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ABSTRACT

Introduction Although antibiotics are successful at
achieving microbiological cure in infectious keratitis,
outcomes are often poor due to corneal scarring. ldeal
treatment of corneal ulcers would address both the
infection and the inflammation. Adjunctive topical
steroid treatment may improve outcomes by reducing
inflammation. Corneal cross-linking (CXL) is a novel
prospective therapy that may simultaneously reduce
both inflammatory cells and bacterial pathogens.

The purpose of this study is to determine differences
in 6-month visual acuity between standard medical
therapy with antibiotics versus antibiotics with
adjunctive early topical steroid therapy versus
antibiotic treatment plus CXL and early topical
steroids.

Methods and analysis This international,
randomised, sham and placebo-controlled, three-

arm clinical trial randomises patients with smear
positive bacterial ulcers in a 1:1:1 fashion to one of
three treatment arms: (1) topical 0.5% moxifloxacin
plus topical placebo plus sham CXL; (2) topical 0.5%
moxifloxacin plus difluprednate 0.05% plus sham CXL;
or (3) the CXL group: topical 0.5% moxifloxacin plus
difluprednate 0.05% plus CXL.

Ethics and dissemination We anticipate that
both adjunctive topical steroids and CXL will improved
best spectacle corrected visual acuity and also reduce
complications such as corneal perforation and the
need for therapeutic penetrating keratoplasty. This
study will comply with the NIH Data Sharing Policy and
Policy on the Dissemination of NIH-Funded Clinical
Trial Information and the Clinical Trials Registration
and Results Information Submission rule. Our results
will be disseminated via ClinicalTrials.gov website,
meetings and journal publications. Our data will also
be available on reasonable request.

Trial registration number NCT04097730.

.8 Thomas M Lietman,’

BACKGROUND

Although antibiotics are successful at achieving
microbiological cure in infectious keratitis,
outcomes are often poor due to corneal scar-
ring. Randomised trials comparing different
antibiotic treatments have not been able to
demonstrate superiority of one antibiotic over
another.! During acute infection pathogens,
keratocytes and other inflammatory cells secrete
enzymes that promote protein degradation and
keratolysis with resultant opacity and irregular
astigmatism. Corneal perforation can also result,
requiring urgent surgical intervention with ther-
apeutic penetrating keratoplasty, which has poor
prognosis compared with penetrating kerato-
plasty performed for visual rehabilitation.””
Ideal treatment of corneal ulcers would address
both the infection and the inflammation.

The Steroids for Corneal Ulcers Trial
investigated adjuvant topical steroids in
addition to antibiotics to reduce the inflam-
matory response in bacterial ulcers. The
trial failed to find benefit or harm overall;
however, subgroup analyses suggested that
earlier steroid treatment of large, central,
non-Nocardia ulcers led to better clinical
outcomes.” ° These subgroup analyses have
led some to conclude that topical corticoste-
roids may be beneficial for specific subgroups
of culture-positive bacterial ulcers and that
they were most effective when administered
early with appropriate antibiotics.”

Corneal cross-linking (CXL) is a novel
prospective therapy that may simultaneously
reduce both inflammatory cells and bacterial
pathogens.” Ultraviolet A (UV-A) + riboflavin
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is effective in vitro against common bacterial ocular
pathogens, such as Pseudomonas aeruginosa and Strepto-
coccus pnewmoniae."’ Multiple case reports have suggested
potential benefits of CXL with riboflavin (UVX) for
treatment of bacterial keratitis, including resolution of
resistant infection, halting of progressive melting and
symptomatic improvement.'" ™" In one small case series,
bacterial infections resolved even though patients were
treated exclusively with photochemically activated ribo-
flavin.'” Therapies to reduce inflammation may improve
outcomes; however, there are concerns about poten-
tiating infection and poor healing. The possibility that
UVX may immediately reduce the burden of infectious
organisms makes subsequent anti-inflammatory treat-
ment safer. Here, we describe a three-arm randomised
controlled clinical trial to investigate CXL and early
topical steroids as adjuvant therapies in the treatment of
bacterial corneal ulcers.

