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ABSTRACT

To describe the evidence for agents with anti-amoebic activity used to treat 
Acanthamoeba keratitis (AK), two systematic literature reviews (SLRs) were 
conducted of 1) clinical outcomes for patients with AK and 2) health economic 
outcomes for patients with AK or microbial keratitis (MK). 

The intervention of interest was any agent with anti-amoebic activity 
administered as eye-drops or orally. The main outcome was clinical resolution. 
Electronic databases (January 1992-July 2022), conference abstracts (2017-
2022), and relevant websites were hand-searched. Risk of bias assessments 
used external assessment tools. A narrative synthesis was conducted.

The clinical SLR (37 studies; 2043 patients) identified at least 20 studies 
reporting clinical resolution, best-corrected visual acuity, and corneal surgery; 
fewer studies reported other outcomes. Treatment regimes, outcome 
definitions and assessment timing varied markedly between studies. Studies 
classified as fair or poor quality appeared to underestimate the burden of 
AK compared with good quality studies. For health economic outcomes (15 
studies; 1878 patients), very limited evidence in AK populations was found.

In conclusion, there was a substantial amount of clinical evidence, but 
scarce economic evidence. Study quality and comparability challenges should 
be considered when estimating the impact of AK, with substantial between-
study heterogeneity limiting options for robust evidence synthesis. 

Introduction
Acanthamoeba keratitis (AK) is a rare, but potentially 

devastating, microbial keratitis (MK) caused by Acanthamoeba spp, 
an ubiquitous free-living amoeba1. AK typically presents sub-acutely 
or chronically, and approximately 90% of cases occur in contact 
lens wearers2-5. Patients with AK may suffer from pain, which may 
be disproportionate to clinical findings1. AK is associated with 
photophobia, blurred vision, and tearing1. Successful management 
of AK depends on early diagnosis and prompt aggressive therapy. 
The natural history of untreated AK is characterized by poor vision, 
potential blindness, and the need for surgical procedures, such as 
keratoplasty or enucleation. 

There are currently no approved medicinal products or clinical 
guidelines for treating AK6. Current management approaches 
typically use combination therapy of biguanides (polihexanide or 
chlorhexidine) and diamidines (propamidine or hexamidine)1-4,6. 
Polihexanide (PHMB) and chlorhexidine are generally administered 
at a concentration of 0.02% (or 0.2 mg/ml). Diamidines 
are administered at a concentration of 0.1% (or 1 mg/ml). 
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visual acuity (BCVA) as the main secondary outcomes of 
interest. Any clinical trial or observational study with ≥5 
participants and published from January 1992 onwards 
was potentially eligible.

Literature search methodology
Searches were implemented in electronic databases 

(PubMed; Cochrane Database of Systematic Reviews; 
Prospero International Prospective Register of Systematic 
Reviews; Cochrane Central Register of Controlled Trials; 
ClinicalTrials.gov). Additionally, conference proceedings 
from 2017-2022 (Association for Research in Vision and 
Ophthalmology, European Association for Vision and 
Eye Research, American Association of Ophthalmology, 
American Society of Corneal and Refractive Surgery, 
European Society of Corneal and Refractive Surgeons, 
Cornea Society) and the Summary of Product Characteristics 
and websites of relevant medications were hand-searched. 
The list of eligible articles from the TLR was obtained. 

Potentially eligible studies from all sources were 
combined into a de-duplicated list. Titles and abstracts 
were independently reviewed against the eligibility 
criteria by two reviewers (DHB, AAD), who discussed any 
conflicts. Where agreement on inclusion was not reached, 
the record proceeded to the next stage. Full text articles 
were retrieved for publications that remained potentially 
eligible. The same two reviewers then independently 
reviewed the full texts against the eligibility criteria to 
identify eligible publications. The reviewers discussed any 
conflicts and decided whether the study was eligible or not. 
Where an agreement could not be made, a third reviewer 
(AAD) held the casting vote. 

Where the search identified an SLR with a population 
with AK, a single reviewer (DHB) hand-searched its 
reference list for potentially eligible articles. Additionally, 
for eligible full-text articles, a single reviewer (DHB) hand-
searched the reference list and conducted forward citation 
searching in Google Scholar to identify further potentially 
eligible articles. These additional articles went through 
the same process of title/abstract screening followed by 
full-text screening by two independent reviewers. If any of 
these articles were eligible, subsequent reference list hand-
searching and forward citation searching was conducted. 
This circular process was repeated until no new relevant 
articles were identified.

Microsoft Excel and Covidence were used to track the 
literature search. 

Search strategies
Searches were conducted on 25th and 26th July 2022. 

The PubMed and Cochrane Library search strategies are 
provided in Supplementary Material 2. Scoping reviews in 
the other electronic databases found that fewer than ten 

Corticosteroids may also be used, even though their use in 
AK is controversial1,2,4. Therapeutic keratoplasty is used in 
the severe form of AK when topical treatment has failed1,2.  

