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ABSTRACT

Introduction The Keralink trial tests the hypothesis that corneal cross-linking treatment (CXL)
reduces the progression of keratoconus in comparison to standard care in patients under 17 years
old. Keralink is a randomised controlled, observer-masked, multicentre trial in progressive
keratoconus comparing epithelium-off CXL with standard care, including spectacles or contact lenses
as necessary for best corrected acuity.

Methods and analysis A total of 30 participants will be randomised per group. Eligible participants
aged 10-16 years with progressive keratoconus in one or both eyes will be recruited. Following
randomisation, participants will be followed up 3-monthly for 18 months. The effect on progression
will be determined by K, on corneal topography. The primary outcome measure is between-group
difference in K, at 18 months adjusted for K, at baseline examination. Secondary outcomes are the
effect of CXL on (i) keratoconus progression, (ii) time to keratoconus progression, (iii) visual acuity,
(iv) refraction (v) apical corneal thickness and (vi) adverse events. Patient-reported effects will be
explored by questionnaires.

Ethics and dissemination Research Ethics Committee Approval was obtained on 30 June 2016 (ref:
14/1L0/1937). Current protocol: v5.0 (08/11/2017). Study findings will be published in peer-reviewed
journals.

Trial registration number ISRCTN 17303768.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e This is the first randomised trial of corneal cross-linking (CXL) in keratoconus in children, in which
group disease onset is at an early age, is perceived to be at high risk of progression to corneal
transplantation and in which only observational studies have been published.

e A total of 60 patients aged 10-16 years with progressive keratoconus will be randomised to CXL or
standard care including spectacles and contact lenses as required for best corrected vision.

e The trial is designed to examine safety and efficacy of CXL in reducing progression, the primary
outcome measure being between-group difference in K, at 18 months adjusted for K, at baseline
examination and measured by masked optometrists.

e Secondary outcome measures at 18 months include keratoconus progression, visual acuity,
refraction, adverse events and quality of life measurements.

e Follow up to 18 months after randomisation is relatively short and any benefit found following

CXL would require longer term analysis of efficacy.
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INTRODUCTION

Keratoconus is characterised by thinning and distortion of the cornea that results in visual loss from
complex refractive error and corneal opacification. The prevalence in Europe has been reported as
1:1163% and 1:3752. The age at initial referral to hospital clinics is the second and third decade (mean
age at diagnosis 28 years?), with progression until the early 30s in most affected eyes. In its early
stages keratoconus causes worsening of vision on account of increasing myopia and irregular
astigmatism: spectacle correction provides good visual acuity in early disease only, until increasing
irregular astigmatism requires correction with rigid contact lenses for best vision. Patients with more
advanced keratoconus lose contact lens-corrected visual acuity on account of corneal opacification
and corneal transplant surgery is eventually required in more than 20% of patients3. Keratoconus is
often more advanced when first diagnosed in children than in adults, with faster subsequent disease

progression®.

The most important parameters used in the assessment of keratoconus are the curvature of the
cornea (presented as dioptre power (K)), apical corneal thickness in um, refraction, and best-
corrected visual acuity. Earliest disease can be detected by corneal topography, which demonstrates
thinning and irregularity of corneal curvature. Quantification of steepness of the corneal curvature in
horizontal, vertical and multiple oblique meridians identifies the meridian of maximum corneal

steepness (K;) and the point of maximum steepness (K-

While the standard care described above involves treatment of the refractive consequences of
keratoconus or replacement of the diseased cornea by a transplant, the concept of stabilising
keratoconus and arresting its progression at a stage when there is still good unaided or spectacle-
corrected vision is relatively recent. Corneal cross-linking (CXL) increases the stiffness of the cornea,
which can arrest the progression of early keratoconus®. It is the only current intervention for this

purpose. In the epithelium-off CXL procedure corneal epithelium is removed, riboflavin eye drops
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administered, and the cornea exposed to ultraviolet (UV) light for 8 or more minutes. CXL has been
reported to be effective in arresting keratoconus progression in the majority of treated adult eyes in
a number of non-randomised studies (including Henriquez et al. 20115, Hersh et al. 20117) and two
randomised controlled trials (RCTs) (O’Brart et al 20118, Wittig-Silva et al. 2014°). In the larger study
by Wittig-Silva et al. a significant difference in progression of K., between CXL and control eyes was
reported: an improvement in CXL-treated eyes with flattening of K.« by -1.03 £ 0.19 D compared to
an increase in K., for control eyes of +1.75 + 0.38 D at 36 months. Adverse effects were not
uncommon but mostly transient, including corneal oedema, superficial opacification and recurrent
corneal erosions. Despite increasing information in relation to the efficacy of CXL a Cochrane Review
conducted in 2015 concluded that evidence for the use of CXL in the management of keratoconus is

limited due to the lack of properly conducted RCTs.1°

In younger subjects three observational studies of CXL in keratoconus patients <19 years have been
published, each with limitations but each reporting effectiveness. Caporossi et al. reported an
uncontrolled study of 152 keratoconus patients ranging in age from 10 to 18 years, of whom follow-
up post-CXL was available on only 61% of patients!®. Inclusion criteria included several parameters
which are well recognised to be characterised by inter-test variability. In this treated patient group, a
statistically significant reduction of K., by -0.4 D was found. Vinciguerra et al. reported 40 CXL-
treated eyes in patients with progressive keratoconus aged 9-18 (mean 14.2) years in a non-
randomised prospective study?2. Findings included improved visual acuity, reduced myopic spherical
equivalent on refraction testing and flattening on keratometry readings compared to pre-CXL.
Goodfrooij et al reported progression in 22% within five years of CXL!3. Although the findings from
these studies suggested a beneficial effect of CXL, more robust evidence is required to inform
practice. Of note, no randomised trial has been undertaken in young patients. The Keralink trial has
been designed to investigate efficacy and safety of the established technique of CXL in progressive

keratoconus in the paediatric age group, in which on account of early disease onset there is such
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potential for keratoconus progression. This paper describes the design of the trial, which compares
progression of keratoconus in a population of children and young patients randomised to CXL or

standard care, and evaluates safety of the intervention in this patient group.

In summary, evidence of effectiveness of CXL is of particular interest in young patients and has
specifically been requested by the National Institute for Health and Care Excellence in the United
Kingdom. Keralink is a multicentre randomised controlled trial in this patient group evaluating
epithelium-off CXL, the technique of CXL which has been demonstrated to be effective in adults. If
the trial demonstrates efficacy of CXL compared to standard care, and in particular if CXL is arrests
keratoconus progression, this would have important implications for clinical management. Although
we intend to follow up the trial patients for several years after the proposed trial concludes in order
to ascertain the duration of keratoconus stability, it is clear that arrested progression in a paediatric
patient is likely (a) to obviate the need for contact lens correction and for later corneal transplant
surgery and (b) to have correspondingly greater health and cost benefit than if the CXL were
undertaken in adults. Trial findings will inform ophthalmologists, optometrists and inform future

research and treatment policy.

