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- Table 2. Activity of ceftazidime-avibactam and comparator -
AbStraCt IntrOd UCtIO n ReSU ItS antimicrobial agents when tested against Enterobacter COnCl USI OnS
spp., Serratia marcescens, Citrobacter spp. and
Background: Avibactam (AVI) effectively inactivates class Ceftazidime-avibactam is a combination agent consisting of the B-lactamase . Ceftazidime-avibactam demonstrated potent in vitro activity « Meropenem was also very active against Enterobacter spp. Pseudomonas aeruginosa from USA hospitals (2011-2014). « Bacterial organisms expressing derepressed AmpC B-
C B-lactamases, protecting ceftazidime (CAZ) from InthItOr avibactam and the_broad-spectru_m _cgphalosporln, ceftazidime. against all three Enterobacteriaceae genus groups evaluated (M|C50/M|C90, <0.06/<0.06 ”g/m|; 99.4%, susceptible), Organism / MIC (ug/ml) % S/ %I | %R lactamases were genera”y resistant to mu|tip|e agents,
: : : Avibact t rsible, covalent inhibitor and is a member of a ’ Antimicrobial agent 50% 90% cLsk EUCAST® i i i M i
st g Ao TymaTae s S o vibactam acts as a reve , nnior : _ . S o whereas cefepime (MIC./MIC,,, <0.5/2 ug/ml) showed e making the selection of an effective antimicrobial treatment
| _ novel class of non-B-lactam B-lactamase inhibitors, the diazabicyclooctanes. with MIC5/MICg, results at 0.12/0.25-0.5 pg/ml and 299.8% _ e Vsl V90, =H- _ | erobactor spp.? (3.970) ol 05 69/00/01 o very difficult.
Entel_rob_alqenaceae (.ENT) .and P. aeruginosa (PSA). AVI Avibactam is more potent and has a broader spectrum of enzyme inhibition susceptible at <8 ug/ml (Table 1). When tested against slightly less activity with 93.3% of isolates being susceptible giﬂ?e 025 >32 795/15/190 77.11241205
also inhibits class A (including KPC) and some D (3- when compared to current clinically available B-lactamase inhibitors. ceftazidime alone, the susceptibility (CLS! criteria) rate was at <2 ug/ml (Table 2). Ceftriaxone 025 8  756/20/224  756/2.0/224 . Ceftazidime-avibactam demonstrated potent activity against
: L - - : : : : , Piperacillin-tazobact 2 64 84.0/9.4/6.6 80.0/4.0/16.0 : :
OIS, [T (A EGIIL EGRITED i neaeins mportantly, avibactam effectively inactivates ciass ¢ p-lactamases, lowest for Enterobacter spp. (79.5%), followed by Citrobacter veropenem <006  <0.06  99.4/0.1/05 99.5/0.4/0.1 Enterobacteriaceae producing derepressed AmpC and
_ _ _ o : : : : _ 5%), . TR _ . . _ : DAy _ _ _ _
(GN) organisms producing a variety of clinically relevant protecting companion [_3-Iactams from hydrolysis by AmpC hyperprod'u_cmg » PP y Ceftazidime-avibactam exhibited potent activity against S. evofloxacin 01205 soriialad oaTIL0143 remained active (MICs, <8 pg/ml) against a large proportion
enzymes. strains of Enterobacteriaceae and Pseudomonas aeruginosa. In addition to spp. (88.3%) and Serratia spp. (97.1%; Table 2). marcescens (MIC;,/MIC,, 0.12/0.5 pg/ml; 99.8% Tigecycline? 0.25 0.5 99.1/0.9/0.0¢ 95.7/3.4/0.9 of P. aeruginosa strains resistant to multiple anti-
class C, avibactam also inactivates class A (including ESBLs and KPCs) . : L : Colistin 05 >8 e 84.77/0.07153 e
g ’ | D B.lact h low 1C rati ting i _ o _ _ susceptible), with only three non-susceptible isolates, all with C?{fé;‘f{;‘f;ﬂ?;‘;fg,‘;iﬁzﬁib'ee (814) . . 096100 /0 . pseudomonal B-lactams (96.8-99.9% susceptibility rates).