To our knowledge, only a single published systematic 
literature review (SLR) on agents with anti-amoebic 
activity for AK exists, which was published over eight years 
ago so may not be up-to-date7. This previous SLR also only 
included randomized controlled trials (RCTs), of which only 
one eligible RCT comparing two treatments was identified7. 
Additionally, a scoping review has recently been published, 
which identified that agents with anti-amoebic activity are 
typically only prescribed for patients with AK after other 
treatments have been exhausted6. No evidence syntheses 
using meta-analysis or indirect treatment comparisons 
were identified. 

To describe the evidence base available for current, 
unlicensed agents with anti-amoebic activity used to treat 
AK, two SLRs were conducted to identify studies reporting 
1) clinical outcomes for patients with AK (the primary 
focus of this paper), and 2) health economic outcomes for 
patients with AK or MK (the secondary focus of this paper). 
This will help to understand the availability of evidence for 
agents with anti-amoebic activity in patients with AK, key 
findings across these studies, and whether future evidence 
syntheses can be conducted. 

Methods
The protocols were guided by an initial targeted 

literature review (TLR), scoping reviews, and PRISMA-P 
guidance8. The protocols were signed off and registered 
on PROSPERO (CRD42022345288, CRD42022345290) 
before the searches were conducted. During protocol 
development, it was found that very few studies reported 
health economic outcomes in AK so the population for 
health economic outcomes was widened to also cover MK 
and two separate, but very similar, SLRs were conducted.  
The methodology for the clinical SLR is described below. 
The methodology for the economic SLR is provided in 
Supplementary Material 1.

Eligibility criteria

Full eligibility criteria are described in Supplementary 
Material 2. In brief, the population of interest was 
patients of any age with a confirmed diagnosis of AK. 
The intervention of interest was any agent with anti-
amoebic activity administered as eye-drops or orally in any 
concentration or combination. The control of interest was 
any control (including other active eye drop medication 
or placebo) or no control (i.e., single-arm study). Eligible 
studies were those that reported at least one efficacy or 
safety outcome of interest (see Supplementary Material 2 
for the full list). Clinical resolution (cure) was the primary 
outcome of interest, with time-to-cure and best-corrected 
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records were returned for free text and MeSH terms for AK 
so all records pertaining to AK from these databases were 
included in the title/abstract screening. 

Data extraction
A Microsoft Excel data extraction form was created 

that included the outcomes of interest (see Supplementary 
Material 2) and other relevant datapoints on the publication 
(e.g., first author, publication year), study (e.g., country, 
study design), participants (e.g., population description, 
demographics), and interventions (e.g., drug name and 
concentration, total duration of use). This form was 
piloted with three randomly selected articles and refined. 
If substantial refinement was required, the data extraction 
form was re-piloted on another three randomly selected 
articles. Three rounds of piloting were conducted for each 
data extraction form. 

One reviewer (DHB) undertook data extraction based 
on the published information available, with a second 
reviewer (AAD) checking the extracted data against the 
original publications. The reviewers discussed and agreed 
on any conflicts. 

For all outcomes, the timepoint of assessment and 
outcome definition were extracted. Where outcomes were 
reported at multiple timepoints, every timepoint was 
extracted. Where it was not stated whether data were 
reported at patient-level or eye-level, it was assumed that 
data were reported at eye-level, unless there was evidence 
to contradict this assumption in the manuscript. Data not 
available in the published report were marked as missing, 
except for clinical resolution for which the corresponding 
author of each eligible study was emailed asking for 1) 
any clinical resolution data where these were not in the 
published article, or 2) clinical resolution data that matched 
the definition used in the polihexanide 0.08% pivotal trial9 
where a different definition was used in the published 
article. The latter request was to facilitate a planned future 
evidence synthesis.

Risk of bias assessment
Study-level risk of bias was independently assessed 

using the National Heart, Lung, and Blood Institute’s Study 
Quality Assessment Tools10 by two reviewers (DHB, AAD). 
After completing the assessment, the reviewers discussed 
any conflicts reaching an agreement in all cases of initial 
conflict. The reviewers agreed an overall rating for risk of 
bias (good, fair, poor) for each study based on the study’s 
individual scores. Following the Study Quality Assessment 
Tools guidance, the overall rating was based on a subjective 
assessment of the risk of bias10.

Synthesis methods
A narrative synthesis was conducted where the amount, 

type, and quality of data, along with key findings, were 

summarized at eye-level. The narrative synthesis focused 
on the main outcomes of interest (clinical resolution, time-
to-cure, BCVA), with a shorter summary for other clinical 
outcomes. 

To summarize outcomes that were sufficiently 
comparable across studies, the range (weighted mean) of 
values at eye-level across treatment arms with ≥5 treated 
eyes are reported. For the main outcomes, the weighted 
mean was also reported in subgroups depending on the 
overall study quality (good vs fair/poor).

