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Table 3 Ambler classification of B-lactamases*

Ambler classification  Representative examples

A CTX-M, SHY, TEM, KPC, GES, SME

B PER, VEB, IMP, NDM, VIM

C AmpC, FOX, CMY, LAT, ACC, DHA

D OXA enzymes (OXA-1, OXA-48, OXA-10)




Ceftolozane-tazobactam

Ceftazidime-avibactam

FDA indications Complicated intra-abdominal infections | Complicated intra-abdominal
(clAl) (with metronidazole), complicated | infections (clAl) (with
UTI (including pyelonephritis) metronidazole), complicated UTI
(including pyelonephritis)
Gram negative activity** E. coli E. coli
Klebsiella oxytoca Klebsiella oxytoca
Klebsiello pneumoniae Klebsiella pneumoniae
Proteus mirabilis Proteus mirabilis
Pseudomonas aeruginosa Fseudomonas oeruginoso
Enterobacter cloacoe Enterobacter cloacoe
Enterobacter aerogenes
Citrobacter koseri
Citrobacter freundii
Gram positive activity** Streptococcus anginosus NA
Streptococcus constellatus
Streptococcus salivarius
Anaerobic coverage** Bacteroides fragilis NA

Beta lactamase activity

Class A (TEM, SHV, CTX-M, KPC,

Variable activity (not on

Active including carbapenemases

GES) carbapenemases) (KPC)

Class B (NDM, VIM, IMP) Mo activity No activity
Class C (AmpC) Variable activity Yes

Class D (OXA) Active against OXA-type ESBL but not Variable activity

OXA-type carbapenemases




Organism (#) CTZ-AVM | CTZ- | MIC | #(%) CFZ-TZM | CFZ-TZM | MIC | #(%)
MICsg AVM | range | Susceptible | MICs MICyq range | Susceptibl
MICs

Pseudomonas 1.5 6 0.5- | 29(94) 0.75 3 0.25- | 30(97)

oeruginosa (31) 16 2256

PTZR(11) 3 8 1-12 | 10{91) 15 4 0.38- | 11(100)

4

CeftazidimeR (8) | 6 12 1.5- | 7(88) 1.5 2 0.75- | 8(100)
12 4

CefepimeR(6) |6 12 2-12 | 5(83) 1.5 A 0.75- | 6(100)

4

GentamicinR(5) | 3 16 1.5- | 4(80) 0.75 2256 0.75- | 4(80)
16 2256

CiprofloxacinR | 4 16 15- | 7(88) 1 2256 0.75- | 7(88)

(8) 16 2256

Meropenem R 2 12 0.75- | 14 (88) 0.75 4 0.25- | 15(94)

(16) 16 2256

MDR (9) 6 16 15- | 7(78) 15 2256 0.75- | 8(89)
16 2256

XDR (5) 6 16 2-16 | 4(80) 15 2256 0.75- | 4(80)

2256




B-LACTAMASE AVYCAZ
Serine carbapenemases «
(KPCs)

ESBLs: TEM, SHY,
CTX-M families

Cephalosporinases
(AmpCs)

Some oxacillinases
(OXA)




Favorable microbiological response rate

CAZ-AVI BAT

(N=144) (N=137)
Patient subgroup n m (%)’ 05% CI* m (%)" 95% CI*
All patients 144 118 (81.9) 75.1. 876 137 88 (64.2) 56.0. 719

Patients with any MIC-screened 143 118 (82.5) 75.7.88.1 135 86(63.7)y 554715
pathogen

Patients with only MIC-screen 1 1 (100) 14.7, 100 0 0 NA
negative pathogens

Patients with any MIC-screen 142 117 (82.4) 755,880 135 86(63.7) 354,715
positive pathogens

Patients without any Category I 1 0 (0) 0.0, 853 1 00 0.0, 853
p-lactamase gene identified

Patients with any Category | 139 116 (83.5) 766,889 134 86(642) 558,719
p-lactamase gene identified

Panents with only Category I 16 13 (81.3) 579.944 13 9 (69.2) 423 886

f-lactamase gene identified
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FIG 2 Dose fractionation study of avibactam in combination with ceftazidime against a ceftazidime-resistant P. aeruginosa strain
in the neutropenic mouse thigh infection model.
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Ceftazidime®