METHODS AND ANALYSIS

Study design

Keralink is a randomised controlled, observer-masked controlled trial in five centres in the United
Kingdom. The study adheres to the tenets of the Declaration of Helsinki and is registered at
www.controlled-trials.com (trial registration number: ISRCTN 17303768). It was approved by the UK
Health Research Authority, the Medicines and Healthcare Regulatory Agency and ethical approval
was granted by the Brent Ethics Committee (reference 16/L0/0913). The trial is supervised by a trial
management group, with independent oversight by a trial steering committee and a data monitoring
committee. Eligible patients are randomised in a 1:1 ratio to receive either CXL or standard care
including spectacles or contact lenses as necessary. Following randomisation, participants are
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followed for 18 months at 3-monthly intervals. Inclusion and exclusion criteria are shown in Table 1.
All follow up measurements are performed by masked observers (optometrists) and the treating
ophthalmologists are masked as to keratometry values on topography at follow up. Randomisation

commenced on October 31 2016 and follow up of the last recruited patient is estimated to complete

in mid-2020.
TABLE 1
Keralink inclusion and exclusion criteria
INCLUSION CRITERIA Age at randomisation: 10-16 years
Confirmed keratoconus diagnosis
Progression on Pentacam topography in one or
both eyes, steepest corneal meridian (K2) or K.«
>1.5D
EXCLUSION CRITERIA Apical scarring

Cone apex thickness <400

K2 >62.0 D or Kiax >70.0 D

Rigid lens wear in both eyes and unable to
abstain for 7 days pre-topography examinations

Down’s syndrome

Definition of progression for eligibility

To differentiate true keratoconus progression from measurement artefact or minimal progression,
an increase on topography (Pentacam, Oculus GmbH, Wetzlar, Germany) in the steepest
keratometry (Kma) or in the steepest corneal meridian (K,) of at least 1.5 dioptres (D) was used as
threshold for eligibility in one or both eyes. Based on this, eligibility was defined by an increase from
baseline in K. or K, of >1.5D between two topography examinations separated by 3 or more
months. For each patient the eye with the more advanced keratoconus at baseline will be
categorised as the study eye for the primary analysis, unless that eye had undergone prior surgery
such as corneal transplantation.

Baseline assessment

At baseline all patients will be assessed as follows.
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On these visits the following assessments will be performed.

e Corneal topography for measurement of corneal power in the steepest meridian (K,), used
for assessment of the primary outcome. To improve repeatability, three measurements of
each eye will be taken at baseline and follow-up examinations and the mean used in
comparisons.

e Visual acuity (unaided, spectacle- and contact lens-corrected as applicable), logMAR
measured using the ETDRS chart at a starting distance of 4m in both eyes

e Refraction, both eyes

e Apical corneal thickness measurement, both eyes

e Quality of life will be assessed by visual function (CVAQC) and generic paediatric health
outcome (CHU9D) questionnaires. CVAQC is a 25-item vision specific questionnaire designed
for children!*. CHU9D is a nine-question paediatric generic preference based measure of
health outcome which provides a descriptive health profile as well as a utility score and has
been validated for self-completion in an adolescent population (11-17 years)®.

Randomisation and allocation of participants to treatment groups

Randomisation will be by a centralised computer generated randomisation service
(https://www.sealedenvelope.com). The system is customised to trial requirements, using
minimisation with stratification by treatment centre and whether progression is confirmed in one

eye or both eyes at randomisation. Following a dedicated consent/screening and randomisation visit

for eligible patients and their parents, patients will be randomised to one of two trial arms (Figure 1).

Intervention: CXL

Corneal cross-linking in one or both eyes (according to whether progression is confirmed in one eye
or both), under general or local anaesthesia as applicable, followed by standard management. The
surgical procedure will be as follows: removal of corneal epithelium with a spatula, administration of
riboflavin drops (Vibex Rapid, Avedro Inc., Waltham, Massachusetts, USA) every 2 minutes for 10

minutes, application of pulsed ultraviolet light using standardised parameters of 10mW/cm? for a
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5.4)/cm? total energy dose administered over 8 minutes. At completion of the procedure one drop of

povidone iodine and a therapeutic contact lens will be applied to the treated eye. Management
post-CXL is (i) proxymetacaine drops every 2 hours and naproxen 250mg twice daily, both as
required for analgesia, (ii) moxifloxacin 0.5% drops every 6 hours for one week as infection
prophylaxis, (iii) dexamethasone 0.1% drops every 6 hours for one week, every 12 hours for one
week, then fluorometholone 0.1% drops every 12 hours for one week. Patients randomised to CXL
will attend for an extra examination at 1 week post-CXL for removal of the contact lens and
confirmation of corneal re-epithelialisation.

Comparator: Standard care

The trial control arm is standard management alone, including refraction testing with provision of
glasses and/or contact lens fitting for one or both eyes as required for best corrected visual acuity.
Defining keratoconus progression for secondary outcomes

To differentiate true keratoconus progression from measurement artefact, we will define
progression as an increase in power in the steepest corneal meridian (K,) of >1.5 D on corneal
topography between two examinations or the requirement for change from spectacle to rigid
contact lenses correction of vision, as the latter precludes reliable topography measurements.

Outcome measures

The primary trial outcome measure will be between-group difference in K, at 18 months adjusted for

K, at baseline examination.

Secondary outcomes will be the effect of CXL on

(a) Keratoconus progression (yes/no) defined as >1.5D increase from baseline in K,, confirmed at
subsequent visits or keratoconus progression requiring change from spectacle to rigid contact lens
correction of vision, which precludes reliable topography measurements

(b) time to keratoconus progression

(c) uncorrected and best corrected visual acuity (logMAR) measured with an ETDRS chart at a

starting distance of 4m
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(d) refraction (measured dioptres spherical equivalent, myopia and astigmatism)

(e) apical corneal thickness

(f) quality of life as assessed by paediatric health outcome and visual function questionnaires.

Trial duration

All patients will be assessed at baseline, 3, 6,9, 12, 15 and 18 months. Any patient found to have
>1.5D increase in K, will need to have this confirmed at a subsequent visit (i.e. 3 months later).
Participants who have unconfirmed progression at the 18 month follow-up visit will need this
confirmed at a further visit at 21 months.

Adverse events

Patients will be assessed for adverse events at the one week post-CXL follow-up and at all visits
following randomisation.

(i) Any reversible or short-term corneal abnormality, e.g. prolonged eye pain, delayed corneal
epithelialisation, transient corneal oedema.

(ii) Any visually significant corneal abnormality, e.g. opacity resulting from sterile inflammatory
infiltrates, corneal infection or stromal melting.

(iii) Any untoward medical occurrence in a study patient which does not necessarily have a causal
relationship with the treatment under study, e.g. abnormal laboratory findings, or disease symptoms
and signs.

The Independent Data Monitoring Committee (IDMC) will monitor adverse events and serious
adverse events during the trial to inform their recommendations to the Trial Steering Committee
(TSC). Participants in the Standard Care arm with significant progression confirmed at two successive
examinations will be considered for other keratoconus management options including cross-over to
CXL

Sample size calculation

The primary outcome is K, at 18 months, adjusted for K, at baseline, in the study eye recorded by an

optometrist masked to the treatment group. A difference between the groups in the change in K, of
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> 1.5D from randomisation to 18 months is considered to be a clinically important difference (based
on Wittig-Silva et al®). A K, increase >1.5D would discriminate a true change in the steepest corneal
meridian from measurement artefact and would be visually significant. A sample size of 46 patients
would be required to detect this difference at the 5% significance level with 90% power, assuming a
SD of 1.5D. The total sample size has been increased to 60 patients (30 per group) to allow for up to
24% loss to follow-up. These estimates are based on 12 and 24 month data reported by Wittig-Silva
et al from which we estimated a pooled SD of the changes of 1.476D. We expect that on average
there will be 10% loss to follow-up in both groups. In the study by Wittig-Silva et al, 19% of patients
withdrew, crossed over to CXL or had a transplant by 18 months. However, 18% of patients in the
control group either received CXL or a transplant. If we specifically adjust the sample size to take
account of 10% loss to follow up and up to 20% of the control arm cross-over to CXL or transplant,
then our planned total sample size of 60 patients would still provide at least 80% power to detect
the clinically important difference. The trial protocol states that participants cannot cross over to

CXL before 9 months.

