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A b Stract I n tro d u Ctl O n ReS u ItS Table 1. Summary of Ceftaroline-avibactam Activity Tested Against Pathogens Associated with ABSSSI from USA Medical Centers CO n C I u S | O n S
(2011)
. .. . . . . Cumulative % inhibited at ceftaroline-avibactam MIC (ug/mL) of: ) . .
Background: Ceftaroline, the active form of ceftaroline B-lactams are among the most prescribed antimicrobial agents in the « The most frequently isolated organisms were S. aureus (2,898; Organismisubset (no. tested) =003 0.06 0.12 025 05 1 > « Ceftaroline-avibactam and ceftaroline were the most potent
fosamil, is a broad-spectrum cephalosporin exhibiting community and hospital settings. However, increasing resistance, 51.5% MRSA), B-haemolytic streptococci (1,233), E. coli (440; Gram-positive cocci B-lactam agents tested against staphylococci and
. . : " : mainly due to the emergence and dissemination of B-lactamases, has , S. aureus (2898) 0.1 0.3 7.3 47.1 85.9 98.9 100.0 : . : . :
bactericidal activity against Gram-positive cocci (GPC), limited the utility of this class of agents. Ceftaroline fosamil is a new 12.7% ESBL-phenotype), Klebsiella spp. (409; 16.6% ESBL- MSSA (1406) 0.1 0.8 15.0 94.0 100.0 - - streptococci collected from patients with skin and skin
: : : _ ' _ _ 0 _ _ - ) MRSA (1492) - - 0.1 2.8 72.6 97.9 100.0 - : : : :
including MRSA, and common Enterobacteriaceae (ENT). cephalosporin prodrug approved by the United States of America Food phenotype and 5.4% meropenem-non-susceptible), coagulase | -haemolic streptococci (1233) oo 1000 - - - . - structure infections in the USA hospitals evaluated in the
Avibactam is a novel non-B-lactam B-lactamase inhibitor of and Drug Administration (USA-FDA) in 2010 for the treatment of negative staphylococci (CoNS; 340), viridans group streptococci CoNS (340) | 7.7 27.4 44.1 83.8 98.5 99.7 100.0 present study (2011)
Ambler class A, C, and some D enzymes. Ceftaroline- community-acquired bacterial pneumonia (CABP) and acute bacterial (264) and Enterobacter spp. (188; 18.1% ceftazidime-non- Gr;’;'_"ﬂi”gsagié srep peoce (264 826 924 %8 970 992 1000 B | | | |
avibactam was tested against recent (2011) clinical isolates skin and skin structure infections (ABSSSIs), including ABSSSI caused susceptible) E.coli (440) 639 625 060 003 1000 . . « MRSA was particularly susceptible to ceftaroline-avibactam
from aclite bacteriallskintandlskin structurelinfections by methicillin (oxacillin)-resistant Staphylococcus aureus (MRSA). More non-ESBL-phenotype (384) 46.6 68.2 96.4 99.2 100.0 - - and ceftaroline (MICgyqp, 0.5/1 pg/mL)
1cl . ; ESBL-phenot (56) 33.9 66.1 89.3 96.6 100.0 - -
(ABSSSI). recentlyd(AU?USt |2.8’ ?012)’.;[?6 Iiurotpeant M]ced(leIII"I[GS ﬁ?‘ency (IIEM’tA\)d * Ceftaroline-avibactam (MICg, and MICqy,, 0.25 pg/mL) was 16- Klebsienzsir:({foeg) 32.3 74.3 90.0 94.6 97.8 99.5 100.0 _ _ _ _ _
. . . ) ' - - - - ESBL-phenofype 14.7 “ - - - - - Enterobacteriaceae with an ESBL-phenotype and Klebsiella
Methods: 6648 isolates were consecutively collected in Ceftaroline, the active form of ceftaroline fosamil, is also active against and four- to eight-fold more active than |IneZ.0-|I(?l (MICs0/90, :_L/ 2 Meropenem-non-susceptible (22) 9.1 136 27.3 40.9 68.2 90.9 100.0 <0, strains with decreased susce %bili t z/opmero enem
2011 from 67 USA medical centers representing all 9 most Enterobacteriaceae species but, like other cephalosporins, has ug/mL) when tested against oxacillin- (methicillin-) susceptible Enéi::;;.t:eszﬁsii?b|e 154 = e = v T 1009 - PP- S _ _ pUbTity P
Census Regions (4-10 centers/region). Susceptibility testing limited activity against isolates producing extended-spectrum (- S. aureus (MSSA; data not shown). The highest ceftaroline- Ceftazidime-non-susceptible (34) _ 8.8 935 677 88,2 100.0 _ (possibly producing KPC serine carbapenemases)
