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- Table 1. Summary of Ceftaroline-Avibactam Activity Tested Against Organisms Collected from Patients Hospitalized in USA Medical Centers I -
Amended Abstract Introduction Results (2011 Conclusions
. L L . . . . . _ No. of isolates (cumulative %) inhibited at ceftaroline-avibactam MIC (ug/mL) of: . . .
Background: Ceftaroline is a new broad- Ceiftaroline fosamil is the parenterally-administered prodrug form « Ceftaroline-avibactam was active against non-ESBL strains Organism (no. tested) <0.03 0.06 0.12 0.25 05 1 ’ 24  Avibactam can effectively lower ceftaroline
: : .. _ of ceftaroline, a new cephalosporin with potent activity against _ 0z irhiki Klebsiella spp. (2,928) 710 (24.3) 1297 (68.6) 571 (88.1) 212 (95.3) 87 (98.3) 39 (99.6) 9(99.9) 3 (100.0) :
spectrum cephalosporin with bactericidal activity ne, _ _ ! 0Ote : (MICgqg0 0f 0.06/0.12 pg/mL; 99.8 and 100.0% inhibited at Non-ESBL-phenotype (2517) 673 (26.7) 1226 (75.5) 458 (93.6) 125 (98.6) 29 (99.8) 6 (100.0) _ _ MIC values for Enterobacteriaceae
against Gram-positive bacteria (including MRSA) Gram-positive organisms, including methl_C|II|n-reS|_stant <0.5 and <1 pg/mL, respectively) as well as ESBL- ESBL-phenotype (411) 37 (9.0) 71 (26.3) 113 (53.8) 87 (74.9) 58 (89.1) 33 (97.1) 9(99.3) 3 (100.0) producing clinically significant
] ] ] StaphyIOCOCCUS aureus (MRSA) and mU|t|drUg-reS|Stant (MDR) ] Meropenem-non-S (115) 7(6.1) 6 (11.3) 14 (23.5) 19 (40.0) 31 (67.0) 28 (91.3) 8(98.3) 2 (100.0)
and Enterobacteriaceae (ENT). Avibactam is a . . phenotype Klebsiella spp. (MICy,q, Of 0.12/1 pg/mL; 89.1 E. coli (2517) 1531 (60.8) 783 (91.9) 158 (98.2) 38 (99.7) 6(>99.9) 1(100.0) : : B-lactamases.
. Streptococcus pneumoniae. In Phase 3 trials (NCT00424190 0% il . Non-ESBL-phenotype (2,232) 1443 (64.7) 676 (94.9) 97 (99.3) 16 (100.0) - -
novel non-B-lactam (B-lactamase (BL) inhibitor and 97.1% inhibited at <0.5 and <1 ug/mL, respectively). ESBL-phenotype (285) 88 (30.9) 107 (68.4) 61 (89.8) 22 (97.5) 6 (99.7) 1 (100.0) i i
that inhibits Ambler class A, C, and some D [CANVAS 1], NC 1004230657 [CANVAS 2], NCTO0021504 Among ESBL-phenotype Klebsiella spp., resistance rates to Enterobacter spp. (891) oS 212 (41.9) 249(72.0) 139 (8949 °2 (959 27(9939) > (999) 1 (1000) « Ceftaroline-avibactam was highly active
) [FOCUS 1] and NCT00509106 [FOCUS 2])’ ceftaroline fosamil - g . P yp ) pp’ Ceftazidime-S (646) 114 (17.7) 193 (47.5) 227 (82.7) 93 (97.1) 17 (99.7) 2 (100.0) - - . t Ent b t - d :
enzymes (eg, ESBL, KPC, and AmpC). was shown to be non-inferior to comparator agents for the “third-generation” cephalosporins were high (86.6 and ::/leftazidime-non-zﬁi)S) 2(1.3) 19 (13.6) 2i g71)7) 436((2587.64;) 335(;8003) 245((798661)) zgg.g iggg.gi agalnst £nteropacteriaceae-proaucing
) ) . eropenem-non- - - : : : : : . :
_ _ treatment of patients with acute bacterial skin and skin-structure 68.6% resistance to ceftriaxone and ceftazidime, All Enterobactereaceae 2666 (34.2) 2759 (69.7) 1300 (86.3) 593 (94.0) 308 (97.9) 124 (99.5) 26 (99.8) 13 (100.0) KPC, various ESBL types, and AmpC _
Methods: Ceftaroline-avibactam and infections (ABSSSIs) and community-acquired bacterial respectively, according to CLSI breakpoints), and only 72.0 Aobreviatons: ESBL = extended-spectium factamase; § = susceptible (chromosomally derepressed or plasmid-
comparators were tested for susceptibility (S) by pneumonia (CABP) requiring hospitalization. Ceftaroline fosamil and 62.0% of strains were susceptible to meropenem and w _ _ _ o . . mediated) enzymes.
