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Introduction

Antimicrobial resistance (AMR) threatens successful Neisseria gonorrhoeae (NG)
treatment, with few practical alternatives should ceftriaxone resistance become
widespread. AMR point-of-care tests (AMR-POCTS), currently being developed, would
allow selection of appropriate treatment regimens (including previously abandoned
regimens), thereby sparing ceftriaxone use. We assessed cost-effectiveness of five
hypothetical AMR-POCT strategies (second antibiotic alongside ceftriaxone (Strategies A-
C); single antibiotic alternative to ceftriaxone (Strategies D and E)) compared with
Standard Care (SC; ceftriaxone and azithromycin dual-therapy), to inform appropriate
implementation.

Aim

To assess the costs and effectiveness of these AMR-POCT strategies to optimise
treatment regimen choice and reduce selection pressure on ceftriaxone.

Methods

Decision tree model simulating a cohort of 38,870 NG-diagnosed England sexual health
clinic (SHC) attendees. AMR-POCT strategies and associated treatment options costed
were: A) ciprofloxacin only (ciprofloxacin preferred over azithromycin as second agent if
susceptible); B) azithromycin and ciprofloxacin (azithromycin preferred); C) ciprofloxacin
and azithromycin (ciprofloxacin preferred); D) azithromycin AMR-POCT; E) ciprofloxacin
AMR-POCT. A micro-costing approach, representing the cost to the SHC (for the year
2015/16), was employed. The time horizon was one year for initial patient treatment only.
Primary outcomes were: total costs; percentage of people given optimal treatment (mono-
or dual-therapy curing NG and not containing an antibiotic against which there was
resistance); percentage of people given non-ceftriaxone optimal treatment; cost-
effectiveness (cost per optimal treatment gained).

Results

All AMR-POCT strategies cost more than SC. Strategy B avoided most sub-optimal
treatments (n=48) but cost most to implement (£4,093,844 [5,474,656 EUR]). Strategy D
was most cost-effective for both cost per optimal treatments gained (£414.67 [554.5 EUR]
per optimal treatment gained) and ceftriaxone avoidance (£11.29 [15.10 EUR] per
ceftriaxone-sparing treatment) but resulted in treatment failures (n=34) and sub-optimal
treatments (n=706).

Conclusions

AMR-POCTSs can enable correct antibiotic therapy at diagnosis and improved antibiotic
stewardship, but may require net health-system investment. However, a relatively small
reduction in test cost would enable monotherapy AMR-POCT strategies to be cost-
saving.
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Dear Dr Steffens,

Re: Antimicrobial resistance point-of-care testing for gonorrhoea treatment regimens:
cost-effectiveness and impact on ceftriaxone use of five hypothetical strategies compared
with standard care in England sexual health clinics. Harding-Esch EM et al.

Following your response to our pre-submission enquiry that this manuscript falls within
the scope of Eurosurveillance, thank you for considering it for publication as part of the
special issue focusing on how point of care/point of impact testing (POCT/POIT) and self-
testing impact surveillance and public health.

Antimicrobial resistance (AMR) has developed to every class of antibiotic used for the
treatment of gonorrhoea. In 2018, gonorrhoea was classified as a “Priority 2”
microorganism by the WHO in its “Global Priority List of Antibiotic-Resistant Bacteria” [1].

There are few practical alternatives if widespread resistance develops to ceftriaxone, the
last remaining effective treatment for empirical therapy. New rapid diagnostics that detect
antibiotic resistance have been identified as a key strategy for tackling AMR.

We assessed the cost-effectiveness of five hypothetical treatment strategies using point-
of-care tests (POCTs) for gonorrhoea antimicrobial resistance (AMR-POCTs). We
demonstrate that these AMR-POCTs can result in optimal treatments gained and
ceftriaxone use avoidance, compared with standard care. These AMR-POCT strategies
also enable the re-use of antibiotics, previously abandoned for the treatment of
gonorrhoea.

We believe this manuscript would.be of-interest to-yoursreadership, reporting on the
public health impact, and cost considerations,.of AMR-POCTs.

We very much look-forward to.your, response.

Yours sincerely,

Professor Tariq Sadig MD FRCP

1. WHO. Global priority list of antibiotic-resistant bacteria to guide research, discovery,
and development of new antibiotics. World Health Organization: Geneva.
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-
ET_NM_WHO.pdf, 2018.
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ABSTRACT

Introduction

Antimicrobial resistance (AMR) threatens successful Neisseria gonorrhoeae (NG) treatment, with few
practical alternatives should ceftriaxone resistance become widespread. AMR point-of-care tests
(AMR-POCTs), currently being developed, would allow selection of appropriate treatment regimens
(including previously abandoned regimens), thereby sparing ceftriaxone use. We assessed cost-
effectiveness of five hypothetical AMR-POCT strategies (second antibiotic alongside ceftriaxone

(Strategies A-C); single antibiotic alternative to ceftriaxone (Strategies D and E)) compared with


mailto:ssadiq@sgul.ac.uk

Standard Care (SC; ceftriaxone and azithromycin dual-therapy), to inform appropriate

implementation.

Aim

To assess the costs and effectiveness of these AMR-POCT strategies to optimise treatment regimen

choice and reduce selection pressure on ceftriaxone.

Methods

Decision tree model simulating a cohort of 38,870 NG-diagnosed England sexual health clinic (SHC)
attendees. AMR-POCT strategies and associated treatment options costed were: A) ciprofloxacin only
(ciprofloxacin preferred over azithromycin as second agent if susceptible); B) azithromycin and
ciprofloxacin (azithromycin preferred); C) ciprofloxacin and azithromycin (ciprofloxacin preferred); D)
azithromycin AMR-POCT; E) ciprofloxacin AMR-POCT. A micro-costing approach, representing the cost
to the SHC (for the year 2015/16), was employed. The time horizon was one year for initial patient
treatment only. Primary outcomes were: total costs; percentage of people given optimal treatment
(mono- or dual-therapy curing NG and not containing an antibiotic against which there was
resistance); percentage of people given non-ceftriaxone optimal treatment; cost-effectiveness (cost

per optimal treatment gained).

Results

All AMR-POCT strategies cost more than SC. Strategy B avoided most sub-optimal treatments (n=48)
but cost most to implement (£4,093,844 [5,474,656 EUR]). Strategy D was most cost-effective for both
cost per optimal treatments gained (£414.67 [554.5 EUR] per optimal treatment gained) and
ceftriaxone avoidance (£11.29 [15.10 EUR] per ceftriaxone-sparing treatment) but resulted in

treatment failures (n=34) and sub-optimal treatments (n=706).

Conclusions



AMR-POCTs can enable correct antibiotic therapy at diagnosis and improved antibiotic stewardship,
but may require net health-system investment. However, a relatively small reduction in test cost

would enable monotherapy AMR-POCT strategies to be cost-saving.
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ABSTRACT

Introduction

Antimicrobial resistance (AMR) threatens successful Neisseria gonorrhoeae (NG) treatment, with few
practical alternatives should ceftriaxone resistance become widespread. AMR point-of-care tests
(AMR-POCTs), currently being developed, would allow selection of appropriate treatment regimens
(including previously abandoned regimens), thereby sparing ceftriaxone use. We assessed cost-
effectiveness of five hypothetical AMR-POCT strategies (second antibiotic alongside ceftriaxone
(Strategies A-C); single antibiotic alternative to ceftriaxone (Strategies D and E)) compared with
Standard Care (SC; ceftriaxone and azithromycin dual-therapy), to inform appropriate

implementation.
Ai

To assess the costs and effectiveness of these AMR-POCT strategies to optimise treatment regimen

choice and reduce selection pressure on ceftriaxone.

Methods

Decision tree model simulating a cohort of 38,870 NG-diagnosed England sexual health clinic (SHC)
attendees. AMR-POCT strategies and associated treatment options costed were: A) ciprofloxacin only
(ciprofloxacin preferred over azithromycin as second agent if susceptible); B) azithromycin and
ciprofloxacin (azithromycin preferred); C) ciprofloxacin and azithromycin (ciprofloxacin preferred); D)

azithromycin AMR-POCT; E) ciprofloxacin AMR-POCT. A micro-costing approach, representing the cost

to the SHC (for the year 2015/16), was employed. The time horizon was one year for initial patient

treatment only. Primary outcomes were: total costs; percentage of people given optimal treatment
(mono- or dual-therapy curing NG and not containing an antibiotic against which there was

resistance); percentage of people given non-ceftriaxone optimal treatment; cost-effectiveness (cost

per optimal treatment gained).




Results

All AMR-POCT strategies cost more than SC. Strategy B avoided most sub-optimal treatments (n=48)
but cost most to implement (£4,093,844 [5,474,656 EUR]). Strategy D was most cost-effective for both

cost per optimal treatments gained (£414.67_[554.5 EUR] per optimal treatment gained) and

ceftriaxone avoidance (£11.29 [15.10 EUR] per ceftriaxone-sparing treatment) but resulted in

treatment failures (n=34) and sub-optimal treatments (n=706).

Conclusions

AMR-POCTs can enable correct antibiotic therapy at diagnosis and improved antibiotic stewardship,
but may require net health-system investment. However, a relatively small reduction in test cost

would enable monotherapy AMR-POCT strategies to be cost-saving.

Key words:

Neisseria gonorrhoeae; Sexually transmitted infection; antimicrobial resistance; point-of-care test;

cost-effectiveness; ceftriaxone; ciprofloxacin; azithromycin



Introduction

Antimicrobial resistance (AMR) has developed to every class of antibiotic used for treatment of the
bacterial sexually transmitted infection (STI) Neisseria gonorrhoeae (NG) [1], with increasing reports
of multi-drug resistant strains [2]. NG, the second most prevalent bacterial STI globally [3], is

associated with serious long-term reproductive health complications if left untreated.

World Health Organization (WHO) guidelines [4] recommend a treatment regimen that treats at least

95% of circulating NG strains,

thanS5%ofcireulating strains-as monitored through antibiotic surveillance programmes; such as Public
Health England’s national Gonococcal Resistance to Antimicrobials Surveillance Programme (GRASP)
[1]. Dual-therapy with ceftriaxone and azithromycin is recommended in Europe [5], and was in the UK

until 2019 [6] when it was -but-hasbeen-replaced with 1g ceftriaxone monotherapy i-the-Uik-due to

the emergence of azithromycin resistance [7]. AMR to ceftriaxone, an extended-spectrum
cephalosporin, is the most urgent threat [8],[9] with few practical alternatives immediately available

if widespread resistance develops.

Rapid diagnostics have been identified as a key approach to tackling AMR [10]. Rapid tests are those

that_have a two-hour turnaround, whereas point-of-care tests (POCTs) enable test, results and

treatment to be conducted in the same clinical visit [11]. A principal feature of an NG-AMR diagnostic

is to assess antibiotic susceptibility at the time of NG diagnosis. A test that combines both NG diagnosis
and AMR prediction at the point-of-care (AMR-POCTs) would allow the selection of appropriate
treatment regimens for significant numbers of NG infections, including safe use of antimicrobials
which have been abandoned for widespread use due to circulating resistance, but which would be
effective for a significant proportion of infections [12]. For example, in the UK in 20185, 601% of NG
infections were susceptible to ciprofloxacin, 90% to azithromycin and 8876% to penicillin [1]. The
ability to use these antibiotics to treat NG may in turn reduce AMR selection pressure on ceftriaxone

[13].



Rapid tests {with-a-two-hourturnareund-[11]}-are already being used for NG in some sexual health

clinics (SHCs) [14]. While laboratory-based NG fluoroquinolone susceptibility tests exist

[15)¢https:/iplexper-comiresistanceplus-ge/}, rapid NG-AMR tests are in development and being

clinically evaluated, including an NG fluoroquinolone susceptibility AMR-POCT, developed within the
Precise Study [16] {preciseresearch-co-tk)-using the io® platform (Binx Health Limited (formerly Atlas
Genetics), Boston, USA), already CE-marked for Chlamydia trachomatis detection [12, 17]. Costs and

short-term clinical impacts of these tests are used in_procuring sexual health services provision for a

region (known as sexual health commissioning in England) and adoption into SHCs’ decision-making

[18].

In this analysis, we assessed the cost-effectiveness in English SHCs of five hypothetical AMR-POCT
strategies for the treatment of NG, which enable use of ciprofloxacin and/or azithromycin, either
alongside, or as an alternative to, ceftriaxone. Potential diagnostic resistance-determinants of these
antibiotics are small in number (gyrA for ciprofloxacin; 23S rRNA and mtrCDE transporter for
azithromycin), are relatively well-understood, and their absence predictive of susceptibility
(particularly for ciprofloxacin). The development of molecular AMR-POCTs for detection of these
determinants are thus technically feasible and therefore more likely to be immediately available [19-

21].

Methods

This report was written following the Consolidated Health Economic Evaluation Reporting Standards

(CHEERS) checklist [22].

Model structure

We compared Standard Care (SC) for NG treatment in the UK (at the time of investigation, ceftriaxone

500mg and azithromycin 1g dual-therapy [6]) with five different AMR-POCT strategies (Supplementary



Figure S1), where the AMR-POCT was used as a reflex test to inform antibiotic selection, irrespective
of which test was used to diagnose NG initially. The AMR-POCT strategies were chosen to either
facilitate optimised choice of a second antibiotic alongside ceftriaxone (dual-therapy), or enable a

single antibiotic alternative to ceftriaxone (monotherapy) (Box 1).

The rationale for the monotherapy strategies is that an AMR-POCT enables effective treatment of the
known resistance profile, sparing the use of ceftriaxone. The rationale for dual-therapy strategies is
based on the assumption that combination therapy is more effective at preventing emergence or

spread of AMR and thereby preserves the use of ceftriaxone [23].

