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. Table 2. Activity of ceftazidime-avibactam and comparator Figure 1. Distribution of P. aeruginosa isolates by site of infection. -
AbStraCt |ntrOdUCt|On RGSUltS antimicrobial agents when tested against P. aeruginosa COnCl US|OnS
isolates from USA hospitals.
Background: Avibactam (AVI) is a non-B-lactam - Ceftazidime-avibactam is the combination of the established third- - The P. aeruginosa isolates were predominantly from « Ceftazidime-avibactam exhibited potent in vitro
lactamase (BL) inhibitor that inhibits ESBLs, KPCs, AmpCs generation cephalosporin ceftazidime, with the novel non-3-lactam [3- pneumonia (39.8%) and skin/soft tissue (23.7%; Figure 1). ‘o -

- ! ! L ; NV . ! imicrobi activity and spectrum when tested against a
and some OXA enzymes. Ceftazidime (CAZ)-AVI was lactamase inhibitor avibactam. Avibactam inhibits a broad range of serine o _ o . _ Antimicrobial Agent/no. MICso MICs0 %S 7R | y lecti P -5 64 f gl -
approved by the USA-FDA for treatment of intra-abdominal B-lactamases including Ambler class A (ESBL and KPC), class C (AmpC) * Ceftazidime-avibactam inhibited 96.7% of isolates at the US- Allisolates (5,643) = Preumonia large collection (n—_5’6 3) of recent ¢ e
and urinary tract infections in 2015, and is under clinical and some class D (OXA-48) enzymes. In combination with ceftazidime, FDA susceptible breakpoint of <8 ug/mL and MICs, and MICq, SRR 2 4 96.7 3.3° Isolates of P. aeruginosa from USA medical
development for treatment of pneumonia. avibactam restores activity of ceftazidime against a number of clinically values were 2 and 4 ug/mL, respectively. Susceptibility rates Ceftazidime 2 2 s 12:8 u SSS| centers.

relevant B-lactamase-producing Gram-negative pathogens causing forlcelf;azl_dlme ("l\l/'”CtSO/QO’b 2/3;2 ugz{\;lr:(l_:), Cefil?lrgj (M/IC?_O),QO, (21/16 Cefepime 2 16 84.5 7.2 N
Methods: 5,643 PSA isolates (one per patient) were serious infections. ug/mL), piperacillin-tazobactam s0/90, 4/>64 pg/mL) an Piperacillin-tazobactam 4 >64 79.9 11.2 . .. _ o
consecutively collected in 2012-2014 from 74 USA medical meropenem (M'IC50,90, 0.5/8 pg/mL) were 83.8, 84.5, 79.9 and Meropenem 0.5 8 82.3 11.9 SUT] The addition of avibactam to ceftazidime .
centers (37 states from all 9 census regions) by the Ceftazidime-avibactam has been approved by the United States (US) 82.3%, respectively (Tables 1 and 2, and Figures 2 and 3). Ciprofloxacin 0.12 >4 77.3 17.7 Increased the overall coverage from 83.8% for
' . - ' Food and Drug Administration (FDA) for the treatment of complicated . . o Gentamicin = 8 88.6 8.0 mIAl Idi 79 idime-
INFORM Surveillance Program. CAZ-AVI (AVI at fixed 4 | ug A _ (FDA) for the 1 | np . The addition of avibactam to ceftazidime increased the e i X - e cefta2|d|me alone to 96.7% for ceftazidime
ng/mL) and comparators were tested for susceptibility (S) intra-abdominal infections (clAl), in combination with metronidazole, as ) : : : : b
pater = . . . . . . . percentage of susceptible P. aeruginosa isolates from 83.8% to - m Others avibactam.