Where individual patient data were reported for BCVA, 
the following outcomes were calculated where possible: 1) 
Improvement in BCVA from baseline to measured timepoint 
(yes/no), and 2) Number of patients with BCVA of 6/12 or 
better. Where data were reported in weeks, these were 
converted into days as weeks multiplied by 7. Where data 
were reported in months, these were converted into days 
as months multiplied by 28. 

Certainty of evidence
The strength of the overall body of evidence for each 

outcome was assessed by one reviewer (DHB) using the 
GRADE framework11. GRADE ratings are: ‘very low’ (true effect 
is probably markedly different from the estimated effect); ‘low’ 
(true effect might be markedly different from the estimated 
effect); ‘moderate’ (true effect is probably close to the estimated 
effect); and ‘high’ (authors have a lot of confidence that the true 
effect is similar to the estimated effect)11.

Changes from protocol
When a manufacturer’s website could not be identified 

for a treatment of interest, another reputable website with 
relevant product information was hand-searched instead. 
A search of the website for Impavido (US label for oral 
miltefosine) was added to the search strategy. When a non-
English language article had an English language abstract 
available, screening and data extraction were performed 
on the abstract alone.

Results
There follows a description of the clinical SLR results. 

The economic SLR results are provided in Supplementary 
Material 1.

Description of studies
After full text screening, 37 articles were eligible 

(Figure 1). The initial agreement between the reviewers 
for the title and abstract screening was 88.2% (Cohen’s 
kappa = 0.75) and for the full text screening was 85.5% 
(Cohen’s kappa = 0.71). The eligible articles were published 
between 1993-2022, and their characteristics are shown in 
Supplementary Material 3.

There were two RCTs, 24 retrospective analyses of 
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routine data, seven prospective single-arm interventional 
studies, two case-control studies, and two cohort studies. 
Average follow-up length was 85 to 4782 days. Most studies 
were conducted in Europe (n=18) or Asia (n=12). 

The studies included 2043 patients (mean age: 21.1-53.0 
years). The percentage of males was 0 to 82% (weighted mean: 
43.0%). Only one study reported ethnicity12. In 30 studies, the 
inclusion criteria covered any patient with AK, whereas the 
remaining studies focused on subgroups of AK patients.

Eleven studies reported disease stage at baseline, with 
most studies including a mix of disease stages. Disease 
stage definitions differed somewhat between studies. Mean 
time from symptom initiation to diagnosis ranged between 
7.1-81.6 days. The percentage of contact lens wearers 
ranged between 0-100% (weighted mean: 64.9%), of 
bilateral keratitis between 0-20% (weighted mean: 3.3%), 
and of patients who used corticosteroids before the study 
treatment between 0-69% (weighted mean: 21.8%). 

Treatment regimens were greatly heterogeneous across the 
studies, with at least 31 different regimens used. Polihexanide 
(typically 0.02%) was given as a monotherapy in eight studies, 
and in combination with other treatments (mostly propamidine 
0.1%) in 22 studies. Chlorhexidine was given as a monotherapy 
in seven studies, and in combination with other treatments 

(mostly propamidine 0.1%) in 16 studies. Five (13.2%) studies 
had no arms that included a biguanide.

There were 21 studies rated as ‘good’ for overall quality, 
10 as ‘fair’, and six as ‘poor’ (data not shown). 

Clinical resolution
Clinical resolution was reported in 20 studies (34 

treatment arms; 634 patients; 643 eyes; GRADE score = 
moderate; Table 1). Studies reported clinical resolution at 
12 months (n=2), four months (n=1), three months (n=1), 
after completion of medical therapy (n=3), at ‘final follow-
up’ without specifying the timing of final follow-up (n=9), 
or an unreported timepoint (n=4). 

Clinical resolution definitions differed between 
studies, with no clear definition provided in three studies. 
Most definitions included or implied a healed cornea 
without inflammation and after discontinuation of an 
agent with anti-amoebic activity, regardless of the level of 
vision. 

In 22 treatment arms with ≥5 treated eyes, the 
percentage cured (based on the study’s own definition) 
was 4.0% to 100.0% (weighted mean: 60.1%) and <50% 
of patients were cured in six treatment arms (27.3%). In 
subgroup analyses by study quality, the weighted mean was 

Figure 1. PRISMA diagram showing the flow of studies for the clinical systematic literature review.
Abbreviations: TLR, Targeted Literature Review.
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Table 1. Crude cure rates (without adjustment for any baseline risk factors) for medical cures (without surgery) reported in eligible studies with outcomes 
for a defined regime including at least one agent with anti-amoebic activitya and without adjusting for adjunctive anti-inflammatory therapy. 

