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Therapeutic Goods Administration

About the Therapeutic Goods Administration (TGA)

The Therapeutic Goods Administration (TGA) is part of the Australian Government
Department of Health and is responsible for regulating medicines and medical devices.

The TGA administers the Therapeutic Goods Act 1989 (the Act), applying a risk
management approach designed to ensure therapeutic goods supplied in Australia
meet acceptable standards of quality, safety and efficacy (performance) when
necessary.

The work of the TGA is based on applying scientific and clinical expertise to decision-
making, to ensure that the benefits to consumers outweigh any risks associated with
the use of medicines and medical devices.

The TGA relies on the public, healthcare professionals and industry to report problems
with medicines or medical devices. TGA investigates reports received by it to
determine any necessary regulatory action.

To report a problem with a medicine or medical device, please see the information on

the TGA website <https://www.tga.gov.au>.
About AusPARSs

An Australian Public Assessment Report (AusPAR) provides information about the
evaluation of a prescription medicine and the considerations that led the TGA to
approve or not approve a prescription medicine submission.

AusPARs are prepared and published by the TGA.

An AusPAR is prepared for submissions that relate to new chemical entities, generic
medicines, major variations and extensions of indications.

An AusPAR is a static document; it provides information that relates to a submission at
a particular point in time.

A new AusPAR will be developed to reflect changes to indications and/or major
variations to a prescription medicine subject to evaluation by the TGA.

Copyright

© Commonwealth of Australia 2020

This work is copyright. You may reproduce the whole or part of this work in unaltered form for your own personal
use or, if you are part of an organisation, for internal use within your organisation, but only if you or your
organisation do not use the reproduction for any commercial purpose and retain this copyright notice and all
disclaimer notices as part of that reproduction. Apart from rights to use as permitted by the Copyright Act 1968 or
allowed by this copyright notice, all other rights are reserved and you are not allowed to reproduce the whole or any
part of this work in any way (electronic or otherwise) without first being given specific written permission from the
Commonwealth to do so. Requests and inquiries concerning reproduction and rights are to be sent to the TGA
Copyright Officer, Therapeutic Goods Administration, PO Box 100, Woden ACT 2606 or emailed to

<tga.copyright@tga.gov.au>.
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Therapeutic Goods Administration

Common abbreviations

Abbreviation Meaning

%fT > MIC Percentage of free drug concentration > minimum inhibitory
concentration over a dosing time interval

ACM Advisory Committee on Medicines

AE Adverse event

AGAR Australian Group on Antimicrobial Resistance

ALT Alanine aminotransferase

AmpC AmpC beta (b)-lactamases

ARTG Australian Register of Therapeutic Goods

AUCixs Area under the plasma concentration-time curve from time zero
extrapolated to infinity

AUCo-t Area under the plasma concentration-time curve from time zero to
time (t) corresponding to the last quantifiable concentration

BAT Best available therapy

B-lactamase

Beta lactamase

CAZ-AVI Ceftazidime/avibactam

CI Confidence interval

clAl Complicated intra-abdominal infection
cUTI Complicated urinary tract infection
CMI Consumer Medicines Information
cMITT Clinically modified intent to treat
COR-B Comparable Overseas Regulator approach B
CrCL Creatinine clearance

CYP450 Cytochrome P450

CT Critical threshold concentration

CrCL Creatinine clearance

CXL Ceftaroline fosamil avibactam
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Therapeutic Goods Administration

Abbreviation Meaning

DAE Discontinuation of study drug due to adverse events

DDI Drug-drug interaction

DILI Drug induced liver injury

DLP Data lock point

EM Erythema multiforme

EMA European Medicines Agency (EU)

EOT End of treatment

ESBL Extended spectrum beta ([3)-lactamase

ESRD End stage renal disease

EU European Union

EU-RMP European Union risk management plan

FDA Food and Drug Administration (USA)

fT > CT Time plasma concentration of free drug meets or exceeds threshold
concentration (intravenous)

GVP Good Pharmacovigilance Practice(s)

HAP Hospital-acquired pneumonia

HCAP Healthcare associated pneumonia

ICH International Conference on Harmonisation

IMP Active-on-imipenem

IV Intravenous

KPC Klebsiella pneumoniae carbapenemase

LFU Late follow up

MIC Minimum inhibitory concentration

MITT Modified intention to treat

mMITT Microbiologically modified intention to treat. In the RECLAIM trial:
all patients who met the disease definition of complicated intra-
abdominal infection (cIAI) and had = 1 baseline pathogen
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Abbreviation Meaning

MTZ Metronidazole

NDM New Delhi metallo-beta-lactamase

NP Nosocomial pneumonia

OAT Organic anion transporter

PD Pharmacodynamic(s)

PI Product Information

PK Pharmacokinetic(s)