by CLSI broth microdilution methods. The isolates were well as complicated urinary tract infections (cUT]I), including 96.7% (Table 2 and Fiaur 3 ' Colistin | 1 2 99.2 <0.1
predominantly from pneumonia (39.8%) and skin/soft tissue pyelonephritis, in patients with limited or no alternative treatment options. 1% (Table 2 a igure 3). Non-susceptible to CAZ and MEM and PT (474) . Ceftazidime-avibactam retained activit
(23.7%). Two phase 3 clinical trials have recently been completed « Among non-B-lactam agents, colistin (MICyq,, 1/2 pg/mL and cetazidme-avbactam ° > 0o >0 : - : 4 :
(http://clinicaltrials.gov). Clinical trial NCT01726023 compared 29 ible) and amikaci 2/8 ua/ d Ceftazidime 32 >3z 0.0 18.8 : against isolates non-susceptible to other anti-
: . . _— : _ 99.2% susceptible) and amikacin (MICyq,, 2/8 pg/mL an Cofenime 16 16 133 £ 3 19.7% _
Results: CAZ-AVI was active against 96.7% of strains at ceftazidime-avibactam plus metronidazole versus meropenem for the 97.2% susceptible) were the most active compounds (Table 2). y P ; . o o P. aeruginosa 3-lactams, as well as MDR and
the USA-FDA S breakpoint of <8 ug/mL (Table), while S treatment of clAl, and clinical trial NCT01644643 compared ceftazidime- eropenem ' ' XDR strains.
rates for CAZ, cefepime, piperacillin-tazobactam (P/T) and avibactam versus best available therapy for the treatment of both cUTI - High rates of cross-resistance were observed for ceftazidime, Piperacillin-tazobactam >64 >64 0.0 730
meropenem (MEM) were 83.8, 84.5, 79.9 and 82.3%, and clAl caused by ceftazidime-resistant Gram-negative organisms. meropenem and piperacillin-tazobactam. Among piperacillin- Ciprofioxacin >4 >4 23.6 67.9 £ > Antimicrobial TR .
respectively. Colistin (COL) and amikacin (AMK) and were Ceftazidime-avibactam is also under clinical development for treatment of tazobactam-non-susceptible isolates, only 46.0 and 25.8% Gentamicin 4 >8 54.9 38.2 'Q_Wte Al 'E“C:O f'a Suffc‘?g_' ity 'rt? e? 0 .C?AleLjA?\I/Tosa
active against 99.2 and 97.2% of PSA strains, respectively. nosocomial pneumonia (NCT01808092). We evaluated the in vitro activity were susceptible to meropenem and ceftazidime, respectively. Amikacin 4 32 88.0 1.2 r:/lsléi/lancz SUDSE S.”(.)r tce abZ' |tme-a|\3/1r S (SRS, IETe DEmEl Refe rences
High rates of cross-resistance was observed among CAZ, of ceftazidime-avibactam against contemporary (2012-2014) isolates of Furthermore, only 38.8 and 48.9% of meropenem-non- M[():F(:“(SE:I:l) ! 2 99.2 0.2 ( ) and piperacillin-tazobactam (PT).
P/T and MEM, wher AZ-AVI exhibi Vi ' ' ible i ' ' illin-
/T and , Whereas C e ! bited good ac(’g ty Pseudomonas aeruginosa from US medical centers. susceptible isolates were susceptible to piperacillin-tazobactam Coftazidime.avibactam A 16 . 25 7 100 1. Avycaz (2015). Avycaz (ceftazidime-avibactam) package insert. United States
against isolates non-S to CAZ (79.6% S), P/T (84.3% S), and ceftazidime, respectively (data not shown). In contrast, . Food and Drug Administration. Available at
0 ) - . e . . . Ceftazidime 32 >32 21.8 61.1 . 9 :
MEM (84.8%), as well as isolates non-S to CAZ, P/T and ceftazidime-avibactam exhibited good activity against isolates Cofenime 16 16 o5 0 291 http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206494s000Ibl.pdf.
MM (n:610; MICSO/QO’ o132 ug/mL; 1o8% S). I\/Iultidrug- M et h O d S non-susceptible to ceftazidime (79'6% Susceptible)’ Meropenem 8 >8 21.2 60.3 ” 2 g(r:gizzs;li?el?ﬁlaécBthoI:lfénte-Nunez C, Hancock REW (2011). Pseudomonas
resistant (MDR) and extensively drug-resistant (XDR) piperacillin-tazobactam (84.3% susceptible) and meropenem Piperzcimn_tazobactam 64 64 11 55 6 " aeruginosa: all roads lead to resistance. Trends Microbiol 19: 419-426.