: _— : : Table 2. Activity of Ceftaroline-Avibactam, Ceftaroline and Comparator Antimicrobial Agents When Tested against Enterobacteriaceae
CLSI broth microdilution methods against 7789 has been approved by the United States Food and Drug i~ ivel bl d2 :
: . . - . gentamicin, respectively (Tables 1 and 2) Collected from USA Hospitals (2009-2011) | f f ib h
ENT, including ESBL-phenotype E. coli (285) and Administration (USA-FDA) for treatment of ABSSSIs and CABP., R —— * In summary, ceftaroline-avibactam snows
! _ Organism/antimicrobial MIC (pg/mL) %S / %Ra Organism/antimicrobial MIC (pg/mL) %S / %Ra . . .. . h
Klebsiella spp. (KSP; 411), AmpC derepressed o _ _ _ Ceftaroline-avibactam (MICg9, Of 0.5/1 pg/mL; 97.4% e el MC Range cLsr SUCAST  ageminoteved)  MIC,  MIC, Range CER EUCAST® potent in vitro activity against pathogens
EnterObaCter Spp (ESP, 155) and meropenem CeftarO“ne IS aISO active agaInSt most EnterObaCtenaceae |nh|b|ted at 32 pg/mL) and tigecycline (M|C Of 05/2 Ceftarol?ne—avibactam 0.06 0.25 <0.03-16 =f= -/- Ceftarol?ne-avibactam 0.06 0.25 <0.03-1 -/- -/ - aSSOC|ated W|th |nfeCt|0nS Caused by
(MER)-non-S KSP (most KPC-producing; 115) species but, like other cephalosporins, has limited activity against /mL: 95.7% fble by USA-FDA breaknoint criter Cefttaxone w25 o8 s023-58 3731122 @73/122 Cettnaxone e Yo 2025-08 {15/856 1197856 multidrug-resistant Enterobacteriaceae in
p g’ i | d i d d_ t _| ESBL “g mL; ’ 0 Suscep Ible y B rea pOIn Cri erla) Ceftazidime <1 8 <1->16 89.5/9.6 87.8/10.5 Ceftazidime 16 >16 <1->16 37.2/50.9 13.3/62.8 .
. Isolates producing extended-spectrum [3-lactamases ( ), . . USA h tals (2009—2011
and ESP (14) among other resistance (R) . . were the most active Compounds tested agalnst 115 Ampicillin/sulbactam 8 >16 <2 ->16 73.2/16.3 -126.8 Ampicillin/sulbactam >16 >16 <2->16 11.6/69.1 -188.4 oSsSpltals ( )
H 'I"h _ Vel Cepha|ospor|nases and Carbapenemases_ Avibactam (former|y, _ _ _I??peracil!lin/:azobactam 0225 312 S00656_ >>644 gg.g ;g.; 8945_).10//110;57 $?peraci|l_lin/§azobactam 022 ggzé sg.gG— >e134 13'07 é /18.8 igbs é lzg.g
. . o . _ _ igecycline . .06 — . . . . igecycline i i .06 — . . . .
