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EXECUTIVE SUMMARY

Date: 6 July 2023

Medicine (INN): Ceftazidime-avibactam
Medicine (ATC): JO1DD52

Indication (ICD10 code): B96.89

Patient population: Adults with CRE bacteraemia
Prevalence of condition:

e In Sub-Saharan African region, 27.3 deaths per 100 000 people associated with antimicrobial resistance.
(1)

e In South Africa, NICD surveillance data reports 2 144 patients identified with CRE bacteremia over 24
months across 16 tertiary public hospitals in 4 provinces (2)

Level of Care: Adult Hospital Level
Prescriber Level: Medical Doctor, Specialist
Current standard of Care:

e  Various antimicrobials depending on isolate susceptibility and drug availability, alone or in combination.

Regimens may include tigecycline, colistin, amikacin and high-dose meropenem.
Efficacy and safety estimates:

e In the treatment of carbapenem-resistant K. pneumoniae bloodstream infections specifically,
ceftazidime-avibactam containing treatment regimens are associated with a 61% reduction in odds of 30-
day all-cause mortality, compared to other appropriate antimicrobial therapies. (4 studies, n = 493, 28.6%
vs. 44.0%; OR 0.39; 95% confidence interval (Cl) 0.25, 0.60; p < 0.0001; 1>=0%; NNT 7 (NNT 6.46 95% Cl
4.16, 14.48))(3)

e In the treatment of carbapenem-resistant Enterobacterales bacteraemia, ceftazidime-avibactam
containing treatment regimens are associated with a 45% reduction in risk of 30-day all-cause mortality,
compared to other appropriate antimicrobial therapies (11 studies, n = 1205, RR 0.55; 95% Cl 0.45, 0.68;
p < 0.00001; 12 = 0%; NNT 6 (NNT 5.52 95% Cl 4.21, 8.00))(4)

e In the treatment of carbapenem-resistant Enterobacterales bacteraemia, ceftazidime-avibactam
containing treatment regimens are associated with a 52% reduction in risk of 30-day all-cause mortality,
compared to colistin containing regimens (RR 0.48 95% Cl 0.33, 0.69, I? = 36%, p < 0.0001; NNT 5 (NNT
4.3995% Cl 3.11, 7.47))(4)

e Ceftazidime-avibactam containing regimens are associated with a reduced risk of nephrotoxicity when
compared to other appropriate antibiotic regimens for the treatment of carbapenem-resistant
Enterobacterales bacteraemia (5 studies; 380 patients; RR 0.41; 95% Cl 0.20, 0.84; I*= 2%; p = 0.02; NNT
13 (NNT 12.2095% Cl 7.17, 40.81)).(4)

Motivator/reviewer name(s): Gayle Tatz, Jessica Taylor, Jeremy Nel, Marc Blockman
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Secretariat support: Milli Reddy
PTC affiliation: Marc Blockman (Western Cape provincial pharmacy therapeutics committee)

KEY FINDINGS

®» We conducted a systematic review of the evidence for the safety and efficacy of ceftazidime-avibactam-
containing therapy in the management of carbapenem-resistant Enterobacterales (CRE) bacteraemia.

®» Current standard of care for CRE bacteraemia is dependent on sensitivity testing and may include therapies
such as aminoglycosides, colistin, tigecycline and high-dose carbapenems, usually given as a combination
regimen comprising two drugs.

®» Concerns over poor efficacy, increasing resistance, and serious potential toxicities associated with these
agents has driven the development of novel antimicrobials such as ceftazidime-avibactam.

®» Due to the nature of the infection being researched, studies identified were largely observational and it is
unlikely that interventional data will become available in the future.

®» Two systematic reviews with meta-analysis, and 8 primary observational studies were included in the review.

®» Ceftazidime-avibactam-containing therapy was associated with a reduction in mortality (NNT 5 — 7) and
nephrotoxicity (NNT 13) compared to other appropriate antibiotic regimens in populations with high
proportions of Klebsiella pneumoniae CRE infections that produce KPC and OXA-48 carbapenemases.

®» Recent NICD surveillance suggests comparable CRE epidemiology in South Africa, with the largest proportion
of CRE bacteraemia being caused by Klebsiella pneumoniae producing OXA-48.

®» However, CRE isolates producing metallo-beta-lactamases will not be susceptible to ceftazidime-avibactam.
Local data suggest that almost 25% of CRE isolates fall into this category. These isolates can be identified by
standard laboratory testing.

®» At the current price, the incremental cost effectiveness ratio suggests an additional cost of ZAR 109 786.21 to
prevent one death (when compared to a regimen of tigecycline with amikacin), and an additional cost of ZAR
84 613.32 to prevent one death (when compared to a regimen of tigecycline and colistin). A formal
pharmacoeconomic analysis is recommended to guide further decision making

PHC/ADULT HOSPITAL LEVEL EXPERT REVIEW COMMITTEE RECOMMENDATION:

We recommend
against the We suggest using We suggest We
option and for We suggest not to either the option or using the recommend
the alternative use the option the alternative option the option
Type of (strong) (conditional) (conditional) (conditional) (strong)
recommendation X

Recommendation: The PHC Adult Hospital Level ERC suggests using ceftazidime-avibactam in selected patients with
bacteraemia due to carbapenem resistant organisms. In view of the cost and antibiotic stewardship concerns the
decision to use this agent should not be based solely on sensitivity of the cultured organism to ceftazidime-avibactam.
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The decision should be made in consultation with a multidisciplinary antibiotic stewardship team and use should be
avoided in patients with a very poor prognosis.

(Conditional: Low Certainty Evidence)

Rationale: Systematic reviews and meta-analyses of observational data suggest a large reduction in mortality associated
with treatment with ceftazidime-avibactam. At the current price, the incremental cost-effectiveness ratio suggests an
additional cost of ZAR 109 786.21 to prevent one death (when compared to a regimen of tigecycline with amikacin), and
an additional cost of ZAR 84 613.32 to prevent one death (when compared to a regimen of tigecycline and colistin). A
formal pharmacoeconomic analysis is recommended to guide further decision-making.

Level of Evidence: Systematic reviews of observational trials. (Low Certainty Evidence)

Review indicator: Evidence of harm and new cost data

NEMLC RECOMMENDATION (MEETING OF 12 OCTOBER 2023):

NEMLC supported the PHC Adult Hospital Level ERC recommendation to use ceftazidime-avibactam in selected
patients with bacteraemia due to carbapenem resistant organisms. Use must be based on sensitivity of the cultured
organism to ceftazidime-avibactam in consultation with a multidisciplinary antibiotic stewardship team (for example
microbiologists or infectious disease specialists). Use of ceftazidime-avibactam should be avoided in patients with a
very poor prognosis.

NEMLC did not recommend a full pharmacoeconomic evaluation at this time.

