to
. N . . positive bacteria, including Staphylococcus aureus and enterococci, while susceptible counterparts (Tables 1 and 2). \ _yﬁdt b (10 025 05 000 000 000 000 77000  290.0) 1(100.0 16-fold higher than the wildtype isolates.
aerobic Gram-positive bacteria, including molecularly . : : e L on-wildtype® (10) : : (0.0) 0(0.0) 0(0.0) 0(0) 7(70.0)  2(90.0)  1(100.0)

_ _ _ _ ) activity against Gram-negative bacteria is limited. Cadazolid is an + Cadazolid (MIC 0.25-0.5/0.5-1 pg/mL) was 16- to 32-fold more potent E. faecium (32) _ _ _ _
characterized strains with elevated linezolid MIC oxazolidinone-type antibacterial with a quinolone moiety and acts primarily by _ N ~s0/90, U297 OfL-972 1Y 010 MOTe p Wildtype (12) 025 025 000) 000 000) 2067 9OL7)  1(100.0) » Overall, cadazolid tested against Cir-producing S. aureus and wildtype
values (24 ug/mL). inhibition of bacterial protein synthesis. than linezolid (MICsqq0, 8/16 - 32 ug/mL) when tested against linezolid- Non-wildtype (20) 05 1  0(0.0) 000) 000) 000 3(150) 13(80.0) 3(95.0) 1(100.0) strains demonstrated comparable potencies (MICg,, 0.5 and 0.25 ug/mL,

nonsusceptible E. faecalis and E. faecium clinical isolates (Table 2). S. aureus (38) respectively). Moreover, similar potency (MIC,,, 0.5 ng/mL) was obtained
Linezolid was the first member of the oxazolidinone class to be introduced into . Wildtype (12) 025 025  0(0.0) 0(0.0) 0(0.0) 4(33.3) 8(100.0) for cadazolid when tested aaainst 23S rRNA mutants of S. aureus
Meth A | of 124 hyl | an . ) . ) ) . 25.0.5/0.5- - | g : :
ethods: Atotal 0 staphylococcal and clinical practice (2000). The prevalence of linezolid resistance among Gram- rl\flggo;;:rvecatlgzﬁoru% ﬁmgig%?ﬁ’ v(\)/h2e5n C:ei/t% 3 a1 :?é;ntL")nve\/js"zt r!ec)?lsstu?;i efolttiible Non-wildtype (26) 05 05  000) 00.0) 000 00.0) 10(385) 16(100.0) | - | |
enterococcal isolates (78 linezolid-nonsusceptible positive organisms remains very low among surveillance clinical isolates, while il f g p wdz 0% 05 000 000 000 000 5y 000 « When tested against all S. aureus and S. epidermidis strains, cadazolid
and 46 wildtype strains) were included. Strains had the resistance mechanisms detected have been mostly comprised of mutations E. faecalis (MICsqq0, 8/16 ng/mL) and E. faecium (MICs90, 32/>32 ug/mL) g saa 05 0 (0.0 0(0.0) 0(0.0) 0(0.0) 74 13(100.0) was eight- to 32- and four- to 16-fold more potent than moxifloxacin,
mutations in 23S rRNA (G2576T), and alterations in in the domain V of 23S rRNA; but alterations in the ribosomal proteins L3 and clinical isolates (Table 2). Wildtype (11) 012 012  0(0.0) 0(0.0) 1(9.1) 9(90.9) 1(100.0) resp_ectively. In addition, _cadazolid retained activity when tested against
L3 and L4 (S. epidermidis). Cfr-producing isolates L4 have also been associated with decreased susceptibility. Moreover, a more « Wildtype and non-wildtype (linezolid MIC values of 24 png/mL) S. aureus Non-wildtype (22) 1 2 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(13.6) 4(31.8) 8(68.2) 7(100.0) quﬁlox_a(_:ln-nonsusceptlble S. aureus _(MICSO,QO, 0.25/0.5 pug/mL) and S.
(21) and isogenic strains were also included. recently recognized resistance mechanism, cfr, has been detected. cfr encodes were inhibited by cadazolid at <0.25 and <0.5 pg/mL, respectively (Table b Isolates displaying elevatet MIG. results for inezolid (24 pgimL), epidermidis (MICgy/00, 0.5/2 ng/mL) strains.
Identification was performed by Vitek® 2 and a methyltransferase that catalyzes the post-transcriptional methylation of 1). cfr-carrying (MIC;, and modal MIC values of 0.25 pg/mL) and 23S rRNA . Cadazolid was highly active against staphylococcal and enterococcal
: e : nucleotide A2503 in the 23S rRNA causing decreased susceptibility to phenicol, ' D _ N _ . : : : : . : .
confirmed by 16S rRNA. Susceptibility testing was lincosamide. oxazolidinone pleuromutilin%n d streptogramin 2\ (Ph{OPg ) g:t?gte(g/lgaoaigﬂ dml\c/l)ldgl I\glrilvrilc?de; KJIEI%?/ :I?J/e rzbzlitsﬁir?l:\:veou?ofgirilli?ustions Table 2. Activity of cadazolid and comparator antimicrobial agents when tested against Isolates with characterized linezolid resistance mechanisms and inhibited
performed by broth microdilution (CLSI, MO7-A9 and compound s’ ’ A Furrzheyrmore equivalent i:oa dazolid MIC... results were observed for non ' staphylococci and enterococci displaying elevated MIC results (24 ug/mL) for linezolid. all strains at <2 ug/mL. In addition, it retained potent activity against strains
M100-S23). wildtvoe S a,ureus reqardless of resistgonce mechanisms Organism (no. tested)/ MIC (ug/mL) % susceptible / Sresistant® nonsusceptible to fluoroquinolones (m_oxﬁloxacm). Therefor_e, cadazolid is
The objective of this investigation was to assess the activity of cadazolid when ype . €9 ' antimicrobial agent 50% 90% Range CLSI EUCAST not expected to promote the propagation of such strains during treatment
. L. i I i i i . Y ; E. faecalis (11)° _difficile- i i )
MIC,, values when tested against wildtype and y Cl : _ _ _ = ug/mL) 16- to 32-fold lower than linezolid (MICsq40, 8/16 ug/mL) and four- P g 16 464 Y . Ty g
linezolid-nonsusceptible enterococci. This drug was ng/mL). Activity against such strains may be of importance in order to prevent to 32-fold lower than moxifloxacin (MICq0, 2/16 png/mL; 11.5% susceptible; Vancomycin 2 >256 1->256 60.0/40.0 60.0/40.0
i ' their propagation during cadazolid treatment of C. difficile-associated diarrhea. Table 2). Daptomycin 1 1 05-2 100.0/ - /-
16- to 32-fold more potent than linezolid (MIC,q0, Erythromycin >128 >128 0.25 - >128 10.0/90.0 /-
. . . i i i i i i i Quinupristin/dalfopristin 8 8 4-32 0.0/100.0 0.0/80.0 ] ] ] ]
nonsuscept|b|e enterococci. Cadazolid had modal epldermldls POSSESSINg mUItlple mechanisms of resistance, ngaZOHd Moxifloxacin 8 16 0.25_ 16 .- /- This study at JMI Laboratories was supported by an Education/Research grant from Actelion