C e (M) 79.8 (41.8)
) 2.0({1.9-2.8)
AUC,, (h-mgi) 229.2 (30.9)
AUC o ity (h-mgil) 230.6 (30.7)
Lz (R)° 1.7 (0.9-2.8)
Wes (1) 222 (42.0)
CL (h) B.7 (45.5)
CLAWW (Ilkgih) 0.189 (37.9)
Avibactam"
Cma (M) 15.1 (52.4)
—) 2.0(1.9-2.6)
AUC,, (h-mgll) 36.3 (33.7)

AUC: omnm (h-mg/l) A6.4 (33.6)



Cohort 1 Cohort 2 Cohort 3 Cohort 4
(212 yr to <18 yr) (26 yr to <12 yr) (22 yr to <6 yr) (23 mto <2 yr)
(n=8) {n=§) {n =8} (n=8)

Ceftazidima"

Cone (M) 79.8 (41.8) B1.3(17.8) 80.1 (14.7)" 917 (19.6)'

b (1) 20(19-26) 21 (19-24) - -

AUCy, (h-mghl) 229.2 (30.9) 217.8 (18.4) - -

AUCo sty (h-mg) 230.6 (30.7) 2212 (174) - -

bz () 1.7 (0.8-2.8) 16 (0.9-1.8) - -

Via (1) 222 (42.0) 13.0(17.8) - -

CL (i) B.7(45.5) 56(16.0) - _

CLW (Ikgh) 0.169 (37.9) 0.226 (20.0) - -
Avibactam"

Conae (M) 15.1 (524) 14.1 (23.0) 13.7 (22.4) 16.3 (226)"

b (1) 20(1.9-26) 21(18-24) - -

AUC,, (h-mall) 36.3 (33.7) 34.4 (23.4) - -

AUCs iy (h-mghl) 36.4 (336) 4.8 (226) - -

33



TABLE 4 Summary of ceftazidime and avibactam observed and population

pharmacokinetic model-predicted exposures in pediatric patients

(pharmacokinetic population)

AUC ) insiniy Cohort 1° Cohort 2° Cohort 3’ Cohort 4° Adult
(h-mg/l) (212to<18yr) (26to<12yr) (22to<Byr) (23mto<2yr) reference
(n=8) (n=8) (n=8) (n=8) population®
(n=186)
Observed Predicted
Ceftazidime

2306(30.7)  2212(174) 25532 (4395) 286.27 (37.13)  289.0 (15.4)

Avibactam

36.4 (33.6) 348(226)  4325(1214)  48.99(1064) 421 (16.0)°



Table 20: Comparison of ceftazidime and avibactam exposure and target attainment in
phase 3 patients stratified across different obesity classes

Covariate CAZ CAZ AVI AVI Target attainment

Category: Copaz 55 AUCpu Comrss AUC 00 at MIC of $ mg/L

Obesity n (mg/L) (mg.h/L) (mg/L) (mg.h/L) (%)

Normal 1084 774 876 (110.3) 129(154.1) 134(1544) 99.1(98.5,99.6)
(104.0)

Obesity [ 182 76.6 961 (123.8) 13.1(148.0) 150(1639) 98.9(974,100.0)
(100.2)

Obesity IT 62 68.7(972) 899(126.7) 114(1379) 137(1534) 984(95.3,1000)

Obesity III 23 63.4(77.0) 795(1015) 973(97.1) 115(1136) 100.0 (NA)
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FIG 1 Responses of ceftazidime-resistant E. cloacae to
continuous infusion of ceftazidime combined with two

different concentration-time profiles of avibactam in the
hollow fiber model.



4.1 Therapeutic indications

Lavicefta 1s indicated for the treatment of the following infections in adults (see sections 4.4 and 5.1):
+ Complicated intra-abdominal infection (clAl

+ Complicated urinary tract infection (cUTI), including pyelonephritis

+ Hospital-acquired pneumonia (HAP), including ventilator associated pneumonia (VAP)

Lavicetta s also indicated for the treatment of infections due to aerobic Gram-negative organisms in adult patients with imited
treatment options (see sections 4.2, 4 and 5.1).