PK/PD Pharmacokinetics/pharmacodynamics

PSUR Periodic safety update reports

PT Preferred Term

PTA Probability of PK/PD target attainment

g8h, q12h, Every 8, 12, 24, or 48 hours, respectively

gq24h, g48h

RECAPTURE Studies D4280C00002 and D4280C00004, in patients with
complicated urinary tract infection (cUTI)

RECLAIM Studies D4280C00001 and D4280C00005, in patients with
complicated intra-abdominal infection (clIAl)

RECLAIM 3 Study D4280C00018

REPRISE Study D4280C00006, in patients with ceftazidime-resistant
pathogens

REPROVE Study D4281C00001, in patients with nosocomial pneumonia (NP),
including ventilator associated pneumonia (VAP)

RMP Risk management plan

SAE Serious adverse event

SJS Stevens-Johnson syndrome

TEN Toxic epidermal necrolysis

TOC Test of cure

UGT1A1 UDP glucuronosyltransferase family 1 member A1l
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Abbreviation Meaning

ULN Upper limit of normal

USA United States of America

VAP Ventilator associated pneumonia

VIM Verona integron-encoded metallo-beta-lactamase
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l. Introduction to product submission

Submission details

Type of submission:

Decision:
Date of decision:
Date of entry onto ARTG:

ARTG number:

(;Black Triangle Scheme

Active ingredients:

Product name:

Sponsor’s name and address:

Dose form:

Strength:

Container:
Pack size:

Approved therapeutic use:

A new fixed dose combination containing one new chemical
entity

Approved

21 February 2019
22 February 2019
301205

Yes

This product will remain in the scheme for 5 years, starting on
the date the product is first supplied in Australia.

Ceftazidime pentahydrate/avibactam sodium
Zavicefta

Pfizer Australia Pty Ltd
Level 17 151 Clarence Street,
Sydney, NSW, 2000

Powder for injection

2000 mg ceftazidime and 500 mg avibactam fixed dose
combination

Vial
10

Zavicefta is indicated for the treatment of the following infections
in adults (see sections 4.4 Special warnings and precautions for
use and 5.1 Pharmacodynamic properties):

Complicated intra-abdominal infection (cIAl), in combination
with metronidazole.

Complicated urinary tract infection (cUTI), including
pyelonephritis.

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

Consideration should be given to official guidance on the
appropriate use of antibacterial agents.

Zavicefta should be used in combination with an antibacterial
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Therapeutic Goods Administration

agent(s) active against Gram-positive and/or anaerobic
pathogens when these are known or suspected to be contributing
to the infectious process.

Route of administration: Intravenous infusion

Dosage: The recommended dosage is 1 vial where each vial contains
2000 mg ceftazidime and 500 mg avibactam. Treatment is
repeated every 8 hours.

The duration of treatment should be guided by the severity of
the infection, the pathogen(s) and the patient’s clinical and
bacteriological progress.

For further information see the Product Information (PI).

Product background

This AusPAR describes the application by Pfizer Australia Pty Ltd (the sponsor) to register
Zavicefta 2000/500 (containing 2000 mg ceftazidime /500 mg avibactam), which is a new
fixed drug combination of a new ingredient avibactam, with a previously approved active
ingredient (ceftazidime) for the following indication:

Zavicefta 2000/500 is indicated for:
Complicated intra-abdominal infection (cIAl)
Complicated urinary tract infection (cUTI), including pyelonephritis

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

Infections due to aerobic gram-negative organisms in adult patients with limited
treatment options.

Ceftazidime is a third generation, parenteral cephalosporin with a well-established clinical
use over last 3 decades since its initial availability in 1980s. Avibactam is a novel,
first-in-class, non-f-lactam b-lactamase inhibitor. The proposed product is a fixed dose
combination of ceftazidime and avibactam to be supplied as sterile powder for injection in
a glass vial.

At the time of submission, the registered 3-lactamase inhibitors on the Australian Register
of Therapeutic Goods (ARTG) include clavulanic acid (with amoxicillin) and tazobactam
(with piperacillin).

The ceftazidime/avibactam combination is intended to overcome -lactamase mediated
ceftazidime resistance among Enterobacteriaceae and Pseudomonas aeruginosa.

This application was submitted through the TGA’s Comparable Overseas Regulator
approach B (COR-B) process (European Medicines Agency (EMA)).1 The full dossier was
also submitted to the TGA.

1 The COR report-based process is associated with a shortened evaluation and decision timeframe. The aim of this process is to
reduce duplication of evaluation of prescription medicines that have already been approved by a COR, while maintaining existing
quality, safety and efficacy standards for medicines supplied in Australia.

The intention is that the TGA will only need to evaluate data generated specifically for the Australian context. For example,
Australian labels, product information and consumer medicine information. However, in some instances, additional data may need to
be considered. For example, safety data generated since the COR approval. Under the COR-B approach, the TGA regulatory decision
will still be mostly based on a critical review of the COR assessment reports. The COR-B process has a 175 working day evaluation
and decision timeframe, allowing for TGA evaluation of certain data, in addition to the label, Pl and RMP.