Each strategy consisted of a series of intended treatment regimens, contingent on the results of the
AMR-POCT used. For example, in strategy B, the earliest intended treatment regimen was SC; where
the AMR-POCT indicated azithromycin resistance, the second intended treatment regimen was
ceftriaxone and ciprofloxacin; where the AMR-POCT then indicated ciprofloxacin resistance, the third

intended treatment regimen was ceftriaxone monotherapy.



Box 1. Summary of AMR-POCT strategies

Standard Care (SC)

Standard care with dual-therapy of intramuscular ceftriaxone (500mg) and oral azithromycin (1g single dose).

Dual-therapy, including ceftriaxone

A) AMR-POCT for ciprofloxacin resistance only; infections identified as not resistant to ciprofloxacin are given oral ciprofloxacin (500mg) plus
ceftriaxone (500mg). Infections identified as ciprofloxacin resistant are given SC.

B) Dual AMR-POCT for azithromycin and ciprofloxacin resistance; if no azithromycin resistance is identified, SC is given. If azithromycin resistant,
ciprofloxacin (500mg) and ceftriaxone (500mg) are given unless there is ciprofloxacin resistance, in which case ceftriaxone (500mg) is given alone.

C) Dual AMR-POCT for ciprofloxacin and azithromycin resistance; if no ciprofloxacin resistance is identified, ciprofloxacin (500mg) and ceftriaxone
(500mg) are given. If ciprofloxacin resistant, SC is given, unless there is also azithromycin resistance, when ceftriaxone (500mg) is given alone.
Monotherapy optimisation

D) AMR-POCT for azithromycin resistance: if no azithromycin resistance is identified, azithromycin (2g) is given. If azithromycin resistant, ceftriaxone
(500mg) and ciprofloxacin (500mg) dual-therapy is given. If the AMR-POCT incorrectly shows no resistance (false negative for AMR), it is assumed the
treatment fails. The treatment failure would be identified in the test-of-cure (TOC) and the patient would then receive 500mg ceftriaxone.

E) AMR-POCT for ciprofloxacin; if no ciprofloxacin resistance is identified, 500mg ciprofloxacin monotherapy is given. If ciprofloxacin resistant, SC is

given. If the AMR-POCT incorrectly shows no resistance, monotherapy is assumed to fail, the patient returns and receives 500mg ceftriaxone alone.




Antibiotic(s) for which
resistance is tested Intended Treatment Regimen based on test result
Strategy
Resistance to
A B
No resistance to A Resistance to A A+B
Strategy A | Ciprofloxacin Ciprofloxacin + Ceftriaxone Azithromycin + Ceftriaxone
Strategy B | Azithromycin + Ciprofloxacin Azithromycin + Ceftriaxone Ciprofloxacin +  Ceftriaxone Ceftriaxone
Strategy C | Ciprofloxacin + Azithromycin Ciprofloxacin + Ceftriaxone Azithromycin + Ceftriaxone Ceftriaxone
Strategy D | Azithromycin Azithromycin®® Ciprofloxacin + Ceftriaxone
Strategy E | Ciprofloxacin Ciprofloxacin® Azithromycin + Ceftriaxone
Standard . L . . . .
No resistance testing is done. Standard Care (SC) is ceftriaxone 500mg and azithromycin 1g dual-therapy [6]
Care

Unless otherwise stated, doses are: Ceftriaxone 500mg; Azithromycin 1g; Ciprofloxacin (500mg)
Shaded areas indicate Standard Care (SC) i.e. azithromycin and ceftriaxone dual-therapy

#2g dose given




bIf incorrect test result and treatment fails, ceftriaxone is given




A decision tree model was constructed using TreeAge Pro (v.2017) to simulate a hypothetical cohort
of 38,870 NG-diagnosed SHC attendees (21,915 men-who-have-sex-with-men [MSM], 8,488 women
and 8,467 men-who-have-sex-with-women [MSW]), representing the total number of NG diagnoses
in England SHCs in 2015, obtained from national surveillance data (GUMCAD) [24]. Our assumptions
regarding AMR-POCT use meant the model could not be used when considering presumptive, e.g. for
sexual contacts of NG-positive patients initially negative by microscopy but subsequently positive by
NAAT testing. Approximately 10% of NG diagnoses are in contacts [25] but the epidemiological
breakdown of these patients (e.g. women, MSW, MSM) and the nature of their NG diagnoses (e.g.
microscopy negative and NAAT positive) is not reported. Therefore, contacts could not be removed

from the hypothetical cohort.

Medel == providedn-Suppt taryTFableS1-—Key model assumptions include: 100%

compliance with test protocols; all patients entering the model are NG true-positives; dual AMR-

POCTs results are available simultaneously; there is no ceftriaxone resistance (supported by England’s

national NG AMR sentinel surveillance system data [1]) so patients with monotherapy treatment

failure would return and be successfully treated with ceftriaxone only. Model assumptions are

provided in Supplementary Table S1.

Outcomes

Moedel-definitions—are—provided—in—Supplementary—TFable-S2—We aimed to assess the costs and
effectiveness of these AMR-POCT strategies to optimise treatment regimen choice and reduce
selection pressure on ceftriaxone. The primary outcomes were the total costs (2015/16 GB £), the
percentage of people given optimal treatment, and the percentage of people given non-ceftriaxone
optimal treatment. ‘Optimal treatment’ was defined as one which cured NG and did not contain an

antibiotic against which there was resistance. Model definitions are provided in Supplementary Table

S2. These data were used to calculate incremental cost-effectiveness ratios (ICERs, see equation) for

10



the cost per additional optimal treatment gained and the cost per additional ceftriaxone treatment

avoided. This was chosen as the measure of cost-effectiveness rather than other measures, such as

cost per Quality Adjusted Life Years (QALYs), because little data exist on the consequence of optimal

versus suboptimal NG treatment on long-term outcomes, such as mortality or lifetime costs.

Costg — Cost,
ICER = B A

Ef fectivenessg — Ef fectiveness,

Secondary outcomes were the percentage of people given a ‘missed earlier intended treatment
regimen’ (MEITR), and the percentage of people failing treatment due to resistance. ‘MEITR” was
defined as the use of a treatment regimen which cured NG, but where an earlier intended treatment
regimen would have provided optimal treatment because susceptible infections had been

misclassified as resistant by the AMR-POCT. MEITRs were independent of treatment effectiveness.

Treatment

AMR-POCT strategy treatment regimens were developed with input from three senior clinicians at St
George’s University Hospitals NHS Foundation Trust, London, who outlined current and hypothetical
AMR-POCT patient pathways (Supplementary Figure S1). The purpose of the work was to determine

AMR-POCT strategy for short-term clinical impacts, because these are the data used for sexual health

service provisioning and decision-making for adoption into SHCs fersexuathealth-serviceprovisioning

purpeses-[18]._Furthermore, progression to longer-term clinical impacts from suboptimally treated

infection is poorly defined [26]. Therefore, the time horizon was that of initial patient treatment, and

complications associated with STIs such as pelvic inflammatory disease (PID) in women, and adverse

drug events associated with treatment, were not considered.

11



Model parameters

Model epidemiology parameters are presented in Table 1, and cost parameters in Table 2 and
Supplementary Table S3. The hypothetical AMR-POCT sensitivity and specificity were based on other
NAAT-based rapid and POC tests [27-29], and altered in sensitivity analyses. Antibiotic resistance
prevalences were obtained from national surveillance of SHC attendees (GRASP, 2017) [30]. GRASP is
England’s national sentinel surveillance system that detects and monitors AMR in NG and records
potential treatment failures. As the time horizon was that of initial patient treatment, discounting

rates were not applied.

12



Table 1. Epidemiology parameters used in the model

Variable Percentage (%) Number Comments,
MSM w MSW MSM w MSW Reference
Base Range Base Range Base Range | Base case Range ase Range Base Range
case low, case low, case low, [value low case low, case low
value  high) value high) value high) high)  value high) value high)
1 Initial clinic GUMCAD, 2015
56.4 N/A 218 N/A 21.8 N/A 21,915 8,488 8,467
attendances [24]
2 Resistance to 3.3, 1.9, 3.7, 723, 161 313 GRASP, 2017 [30]
4.7 2.7 5.3 2851,030 42229 0449
azithromycin? 6.1 3.5 6.9 1,337 297 584
3 Resistance to 0.0, 0.0, 0.0, GRASP, 2017 [30]
0.0 0.0 0.0 0 0,0 0 0,0 0 0,0
ceftriaxone 0.0 0.0 0.0
4 Resistance to 25.3 14.1 22.8 5,544 1,197 1,930, | GRASP, 2017 [30]
36.2 20.1 325 9,5557,933 1,282706 2,371752
ciprofloxacin® 47.1 26.1 42.3 10,322 2,215 3,582
5 Sensitivity of AMR- 90, 90, 90, Assumption
98 98 98 N/A- N/A  N/A- N/A  N/A- N/A
POCT 100 100 100
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6 Specificity of AMR- 90,
99 99
POCT 100

90,

100

99

90,

100

N/A-

N/A

N/A-

N/A

N/A-

N/A

Assumption

MSM, men-who-have-sex-with-men; W, women; MSW, men-who-have-sex-with-women; N/A, Not Applicable; GUMCAD, genitourinary medicine clinical

activity dataset; GRASP, gonococcal resistance to antimicrobial surveillance programme; AMR, antimicrobial resistance; POCT, point-of-care test.

@ The azithromycin resistance ranges were extended further to 1-10% for all population groups in one way azithromycin resistance analysis so that the effect

of more extreme values could be explored.

® The ciprofloxacin resistance ranges were extended further to 0-50% in one way ciprofloxacin resistance analysis so that the effect of more extreme values

could be explored
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Table 2. Cost parameters used in the model

Cost input

Management of
NG (oral
medication/IM
injection)

" ¢

performing- AMR-

Return visit due to
treatment failure

Single AMR-POCT

Dual AMR-POCT

Dual AMR-POCT

Cost?

Base case

alue

<

£53.00/£62.74

Range (low, high

£37.1, £68.9 / £43.92, £81.56

70.88 49.6,92.1 EUR/58.73,

EUR/83.90 109.07 EUR

EUR

A0 Clelrbadbrs e ens
model-Adams;2014-[31]

£52.97 Tleelodescost e RO Lol
B e
from-previous-model-Adams;
20147(31]

£48.01 £33.61, £62.41

64.20 EUR 44.95, 83.46 EUR

£29.00 £20, £40

38.78 EUR 26.75, 53.49 EUR

£31.90 £29, £58

42.66 EUR 38.78,77.56 EUR

£31.90 £22, £44

42.66 EUR 29.42, 58.84 EUR

Comments and references

3 ®Adapted from
previous model. Adams, 2014

(31]

abb— Adapted from previous
model. Adams, 2014 [31]

Estimate [32]

Estimate - 10% more than
price of single AMR POCT

(multiplier 1.1, range 1.0-2.0)

Estimate — single AMR-POCT is

varied, multiplier remains at
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1.1 (10% more than price of

single AMR POCT

Azithromycin £1.16 £0.81, £1.51 BNF, 2016 [33]
1g°1g? 1.55 EUR 1.08, 2.02 EUR
Azithromycin £2.32 £1.62, £3.02 BNF, 2016 [33]
2g°2¢¢ 3.10 EUR 2.17,4.04 EUR
Penicillin: e BNF-2016-[33]

Hin3
phus-probenecid
1
Ceftriaxone £9.58 £6.71, £12.45 BNF, 2016 [33]
500mg @ 12.81 EUR 8.97, 16.65 EUR
Ciprofloxacin £0.07 £0.05, £0.09 BNF, 2016 [33]
500mg®500mg®  0.09 EUR 0.07,0.12 EUR

NG, Neisseria gonorrhoeae; IM, intramuscular; AMR, antimicrobial resistance; POCT, point-of-care

test; BNF, British National Formulary.

2 GBP costs were converted to Euros using a historic currency conversion of an average of 366 days

from the 1st July 2015 to 30" June January 2016 [34]. For this time period, 1 GBP = 1.34 Euros, and 1

Euro =0.75 GBP.

*bIncludes staff time and consumables but not antibiotic costs. Costs were inflated to 2015/16 costs
using the Hospital and Community Health Services (HCHS) Inflation Indices 2015 produced by the
Personal Social Services Research Unit [35]. No data were available for inflation from 2014/15 to
2015/16 so it was assumed to be the same as between 2013/2014 and 2014/15. The UK hospital

consumer price index for health services shows similar annual growth in this sector from 2014 (93.2
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in2013,97.1in 2014 and 100in 2015), which validates this assumption_[36]. GBP costs were converted

to Euros using a historic currency conversion of an average of 366 days from the 1st July 2015 to 30t

June January 2016 [34]. For this time period, 1 GBP = 1.34 Euros, and 1 Euro = 0.75 GBP. A further

breakdown of cost data is provided in Supplementary Table S3.

B<Within the context of this model, treatment failure due to resistance to a monotherapy would result
in a return visit. No repeat culture would be taken and no repeat diagnostic tests would occur. The
patient would be successfully treated using ceftriaxone, administered via injection.

“40ral medication.

¢ Administered via intramuscular injection. The price quoted is for 1g vial of ceftriaxone, the smallest

non-proprietary vial available (10) - the remaining 500mg is then discarded.
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A micro-costing approach was employed, considering only costs incurred to the healthcare provider

(i.e. SHC). Costs to those procuring sexual health services provision, eermwissioners-of-heatth-services

or to health systems as a whole, were not considered. Costs were estimated by adapting an existing
model [31], and included: laboratory equipment, POCTs and antibiotics, AMR-POCTs, NG treatment
implementation (e.g. staff time and consumables, including partner notification and health
promotion) (Ssupplementary Table S3). It was assumed the AMR-POCTs produced results in 30
minutes (maximum acceptable POCT run-time for service users [37, 38]) and that in all strategies, NG-
positive samples would still be sent to the laboratory for culture and phenotypic resistance testing.
Costs are given in 2015/16 prices (GB £) and inflated when based on old estimates [35]. Antibiotic
prices were extracted from the British National Formulary (BNF) website (September 2016), with the
cheapest formulation being used including non-proprietary costs where available [33]. Initial costs of
diagnosing NG were not considered as people only entered the model after an NG diagnosis. The cost

of implementing a change to clinical practice was also not considered.