USRI LIS TSI E LI NXL104) is a novel non-B-lactam B-lactamase inhibitor currently meropenem-non-susceptible (MIC, 22 pg/mL) Klebsiella e 2 >16 <2->16 810/145  810/190 Gentamicin < -8 <2->8 691/302  68.1/309
- . .. : . C : ici <2 <2 <2- 614, 91/6. floxaci <0.5- 20.4/78.9 20.4/79.6
collected in 2009-2011 from 72 USA medical in clinical development. Avibactam has very limited intrinsic spp. isolates (Tables 1 and 2) kel 05 i e et Soits e Moropanom 012 012 20124 2.6 /04 95.6 /0.0
centers. antibacterial activity, but efficiently protects -lactams from ) | | | e mmps ety L — e | S R References
: : : - - Ceftaroline-avibact 0.06 0.12 <0.03-1 -1- -1- Ceftarolinec 0.25 16 <0.015 - >16 7421223 -
. . L hydrOIySIS by a Varlety Of Stralns prOdUCIng Ambler ClaSS A and E CO“ ISOIateS were hlghly Susceptlble to CeftaI’O“ﬂe sztz:gl:ggcaw e 0.12 0.5 <0.015->16 95.7/1.1 -/- Czﬂﬁ;?(:)nnee <0.25 >>8 S0.25—:8 77.3/121.2 77.3/121.2
Results: 97.9% of strains were inhibited at class C enzymes, including ESBL and KPC enzymes avibactam (MIC <0.03/0.06 pg/mL) with >99.9% of Ceftriaxone <0.25 <0.25 <0.25-1 100.0/0.0 100.0/0.0 Ceftazidime <1 >16 <1->16 80.6/ 18.0 77.9/19.4 1. Castanheira M, Sader HS, Farrell DJ, Mendes RE, Jones
. . ' . . Lo 50/90, . . Ceftazidime <1 <1 1-1 100.0/0.0 100.0/0.0 Ampicillin/sulbactam 16 >16 <2->16 37.2139.6 -162.8 RN (2012) Activity of ceftaroline-avibactam tested against
ceftaroline-avibactam MIC of <0.5 ug/mL(S (carbapenemases), as well as some class D B-lactamases. We strains inhibited at ceftaroline-avibactam MIC of <0.5 Ampicillin/sulbactam 4 16 <2 —>16 84.2/5.0 -/15.8 Piperacillin/tazobactam 2 64 <0.5—>64 83.6/7.7 79.9/16.4 x y ot _ : _ g
: : . . . . : . . _ _ _ Piperacillin/tazobactam 2 8 <0.5 - >64 98.7/0.6 94.1/1.3 Tigecyclined 0.25 1 0.12-4 98.9/0.0 94.5/1.1 gram-negative organism populations, including strains
breakpoint for ceftaroline alone). Ceftaroline- re_port the in V|tro_ activity of ceftaroline combined Wlth avibactam ug/mL. The highest ceftaroline-avibactam MIC was only Tigecycines 025 03 006->4 98801 960112 Gentarmicin 2 2 28 95.01 44 944150 expressing one or more beta-lactamases and methicillin-
avibactam was very active against ESBL- (fixed concentration of 4 uyg/mL) when tested against ESBL- 0.25 ug/mL among non-ESBL-phenotype strains (MICgyq, Levofloxacin <05 <05 <05->4 97.9/1.4 96.9/2.1 Meropenem <0.12 <0.12 <0.12 - >8 98.3/1.4 98.6/0.2 resistant Staphylococcus aureus carrying various SCCmec
phenotype E. coli (MICqyq0, 0.06/0.25 pg/mL) and phenotype and carbapenem-resistant Enterobacteriaceae <0.03/0.06 pg/mL) ! T =0.12 =0-12-0.25 100.0/0.0 100.0/0.0 A R o2t 0031 " " types. Antimicrob Agents Chemother in press.
’ i _ - ) Ceftaroline-avibactam 0.12 1 <0.03-16 -/- -/- Ceftaroline® 0.12 0.5 <0.015->16 92.0/4.0 -/- 2. Clinical and Laboratory Standards Institute (2012). MO7-A9.