Monitoring and evaluation considerations

Research priorities
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BACKGROUND
Antimicrobial resistance (AMR) is increasingly being recognised as a major threat to public health with the potential
for widespread adverse implications in the treatment and prevention of bacterial infections over the next two
decades. One review estimated that approximately 4.9 million deaths were associated with AMR in 2019 globally,
while the western Sub-Saharan African region was deemed to have the highest rate of death associated with AMR at
27.3 deaths per 100 000 people. (1) The loss of efficacy of antimicrobial agents impacts the security of future
healthcare provision, and at worst, could lead to the spread of untreatable pathogens resulting in mortality rates

reminiscent of the pre-antibiotic era.
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The societal and economic costs of AMR are also significant and require consideration. According to the Centre for
Disease Control and Prevention in the United States of America (USA), AMR results in additional direct healthcare
costs of USD 20 billion in the USA (ZAR 344 billion). (5) This figure excludes indirect and societal costs, such as loss of
productivity. Local data are sparse but likely to echo international literature. As micro-organism resistance to initial
treatment options increases, more costly and resource-intensive interventions are required. It is therefore imperative
that measures to improve the use of available antimicrobials are formulated, implemented, evaluated, and optimised.
Promotion of the appropriate use of antimicrobials is one of the key strategies that has been included in the national
framework to slow the development and spread of AMR. This can be achieved with the availability of updated,

evidence-based standard treatment guidelines and the South African Essential Medicines List. (6)

Carbapenem-resistant Enterobacterales
Carbapenem-resistant Enterobacterales (CRE) are Gram-negative bacteria not susceptible to at least one of the
carbapenem antibiotics, or which produce a carbapenemase, a type of beta-lactamase. Beta-lactamases are
categorised as class A, B, Cor D using the Ambler classification system. Carbapenemases comprise class A (e.g., Guinea
extended-spectrum beta-lactamase (GES) and Klebsiella pneumoniae carbapenemase (KPC)), class B (e.g., imipenem
metallo-beta-lactamase (IMP), New Delhi metallo-beta-lactamase (NDM) and Verona integron-encoded metallo-
beta-lactamase (VIM)) and class D beta-lactamases (e.g., oxacillinase-48-like (OXA-48)).(7) Infections caused by CRE

are associated with increased morbidity and mortality as effective treatment options are severely limited. (3)

South African Perspective
In South Africa, over a 24-month period spanning January 2019 to December 2020, surveillance conducted by the
National Institute of Communicable Disease (NICD) identified 2 144 patients with CRE bacteraemia across 16 public
sector tertiary academic hospitals.(2). One third of the study population (35.6%) were aged 19 years or younger,
50.1% were adults aged 20 — 59 years, and 14.2% were adults aged 60 years and older. Klebsiella pneumoniae was
identified as the causative pathogen in most CRE isolates (79.8%), and the most frequently detected carbapenemase
genes identified across isolates was blaoxa-as-uxe (76.8%), followed by blanom (21.1%) and blavim (1.3%). The in-hospital
mortality rate was 36.6% and increasing age, comorbidities and history of previous antimicrobial use were associated
with increased odds of death. Approximately 30.6% of CRE isolates in the study were resistant to amikacin, 19.8%
of isolates were resistant to tigecycline and 18.6% of isolates were resistant to colistin (an absolute increase of 5.6%
from the previous surveillance period). Susceptibility of isolates to the carbapenems was low, with sensitivity to
doripenem, imipenem or meropenem ranging from 41.2% to 44.9% and only 11.5% of isolates were sensitive to

ertapenem.

Ceftazidime-avibactam
At present, combination antibiotic regimens that include high-dose carbapenems, amikacin, tigecycline and colistin,

are employed as last resort treatment options for CRE. However, concerns about poor efficacy, increasing resistance

Antibiotics_multidrug_resistant_organisms_critical care_170ctober2023_Final 4



and serious potential toxicities associated with these agents has driven the development of novel antimicrobials such

as ceftazidime-avibactam. (8)

Ceftazidime-avibactam (CAZ-AVI) is an extended-spectrum beta-lactam and beta-lactamase inhibitor antimicrobial.
Ceftazidime induces bacterial cell lysis by attaching to penicillin-binding proteins and inhibiting bacterial
peptidoglycan synthesis. Avibactam exhibits no clinically relevant antibacterial activity itself but prevents the
inactivation of ceftazidime by class A, class C and some class D carbapenemases (such as OXA-48). Avibactam is not
active against the class B metallo-beta-lactamase producing bacteria (such as NDM, VIM and IMP). (4, 9) CAZ-AVI is
currently registered in South Africa for the treatment of complicated intra-abdominal infections (in combination with
metronidazole), hospital- and ventilator-associated bacterial pneumonias (HAP and VAP) and complicated urinary

tract infections (cUTIs). (9)

A recent study conducted by Perovic et al. determined in vitro activity of CAZ-AVI against E. Coli and K. pneumoniae
isolated from positive blood cultures from sentinel South African hospitals. In 30% of the E. Coli isolates, and 61% of
the K. pneumonia isolates, multidrug resistance was detected. However, all isolates were found to be highly
susceptible to CAZ-AVI, with a 96% and 100% susceptibility rate reported for E. Coli and K. pneumoniae isolates

respectively.(10)

The objective of this review is to appraise and assess the efficacy and safety data for CAZ-AVI-based antimicrobial

treatment regimens in the treatment of CRE infections.

RESEARCH QUESTION

“Is ceftazidime-avibactam-based therapy more effective and/or safer than colistin or tigecycline or aminoglycoside-

based treatment regimens in the management of carbapenem-resistant Enterobacterales bacteraemia?”

OBJECTIVES

Our PICO framework for the review is outlined in Table 1.

Table 1. PICO Framework

Population . Adults with CRE bacteremia
Intervention ° Ceftazidime-avibactam-based therapy
Comparators . Colistin-based therapy

° Tigecycline-based therapy
° Aminoglycoside-based therapy

Outcomes ) Clinical cure

° Mortality
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. Safety

Study type . Systematic reviews with meta-analysis (pairwise or network meta-analysis) of randomised
controlled trials or observational studies
. Randomised controlled trials
. Observational studies (retrospective or prospective)
. Health technological assessments

METHODS
Data sources
We searched the following databases for reviews and primary research: MEDLINE, Epistemonikos, and the Cochrane
database of systematic reviews. For health technology assessments (HTAs), the following databases were searched:
National Institute for Health Care Excellence (NICE), Canadian Agency for Drugs and Technologies in Health (CADTH),
Scottish Medicines Consortium (SMC), and the International HTA Database. All studies from database inception until
17 April 2023 - the date the search was performed - were considered eligible. No search of the grey literature was
conducted. However, additional references brought to the reviewers’ attention while reviewing reference lists of

included studies were considered eligible for inclusion.

Search Strategy
We conducted our search on 17 April 2023.

Database Search Strategy
PubMed ((carbapenem-resistant) OR (CRE)) AND (ceftazidime) AND (avibactam) AND
((colistin) OR (tigecycline) OR (aminoglycoside)) AND ((clinical cure) OR (mortality)
OR (safety))
Epistemonikos CRE AND ceftazidime AND avibactam AND clinical cure OR mortality OR safety
HTA databases ceftazidime/avibactam OR ceftazidime-avibactam

We removed duplicates and screened titles and abstracts, followed by full-text screening using Endnote citation
manager software. Screening was performed at both stages by two reviewers (GT and JT). Disagreements between

reviewers at each stage of the selection process were resolved through discussion until a consensus was reached.

Additional Inclusion and Exclusion Criteria
We included studies conducted in adult patients with CRE bacteraemia that compared CAZ-AVI-based therapy to
colistin- or tigecycline- or aminoglycoside-based therapies, which reported on safety and/or clinical efficacy

outcomes.

Narrative reviews and systematic reviews without meta-analysis were excluded from the review, but their reference

lists were examined to identify studies for inclusion. Language of included studies was restricted to English.
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Considering the barriers to performing randomised clinical trials in this field of research, both primary observational

studies and systematic reviews with meta-analyses of observational studies were considered eligible for inclusion.

Data Extraction
A tool for data extraction was developed in Excel by JT and GT. (11) We extracted data pertaining to study design,

sample size, population, site of infection, organism, effect size and dosing regimens for intervention and comparator.

Assessment of evidence quality
All included studies underwent quality assessment. We assessed the quality of included systematic reviews with
meta-analyses using the AGREE Il grading tool.(12) We assessed the quality of included randomised controlled trials
using the Cochrane risk of bias tool. (13) We assessed the quality of included observational studies using the ROBINS-

| assessment tool. (14)

Data Analysis and Presentation
Data are summarised in a tabular format and in a narrative summary with relevant figures and graphs. Numbers

needed to treat to benefit (NNT) or harm (NNH) for significant findings are also presented where possible.

