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Amended Abstract

_ _ _ ) _ _ _ _ negative organisms isolated from patients hospitalized with pneumonia in United States medical centers (2011-
intra-abdominal and complicated urinary tract infections, including 2015). -
Background: Ceftazidime-avibactam (CAZ-AVI) consists of CAZ pyelonephritis, in patients with limited or no alternative treatment options The frequency of occurrence of organisms isolated from patients , : Ty — ;
. . . .y . oo . . L . . . . . Organism/subset No. of isolates (cumulative %) inhibited at ceftazidime-avibactam MIC (ug/mL) of: MIC (ug/mL) 90
combined with the B-lactamase (BL) inhibitor AVI, a non-B-lactam (AVYCAZ®, 2015). Ceftazidime-avibactam is also approved for treatment hospitalized with pneumonia (PHP) and those with VAP are shown in Figure (no. of isolates) <0.06 025 05 1 5 4 8 16 32 32 50%  90%
inhibitor that inhibits Ambler classes A (eg, ESBL and KPC), C and of nosocomial pneumonia in Europe. In this study, we evaluated the 1. The five most common organisms in both groups were (% of total, P. aeruginosa (3,402) 96 (2.8)  221(9.3) 1,152(432) 1,108(75.7) 503 (90.5) 206(96.6)* 68(98.6) 19(99.1) 29(100.0) 2 4 80
some D enzymes. activity of ceftazidime combined with avibactam when tested against a PHP/VAP): S. aureus (29.8/27.1%), P. aeruginosa (20.9/22.7%), Klebsiella MEM-NS (710) 2(0.3) 7(1.3) 69 (11.0)  177(35.9) 221(67.0) 137(86.3) 53(93.8) 17(96.2) 27(100.0) 4 16 70 = CAZ-AVI
_ o _ _ spp (9 9/11.8% ) E coli (6 6/9.0% ) and Enterobacter spp (6 4/6.8% ) P/T-NS (743) 2(0.3) 12 (1.9) 63 (10.4) 176 (34.1) 229 (64.9) 154(85.6) 61(93.8) 18(96.2) 28(100.0) 4 16 o u CAZ
Methods: 11,185 Gram-negative (GN) organisms (1/patient) were large collection of contemporary clinical isolates recovered from patients o ' ”' G ' : .t' i <olated f a6 IOCV. ‘ ' i .t CAZ-NS (599) 2(0.3) 7(15)  52(10.2) 146 (34.6) 170(62.9) 106(80.6) 98(92.0) 19(95.2) 29(100.0) 4 16 8 60 = MEM
” d f 76 USA d I d . 2011_2015 f . hospltallzed Wlth pneumonla |n USA medlcal centers |n 2011_2015 . Vera ' ram_nega ve Organlsms were I1solate rom ' 00 pa lents, MDR (613) 4 (0.7) 6 (1.6) 46 (9.1) 140 (32.0) 173(60.2) 138(82.7) 60(92.5) 18(95.4) 28(100.0) 4 16 § 50 mP/T
collected from medical centers during rom patients ludina 70.5% of th th VAP )
hospitalized with pneumonia (PHP), including VAP (n=1,097) INcluding 7U.5%0 of those wi - XDR (365) 1(0.3) 3(11)  18(6.0)  61(227) 97(49.3) 98(76.2) 44(88.2) 16(92.6) 27(1000) 8 32 3 0 LEVO
P o P ) ! 9 e - o _ _ _ _ Enterobacteriaceae (6,209) 2,264 (36.5) 2,218 (72.2) 1,091 (89.8) 428(96.7) 144 (99.0) 40 (99.6) 12 (99.8) 4(99.9) 5(>99.9) 0(>99.9) 3(100.0) 0.12 05 2 m GEN
Susceptibility (S) testing was performed for CAZ-AVI (AVI at fixed 4 Ceftazidime-avibactam was very active against P. aeruginosa (n=3,402; CRE (189) 11(5.8) 13(127) 25(259) 55(55.0) 58(85.7)  19(95.8)  3(97.4)  1(97.9) 1(984) 0(984) 3(100.0) 05 30 = COLISTIN
Hg/mL) and comparators by reference broth microdilution methods. MICs90, 2/4 pg/mL; 96.6% susceptible), including isolates non-susceptible MDR (674) 126(18.7) 115(358) 125(54.3) 156(77.4) 103(92.7)  30(97.2)  7(98.2)  4(988)  5(99.6) 0(99.6) 3(100.0) 0.25 20
Enterobacteriaceae (ENT) with an ESBL-phenotype were evaluated for to meropenem (86.3% susceptible to ceftazidime-avibactam) or piperacillin- XDR (156) 1064 9023 18(237) 48(%45 48(853) 12(%6.2) 2(%6.2) 3(981) 1(987) 0(%81) 2(1000) 05 0
i . . . . 0 : R H 0 . . Klebsiella spp. (2,260) 916 (40.5) 818 (76.7) 292 (89.6) 146 (96.1) 61 (98.8) 21 (99.7) 3(99.9) 1(99.9) 0(99.9) 0(99.9) 2 (100.0) 0.12 0.5
the presence of genes enc_odlng ESBLs, KPC, NDM and transferable B.act_erlal isolates: Isolates were collec_ted from 76 medical centers tazobactam (85.6% susceptible) or ceftazidime (80.6% susceptible; Tables 1 esaL (433 s3(122)  98(348)  95(70) 99(799) 60038  21(086  3(993)  1(695 0095 0(995 2(1000) 025 1 .
AmpC enzymes using a microarray-based assay. distributed among 37 states from all nine USA Census Regions in 2011- and 2). MEM-NS KPN (150) 10(6.7)  11(14.0) 19(26.7) 44(56.0) 45(86.0)  17(97.3) 2(98.7) 0(98.7) 0(987) 0(987) 2(100.0) 0.5 AIIKPN (1,781) ESBL-Phenotype (371) MEN-NS (150)
i i i Lo . . . . L. . Enterobact . (1,304 211 (16.2 551 (58.4 341 (84.6 ) ) ] ) 0(99.8 2 (100.0 0.12 0.5 Abbreviations: CAZ-AVI = ceftazidime-avibactam; MEM = meropenem, P/T = piperacillin-tazobactam, LEV = levofloxacin,
Results: An ESBL-phenotype was observed among 19.2, 19.2 and ﬁAOOlnSitg:npaz'ltl\(l)Lglsl\lﬂr;terrrcl)atrlgrr;‘alENaeCt;lN ngrtiicgir 22: Icr;garlllteRrev?/:igceueste dto Furthermore, ceftazidime-avibactam retained potent in vitro activity against ';ij; Z;f)p 9 12 24 e)) 40 ((17 0)) 100 247 s; 1(3)2 223 2 ig Eﬁi 2 ;83 ;‘i 282 2 0299 4; 5 Eloo 0; . P GEN = gentarmicin, KPN = K. prieumoniae, ESBLpherotype = positive screening fr extended-specirum -lactamase
. - . g . . . . . . . . . . . . . . . . accoraing to criteria, an = non-susceptible.
12.2% of E. coli (EC), Klebsiella spp. (KSP) and P. mirabilis (PM), 9 prog P P q P. aeruginosa isolates with MDR (MICg,q9, 4/16 pg/mL; 82.7% susceptible) E. coli (1,222) 621 (50.8) 423 (85.4) 139 (96.8) 27 (99.0) 9 (99.8) 2(99.9)  0(99.9) 0(99.9) 0(99.9) 0(99.9) 1(1000) 012 025
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Food and Drug Administration (FDA) for the treatment of complicated