AusPAR - ZAFICEFTA - ceftazidime/avibactam - Pfizer Australia Pty Ltd - PM-2018-00931-1-2 Page 9 of 38
FINAL 24 February 2020



Therapeutic Goods Administration

Regulatory status

Zavicefta (ceftazidime/avibactam) is a new fixed dose combination containing one new
chemical entity (avibactam) for Australian regulatory purposes.

At the time the TGA considered this application, a similar application had been approved
more than 10 countries globally, including in the European Union (EU) and United States
of America (USA), and was under consideration in more than 30 countries, including
Singapore and Switzerland (Table 1).

The Australian dossier is based predominantly on the European initial market
authorisation application submitted on the 24 March 2015 and approved on 24 June 2016
and the subsequent post approval commitment variation approved on 23 February 2017.

The therapeutic indications and dosing instruction sought in Australia are same as those
approved in the EU.

Table 1: International regulatory status as of 14 January 2019 (European Union and
United States of America only)

Region Submission Status Indications
date
EU 24 March Approved on | In adults for the treatment of:
(Centralised | 2015 24 June 2016, CIAT*
Procedure) Norway: 24
June 2016; - cUTl including pyelonephritis”
Iceland: 12
. . A
July 2016, HAP including VAP
Liechtenstein: | - infections due to aerobic Gram-negative
30 June 2016 organisms in patients with limited treatment

options ** with cross reference to the following
statements under Dosage and Administration
section

*To be used in combination with metronidazole when
anaerobic pathogens are known or suspected to be
contributing to the infectious process.

"To be used in combination with an antibacterial
agent active against Gram-positive pathogens when
these are known or suspected to be contributing to
the infectious process.

Consideration should be given to official guidance on
the appropriate use of antibacterial agents.

2 December | 23 February Completed REPROVE trial (supportive study) for
2016 2017 HAP
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Submission

date

Indications

USA 25 June Initial: 25 Avycaz (ceftazidime and avibactam) in combination
2014 under | February with metronidazole, is indicated for the treatment of
the trade 2015. complicated intra-abdominal infections (clAl) caused
name, S by the following susceptible Gram negative

Indication , : o . .

Avycaz by extensions: microorganisms: Escherichia coli, Klebsiella

Forest 22 June 2016 pnheumoniae, Proteus mirabilis, Enterobacter cloacae,
Laboratories (cIAI Klebsiella oxytoca, Citrobacter freundii complex, and
LLC, an L Pseudomonas aeruginosa in patients 18 years or
affiliate of limitations older.

Allergan removal); 26 . . e

January 2017 | Avycaz (ceftazidime and avibactam) is indicated for

(cUTI the treatment of complicated urinary tract infections

limitations (cUTI) including pyelonephritis caused by the

removal following susceptible Gram-negative microorganisms:
Escherichia coli, Klebsiella pneumoniae, Enterobacter
cloacae, Citrobacter freundii complex, Proteus
mirabilis, and Pseudomonas aeruginosa in patients 18
years or older.
2 August Approved 1 Extension of the indication to treatment of adult
2017 February patients with HABP including VABP.

2018 Avycaz (ceftazidime and avibactam) is indicated for
the treatment of hospital-acquired bacterial
pneumonia and ventilator-associated bacterial
pneumonia (HABP/VABP) caused by the following
susceptible Gram-negative microorganisms: Klebsiella
pneumoniae, Enterobacter cloacae, Escherichia coli,
Serratia marcescens, Proteus mirabilis, Pseudomonas
aeruginosa, and Haemophilus influenzae in patients
18 years or older.

14 Under Under consideration. Extension of indications.
September consideration
2018

Product Information

The Product Information (PI) approved with the submission which is described in this
AusPAR can be found as Attachment 1. For the most recent P], please refer to the TGA

website at <https://www.tga.gov.au/product-information-pi>.
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ll. Registration timeline

Table 2 captures the key steps and dates for this application and which are detailed and
discussed in this AusPAR.

Table 2: Timeline for Submission PM-2018-00931-1-2

Description Date

Submission dossier accepted and first 30 April 2018
round evaluation commenced

First round evaluation completed 31 August 2018

Sponsor provides responses on questions 5 November 2018
raised in first round evaluation

Second round evaluation completed 17 December 2018

Delegate’s Overall benefit-risk assessment | 21 December 2018
and request for Advisory Committee advice

Sponsor’s pre-Advisory Committee 14 January 2019
response

Advisory Committee meeting 4 March 2019
Registration decision (Outcome) 21 February 2019

Completion of administrative activitiesand | 22 February 2019
registration on ARTG

Number of working days from submission 161
dossier acceptance to registration decision*

*Target timeframe for COR-B applications is 175 working days

l1l. Submission overview and risk/benefit assessment

The submission was summarised in the following Delegate’s overview and
recommendations.

