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Objectives: A novel ‘subscription-type’ funding model was launched in England in July 2022 for ceftazidime/avi-
bactam and cefiderocol. We explored the views of infection consultants on important aspects of the delinked
antimicrobial funding model.

Methods: An online survey was sent to all infection consultants in NHS acute hospitals in England.

Results: The response rate was 31.2% (235/753). Most consultants agreed the model is a welcome develop-
ment (69.8%, 164/235), willimprove treatment of drug-resistant infections (68.5%, 161/235) and will stimulate
research and development of new antimicrobials (57.9%, 136/235). Consultants disagreed that the model
would lead to reduced carbapenem use and reported increased use of cefiderocol post-implementation. The
presence of an antimicrobial pharmacy team, requirement for preauthorization by infection specialists, anti-
microbial stewardship ward rounds and education of infection specialists were considered the most effective
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antimicrobial stewardship interventions. Under the new model, 42.1% (99/235) of consultants would use these
antimicrobials empirically, if risk factors for antimicrobial resistance were present (previous infection, coloniza-
tion, treatment failure with carbapenems, ward outbreak, recent admission to a high-prevalence setting).

Significantly higher insurance and diversity values were given to model antimicrobials compared with estab-
lished treatments for carbapenem-resistant infections, while meropenem recorded the highest enablement va-
lue. Use of both ‘subscription-type’ model drugs for a wide range of infection sites was reported. Respondents
prioritized ceftazidime/avibactam for infections by bacteria producing OXA-48 and KPC and cefiderocol for those
producing MBLs and infections with Stenotrophomonas maltophilia, Acinetobacter spp. and Burkholderia cepacia.

Conclusions: The ‘subscription-type’ model was viewed favourably by infection consultants in England.

Introduction

Antimicrobial resistance (AMR) remains a major threat to global
health.™? Multiple interventions are required to control the AMR
pandemic, including the development of novel antimicrobials to
treat drug-resistant infections. Despite this threat, in 2020, only
41 new antimicrobials were in Phase 1 to 3 clinical trials, as
they can be viewed by the pharmaceutical industry as commer-
cially unattractive.®*

To address the market failure for antimicrobials, various
health policy interventions have been considered, including dif-
ferent forms of ‘push’ and ‘pull’ incentives.” One of the proposed
solutions is purchasing antimicrobials via a ‘subscription-type’
model. Under this funding model, a country pays a set annual
payment (the ‘subscription’) to a company, for the right to se-
cured access to a particular antimicrobial by a country’s health-
care system as required.® In this way, the price paid for the
antimicrobial is delinked from the volume sold. The main aim
of this strategy is to stimulate research and development of
new antimicrobials by gquaranteeing a viable market for
pharmaceutical companies.’

In July 2022, England became the first country to launch a
fully delinked funding model for the purchase of antimicrobials
in its publicly funded universal healthcare system, the NHS.®
The two antimicrobials selected to be included in the initial model
pilot were ceftazidime/avibactam and cefiderocol. Each drug was
prioritized for specific high-value clinical scenarios, which in-
cluded OXA-48-producing infections for ceftazidime/avibactam
and MBL-producing infections for cefiderocol.>!° However, it
was agreed that the use of these antimicrobials might be broad-
er, including empirical use.**

The new funding model is set to run as a pilot for 3 years, with
the option to extend the agreement to 10 years and include add-
itional new antimicrobials. During the pilot period, there is an urgent
need to collect evidence to evaluate the implementation and im-
pact of the ‘subscription-type’ funding model on antimicrobial
stewardship (AMS) and drug-resistant infections. This was clear
during the procurement process, where multiple modelling as-
sumptions had to be made based on limited data.'? There was par-
ticular uncertainty around the benefits of antimicrobials beyond the
treatment of an individual patient, also known as the spectrum,
transmission, enablement, diversity, insurance (STEDI) values of
antimicrobials (Table 1).3 The subscription models for antibiotics
in hospitals (SMASH) survey was designed to collect the views of in-
fection consultants in England on important aspects of the imple-
mentation of the subscription-type payment model in the NHS.

