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Abstract

Introduction Antimicrobial resistance remains a serious and growing threat to public health, both globally and in the UK,
leading to diminishing effectiveness of antimicrobials. Despite a clear need for new antimicrobials, the clinical pipeline is
insufficient, driven by high research and development costs and limited expected returns on investment. To counteract this,
National Institute for Health and Care Excellence (NICE) and National Health Service (NHS) England have launched a
reimbursement mechanism, de-linked from volume of sales, that aims to reduce economic risk by recognising the broader
population-level value of antimicrobials. The objective of this study was to quantify the value of ceftazidime—avibactam
for treating gram-negative infections in the UK considering some of these broader value elements unique to antimicrobials.
Methods A previously developed dynamic disease transmission and cost-effectiveness model was applied to assess the
value of introducing ceftazidime-avibactam to UK treatment practice in the management of gram-negative hospital-acquired
infections in line with the licenced indications for ceftazidime—avibactam. Model inputs were parameterised using sources
aligned to the UK perspective.

Results The introduction of ceftazidime—avibactam into a two-line treatment sequence saved over 2300 lives, leading to a
gain of 27,600 life years and 22,000 quality-adjusted life years (QALY) at an additional cost of £17 million, over a ten-year
transmission period. Ceftazidime—avibactam was associated with a net monetary benefit of £642 million at willingness to pay
threshold of £30,000 per QALY; even at a lower threshold of £20,000 per QALY, the net monetary benefit is £422 million.
Discussion Increasing the diversity of antimicrobial treatments through the introduction of an additional antimicrobial, in this
instance ceftazidime—avibactam, was associated with substantial clinical and economic benefits, when considering broader
population-level value. Despite revealing considerable benefits, the value of ceftazidime—avibactam is only partially reflected
in this analysis. Further efforts are required to fully operationalise the spectrum, transmission, enablement, diversity and
insurance (STEDI) value framework and accurately reflect the population-level value of antimicrobials.

Key Points for Decision Makers

By considering broader population level value attributes
in health technology assessment (HTA) methods, the
clinical and economic value of antimicrobials can be
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1 Introduction

The global increase in antimicrobial resistance (AMR) is
an urgent public health concern and is a significant threat
to health. The development of AMR is mainly a result
of antimicrobial misuse and suboptimal infection control
practices [1]. Furthermore, treatment options for resist-
ant bacterial infections are decreasing and resistance to
antimicrobials traditionally considered to be last line is
growing, with few alternative options. This is of particular
concern as resistant infections result in longer hospital
stays, higher medical costs and increased mortality. Fore-
casts from the World Bank indicate that, without action,
by 2050, drug resistant infections could cause 10 million
deaths worldwide and cost up to $100 trillion in hospital
costs and productivity losses [2]. Consistent with these
global trends, the rise in AMR is an important health con-
cern for the UK as well. The Organisation for Economic
Co-operation and Development (OECD) estimated that,
in the period 2015-2050, the UK will have 90,000 addi-
tional deaths associated with drug-resistant bacteria [3,
41, with financial losses in excess of £8.7-£34.6 billion
per annum [5].

Several measures have been suggested to combat AMR,
including limiting antimicrobial use in agriculture and
the environment, implementing stewardship programmes
in hospitals, vaccination, and infection prevention and
control measures. Furthermore, the struggle against
AMR also requires innovative antimicrobial agents and
improved diagnostics to ensure optimal and targeted use
of antimicrobial agents. Although there is a clear need
for new antimicrobials that are safe, efficacious and that
diversify current treatment strategies, the current clinical
development pipeline is not sufficient [1, 6, 7]. This is
primarily due to high research and development costs and
limited expected returns on investment; these pressures
have resulted in bankruptcy for some companies and have
led others to abandon the antimicrobials market, leading
to market failure [8].

One important way of stimulating antimicrobial devel-
opment is by developing frameworks to assess antimicro-
bial value such that economic risks and returns achieve
a more sustainable balance for manufacturers [9]. Novel
reimbursement frameworks, such as the innovative health
technology evaluation process and new payment model
developed by National Health Service England (NHSE)
and The National Institute for Health and Care Excellence
(NICE), [10] aim to better recognise the population-level
value of antimicrobials and incentivise the development of
new antimicrobials. The NHSE and NICE reimbursement
model pays a fixed annual fee; up to £10 million as part of
a 3-year contract with the option to extend up to 10 years,
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de-linked from the volume of sales. Thus, reducing finan-
cial uncertainty for manufacturers. These new economic
models propose to incorporate the population-level value
elements that antimicrobials bring to patients, healthcare
system and society, when answering a crucial question:
“What is the price worth paying for a novel antimicrobial
that can treat drug resistant infections?” [11]. Alternative
approaches to value assessment could allow enhanced
reimbursement mechanisms which stimulate investment in
research and development of new antimicrobials, enabling
new products to be brought to market. In this context, the
investigation of suitable alternative health technology
assessment (HTA) methods may play a crucial role in the
value quantification of antimicrobial treatments [12].

Traditional HTA methodologies have been developed
primarily for the economic evaluation of technologies for
noncommunicable diseases focussing on benefits to an
individual patient. However, this misses the broader popu-
lation benefits of antimicrobials, particularly with respect
to the population level impact on AMR. In other words, for
antimicrobials, economic evaluation methodology needs
to consider broad/population value elements and the com-
municable/dynamic aspects of infectious diseases [11, 13].
These elements of value have been described extensively
in the literature with a high degree of consensus, includ-
ing with payers and HTA bodies, and are often referred
as “STEDI”, comprising spectrum value (the benefits of
replacing broad-spectrum antimicrobials with narrow-
spectrum ones that reduce collateral damage to the micro-
biome and minimize opportunities for resistant organisms
to establish a niche), transmission value (the benefits of
avoiding spread of resistant organisms), enablement value
(the benefits associated with prophylactic use of antimi-
crobials allowing surgical or medical procedures to occur
safely), diversity value (the benefits of having multiple
antimicrobials available that may be used within treatment
strategies to reduce selection pressure and minimise resist-
ance development), and insurance value (the benefits of
having a treatment available as an insurance against future
AMR increases and outbreaks) [13, 14].