collect consecutive bacterial isolates from lower respiratory tract sites

HS SADER, M CASTANHEIRA, RK FLAMM
JMI Laboratories, North Liberty, lowa, USA

Results

Table 1. Summary of ceftazidime-avibactam activity (MIC distributions) when tested against the main Gram-
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Figure 4. Antimicrobial susceptibility of K. pneumoniae.
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respectively. CAZ-AVI inhibited 99.9% of all ENT at the S breakpoint of
<8 pg/mL, and was highly active against KSP, including ESBL-
phenotype (n=433; MICy,90, 0.25/1 pg/mL; 99.5% S), carbapenem-

a. Value in bold indicates susceptibility rate.

Abbreviations: MEM-NS = meropenem-non-susceptible (MIC, 24 ug/mL for P. aeruginosa and <2 ug/mL for Enterobacteriaceae; P/T-NS = piperacillin-tazobactam-non-susceptible (MIC, 216 ug/mL for P. aeruginosa
and Enterobacteriaceae; CAZ-NS = ceftazidime-non-susceptible (MIC, 216 pg/mL for P. aeruginosa and =8 ug/mL for Enterobacteriaceae; CRE = carbapenems-resistant Enterobacteriaceae; MDR = multidrug-
resistant; XDR = extensive-drug resistant; ESBL = extended-spectrum B-lactamase phenotype (ESBL-screen-positive phenotype).

and XDR phenotypes (MICcyq0, 8/32 pg/mL; 76.2% susceptible), as well as
isolates non-susceptible to meropenem, piperacillin-tazobactam and
ceftazidime (MICgq,q9, 8/32 pg/mL; 69.9% susceptible; Table 1 and Figure 2).

determined to be significant by local criteria as the reported probable
cause of pneumonia. Only isolates from invasive sampling (transtracheal

resistant (R) ENT (CRE, n=189; MICqo, 0.5/2 pg/mL; 98.0% S),
multidrug-R ENT (n=674; MICy,9,, 0.5/2 pg/mL; 98.8% S) and

aspiration, bronchoalveolar lavage, protected brush samples, qualified
sputum samples, etc.) were accepted. Although all bacterial species were

Ceftazidime-avibactam inhibited 99.9% of all Enterobacteriaceae at the

Table 2. Activity of ceftazidime-avibactam and

Figure 2. Antimicrobial susceptibility of P. aeruginosa.

Conclusions

extensively drug-R ENT (n=156: MICyye, 0.5/2 pg/mL: 98.1% S). Only collected, the INFORM Program only evaluates the antimicrobial susceptible breakpoint of <8 ug/mL (Table 2), and was highly active against comparator antimicrobial agents when tested * Ceftazidime-avibactam demonstrated potent activity against a
59.8% of ESBL-phenotype K. pneumoniae were meropenem (MEM)-S susceptibility of Enterobacteriaceae, Pseudomonas aeruginosa and CRE, n=189; MICgyqq, 0.5/2 pg/mL; 97.9% susceptible), MDR (n=674; against Gram-negative organisms isolated o large collection of contemporary (2011-2015) Gram-negative
Among E. cloacae (26.8% CAZ-non-S). 99.9% of isolates, including Acinetobacter baumannii. Therefore, the frequency of occurrence of MICs/00, 0-25/1 pg/mL; 98.8% susceptible) and XDR isolates (n=156; from patients hospitalized with pneumonia bacilli isolated from PHP in USA hospitals, including those from
99.6% of CAZ-non-S strains, were CAZ-AVI-S. Only 8 of 6,209 ENT organisms causing PHP described in the results section was based on all MICz90, 0.5/2 pg/mL; 98.1% susceptible; Table 1 and Figure 3). (USA, 2011-2015). %0 VAP, and provided greater coverage than agents currently

' ’ : L organisms collected from PHP in the same participant medical centers in a available in the USA