This section is a TGA summary of wording used in TGA’s evaluation report, which
discussed numerous aspects of overseas evaluation reports and included some
information that was commercial-in-confidence.

Quality

The quality evaluation supports registration. There are no outstanding issues including
sterility, endotoxin and toxicological qualification of impurities. The submission does not
involve any bioequivalence data. Recommendations for the PI have been provided. In
Phase I and Phase II studies, ceftazidime and avibactam were supplied in separate vials for
co-administration in a single infusion solution. The fixed dose ceftazidime/avibactam
combination (2000 mg /500 mg) was used in Phase III clinical trials.

AusPAR - ZAFICEFTA - ceftazidime/avibactam - Pfizer Australia Pty Ltd - PM-2018-00931-1-2 Page 12 of 38
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Nonclinical

The nonclinical evaluator had no objections to the registration of ceftazidime/avibactam
provided safety was adequately addressed by clinical data. Recommendations for the PI
were provided.

The following is a summary of nonclinical findings:

Avibactam, ceftazidime/avibactam was well tolerated in animal studies. Local effects
on intravenous (IV) administration were reported for avibactam and
ceftazidime/avibactam. Avibactam was not shown to be phototoxic in vitro. In vitro
and in vivo studies have confirmed that avibactam is a B-lactamase inhibitor and that
ceftazidime/avibactam combination is active against ceftazidime-resistant isolates.

Avibactam inhibits class A, class C and some class D b-lactamases;?2 including extended
spectrum b-lactamases (ESBLs), Vietnamese extended spectrum b-lactamase and
Klebsiella pneumoniae carbapenemases. Avibactam is not active against

Ambler structural class B metallo-b-lactamases, including Verona integron-encoded
metallo-f-lactamase (VIM), active-on-imipenem (IMP) and New Delhi
metallo-f-lactamase (NDM)-type enzymes, and most class D b-lactamases.

The ceftazidime/avibactam combination did not affect antibacterial activity of several
commonly used antibiotics including levofloxacin and vancomycin against a number of
bacteria species. Avibactam itself does not have antimicrobial activity.

Avibactam showed no significant inhibition of cytochrome P450 (CYP450) coenzymes
or UDP glucuronosyltransferase family 1 member A1 (UGT1A1), and no CYP induction
potential within the clinically relevant exposure range. Avibactam is not an inhibitor of
most transporters and a weak inhibitor of organic anion transporter 1 (OAT1) and
organic anion transporter 3 (OAT3). Avibactam was identified as a substrate for OAT1
and OATS3.

Genotoxicity studies showed avibactam was negative in the Ames assay and
chromosomal aberration assay, as well as the rat micronucleus test. No genotoxicity
studies were conducted with the ceftazidime/avibactam combination. This is
considered acceptable. No carcinogenicity studies were conducted with avibactam
alone or with ceftazidime/avibactam since the intended duration of therapy is less
than 28 days. This is in accordance with applicable International Conference on
Harmonisation (ICH) guideline;3 and is considered acceptable.

Pregnancy Category B3;*is considered appropriate for avibactam due to the finding of
increased pre and post-implantation losses observed in rats dosed with 500 and

1000 mg/kg/day of avibactam (exposure ratio = 3) and decreased fetal weight and
retarded ossification were seen in rabbits at 300 and 1000 mg/kg/day avibactam
(exposure ratio 5 to 21). No reproductive toxicology studies were conducted with
ceftazidime/avibactam.

In vitro resistance development studies found that concentrations of avibactam
greater than 32 mg/L induced AmpC b-lactamases (AmpC) in 3 of 5 wild-type
inducible isolates of Enterobacter cloacae and 4 of 5 isolates of Pseudomonas

2 The molecular classification of B-lactamases is based on the amino acid sequence; class A, C and D B-lactases
use serine for B-lactam hydrolysis whereas substrate hydrolysis by class B 3-lactamases (metalloenzymes)
requires divalent zinc ions.

3 European Medicines Agency (EMA), Committee for Proprietary Medicinal Products (CPMP), ICH S1A Need for
carcinogenicity studies of pharmaceuticals, 4 June 2013.

4 Australian Pregnancy Category B3: Drugs which have been taken by only a limited number of pregnant
women and women of childbearing age, without an increase in the frequency of malformation or other direct
or indirect harmful effects on the human fetus having been observed. Studies in animals have shown evidence
of an increased occurrence of fetal damage, the significance of which is considered uncertain in humans.
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aeruginosa. Many resistant mutants obtained from Enterobacteriaceae and P.
aeruginosa exhibited increases to non-b-lactam antibiotics, indicating a permeability
or efflux mechanism of resistance.

Clinical

The clinical dossier consisted of twelve Phase I studies of avibactam or
ceftazidime/avibactam, five Phase I studies of ceftaroline fosamil avibactam/avibactam
(for avibactam data), two Phase II studies of ceftazidime/avibactam and five Phase III
studies of ceftazidime/avibactam.