RESULTS:
The results of the search and the study selection process are reported in the results section below and presented

using the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram (figure 1).(15)

"
=
.g Records identified through Additional records identified
S database searching through other sources
= (n = 160) (n=3)
=
(7]
=
—
J— Records after duplicates removed
(n=135)
-
=
a
(4 A 4
S
@ Records screened -~ Records excluded by abstract
(n =135) i and title
_J (n=110)
A 4
Full-text articles assessed Full-text articles excluded
Z for eligibility (n=15)
3 (n=25)
= Narrative review (1)
“ SR without meta-analysis (4)
Not applicable to PICO (9)
HTAs* (1)
"
°
(7]
E
< Studies included in review
£ (n=10)
e SR with meta-analysis (n = 2)

e Observational studies (n = 8)
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Figure 1. PRISMA flow-diagram detailing study identification, selection, and exclusion

One hundred and sixty studies were identified using the search strategy outlined above, with 3 additional studies
identified through other sources. Once 28 duplicates were removed, 135 records were screened by title and abstract.

After excluding 110 studies, the remaining 25 studies underwent full text review.

On full text review, a further 15 studies were excluded for reasons as outlined in Figure 1 and Table 2, including the
National Institute of Clinical Excellence (NICE) HTA.(16-30) The primary objective of this HTA was to estimate the
benefits associated with the use of CAZ-AVI to patients and the UK National Health Service (NHS) over time, to inform
delinked compensation to Pfizer (the manufacturer of CAZ-AVI) and to incentivise the development of antimicrobials
for drug resistant infections. Considering the delinked system of payment (which is not applicable to South Africa)
and the differences in epidemiology of drug resistant infections, the findings of this HTA, including the projected
QALYS gained per year, cannot be extrapolated to the South African setting or be included in our review. However,

the references were reviewed for primary efficacy studies meeting inclusion criteria.

After full text screening, we included 10 studies: 2 systematic reviews with meta-analyses of observational data, and
8 observational studies.(3, 4, 31-38) Five of the 8 observational studies identified for inclusion were analysed as part

of the 2 systematic reviews with meta-analyses and are therefore not discussed or presented separately here.(34-38)

Table 2. Reasons for study exclusion
Study Reason for exclusion

Hu et al. 2022 (17)

Systematic review without meta-analysis

Chen et al. 2021 (18)

Not applicable to PICO (outcome)

Durante-Mangoni et al. 2019 (19)

Systematic review without meta-analysis

Cultrera et al. 2020 (20)

Not applicable to PICO (population and comparator)

Hsu et al. 2019 (21)

Not applicable to PICO

Kanji et al. 2022 (22)

Systematic review without meta-analysis

Katchanov et al. 2018 (23)

Not applicable to PICO (outcome)

King et al. 2017 (24)

Not applicable to PICO (comparator and study design)

Meng et al. 2022 (25)

Not applicable to PICO (population)

Shen et al. 2021 (26)

Not applicable to PICO (study design)

Shi et al. 2021 (27)

Not applicable to PICO (population)

Soriano et al. 2021 (28)

Systematic review without meta-analysis

Zhen et al. 2022 (29)

Narrative review

Zhong et al. 2018 (30)

Not applicable to PICO (population and comparator)

NICE Health Technology Assessment (16) See text

Evidence synthesis: Efficacy
Two systematic reviews with meta-analyses were identified for inclusion (Table 3). On quality assessment using
AMSTAR Il, both reviews were assessed as of critically low-quality (Appendix 1). There was a 37.5% overlap of primary
studies included in the two systematic reviews, calculated using the corrected covered area (CCA) method described
by Hennessy and Johnson (Appendix 3).(39) However, since the target populations differed between the systematic

reviews, both are discussed below. The 3 observational studies identified in the search that were not included in the
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systematic reviews, reported similar findings (Table 4). (31-33)The observational study judged to be at the lowest risk

of bias is discussed in more detail below.(33)

Chen et al. (4)
Chen et al. conducted a systematic review of 11 observational studies (5 case-control studies and 6 cohort studies)
of adults with CRE blood stream infection (BSI) or bacteraemia. Three studies were conducted prospectively, and 8
studies were conducted retrospectively. All 11 studies (n = 1205) reported on the primary study outcome of mortality.
Nine of 11 included studies were assessed to be of high quality, with Newcastle Ottawa scores (NOS) > 7. The
remaining 2 studies had scores of 6, but were still included in the meta-analysis. No sensitivity analysis with the

excluded lower quality studies was performed.

Six studies (n = 567) reported on the secondary outcome of clinical cure, 4 studies (n = 455) on the secondary outcome
of relapse and 5 studies (n = 380) on the secondary outcome of nephrotoxicity. The primary sites of infection varied.
In 6 studies, all participants were infected with Klebsiella pneumoniae. In the remaining 5 studies, multiple organisms
were identified, of which the majority (79 — 88%) were Klebsiella pneumoniae. In the majority of included studies,
most participants were admitted to the intensive care unit. Specifically, 1 study was conducted predominantly in

those with haematological malignancies.

The predominant carbapenemase identified was KPC (> 70%) in 6 of the included studies, OXA-48 in 2 studies and
metallo-beta-lactamases in 1 study. CAZ-AVI was administered mostly in combination therapy with carbapenems and
tigecycline. Control groups received varied regimens but most contained tigecycline or colistin. The most common

combination regimen identified in control arms consisted of both tigecycline and colistin.

The primary outcome of the study was 30-day all-cause mortality, which was reported in 11 studies consisting of
1 205 patients. Participants treated with CAZ-AVI-containing regimens had a statistically significant 45% reduction in
the relative risk of mortality compared to those treated with other appropriate antibiotics (RR 0.55; 95% confidence
interval (Cl) 0.45, 0.68; I*= 0%, p < 0.00001; NNT 6 (NNT 5.52 95% Cl 4.21, 8.00)) (Figure 2). When specifically
compared to colistin-containing treatment regimens, those treated with CAZ-AVI-containing regimens were also
found to have a significantly lower relative risk of mortality (RR 0.48; 95% Cl 0.33, 0.69; I* = 36%; p < 0.0001, NNT 5
(NNT 4.39 95% Cl 3.11, 7.47)) (Figure 3). Interestingly, when stratified by type of carbapenemase, CAZ-AVI was also
associated with reduced mortality risk in those infected with CRE-producing metallo-beta-lactamases (RR 0.44; 95%

C10.23,0.83; P =0.01) (Figure 4).
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CAZ-AVI Other regimens Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% ClI

16 2 8 12 23 3.2% 0.48 [0.14, 1.69] 2017 —_—

17 1 13 30 96 3.8% 0.25 [0.04, 1.66] 2017

18 38 104 58 104 30.4% 0.66 [0.48, 0.89] 2018 -

19 4 22 12 28 5.5% 0.42 [0.16, 1.14] 2019 =

21 3 13 34 78 5.1% 0.53 [0.19, 1.47] 2020 —

20 17 71 25 71  13.1% 0.68 [0.40, 1.14] 2020 —=1

24 0 4 57 131 2.2% 0.23 [0.02, 3.21] 2021

25 6 35 72 152 14.1% 0.36 [0.17, 0.76] 2021 ——

26 12 32 12 29 6.6% 0.91 [0.49, 1.69] 2021 —

22 10 52 22 50 11.8% 0.44 [0.23, 0.83] 2021 ——

23 2 9 39 80 4.1% 0.46 [0.13, 1.58] 2021 —l

Total (95% CI) 363 842 100.0% 0.55 [0.45, 0.68] L 2

Total events 95 373

Heterogeneity: Chi? = 7.58, df = 10 (P = 0.67); I = 0% I + t {

Test fo? over:II effect: Z = 5.65 (P <(0.00001)) S - e 100
Favours [CAZ-AVI] Favours [Other regimens]

Figure 2. Thirty-day all-cause mortality of ceftazidime-avibactam (CAZ-AVI) regimens compared to other
appropriate antibiotic controls in carbapenem-resistant Enterobacterales bloodstream infection from Chen et al.