Sensitivity analyses

We conducted one-way analyses for each of the model parameters by varying them independently at
the ends of their ranges to examine the effect on the primary outcome (Supplementary-Table S41).
These analyses identified which model parameters results were most sensitive to. Each sensitivity
analysis compared one of the five AMR-POCT strategies with SC, across three population groups

(women, MSW, and MSM)._Probabilistic sensitivity analyses (PSA) were not performed because our

analysis was a cost-effectiveness analysis with the outcome as cost per event avoided, rather than a

cost acceptability or cost utility analysis exploring the likelihood that the technology is cost-effective

at different willingness to pay (WTP) thresholds. There is no commonly agreed WTP for our outcome,

and therefore presenting PSA results would likely not have yielded additional beneficial information.
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Results

Overall AMR-POCT strategy costs, treatments used, and treatment outcomes compared with SCin all
groups are presented in Table 3. Breakdowns by population group are presented in Supplementary

Tables $554, $6-S5 and S7S6.

Ik 4 £C N 4+ £2 9Ccc 169 £ +thotatal N + [Tol] 2 Al AMDP DOCT c+ €3 1
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Table 3. Total costs, treatments used and treatment outcomes for Standard Care and AMR-POCT strategies: all groups (n=38,870)

Strategy Total cost? Number of Aantibiotics used to treat NG Number of Number of Number of Number of
Ceftriaxone Azithromycin  Ciprofloxacin  Soptimal Ssub-optimal MEFR°MEITR Ftreatment
treatment®  treatment®tre ¢ failures®failur
treatments®  atments® es®
Standard care £2,856,168 38,870 38,870 0 37,162 1,708 -
3,819,524 -
EUR
A) Single POCT for £3,954,554 38,870 12,408 26,462 38,057 813 265 -
ciprofloxacin; dual-therapy 5 288 385
EUR
B) Dual POCT for azithromycin  £4,093,844 38,870 36,825 1,373 38,822 48 267 -
and ciprofloxacin; dual- 5 474 656
therapy EUR
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C) Dual POCT for ciprofloxacin
and azithromycin; dual-

therapy

D) Single POCT for

azithromycin; monotherapy

E) Single POCT for ciprofloxacin;

monotherapy

£4,066,498 38,870 11,736

5,438,086

E

e

£3,271,684 2,080 36,825

4,375,189

m
X

£3,457,581 12,656 12,408

4,623,788

EUR

26,462 38,611 259 912 -
2,045 38,164 706 372 34
26,462 38,057 813 265 248

AMR, antimicrobial resistance; POCT, point-of-care test; NG, Neisseria gonorrhoeae; MEITR, missed earlier intended treatment regimen

2 GBP costs were converted to Euros using a historic currency conversion of an average of 366 days from the 1st July 2015 to 30" June January 2016 [34].

For this time period, 1 GBP = 1.34 Euros, and 1 Euro = 0.75 GBP.

®‘optimal’ refers to a treatment regimen which cures the NG infection and does not contain any antibiotic against which there is resistance

bc‘sub-optimal’ refers to a treatment regimen which contains antibiotics against which there is NG resistance - if the treatment is a monotherapy it will result

in treatment failure
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“‘missed earlier intended treatment regimen’ (MEITR) refers to a treatment regimen which cures the NG infection and does not contain any antibiotic against

which there is resistance, but a treatment regimen was used when an earlier intended treatment regimen would have provided optimal treatment —a MEITR

is due to a false-resistant AMR-POCT result

“e‘treatment failure’ refers to failure to cure an NG infection due to resistance to an antibiotic given as monotherapy and is due to a false-susceptible AMR-

POCT result
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Costs

The cost of SC NG management was £2,856,168 (3,819,524 EUR) for the total cohort (Table 3). All
AMR-POCT strategies cost more than SC, with dual-therapy AMR-POCT strategies more expensive than
monotherapy strategies. Strategy D was the least expensive AMR-POCT strategy, costing £3,271,684
(4,375,189 EUR), 14.5% more than SC. Strategy B was the most expensive, costing £4,093,844

(5,474,656 EUR), 43% more than SC. This was consistent across all population groups.

Optimal treatment

All AMR-POCT strategies provided more optimal treatments than SC, in all population groups. Strategy
B provided most optimal (n=38,822) and least sub-optimal (n=48) treatments. Strategies A and E
equally provided the least optimal treatments (Supplementary Tables $554, $6-S5 and $7S6) and the

most sub-optimal (n=813) (Table 3).

Ceftriaxone-sparing treatments given

Since all dual-therapy strategies used ceftriaxone, only monotherapy strategies provided ceftriaxone-

sparing options. Strategy D reduced ceftriaxone use by 95% compared to SC (Table 3).

MEITRs given

A MEITR refers to a treatment regimen being used when an earlier intended treatment regimen would
have provided optimal treatment. In all population groups, the fewest were in Strategies A and E
(n=265), and B (n=267), and the most were in Strategy C (n=912) (Table 3, Supplementary Tables S554,

$6-S5 and S7S6).

Treatment failures

There were some treatment failures in each monotherapy strategy due to false-susceptible AMR-POCT
results: strategy D had 34 (0.09% of treatments) and Strategy E had 248 (0.64% of treatments) (Table

3). There were no treatment failures with SC or dual-therapy strategies (A, B and C) because they all

23



included ceftriaxone. This was consistent across all population groups (Supplementary Tables S554, Sé

S5 and S756).

Cost-effectiveness analysis (CEA)

The cost-effectiveness analysis (CEA) results are presented in Table 4. When avoidance of sub-optimal
treatments was considered, Strategy D was most cost-effective relative to SC, costing £414.67 (554.53
EUR) per optimal treatment gained. Strategy A was least cost-effective overall, whereas Strategy B

was the most-cost effective dual-therapy strategy.
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Table 4. Cost effectiveness analysis (CEA) for SC and AMR-POCT strategies

Sub- Comparison Total Additional Number of Additional cost per Number of Additional cost per
group additional cost per optimal optimal treatment ceftriaxone ceftriaxone-sparing
cost? patient? treatments gained? treatments treatment 2
gained avoided
£1,098,386 £28.26 895 £1,226.97 0
1,468,860 37.79 EUR 1,640.81 EUR
AMR-POCT A vs SC EUR Dominated
£1,237,676 £31.84 1,660 £745.44 0
1,655,131 42.58 EUR 996.87 EUR
AMR-POCT B vs SC EUR Dominated
All £1,210,330 £31.14 1,449 £835.39 0
1,618,562 41.64 EUR 1,117.16 EUR
AMR-POCT Cvs SC EUR Dominated
£415,516 £10.69 1,002 £414.67 36,790 £11.29
AMR-POCT D vs SC 14.30 EUR 554.53 EUR 15.09 EUR
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555,665.3

EUR
£601,414 £15.47 895 £671.82 26,214 £22.94
804,264.8 20.69 EUR 898.42 EUR 30.68 EUR
AMR-POCT E vs SC EUR
£620,274 £28.30 499 £1,242.13 0
829,486.1 37.85 EUR 1,661.09 EUR
AMR-POCT A vs SC EUR Dominated
£697,730 £31.84 1,001 £697.32 0
933,067.2 42.58 EUR 932.52 EUR
AMR-POCT B vs SC EUR Dominated
MSM £683,317 £31.18 864 £790.97 0
913,792.8 41.70 EUR 1,057.76 EUR
AMR-POCT Cvs SC EUR Dominated
£235,532 £10.75 568 £414.38 20,676 £11.39
AMR-POCT D vs SC 14.38 EUR 554.15 EUR 15.23-EUR
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314,974.5

EUR
£358,920 £16.38 499 £718.75 13,842 £25.93
AMR-POCT Evs SC | 479,980 EUR 21.90 EUR 961.18 EUR 34.68-EUR
£239,316 £28.26 248 £965.92
320,034.8 37.79 EUR 1,291.72 EUR 0
AMR-POCT A vs SC EUR Dominated
£269,519 £31.83 436 £617.60
AMR-POCT Bvs SC | 360,425 EUR 42.57 EUR 825.91 EUR ° Dominated
£263,674 £31.14 391 £674.71
352,608.5 41.64 EUR 902.28 EUR 0
MSW AMR-POCT C vs SC EUR Dominated
£91,956 £10.86 271 £339.59 £11.58
122,971.8 14.52 EUR 454.13 EUR 7,938 15.49-EUR
AMR-POCT D vs SC EUR
AMR-POCT E vs SC £132,108 £15.60 248 £533.21 5,658 £23.35
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176,666.7 20.86 EUR 713.06 EUR 31.23-EUR
EUR
£238,796 £28.13 148 £1,612.62 0
319,339.4 37.62 EUR 2,156.54 EUR
AMR-POCT A vs SC EUR Dominated
£270,428 £31.86 223 £1,210.74 0
361,640.6 42.61 EUR 1,619.11 EUR
AMR-POCT B vs SC EUR Dominated
£263,339 £31.02 194 £1,356.61 0
352,160.5 41.48 EUR 1,814.18 EUR
AMR-POCT C vs SC EUR Dominated
Women £88,028 £10.37 163 £540.55 8,176 £10.77
117,718.9 13.87 EUR 722.87 EUR 14.40- EUR
AMR-POCT D vs SC EUR
£110,386 £13.00 148 £745.45 6,714 £16.44
AMR-POCT E vs SC 17.38 EUR 996.88 EUR 21.99-EUR
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147,618.1

EUR

AMR-POCT, antimicrobial resistance point-of-care test; MSM, men-who-have-sex-with-men; MSW, men-who-have-sex-with-women; SC, standard care.

A strategy is ‘dominated’ if it is more expensive and provides fewer/equivalent benefits.

2 GBP costs were converted to Euros using a historic currency conversion of an average of 366 days from the 1st July 2015 to 30" June January 2016 [34].

For this time period, 1 GBP = 1.34 Euros, and 1 Euro = 0.75 GBP.
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When avoidance of ceftriaxone use was considered, Strategy D was most cost-effective relative to SC,
costing £11.29 (15.10 EUR) per ceftriaxone-sparing treatment gained. These findings were consistent

across all population groups.

Sensitivity analyses

In one-way sensitivity analyses, the following four parameters had the greatest impact on cost-
effectiveness per optimal treatment gained for all AMR-POCT strategies and across all population
groups: prevalence of azithromycin resistance; AMR-POCT sensitivity; prevalence of ciprofloxacin
resistance; and the cost of single detection AMR-POCT. In monotherapy strategies, the cost-
effectiveness model was additionally sensitive to cost of clinical management (both with and without
injection), cost of ceftriaxone, and AMR-POCT specificity (for strategy D). The cost multiplier for a dual
detection AMR-POCT impacted on AMR-POCT cost-effectiveness for Strategies B and C. Tornado plots

from these analyses are presented in Supplementary Figure S2.

For all strategies, variation of ICER in relation to azithromycin resistance prevalence was minimal until
prevalence fell to or below 3%, at which point it increased (Supplementary Figure S3). These rises in
ICERs were least for strategies B and D. With the exception of strategy B where ICERs were consistent

for all population groups, these increases in ICER were most limited in women.

Variation in AMR-POCT accuracy also showed similar patterns across all population groups. Apart from
Strategy D, variation in specificity had very little effect on cost per optimal treatment gained. In
contrast, as sensitivity decreased to a minimum of 90%, particularly towards the lower range, the cost
per optimal treatment gained increased exponentially, except for strategy B where the relationship
was linear. Strategy B also had the smallest change in ICER between maximum (100%) and minimum
(90%) sensitivity (maximum difference of £169.21 (226.28 EUR) per optimal treatment gained in
women) compared with other strategies where the difference was in the thousands. For Strategy D,

change in sensitivity had little impact on cost per optimal treatment gained, whereas when specificity
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decreased to below around 95.5%, the cost per optimal treatment gained started to increase

exponentially. The sensitivity analyses are presented in Supplementary Figure S4.

The prevalence of ciprofloxacin resistance had very little effect on cost per optimal treatment gained
in Strategies B, C and D (Supplementary Figure S5). For Strategies A and E, as ciprofloxacin resistance
increased from about 20%, there was an exponential increase in cost per optimal treatment gained

for women only.

The relationship between ICER and cost of a single target AMR-POCT was linear. Interestingly, as the
cost of the single target AMR-POCT increased, the two dual-target AMR-POCTs diverged, with strategy

B costing less per optimal treatment gained relative to strategy C.

For the three single target AMR-POCTs (A, D and E), reducing the cost of the test had the greatest
impact on cost per treatment gained. Monotherapy strategies became cost-saving (ICER <0) for all
population groups when AMR-POCT cost was <£18 (24.07 EUR) for Strategy D, and <£16 (21.40 EUR)
for Strategy E (Supplementary Figure S6). Strategy B had lowest costs per additional optimal treatment

for dual-therapy strategies.

Discussion

This is the first study to assess the cost-effectiveness and impacts of deploying AMR-POCTs for
gonorrhoea. All AMR-POCT strategies assessed resulted in more optimal treatments compared with
SC. Monotherapy AMR-POCT strategies provided ceftriaxone-sparing options, with Strategy D
reducing the use of ceftriaxone by 95%. Both outcomes are important in promoting antibiotic
stewardship by minimising risks of breakthrough with ceftriaxone-resistant circulating strains, and

reducing selection pressure for resistance developing to ceftriaxone, respectively.