Materials and methods

Study population

The target population for the SMASH survey was all consultants with a UK
General Medical Council Certificate of Completion of Training (CCT) in
Infectious Diseases or Medical Microbiology working in an NHS acute hos-
pital in England. Consultants with a CCT in Infectious Diseases or Medical
Microbiology but working exclusively in Virology or Tropical Medicine were
excluded.

Survey conduction and administration

This was a cross-sectional survey in November and December 2022,
5-6 months after the launch of the ‘subscription-type’ funding model,
across all NHS acute hospitals. Each participant was contacted up to
three times and invited to complete the study questionnaire.
Responses were not anonymous, as participants provided their profes-
sional e-mail addresses for their response to be recorded. Only fully
completed, responses were recorded. A small financial incentive
(10 GBP) in the form of a voucher was offered to all participants com-
pleting the study questionnaire.

Table 1. The STEDI values of antimicrobials'?*3

Value Benefits

Spectrum The benefits of replacing other broad-spectrum
antimicrobials that could be used to cure the same
infection, with a narrower-spectrum antimicrobial.

The benefits of avoiding the spread of the pathogen to the
wider population if the patient with the infection
responds promptly to treatment and is treated
successfully.

The benefits associated with enabling other treatments
or procedures to take place, e.g. surgical and medical
procedures that may not be possible if antimicrobials
were not available to prevent or treat surgical site or
post-procedure infections.

The benefits of having a range of treatment options
available to reduce selection pressure for resistance
and to preserve the efficacy of existing antimicrobials.

The value of having antimicrobials available in case of a
sudden or major increase in the prevalence of
infections with pathogens resistant to all other existing
antimicrobials.

Transmission

Enablement

Diversity

Insurance
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Questionnaire design

The questionnaire was developed by the study authors and the final
version of the questionnaire is available in Appendix I (available as
Supplementary data at JAC-AMR Online). The survey was administered
using the online SurveyMonkey platform (Momentive Inc., USA).

Statistical analysis

Analysis was performed in SPSS version 29 (IBM Corp, USA). Categorical
variables were expressed as percentages with 95% Cls, continuous vari-
ables as means with 95% Cls or medians with IQRs, as appropriate. 95%
CIs were calculated using 10000 bootstrap samples. For Likert scales,
agreement with the question was defined as the sum of participants
who selected ‘agree’ or ‘strongly agree’ for their answers. Internal con-
sistency of questions addressing similar themes was tested using
Cronbach’s alpha.* At the end of the survey, 10% of total responders
were randomly selected to complete the survey a second time to exam-
ine consistency of responses using Cohen’s kappa.

Ethics

Ethical approval for this study was provided by the Research Ethics
Committee of the London School of Hygiene and Tropical Medicine
(Ref. No. 28161/RR/29296). A more detailed description of the study
methodology is provided in Appendix II.

Results

Participant characteristics

A total of 753 eligible consultants were identified in England dur-
ing the study period, out of whom 235 completed the survey
(31.2% response rate). At least one response was received from
66.2% of all NHS trusts (90/136). The average completion time
was 32.5min. A breakdown of participant characteristics is
shown in Table 2 and a summary of all responses is given in
Table S1. Responses were received from all seven UK Health
Security Agency (UKHSA) regions but there were statistically sig-
nificant different response rates across areas (Table 2). Overall,
consultants with a CCT in Infectious Diseases and Medical
Microbiology were more likely to answer the survey, while consul-
tants with a CCT in Infectious Diseases and General Internal
Medicine were less likely (Table 2). The median number of years
from CCT for all consultants was 9 (IQR 4-16), while the average
was 10.5 years (95% CI 9.4-11.5). Most consultants worked with
both adult and paediatric patients (63.8%, 150/235), while 31.5%
(74/235) only with adult and 4.7% (11/235) only with paediatric
patients. Only 2.1% (5/235) of participants reported conflicts of
interest when completing the study, all deemed significant.
These responses were not excluded from the main analysis.

