Evidence Appraisal Report
Clinical and cost effectiveness of epithelium-off corneal crosslinking to treat adults and children with keratoconus
This is an updated version of the original Evidence Appraisal Report published by Health Technology Wales
in February 2018.

1. Health problem
Keratoconus is an eye condition characterised by a progressive thinning and distortion of the
cornea, causing a cone-shaped bulge to develop. This results in vision problems such as shortsightedness, blurred vision, astigmatism or light sensitivity (Wollensak et al. 2003). The
condition typically develops in children and young adults, and can progress over time. A metaanalysis of 717 eyes of people with untreated keratoconus (Ferdi et al. 2019) found that maximum
keratometry (Kmax, a measurement of corneal curvature frequently used as an indicator of
disease progression) increased by a mean of 0.7 dioptres (D) over 12 months; and that younger
age was a risk factor for more rapid disease progression. An increase of 1.0 or 1.5D is commonly
used to indicate disease progression (Sykakis et al. 2015). If left untreated, progressive
keratoconus may ultimately require corneal transplantation.
There are no universal criteria for keratoconus diagnosis, meaning it is challenging to assess its
prevalence. Furthermore, there are no direct estimates of the incidence or prevalence of the
disease in Wales. Two recent studies in Australia (Chan et al. 2021) and the Netherlands
(Godefrooij et al. 2017a) estimated prevalence of keratoconus as 1.2% and 0.27% respectively. Both
estimates are higher than previous population estimates, although they are based on newly
diagnosed cases and it is not clear what proportion of all keratoconus cases are progressive. It
is not known whether this is attributable to an increasing incidence of the condition or better
recognition and reporting. Keratoconus may be more common in ethnic groups such as Indian
and Pakistani populations, and family history is also associated with the condition, suggesting
that genetic factors may be involved (Rabinowitz 1998). Environmental factors such as allergies,
asthma, eczema and chronic eye rubbing, are also associated with keratoconus. Several reports
also describe an association with Down’s syndrome, Leber's congenital amaurosis (a
degenerative retinal disease) and mitral valve prolapse (Rabinowitz 1998).

2. Health technology
Corneal cross-linking (CXL)
Corneal cross-linking (CXL) is a procedure that is used to treat keratoconus that is progressive.
Riboflavin (vitamin B2) drops are administered to the cornea in conjunction with ultraviolet light,
making a photochemical reaction that stiffens and stabilise the corneal tissue. The aim of the
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procedure is to stop or at least slow the progression of keratoconus (Maier et al. 2019). If disease
progression continues after CXL, the treatment can be repeated.
The standard CXL procedure follows the Dresden protocol. This is an "epithelium-off” procedure:
the epithelium of the cornea is removed to allow penetration of riboflavin into the corneal tissue.
The original cross-linking procedure (commonly referred to as the ‘Dresden protocol’) involves
anaesthetising the eye (for example with proxymetacaine hydrochloride 0.5% drops), removing
the central 8-10mm of the epithelium and applying a riboflavin solution (0.1% riboflavin-5phosphate and 20% dextran T-500) to the corneal surface 30 minutes before irradiation and at 5
minutes intervals during the course of a 30 minute exposure to 370 nm UVA with an irradiance
of 3 mWcm2. In this report, ‘conventional’ CXL (C-CXL) refers to this standard CXL procedure,
using a 30 minute UVA exposure at 3mW/cm2. In accelerated CXL (A-CXL) procedures, higher
illumination intensities are applied for a shorter period of time to deliver the same UVA energy
dose.
After treatment, antibiotic eye drops are applied and a therapeutic soft contact lens with good
oxygen transmissibility is placed upon the eye to decrease pain without decreasing the quality
of the regrowing epithelium. Application of topical antibiotics is required for one week after the
operation and mild steroids may also be prescribed. Patients are usually pain-free within 5 to 7
days, when the contact lens is removed.
CXL is used to treat people with keratoconus that is progressing or where there is high risk of
progression. There are no universal criteria to determine disease progression or determine those
in whom CXL is indicated. Factors taken into consideration can include:
•
•

Kmax and other keratometry measurements, and how these change over time
age (younger patients, particularly children, are generally considered at greater risk of
progression)
minimal thickness of the cornea
presence of bilateral disease
loss of or deterioration in corrected vision.

•
•
•

Alternative treatment options
Alternative treatment options available for progressive keratoconus are limited. In early or mild
keratoconus, changes to the cornea are corrected with glasses. In more severe cases, or as
disease progresses, special rigid contact lenses may be required to correct astigmatism. These
may cause discomfort and some people may not be able to wear them all the time, leaving them
with very poor uncorrected vision the rest of the time. People with keratoconus may require
multiple changes of glasses or contact lenses over time as their cornea and therefore their vision
changes.
If left untreated, and where vision can no longer be corrected with glasses of contact lenses,
progressive keratoconus may ultimately require corneal transplantation. This involves grafting
a cornea from a donor, of which there are a shortage in the UK (Romano et al. 2019). Some eyes
(estimates suggest around 50%) may still require the use of rigid contact lenses after corneal
transplantation (Geerards et al. 2006). As keratoconus affects relatively young people, multiple
repeat grafts may be required during their lifetime, and there is a reduction in graft survival with
each successive graft.
Reported estimates of the proportion of untreated eyes with keratoconus that require corneal
transplant range from 8% to 32%; reports of mean time from referral to corneal surgery range
from 3 to 8 years. As with progression, time to and requirement for transplant were found to be
dependent on age, and also initial disease severity (Ferdi et al. 2019).
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3. Evidence review methods
This report aims to identify evidence that can be used to answer the following research question:
What is the clinical and cost effectiveness of CXL in people with progressive keratoconus? The
detailed inclusion and exclusion criteria for the evidence appraisal are listed in Appendix 1.
Briefly, we searched for evidence on the effectiveness of corneal cross-linking (using any
epithelium-off procedure) in people of any age with progressive keratoconus. We searched for
reported evidence on how CXL affects disease progression, and individual measures that may
contribute to progression such as changes in Kmax, corneal thickness, and visual acuity. We also
searched for evidence on whether further treatment is required after CXL, and any adverse events
after CXL.
We focussed on evidence from randomised controlled trials where this is available, but also
included evidence from observational studies where randomised controlled trials did not report
outcomes of interest, or where the randomised controlled trials only reported outcomes with
short-term follow-up. We also searched for evidence on how CXL affected quality of life, and
sought views on patients’ experiences of keratoconus and their treatment with CXL.
Health Technology Wales (HTW) first appraised CXL for use in adults with keratoconus, and
published an EAR and Guidance in February 2018. This is an update to that appraisal. As part of
this update, stakeholder input and HTW’s Assessment Group highlighted existing
commissioning guidance from the Welsh Health Specialised Services Committee (WHSSC) that
covers the use of CXL in children; this was published at a similar time to HTW’s Guidance for
adults and could also be updated. We have therefore included the use of CXL to treat keratoconus
in both adults and children in this update.
The previous guidance from WHSSC and HTW included evidence reviews that covered CXL in
children and adults, respectively. As part of this update, we used these evidence reviews as
sources for published evidence. We then searched for any new studies that were published after
the searches for the original evidence reviews were conducted (after November 2016 and August
2017, respectively). The last date of search was January 2021; the search strategy is available on
request.

4. Clinical effectiveness
We used four existing systematic reviews as sources of evidence on the effectiveness of CXL. Two
reviews (Kobashi & Rong 2017, Sykakis et al. 2015) assessed the effectiveness of C-CXL compared
to no treatment in adults and adolescents, and included pooled outcome data from randomised
controlled trials. We identified one further randomised controlled trial (Hersh et al. 2017)
published after these reviews were conducted, and used outcomes from this trial to update
existing meta-analyses where possible. A third review (McAnena et al. 2017) assessed the
effectiveness of C-CXL specifically in children; this review did not identify any relevant
randomised controlled trials and therefore uses non-randomised studies to assess
effectiveness. Our searches also did not identify any relevant randomised controlled trials in
children. Finally, one systematic review compared C-CXL and A-CXL using data from randomised
controlled trials (Kobashi & Tsubota 2020). All studies included in this review were in adults, but
we also identified one randomised controlled trial comparing C-CXL and A-CXL in paediatric
keratoconus (Eissa & Yassin 2019).
Follow-up times reported for outcomes from randomised controlled trials were typically 12
months, and up to a maximum of 36 months. To assess the long-term effectiveness of CXL, we
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also included observational studies, with and without a control group, which followed up patients
after CXL for 36 months or longer.
The design and characteristics of all studies is outlined in Appendix 3.
The following sections summarise evidence for each outcome of interest. Definitions of
optometry outcomes used are listed in Table 1.

Table 1. Outcome measure definitions, adapted from Kobashi & Rong (2017)
Outcome measure

Abbreviation

Unit

Definition

Maximum keratometry
value

Kmax

D

The curvature of the cornea at its steepest,
measured using topographies of a rotating
Scheimpflug camera or computerised
videokeratography. In keratoconus, increasing
Kmax is indicative of disease progression.

-

micrometres The thickness of the thinnest point of the
cornea, measured using ultrasound
(µm)
pachymetry. Thickening is indicative of
keratoconus progression.

Best corrected visual
acuity

BCVA

logMAR

Visual acuity corrected by glasses or contact
lenses.

Uncorrected visual
acuity

UCVA

logMAR

Visual acuity without correction.

Thinnest corneal
thickness

D: dioptre; logMAR: logarithm of the minimum angle of resolution.

Conventional CXL (C-CXL): outcomes
4.1.1

Disease progression

Two randomised controlled trials, included in a systematic review (Sykakis et al. 2015), reported
incidence of disease progression. However, different methods of measuring progression, and
reporting of progression at different time points, meant the results of the two trials could not be
pooled. In one trial of 44 eyes, the incidence of disease progression at 18 months after treatment
was 0% in CXL-treated eyes (0/22 eyes) and 13.6% in control eyes (3/22 eyes). This difference was
not statistically significant, likely due to the low number of events reported. A second trial
reported disease progression up to 36 months post-treatment; at this time point, progression
was reported in 0% CXL eyes (0/46 eyes) versus 39.6% control eyes (19/48 eyes), suggesting that
CXL is beneficial for this outcome (risk ratio 0.03, 95% confidence interval [CI] 0.00 to 0.43).
Incidence of disease progression was also reported after 12 months in this study, but only for a
proportion of eyes (19 out of 96 included eyes): the reason for this discrepancy is not clear.
Results at this time point and all other outcomes discussed are presented in Table 2.
Six observational studies, including 553 treated eyes of 375 patients, reported incidence of
keratoconus progression and followed patients up for three or more years. Of these, four studies
had greater than five years follow-up and two studies had more than 10 years follow-up. Disease
progression was based on worsening Kmax or visual acuity in five studies; the remaining study
did not define the criteria used to determine progression. The incidences of keratoconus
progression ranged from 0% to 19.9%. Most studies were small (fewer than 30 eyes or patients)
and therefore only reported a small number of progression events each. The two largest studies
(Farhat et al., 2020 and Uckakhan et al., 2020, data available for 156 eyes and 71 patients,
respectively) reported markedly different incidences of progression: 19.9% (31/156 eyes) at five
years and 1.4% (1/71 patients) at four years follow-up, respectively. Both included children
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(minimum ages 9 and 10 years, respectively) as well as adults; Farhat et al. (2020) noted that
patients in their cohort who experienced progression were significantly younger than those who
did not. Study details and outcomes are reported in full in Appendix 3, Tables 3 and 4.

4.1.2 Time to further treatment or rate of further treatment
We did not identify any randomised controlled trials comparing the requirement for further
treatment in people who had CXL versus no treatment or sham treatment. One study (WittigSilva et al. 2014) reported that five eyes from the control group underwent corneal transplantation
during the 36-month follow-up period, but did not report this outcome for the group treated with
CXL.
Three observational studies, encompassing 148 patients and 217 eyes, reported incidences of
further treatment. Across the three trials, three eyes required repeat CXL. In two cases this was
five years after original treatment, and in one case it was ten years after original treatment.. One
further eye underwent corneal transplant (time after CXL treatment was not reported, but
maximum follow-up in the study was three years).
We also identified two retrospective audits comparing the number of corneal transplants before
and after the introduction of CXL. Godefrooij et al. (2016) measured the total number of
transplants performed in the Netherlands after the introduction of CXL and compared this to the
number of transplants before CXL. Before CXL, a total of 269 corneal transplants were performed
in a three year period. Following the introduction of CXL, a total of 201 corneal transplants were
performed in three years. This difference was statistically significant and trend analysis also
indicated a decrease in number of transplants over time. Sklar et al. (2019) reviewed corneal
transplantation performed in Ontario and British Columbia over an 18 year period (1998–2016),
and assessed the proportion of transplants that were indicated for keratoconus. Before the
introduction of CXL (1996 to 2008), the yearly mean proportion of transplants required for CXL
was stable (mean 13.6%, range 12.6% to 14.8%). After the introduction of CXL in 2009, the
proportion of transplants required for CXL decreased to approximately half of the pre-CXL
average by 2016 (pre-CXL average = 13.64% vs. 2016 = 5.50%). Study details and outcomes are
reported in full in Appendix 3, Tables 3 and 4.

4.1.3 Change in maximal keratometry
Six randomised controlled trials (Greenstein et al. 2011, Hersh et al. 2017, Lang et al. 2015, O'Brart
et al. 2011, Seyedian et al. 2015, Wittig-Silva et al. 2014) reported changes in Kmax up to 12 months
after treatment. Outcomes are reported in Table 2. In all six trials, eyes treated with CXL had
significantly improved Kmax compared to sham treated or untreated eyes; mean difference
ranged from −2.60 D (95% CI −3.88 to −1.32) to −0.46 D (95% CI −0.89 to −0.03). Outcomes across
trials could not be reliably pooled due to unexplained heterogeneity.
One of the randomised controlled trials included changes in Kmax up to 36 months after
treatment: at this time, Kmax remained significantly improved for CXL treated eyes compared to
control eyes (mean difference −2.78 D [95% CI −3.61 to −1.95]). After 36 months, Kmax in CXL treated
eyes had decreased by a mean of −1.03 D and increased by 1.75 D in control eyes (Wittig-Silva et
al. 2014).
Long-term changes in Kmax are reported in Table 3 for studies that followed patients up for five
or more years (other observational studies are reported in Appendix 3). Eight relevant studies
were identified, including 380 eyes of 314 patients: all were non-randomised and five did not have
a control arm. Follow-up ranged from 60 to 120 months. All eight trials reported improvement in
mean Kmax from preoperative values to last follow-up, ranging from −0.9 to −3.6 D.
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4.1.4 Changes in visual acuity
An existing meta-analysis (Kobashi & Rong 2017) reported pooled best corrected visual acuity
(BCVA) and uncorrected visual acuity (UCVA) outcomes after CXL treatment, using data from
three and four randomised controlled trials, respectively (Table 2). After 12 months of follow-up,
BCVA and UCVA both significantly improved in CXL-treated eyes compared to control eyes,
although it is unclear if the differences between groups were clinically significant (mean
difference −0.09 [95% CI −0.14 to −0.04] and −0.12 [95% CI −0.20 to −0.03] for BCVA and UCVA,
respectively).
Nine observational studies (408 treated eyes) reported visual acuity outcomes five or more years
after CXL treatment (these studies, along with other studies with shorter follow-up, are reported
in Appendix 3). In eight studies, mean corrected visual acuity (BCVA or UCVA) improved from pretreatment values to last measured follow-up (range in mean difference from baseline to last
follow-up: −0.06 to −0.35 logMAR) whilst one study reported a non-statistically significant decline
in BCVA (0.30 logMAR to 0.31 logMAR after five years follow-up). Four observational studies (277
eyes) reported UCVA; three studies reported mean improvement in UCVA ranging from −0.05 to
−0.24 logMAR. The fourth study followed up 34 eyes for five years and reported a non-statistically
significant decline in UCVA of 0.05 logMAR from baseline.
Two observational studies reported the proportion of eyes that had improvement or loss of visual
acuity at end of follow-up. Kaya (2019) reported a decline in BCVA for 12.5% of eyes (3/27); after six
years of follow-up, 62.3% of eyes (17/27) had improved BCVA. Kim et al. (2016) followed nine
patients up for five years and compared outcomes in each CXL-treated eye to the untreated
contralateral eye in the same nine patients. After five years, BCVA improved in 8/9 CXL-treated
eyes and 2/9 untreated eyes. BCVA declined after five years in 0/9 eyes CXL-treated eyes and 4/9
eyes untreated eyes.

4.1.5 Changes in corneal thickness
An existing meta-analysis (Kobashi & Rong 2017) reported change in thinnest corneal thickness
using pooled outcome data from three randomised controlled trials (183 eyes). After 12 months
follow-up, there was no significant difference in the thinnest corneal thickness between CXLtreated eyes and control eyes (mean difference 1.46 micrometres [95% CI −2.77 to 5.68]). Refer to
Table 2 for full details.
Evidence on long-term changes in corneal thickness is available from observational studies,
including three studies that followed patients up for five or more years. In one study of 27 eyes,
there was a small decrease in mean central corneal thickness from baseline (466.5 ± 32.1
micrometres) to 72 months after CXL (465.4 ± 26.6 micrometres). Two further studies reported
minimum corneal thickness 60 months after CXL; in both studies thickness decreased from
baseline to last follow-up, by a mean of 31.3 micrometres in one study and 3.6 micrometres in the
second study. Outcomes are reported in full in Table 4 (other observational studies with shorter
follow-up are reported in Appendix 3).