METHODS/DESIGN
Study design
The Steroids and Cross-linking for Ulcer Treatment
Trial II (SCUT II) is an international, randomised,
sham and placebo-controlled, three-arm clinical trial
(full protocol available in online supplemental file 1).
The purpose of this study is to determine differences
in 6-month visual acuity between standard therapy with
antibiotics versus early antibiotics with adjuvant steroid
versus antibiotic treatment plus CXL and early steroids.
Patients presenting to one of the Aravind Eye Hospitals
in India, University of California, San Francisco, Kaiser
Permanente Northern California, or Bascom Palmer Eye
Institute at the University of Miami with smear and/or
culture-positive non-Nocardia bacterial corneal ulcers and
moderate vision loss, defined as Snellen visual acuity of
20/40 or worse and corneal thickness of greater than or
equal to 350 pm as measured on anterior segment optical
coherence tomography (AS-OCT), will be included.
Figure 1 provides a schematic outline of the study.
Those who agree to participate will be randomised in a
1:1:1 fashion to one of three treatment arms:
» Group 1: standard therapy group, topical 0.5% moxi-
floxacin plus topical placebo plus sham CXL.
» Group 2: early steroids group, topical 0.5% moxiflox-
acin plus difluprednate 0.05% plus sham CXL.
» Group 3: CXL group, topical 0.5% moxifloxacin plus
difluprednate 0.05% plus CXL.

Objective and hypothesis

The objectives of this study are (1) to determine if CXL
is a beneficial adjuvant in the treatment of smear-positive
bacterial ulcers; (2) to determine if early topical steroids
are a beneficial adjuvant in the treatment of smear-
positive bacterial ulcers; and (3) to determine which ulcer
characteristics predict the most benefit from the addition
of adjuvant CXL and/or early steroids. We anticipate that
CXL will result in better best spectacle corrected visual
acuity (BSCVA) at 6 months compared with antibiotic

alone. We hypothesise that those randomised to early
topical steroids will have improved BSCVA at 6 months
compared with antibiotic alone. We hypothesise that
large central bacterial ulcers will benefit most from adju-
vant early topical steroids and/or CXL.

Study oversight

An independent Data and Safety Monitoring Committee
(DSMC) oversees the data collection and safety of the
study. The DSMC members have expertise in ophthal-
mology with cornea subspecialty training, biostatistics
and ethics. Interim reports for the DSMC are prepared
by the Data Coordinating Center at Proctor. These
reports include (1) recruitment overall and by study site,
(2) compliance and (3) retention. The reports also list
study outcomes, including 6-month BSCVA and microbi-
ological outcomes, and all adverse outcomes, including
mortality and perforations. The DSMC meets annually
in person and biannually via teleconference to monitor
study progress and safety. There are also ad hoc meetings
as needed. Study investigators conduct site visits at least
triannually. The principal investigators notify the DSMC,
study sites and institutional review boards of any changes
to study protocols or any deviations from the trial proto-
cols.

Setting

Participants will be enrolled at seven sites in India and the
USA. In India, participants will be enrolled at Aravind Eye
Hospitals in the cornea clinic in Coimbatore, Madurai,
Pondicherry and Tirunelveli. In the USA, participants
will be enrolled at the Proctor Foundation clinic at the
University of California, San Francisco in San Francisco,
California, at Bascom Palmer Eye Institute at the Univer-
sity of Miami in Miami, Florida, and at Kaiser Permanente
Northern California medical facilities in Oakland.

Inclusion and exclusion criteria

Inclusion criteria include age older than 18, presence of
smear and/or culture-positive typical bacterial keratitis
(ie, non-Nocardia or Mycobacteria) and Snellen visual acuity
of 20/40 or worse with a central corneal thickness greater
than or equal to 350 pm as measured by AS-OCT. Exclu-
sion criteria include evidence of concurrent viral, fungal,
Acanthamoeba or atypical bacterial keratitis, impending
or frank corneal perforation, involvement of the sclera,
non-infectious or autoimmune keratitis, history of recent
intraocular surgery or prior corneal transplant, and
fellow eye visual acuity worse than 20/200. The investi-
gator will confirm their ability to understand the study
and willingness to participate.