Patient partnership strategy

Patients and parents were first involved in this research at a patient event hosted by Moorfields Eye
Hospital. Topics on which opinions were collected included randomisation, cross-over and the
duration of follow up of trial patients. The research questions and trial outcome measures in the
protocol were finalised following this meeting and additional input from the UK Keratoconus Self-
Help and Support Association. The Association supported the trial by providing representatives on
the trial management group and the trial independent data monitoring committee. The Association
will also disseminate in their website and other communications the results to participants and

keratoconus patients.

Statistical analysis plan
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The primary analysis will be conducted following the intention to treat (ITT) principle where all
randomised patients will be analysed in their allocated group whether or not they receive their
allocated treatment. Patient characteristics at the time of randomisation will be summarised using
mean and standard deviation for continuous variables which are approximately normally distributed,
median and interquartile range for variables which are not normally distributed, or by frequencies
and percentages for categorical variables. All statistical tests will use a 2-sided p-value of 0.05 unless
otherwise specified. All confidence intervals presented will be 95 % and two-sided. A detailed
statistical analysis plan will be developed for approval by the TSC and review by the IDMC and
finalised before the first statistical analysis of unmasked outcome measures. No formal interim
analysis is planned, but reports concerning patient safety and key efficacy outcomes will be prepared
for regular review by the IDMC who may request an interim analysis if a report raises concern. The
IDMC is independent from the sponsor and funders. The membership, frequency of meetings,
activity (including trial conduct and data review) and authority will be covered in the UCL CCTU IDMC

terms of reference.

For each patient the eye with the more advanced keratoconus at the time of randomisation will be
defined as the study eye for the primary analysis, unless that eye has previously been treated by CXL
or corneal transplantation. The analysis of the primary outcome will be performed using a linear
mixed model fitted to all K, values recorded after randomisation. K, at randomisation, treatment
group, follow-up time, the interaction between treatment and time, and the stratifying variables
centre and whether each patient has one or both eyes eligible will be included as fixed effects. A
random patient effect will be included to take account of clustering by patient. The regression
coefficient for treatment group in this model estimates the difference between the mean changes in
K, of each group?®. Model assumptions will be assessed, and a logarithmic transformation may be
used if this improves normality of the residuals. In the event of substantial (>10%) cross-over from
the randomised arm to the other arm, we will perform two analyses of the primary outcome, the
primary ITT analysis and a per protocol analysis. The per-protocol analysis will exclude any
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information collected from a patient after cross-over. Any cross-over or other treatment deviations

will be summarised with reasons.

An ITT analysis will be performed for all secondary outcomes. Secondary continuous outcomes such
as uncorrected and best corrected visual acuity measured at randomisation and on more than one
occasion during follow-up will be analysed using similar linear mixed models. Uncorrected and best
corrected visual acuity will be measured in logMAR using an ETDRS chart at a distance of 4 metres. In
patients for whom both eyes show progression at the time of randomisation, information from both
eyes will be included in a secondary analysis including eye as a fixed effect and patient as a random
effect.

Fisher’s exact test will be used to compare the proportion of study eyes with keratoconus
progression in each treatment group. Cox regression analysis will be used to estimate time to
keratoconus progression in the study eye for each treatment group. The model will adjust for the
stratifying variables, centre and whether each patient has one or both eyes eligible. Patients who do
not progress during the course of the trial will be censored at their last follow-up visit.

We will also explore how visual disability and health in children and young patients with keratoconus
relate to changes in K,. The impact of missing data will be mitigated against by incorporating
information from all observed time points using a mixed model approach.

Planned subgroup analyses will be conducted to investigate whether the effect of CXL differs
between patients who had progression at randomisation in one or both eyes. This will be explored
by adding an interaction between the number of eyes with progression at randomisation and CXL

treatment to the primary efficacy outcome analysis mixed model.

ETHICS AND DISSEMINATION

Ethical and safety considerations

The trial was approved by the UK Health Research Authority and the Medicines and Healthcare
Regulatory Agency. Ethics approval was granted by the Brent Ethics Committee (reference
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1

2

z 324  16/L0O/0913). Trial investigators will ensure that the study (including any approved amendments) is
Z 325  conducted in accordance with the principles of the Declaration of Helsinki.

7

8 326  Dissemination plan

9

10 327  The results of the trial will be reported in accordance with CONSORT guidance and will be

12 328  disseminated regardless of the direction of effect. Publications generated from the trial will be

329 attributed to the trial management group (TMG), which consists of all those who have

17 330  wholeheartedly collaborated in the trial. The main report will be drafted by the TMG, and the final
19 331  version will be reviewed by the trial steering committee before submission for publication. Trial

21 332 findings will be disseminated to the patients, UK Keratoconus Self-Help and Support Group and also
333 doctors, optometrists, advisory bodies and healthcare commissioners. This will take the form of

26 334 papers in peer-reviewed open-access medical journals and presentations at conferences.

28 335

29
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FLOW DIAGRAM

Patient aged 10-16 years with a diagnosis of keratoconus and

evidence of progression confirmed by corneal topography

Vi

Assessment for eligibility

(Corneal topography)*

v

Consent

Excluded:
Do not meet
trial eligibility
criteria

Do not wish

Parent/guardian (and child) given patient information sheet and — > to participate

asked to provide informed consent/assent

v

Assessment at randomisation
(Visual acuity, Refraction, Corneal thickness measurement by

ultrasound and Qol auestionnaires)

\

v/

Standard care
Provision of glasses and/or
contact lenses as required for
best corrected visual acuity.

3,6,9,12,15 & 18 month

follow up
. Corneal topography,
Visual acuity &

Refraction

. Corneal thickness
measurement.

®* QOL assessed by
CHU9D & CVAQC
(at 6,12 and 18m
only)

Randomisation (n = 60)

Primary Outcome:

K in the study eye at 18 months post-
randomisation, using standard Pentacam

image comparison software.

Secondary Outcomes:

(a)

(b)

(d)

(e)
(f)

Keratoconus progression
(yes/no) defined as >1.5D
increase in K, from baseline
(randomisation) to 18 months or
requirement for change from
spectacle to rigid contact lens
correction of vision

Time to keratoconus progression
(defined as >1.5D increase in K,
from baseline)

Uncorrected and best corrected
visual acuity (measured as
logMAR using EDTRS chart)
Refraction (measured dioptres
myopia and astigmatism)

Apical corneal thickness

Quality of life assessed by
CHU9D, CVAQC

v

Cross-linking treatment in one
or both eyes (according to
whether progression is
confirmed in one eye or both),
under general or local
anaesthesia, followed by
standard management

v

CXL procedure

v

3,6,9,12,15 & 18 month

follow up
o Corneal topography,
Visual acuity &

Refraction

. Corneal thickness
measurement.

. QOL assessed by
CHU9D & CVAQC (at 6,
12 and 18m only)
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRIT reporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.