4.1.6 Quality of life and patient satisfaction
We did not identify any randomised controlled trials comparing health-related quality of life or
patient satisfaction in people who had CXL to those who had no treatment or sham treatment.
Hersh et al. (2017) asked patients to complete a questionnaire before treatment and 12 months
post-treatment that scored various subjective vision function parameters (photophobia,
difficulty driving at night, difficulty reading, diplopia, fluctuation in vision, glare, halo, starburst,
dryness, pain, and foreign body sensation). Parameters were scored on a scale of 1 (none) to 5
(severe). Results were not presented for the control group and it is unclear whether control
participants were asked to complete the questionnaire. In the treatment group, mean ratings of
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all parameters improved 12 months after CXL treatment; the level of improvement ranged from
0.1 to 0.6 on the 5-point scale.
One observational study (Price et al. 2018) measured long-term patient satisfaction in 448 people
who had CXL for either keratoconus (78%) or post-refractive surgical ectasia (22%). Participants
completed an electronic survey a median of 3.5 years (range 1 to 9 years) after CXL treatment.
When asked, “How has crosslinking affected your vision,” 41% reported that vision had improved,
46% reported no change, and 14% said their vision had worsened. The proportion who reported
visual improvement was highest among those treated for mild keratoconus and lower among
those treated for moderate to severe keratoconus or post-refractive surgical ectasia (exact
proportions not reported). When asked “Do you think CXL stopped the progression of your ectasia
or keratoconus,” 87% answered yes, including 93% of those with mild keratoconus and 86% of
those with moderate to severe keratoconus.

4.1.7 Adverse events
One systematic review (Sykakis et al. 2015) reported adverse events from two randomised
controlled trials. Adverse events were reported in 8.8% of CXL-treated eyes (6/68 eyes). Specific
adverse events were corneal oedema, anterior chamber inflammation, recurrent corneal erosion,
peripheral corneal vascularisation and subepithelial infiltrates. No adverse events were reported
for any control eyes.
Four observational studies followed patients up for at least 36 months and reported any longterm adverse events after CXL treatment. At 36 months, one study reported scarring in 7.2%
(8/110) of patients (Kortuem et al. 2017). A second study measured incidence of a number of
different adverse events at one and five years in 662 eyes of 534 patients (Ferdi et al. 2020). The
only adverse events reported in the fifth year of follow-up were scarring (0.9% of eyes) and
persistent epithelial defect (0.9% of eyes). Two other studies reported that no patients
experienced long-term adverse events over 60 months (Nicula et al. 2020) and a mean of 131
months (Raiskup et al. 2015) of follow-up.

Accelerated CXL (A-CXL): outcomes
A systematic review published in 2020 studied the effectiveness of A-CXL using data from
randomised controlled trials, all of which used C-CXL as a comparison group. A total of six trials
including 354 eyes were identified. Outcomes reported (Kmax, central corneal thickness, visual
acuity and adverse events) are summarised in Table 5. After 12 months of follow-up, there were
no statistically significant differences between A-CXL and C-CXL for any outcomes with the
exception of BCVA. This suggested C-CXL results in greater improvement in BCVA than A-CXL, but
it is unclear if the difference between the treatments is clinically meaningful (mean difference
−0.02 logMAR [95% CI −0.03 to −0.01]). This analysis did not include disease progression outcomes.
We identified one randomised controlled trial published after this systematic review; this
compared A-CXL and C-CXL in people with Down’s syndrome who had keratoconus (Hashemi et
al. 2020). After 24 months of follow-up, there were no significant differences between eyes treated
with C-CXL or A-CXL for any of the outcomes reported (Kmax, uncorrected distance visual acuity
[UDVA] or corrected distance visual acuity [CDVA]).

Outcomes in children
The evidence described above on the effectiveness of C-CXL and A-CXL is from trials that
recruited adults, or in some cases adults and adolescents. We also therefore searched for
evidence that studied CXL specifically in paediatric populations.
One relevant systematic review and meta-analysis of observational studies was identified
(McAnena et al. 2017). This included any CXL protocol (epithelium-on or –off, and C-CXL or A-CXL)
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but reported results for each type of CXL separately, and did not report any outcomes on A-CXL.
Data described here are derived from nine observational studies of C-CXL; these were single-arm
uncontrolled studies that compared outcomes before and after C-CXL treatment. The systematic
review did not report outcomes beyond 24 months, and we therefore searched for other
observational studies that reported longer-term outcomes. We identified seven relevant studies
that reported outcomes for at least 36 months after C-CXL treatment, up to a maximum followup time of 120 months.
We identified one randomised controlled trial (Eissa & Yassin 2019) comparing C-CXL and A-CXL
in children (68 eyes of 34 patients, mean age 12 years). This measured outcomes up to 36 months
after CXL and followed up all treated patients. In both A-CXL and C-CXL treated eyes, Kmax, visual
acuity and central corneal thickness improved from baseline. In both groups, the observed
improvements in all outcomes occurred over the first 12 months, after which mean Kmax values
were stable from 12 to 36 months. Full details of outcomes are reported in Table 5.
Detailed results of each reported outcome (Kmax, corneal thickness, visual acuity, disease
progression and adverse events) are listed in Table 6 (for observational studies, outcomes other
than disease progression are reported in Appendix 3). After 12 and 24 months of follow-up, Kmax
improved in eyes treated with C-CXL, but the difference from baseline was not statistically
significant. C-CXL treatment resulted in improvement in visual acuity outcomes (BCVA and
UCVA) at 12 and 24 months although the difference in UCVA at 24 months was not statistically
significant. Results for corneal thickness were uncertain, suggestive of improvement after 12
months but of worsening after 24 months; the low number of studies and number of eyes
reporting this outcome make the results difficult to interpret reliably. In the systematic review,
four studies reported rates of disease progression of between 4% and 10% up to 12 months after
treatment. In the long-term studies, the reported rates of progression ranged from 0% to 25% of
eyes. The total number of eyes with documented progression was 19; the low number of events
and the range of incidences reported across studies (three studies reported no incidences of
progression) means there is considerable uncertainty around the incidence of progression in
children.
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Table 2. Standard corneal cross-linking compared to sham or no treatment: outcomes from randomised controlled trials
Outcome

Change in Kmax 12 months
post-treatment, D

Evidence
source(s)

Kobashi & Rong
(2017)

Change in UCVA 12 months
post-treatment, logMAR

Kobashi & Rong
(2017)

Change in thinnest corneal
thickness 12 months posttreatment, micrometres

Kobashi & Rong
(2017)
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Relative effect
[95% CI]
(interpretation)

Adults and adolescents
(12 years and older)

NR

Mean difference
ranged from
−2.60 [−3.88 to
−1.32] to −0.46
[−0.89 to −0.03]
(favours CXL in
all six studies)

Study results not
pooled due to
unexplained high
heterogeneity
(I2=82%).

1 RCT, 94 eyes

Adults and adolescents
(minimum age 16 years,
mean age 25.7 years)

Mean [SD] for CXL
group: −1.03 [1.3];
for control group
1.75 [2.6]

Mean difference
−2.78 [−3.61 to
−1.95] (favours
CXL)

Study judged to
be at high risk of
performance,
detection,
attrition and
reporting bias.

4 RCTs, 253 eyes

Adults and adolescents
(12 years and older)

Hersh et al. (2017),
Kobashi & Rong 6 RCTs, 487 eyes
(2017)

Change in Kmax 36 months Wittig-Silva et al.
post-treatment, D
(2014)

Change in BCVA 12 months
post-treatment, logMAR

Absolute effect

Number of
studies/participants/eyes

Age of population

3 RCTs, 201 eyes

Adults and adolescents
(12 years and older)

3 RCTs, 183 eyes

Adults and adolescents
(15 years and older)
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NR

NR

NR

Comments on
reliability

Mean difference
−0.09 [−0.14 to
−0.04] (favours
CXL)
Mean difference
−0.12 [−0.20 to
−0.03] (favours
CXL)

Pooled analysis
indicates
moderately high
heterogeneity (I2
= 57%)

Mean difference
1.46 [−2.77 to 5.68]
(favours neither
group)

March 2021

Outcome

Evidence
source(s)

Number of
studies/participants/eyes

Incidence of disease
progression 12 months
post-treatment

Sykakis et al.
(2015)

Incidence of disease
progression 18 months
post-treatment

O'Brart et al. (2011)
in Sykakis et al.
1 RCT, 44 eyes
(2015)

Incidence of disease
progression 36 months
post-treatment

Sykakis et al.
(2015)

Incidence of adverse events Sykakis et al.
(any time post-treatment)
(2015)

1 RCTs, 19 eyes

1 RCT, 94 eyes

2 RCTs, 138 eyes

Age of population

Absolute effect

Relative effect
[95% CI]
(interpretation)

Comments on
reliability

Adults and adolescents
(minimum age 16 years,
mean age 25.7 years)

Progression in 0/9
CXL eyes vs 4/10
control eyes

Risk ratio 0.12
[0.01 to 2.00]
(favours neither
group)

Study judged to
be at high risk of
performance,
detection,
attrition and
reporting bias.
Results not
reported for
entire cohort (n =
96); reasons for
this are unclear.

Adults (mean age 30
years, range 21 to 42)

Progression in
0/22 CXL eyes vs
3/22 control eyes

Risk ratio 0.14
[0.01 to 2.61]
(favours neither
group)

Study judged to
be at high risk of
performance
bias.

Adults and adolescents
(minimum age 16 years,
mean age 25.7 years)

Progression in 0/46 Risk ratio 0.03
CXL eyes vs 19/48
[0.00 to 0.43]
control eyes
(favours CXL)

Adults and adolescents
(minimum age 16 years)

Adverse events
recorded in 6/68
CXL eyes vs 0/70
control eyes

NR

Study judged to
be at high risk of
performance,
detection,
attrition and
reporting bias.
Follow-up time 18
to 36 months.

BCVA: best corrected visual acuity; CI: confidence interval; CXL: corneal cross-linking; D: dioptre; Kmax: maximum keratometry value; Kmean: mean keratometry value; logMAR:
logarithm of the minimum angle of resolution; NR: not reported; RCT: randomised controlled trial; SD: standard deviation; UCVA: uncorrected visual acuity.
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Table 3. Long-term changes in maximal keratometry after conventional corneal cross-linking: data from observational studies
Evidence
source

Participants, n

Keratoconus, deemed progressive based on
Vinciguerra et changes in corneal topography
al. (2020)
22 patients/27 eyes
Keratoconus, deemed progressive based on
keratometry measurements in the previous 6
Raiskup et al.
to 12 months
(2015)

Follow-up,
months

Mean 132

Keratoconus, deemed progressive by changes
in BCVA/Kmax/astigmatism

Nicula et al.
(2020)

Kaya (2019)

120

51.3 ± 4.8

48.9 ± 4.8

60

54.05 ± 5.41

51.72 ± 5.32

72

49.6 ± 3.2

48.6 ± 2.8

53.3 ± 6.2

51.9 ± 5.6

18 patients/27 eyes
Keratoconus, deemed progressive by
Shafik
continuous deterioration of vision
Shaheen et al.
(2018)
24 patients/34 eyes
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51.23 ± 7.55

49.6 ± NR

93 patients/93 eyesa
Keratoconus, deemed progressive based on
corneal topography and clinical signs in
previous 12 months.

53.65 ± 7.78

53.2 ±NR

90 patients/113 eyes
Keratoconus, deemed progressive based on
changes in myopia/astigmatism/corneal
topography/corneal thickness in last 6
months

Kmax at
last followComments
up, mean ±
SD

Mean 131

24 patients/34 eyes
Nicula et al.
(2019a)

Preoperative
Kmax, mean ±
SD

72 (all
included
patients)
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Unclear whether a consecutive sample of patients was
used/whether all eligible patients completed follow-up.
Mean follow-up reported; unclear how patients with less
than 10 years follow-up were accounted for in reporting
outcomes.

All recruited patients completed the full follow-up period,
but it is unclear whether initial recruitment/selection
was consecutive.

Unclear whether consecutive sample of patients
included/recruited.

March 2021

Evidence
source

Kim et al.
(2016)

Wu et al.
(2021)

Participants, n
Keratoconus, deemed progressive based on
changes in keratometry/visual acuity/corneal
thickness in the previous 12 months.
9 patients/18 eyes (9 treated eyes;
contralateral eye of each patient used as a
control)
Keratoconus, evidence of progression in
previous 12 months
34 patients/34 eyes relevant to this reviewb

Follow-up,
months

60 (all
patients)

60 (all
included
patients)

Preoperative
Kmax, mean ±
SD

Kmax at
last followComments
up, mean ±
SD

63.4 ± 10.9

60.9 ± 11.3

58.4 ± 4.9

57.5 ± 4.9

In the untreated control group, Kmax increased from
baseline to 60 months (mean preoperative value 54.21 ±
9.87 D; mean postoperative value 55.01 ± 9.91 D). Control
and treated group differed in Kmax and other
characteristics at baseline.

Only patients with at least 60 months follow-up were
included.

aControl

patients received A-CXL: see appendix 3 for results for this patient group. bControl patients received ‘epithelium-on’ CXL; this intervention is not within the scope of this
review so results are not reported here.

BCVA: best corrected visual acuity; D: dioptre; Kmax: maximum keratometry value; NR: not reported; SD: standard deviation
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Table 4. Long-term changes in corneal thickness after conventional corneal cross-linking: data from observational studies
Evidence
Participants n
source

Kaya
(2019)

Keratoconus, deemed
progressive based on corneal
topography and clinical signs in
previous 12 months.
18 patients/27 eyes

Keratoconus, deemed
progressive based on changes in
keratometry/visual
acuity/corneal thickness in the
Kim et al.
previous 12 months.
(2016)
9 patients/18 eyes (9 treated
eyes; contralateral eye of each
patient used as a control)

Wu et al.
(2021)

Keratoconus, evidence of
progression in previous 12
months
34 patients/34 eyes relevant to
this reviewa

Followup,
months

72

Outcome measure

Central corneal thickness

Preoperative
corneal
thickness,
micrometres,
mean ± SD

466.5 ± 32.1

Corneal
thickness at last
follow-up,
micrometres,
mean ± SD

465.4 ± 26.6

60(all
Minimum corneal thickness 434.00 ± 54.13
patients)

402.67 ± 52.55

60 (all
included Minimum corneal thickness 430.8 ± 30.5
patients)

427.2 ± 31.4

Comments

All recruited patients completed the
full follow-up period, but it is unclear
whether initial recruitment/selection
was consecutive.

In the untreated control group, corneal
thickness increased from baseline to
60 months by a mean of 0.89
micrometres. Control and treated
group differed in cornel thickness and
other characteristics at baseline.

Only patients with at least 60 months
follow-up were included.

SD: standard deviation.
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Table 5. Standard corneal cross-linking compared to accelerated corneal cross-linking: outcomes from randomised controlled trials
Outcome

Evidence
source(s)

Relative effect
[95% CI]
(interpretation)

Number of
studies/participants/eyes

Age of population

6 RCTs, 354 eyes

Adults and adolescents
(mean ages in individual NR
studies: 19.4 to 25.1 years)

Mean difference
−0.45 [−1.08 to
0.17] (favours
neither group)

3 RCTs, 99 eyes

Adults and adolescents
(mean ages in individual NR
studies: 19.4 to 25.1 years)

Mean difference
7.41. [−0.29 to 15.11]
(favours neither
group)

5 RCTs, 329 eyes

Adults and adolescents
(mean ages in individual NR
studies: 19.4 to 25.1 years)

Mean difference
−0.02. [−0.03 to
−0.01] (favours CCXL)

4 RCTs, 260 eyes

Adults and adolescents
(mean ages in individual NR
studies: 19.4 to 25.1 years)

Mean difference
−0.01 [−0.13 to 0.11]
(favours neither
group)

2 RCTs, 94 eyes

12/47 A-CXL treated
Adults and adolescents
eyes and 11/47 C(mean ages in individual
CXL eyes
NR
studies: 21.6 to 24.2
experienced
years)
adverse events

Absolute effect

Comments on
reliability

Adults and adolescents
Change in Kmax 12 months
post-treatment, D

Change in central corneal
thickness 12 months posttreatment, micrometres

Kobashi &
Tsubota (2020)

Kobashi &
Tsubota (2020)

Change in BCVA 12 months
post-treatment, logMAR

Kobashi &
Tsubota (2020)

Change in UCVA 12 months
post-treatment, logMAR

Kobashi &
Tsubota (2020)

Incidence of adverse events
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Kobashi &
Tsubota (2020)
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All studies
assessed as at
high risk of
performance bias
and unclear risk
of detection bias.
Majority of
studies judged to
be at high risk of
reporting bias.

Events reported:
low to moderate
haze; severe
haze; delayed
epithelial healing.
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Outcome

Evidence
source(s)

Relative effect
[95% CI]
(interpretation)

Number of
studies/participants/eyes

Age of population

1 RCT, 34 patients, 68 eyes

Mean difference
from baseline:
C-CXL: −0.74
A- CXL: −1.40
In both groups,
Mean age 12.3 ± 2.4 years
mean decrease
NR
(range: 9–16 years)
occurred over first
12 months, after
which mean Kmax
values were stable
from 12-36 months.