Randomisation

Each study eye is randomly assigned to the treatment
group. Block randomisation was performed using a
computer program (R statistical package V.2.12; R Foun-
dation for Statistical Computing, Vienna, Austria) by the
coordinating site. Once an eye is enrolled in the study, the
study coordinator will assign the study participant’s eye
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Total N=279: Obtain informed consent. Screen potential participants by inclusion and
exclusion criteria; obtain history, document. Screening assessments include:
pinhole visual acuity, culture/smear, AS-OCT, and confocal microscopy,

Group 3:
Cross-Linking
N=93

24 hours after beginning antibiotics, patients will begin steroids/topical placebo

Follow-up form, visual function questionnaire, AS-OCT, confocal microscopy, Pentacam

Follow-up form, visual function questionnaire, AS-OCT, confocal microscopy, slit lamp

Prior to
Enrollment
Randomize
Group 1: Group 2:
Standard Therapy Early Steroids
N=93 N=93
Visit 1
Baseline and — -
P d . Perform additional baseline assessments:
rocedure: Baseline form, Pentacam, slit lamp photography
Day 0
At 4 hours, after CXL/sham CXL, all patients will undergo a repeat culture.
After the repeat culture, all patients will begin topical antibiotics.
depending on assigned arm.
Visit 2 Follow-up assessments of study endpoints and safety:
Follow-up:
Day 3 topography, BSCVA, culture/smear
Patients are discharged from inpatient setting.
Visit 3 Follow-up assessments of study endpoints and safety:
Follow-up:
Week 3 photography, BSCVA
Visit 4
Follow-up:
Month 3

Figure 1

Final Assessments
Follow-up form, final form, visual
function questionnaire, AS-OCT,
confocal microscopy, pentacam

topography, slit lamp photography,

BSCVA

Enrolment schema for the Steroids and Cross-linking for Ulcer Treatment Trial. AS-OCT, anterior segment optical

coherence tomography; BSCVA, best spectacle corrected visual acuity; CXL, corneal cross-linking;VFQ, Visual Function

Questionnaire.

an identification (ID) (alphanumeric code) and topical
moxifloxacin 0.5% will begin every hour for 2days and
then every 2hours while awake until resolution of the
epithelial defect. The study coordinator will organise the
procedure in the operating room within 48 hours. Once
the study participant has been assigned a study partici-
pant ID and randomised to treatment group, they will be
included in the intent-to-treat analysis.

Intervention and masking: cross-linking

Study participants will undergo CXL with a modified
Dresden protocol or sham CXL within 48 hours of enrol-
ment. For the modified Dresden protocol, patients will

not have an 8 mm epithelial debridement, rather only the
epithelium over the infiltrate will be debrided.

All participants will receive a 30min loading dose of
topical 0.1% riboflavin and 20% dextran T500 drops every
2min. Full penetration through the cornea with anterior
segment flare will be confirmed prior to CXL procedure.
This will be followed by exposure to continuous UV-A
light at a wavelength of 365nm with an irradiance of
3mW/cm? for 30 min and a total dose of 5.4]/cm?® (UV
lamp; Avedro KXL System, Waltham, Massachusetts, USA
for USA) for those randomised to CXL. During irradi-
ation patients will continue to receive topical riboflavin
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at 5min intervals. Sham CXL simulates this experience;
however, a blue penlight will be shined adjacent to the
patient, carefully avoiding exposure to the cornea, and
the cornea will be covered with a corneal light shield. In
place of riboflavin we will use either saline drops or saline
drops dyed with fluorescein. Riboflavin will not be used
in the sham procedure due to concern that photochem-
ical activation of the riboflavin may occur with exposure
to ambient light and therefore produce some treatment
effect. All study participants will have repeat corneal
cultures 30 min after the CXL or sham CXL procedure.

Due to the nature of the surgical intervention, the
surgeon and the technician performing cross-linking will
not be masked. The patient, the physician performing
repeat scraping and clinical follow-up, the microbiolo-
gist, and the refractionist performing the BSCVA will be
masked to treatment arm.

Intervention and masking: difluprednate
Commercially available difluprednate will be repack-
aged into the same bottles as placebo by a compounding

3

pharmacy (Rancho Park, Los Angeles, California).
Placebo will be labelled identically to ensure adequate
masking of study physicians and patients.