ceftaroline and comparators was performed by CLSI broth Avibactam (previously known as NXL104) is a new non-B-lactam B- and 94.0% of strains were inhibited at a ceftaroline-avibactam Table 2. Activity of Ceftaroline-avibactam, Ceftaroline and Comparator Antimicrobial Agents when Tested Against Bacterial ootent in vitro efficacy against resistant Gram-positive and
e e el lactamase inhibitor currently in clinical development. Avibactam MIC of <0.25 ug/mL (Table 1) Organisms Associated with ABSSSI from USA Medical Centers (2011) _neqative pathoaens associated with skin and skin structure
efficiently protects B-lactams from hydrolysis by a variety of strains _ N MIC (pg/mL) %S / %R . N MIC (ug/mL) %S / %R : J . p J
. . . . Organism/antimicrobial Organism/antimicrobial |nfeCt|0nS in the USA
: : producing Ambler class A, C, and some D enzymes, including ESBLSs » Against MRSA (MICgpq0, 0.5/1 pg/mL), 97.9% and 100.0% of agent (no. tested) MIC, MICq, CLSIa EUCAST? agent (no. tested) MIC, MICq, CLSIa EUCASTa '
Results: The most frequently isolated organisms were S. " : _ S _ _ —
_ _ and KPC enzymes (carbapenemases). Thus, the addition of avibactam strains were inhibited at ceftaroline-avibactam MIC values of <1 Staphylococcus aureus (2,898) Escherichia coli (440)
aureus (SA; 2898: 51.5% MRSA), B-haem0|yt|c streptococci . . . . h Ceftaroline-avibactam 0.5 1 -/- -/- Ceftaroline-avibactam <0.03 0.06 -1- -1-
: protects Ceﬂa_‘m“ne aCtIV_Ity against resistance that many Hg/mL and <2 ug/mL, respectively (Table 1) Ceftarolineb 0.5 1 99.6 /- e Ceftarolineb 0.12 8 83.4/13.4 -/-
(BHS; 1233), E. coli (440; 12.7% ESBL-phenotype), Enterobacteriaceae strains have developed to broad-spectrum Ceftriaxone 8 >8 485/515  485/5L5 Ceftriaxone <0.25 8 89.3/10.7  89.3/10.7
: . 0 _ 0 i i _ . . ] ) Oxacillin >2 >2 48.5/51.5 48.5/51.5 Ceftazidime <1 2 91.1/8.2 89.3/8.9 f
Klebsiella spp. (409; 16.6% ESBL-phenotype and 5.4% pep_halosp_oqns due to th_e prOdUCt_'on of B IaCt?maseS' \_Ne report the - Ceftaroline-avibactam was very potent against f-haemolytic Erythromycin >2 >2 37.3/61.4 37.4162.1 Piperacillin/tazobactam 2 8 94.8/3.0 92.3/5.2 Re e r e n C eS
meropenem-non-susceptible), coagulase-negative in vitro activity of ceftaroline combined with avibactam (fixed L with the MIC <0.03 ua/mL (Tables 1 and 2 Clindamycin <0.25 >2 87.6/12.3 87.3/12.4 Meropenem <0.12 <0.12 100.0/0.0 100.0/0.0
. ) . . concentration of 4 ug/mL) tested against bacterial organisms isolated in streptococci with the g0 At <0. Mg/m ( ables 1 an ) Levofloxacin <0.5 >4 64.1/33.9 64.1/33.9 Gentamicin <2 >8 88.6/11.1 87.3/11.4 1. Castanheira M, Sader HS, Farrell DJ, Mendes RE, Jones RN (2012).
staphylococci (CoNS; 340), viridans group streptococci : : : : Trimethoprim/sulfamethoxazole <05 <05 98.8/1.2 98.8/1.0 Levofloxacin <05 >4 70.0/29.1 69.8/30.0 > e o ’ : ’ . :
. USA medical centers in 2011, as part of a worldwide surveillance _ _ _ Tinecvclines 0.06 0.95 iy Yo Tiecvelinge 0.12 0.95 100.0/0.0 100.0/0.0 Activity of ceftaroline-avibactam tested against gram-negative organism
(VGS, 264) and Enterobacter Spp. (188, 18.1% ceftazidime- program. » Ceftaroline-avibactam was also active against CoNS and Lir?ezzlid '1 '2 >99.9'/ <0.1 >99.§/<0"1 Klegtl)sie):la spp. (409) - - - o populations, including strains expressing one or more beta-lactamases and
non-susceptible). Ceftaroline-avibactam was 16-fold more viridans group streptococci with MIC,, values of 0.5 and 0.06 Vancomycin 1 1 100.0/0.0 100.0/0.0 Ceftaroline-avibactam 0.06 0.12 -/ - -/ - methicillin-resistant Staphylococcus aureus carrying various SCCmec types.