Although evaluation frameworks including the above
value elements for antimicrobials have been previously
proposed [Office of Health Economics (OHE) [13], Pol-
icy Research Unit in Economic Evaluation of Health and
Care Interventions (EEPRU) [14]], in practice economic
evaluations of antimicrobials do not routinely incorporate
these added elements of value. This has been recognised in
a recent study which indicates that, for HTA to be part of
the solution in the struggle against AMR, it will require an
expansion in the technical tool kit and a change in philoso-
phy: “HTA risks becoming part of the problem, destroy-
ing value and destroying incentives to bring life-saving new
technologies to future populations” [12].
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The objective of this study is to apply a previously devel-
oped approach [15] that expands on the technical toolkit
of the standard HTA methodology to quantify the value of
ceftazidime—avibactam (CAZ/AV]) for treating severe aero-
bic gram-negative bacterial infections in the UK. Following
the completion of the NHSE/NICE pilot, which evaluated
CAZ/AVI, this study aims to assess the value of CAZ/AVI
to patients and populations, accounting for transmission
of infection, development of resistance, and antimicrobial
availability, efficacy and patterns of use.

2 Methods
2.1 Population

The economic analysis considered hospital-acquired infec-
tion with three gram-negative bacterial species (Escherichia
coli, Klebsiella spp. or Pseudomonas aeruginosa) across
three indications of serious infections managed within the
hospital setting [complicated urinary tract infections (cUTI),
complicated intra-abdominal infections (cIAI) and hospital-
acquired pneumonia/ventilator-associated pneumonia (HAP/
VAP)], which represent some of the most common infections
in the UK [16]. These indications were chosen in line with
the licenced indications for CAZ/AVI [17] but do not include
all indications and pathogens in which CAZ/AVI is used. A
pooled analysis was performed, combining results from all
three pathogens for each indication.

2.2 Intervention and comparators

CAZ/AVl is a fixed drug combination of the cephalosporin
ceftazidime, and the novel non-p-lactam f-lactamase inhibi-
tor avibactam. There are no guidance on cIAI or cUTI pub-
lished by NICE; however, acute pyelonephritis guidance is
recommended for cUTIs where penicillin in combination
with pB-lactamase inhibitors, second or third generation ceph-
alosporin, fluoroquinolones or aminoglycosides are recom-
mended as first-choice intravenous treatment [18]. A NICE
summary of evidence reports broadly the same treatments
are recommended for cIAI in guidance from the Surgical
Infection Society and the Infectious Diseases Society of
America and the World Society of Emergency Surgery [19].
NICE guidance for hospital-acquired pneumonia recom-
mends prompt treatment using broad-spectrum antibiotics,
including penicillin with p-lactamase inhibitors, carbapen-
ems, second or third generation cephalosporins, tetracyclines
or glycopeptides as first-choice intravenous treatment with
limited differences demonstrated in efficacy [20].

In the context of the model, CAZ/AVI was assessed con-
sidering the antimicrobial stewardship (AMS) benefit of
increasing the diversity of antimicrobial use: that, having

multiple antimicrobials available may be used within treat-
ment strategies to reduce selection pressure and minimise
resistance development. Comparators were simplified to
reflect the most clinically relevant therapies in the empiri-
cal (i.e. the resistance status of infection to the treatment
is not known) and confirmed/suspected resistance settings;
this aimed to maximise clinical relevance across England
in a situation where only a finite number of scenarios can
be reasonably modelled given the variability of local resist-
ance patterns. Considering the modelled population included
serious infections and are likely to be systemically unwell,
piperacillin/tazobactam (cIAI and cUTI) or colistin (HAP/
VAP) then meropenem (all modelled indications) were con-
sidered the most appropriate comparators as informed by
clinical experts. This treatment sequence represented the
comparator arm. The intervention arm included the addi-
tion of CAZ/AVI; the sequences are described further in the
base case and scenario analysis.

2.3 Model structure

This analysis utilised a previously developed and validated
model to support the evaluation of antimicrobial treatment
and resistance which combined a multi-state disease trans-
mission and decision-tree treatment pathway component
(Fig. 1) [15]. Further details of the model are provided in
Gordon et al. [15], but are briefly described here.

2.3.1 Transmission component

The dynamic transmission element of the model accounts for
the transmissible nature of infectious diseases and explicitly
models population and AMR dynamics over the modelled
time horizon, enabling the assessment of the transmission
and diversity value associated with the introduction of an
additional antimicrobial into the treatment environment.

Dynamic transmission modelling is the process of math-
ematically representing the population’s transition through
“infected”, “colonised”, “susceptible” or “dead” health
states [21], and is conceptually similar to the Susceptible
Exposed Infected Recovered (SEIR) approach regularly
used in infectious disease modelling, including in coronavi-
rus disease 2019 (COVID-19) [22]. Colonised and infected
states contain further sub-states split by pathogen type and
pathogen resistance status to a given antimicrobial. This
allows exploration of the diversity value through a reduction
in AMR by introducing an additional antimicrobial along-
side, rather than as a replacement for current antimicrobials,
aligning with recent recommendations on a framework for
the value assessment of new antimicrobials [10, 14].

Both the development and transmission of resistance
are captured in this dynamic copoint of the model and then
propagated throughout the infectious environment. De novo
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Fig.1 Overview of the model structure. A Disease transmission
flow diagram and B treatment decision pathway, sourced from Gor-
don et al. [15]. Upon becoming infected (A), patients enter the treat-
ment pathway (shown in B). In part A, patients may move between
discrete health states representing: colonised [X]: patients colonised
with the pathogen of interest (Xy, colonisation with a sensitive patho-
gen (i.e. no resistance to modelled treatments); Xy colonisation with
a resistant pathogen (i.e. resistance to either one, two, or all three
modelled treatments). Infected [I]: patients infected with pathogen of
interest (Iy, infected with a sensitive pathogen (i.e. no resistance to
modelled treatments); Iy infected with a resistant pathogen (i.e. resist-
ance to either one, two, or all three modelled treatments). Suscepti-
ble [S]: patients not colonised or infected with a pathogen of inter-
est. Death [D] (absorbing state). Note: the model schematic shows a
representation of the transmission dynamics for a single pathogen and
treatment, the model considers these dynamics for all pathogen and
treatment combinations simultaneously. Details of transitions [a—o]
between health states are outlined in Online Resource 1. [a] transition

development of resistance is primarily a function of treat-
ment exposure. Each day a patient receives a given antimi-
crobial the exposed pathogen has a probability of developing
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between health states: susceptible and infected with resistant patho-
gen, [b] transition between health states: susceptible and infected
with sensitive pathogen, [c] transition between health states: suscep-
tible and colonised with sensitive pathogen, [d] transition between
health states: susceptible and colonised with resistant pathogen, [e]
transition between health states: colonised with sensitive and resist-
ant pathogen, [f] transition between health states: colonised with a
sensitive pathogen and infected with a sensitive pathogen, [g] tran-
sition from colonised with a sensitive pathogen to infected with a
resistant pathogen, [h] transition between health states: colonised
with a resistant pathogen and infected with a sensitive pathogen, [i]
transition between health states: colonised with a resistant pathogen
and infected with a resistant pathogen. Transitions to death are [j]
(from infected with a sensitive pathogen), [k] (from infected with a
resistant pathogen), [1] (from colonised with sensitive pathogen), [m]
(from susceptible), [n] (from colonised with resistant pathogen), [o]
transitions for admissions and discharges from the infectious environ-
ment.