Pharmacokinetics

Clinical studies have demonstrated lack of interaction between ceftazidime and avibactam
(Study D4280C00011) or between ceftazidime/avibactam and metronidazole

(Study D4280C00012). Both ceftazidime and avibactam have simple (excreted unchanged
by the kidneys; no meaningful enzyme inhibition or induction), linear pharmacokinetics.
avibactam appears to have also some active renal tubular excretion in addition to the
passive glomerular filtration. Summary of pharmacokinetic (PK) features in non-Asian
subjects (versus Asian subjects) is shown in Figure 1.

Figure 1: Pharmacokinetic parameters (geometric mean (coefficient of variation %)
for 2000 mg ceftazidime + 500 mg avibactam 2 hour IV infusion every 8 hours in
Japanese (Study D428C00010), Chinese (Study D4280C00020) and non-Asian
volunteers (Study D4280C00011)

Ceftazidime

Chinese volunteers
(Study D4280C00020

Japanese volunteers
(Study D4280C00010)

Non-Asian volunteers
(Study D4280C00011)

PK parameter (N=7) (N=12) (N=12)
Cis ax (Ug/ML) 113.1(15.3) 87.7 (16.7) 111.1 (14.6)
insaa () 1.97 (1.97-1.97) 2.00 (2.00-2.02) 2.00 (2.00-2.00)
t2 (h)® 2.49 (4.92) 3.20 (31.11) 2.14 (12.65)
AUC (ng.h/mL) 348.2(17.2) 308.2 (15.8) 321.5(15.5)
CL (L/h) 5.74(17.2) 7.06 (15.6) 6.22 (15.5)
CLg (L/h)° 5.78 (14.0) 6.92 (28.6) 7.32 (9.5)
Ve @) 13.3 (20.1) 17.7 (14.7) 14.0 (15.8)
Ae (mgl" 1788 (14.08) 1926 (16.42) 2237 (11.50)
Avibactam
Ces max (1g/mL) 15.0 (20.6) 14.3 (19.1) 17.6 (18.1)
ti o () 1.97 (1.00-1.97) 2.00 (2.00-2.02) 2.00 (1.50-2.00)
t'2 (h)° 1.73 (22.30) 2.21 (31.52) 2.09 (16.57)
AUC, (uglvmL) 422 (14.4) 39.2 (21.7) 43.6(19.1)
CL (L/h) 11.85(14.4) 3.30 (21.4) 11.46 (19.1)
CLg (L/M)° 9.41(17.5) 13.29 (54.1) 10.77 (15.6)
V(L) 19.9 (13.1) 23.0(18.9) 19.1 (19.8)
Ae (mg)° 428 (16.35) 537 (45.43) 511 (8.98)

a
b

Median (minimum-maximum).
Calculated after the first (single) dose on Day 1 (not at steady state).
Ae Amount excreted in urine unchanged 0 to 24 hours following a single dose
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In vitro uptake of avibactam is inhibited by probenecid. No clinical study has been done
with probenecid. However, concomitant use of probenecid and ceftazidime /avibactam is
not recommended. The overall potential for drug-drug interactions (DDIs) with
ceftazidime/avibactam is considered low. Plasma protein binding is low (< 10% for each).
There little or no accumulation on 8 hourly dosing. Both ceftazidime and avibactam are
haemodialysable.

Pharmacodynamics

The mechanism of action of avibactam is inhibition of bacterial 3-lactamases through
acylation involving reversible covalent bonding. The mechanism of action of ceftazidime is
bactericidal involving bacterial cell wall proteins resulting in inhibition of cell wall
synthesis.

Like all cephalosporins, the microbiological effect of ceftazidime is a function of time (as
the percentage of dosing interval) during which (free drug) level of ceftazidime stays
above the relevant minimum inhibitory concentration (MIC) for an organism.

Study D4280C00007, a placebo-controlled, thorough QT study;> of ceftazidime/avibactam
versus moxifloxacin did not indicate clinically significant effect on cardiac conduction.

Clinical efficacy

The 5 pivotal Phase III clinical trials were preceded by 2 Phase II studies in complicated
intra-abdominal infections (cIAI) and complicated urinary tract infections (cUTI) patients,
details shown in Table 3.