(4)
CAZ-AVI coL Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
21 3 13 27 61 13.8% 0.52 [0.19, 1.46] 2020 —
26 12 32 12 29 18.3% 0.91 [0.49, 1.69] 2021 .
25 6 35 40 103 29.5% 0.44 [0.20, 0.95] 2021 —
22 10 52 16 27 30.6% 0.32[0.17, 0.61] 2021 —a—
24 0 4 18 28 7.9% 0.16 [0.01, 2.21] 2021
Total (95% CI) 136 248 100.0% 0.48 [0.33, 0.69] E 3
Total events 31 113

P 2 _ L — s [ t + + J
Heterogeneity: Chi* = 6.21, df = 4 (P = 0.18); I° = 36% 0.01 o1 0 100
Test for overall effect: Z = 3.94 (P < 0.0001) Favours [CAZ-AVI] Favours [COL]

Figure 3. Subgroup analysis of 30-day all-cause mortality in those treated with ceftazidime-avibactam (CAZ-AVI)-

based regimens compared to colistin-containing regimens from Chen et al.(4)

A higher rate of clinical cure was associated with CAZ-AVI-containing regimens (RR 1.85; 95% Cl 1.57, 2.18; I* = 0%, p
< 0.00001; NNT 3 (NNT 2.94 95% 2.37, 3.88)). No difference was found in the relapse rate in those treated with CAZ-
AVI containing regimens as compared to other appropriate antibiotics, although only 4 studies with 455 contributed
to this outcome (RR 0.69; 95% Cl 0.29, 1.66; I = 54%; p = 0.86). Additionally, the definitions of relapse varied
significantly among included studies. Furthermore, a reduction in nephrotoxicity was reported for the groups
receiving CAZ-AVI-containing regimens as compared to other appropriate antibiotic regimens (RR 0.41; 95% CI 0.20,
0.84; I’=2%; p=0.02; NNT 13 (NNT 12.20 95% Cl 7.17, 40.81))(Figure 5). The studies included in the review included
a majority of CRE infections likely to be susceptible to CAZ-AVI (KPC or OXA-48 producing) and a minority of CRE
infections unlikely to be susceptible (MBL-producing). If the entire population had been susceptible, CAZ-AVI may
have performed even better. The proportion of CRE isolates likely to be susceptible to CAZ-AVI in the review, is
comparable to that of South Africa. In the study, KPC dominated, while locally OXA-48 is the most prevalent

carbapenemase.
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CAZ-AVI Other regimens Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.2.1 KPC

Shields 2017 1 13 30 96 5.9% 0.25[0.04, 1.66] 2017

Tumbarello 2019 38 104 58 104 47.4% 0.66 [0.48, 0.89] 2018 -

Falcone 2020 3 13 34 78 7.9% 0.53[0.19, 1.47] 2020 S (EE
Karaiskos 2020 17 71 25 71 20.4% 0.68 [0.40, 1.14] 2020 -
Subtotal (95% CI) 201 349 81.7%  0.62[0.48, 0.80] L 2

Total events 59 147

Heterogeneity: Chi? = 1.24, df = 3 (P = 0.74); I’ = 0%
Test for overall effect: Z = 3.60 (P = 0.0003)

1.2.2 MBL

Falcone 2021 10 52 22 50 18.3% 0.44[0.23, 0.83] 2021 —
Subtotal (95% CI) 52 50 1B.3% 0.44 [0.23, 0.83] i
Total events 10 22

Heterogeneity: Not applicable
Test for overall effect: Z = 2.54 (P = 0.01)

Total (95% CI) 253 399 100.0% 0.59 [0.46, 0.75] L 4

Total events 69 169

Heterogeneity: Chi® = 2.46, df = 4 (P = 0.65); I’ = 0% f t t |
0.01 0.1 10 100

Test for overall effect: Z = 4.34 (P < 0.0001) Favours [CAZ-AVI] Favours [Other regimens]

Test for subgroup differences: Chi’ = 0.99, df = 1 (P = 0.32), I’ = 0%

Figure 4. Subgroup analysis by identified carbapenemase of 30-day all-cause mortality in those treated with
ceftazidime-avibactam (CAZ-AVI)-based regimens compared to other appropriate antibiotic controls from Chen et

al.(4)
CAZ-AVI Other regimens Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI  Year M-H, Fixed, 95% CI

Shields 2017 0 13 8 96 9.2% 0.41 [0.02, 6.68] 2017

Caston 2017 2 8 7 23 15.5% 0.82 [0.21, 3.17]) 2017 ——

Tsolaki 2019 2 4] 4 36 18.2% 0.44 [0.09, 2.26] 2019 L —

Falcone 2021 1 52 10 50 43.6% 0.10[0.01, 0.72] 2021 L

Hakeam 2021 3 32 3 29 13.5% 0.91[0.20, 4.14] 2021 -

Total (95% CI) 146 234 1000% 041 [0.20, 0.84) R

Total events 8 32

Hetercgeneity: Chi® « 4.06, df « 4 (P « 0.40); I” « 2% YT o1 10 100

Test for overall effect 2 = 2.42 (P = 0.02) Favours [CAZ-AVI] Favours [Other regimens)

Figure 5. Nephrotoxicity of the ceftazidime-avibactam (CAZ-AVI) regimens compared with control in carbapenem-
resistant Enterobacterales (CRE) bloodstream infection (BSl) from Chen et al.(4)
Karampatakis et al.(3)
Karampatakis et al. conducted a systematic review and meta-analysis to assess the efficacy and safety of CAZ-AVI
containing treatment regimens (monotherapy or combination therapy) compared to other antimicrobials in adults
with CRE K. pneumoniae infections. Similar to Chen et al., since no randomised controlled data was available, the
authors analysed 11 observational studies. The methodological quality of included studies was assessed using the
Critical Appraisal Skills Programme (CASP) checklist for observational studies. Three studies were classified as of poor-
quality, and the remaining 8 studies were classified as high-quality studies. Eight of the included studies were
conducted retrospectively and three were prospectively performed. Comparator regimens varied among included
studies and consisted of tigecycline or colistin monotherapy or various treatment combinations of colistin, tigecycline,

aminoglycosides, aztreonam or fosfomycin.
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For the primary outcome, the CAZ-AVI treatment arms had greater odds of clinical success than treatment arms
consisting of other appropriate antibiotics (7 studies; 652 patients; OR 3.55; 95% Cl 2.42, 5.19; p < 0.00001; /* = 6%)
(Figure 6). CAZ-AVI treatment was associated with a similar increased odds of clinical success in those patients with
bloodstream infections specifically (3 studies; 261 patients; OR 3.96; 95% Cl 2.08, 7.54; p < 0.0001, ¥ = 0%).
Furthermore, CAZ-AVI treatment was also associated with higher odds of microbiological eradication (5 studies; 430
patients; OR 5.39; 95% CI 2.20, 13.21; p = 0.0002; /> = 69%). CAZ-AVI was reportedly associated with a 67% reduction
in odds of 30-day mortality (7 studies; 774 patients; OR 0.33; 95% Cl 0.23, 0.48; p 0.00001; /* = 0%; NNT 6 (NNT 5.32
95% Cl 3.94, 8.18)) (Figure 7). In those studies that examined bloodstream infections only, a similar reduction in the
odds of mortality by day 30 were reported for CAZ-AVI treatment (4 studies; 493 patients; OR 0.39; 95% Cl 0.25, 0.60;
p < 0.0001; > = 0%, NNT 7 (NNT 6.46 95% Cl 4.16, 14.48)). Only 3 studies included reported on prevalence of various
carbapenemases per cohort precluding any subgroup analysis and therefore no conclusion can be drawn for

effectiveness by carbapenemase produced. No meta-analysis of safety outcomes was able to be performed due to

lack of data.
(A) Ceftazidime-avibactam  Other antimicrobials Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Shields etal, 2017b 1" 13 39 96 58% 8.04 [1.69,38.28] 2017

Tsolaki et al., 2020 33 4 19 36 133% 3.69(1.34,10.16) 2020 —

Falcone etal, 2021b 39 52 24 50 19.0% 3.25[1.41,7.51] 2021 e

Fangetal, 2021 19 37 9 78 151% 8.09(3.14,20.88] 2021 .