phenotypes were observed in 14.9 and 8.6% of strains, o _ _ _ (84.8% susceptible; Tables 1 and 2 and Figure 2). S 4 4 002 69 6 o 60 3. Bush K (2015). A resurgence of beta-lactamase inhibitor combinations effective
respectively. Among MDR and XDR PSA, 79.8 and 71.5% Baptenal isolates: Atota_l 5,643 P. aeruginosa isolates (o.ne per patient N | | | iprofioxacin > > - - g o CAZAVI against multidrug-resistant Gram-negative pathogens. Int J Antimicrob Agents
WS AT 5, s whie © i for GAZ, 12T episode) were consecutively collected from 74 USA medical centers (37 - Ceftazidime-avibactam was active against 69.8% of P. ST . = S 39.8 2 = MEM . ‘é?f 48?"'495’-L boratory Standards Instiute (2015). MO7-AL0. Methods for dilt
, , , : . , : .y Amikacin 4 32 88.0 75 2 . . inical and Laboratory Standards Institute : -A10. Methods for dilution
and MEM were <21.8% for MDR and <9.2% for XDR states from all 9 census reglons) between January 2012 gnd December aeruginosa isolates that were non-susceptible to ceftazidime, ot . ; ono - g 40 PT antimicrobial susceptibilty tests for bacteria that grow aerobically: approved
strains. The most active compounds tested against 2014} as part of the International Network fo_r Q_ptlmal Be5|stan_ce piperacillin-tazobactam and meropenem (n=474; MICgq0, 8/32 YOR (485) ' ' standard- tenth edition. Wayne, PA: CLSI.
MDRI/XDR strains were COL (98.9/99.0% S), AMK Monitoring (INFORM) program. Only bacterial isolates determined to be ug/mL; Tables 1 and 2 and Figure 2). 5. Clinical and Laboratory Standards Institute (2016). M100-S26. Performance
0 _ ’ ) 0 ! ) significant by local criteria as the reported probable cause of an infection Ceftazidime-avibactam 8 32 71.5 28.5P 20 standards fpr antimicrobial susceptibility testing: 26th informational supplement.
(88.0/83.8% S) and CAZ-AVI (78.9/71.5% S). CAZ-AVI : . Wayne, PA: CLSI.
L : : : were included in this investigation. Species identification was confirmed * MDR and XDR phenotypes were observed in 14.9 and 8.6% of Ceftazidime 32 >32 92 3.8 ’ i i i
activity remained stable durlng the study penod. : g lon. P : / . | solat ivelv. A VDR 4 XDR P ) Cefenime 16 S16 13.7 18 6. E_UCAST (2016)_. Breakpoint tables for mte_rpretatlon of MICs and zone
when necessary by Matrix-Assisted Laser Desorption lonization-Time Of ISolales, respeclively. Among an - aeruginosa, P ' ' o uE — diameters. Version 6.0, January 2016. Available at:
. . . 1 1 1 All isolates CAZ-NS MEM-NS PT-NS NS TO CAZ/MEM/PT MDR XDR . ini i
Conclusions: CAZ-AV| exhibited potent in vitro activity and F|Ight mass spectrometry (MALD|-TOF |\/|S) using the Bruker Daltonics 79.8 an_d 71.5% _Were suscgpt_lble to cefta2|d|me_-a_IV|bactam, I\P/I-erope.rllllemt - >24 >>684 2471 ;:g , E;tﬁ.//%fggsi;.o\;gé(;htr)];cglAb[\Ieiirllgfslrl}%vAgg:f:eRqugE:ﬁr% %23165) it
. . . . . Iperacilin-tazopactam . . : ’ ) ’ ) J :
spectrum when tested against a |arge collection (n:5,643) MALDI BlOtypef (B"Ienca, Massachusetts, US) by f0||0WIn9 manufacturer re_SpeCt!V_ely’ while SUSCeptlblllty rates for ceftazidime, .p . Abbreviations: CAZ = ceftazidime, NS = non-susceptible; MEM = meropenem, PT = piperacillin-tazobactam, MDR = susceptibility of characterized beta-lactamase-producing strains tested with
of recent USA PSA clinical strains. and retained activity instructions. plperaC|II|n-tazobactam and meropenem were <21.8% for MDR Ciprofloxacin >4 >4 7.4 83.4 multidrug-resistant and XDR = extensively drug-resistant avibactam combinations. Antimicrob Agents Chemother 59: 1789-1793.