Methods: 6,910 ENT with inducible AmpC B-lactamases and some class B-lactamases, with low ICg, (cqncen ration resulting in « Against ceftazidime-non-susceptible Enterobacteriaceae, ceftazidime-avibactam MIC values of 16 pg/ml (Tables 1 and cerazaime o 0 0l D0104 001501 1000 N | N

. 50% |nh|b|t|0n) values and low turnover. ThUS, avibactam restores f idi _avib inhibited 99.3% of isol 1.015 of Cefepime 2 16 68.3/19.6/12.1 498/32.7/17.6 e Ceftazidime-avibactam represents a valuable addition to the
and 5,328 PSA were collected from 71 United States . . . : : : : celtazidime-avibactam Innibite .3% of isolates (1, 0] Coftriaxone o8 8 0.0/18/98.2 0.0/18/98.2

. . . ceftazidime in vitro activity against Gram-negative organisms producing a 2). Piperacillin-tazobactam 64 >64 27.0/350/380  12.9/14.1/73.0 limited group of antimicrobials currently available for the
hospitals in 2011-2014, and were tested for susceptibility variety of clinically relevant enzymes. 1,022) at a MIC of <8 pg/ml (MIC,/MIC,, of 0.25-0.5/1-2 Meropenem <006 012 95.7/1.2/3.1 96.9/10/12 ireatment of serious infections caused by emerging multidrug-
using the reference broth microdilution method against . . . ug/ml); whereas susceptibility rates for cefepime ranged from * Only one (0.07%) Citrobacter spp. isolate exhibited a Gentamicin G % raaiieizea 7201241258 resistant Gram-negative bacilli
CAZ-AVI (AVI at fixed 4 ug/ml) and numerous comparators Ceftazidime-avibactam has been approved by the United States (US) Food . _ . _ ceftazidime-avibactam MIC at >8 pg/ml, a C. freundii isolated Tigecycline 0.25 A 994/ 0.6 1 0.0¢ 93.9/ 55106 :

' and Drug Administration (FDA) for treatment of complicated intra-abdominal 45.9% (Citrobacter spp.) to 80.0% (S. marcescens; Table 2). | _ | T e L. 05 >8 I 83.0/0.0/17.0
Results: CAZ-AVI demonstrated notent in vitro activit infections, in combination with metronidazole, and complicated urinary tract in 2012 from a patient with pneumonia. Meropenem e e 012 05 99.8/0.0/ 0.2 .
: - . : : . e . L e : - - . : Ceftazidi 0.25 0. 97.1/0.5/2. 96.2/0.9/2.9

inst all three ENT g luated. with d infections, including pyelonephritis, in patients with limited or no alternative « Almost 4,000 Enterobacter spp. isolates were tested against (MIC,/MIC,, £0.06/<0.06 pg/ml; 99.4% susceptible) and Cofonime oy P oy ar1araa
against a ree enus groups evaluated, wi . - 1 - . . . - . . . i , 6/25/7. 6/25/7. R f
MQI'C G val fgo 12/095 p/ e Entoropact treatment options. Ceftazidime-avibactam is also under clinical development ceftazidime-avibactam (MICz,/MICyg,, 0.12/0.5 pg/ml) and only cefepime (MICs,/MIC,,, <0.5/<0.5 pg/ml; 97.3% susceptible) I A Soaloarts  oazriorae ererences

values or U. -2 Mg/mitor Enterobacter spp. for treatment of nosocomial pneumonia (http://clinicaltrials.qgov; : o - : - - Meropenem <0.06  <0.06 99.2/0.2/0.6 99.4/0.2/0.4
50 90 : : p
_ = = — three isolates exhibited a MIC at >8 pg/ml (0.08%), one E. were also very active against Citrobacter spp. isolates (Tables . g o . - .
and S. marcescens, and 0.12/0.25 ug/ml for Citrobacter NCT01808092). We evaluated the activity of ceftazidime-avibactam and H ceftazid ) HY Mlé ‘16 ) o 1 and 2) covofloxadin =01 2 o120 oo 1. '\AA\;\r/CChAZé Pzrgsi%rlbmg Information (2015). Available at http://www.avycaz.com. Accessed
- - i i i i aerogenes with ceftazidime-avibactam 0 m . Tigecyclined 0.5 1 99.1/0.7/0.2¢ 95.5/3.6/0.9 P AR
spp. (99.8-99.9% susceptible [S]). Against CAZ-non-S ENT, comparator agents against a large collection of Enterobacteriaceae isolates g Mg e e 0 : /o oe5/80/99 2. Castanheira M, Farrell SE, Krause KM, Jones RN, Sader HS (2014). Contemporary
i : from species that produce inducible chromossomaly-encoded isolated in 2012 and two E. cloacae isolates from 2013 and . . : Ceftazidime-non-susceptible (44) diversity of B-lactamases among Enterobacteriaceae in the nine United States census
MIC of <8 pg/ml (MIC./MIC,, of 0.25-0.5/1-2 pg/ml): cephalosporinases (AmpC p-lactamase) and P. aeruginosa collected over 2014 with ceftazidime-avibactam MIC values of 32 and 16 - - o - Ceftazidime 32 >3 00/159/841  00/00/1000 ovalont lactamase groups. Anfimicrob Agents Ghemother 58: 633-838.