Ann Intern Med. 2013;158(3):200-207

Page

Reporting Item Number

Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym

Trial registration #2a  Trial identifier and registry name. If not yet registered, name 3

of intended registry
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Trial registration: #2b
data set

Protocol version #3
Funding #4
Roles and #5a

responsibilities:

contributorship

Roles and #5b
responsibilities:
sponsor contact

information

Roles and #5cC
responsibilities:

sponsor and funder

Roles and #5d
responsibilities:

committees

Background and #6a

rationale
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All items from the World Health Organization Trial 7

Registration Data Set

Date and version identifier 3
Sources and types of financial, material, and other support 16
Names, affiliations, and roles of protocol contributors 16
Name and contact information for the trial sponsor 16
Role of study sponsor and funders, if any, in study design; 16

collection, management, analysis, and interpretation of
data; writing of the report; and the decision to submit the
report for publication, including whether they will have

ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating 11,13
centre, steering committee, endpoint adjudication

committee, data management team, and other individuals or

groups overseeing the trial, if applicable (see Item 21a for

data monitoring committee)

Description of research question and justification for 7

undertaking the trial, including summary of relevant studies
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Background and
rationale: choice of

comparators

Objectives

Trial design

Study setting

Eligibility criteria

Interventions:

description

Interventions:

modifications

BMJ Open

(published and unpublished) examining benefits and harms

for each intervention

#6b  Explanation for choice of comparators

#7 Specific objectives or hypotheses

#8 Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,

exploratory)

#9 Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be

obtained

#10 Inclusion and exclusion criteria for participants. If applicable,
eligibility criteria for study centres and individuals who will

perform the interventions (eg, surgeons, psychotherapists)

#11a Interventions for each group with sufficient detail to allow
replication, including how and when they will be

administered

#11b Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug dose

change in response to harms, participant request, or
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Interventions:

adherance

Interventions:

concomitant care

Outcomes

Participant timeline

Sample size

Recruitment

BMJ Open Page 22 of 27

improving / worsening disease)

#11c Strategies to improve adherence to intervention protocols, n/a
and any procedures for monitoring adherence (eg, drug

tablet return; laboratory tests)

#11d Relevant concomitant care and interventions that are 10

permitted or prohibited during the trial

#12  Primary, secondary, and other outcomes, including the 10-11
specific measurement variable (eg, systolic blood pressure),
analysis metric (eg, change from baseline, final value, time
to event), method of aggregation (eg, median, proportion),
and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly

recommended

#13  Time schedule of enrolment, interventions (including any Figure 1
run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended

(see Figure)

#14  Estimated number of participants needed to achieve study 12
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size

calculations

#15  Strategies for achieving adequate participant enrolment to n/a

reach target sample size
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Allocation: sequence #16a

generation

Allocation
concealment

mechanism

Allocation:

implementation

Blinding (masking)

Blinding (masking):
emergency

unblinding

Data collection plan

#16b

#16¢

#17a

#17b

#18a

BMJ Open

Method of generating the allocation sequence (eg,

computer-generated random numbers), and list of any

factors for stratification. To reduce predictability of a random

sequence, details of any planned restriction (eg, blocking)
should be provided in a separate document that is
unavailable to those who enrol participants or assign

interventions

Mechanism of implementing the allocation sequence (eg,
central telephone; sequentially numbered, opaque, sealed
envelopes), describing any steps to conceal the sequence

until interventions are assigned

Who will generate the allocation sequence, who will enrol
participants, and who will assign participants to

interventions

Who will be blinded after assignment to interventions (eg,
trial participants, care providers, outcome assessors, data

analysts), and how

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a participant’s

allocated intervention during the trial

Plans for assessment and collection of outcome, baseline,
and other trial data, including any related processes to
promote data quality (eg, duplicate measurements, training

of assessors) and a description of study instruments (eg,
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Data collection plan:

retention

Data management

Statistics: outcomes

Statistics: additional

analyses

Statistics: analysis
population and

missing data

Data monitoring:

formal committee

#18b

#19

#20a

#20b

#20c

#21a

BMJ Open

questionnaires, laboratory tests) along with their reliability
and validity, if known. Reference to where data collection

forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-
up, including list of any outcome data to be collected for
participants who discontinue or deviate from intervention

protocols

Plans for data entry, coding, security, and storage, including
any related processes to promote data quality (eg, double
data entry; range checks for data values). Reference to
where details of data management procedures can be

found, if not in the protocol

Statistical methods for analysing primary and secondary
outcomes. Reference to where other details of the statistical

analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and

adjusted analyses)

Definition of analysis population relating to protocol non-
adherence (eg, as randomised analysis), and any statistical

methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary
of its role and reporting structure; statement of whether it is
independent from the sponsor and competing interests; and

reference to where further details about its charter can be
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Data monitoring:

interim analysis

Harms

Auditing

Research ethics

approval

Protocol

amendments

Consent or assent

Consent or assent:

ancillary studies

#21b

#22

#23

#24

#25

#26a

#26Db

BMJ Open

found, if not in the protocol. Alternatively, an explanation of

why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and

make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and

other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from

investigators and the sponsor

Plans for seeking research ethics committee / institutional

review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial

participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see

ltem 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary

studies, if applicable
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Confidentiality #27  How personal information about potential and enrolled n/a
participants will be collected, shared, and maintained in

order to protect confidentiality before, during, and after the

trial
Declaration of #28 Financial and other competing interests for principal 17
interests investigators for the overall trial and each study site
Data access #29  Statement of who will have access to the final trial dataset, n/a

and disclosure of contractual agreements that limit such

access for investigators

Ancillary and post #30 Provisions, if any, for ancillary and post-trial care, and for n/a
trial care compensation to those who suffer harm from trial

participation
Dissemination policy: #31a Plans for investigators and sponsor to communicate trial 15
trial results results to participants, healthcare professionals, the public,

and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),

including any publication restrictions

Dissemination policy: #31b Authorship eligibility guidelines and any intended use of 15
authorship professional writers

Dissemination policy: #31c Plans, if any, for granting public access to the full protocol, n/a
reproducible participant-level dataset, and statistical code

research

Informed consent #32 Model consent form and other related documentation given n/a
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materials to participants and authorised surrogates

Biological specimens #33  Plans for collection, laboratory evaluation, and storage of n/a
biological specimens for genetic or molecular analysis in the
current trial and for future use in ancillary studies, if

applicable

The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-

BY-ND 3.0. This checklist was completed on 10. December 2018 using http://www.goodreports.org/,

a tool made by the EQUATOR Network in collaboration with Penelope.ai
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ABSTRACT

Introduction The Keralink trial tests the hypothesis that corneal cross-linking treatment (CXL)
reduces the progression of keratoconus in comparison to standard care in patients under 17 years
old. Keralink is a randomised controlled, observer-masked, multicentre trial in progressive
keratoconus comparing epithelium-off CXL with standard care, including spectacles or contact lenses
as necessary for best corrected acuity.

Methods and analysis A total of 30 participants will be randomised per group. Eligible participants
aged 10-16 years with progressive keratoconus in one or both eyes will be recruited. Following
randomisation, participants will be followed up 3-monthly for 18 months. The effect on progression
will be determined by K, on corneal topography. The primary outcome measure is between-group
difference in K, at 18 months adjusted for K, at baseline examination. Secondary outcomes are the
effect of CXL on (i) keratoconus progression, (ii) time to keratoconus progression, (iii) visual acuity,
(iv) refraction (v) apical corneal thickness and (vi) adverse events. Patient-reported effects will be
explored by questionnaires.

