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A b 't t Infect:)t.ldo.ns ca;sed b)I/'MI'DR dGr:am-réega(t:ll}/e _Organ_lsms resglt In §|gn|f|cant R It Table 1. Antimicrobial activity of ceftazidime-avibactam tested against the main organisms and organism Figure 1. Distributions of adult and pediatric isolates by age group.
StracC morbidity and mortality in adult and pediatric patients, and requires eSults groups of isolates from pediatric (€17 years old) patients (USA, 2011-2015). Y a——
prompt introduction of effective antimicrobial therapy. Because of the lack No. of solatos at MIC (g/mL: cumulative %) 3.6%
. . . . . . . . i i : ' 0 <1vy-
Background: Avibactam (AVI) is a synthetic non-B-lactam, B-lactamase of studies addressing treatment options for treatment of MDR Gram- - Atotal of 53,381 Gram-negative organisms were collected by the Organisms / Organism Groups 5’65506 042 025 05 1 2 2 8 16 32 32 ew M 2_5yyf’o
(BL) inhibitor that inhibits Ambler classes A (e.g., ESBL and KPC), C negative pathogens in children, data have to be extrapolated from the INFORM surveillance program in 2011-2015, including 8,461 (15.9%) Enterobacteriaceae (4,724) BB e O 9 ) 6 9ty G5 (0w 012 025 612 y-0
and some D enzymes. Ceftazidime (CAZ)-AVI was approved by the US- adult literature. Thus, pediatric specific studies are needed. from pediatric (<17 years old) and 42,821 from adult patients (the ages MEM-NS (22 pg/mL) (17) 1he)  wre (o4 (529 (588 (765  (@24) (1000 025 4 . = 13-17 y-0
: - - - : for 2,099 were not reported; Figure 1). Among the pediatric isolates . 370 832 505 64 15 2 18-49 v-
- - : . N i , ’ ’ y-0
FDA in 2015 for treatment of complicated intra-abdominal and urinary Ceftazidime-avibactam is a combination agent consisting of the B- ; f _ - ol (Ei E. coli (1,788) 507) (672 (955  (990) (950  (100.0) 006 012
tract infections in adults and is under clinical development for treatment T - - 43.4% were from patients <1 years-old (Figure 2). 9 27 83 24 15 2 " 50-6dy-0
_ P lactamase inhibitor avibactam and the broad-spectrum cephalosporin, ESBL-phenotype (160) (5.6)  (22.5)  (744)  (89.4)  (98.8)  (100.0) 0.12 0.5 « 265 y-0
of pneumonia. ceftazidime. Avibactam acts as a reversible, covalent inhibitor and is a « Ceftazidime-avibactam (MICgyqq, 0.12/0.25 pg/mL) inhibited >99.9% of K. pneumoniae (798) o @) hy) @ @on) @65 (@) @ 012 025 = Unknown
. . . member of a novel class of non-B-lactam B-lactamase inhibitors, the all Enterobacteriaceae at the susceptible breakpoint of <8 ug/mL, and ESBL-phenotype (67) > 4 25 20 6 3 L 3 0.12 1
Methods: Among 53,381 Gram-negative (GN) organisms (1/patient) diazabicvcl ib - dh broad : . . P PO HY 75 (34  (507)  (80.6)  (896)  (94.0)  (955)  (100.0)
_ _ azabicyclooctanes. Avibactam is more potent and has a broader was highly active against ESBL-phenotype E. coli (MICgy9, 0.12/0.5 MEM-NS (22 pg/mL) (11) (1822) (132) (2713) (525) (525) (7227) (8118) (10% q 0.25 4
collected byothe SRz INPORE suivelliinse proglem i A0 200s; spectrum of enzyme inhibition when compared to current clinically Hg/mL; 100.0% susceptible) and K. pneumoniae (MICgq0, 0.12/1 < oxytoca (339) 21 165 112 32 6 3 | | oo oas Figure 2. Distributions of pediatric isolates by age group.