General views on the subscription-type model

Only 58.3% (137/235) of consultants had heard of the
‘subscription-type’ funding model at the time of the study, while
63.8% (150/235) reported not receiving adequate information
about it at the time of its launch. Most consultants agreed that
the model was a welcome development (69.8%, 164/235) and
would improve the ability of infection specialists to treat
drug-resistant infections (68.5%, 161/235). Most felt that acquir-
ing antimicrobials through the new model would increase their
personal administrative workload compared with previous local

Table 2. Consultants surveyed

Responders  Non-responders Total
Category n (%) n (%) n (%) P value
All regions 235 (31.2) 518 (68.8) 753 (100)  0.03°
East of England 1(17.2) 3(82.8) 4(100) <0.05°
North West 7 (24.3) 4 (75.7) 111 (100) >0.05°
London 1(28.7) 102 (71.3) 143(100) >0.05°
Midlands 9 (30.2) 0 (69.8) 119 (100) >0.05°
South East 0(35.7) 4 (64.3) 4(100) >0.05°
North East and 3(37.1) 0(62.9) 143 (100) >0.05°
Yorkshire
South West 34 (38.2) 55 (61.8) 89 (100) >0.05°
Consultant 235 (31.2) 518 (68.8) 753 (100) <0.001¢
regions
Infectious 32 (22.9) 108 (77.1) 140 (100) <0.05°
Diseases and
General
Internal
Medicine
Medical 132 (29.3) 318 (70.7) 450 (100) >0.05°
Microbiology
only
Infectious 16 (29.6) 38 (70.4) 54 (100) >0.05°
Diseases only
Infectious 55 (50.5) 54 (49.5) 109 (100) <0.05°
Diseases &
Medical
Microbiology

9Chi-squared across all categories.
®Denotes statistical significance among all pairwise comparisons.
Pairwise comparisons are adjusted using the Bonferroni correction.

methods for acquiring expensive antimicrobials (62.1%, 146/
235), yet some consultants disagreed with this statement
(15.7%, 37/235). The majority of consultants agreed that the
new model would stimulate research and development of new
antimicrobials (57.9%, 136/235), although a large proportion
were unsure about it (34.9%, 82/235). Opinions about cost
when selecting antimicrobials varied; it was an important factor
for 46% of consultants (108/235), while others were unsure
(24.3%, 57/235) or did not take it into account during their
decision-making (29.8%, 70/235). Some consultants felt the
model would improve cost-effectiveness in the management of
drug-resistant infections (45.1%, 106/235), while some neither
agreed nor disagreed (49.4%, 116/235).

Application of the STEDI valuation principles to delinked
and non-delinked antimicrobials

Consultants were asked to assess the STEDI values of the two
antimicrobials introduced in the ‘subscription-type’ model using
a 5-point numerical scale (1—low value, 5—high value) with se-
ven other antimicrobials as comparators. The definitions of the
STEDI values used are shown in Table 1. Overall, both ceftazi-
dime/avibactam and cefiderocol were thought to have high
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insurance (mean 4.35/5 and 4.46/5, respectively) and diversity
values (4.24/5 and 4.40/5) and their scores were statistically sig-
nificantly higher than most comparators (Figure 1). High insur-
ance and diversity values were also recorded for ceftolozane/
tazobactam and meropenem/vaborbactam, which are other
novel antimicrobials available for the treatment of carbapenem-
resistant infections, although consultants were less likely to

Spectrum value

FDC

=< 0.05
—= .05

Average score (95% Cls):

FO 3.16 (3.01 -332)
AMK 3.14 (2.98 - 3.29)
COL 2.95 (278 - 3.11)
TGC 2.57 (242 -2.72)
C/T 233 (216 -2.50)
CFDC 2.32(2.16 - 2.49)
CZA 225 (2.09- 241)
MEM 2.13 (1.98 - 2.28)
MEV 2.05 (1.88 — 2.22)

FDC

e < 0.05
—=0.05

Average score (95% Cls):

MEM 3.88 (3.73 - 4.02)
FDC 3.54 (3.38 - 3.70)
FOF  AMK 351 (334 367)
CZA 3.49 (3.22 - 3.66)
C/T328(3.11 -345)
MEV 3.25 (3.06 — 3.44)
CST 2.97 (2.81 -3.13)
TGC 2.96 (2.81 - 3.12)
FOF 2.91 (2.75 - 3.07)

provide an answer for these drugs (Table S1). The two
‘subscription-type’ model antimicrobials also recorded moderate
enablement value (3.49/5 and 3.54/5) and transmission value
(3.58/5 and 3.60/5), with scores comparable to most other
agents. The antimicrobials with the highest enablement value
was meropenem (3.88/5), with a score statistically higher than
all other agents apart from amikacin and cefiderocol (Figure 1).