1 RCT, 34 patients, 68 eyes

Mean difference
Mean age 12.3 ± 2.4 years from baseline:
C-CXL: −5.71
(range: 9–16 years)
A-CXL: −7.31

NR

1 RCT, 34 patients, 68 eyes

Mean difference
Mean age 12.3 ± 2.4 years from baseline:
C-CXL: −0.01
(range: 9–16 years)
A-CXL: −0.07

NR

1 RCT, 34 patients, 68 eyes

Mean difference
Mean age 12.3 ± 2.4 years from baseline:
C-CXL: −0.04
(range: 9–16 years)
A-CXL: −0.05

NR

1 RCT, 27 patients, 54 eyes

Mean age 15.78 ± 2.46
(range 11–19) years

Absolute effect

Comments on
reliability

Outcomes in children only

Change in maximal
keratometry 36 months
post-treatment, D

Eissa & Yassin
(2019)

Change in central corneal
thickness 36 months posttreatment, micrometres

Eissa & Yassin
(2019)

Change in UCVA 36 months
post-treatment, logMAR

Eissa & Yassin
(2019)

Change in CDVA 36 months
post-treatment, logMAR

Eissa & Yassin
(2019)

Outcomes in people with Down’s syndrome
Change in Kmax 24 months Hashemi et al.
post-treatment, D
(2020)
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Mean difference
from baseline:
C-CXL: −0.31 ± 0.86
A-CXL: −0.02 ± 0.81

NR

March 2021

Outcome

Evidence
source(s)

Change in CDVA 12 months
post-treatment, logMAR

Hashemi et al.
(2020)

Change in UDVA 12 months
post-treatment, logMAR

Hashemi et al.
(2020)

Number of
studies/participants/eyes

Age of population

1 RCT, 27 patients, 54 eyes

Mean age 15.78 ± 2.46
(range 11–19) years

1 RCT, 27 patients, 54 eyes

Mean age 15.78 ± 2.46
(range 11–19) years

Absolute effect
Mean difference
from baseline:
C-CXL: −0.07 ± 0.22
A-CXL: −0.09 ± 0.13
Mean difference
from baseline:
C-CXL: −0.16 ± 0.17
A-CXL: −0.06 ± 0.17

Relative effect
[95% CI]
(interpretation)

Comments on
reliability

NR

NR

A-CXL: accelerated corneal cross-linking; BCVA: best corrected visual acuity; C-CXL: conventional corneal cross-linking; CDVA: corrected distance visual acuity; CI: confidence interval;
D: dioptre; Kmax: maximum keratometry value; logMAR: logarithm of the minimum angle of resolution; NR: not reported; RCT: randomised controlled trial; UCVA: uncorrected visual
acuity; UDVA: uncorrected distance visual acuity.
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Table 6. Standard corneal cross-linking: outcomes in children before and after treatment
Outcome

Evidence
source(s)

Number of
studies/participants/eyes

Age of population

Absolute effect

Change in Kmax 12 months
post-treatment, D

McAnena et al.
(2017)

7 observational studies, 248
eyes

18 years or younger

NR

Change in Kmax 24 months
post-treatment, D

McAnena et al.
(2017)

3 observational studies, 131
eyes

18 years or younger

NR

Change in central corneal
thickness 12 months posttreatment, micrometres

McAnena et al.
(2017)

6 observational studies, 154
eyes

18 years or younger

NR

Change in central corneal
thickness 24 months posttreatment, micrometres

McAnena et al.
(2017)

2 observational studies, 50
eyes

18 years or younger

NR

Change in UCVA 12 months
post treatment
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McAnena et al.
(2017)

6 observational studies, 213
eyes

18 years or younger
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NR

Relative effect
[95% CI]
(interpretation)

Comments on
reliability

Standardised mean
difference -0.1
[−0.27 to 0.08]
(trend to CXL
benefit, but not
Single-arm
significant)
uncontrolled
Standardised mean studies. Difference
difference -0.22
reported is between
[−0.44 to 0]
preoperative
(suggests
measurements and
improvement after measurements at
CXL treatment, but last follow-up.
unclear if
difference before
and after treatment
is statistically
significant)
Standardised mean
difference -0.38
[−0.81 to 0.05]
(trend to CXL
benefit, but not
significant)

Single-arm
uncontrolled
studies. Difference
reported is between
preoperative
Standardised mean measurements and
difference 0.77 [0.36 measurements at
last follow-up.
to 1.17] (favours no
treatment)
Standardised mean
difference −0.36
[−−0.55 to −0.16]
(indicative of CXL
benefit)

March 2021

Outcome

Change in UCVA 24 months
post treatment

Evidence
source(s)

McAnena et al.
(2017)

Number of
studies/participants/eyes

3 observational studies, 131
eyes

Age of population

18 years or younger

Absolute effect

Relative effect
[95% CI]
(interpretation)

NR

Single-arm
uncontrolled
Standardised mean
studies. Difference
difference −0.49
reported is between
[−1.10 to 0.12] (trend
preoperative
to CXL benefit, but
measurements and
not significant)
measurements at
last follow-up.
Standardised mean
difference −0.69
[−1.15 to −0.22]
(indicative of CXL
benefit)

Change in BCVA 12 months
post treatment

McAnena et al.
(2017)

7 observational studies, 248
eyes

18 years or younger

NR

Change in BCVA 24 months
post treatment

McAnena et al.
(2017)

3 observational studies, 131
eyes

18 years or younger

NR

Incidence of disease
progression 12 months posttreatment

EAR002-2

McAnena et al.
(2017)

4 observational studies, 243
eyes

18 years or younger

Page 18 of 79

Comments on
reliability

Single-arm
uncontrolled
studies. Difference
reported is between
Standardised mean preoperative
measurements and
difference −1.03
measurements at
[−2.00 to −0.06]
last follow-up.
(indicative of CXL
benefit)

Reported incidence of
progression varied
NR
from 4% to 10%

Study with highest
rate of progression
included patients
aged >18 years;
subgroup analysis
is reported for other
outcomes but it is
assumed the
percentage
reported here
includes adults and
children.

March 2021

Outcome

Evidence
source(s)

Incidence of disease
progression post-treatment
(follow-up time 36 to 120
months)

Buzzonetti et al.
(2019), Henriquez et
al. (2020), Mazzotta
et al. (2018), Nicula 6 observational studies, 255
et al. (2019b),
eyes
Ucakhan et al.
(2021), Zotta et al.
(2017)

Requirement for further
treatment, up to 10 years after
CXL treatment

Mazzotta et al.
(2018)

Number of
studies/participants/eyes

1 observational study, 47
patients/62 eyes

Age of population

Absolute effect

Relative effect
[95% CI]
(interpretation)

Comments on
reliability

Mean ages across studies
14.3 to 16.4 years (total
reported age range 9 to 18
years)

Proportion of eyes
with progression at
NR
last follow-up ranged
from 0% to 25%.

Some studies only
included patients
within the cohort
who completed
follow-up. Methods
of documenting
progression varied
and were not fully
reported for some
studies.

Mean age 14 years (range 8
to 18 years)

2 patients (4%)
retreated with CXL 36
months after original
NR
treatment due to
keratoconus
progression.

Study only includes
patients within the
cohort who
completed 10 years
of follow-up.

BCVA: best corrected visual acuity; CI: confidence interval; CXL: corneal cross-linking; D: dioptre; Kmax: maximum keratometry value; Kmean: mean keratometry value; NR: not
reported; UCVA: uncorrected visual acuity.
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Ongoing trials
We identified two ongoing trials of relevance, both of which are multicentre randomised trials.
One UK trial compares A-CXL to standard care in children with keratoconus (Chowdhury et al.
2019). Completion date of this trial has passed and we therefore contacted the trial Principal
Investigator to enquire if results are available. Results of this trial will be published in 2021 but
at the time of writing (March 2021) these were not available. The second trial compared A-CXL to
C-CXL and is estimated to complete in 2025 (Price Vision Group 2019). Full details of both trials
are shown in Table 7.

Table 7. Ongoing trials of corneal cross-linking: design and characteristics
Study title/ID

Design,
population

Intervention

Comparator

KERALINK trial
(Chowdhury et
al. 2019)

A-CXL
(10mW/cm2
UVA for 8
min), one or
both eyes

Standard
care

Planned
enrolment: 60
patients
Randomised
controlled trial
USA, multicentre

NCT03922542
(Price Vision
Group 2019)

Documented
keratoconus or
ectasia after
refractive
surgery, 10 years
or older

Completion
date

Primary: change
in steepest
corneal
meridian (k2) at
18 months

Randomised
controlled trial
UK, multicentre
Patients with
progressive
keratoconus aged
10-16 years (at
time of
randomisation)

Outcomes

Secondary:
incidence of
progression;
time to
progression;
visual acuity;
refraction;
apical corneal
thickness;
quality of life

Follow-up of
last recruited
patients
estimated to
complete in
mid 2020

Kmax; visual
acuity.
A-CXL (9
mW/cm2 UVA
for 10 min)

C-CXL (3
mW/cm2
UVA for 30
min)

Planned
enrolment: 510
patients

Change in
outcomes will
be measured
from baseline to
6 months after
treatment

Estimated
study
completion
date: May
2025

A-CXL: accelerated corneal cross-linking; C-CXL: conventional corneal cross-linking; Kmax: maximum keratometry
value; UVA: ultraviolet A.
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5. Economic evaluation
Health economic evidence review
Two economic studies were included in the original evidence review for this topic. Both studies
were cost-utility analyses of CXL compared to standard management. One of the studies was
directly applicable to the UK NHS (Salmon et al. 2015) while the other considered the Canadian
healthcare system (Leung et al. 2017). Both studies are summarised in Table 8.
The results from Salmon et al. (2015) showed CXL to be more effective but more costly than
standard treatment, with an incremental cost-effectiveness ratio (ICER) of £3,174 per qualityadjusted life-year (QALY). This is well below the commonly accepted threshold of £20,000 per
QALY, indicating that CXL is cost-effective. In probabilistic sensitivity analysis, CXL was found to
have a 79% probability of being cost-effective at a threshold of £20,000 per QALY. Leung et al.
(2017) also found CXL again to be more effective but more costly. The resulting ICER of CAD$9,090
per QALY (approximately £5,842 per QALY) is well below typical thresholds used in Canada and
so again CXL was found to be cost-effective. However, it was noted that the results were
dependent upon assumptions around the long-term effectiveness of CXL and results were
sensitive to changes. Most notably, in Salmon et al. (2015) the ICER increased to £33,263 per QALY
if no further treatment benefit was assumed after five years.
An updated health economic evidence review was conducted as part of the update for this
appraisal. The titles and abstracts of records identified in the search for this research question
were screened and three health economic studies were deemed potentially relevant. The full texts
of these studies were reviewed against the inclusion and exclusion criteria. Following
consideration of the full texts, one study was excluded because it was not a cost-effectiveness
analysis (Chan et al. 2020). The remaining two studies was included in the review (Godefrooij et
al. 2017b, Lindstrom et al. 2020). Both studies were only partially applicable to the decision
context of the UK NHS as Godefrooij et al. (2017b) considered the healthcare system in the
Netherlands and Lindstrom et al. (2020) considered the US healthcare system. The cost-utility
analyses by Godefrooij et al. (2017b) and Lindstrom et al. (2020) are summarised in Table 8.
The analysis by Lindstrom et al. (2020) assessed the cost-effectiveness of CXL in comparison to
standard care (no initial intervention) in people with bilateral keratoconus (i.e. keratoconus
affecting both eyes). The analysis found CXL to be more effective and less costly than standard
care and therefore dominant.
The analysis by Godefrooij et al. (2017b) also assessed the cost-effectiveness of CXL in
comparison to standard care (no initial intervention) in people with bilateral keratoconus. In the
base case analysis, it was assumed that CXL would have a 10-year treatment effect. The analysis
found CXL to be more effective but more costly than standard care. The resulting ICER of €54,384
per QALY (approximately £52,328 per QALY) was deemed to be acceptable by the authors as it
was below their chosen willingness to pay threshold. In a further analysis, it was assumed that
CXL would have a lifetime effect. In this scenario, the ICER was found to decrease to €10,149 per
QALY (approximately £9,765 per QALY). Thus, as in previous economic evaluations of CXL, the
duration of the treatment effect plays a key role in determining cost-effectiveness.
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Table 8. Summary of included health economic studies
Study details

Study population and design

Author and year:
Lindstrom et al. (2020)

Population
Hypothetical cohort of patients
diagnosed with bilateral
progressive keratoconus

Country:
United States (US)
Type of economic
analysis:
Cost-utility analysis
Perspective:
US payer perspective
Currency:
US Dollars ($)
Price year:
2019
Time horizon:
Lifetime
Discounting:
Costs and benefits were
discounted at 3% per
year
Potential conflict of
interest:
Study was sponsored by
Glaukos Corp.

Source of baseline and effectiveness
data:
Baseline estimates of eye curvature and
CDVA were based on values reported in
Hersh (2017). Values were based on the
Population was based on Hersh better seeing eye. The other eye was
(2017), a US multicentre
assumed to be 10% worse, based on a
clinical trial including 205
study by Jiménez-García et al. (2020),
patients. This trail was also
which used a regression equation to
used as the primary source of estimate the relative severity of the best
clinical inputs in the model.
eye versus the worst eye at baseline.
The mean age of the modelled
population at baseline was 31
years old.
The model simulated disease
progression for 1,000 patients
in each treatment arm (2,000
patients and 4,000 eyes).
Interventions
Corneal cross-linking (CXL).
Comparator
No CXL (conventional
management)
Study design
Cost-utility analysis using a
discrete-event
microsimulation model.

One of the authors has
served as a consultant to Disease progression was
CXLO, iVeena, Avellino,
modelled using the AK
KeraFlow, and Glaukos.
classification according to the
degree of curvature (KMax).
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Data sources

Results

Quality assessment

Base case results

Applicability
The analysis was deemed to be
only partially applicable to the UK
NHS because it considered the US
healthcare system.

Costs
CXL: $30,994 (£22,480)
Conventional treatment:
$39,671 (£28,774)
Incremental: −$8,677 (£6,294)

QALYs
CXL: 21.80
Conventional treatment:
The initial disease stage of each eye was 19.93
based on the dioptre component of the
Incremental: 1.88
AK classification, following the approach
used in Salmon et al. (2015).
ICER (cost per QALY)
CXL found to be dominant
Disease progression was modelled for
two different types of patients; ‘fast
Subgroup analysis
progressors’ and ‘slow progressors’.
Results were reported
KMax was assumed to worsen by of 0.021 separately for subgroups
D and 0.228 D per year for slow
of ‘slow progressors’ and
progressors and fast progressors,
‘fast progressors’
respectively.
Based on the clinical experience of the
Slow progressors:
authors as well as the information from
the literature, the ratio of slow
Costs
progressors to fast progressors was
CXL: $30,667 (£22,243)
assumed to be 4:1. In both groups (fast
Conventional treatment:
and slow progressors), the rate of
$28,055 (£20,348)
progression was assumed to decrease
Incremental: $2,612
overtime.
(£1,895)
The risk of penetrating keratoplasty
(PKP) was estimated using an
adaptation of a logistic equation used in
a previous economic model by
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QALYs
CXL: 21.80
Conventional treatment:
20.10

Limitations
Some potentially serious
limitations were identified. In
particular:

•

•

•

•

Analysis was based on shortterm effectiveness outcomes
(12 months), which have been
extrapolated to estimate longterm effects.
Variations in the duration of
the treatment effect with CXL
were not explicitly considered
in sensitivity analysis.
The authors identified the ratio
of slow progressing to fast
progressing patients as a key
driver of the result. However,
there is limited evidence on
the relative proportion of
patients in each category.
Quality of life values were
sourced from a previous
economic study and are thus
subject to the same
limitations discussed below in
the quality assessment of
Salmon et al. (2015).

March 2021

Study details

Study population and design

Another author served as The AK classification for
a consultant to
keratoconus has four stages
CorneaGen, and Glaukos. ranging from least severe
(Stage 1) to most severe (Stage
Two authors served as
4)
consultants to Glaukos.
Three of the authors were
employees and
shareholder of Glaukos.
Three of the authors were
employees of Pharmerit,
which received
consulting fees from
Glaukos to develop the
economic model.

Data sources

Results

Rebenitsch et al 2011. The logistic
equation used in Rebenitsch et al 2011
was converted to a time-to-event
analysis so that it could be used in the
simulation. The equation estimates the
probability of PKP on the basis of 4
variables: age, comfort, BCVA, and
curvature (i.e., KMax) and was modelled
separately for patients with and without
spectacles as baseline.

Incremental: 1.71

General mortality was estimated using
life tables.
Source of resource use and cost data:
The cost associated with CXL was
estimated as the sum of the procedure
cost and the cost of Photrexa (the
pharmaceutical component of the
branded CXL combination product). The
procedure was estimated to cost $1,780
(£1,291) using a value from CMS /
Medicare while Photrexa was estimated
to cost $2,850 (£2,067) based on the
Micromedex for Q1 2020.
The direct medical costs associated with
penetrating keratoplasty were estimated
using a 2013 analysis by the Eye Bank
Association of America, which assess the
total and component costs of
keratoplasty in the US healthcare setting
using claims data and reimbursed
amounts.
Adverse events for the CXL and
penetrating keratoplasty procedure were
estimated on a one-off, per event basis.
The adverse events included in the
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Quality assessment

ICER (cost per QALY)
$1,526 per QALY (£1,107 per
QALY)
Fast progressors:
Costs
CXL: $32,300 (£23,427)
Conventional treatment:
$86,133 (£62,473)
Incremental: -$53,832
(£39,046)
QALYs
CXL: 21.80
Conventional treatment:
19.20
Incremental: 2.55
ICER (cost per QALY)
CXL found to be dominant
Sensitivity analysis
A series of one-way
sensitivity analyses were
conducted. The results
indicated that the
outcomes were most
sensitive to the ratio of
slow-progressors to fastprogressors, the cost of
penetrating keratoplasty,
and quality of life values
for AK stages.

March 2021

Study details

Study population and design

Data sources

Results

analysis were those deemed the most
clinically significant by the
ophthalmologist authors of the study.
Adverse event costs included costs that
may be attributable to the event up to a
time horizon of one year. Adverse event
costs were primarily sourced from a
previous economic analysis by
Rebenitsch et al. 2011.

In probabilistic
sensitivity analysis, CXL
was found to have a 96%
probability of being
dominant.

Costs associated with visual correction
were included in the analysis (glasses
and corrective lenses). The cost
associated with corrective lenses was
stratified into two categories: “less
severe” (applied to AK stages 1 and 2)
and “more severe” (applied to AK stages
3 and 4).
The impact of CXL on work productivity
was assessed in a speculative scenario
analysis using author assumptions. It
was assumed that 0%, 2%, 3%, and 5% of
patients in AK stages 1, 2, 3, and 4,
respectively could not work due to their
keratoconus disease. It was further
assumed that 1%, 3%, 5%, and 10% in AK
stages 1, 2, 3, and 4, respectively, had a
10% reduction in work productivity. These
assumed reductions in work were costed
based on the average annual wage in the
US in 2019 ($42,000).