8,461 (15.9%) were from pediatric (<17 years old [yo]) patients. The available B-lactamase inhibitors. ug/mL; 100.0% susceptible; Table 1). o (fé? (5gi9) (81.9) (97.3)  (99.1)  (100.0)
isolates were collected from 82 USA medical centers and susceptibility e (7L7)  (983)  (1000) <008 006 o
. . R ; ; . . . 7 59 293 202 73 19 2 1 :
(S) tested against CAZ-AVI (AVI at fixed 4 pg/mL) and comparators by Ceftazidime-avibactam was approved by the United States Food and « All E. cloacae isolates (MICg,qy, 0.12/0.5 pg/mL), including E. cloacae (656) (11)  (104) (547) (855  (96.6)  (995)  (99.8)  (100.0) 0.12 0.5 D
reference broth microdilution methods. S results were stratified by Drug Administration (US-FDA) for treatment of complicated intra- ceftazidime-non-susceptible isolates (MICsq 0, 0.5/1 pg/mL), were CAZ-NS (28 pg/mL) (129) oy @y @ e S ety amo 05 1 19.4% : <1y-0
patient age as follows: <1 yo (3,671 isolates); 2-5 (1,900); 6-12 (1,644) abdorpmill énfef:tmn ElAl)t, _Inf Cotmblngtlor \é\{nh metlronldz?]z_c:!e, as Will atS susceptible to ceftazidime-avibactam (Table 1). E. aerogenes (138) 09 Ghy 2 G2 ©ee (93 (@93 (93 (3 (1000 012 025 2-5y-0
: : complicated urinary tract infections, including pyelonephritis, in patients 6-12 V-0
and 13-17 (1,246). Enterobacteriaceae (ENT) with an ESBL-phenotype . : L : i 1 33 70 27 13 y
( ) ( ) . P yP with limited or no alternative treatment options. Ceftazidime-avibactam is - Only one of 4,724 Enterobacteriaceae isolates from pediatric patients ¢ reundi (149 (T TR (O o1 o2 13-17 y-0
were evaluated for the presence of genes encoding ESBLs, KPC, NDM : . 0.02% ftazidi ibact tib| E S. marcescens (399) 2 25 177 146 43 6 012 05
d ferable AMpC ; . based also approved for the treatment of nosocomial pneumonia in Europe and ( . 0) was ceftazidime-avibactam-non-susceptible, an E. aerogenes : (0.5) 6.8)  (51.1)  (87.7)  (985)  (100.0) : :
<IN TEelisElolle MmYe EEEs JSINE) & MO EyHOeset eagel) has been studied in pediatric patients (NCT01893346). As part of the with MIC value of 16 pg/mL and negative results for all B-lactamases P. aeruginosa (1,163) (11_2) (65_‘}) (553_%;) (5‘3_%,) (918_%) (9%?1) (93.5) (10%.0) 1 4
International Network for Optimal Resistance Monitoring (INFORM tested (Table 1). CAZ-NS (216 pg/mL) (96 2 1 32 26 15 4 6 6
Results: An ESBL-phenotype was observed among 8.9 and 8.4% of E. - = for Jptimat & e Monitoring ( M) AZNS (216 1g/mL) (96) (21)  (135) (469  (740)  (896)  (938)  (100.0) 4 !
_ ) _ program, we evaluated the activity of ceftazidime-avibactam against _ _ L MEM-NS (>4 pg/mL) (100) 15 30 32 17 3 3 q g
gell (58 &0t 1S pretimenie (PN, iespeebyel, sl fies wele contemporary (2011-2015) isolates causing infection in pediatric patients * Among Enterobacteriaceae species, susceptibility rates for all , o @0 (7o G0 BT (000 C I "
highest for the 2-5 yo group (11.9 and 13.1%, respectively). CAZ-AVI from US medical centers comparator agents were very similar across the pediatric age groups, e (35)  (157) (455 (752)  (917)  (95.0)  (100.) 4 8 onciusions
inhibited >99.9% of all ENT at the S breakpoint of <8 ug/mL, and was and slightly lower among the isolates from adults compared to those NS to CAZ, MEM and PT (27) @) (22.9) (486.1) (778.8) (883.9) (10%.0) 8 32 Ceftazidi i g g - : |
highly active against ESBL-phenotype EC and KPN (see Table 1) from the pediatric patients (Table 2), A baumanni (111 A T N S S e UL G ATe TSt e PR ATy G o g
Overall, 83.6% of ESBL-phenotype KPN were meropenem (MEM)-S. All M h _ H. influenzae (1,504) 1438 °6 9 1 <0.015  0.03 : : ; -
E. cloacae isolates incluzin CX; non-S strains wepre CAZ(AVI S) onl et 0G4S * An ESBL-phenotype was observed among 8.9 and 8.4% of E. coli and R patients, including P. aeruginosa and ESBL-phenotype and/or
. - - - 0 - . . . . . infl <0.01 . = i i
L of 4724 ENT (0,005 gCAZ AV S an E " y K. pneumoniae, respectively, and ESBL-phenotype rates were highest " parainfluenza (105) ©24 @D 00 ) > 0% carbapenem-resistant Enterobacteriaceae.