Table 3: Phase II studies of ceftazidime /avibactam

Stualy FPatient popualalion Dose regimenis) | Durations of treatment Primary endpoini{y)

Phase 2

Seudy 2002 Panents with €IAl (N=203) CAZL-AVISMIE: 2000 mg CAZ / 300 mg AVL 30mun IV Chimical response at the TOC
Randoniired mfiwszon, ggh, 500 mg MTZ, 60 min mfineon, q8h visil, 2 weeks post-treatment
CAT-AV] + MTZ- 101 Meropenem 1000 mg, 30 nun TV mfisson, g8h
DMefopeneny: 102 510 14 days

Srudy 2001 Patients with ¢UTI (N=137) CAZ-AV]: 500 mg CAZ /125 mg AVL 50 mm IV By-patieat miczobaclopcal
Ratpdonntired: miwszon, ggh respone al the TOC Vaal, 5 to
CA7-AVT 69 Loupenen cilastatin: 500 mg. 30 mm IV ifuson, qbh 9 dlays post-trcatmenl
Imipenem: 65 7 o 14 days (with optacaal switch 1o oral therapy afer

4 days [V tserapy)

CAZ-AVI = ceftazidime/avibactam, MTZ = metronidazole; q6h = 6 hourly; q8h = 8 hourly; TOC = test of
cure.

The 5 Phase III trials (two in clAl, one in cUTI, one in ceftazidime-resistant cUTI/cIAI and
one in hospital acquired pneumonia (HAP; including ventilator associated pneumonia
(VAP), also referred to as nosocomial pneumonia (NP) indication) have been
published.67.89.10

5 The QT interval is calculated as the time taken on an electrocardiogram from the start of the Q wave to the
end of the corresponding T wave and can be used to assess some of the electrical properties of the heart. The
QT interval corresponds with the time taken from the start of ventricular contraction to the end of ventricular
relaxation.

6 Mazuski, J.E. et al. (2016). Efficacy and Safety of Ceftazidime-Avibactam Plus Metronidazole Versus
Meropenem in the Treatment of Complicated Intra-abdominal Infection: Results From a Randomized,
Controlled, Double-Blind, Phase 3 Program, Clinical Infectious Diseases, 2016; 62: 1380-1389.

7 Qin, X. et al. (2017). A randomised, double-blind, phase 3 study comparing the efficacy and safety of
ceftazidime/avibactam plus metronidazole versus meropenem for complicated intra-abdominal infections in
hospitalised adults in Asia, International Journal of Antimicrobial Agents, 2017;49: 579-588.
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Regarding dose selection, a PK/pharmacodynamic (PD) target of 50% free drug
concentration > minimum inhibitory concentration over a dosing time interval

(50%T > MIC) for cephalosporins is an established target for prediction of clinical efficacy
and interpretative criteria for MIC breakpoints. This was estimated for avibactam (in the
presence of ceftazidime) in in vitro and in vivo (animal models of infection) experiments
and was based on clinical isolates in contemporary global surveillance studies for
ceftazidime. Dose selection for Phase Il studies (ceftazidime/avibactam 2000 mg/500 mg
every 8 hours by IV infusion over 120 minutes) and breakpoint justification was based on
prediction of at least 90% of the patient population achieving plasma exposures that
simultaneously achieved 50% T > ceftazidime/avibactam MIC of 8 mg/L for ceftazidime
and 50%T > critical threshold concentration (CT) of 1 mg/L for avibactam.

Clinical PK/PD targets for ceftazidime and avibactam could not be established using the
subsequent Phase III data (cIAl and cUTI populations) as there were few patients in
‘unfavourable’ overall microbiological response group and the HAP dataset was too small
at that point. The pre-determined PK/PD targets (from non-clinical studies) were used to
conduct probability of PK/PD target attainment (PTA) simulations to evaluate the
ceftazidime/avibactam dose and support the breakpoints.

The final population PK models that incorporated available Phase III data were used to
confirm that the dose selected for Phase III studies achieved sufficient exposure in > 90%
patients to meet the preclinical PK/PD targets. The exposure for ceftazidime and
avibactam was compared in patients with cIAl, cUTI and HAP and shown to be broadly
similar. The PTA analyses were also used to establish dose adjustments in patients with
renal impairment.

8 Wagenlhner, F.M. et al. (2016). Ceftazidime-avibactam Versus Doripenem for the Treatment of Complicated
Urinary Tract Infections, Including Acute Pyelonephritis: RECAPTURE, a Phase 3 Randomized Trial Program,
Clinical Infectious Diseases, 2016; 63: 754-762.

9 Carmelij, Y. et al. (2016), Ceftazidime-avibactam or best available therapy in patients with ceftazidime-
resistant Enterobacteriaceae and Pseudomonas aeruginosa complicated urinary tract infections or
complicated intra-abdominal infections (REPRISE): a randomised, pathogen-directed, phase 3 study, Lancet
Infect Dis, 2016; 16: 661-673.