c . . T . . Daptomycin 0.25 0.5 100.0/ - 100.0/0.0 CeftarolineP 0.12 >16 81.4/16.1 -/- Antimicrob Agents Chemother in press.

active than ceftriaxone against methICIHm-SUSCeptlble SA pg/mL, respectlvely (Tables 1 and 2) Coagulase-negative staphylococci (340) Ceftriaxone <0.25 >8 84.6/14.4 84.6/14.4 > clinical and |_g borat Stand dpl fitute (2012). MO7-A9. Methods f
inhibhi < Ceftaroline-avibactam 0.25 0.5 -1- -1- Ceftazidime <1 >16 86.8/12.5 85.1/13.2 . CliniCal ana Laboratory standaras Institute : -AJ. iMiethoas 1or
el lnlioiee) elll RS el S2 gtk Bins, WES fel CoNs .. . . . Ceftaroline 0.25 0.5 -1 - -1 - Piperacillin/tazobactam 2 >64 87.0/10.8 83.6/13.0 dilution antimicrobial susceptibility tests for bacteria that grow aerobically;
were ceftaroline-avibactam-susceptible with MIC4, values of  All E. coliisolates were susceptible to ceftaroline-avibactam Ceftriaxone 4 >8 347/653  34.7/65.3 Meropenem <0.12 <0.12 94.6/5.1 94.9/4.4 approved standard: ninth edition. Wayne, PA: CLSI.
, : L Organisms collection: A total of 6,648 isolates were tested as listed in : - Oxacillin 1 >2 34.7/65.3 34.7/65.3 Gentamicin <2 <2 92.9/5.1 91.4/7.1 ’
<0.03, 0.06 and 0.5 pg/mL, respectively. Ceftaroline activity : : - (MIC5090, =0.03/0.06 pg/mL) when breakpoints established by Erythromycin >2 >2 40.9/57.1 41.5/58.2 Levofloxacin <0.5 >4 88.0/10.5 86.3/12.0 3. Clinical and Laboratory Standards Institute (2012). M100-S22. Performance
_ _ . Table 1. Sixty-seven medical centers from all 9 USA census regions (4 : . . . SN S L . . .
against GPC was not adversely impacted by the addition of t0 10 centers per region) contributed clinical isolates in 2011 the USA-FDA for ceftaroline tested alone (<0.5 ug/mL) were flmd;lmym_n —00-255 :i 22;;2?; 222;22: ETslgicyrflzlmet R— 0.25 0.5 98.8/0.0 96.1/1.2 standards for antimicrobial susceptibility testing: 22nd informational
. ) . ) o evofloxacin <0. . . . . phenotype Klebsiella spp. .
avibactam. All E. coli, including ESBL-phenotype strains i i i i i applied. Furthermore, ceftaroline-avibactam exhibited potent Trimethoprim/sulfamethoxazole <05 52 700/300  70.0/200 Ceftaroline-avibactam 0.12 1 . " supplement. Wayne, PA: CLSI.
’ ’ Organisms were consecutively collected from patients with skin and Ti l 0.06 0.25 / 100.0/0.0 Ceftaroli 16 16 1.5/94.1 / 4. Endimiani A, Choudhary Y, Bonomo RA (2009). In vitro activity of NXL104 in
. . . . . . . . . : : : : igecyclinec . . -/- . . eftarolineb > > . . -/- . ) ) .
were inhibited at ceftaroline-avibactam MIC values of only skin structure infections and target numbers of strains for each of the activity against E. coli strains with an ESBL-phenotype (MICsq9, Linezoid 05 ; 99109 99109 Coftriaxone -8 -8 24868 24868 combination with beta-lactams against Klebsiella pneumoniae isolates
<0.5 pg/mL. Ceftaroline-avibactam was also active against requested bacterial species/genus were predetermined in the study 0.06/0.25 ug/mL; Table 1) Vancomycin 1 2 100.0/0.0 99.4//0.5 Ceftazidime >E152 >E152 ;28;222 igﬁﬂi;‘ producing KPC carbapenemases. Antimicrob Agents Chemother 53: 3599-
Klebsiella spp. (MICqy, 0.12 pg/mL), including ESBL- protocol. _ISOIateS were sent to the coordinator laboratory (‘]M_I - Biung;noq?;iilg streptococci (1,233) o > e e npnlzre;sz:lnrgazc’bwam 53.12 >>8 67.6/30.9 69.1/265 3601.