=o K9 >0 %0 ' ' Hgimb); four years (2011-2014) of the International Network for Optimal Resistance Enterobacteriaceae strains exhibited negative PCR results for Cefepime 4 16 45.9/351/18.9  37.8/21.6/405 prevalent B-lactamase groups. Antimicrob Agents Chemother 58: 833-838.
whereas susceptibility rates for cefepime (CPM) ranged Monitoring (INFORM) pro rarr_\ in the US - - - ug/ml, respectively. the carbapenemase families tested C_eftrlax_cl)l_ne X >8 >8 4.7;0.0/;95.3 4.7//0.06//95.3 3. Castanheira M, Mills JC, Farrell DJ, Jones RN (2014). Mutation-driven B-lactam
) L] g prog . P . Piperacillin-tazobactam <16 >64 52.3/13.6/34.1 47.714.61471.7 resistance mechanisms among contemporary ceftazidime non-susceptible
from 45.9% (Citrobacter spp.) to 80.0% (S. marcescens). Meropenem =0.06 2 86.474.5/9.1 909768723 Pseudomonas aeruginosa isolates from USA hospitals. Antimicro Agents Chemother
- - . Ceftazidime-avibactam (MIC,/MIC,,, 0.25/1 pg/ml; 99.6% . Ceftazidime-avibactam (MIC./MIC.., 2/4 pg/ml: 96.8% Gemtamicn 2 8 oeeiisaisie /221465 58: 6844-6850.
CAZ-AVI was also active Sl PSA (MIC5O/MIC90’ ?/4 ) >0 50’ , . 50 90 HY ’ _ ) ) ° Tigecycline? 1 2 97.7/2.3/0.04 86.4/11.3/2.3 4. Clinical and Laboratory Standards Institute (2015). M100-S25. Performance standards
ug/ml; 96.8% S). PSA susceptibility rates to other anti- I\/I et h O d S susceptible), meropenem (MICSO/MICQOa <0.06/0.12 pg/ml; susceptible at <8 ug/ml; Table 1) showed greater in vitro C,trgg);;tg: TN} >8 >8 /-1 27.8/0.0/72.2 for antimicrobial susceptibility testing: 25th informational supplement. Wayne, PA:
: : . . . ' T SPP- 4%, LSI.
pseudomonal B-lactams ranged from 79.6% for 95.7% susceptible) and tigecycline (MIC,/MIC,,, 0.25/1 activity than ceftazidime tested alone (MIC;,/MIC,,, 2/32 Ceftazidime-avibactam® 012 025 399100101 w67 s c g"r‘f’ical and Laboratory Standards Institute (2015). M07-A10. Methods for dilution
. . . . . . Zidl . o o . . . . . . - .
piperaCillin/taZObaCtam (P/T) to 84.5% for CPM. CAZ-AVI Bacterial isolates: A total of 12,238 Gram-negative organisms, mCIUdmg ug/ml; 99.4% susceptible) were the most active compounds ug/ml; 83.9% susceptible at <8 pg/ml) when tested against P. Cefepime <0.5 <0.5 97.3/1.0/1.6 95.3/2.8/1.9 antimicrobial susceptibility tests for bacteria that grow aerobically; approved standard-
inhibited 67.4% of isolates at <8 ug/ml (MIC.,/MIC,,, 8/32 6,910 Enterobacteriaceae and 5,328 P. aeruginosa, were collected from 71 : ttazidi - b aeruginosa (n=5,328: Table 2) gﬁt?:éﬁ?ne.tazobactam I i TLTIERED tenth edition. Wayne, PA: CLSI.