resistance to that treatment. The development of resistance
is therefore time updated as a function of the number of
patients requiring treatment, the antimicrobials used and
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treatment efficacy. Pathogens may develop resistance to
multiple treatments. De novo resistance gain occurs in the
infected states and is shown as transitions [h] and [i] (multi-
drug resistance) in Fig. 1. Treatment-resistant infection or
colonisation may also arise through transmission, i.e. as a
result of patients becoming infected with an already resistant
pathogen (transitions [d] and [e] in Fig. 1). The model also
includes two mechanisms by which resistance is lost: follow-
ing successful treatment and due to “fitness cost”. Following
successful treatment, a proportion of patients can enter the
susceptible health state, at which point they are no longer
colonised or infected with the pathogen of interest, including
resistant pathogens. The second mechanism, “fitness cost” is
a concept whereby mutations conferring antimicrobial resist-
ance can make the physiological processes in bacterial cells
less effective, impacting the “fitness” of the microorganism,
i.e. its ability to survive and replicate in a given environ-
ment [23]. When selection pressure from the antimicrobial
is removed (e.g. antimicrobials are switched as part of a
cycling treatment strategy), resistant pathogens lose their
competitive advantage and, as potentially less “fit”, may be
outcompeted by susceptible organisms. Further informa-
tion on resistance gain and loss can be found in the Online
Resource 1.

2.3.2 Treatment pathway component

Patients in the infected health state (resistant or sensitive)
enter the treatment pathway component. Individuals are
treated according to pre-determined antimicrobial regimens
until they are either cured (via successful treatment or an
infection resolving spontaneously) or die from infection. As
a simplifying assumption, the model assumes that patients
can receive up to three lines of treatment; subsequent lines of
treatment are only received if prior treatment is unsuccess-
ful. Treatment success is determined by pathogen-specific
clinical effectiveness data and pathogen resistance status.
Treatment exposure is captured in this component of the
model and is used to inform the probability of resistance
gain within the disease transmission component.

2.4 Model inputs and data sources

Model inputs were derived from published sources or based
on assumptions verified by external experts. A list of model
assumptions and bases for their adoption, as informed by
expert opinion and validated in a modified Delphi panel, is
available in Table 1.

2.4.1 Clinical and epidemiological inputs

The baseline distribution of patients across the suscepti-
ble, colonised and infected health states by pathogen and

indication was calculated on the basis of published infection
incidence data and is summarised in Table 2 [16, 24]. Transi-
tions between health states were controlled by the incidence
and prevalence of bacterial infection and colonisation within
the modelled environment and were derived from data
reported by UK Health Security Agency (UKHSA), formerly
Public Health England (PHE) [24] and the Health Protection
Agency [16]. Where evidence was unavailable, model inputs
describing infection transmission dynamics and resistance
development were derived empirically through calibration,
such that the model reproduced observed data from PHE
describing infection incidence and resistance development
over time to ensure the model aligns to real-world resist-
ance development and infection incidence. Baseline patho-
gen resistance levels were sourced primarily from the 2019
English surveillance programme for antimicrobial utilisation
and resistance (ESPAUR) report [25]; where required data
were not available, the 2018 report was used as supplemen-
tary evidence [26]. Data from the 2020 and 2021 ESPAUR
was not used due to the impact the COVID-19 pandemic
had on observed data, likely due to changes in healthcare
delivery and capacity for testing and reporting. ATLAS sur-
veillance data was used for the CAZ/AVI baseline resistance
in the UK [27]. Please refer to Online Resource 1 for further
information.

In the base case analysis, it was assumed for all three
indications that 80% of modelled patients initially received
empirical treatment, the remaining 20% received directed
treatment where it was assumed that the resistance status
was known from the outset. Patients who proved to be
infected with a pathogen resistant to the empirical therapy
moved to the subsequent line of treatment that was effective
against the infectious pathogen if one was available. The
duration of unsuccessful treatment, due to either resistance
or clinical ineffectiveness, in the model was assumed to be
2 days for all pathogens and indications as it was assumed
that unsuccessful treatment will become apparent before the
full course of antimicrobial treatment is complete. This was
a simplifying assumption and was validated by a panel of
clinical and microbiology experts during model develop-
ment [15].

The efficacy of modelled therapies against susceptible
pathogens and indication-specific treatment durations were
sourced from the literature and are listed in Online Resource
1. The efficacy of treatment against resistant pathogens was
assumed to be 0%, and a 3% probability of the infection
resolving spontaneously was assumed.

Infected patients experience a risk of death associated
with bacterial infection, described using an indication-spe-
cific daily probability of mortality. Patients whose treatment
was unsuccessful had a higher daily probability of death
compared with successfully treated patients. Patients who
were successfully treated were subject to an age-matched
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Table 1 Key model assumptions

Assumption

Justification

General

Homogeneous health states meaning that the patient is in one specific
health state at any given time

Colonisation/infection

Deaths from the susceptible and colonised health states are not explic-
itly captured by the model and it is assumed that these are incorpo-
rated through patient discharges

Patients who are discharged from the infectious environment are not
re-admitted

Patients who die as a result of infection are able to cause infection in
other patients for one additional cycle

The number of admissions and discharges are equal resulting in constant
occupancy

All patients are colonised or infected with a pathogen associated with
cIAI and HAP/VAP. Following successful treatment of cIAI and HAP/
VAP patients remain colonised with a pathogen with the same resist-
ance status at the end of treatment

cUTI patients lose colonisation following successful treatment

Only infections and colonisations associated with pathogen and indica-
tion of interest are considered

All infections are considered to be resolved within one model cycle, i.e.
all patients are either cured of their infection or have died within one
month of initial infection