Ethics and dissemination Research Ethics Committee Approval was obtained on 30 June 2016 (ref:
14/1L0/1937). Current protocol: v5.0 (08/11/2017). Study findings will be published in peer-reviewed
journals.

Trial registration number EudraCT 2016-001460-11 .

3

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

55

56

57

58

59

60

61

62

63

64

65

66

67

68

BMJ Open Page 4 of 28

STRENGTHS AND LIMITATIONS OF THIS STUDY

e This is the first randomised trial of corneal cross-linking (CXL) in keratoconus in children, in which
group disease onset is at an early age, is perceived to be at high risk of progression to corneal
transplantation and in which only observational studies have been published.

e A total of 60 patients aged 10-16 years with progressive keratoconus will be randomised to CXL or
standard care including spectacles and contact lenses as required for best corrected vision.

e The trial is designed to examine safety and efficacy of CXL in reducing progression, the primary
outcome measure being between-group difference in K, at 18 months adjusted for K, at baseline
examination and measured by masked optometrists.

e Secondary outcome measures at 18 months include keratoconus progression, visual acuity,
refraction, adverse events and quality of life measurements.

e Follow up to 18 months after randomisation is relatively short and any benefit found following

CXL would require longer term analysis of efficacy.
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INTRODUCTION

Keratoconus is characterised by thinning and distortion of the cornea that results in visual loss from
complex refractive error and corneal opacification. The prevalence in Europe has been reported as
1:1163% and 1:3752. The age at initial referral to hospital clinics is the second and third decade (mean
age at diagnosis 28 years?), with progression until the early 30s in most affected eyes. In its early
stages keratoconus causes worsening of vision on account of increasing myopia and irregular
astigmatism: spectacle correction provides good visual acuity in early disease only, until increasing
irregular astigmatism requires correction with rigid contact lenses for best vision. Patients with more
advanced keratoconus lose contact lens-corrected visual acuity on account of corneal opacification
and corneal transplant surgery is eventually required in more than 20% of patients3. Keratoconus is
often more advanced when first diagnosed in children than in adults, with faster subsequent disease

progression®.

The most important parameters used in the assessment of keratoconus are the curvature of the
cornea (presented as dioptre power (D)), apical corneal thickness in um, refraction, and best-
corrected visual acuity. Earliest disease can be detected by corneal topography, which demonstrates
thinning and irregularity of corneal curvature. Quantification of steepness of the corneal curvature in
horizontal, vertical and multiple oblique meridians identifies the meridian of maximum corneal

steepness (K;) and the point of maximum steepness (K-

While the standard care described above involves treatment of the refractive consequences of
keratoconus or replacement of the diseased cornea by a transplant, the concept of stabilising
keratoconus and arresting its progression at a stage when there is still good unaided or spectacle-
corrected vision is relatively recent. Corneal cross-linking (CXL) increases the stiffness of the cornea,
which can arrest the progression of early keratoconus®. It is the only current intervention for this

purpose. In the epithelium-off CXL procedure corneal epithelium is removed, riboflavin eye drops
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administered, and the cornea exposed to ultraviolet (UV) light for 8 or more minutes. CXL has been
reported to be effective in arresting keratoconus progression in the majority of treated adult eyes in
a number of non-randomised studies (including Henriquez et al. 20115, Hersh et al. 20117) and
randomised controlled trials (RCTs) (O’Brart et al 20118, Wittig-Silva et al. 2014°). In the larger study
by Wittig-Silva et al. a significant difference in progression of corneal power in the steepest axis
(termed ‘Kmax by these authors but in later publications widely designated ‘K2‘) between CXL and
control eyes was reported: an improvement in CXL-treated eyes with flattening of K., by -1.03
0.19 D compared to an increase in K., for control eyes of +1.75 + 0.38 D at 36 months. Adverse
effects were not uncommon but mostly transient, including corneal oedema, superficial
opacification and recurrent corneal erosions. Despite increasing information in relation to the
efficacy of CXL a Cochrane Review conducted in 2015 concluded that evidence for the use of CXL in

the management of keratoconus is limited due to the lack of properly conducted RCTs.10

In younger subjects a number of observational studies of CXL in keratoconus patients <19 years have
been published, each with limitations but each reporting effectiveness. Caporossi et al. reported an
uncontrolled study of 152 keratoconus patients ranging in age from 10 to 18 years, of whom follow-
up post-CXL was available on only 61% of patients!?. Inclusion criteria included several parameters
which are well recognised to be characterised by inter-test variability. In this treated patient group, a
statistically significant reduction of K., by -0.4 D was found. Vinciguerra et al. reported 40 CXL-
treated eyes in patients with progressive keratoconus aged 9-18 (mean 14.2) years in a non-
randomised prospective study*2. Findings included improved visual acuity, reduced myopic spherical
equivalent on refraction testing and flattening on keratometry readings compared to pre-CXL.
Goodfrooij et al reported progression in 22% within five years of CXL!3. Although the findings from
these studies suggested a beneficial effect of CXL, more robust evidence is required to inform
practice. Of note, no randomised trial has been undertaken in young patients. The Keralink trial has

been designed to investigate efficacy and safety of the established technique of CXL in progressive
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keratoconus in the paediatric age group, in which on account of early disease onset there is such
potential for keratoconus progression. This paper describes the design of the trial, which compares
progression of keratoconus in a population of children and young patients randomised to CXL or

standard care, and evaluates safety of the intervention in this patient group.

Evidence of effectiveness of CXL is of particular interest in young patients and has specifically been
requested by the National Institute for Health and Care Excellence in the United Kingdom. Keralink is
a multicentre randomised controlled trial in this patient group evaluating epithelium-off CXL, the
technique of CXL which has been demonstrated to be effective in adults. If the trial demonstrates
efficacy of CXL compared to standard care, and in particular if CXL is arrests keratoconus
progression, this would have important implications for clinical management. Although we intend to
follow up the trial patients for several years after the proposed trial concludes in order to ascertain
the duration of keratoconus stability, it is clear that arrested progression in a paediatric patient is
likely (a) to obviate the need for contact lens correction and for later corneal transplant surgery and
(b) to have correspondingly greater health and cost benefit than if the CXL were undertaken in
adults. Trial findings will inform ophthalmologists, optometrists and inform future research and

treatment policy.

METHODS AND ANALYSIS

Study design

Keralink is a randomised controlled, observer-masked controlled trial in five centres in the United
Kingdom. The study adheres to the tenets of the Declaration of Helsinki and is registered at
www.controlled-trials.com (trial registration number: EudraCT 2016-001460-11 ). It was approved by
the UK Health Research Authority, the Medicines and Healthcare Regulatory Agency and ethical
approval was granted by the Brent Ethics Committee (reference 16/L0/0913). The trial is supervised
by a trial management group, with independent oversight by a trial steering committee and a data
monitoring committee. Eligible patients are randomised in a 1:1 ratio to receive either CXL or
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standard care including spectacles or contact lenses as necessary (standard care of early
keratoconus in the United Kingdom includes correction of refractive error and not CXL). Following
randomisation, participants are followed for 18 months at 3-monthly intervals. Inclusion and
exclusion criteria are shown in Table 1. All follow up measurements are performed by masked
observers (optometrists) and the treating ophthalmologists are masked as to keratometry values on
topography at follow up. Randomisation commenced on October 31 2016 and follow up of the last

recruited patient is estimated to complete in mid-2020.