Quality assessment

A threshold analysis was
conducted on the
acquisition cost of
Photrexa. CXL was found
to remain cost-neutral
with a Photrexa
acquisition cost of up to
$5,763 (£4,180) per eye.
In the exploratory
analysis where work
productivity was
included, CXL was
associated with a
reduction in lifetime cost
(including lost
productivity) of $43,759
(£31,739) over a lifetime.

Source of quality of life data:
QoL values were sourced from a previous
cost-utility analysis by Salmon et al.
(2015), which estimated quality of life for
different visual acuity levels.
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Study details

Study population and design

Author and year:
Godefrooij et al. (2017b)

Population
Hypothetical cohort of people
with progressive bilateral
keratoconus.

Results

Quality assessment

Base case results with
10-year CXL treatment
effect

Applicability
The analysis was deemed to be
only partially applicable to the UK
NHS because it considered the
healthcare system in the
Netherlands.

Price year:
2015

Source of baseline and effectiveness
data:
Patients were distributed throughout the
visual acuity categories using
distributions from two RCTs. The
The cohort was based upon the probability of transitioning to a different
populations included in two
category was also based on data from
RCTs of CXL for progressive
the two RCTs. Each eye had an individual
keratoconus. Keratoconus was probability of progression reflecting that
diagnosed within the trials,
patients could have different disease
based on visual acuity,
stages in each eye.
refractive astigmatism, and
keratometry.
In the base case, visual acuity was
assumed to be stable for up to 10 years
The baseline age of patients in after CXL. After this point, it was
the model was 22 years old.
assumed that the disease would
progress as if untreated. A lifetime effect
Interventions
with CXL was considered in a separate
Corneal cross-linking (CXL).
analysis.

Results with lifetime
CXL treatment effect

•

Time horizon:
Lifetime.

Comparator
No initial intervention.

•

Discounting:
Costs and benefits were
discounted at 3% per
year

Study design
Cost-utility analysis using a
Markov model.

Costs
CXL: €7.05 million (£6.78
million)
No treatment: €5.05
million (£4.86 million)
QALYs
CXL: 23,653
No treatment: 23,457

Country:
Netherlands
Type of economic
analysis:
Cost-utility analysis
Perspective:
Healthcare payer’s
perspective
Currency:
Euros (€)

Data sources

Based on published data, it was
assumed that the progression of
keratoconus would stabilize at 50 years
of age.

Costs
CXL: €7.87 million (£7.57
million)
No treatment: €5.05
million (£4.86 million)
QALYs
CXL: 23,508
No treatment: 23,457
ICER (cost per QALY)
€54,384 per QALY
(£52,328 per QALY)

Limitations
Some potentially serious
limitations were identified. In
particular:
•

The probability of corneal
transplantation for each visual acuity
Disease severity was modelled category was based on data from the
Collaborative Longitudinal Evaluation in
Potential conflict of
using health states based
interest:
ICER (cost per QALY)
upon best spectacle-corrected Keratoconus (CLEK) cohort. It was
assumed that the first graft based on a €10,149 per QALY (£9,765
One of the authors
distance visual acuity
•
received financial
categories (good, medium and diagnosis of keratoconus would occur at per QALY)
55 years of age or younger.
support from Alcon, Inc. bad).
Sensitivity analysis
The probabilities of failure for the first
Another author was a
Numerous sensitivity
and subsequent grafts were based on
consultant and board
analyses were conducted.
data obtained from the Australian Graft
member at Easee BV and
Registry. It was assumed that a further
a lecturer at Zeiss
The discount rate was
graft would be required after failure with found to have a large
Netherlands BV.
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Lack of detail provided on the
estimation of costs, making it
difficult to assess whether all
relevant components have
been captured.
CXL related adverse events
and complications were not
included in the analysis.
Uncertainty around key
parameters has not been fully
explored in sensitivity
analyses, with relatively
modest variations considered
in parameters. Most notably
were scenarios were
healthcare costs were varied
by ± 10% and utility weights
were varied by ±1%.
There is a lack of clarity
around assumptions made in
some sensitivity analyses. In
particular how contrasting
effects have been combined
into one scenario. For example
variations in the cost of CXL

March 2021

Study details

Study population and design

Data sources

Results

a maximum number of three
transplantations per eye. In cases where
the third graft failed it was assumed that
the eye would continue to be categorised
as having bad visual acuity.

effect on the ICER, with
improved cost
effectiveness with a
discount rate <3%.

Quality assessment
and transplants were
considered together.

The initial distribution
across visual acuity
categories was also found
to have a notable impact
on results. The ICER was
Source of resource use and cost data:
found to decrease if it
Healthcare costs associated with CXL
was assumed that
and corneal transplantation were based patients were diagnosed
upon microcosting studies performed in and treated in an earlier
hospitals in The Netherlands. The
phase of the disease.
microcosting studies included the cost
of the procedure itself as well as
The ICER was also found
preoperative and postoperative
to decrease in a scenario
consultations.
where it was assumed
that accelerated CXL was
Source of quality of life data:
used.
QoL values for each visual acuity
This was based on lower
category were based upon SF-36 data
personnel costs when
from the CLEK cohort.
accelerated CXL is
performed.
QoL values were determined on a percase basis according to the level of
Other scenario and
visual acuity in the better-seeing eye.
sensitivity analyses had
no major influence on the
QoL decrements associated with adverse results.
events and complications were not
modelled explicitly as their effect should In probabilistic
already be captured within the average
sensitivity analysis, the
estimates from the CLEK cohort.
probability of CXL being
cost-effective was 82.9%
at a threshold equal to 3
times GDP per capita in
the Netherlands, equal to
€115,518 (£111,150).
Mortality rates were based on data from
the general population, obtained from
Statistics Netherlands.
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Study details

Study population and design

Data sources

Results

Quality assessment

Author and year:
Salmon et al. (2015)

Population
Modelled hypothetical cohort
of people with
progressive keratoconus.
Population was assumed to be
21 years old at disease onset
with progressive disease
defined as ∼1 D or more per
year increase in corneal
curvature in accordance with
the inclusion criteria of clinical
evaluations.

Source of baseline and effectiveness
data:
The rate of progression was based on
published epidemiological studies of
patients deemed to be ‘progressors’

Base case results

Applicability
The analysis was deemed to be
directly applicable as it considered
the UK NHS perspective.

Country:
UK
Type of economic
analysis:
Cost-utility analysis
Perspective:
UK NHS
Currency:
UK pound sterling (£)
Price year:
2012–2013
Time horizon:
25 years
Discounting:
Costs and benefits were
discounted at 3.5% per
year
Potential conflict of
interest:
None reported.
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It was assumed that patients in would
have an initial constant progression rate
of 1.01 D per year in the first eye
diagnosed. Progression was assumed to
commence in the second eye at AK stage
one after five years (at the same initial
rate as in the first eye). All diseased eyes
The AK classification was used in the model then progress at this same
rate for 10 years, or until they reach AK
to represent the severity of
stage three.
keratoconus. It was assumed
that 40% of patients present in
It was assumed that a proportion of
AK stage one while 60%
patients who reach AK stage 4 undergo
present in stage two.
corneal transplantation (1.3% per year).
Following surgery, patients were
Interventions
assumed to attend regular outpatient
Corneal cross-linking (CXL)
follow-up appointments. Systemic
immunosuppression and monitoring of
Comparator
haematological parameters for three and
Standard management
a half years was assumed in 7.5% of
these patients.
Contact lens correction was
assumed in both arms (new
The model assumes that CXL stops
lenses every was years).
progression without leading to disease
improvement. After CXL, visual acuity
Study design
was assumed to remain constant for the
Cost-utility analysis using a
remainder of the modelled time horizon.
Markov model.
This assumption was based on
improvements in corneal power and
Disease progression was
visual acuity benefit at 5-year follow-up
modelled using five health
states based on AK stages (AK in 12% of a cohort of patients with
stages one to four and grafted). keratoconus (44/363) recruited in an
observational study (Caporossi et al.
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ICER (cost per QALY)
£3,174 per QALY
Note that only the ICER
value was reported. Total
costs and QALYs for each
strategy as well as
incremental results were
not reported.
Sensitivity analysis
A series of deterministic
sensitivity analyses were
conducted. The
conclusion of the
analysis remained
unchanged in the
majority of modelled
scenarios.

Limitations
Some potentially serious
limitations were identified. In
particular:
•

•

•

However, a notable
exception was when the
duration of the CXL
treatment effect was
reduced. The ICER was
found to increase to
£33,263 per QALY when it
was assumed that there
would be no treatment
benefit beyond five years.
Probabilistic sensitivity
analysis was conducted.
At a threshold of £20,000 •
per QALY, CXL was found
to have a 79% probability
of being cost-effective.

Base case results were not
fully reported. Only the ICER
value was provided. Total and
incremental costs and QALYs
were not presented.
Methods and sources used in
the estimation of key
parameters were not fully
reported.
Efficacy estimations were
based on small, mostly singlecentre, studies with a lack of
long-term follow-up. Most
notably, no further progression
after CXL was assumed over
the modelled horizon of 25
years based on 12% (n = 44) of
a cohort of patients with
keratoconus in an
observational study.
Furthermore, sensitivity
analysis, showed this
assumption to be a key
determinant of the costeffectiveness result.
It was assumed that disease
starts in the contralateral eye
after five years, following the
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Study details

Study population and design

Data sources

Results

Quality assessment

2010).
CXL treatment was assumed to have a
failure rate of 7.6%. Re-treatment was
assumed in instances of failure, with a
similar efficacy assumed to the initial
treatment.
Adverse events with CXL were not
considered. Adverse events associated
with corneal transplantation were
included in the model. It was assumed
that 3% of grafted patients develop
cataract. The findings of a study by Lim
et al. (2000) was used to estimate the
rate of revision procedures (1% required
over 46.5 months). The rate was
extrapolated to cover the modelled time
horizon. Based on clinical opinion, it was
assumed that raised IOP occurred in ∼
20% of patients in the first year after the
procedure. It was assumed that to
resolve within one year in in 80% of
patients.

•

same progression as the first
eye. However, very little
evidence was found to support
or validate this assumption.
No utility data were available
to inform the model. Data
manipulation and
assumptions were required to
estimate values associated
with visual acuity.

Source of resource use and cost data:
Treatment and monitoring costs were
primarily derived from the NHS National
Tariff 2012–2013.
In addition, costs from the British
National Formularly were used for the
cost of most medications. The cost of
Riboflavin was sourced from Kestrel
Opthalmics Ltd.
The cost of contact lenses for standard
visual correction was based on a cost
estimate from the Royal Devon and
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Study details

Study population and design

Data sources

Results

Quality assessment

Base case results

Applicability
The analysis was deemed to be
only partially applicable to the UK
NHS because it considered the
healthcare system in Canada.

Exeter NHS Foundation Trust Optometry
department.
Source of quality of life data:
QoL values were estimated based upon
the expected visual acuity at each
disease stage.
Mean visual acuity values for AK stages
one, two and four were sourced from a
published study. The value for an AK
stage of three was imputed using a
weighted regression. The QoL associated
with each AK stage was sourced from a
published study, which used linear
regression models based on the time
trade-off method.
Values were assigned for bilateral
disease according to the visual function
in the better-seeing eye. For unilaterally
affected patients, values associated with
the worse-seeing eye were used.
Author and year:
Leung et al. (2017)

Population
People with keratoconus.

Country:
Canada

Interventions
Corneal cross-linking (CXL)

Type of economic
analysis:
Cost-utility analysis

Comparator
Conventional management
with penetrating keratoplasty
(PKP).

Perspective:
Public third-party payer
perspective (Ontario’s
Ministry of Health and
Long Term Care).

EAR002-2

Study design
Cost-utility analysis using a
patient-level microsimulation
model.

Source of baseline and effectiveness
data:
Transition probabilities in the absence of
treatment were based on an
epidemiological study reporting
outcomes for individuals with
keratoconus followed up for 48 years
(Kennedy et al. 1986). Estimates of
disease progression and the probability
of undergoing PKP were estimated based
on the survival curve for remaining free
from corneal transplantation (using
methodology by Hoyle and Henley 2011).
The probability of success, graft failure
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Costs
CXL: $4,512 (£2,900)
PKP: $1,508 (£969)
Incremental: $3,004
(£1,930)
QALYs
CXL: 16.42
PKP: 16.09
Incremental: 0.33
ICER (cost per QALY)
$9,090 per QALY (£5,842

Limitations
Some potentially serious
limitations were identified. In
particular:
•

Effectiveness estimates were
based on non-randomised
evidence.

March 2021

Study details
Currency:
Canadian dollars (CAD$)
Price year:
Not reported.
Time horizon:
Lifetime
Discounting:
Costs and benefits were
discounted by 5% per
year.
Potential conflict of
interest:
None reported.

Study population and design

Data sources

Results

Quality assessment

and graft rejection over 20 to 30 years
was estimated using similar
methodology based on other studies in
the literature. The probability of
reversible vision loss was extrapolated
from the probability of PKP resulting in
neither success nor irreversible vision
loss. The probability of irreversible vision
loss was derived from an estimate
published in a long-term study.

per QALY)

•

The probability of achieving treatment
success with CXL was derived from a
study with 10-year follow-up (Raiskup et
al. 2015). The probability of requiring
repeat CXL was derived from an
earlier study by the same author
(Raiskup-Wolf et al. 2008).
The probability of ongoing disease
progression despite CXL was derived
from a 7.6% failure rate reported by Koller
et al, 2009. Authors state that this was
the highest failure rate based on a review
of the literature. Following treatment
failure, patients were assumed to receive
conventional management and therefore
have the same progression rates as
conventional management.

Sensitivity analysis
A series of one-way
sensitivity analyses were
conducted.
The conclusion of the
analysis remained
unchanged in the
majority of modelled
scenario (40 of 42).
There were two notable
exceptions where PKP
was found to be costeffective. One was the
scenario in which the QoL
associated with being
managed before or
without PKP was
increased to a value equal
to having undergone
successful PKP. The
second scenario was
where the QoL after
successful CXL was
reduced to equal the
value of being managed
before or without PKP.

•

Estimates of disease
progression in the absence of
treatment were based on older
evidence (1986), which may
not reflect modern day
practice.
Uncertainty was not fully
explored as probabilistic
sensitivity analysis was not
conducted.

Mortality rates were estimated based on Probabilistic sensitivity
values for the general population
analysis was not
reported by Statistics Canada. It was
conducted.
assumed that there would be no
difference in mortality between
treatment options.
Source of resource use and cost data:
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Study details

Study population and design

Data sources

Results

Quality assessment

The analysis considered costs
associated with follow-up, diagnostic
tests and procedures relevant to each
health state.
Cost estimates were estimated based on
billing codes listed in Ontario’s Schedule
of Benefits for Physician Services, the
Schedule of Benefits for Optometry
Services and estimates of operative
costs from local institutions.
The cost associated with spectacles,
contact lenses, or medications required
after CXL and PKP were not considered in
the analysis because patients, rather
than the third-party payer, would incur
these costs.
Source of quality of life data:
QoL values were based on the expected
visual acuity in each health state. Where
published data were unavailable, expert
opinion was used to estimate visual
acuity. QoL values for visual acuity levels
were sourced from estimates from
published studies.
Patients may have different levels of
visual acuity in each eye. In such
instances, the QoL value associated with
the better-seeing eye was used.
AK classification: Amsler-Krumeich classification; BCVA: best corrected visual acuity; CDVA: corrected distance visual acuity; CLEK: Collaborative Longitudinal Evaluation in
Keratoconus; CXL: corneal cross-linking; D: dioptre; EQ-5D: EuroQol five-dimensions questionnaire; ICER: incremental cost-effectiveness ratio; IOP: intraocular pressure; KMax:
maximum: PKP: penetrating keratoplasty; keratometry value; QALY: quality-adjusted life year; QoL: quality of life; RCT: randomised controlled trial.
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De novo economic analysis
HTW developed an economic analysis to estimate the cost effectiveness of CXL for progressive
keratoconus. See appendix 5 for full details of the analysis
The economic analysis was based largely on a previous economic analysis, which assessed the
cost-effectiveness of CXL for progressive keratoconus from the perspective of the healthcare
system in the Netherlands (Godefrooij et al. 2017b). The analysis was adapted to reflect the
perspective of the UK NHS and personal social services (PSS). Future costs and benefits were
discounted at a rate of 3.5% per year as recommended by the National Institute for Health and
Care Excellence (NICE 2013).
Disease severity was modelled using health states based upon BCVA categories (good, medium
and bad). The initial distribution of patients across visual acuity categories as well as the
probabilities of transitioning from one category to another were based on values estimated from
Godefrooij et al. (2017b). Godefrooij et al. (2017b) estimated transitions probabilities for patients
treated with CXL and standard management using individual patient data from two RCTs
(Greenstein et al. 2011, Hersh et al. 2017, Lang et al. 2015, O'Brart et al. 2011, Seyedian et al. 2015,
Wittig-Silva et al. 2014).
Following the approach taken in Godefrooij et al. (2017b), it was assumed that visual acuity would
be stable for up to 10 years after CXL. After this point, it was assumed that the disease would
progress as if untreated. However, since this is known to be an area of uncertainty, this
assumption was varied in sensitivity analysis.
The quality of life values applied in the model were based on values reported in Godefrooij et al.
(2017b) for different visual acuity levels. Procedure costs for CXL and corneal transplantation
were sourced from NHS Reference costs 2018/19 (NHS England 2020). Other relevant costs such
as the cost of visual correction and complications were sourced from a previous economic
evaluation that considered the UK setting Salmon et al. (2015).
The results of the analysis are presented in Table 9. The results show CXL to be more effective
and more costly than standard treatment. The resulting ICER of £24,944 per QALY is above the
commonly applied threshold of £20,000 per QALY, indicating that CXL is not cost effective.
Sensitivity analysis demonstrated that the analysis was sensitive to changes in duration of the
treatment effect with CXL and the probability of repeat grafting. Notably, the conclusion of the
analysis changed to CXL being considered cost-effective in numerous scenarios where these
variables were altered (i.e. ICER £20,000 per QALY). Threshold analysis showed that CXL became
cost-effective at £20,000 per QALY, with a CXL treatment effect duration of 14 years or more.
In probabilistic sensitivity analysis, at a threshold of £20,000 per QALY, CXL was found to have a
31% probability of being cost-effective while standard care was found to have a 69% probability
of being cost-effective. However, when the probabilistic sensitivity analysis was re-run assuming
a lifetime treatment effect duration, the probability of CXL being cost-effective at £20,000 per
QALY was found to increase to 83%.