Data collection and management

Data collection is the responsibility of the clinical trial
staff at the site under the supervision of the site inves-
tigator. The investigator is responsible for ensuring the
accuracy, completeness, legibility and timeliness of the
data reported. Table 1 outlines the schedule of enrol-
ment, interventions and assessments.

Clinical data (including adverse events, concomitant
medications and expected adverse reactions data) and
clinical laboratory data will be entered into Research
Electronic Data Capture (REDCap), a 21 CFR Part
11-compliant data capture system provided by the Data
Coordinating Center at the University of California, San
Francisco. These data will be kept confidential. The data
system includes password protection and internal quality
checks, such as automatic range checks, to identify data
that appear inconsistent, incomplete or inaccurate.

Visit 5 Visit 6 Visit 7 Visit 8
Visit 1 Visit 2 Visit3 Visit4 3-week 3-month 6-month 12-month
Day 0 Day 1 Day2 Day3 follow-up follow-up follow-up follow-up

Consent and authorisation X

x
x
x
x
x
x

Clinical drawing

x
x
x
x
x

Follow-up form

Interventions

x

Study medication*

IOP

x
x
x
x
x
x

AS-OCT

x
x
x
x
x

x
x
x
x
X

Pentacam topography

x
x
x
x
x
x

Slit lamp examination

Pinhole visual acuity X

Total visit time 2hours 2hours 3hours 0.5hours 1hour 1hour 1hour 1hour

*Difluprednate versus placebo starting at 24 hours.

tClinical photographs also taken on adverse events.

AS-OCT, anterior segment optical coherence tomography; BSCVA, best spectacle-corrected visual acuity; BSCVA, best spectacle corrected
visual acuity; CXL, corneal cross-linking; ETDRS, early treatment diabetic retinopathy study; MRx, manifest refraction; VFQ, visual function
questionnaire.

=S
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Primary outcome measurement and statistical analyses

Visual acuity

The primary outcome will be 6-month BSCVA. We will
use multiple linear regression models to evaluate BSCVA
measured with covariates for treatment arm (expressed
as a categorical variable for randomisation group), study
site (randomisation strata) and baseline pinhole visual
acuity.

Secondary outcome measures and statistical analyses

Visual acuity

As secondary analyses we will also look at 3-week, 3-month
and 12-month BSCVA. We will use multiple linear regres-
sion models to evaluate BSCVA measured with covariates
for treatment arm (expressed as a categorical variable
for the randomisation group), study site (randomisation
strata) and baseline pinhole visual acuity.

Microbiological cure

Studies have suggested that, in addition to providing an
initial diagnosis, repeated culture can be used to assess
response to treatment and is highly correlated with clin-
ical outcomes such as visual acuity.'”"” We will reculture
all study participants on day 2 to assess the effect of CXL
on the rate of microbiological cure. We hypothesise that
those in the CXL group (group 3) will have a higher
rate of microbiological cure on day 2 cultures than those
randomised to the standard therapy (group 1) or early
steroid group (group 2). Participants in both groups 1
and 2 will serve as the comparison group, increasing the
power in this analysis.

We propose the primary analysis to be a Fisher’s exact
test comparing the proportion of positivity at follow-up
between initially culture-positive individuals who were
assigned to cross-linking (group 3) versus initially culture-
positive individuals assigned to sham crosslinking
(groups 1 and 2). Additionally, we will report the results
for initially culture-negative individuals as a supplemen-
tary analysis in a logistic regression with assignment,
indicators for site (randomisation strata) and initial
culture results as covariates.

Scar/infiltrate

The analysis for scar/infiltrate size will follow the
templates for visual acuity given above. Multiple linear
regression models will be used to evaluate 12-month scar
size by treatment arm (a three-level categorical variable)
while correcting for baseline measurements. As in the
primary analysis, we will perform pairwise comparisons
between arms with a significance level of 0.05/2=0.025.
Corneal thinning and scarring will be evaluated similarly
using AS-OCT, correcting for baseline values.