10 Torres, A. et al. (2018). Ceftazidime-avibactam versus meropenem in nosocomial pneumonia, including
ventilator-associated pneumonia (REPROVE): a randomised, double-blind, phase 3 non-inferiority trial, Lancet
Infect Dis, 2018; 18: 285-295.
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Table 4: Pharmacology parameters in simulated patients with cIAI by renal function
receiving the revised dose regimens (moderate, severe 1, severe 2 renal
impairment, and end stage renal disease) and original dose regimen (normal renal
function and mild renal impairment) with ceftazidime-avibactam given as a

120 minute intravenous infusion

Jodnt PTA
af
CALAVD
MIC of
Remal Revised Smgl
funciion  dose regimen {®a)
NORM 2000 mg CAZ + 5060 mg AVIg8h 949
MILD 2000 my CAZ = 500 mg AVIgBh 99
AODE 1000 mg CAZ = 250 mg AVIgBh 903
SEV1 TEO nip CAZ + 157.5 mg AV o0
qllh
SEV2 TEQ ng CAZ + [&7.5 me AV o §
qidh
ESRD TED mig TAZ -+ 187.5 mae AV S06

qdih

Celtazidiume Avilaciam
. - AUC,an Crvmas AUC i
(pgmly (pg-hml ) {pgmly {prg-hmly
Gt L] L) L] Ceed Medl Gio Cein mean Gea
mean OV (%) mran OV (%) £V (%) OV ()
all - (5 45 In.5 EX 121 T3
To6 4 1050 45 1.3 54 173 71
542 45 B71 45 .82 56 143 72
i7.6 i6 768 ¥ 588 92 130 73
£5.7 4@ B0 =i 10,4 104 151 76
&5 1 1570 65 965 105 127 0

A tolal of 3000 patients are saaulsied for each dose goap,

Reemal fonction grougs are defumed 04 follows: NORM Nonnal renal fimetion (CrCL =50 nal/nxin); MILD Mild penal inapairmsent {51 il man 5 CoCL
=30 mil manf MODE Moderare renal arapamnsent (A1 mlmin =CoCL <50 ml oank, SEVI Severs resal aapasmaent {ar the upper pormon of the CrCL
mtgrval: 1o mlnvin = CrCL <30 mlnan): SEVI Sévere renal impaimment {at the lower pormion of the CrOL interval: & mlmin < CoCL <15 mlmidnl

ESRD End-utage renal dizease (CrCL =6 ml/min).

AL g2 Total daly area under the plasina concentration=time curve of steady state; AV] Avibactane CAZ Ceftazidime: clAl Complicabed
mma-abdominal imfection: CrlL Crextinine slearmnes: Cone Maximmen steady-state drug concsmtration i plasma duriag a desing intervak
OV Coefficknt of variation: ESRD F_m{nh;t renal diveace; Géo Ceometic; IV Infravemotiss MIC Minimims ||.'|||iI,\qu-rl.'mnunrulmn
MODE Moderate: NORM MNormasl: PTA Probabiliny of tanget sexismsent; ql2h Every |2 bours: q24h Every 24 hoars: g48h Every 48 hours:

ik Fvery § hours, ql2h Every 12 hours; 5EV Severs

The designs of the 5 Phase III studies were as follows (all were double-blind except the
REPRISE trial which was open-label treatment nominally compared with the best available

therapy (BAT))

Table 5: Designs of the five Phase III studies

Study Patient population Dose regimen(s) / Durations of treatment Primary endpoint(s)
Phase 3
RECLAIM Patients with cIAI (N=1066) CAZ-AVI +MTZ: 2000 mg CAZ / 500 mg AVI, 120 min Clinical cure at the TOC visit
Randomized: IV infusion, q8h; 500 mg MTZ, 60 min infusion, qSh (28 days post randomuzation)
CAZ-AVI+MTZ: 532 Meropenem: 1000 mg, 30 min IV infusion, q8h
Meropenenmy: 534 5 to 14 days
RECLAIM3 Patients with cIAI (N=441) CAZ-AVI +MTZ: 2000 mg CAZ / 500 mg AVL, 120 min Clinical cure at the TOC visit
(conducted inthe  Randomized: IV mfusion, q8h; 500 mg MTZ. 60 mun infusion, q8h (28 days post randomization)
Asia-Pacific CAZ-AVI+MTZ: 219 Meropenem: 1000 mg, 30 mun IV infusion, q8h
region) Meropenem® 222 5 to 14 days
RECAPTURE Patients with cUTI (N=1033) CAZ-AVT: 2000 mg CAZ / 500 mg AVL, 120 min IV ROW: Per-patient
Randomized: infusion, q8h microbiological response at the
CAZ-AVI: 516 Doripenem: 500 mg, 60 min IV infusion, q8h TOC wvisit (21 to 25 days post
Doripenem: 517 5 to 14 days (with optional switch to open-label oral randomization)
therapy after =5 full days IV therapy. if all North America: Resolution of
protocol-specified criteria for clinical improvement were UTI-specific symptoms at
met) Day 5 and combined per-patient
microbiological eradication and
resolution of UTI-specific
symptoms at the TOC visit
REPROVE Patients with NP, including VAP CAZ-AVT: 2000 mg CAZ / 500 mg AVL, 120 min IV Clinical cure at the TOC visit
(N=817 ) infusion. q8h; (21 to 25 days post
Randomized: Meropenem: 1000 mg, 30 mun IV infusion, q8h randomization)
CAZ-AVI: 409 7 to 14 days
Meropenem: 408
REPRISE Patients with cIAI (n=27) or cUTI CAZ-AVT: 2000 mg CAZ / 500 mg AVI, 120 min IV Per-patient clinical response at
(n=306) caused by CAZ-R pathogens  infusion, q8h (patients with cIAT also received 500 mg TOC (7 to 10 days post
(N=333) MTZ, 60 min infusion, g8h). treatment)
Randomized: BAT: predetermined best therapy with doses based on the
CAZ-AVI (+ MTZ): 165 investigator’s standard of care and the local label
BAT: 168 recommendation