Guetal, 2021 28 42 24 48 183% 2.00(0.85,4.70) 2021

Shietal, 2021 22 43 18 62 201% 256(1.14,576) 2021 e

Zhang et al., 2021 18 22 17 32 84% 3.97[1.10,14.38) 2021

Total (95% CI) 250 402 100.0% 3.55[2.42,5.19] -

Total events 170 150

] Tau*=0.02; Chi*= f=6(P= 2= 1 + + {

oo ol I o —
ostfor overall effect £=0.52 ( ) Favours [comparator] Favours [ceftazidime-avi]

(B) Ceftazidime-avibactam  Other antimicrobials Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M.H, Random, 95% CI _Year M-H, Random, 95% CI

Shields etal., 2017b " 13 39 96 17.0% 8.04 [1.69,38.28) 2017 e

Tsolaki etal., 2020 18 22 15 28 240% 3.90([1.05,14.51] 2020 -

Falcone etal, 2021b 39 52 24 50 59.0% 3.25(1.41,7.51] 202 ——

Total (95% CI) 87 174 100.0% 3.96 [2.08, 7.54] R

Total events 68 78

?elfvrogenelrv”T;u :;)_02 ::ghrp:(ioouzdg:: 2(P=060),F=0% 001 on 10 100
GOL70F Ovotan eRetL. £= ( ) Favours [comparator] Favours [ceftazidime-avi]

Figure 6. Clinical success of CAZ-AVI vs. comparators in the treatment of CRE K. pneumoniae infections (A) and in

CRE K. pneumonia BSIs specifically (B), Karampatakis et al. (3)
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(A)

Ceftazidime-avibactam  Other antimicrobials Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Shields etal, 2017b 1 13 30 9% 31% 0.18(0.02,1.48] 2017
van Duin etal, 2018 3 38 33 99 85% 0.17[0.05,0.60] 2018
Tumbarello et al, 2019 38 104 58 104 432% 0.46[0.26,0.80] 2019 —_-—
Falcone etal., 2020 3 13 27 61 6.9% 0.38[0.09,1.51] 2020 —
Guetal, 2020 8 42 22 48 1456% 0.28[0.11,0.72] 2020 ———
Falcone etal,, 2021b 10 52 22 50 16.9% 0.30[0.12,0.74] 2021 —_—
Zhang etal,, 2021 3 22 14 32 68% 0.20 [0.05,0.83] 2021
Total (95% CI) 284 490 100.0% 0.33[0.23, 0.48] ‘
Total events 66 206

- Tau®= 7= = = = ' . - i
Heterogeneity: Tau*= 0.00; Chi*= 3.36, df=6 (P=0.76), F= 0% '0 0 0-1 10 100

Test for overall effect Z=5.93 (P < 0.00001) Favours [ceftazidime-avi] Favours [comparator]

B
( ) Ceftazidime-avibactam  Other antimicrobials Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Shields etal, 2017b 1 13 30 96 44% 0.18(0.02,1.48) 2017
Tumbarello et al,, 2019 38 104 58 104 616% 0.46[0.26,0.80] 2019 ——
Falcone etal, 2020 3 13 27 61 9.9% 0.38[0.09,1.51] 2020 —
Falcone etal, 2021b 10 52 22 50 242% 0.30[0.12,0.74] 2021 ——
Total (95% CI) 182 311 100.0% 0.39 [0.25, 0.60] <
Total events 52 137
Heterogeneity: Tau*= 0.00; Chi*=1.13,df=3 (P=0.77),F=0% b y t J
Teslfo?ovev;yu effect Z= 4.23 (P < 0.0001) ( : . ) 0 1 ot il e 1.0 A 100
Favours [ceftazidime-avi] Favours [comparator]

Figure 7. 30-day mortality of CAZ-AVI vs. comparators in the treatment of CRE K. pneumoniae infections (A) and in
CRE K. pneumoniae BSls specifically (B), Karampatakis et al. (3)
Caston et al. (33)
Caston et al. conducted an industry-sponsored multicentred retrospective observational study comparing outcomes
in participants with carbapenemase-producing Enterobacterales (CPE) infections treated with CAZ-AVI or best
available alternative therapies. The study, conducted in the Spanish Public Healthcare system, enrolled 339
participants and was assessed to be at moderate risk of bias using the ROBINS-I tool. (14) Complicated urinary tract
infection (38.1%) and bloodstream infections (32.7%) were the most frequently reported CPE infections. Of the cases
with bacterial isolates available (n = 174), the most frequently reported causative organism was K. pneumoniae (163),

and the most frequent carbapenemase was OXA-48 (109), followed by KPC (62).

CAZ-AVI treatment was used in combination drugs such as amikacin (30.3%), tigecycline (26.8%), colistin (17.9%) ,
gentamycin (10.7%), fosfomycin (10.7%), tobramycin (1.8%) and aztreonam (1.8%). Various combinations of these
antimicrobials made up the regimens in the comparator arm. A multivariate logistic regression model and adjustment

for propensity scores were used to control or confounding.

In terms of baseline characteristics between the two groups, at the start of treatment the CAZ-AVI group had
significantly greater proportion of participants with diabetes mellitus, acute renal failure, haematological
malignancies, septic shock and CPE bloodstream infections. In the multivariate analysis, after adjustment for
propensity score, treatment with CAZ-AVI was associated with improved survival (OR 0.41; 95% CI 0.20, 0.80; p =
0.01). Interestingly, this survival benefit was most pronounced in patients with higher risk of morality based on an
INCREMENT-CPE score > 7 points (Figure 8 and 9). The INCREMENT-CPE score predicts mortality associated with CRE

bacteraemia, considering variables such as severe sepsis or septic shock, Pitt score 2 6, Charlson comorbidity index >
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2, source of bacteraemia other than urinary or biliary tract and inappropriate early targeted therapy.(40) CAZ-AVI
containing therapy was also identified as an independent predictor of clinical response (OR 2.43; 95% Cl 1.16, 5.12; p
=0.02). and microbiological response (OR 0.40; 95% Cl 0.18; 0.85; p = 0.02).