or 4, (0.02%) was i -non-_ - Gl B, BEieg=Tes Bl Bacterial isolates. Among 53,381 Gram-negative organisms (one per for the 2-5 years-old group for these two species (11.9 and 13.1%, b GRS (E43) (26.9)  (797)  (95.2)  (99.9)  (100.0) 0.06 ale . Ceftazidime-avibactam was consistently active against Gram-
CAZ-AVI MIC value of 16 pg/mL and negative results for all BL tested. infection episode) collected bv the INFORM surveillance proagram in 2011- i . Abbreviations: MEM-NS = meropenem-non-susceptible (MIC, 22 pg/mL for Enterobacteriaceae and 24 ug/mL for P. aeruginosa); ESBL = extended-spectrum B-lactamase phenotype (ESBL-screen-positive ] .
P y prog respectively; Table 3)
. . . ) . . ! ) phenotype); CAZ-NS = ceftazidime-non-susceptible (MIC, 28 ug/mL for Enterobacteriaceae and 216 pug/mL for P. aeruginosa); PT-NS = piperacillin/tazobactam-non-susceptible (MIC, 232 ug/mL for P. aeruginosa and negathe Organ|sms from a” age ngUpS-
CAZ-AVI was very active against P. aeruginosa (PSA; 99.1% S), 2015, 8,461 (15.9%) were from pediatric (17 years old) patients. The Enterobacteriaceae).
including isolates non-S to MEM (94.0% S to CAZ-AVI) or Isolates were collected from 82 USA medical centers distributed among « Overall, only 83.6% of ESBL-phenotype K. pneumoniae isolates were = - _ — _ » » These results support further evaluation of ceftazidime-avibactam for
piperacillin/tazobactam (PT: 91.7% S) or CAZ (89.6% S). Further 37 states from all nine US Census Bureau regions. Susceptibility results susceptible to meropenem (data not shown). Table 2. Activity of ceftazidime-avibactam and comparator antimicrobial agents stratified by age group (USA, the treatment of pediatric patients.
. ’ ’ i : : - 9 2011-2015).
77.8% of PSA isolates non-S to MEM, PT and CAZ were CAZ-AVI-S. were stratified by patient age as follows: <1 yo (3,671 isolates); 2-5 Coftaridime-avibactam was hiahiv active against P. acrugingsa )
. . . . . " B- - i i ifi i * - . % Susceptible by CLSI criteria? (no. tested) % Susceptible by CLSI criteria? (no. tested)
CAZ-AVI activity against PSA did not vary substantially among age (1,900); 6-12 (1,644) and 13-17 (1,246). Species identification was _ ; gnly &« Against = aeruy | T | : e
98.8-99 3% S tisolation (98.5-100.0% S confirmed by standard biochemical tests and using the MALDI Biotyper (MICy490, 1/4 pg/mL; 99.1% susceptible), including isolates non- grgaqlsmb{ | 1 25years 612 1317 - LT Adult(218 grgaqlsmb{ | <1 25years  6-12 1317 7 s AdUlt (218
= = . . . g ntimicrobial agent Id Id Id Id - Id ntimicrobial agent Id Id Id Id - Id
groups (98. .3% S) or year of isolation (98. 0% S). (Bruker Daltonics, Billerica, Massachusetts, USA) according to the susceptible to meropenem (94.0% susceptible to ceftazidime- | Y year o 0 years old years o olgy  yearsold) . 9 year o 0 years old years o oldy  yearsold) Refe r e n C eS
. . . . - 0 . Enterobacteriaceae (2,179) (884) (879) (782) (4,724) (31,512) P. aeruginosa (374) (251) (296) (242) (1,163) (6,209)
lusions: d d " : | manufacturer instructions, where necessary. avibactam) or piperacillin-tazobactam (91.7% susceptible) or Ceftazidime-avibactam® 1000  99.9  100.0 1000  >99.9 999  Ceftazidime-avibactam® 992 992  99.3 98.8 99.1 96.5
Conclusions: CAZ-AVI demonstrate pOtent aCthIty agamSt a arge A 0 ; 0 ; Ceftazidime 91.5 91.7 92.0 90.5 91.5 88.7 Ceftazidime 93.3 90.0 91.9 90.9 91.7 82.9 1. Avycaz (2015). Avycaz (ceftazidime-avibactam) package insert. United States Food and Drug Administration.