P S (o) 7. N 50d o US hospitals from January 2011 to October 2014 as part of the INFORM tested against ceftazidime-non-susceptible Enterobacter spp. J B ' Vet S EBE  CBOI0RIe]  CI0e/or 6. oreman K (201). Diazabieyclooctaes: a potent new class of non-p-lactam b-
Sl inen e M-S e !  PHT ahd meropenem surveillance program. These isolates were collected from bloodstream (n=814), and all other compounds exhibited susceptibility - : N : Gentamicin < <1 95.0/0.1/4.9 9456/0.4/50 actamase NIDIOrS. T Lpin MCrodio! ~4: 998-953. |
(MER: see Table) _ _ _ : _ _ v » Ceftazidime-avibactam inhibited 67.4% of P. aeruginosa T eovelingd 012 05 95.7/0.3/0.00 Ay g 7. EUCAST (2015). Breakpoint tables for interpretation of MICs and zone diameters.
’ : respiratory tract, and skin and skin structure infections, according to defined t t <75.0% (Table 2). Cefepi MICzr/MICon. 2/16 : : . s : ' AN eI Version 5.0, January 2015. Available at: http://www.eucast.org/clinical_breakpoints/.
rates a .0% (Table 2). Cefepime (MICg, 90» Colistin 05 1 S/-1- 99.8/0.0/0.2 : y D e p
_ . _ protocols. Only clinically relevant isolates were included in the study (one mi aht- to 16-fold | tive th i Isolates non-susceptible to ceftazidime (MIC, 216 ug/mi), Ceftazidime-non-susceptible? (164) Accessed January 2015.
SOME VSIONS Az CIEMESIEIER) [POIEiE eI ST per patient episode). Species identification was confirmed when necessary Hg/ml) was eight- to 16-fold less active than ceftazidime- cefepime (MIC, 216 pg/ml), piperacillin-tazobactam (MIC, 232 Cottaddime 5 3 00/30/970  00/00/1000 8. Housman ST, Crandon JL, Tichols TWW, Ficolau BP (2014). Eificacies of dsftazidime:
. . . . . . . . . . ; i i inhihi 0 - 0/ ' L0/ o , avibactam and ceftazidime against Pseudomonas aeruginosa in a murine lung infection
ENT producing derepressed AmpC and remained active by Matrix-Assisted Laser Desorption lonization-Time Of Flight mass avibactam against these organisms and inhibited only 68.3% ug/ml) and meropenem (MIC, 24 ug/ml) at <8 pg/ml (Tables 1 ggtergr;oene L ig 80960/17.52/9182.5 63:8;%8.? /9 144 model. Antimicrob Agents Chemother 58: 1365-1371.
against a large proportion of PSA strains resistant to spectrometry (MALDI-TOF MS) using the Bruker Daltonics MALDI Biotyper of isolates at the CLSI susceptible breakpoint (Table 2). and 2). Ili’/liperacillin-tazobactam <§?)6 g% 23.50 7/ ??'gfgsio 1569 é /1411.;;132.0 9. Lahiri SD, Johnstone MR, Ross PL, McLaughlin RE, Olivier NB, Alm RA (2014).

- . i i Billerica, Massachusetts, USA) by following manufacturer instructions. eropenem = ' g Sy Avibactam and class C beta-lactamases: mechanism of inhibition, conservation of the
multiple anti-pseudomonal B-lactams. Thus, CAZ-AVI ( ) by g éivnﬁgmiﬁ:n Zf Z;‘ ;i:i;i:g;;i:i 6712"00//120.;13//225%7 binding pocket, and implications for resistance. Antimicrob Agents Chemother 58:
TRAESENE & velllElle Eetllion o tie NITEe) gews e Antimicrobial susceptibility testing: All isolates were tested for susceptibility Table 1. Summary of ceftazidime-avibactam activity tested against Enterobacter spp., Serratia marcescens, Citrobacter spp. and Tigecycline® Y . 9941067007 939/85/ 08 2704-5713. | o

timicrobial il ilable for the treat t of - h f h mi iluti h q ibed bv the Clinical _ _ _ : Colistin 0.5 1 Al 100.0/0.0/0.0 10. Sader HS, Castanheira M, Flamm RK, Farrell DJ, Jones RN (2014). Antimicrobial
antumicropials currently avaliable 1or the treatment O using the reference broth microdilution method as describe y the Clinica Pseudomonas aeruginosa isolates collected from United States hosp|ta|s (2011_2014) P. aeruginosa (?:3_28) . . o activity of ceftazidime-avibactam against Gram-negative organisms collected from U.S.