(a)
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Figure 8. Survival in patients with INCREMENT-CPE score < 7 points treated with ceftazidime-avibactam (CAZ-AVI)
(solid line) or best alternative therapy (discontinuous line) for infections caused by carbapenemase-producing
Enterobacterales (CPE) (log rank p = 0.73), Caston et al. (32)
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Figure 9. Survival in patients with INCREMENT-CPE score > 7 points treated with CAZ-AVI (solid line) or best
alternative therapy (discontinuous line) for infections caused by CPE. (log rank p = 0.004), Caston et al. (32)
Evidence Synthesis: Safety
The most commonly reported adverse reactions associated with CAZ-AVI treatment are nausea, diarrhoea and a
positive direct antiglobulin or Coombs tests. This seroconversion to Coombs positivity, while very common, has not
yet been associated with the development of haemolysis. (9) Furthermore, in patients with renal impairment, failure
to dose adjust ceftazidime has been associated with neurological adverse events such as tremor, convulsions and

encephalopathy.(9)

Safety outcomes were not extensively investigated in the included systematic reviews. Karampatakis et al. did not
perform meta-analysis of safety outcomes in their study due to lack of data.(3) Chen et al. reported only on
nephrotoxicity.(4) CAZ-AVI containing regimens were associated with a reduction in risk of nephrotoxicity as
compared to other appropriate antibiotic regimens (5 studies; 380 patients; RR 0.41; 95% Cl 0.20, 0.84; I’= 2%; p =
0.02; NNT 13 (NNT 12.20 95% CI 7.17, 40.81)).(4)

In terms of safety, in the study by Caston et al., treatment with CAZ-AVI was associated with less adverse events
(AEs) than alternative antibiotic regimens (5.8% vs. 20%; p < 0.001). (33) Although diarrhoea was more frequently
reported in the CAZ-AVI treatment arm, this was not statistically significant (45.4% vs. 13.3%; p = 0.07). Renal failure
occurred more frequently in patients receiving comparator regimens (10% vs 1.6%; p < 0.01), despite the higher
baseline proportion of participants with acute renal failure in the CAZ-AVI arm. In total 10 participants experienced

AEs resulting in treatment discontinuation. Eight participants in the comparator arm discontinued treatment early, 7
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as a result of renal failure. Two participants treated with CAZ-AVI discontinued treatment early due to Clostridium

difficile colitis.
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Table 3. Summary of systematic reviews with meta-analyses

Y Chen et USA Adults with | N =11 observational | UTI, K. CAZ-AVI- | OAA 30-day all-cause Clinical cure: Critically Low
al. 2022(4) Europe CRE BSI studies respiratory pneumoniae based (Most common mortality: CAZ-AVI vs. OAA 6 studies, n =567 Quality
China (n=1205) tract, IAI, (6 studies) combinat | combination CAZ-AVI vs. OAA, 11 studies, RR 1.85,95% Cl 1.57, 2.18, 1> = 0%,
catheter- ion regimen in n=1205 p < 0.00001
related Multiple therapy. control group RR 0.55; 95% CI 0.45, 0.68 NNT 3
pathogens of was colistin + p <0.00001; I? = 0% Relapse rate:
which 79 — tigecycline) NNT 6 CAZ-AVI vs. OAA 4 studies, n = 455
88% K. RR 0.69, 95% C1 0.29, 1.66, I = 54%,
pneumoniae CAZ-AVI vs. colistin- p=0.41
(5 studies) containing therapy. Nephrotoxicity:
RR 0.48 95% Cl 0.33, 0.69, I CAZ-AVI vs. OAA 5 studies, n = 380
=36%, p<0.0001 RR 0.41,95% C10.2,0.84, 12 = 2%,
NNT 5 p =0.02
NNT 13
Karampata USA Adults with | N =11 observational | All (4) CRE K. CAZ-AVI OAA Clinical success: 28-day mortality: Critically Low
kis et al. Europe CRE K. studies BSI (3) pneumoniae monothe | (Monotherapy CAZ-AVI vs. OAA, 7 studies, CAZ-AVI vs. OAA, 4 studies, n =439 Quality
2023(3) China pneumonia | (n=1213) rapy or or combination n=652 68% vs. 37.3%; OR 18.2% vs. 35.2%, OR 0.38;
infection combinat | therapy) 3.55; 95% C1 0.21, 0.71; p = 0.002; I
ion 95% Cl 2.42,5.19; p< =38%
therapy 0.00001, 12 6% 28-day mortality for patients

Clinical success for studies
of patients with BSlIs only:
CAZ-AVI vs. OAA, 3 studies,
n=261
78.2% vs. 44.8%; OR 3.96
95% Cl 2.08, 7.54; p <
0.0001; 1> = 0%
NNT 3

with BSIs only:
CAZ-AVI vs. OAA, 2 studies, n =192
18.3% vs. 41.4%; OR 0.32;
95% C1 0.16, 0.61; p = 0.0007; 12 =
0%

30-day mortality:
CAZ-AVI vs. OAA, 7 studies, n =774
23.2% vs. 42.0%; OR 0.33;
95% Cl 0.23, 0.48; p < 0.00001; |2 =
0%; NNT 6

30-day mortality for patients

with

BSls:
CAZ-AVI vs. OAA, 4 studies, n =493
28.6% vs. 44.0%; OR 0.39; 95% Cl
0.25, 0.60; p < 0.001; 12=0%; NNT 7

ICU = intensive care unit; CAZ-AVI = ceftazidime-avibactam; OAA = other appropriate antibiotic; UTI — urinary tract infection; IAl = intraabdominal infection; CRE = carbapenem resistant Enterobacterales; BSIs = blood

stream infections
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Table 4. Summary of primary studies

Study Study Type | Study Population n Site of Microbiology Intervention Comparator Primary Secondary Outcome | Comments ROBINS
Name Site Infection Outcome Quality
Almango Retrospective | Saudi Hospitalised 230 HAP (26%), K. Pneumonia CAZ-AVI (n = Colistin-based Clinical cure at Infection-related No statistically Serious
uretal. cohort Arabia adults with CRE UTI (19%), (87%). 149) regimen (n = 81) the end of mortality: significant difference risk of
2022 (31) infections. Wound 2.5g 8 hourly 9 MIU as loading treatment: CAZ-AVI 28% vs. in time to active bias
infection In CAZ-AVI arm dose, followed by | CAZ-AVI71%vs. | colistin 33% therapy and time to
Mean age: 58 (16%), 78% of isolates In at least 9 MIU colistin 52% OR0.79; study drug.
years 1Al (13%), were combination given in divided OR2.29;95% Cl | 95% Cl 0.44, 1.41;
VAP (10%), | susceptible to with: doses. * 1.31,4.01;p< p=0.418 Combination therapy
Males: 62% BSls (26%) CAZ-AVI. Tigecycline 0.004, NNT 5 AKI: more commonly used
(11%) In combination In-hospital CAZ-AVI 15% vs. in the colistin arm
ICU: 65% In colistin arm Aminoglycosi with: mortality: colistin 33% (70% VS. 23%, P <
76% of isolates de (5%) Carbapenem CAZ-AVI 35% vs. | OR0.37,95% CI 0.001).
Mechanically were (58%) colistin 44% 0.19,0.69; p = 0.002,
ventilated: 48% susceptible to Tigecycline (10%) OR0.67;95%Cl | NNT6 Higher incidence of
colistin. Aminoglycoside 0.39,1.16;p= Length of hospital heart failure and
(7%) 0.156 stay, ICU stay, peripheral vascular
Patients were duration of disease in CAZ-AVI
excluded if mechanical arm.
isolate ventilation, 30-day
identified was readmission or 30 Median comorbidity
non-susceptible and 90-day index higher in CAZ-
to the study recurrence: AVl arm.
drug being No statistically
investigated. significant Higher median
difference baseline creatinine in
CAZ-AVI arm.
Median APACHE score
15 in CAZ-AVI and 16
Colistin.
Alraddadi | Retrospective | Saudi Adults who 38 BSls (CAZ- In CAZ-AVI CAZ-AVI (n OAA (n=28) Clinical 30-day mortality: Underpowered Critical
etal. cohort Arabia received >24 AVI): 70% group: =10) remission: CAZ-AVI vs. OAA risk of
2019 (32) hours CAZ-AVI BSls K. Pneumonia Dosing not 25 of 28 patients CAZ-AVI vs. 50% vs. 57.1%; p = Risk of chronological bias
for clinically (comparato | 70% specified received OAA 0.7 bias as CAZ-AVI only
established CRE r): 53.6% E. Coli 30% combination 80% vs. 53.6%, Relapse with same available from
infections. OXA-48 80% therapy: p=0.14 isolate: December 2017.
CAZ-AVI vs. OAA
Mean age (CAZ- In comparator Colistin 75% 20% vs. 3.6%, p = Comparator group
AVI): 59.5 years group: Carbapenem 75% 0.1 selected from those
Mean age K. Pneumonia Tigecycline31.1% with CRE infections
(comparator): (82.1% Aminoglycoside between Jan and Nov.
61.5 years E. Coli 17.9% 28.6% 2017 compared to
OXA-48 68% intervention group
Males (CAZ- Dosing not selected between Dec.
AVI): 80% Males specified 2017 and Aug. 2018.
(comparator):
57.1%
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Table 4. Summary of primary studies

Caston et
al. 2022
(33)

Retrospective
cohort.