Table 9. Base case results
Cost

QALYs

Total

Incremental

Total

Incremental

ICER
(cost per QALY)

Standard treatment

£2,361

-

20.34

-

-

CXL

£4,076

£1,715

20.41

0.07

£24,944

Diagnostic strategy

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; CXL: corneal cross-linking
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6. Organisational Issues
The CXL procedure can be carried out as an outpatient procedure in a clean room with topical
anaesthesia. The length of the procedure is typically between 60 to 90 minutes, including
preparation, removal of the epithelium and application of dressings. Follow-up takes place at
normal eye clinic appointments. In a few more complicated cases, such as patients with certain
co-morbidities, general anaesthesia would be required.

7. Patient issues
HTW received an intendent patient submission from the Keratoconus Group on the use of CXL in
both adults and children. This submission can be read in full in Appendix 4. Some of the main
considerations posed in this submission are summarised below:
•
•
•

CXL is the only procedure that can stop the progression of keratoconus and stabilise the
condition, thus avoiding a one in five chance of the need for a corneal transplant.
Stabilising keratoconus avoids the need for complex and constantly changing contact
lens prescriptions, with all the complications that dependency on contact lenses brings.
Quality of life is significantly improved in terms of mental health and emotional
wellbeing, achieving educational and career potential, retaining independence with the
ability to drive, plus positive effects on relationships with family and friends.

8. Conclusions
•

•

•

This report summarises evidence on the effectiveness of C-CXL or A-CXL in populations of any
age. The majority of evidence found was in adults, or adults and adolescents. Evidence in this
population is available from randomised controlled trials for both C-CXL and A-CXL.
The aim of CXL is to stabilise progressive keratoconus and halt or slow its progression. Two
randomised controlled trials reported on keratoconus progression after CXL. The results
suggest progression is less likely after CXL than in untreated eyes at 18 or 36 months.
However, the trials were reported by the review authors to be at risk of bias and the low
number of reported events means there is some uncertainty around this finding. Evidence on
longer term rates of progression was found in six observational studies following patients up
for five or more years, and reported rates of progression ranging from 0 to 20% following CXL
treatment. Most studies were small (fewer than 30 eyes or patients) and therefore only
reported a small number of progression events each. Most observational studies were
retrospective, and it was either unclear how patients were chosen for inclusion, or outcomes
were only reported for patients that completed the full follow-up period. This raises the
possibility of bias in the results, as outcomes from patients who are lost to follow-up may
differ from those followed up in the long term. Results from the observational studies are
therefore likely to be of lower certainty than those from randomised controlled trials.
Evidence from two systematic reviews of randomised controlled trials suggests that 12
months after treatment, C-CXL-treated eyes have improvements in Kmax and visual acuity
compared to untreated eyes. These results suggest that in addition to changes in disease
progression, CXL could also reduce distortion of the cornea and thereby improve vision to
some extent, although the design and reliability of the evidence means these conclusions
should be interpreted cautiously. Although six trials all suggested improvements in Kmax, it
was not possible to pool their results reliably due to unexplained statistical heterogeneity.
Exploratory subgroup analyses failed to identify any likely cause for this heterogeneity. For
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•

•

•

•

•

visual acuity, although results were statistically significant in favour of CXL, it is unclear
whether the differences are clinically meaningful.
As for progression, none of the randomised controlled trials reported vision or corneal
outcomes beyond three years, but data from longer-term observational studies report Kmax
and visual acuity outcomes for up to 10 years. These trials have the same issues with certainty
that are noted above for progression. Nevertheless, the majority of observational studies
reported that mean improvements in Kmax and visual acuity after C-CXL were sustained in
the long term.
Evidence on the effectiveness of CXL specifically in paediatric populations is relatively
limited: no randomised controlled trials have evaluated C-CXL compared to no treatment
specifically in children. A meta-analysis of observational studies reported improvement in
some outcomes up to 24 months, but the reliability of this evidence is likely to be lower than
for the randomised controlled trials reported above. Progression rates in children after CXL
were reported as 4-10% up to 12 months after treatment and 0-25% at up to 10 years of followup, but there is considerable uncertainty around rate of progression in children. When
interpreting rates of progression after CXL treatment in children, it should be noted that
evidence from following up untreated keratoconus and reviewer feedback indicates that
untreated disease is also likely to progress more rapidly in younger people.
Randomised controlled trials exist comparing A-CXL to C-CXL. A meta-analysis of these trials
found similar short-term outcomes from both procedures. One randomised trial done
specifically in children also found similar outcomes from C-CXL or A-CXL in this age group
(up to 36 months follow-up).
The cost-effectiveness results from economic studies identified in the literature review
present somewhat similar findings: most of the studies found CXL is to be more effective but
more costly than standard care. All of the studies conclude that CXL is cost-effective in cost
per QALY terms. However, since most of the studies considered healthcare settings in other
countries, the cost-effectiveness thresholds applied do not reflect the threshold of £20,000
per QALY that would be used for the UK NHS setting
A de novo economic analysis developed by HTW to consider the cost-effectiveness of CXL in
the UK NHS setting also found CXL to be more effective but more costly than standard care.
Whether CXL can be considered cost-effective in cost per QALY terms was found to be heavily
dependent upon the assumption around the duration of treatment effect with CXL. In the
base case, where it was assumed that patients would progress as if untreated after 10 years,
CXL was not found to be cost-effective at a threshold of £20,000 per QALY. However, CXL was
found to be cost-effective with a treatment effect duration of 14 years or more.
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9. Contributors
The following staff were involved in the production of this report:
•
•
•
•
•
•

D Jarrom: main author and project oversight.
M Prettyjohns: author of health economics sections.
A Evans: author of patient issues sections and coordinator of patient/public input.
S McAllister and K McDermott: project management.
B Coles and J Washington: literature searching.
L Elston: quality assurance.

The HTW Assessment Group advised on methodology throughout the scoping and development
of the report.
A range of clinical experts from the UK provided material and commented on a draft of this report.
Their views were documented and have been actioned accordingly. All contributions from
reviewers were considered by HTW’s Assessment Group. However, reviewers had no role in
authorship or editorial control, and the views expressed are those of Health Technology Wales.
Experts who contributed to this appraisal:
•
•
•
•
•
•

Daniel Gore, Consultant ophthalmologist, Moorfields Eye Hospital NHS Foundation Trust
David O’Brart, Consultant Ophthalmic Surgeon, Guy’s and St. Thomas’ NHS Foundation
Trust
Mario Saldanha, Consultant Ophthalmologist, Swansea Bay University Health Board
Michael Austin, Consultant ophthalmologist, Swansea Bay University Health Board
Sali Davis, Chief Executive, Optometry Wales
Sally Hayes, Research Fellow, Cardiff University; contributed as representative of the UK
Cross-linking Consortium

The original EAR, published in February 2018, was written by the following HTW staff and contract
researchers:
•
•
•
•
•
•
•
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S Wilson: systematic literature searching.
T Winfield and B Sewell: economic appraisal.
R Poole: quality assurance and editing.
D Jarrom: quality assurance and editing.
K Facey: second abstract selection, editing and early project oversight.
S Myles: final project oversight.
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Appendix 1. Inclusion and exclusion criteria for evidence including in the review
Inclusion criteria
Population
Intervention

Comparison/ Comparators

Outcome measures

Study design

Search limits

Other factors

EAR002-2

Exclusion criteria

People (any age) with progressive keratoconus.
Epithelium-off corneal cross-linking (CXL), using either
Any epithelium-on CXL procedure
standard or accelerated protocols
• No treatment, placebo or sham treatment
• Vision correction using contact lenses, glasses or any
similar method
• Corneal implant
• Changes in maximal keratometry
• Changes in corneal power/thickness
• Changes in (corrected or uncorrected) visual acuity
• Health related quality of life
• Rate of disease progression
• Time to requiring further treatment
• Adverse events
We will include the following clinical evidence in order of priority:
• Systematic reviews.
• Randomised controlled trials.
• Non-randomised trials that include a control group.
• Uncontrolled studies.
We will only include sources of “lower priority” evidence where outcomes are not reported by a “higher priority” source.
We will also search for economic evaluations or original research that can form the basis of an assessment of costs/cost
comparison.
We will update the previous evidence reviews commissioned by the Welsh Specialised Services Committee (WHSSC) and HTW
that covered CXL in children and adults, respectively. We will include new studies published since searches were conducted for
these reviews (November 2016 and August 2017). We will use the existing evidence reviews as sources for evidence published
before these dates.
Where possible, we will present findings for adults and children separately.
Where possible, we will present results from studies using different types of CXL protocol (e.g. conventional or accelerated)
separately.
We anticipate that we will use evidence from randomised controlled trials for short-term outcome follow-up (up to two years).
We will include any suitable observational studies, with or without a control group, to assess outcomes beyond two years of
follow-up.
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Identification

Appendix 2. PRISMA flow diagram outlining selection of papers for clinical
and cost effectiveness

Records identified through
database searching
(n = 1,448)

Additional records identified
through other sources
(n = 11)

Eligibility

Screening

Records after duplicates removed
(n = 1,084)

Records screened
(n = 1,084)

Records excluded
(n = 951)

Full-text articles assessed
for eligibility
(n = 133)

Full-text articles excluded,
(n = 95)

Included

Studies included in Evidence Appraisal Report (n = 38)

EAR002-2

•
•
•
•
•
•

Systematic reviews (n = 4)
RCTs (n = 8)
Ongoing trials (n = 2)
Observational studies (n = 20)
Economic evidence (n = 4)
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Appendix 3. Sources of evidence and full details of reported outcomes
Table 1. Included systematic reviews: design and characteristics
Review
Kobashi &
Tsubota
(2020)

Design, search
period
Systematic review
and metaanalysis of
randomised
controlled trials
Search: up to 29
December 2018

Eligibility criteria
POPULATION: people (any age) with
progressive keratoconus, defined as an
increase of at least 1 D in the steepest
keratometry, a degradation of visual acuity,
and an increase of 1 D or more in the
manifest cylinder over the preceding 12
months.

Trial/patient
characteristics
6 RCTs
354 eyes
Follow-up 12 months

Outcomes measured

Comments on SR quality

Kmax
Central corneal
thickness
Visual acuity
Adverse events

Authors used Cochrane Risk
Of Bias Tool to assess study
quality.

INTERVENTION: C-CXL

Limited information on
individual trial
characteristics provided.
Authors did not explicitly
state inclusion criteria for
the types of CXL procedure
that were included.

COMPARISON: A-CXL, defined as any protocol
using a UVA intensity of 9 mW/cm2 or more
for 10 minutes or less
STUDY DESIGN: RCTs with 1 year minimum
follow-up.

Kobashi &
Rong
(2017)

Systematic review
and metaanalysis of
randomised
controlled trials
Search: 2003 to 1
Jan 2016

EXCLUDED: studies in which CXL was
performed in combination with other
surgical procedures such as intracorneal
segment insertion, excimer laser procedures,
or iontophoresis techniques
POPULATION: diagnosis of progressive
keratoconus (Amsler-Krumeich grades I and
III); progression defined as an increase of at
least 0.75 D in the steepest keratometry, a
degradation of visual acuity, and an increase
of 0.75D or more in the manifest cylinder
over the preceding 12 months

5 RCTs
158 eyes (total number
of patients not stated)
Follow-up 12 to 36
months

INTERVENTION: Dresden protocol CXL

EAR002-2

Kmax
BCVA
UCVA
Thinnest corneal
thickness

Authors used Cochrane Risk
Of Bias Tool to assess study
quality.
Limited information on
individual trial
characteristics provided.
Where trials reported
outcomes beyond 12
months, it is assumed the
authors used outcome data
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Review

Design, search
period

Trial/patient
characteristics

Eligibility criteria

Outcomes measured

COMPARISON: no treatment. Excluded:
riboflavin ophthalmic solution alone as
sham control.

Comments on SR quality
from 12 months follow-up in
their analysis, but this is not
explictly stated.

OUTCOMES: Kmax (primary outcome);
thinnest corneal thickness; BCVA (spectacle
or contact lens-corrected); UCVA
STUDY DESIGN: RCTs; one-year minimum
follow-up time. Control treatment
administered to either the contralateral eye
of the same patient, or to a different
population of patients

McAnena
et al.
(2017)

Systematic review
and metaanalysis of
observational
studies
Last search date:
25 March 2015

EXCLUDED: patients with a history of corneal
surgery and corneal pachymetry less than
300mm;
CXL combined with other treatments, such
as topography-guided photorefractive
keratectomy or intrastromal corneal ring
segments; studies not in English.
POPULATION: patients with a diagnosis of
keratoconus aged 18 years or younger.
Studies of mixed-age populations were
included where separate analysis of the
paediatric population was reported as
subgroup analysis, or when original study
authors were able to provide this data.

13 studies, 5 prospective
and 8 retrospective.
Outcomes reported in
this evidence review
focus on studies
reporting outcomes
before and after C-CXL
(8 studies).

INTERVENTION: CXL (any protocol CXL, but
conventional, standard, transepithelial and
accelerated protocols are reported
separately).

•
•
•
•

UCVA
Kmax
BCVA
Central corneal
thickness

Authors used the Crowe
Critical Appraisal tool to
assess the quality of eligible
studies for this review.

Outcomes reported at
12 month follow-up,
and at 24 months
where data available

COMPARISON: any/no control group
OUTCOMES: primary: change in UCVA and
Kmax after 1 year; secondary: change at 1
year in BCVA, central corneal thickness.
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Review

Sykakis et
al. (2015)

Design, search
period

Systematic review
of randomised
controlled trials.

Trial/patient
characteristics

Eligibility criteria
STUDY DESIGN:observational studies,
randomised trials (no suitable RCTs were
identified)
POPULATION: people (any age) diagnosed
with keratoconus.
INTERVENTION: CXL (any protocol)

Last search
update: 28 Aug
2014.

COMPARISON: no treatment
OUTCOMES: Kmax; UCVA; average corneal
power; mean corneal thickness; adverse
events.

3 studies
219 eyes
Follow-up 12 to 36
months
All studies used
epithelium-off
techniques

Outcomes measured

Comments on SR quality

Primary outcome was
disease progression,
measured as either:
• Increase in Kmax of
more than 1.5 D
• Worsening in
uncorrected visual
acuity of more than
0.2 logMAR

Authors used Cochrane Risk
Of Bias Tool to assess study
quality. GRADE used to
assess reliability of
outcomes. All outcomes
assessed as very low quality
evidence.

Secondary outcomes:
Other indicators of
disease progression
Change in Kmax
Change in UCVA
Change in corneal
power/thickness
Adverse events (and
related to CXL)

STUDY DESIGN: RCTs.