Infected patients resistant to their current antimicrobial treatment regi-
men or having exhausted all treatment options have a probability of
naturally clearing their infection while on treatment; sensitive patho-
gens are subject only to the efficacy of the treatment

Patients may not move directly between different infected health states
(e.g. I, to>Igy)

Patients colonised with a resistant pathogen (e.g. R1) may become
infected through contact with a patient infected with a pathogen with
a different resistance status (e.g. R2); in this case, the newly infected
patient becomes infected with the pathogen acquired through contact
with the infected patient (R2) and the colonised pathogen is outcom-
peted

Resistance

Patients colonised and not infected with resistant pathogen may lose
resistance

Rate of resistance loss is less in patients with MDR

Treatment

Duration for successful treatment involves a full course of antimicrobial
treatment

Duration for unsuccessful treatment is less than a full course of antimi-
crobial treatment; assumed to be 2 days before treatment is switched

Patients are hospitalised for the entire duration of treatment

Patients who have exhausted all their antimicrobial treatment options
and fail to clear the infection naturally are assumed to die 3 days after
their last treatment dose

Different dosing regimens of the same antimicrobial are not considered
with respect to cost, treatment duration of efficacy

Model simplification

Incidence and prevalence of infections and their impact on costs, ben-
efits and mortality are the primary outcome assessed by the model

Model simplification required due to assumption of homogeneous
health states

Pathogens may still be present in the environment after death; assump-
tion made to prevent underestimation of resistance development in
patients who died as a result of infection

Model simplification

Informed by Tlaskalova-Hogenova et al. [48]

Informed by Tlaskalova-Hogenova et al. [48]
Model simplification

Model simplification

Treatment efficacy is derived from trial data and likely to include
natural clearances, adding probabilities of cure due to treatment
and natural clearance would potentially result in double counting in
pathogens sensitive to the current treatment regimen

Model simplification

Model simplification

Exposure to treatment puts selection pressure benefitting resistance-
giving mutations; removing this selection pressure promotes non-
resistant pathogens outcompeting resistant pathogen strains

The potential presence of multiple resistance-giving mutations makes
it less likely that all resistance giving mutations are lost in a given
model cycle

Validated by experts

Unsuccessful treatment will become apparent before the full course of
antimicrobial treatment is complete

Majority of treatments of interest are given by IV infusion and was
validated by experts

The prognosis of patients who have no available treatment options is
very poor. This assumption as validated by experts.

Model simplification
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Table 1 (continued)

Assumption

Justification

Treatment of C. diff. infection is assumed to be effective in all cases and
there is no associated risk of mortality as a result of C. diff infection.

80% of patients receive empirical therapy, while in 20% antimicrobial
susceptibility is known and the treatment is targeted

Costs and utilities

Costs and health benefits are only recorded for patients who have
acquired an infection

No general cost for IV infusion

General ward costs for C. diff. is the same as the indication of which C.
diff. was acquired

Patients with cUTI, cIAI and HAP are assumed to be hospitalised on a
general ward, while patients with VAP are assumed to be hospitalised
in an ICU

Cost of hospital bed days for HAP/VAP calculated as a weighted
average of reference costs for intensive care and general wards; this
assumption applies only to costs and has no impact on patient quality
of life or length of stay

Model simplification

Prompt empirical therapy is aligned with PHE guidance; however, the

importance of pathogen-directed treatment is increasingly recog-
nised [26], and it was considered important to include it in the model

Incidence and prevalence of infections and their impact on costs, ben-

efits and mortality are the primary outcome assessed by the model

Model simplification
Assumption

Model simplification

Model simplification

C. diff, Clostridium difficile; cIAl, complicated intra-abdominal infection; cUTI, complicated urinary tract infection, HAP/VAP, hospital-
acquired pneumonia or ventilator-associated pneumonia; ICU, intensive care unit; IV, intravenous; MDR, multi-drug resistance

daily mortality rate, derived from the Office for National
Statistics (ONS) data [28], consistent with the general pop-
ulation. The model did not consider mortality from other
causes. Please refer to Online Resource 1 for further mortal-
ity information.

2.4.2 Cost and resource use

Costs and resource use were applied to patients in the infected
health state, Table 3. Three cost categories were considered:
costs associated with existing antimicrobial treatment options,
hospitalisation, and Clostridioides difficile infection (CDI). The
unit cost of CAZ/AVI was excluded as the analysis aimed to
capture the expected clinical and economic impact relevant to
investment decisions regarding CAZ/AVI in the UK setting.
The daily cost of hospital stay (LOS) in a general ward were
sourced from the National Cost Collection [29]. The cost asso-
ciated with CDI included the cost of a 10-day course of oral
vancomycin, at 125 mg administered every 6 hours, and associ-
ated costs of LOS for the duration of treatment. All costs were
accrued over the modelled time horizon (10 years in the base
case) and discounted at 3.5% annually.

2.4.3 Health-related quality of life

Published indication-specific utility values were applied to
infected patients (Table 3). For non-infected patients, age-
matched general population utility estimates were used,
with the average age of patients experiencing cUTI, cIAl,
and HAP/VAP based on NHS hospital activity data [30].

Patients who died due to infection were assumed to lose
quality-adjusted life years (QALYSs) corresponding with the
quality-adjusted life expectancy of the general population.

A specific disutility associated with CDI was not identi-
fied and a disutility for diarrhoea was used as a proxy [31]
and was applied for any additional LOS associated with
CDI. All benefits were discounted at 3.5% annually.

2.5 Model setting

The economic model considered a single hospital with a
constant infectious environment of 1000 patients param-
eterised with national-level data over a 10-year transmis-
sion horizon with a monthly cycle length, where life years
(LYs) and QALYs were assessed over a patient’s lifetime.
The model cycle length and time horizon were informed by a
previously published antimicrobial cost-effectiveness evalu-
ation [32] and expert opinion elicited during model develop-
ment [15]. Model outcomes were then scaled to reflect the
population-level hospital environment in England, assumed
to be 100,000 [33]. As a simplifying assumption, health
states were assumed to be homogeneous; consequently, each
infection is independent and once a patient is discharged
from the infectious environment they are not readmitted.