KSP (MICy,99, 0.12/1 pg/mL), MER-non-S KSP collected from USA hospitals (2009-2011). Ceftaroline® >16 >16 0.06 - >16 2.4/95.6 - Ceftriaxone <0.25 05 <0.25->8 95.8/2.8 95.8/2.8 Methods for dilution antimicrobial suscentibil
’ ’ ) o~ ptibility tests for
. : - : : Ceft 8 8 <0.25 - >8 9.5/86.6 9.5/86.6 Ceftazid <1 <1 <1-4 100.0/0.0 96.6/0.0
(MICgq/90, 0.5/1 pg/mL) and ESP (MICgyg0, 0.5/2 ESBL-phenotype E. coli strains exhibited high resistance Ceftazidime 16 16 < —o16 25.5/68.6 13.1/745 Ampicillnsulbactam 16 >16 <2->16 46.1/259 -153.9 bacteria that grow aerobically; approved standard: ninth
- . . - Ampicillin/sulbactam >16 >16 2->16 5.6/84.9 -194.4 Piperacillin/tazobactam 2 4 <0.5-64 99.1/0.0 96.7/0.9 edition. Wayne PA: CLSI.
Hg/ml_), and ceftazidime (CAZ)'non'S ESP I\/I et h O d S rates to ceftriaxone (856%), ceftazidime (509%), Piperacillin/tazobactam >64 >64 1->64 31.4/58.4 22.6/68.6 Tigecyclined 0.25 0.5 0.12-4 99.2/0.0 97.1/0.8 o ’ _
. . . Tigecyclined 0.5 2 0.06 — >4 96.4/0.5 89.1/3.6 Cefuroxime 8 >16 <2 ->16 68.3/15.3 68.3/31.7 3. Clinical and Laboratory Standards Institute (2012). M100-
(MICcq00, 0.25/1 ng/mL). ESBL-phenotype strains gentamicin (30.2%) and levofloxacin (78.9%), but were very Gentamicin <2 >8 <2 >8 62.0/28.2 56.9/38.0 Gentamicin <2 <2 <258 98.9/0.9 98.6/1.1 . "
Y . . . . . . . . . Levofloxacin >4 >4 <0.5->4 39.3/57.3 34.6/60.7 Levofloxacin <0.5 <0.5 <0.5->4 98.3/0.8 98.0/1.7 822_' Perform?‘nce sta_ndards for antimicrobial SUSCGpthI“ty
showed low S to gentamicin (GEN; 62.0-69.1%) Organisms collection: A total of 7789 Enterobacteriaceae isolates susceptible to ceftaroline-avibactam (MICg,,4, 0.06/0.25 Meropenem <0.12 >8 <0.12->8 72.0/26.0 74.0/20.0 Meropenem <0.12 <0.12 <0.12-2 99.8/0.0 100.0/0.0 testing: 22nd informational supplement. Wayne, PA: CLSI.
_ : : : _ _ ’ -non- tible (115) ftazidime-non- tible (155) L :
and levofloxacin (20.4-39.3%). Only 72.0 and were tested, including ESBL-phenotype E. coli (285) and ug/mL; highest MIC, 1 yg/mL [one strain]; Tables 1 and 2) " Ceftaroline avibactam 05 ) <0.03-16 . - " Ceftaroline-avibactam 025 ) <0034 . - 4. Endimiani A, Choudhary Y, Bonomo RA (2009). In vitr
- Ceftarolinec >16 >16 4->16 0.0/100.0 -/ - Ceftarolinec >16 >16 1->16 0.0/98.7 -1 - activity of NXL104 in combination with beta-lactams against
74.3% of ESBL-phenotype KSP were S to MER Klebsiella spp. (411), AmpC stably derepressed Enterobacter spp. Ceftriaxone >8 >8 8—>8 0.0/100.0 0.0/100.0 Ceftriaxone >8 >8 2_>8 0.0/98.1 0.0/98.1 Klebsiyella pneumoniae isolates producing KPC J
- - i i i, - TETRY Ceftazidi >16 >16 2->16 1.7/93.9 0.0/98.3 Ceftazidi >16 >16 8- >16 0.0/92.9 0.0/100.0
and amikacin, respectively. MER-non-S Klebsiella (153)’ meroI)leSI;em goEn fuscbept;ble Kletglj)”a_ripp't(mOStly KPC Among 801 Enterobacter spp. strains, 95.9% were inhibited Ampicilin/sulbactam >16 >16 >16 0.0/100.0 £1100.0 P — >16 >16 16 - >16 0.0/96.8 -1100.0 carbapenemases. Antimicrob Agents Chemother 53: 3599-
. L pro UC|ng; , dn nterobacter Spp . e Sstrains were by CeftarOIine'aVibaCtam at <0 5 Hg/ml_ (MIC O 12/0 5 PFperaciI_Iin/tazobactam >64 >64 8 —>64 0.9/98.3 0.9/99.1 P_iperacil_lin/tazobactam 64 >64 1->64 19.4/40.0 9.7/80.6 3601.