A-CXL: accelerated corneal cross-linking; BCVA: best corrected visual acuity; D: dioptre; C-CXL: conventional corneal cross-linking; GRADE: Grading of Recommendations, Assessment,
Development and Evaluations; Kmax: maximum keratometry value; logMAR: logarithm of the minimum angle of resolution; RCT: randomised controlled trial; UCVA: uncorrected visual
acuity
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Table 2. Randomised controlled trials of corneal cross-linking: design and characteristics
Study
reference

Setting

Participants

Interventions

Outcomes

Follow-up,
months

Comments on
reliability/applicability

12

Selection bias: low risk
Performance bias: high risk
Detection bias: unclear risk
Attrition bias: unclear risk
Reporting bias: unclear risk

36 (average)

Selection bias: low risk
Performance bias: high risk
Detection bias: low risk
Attrition bias: low risk
Reporting bias: unclear risk

18

Selection bias: low risk
Performance bias: high risk
Detection bias: low risk
Attrition bias: low risk
Reporting bias: unclear risk

12

Selection bias: low risk
Performance bias: low risk
Detection bias: high risk
Attrition bias: unclear risk
Reporting bias:

36
(maximum)

Selection bias: low risk
Performance bias: high risk
Detection bias: high risk
Attrition bias: high risk
Reporting bias: high risk

12

Selection bias: low risk
Performance bias: high risk
Detection bias: unclear risk
Attrition bias: high risk
Reporting bias: low risk

Conventional corneal cross-linking vs no/sham treatment
Greenstein et
al. (2011)

US

Progressive keratoconus
Age 14 years and above, mean age NR

C-CXL (UVA 3mW/cm2
for 30 min). 49 eyes

Kmax
Visual acuity

Sham control. 21 eyes

Lang et al.
(2015)

Germany

Early-stage progressive keratoconus
Mean age 30 years, range 17 to 53 years

C-CXL (UVA 3mW/cm2
for 30 min). 15 eyes

Kmax

Sham control. 14 eyes

O'Brart et al.
(2011)

UK

Early to moderate progressive keratoconus
Mean age 30 years, range 21 to 42 years

C-CXL (UVA 3mW/cm2
for 30 min). 22 eyes
No treatment. 22 eyes

Seyedian et al.
Iran
(2015)

Progressive keratoconus
Mean age 26 years, range 15 to 40 years)

C-CXL (UVA 3mW/cm2
for 30 min). 26 eyes

Kmax
Disease
progression
Adverse events
Visual acuity
Kmax
Visual acuity

No treatment. 26 eyes

Wittig-Silva et
Australia
al. (2014)

Progressive keratoconus
Mean age 26 years, range 16 to 50 years

C-CXL (UVA 3mW/cm2
for 30 min). 46 eyes
No treatment. 48 eyes

Hersh et al.
(2017)

US

Progressive keratoconus
Age 14 years and above, mean age 33 years

C-CXL (UVA 3mW/cm2
for 30 min). 102 eyes

Kmax
Disease
progression
Adverse events
Visual acuity

Kmax
Disease
progression
Sham control. 103 eyes Adverse events

Conventional vs accelerated corneal cross-linking
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Study
reference

Setting

Hashemi et al.
Iran
(2020)

Participants
Diagnosis of progressive bilateral keratoconus,
age between 10 and 30 years, diagnosis of
Down’s syndrome by a neurologist
Mean age 15.78 ± 2.46 (range 11–19) years

Interventions
C-CXL (UVA 3mW/cm2
for 30 min). 27 eyes
A-CXL (UVA 9mW/cm2
for 10 min). 27 eyes

Outcomes
Kmax
UCVA
CDVA

Follow-up,
months

Comments on
reliability/applicability

24

Selection bias: low risk
Performance bias: low risk
Detection bias: low risk
Attrition bias: low risk
Reporting bias: low risk

Children only: conventional vs accelerated corneal cross-linking

Eissa &
Yassin (2019)

Saudi
Arabia

C-CXL (UVA 3mW/cm2
for 30 min). 34 eyes

Progressive bilateral keratoconus
Age less than 16 years, mean age 12.3 ± 2.4 years
A-CXL (UVA 18mW/cm2
(range: 9–16 years)
for 5 min). 34 eyes

Kmax
Central corneal
thickness
UCVA
CDVA
Adverse events

36

Selection bias: low risk
Performance bias: low risk
Detection bias: low risk
Attrition bias: low risk
Reporting bias: low risk

A-CXL: accelerated corneal cross-linking; C-CXL: conventional corneal cross-linking; CDVA: corrected distance visual acuity; Kmax: maximum keratometry value; UCVA: uncorrected
visual acuity; UVA: ultraviolet A.
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Table 3. Observational studies reporting long term (36 months or greater) follow-up after corneal cross-linking in people with progressive
keratoconus: design and characteristics
Study
reference

Methods, setting

Participants

Age groups

Intervention(s)

Outcomes

Follow-up,
Comments
months

Adults/mixed ages

Arance-Gil
et al.
(2020)

Progressive keratonconus, defined
as an increase of ≥ 1 dioptre (D) in
Prospective
the manifest cylinder and/or an
Single centre
Adults (19-22
increase of ≥ 1 D in the maximum
Spain
years, mean
keratometry observed in three
Treatment/recruitme
consecutive corneal topographies 20 years)
nt period not
in the six months prior to the study
reported
31 eyes treated with C-CXL.

Keratoconus, deemed progressive
Retrospective
based on
Farhat et al. Single centre
Kmax/astigmatism/visual acuity
(2020)
Lebanon
in previous 6-24 months
Jan 2008 to Jan 2016
102 patients/156 eyes

Ferdi et al.
(2020)

Registry data
32 centres
Australia, New
Zealand, Spain and
Keratoconus, no prior intervention
Italy.
662 eyes of 534 patients
Treatment/recruitme
nt period not
reported

Prospective
Grentzelos Single centre
et al. (2019) Greece
Treatment/recruitme
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Keratoconus, deemed progressive
based on keratometry or spherical
equivalent refraction in the
previous 6 months.

C-CXL (UV-A
3mW/cm2 for 30
min).
Control group
Kmax
received
CDVA
epithelium-on CXL
(results not
reported here as
outside of scope)

36

Kmax
Thinnest
corneal
thickness
CDVA
36
Treatment
failure
Corneal
transplantation

Authors reported CDVA
values but did not report
these for C-CXL and
epithelium-on CXL
separately. Unclear
whether any patients
were lost to follow-up.

Adults and
children (9-41
years, mean
23 years)

C-CXL (UV-A
3mW/cm2 for 30
min).
No control group

Age groups
covered
unclear

Any epithelium-off
CXL procedure. UV
duration, minutes:
10 (358 eyes), 30
Adverse events
(250 eyes), 8 (22
eyes), 9 (18 eyes), 4
(17 eyes)
No control group

Conference abstract, so
limited details reported.
Maximum
Age of patients and their
60 (117
keratoconus status (ie
eyes)
stable or progressive) not
reported.

Adults (18
years+)

C-CXL (UV-A
3mW/cm2 for 30
min). Mechanical
epithelial
debridement

48

Page 47 of 79

Corneal
thickness
UDVA
CDVA

Only patients with at
least 36 months followup
were included

All recruited patients
completed the full followup period.

March 2021

Study
reference

Methods, setting

Participants

nt period not
reported

26 patients/30 eyes

Retrospective
Single centre
Kaya (2019) Turkey
April 2009 to March
2012

Kim et al.
(2016)

Keratoconus, deemed progressive
based on corneal topography and
clinical signs in previous 12
months.

Age groups

Intervention(s)

Retrospective
Single centre
Korea
Treatment/recruitme
nt period not
9 patients/18 eyes (9 treated eyes;
reported
contralateral eye of each patient
used as a control)

Follow-up,
Comments
months

Control group: CCXL (UV-A
3mW/cm2 for 30
min), epithelial
removal with
transepithelial
phototherapeutic
keratectomy
Adults and
adolescents
(15 to 35
years)

C-CXL (UV-A
3mW/cm2 for 30
min)
No control group

Kmax
Central corneal
thickness
Change in BCVA 72
Number of eyes
gaining/losing
lines of BCVA

Adults and
adolescents
(13 to 43
years)

C-CXL (UV-A
3mW/cm2 for 30
min)
Control: no
treatment to
contralateral eye

Kmax
Thinnest
corneal
thickness
60 (all
BCVA
patients)
Number of eyes
gaining/losing
lines of BCVA

18 patients/27 eyes
Keratoconus, deemed progressive
based on changes in
keratometry/visual acuity/corneal
thickness in the previous 12
months.

Outcomes

All recruited patients
completed the full followup period, but it is
unclear whether initial
recruitment/selection
was consecutive.

Retrospective
Kortuem et Single centre
al. (2017)
Germany
2013 to 2016

Adults,
Keratoconus, deemed progressive
median age
based on keratometry
28.7 years (Cmeasurements during the previous
CXL
6 months
group)/27.0
years (A-CXL
241 patients/286 eyes
group)

C-CXL (UV-A
3mW/cm2 for 30
min)
Kmax
Control: A-CXL (UV- Adverse events
A 9mW/cm2 for 10
min)

36

Unclear whether a
consecutive sample of
patients was
used/whether all eligible
patients completed
follow-up.

Naderan &
Prospective
Jahanrad
Single centre
(2017)

Keratoconus, deemed progressive
based on keratometric
measurement/manifest

C-CXL (UV-A
3mW/cm2 for 30
min)

48

All recruited patients
completed the full followup period.

EAR002-2

Adults, 18-50
years
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Central corneal
thickness
UCVA

March 2021

Study
reference

Methods, setting

Participants

Iran
2011 to 2016

cylinder/manifest refraction
spherical equivalent over previous
24 months

Age groups

Intervention(s)

Outcomes

No control group

BCVA

C-CXL (UV-A
3mW/cm2 for 30
min)
No control group

Kmax
UCVA
BCVA

Follow-up,
Comments
months

56 patients/56 eyes
Retrospective
Nicula et al. Single centre
(2019a)
Romania
2006 to 2008

Retrospective
Nicula et al. Single centre
(2020)
Romania
2011 to 2015

Keratoconus, deemed progressive
by changes in
BCVA/Kmax/astigmatism
90 patients/113 eyes
Keratoconus, with documented
clinical and instrumental
worsening at least in the last three
to six months of observation:
myopia and astigmatism changes
>3D, a mean change of central K
value > 1.5D in three consecutive
corneal topographic
measurements, increase in the
maximum keratometry (Kmax) in
topography of more than 1D, or a
mean decrease in central corneal
thickness >5% in three consecutive
tomographic measurements.

Adults and
children (15
years+)

Adults (18
years+). Mean
age 26.5
(range 18 to
54 years) in
the C-CXL
group and 29
years (range
18 to 48 years)
in the A-CXL
group

120

C-CXL (UV-A
3mW/cm2 for 30
min)

Kmax
UCVA
BCVA
Control: A-CXL (UVAdverse events
A 9mW/cm2 for 10
min)

60

C-CXL: 93 patients/93 eyes.
A-CXL: 76 patients/76 eyes.

Price et al.
(2018)

EAR002-2

Prospective survey
USA
Mar/Apr 2017

Keratoconus (unclear if
progressive)
349 patients with keratoconus

C-CXL (UV-A
3mW/cm2 for 30
Adults and
min) or A-CXL
children
(either 30mW/cm2
(range 11 to 78
for 4 min or pulsed
years)
for 8 min)
No control group
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Perceived visual
changes
Visual
Median 42
correction
(range 12
requirements
to 108)
Perceived
efficacy of
treatment"

Study included 349
participants treated for
keratoconus and 99
treated for ectasia.
Outcomes for the CXLonly group are reported
where available.

March 2021

Study
reference

Methods, setting

Participants

Age groups

Intervention(s)

Outcomes

Follow-up,
Comments
months

Keratoconus, deemed progressive
based on keratometry
Adults and
measurements in the previous 6 to adolescents
12 months
(14 to 42
years)
24 patients/34 eyes

C-CXL (UV-A
3mW/cm2 for 30
min)
No control group

Kmax
CDVA
Incidence of
progression
Incidence of
repeat CXL
Complications

Mean 131

Unclear whether a
consecutive sample of
patients was
used/whether all eligible
patients completed
follow-up. Mean follow-up
reported; unclear how
patients with less than 10
years follow-up were
accounted for in
reporting outcomes.

Assume to be
prospective
Single centre
Sedaghat
Iran
et al. (2018)
Dates of
recruitment/treatme
nt not reported

Progressive kerataconus (based on
Adults and
changes in Kmax/corneal
children (15
thickness/visual detioration)
years+)
18 patients/18 eyes

Kmax
Corneal
C-CXL
thickness
UV-A 3mW/cm2 for
(central and
30 min
thinnest point
No control group
UDVA
CDVA

48 (all
included
patients)

3 eyes excluded from
analysis due to
"unacceptable quality of
postoperative
measurements"

Retrospective
Single centre
Shafik
Egypt
Shaheen et
Dates of
al. (2018)
recruitment/treatme
nt not reported

Keratoconus, deemed progressive
by continuous deterioration of
vision
24 patients/34 eyes

Adults

C-CXL
UV-A 3mW/cm2 for Kmax
30 min
CDVA
No control group

72 (all
included
patients)

Whether consecutive
sample of patients
included is unclear

Adults and
children,
mean age 22
(range 12-39)
years

C-CXL
UV-A 3mW/cm2 for
30 min
No control group

Corneal
thickness
UCVA
BCVA

60

Unclear whether all
patients were followed up
for entire study period

C-CXL (UV-A
3mW/cm2 for 30
min)

Kmax
Central corneal
thickness

36, 48 for Authors excluded
some
patients who were lost to
outcomes follow-up before three

Raiskup et
al. (2015)

Tasci et al.
(2020)

Retrospective
Single centre
Germany
2000 to 2004

Retrospective
Single centre
Turkey
Patients followed up
from 2012 to 2018;
dates of initial
recruitment/treatme
nt not reported

Ucakhan et Retrospective
al. (2021)
Single centre

EAR002-2

Keratoconus, all patients younger
than 18 years regardless of
progression; and adults with
progressive disease (increase
greater than 1 D in K apex value
within the last year).
27 patients/37 eyes

Keratoconus, deemed progressive
Adults and
based on keratometry
children,
measurements over the previous 12
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Study
reference

Methods, setting

Participants

Turkey
months
Mar 2010 to Jan 2016
175 patients/275 eyes

Retrospective
Vinciguerra
Single centre
et al.
Italy
(2020)
2006 to 2010

Keratoconus, deemed progressive
based on change in maximum
keratometry (Kmax) of 1.00 dioptre
(D) and a reduction of 20
micrometres in minimum corneal
thickness. All consecutive patients
with a minimum of 10 years followup included

Age groups

Intervention(s)

Outcomes

range 10-32
years

No control group

CDVA
CXL treatment
failure

Adults and
adolescents,
mean age 30
(range 15 to 44
) years

C-CXL (UV-A
3mW/cm2 for 30
min)
No control group

Kmax
Thinnest
corneal
thickness
CDVA
Progression
Further
treatment

Follow-up,
Comments
months
and
patients

years (20.7% in paediatric
and 36.5% in adult age
groups)

Mean 132
(range 120
to 163)
months

22 patient/27 eyes
C-CXL (UV-A
9mW/cm2 for 10
min)

Wu et al.
(2021)

Retrospective
Single centre
China
Jan 2013 to Jan 2015

Keratoconus, evidence of
progression in previous 12 months

Adults and
children (14
34 patients/34 eyes relevant to this years+)
review*

Kmax
Mimimal
Control arm (n =
thickness
34) received
UCVA
epithelium-on CXL, BCVA
but this
Incidence of
intervention is not progression
within the scope of Postoperative
this review
complications

60 (all
included
patients)

Only patients with at
least 60 months followup
were included

Studies in children only

Amer et al.
(2020)

EAR002-2

Prospective
Single centre
Egypt
Recruitment/treatm
ent period not
reported

Keratoconus (criteria used for
diagnosis unclear, unclear whether Children,
disease was progressive)
mean age 15.2
years
35 patients/68 eyes
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C-CXL (UV-A
3mW/cm2 for 30
min), 18 patients/
34 eyes

Kmax
CDVA
UDVA

36

A-CXL (UV-A
9mW/cm2 for 10

March 2021

Study
reference

Methods, setting

Participants

Age groups

Intervention(s)

Outcomes

Follow-up,
Comments
months

min), 17
patients/34 eyes

Retrospective
Buzzonetti Single centre
et al. (2019) Italy
Jan 2013 to Jun 2015

Henriquez
et al.
(2020)

Prospective
Single centre
Peru
Sep 2008 to Sep
2014

Prospective
Single centre
Italy
Mazzotta et
Sep 2004 to Sep
al. (2018)
2007
Peru
Jan 2012 to Jan 2013
Nicula et al. Retrospective
(2019b)
Single centre

EAR002-2

Keratoconus, history of recent
worsening vision (no standardised
Chldren, mean
documentation of disease
age 14.3 years,
progression)
range 9-18
years
13 patients/20 eyes treated with
epithelium-off CXL*

Keratoconus with documented
progression, defined by an increase Children,
mean age 14.6
in steep keratometry by ≥1 D
(range 10-17)
46 eyes treated with epithelium-off years
CXL

Progressive keratoconus, defined
as a change of at least 1.0 dioptre
(D) within 1 year.
47 patients/62 eyes

Keratoconus, deemed progressive
accordingly to
keratometry/spherical equivalent

C-CXL (UV-A
3mW/cm2 for 30
min)

Kmax
Thinnest
Control group (15
corneal
patients/20 eyes) thickness
had epithelium-on CDVA
CXL but this
Disease
intervention is not progression
within the scope of
this review.

36

Disease progression
defined as at least 1D
increase in Kmax

60

A further 32 eyes had
epithelium-on CXL but
this intervention is not
within the scope of this
review.

C-CXL (UV-A
3mW/cm2 for 30
min)
Kmax
Control group had UCVA
epithelium-on CXL BCVA
but this
Progression
intervention is not
within the scope of
this review.

C-CXL (UV-A
3mW/cm2 for 30
min)

Kmax
Thinnest
corneal
thickness
UCVA and BCVA
Disease
progression
Incidence of
repeat CXL

120

C-CXL (UV-A
Children,
3mW/cm2 for 30
mean age 16.4
min), 37

UCVA and BCVA
Disease
progression

48

Children,
mean age 14
years (range
8-18 years)
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Disease progression
defined as at least 1D
increase in Kmax
Study only includes
patients within the
cohort who completed 10
years of followup.
C-CXL and A-CXL results
not always reported
separately. Selection

March 2021

Study
reference

Methods, setting

Participants

Age groups

Intervention(s)

Romania
Jan 2013 to Dec 2014

over previous 6 months

years (range
12-18 years)

patients/eyes
A-CXL (UV-A
9mW/cm2 for 10
min), 27
patients/eyes

64 patients/64 eyes

Adults and
Keratoconus, deemed progressive children,
based on keratometry
range 10-32
Retrospective
measurements over the previous 12 years
Ucakhan et Single centre
months
al. (2021)
Turkey
Children Mar 2010 to Jan 2016
175 patients/275 eyes (adults and
n=54
children)
patients/88
eyes

Zotta et al.
(2017)

Retrospective
Single centre
Greece
Jun 2007 to Dec
2009

Keratoconus, deemed progressive
according to
keratometry/spherical equivalent
over previous 6 months
10 patients/20 eyes

C-CXL (UV-A
3mW/cm2 for 30
min)

Children,
mean age 14.3 C-CXL (UV-A
years, range
3mW/cm2 for 30
10.5 years to
min)
17.1 years)

Outcomes

Follow-up,
Comments
months
criteria and whether
patients were lost to
follow-up is unclear
Disease progression is
reported as an outcome
but the criteria used to
defined progression are
not clearly defined.

Kmax
CDVA
Central corneal
thickness
Disease
progression

Thinnest
corneal
thickness
CDVA
Disease
progression

Authors excluded
patients who were lost to
follow-up before three
36, 48 for years (20.7% in paediatric
some
and 36.5% in adult age
outcomes groups)
and
Progression was defined
patients
as CXL failure: an
increase of more than 1.0
D in Kmax within the last
12 months
Outcomes were reported
at last followup for all
patients, with the exact
time point varying from
5.4 to 9.3 years

Mean 91,
range 64.8
to-111.6)
Disease progression is
reported as an outcome
but the criteria used to
defined progression are
not clearly defined.