2.5.1 Model outcomes
Outcomes included number of infections avoided, deaths and

net monetary benefit (NMB), as well as LYs and QALY lost
due to infection. The NMB was calculated by multiplying
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Table 2 Key baseline model

parameters Parameter Value Source
Life expectancy post treatment success
cUTI (mean age 73 years) 13.8 years ~ NHS Digital [30] and ONS Statistics [28, 49]
cIAI (mean age 53 years) 30.3 years  NHS Digital [30] and ONS Statistics [28, 49]
HAP/VAP (mean age 66 years) 19.2 years  NHS Digital [30] and ONS Statistics [28, 49]
Baseline incidence
E. coli infection
cUTI 0.118% Calculated in model calibration®
cIAI 0.060% Calculated in model calibration®
HAP/VAP 0.157% Calculated in model calibration®
K. pneumoniae infection
cUTI 0.049% Calculated in model calibration®
clAI 0.025% Calculated in model calibration®
HAP/VAP 0.064% Calculated in model calibration®
P. aeruginosa infection
cUTI 0.024% Calculated in model calibration®
clAI 0.012% Calculated in model calibration®
HAP/VAP 0.031% Calculated in model calibration®
Baseline resistance
Piperacillin/tazobactam (cIAI and cUTI)
E. coli 8.89% ESPAUR 2018-2019 [25]
K. pneumoniae 14.62% ESPAUR 2018-2019 [25]
P. aeruginosa 6.57% ESPAUR 2018-2019 [25]
Meropenem (cIAL cUTI, HAP/VAP)
E. coli 0.09% ESPAUR 2018-2019 [25]
K. pneumoniae 0.87% ESPAUR 2018-2019 [25]
P. aeruginosa 6.87% ESPAUR 2018-2019 [25]
Colistin (HAP/VAP)
E. coli 1.06% ESPAUR 2018 [26]
K. pneumoniae 3.15% ESPAUR 2018 [26]
P. aeruginosa 1.22% ESPAUR 2018 [26]
CAZ/AVI (all indications)
E. coli 0.57% ATLAS surveillance data 2018 [27]
K. pneumoniae 5.31% ATLAS surveillance data 2018 [27]
P. aeruginosa 3.79% ATLAS surveillance data 2018 [27]

cIAl, complicated intraabdominal infections; cUTI, complicated urinary tract infection; HAP/VAP, hospital
acquired pneumonia or ventilator-associated pneumonia

“The distribution of susceptible, colonised and infected patients for each pathogen was calculated within
the dynamic transmission component of the model, based on published infection incidence data (Online

Resource 1)

the incremental gain in QALYs by the cost per willingness-
to-pay (WTP) threshold of £30,000 per QALY and sub-
tracting the incremental costs (or adding incremental cost
savings).

2.5.2 Base case scenario
In the base case, the introduction of an additional anti-

microbial, CAZ/AVI, was assessed at the first line within
the all-lines treatment diversification AMS strategy

A\ Adis

compared with a two-line treatment scenario without
CAZ/AVI (Fig. 2). The all-line treatment diversification
strategy evenly split the treated patients across all three
treatments as their first-line treatment (i.e. 33% patients
received CAZ/AVI, 33% received piperacillin/tazobactam
and 33% received meropenem as their first-line treatment).
Following unsuccessful treatment, patients move to the
next available treatment defined by the treatment sequence,
regardless of which treatment they started with, until all
available treatments are exhausted. This approach is in
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Table 3 Model utility and cost inputs

Parameter Indication/treatment Value Source
Utility—not infected cUTI 0.78 York CHE [50]
cIAI 0.85 York CHE [50]
HAP/VAP 0.78 York CHE [50]
Utility—infected cUTI 0.68 Ernst et al. [51]
clAI 0.60 Brasel et al. [52]
HAP/VAP 0.58 Beusterien et al. [53]
Disutility—C diff infection All indications 0.106 Mathers et al. [31]
Daily antimicrobial treatment costs Piperacillin/tazobactam £7.73 eMIT* [54]
Meropenem £5.60 eMIT® [54]
Colistin £16.20 eMIT® [54]
Metronidazole (for cIAI: in combi- £0.78 eMIT® [54]
nation with CAZ/AVI)
Hospital stay costs per day cUTI (general ward) £451.34 National Schedule of NHS costs 2018-2019 [29]
cIAI (general ward) £432.62 National Schedule of NHS costs 2018-2019 [29]
HAP (general ward) £509.16 National Schedule of NHS costs 2018-2019 [29]
VAP (ICU)* £1,315.26¢ National Schedule of NHS costs 2018-2019 [29]
Adverse event costs associated with C Vancomycin treatment (10 days)b £55.14 eMIT?[54]
diff infection Additional LOS—cUTI £4,513.40 Calculated"
Additional LOS—cIAI £4,326.20 Calculated"
Additional LOS—HAP/VAP £5,091.60 Calculated®
Cost of death All indications £3,945.78° Calculated

2Calculated based on information available in the BNF and eMIT (March 2021)

"Treatment duration based on median duration from the BNF [55]

“Hospitalisation costs for HAP/VAP are a weighted average cost of general ward and ICU stay, with VAP patients (35.5%) assumed to incur ICU

stay costs [54]

9ICU costs calculated as a weighted average of costs for daily ICU costs for general adult critical care 0-2 organs supported [29]

¢Cost of death is calculated as 3 days in ICU (£1315.26)

fCalculated as the cost of 10 days LOS on respective general ward. The cost of HAP/VAP is the weighted average cost of general ward and ICU

stay, with VAP patients (35.5%)

line with the stewardship recommendations for the UK, as
reflected in, for example, the NICE guideline for antimi-
crobial prescribing in hospital acquired pneumonia [34].

2.5.3 Scenario and sensitivity analyses

Three alternative scenarios explored the impact of differ-
ent utilisation settings of CAZ/AVI outlined in Fig. 2. In
scenario 1 CAZ/AVI was introduced at first line where the
first two lines were diversified, scenario 2 CAZ/AVI was
introduced at first line with no diversification strategy, and
scenario 3 CAZ/AVI was introduced at third line with no
diversification.

Two deterministic sensitivity analysis frameworks were
used to assess the impact of uncertainty: (1) scenario analy-
ses were conducted considering different utilisation settings
of CAZ/AVI (Fig. 2), and (2) one way sensitivity analysis
was conducted to assess the impact of variation in specific

parameters on base case model results. Scenario and one-
way sensitivity analysis details are listed in the Online
Resource 1. Probabilistic sensitivity analysis (PSA) was con-
ducted to assess uncertainty in all parameters of the model.
Random sampling of parameters was conducted using appro-
priate distributions for each parameter (costs parameters:
gamma, utility parameters: triangular, calibrated inputs:
triangular, probability parameters: beta). The means of the
parameters were pooled and their standard errors propagated
through the calculation of incremental costs and incremental
QALYs and NMB for each combination of pathogen and
indication.