Study (Quality
rating) Treatment Definition

(Timepoint)
N patient 

(Eyes)
N (%) eyes 

cured
Randomized controlled trial
Bagga, 202113,b 

(Fair)
PHMB 0.02% & CHX 0.02%

Completely resolved (Final follow-up)
10 (10) 4 (40.0)

VRC 1% 8 (8) 4 (50.0)
Retrospective analysis of routine data
Bonini,
202115

(Good)

PHMB 0.02% & 
PD 0.1% Complete corneal healing (Final follow-up) 27 (31) 23 (74.2)

Megha,
202018

(Good)
PHMB 0.02% Complete healing with corneal 

vascularization and scarring (Final follow-up) 11 (10) 7 (70.0)

Musayeva,
202019

(Good)

PHMB 0.02%, PD 0.1%, 
VRC 1% & others No signs of infection (After medical therapy) 26 (26) 26 (100.0)

Papa, 
202012,c

(Good)

PHMB 0.02% & diamidine 0.1% Cure without surgery, independent of visual 
acuity, defined as clinical evidence of elimination of 
Acanthamoeba- an intact 
corneal epithelium with no clinical signs of ocular 
inflammation after discontinuing anti-amoebic agent 
for 30 days, and treating discontinuations of 
baseline anti-amoebic agent as failures (12 months)

114 (114) 61 (53.5)
Diamidine 0.1% 25 (25) 1 (4.0)
PHMB 0.02% 50 (50) 22 (44.0)

Various 38 (38) 15 (39.5)

Zhong,
201723

(Good)
Neomycin 0.5% & PD 0.1%

Corneal epithelium 
recovered and ulceration 
resolved with scarring (After medical therapy)

15 (15) 1 (6.7)

Jiang,
201524

(Good)
PHMB 0.04% & CHX 0.04% Cured with corneal scarring (After medical therapy) 70 (70) 43 (61.4)

Mathers,
200640

(Poor)

CHX 0.02% or 0.04% 
then 0.06% NR (NR) 8 (8) 7 (87.5)

Sun,
200628,d

(Good)

CHX 0.02%, neomycin 0.5% & 
metronidazole 0.4%

Corneal infiltrates and ulcerations resolved 
with haze or scarring (Final follow-up)

3 (3) 2 (66.7)

CHX 0.02%, neomycin 0.5%, 
metronidazole 0.4% & CHX 0.1% 2x 
weekly

17 (17) 17 (100.0)

Perez-
Santonja,
200329

(Good)

PHMB 0.02% & hexamidine 0.1%

Disease resolved with 
residual corneal scarring 
and vascularisation (Final follow-up)

2 (2) 1 (50.0)
PHMB 0.02%, hexamidine 0.1% 
& CHX 0.02% 4 (4) 1 (25.0)

PHMB 0.02% 1 (1) 0 (0.0)
PHMB 0.02% 
& PD 0.1% 1 (1) 1 (100.0)

Donoso,
200241

(Poor)
PHMB 0.02% & PDe Infection irradicated (Final follow-up) 27 (31) 31 (100.0)

Azuara-
Blanco,
199730

(Good)

PHMB 0.02%, PD 0.1% 
& polymyxin plus bacitracine Eye had stable corneal signs 

and no inflammation for at 
least 3 consecutive months 
after cessation of all treatment (Final follow-up)

9 (9) 9 (100.0)

CHX 0.02% (then PHMB 0.02%), 
PD 0.1% & polymyxin plus 
bacitracine

1 (1) 1 (100.0)

57.6% cured in 12 good quality treatment arms compared 
with 66.0% in the 10 fair or poor quality arms.

Time-to-cure
Time-to-cure was reported in five studies (97 patients; 

101 eyes; GRADE score = low; Table 2). Because the 
definition of cure differed between studies (Table 1), the 
time-to-cure endpoint may not be directly comparable 
between studies. 
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Skarin,
199631

(Fair)

PD 0.1%, neomycin / 
polymyxin Be 

& oral ketoconazole 200 mg

Healed without surgery (12 months)

4 (4) 3 (75.0)

PD 0.1% & neomycin / 
polymyxin Be 1 (1) 1 (100.0)

PD 0.1%, neomycin/polymyxin 
Be, oral ketoconazole 200 mg, 
miconazol 2%
& paromomycin 1.5% or 2.5%

1 (1) 1 (100.0)

PD 0.1%, neomycin/polymyxin 
Be, oral ketoconazole 200 mg, 
paromomycin 1.5% or 2.5% 
& PHMBe

1 (1) 1 (100.0)

PD 0.1%, neomycin/polymyxin 
Be, oral ketoconazole 200 mg, 
paromomycin 1.5% or 2.5%, 
PHMBe & clotrimazol 1.5%

1 (1) 0 (0.0)

Elder,
199432

(Fair)

Neomycin 0.5% & PD 0.1% No inflammation and stable corneal signs for 
6 consecutive months or more after 
all treatment ceased (NR)

19 (19) 9 (47.4)

PHMB 0.02% & PD 0.1% 4 (4) 4 (100.0)

Prospective single-arm interventional study
Caruso,
202033

(Good)
CHX 0.02% & Vitamin E TGPS 0.2% No corneal inflammation (3 months) 29 (29) 25 

(86.2)