BCVA: best corrected visual acuity; CDVA: corrected distance visual acuity; C-CXL: conventional corneal cross-linking; D: dioptre; Kmax: maximum keratometry value; Kmean: mean
keratometry value; NR: not reported; UDVA: uncorrected distance visual acuity; UCVA: uncorrected visual acuity.

EAR002-2
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Table 4. Observational studies reporting long term (36 months or greater) follow-up after corneal cross-linking in people with progressive
keratoconus: all reported outcomes
Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

Followup,
months

Comments

36

Authors reported
CDVA values but
did not report
these for C-CXL
and epithelium-on
CXL separately.
Unclear whether
any patients were
lost to follow-up.

36

Only patients with
at least 36 months
follow-up were
included

Adults/mixed ages

AranceGil et al.
(2020)

Adults (1922 years,
mean 20
years)
31 eyes

C-CXL (UV-A
3mW/cm2 for
30 min).

Kmax, D, mean ±
SD. Baseline:
58.49 ± 1.52; last NR
follow-up: 57.68 ±
1.62

Farhat et
al. (2020)

C-CXL (UV-A
Adults and
3mW/cm2 for
children
30 min).
102
patients/15
No control
6 eyes
group

Ferdi et
al. (2020)

Any
Age groups epithelium-off
covered
CXL procedure.
unclear
UV duration,
NR
662 eyes of minutes: 10
534
(358 eyes), 30
patients
(250 eyes), 8
(22 eyes), 9 (18

EAR002-2

Kmax, D, mean
+/- SD. Baseline:
52.67 ± 5.93; last
visit: 51.72 ± 6.18

Thinnest
corneal
thickness,
micrometres,
mean ± SD.
Baseline:
481.03 ± 48.46;
last visit:
461.94 ± 56.25

NR

NR

NR

CDVA,
logMAR,
mean +/- SD.
Baseline:
NR
0.129 ± 0.14;
last visit:
0.107 ± 0.14

NR

NR
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NR

NR

Failure (Kmax
increase by 1D
or more
and/or CDVA
increase of
more than 0.1
logMAR, or
corneal
transplantatio
n) incidence:
31/156 eyes
(19.9%)

Incidence of
corneal
transplantati
on: 1/156
(0.65%)

NR

NR

In Year 1 and
Year 5
respectively,
the number Maximu
of eyes with m 60 (117
adverse
eyes)
events
included:
corneal haze

NR

NR

Conference
abstract, so limited
details reported.
Age of patients and
their keratoconus
status (ie stable or
progressive) not
reported.

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

eyes), 4 (17
eyes)
No control
group

Adults
Grentzelo
s et al.
26
(2019)
patients/3
0 eyes

EAR002-2

C-CXL (UV-A
3mW/cm2 for
30 min).
Mechanical
epithelial
debridement

Adverse
events

Followup,
months

Comments

48

All recruited
patients
completed the full
follow-up period

[89 (13.4%), 0
(0%)],
scarring [16
(2.4%), 1
(0.9%)],
sterile
infiltrates [6
(0.9%), 0
(0%)],
stromal
oedema [4
(0.6%), 0
(0%)],
microbial
keratitis [2
(0.3%), 0
(0%],
persistent
epithelial
defect [4
(0.6%) 1
(0.9%)],
recurrent
erosion [2
(0.3%, 0 (0%)]
and steroid
response [1
(0.2%), 0
(0%)],
respectively.

NR

Corneal
thickness,
micrometres,
mean ± SD.
Preoperative:
450 ± 41.49; 4

UDVA, mean
logMAR +/SD.
NR
Preoperative:
0.83 ± 0.47; 4
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NR

NR

NR

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Control group:
C-CXL (UV-A
3mW/cm2 for
30 min),
epithelial
removal with
transepithelial
phototherapeu
tic
keratectomy

Kaya
(2019)

Kim et al.
(2016)

EAR002-2

Adults and
C-CXL (UV-A
adolescent
3mW/cm2 for
s
30 min)
18
No control
patients/27
group
eyes

Adults and
C-CXL (UV-A
adolescent
3mW/cm2 for
s
30 min)
9
Control: no
patients/18
treatment to
eyes (9

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

yr follow-up:
445 ± 46.66

yr follow-up:
0.63 ± 0.40.

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

Followup,
months

Comments

All recruited
patients
completed the full
follow-up period,
but it is unclear
whether initial
recruitment/select
ion was
consecutive

CDVA, mean
logMAR +/SD.
Preoperative:
0.23 ± 0.21; 4
yr follow-up:
0.15 ± 0.19

Kmax. Mean
preoperative
value: 49.6D;
mean value at
last follow-up:
48.6D

BCVA, mean
logMAR. At
baseline:
0.35. At last
follow-up:
Central corneal
0.23.
thickness,
micrometres,
Eyes gaining
mean ± SD. At
BCVA at last NR
baseline: 466.5
follow-up =
± 32.1; at last
62.3%
follow-up:
Eyes
465.4 ± 26.6
showing
decrease in
BCVA at last
follow-up =
12.5%

Kmax. CXL group:
mean
preoperative
value 63.39 ±
10.89 D; mean
postoperative
value 60.89 ±

Thinnest
corneal
thickness,
micrometres,
mean ± SD.
Baseline:
434.00 ± 54.13.

BCVA;
number of
eyes
gaining/losi
ng lines of
BCVA

NR
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Patients who
had an
increase in
Kmax of 1 or
NR
more D at last
follow-up:
0/27

NR

72

NR

NR

60 (all
patients
)

NR

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

treated
contralateral
eyes;
eye
contralater
al eye of
each
patient
used as a
control)

Adults
Kortuem
et al.
(2017)

EAR002-2

241
patients/2
86 eyes

C-CXL (UVA
3mW/cm2 for
30 min)
Control: A-CXL
(UVA 9mW/cm2
for 10 min)

Changes in
corneal
power/thickne
ss

11.29 D

At 60 months:
402.67 ± 52.55;
Untreated group: difference -31.3
Mean
micrometres.
preoperative
value 54.21 ± 9.87 Difference in
D; mean
Untreated
postoperative
group: 0.89
value 55.01 ± 9.91 micrometres
D

Kmax, D, mean.
Preoperative:
NR
55.53; 3 yr followup: 55.41.

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

NR

Incidence of
scarring:
8/110
patients
(7.2%)

Followup,
months

Comments

36

Unclear whether a
consecutive
sample of patients
was used/whether
all eligible patients
completed followup

Mean bestcorrected
visual acuity
improved
significantly
from 0.58 ±
0.37 logMAR
preoperative
ly to 0.39 ±
0.29 logMAR
at 5 years
follow-up
Increase in
BCVA after 5
years: 8/9
eyes in CXL
group; 2/9
eyes in
untreated
group
Decrease in
BCVA after 5
years: 0/9
eyes in CXL
group; 4/9
eyes in
untreated
group

NR

NR
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NR

March 2021

Outcomes
Study
Participan
reference ts

Naderan
&
Jahanrad
(2017)

Adults
56
patients/5
6 eyes

Intervention(s Changes in
)
maximal
keratometry

C-CXL (UVA
3mW/cm2 for
30 min)
No control
group

Adults and
children (15 C-CXL (UVA
years+)
3mW/cm2 for
Nicula et
30 min)
al. (2019a)
90
No control
patients/11 group
3 eyes

Nicula et
al. (2020)

EAR002-2

Adults (≥18
years).
Mean age
26.5 (range
18 to 54
years) in
the C-CXL
group and
29 years
(range 18 to

C-CXL (UVA
3mW/cm2 for
30 min)
Control: A-CXL
(UVA 9mW/cm2
for 10 min)

NR

Kmax, mean D.
Preoperative:
51.3; last followup: 48.9

Kmax, D, mean ±
SD. C-CXL:
baseline: 54.05 ±
5.41; last followup: 51.72 ± 5.32.
A-CXL: baseline:
56.07 ± 5.39; last
follow-up: 54.00
± 5.39.

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

UCVA, mean
logMAR ± SD.
Central corneal Preoperative:
thickness,
0.76 ± 0.35; 4
micrometres,
yr follow-up:
mean ± SD.
0.53 ± 0.27
NR
Preoperative:
BCVA, mean
438 ± 23; 4 yr
logMAR ± SD.
follow-up: 450 Preoperative:
± 25
0.45 ± 0.17; 4
yr follow-up:
0.19 ± 0.18

Rate of
disease
progression

Time to
requiring
further
treatment

NR

NR

Page 58 of 79

Comments

All recruited
patients
completed the full
follow-up period

NR

NR

48

NR

NR

NR (Short
term only)

120

NR

No patients
experienced
long-term
adverse
events

60

BCVA: mean
change from
baseline to
last followup
= 0.135
logMAR
UCVA, mean
logMAR ± SD.
C-CXL:
Baseline:
0.75 ± 0.2;
NR
last followup: 0.67 ±
0.20. A-CXL:
Baseline:
0.73 ± 0.19;

Followup,
months

NR

UCVA: mean
change from
baseline to
last followup
= 0.104
logMAR.

NR

Adverse
events

NR

March 2021

Outcomes
Study
Participan
reference ts

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

48 years)
in the ACXL group

last followup: 0.65 ±
0.23.

C-CXL: 93
patients/9
3 eyes.
A-CXL: 76
patients/76
eyes.

BCVA, mean
logMAR +/SD. C-CXL:
Baseline:
0.61 ± 0.18;
last followup: 0.55 ±
0.22. A-CXL:
Baseline:
0.60 ± 0.2;
last followup: 0.53 ±
0.21.

Adults and
children
Price et al. 349
(2018)
patients
with
keratoconu
s

EAR002-2

Intervention(s Changes in
)
maximal
keratometry

C-CXL (UVA
3mW/cm2 for
30 min) or ACXL (either
30mW/cm2 for
4 min or
NR
pulsed for 8
min)
No control
group

NR

NR

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

Perceived
visual
changes:
41% of
respondent
s reported
improveme
nt.
Perceived
efficacy of
treatment:
87% of
respondent
s believed
CXL
stopped
progression
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NR

NR

NR

Followup,
months

Comments

Study included 349
participants
treated for
Median keratoconus and
42
99 treated for
(range 12 ectasia. Outcomes
to 108)
for the CXL-only
group are reported
where available
(see Section 4.1.6)
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Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Followup,
months

Rate of
disease
progression

Time to
requiring
further
treatment

Incidence of
progression
(due to
worsening
Kmax/visual
acuity): 2/34
eyes; 1 after 5
years; 1 after
10 years.

Unclear whether a
consecutive
sample of patients
was used/whether
all eligible patients
Incidence of
Complicatio
completed followrepeat CXL:
ns: no longup. Mean follow-up
2/34 eyes; 1
term
Mean 131
reported; unclear
after 5 years; 1 complication
how patients with
after 10 years. observed
less than 10 years
follow-up were
accounted for in
reporting
outcomes.

Adverse
events

Comments

of their
disease.

Raiskup
et al.
(2015)

Adults and
adolescent C-CXL (UVA
s
3mW/cm2 for
30 min)
24
No control
patients/3 group
4 eyes

Adults and
children

C-CXL
Sedaghat
UVA 3mW/cm2
et al.
for 30 min
18
(2018)
No control
patients/18
group
eyes

EAR002-2

Kmax, mean D.
Preoperative:
53.2; last followup: 49.56.

NR

Central (CCT)
and thinnest
point (CTP),
micrometres,
mean ± SD. CCT
Kmax. Mean pre- pre-CXL: 458.44
CXL: 55.60 ± 5.46 ± 40.16; CCT 4
D; mean 4 years years post CXL:
post CXL: 55.84 ± 453.27 ± 37.33;
MD -5.16 ±
5.35; MD 0.24 ±
10.62. CTP pre
1.03
CXL: 452.27 ±
40.83; 4 years
post-CXL:
451.05 ± 39.63;
MD -1.22 ± 12.79

CDVA.
Change from
preoperative
NR
to last
follow-up:
0.14 logMAR

UDVA,
logMAR,
mean ± SD.
Pre-CXL: 0.45
± 0.48; 4 yrs
post CXL:
0.42 ± 0.27;
MD -0.02 ±
0.40
NR
CDVA,
logMAR,
mean ± SD.
Pre-CXL: 0.08
± 0.13; 4 yrs
post CXL:
0.10 ± 0.11;
MD 0.02 ±
0.13
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NR

NR

NR

48 (all
included
patients
)

3 eyes excluded
from analysis due
to "unacceptable
quality of
postoperative
measurements"

March 2021

Outcomes
Study
Participan
reference ts

Shafik
Shaheen
et al.
(2018)

Tasci et
al. (2020)

Adults
24
patients/3
4 eyes

Adults and
children,
mean age
22 (range
12-39)
years

Intervention(s Changes in
)
maximal
keratometry
C-CXL
UVA 3mW/cm2
for 30 min
No control
group

C-CXL
UVA 3mW/cm2
for 30 min

Kmax, mean, D.
Preoperative:
NR
53.31; last followup: 51.87.

NR

27
patients/37
eyes

Ucakhan
et al.
(2021)

Adults and
children

175
patients/27 No control
5 eyes
group

Adults and
adolescent
Vinciguer s, mean
ra et al.
age 30
(2020)
(range 15 to
44 ) years

EAR002-2

C-CXL (UVA
3mW/cm2 for
30 min)

C-CXL (UVA
3mW/cm2 for
30 min)
No control
group

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

CDVA, mean,
logMAR.
Preoperative:
NR
0.98; last
follow-up:
0.63

UCVA, mean
logMAR ± SD.
Baseline:
0.83 ± 0.49;
Thinnest
last followcorneal
up: 0.59 ±
thickness, uM,
0.39
mean ± SD.
NR
BCVA, mean
Baseline: 445 ±
logMAR ± SD.
41; last visit:
Baseline:
430 ± 53
0.31 ± 0.30;
last followup: 0.20 ±
0.22

CDVA, mean
Kmax, D, mean ±- Central, mean
logMAR.
SD. Preoperative: micrometres.
Preoperative:
NR
56.528 ± 7.591; 3 Preoperative:
0.252; 3 yr
472.0; 3 yr
year follow-up:
follow-up:
follow-up: 461.9
55.216 ± 7.252
0.150.
Kmax, D, mean ±
SD. C-CXL:
baseline: 53.65 ±
7.78; last followup: 51.23 ± 7.55.

Thinnest
corneal
thickness,
micrometres,
mean ± SD.
Baseline: 482 ±

CDVA, mean
logMAR ± SD.
Baseline: 0.17
NR
± 0.09; last
follow-up:
0.14 ± 0.14
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Rate of
disease
progression

NR

NR

Time to
requiring
further
treatment

NR

NR

CXL failure,
(increase of
more than 1.0
D in Kmax
NR
within 12
months). Rate
at 4 yr followup: 1/71 (1.4%)
2 cases
showed
progression
after 5 and 8
years of
follow-up

Incidence of
repeat CXL: 1
eye after 5
years

Followup,
months

Comments

72 (all
included
patients
)

Whether
consecutive
sample of patients
included is unclear

NR

60

Unclear whether all
patients were
followed up for
entire study period

NR

Authors excluded
patients who were
36, 48
lost to follow-up
for some
before three years
outcome
(20.7% in
s and
paediatric and
patients
36.5% in adult age
groups)

NR

Mean
132
(range
120 to
163)
months

Adverse
events

NR

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

22
patients/27
eyes

38; last visit:
423 ± 77
C-CXL (UVA
9mW/cm2 for
10 min)

Wu et al.
(2021)

Adults and
children (14
years+)
Control arm (n
= 34) received
34
epithelium-on
patients/3 CXL, but this
4 eyes
intervention is
relevant to not within the
this
scope of this
review*
review

Studies in children only

Amer et
al. (2020)

EAR002-2

Chldren,
mean age
15.2 years

Changes in
corneal
power/thickne
ss

C-CXL (UVA
3mW/cm2 for
30 min), 18
patients/ 34
eyes
A-CXL (UVA
9mW/cm2 for
10 min), 17
patients/34
eyes

Changes in
(corrected
or
uncorrected
) visual
acuity

UCVA,
logMAR,
mean ± SD.
Baseline:
0.94 ± 0.29;
last followup: 0.99 ±
0.33.

Minimal
thickness,
Kmax, D, mean ±
micrometres,
SD. Baseline:
mean ± SD.
58.37 ± 4.96; last
Baseline: 430.8
BCVA
follow-up: 57.46 ±
± 30.5 μm; last
logMAR,
4.98
follow-up:
mean ± SD.
427.2 ± 31.4
Baseline:
0.30 ± 0.08;
last followup: 0.31 ±
0.08.

Kmax, mean ±
SD. C-CXL:
Baseline: 52.3 ±
5.8; last followup: 50.9 ± 5.2. ACXL: Baseline:
55.8 ± 9.6; last
follow-up: 55.9 ±
9.6.

NR

CDVA,
logMAR,
mean ± SD.
C-CXL:
Baseline:
0.56 ± 0.26;
last followup: 0.59 ±
0.25. A-CXL:
Baseline:
0.41 ± 0.30;
last followup: 0.41 ±

Health
related
quality of
life

Rate of
disease
progression

NR

Incidence of
progression:
2/34 eyes (1
NR
after 3 years; 1
after 4 years)

NR

NR
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Time to
requiring
further
treatment

NR

Followup,
months

Comments

NR

60 (all
included
patients
)

Only patients with
at least 60 months
follow-up were
included

NR

36

Adverse
events

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

Failure (at
least 1D
increase in
Kmax)
incidence:
5/20 eyes
(25%)

NR

NR/short
term only

Followup,
months

Comments

0.32.