_ . o ) _ _ ceftazidime (89.6% susceptible). Further, 77.8% of P. aeruginosa _ . : _
collectlon Of GN baCIHI |solated from pedlatrlc patlents lncludlng PSA o . . . . ) i ) o Ceftriaxone 88.6 88.2 89.4 87.9 88.6 85.4 Cefepime 95.6 92.9 93.0 92.0 93.6 83.9 Available at http://www.accessdata.fda.gov/drugsatfda docs/label/2015/206494s000Ibl.pdf. Accessed March 2016.
| ; Susceptibility testing. Broth microdilution test methods conducted isolates non-susceptible to meropenem, piperacillin-tazobactam and Piperacillin-tazobactam ~ 93.6 94.9 94.9 93.3 94.1 92.1 Piperacillin-tazobactam ~ 91.4 89.6 89.9 86.4 89.6 78.7 2 EraoHeKl Jg, ArmStgoRngSJ,ArLietaDA’S Biﬁhai FffE Dgf\ S, Be(l;i)rl% EF?t?ki T,I Hf'énes WC, Li JéhMOf;en KS, I\l/l<}1kl:ndan D,
- - ; fA : T - . - M : 99.5 99.5 99.5 99.6 98.2 M 91.7 92.4 91.5 89.7 91.4 80.2 erez N, Romero JR, Speicher D, Sullivan JE, Zhou - Phase | study assessing the pharmacokinetic
and ESBL-phenotype a.lnd/or carbapenem-resistant ENT. The_se reS_UItS accordlng to the Clinical and Laboratory Standards Institute (CLSI) were ceftazidime were susceptible to ceftazidime-avibactam (Table 1). Leevrcc))frl)s;aecrir:] ggg 916 915 90.3 93.4 80.7 Leevrcc))frl)s;aecrir:] 95.7 87.6 89.9 85.5 90.4 71.9 profile, safety, and tolerability of a single dose of ceftazidime-avibactam in hospitalized pediatric patients.
support further evaluation of CAZ-AVI for treatment of pediatric patients. performed to determine the antimicrobial susceptibility of ceftazidime- Gentamicin 94.7 89.0 90.6 90.8 92.2 90.8 Gentamicin 96.3 88.8 87.2 85.1 90.0 88.3 Antimicrob Agents Chemother in press. o o , , , _
. . . . . A . .. . . . Colistinc 82.2 75.3 82.3 78.6 80.4 77.1 Amikacin 99.2 98.3 955 94.1 97.0 97.1 3. Bush K (2015). A resurgence of beta-lactamase inhibitor combinations effective against multidrug-resistant Gram-
avibactam (inhibitor at fixed concentration of 4 ug/mL) and comparator  Ceftazidime-avibactam activity against P. aeruginosa did not vary = ©30) (379 (439)  (339)  (1.788) (10.471) _Colistin 1000 992 993 99.2 99.5 99.4 negative pathogens. Int J Antimicrob Agents 46: 483-493.
. . : . . I T : - . ’ X = - - - - ; y 4. Clinical and Laboratory Standards Institute (2015). M07-A10. Methods for diluti timicrobial tibility test
agents. Concurrent quality control (QC) testing was performed to assure substantially among pediatric age groups (98.8-99.3% susceptibility; T o o, | e 45 @ @ (23) (111)  (956) for bacteria that grow aerobically; aggr&:d(stangard— fentheciton. Wayne, PA CLSL.