Our cost-effectiveness analysis adapted a previously published cost-effectiveness model of
introducing a dual CT/NG POCT into a SHC [29, 31], and was populated using available published data,

and where unavailable, using unpublished data and expert opinion. By employing a decision tree
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model approach we could account for sufficient complexity without over-building. This approach is,
however, unable to assess outcomes that a transmission-dynamic model would be required for, such
as that developed by Fingerhuth et al. [39], including impact AMR-POCTs could have on re-infection

in a previously treated patient, on population prevalence or burden of disease, or on AMR evolution.

Turner et al. have adapted the same CT/NG POCT cost-effectiveness model we used for our analysis

[29, 31] to analyse the potential clinical and overall economic impact of an NG AMR-POCT [40]. Whilst

theirs was not a cost-effectiveness analysis, and different model assumptions and parameters from

ours were used, they also demonstrated that AMR-POCTs could lead to overall reductions in

ceftriaxone use, but that introduction of AMR-POCTs incurred increased costs. Using an individual-

based dynamic transmission model that incorporated partner treatment and which was applied to a

London MSM population, Zienkiewicz et al. [41] also demonstrated that AMR-POCTs for NG

ciprofloxacin sensitivity reduced ceftriaxone use, by 70% compared with the reference scenario. An

individual-based model of molecular NG-AMR test-use compared with culture within an NG

surveillance system in remote settings found that they substantially improve the timeliness of NG-

AMR detection, facilitating a faster change in recommended treatment, with potential for decreasing

NG-AMR impact on the wider population [42]. Fingerhuth et al. [39] developed a compartmental

transmission model of antibiotic-sensitive and antibiotic-resistant NG to look at proportion of resistant

infections and cases averted. They showed that the clinical pathway that included an AMR-POCT

resulted in the lowest proportion of resistant infections after 30 years, whereas the clinical pathway

with a POCT that did not test for AMR resulted in the highest. They also noted that test diagnostic

performance is key for AMR-POCTs to have a beneficial public health impact. The potential public

health impact of AMR-POCTs was confirmed by Tuite et al., with AMR-POCTs delaying the proportion

of isolates reaching >5% resistance compared with empiric treatment [43]. However, it was

highlighted that the AMR-POCT must test for resistance to multiple anitimicrobials, otherwise non-

tested, resistant, strains will be selected for. Thus, continued surveillance, including culture, must be

continued. Together, these health economic and modelling evaluations highlight the possible
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beneficial impacts of implementing AMR-POCTSs on reducing ceftriaxone use and decreasing NG-AMR

prevalence at the population level, but the design and implementation of the tests should also be

carefully considered.

As with all mathematical models, several assumptions were made (Supplementary Table S1), including
AMR-POCT diagnostic accuracy - a necessity as these tests are currently in early phases of
development [16]{preciseresearch-co-uk}. Future performance estimates will need to take-consider
two elements: predictive accuracies of any biomarkers used to detect AMR; the performance of
platforms and chemistries used to detect them. Variations in both may independently affect

outcomes.

Our analysis had some limitations. We used the most recent NG-AMR data available from GRASP at

the time [30], but AMR rates constantly change and, in the sensitivity analyses, AMR prevalence
alterations had the greatest impact on AMR-POCT cost-effectiveness (Supplementary Figure S2). This

may limit the generalisability of our results, as it is not possible to know future resistance profiles.

However, the results should be generalisable to the ranges used in the sensitivity analyses. In addition,

as AMR-POCTs are still in development, some of the model’s other epidemiological parameters will

have changed by the time the AMR-POCTs are available for use in routine practice, which may further

limit the analyses” applicability in the longer term. This highlights the need to continually conduct

analyses such as these, to enhance our ability to predict and understand future trends. Our anlayses

are also limited to data from England, with results perhaps less generalisable to other countries. This

will be exacerbated by the 2019 change to 1g ceftriaxone monotherapy, further setting it aside from

guidelines in other European countries [7]. Our model also did not consider NG-positive patients co-

infected with another organism, such as Chlamydia trachomatis, which would affect patient pathways
and treatment options. Additional factors not considered were costs associated with treating long-

term NG infection sequelae [44], costs incurred outside of the SHC, and costs or cost-savings
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associated with changing clinical pathways in order to accommodate the AMR-POCTs. Thus the time

horizon for the costs and consequences was of initial patient treatment only.

Strategy B was most effective for avoiding sub-optimal treatments but the most costly to implement.
Strategy D was the most cost-effective for both effectiveness outcomes (optimal treatments gained
and ceftriaxone avoidance), but resulted in treatment failures, as well as nearly 15-fold higher sub-
optimal treatments compared to Strategy B. Both strategies B and D enabled the re-use of

ciprofloxacin, previously abandoned for the treatment of NG in the UK [6].

All AMR-POCT strategies were more expensive than SC, with dual-therapy AMR-POCT strategies more
expensive than monotherapy strategies, suggesting that short-term net financial investments in AMR-
POCT adoption are required to gain long-term antimicrobial stewardship benefits. Interestingly, our
sensitivity analysis suggested that even if AMR-POCT costs were significantly reduced, perhaps
through production scale-up, dual-therapy AMR-POCT strategies would still not be cost-saving.
However, a relatively small reduction to <£18 (24.07 EUR) per test would enable the monotherapy

AMR-POCT strategies to be cost-saving.

The monotherapy strategies resulted in treatment failures due to false-susceptible AMR-POCT results,
although minimal relative to SC. Since we assumed ceftriaxone treated 100% of NG infections, there
were no treatment failures for SC or dual-therapy strategies. The most recent GRASP data suggest that
ceftriaxone resistance remains low (no ceftriaxone resistance reported, but-although there is a

reduction in susceptibility with 24.6% of isolates withthe minimum inhibitory concentrations (MICs)

was-at-the breakpeint{20.03125 mg/L)}-fer2/1268 gonococeakisolates in 2018 compared with 16.6%

in 2017 [1]), but there are increasing concerns regarding international ceftriaxone-resistant strains
[45-47]. This potentially undermines our assumption and the resulting lack of treatment failures from

dual-therapy AMR-POCT strategies.

Most MEITRs (treatment regimen used when an earlier intended treatment regimen would have

provided optimal treatment) were in Strategy C, and the least in Strategies A, B and E. Avoiding MEITRs
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is important because it maximises the ability to use ciprofloxacin (in Strategies A, C and E), or reduces
the need for ceftriaxone use (Strategies B and D). These numbers were small compared to actual
patient numbers in whom a MEITR might be used if these AMR-POCTs were available more generally.
For example, using national surveillance data [24, 48], we estimated that over 25,000 of the 38,870
NG-—diagnosed SHC patients assumed to have been treated with SC in 2015 would have had
ciprofloxacin-susceptible NG. Strategies A and E would have enabled all, except 265 (Table 3), of these

patients to be treated with ciprofloxacin, a 100-fold reduction in these missed opportunities.

Since a MEITR is due to susceptible infections misclassified as resistant by the AMR-POCT, test
specificity is key. In sensitivity analyses of AMR-POCT accuracy, Strategy D was the only strategy where
cost per optimal treatment gained was affected by changes in specificity. In all other strategies, cost
per optimal treatment gained increased as sensitivity decreased. This is because these strategies
contained an AMR-POCT that included ciprofloxacin testing, so resistance (20-36%, dependent on
population group [30]) was detected and optimal treatment could be given. In contrast, if AMR-POCT
sensitivity in these strategies fell, true ciprofloxacin-resistant cases were missed and the patient sub-
optimally treated. Strategy D, where the AMR-POCT was for azithromycin only, was the only strategy
where ciprofloxacin was given without resistance-testing - as the specificity decreased, more patients
received false-positive azithromycin resistance results and were treated with ciprofloxacin. Due to
high ciprofloxacin resistance prevalence, this treatment was sub-optimal in a large number of cases.
Following the logic of the other strategies, if azithromyin resistance prevalence increased, cost per
optimal treatment gained in Strategy D would become sensitive to both AMR-POCT specifity and

sensitivity.

Thus, prevalence of resistance has important implications for AMR-POCT accuracy requirements and
ICERs of optimal treatments gained. In the azithromycin resistance sensitivity analyses, ICERs
increased when resistance fell below about 3% (well below current UK azithromycin resistance

prevalence, reported at approximately 9.7% [1]), primarily because when azithromycin resistance is
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low, there is little value in testing for it (Strategies B, C and D) and there will be few treatment failures
from background resistance (Strategies A and E). In the ciprofloxacin resistance sensitivity analysis, an
effect on ICERs was only seen in women in strategies A and E (because of lower baseline ciprofloxacin

resistance prevalence).

From a population-level antimicrobial stewardship public health perspective, increasing the number
of sub-optimal treatments may eventually lead to an increased number of resistant infections [39].
The relative public health importance of a smaller total number of sub-optimal treatments with a few
treatment failures versus a higher number of sub-optimal treatments with no failures, warrants
further investigation, and could be included in future transmission model analyses. Furthermore, the
long-term public health impact of preserving ceftriaxone use whilst increasing the risk of treatment
failures from monotherapy strategies (versus maintaining ceftriaxone in the earlier intended
treatment regimen with an increase in sub-optimal treatments and no adequate treatment

alternative), should also be investigated.

Conclusion

Once developed, AMR-POCTs could have wide-ranging implications for clinical decision-making
globally, including the re-use of antibiotics previously abandoned for the treatment of NG, ensuring
the right treatment is given to the right person, at the right time (precision medicine) [9, 12]. The
O’Neill review of AMR [10] noted that accepting the initial expense of new test introduction may
enable longer-term societal pay-offs by reducing infection rates and maintaining effective NG
treatments. However, a relatively small reduction in test cost could enable some AMR-POCT strategies

to be cost-saving.
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ABSTRACT

Introduction

Antimicrobial resistance (AMR) threatens successful Neisseria gonorrhoeae (NG) treatment, with few
practical alternatives should ceftriaxone resistance become widespread. AMR point-of-care tests
(AMR-POCTs), currently being developed, would allow selection of appropriate treatment regimens
(including previously abandoned regimens), thereby sparing ceftriaxone use. We assessed cost-
effectiveness of five hypothetical AMR-POCT strategies (second antibiotic alongside ceftriaxone
(Strategies A-C); single antibiotic alternative to ceftriaxone (Strategies D and E)) compared with
Standard Care (SC; ceftriaxone and azithromycin dual-therapy), to inform appropriate

implementation.

Aim

To assess the costs and effectiveness of these AMR-POCT strategies to optimise treatment regimen

choice and reduce selection pressure on ceftriaxone.

Methods

Decision tree model simulating a cohort of 38,870 NG-diagnosed England sexual health clinic (SHC)
attendees. AMR-POCT strategies and associated treatment options costed were: A) ciprofloxacin only
(ciprofloxacin preferred over azithromycin as second agent if susceptible); B) azithromycin and
ciprofloxacin (azithromycin preferred); C) ciprofloxacin and azithromycin (ciprofloxacin preferred); D)
azithromycin AMR-POCT; E) ciprofloxacin AMR-POCT. A micro-costing approach, representing the cost
to the SHC (for the year 2015/16), was employed. The time horizon was one year for initial patient
treatment only. Primary outcomes were: total costs; percentage of people given optimal treatment
(mono- or dual-therapy curing NG and not containing an antibiotic against which there was
resistance); percentage of people given non-ceftriaxone optimal treatment; cost-effectiveness (cost

per optimal treatment gained).



Results

All AMR-POCT strategies cost more than SC. Strategy B avoided most sub-optimal treatments (n=48)
but cost most to implement (£4,093,844 5,474,656 EUR]). Strategy D was most cost-effective for both
cost per optimal treatments gained (£414.67 [554.5 EUR] per optimal treatment gained) and
ceftriaxone avoidance (£11.29 [15.10 EUR] per ceftriaxone-sparing treatment) but resulted in

treatment failures (n=34) and sub-optimal treatments (n=706).

Conclusions

AMR-POCTs can enable correct antibiotic therapy at diagnosis and improved antibiotic stewardship,
but may require net health-system investment. However, a relatively small reduction in test cost

would enable monotherapy AMR-POCT strategies to be cost-saving.

Key words:

Neisseria gonorrhoeae; Sexually transmitted infection; antimicrobial resistance; point-of-care test;

cost-effectiveness; ceftriaxone; ciprofloxacin; azithromycin



Introduction

Antimicrobial resistance (AMR) has developed to every class of antibiotic used for treatment of the
bacterial sexually transmitted infection (STI) Neisseria gonorrhoeae (NG) [1], with increasing reports
of multi-drug resistant strains [2]. NG, the second most prevalent bacterial STI globally [3], is

associated with serious long-term reproductive health complications if left untreated.

World Health Organization (WHO) guidelines [4] recommend a treatment regimen that treats at least
95% of circulating NG strains, as monitored through antibiotic surveillance programmes such as Public
Health England’s national Gonococcal Resistance to Antimicrobials Surveillance Programme (GRASP)
[1]. Dual-therapy with ceftriaxone and azithromycin is recommended in Europe [5], and was in the UK
until 2019 [6] when it was replaced with 1g ceftriaxone monotherapy due to the emergence of
azithromycin resistance [7]. AMR to ceftriaxone, an extended-spectrum cephalosporin, is the most
urgent threat [8],[9] with few practical alternatives immediately available if widespread resistance

develops.