Transmission value

< .05
—= (0,05

Average score (95% Cls):

FDC 3.60 (341 - 3.79)
CZA 3.58 (3.40 - 3,76)
MEM 3.45 (3.27 - 3.63)
MEV 3.42 (3.21 - 3.63)
C/T 3.38 (3.20 - 3.56)
AMK 3.22 (3.04 - 3.40)
CST 3.11 (293 - 3.30)
TGC 2.98 (2.81 - 3.16)
FOF 2.97 (280 - 3.15)

<0.05
—=0.05

Average score (95% Cls):

FDC 4.40 (4.29 - 4.51)
CZA 424 (4.13 - 435)
MEV 4.03 (3.89 - 4.18)
C/T3.99 (387 - 4.12)
CST 3.72(3.56 - 3.87)
FOF 3.56 (3.43 - 3.57)
MEM 3.48 (3.34 - 3.63)
AMEK 343 (3.29 - 3.57)
TGC 3.40 (3.27 - 3.54)

Insurance value

= .05
—= .05

Average score (95% Cls):

FDC 4.46 (4.37 — 4.55)
CZA 4.35(4.26-4.44)
MEV 4.15 (4.04 - 4.26)
C/T 4.06(3.95- 4.17)
CST 3.70 (3.55-3.85)
MEM 3.67 (3.53 - 3.81)
AMK 3.60 (3.47 - 3.74)
FOF 3.57 (3.45 - 3.69)
TGC 3.30(3.17 - 3.42)

Figure 1. Pairwise comparisons (Kruskal-Wallis test), means and 95% CIs of values given by consultants to nine antimicrobials used for carbapenem-
resistant infections to each of the STEDI values using a 5-point numerical scale (1—low value, 5—high value). Red lines connect antimicrobials
without a statistically significant pairwise comparison (P>0.05), while blue lines connect antimicrobials with a statistically significant pairwise com-
parison (P<0.05). All pairwise comparisons are adjusted using the Bonferroni correction. The 95% ClIs were calculated using 10000 bootstrap samples.
CZA, ceftazidime/avibactam; FDC, cefiderocol; CST, colistin; TGC, tigecycline; FOF, fosfomycin; AMK, amikacin; MEM, meropenem,; C/T, ceftolozane/

tazobactam; MEV, meropenem/vaborbactam.
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Mean transmission values were similar for most antimicrobials
studied, except tigecycline and fosfomycin with lower recorded
scores. A significantly higher proportion of consultants did not
provide an assessment of transmission value for the selected
antimicrobials (18.1%, 382/2115, Figure S1). Most antimicrobials
included were thought to have low spectrum value. Statistically
significant higher scores were recorded for fosfomycin, amikacin
and colistin (Figure 1).

Utilization of ‘subscription-type’ antimicrobials:
frequency

There were significant differences in the confidence of consul-
tants when using the antimicrobials introduced through the
‘subscription-type’ model compared with meropenem; 93.6%
(220/235) reported being very or extremely confident in recogniz-
ing the clinical indications for treatment with meropenem, com-
pared with 69.8% (164/235) for ceftazidime/avibactam and
54.5% (128/235) for cefiderocol (P<0.001). This confidence cor-
related with levels of clinical usage; before the introduction of the
‘subscription-type’ model, most (87.2%, 205/235) consultants
used meropenem on a daily or weekly basis, while use of the
other two drugs was much less frequent (Table 3), with many
consultants never having used cefiderocol (44.7%, 105/235) or
ceftazidime/avibactam (10.6%, 25/235). In the first 5-6 months
after the implementation of the model, there was significant per-
ceived increase in the use of cefiderocol (P<0.001), while use of
meropenem (P=0.30) and ceftazidime/avibactam (P=0.14) re-
mained unchanged (Table 3).