. T . . . . . eftazidime 93.5 92.1 95.2 93.8 93.7 89.9 Ceftazidime-avibactam - - - - - - - . - .
proper test conditions and procedures. CLSI susceptibility breakpoints Table 2) or year of isolation (98.5-100.0% susceptible; data not shown). Cofiriaxone 2L e 88.6 93.6 o1.7 G B Coftazidime B T EEv T o T 5. g@g@ﬂgyL{an%rna;rzyetsrf?:f%?;?;ilgsgfustﬁp(égrlnezhy\l/\?gﬁfbi?gigance standards for antimicrobial
- (M100-S26) were used to determine susceptibility/resistance rates for Susceptibility rates for the comparator agents were very similar among Piperacillin-tazobactam . 976 966 979 956 o7.1 9.3 Cefepime 889 650 864 52.2 764 38.7 6. EUCAST (2016). Breakpoint tables for interpretation of MICs and zone diameters. Version 6.0, January 2016,
I ntro d uction comparator agents, and US-FDA breakpoint criteria were applied for the pediatri d lly | the isolates f Levofioxac B> 8a2 866 841 62 669 Amplinsubscom 957 900  ses 605 B 43 Avalable at 1D IWLSLsasL ot SIeaL Dsboins), Accessed January 2016,
P g ] P PP € pediatric age groups, and generailly lower among the Isolates 1rom I(_Seeviﬂoxa.cm ggé 22; 3(6)2 gg; 22; ggg QZ‘%CQ'”é;UIbaCtam gg; 3(5)8 18060'40 ggg 3(5)? jgg 7. Hsu AJ, Tamma PD (2014). Treatment of multidrug-resistant Gram-negative infections in children. Clin Infect Dis
ceftazidime-avibactam when testing Enterobacteriaceae and P. iatri i _ nramicin - - - - - - —rme—" : : : : : : 58: 1439-1448.
_ _ _ _ _ . . . g . adults compared to those from the pediatric patients (Table 2) Colistin® _ 100.0 100.0 100.0 99.1 99.8 99.7 Levofloxacin 97.8 85.0 86.4 47.8 82.9 39.0 8. LiH, Estabrook M, Jacoby GA, Nichols WW, Testa RT, Bush K (2015). In vitro susceptibility of characterized beta-
The continued increase of multldrug-reSIStant (MDR) Gram-negatlve aeruginosa (I.e., SUSCGpth'G at <8 “g/ml— and resistant at 216 “g/ml—) K. pneumoniae (442) (107) (130) (119) (798) (6,803) Gentamicin 91.3 85.0 90.9 52.2 82.0 50.0 lactamase-producing strains tested with avibactam combinations. Antimicrob Agents Chemother 59: 1789-1793.
infections has posed a major clinical problem worldwide. The surge of Ceftazidime-avibactam®  100.0 100.0 100.0 100.0 100.0 99.9 Amikacin 97.8 94.7 95.5 65.2 90.0 66.6 9. Murray TS, Peaper DR (2015). The contribution of extended-spectrum beta-lactamases to multidrug-resistant
] . . - . . . Ceftazidime 96.8 86.9 90.0 89.9 934 85.2 Colistin 97.8 100.0 100.0 100.0 99.1 94.5 infections in children. Curr Opin Pediatr 27: 124-131.
extended- trum B-Iactamase ESBL)-producina Enterobacteriaceae Screening for 3-lactamases. An ESBL'SCfeen-DOSItIVG phenotype was Table 3. ESBL'phenOtype rates (pOSItIVG screening by CLSI Crlte”a) Ceftriaxone 95.2 87.9 90.0 89.1 925 84.5 H. influenzae (629) (434) (299) (142) (1,504) (2,800) 10. Sorbello A, Komo S, Valappil T, Nambiar S (2010). Registration trials of antibacterial drugs for the treatment of
spectru ( ) P u g defined according to the Clinical and Laboratory Standards Institute stratified by age group. Piperacillin-tazobactam 97.5 91.5 93.1 93.3 95.3 87.8 Ceftazidime-avibactam -d -d -d -d -d -d nosocomial pneumonia. Clin Infect Dis 51 Suppl 1: S36-S41.