Spain

Adults with
cUTI, HAP, 1Al
or BSI with
confirmed CPE,
and received >
48 hours of
CAZ-AVI.

Median age: 70
years

Males (CAZ-
AVI): 66.1%
Males
(comparator):
57.3%

339

BSls (CAZ-
AVI): 38.1%

BSI
(comparato
r): 26%

In CAZ-AVI
group:

K. pneumoniae
89.9%

OXA-48 73.5%
KPC 25.5%

In comparator
group:

K. pneumoniae
94%

OXA-48 77.3%
KPC 22.7%

CAZ-AVI (n =
189)
Monotherapy
70.4%

In
combination
with:
Amikacin
30.3%
Tigecycline
26.8%,
Colistin 17.9%
Gentamicin
10.7%
Fosfomycin
10.7%
Tobramycin
1.8%
Aztreonam
1.8%

Dosing not
specified
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OAA (n=150)
Monotherapy
42.6%

Dosing not
specified

30-day crude
mortality after
diagnosis of
infection:
CAZ-AVI vs.
OAA

13.7% vs. 22%;
p=0.04

Mortality rate
in BSI
subgroup:
CAZ-AVI vs.
OAA

13.9% vs.
30.8%; p=0.03

Mortality rate
for CAZ-AVI
monotherapy
vs. CAZ-AVI
combination
therapy:

14.3% vs.
12.5%; p =0.82

In multivariate
analysis with
adjustment for
propensity
score:

CAZ-AVI was
associated with
increased
survival

OR 0.41; 95% CI
0.20, 0.80; p =
0.01

19

21-day clinical
response:

CAZ-AVI vs. OAA
89.4% vs. 79.3%; p =
0.01

CAZ-AVI containing
therapy was an
independent
predictor of clinical
response on
multivariate
analysis:

OR 2.43; 95% CI
1.16,5.12;

p=0.02
Microbiological
eradication:
CAZ-AVI vs. OAA
83.3% vs. 69.4%; p =
0.02.

CAZ-AVI containing
therapy was only
factor
independently
associated with
microbiological
response on
multivariate
analysis:

OR 0.40; 95% ClI
0.18, 0.85;

p=0.02

Adverse events:
CAZ-AVI vs. OAA
5.8% vs. 20%; p <
0.001

Renal failure:
CAZ-AVI vs. OAA
1.6% vs. 10%; p <
0.01

Moderat
e risk of
bias
Industry
sponsore
d.




CONCLUSION

This review suggests that ceftazidime-avibactam-containing therapy is associated with a reduction in
mortality (NNT 5 — 7) and nephrotoxicity (NNT 13), and improved clinical cure when compared to other
appropriate antibiotic regimens in populations with high proportions of Klebsiella pneumoniae CRE
infections that produce KPC and OXA-48 carbapenemases. Recent NICD surveillance suggests
comparable CRE epidemiology in South Africa, with the largest proportion of CRE bacteraemia being
caused by Klebsiella pneumonia producing OXA-48. However, based on this local data, a significant
proportion of CRE isolates (almost 25%) are still unlikely to be susceptible to ceftazidime-avibactam
therapy (metallo-beta-lactamases) and thus culture and sensitivity must be used to guide its usage.

At present, CAZ-AVI is available at some tertiary facilities on a named-patient basis due to high cost and
to prevent resistance. Standardised guidance on the appropriate use of CAZ-AVI should occur, to improve
appropriate access; and in turn to limit resistance with improve health equity.

Our recommendations:

®» The use of ceftazidime-avibactam in proven CRE bacteraemia should be restricted to infections
with organisms that are proven to be sensitive to the drug and resistant to cheaper, equally
effective alternatives.

®» Access should be limited to, or after discussion with infectious disease sub-specialists or
microbiologists, following strict antibiotic stewardship principles.

®» A formal pharmacoeconomic analysis should be conducted to guide financial decision-making.

®» Ongoing national surveillance for the development of CAZ-AVI resistance should be prioritized.

Limitations:

®» This review cannot inform decision-making regarding empiric treatment of suspected CRE infections
with CAZ-AVI therapy or monotherapy with CAZ-AVI compared with CAZ-AVI-containing combination
therapy.

®» The findings of this report, including the costing analyses, cannot be generalised to CRE infections
other than bacteraemia.

Version Date Reviewer(s) Recommendation and Rationale
1 21 September GT, JT, JN, MB The PHC Adult Hospital Level ERC suggests using ceftazidime-avibactam in selected
2023 patients with bacteraemia due to carbapenem resistant organisms. In view of the

cost and antibiotic stewardship concerns the decision to use this agent should not
be based solely on sensitivity of the cultured organism to ceftazidime-avibactam.
The decision should be made in consultation with a multidisciplinary antibiotic
stewardship team and use should be avoided in patients with a very poor prognosis.

Rationale: Systematic reviews and meta-analyses of observational data suggest a
large reduction in mortality associated with treatment with ceftazidime-avibactam.
At the current price, the incremental cost-effectiveness ratio suggests an additional
cost of ZAR 109 786.21 to prevent one death (when compared to a regimen of
tigecycline with amikacin), and an additional cost of ZAR 84 613.32 to prevent one
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death (when compared to a regimen of tigecycline and colistin). A formal
pharmacoeconomic analysis is recommended to guide further decision-making.

EVIDENCE TO DECISION FRAMEWORK

JUDGEMENT EVIDENCE & ADDITIONAL CONSIDERATIONS
w What is the certainty/quality of evidence? Observational data of low quality.
S High Moderate  Low Very No randomised controlled trial data available.
w
2 E low
mw [ ][] [ ]
o ﬁ High quality: confident in the evidence
t s Moderate quality: mostly confident, but further research may
= change the effect
5‘ Low quality: some confidence, further research likely to change
(of the effect
Very low quality: findings indicate uncertain effect
What is the size of the effect for beneficial Chen et al.
outcomes?
Large Moderate Small None Redtl.Jc.ed 3t0—day all-cause mortality: 11 studies; 1 205
participants:
X
I:l I:l I:l e RR0.55 (95% confidence interval (Cl) 0.45, 0.68)
e p<0.00001
o P=0%
e ARRO0.18 (95% Cl 0.12; 0.24)
e NNTG6(NNT5.52; 95% Cl 4.21, 8.00)
Improved clinical cure*: 6 studies; 567 participants:
e RR1.85(95% Cl 1.57, 2.18)
e p<0.00001
o P=0%,
-
s e ARRO0.34(95% 0.26; 0.42)
= e NNT3(NNT 2.94; 95% Cl 2.37, 3.88)
)
('8
(o]
w
>
W Lower risk of nephrotoxicity:5 studies; 380 participants:
E e RRO0.41(95% Cl 0.20, 0.84)
e p=0.02
o ’=2%
e ARRO0.08 (95% 0.02; 0.14)
e NNT 13 (NNT 12.2095% Cl 7.17, 40.81
Karampatakis et al.(3)
Reduced 30-day all-cause mortality: 7 studies; 774 patients;
e ORO0.33(95% Cl 0.23, 0.48)
e P=0.00001
o P=0%
e ARRO0.19 (95% Cl 0.12, 0.25)
e NNT6 (NNT5.3295% Cl 3.94, 8.18)
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Reduced 30-day all-cause mortality (bloodstream infections
only): 4 studies; 493 patients;
e ORO0.39(95% Cl 0.25, 0.60)

e p<0.0001

o P=0%

e ARRO0.15(95% CI 0.07, 0.24)

e NNT7(NNT6.46 95% Cl 4.16, 14.48)

Improved clinical success*: 7 studies; 652 patients;
e OR3.55(95% Cl 2.42, 5.19)

e p<0.00001

o P=6%

e ARRO0.31(95% Cl 0.23, 0.38)

e NNT4 (NNT 3,26; 95% Cl 2.62, 4.31)

Caston et al.(33)
In participants with INCREMENT-CPE > 7 (severe illness), CAZ-

AVI therapy was associated with statistically significant
improved survival at 30-days
78.1% vs. 53.1%; p-value = 0.004

What is the certainty/quality of evidence?