Consideration should be given to oficial quidance on the appropriate use of antibactenial agents.
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Carbapenem-Resistant Organisms
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TABLE 4 Outcomes of patients with carbapenem-resistant infections treated with compassionate-use CAZ-AVI, by infection site

Mortality among

No. (%) of cases with: Patients with: patients with
Documented Clinical cure In-hospital death :':"::Db'ﬂhg'ﬁ'
Total no. Life-threatening microbiological
Infection site” of cases Bacteremia infection cure No. (%) 95% Cl No. (%) 95% ClI  No. (%) 95% Cl
All patients 38 26 (68.4) 23 (p0.5) 24(63.2) 26(68.4) 51.3-825 15(39.5) 24.0-56.6 5(208) 7.1-42.2
Intra-abdominal 15 111(73.3) 8(53.3) 6 (40.0) 10(66.7) 38.4-88.2 6(40.0) 16.3-67.7 1(16.7) 0.4-64.1
Pneumonia® 7 6 (85.7) 5(71.4) 3(42.9) 3(429) 99-81.6 5(71.4) 29.0-963 1(333) 0.8-906
Skin and soft tissue 4 3(75.0) 1(25.0) 1(25.0) 1(25.0) 0.6-806 2(50.0)0 6.8-93.2 0(0.0) 0.0-97.5
Urinary tract 3 2 (66.7) 1(33.3) 2 (66.7) 2(66.7) 94-992 2(66.7) 94-992 1(50) 1.3-98.7
Primary or catheter- 7 7 (100) 7(100) 7 (100.0) 7(100) 59.0-100 1(14.3) 04-579 1(143) 04-579
associated bacteremia
Any bacteremia 26 26 (100) 20 (76.9) 18 (69.2) 18(69.2) 48.2-85.7 11(423) 234-63.1 4(222) 6.4-476
Endocarditis 2 1(50.0) 1(50.0) 2(100.0) 2(100.0) 15.8-100 1(50.0) 1.3-98.7 1(50) 1.3-98.7
Osteomyelitis 3 0 (0.0) 0 (0.0) 2 (66.7) 2(66.7) 9.4-992 1(33.3) 08-906 0(0.0) 0.0-84.2
Surgical site infection 2 1 (50.0) 2(100) 1 (50.0) 1(50.0) 1.3-98.7 1(50.0) 1.3-98.7 0(0.0) 0.0-97.5
Otherc 3 1(33.3) 2(66.7) 3(100) 2(66.7) 9.4-99.2 1(333) 08-906 1(33.3) 0.8-906

4Patients may have multiple infection sites.
"Pneumonia cases included 6 cases of ventilator-associated pneumonia and 1 case of hospital-acquired pneumonia.
“Other infection types (1 patient each) were ventriculitis/subdural abscess, prosthetic joint infection, and mucositis.

February 2017 Volume 61 Issue 2 e01964-16 aac.asm.org 5



TABLE 1 Antimicrobial susceptibility of isolates from patients with carbapenem-resistant
infections treated with compassionate-use CAZ-AVI

Antibiotic No. of isolates tested® % Susceptible
Imipenem 36 2.8°
Meropenem 33 0.0
Ceftazidime 38 0.0

Colistin 34 41.2
Gentamicin 37 514

Amikacin 38 316
Tigecycline 32 62.5
Fosfomycin 29 55.2

aSample included 34 K pneumoniae, 1 K. oxytoca, 1 E coli, and 2 P. aeruginosa isolates,
“Patient with OXA-48-producing E. coli who had failed imipenem treatment (MIC not reported).



HABP/VABEP—REPROVE

AVYCAZ vs meropenem (N=870)

A phase 3, multinational, multicenter, double-blind, randomized,
noninferiority trial studying AVYCAZ vs meropenem for the treatment of

HABPMVABP!