Rapid diagnostics have been identified as a key approach to tackling AMR [10]. Rapid tests are those
that have a two-hour turnaround, whereas point-of-care tests (POCTs) enable test, results and
treatment to be conducted in the same clinical visit [11]. A principal feature of an NG-AMR diagnostic
is to assess antibiotic susceptibility at the time of NG diagnosis. A test that combines both NG diagnosis
and AMR prediction at the point-of-care (AMR-POCTs) would allow the selection of appropriate
treatment regimens for significant numbers of NG infections, including safe use of antimicrobials
which have been abandoned for widespread use due to circulating resistance, but which would be
effective for a significant proportion of infections [12]. For example, in the UK in 2018, 60% of NG
infections were susceptible to ciprofloxacin, 90% to azithromycin and 88% to penicillin [1]. The ability

to use these antibiotics to treat NG may in turn reduce AMR selection pressure on ceftriaxone [13].

Rapid tests are already being used for NG in some sexual health clinics (SHCs) [14]. While laboratory-
based NG fluoroquinolone susceptibility tests exist [15], rapid NG-AMR tests are in development and
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being clinically evaluated, including an NG fluoroquinolone susceptibility AMR-POCT, developed
within the Precise Study [16] using the i0® platform (Binx Health Limited (formerly Atlas Genetics),
Boston, USA), already CE-marked for Chlamydia trachomatis detection [12, 17]. Costs and short-term
clinical impacts of these tests are used in procuring sexual health services provision for a region

(known as sexual health commissioning in England) and adoption into SHCs” decision-making [18].

In this analysis, we assessed the cost-effectiveness in English SHCs of five hypothetical AMR-POCT
strategies for the treatment of NG, which enable use of ciprofloxacin and/or azithromycin, either
alongside, or as an alternative to, ceftriaxone. Potential diagnostic resistance-determinants of these
antibiotics are small in number (gyrA for ciprofloxacin; 23S rRNA and mtrCDE transporter for
azithromycin), are relatively well-understood, and their absence predictive of susceptibility
(particularly for ciprofloxacin). The development of molecular AMR-POCTs for detection of these
determinants are thus technically feasible and therefore more likely to be immediately available [19-

21].

Methods

This report was written following the Consolidated Health Economic Evaluation Reporting Standards

(CHEERS) checklist [22].

Model structure

We compared Standard Care (SC) for NG treatment in the UK (at the time of investigation, ceftriaxone
500mg and azithromycin 1g dual-therapy [6]) with five different AMR-POCT strategies (Supplementary
Figure S1), where the AMR-POCT was used as a reflex test to inform antibiotic selection, irrespective
of which test was used to diagnose NG initially. The AMR-POCT strategies were chosen to either
facilitate optimised choice of a second antibiotic alongside ceftriaxone (dual-therapy), or enable a

single antibiotic alternative to ceftriaxone (monotherapy) (Box 1).



The rationale for the monotherapy strategies is that an AMR-POCT enables effective treatment of the
known resistance profile, sparing the use of ceftriaxone. The rationale for dual-therapy strategies is
based on the assumption that combination therapy is more effective at preventing emergence or

spread of AMR and thereby preserves the use of ceftriaxone [23].

Each strategy consisted of a series of intended treatment regimens, contingent on the results of the
AMR-POCT used. For example, in strategy B, the earliest intended treatment regimen was SC; where
the AMR-POCT indicated azithromycin resistance, the second intended treatment regimen was
ceftriaxone and ciprofloxacin; where the AMR-POCT then indicated ciprofloxacin resistance, the third

intended treatment regimen was ceftriaxone monotherapy.



Box 1. Summary of AMR-POCT strategies

Standard Care (SC)

Standard care with dual-therapy of intramuscular ceftriaxone (500mg) and oral azithromycin (1g single dose).

Dual-therapy, including ceftriaxone

A) AMR-POCT for ciprofloxacin resistance only; infections identified as not resistant to ciprofloxacin are given oral ciprofloxacin (500mg) plus
ceftriaxone (500mg). Infections identified as ciprofloxacin resistant are given SC.

B) Dual AMR-POCT for azithromycin and ciprofloxacin resistance; if no azithromycin resistance is identified, SC is given. If azithromycin resistant,
ciprofloxacin (500mg) and ceftriaxone (500mg) are given unless there is ciprofloxacin resistance, in which case ceftriaxone (500mg) is given alone.

Q) Dual AMR-POCT for ciprofloxacin and azithromycin resistance; if no ciprofloxacin resistance is identified, ciprofloxacin (500mg) and ceftriaxone
(500mg) are given. If ciprofloxacin resistant, SC is given, unless there is also azithromycin resistance, when ceftriaxone (500mg) is given alone.
Monotherapy optimisation

D) AMR-POCT for azithromycin resistance: if no azithromycin resistance is identified, azithromycin (2g) is given. If azithromycin resistant, ceftriaxone
(500mg) and ciprofloxacin (500mg) dual-therapy is given. If the AMR-POCT incorrectly shows no resistance (false negative for AMR), it is assumed the
treatment fails. The treatment failure would be identified in the test-of-cure (TOC) and the patient would then receive 500mg ceftriaxone.

E) AMR-POCT for ciprofloxacin; if no ciprofloxacin resistance is identified, 500mg ciprofloxacin monotherapy is given. If ciprofloxacin resistant, SC is

given. If the AMR-POCT incorrectly shows no resistance, monotherapy is assumed to fail, the patient returns and receives 500mg ceftriaxone alone.




Strategy

Antibiotic(s) for which

resistance is tested

Intended Treatment Regimen based on test result

No resistance to A

Resistance to A

Resistance to

A+B

Strategy A

Ciprofloxacin

Ciprofloxacin

+

Ceftriaxone

Azithromycin

+

Ceftriaxone

Strategy B

Azithromycin

+

Ciprofloxacin

Azithromycin

+

Ceftriaxone

Ciprofloxacin

Ceftriaxone

Ceftriaxone

Strategy C

Ciprofloxacin

+

Azithromycin

Ciprofloxacin

+

Ceftriaxone

Azithromycin

Ceftriaxone

Ceftriaxone

Strategy D

Azithromycin

Azithromycin®®

Ciprofloxacin

Ceftriaxone

Strategy E

Ciprofloxacin

Ciprofloxacin®

Azithromycin

Ceftriaxone

Standard

Care

No resistance testing is done. Standard Care (SC) is ceftriaxone 500mg and azithromycin 1g dual-therapy [6]

Unless otherwise stated, doses are: Ceftriaxone 500mg; Azithromycin 1g; Ciprofloxacin (500mg)

Shaded areas indicate Standard Care (SC) i.e. azithromycin and ceftriaxone dual-therapy

a2g dose given




BIf incorrect test result and treatment fails, ceftriaxone is given




A decision tree model was constructed using TreeAge Pro (v.2017) to simulate a hypothetical cohort
of 38,870 NG-diagnosed SHC attendees (21,915 men-who-have-sex-with-men [MSM], 8,488 women
and 8,467 men-who-have-sex-with-women [MSW]), representing the total number of NG diagnoses
in England SHCs in 2015, obtained from national surveillance data (GUMCAD) [24]. Our assumptions
regarding AMR-POCT use meant the model could not be used when considering presumptive, e.g. for
sexual contacts of NG-positive patients initially negative by microscopy but subsequently positive by
NAAT testing. Approximately 10% of NG diagnoses are in contacts [25] but the epidemiological
breakdown of these patients (e.g. women, MSW, MSM) and the nature of their NG diagnoses (e.g.
microscopy negative and NAAT positive) is not reported. Therefore, contacts could not be removed

from the hypothetical cohort.

Key model assumptions include: 100% compliance with test protocols; all patients entering the model
are NG true-positives; dual AMR-POCTSs results are available simultaneously; there is no ceftriaxone
resistance (supported by England’s national NG AMR sentinel surveillance system data [1]) so patients
with monotherapy treatment failure would return and be successfully treated with ceftriaxone only.

Model assumptions are provided in Supplementary Table S1.

Outcomes

We aimed to assess the costs and effectiveness of these AMR-POCT strategies to optimise treatment
regimen choice and reduce selection pressure on ceftriaxone. The primary outcomes were the total
costs (2015/16 GB £), the percentage of people given optimal treatment, and the percentage of people
given non-ceftriaxone optimal treatment. ‘Optimal treatment’ was defined as one which cured NG
and did not contain an antibiotic against which there was resistance. Model definitions are provided
in Supplementary Table S2. These data were used to calculate incremental cost-effectiveness ratios
(ICERs, see equation) for the cost per additional optimal treatment gained and the cost per additional

ceftriaxone treatment avoided. This was chosen as the measure of cost-effectiveness rather than
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other measures, such as cost per Quality Adjusted Life Years (QALYs), because little data exist on the
consequence of optimal versus suboptimal NG treatment on long-term outcomes, such as mortality

or lifetime costs.

Costy — Cost
ICER = B 4

Effectivenessg — Ef fectiveness,

Secondary outcomes were the percentage of people given a ‘missed earlier intended treatment
regimen’ (MEITR), and the percentage of people failing treatment due to resistance. ‘MEITR’ was
defined as the use of a treatment regimen which cured NG, but where an earlier intended treatment
regimen would have provided optimal treatment because susceptible infections had been

misclassified as resistant by the AMR-POCT. MEITRs were independent of treatment effectiveness.

Treatment

AMR-POCT strategy treatment regimens were developed with input from three senior clinicians at St
George’s University Hospitals NHS Foundation Trust, London, who outlined current and hypothetical
AMR-POCT patient pathways (Supplementary Figure S1). The purpose of the work was to determine
AMR-POCT strategy for short-term clinical impacts, because these are the data used for sexual health
service provisioning and decision-making for adoption into SHCs [18]. Furthermore, progression to
longer-term clinical impacts from suboptimally treated infection is poorly defined [26]. Therefore, the
time horizon was that of initial patient treatment, and complications associated with STls such as
pelvicinflammatory disease (PID) in women, and adverse drug events associated with treatment, were

not considered.

Model parameters

Model epidemiology parameters are presented in Table 1, and cost parameters in Table 2 and

Supplementary Table S3. The hypothetical AMR-POCT sensitivity and specificity were based on other
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NAAT-based rapid and POC tests [27-29], and altered in sensitivity analyses. Antibiotic resistance
prevalences were obtained from national surveillance of SHC attendees (GRASP, 2017) [30]. GRASP is
England’s national sentinel surveillance system that detects and monitors AMR in NG and records
potential treatment failures. As the time horizon was that of initial patient treatment, discounting

rates were not applied.
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Table 1. Epidemiology parameters used in the model

Variable Percentage (%) Number Comments,
MSM W MSW MSM W MSW Reference
Base Range Base Range Base Range |Base case Range Base Range Base Range
case (low, case (low, case (low, |value (low, case (low, case (low,
value  high) wvalue high) value high) high)  value high) value high)
1 Initial clinic GUMCAD, 2015
56.4 N/A 218 N/A 218 N/A 21,915 8,488 8,467
attendances [24]
2 Resistance to 3.3, 1.9, 3.7, 723, 161, 313, |GRASP, 2017 [30]
4.7 2.7 5.3 1,030 229 449
azithromycin?® 6.1 3.5 6.9 1,337 297 584
3 Resistance to 0.0, 0.0, 0.0, GRASP, 2017 [30]
0.0 0.0 0.0 0 0,0 0 0,0 0 0,0
ceftriaxone 0.0 0.0 0.0
4 Resistance to 25.3, 14.1, 22.8, 5,544, 1,197, 1,930, | GRASP, 2017 [30]
36.2 20.1 32.5 7,933 1,706 2,752
ciprofloxacin® 47.1 26.1 42.3 10,322 2,215 3,582
5 Sensitivity of AMR- 90, a0, a0, Assumption
98 98 98 N/A N/A N/A N/A N/A N/A
POCT 100 100 100
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6 Specificity of AMR- 90, 90, 90, Assumption
99 99 99 N/A N/A N/A N/A N/A N/A
POCT 100 100 100

MSM, men-who-have-sex-with-men; W, women; MSW, men-who-have-sex-with-women; N/A, Not Applicable; GUMCAD, genitourinary medicine clinical

activity dataset; GRASP, gonococcal resistance to antimicrobial surveillance programme; AMR, antimicrobial resistance; POCT, point-of-care test.

@ The azithromycin resistance ranges were extended further to 1-10% for all population groups in one way azithromycin resistance analysis so that the effect

of more extreme values could be explored.

® The ciprofloxacin resistance ranges were extended further to 0-50% in one way ciprofloxacin resistance analysis so that the effect of more extreme values

could be explored
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Table 2. Cost parameters used in the model

Cost input

Management of
NG (oral
medication/IM

injection)

Return visit due to

treatment failure

Single AMR-POCT

Dual AMR-POCT

Dual AMR-POCT

Azithromycin 1g¢

Azithromycin 2g°

Ceftriaxone

500mg*

Cost?

Base case
value
£53.00/£62.74
70.88
EUR/83.90
EUR
£48.01
64.20 EUR
£29.00
38.78 EUR
£31.90

42.66 EUR

£31.90

42.66 EUR

£1.16
1.55 EUR
£2.32
3.10 EUR
£9.58

12.81 EUR

Range (low, high)

£37.1, £68.9 / £43.92, £81.56
49.6,92.1 EUR / 58.73,

109.07 EUR

£33.61, £62.41
44.95, 83.46 EUR
£20, £40
26.75, 53.49 EUR
£29, £58

38.78, 77.56 EUR

£22, £44

29.42,58.84 EUR

£0.81, £1.51
1.08, 2.02 EUR
£1.62, £3.02
2.17,4.04 EUR
£6.71, £12.45

8.97, 16.65 EUR

Comments and references

bAdapted from previous

model. Adams, 2014 [31]

bc  Adapted from previous
model. Adams, 2014 [31]

Estimate [32]

Estimate - 10% more than
price of single AMR POCT
(multiplier 1.1, range 1.0-2.0)
Estimate — single AMR-POCT is
varied, multiplier remains at
1.1 (10% more than price of
single AMR POCT)

BNF, 2016 [33]

BNF, 2016 [33]

BNF, 2016 [33]
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Ciprofloxacin £0.07 £0.05, £0.09 BNF, 2016 [33]

500mg" 0.09 EUR 0.07,0.12 EUR

NG, Neisseria gonorrhoeae; IM, intramuscular; AMR, antimicrobial resistance; POCT, point-of-care

test; BNF, British National Formulary.