2.6 Validation
Validation compared the accuracy of the calibration model,

measuring estimated outputs for resistance trajectories to
observed data from the 2018 and 2019 ESPAUR reports

A\ Adis
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COMPARATOR ARM

PIP/TAZ* MERO

ry 100%

Fig.2 Visualisation of treatment strategies. Base case—CAZ/AVI
first line (all lines diversified); scenario 1: CAZ/AVI first line (first
two lines diversified); scenario 2: CAZ/AVI first line (no diversifica-
tion); scenario 3: CAZ/AVI third line (no diversification). *for the

[25, 26]. The model was run over a 5-year period, utilising
default settings (i.e. availability of piperacillin/tazobactam
and meropenem only), to replicate resistance levels by path-
ogen to piperacillin/tazobactam in England between 2013
and 2018 and compared with those observed in the 2018 and
2019 ESPAUR reports.

3 Results
3.1 Base case scenario

Results highlight the benefit associated with the availability
of an additional antimicrobial and the increased diversity of
available treatments.

The addition of CAZ/AVI into a treatment sequence as
part of an all-lines diversification strategy resulted in 2338
fewer deaths resulting in a gain of 27,637 LYs (21,978
QALYs) over a 10-year time horizon, combined for all
three indications: cUTI, cIAI and HAP/VAP (Fig. 3). Fur-
thermore, the introduction of CAZ/AVI was associated
with £17,092,162 in additional costs (£309,023,296 with
two lines of treatment and £326,115,458 with three lines of
treatment with CAZ/AVI). Despite fewer deaths occurring,
which led to a reduced cost of death, costs were driven by
an increased length of stay as the availability of an addi-
tional treatment for patients who have exhausted all available
options meant patients remained in hospital for longer.
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piperacillin/tazobactam; MERO, meropenem; CAZ/AV], ceftazidime
with avibactam
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The NMB of introducing CAZ/AVI was estimated at
£642 million, at a WTP of £30,000 per QALY. Even when
a reduced WTP of £20,000 per QALY was considered, the
NMB was £422 million (Table 4).

The greatest clinical benefits of CAZ/AVI were observed
in the HAP/VAP indication, which resulted in avoiding 1172
deaths and leading to a saving of 14,015 LYs and 10,930
QALYs. These benefits in HAP/VAP population accounted
for 50% of the overall NMB (£322 million).

3.2 Scenarios

Scenario analyses were conducted to explore different utili-
sation settings of CAZ/AVI. The differences between alter-
native treatment strategies that include CAZ/AVI, were not
substantial. Total deaths ranged from 1765 to 1802, with
LYs and QALYs lost due to infection ranging between
20,543-21,060 and 16,229-16,632, respectively (Table 4).
Total costs ranged from £309 million to £326 million and
NMB in the alternative treatment scenarios ranged from
£633 million to £656 million. These results highlight that
there is substantial diversity value induced by the availability
of the additional antimicrobial; however, we did not observe
large differences among various treatment diversification
strategies.

3.3 Resistance development

When considering resistance patterns, when CAZ/AVI is
used at first line, overall resistance to other antimicrobials
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Fig.3 Absolute clinical outcomes in 2 lines of therapy (LOT) and 3
LOT where CAZ/AVI is used first line as part of an all-lines diversi-
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C QALYs lost due to infection

Total costs
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fication strategy over 10 years: A infections cleared, B life years lost

B LYs lost due to infection
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3,000
2,000
1,000

m2LOoT

Deaths

20,672

1,769

M 3 LOT - CAZ/AVI first-line (all lines diversified)

due to infection, C quality-adjusted life years lost due to infection, D
deaths and E total costs

Table 4 Outcomes between two lines of therapy (LOT) and three LOT, where CAZ/AVI is used first line with all lines diversified, first line with
first two lines diversified, first line with no diversification and third line with no diversification, over 10 years

Two lines (no CAZ/AVI first line  CAZ/AVI first line CAZ/AVI first line CAZ/AVI third line
diversifica- (all lines diversi- (first two lines diversi- (no diversification) (no diversification)
tion) fied) fied)

Infections cleared 60,663 65,381 65,311 65,340 65,299

Deaths 4107 1769 1789 1802 1765

LYs lost due to infection 48,309 20,672 20,871 21,060 20,543

Incremental LYs lost due to infection — — - 27,637 — 27,438 — 27,249 — 27,766

QALYS lost due to infection 38,305 16,327 16,485 16,632 16,229

Incremental QALYS lost due to infec- — —-21,978 - 21,820 - 21,673 - 22,076

tion
Total costs £309 million  £326 million £323 million £326 million £316 million
NMB?* - £642 million £640 million £633 million £656 million

2At cost per QALY threshold of £30,000
CAZ/AV], ceftazidime-avibactam; LY, life year; NMB, net monetary benefit; QALY, quality-adjusted life year
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Fig.4 Proportion of infections resistant to A piperacillin/tazobactam (or colistin/tigecycline in patients with HAP/VAP) or meropenem over
time, or to B CAZ/AVI over time. Baseline resistance values are representative of current population resistance in England

decreases (from 7.2 to 6.8%) while resistance to CAZ/AVI
increases (from 2.2 to 7.6%) as a result of changes in selec-
tion pressure (Fig. 4). Where CAZ/AVI is used last in the
treatment sequence, resistance to CAZ/AVI remains low,
in 10 years it increases by 2.8 percentage points from 2.2
to 5.0%. However, resistance to other antimicrobials rises
further than in a two-line only strategy due to increased
survival of patients, meaning they remain in the infectious
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environment for longer and there is a greater chance of
resistance developing (from 7.2 to 10.6%). Strategies that
include two-line or all-line diversification strategies have
resistance gains that lie between the extremes of using a
third antimicrobial first or last line only. There is therefore
a trade-off to consider when using additional antimicrobi-
als. Additional resistance outcomes are shown in Online
Resource 2 Figs. S1-3.
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3.4 Sensitivity analyses

A one-way sensitivity analysis was conducted to assess the
impact of variation in specific parameters on NMB. Results
were most sensitive to the variation in treatment efficacy (all
treatments) and baseline resistance; adjusting inputs for treat-
ment efficacy had the greatest influence on NMB outcomes,
varying from £173.6 million to £1.3 billion. When an “at risk”
population was considered, representing vulnerable patients
with reduced utility and life expectancy inputs (—20%), NMB
was still nearly £430 million (Online Resource 2 Fig. S4).