HABP/ABP. hospital-acquired bacterial pneumoniafwentilstor-associated bacterial pneumonia.

cUTI—RECAFPTURE

AVYCAZ vs doripenem (N=1020)
A phase 3, multinational,
multicenter, double-blind,
randomized noninferiority trial
studying AVYCAZ vs doripenem for
the treatment of cUTI, including
acute pyelonephritis and
complicated lower urinary tract
infections’

clUT1, complicated wrinary tract infectdons.

cUTI—REPRISE

AVYCAZ vs BAT (N=305)

A phase 3, multinational,
randomized, open-label trial
comparing AVYCAZ vs BAT for the
treatment of cUTI due to
ceftazidime-nonsusceptible Gram-
negative pathogens. BAT options
Were mergpenam, imipenem,
doripenem, and colistin’

BAT, best available therapy.

clAl—RECLAIM

AVYCAZ plus metronidazole vs
meropenem (N=1058)

A phase 3, multinational, double-
blind, noninferiority trial studying
AVYCAZ plus metronidazole versus
meropenem for the treatment of
clal

clal, complicated intra-abdominal infections.



HABP/VABP Trial —REPROVE

HABP/VABP Phase 3 trial vs meropenem’

STUDY DESIGN'

TYPE OF TRIAL

S5TUDY POPULATION

COMPARATIVE AGENTS

Phase 3, multinational, multicenter, double-blind, randomized, noninferiority trial

870 hospitalized adults with HABPNVABP; the ITT population included all
randomized patients who received study drug. The micro-ITT population
included all patients with at least one Gram-negative pathogen.

The median age was 66 years and 74.1% were male. The median APACHE |l score
was 14. The majority of patients were from China (33.1%) and Eastern Europe
(25.5%). There were no patients enrclled within the United States. Overall, 43.6%
of patients were ventilated at enrollment, including 33.3% with VABP and 10.2%
with ventilated HABP. Bacteremia at baseline was present in 4.8% of patients.

AVYCAZ® 2.5 g (ceftazidime 2 grams and avibactam 0.5 grams) IV every 8 hours

Meropenem 1 gram intravenously every 8 hours
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CEFTAZIDIME-NS SUBSET POPULATION: CLINICAL CURE RATES AT TOC (micro-ITT)!

B Avvcaz
Meropenem 100

§ U

v

v 7V

© (37/49) 71.2"

- (42/59) ol

W

—

-

L)

© 40

h

C

_U— 20
micro-ITT

NS, nonsusceptible.

micro-ITT, microbiological intent-to-treat.



CEFTAZIDIME-NS SUBSET POPULATION; 28-DAY ALL-CAUSE MORTALITY (micro-ITT)!

28-day all-cause mortality (%)

M Aavvcaz
Meropenem
8.2 8.,5%
{4r49) (5/55)

micro-ITT

100

40



Clinical efficacy in cUTI involving ESBLs and AmpC’

Im & subset al Grarm-negative pathogens rom e Phase 3 U7 ial, genatypic testng identified cerain E5BL groups and
AmpCin 21.7% (176/810) of gatents in the mbMTT population, all of which were expected 1o be inhibited by avibacam"

TEM-1 SHV-12 CTX-M-15 CTX-M-27 OXA-48 AmpC

MICROBIOLOGICAL AND CLINICAL CURE RATES IMN THIS SUBSET WERE
SIMILAR TO THE OVERALL RESULTS'

ESBLS, anliradbnl-amectrum bala-laclarmans.

i1, microlsckogally rmodifind ingenl-o-doeal.

Clinical data by pathogen

MICROBIOLODGICAL CURE RATE BY BASELIME PATHOGEN AT TOC (mMITT)?

Enterobacteriaceas

AVYCAL

T8.3% (209/382)

Daripenem

T0.6% (281/3%8)

Excherichio coli T8 4% (2297297 T1.9% [(2200306)
Klebsiello prewmonioe 75.0% (3214) 62.5% |35/56)
Prateus mirabilis 94.1% (16/17) 69.2% (9/13)
Enterabacter closooe 54.5% e 69, 2% (9513)
Pievdbmones Berugingss 66. 7% 23 75.0% (15/20)

T, sl o e

mitlITT, mErckeskogmally msddimd irtom-1o- et




Tabie 4
Safety evaluation up o late-follow-up visit (42-49 days after randomisation) {safety
population) [n (T)F.