Revathi,
201845

(Poor)
PHMB 0.04% & CHX 0.04% Healed (NR) 25 (25) 15 

(60.0) 

Hargrave,
199938

(Fair)
PD 0.1% & NPG Cure with adherence to protocol i.e. no 

surgery or third drug (Final follow-up) 60 (60) 30 
(50.0)

Kosrirukvongs, 
199935

(Fair)
CHX 0.006% Medically cured (NR) 5 (6) 5 (83.3)

Seal,
199636,f

(Fair)
CHX 0.02% & PD 0.1% Resolution of signs (Final follow-up) 12 (12) 11 (91.7)

Varga,
199337

(Fair)
PHMB 0.02%, PDe & neomycine Asymptomatic (4 months) 5 (6) 6 (100.0)

Abbreviations: CHX, Chlorhexidine; NPG, Neomycin – Polymyxin B – Gramicidin; NR, Not reported; PD, Propamidine; PHMB, Polihexanide; 
VRC, Voriconazole.
a Agent with anti-amoebic activity was given topically unless otherwise stated.
b The number of patients with ‘resolving keratitis’ at the last visit was also reported as 3/10 (30.0%) in the polihexanide and chlorhexidine arm 
and 3/8 (37.5%) in the VRC arm.
c Data provided by corresponding author in line with the systematic literature review protocol and so these data do not correspond with those 
in the published article.
d One patient with coinfection of Acanthamoeba and fungus was treated with topical natamycin (5%), which may have an anti-amoebic effect.
e Dose not reported.
f One eye was treated with a therapeutic keratoplasty for secondary bacterial keratitis which was included as a cure in the study because there 
was no recrudescence of AK in the transplant. It was not included as a clinically cured case due to the therapeutic keratoplasty.

In treatment arms with ≥5 treated eyes, the mean 
time-to-cure ranged from 73 to 309 days (weighted mean: 
140.7 days; four study arms), and median ranged from 52 
to 196 days (weighted mean: 150.7 days; two study arms). 
The weighted mean of the mean time-to-cure was 154.2 
days in good quality studies and 105.8 in lower quality 
studies. Only one good and lower quality study each 
reported median time-to-cure, so subgroup analyses by 

study quality were not performed for median time-to-
cure.

Best-corrected visual acuity (BCVA)

BCVA reporting varied across the studies, with 
continuous and categorical outcomes reported 
(Supplementary Material 4). Overall, the GRADE quality of 
evidence for BCVA was moderate.
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LogMAR BCVA was reported in eight studies (208 
patients; 215 eyes) at: final follow-up (n=4); after treatment 
(n=2); multiple timepoints (n=1); and unreported timepoint 
(n=1). BCVA was reported as a change from baseline (n=1) 
or absolute value (n=7). Most studies (7 out of 8) reported 
absolute values at one or more follow-up points, and 6 out 
of 7 of these reported mean values (the remaining study 
reported median values), so the mean absolute follow-up 
(the timings of which differed as described above) BCVA 
values were summarized. In treatment arms with ≥5 treated 
eyes (n=8), the mean absolute follow-up BCVA ranged from 
0.03 to 0.89 (weighted mean: 0.5). These studies were all 
rated as good quality.

BCVA as a categorical variable was reported in 
24 studies (908 patients) at: final follow-up (n=15); 
unreported timepoint (n=4); end of treatment (n=2); 
multiple timepoints (n=1); two weeks (n=1); and four 
months (n=1). There were different definitions, with the 
most commonly available being improvement in BCVA 
from baseline (n=10 studies) and BCVA of 6/12 or better 
on a Snellen scale (n=13 studies). 

In 11 treatment arms with ≥5 treated eyes, the 
percentage of patients with improved BCVA ranged from 
38.5% to 100.0% (weighted mean: 72.9%). In subgroup 
analyses, the weighted mean was 65.1% for the seven good 
quality treatment arms, and 87.6% for the four treatment 
arms from fair or poor quality studies. 

The percentage of patients with a follow-up BCVA of 
6/12 or better, in the treatment arms with ≥5 treated eyes 
(n=15), ranged from 29.0% to 100.0% (weighted mean: 
78.7%). For good quality studies, the weighted mean was 
76.8% (6 treatment arms), with a higher weighted mean of 
80.0% for fair and poor quality studies (9 treatment arms).

Other clinical outcomes
Table 3 shows the other reported clinical outcomes. 

Again, a consistent theme across the outcomes was that the 
outcome definitions and timing of measurement differed 
greatly.

Economic SLR results
Supplementary Material 1 provides the full results of 

the economic SLR. In summary, after full text screening, 
15 articles (published 1993-2022) were eligible, of which 
seven included a population with AK and the other eight 
included other populations with MK. Again, treatment 
regimens varied greatly across the studies. Of the 15 
eligible studies, 9 were rated as ‘good’ for overall quality, 
five as ‘fair’, and one as ‘poor’.