@ GBP costs were converted to Euros using a historic currency conversion of an average of 366 days
from the 1st July 2015 to 30'" June January 2016 [34]. For this time period, 1 GBP = 1.34 Euros, and 1
Euro =0.75 GBP.

®Includes staff time and consumables but not antibiotic costs. Costs were inflated to 2015/16 costs
using the Hospital and Community Health Services (HCHS) Inflation Indices 2015 produced by the
Personal Social Services Research Unit [35]. No data were available for inflation from 2014/15 to
2015/16 so it was assumed to be the same as between 2013/2014 and 2014/15. The UK hospital
consumer price index for health services shows similar annual growth in this sector from 2014 (93.2
in2013,97.1in 2014 and 100 in 2015), which validates this assumption [36]. GBP costs were converted
to Euros using a historic currency conversion of an average of 366 days from the 1st July 2015 to 30t
June January 2016 [34]. For this time period, 1 GBP = 1.34 Euros, and 1 Euro = 0.75 GBP. A further
breakdown of cost data is provided in Supplementary Table S3.

¢Within the context of this model, treatment failure due to resistance to a monotherapy would result
in a return visit. No repeat culture would be taken and no repeat diagnostic tests would occur. The
patient would be successfully treated using ceftriaxone, administered via injection.

40ral medication.

¢ Administered via intramuscular injection. The price quoted is for 1g vial of ceftriaxone, the smallest

non-proprietary vial available (10) - the remaining 500mg is then discarded.
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A micro-costing approach was employed, considering only costs incurred to the healthcare provider
(i.e. SHC). Costs to those procuring sexual health services provision, or to health systems as a whole,
were not considered. Costs were estimated by adapting an existing model [31], and included:
laboratory equipment, POCTs and antibiotics, AMR-POCTs, NG treatment implementation (e.g. staff
time and consumables, including partner notification and health promotion) (Supplementary Table
S3). It was assumed the AMR-POCTSs produced results in 30 minutes (maximum acceptable POCT run-
time for service users [37, 38]) and that in all strategies, NG-positive samples would still be sent to the
laboratory for culture and phenotypic resistance testing. Costs are given in 2015/16 prices (GB £) and
inflated when based on old estimates [35]. Antibiotic prices were extracted from the British National
Formulary (BNF) website (September 2016), with the cheapest formulation being used including non-
proprietary costs where available [33]. Initial costs of diagnosing NG were not considered as people
only entered the model after an NG diagnosis. The cost of implementing a change to clinical practice

was also not considered.

Sensitivity analyses

We conducted one-way analyses for each of the model parameters by varying them independently at
the ends of their ranges to examine the effect on the primary outcome (Table 1). These analyses
identified which model parameters results were most sensitive to. Each sensitivity analysis compared
one of the five AMR-POCT strategies with SC, across three population groups (women, MSW, and
MSM). Probabilistic sensitivity analyses (PSA) were not performed because our analysis was a cost-
effectiveness analysis with the outcome as cost per event avoided, rather than a cost acceptability or
cost utility analysis exploring the likelihood that the technology is cost-effective at different willingness
to pay (WTP) thresholds. There is no commonly agreed WTP for our outcome, and therefore

presenting PSA results would likely not have yielded additional beneficial information.
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Results

Overall AMR-POCT strategy costs, treatments used, and treatment outcomes compared with SCin all
groups are presented in Table 3. Breakdowns by population group are presented in Supplementary

Tables S4, S5 and S6.
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Table 3. Total costs, treatments used and treatment outcomes for Standard Care and AMR-POCT strategies: all groups (n=38,870)

Strategy Total cost? Number of antibiotics used to treat NG Number of Number of Number of Number of
Ceftriaxone Azithromycin  Ciprofloxacin  optimal sub-optimal ~ MEITR® treatment
treatments®  treatments® failures®
Standard care £2,856,168 38,870 38,870 0 37,162 1,708 -
3,819,524 i,
EUR
A) Single POCT for £3,954,554 38,870 12,408 26,462 38,057 813 265 -
ciprofloxacin; dual-therapy 5,288,385
EUR
B) Dual POCT for azithromycin  £4,093,844 38,870 36,825 1,373 38,822 48 267 -

and ciprofloxacin; dual-

therapy

5,474,656

EUR
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C) Dual POCT for ciprofloxacin  £4,066,498 38,870 11,736 26,462 38,611 259 912 -

and azithromycin; dual-

5,438,086
therapy EUR
D) Single POCT for £3,271,684 2,080 36,825 2,045 38,164 706 372 34
azithromycin; monotherapy 4,375,189
EUR
E) Single POCT for ciprofloxacin; £3,457,581 12,656 12,408 26,462 38,057 813 265 248
monotherapy
4,623,788
EUR

AMR, antimicrobial resistance; POCT, point-of-care test; NG, Neisseria gonorrhoeae; MEITR, missed earlier intended treatment regimen

2 GBP costs were converted to Euros using a historic currency conversion of an average of 366 days from the 1st July 2015 to 30" June January 2016 [34].
For this time period, 1 GBP = 1.34 Euros, and 1 Euro = 0.75 GBP.

b‘optimal’ refers to a treatment regimen which cures the NG infection and does not contain any antibiotic against which there is resistance

“sub-optimal’ refers to a treatment regimen which contains antibiotics against which there is NG resistance - if the treatment is a monotherapy it will result

in treatment failure
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4“missed earlier intended treatment regimen’ (MEITR) refers to a treatment regimen which cures the NG infection and does not contain any antibiotic against

which there is resistance, but a treatment regimen was used when an earlier intended treatment regimen would have provided optimal treatment —a MEITR

is due to a false-resistant AMR-POCT result

¢‘treatment failure’ refers to failure to cure an NG infection due to resistance to an antibiotic given as monotherapy and is due to a false-susceptible AMR-

POCT result
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Costs

The cost of SC NG management was £2,856,168 (3,819,524 EUR) for the total cohort (Table 3). All
AMR-POCT strategies cost more than SC, with dual-therapy AMR-POCT strategies more expensive than
monotherapy strategies. Strategy D was the least expensive AMR-POCT strategy, costing £3,271,684
(4,375,189 EUR), 14.5% more than SC. Strategy B was the most expensive, costing £4,093,844

(5,474,656 EUR), 43% more than SC. This was consistent across all population groups.

Optimal treatment

All AMR-POCT strategies provided more optimal treatments than SC, in all population groups. Strategy
B provided most optimal (n=38,822) and least sub-optimal (n=48) treatments. Strategies A and E
equally provided the least optimal treatments (Supplementary Tables S4, S5 and S6) and the most sub-

optimal (n=813) (Table 3).

Ceftriaxone-sparing treatments given

Since all dual-therapy strategies used ceftriaxone, only monotherapy strategies provided ceftriaxone-

sparing options. Strategy D reduced ceftriaxone use by 95% compared to SC (Table 3).

MEITRs given

A MEITR refers to a treatment regimen being used when an earlier intended treatment regimen would
have provided optimal treatment. In all population groups, the fewest were in Strategies A and E
(n=265), and B (n=267), and the most were in Strategy C (n=912) (Table 3, Supplementary Tables S4,

S5 and S6).

Treatment failures

There were some treatment failures in each monotherapy strategy due to false-susceptible AMR-POCT
results: strategy D had 34 (0.09% of treatments) and Strategy E had 248 (0.64% of treatments) (Table

3). There were no treatment failures with SC or dual-therapy strategies (A, B and C) because they all
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included ceftriaxone. This was consistent across all population groups (Supplementary Tables S4, S5

and S6).

Cost-effectiveness analysis (CEA)

The cost-effectiveness analysis (CEA) results are presented in Table 4. When avoidance of sub-optimal
treatments was considered, Strategy D was most cost-effective relative to SC, costing £414.67 (554.53
EUR) per optimal treatment gained. Strategy A was least cost-effective overall, whereas Strategy B

was the most-cost effective dual-therapy strategy.
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Table 4. Cost effectiveness analysis (CEA) for SC and AMR-POCT strategies

Sub- Comparison Total Additional Number of Additional cost per Number of Additional cost per
group additional cost per optimal optimal treatment ceftriaxone ceftriaxone-sparing
cost? patient® treatments gained? treatments treatment?
gained avoided
£1,098,386 £28.26 895 £1,226.97 0
1,468,860 37.79 EUR 1,640.81 EUR
AMR-POCT A vs SC EUR Dominated
£1,237,676 £31.84 1,660 £745.44 0
1,655,131 42.58 EUR 996.87 EUR
AMR-POCT B vs SC EUR Dominated
All £1,210,330 £31.14 1,449 £835.39 0
1,618,562 41.64 EUR 1,117.16 EUR
AMR-POCT Cvs SC EUR Dominated
£415,516 £10.69 1,002 £414.67 36,790 £11.29
AMR-POCT D vs SC 14.30 EUR 554.53 EUR 15.09 EUR




555,665.3

EUR
£601,414 £15.47 895 £671.82 26,214 £22.94
804,264.8 20.69 EUR 898.42 EUR 30.68 EUR
AMR-POCT E vs SC EUR
£620,274 £28.30 499 £1,242.13 0
829,486.1 37.85 EUR 1,661.09 EUR
AMR-POCT A vs SC EUR Dominated
£697,730 £31.84 1,001 £697.32 0
933,067.2 42.58 EUR 932.52 EUR
AMR-POCT B vs SC EUR Dominated
MSM £683,317 £31.18 864 £790.97 0
913,792.8 41.70 EUR 1,057.76 EUR
AMR-POCT Cvs SC EUR Dominated
£235,532 £10.75 568 £414.38 20,676 £11.39
AMR-POCT D vs SC 14.38 EUR 554.15 EUR 15.23 EUR
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314,974.5

EUR
£358,920 £16.38 499 £718.75 13,842 £25.93
AMR-POCT Evs SC | 479,980 EUR 21.90 EUR 961.18 EUR 34.68 EUR
£239,316 £28.26 248 £965.92
320,034.8 37.79 EUR 1,291.72 EUR 0
AMR-POCT A vs SC EUR Dominated
£269,519 £31.83 436 £617.60
AMR-POCT Bvs SC | 360,425 EUR 42.57 EUR 825.91 EUR ° Dominated
£263,674 £31.14 391 £674.71
352,608.5 41.64 EUR 902.28 EUR 0
MSW AMR-POCT Cvs SC EUR Dominated
£91,956 £10.86 271 £339.59 £11.58
122,971.8 14.52 EUR 454,13 EUR 7,938 15.49 EUR
AMR-POCT D vs SC EUR
AMR-POCT E vs SC £132,108 £15.60 248 £533.21 5,658 £23.35
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176,666.7 20.86 EUR 713.06 EUR 31.23 EUR
EUR
£238,796 £28.13 148 £1,612.62 0
319,339.4 37.62 EUR 2,156.54 EUR
AMR-POCT A vs SC EUR Dominated
£270,428 £31.86 223 £1,210.74 0
361,640.6 42.61 EUR 1,619.11 EUR
AMR-POCT B vs SC EUR Dominated
£263,339 £31.02 194 £1,356.61 0
352,160.5 41.48 EUR 1,814.18 EUR
AMR-POCT Cvs SC EUR Dominated
Women £88,028 £10.37 163 £540.55 8,176 £10.77
117,718.9 13.87 EUR 722.87 EUR 14.40 EUR
AMR-POCT D vs SC EUR
£110,386 £13.00 148 £745.45 6,714 £16.44
AMR-POCT E vs SC 17.38 EUR 996.88 EUR 21.99 EUR
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147,618.1

EUR

AMR-POCT, antimicrobial resistance point-of-care test; MSM, men-who-have-sex-with-men; MSW, men-who-have-sex-with-women; SC, standard care.

A strategy is ‘dominated’ if it is more expensive and provides fewer/equivalent benefits.

2 GBP costs were converted to Euros using a historic currency conversion of an average of 366 days from the 1st July 2015 to 30" June January 2016 [34].

For this time period, 1 GBP = 1.34 Euros, and 1 Euro = 0.75 GBP.

28



When avoidance of ceftriaxone use was considered, Strategy D was most cost-effective relative to SC,
costing £11.29 (15.10 EUR) per ceftriaxone-sparing treatment gained. These findings were consistent

across all population groups.

Sensitivity analyses

In one-way sensitivity analyses, the following four parameters had the greatest impact on cost-
effectiveness per optimal treatment gained for all AMR-POCT strategies and across all population
groups: prevalence of azithromycin resistance; AMR-POCT sensitivity; prevalence of ciprofloxacin
resistance; and the cost of single detection AMR-POCT. In monotherapy strategies, the cost-
effectiveness model was additionally sensitive to cost of clinical management (both with and without
injection), cost of ceftriaxone, and AMR-POCT specificity (for strategy D). The cost multiplier for a dual
detection AMR-POCT impacted on AMR-POCT cost-effectiveness for Strategies B and C. Tornado plots

from these analyses are presented in Supplementary Figure S2.

For all strategies, variation of ICER in relation to azithromycin resistance prevalence was minimal until
prevalence fell to or below 3%, at which point it increased (Supplementary Figure S3). These rises in
ICERs were least for strategies B and D. With the exception of strategy B where ICERs were consistent

for all population groups, these increases in ICER were most limited in women.