: : . =U. - - Tigecyclined 0.5 2 0.06 —>4 95.7/0.9 88.7/4.3 Tigecyclined 0.25 2 0.12-4 97.410.0 83.9/2.6
§pp. strglns exhibited low S to all agent(;s, except consecutively collected in 2009-2011 from 72 USA medical 1g/mL). Meropenem (MICy, <0.12 ug/mL: 9 goé%% GlSﬁfayn‘i;Qif, 8 >8 <256 49.6/34.8 42.6150.4 Glgﬁfgn‘;;;‘; <2 >8 <2->8 78.7/18.7 76.8/21.3 5. Louie A, Castanheira M, Liu W, Grasso C, Jones RN,
tigecycline (MICso0, 0.5/2 pg/mL; 95.7% S by centers. Isolates were sent to the coordinating laboratory (JMI y . 90, I o S e coles  Toinns e S Sher SRR Wiliams G, Critchley 1, Thye D, Brown D, Vanscoy B,
CLSI criteria). 78.7% of CAZ-non-S ESP were S b : h Lib f f susceptible) and tigecycline (MICsq,99 0.25/1 pg/mL; 98.9% Escherichia coli (2,517) meropenem-non-susceptible (14) Kulawy R, Drusano GL (2012). Pharmacodynamics of beta-
La Oratorles, Nort LI erty’ |0wa, USA) or reterence Susceptible) were aISO Very aCtive ag’ainst EnterObaCter Ceftaroline-avibactam <0.03 0.06 <0.03-1 -/ - -/ - Ceftaroline-avibactam 0.5 2 0.12-4 -/- -/- lactamase inhibition by NXL104 in combination with
ihili i i i i i i Ceftarolinec 0.12 8 <0.015 - >16 84.3/12.8 - Ceftarolinee >16 >16 >16 0.0/100.0 -1-
to GEN. SUSC_eptlblhty t_eStmg' Only one strain per patient infection episode A ftazidi tible (MIC. >8 ImL czﬂﬁ;;;nnee <0.25 1 <0.25 - >8 90.0/9.7 90.0/9.7 Cthﬁ;;l_)nnee >8 >8 8—>8 0.0/100.0 0.0/100.0 ceftaroline, examining organisms with multiple types of beta-
| | | was included in the surveillance program. Spp. Among ceftazi lme-non-suscep ible ( » =6 Hg mL) Ceftazdme < = =1->1 529158 02/71 e actam 16 16 4 Ja1928 0.0/ 92.9 lactamases. Antimicrob Agents Chemother 56: 258-270.
Conclusions: Avibactam can effectively lower Enterobacter spp. strains, 80.0 and 96.1% of strains were Piperacilivtazopactam 2 8 05->64 951'620//3660 gg-g;'g-g Piperacilintazobactam  >64 = 3264 00/786 00/1000 6. Teflaro® Prescribing Information (2012). Available at
. . . . o - . . Ti i Ad .25 <0.03 - 100. . . . Ti i 1 25— . . . . . : :
ceftaroline MIC values for ENT producing the Susceptibility testing: Isolates were tested for susceptibility to inhibited at ceftaroline-avibactam MIC of <0.5 and <1 G'g,ffg;;;:; o - o o8 87 6/118 86.7 | 15.4 G'ggfg;;g; o 5 oy 8 4261500 a5 501 http.//\_/vww.frx.cgm/pu/Teﬂaro .pl.pdf. Accessgd June 2012.
most clinically significant BLS found in USA ceftaroline-avibactam and multiple comparator agents by ug/mL, respectively (Tables 1 and 2) e o oz oo NG T3 St %D Aum | 7 Tyl Prescribing Information (2011). Avaiiable a
) ) j ] : TR . e ! “ESBL phenotype (2,232) Enterobacteri (7.789) www.tygacil.com. Accessed June 2012.