Visual Function Questionnaire

The Visual Function Questionnaire (VFQ) will be
compared between the three groups controlling for day
1 VFQ: National Eye Institute (NEI-VFQ) in the USA and
Indian (IND-VFQ in India. This will be conducted using
linear regression with baseline and assignment variables.

Pentacam Scheimpflug tomography

Pentacam is a rotating Scheimpflug camera which provides
three-dimensional images of the cornea. In addition to topo-
graphic maps with keratometric readings of the anterior
and posterior cornea, Pentacam reports on the total corneal
power, corneal thickness maps, higher order aberrations
and densitometry. Statistical analysis will be similar to that
described above, linear mixed effects regression using treat-
ment assignment and baseline values as covariates, using the
same template as we did for BSCVA.

Adverse events and statistical analyses

Therapeutic penetrating keratoplasty/perforation

A Cox proportional hazards model will estimate the hazard
of perforation, defined as perforation (flat anterior chamber
with presence of iris plugging a defect in the cornea or Seidel
positivity) or need for therapeutic penetrating keratoplasty
while correcting for baseline infiltrate depth.

Interim analysis

Interim reports for the DSMC are prepared by the Data
Coordinating Center. These reports include (1) recruit-
ment overall and by study site, (2) compliance and (3)
retention. The reports will also list study outcomes,
including 6-month BSCVA and microbiological outcomes,
and all adverse outcomes, including mortality and perfo-
rations. All adverse events are tabulated and reported.
Statistical comparisons will be conducted using Fisher’s
exact test, but with the caution that failure to find a statis-
tically significant difference cannot be used to infer a
lack of risk difference, since the study is not powered to
examine rare outcomes. Procedures for reporting both
adverse events and serious adverse events, including
notification of the medical monitor, were reviewed by
the DSMC prior to opening enrolment. We will catego-
rise adverse events, severe adverse events and events of
interest following recommended best practices for clin-
ical trial monitoring and reporting.11

Sample size calculation

We powered the study for each pairwise comparison.
Specifically, we will be comparing CXL plus early steroids
versus steroids and sham cross-linking, and early steroids
with sham CXL versus standard therapy. The power
calculation was based on the primary outcome, 6-month
BSCVA. We informed the calculation with measurements
from the first Steroids for Corneal Ulcers Trial among
patients enrolled with between 20/60 and 20/400 vision.
The SCUT trial measured BSCVA at baseline, 3months
and 12months. We conservatively used the 12-month
outcome measure for the calculations since there was no
6-month measurement. The SD of BSCVA at 12 months
was 0.293. Since the primary analysis will adjust for base-
line BSCVA, we used an estimate of the residual SD, which
is SDy=SDV1 — 7 where ris the correlation between
the baseline measure and primary endpoint. In SCUT,
the correlation between baseline and 12-month BSCVA
among patients with between 20/60 and 20/400 vision at
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enrolment was 0.216. We thus assumed a residual SD of
0.293v1 — 0.216= = 0.286.

Assuming a significance level of 0.05/2=0.025, and
allowing for approximately 15% loss to follow-up, we
estimate that we will have 80% power to detect a 1.4-
line difference (Log of minimum angle of resolution
[logMAR] 0.14) between groups with 93 study partic-
ipants per arm (279 total). This calculation applies to
each of the two prespecified primary outcomes for this
trial (corresponding to the two separate research ques-
tions) and is based on the standard power formula for
the t-test (using an estimated residual SD). Note that if
the trial were to enrol 60 patients per arm, the minimum
detectable effect under all the same assumptions would
be 1.8 lines (logMAR 0.18).

Dissemination plan

This study will comply with the National Institute of
Health (NIH) Data Sharing Policy and Policy on the
Dissemination of NIH-Funded Clinical Trial Information
and the Clinical Trials Registration and Results Infor-
mation Submission rule. As such, this trial is registered
at ClinicalTrials.gov, and the results from this trial will
be submitted and published on ClinicalTrials.gov. In
addition, every attempt will be made to publish results
in peerreviewed journals and to present these data at
national and international meetings. Consistent with the
collaborative nature of the proposed research, the Prin-
ciple Investigator anticipates sharing all data generated
by the study with collaborators. Analytical data sets that
will be developed through the project will comply with
the NIH Data Sharing Policy. The analytical data sets from
this project will include patient-level data generated from
the study visits. Data from the trial will be made available
on reasonable request.