Four observational studies reported direct costs data. 
None of these studies were in a population with AK. Costs 
were not reported by treatment in three of the studies, and 
each study emanated from a different country, hindering 
comparability. The reported outcomes, outcome measures, 
currencies, and populations differed substantially between 
studies. These differences all likely contributed to the 
strong divergence on estimates for direct costs across 
studies (see Supplementary Material 1).

Resource use was the most reported economic outcome. 
Seven observational studies reported length of hospital 
stay for 543 patients, three of which were in patients with 
AK. Length of hospital stay ranged from 0 to 80 days, with 
the mean values ranging from 0 to 15 days. The study 
population appeared to have some impact on length of 
hospital stay, with two of the three AK studies having the 
highest mean length of stay across all seven studies and 
the highest number of days in hospital (80 days) was in a 
patient with AK.  

Additionally, eight observational studies (1238 
patients; four studies in patients with AK) reported total 
(range = 2 – 70) and/or mean (range = 2 - 29) number of 
outpatient hospital visits, and five observational studies 

Table 2. Time-to-cure (days) as reported in eligible studies.

Study
(Quality rating) Treatment Definition N patients 

(Eyes)
Mean (SD) 

days
Median 

days
Randomized controlled trial

Bagga, 202113 (Fair)
PHMB 0.02% & CHX 0.02% Duration taken for clinical resolution 4 (4) NR 77.5
VRC 1% Duration taken for clinical resolution 4 (4) NR 52

Retrospective analysis of routine data

Bonini, 202115,a (Good) PHMB 0.02% & PD 0.1% Time from clinical diagnosis to 
complete corneal healing 19 (23) 309.1 (255.6) 196

Nasef, 202116 (Good) PHMB 0.02% & PD 0.1% Complete epithelial healing and resolution 
of the inflammatory signs NR (NR) 73.3 (23.7) NR

Prospective single-arm interventional studies
Revathi, 201845,b (Poor) PHMB 0.04% & CHX 0.04% Mean healing time 15 (15) 126.0 (NR) NR
Seal, 199636,b (Fair) CHX 0.02% & PD 0.1% Signs resolved or stabilised 11 (11) 78.3 (47.7) 56

Abbreviations: CHX, Chlorhexidine; NR, Not Reported; PD, Propamidine; PHMB, Polihexanide; SD, Standard Deviation; VRC, Voriconazole.
a Units were reported in months in the original publication and have been converted to days as months * 4 * 7.
b Units were reported in weeks in the original publication and have been converted to days as weeks * 7.
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(584 patients; three studies in patients with AK) reported 
the percentage of patients admitted to hospital (range = 
13% - 93%). 

The GRADE quality of evidence for length of hospital 
stay and outpatient hospital visits was low, and for direct 
costs and hospital admissions was very low.

Discussion
Two SLRs were conducted to understand the existing 

evidence for agents with anti-amoebic activity used in 
AK, one focusing on clinical evidence and the other on 
economic evidence. 

Amount and quality of data

In the clinical SLR, there were 37 eligible studies (2043 
patients). The number of studies reporting the main 
outcome of interest (clinical resolution) was fairly high 
(n=20 studies), and there was also a large body of evidence 
for BCVA (n=28 studies) and corneal surgery (n=25 
studies). There was a low to moderate number of studies 
for the other reported outcomes. Based on the GRADE 
assessment, the overall certainty of evidence was moderate 
for clinical resolution, BCVA, corneal surgery, and corneal 
scarring. However, the certainty for the other outcomes 
was rated as low to very low. None of the clinical outcomes 

Abbreviations: AE, Adverse Event; PHMB, Polihexanide; RCT, Randomized Controlled Trial.
a GRADE quality of evidence score. 
b Other than enucleation.

Outcome, references
(GRADE scorea)

N studies
(patients) Notes Key findings in treatment 

arms with ≥5 treated eyes

Corneal surgeryb

5,13-16,18-21,23,25-30,32-

34,36,38,41,44,45,48

(Moderate)

25
(874)

23 studies reported surgery as measured at the final 
follow-up; 2 studies reported on surgery after medical 
therapy. Different types of surgery were reported: 
most reported keratoplasty for therapeutic and/or 
other reasons (n=19 studies) or “any corneal surgery” 
(n=4 studies). Some studies stated that patients had 
keratoplasty without explicitly giving the reason. 

Across 27 arms, the % of patients who had 
surgery (based on studies that reported 
“keratoplasty for therapeutic and/or other 
reasons” or “any corneal surgery”) ranged from 
0.0% to 86.7% (weighted mean: 23.7%).

Corneal scarring
14,29,33,37,42

(Moderate)

5
(105)

Studies reported corneal scarring at multiple 
timepoints (n=1), 4 months (n=1), after medical 
therapy (n=1), across the whole study (n=1), or at an 
unreported timepoint (n=1).

Across 5 arms, the % with corneal scarring 
ranged from 27.3% to 92.9% (weighted mean: 
74.2%).