h d bl : MIC Laborator|e51 North I—Ibertya Iowa1 USA) for reference Susceptlblllty ° CeftarO“ne-aVlbaCtam was aCtlve agalnst KIGbSle”a Spp Ceftaroline-avibactam <0.03 <0.03 -/- -/- Gentamicin <2 >8 61.8/27.9 52.9/38.2 5. European Committee on Antimicrobial Suscept|b|||ty Testing (2012)
P enOtype an meropenem_non_susceptl e strains ( 90° i Onl i i inf i isod included i . . . . Ceftaroline <0.015 0.03 -/ - -/ - Levofloxacin >4 >4 36.8/60.3 32.4/63.2 ; ; : : ;
_ _ _ testing. Only one strain per patient infection episode was Included in MIC 0.06/0.12 pg/mL), including strains with an ESBL- , _ , Breakpoint tables for interpretation of MICs and zone diameters. Version
/mL for both sub Hiah ftaroline-avib : ( 50/90) Y- 142 Mg , INCIUding NS wi Ceftriaxone <0.25 <0.25 100.0/- 100.0/0.0 Tigecyclines 0.5 2 95.6/0.0 86.8/4.4 . S .- .
1 ng/mL for both subsets). Highest ceftaroline-avibactam riax
the surveillance study. . i 2.0, January 2012. Available at: http://www.eucast.org/clinical _breakpoints/.
L . y henot e (IV”C 0 12/1 /mL) and thOSG Wlth reduced Penicillin <0.06 <0.06 100.0/ 100.0/0.0 Enterobacter spp. (188)
MIC among ceftazidime-non-susceptible ESP was only 1 P yp 50/90> - HY Erythromycin <0.25 >2 68.5/30.9 68.5/30.9 Ceftaroline-avibactam 0.12 0.25 e - Accessed January 1, 2012.
e T e susceptibility to carbapenems (MIC . 0.5/1 uyg/mL; Table 1). Clindamycin <0.25 >2 83.2/16.6 83.4/16.6 Ceftaroline® 0.25 >16 73.4/21.3 -1- - - - e :
pg/mL. Suscep.tlbllltv .testlnq. Isolates were tested for susceptibility to P y P (_ 50/90 (l)Jg _ ) vorloasin Py ) 59.0/06 ot 10 Cettimone <005 8 o 11 6. Louie A, Castanheira M, Liu W, Grasso C, Jones RN, Williams G, Critchley
ceftaroline-avibactam and multiple comparator agents by reference Among ESBL-phenotype Klebsiella spp., 32.4% of strains Tetracycline <2 >8 525/46.4  51.9/475 Ceftazidime <1 >16 81.9/17.0  78.7/18.1 'F;Jhye D, SVOW” D, V?ES<t30>I’ B:[ Kulawy F:{_tl)?tf_usaglo |\(|3>1_L(12(§)A:,L'2)' o
. . . . i iluti i ini borator ihi ihili > Tigecyclinec <0.03 0.06 100.0/ - 100.0/0.0 Piperacillin/tazobactam 2 64 83.5/85 81.4/16.5 armacodynamics or beta-lactamase Iinnioition by In compbination
Conclusions: Ceftaroline-avibactam and ceftaroline were gl'.((;t:di:rlg;ol?]il‘:i?jtr; Tcihs?)di/l 337 _(Zes(f;'gfg)t;ynglggl i?]?:r L?e tationsy exhibited decreased susceptibility (MIC, =2 yg/mL) to Lnezold : ) 1000/ 100.0/ 0.0 Veropenen <012 s S 0000 with ceftaroline, examining organisms with multiple types of beta-
the most potent B-lactam agents tested against _ _ .p meropenem (Table 2) Vancomycin 0.5 0.5 100.0/ - 100.0/0.0 Gentamicin <2 <2 94.7/4.8 94.1/5.3 lactamases. Antimicrob Agents Chemother 56: 258-270.
. a0 : were based on M100-S22 breakpoints. E. coli and Klebsiella spp. Daptomycin <0.06 0.25 100.0/ - 100.0/0.0 Levofloxacin <0.5 <0.5 94.1/4.3 93.1/5.9 7. Teflaro Package Insert (2012). Available at
staphvlococci and streptococci collected from patients wit : : . T ) Viridans group streptococci (264) Tigecycline 0.25 0.5 98.9/0.0 97.3/1.1 : .