TABLE 1
Keralink inclusion and exclusion criteria

INCLUSION CRITERIA Age at randomisation: 10-16 years

Confirmed keratoconus diagnosis

Progression on Pentacam topography in one or
both eyes, steepest corneal meridian (K2) or K.«
>1.5D

EXCLUSION CRITERIA Apical scarring

Cone apex thickness <400um

K2 >62.0 D or Khax >70.0 D

Rigid lens wear in both eyes and unable to
abstain for 7 days pre-topography examinations

Down’s syndrome

Definition of progression for eligibility

To differentiate true keratoconus progression from measurement artefact or minimal progression,
an increase on topography (Pentacam, Oculus GmbH, Wetzlar, Germany) in the steepest
keratometry (Kmax) OF in the steepest corneal meridian (K,) of at least 1.5 dioptres (D) was used as
threshold for eligibility in one or both eyes. Based on this, eligibility was defined by an increase from
baseline in K., or K, of >1.5D between two topography examinations separated by 3 or more
months. For each patient the eye with the more advanced keratoconus at baseline will be
categorised as the study eye for the primary analysis, unless that eye had undergone prior surgery
such as corneal transplantation.
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Baseline assessment

At baseline all patients will be assessed as follows.

On these visits the following assessments will be performed.

Corneal topography for measurement of corneal power in the steepest meridian (K;), used
for assessment of the primary outcome. To improve repeatability, three measurements of
each eye will be taken at baseline and follow-up examinations and the mean used in
comparisons. Contact lenses will be removed at least 7 days prior to topography.

Visual acuity (unaided, spectacle- and contact lens-corrected as applicable), logMAR
measured using the ETDRS chart at a starting distance of 4m in both eyes

Subjective refraction, both eyes

Apical corneal thickness measurement, both eyes, by ultrasound and Scheimpflug imaging at
topography

Quality of life will be assessed by visual function (CVAQC) and generic paediatric health
outcome (CHU9D) questionnaires. CVAQC is a 25-item vision specific questionnaire designed
for children!4. CHU9D is a nine-question paediatric generic preference based measure of
health outcome which provides a descriptive health profile as well as a utility score and has

been validated for self-completion in an adolescent population (11-17 years)®.

Randomisation and allocation of participants to treatment groups

Randomisation will be by a centralised computer generated randomisation service

(https://www.sealedenvelope.com). The system is customised to trial requirements, using

minimisation with stratification by treatment centre and whether progression is confirmed in one

eye or both eyes at randomisation. Following a dedicated consent/screening and randomisation visit

for eligible patients and their parents, patients will be randomised to one of two trial arms (Figure 1).

Specific study information sheets will be provided to parents and patients prior to taking consent; a

parent or guardian will be asked to provide consent in all cases and 15-16 year old patients will be
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asked to provide assent if this is their choice.

Intervention: CXL

Corneal cross-linking in one or both eyes (according to whether progression is confirmed in one eye
or both), under general or local anaesthesia as applicable, followed by standard management. The
surgical procedure will be as follows: insertion of lid speculum, removal of corneal epithelium with a
spatula, administration of riboflavin drops (Vibex Rapid, Avedro Inc., Waltham, Massachusetts, USA)
every 2 minutes for 10 minutes, application of pulsed ultraviolet light using standardised parameters
of 10mW/cm? for a 5.4)/cm? total energy dose administered over 8 minutes in a pulsed manner
(Avedro KXL). At completion of the procedure one drop of povidone iodine and a therapeutic contact
lens will be applied to the treated eye. Management post-CXL is (i) proxymetacaine drops every 2
hours and naproxen 250mg twice daily, both as required for analgesia, (ii) moxifloxacin 0.5% drops
every 6 hours for one week as infection prophylaxis, (iii) dexamethasone 0.1% drops every 6 hours
for one week, every 12 hours for one week, then fluorometholone 0.1% drops every 12 hours for
one week. Patients randomised to CXL will attend for an extra examination at 1 week post-CXL for
removal of the contact lens and confirmation of corneal re-epithelialisation.

Comparator: Standard care

The trial control arm is standard management alone, including refraction testing with provision of
glasses and/or contact lens fitting for one or both eyes as required for best corrected visual acuity.
Defining keratoconus progression for secondary outcomes

To differentiate true keratoconus progression from measurement artefact, we will define
progression as an increase in power in the steepest corneal meridian (K,) of >1.5 D on corneal
topography between two examinations or the requirement for change from spectacle to rigid
contact lenses correction of vision, as the latter precludes reliable topography measurements.
Outcome measures

The primary trial outcome measure will be between-group difference in K, at 18 months adjusted for

K, at baseline examination.
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Secondary outcomes will be the effect of CXL on

(a) Keratoconus progression (yes/no) defined as >1.5D increase from baseline in K,, confirmed at
subsequent visits or keratoconus progression requiring change from spectacle to rigid contact lens
correction of vision, which precludes reliable topography measurements

(b) time to keratoconus progression

(c) uncorrected and best corrected visual acuity (logMAR) measured with an ETDRS chart at a
starting distance of 4m

(d) refraction (measured dioptres spherical equivalent, myopia and astigmatism)

(e) apical corneal thickness

(f) quality of life as assessed by paediatric health outcome and visual function questionnaires.
Trial duration

All patients will be assessed at baseline, 3, 6, 9, 12, 15 and 18 months. Any patient found to have
>1.5D increase in K, will need to have this confirmed at a subsequent visit (i.e. 3 months later).
Participants who have unconfirmed progression at the 18 month follow-up visit will need this
confirmed at a further visit at 21 months.

Adverse events

Patients will be assessed for adverse events at the one week post-CXL follow-up and at all visits
following randomisation.

(i) Any reversible or short-term corneal abnormality, e.g. prolonged eye pain, delayed corneal
epithelialisation, transient corneal oedema.

(ii) Any visually significant corneal abnormality, e.g. opacity resulting from sterile inflammatory
infiltrates, corneal infection or stromal melting.

(iii) Any untoward medical occurrence in a study patient which does not necessarily have a causal

relationship with the treatment under study, e.g. abnormal laboratory findings, or disease symptoms

and signs.

The Independent Data Monitoring Committee (IDMC) will monitor adverse events and serious
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adverse events during the trial to inform their recommendations to the Trial Steering Committee
(TSC). Participants in the Standard Care arm with significant progression confirmed at two successive
examinations will be considered for other keratoconus management options including cross-over to
CXL

Sample size calculation

The primary outcome is K, at 18 months, adjusted for K, at baseline, in the study eye recorded by an
optometrist masked to the treatment group. A difference between the groups in the change in K, of
> 1.5D from randomisation to 18 months is considered to be a clinically important difference (based
on Wittig-Silva et al®). A K, increase >1.5D would discriminate a true change in the steepest corneal
meridian from measurement artefact and would be visually significant. A sample size of 46 patients
would be required to detect this difference at the 5% significance level with 90% power, assuming a
SD of 1.5D. The total sample size has been increased to 60 patients (30 per group) to allow for up to
24% loss to follow-up. These estimates are based on 12 and 24 month data reported by Wittig-Silva
et al from which we estimated a pooled SD of the changes of 1.476D. We expect that on average
there will be 10% loss to follow-up in both groups. In the study by Wittig-Silva et al, 19% of patients
withdrew, crossed over to CXL or had a transplant by 18 months. However, 18% of patients in the
control group either received CXL or a transplant. If we specifically adjust the sample size to take
account of 10% loss to follow up and up to 20% of the control arm cross-over to CXL or transplant,
then our planned total sample size of 60 patients would still provide at least 80% power to detect
the clinically important difference. The trial protocol states that participants cannot cross over to

CXL before 9 months.