DISCUSSION

Infectious keratitis is a leading cause of monocular blind-
ness worldwide.”” In the USA, bacteria are the most
common aetiology for corneal ulcers, and they are often
associated with contact lens use.”’ Despite appropriate
antibiotic treatment, severe cases can progress rapidly
and cause permanent vision loss requiring corneal trans-
plantation.”’ It has been estimated that the incidence of
non-viral infectious keratitis is 28 per 100 000 person-
years in the USA.* Internationally, and particularly in
tropical regions, the incidence may be much higher. For
example, in one district in India, the incidence was found
to be 11 per 10000 persons-years.” The monocular vision
loss associated with corneal ulceration has been shown to
reduce vision-related quality of life.”*

The first step to the treatment of bacterial infection is
to achieve microbiological cure. Clinicians weigh many
factors when choosing an antibiotic regimen: broad-
spectrum coverage, toxicity, availability and cost, and
region-specific epidemiology of pathogens and resistance
patterns. We surveyed the Cornea Society regarding
empiric antibiotic choice for presumed bacterial ulcers.

Despite its toxicity, 55% (n=57) of US physicians used
fortified topical vancomycin as their first choice due to
concerns over the emergence of resistant organisms such
as methicillin-resistant Staphylococcus aureus.” However, a
recent review of high-quality, randomised controlled clin-
ical trials on the management of bacterial keratitis with
topical antibiotics identified no antibiotic strategy that
produced a significant difference in the relative risk of
treatment success, defined as complete re-epithelialisa-
tion of the cornea or on time to cure.' Therefore, we may
not be able to dramatically improve clinical outcomes by
antibiotic choice alone.

Even if infectious organisms are eliminated, poor
vision can result from corneal opacity and irregular astig-
matism. The use of adjuvant corticosteroids has long
been debated in the treatment of bacterial keratitis.”"
Proponents argue that they decrease inflammation
and reduce scarring, neovascularisation and stromal
melt.”" However, others argue that corticosteroids
delay epithelial healing and prolong infection.” ™ Three
small randomised controlled trials examining the benefit
of adjuvant topical steroids for the treatment of corneal
ulcers found no difference in visual acuity outcomes
or healing times between those randomised to topical
antibiotic alone versus topical antibiotic plus topical
steroid.”*®

The Steroids for Corneal Ulcers Trial is by far the
largest randomised controlled trial to have evaluated
the role of adjunctive steroids for bacterial ulcers.”
Five hundred study participants with culture-positive
bacterial ulcers were enrolled at the University of Cali-
fornia, San Francisco, at Aravind Eye Hospitals in
Madurai, Coimbatore and Tirunelveli in India, and at
the Dartmouth-Hitchcock Medical Center in New Hamp-
shire. Patients were randomised to receive either topical
prednisolone sodium phosphate 1.0% or topical placebo
(sodium chloride 0.9%), started after 48 hours of topical
moxifloxacin 0.5%. All patients received one drop of
their assigned treatment four times daily for the first
week after enrolment, then two times daily for the second
week, and then one time daily for the third week. After
controlling for baseline BSCVA a multiple linear regres-
sion showed that corticosteroids provided no significant
improvement in 3-month BSCVA over placebo (p=0.82).
Similarly, there was no difference between arms in
secondary outcomes, such as rate of re-epithelialisation
(p=0.25), infiltrate/scar size (p=0.40) or the number of
perforations observed (p>0.99). It is also important to
note that corticosteroids did not cause an increase in
adverse events.”