Py . . P . i P i isolates fOf which ceftriaxone or Ceftaz.lfjlme MIC values Wer_e 22 “g/mL ° AmOng Enterobacter SpP. strains, 97.9 and 100.0% were Ceftaroline-avibactam <0.03 0.06 -/- -/- Ceftazidime-non-susceptible Enterobacter spp. (34) http://www.frx.com/pi/Teflaro pi.pdf. Accessed June 2012.
ABSSSI in USA hospitals evaluated in this study during were considered to be phenotype-positive for ESBL production (CLSI, - . . Ceftaroline 0.03 0.06 - - Ceftaroline-avibactam 0.25 1 - - _ _ _
: : : - : - inhibited by ceftaroline-avibactam at <0.5 and <1 ug/mL, Ceftriaxone <0.25 05 947127 91.7/8.3 Ceftarolined 516 516 0.0/100.0 - 8. Tygacil Package Insert (2011). Available at www.tygacil.com. Accessed June
2011. MRSA was particularly S to ceftaroline-avibactam and 2012), and Klebsiella spp. isolates with a meropenem MIC value 22 respectively (Table 1), Meropenem (MIC.. <0.12 pg/mLs 97.9% Ceftiax 029 08 041127 oL7/83 Ceflarolne i i 01100 e LS
ceftaroline (MICgy,6q, 0.5/1 pg/mL). Ceftaroline-avibactam Hg/mL were considered meropenem-non-susceptible. Ceftaroline P I_V y( _ ) ) P 90, =U. 1< HY » 90270 Erythromycin <0.25 52 57.2/38.6 /- Ceftazidime >16 >16 0.0/94.1 0.0/100.0
: ) : . . interpretations followed the breakpoint criteria established by the USA- susceptible) and tigecycline (MIC4y 0.5 mg/L; 98.9% Clindamycin <0.25 >2 87.5/10.2 89.8/10.2 Piperacillin/tazobactam 64 >64 11.8/47.1 2.9/88.2 Acknowledgments
was also highly active against ENT-producing KPC serine : : : : ed : : : : Levofloxacin <05 2 94.7/3.8 -1- Meropenem <0.12 05 91.2/5.9 94.1/2.9 _ _ _
carbapenemase. various ESBL tvoes. and AmpC FDA. Ceftaroline was combined with avibactam at a fixed concentration susceptible) were also very active against Enterobacter spp. Tetracycline <2 ~8 63.3/31.4 - Gentamicin <2 ~8 76.5/23.5 76.5/23.5 This study was supported by Forest Laboratories, Inc. Forest Laboratories,
P : _ .yp : P _ of 4 ug/mL. B-haemolytic streptococci were tested in Mueller-Hinton (Table 2). Among ceftazidime-non-susceptible (MIC, =8 pg/mL) Tigecyclines <0.03 0.06 100.0/ - -1- Levofloxacin <0.5 >4 79.4/17.6 76.5/20.6 Inc., was involved in the study design and in the decision to present these
(chromosomal- or plasmid-mediated) enzymes. Ceftaroline- broth supplemented with 2.5-5% lysed horse blood, whereas the other : 0 : Linezolid ! . 100.07- - Tigecyclines 0.25 ! 100.070.0 971700 results. Forest Laboratories, Inc., had no involvement in the analysis,

: . : : ) : : : : Enterobacter spp. strains, 88.2 and 100.0% of strains were Vancomycin 0.5 1 100.0/- 100.0/0.0 lection. and interpretation of data. Scientific Therapeutics Information
avibactam demonstrated potent in vitro efficacy against organisms were tested in cation-adjusted Mueller-Hinton broth. nhibited Haroli b MIC val £ <05 and <1 Daptomycin 0.25 1 99.6/ - . |CO ec O'd’ e _pl o e dpb R "
resistant pathogens associated with ABSSSI in the USA. Concurrent testing of quality control strains assured proper test Inhibited at ceftaroline-avibactam values or sU.o and = 2. Criteria as published by the CLSI [2012] and EUCAST [2012], p-lactam susceptibility should be directed by the oxacillin test resuls. hc., provided editorial coordination, which was funded by Forest Researc

ConditionS “g/mL reSpeCtively (Table 1) b. USA-FDA breakpoints were applied [Teflaro Package Insert, 2012]. Institute, Inc.
. ’ - c. USA-FDA breakpoints were applied [Tygacil Product Insert, 2011].
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