: . (MICcq/99, 1/2 ng/mL) demonstrated MIC., and MIC,, results eight- to 16- . , Pharmaceuticals Ltd (Allschwil, Switzerland). JMI Laboratories also received compensation fees for
MIC values for wildtype, cfr- and G2576T-harboring . . . 50/90 / . 50 90 E. faecium (20) : : : . : .

55 (155 s / el Bacterial strains. A total of 124 staphylococcal and enterococcal isolates (46 fold higher than against the wildtype strains (MICgy,q,, 0.12/0.12 ng/mL); all Cadazolid 05 1 0.25 2 - - ieév'ces with regards to abstract/poster preparation, which was funded by Actelion Pharmaceuticals
S. aureus o _O' 2, 0.25 and 0.5 pg/mt, respectively; wildtype and 78 strains displaying elevated MIC results for linezolid [24 ug/mL]) Isolates were inhibited at <2 ug/mL (Table 1). Linezolid 8 32 464 0.0/85.0 15.0/85.0 ta.
and cadazolid was 16- to 32-fold more potent than were included in this investigation. Strains had mutations in 23S rRNA vancomycin 128 256 0.5->256 35.0/60.0 35.0/65.0
: : , . ) ' : . » A direct comparison between cadazolid and linezolid showed that the Daptomycin 1 2 1-2 100.0/ - -1 -
linezolid (MICxy90, 8/16 pg/mL) when tested against (G2576T), and alterations in L3 and L4 (Staphylococcus epidermidis). Cfr- P j ) . . crthromycn 1s 1s 025 128 1007650 " REFERENCES
: . : T : ) ) : . former compound was 32- to 128-fold more potent than linezolid when
linezolid-nonsusceptible S. aureus. When tested producing isolates (21) and isogenic strains were also included. Bacterial tested nst S. epidermidi Tt trains (Table 2 Clindamycin >64 >64 0.25 - >64 /- /-
against non-wildtype (elevated MIC values for identification was performed by Vitek® 2 (bioMérieux; Hazelwood, Missouri) and ested against S. epidermidis non-wildtype strains (Table 2). Quinupristin/dalfopristin 0.5 2 05-4 85.0/5.0 85.0/0.0 1. Clinical and Laboratory Standards Institute (2012). M07-A9. Methods for dilution antimicrobial susceptibility tests
_ _ _ o _ confirmed bv 16S rRNA sequencin « Wh d . id S i idis isol d lid Moxifloxacin 32 >32 16 — >32 /- /- for bacteria that grow aerobically; Approved Atandard: Ninth edition. Wayne, PA: CLSI.
linezolid) S. epidermidis, cadazolid (M|C5O/90, 1/2 y g g. en tested against non-wildtype S. epidermidis isolates, cadazoli S. aureus (26)° 2. Clinical and Laboratory Standards Institute (2013). M100-S23. Performance standards for antimicrobial