Patient and Public Involvement

Patients and parents were first involved in this research at a patient event hosted by Moorfields Eye
Hospital. Topics on which opinions were collected included randomisation, cross-over and the
duration of follow up of trial patients. The research questions, design and trial outcome measures in
the protocol were finalised following the above meeting and additional input from the UK

Keratoconus Self-Help and Support Association. This Association supported the trial by publicising
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the trial and by providing representatives on the trial management group and the trial independent
data monitoring committee. The investigators will communicate a summary of the trial results to
participants and their parents. The UK Keratoconus Self Help and Support Association will
disseminate in their website and other communications the results to keratoconus patients. The
burden of the intervention was discussed at our initial meeting with patients and parents and at the

consent-taking stage in the trial.

Statistical analysis plan

The primary analysis will be conducted following the intention to treat (ITT) principle where all
randomised patients will be analysed in their allocated group whether or not they receive their
allocated treatment. Patient characteristics at the time of randomisation will be summarised using
mean and standard deviation for continuous variables which are approximately normally distributed,
median and interquartile range for variables which are not normally distributed, or by frequencies
and percentages for categorical variables. All statistical tests will use a 2-sided p-value of 0.05 unless
otherwise specified. All confidence intervals presented will be 95 % and two-sided. A detailed
statistical analysis plan will be developed for approval by the TSC and review by the IDMC and
finalised before the first statistical analysis of unmasked outcome measures. No formal interim
analysis is planned, but reports concerning patient safety and key efficacy outcomes will be prepared
for regular review by the IDMC who may request an interim analysis if a report raises concern. The
IDMC is independent from the sponsor and funders. The membership, frequency of meetings,
activity (including trial conduct and data review) and authority will be covered in the UCL CCTU IDMC

terms of reference.

For each patient the eye with the more advanced keratoconus at the time of randomisation will be
defined as the study eye for the primary analysis, unless that eye has previously been treated by CXL
or corneal transplantation. The analysis of the primary outcome will be performed using a linear
mixed model fitted to all K, values recorded after randomisation. K, at randomisation, treatment

group, follow-up time, the interaction between treatment and time, and the stratifying variables
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centre and whether each patient has one or both eyes eligible will be included as fixed effects. A
random patient effect will be included to take account of clustering by patient. The regression
coefficient for treatment group in this model estimates the difference between the mean changes in
K, of each group'®. Model assumptions will be assessed, and a logarithmic transformation may be
used if this improves normality of the residuals. In the event of substantial (>10%) cross-over from
the randomised arm to the other arm, we will perform two analyses of the primary outcome, the
primary ITT analysis and a per protocol analysis. The per-protocol analysis will exclude any
information collected from a patient after cross-over. Any cross-over or other treatment deviations

will be summarised with reasons.

An ITT analysis will be performed for all secondary outcomes. Secondary continuous outcomes such
as uncorrected and best corrected visual acuity measured at randomisation and on more than one
occasion during follow-up will be analysed using similar linear mixed models. Uncorrected and best
corrected visual acuity will be measured in logMAR using an ETDRS chart at a distance of 4 metres. In
patients for whom both eyes show progression at the time of randomisation, information from both
eyes will be included in a secondary analysis including eye as a fixed effect and patient as a random
effect.

Fisher’s exact test will be used to compare the proportion of study eyes with keratoconus
progression in each treatment group. Cox regression analysis will be used to estimate time to
keratoconus progression in the study eye for each treatment group. The model will adjust for the
stratifying variables, centre and whether each patient has one or both eyes eligible. Patients who do
not progress during the course of the trial will be censored at their last follow-up visit.

We will also explore how visual disability and health in children and young patients with keratoconus
relate to changes in K,. The impact of missing data will be mitigated against by incorporating
information from all observed time points using a mixed model approach.

Planned subgroup analyses will be conducted to investigate whether the effect of CXL differs
between patients who had progression at randomisation in one or both eyes. This will be explored

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 28


http://bmjopen.bmj.com/

Page 15 of 28 BMJ Open

oNOYTULT D WN =

325 by adding an interaction between the number of eyes with progression at randomisation and CXL
326  treatment to the primary efficacy outcome analysis mixed model.

327

328  ETHICS AND DISSEMINATION

329 Ethical and safety considerations

330 The trial was approved by the UK Health Research Authority and the Medicines and Healthcare
331 Regulatory Agency. Ethics approval was granted by the Brent Ethics Committee (reference

332 16/L0/0913). Trial investigators will ensure that the study (including any approved amendments) is
333 conducted in accordance with the principles of the Declaration of Helsinki.

334 Dissemination plan

335  The results of the trial will be reported in accordance with CONSORT guidance and will be

336  disseminated regardless of the direction of effect. Publications generated from the trial will be

337  attributed to the trial management group (TMG), which consists of all those who have

338  wholeheartedly collaborated in the trial. The main report will be drafted by the TMG, and the final
339  version will be reviewed by the trial steering committee before submission for publication. Trial
340 findings will be disseminated to the patients, UK Keratoconus Self-Help and Support Group and also
341 doctors, optometrists, advisory bodies and healthcare commissioners. This will take the form of
342 papers in peer-reviewed open-access medical journals and presentations at conferences.

343 KERALINK Data Availability Statement

3441. Will individual participant data be available (including data dictionaries)?
345 Yes

3462. What data in particular will be shared?

347 Individual participant data that underlie the results reported in this article, after de-identification
348 and appropriate statistical disclosure control using non-perturbative methods (mainly recoding
349 categorical variables and removing variables).

3503 What other documents will be available?
351  Study protocol

3524. When will data be available (start and end dates)?
353 Beginning 6 months following article publication. No end date.
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3545, With whom?

355
356

Investigators whose proposed use of the data has been approved by an internal review committee
identified for this purpose.

3576. For what types of analyses?

358

To achieve aims in the approved proposal.

3597. By what mechanism will data be made available?

360
361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Proposals should be directed to cctu-enquiries@ucl.ac.uk. To gain access, a data sharing agreement

will be signed. Data will be shared by an appropriate secure exchange facility.
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Patient aged 10-16 years with a diagnosis of keratoconus and

evidence of progression confirmed by corneal topography

V

Assessment for eligibility

(Corneal topography)*

v

Consent

Excluded:

> Do not meet
trial eligibility

criteria

Do not wish

Parent/guardian (and child) given patient information sheet and —>| to participate

asked to provide informed consent/assent

v

Assessment at randomisation
(Visual acuity, Refraction, Corneal thickness measurement by

ultracoiind and Onl anestinnnairec)

\

v

Standard care
Provision of glasses and/or
contact lenses as required for
best corrected visual acuity.

3,6,9,12,15 & 18 month

follow up
. Corneal topography,

Visual acuity &
Refraction

. Corneal thickness
measurement.

®* QOL assessed by
CHU9D & CVAQC
(at 6,12 and 18m
only)

Randomisation (n = 60)

Primary Outcome:

Kz in the study eye at 18 months post-

randomisation, using standard Pentacam

image comparison software.