(0.1%) were CAZ-AVI-non-S (3 NDM-1 producing strains with CAZ-AVI 9 N ) _ participant medic An ESBL-phenotvoe was observed amona 19.2. 19.2 and 12.2% of E. coli Antimicrobial Agent MICp  MICe, CLS| 80
p ype was observ g 19.2, 19. 2% . coli, 5 5 5
MIC val 525 el sl B ealan ith CAZ-AVI MIC val 16 2015 (n=5,417, including 543 from VAP). Species identification was : > LS _ o _ %S 4] %R - : : : : :
values 0 MNg/ML an ISolates wi - values O f ioch ical . h . Klebsiella spp. and P. m”fabmS, respect|ve|y; and ceftazidime-avibactam P. aeruginosa (all cases; 3,402) 70 O NOtany, ceftazidime-avibactam remained hlghly active aga|nst
pug/mL and negative results for all BL tested). CAZ-AVI was very active confirmed by s.tandalrd b lochemical tests and using the MALDI Biotyper tained potent in vit tivit inst th i Table 1 Ceitazitimeiavibe e 4 96.6 - 347 u CAZ-AVI CRE as well as Enterobacteriaceae and P. aeruginosa isolates
: : _ _ . 0 (Bruker Daltonics, Billerica, Massachusetts, USA) according to the retained potent in vitro activity against these organisms (Table 1). Ceftazidime 2 32 824 46 130 2 60 e caz . '
against P. aeruginosa (PSA, n=3,402; MICgq0, 2/4 pg/mL; 96.6% S), manufacturer instructions. where necessar o _ o _ GG 4 16 83.4 10.0 6.6 g with MDR and XDR phenotypes.
including isolates non-S to MEM (86.3% S to CAZ-AVI) or piperacillin- ’ Y Ceftazidime-avibactam inhibited 99.5% of ESBL-phenotype K. pneumoniae Piperacillin-tazobactam 4 >64 782 106 113 g5 % = MEM
tazobactam (PT; 85.6% S) or CAZ (80.6% S). Further, 69.9% of PSA . _ _ L (n=371; MICyq0, 0.25/1 pg/mL) isolates; whereas only 59.8% of these :\:ﬁ;ﬁ?ﬁm Of 2 ;i; ;2 122 2 w0 'E’ETV « These in vitro results support further development of
isolates non-S to MEM, PT and CAZ were CAZ-AVI-S. S rates among Suscept|b|l|tv testlnlq.. Broth microdilution test methods gonducted organisms were susceptible to meropenem (MICqy/qq, <0.06/>8 pg/mL). In e m— o5 o4 =y o1 o . AK ceftazidime-avibactam for the treatment of nosocomial
isolates from VAP were generally similar or slightly higher compared to accfordmgdto tge CI|n_|caI ?lnd La%b‘?fat%'ﬁy IStandarqE_ll_nsUtfute f(tCLi_l) were addition, 98.7% of meropenem-non-susceptible K. pneumoniae (n=150; /f:qu‘g;”l'nc'“ j ;g ggg ‘1‘2 12%4 pneumonia in the USA.
those from all PHP. No substantial yearly variation of S rates was noted. pe_r orme t_o _et_ermme_t e antimicro I_a susceptibility ot ceftazidime- MICyy00, 0.5/2 pg/mL) isolates were susceptible to ceftazidime-avibactam Colistin 1 2 99.6 0.3 0.1 20
avibactam (inhibitor at fixed concentration of 4 ug/mL) and comparator (Table 1 and Figure 4) P. aeruginosa (VAP; 415) 0
Conclusions: CAZ-AVI demonstrated potent activity against a large agents. Concurrent quality control (QC) testing was performed to assure Ceftazidime-avibactam® 2 4 7.8 i 229
P y ag 9 - ] . . - ) ) Ceftazidime 2 16 85.8 5.1 9.2
collection of contemporary (2011-2015) GN bacilli isolated from PHP in proper test conditions and procedures. QC strains included: Escherichia Among E. cloacae (26.8% ceftazidime-non-susceptible), 99.9% of isolates, Cefepime 2 16 885 73 4.2 O T AIPSA(A02)  MDR (613) XDR (365) NS to MEM, PIT Refe Frences