The range of outcomes of the PSA for incremental costs,
incremental QALY's and NMB include the modelled esti-
mate for each scenario, giving confidence that the modelled
results do not suffer from non-linearities or compound-
ing errors due to the uncertainties with input parameters.
The PSA results for the base-case scenario (CAZ/AVI all-
lines diversification) for the incremental costs, incremen-
tal QALY's and NMB were £16.9 million [95% confidence
interval (CI) £14.4 million; £19.4 million], 22,236 (95% CI
21,685; 22,786) and £650 million (95% CI £633 million;
£667 million), respectively (Table 5).

3.5 Validation

The accuracy of the model calibration in relation to 5-year
resistance projects was subject to a validation presented
in Online Resource 2 (Fig. S5). An ordinary least squares
linear regression line (OLS LRL) was fitted with an inter-
cept of zero where the value of the slope was determined to
be 0.9851, indicating model predictions of resistance are
accurate. The coefficient of determination (R2) was 0.9986,
which indicates a high degree of linear correlation.

4 Discussion

This study aimed to estimate the value of introducing CAZ/
AVI into UK clinical practice, accounting for transmis-
sion of infection and development of resistance, as well

as antimicrobial availability, efficacy and patterns of use.
Applying the modelling approach developed by Gordon
et al. [15], compared to a standard HTA assessment, we
estimated the broader value of CAZ/AVI.

Our results show that considerable clinical and economic
value can be recognised by adding CAZ/AVI in the treat-
ment pathway in the UK. Over a 10-year period, the intro-
duction of CAZ/AVI saves 2338 lives, equating to approxi-
mately 10% of all deaths from hospital-acquired infections in
the NHS (2016/17) [35], this translates into 21,978 QALY's
gained. When WTP is valued at £30,000 per QALY, intro-
ducing CAZ/AVI is associated with a NMB of £642 mil-
lion, over the 10-year period. This analysis does not include
the cost of CAZ/AVI as the outcomes are used to inform a
value-based payment for CAZ/AVI and therefore, reporting
an incremental cost-effectiveness ration (ICER)(total incre-
mental costs divided by total incremental QALYSs) is not
appropriate. Two exploratory analyses were conducted to
investigate the ICER using two payment strategies from the
NHSE perspective: (1) including a unit cost for CAZ/AVI
(£257.19 per day) and (2) the NHSE and NICE maximum
contract value (£10 million per/year). The ICERs for the
base case scenario was estimated to be £2940 and £4694, for
each payment model respectively, demonstrating the maxi-
mum NHSE and NICE contract is both cost-effective and a
provides fairer compensation value for CAZ/AVI, compared
with conventional reimbursement policies that pay per unit
used.

While there are clear benefits in terms of outcomes of
introducing an additional antimicrobial, our results were
broadly similar when considering how that antimicrobial
is used in the system. However, there is a trade-off when
considering resistance patterns, with increasing resistance
to the new antimicrobial associated with increasing usage.
Using the new antimicrobial as last line treatment to limit
resistance development and therefore preserve efficacy, may
result in increased resistance gain in the existing antimicro-
bials. This model captures the impact of this trade-off by
changes in clinical outcomes; the difference in outcomes
was not significant in the scenarios considered. However,

Table 5 Probabilistic sensitivity analysis results: range of standard errors for outcomes compared to the two lines of therapy

CAZ/AVI all lines diversification CAZ/AVI first two lines diver-

CAZ/AVI first line (no diversi- CAZ/AVI third line (no diver-

sification fication) sification)
Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI
Incremental QALY's 22,236 21,685; 22,786 21,808 21,256; 21,669 21,116; 22,054 21,502; 22,606
21,360 22,223

Incremental costs £16,916,051  £14,449,556; £14,987,377  £11,749,239; £18,101,984  £14,886,076; £13,493,751 £10,174,606;

£19,382,546 £18,225,516 £21,337,891 £16,812,897
NMB £650,160,021  £633,318,443; £639,248,921  £621,136,847; £631,977,745  £613,864,161; £648,124,333 £629,954,226;