Secondary Outcomes:

(a)

(b)

(c)

(d)

(f)

Keratoconus progression
(yes/no) defined as >1.5D
increase in K, from baseline
(randomisation) to 18 months or
requirement for change from
spectacle to rigid contact lens
correction of vision

Time to keratoconus progression
(defined as >1.5D increase in K;
from baseline)

Uncorrected and best corrected
visual acuity (measured as
logMAR using EDTRS chart)
Refraction (measured dioptres
myopia and astigmatism)

Apical corneal thickness

Quality of life assessed by
CHU9D, CVAQC

\

Cross-linking treatment in one
or both eyes (according to
whether progression is
confirmed in one eye or both),
under general or local
anaesthesia, followed by
standard management

v

CXL procedure

\7

3,6,9,12,15 & 18 month

follow up
. Corneal topography,
Visual acuity &

Refraction

. Corneal thickness
measurement.

. QOL assessed by
CHU9D & CVAQC (at 6,
12 and 18m only)
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRIT reporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.

Ann Intern Med. 2013;158(3):200-207

Page

Reporting Item Number

Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym

Trial registration #2a  Trial identifier and registry name. If not yet registered, name 3

of intended registry
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Trial registration: #2b
data set

Protocol version #3
Funding #4
Roles and #5a

responsibilities:

contributorship

Roles and #5b
responsibilities:
sponsor contact

information

Roles and #5cC
responsibilities:

sponsor and funder

Roles and #5d
responsibilities:

committees

Background and #6a

rationale

BMJ Open

All items from the World Health Organization Trial 7

Registration Data Set

Date and version identifier 3
Sources and types of financial, material, and other support 16
Names, affiliations, and roles of protocol contributors 16
Name and contact information for the trial sponsor 16
Role of study sponsor and funders, if any, in study design; 16

collection, management, analysis, and interpretation of
data; writing of the report; and the decision to submit the
report for publication, including whether they will have

ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating 11,13
centre, steering committee, endpoint adjudication

committee, data management team, and other individuals or

groups overseeing the trial, if applicable (see Item 21a for

data monitoring committee)

Description of research question and justification for 7

undertaking the trial, including summary of relevant studies
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Background and
rationale: choice of

comparators

Objectives

Trial design

Study setting

Eligibility criteria

Interventions:

description

Interventions:

modifications

BMJ Open

(published and unpublished) examining benefits and harms

for each intervention

#6b  Explanation for choice of comparators

#7 Specific objectives or hypotheses

#8 Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,

exploratory)

#9 Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be

obtained

#10 Inclusion and exclusion criteria for participants. If applicable,
eligibility criteria for study centres and individuals who will

perform the interventions (eg, surgeons, psychotherapists)

#11a Interventions for each group with sufficient detail to allow
replication, including how and when they will be

administered

#11b Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug dose

change in response to harms, participant request, or
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Interventions:

adherance

Interventions:

concomitant care

Outcomes

Participant timeline

Sample size

Recruitment
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improving / worsening disease)

#11c Strategies to improve adherence to intervention protocols, n/a
and any procedures for monitoring adherence (eg, drug

tablet return; laboratory tests)

#11d Relevant concomitant care and interventions that are 10

permitted or prohibited during the trial

#12  Primary, secondary, and other outcomes, including the 10-11
specific measurement variable (eg, systolic blood pressure),
analysis metric (eg, change from baseline, final value, time
to event), method of aggregation (eg, median, proportion),
and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly

recommended

#13  Time schedule of enrolment, interventions (including any Figure 1
run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended

(see Figure)

#14  Estimated number of participants needed to achieve study 12
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size

calculations

#15  Strategies for achieving adequate participant enrolment to n/a

reach target sample size
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Allocation: sequence #16a

generation

Allocation
concealment

mechanism

Allocation:

implementation

Blinding (masking)

Blinding (masking):
emergency

unblinding

Data collection plan

#16b

#16¢

#17a

#17b

#18a

BMJ Open

Method of generating the allocation sequence (eg,

computer-generated random numbers), and list of any

factors for stratification. To reduce predictability of a random

sequence, details of any planned restriction (eg, blocking)
should be provided in a separate document that is
unavailable to those who enrol participants or assign

interventions

Mechanism of implementing the allocation sequence (eg,
central telephone; sequentially numbered, opaque, sealed
envelopes), describing any steps to conceal the sequence

until interventions are assigned

Who will generate the allocation sequence, who will enrol
participants, and who will assign participants to

interventions

Who will be blinded after assignment to interventions (eg,
trial participants, care providers, outcome assessors, data

analysts), and how

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a participant’s

allocated intervention during the trial

Plans for assessment and collection of outcome, baseline,
and other trial data, including any related processes to
promote data quality (eg, duplicate measurements, training

of assessors) and a description of study instruments (eg,
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30
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32
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Data collection plan:

retention

Data management

Statistics: outcomes

Statistics: additional

analyses

Statistics: analysis
population and

missing data

Data monitoring:

formal committee

#18b

#19

#20a

#20b

#20c

#21a

BMJ Open

questionnaires, laboratory tests) along with their reliability
and validity, if known. Reference to where data collection

forms can be found, if not in the protocol

Plans to promote participant retention and complete follow- n/a
up, including list of any outcome data to be collected for
participants who discontinue or deviate from intervention

protocols

Plans for data entry, coding, security, and storage, including 9
any related processes to promote data quality (eg, double

data entry; range checks for data values). Reference to

where details of data management procedures can be

found, if not in the protocol

Statistical methods for analysing primary and secondary 12-14
outcomes. Reference to where other details of the statistical

analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and 14

adjusted analyses)

Definition of analysis population relating to protocol non- 13
adherence (eg, as randomised analysis), and any statistical

methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary 13
of its role and reporting structure; statement of whether it is
independent from the sponsor and competing interests; and

reference to where further details about its charter can be
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Data monitoring:

interim analysis

Harms

Auditing

Research ethics

approval

Protocol

amendments

Consent or assent

Consent or assent:

ancillary studies

#21b

#22

#23

#24

#25

#26a

#26Db

BMJ Open

found, if not in the protocol. Alternatively, an explanation of

why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and

make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and

other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from

investigators and the sponsor

Plans for seeking research ethics committee / institutional

review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial

participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see

ltem 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary

studies, if applicable
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Confidentiality #27  How personal information about potential and enrolled n/a
participants will be collected, shared, and maintained in

order to protect confidentiality before, during, and after the

trial
Declaration of #28 Financial and other competing interests for principal 17
interests investigators for the overall trial and each study site
Data access #29  Statement of who will have access to the final trial dataset, n/a

and disclosure of contractual agreements that limit such

access for investigators

Ancillary and post #30 Provisions, if any, for ancillary and post-trial care, and for n/a
trial care compensation to those who suffer harm from trial

participation
Dissemination policy: #31a Plans for investigators and sponsor to communicate trial 15
trial results results to participants, healthcare professionals, the public,

and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),

including any publication restrictions

Dissemination policy: #31b Authorship eligibility guidelines and any intended use of 15
authorship professional writers

Dissemination policy: #31c Plans, if any, for granting public access to the full protocol, n/a
reproducible participant-level dataset, and statistical code

research

Informed consent #32 Model consent form and other related documentation given n/a
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materials to participants and authorised surrogates

Biological specimens #33  Plans for collection, laboratory evaluation, and storage of n/a
biological specimens for genetic or molecular analysis in the
current trial and for future use in ancillary studies, if

applicable

The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-

BY-ND 3.0. This checklist was completed on 10. December 2018 using http://www.goodreports.org/,

a tool made by the EQUATOR Network in collaboration with Penelope.ai
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