Utilization of ‘subscription-type’ antimicrobials: patient
pathways

When asked about specific pathogens, consultants prioritized
meropenem for the majority of Gram-negative infections, although
many considered cefiderocol or ceftazidime/avibactam important
secondary options, especially for Pseudomonas aeruginosa
(Figure 2a). Cefiderocol was favoured for infections with
Acinetobacter spp., Burkholderia cepacia and Stenotrophomonas
maltophilia. Regarding resistance mechanisms, consultants priori-
tized treatment of all types of MBL producers with cefiderocol, al-
though some would also consider treatment with ceftazidime/
avibactam, which has demonstrated in vitro efficacy in combination

with aztreonam (Figure 2b).'® Both ‘subscription-type’ antimicro-
bials were considered important treatment choices for infec-
tions by bacteria producing OXA-48 and KPC enzymes, with a
preference for ceftazidime/avibactam. Treatment with merope-
nem was preferred for all infection sites, although many consul-
tants would also consider treatment with ‘subscription-type’
model antimicrobials for many sites, including skin and soft tissue
infection, bone and joint infections and cystic fibrosis/bronchiec-
tasis (Figure 2c). Approximately half of the consultants consid-
ered ceftazidime/avibactam (48.5%, 114/235) and cefiderocol
(46.4%, 109/235) to have a favourable toxicity profile compared
with other treatments for carbapenem-resistant infections, while
the rest were neutral. The majority would prioritize these drugs
over colistin or aminoglycosides for the treatment of patients
with renal impairment (80.9%, 190/235). Most consultants would
consider off-licence treatment of paediatric patients (<18 years
old) with ceftazidime/avibactam (86.4%, 203/235) or cefiderocol
(76.6%, 180/235). This result was preserved in a sensitivity ana-
lysis excluding consultants working only with adults, and consul-
tants not exclusively working with children (Table S1).

Implication of the ‘subscription-type’ model for AMS

Regarding AMS, 45.5% (107/235) of consultants felt that the new
funding model would not lead to reduced use of carbapenems,
while a further 33.2% (78/235) were unsure. Measures to monitor
usage and outcomes were seen positively, including the national
registry (83.8%, 197/235) and Blueteq forms (70.2%, 165/235).
Almost all consultants felt that infections by carbapenem-
resistant bacteria would increase in the future (98.7%, 221/
224). Consultants almost universally agreed (98.7%, 232/235)
that preauthorization from an infection specialist should be re-
quired before the prescription of either ‘subscription-type’-model
antimicrobials, either from a single consultant (39.2%, 92/235), a
single consultant and a single AMS pharmacist (32.3%, 76/235)
or from a multidisciplinary meeting (17.5%, 41/235). Ninety-
nine of two hundred and thirty-five (42.1%) consultants would
use the new antimicrobials empirically, particularly when risk fac-
tors for AMR were present (97.9%, 97/99). The most important
risk factors justifying empirical use were felt to be previous infec-
tion with carbapenem-resistant bacteria (80.9%, 190/235), cur-
rent colonization with carbapenem-resistant bacteria (74.9%,
176/235), clinical treatment failure of carbapenems (63.8%,

Table 3. Reported use of antimicrobials before and after the ‘subscription-type’ model

Meropenem Ceftazidime/avibactam Cefiderocol
(P=0.30) (P=0.14) (P<0.001)
Before After Before After Before After
n (%) n (%) n (%) n (%) n (%) n (%)
Daily 106 (45.1) 97 (41.3) 0(0) 0 (0) 0 (0) 1(0.4)
Weekly 114 (48.5) 107 (45.5) 11 (4.7) 17 (7.2) 1(0.4) 1(0.4)
Monthly 4 (6) 24 (10.2) 69 (29.4) 68 (28.9) 5 (10.6) 34 (14.5)
Every 3-4 months 1(0.4) 7(3) 130 (55.3) 129 (54.9) 104 (44.3) 114 (48.5)
Never 0 (0) 0(0) 25 (10.6) 21 (8.9) 105 (44.7) 85 (36.2)

N=235. P value calculated from McNemar-Bowker test.
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(a) In your opinion, the listed antibiotics are an important treatment option for infections caused by which of
the following microorganisms (select all that apply):
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Figure 2. Proportions and 95% CIs of consultants who consider the listed antimicrobials an important treatment option for infections caused by the
listed microorganism (a), infections caused by microorganisms with the listed resistance mechanism (b), and infections in the sites listed (c). 95% Cls
were calculated using 10000 bootstrap samples. MEM, meropenem; CZA, ceftazidime/avibactam; FDC, cefiderocol.