USA hospitals, including those from VAP, and provided greater coli ATCC 25922 and 35218 and Pseudomonas aeruginosa ATCC 27853. including 99.6% of ceftazidime-non-susceptible strains, were ceftazidime- agre;;g:';nr:azobactam 085 684 ;Zg 151;33 195-24 and CAZ (299)
coverage than agents currently available in the USA. AII QC r(_asults. were within published ranges. CLSI su_sceptlblllty avibactam-susceptible (data not shown). imipenem 1 - 80.0 200 00 Abbreviations: CAZ-AV] = ceftazidime-avibactam; MEM = meropenem, PIT = piperacilin-tazobactam, LEV = 1. Amold A, Brouse SD, Pitcher WD, Hall RG, 2nd (2010). Empiric therapy for gram-negative pathogens in
mterpretlve criteria (M 100_826) were used to determine Onlv 8 of 6.209 Enterobacteriaceae (0 10/) were ceftazidime-avibactam Ic_aevcifloxaf:m 215 >44 ;gi 23 175.29 levofloxacin and AMK = amikacin. gggozc%mal and health care-associated pneumonia: Starting with the end in mind. J Intensive Care Med 25:
ey epe . , 1Y% - - entamicin < . . . -270.
Susceptlb|||ty/reSIStance rates for Comparator agents, and US-FDA y . . . . - . Amikacin 2 8 98.0 1.0 1.0 2. Avycaz (2015). Avycaz (ceftazidime-avibactam) package insert. United States Food and Drug
, L - s : - non-susceptible (3 NDM-1 producing strains with ceftazidime-avibactam Colistin 1 ) 998 02 0.0 Administration. Available at http://www.accessdata.fda.qov/drugsatida_docs/label/2015/206494s000lbl.pd,
breakpoint criteria were applied for ceftazidime-avibactam when testing MIC val £532 ua/mL and 5 isolat ith ceftazidi hactam MIC o _ ” —_ i 3. Antimicrobial tibility of Enterobacteri rccessed March 2016,
. Enterobacteriaceae and P. aeru inosa |e susce tible at <8 /mL and values O pg mL an . |Ssolates wi certazidime-avipaciam ntero agtgrlacege (al cabses, ,209) b Igure -ANtimicronbia SUSCEp 101 y 0 nterobacteriaceae. 3. Bush K (2015). A resurgence of beta-lactamase inhibitor combinations effective against multidrug-resistant
g ) p IJg Ceftazidime-avibactam 0.12 0.5 99.9 - 0.1
nroaucuon : values of 16 pg/mL and negative results for all B-lactamases tested (data o ' ' ' ' Gram-negative pathogens. Int J Antimicrob Agents 46: 483-493.
resistant at 21 6 Ug/ml— t h Ceft§2|d|me 0.25 32 85.0 L5 13.5 - 4. Clinical and Laboratory Standards Institute (2015). M07-A10. Methods for dilution antimicrobial
not s OWﬂ). gg:ter;jil;(noene géé >88 gg; ;2 ;888 100 susceptibility tests for bacteria that grow aerobically; approved standard- tenth edition. Wayne, PA: CLSI.
i : i i H i . . . _ o~ : : : ' 5. Clinical and Laboratory Standards Institute (2016). M100-S26. Performance standards for antimicrobial
Pneumonia represents the second most common infection in hOSpltallzed Resistant subsets: An ESBL-Screen-pOSItlve phenotype was defined Suscept|b|||ty rates among isolates from VAP were genera”y similar or Piperacillin-tazobactam 0206 (6)3‘(1)6 87.6 4.8 7.6 90 susceptibility testing: 26th informational supplement. Wayne, PA: CLSI.