AEs
5,14,17,19,20,28,35-38

(Low)

9
(292)

Different types of outcomes were reported, including: 
serious toxic side effects, corneal toxicity, stinging/
burning sensation of the eye, vascularization, 
secondary glaucoma, and drug toxicity.

The results cannot be usefully summarised 
because no two studies used the same AE 
definition for reporting outcomes.

Adjunctive therapy
16,20,25,29,32,33

(Low)

6
(95)

The definition of adjunctive therapy was slightly 
different in each study, but generally the definitions 
included the addition of one or more new therapies. 

Across 5 arms, the % of patients who used 
adjunctive therapy ranged from 3.8% to 52.6% 
(weighted mean: 18.6%).

Worsening of disease
13,18,34

(Low)

3
(33)

There were differing definitions of worsening disease 
across the studies.

Across 4 arms, the % with worsening disease 
ranged from 12.5% to 100.0% (weighted mean: 
35.5%).

Enucleation
5,21,29,31,34,35,38,40

(Very low)

8
(470)

One study reported enucleation after initial surgery, 
whilst the other seven studies reported data on 
enucleation over the total study period.

There were 14 enucleations in total. Across 7 
arms reporting data over the total study period, 
the % of patients who had enucleation was 0.0% 
to 20.0% (weighted mean: 2.7%).

Composite endpoints
14,21,22

(Very low)

3
(453)

One RCT reported treatment failure at two weeks. 
The other two studies were retrospective analyses of 
routine data that reported the composite outcome 
across the entire study period.

The definitions of the composite endpoints 
differed too greatly to allow comparison 
between studies.

Relapse 
5,19,30

(Very low)

3
(140) Each study had a different definition of relapse. Across 4 treatment arms, the % that relapsed 

was 0.0% to 18.1% (weighted mean: 14.3%).

Treatment 
compliance
5

(Very low)

1
(19)

This study reported poor compliance only among 
patients who relapsed.

10.5% of patients who relapsed had poor 
compliance.

VFQ-25
15

(Very low)

1
(27)

This study reported the composite VFQ-25 score at the 
final follow-up. 

Mean VFQ-25 composite score was 80.6 for 
patients treated with PHMB and propamidine.

Table 3. Summary of other clinical outcomes as reported in the eligible studies.
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had a GRADE rating of ‘high’ for the overall certainty of 
evidence. Most studies (35 out of 37) were observational 
studies. This aligns with the findings of a previous SLR in 
this indication, which only included RCTs and identified 
only one eligible study when it was published eight years 
ago7. Most studies were rated as ‘good’ or ‘fair’ for overall 
quality5,9,12-39, with only six studies rated as ‘poor’40-45. When 
considering the rarity of this disease, this could represent 
a substantial amount of reasonably good clinical evidence 
overall. 

There was much less economic data available, 
particularly in populations with AK. Despite widening 
the population of interest to include all patients with 
MK and conducting thorough searching, outcomes were 
only reported in a small number of studies (n=1 to 8). 
The number of outpatient visits was the most commonly 
reported outcome. There were several outcomes of interest 
with no data available. Any data from populations with 
MK, rather than AK, may not be directly transferable to 
those with AK. However, such data may be able to provide 
indicative estimates of economic burden in areas where 
there are no such data for AK. Finally, the evidence for the 
economic outcomes was scored as having ‘low’ or ‘very 
low’ certainty of evidence using the GRADE framework11, 
predominantly because the evidence only came from 
observational studies. Most of the studies were rated as 
‘good’ or ‘fair’ for overall quality, with only one study (a 
prospective single-arm interventional studies) rated as 
‘poor’46, suggesting that the studies themselves were of 
reasonable quality. The overall lack of data, particularly in 
patients with AK, severely limits our understanding of the 
economic impact of AK.

Clinical findings
Across all treatment arms with ≥5 treated eyes, the 

weighted mean of the percentage cured was 60.1% (range: 
4% to 100%). This accords with a recent scoping review 
which also found that the AK continues to be associated 
with unfavourable outcomes6. Subgroup analyses suggested 
that the percentage was lower in good quality (57.6%) 
than fair or poor quality (66.0%) studies. Similarly, the 
weighted mean of the mean time-to-cure was higher in 
good quality (154.2 days) then fair or poor quality studies 
(105.8 days), of the percentage with improved BCVA was 
lower in good quality (65.1%) than fair or poor quality 
(87.6%) studies, and of the percentage with a follow-up 
BCVA of 6/12 or better was lower in good quality (76.8%) 
than fair or poor quality studies (80.0%). Whilst the high 
level of heterogeneity between studies means that these 
results should be interpreted with caution, these findings 
suggest that fair or poor quality studies may underestimate 
the clinical impact of AK on patients and that study quality 
should be considered when interpreting the results 
of studies in patients with AK as the findings may be 

misleading.