g . and £9.2% for XDR strains (Table 2 and Figure 2). Gentamicin >8 >8 37.1 53.3 8. Livermore DM (2002). Multiple mechanisms of antimicrobial resistance in
Zgil/lnsgﬁgt%gog{riiﬁOther SUTIHFE [BHIRIOIETS, #15 el] Isolates were categorized as multidrug-resistant (MDR), extensively drug- _ _ Amikacin 8 >32 83.8 10.2 _ N " : 9 K’Aie‘f;j;"k‘c?;‘ i‘\iaéif’ng.'v';"sii X“rcg?fté'éghéﬁf‘rﬁ eigalunafegsﬁclsésgigl?: -ce:séo.
' resistant (XDR) and pan drug-resistant (PDR) according to criteria * The most active compounds tested against MDR and XDR Colistin ! 2 99.0 0.2 FIGUIS S, LG elistillaniions ol e s (e e gsielein (LaZ sl glie " Harbarth 9, Hindler JF, Kahimetar G, Olzsson-Lineql’JistB,g Paterson DL, Rice LB,
MIC5o/MICqp in pg/mL (% S) published by Magiorakos et al. (2012); i.e. MDR = non-susceptible (NS) to strains were colistin (98.9 to 99.0% susceptible), amikacin 2 Crteria as published by CLS! 12016] and/or US-FDA ceftazidime when testing 5,643 P. aeruginosa isolates from USA Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet DL (2012). Multidrug-
Subset (no.) CAZ-AVI CAZ PIT MEM AMK >1 agent in 23 antimicrobial classes, XDR = NS to 21 agent in all but <2 (83.8to 88.0%_suscept|ble) and ceftazidime-avibactam (71.5 to Aobreviations CA? — cettazidime. MEM - meropenem. PT - pineracilin-tazobactam, MOR = multchug-resis@ant an hospitals (2012-2014). _retsista?t, exltensiveily drug-rcla?istgrtlt and ;:angrug-(;e?is_t?nt b?cteria: gnd
Y 2/4 2/32 | 4/>64 | 05/8 2/8 antimicrobial classes, and PDR = NS to all antimicrobial classes tested. 79.8% susceptible; Table 2). XDR = extensively drug-resistant resistance. Clin Miciabiol Infect 18: 268.281 oo
’ (96.7) (83.8) (79.9) (82.3) (97.2) Class representatives (NS criteria) used in the analysis were ceftazidime 2400 10. Poirel L, Nordmann P, Lagrutta E, Cleary T, Munoz-Price LS (2010). Emergence
4116 >64/>64 | 4/>8 4116 : i " : . : . . . . f KPC-producing Pseud inosa in the United States. Antimicrob
CAZNS (012) | o'o E 7.8) ) 605 (21/6 IL_jg/ImL)’f Imero.perlim (74 IEJg/mL)t’ plpgrac;lgn-té;ZOLbaCtzm (?32/4 ot Table 1. Summary of ceftazidime-avibactam activity tested against P. aeruginosa isolates from United States hospitals (2012-2014). 2200 Agents Ghemothar 54: 8072, Do DS SIS, ATIES
P/T-NS (1,133) 4/16 321>32 41>8 4116 Hg/mL), levofloxacin (24 ug/mL). gentamicin (28 Lg/mL) and colistin (2 No. of P. aeruginosa isolates (cumulative %) inhibited at ceftazidime-avibactam MIC (ug/mL) of: 20 Susceptible 11. Zhanel GG, Lawson CD, Adam H, Schweizer F, Zelenitsky S, Lagace-Wiens PR,
: (84.3) (25.8) (46.0) (92.3) pug/mL). Organism group/(no. tested) 1800 Breakpoint Denisuik A, Rubinstein E, Gin A‘S, Hoban DJ, Lynch JP, 3rd, Karlowsky JA
4716 16/ >32 32/ >64 4716 o . o - _ <0.25 0.5 1 2 4 8 16 32 >32 MICs,  MICy, 1600 (2013_). C_efta2|d|me-av.|bactam. a novel cephalosporin/B-lactamase inhibitor
MEM-NS (996) | 54.8) (48.9) (38.8) - (91.3) Antlmlcr.cgllcl).lal SU_SceDr:'b'“t;/ testlnqk.)AIIrllsoI_atez .\I/ve_re testeﬁ fdor described All isolates (5643) 93 (1.6) 208 (6.9) 2128 (44.6) 1800 (76.5) 805(90.8) 332(96.7)2 112(98.7)  39(99.4) 36 (100.0) 2 4 8 Lo E combination. Drugs 73: 159-177.