Cetrazidime| Meropenem

avibactam + (mn=217)
metronidazole
(m=215)
AEs in 22% subjects in either treatment group by system organ class/preferred
term® [n (%)]
Nervous system disorders 7(3.3) G({2.8)
Headache 3(1.4) 3(23)
Respiratory disorders 13 (6.0} 16(7.4)
Productive cough 3(2.3) 6(2.8)
Cough 3(14) B{3T)
Gastrointestinal disorders 41(19.1) 26{120)
MNausea 18(8.4) 4{1.8)
Diarrhoea® 13 (6.0) 16(7.4)
Constipation 5(2.3) 314
WVomiting 5(23) 4(1.8)
General disorders 15(7.00 17 (7.8)
Pyrexia 9(4.2) 13 (6.0)
Safety topics?
Liver disorder 6(2.8) 10(4.6)
Diarrhoea 13 (6.0) 16(74)
Hypersensitivityfanaphylaxis disorder 7(33) 8(3.7)
Haematological disorder 2(0.9) 1(0.5)
Renal disorder 1(0.5) 1({0.5)
AE, adverse evenl.

4 Subjecis with multiple AEs are counted once lor each sysiem organ class and)
or preferred term.

b AEs are sorted by system organ class in international order and by preferred term
in decreasing order of frequency in subjects treated with ceftacridime javibactam + met-
ronidazobe.

© Mo cases of Closiridium difficile enterocolitis reported.

4 Each safety topic represents the aggregate of a group of pre-identified relevant
AE preferred terms based on those from previous a phase 2 study of ceftazidime/
avibactam in complicated intra-abdominal infection.
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4 Case Reports in Infectious Diseases

Antibiotic RS MICmg/L
Amikacin R =16
Amoxicillin/cavulanate R »32(2
Ampicillin R =8
Cefepime R =8
Cefotaxime R >4
Ceftazidime R =8
Cefuroxime R =8
Ciprofloxacin R =1
Ertapenem R =1
Fosfomycin 5 =1
Gentamicin 4 »2506
Imipenem R =32
Levofloxacin R )
Meropenem 4 =32
Piperacillin R =16
Piperacillin/tazobactam R »16/4
Tigecycline 5 0.25
Tobramycin R =4
Trimethoprim-sulfamethoxazole  § =1/19

Ficure 3: Antibiotic susceptibility according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) clinical
breakpoints of clinical Klebsiella pneumonia isolate. MIC: minimum inhibitory concentration; R: resistant; S: susceptible.
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July August September October

Admitted to erthopedic
surgery—osteomyelitts B 7/1Le2016-711302018
diapniosed

Implants removed J 742016
Isolation of CREP on blopstes and
prosthethic matersal | T 016

Fosfornyeyn-colistin- TMP/SMX started [ 7/2002016-7121/2016

Admitted to LD, ward—A_T. switched to _ Ti22r2016-8/372016
fosformycyn-colistin-tigecicline

Distal femur resection: stage one® cemented spacer positioned ' 8472016

AT, poorly tolerated R /52016-8/18/2016
CAZ AV started _ A719/2006-% 32016

Fistulectomy J 91162016
Discharged from L. - fistula, rectal swabs, and cultures of samples taken during surgery were negative for CREP ——I QW06
Definttive surgery: cemented spacer removed and definitive knee prosthests posttioned I 10/14/2016

Ficure 4: Timeline of antibiotic and surgical treatments.
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Phase I Study Assessing the Pharmacokinetic Profile, Safety, and
Tolerability of a Single Dose of Ceftazidime-Avibactam in
Hospitalized Pediatric Patients

John S. Bradley,® Jon Armstrong,® Antonio Arrieta,® Raafat Bishal,” Shampa Das,® Shirley Delalr,® Timi Edek1,” Willlam C. Holmes,®
Jlanguo L1? Kathryn S. Moffett,” Deepa Mukundan,' Norma Perez! José R. Romero,* David Speicher,' Janice E. Sullivan,™

Diansong Zhou?