5to 21 days

In general, clinical cure/response (using modified intent to treat (MITT) or clinically
evaluable population sets) and microbiological response/cure (using microbiological
modified intent to treat (mMITT) or microbiologically evaluable population sets) were
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assessed primarily at test of cure (TOC) time point at 3 to 4 weeks post randomisation
following 5 to 14 days of treatment (except the REPRISE trial). Other time points were end
of treatment (EOT) and last follow up visit (LFU). For the clAl indication,
ceftazidime/avibactam was used in combination with metronidazole. The comparator in
all cases was meropenem except in the cUTI RECAPTURE trial, in which the comparator
was doripenem. All trials (except the REPRISE trial) were designed as therapeutic
non-inferiority trials. Pivotal results were as follows, below.

RECLAIM trial (RECLAIM 1 + 2; Studies D4280C00001 and D4280C00005, in patients
with complicated intra-abdominal infection))

Clinical cure at TOC using MITT population was achieved by 429 out of 520 (82.5%)
ceftazidime/avibactam + metronidazole treated patients compared with 444 out of 523
(84.9%) meropenem treated patients. The treatment difference was -2.4% (95%
confidence interval (CI) -6.9%, 2.1%), Table 6.

Table 6: RECLAIM trial clinical response by visit (modified intent to treat analysis
set)

Number (%) of patients Comparison between groups
Visit Response CAZ-AVI + Difference (%) (95% CI) for
Metronidazole Meropenemn % difference
(N=520) (N=523)
EOT Clinical cure 459 (88.3) 482 (92.2) -3.9 (-7.57.-0.29)
Clinical failmre 38 (7.3) 26 (5.0)
Indeterminate 23 (4.4) 15(2.9)
TOC Clinical cure 429 (82.5) 444 (84.9) -2.4(-6.90. 2.10)
Clinical failure 47 (9.0) 39(7.5)
Indeterminate 44 (8.5) 40 (7.6)
LFU Clinical cure 429 (82.5) 436 (83.4) -0.9 (-5.45.3.72)
Clinical faillure 48 (9.2) 40 (7.6)
Indeterminate 43 (8.3) 47 (9.0)

EOT = end of treatment; TOC = test of cure; LFU = last follow up; CAZ-AVI = ceftazidime/avibactam

Clinical response using clinically evaluable population was consistent with the MITT
analysis. For microbiological response, see Table 7, below. Efficacy in patients with
baseline renal impairment was significantly lower than in patients with normal renal
function, Table 8.
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Table 7: RECLAIM trial (in cIAI) per-patient microbiological response by scheduled
assessment (microbiologically modified intention to treat analysis set)

Comparison between groups

Timepo Per-patient CAZ-AVI+ Difference (%) (95% CI)
int microbiological Metronidazole Meropenem
response (N=413) (N=410)
EOT Favorable 362 (87.7) 379 (92.4) -4.8 (-8.97. -0.71)
Unfavorable 30(7.3) 19 (4.6)
Indeterminate 21(5.1) 12 (2.9)
TOC Favorable 337 (81.6) 349 (85.1) -3.5 (-8.64. 1.58)
Unfavorable 37 (9.0) 31(7.6)
Indeterminate 39 (9.4) 30(7.3)
LFU Favorable 340 (82.3) 347 (84.6) -2.3(-7.41.2.79)
Unfavorable 38(9.2) 32(7.8)
Indeterminate 35(8.5) 31(7.6)

EOT = end of treatment; TOC = test of cure; LFU = last follow up; CAZ-AVI = ceftazidime/avibactam

Table 8: RECLAIM trial clinical response at end of treatment by baseline renal
function (modified intent to treat analysis set)

Number (%) of patients

Comparison between groups

Eenal status  Response CAZ-AVI +
Metronidazole Meropenem Difference (%) (95% CI) for %
(N=476) (N=478) difference
Nonmnal Climical cure 432 (90.8) 444 (92.9) -2.1(-5.69.1.37)
mild g i
cal £ 3 25(5.3 2
impairment Clinical failure (5.3) 1 (4.4)
S0mL'min  Indetenminate 19 (4.0) 13(2.7)
Moderare Clinical cure 24 (58.5) 36(83.7) -25.2 (-43.23, -5.88)