Post-hoc subgroup analyses have suggested that earlier
treatment of large, central, non-Nocardia ulcers did
have improved visual acuity outcomes compared with
antibiotic alone (figure 1).° A 12-month SCUT analysis
excluding Nocardia ulcers found a one-line visual acuity
benefit among those randomised to topical steroid.”’ We
also found that those treated with steroid earlier, within
2-3days of antibiotics, had one-line better visual acuity
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at 3 months.” These subgroup analyses have led some to
conclude that topical corticosteroids may be beneficial
for specific subgroups of culture-positive bacterial ulcers
and that they were most effective when administered
early with appropriate antibiotics.”°

CXL may benefit patients with infectious corneal ulcers
through direct antimicrobial and anti-inflammatory
effects, as well as increased resistance of corneal tissue to
enzymatic degradation.”” Photoactivation of riboflavin
with UV light results in release of reactive species that
promote chemical covalent bond formation between
adjacent collagen molecules.”’ ** Reactive triplets are
also thought to have an antiseptic effect against a broad
range of pathogens.”” Crosslinked corneas have also
shown increased in vitro resistance to keratolysis by
collagenase A.** CXL is currently used as a treatment for
corneal ectatic disorders such as keratoconus and post-
Laser-Assisted In Situ Keratomileusis (ILASIK) ectasia
and has been shown to stiffen the cornea and allow it to
retain its normal shape.” ™ Immediately after CXL there
is a decrease in the subepithelial nerve plexus and loss
of keratocytes in the anterior one-third of the corneal
stroma, although this recovers after a few months.* *’
CXL would presumably destroy inflammatory cells in the
anterior stroma by similar mechanisms, although this
does not appear to have been studied previously.

To date, few prospective clinical trials have been
conducted to assess the effect of CXL in the treatment of
bacterial keratitis. Bamdad et al’' randomised 32 patients
with moderate bacterial keratitis to receive either CXL
plus standard therapy versus standard therapy alone.
Two weeks after the treatment, those receiving CXL
had a lower mean grade of ulcer (0.69 vs 1.70; p=0.001),
smaller area of epithelial defect (p=0.001) and smaller
area of infiltrate (p<0.001) than those receiving stan-
dard therapy alone. The mean treatment duration was
also shorter in the CXL group (p<0.001). Another trial
randomised patients with bacterial, fungal, Acanthamoeba
or mixed origin keratitis to CXL versus antimicrobial
treatment alone.” While this trial found no difference
between groups, it had multiple issues, including inap-
propriate randomisation, vastly different aetiologies of
infection and insufficient power.”” One non-randomised
prospective series of 40 patients found a decreased rate
of perforation among those treated with CXL compared
with controls despite the fact they had on average larger
baseline ulcer size.” Given the limitations of these
studies and mixed results, it is not known whether CXL is
a beneficial adjuvant therapy for infectious keratitis, and
a well-designed, larger scale randomised clinical trial is
warranted. A recent meta-analysis concluded that CXL
may be beneficial in patients with infectious keratitis.”*

There are several limitations to the design of this study
to consider. It will still be important to measure the effect
of CXL on clinical outcomes such as visual acuity and scar
size. A number of studies have demonstrated the safety
and efficacy of CXL for the treatment of keratoconus
with follow-up in the range of 5-10years.”” However, the

observed corneal flattening associated with improved
visual acuity outcomes in keratoconus could result in
unexpected topographic changes in infectious keratitis
and it is not known what effect CXL has on corneal scar-
ring in these cases.

Detecting differences in clinical outcomes for corneal
ulcer trials has proven difficult. Surrogate outcomes have
become popular as they often require smaller sample
sizes and result in faster trial completion as they allow
detection of response to treatment at an earlier stage. In
addition to evaluating clinical outcomes such as BSCVA
and scar size, we will be evaluating a number of other
potential indicators of response to treatment that may
prove to be more sensitive outcomes for future clinical
trials. One alternative approach could be to use micro-
biological cure as the primary outcome. Although the
ultimate goals of therapy in bacterial ulcer treatment
are corneal ulcer healing, improved visual acuity and
vision-related quality of life, culture positivity is highly
correlated with clinical outcomes. SCUT found that
decreased antibiotic susceptibility resulted in decreased
visual acuity outcomes and increased scar size.”

CONCLUSION

The results of this study are expected to provide evidence
of the efficacy of CXL and early steroids as adjunctive
treatments in bacterial keratitis. We anticipate that these
therapies will improve outcomes such as visual acuity,
while reducing the rate of complications such as perfora-
tion or the need for therapeutic penetrating keratoplasty.

TRIAL STATUS

This protocol is version 2.0, dated 17 July 2020. Recruit-
ment began on 24 September 2020 and is expected to last
until approximately September 2023.
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