University of California, San Diego, California, USA® AstraZeneca, Macdeshield, United Kingdom®; Children’s Hospital of Orange County, Orange, California, USA';
AstraZeneca, Gaithersburg, Maryland, USA?, Children's Hospital & Medical Center, Omaha, Nebraska, USA®; AstraZeneca, Wilmington, Delaware, USA'; AstraZeneca,
Waltham, Massachusetts, USA% West Virginia University, Morgantown, West Virginia, LISA™, University of Toledo, Toledo, Ohio, USA®. University of Texas Health Science
Center, Houston, Texas, USA%: University of Arkansas for Medical Sciences and Arkansas Children’s Hospital, Little Rock, Arkansas, USA* University Hospitals Rainbow Babies
and Children's Hospital, Cleveland, Ohio, USAY, University of L outsville and Kosair Children’s Hospital, L ouisvilie, Kentucky, USA™

This study aimed to investigate the pharmacokinetics (PK), safety, and tolerability of a single dose of ceftazidime-avibactam in
pediatric patients. A phase I, multicenter, open-label PK study was conducted in pediatric patients hospitalized with an infection
and receiving systemic antibiotic therapy. Patients were enrolled into four age cohorts (cohort 1, =12 to <18 years; cohort 2, =6
1o <12 years; cohort 3, =2 to <6 years; cohort 4, =3 months to <2 years). Patients received a single 2-h intravenous infusion of
ceftazidime-avibactam (cohort 1, 2,000 to 500 mg; cohort 2, 2,000 to 500 mg |=40 kg| or 50 to 12.5 mg/kg | <40 kg|; cohorts 3
and 4, 50 to 12.5 mg/kg). Blood samples were collected to describe individual PK characteristics for ceftazidime and avibactam.
Population PK modeling was used to describe characteristics of ceftazidime and avibactam PK across all age groups. Safety and
tolerability were assessed. Thirty-two patients received study drug. Mean plasma concentration-time curves, geometric mean
maximum concentration (C_,,.), and area under the concentration-time curve from time zero to infinity (AUC,, . ) were similar
across all cohorts for both drugs. Six patients (18.8%) reported an adverse event, all mild or moderate in intensity. No deaths or
serious adverse events occurred. The single-dose PK of ceftazidime and avibactam were comparable between each of the 4 age
cohorts investigated and were broadly similar to those previously observed in adults. No new safety concerns were identified.
(This study has been registered at ClinicalTrials.gov under registration no. NCT01893346.)
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Abstract

Avibactam is a non-g-lactam B-lactamase inhibitor intended for use as a fixed-dose combination with ceftazidime for the treatment of
cerain serious Gram-negative infections. As avibactam is primarily excreted unchanged in the urine, renal impairment may affect its
pharmacokinetics. This phase 1 study investigated the effect of renal impairment and hemodialysis on avibactam pharmacokinetics and
safety. Healthy controls and subjects with increasing degrees of renal impairment received a single 30-minute intravenous (1Y) infusion of
avibactam (100 mg). Anuric subjects requiring hemodialysis received the same infusion pre- and posthemaodialysis, separated by a 7-to
14-day washout. Blood and urine samples were collected, and pharmacokinetics were analyzed using noncompartmental methods. The
relationships between avibactam total plasma clearance (CL) or renal clearance (CLg ) and creatinine clearance (CrCL) were evaluated by
linear correlation analysis. Safety was also monitored. Increasing severity of renal impairment was associated with decreasing CL and
ClLg and increasing exposure and terminal half-life (ty,- ). Avibactam CL and CLg demonstrated an approximately linear relationship with
CrCL comparable to that previously observed for ceftazidime. In patients requiring hemaodialysis, =50% of the administered avibactam was
removed during a 4-hour hemodialysis session, demonstrating that avibactam should be administered after hemodialysis. Mo new safety
findings were reported. To conclude, avibactam dose adjustment is warranted in patients with renal impairment based on the severity of
impairment. Because the slope of the linear relationship between avibactam total plasma CL and CrCL is similar to that of ceftazidime,
renal impairment dose adjustments should maintain the currently advised 4:1 ratio of ceftazidime: avibactam.
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