led to an increase in the clinical use of carbapenems followed by the ) o ] Meropenem 99.5 96.3 97.7 98.3 98.6 93.5 Ceftazidime 100.0 100.0 100.0 100.0 100.0 100.0 11. Zhanel GG, Lawson CD, Adam H, Schweizer F, Zelenitsky S, Lagace-Wiens PR, Denisuik A, Rubinstein E, Gin
S ) (CLSl) l.e., an MIC of 22 |Jg/mL for ceftazidime and/or ceftriaxone and/or P ta0e b Id Levofloxacin 98.6 95.3 95.3 94.0 97.0 86.5 Ceftriaxone 100.0 100.0 100.0 100.0 100.0 100.0 AS, Hoban DJ, Lynch JP, 3rd, Karlowsky JA (2013). Ceftazidime-avibactam: a novel cephalosporin/B-lactamase
emergence and spread of carbapenemase-producing Enterobacteriaceae, aztreonam. Al E. coli and Klebsiella spp. isolates displaying the CLSI ESBL-phenotype ercentage by age groups (years old) vt o e oo o008 o 014 Ampicilin - . 50.2 e . o1 inhibitor combination. Drugs 73: 156,179,
. . . . . : . rate? <1 2.5 6-12 13-17 <17 >18 Colistin® 98.4 100.0 99.2 99.1 98.9 97.3 Amoxicillin-clavulanate 99.8 100.0 100.0 >99.9 99.9 >99.9
mainly KPC-producing organisms. Pseudomonas aeruginosa represents ESBL phenotypic criteria as described above were tested for B-lactamase- E. cloacae (393)  (103)  (84) (76) (656)  (3.231)  Piperacilin-tazobactam 1000 1000 1000  100.0 1000  100.0 Ack led ¢
i i i ibi i i i . . . . E. coli 8.6 11.9 6.8 9.1 8.9 14.3 Ceftazidime-avibactamP 100.0 100.0 100.0 100.0 100.0 99.9 M 100.0 100.0 100.0 100.0 100.0 100.0
another serious the_ra_'F_)eUtIC challenge bec':al.Jse It_ exhibits intrinsically encoding genes using the microarray-based assay Check-MDR CT101 kit _ Coftazidime 781 845 869 78.9 80.3 78.7 Azei':r?foer:;r:riln 99.5 995  99.3 97.2 99.3 98.8 cknowiedgments
decreased susceptibility to a range of antimicrobials and possesses a (Check-points, Wageningen, Netherlands). The assay was performed " preumoniae > o = o o 0 e wsobactam  ay tee myml By B Levofoecn 000 0 IR0 EmE A0 998 e o oL e o NEOR) program for providing bacteral solates. oo
it : : - : e : U K. 6.3 95 12.9 143 8.0 12.0 - : : : : : : . Criteri blished by CLS| [2016]. '
great ablllty to develop resistance to mUIUpIe classes of agentS. This aCCOf'dlng to the manufacturer’s instructions. This kit has the CapabllltIeS oxytoca E/IerofflJenem gg? 19090.00 19080;30 ggz ggg ggg 2_ g:;:;so?ztgl;rg)l;ihgi.é:y[)éuza:g?rgé5;156?“, This study was sponsored by Allergan plc (Dublin, Ireland). Allergan was involved in the design and decision to
1 1 1 1 '_ H P. mirabili 29 4.4 54 1.8 3.5 55 evorioxacin . . . . . . C. riteria as publishe . i i i i i i i
organism has shown increasing rates of resistance to anti-Pseudomonas | - to detect CTX-M Groups 1, 2, 8+25 and 9, TEM wild-type (WT) and ESBL, | Pt T e s o e e wi o e L
cephalosporins, penicillins and carbapenems. SHV WT and ESBL, ACC, ACT/MIR, CMYII, DHA, FOX, KPC and NDM-1. a. According to CLSI screening criteria for ESBL-phenotype. Colistin 796 8.2 790 789 795  8Lo  © Basedonp-lactamase production. posTer 7Tere Ty i '
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