£667,001,599 £657,360,995 £650,091,329 £666,294,439

CAZ/AV], ceftazidime-avibactam; CI, confidence interval; NMB, net monetary benefit; QALY, quality-adjusted life year
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in areas with high resistance rates, the need for an effec-
tive treatment against infections may outweigh the need to
minimise resistance development in the new antimicrobial.
It is therefore important to consider local and clinical driven
infection prevention and AMS programs to optimise clinical
outcomes while minimising consequences of antimicrobial
use. When accounting for model and parameter uncertainty
in PSA, NMB ranged from £631 million to £650 million;
even when the most modest estimate of NMB from sensitiv-
ity analyses is considered (£174 million), the value of CAZ/
AVI to the NHS exceeds the £100 million contract limit
set out by NHSE and NICE, over 10 years. The contract
value is suitably large to act as an effective pull incentive;
however, similar incentives need to be implemented globally
[36]. The UK has led the way as the first country to intro-
duce a de-linked subscription style reimbursement model;
since the NICE/NHSE pilot, the USA, with the Pioneer-
ing Antimicrobial Subscriptions to End Upsurging Resist-
ance (PASTEUR) act, and other G7 members (EU, Canada
and Japan) have started discussions to implement similar
innovative policies [37]. Whilst developing such policies,
it is important that contract caps are carefully considered,
with international coordination, to represent a countries fair
share of an effective “global pull incentive”. Whilst contract
values will be set to ensure sufficient return on investment,
there should also be flexibility to reward novel products pro-
viding the highest value. Furthermore, it is important that
eligibility criteria for products included under the policy are
communicated to drug developers early, to allow planning
during lengthy clinical development cycles. Policies should
also work to ensure AMS and access to new antimicrobi-
als for low- and middle-income countries who experience
the greatest burden, but with limited resources to develop
similar policies [38]. Before the combined value of “global
pull incentives” is large enough there will still be a need for
push incentives to encourage pre-clinical investment [39].
This study has some noteworthy strengths. First, it cap-
tures some of the unique value aspects associated with new
antimicrobials, including diversity value and transmission
value. However, not all the aspects of value associated with
antimicrobials were able to be captured within the present
analysis. The analyses only partially reflect insurance and
enablement value. For example, the insurance value associ-
ated with avoiding outbreaks and other major catastrophic
health consequences cannot be captured and outcomes rele-
vant to enablement value, such as prophylactic antimicrobial
use, gains in hospital capacity and the enablement of proce-
dures that would otherwise be foregone, were not included.
Given this limitation, the approach should be considered to
underestimate the population wide value of CAZ/AVI avail-
ability. Whilst there is alignment between industry and payer
stakeholders on the STEI value, this framework is the first
example to apply these in the assessment of an antimicrobial
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[12, 14, 40, 41]. Despite intentions to reflect these elements
in NICE’s new HTA model for antimicrobials, the final eco-
nomic evaluation failed to capture these [40]. The model-
ling approach described in this study differs from NICE’s
economic evaluation of CAZ/AVI in a number of key areas
[40]. Most significantly, the NICE appraisal utilised a deci-
sion-analytic model; this approach fails to adequately cap-
ture the importance of avoiding the spread of an infection
(transmission) and limiting the development of resistance of
existing antimicrobials (diversity). In our analysis utilising a
disease transmission model and introducing CAZ/AVI as an
additional antimicrobial alongside, rather than replacing a
comparator, enabled an estimate for transmission and diver-
sity value from the STEDI framework. The NICE economic
evaluation only considered a selective population described
as high-value clinical scenarios, which underestimates the
number of patients currently receiving CAZ/AVI in the UK
[40], whereas our model aligns more closely to the licenced
indication of CAZ/AVI and real-world usage. This choice
of population also led to efficacy data for CAZ/AVI being
derived from in vitro susceptibility data in the absence of
clinical trial data in these populations, which may lead to
further uncertainty in the NICE evaluation as susceptibil-
ity does not equate to treatment success. Neither the NICE
evaluation nor our model was able to fully quantify spec-
trum, enablement or insurance value; however, as a broad-
spectrum antimicrobial, the spectrum value for CAZ/AVI
may be limited. Furthermore, insurance and diversity value
may be conflicting value elements—to maximise diversity
value the new antimicrobial needs to be used; however, the
new antimicrobial should be preserved to maximise insur-
ance value. A particular challenge preventing the conceptu-
alisation of spectrum value is a paucity of evidence inform-
ing the relationship between reducing collateral damage of
commensal pathogens in the microbiome, from replacing
broad-spectrum antimicrobials with narrow-spectrum alter-
natives, and reducing resistance gain in these non-infection
causing pathogens. Further research efforts are required to
develop a framework capable of quantifying the remaining
STEDI value attributes; these research efforts should also
include enhanced data collection to reduce uncertainty in
modelling these outcomes.

Second, this study shows how an HTA evaluation can
help unlock the value of adding a new antimicrobial which
is very relevant from public health perspective. Several of
the CAZ/AVI clinical trials used carbapenems as compara-
tors [40-43], supporting a role for CAZ/AVI as a potential
alternative to carbapenems, which are considered the last
line of therapy for severe infection management in critically
ill patients. This is extremely important considering a recent
increase in carbapenem prescribing in some countries has
been observed during the COVID-19 pandemic which may
be driven by challenges operating effective AMS strategies
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in secondary care [24, 46]. This increase in prescribing
comes at a time of growing carbapenem resistance, pos-
ing a potential risk. While still relatively rare, detection of
carbapenem-resistant bacteria has increased by approxi-
mately 1000-fold in England in recent years (2010-2018)
[47]. CAZ/AVI therefore provides a carbapenem-sparing
treatment option, which is an important advantage where
carbapenem resistance has been confirmed, or its develop-
ment is a concern, and could reduce selection pressure from
the use of carbapenems and other existing antimicrobials.

4.1 Limitations

This study has several limitations. First, model inputs
describing infection transmission dynamics and resist-
ance development were derived empirically through cali-
bration, in line with recommendations from the EEPRU
evaluation framework [14]. As a result of this approach, no
estimates of uncertainty or covariance are produced that
would enable robust PSA; however, we have tried to char-
acterise this uncertainty by conducting a PSA using trian-
gular distributions around the calibrated inputs. Scenario
analyses were therefore conducted to analyse the impact of
variation in specific parameters. Second, the outcomes of
HAP/VAP are analysed together, and the model does not
permit the two indications to be explored separately. This
is an important limitation because, while VAP prevention
remains an important goal in NHS hospitals, the burden
of non-VAP HAP is also substantial. Thirdly, whilst the
modelling approach used in this study may not follow a
traditional infectious disease modelling structure, the cur-
rent approach represents a standardised approach that can
be used across numerous applications, appropriate for use
in HTA. Fourth, the model was validated against 5-year
resistance data; therefore, there is uncertainty around the
accuracy of projections over longer time horizons; sensi-
tivity and scenario analyses were implemented to attempt
to characterise this uncertainty. The ability to robustly
validate model outputs is limited by a paucity of published
evidence reporting suitably granular data; therefore, the
ESPAUR reports were considered the best available data
source to validate against [25, 26]. Finally, the treatment
pathway incorporated in the model is restricted to a maxi-
mum of three antimicrobials, whereas in clinical practice
many more antimicrobial agents could be and are used
within a hospital setting. However, there is an inherent
difficulty in determining which comparator antimicrobials
should be modelled, as antimicrobial use is heterogeneous
and dependent on local stewardship guidelines, risk fac-
tors for resistance and known susceptibility results. The
modelled comparator selection therefore captures only part
of the antimicrobial treatment landscape within NHSE.
The current analysis aims to estimate the value of CAZ/

AVTI under the current AMR burden; therefore, it does
not account for changes in population size or implement
updates to the empiric treatment strategies in response
to changing resistance patterns. With likely increasing
populations and using optimised treatment sequences,
net health benefits could be higher than those estimated
in this study. This simplified landscape reflects the prag-
matism required to develop a robust model including the
most clinically relevant therapies in the empirical and con-
firmed/suspected resistance settings.

5 Conclusions

Inaction against AMR is likely to result in significant socio-
economic risk. The success of novel reimbursement models
to incentivise research and development efforts depend upon
accurately recognising the value of antimicrobials in total-
ity to the healthcare system. Despite value being underesti-
mated, the presented analyses demonstrate that the incorpo-
ration of additional antimicrobials has significant value to
the NHS and represents an important first step in quantifying
the wider value of antimicrobials to the population. How-
ever, further work is required to capture and quantify addi-
tional antimicrobial value elements that are not traditionally
captured in economic evaluations.
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