I iNiti imi i i i : : PeE . . . Meropenem <0. <0. 96.8 0.5 2.8 6. LiH, Estabrook M, Jacoby GA, Nichols WW, Testa RT, Bush K (2015). In vit tibility of
patlents and the.mltlal al.']tlmICI'Oblal managem.ent of patlent§ with accqrdmg to the CLS|, i.e. a MIC of 22 “g/ml— fo.r ceftazidime and/o.r sllghtly hlgher Compared to those from all PHP (Table 2), and no substantial Imipenem <0.12 1 94.3 2.4 3.3 80 c;]aractseiz;?jobeta-Ia?cctgrri/ase-prcigu?:iig strainsesteited wi'?hsavibgctam) cgn;/;)irr?aiil:;c;%ﬂtli;w)ilc?ob Agents
pRetmonia IS driven mamly by the und(.erS’Fa.lndlng of causative path(.)g.enS. ceftriaxone and/or aztreonam. Carbapenem-reSIStant Ente.ropacterlaceae yearly variation of SUSCGptibility rates was noted (data not ShOWﬂ). féf/rjf?:;arzin iSE >>146 ggi 13 ﬂ; 7 EAZZTS?{ZEE?PZ?%\ZS;A Carey RB, Carmeli Y, Falagas ME, Giske CG, Harbarth S, Hindler JF
Although Staphylococcus aureus is a significant cause of pneumonia in (CRE) was defined as resistant (MIC, 24 pg/mL [CLSI]) to imipenem Gentamicin <1 4 011 16 72 70 Kahlmeter G, Olsson-Liliequist B, Paterson DL, Rice LB, Stelling J, Struelens MJ, Vatopoulos A, Weber JT,

itali i i _ i i i i ili i - iti : : : . Ti li 0.25 1 98.5 15 0.1¢ m CAZ-AVI Monnet DL (2012). Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an
hospitalized patients, thg importance of Gram n.egatlve orga}nlsms ts,uch (exg:ludlng Proteus mlrabllls and indole positive Protegae), meropenem or Flgur_e 1._ FreqL_lency of occurrence of organisms isolated from patients ICECTETE 0% i G 5 S g "o B et
as Pseudomonas aeruginosa and Enterobacteriaceae species, mainly doripenem. Further, isolates were categorized as multidrug-resistant hospitalized with pneumonia. Enterobacteriaceae (VAP, 604) F o MEM o e O sl T Nambi S (2010). Registration trals of antibacterial drugs for th
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Avibactam is a member of a novel class of non-B-lactam B-lactamase i.crelen.inq fﬁr B-Iactamases.hAII E. coli and K Iebscllella ggpalsglates ;Igfgzgwénnfambadam w06 <006 o7 o3 20 ?
ST - - Isplaying the CLSI ESBL phenotypic criteria as described above were Imipenem 0.25 1 95.5 25 2.0
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