4116 32/>32 | >64/>64 | 8/>8 4132 susceptibility using the reterence broth microdilution method as describe CAZ-NS (MIC, 216 mg/L) (912 2(0.2 3(05 56 (6.7 211(29.8) 251(57.3) 203(79.6)  111(91.8 39 (96.1 36 (100.0 4 16 g
MDR (841) (79.8) (21.8) (11.1) (21.2) (88.0) by the Clinical and Laboratory Standards Institute (CLSI). Ceftazidime (IC, 216 mglL) (912 ©2) ©5) ©7) (296) (679 (790 ©1.8) (961 (100.0) L 1200 | = CAZ AVI Acknowledgments
: : : : ) MEM-NS (MIC, > 8 mg/L) (996) 1(0.1) 8 (0.9) 82(9.1)  230(32.2) 309(63.3) 215(84.8) 85(93.4)  33(96.7)  33(100.0) 4 16 ° ! o
XDR (488) 8/32 32/>32 | >64/>64 8/>8 8/>32 was combined with avibactam at a fixed concentration of 4 pg/mL. S 1000 5 m Ceftazidime The authors would like to thank all participants of the International
(71.5) (9.2) 3.7) (6.4) (83.8) Ceftazidime-avibactam breakpoints approved by the US-FDA (<8/4 pg/mL PT-NS (MIC, 2 32 mg/L) (1133) 2(0.2) 7 (0.8) 77 (7.6) 243(29.0) 349(59.8) 277(84.3) 107(93.7)  38(97.1)  33(100.0) 4 16 800 Network for Optimal Resistance Monitoring (INFORM) program for
2012 (1,966) 52:, ég 28/3 322 8 7/8>24 05-352 /08 52:, 7/2 for susceptible and 216/4 pg/mL for resistant) when testing P. aeruginosa NS to CAZ and MEM and PT (474) 1(0.2) 7(1.7) 60 (14.3)  123(40.3) 140(69.8)  81(86.9) 32(93.7)  30(100.0) 8 32 600 | providing bacterial isolates.
L e S S R were applied. Susceptibility interpretations for comparator agents were MDR (841) 3(0.4) 5(1.0)  43(61)  162(253) 243(542) 215(79.8) 98(91.4)  37(958)  35(1000) 4 16 400 This study was sponsored by Allergan plc (Dublin, Ireland). Allergan was
2013 (1,935) those found in CLSI document M100-S26, EUCAST breakpoints and/or XDR (488) 2 (0.4) 11 (2.7) 67 (16.4) 126 (42.2) 143 (715)  73(86.5) 32(93.0) 34 (100.0) 8 32 200 | involved in the design and decision to present these results and JMI
(96.8) (84.3) (78.7) (81.9) (97.3) _ _ P _ . ll _ _ _ € res _
LG 214 2132 4164 05/8 2/8 US-FDA package insert. Quality control (QC) was performed using PDR (1) 1 (100.0) o Lm  mm ! Laboratories received compensation fees for services in relation to
(1,742) (96.3) (84.0) (83.0) (83.1) (96.8) Escherichia coli ATCC 25922 and 35218, Klebsiella pneumoniae ATCC 2. Values in bold indicates percentage susceptible by US-FDA criteria. 012 025 05 1 MZIC (ug/m“L | 8 16 32 >3 preparing the abstract and poster. Allergan had no involvement in the
700603 and BAA 1705, and P. aeruginosa ATCC 27853. Abbreviations: CAZ = ceftazidime, MEM = meropenem, PT = piperacillin-tazobactam, NS = non-susceptible, MDR = multidrug-resistant, XDR = extensively drug-resistant, and PDR pan drug-resistant. collection, analysis, and interpretation of data.
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