Variation in AMR-POCT accuracy also showed similar patterns across all population groups. Apart from
Strategy D, variation in specificity had very little effect on cost per optimal treatment gained. In
contrast, as sensitivity decreased to a minimum of 90%, particularly towards the lower range, the cost
per optimal treatment gained increased exponentially, except for strategy B where the relationship
was linear. Strategy B also had the smallest change in ICER between maximum (100%) and minimum
(90%) sensitivity (maximum difference of £169.21 (226.28 EUR) per optimal treatment gained in
women) compared with other strategies where the difference was in the thousands. For Strategy D,

change in sensitivity had little impact on cost per optimal treatment gained, whereas when specificity
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decreased to below around 95.5%, the cost per optimal treatment gained started to increase

exponentially. The sensitivity analyses are presented in Supplementary Figure S4.

The prevalence of ciprofloxacin resistance had very little effect on cost per optimal treatment gained
in Strategies B, C and D (Supplementary Figure S5). For Strategies A and E, as ciprofloxacin resistance
increased from about 20%, there was an exponential increase in cost per optimal treatment gained

for women only.

The relationship between ICER and cost of a single target AMR-POCT was linear. Interestingly, as the
cost of the single target AMR-POCT increased, the two dual-target AMR-POCTs diverged, with strategy

B costing less per optimal treatment gained relative to strategy C.

For the three single target AMR-POCTs (A, D and E), reducing the cost of the test had the greatest
impact on cost per treatment gained. Monotherapy strategies became cost-saving (ICER <0) for all
population groups when AMR-POCT cost was <£18 (24.07 EUR) for Strategy D, and <£16 (21.40 EUR)
for Strategy E (Supplementary Figure S6). Strategy B had lowest costs per additional optimal treatment

for dual-therapy strategies.

Discussion

This is the first study to assess the cost-effectiveness and impacts of deploying AMR-POCTs for
gonorrhoea. All AMR-POCT strategies assessed resulted in more optimal treatments compared with
SC. Monotherapy AMR-POCT strategies provided ceftriaxone-sparing options, with Strategy D
reducing the use of ceftriaxone by 95%. Both outcomes are important in promoting antibiotic
stewardship by minimising risks of breakthrough with ceftriaxone-resistant circulating strains, and

reducing selection pressure for resistance developing to ceftriaxone, respectively.

Our cost-effectiveness analysis adapted a previously published cost-effectiveness model of
introducing a dual CT/NG POCT into a SHC [29, 31], and was populated using available published data,

and where unavailable, using unpublished data and expert opinion. By employing a decision tree
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model approach we could account for sufficient complexity without over-building. This approach is,
however, unable to assess outcomes that a transmission-dynamic model would be required for, such
as that developed by Fingerhuth et al. [39], including impact AMR-POCTs could have on re-infection

in a previously treated patient, on population prevalence or burden of disease, or on AMR evolution.

Turner et al. have adapted the same CT/NG POCT cost-effectiveness model we used for our analysis
[29, 31] to analyse the potential clinical and overall economic impact of an NG AMR-POCT [40]. Whilst
theirs was not a cost-effectiveness analysis, and different model assumptions and parameters from
ours were used, they also demonstrated that AMR-POCTs could lead to overall reductions in
ceftriaxone use, but that introduction of AMR-POCTs incurred increased costs. Using an individual-
based dynamic transmission model that incorporated partner treatment and which was applied to a
London MSM population, Zienkiewicz et al. [41] also demonstrated that AMR-POCTs for NG
ciprofloxacin sensitivity reduced ceftriaxone use, by 70% compared with the reference scenario. An
individual-based model of molecular NG-AMR test-use compared with culture within an NG
surveillance system in remote settings found that they substantially improve the timeliness of NG-
AMR detection, facilitating a faster change in recommended treatment, with potential for decreasing
NG-AMR impact on the wider population [42]. Fingerhuth et al. [39] developed a compartmental
transmission model of antibiotic-sensitive and antibiotic-resistant NG to look at proportion of resistant
infections and cases averted. They showed that the clinical pathway that included an AMR-POCT
resulted in the lowest proportion of resistant infections after 30 years, whereas the clinical pathway
with a POCT that did not test for AMR resulted in the highest. They also noted that test diagnostic
performance is key for AMR-POCTs to have a beneficial public health impact. The potential public
health impact of AMR-POCTs was confirmed by Tuite et al., with AMR-POCTs delaying the proportion
of isolates reaching >5% resistance compared with empiric treatment [43]. However, it was
highlighted that the AMR-POCT must test for resistance to multiple anitimicrobials, otherwise non-
tested, resistant, strains will be selected for. Thus, continued surveillance, including culture, must be

continued. Together, these health economic and modelling evaluations highlight the possible
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beneficial impacts of implementing AMR-POCTs on reducing ceftriaxone use and decreasing NG-AMR
prevalence at the population level, but the design and implementation of the tests should also be

carefully considered.

As with all mathematical models, several assumptions were made (Supplementary Table S1), including
AMR-POCT diagnostic accuracy - a necessity as these tests are currently in early phases of
development [16]. Future performance estimates will need to consider two elements: predictive
accuracies of any biomarkers used to detect AMR; the performance of platforms and chemistries used

to detect them. Variations in both may independently affect outcomes.

Our analysis had some limitations. We used the most recent NG-AMR data available from GRASP at
the time [30], but AMR rates constantly change and, in the sensitivity analyses, AMR prevalence
alterations had the greatest impact on AMR-POCT cost-effectiveness (Supplementary Figure S2). This
may limit the generalisability of our results, as it is not possible to know future resistance profiles.
However, the results should be generalisable to the ranges used in the sensitivity analyses. In addition,
as AMR-POCTs are still in development, some of the model’s other epidemiological parameters will
have changed by the time the AMR-POCTSs are available for use in routine practice, which may further
limit the analyses’ applicability in the longer term. This highlights the need to continually conduct
analyses such as these, to enhance our ability to predict and understand future trends. Our anlayses
are also limited to data from England, with results perhaps less generalisable to other countries. This
will be exacerbated by the 2019 change to 1g ceftriaxone monotherapy, further setting it aside from
guidelines in other European countries [7]. Our model also did not consider NG-positive patients co-
infected with another organism, such as Chlamydia trachomatis, which would affect patient pathways
and treatment options. Additional factors not considered were costs associated with treating long-
term NG infection sequelae [44], costs incurred outside of the SHC, and costs or cost-savings
associated with changing clinical pathways in order to accommodate the AMR-POCTs. Thus the time

horizon for the costs and consequences was of initial patient treatment only.

32



Strategy B was most effective for avoiding sub-optimal treatments but the most costly to implement.
Strategy D was the most cost-effective for both effectiveness outcomes (optimal treatments gained
and ceftriaxone avoidance), but resulted in treatment failures, as well as nearly 15-fold higher sub-
optimal treatments compared to Strategy B. Both strategies B and D enabled the re-use of

ciprofloxacin, previously abandoned for the treatment of NG in the UK [6].

All AMR-POCT strategies were more expensive than SC, with dual-therapy AMR-POCT strategies more
expensive than monotherapy strategies, suggesting that short-term net financial investments in AMR-
POCT adoption are required to gain long-term antimicrobial stewardship benefits. Interestingly, our
sensitivity analysis suggested that even if AMR-POCT costs were significantly reduced, perhaps
through production scale-up, dual-therapy AMR-POCT strategies would still not be cost-saving.
However, a relatively small reduction to <£18 (24.07 EUR) per test would enable the monotherapy

AMR-POCT strategies to be cost-saving.

The monotherapy strategies resulted in treatment failures due to false-susceptible AMR-POCT results,
although minimal relative to SC. Since we assumed ceftriaxone treated 100% of NG infections, there
were no treatment failures for SC or dual-therapy strategies. The most recent GRASP data suggest that
ceftriaxone resistance remains low (no ceftriaxone resistance reported, although there is a reduction
in susceptibility with 24.6% of isolates with minimum inhibitory concentrations (MICs) >0.03 mg/L in
2018 compared with 16.6% in 2017 [1]), but there are increasing concerns regarding international
ceftriaxone-resistant strains [45-47]. This potentially undermines our assumption and the resulting

lack of treatment failures from dual-therapy AMR-POCT strategies.

Most MEITRs (treatment regimen used when an earlier intended treatment regimen would have
provided optimal treatment) were in Strategy C, and the least in Strategies A, B and E. Avoiding MEITRs
is important because it maximises the ability to use ciprofloxacin (in Strategies A, C and E), or reduces
the need for ceftriaxone use (Strategies B and D). These numbers were small compared to actual

patient numbers in whom a MEITR might be used if these AMR-POCTs were available more generally.
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For example, using national surveillance data [24, 48], we estimated that over 25,000 of the 38,870
NG-diagnosed SHC patients assumed to have been treated with SC in 2015 would have had
ciprofloxacin-susceptible NG. Strategies A and E would have enabled all, except 265 (Table 3), of these

patients to be treated with ciprofloxacin, a 100-fold reduction in these missed opportunities.

Since a MEITR is due to susceptible infections misclassified as resistant by the AMR-POCT, test
specificity is key. In sensitivity analyses of AMR-POCT accuracy, Strategy D was the only strategy where
cost per optimal treatment gained was affected by changes in specificity. In all other strategies, cost
per optimal treatment gained increased as sensitivity decreased. This is because these strategies
contained an AMR-POCT that included ciprofloxacin testing, so resistance (20-36%, dependent on
population group [30]) was detected and optimal treatment could be given. In contrast, if AMR-POCT
sensitivity in these strategies fell, true ciprofloxacin-resistant cases were missed and the patient sub-
optimally treated. Strategy D, where the AMR-POCT was for azithromycin only, was the only strategy
where ciprofloxacin was given without resistance-testing - as the specificity decreased, more patients
received false-positive azithromycin resistance results and were treated with ciprofloxacin. Due to
high ciprofloxacin resistance prevalence, this treatment was sub-optimal in a large number of cases.
Following the logic of the other strategies, if azithromyin resistance prevalence increased, cost per
optimal treatment gained in Strategy D would become sensitive to both AMR-POCT specifity and

sensitivity.

Thus, prevalence of resistance has important implications for AMR-POCT accuracy requirements and
ICERs of optimal treatments gained. In the azithromycin resistance sensitivity analyses, ICERs
increased when resistance fell below about 3% (well below current UK azithromycin resistance
prevalence, reported at approximately 9.7% [1]), primarily because when azithromycin resistance is
low, there is little value in testing for it (Strategies B, C and D) and there will be few treatment failures

from background resistance (Strategies A and E). In the ciprofloxacin resistance sensitivity analysis, an
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effect on ICERs was only seen in women in strategies A and E (because of lower baseline ciprofloxacin

resistance prevalence).

From a population-level antimicrobial stewardship public health perspective, increasing the number
of sub-optimal treatments may eventually lead to an increased number of resistant infections [39].
The relative public health importance of a smaller total number of sub-optimal treatments with a few
treatment failures versus a higher number of sub-optimal treatments with no failures, warrants
further investigation, and could be included in future transmission model analyses. Furthermore, the
long-term public health impact of preserving ceftriaxone use whilst increasing the risk of treatment
failures from monotherapy strategies (versus maintaining ceftriaxone in the earlier intended
treatment regimen with an increase in sub-optimal treatments and no adequate treatment

alternative), should also be investigated.

Conclusion

Once developed, AMR-POCTs could have wide-ranging implications for clinical decision-making
globally, including the re-use of antibiotics previously abandoned for the treatment of NG, ensuring
the right treatment is given to the right person, at the right time (precision medicine) [9, 12]. The
O’Neill review of AMR [10] noted that accepting the initial expense of new test introduction may
enable longer-term societal pay-offs by reducing infection rates and maintaining effective NG
treatments. However, a relatively small reduction in test cost could enable some AMR-POCT strategies

to be cost-saving.
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antibiotics to reduce selection pressure on ceftriaxone AMR, the Turner et al. model does not
consider treatment failure of the ciprofloxacin and penicillin monotherapies as an outcome, which
could equally have important public health consequences. The Turner et al. economic implications of
AMR-POCT implementation was total additional annual cost of testing, as opposed to the ICER and
WTP threshold analyses we have conducted. As with our model, there were increased costs
associated with introduction of an AMR-POCT (we assumed similar POCT costs: Turner et al.
assumed test cost was £25, whereas we assumed £29 for a single-target POCT and £31.90 for a dual-
target POCT). Turner et al. used tariff costings (reimbursement based on patient SHC attendance)
whereas we employed a micro-costing approach (cost to the SHC), and we have previously shown
that tariff costings are more likely to result in POCTs being more cost-effective than SC.

Abstract: Please add a section ‘Aim’.
Page 2: This has been done.



Introduction: The first sentence in the second paragraph seems incomplete — please check.
Page 4, paragraph 2: We have modified the sentence to try and make it clearer.

You refer to test results being obtained after 2 hrs as rapid tests. | would expect a much faster
time for a result.

Page 4, paragraph 3: This 2 hour turnaround is taken from the definition of rapid and POC tests by
WHO. This definition is now provided in the introduction.

Sexual health commissioning seems to be a term that is used specifically in the UK. Can you
suggest an alternative for the non-UK readers?

Page 5, paragraph 1; Page 17, paragraph 1: We have replaced this with “procuring sexual health
services provision for a region”.

Methods: Please reference standard care in table 1.

Box 1, pages 7-9: We believe this is in reference to Box 1, rather than Table 1. We have added a row
to depict Standard Care, as well as a reference to Bignell et al. (BASHH 2011 treatment guidelines for
standard care with ceftriaxone 500mg and azithromycin 1g dual-therapy).

Results: Information from supplementary materials that is mentioned in the discussion needs to
be moved to the core of the manuscript.