. . . i i . . . . . . MI 1/2 mL) w four- 16-fold mor Nt than moxifloxacin : susceptibility testing: 23 Informational Supplement. Wayne, PA: CLSI.
Hg/mL) was 32- to 128-fold more active than linezolid Characterization of linezolid resistance mechanisms. Isolates dlsplaylng ( 050/90’ / “g/ ) as four- to 6- old more pOte ttha 0 oxac C.adazglld 05 o 0:25-05 - - 3. European Committee on Antimicrobial Susceptibility Testing (2013). Breakpoint tables for interpretation of MICs
. : L : (MICcp,90, 4/32 pg/mL; 9.1% susceptible; Table 2). Linezolid 8 16 4-16 26.9/73.1 26.9/73.1 ' pean . PADILY Jestng (413). P e pretato
(M|C50/90, 32/256 pg/mL). Cadazolid (M|C50/90, elevated MIC results for linezolid included herein were screened for the Sl o> oy ) . . 2nd zonedcilllametersl. \éeoriscl)’on 3.0, January 2013. Available at: http://www.eucast.org/clinical _breakpoints/.
. . . . . . . . - ’ ’ ’ ’ ccesse anuar ) .

0.25/0.5 ug/mL) was 8- to 32-fold more potent than presence of cfr, and mutations in the 23S rRNA and ribosomal proteins (L3 and » Afour-fold increase in the linezolid MIC results was observed when tested Vancomycin 1 1 0.5-2 100.0/0.0 100.0/0.0 4. Flamm RK. Mendyes RE. Ross JE, Sader HS, Jones RN (2013). Linezolid surveillance results for the United
moxifloxacin (M|C50/90, 2/16 ng/mL) against all S. L4) by PCR and sequencing. Amplicons were sequenced on both strands. against Cfr-producing S. aureus and S. epidermidis compared with their Daptomycin 0.5 0.5 025-1 100.0/- 100.070.0 States: LEADER Surveillance Program 2011. Antimicrob Agents Chemother 57: 1077-1081.

: Rj mal protein ined wer moar h from wil linezolid- ive i i i i i Erythromycin 128 >128 0.25->128 15.4/84.6 15.4/84.6 5. Locher HH, Pfaff P, Schroeder S, Specklin JL, Hubschwerlen C, Keck W (2012). Cadazolid, a novel quinolonyl-
aureus. Cadazolid (MICSOIQO’ 0.5/2 “g/ml—) was 4- to boso . ap oteins obtained e.e compa ed to those fro dtype ezold respectlye 1S0genic strains (Table 3)’ while presence of cfr increased Clindamycin >64 >64 0.12 - >64 30.8/69.2 19.2/69.2 oxazolidinone antibiotic with potent activity against Clostridium difficile: In vitro antibacterial activity and
16-fold more active than moxifloxacin (MIC 2/32 susceptible Enterococcus faecalis ATCC 29212 and S. aureus NTCC 4220 cadazolid MIC results by no more than two-fold. Quinupristin/dalfopristin 1 4 0.95_4 577/115 5777115 propensity for resistance development. Abstr. C1-1346. 521 ICAAC, September 9-12, 2012, San Francisco, CA.

_ _ . U _ using the Lasergene® software package (DNAStar; Madison, Wisconsin). Moxifloxacin 5 16 0.03— >32 11.5/69.2 11.5/69.2 6. Locher HH, Ritz D, Schroeder S, Pfaff P, Knezevic A, Hubschwerlen C, Keck W (2012). Cadazolid, a novel
ug/mL) against all S. epidermidis. Presence of cfr did I ] i ] ] ] ] S. epidermidis (22)° quinolonyl-oxazolidinone antibiotic: Mode of action and effect on Clostridium difficile toxin and spore formation.
not affect the cadazolid MIC results. while linezolid Antimicrobial susceptibility testing. Cadazolid and comparator agents were Table 3. Antimicrobial activity of cadazolid and linezolid when tested against cfr- Cadazolid 1 ) 0.25 2 . . Abstr. C1-1347. 52M ICAAC, September 9-12, 2012, San Francisco, CA.