There were no studies that stated that no enucleations 
occurred, which could imply that enucleation data were 
only reported in studies where at least one enucleation 
occurred. If that were the case, and the studies that did 
not report this outcome had zero enucleations, then using 
the data reported in the literature to estimate the rate of 
enucleation would give an overestimate.

Comparability of outcomes
The comparability of clinical resolution outcomes were of 

particular interest given that this is a key outcome for patients 
and treating clinicians. Twenty studies reported clinical 
resolution (691 patients)12,13,15,18,19,23,24,28-30,32,33,35-38,40,41,45. The 
definition of clinical resolution and timing of measurement 
differed across the studies making comparison between 
them challenging. An important difference between 
definitions was the handling of discontinuations. Some 
studies considered discontinuation of the initial treatment 
for any reason as treatment ‘failure’ so patients who 
discontinued the initial treatment were not counted as 
cured. Other studies did not clearly state whether patients 
who discontinued the initial treatment were considered as 
‘cured’ or ‘failed’. Studies where treatment discontinuations 
were not considered as failures may have an artificially 
higher cure rate than those that do consider treatment 
discontinuations as failures. 

Whilst there was a substantial amount of data relating 
to BCVA, BCVA was reported in very varied ways across the 
eligible studies. Eight studies reported LogMAR BCVA13-

15,17,19,29,33,47 and 24 studies reported BCVA as a categorical 
variable on a LogMAR or Snellen scale5,14,18-21,25-33,35-37,39,41-44,48. 
A crucial difference in BCVA definition across the studies 
was that the timing of measurement was not always clear, 
particularly because many studies reported ‘final BCVA’ 
without reporting when this final measurement occurred. 
An important consequence of this is that it was also not 
always clear whether optical surgery occurred before BCVA 
was measured, or how long the patient received medical 
treatment for prior to the BCVA measurement being 
recorded. 

There were substantial differences in outcome 
definitions, timing of measurements, and treatment 
regiments for most clinical and economic outcomes 
meaning that there are major limitations in how this 
evidence can be compared and synthesized. Conversely, 
the study populations were broadly similar for the clinical 
outcome studies, with similar definitions used for AK 
diagnosis across the studies. This suggests that more 
standard outcome definitions should be created for studies 
investigating agents with anti-amoebic activity used in AK 
to allow better comparison of treatments in the future and 
to better understand the burden of AK.
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Limitations
The main limitation of the clinical review was that the 

list of outcomes was wide and varied. This was intentional 
to capture all relevant evidence to understand the depth 
and context of the available evidence. However, this 
resulted in an evidence-base that is somewhat divergent 
in terms of the reported outcomes, their definitions, 
and assessment timings. This means that the summary 
statistics in this paper are better interpreted as indicators of 
patterns because the results are based on a naïve synthesis 
approach, different outcome definitions and timings, and 
patients could have switched treatments during the study. 

For the economic review, the population of interest had 
to be widened during protocol development beyond AK 
patients (the primary condition of interest) to also include 
MK patients, due to a lack of relevant evidence in AK. This 
adds uncertainty due to the potential lack of transferability 
of data from a MK population to an AK population, so 
the findings in different populations should be seen as 
indicative, rather than definitive. 

The proceedings from 2017-2022 of six leading 
conferences were hand-searched for potentially eligible 
abstracts. The list of conferences was based on clinical 
advice on the leading conferences for AK. This list may not 
be exhaustive. The impact of any missing key conferences on 
the completeness of the SLR is likely to be low because other 
eligible conference abstracts should have been identified 
through the iterative backward and forward citation searching. 

Conclusions
Two SLRs were conducted to understand existing 

clinical and health economic evidence for the unlicensed 
agents with anti-amoebic activity currently used for 
AK. There was a fairly substantial body of evidence for 
clinical outcomes, with most studies rated as ‘good’ or 
‘fair’ for overall quality. However, substantial differences 
in treatment regimens, outcome definitions, and timing of 
measurements mean that there are major limitations in how 
this evidence can be compared and synthesized making 
it difficult to determine the effectiveness of treatments in 
AK. There was a suggestion that fair or poor quality studies 
may underestimate the burden of AK compared with good 
quality studies leading to biased results. 

For health economic outcomes, there is very limited 
evidence in AK populations, which all comes from 
observational studies, is focused on resource use rather 
than direct costs, and reports outcomes inconsistently 
between studies. This limits overall understanding of the 
cost-effectiveness of agents with anti-amoebic activity 
that are used to treat AK, which should be a focus of 
future research. There is some additional evidence from 
populations with MK, however this may not be transferable 
to populations with AK.

No other published evidence syntheses on this topic 
were identified during the search. Such estimates are 
needed to understand how best to treat AK, but any future 
syntheses will be limited by, and need to account for, the 
inconsistencies in outcomes, treatment regimens, and 
populations across the studies. A feasibility assessment for 
an indirect treatment comparison is planned to determine 
whether an evidence synthesis can be conducted using 
the existing evidence base for agents with anti-amoebic 
activity in people with AK.
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