We have reviewed the discussion and found two references to supplementary materials (see below).
Upon review, we think that sufficient information is already provided in the main manuscript and do
not think that additional information needs to be added to the manuscript, which is already quite
long. Apologies if you are referring to something else that we have missed, in case which case we ask
if you can please clarify.

Supplementary materials referred to in the discussion are:
- Page 32: “As with all mathematical models, several assumptions were made (Supplementary
Table S1)".

O

Key assumptions are already outlined in the methods, page 10: “Key model
assumptions include: 100% compliance with test protocols; all patients entering the
model are NG true-positives; dual AMR-POCTs results are available simultaneously;
there is no ceftriaxone resistance (supported by England’s national NG AMR sentinel
surveillance system data [1]) so patients with monotherapy treatment failure would
return and be successfully treated with ceftriaxone only. Model assumptions are
provided in Supplementary Table S1.”

- Page 32 para 3: “AMR prevalence alterations had the greatest impact on AMR-POCT cost-
effectiveness (Supplementary Figure S2).”

O

This point is mentioned on page 29: “In one-way sensitivity analyses, the following
four parameters had the greatest impact on cost-effectiveness per optimal treatment
gained for all AMR-POCT strategies and across all population groups: prevalence of
azithromycin resistance; AMR-POCT sensitivity; prevalence of ciprofloxacin
resistance; and the cost of single detection AMR-POCT. In monotherapy strategies,
the cost-effectiveness model was additionally sensitive to cost of clinical management
(both with and without injection), cost of ceftriaxone, and AMR-POCT specificity (for
strategy D). The cost multiplier for a dual detection AMR-POCT impacted on AMR-
POCT cost-effectiveness for Strategies B and C. Tornado plots from these analyses are
presented in Supplementary Figure S2.”

Under ‘Optimal treatment’ scenario D seems also critical.



We have chosen not to highlight scenario D under optimal treatments, as it leads to 38,164 optimal
treatments — which is less than scenario C (38,611) and only slightly more than A and E (38.057) —
but has 706 sub-optimal treatments and 34 treatment failures. Strategy B is the strategy with the
most optimal treatments, and least “negative” outcomes, which is why we have chosen to highlight
this strategy over the others.

Discussion: please add a limitation section.
Page 32, paragraph 3: We have highlighted the limitations section in the discussion.

Other

- Tables must be created in Word. The full table (title, table, notes) should be inserted in the
manuscript directly after the first paragraph in which it is mentioned. As tables must be editable,
images are not acceptable. To aid readability in both the online and .pdf versions of the article,
portrait-oriented tables are preferred whenever possible (https://www.eurosurveillance.org/for-
authors).

We have checked that the tables are directly after the first paragraph in which they are mentioned,
they each have titles and notes. They are in portrait orientation wherever possible.

- If you present numbers with percentages in Tables, the percentages need to be in a Table column
separate from the numbers. When the sample size is small (less than 60), we would not generally
give percentages as they are subject to disproportional change with increasing or decreasing
numerator and static denominator. The tables should not have any empty cells as design element
or because information is not available (NA can be used for example).

None of the tables contain percentages. We have removed empty cells from tables.

- Figures must be provided in an editable format, i.e. we need to be able to edit text inside the
figure (see our instructions for authors: http://www.eurosurveillance.org/for-authors).

The formatting guidelines in the link provided note that: “Figures should always be provided as
vector files (.pdf, .eps, .wmf, .emf, .svg) and should not include bitmap elements (i.e. a map as a
picture in the background).” We have provided ours as a pdf, exported directly from the programme
in which the figure was created. However, the software used means the figures are not editable. All
figures are Supplementary Figures, so perhaps they do not need to be editable? Please advise.

- The supplement files should be headed with a short descriptive title and contain the requested
disclaimer at the top (https://www.eurosurveillance.org/for-authors).
All the supplementary files contain a short descriptive title and the disclaimer at the top.



https://protect-eu.mimecast.com/s/Y4z8C9gWMIA2BDhVha6V?domain=eurosurveillance.org
https://protect-eu.mimecast.com/s/Y4z8C9gWMIA2BDhVha6V?domain=eurosurveillance.org
https://protect-eu.mimecast.com/s/jnz_C0LKzCQm3pI8tIte?domain=eurosurveillance.org
https://protect-eu.mimecast.com/s/Y4z8C9gWMIA2BDhVha6V?domain=eurosurveillance.org

Agreement with authors

Publisher: European Centra for Disease Prevention and Control (ECDE), Stockhalm, Sweden

* K

X Erre ‘
EU rOS U Nel | Ia n Ce Europe's journal on infectious disease epidemiology, prevention and control since 1996

Please sign this form and upload it together with your submission.

Publication will not proceed without the signed form.

Agreement with Authors

Article title:Antimicrobial resistance point-of-care testing for gonorrhoea treatment regimens:
cost-effectiveness and impact on ceftriaxone use of five hypothetical strategies compared with
standard care in England sexual health clinics

The organisation/expert/scientist (hereinafter called-‘the Author') providing the Eurosurveillance
editorial team with manuscripts for publication in"Eurosurveillance (online and occasionally in print
format) shall accept the following terms and conditions:

1. The Author or their affiliated institutions, further on referred to as the Author warrants to the
European Centre for Disease Prevention and Control (hereinafter called the
‘ECDC’)/Eurosuryveillance that the manuscript is original to them and is not a violation or
infringement of any existing copyright or licence or of any other right of any other person or party
whatsoever:

2. Should the manuscript contain any third-party textual, graphic, artistic or other material, the
Author guarantees that they have obtained prior permission from the copyright holder(s)
entitling them to grant the rights referred to in points 3 and 4 below.

3. Except where otherwise stated, all manuscripts published after 1 January 2016 will be
published under the Creative Commons Attribution (CC BY) licence. The Author retains ownership
of the copyright for their manuscript, but allows anyone to download, reuse, reprint, modify,
distribute and/or copy the content as long as the Author and source are cited in accordance with
the detailed information provided in the licence.

4. The Author authorises the ECDC/Eurosurveillance to accordingly adapt or modify the
manuscript whenever technically or graphically necessary.

5. The Author warrants to the ECDC/Eurosurveillance that the manuscript does not contain
anything libellous, defamatory, obscene or in any other way unlawful or misleading.

6. The Author declares that neither they nor any of the co-authors have a conflict of interest
regarding the publication of this manuscript, unless otherwise stated in the manuscript.

7. The Author assures that all co-authors have seen the submitted manuscript, agree with its
content and approve of its publication, and that the material is not under consideration elsewhere.

1



The Author hereby declares to have obtained the previous consent of all co-authors to act on their
behalf and assign to ECDC/Eurosurveillance the rights listed in this agreement.

8. The Author has obtained informed consent from persons whose details are described in the
manuscript that this information may be published, when applicable.

9. The Author accepts that the ECDC/Eurosurveillance may not be held responsible for the
timing of availability of the information on the Eurosurveillance website or for disruption of service,
or for any improper use of the information contained on the website or of the manuscript by third
parties.

I, the Author, acting in my name and on behalf of all co-authors, confirm that | accept the terms
set out in points 1-9 above.

Date: 18th June 2019

Signed (name of signatory):

s

Name in print: S. Tariq Sadiq



Supplementary material (excluding author information)

Click here to access/download

Supplementary material (e
Supplementary Figures.pdf


https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148921&guid=0d70320c-91c8-4d87-b2d3-f37a2899ca40&scheme=1
https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148921&guid=0d70320c-91c8-4d87-b2d3-f37a2899ca40&scheme=1
https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148921&guid=0d70320c-91c8-4d87-b2d3-f37a2899ca40&scheme=1
https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148921&guid=0d70320c-91c8-4d87-b2d3-f37a2899ca40&scheme=1

Supplementary material (excluding author information)

Click here to access/download

Supplementary material (e
Supplementary Tables.pdf


https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148922&guid=156d8b70-a936-47a7-bcdf-cf3dbd7a9edc&scheme=1
https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148922&guid=156d8b70-a936-47a7-bcdf-cf3dbd7a9edc&scheme=1
https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148922&guid=156d8b70-a936-47a7-bcdf-cf3dbd7a9edc&scheme=1
https://www.editorialmanager.com/eurosurveillance/download.aspx?id=148922&guid=156d8b70-a936-47a7-bcdf-cf3dbd7a9edc&scheme=1

Checklist (CONSORT/CHEERS/STROBE/PRISMA)

CHEERS checklist—Items to include when reporting economic evaluations of health

interventions

Section/item

Item No Recommendation

Reported on page No/
line No

Title

Identify the study as an economic evaluation or use
more specific terms such as “cost-effectiveness
analysis”, and describe the interventions compared.

Page 1

Abstract

Provide a structured summary of objectives,
perspective, setting, methods (including study design
and inputs), results (including base case and
uncertainty analyses), and conclusions.

Pages 2-3

Background and objectives

Provide an explicit statement of the broader context
for the study.

Page 4

Present the study question and its relevance for
health policy or practice decisions.

Page 5

Target population and
subgroups

Describe characteristics of the-base case population
and subgroups analysed, including.why they were
chosen.

Page 9

Setting and location

State relevant aspects of the system(s) in which the
decision(s) need(s) to be made.

Pages 4, 5,9 and 10,

Study perspective

Describethe perspective of the study and relate this
to the costs being evaluated.

Pages 12-14

Comparators

Describe the interventions or strategies being
compared and state why they were chosen.

Pages 5-10

Time horizon

State the time horizon(s) over which costs and
consequences are being evaluated and say why
appropriate.

Pages 10 and 24

Discount rate

Report the choice of discount rate(s) used for costs
and outcomes and say why appropriate.

Page 10

Choice of health outcomes

10

Describe what outcomes were used as the measure(s)
of benefit in the evaluation and their relevance for the
type of analysis performed.

Pages 1, 9-10, 14

Measurement of
effectiveness

11a

Single study-based estimates: Describe fully the design
features of the single effectiveness study and why the
single study was a sufficient source of clinical
effectiveness data.

Pages 10-11

11b

Synthesis-based estimates: Describe fully the methods
used for identification of included studies and
synthesis of clinical effectiveness data.

Measurement and valuation

of preference based
outcomes

12

If applicable, describe the population and methods
used to elicit preferences for outcomes.

N/A

Estimating resources and

costs

13a

Single study-based economic evaluation: Describe
approaches used to estimate resource use associated
with the alternative interventions. Describe primary or
secondary research methods for valuing each resource
item in terms of its unit cost. Describe any
adjustments made to approximate to opportunity
costs.

13b

Model-based economic evaluation: Describe
approaches and data sources used to estimate

Pages 12-14,
Supplementary Table




Section/item

Reported on page No/

Item No Recommendation line No

resource use associated with model health states. S3
Describe primary or secondary research methods for

valuing each resource item in terms of its unit cost.

Describe any adjustments made to approximate to

opportunity costs.

Currency, price date, and 14 Report the dates of the estimated resource quantities Pages 12-14,
conversion and unit costs. Describe methods for adjusting Supplementary Table
estimated unit costs to the year of reported costs if S3
necessary. Describe methods for converting costs into
a common currency base and the exchange rate.

Choice of model 15 Describe and give reasons for the specific type of Pages 23-24
decision-analytical model used. Providing a figure to
show model structure is strongly recommended.

Assumptions 16 Describe all structural or other assumptions Pages 6, 9, 11, 24-25,
underpinning the decision-analytical model. Supplementary Table

S1

Analytical methods 17 Describe all analytical methods supporting.the Pages9, 14,
evaluation. This could include methods for dealing Supplementary Table
with skewed, missing, or censored data; extrapolation S4
methods; methods for pooling data; approaches to
validate or make-adjustments (such as half cycle
corrections) to a model; and methods for handling
population heterogeneity and uncertainty.

Study parameters 18 Report the values, ranges, references, and, if used, Tables 1 and 2
probability distributions for all parameters. Report Supplementary Tables
reasons or sources for distributions used to represent S3 and S4
uncertainty where appropriate. Providing a table to
show the input values is strongly recommended.

Incremental costs.and 19 For each intervention, report mean values for the Pages 15-23

outcomes main categories of estimated costs and outcomes of Tables3 and 4
interest, as well as mean differences between the Supplementary Tables
comparator groups. If applicable, report incremental S5-S7
cost-effectiveness ratios. Supplementary Figures

S2-S6

Characterising uncertainty  20a Single study-based economic evaluation: Describe the
effects of sampling uncertainty for the estimated
incremental cost and incremental effectiveness
parameters, together with the impact of
methodological assumptions (such as discount rate,
study perspective).

20b Model-based economic evaluation: Describe the Pages 14, 22 -26
effects on the results of uncertainty for all input Supplementary Figure
parameters, and uncertainty related to the structure S2-S6
of the model and assumptions.

Characterising heterogeneity 21 If applicable, report differences in costs, outcomes, or Pages 15, 18, 22, 23, 26
cost-effectiveness that can be explained by variations
between subgroups of patients with different baseline
characteristics or other observed variability in effects
that are not reducible by more information.

Study findings, limitations, 22 Summarise key study findings and describe how they Pages 23-27

generalisability, and current
knowledge

support the conclusions reached. Discuss limitations
and the generalisability of the findings and how the
findings fit with current knowledge.



Source of funding 23 Describe how the study was funded and the role of Title page
the funder in the identification, design, conduct, and
reporting of the analysis. Describe other non-
monetary sources of support.

Conflicts of interest 24 Describe any potential for conflict of interest of study Title page

contributors in accordance with journal policy. In the
absence of a journal policy, we recommend authors
comply with International Committee of Medical
Journal Editors recommendations.

For consistency, the CHEERS statement checklist format is based on the format of the CONSORT statement checklist