’ TIT . T . . - carrying staphylococcal and respective isogenic strains. _ , 7. Long KS, Vester B (2012). Resistance to linezolid caused by modifications at its binding site on the ribosome.
MIC values were 4-fold higher when compared with tested for susceptibility by broth microdilution methods according to the Clinical Linezolid 32 256 4->256 9.1/90.9 9.1/90.9 Antimicrob Agents Ghemother 56: 603-612.
those obtained from isogenic strains and Laboratory Standards Institute (CLS|) recommendations (MO7-A9, 2012). MIC (ug/mL) \(jxacillin _ >22 >22 1>22 (1)600/01?8'8 2'000/01?8'8 8. Louie T, Buitrago M, Cornely OA, Kracker H, Rangaraju M, Charef P (2013). Multicentre, double-blind,
. : : : _ Strai G : : : ancomycin - - . . : randomised, phase 2 study evaluating the novel antibiotic, cadazolid, in subjects with Clostridium difficile-
Validation of the MI_C values was performed by cqncurrent teStmg of CLSI rai enotype Cadazolid inezolid Daptomycin 0.5 0.5 0.25-1 100.0/ - 100.0/0.0 associated diarrhoea. Abstr. LB-2956. 239 ECCMID, April 27-30, 2013, Berlin, Germany.
. ) . . . . recommended C|U8.|Ity control (QC) reference strains (S- aureus ATCC 29213 S. aureus _ Erythromycin 4 >128 0.25->128 22.7150.0 27.3/68.2 9. Mendes RE, Deshpande LM, Castanheira M, DiPersio J, Saubolle MA, Jones RN (2008). First report of cfr-
Conclusions: Cadazolid was hlghly active against and E. faecalis ATCC 29212)_ All QC results were within published acceptable RN4220 Wildtype 0.12 1 Clindamycin 2 >64 0.25 — >64 31.8/50.0 18.2/68.2 mediated resistance to linezolid in human staphylococcal clinical isolates recovered in the United States.
- - . . RN422(QTransformant cfr 0.25 : g g Antimicrob Agents Chemother 52: 2244-2246.
_ Q tin/dalf t 0.5 2 0.25-8 86.4/9.1 86.4/9.1
staphyloc.occal. and efnterolcoccal isolates \{Vlth ranges. MIC mter_pretatlons V.Ve!'e ba_sed on the _C_I—_SI Mlqo 523 (2013) and S. epidermidis Mzg:g:cli: oPE 4 32 0.5 — 532 9.1/90.9 9.1/90.9 10. Rashid MU, Lozano HM, Weintraub A, Nord CE (2013). In vitro activity of cadazolid against Clostridium difficile
characterized linezolid resistance mechanisms and European Committee on Antimicrobial Susceptibility Testing (EUCAST; 2013) 8177 JCured L3 (Fyu /A R) 1 8 i s pubiened by e CLSI 2013] and EUCAST (013 whom avaiabre strains isolated from primary and recurrent infections in Stockholm, Sweden. Anaerobe 20: 32-35.
. o . . . . . . g : : ; b. Al strains possess 23S rRNA (G2576T) only. ' ' 11. Seiler P, Enderlin M, Chen X, Locher HH, Pfaff P, Boehme E, Fournier E, Klenk A, Clozel M, Kelly CP, Keck W
Inhibited all strains at <2 Mg/mL' breakpomt Crltena’ as available. In addItIOﬂ, the inoculum denSIty was_ monitored 81.77J g . cfr and L3 (F147L/A157R) ) ) : 32 c. Includes 12Cff'ca”y"?9 and 14 23S rRNA (é2576T) mutant strains. o (2013). Activity of cadazolid in animal models of Clostridium difficile infection. Abstr. P1657. 23 ECCMID, April
by COIOny COUI’]'[S '[O assure an adequate number Of Ce”S fOI’ eaCh teS'[Ing event_ Strain 8177J originated from S. epidermidis 8177J, which had the cfr-carrying plasmid cured. d. Isolates possess multiple mutations in 23S rRNA (G2576T) and/or alterations in L3 and/or L4 and/or cfr. 27-30, 2013, Berlin, Germany.
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