Observational data of low quality.

w
§ High Moderate Low Very Systematic reviews with meta-analyses only reported on
a low mortality and nephrotoxicity.
S 2
me | [ ][] [ ]
o E High quality: confident in the evidence
t () Moderate quality: mostly confident, but further research may
= change the effect
g Low quality: some confidence, further research likely to change
o the effect

Very low quality: findings indicate uncertain effect
” What is the size of the effect for harmful Caston et al.(33)
S outcomes? Risk of any adverse events associated with CAZ-AVI compared
[~ . .
§ Large Moderate Small None Wltl; best av/allable therapy:

5.8% vs. 20%; p < 0.001

5 L] ] [ ] P
w
S Risk of diarrhoea associated with CAZ-AVI compared with best
a available therapy:
2 45.4% vs. 13.3%; p = 0.07

Do the desirable effects outweigh the undesirable

(] harms?

w n .
E S Favours Favours Intervention
[T 5 . .

i °<‘ intervention control = Control or
o T Uncertain

I N e

Therapeutic alternatives available:
Yes No

LI L

List the members of the group.

THERAPEUTIC
INTERCHANGE

List specific exclusion from the group:

Rationale for therapeutic alternatives included:
Not applicable

References:
Not applicable

Rationale for exclusion from the group:
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Not applicable

References: Not applicable

Is implementation of this recommendation
feasible?

Evidence suggests a clear mortality benefit (NNT 5 —7). The
budgetary impact, however, is substantial. At the current price,
the ICER suggests an additional cost of ZAR 109 786.21 to

Yes No Uncertain A death (wh dt i i ’
> prevent one death (when compared to a regimen of tigecycline
5 |:| I:l with amikacin), and an additional cost of ZAR 84 613.32 to
2 prevent one death (when compared to a regimen of tigecycline
E and colistin).

L The willingness to pay per death prevented is undefined.
The feasibility of implementation of the recommendation is
thus uncertain.

How large are the resource requirements? Price of medicines/ treatment course

More Less Uncertain Medicine Tender price SEP

intensive intensive (ZAR) (ZAR)

[ ] [ ] CAZ-AVI (2g/0.5g) 1174.62 1628.07

Colistin (1 MU)* 69.67 69.67
Tigecycline 308.26
(50mg/ml)
*Section 21; current cost price
We strongly recommend a formal pharmacoeconomic analysis
to guide decision making.
DIRECT COSTS CAZ-AVI:
7-day course:
(1174.62)*(3)*(7) = ZAR 24 667.02

w

g 5 to 14-day course:

e (1174.62)*(3)*(5) to (1174.62)*(3)*(14) =

g ZAR 17 619.30 - 49 334.04

o}

(@)

o

(-4 TOTAL BUDGETARY COSTs:

Based on NICD surveillance data:

2 144 x 76,8% = 1647 cases potentially susceptible to CAZ-AVI
over 24 months

1647 x 0.5 = 824 cases potentially susceptible to CAZ-AVI per
annum

Gross budgetary cost of CAZ-AVI to treat all cases in a year for
7-days:

(24 667.02*824)

ZAR 20 325 624.48

Gross budgetary cost of TIG+AMIK to treat all cases in a year for
7 days:
ZAR 3 924 530.72

Excess cost per annum of CAZ-AVI over TIG+AMIK:
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ZAR 16 401 093.76

Gross budgetary cost of TIG+COLISTIN to treat all cases in a year
for 7 days:
ZAR 7 685 139

Excess cost per annum of CAZ-AVI over TIG+COLISTIN
ZAR 12 640 485.48

ICER (TO PREVENT ONE DEATH):

CAZ-AVI vs. TIG+AMIK:

Difference in cost: 19 904.24 per course
Difference in mortality: -0.1813

ICER: ZAR 109 786.21 per death prevented
CAZ-AVI vs. TIG+COLISTIN:

Difference in cost: 15 340.40 per course
Difference in mortality: -0.1813

ICER: ZAR 84 613.32 per death prevented
Other resources:

o

EAL readen
ilgdalaiasX

Is there important uncertainty or variability about

Likely to be acceptable to stakeholder

w

S how much people value the options?

ZE . . ) 2022:

& = Minor Major Uncertain Total vials of Zavicefta® supplied to public sector by Pfizer: 590
g2 | L] [ ] '
:g s the oot ble to k ceholders? Jan. 2023 to June 2023:

Y s the option acceptable to key stakeho ers?. Total vials of Zavicefta® supplied to public sector: 780

; Yes No Uncertain

g [ ] [ ]

> Would there be an impact on health inequity? Favours health equity by improving access to all patients at all
= Ves No Uncertain facilities, however, high budgetary costs may detract financial
g resources from other areas of care

i [ ] [ ]
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APPENDICES
Appendix 1: AMSTAR
- -
AMSTAR - AMSTAR - Chen
Karampatakis Word.d: Word.docx

Figure A1: AMSTAR Assessment of Included Systematic reviews with meta-analyse

Appendix 2: ROBINS-I

Almangour et al. Alradaddi et al. 2019
2022 (31) (32)

Bias due to confounding Moderate

Bias in selection of participants into study

Bias in classification of interventions Moderate

Bias due to deviations from intended

interventions

Bias due to missing data

Bias in measurement of outcomes Moderate

Bias in selection of reported result

Overall

Table A2 ROBINS-I Asssessment of Included Primary Research
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Caston et al. 2022
(33)

Moderate

Moderate
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Appendix 1: Table of primary study overlap

Systematic Review
Row Primary Study 1. Chen, 2022 | 2. Karampatakis, 2023
1| Shields 2017 1 1
2 | Tumbarello, 2019 1 1
3 | Tsolaki, 2020 1 1
4 Karaiskos, 2021 1 1
5 Falcone, 2020 1 1
6 Falcone, 2021 1 1
7 | Shen, 2021 1 0
8 | Zhou, 2021 1 0
9 | Chen, 2021 1 0
10 Hakeam, 2021 1 0
11 Caston, 2017 1 0
12 Fang, 2021 0 1
13 | Gu, 2021 0 1
14 Shi, 2021 0 1
15 Zhang, 2021 0 1
16 Van Duin, 2018 0 1
TOTAL 11 11

Table A3 of primary studies included in two systematic reviews used in this review of the evidence

and the overlap thereof

Appendix 4: Calculation of CCA

CCA =

N-—7r

(rxc)—r’

CCA = (22— 16)/((16*2) -16)
= 0.375

= 37.5%

N = total number of included publications (including double counting)

r = number of rows (number of index publications)

¢ = number of reviews

=16

Figure A4 Calculation of study overlap of primary studies included in two systematic reviews used

in this review of the evidence using the corrected covered area (CCA) method by Hennessy &

Johnson.
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