. . . . . . : .y : : Ceftazidime-avibactam 2 4 96.8/0.0/3.2 /-1
serious infections caused by emeraing multidrug-resistant and Laboratory Standards Institute (CLSI). Ceftazidime was combined with : : — - : e T o 2 32 83.9/3.8/12.3 83.9/0.0/16.1 medical centers in 2012. Antimicrob Agents Chemother 58: 1684-1692.
y ging g
GN baC|||| avibactam at a fixed concentration Of 4 ug/ml Ceftazidime-avibactam Number of isolates (cumulative %) inhibited at ceftazidime-avibactam MIC (ug/ml) of: MIC (ug/ml) C_efepirr_le_ 2 16 845/82/7.3 84.5/0.0/15.5 11. Sader HS, Castanheira M, Flamm RK, Mendes RE, Farrell DJ, Jones RN (2015).
| breakpoints approved by the US-FDA (<8 pg/m for susceptible and 216 Orgarism 006 o012 02 08 : 2 4 ° 16 2 32 M6 90w Meropenem " a5 8 625/56/1l5  G25/115/60 Ceftazidime/avibactam tested against Gram-negative bacterafrom imensive care unit
: . . : Enterobacter spp. (3,970) 565 (14.2) 1836 (60.5) 1023(86.2)  405(96.4) 111 (99.2) 17 (99.7) 10 (>99.9)  0(>99.9)2 2 (>99.9) 1 (100.0) - 0.12 0.5 Levofloxacin 0.5 >4 75.0/6.4/18.6 66.3/8.7/25.0 -/ i _ : i '
Abstract Table e 1o e LS| US.FDA ug/ ml_for resistance) were applled f?" all Ente_mbac_te”aceae _SPeC|eS and P. CAZ-S5 (3,156) 536(17.0)  1727(7L7)  766(96.0)  112(995)  14(100.0)  1(100.0) 01 0.5 Gentamicin <1 8 89.1/3.2/7.7 89.1/0.0/10.9 Antimicrob Agents 46: 53-59.
s0/ % susceptible [ ] aeruginosa. All Enterobacteriaceae isolates displaying ceftazidime- ’ AL s 2 : STAlLLILY i 12. Tygacil® Package Insert (2014). Available at www.tygacil.com. Accessed July 2015.
. CAZ-NSP (814) 29 (3.6) 109 (17.0) 257 (48.5) 293 (84.5) 97 (96.4) 16 (98.4) 10 (99.6) 0 (99.6) 2 (99.9) 1 (100.0) -~ 0.5 1 Tobramycin 0.5 4 91.7/0.2/8.1 91.7/0.0/8.3
Organism (n) CAZ-AVI Cefepime  Meropenem  Gentamicin avibactam MIC of >8 pug/ml were screened for the presence of metallo-f3- Serratia marcescens (1.541) 09(64) 691513  SM@E66) 171077  23(092) 6 (99,1 L 99.) Loo8r  3(100.0) 012 os Colistin 1 2 >99.9/0.0/<0.1  >99.9/0.0/<0.1
: : o , : : : : : : : 1(99.8)2 : - . : : CAZ, CPM, P/T and MER-non-susceptible (396)"
CAZ-non-S I;}Ctamasle and Eleflne'ca[at;apenebrrasebGIHCOdIng g(e:lnbel fam”llaeslf(ljallQMP’ blayy, CAZ-Sb (1,497) 99(6.6)  685(52.4) 536(88.2)  156(98.6) 16 (99.7) 4(99.9) 1 (100.0) . . . - 0.12 0.5 Eeﬁifidimé-aVibaCtaW 84 32 6177-‘; //%3 //3;23-6; e g - é ot Acknowledgment
Anpwmr Plakpc, Plaoxa-ag Dlages, DIdyy, Dlayvc.a, anad blagye DY as CAZ-NS® (44) 6 (13.6) 8(31.8  15(659)  7(8L8) 4(90.9) 0(90.9) 1(93.2)  3(100.0) - - 05 2 tarmiin g g /7838, 2100746,
; . ) . . : : : : : : : : : Gentamicin 4 >8 53.3/7.8/38.9 53.3/0.0/46.7 . L .
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documents c. Isolates non-susceptible to ceftazidime (CAZ; MIC, 216 pg/ml), cefepime (CPM; MIC, 216 pg/ml), piperacillin-tazobactam (P/T; MIC, 232 pg/ml) and meropenem (MER; MIC, 24 ug/ml) according to the CLSI breakpoint criteria. ' pg/ml) and merope‘rjlem (MIC, 24 pg/ml) accc;rdingkt'g the’CLSIpbreakpoin’t critel:ig. ’ ’
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