hospitals. Ceftaroline-avibactam was highly reference broth microdilution methOdS as described by Clinical " Ceftaroline avibactam <0.03 0.06 <0.03-0.25 - - " Ceftaroline-avibactam 0.06 0.25 <0.03- 16 - -
active against ENT producing KPC, various ESBL and Laboratory Standards Institute (CLSI) MO7-A9 (2012) Overall. 97.9% of Enterobacteriaceae strains were inhibited Cetaroine: 012 05 =0.015->16 941/29 ol Cefarolines 012 >0 =0.015->16 031149 il
) - < < < — < < ->
! document, and CLSI interpretations were based on M100-S22 - - L Ceftazidime T T P 1000/00 1000700 Ceftazidime - y < —16 002/87  850/98
types, and AmpC (chromosomally derepressed or 2012) breakpoints. whil P ftaroline int tati based at ceftaroline-avibactam MIC of <0.5 pg/mL, which is the Ampiilln/suibactarm 8 >16 <2->16 56.3/21.2 143.7 A sl 8 >16 2 516 58.3/25.0 -/417 Acknowledgments
| . . . ( ) rea pOIn S! wnlie ceftaroline In erpre alions were pbase susce tlblllt break Olnt eStab“Shed for Ceftarollne alone b P.iperacil_lin/tazobactam 2 4 <0.5->64 96.8/2.0 95.7/3.2 P?peracil_lin/tazobactam 2 16 <0.5->64 91.5/5.5 88.1/8.5 This Study was Supported by Forest Laboratories’ Inc. Forest
plasmid-mediated) enzymes. Ceftaroline- he breakpoi T blished bv th } P y P y Tigecycline 0.12 0.25 <0.03-2 100.0/0.0 99.9/0.0 Tigecyclined 0.25 1 <0.03 - >4 97.9/0.2 93.2/2.1 . . : : :
. . . . . . ici < <2 _> ici < < <2 _> y .y
i . i .. : on the breakpoint criteria establishe y the USA-FDA h d d b Gentamicin <2 4 <2 ->8 90.0/9.5 89.1/10.0 Gentamicin 2 2 2->8 91.5/7.4 90.3/8.5 Laboratories, Inc., was involved in the study design and in the
avibactam shows potent in vitro activity against Ceftaroline was combined with avibactam at a fixed concentration the USA-FDA against indicated Enterobacteriaceae species Levofloxacin <05 >4 <0.5->4 75.7123.7 75.6/24.3 Levofloxacin <05 >4 <05->4 82.9/15.7 81.4/17.1 decision to present these results. Forest Laboratories, Inc., had no
pathogens associated with infections caused by of 4 pg/mL and concurrent testing of quality control (QC) strains (Tables 1 and 2); 99.5% at <1 pyg/mL. Meropenem and " Ctoraas pobred by e CLol QO A BRSO R e SR e involvement in the analysis, collection, and interpretation of data.
c . .. . . . . 0 : b: Includes: K‘I)ebsiellaoxil/toca (633 strains), K. ozaenae (2 strai.ns) K. pneumoniae (2230 strains), and unspeciated Klebsiella (63 strains). Scientific Therapeutlcs Informatlon, Inc., prOVIded editorial
mUItldrug'R ENT assured proper teStIng COndItIOHS A” QC reSUH:S were Wlthln tlgeCyCIIne Covered 982 and 979 /0 Of a” Stralns1 c. USA-FDA breakpo?ntswere appl?ed [Teflz;.rq® Prescri.bi.ng Informr;lti_on,2012]. ' Coordination, which was funded by Forest Research |nst|tute’ Inc.
pu b“Shed I‘angeS. I’espeCtIVE|y 2 ﬁ\iﬁaZZéEb;;?Egggt:rgg:?)ge:epnp;f?Z[S-gi?r(;iln;,r eES.Ce:Isbtl):%;réf?;??rg?:s,),zgt]éncerogenus (1 strain), E. cloacae (583 strains), E. gergoviae (1 strain), E. hormaechei (1 strain), E. intermedius (1 strain), E. sakazakii (1 strain), and unspeciated Enterobacter (3 strains).
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