6 of 9

£20Z 1890100 | | uo Jasn uopuoT abs|j0D Ausisaiun Aq L6HYEZ./L60PBIP/Y/S/e10niEe/ iwedR/woo dno-oiwspeoe//:sdny WoJj pepeojumoq



Survey on antimicrobial delinked funding models

JAR

150/235), ward outbreak of carbapenem-resistant bacteria
(63.8%, 150/235) and recent admission to a high-prevalence set-
ting (43.4%, 102/235, Figure 3). When asked about the most ef-
fective AMS interventions using a 5-point numerical scale (1—not
so effective, 5—very effective), consultants highly valued the
presence of an antimicrobial pharmacy team (4.36/5), the re-
quirement for preauthorization by infection specialists (4.22/5),
AMS ward rounds (4.10/5) and education of infection specialists
(4.07/5, Figure S1). Most consultants (73.2%, 172/235) agreed
that in vitro susceptibility results predicted clinical outcomes in
infections.

Repeat survey

A total of 28 participants repeated the survey approximately
1 month after their original submission. Test/retest reliability re-
sults (Table S2) revealed moderate-to-substantial reliability.
Cronbach’s alpha for questions addressing similar themes re-
vealed good internal validity of results (Table S3).

Discussion

We surveyed almost a third of all infection consultants in England
on practical aspects of a novel delinked funding model for antimi-
crobials. Our main findings were that the model was viewed fa-
vourably and is likely to influence the utilization and stewardship
of broad-spectrum novel antimicrobials in England.

To our knowledge, this is the first study that has directly as-
sessed the STEDI values of antimicrobials by evaluating their

end-user interpretation. Our results show that infection consul-
tants in England consider novel antimicrobials to offer benefits
beyond the treatment of individual patients, especially with re-
gard to insurance and diversity value. Merit was also seen in
terms of enablement value, which agrees with previous model-
ling in suggesting that rising AMR will soon threaten the safety
and efficacy of surgical procedures and chemotherapy.'®
Consultants felt that antimicrobials might have an effect on
transmission. However, many did not provide an estimate for
the transmission value, which suggests uncertainty. Indeed,
most licensing studies focus their outcomes on clinical cure,
therefore microbiological eradication and its subsequent effect
on transmission is understudied. Interestingly, only insurance
and enablement values were modelled during the evaluation
process for the ‘subscription-type’ model.?

Our study also demonstrated that novel antimicrobials are
likely to be used empirically, when reimbursed through a
‘subscription-type’ model. The top risk factors for empirical use
reported by clinicians aligned with the ones currently suggested
by the UKHSA.?*%12 Greater use as empirical treatment may drive
unnecessary resistance to these new therapies. This is com-
pounded by challenges of accurately predicting which patients
will develop carbapenem-resistant infections.”*® Prospective
monitoring and regulation of empirical treatment with
‘subscription-type’ antimicrobials via robust AMS programmes
will be important to avoid this unintended consequence. Use of
the two drugs for infection sites outside of their site-specific li-
censed indication is also to be expected, when limited treatment
options are available.

In your opinion, which of the following scenarios would justify empirical use of antimicrobials introduced through the

100

80.9

Percentage agreement

19.2

Risk factors

‘subscription-type’” payment model in an unwell patient with a severe infection (select all that apply)?

Previous Infection with CRB

Colonisation with CRB

Clinical treatment failure of carbapenems

Ward outbreak of CRB

Recent admission to a high prevalence hospital for CRB
Significant prior exposure to carbapenems

Clinical treatment failure of non-carbapenems
Significant prior healthcare exposure

Recent or current Intensive Care admission

None of the above

Significant prior exposure to non-carbapenems

Recent invasive procedure

Figure 3. Proportions and 95% CIs of responders reporting that the listed risks factors would justify the empirical use of antimicrobials introduced
through the ‘subscription-type’ model. 95% CIs were calculated using 10000 bootstrap samples. CRB, carbapenem-resistant bacteria.
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Our data find that end-user opinion corroborates multiple
modelling assumptions that were made during the procurement
process for the model.>1° Clinical trials for new antimicrobials
typically adopt a non-inferiority design and enrol patients with
infections susceptible to all agents used, both novel and com-
parator. This form of testing does not examine impacts in
drug-resistant infections, where comparators drugs are liable to
be less effective, thus precluding extrapolation of results, as
treatment effects of the comparator are overestimated. Our
study findings support that, in the absence of strong evidence,
three-quarters of infection consultants in England think
that using in vitro data to predict clinical outcomes in this scen-
ario is reasonable, with the acceptance of some uncertainty.
Consultants also agreed that rates of carbapenem-resistant in-
fections are likely to increase in the future with a steady growth
rate, which was an important modelling assumption made. Use
of ceftazidime/avibactam and cefiderocol to avoid nephrotoxicity
from colistin or aminoglycosides in patients with renal impair-
ment is also likely, as well as the use of cefiderocol for S. malto-
philia infections. Interestingly, many consultants would use
cefiderocol for Acinetobacter spp., despite findings from the
CREDIBLE study, which found suboptimal mortality rates for pa-
tients receiving this antimicrobial for this pathogen.*®

Our study also highlights a potential caveat of the new
‘subscription-type’ funding model; consultants indicated that
they would consider the two antimicrobials introduced through
the ‘subscription-type’ model outside of high-value clinical scen-
arios, including the treatment of KPC infections and drug-resist-
ant P.aeruginosa. We also showed that many consultants also
consider cost in their decision-making for antimicrobials. These
agents will be attractive treatment options for hospitals, as
they will be significantly more affordable than other novel agents
that have not been included in the delinked funding model. Yet,
they may still not be the best treatment choices; treatment of
KPC infections with ceftazidime/avibactam has been shown to
lead to more emerging resistance than with meropenem/vabor-
bactam, while ceftolozane/tazobactam is a valuable treatment
option for MDR P.aeruginosa, especially strains with high efflux
pump activity.’°?? By limiting the agents included in the
‘subscription-type’ model to two, and providing them at function-
ally reduced cost compared with other novel antimicrobials, the
‘subscription-type’ model might have unintended consequences
for AMR in England by reducing the diversity of agents.

The English ‘subscription-type’ model has been previously cri-
ticized for including two established antimicrobials, rather than
truly novel agents.”> However, we found that most consultants
in England rarely use these agents, while levels of resistance re-
main low.?*~?8 Therefore, it could be argued that ceftazidime/avi-
bactam and cefiderocol are currently relatively novel to most
clinicians and are suitable for acting as low utilization last-line
treatment options in England, with relatively low levels of AMR
compared with some countries.

Strengths of our study include achieving a high response rate of
31.2%, which is significantly higher than expected from an online
survey of medical professionals, who are considered a
difficult-to-reach group.?® For example, a similar national survey
in the USA on outpatient parenteral therapy had a response rate
of 8.5%.%° Participants provided their professional e-mail addresses,
which were cross-referenced with local investigators, ensuring no

contamination of survey results. Limitations include the lower re-
sponse rates from specific regions and specialties, which affects
sample representativeness. Many consultants had not heard of
the model before, yet the questionnaire was sufficiently descriptive
to allow respondents to give an informed opinion. At the time of the
survey, ceftazidime/avibactam had been licensed for children up to
the age of 3 months, therefore the wording of the question sug-
gesting off-licence use in this group was inaccurate.

In conclusion, among end-user infection consultants in England,
a ‘subscription-type’ model was viewed favourably and is likely to
positively impact care. Delinked funding models are likely to affect
the way physicians use antimicrobials, including indications and
empirical use. Novel antimicrobials offer benefits beyond the treat-
ment of individual patients, especially in terms of insurance and di-
versity value, and these metrics aid better understanding of value
assessments for antimicrobials.
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