Chldren,
mean age
14.3 years

UDVA,
logMAR,
mean ± SD.
C-CXL:
Baseline:
0.22 ± 0.23;
last followup: 0.23 ±
0.21. A-CXL:
Baseline:
0.26 ± 0.28;
last followup: 0.24 ±
0.27.

C-CXL (UVA
3mW/cm2 for
30 min)

Thinnest
corneal
Control group Kmax, D, mean ±
thickness,
Buzzonett 13
(15 patients/20 SD. Baseline: 47.2
micrometres,
i et al.
patients/2 eyes) had
± 3.5; 3 year
mean ± SD.
(2019)
0 eyes
epithelium-on followup: 48.0 ±
Baseline: 481 ±
treated
CXL but this
2.5
33; 3 yr followwith
intervention is
up 459 ± 51
epithelium not within the
-off CXL*
scope of this
review.
Children,
Henriquez mean age C-CXL (UVA
et al.
14.6 (range 3mW/cm2 for
(2020)
10-17) years 30 min)

EAR002-2

Kmax, D, mean ±
SD. Change from
baseline to last
follow-up: -1.67 ±
2.22

NR

CDVA,
logMAR,
mean ± SD.
Baseline: 0.2 NR
± 0.1; 3 yr
follow-up: 0.1
± 0.1
UCVA,
logMAR,
mean ± SD.
NR
Change from
baseline to
last follow-
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At least 1D
increase in
Kmax.
Incidence 0%.

NR

NR

36

60

A further 32 eyes
had epithelium-on
CXL but this
intervention is not
within the scope of
this review.

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Mazzotta
et al.
(2018)

Nicula et
al. (2019b)

EAR002-2

47
patients/6
2 eyes

Children,
mean age
16.4 years
64
patients/6
4 eyes

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Progression
(at least 1D
increase in
Kmax)
incidence:
20% of eyes
and 19%
of patients
at last followup

Incidence of
repeat CXL: 2
patients (4%)
retreated with NR (short
CXL 36
term only)
months after
original
treatment

Adverse
events

Followup,
months

Comments

120

Study only
includes patients
within the cohort
who completed 10
years of follow-up.

up: -0.01 ±
0.35. BCVA,
logMAR,
mean ± SD.
Change from
baseline to
last followup: -0.09 ±
0.13.

46 eyes
treated
with
epithelium
-off CXL

Children,
mean age
14 years

Changes in
(corrected
or
uncorrected
) visual
acuity

C-CXL (UVA
3mW/cm2 for
30 min)

C-CXL (UVA
3mW/cm2 for
30 min), 37
patients/eyes
A-CXL (UVA
9mW/cm2 for
10 min), 27
patients/eyes

Kmax, D, mean.
Change from
baseline to last
follow-up: -0.88

NR

Thinnest
corneal
thickness,
micrometres,
mean. Change
from baseline
to last followup: -7.6

NR

UDVA,
logMAR,
mean.
Change from
baseline to
last followup: -0.21.
NR
CDVA,
logMAR,
mean.
Change from
baseline to
last followup: -0.03.
UCVA,
logMAR,
mean ± SD.
C-CXL group;
baseline:
0.80 ± 0.23;
NR
4 yr followup: 0.65 ±
0.24. A-CXL
group;
baseline:
0.77 ± 0.25; 4
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Yes, but not
clearly
defined. 2
NR
cases in ACXL
group, none in
CCXL group

NR (short
term only)

48

C-CXL and A-CXL
results not always
reported
separately.
Selection criteria
and whether any
patients were lost
to follow-up is
unclear
Disease
progression is

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

yr follow-up:
0.63 ± 0.25

Ucakhan
et al.
(2021)

Zotta et
al. (2017)

EAR002-2

Children n=54
patients/8
8 eyes

Children,
mean age
14.3 years
10
patients/2
0 eyes

C-CXL (UVA
3mW/cm2 for
30 min)

C-CXL (UV-A
3mW/cm2 for
30 min)

NR

Central, mean.
Preoperative:
467.4 ; 3 year
follow-up:
462.4

Thinnest,
micrometres,
mean ± SD.
Preoperative:
475.2 ± 38.6;
last follow-up:
460.85 ± 40.8

CDVA, mean
logMAR.
Preoperative:
NR
0.214; 3 yr
follow-up:
0.124.

CDVA,
logMAR,
mean ± SD.
Baseline:
0.28 ± 0.22;
last followup: 0.14 ±
0.16.

Comments

reported as an
outcome but the
criteria used to
determine
progression are not
clearly defined.

BCVA,
logMAR,
mean ± SD.
C-CXL group;
baseline:
0.57 ± 0.2; 4
yr follow-up:
0.45 ± 0.2. ACXL group;
baseline:
0.54 ± 0.21; 4
yr follow-up:
0.44 ± 0.2
Kmax, mean+/SD.
Preoperative:55.4
36 ± 6.870; 3 year
followup: 54.286
± 6.438

Followup,
months

NR
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CXL failure
(increase of
more than 1.0
D in Kmax in
NR
12 months).
incidence at 4
yr follow-up:
1/70 (1.4%)

Yes, but not
clearly
defined. No
cases of
progression
recorded
(0/20 eyes)

NR

NR

NR

Authors excluded
patients who were
36, 48
lost to follow-up
for some before three years
outcome (20.7% in
s and
paediatric and
patients 36.5% in adult age
groups)
Outcomes were
reported at last
follow-up for all
Mean 91, patients, with the
range
exact time point
64.8 to- varying from 5.4 to
111.6)
9.3 years
Disease
progression is

March 2021

Outcomes
Study
Participan
reference ts

Intervention(s Changes in
)
maximal
keratometry

Changes in
corneal
power/thickne
ss

Changes in
(corrected
or
uncorrected
) visual
acuity

Health
related
quality of
life

Rate of
disease
progression

Time to
requiring
further
treatment

Adverse
events

Followup,
months

Comments

reported as an
outcome but the
criteria used to
defined
progression are not
clearly defined.
BCVA: best corrected visual acuity; CDVA: corrected distance visual acuity; C-CXL: conventional corneal cross-linking; D: dioptre; Kmax: maximum keratometry value; Kmean: mean
keratometry value; logMAR: logarithm of the minimum angle of resolution; MD: mean difference; NR: not reported; SD: standard deviation; UCVA: uncorrected visual acuity.
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Appendix 4. Patient Submission
The views expressed in the following submission are those of the Keratoconus Group and not of HTW

Patient/Carer Group Submission Form
General Information
HTW appraisal topic

Corneal cross-linking for keratoconus

Name of patient/carer group

Keratoconus Group

Health/medical conditions
represented

Keratoconus

Contact name for this submission

Anne Klepacz

Role of contact person

Trustee - Honorary Secretary

Address

PO Box 26251
London W3 9WQ

Phone

020 8993 4759

Email

anne@keratoconus-group.org.uk

Website

www.keratoconus-group.org.uk

Date of submission

30th September 2020

Health conditions and technology
1.

Describe any sources you used to gather information for this submission

Our charity is run by volunteers who all have the condition themselves. As such, we all have
direct experience of the effects of keratoconus and of the treatment options offered.
I am the first point of contact for our telephone helpline and e-mails to the charity, and over
the 30 years of our existence, have heard the experiences of thousands of people with
keratoconus, both in relation to the condition itself and its effect on daily life, and in relation
to the various treatment and management options for the condition.
Since CXL first became available in private clinics and then in NHS hospital clinics in England,
the procedure has been one of the main topics on our online forum, www.keratoconusgroup.org.uk/forum, with many queries on where to obtain the treatment and accounts from
people who have had CXL, both positive and negative (the majority of these have been from
England, as Welsh patients have only been able to access CXL if they have been referred to an
English hospital or have been able to afford to pay for it privately).
Another source has been face to face feedback from members at the meetings and conferences
we organise. We have also had dozens of presentations on the subject of CXL and its efficacy
from corneal consultants at our meetings and conferences (videos of these presentations can
be found on our website and summaries of talks at meetings are in our newsletters, also
published on the website).
A particularly valuable source was an unpublished survey of our members covering quality of
life. carried out in 2002 before CXL was available in the UK.
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Our current mailing list membership is around 2500, but we have been in contact with
probably 4 times this number of people with keratoconus over the years, including many who
use the online forum without joining the charity. Many new patients join us to find out more,
get their questions answered and then cease contact.

2. What is the health condition and how does it affect the day-to-day lives of
patients and their carers?
Keratoconus is a progressive eye condition in which the cornea thins and bulges, causing the
vision to become distorted. It is usually diagnosed in the teens or early twenties. It is
important to understand that keratoconus cannot be corrected with spectacles once it has
progressed beyond its initial stage and specialist contact lenses must be worn to correct the
deformed cornea and provide a regular optical surface. Rates of progression vary, but most
people with KC become dependent on specialised contact lenses and 1 in 5 will eventually
need a corneal transplant.
Some will manage reasonably well with contact lenses but progression will often mean
frequent changes in prescription and fit of lenses. And while visual acuity as measured on the
Snellen chart may seem acceptable, issues such as light sensitivity, halos around light
sources, ghosting and multiple images mean that in practice, vision is significantly
compromised for many people with KC. Wear time of lenses is an issue, with members often
limited in how many hours a day they can wear lenses without discomfort, or having periods
of time when lenses cannot be worn eg because of corneal abrasions or infections or becoming
contact lens intolerant. A survey of our members showed that 50% also had atopic conditions
(asthma, eczema, hay fever) which caused additional problems in contact lens wear. For all
these reasons, we often refer to ourselves as ‘part-time partially sighted’ with some of us
having acceptable sight when lenses can be worn, but with extremely poor sight when they
cannot.
Because keratoconus develops at such a critical age, delays in diagnosis and providing
appropriate treatment options can adversely affect education, examination results, career
options, progression in employment and job retention. We have members who have had to take
breaks from education or dropped out of further education and members who have lost their
jobs through difficulties at work ( eg no longer able to drive, difficulties working at a PC screen
for extended hours, requirement to work unsocial hours when night vision is very poor). Not
surprisingly, KC therefore also often impacts on confidence and self-esteem, with some of our
members reporting depression and anxiety. Ability to drive after dark is often the first casualty
of KC (because of glare and halos from lights and headlights) and our members talk of how
hard they find it to come to terms with this loss of independence, which particularly affects
people in rural areas. Family life is often badly affected with young parents unable to enjoy
quality time with their children when lens wear time is limited. Parents of teenage children
have sometimes spoken to us about their youngsters’ reluctance to wear the specialist contact
lenses, which they feel makes them different from their peers at an age when being part of a
group is all important. Our members’ experience of quality of life issues is borne out by the
results of a large scale survey of keratoconus patients in the United States (the Collaborative
Longitudinal Study of Keratoconus CLEK) which concluded that quality of life for those with
keratoconus was equivalent to category 3 and 4 of patients with age related macular
degeneration.
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3. How is the health condition currently diagnosed and/or treated?
Before the advent of CXL, most young people would have to move from spectacles, which
could no longer correct their vision, to specialist contact lenses (most often rigid gas
permeable lenses, but including a variety of other specialist lenses). As mentioned above,
these would improve the vision, but often not eliminate symptoms such as ghosting and
halos, and wear time can often be limited, resulting in the various social and psychological
effects described. As the condition progresses, this can require frequent changes to the fit
and prescription of lenses, with the need for frequent visits to expert optometrists in hospital
eye clinics or in the community. For around 1 in 5 people their KC would progress to the point
where a corneal transplant was necessary. Visual recovery after a transplant can take a year
or more, and the majority of patients will still need correction with contact lenses post
transplant. Aftercare post surgery involves frequent outpatient appointments and up to 20%
of patients will experience rejection episodes, which need urgent treatment if the transplant
is to be saved. Average survival of a penetrating graft (PK) is 20 years, so young KC patients
are likely to need regrafts in the future, although improved techniques with partial
transplants are thought to provide longer survival rates. A shortage of donor corneas also
leads to waiting lists for a transplant, increasing the time the patient's life is severely
impacted by poor vision. For all these reasons, corneal transplants have always been viewed
as a last resort both for patients and for the NHS, and a treatment which can potentially
eliminate the need for transplants in the future brings huge benefits.

4. What do patients and carers expect from the health technology?
CXL is transforming the lives of our young, recently diagnosed members and it has been
increasingly difficult to explain to Welsh members why they cannot access this treatment on
the NHS. The strength of feeling among Welsh patients about the injustice of this is
illustrated by a recent case we dealt with. A young man who was told CXL was not available on
the NHS was prepared, with the help of our organisation, RNIB Wales and his Assembly
Member, to have the matter raised in the Welsh Assembly.
CXL stabilises keratoconus, so if done before patients have moved to contact lenses, they are
able to correct their vision with spectacles. For those already needing contact lenses, once
they are refitted post CXL, their prescription is remaining stable with no need for constant
changes. Psychologically, this removes the uncertainty around the prognosis (how bad is it
going to get? will I be able to cope with my studies or my job? will I lose my sight?) with all
the anxiety and depression that people with KC often experienced. It also means they are very
unlikely to ever need a transplant. Although, because of the need to demonstrate progression
for eligibility for NHS treatment, there is a period of deteriorating eye sight before CXL can be
offered, this is now time limited and so much less disruptive on education and work. People
with keratoconus can therefore achieve their educational potential and plan their careers
without the fear that the condition will limit their choices and opportunities.
CXL is a minimally invasive procedure. The 3% risk of worse vision post CXL compares very
favourably with the risks of transplant surgery. No procedure is risk free, and we have had a
handful of posts on our forum from people who reported persistent corneal haze post CXL or
who found they still had distortions in their vision. Most report severe pain in the immediate
24 hrs post CXL, but thereafter recovery is quick.
While the overall prevalence of KC is around 1 in 1750, it is 4 times more common in people of
a South Asian heritage, and as many as 1 in 18 people with Downs' Syndrome have KC. Studies
show that KC progresses faster in the Asian population, so CXL is valuable in reducing the
likelihood of transplants in this group. For people with Downs' Syndrome, who often cannot
physically manage contact lenses and are high risk for transplants, CXL can ensure that they
retain their vision.
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For CXL to be effective, early diagnosis and intervention are crucial. Many existing KC
patients will not be eligible for the procedure because their corneas are already too thin or
their KC has now stabilised naturally. The benefits are above all for those with early
keratoconus.

5. What difference did the health technology make to the lives of patients that
have had it?
This has already largely been covered in the previous sections - improved wellbeing,
improved family life, reduced effect of KC on education and employment. The number of
enquiries to our charity about career choices and the impact of KC on these has gone down
considerably. Keratoconus is still an automatic disqualification for recruitment into the
armed forces and our charity is currently involved (with the support of the corneal consultant
running the Moorfields CXL clinic) in lobbying for a change in these rules for those whose KC
has stabilised post CXL to remove yet another barrier to choice of career.

6. Additional information you believe would be helpful for HTW to consider.
The use of CXL in England has already reduced the number of corneal transplants that are
carried out for KC according to figures produced by NHS Blood and Transplant. A research
programme we have been supporting has had difficulty sourcing enough corneal buttons for
analysis due to the reduction in the number of operations.
As already mentioned, early intervention with CXL can ensure that many of the disruptive
effects of KC can be avoided. This means the treatment will often be needed in young people
under the age of 18. A multicentre random control trial (Keralink) in which 30 youngsters
between the ages of 10 and 17 had CXL and 30 had standard treatment (ie glasses or contact
lenses) will be reporting in the spring. It is important to note that the protocol allowed for
children in the control arm to 'cross over' to the treatment arm if their KC progressed and
parent and child wanted the treatment, as it was felt to be unethical to withhold CXL in these
circumstances. Aside from the trial, CXL is already routinely offered to under 18s in England
who meet the criteria for the treatment.

7. Summarise the key points of your submission in up to 5 statements.
CXL is the only procedure that can stop the progression of keratoconus and stabilise the
condition, thus avoiding a 1 in 5 chance of the need for a corneal transplant.
Stabilising keratoconus avoids the need for complex and constantly changing contact lens
prescriptions with all the complications that dependency on contact lenses brings.
Quality of life is significantly improved in terms of mental health and emotional wellbeing,
achieving educational and career potential, retaining independence with the ability to drive
plus positive effects on relationships with family and friends.
CXL is now available on the NHS in almost all regions of Great Britain and patients are
routinely referred to hospitals which offer the treatment. The Welsh position goes against the
consensus of corneal specialists worldwide.
With each passing year, the cost benefit of CXL becomes more apparent.

EAR002-2

Page 70 of 79

March 2021

Appendix 5. Cost-effectiveness analysis
1.

Background and objective

An economic analysis was developed to estimate the cost effectiveness of CXL for progressive
keratoconus. The economic analysis was based largely on a previous economic analysis, which
assessed the cost-effectiveness of CXL for progressive keratoconus from the perspective of the
healthcare system in the Netherlands (Godefrooij et al. 2017b). The analysis was adapted to reflect
the perspective of the UK NHS and personal social services (PSS).

2. Methods
Model structure
A Markov model was developed using Microsoft Excel to estimate the cost effectiveness of CXL
for progressive keratoconus in comparison to standard care. A lifetime horizon was used and
future costs and benefits were discounted at a rate of 3.5% per year as recommended in the NICE
reference case.
Following the approach adopted in Godefrooij et al. (2017b), disease severity was modelled using
health states based upon BCVA categories (good, medium and bad). Patients were initially
distributed throughout BCVA categories using distributions from Godefrooij et al. (2017b), which
were based on data from two RCTs (see Table 1 for more details). At each annual model cycle, a
probability of transitioning to a different visual category was applied. These ‘transition
probabilities’ were also sourced from Godefrooij et al. (2017b); see Table 2 and Table 3 for details.
Following the approach adopted in previous economic analyses, each eye was modelled with an
individual probability of progression reflecting that patients could have different disease stages
in each eye.
Patients could also transition from each BCVA category to a transplantation state. The probability
of a transplantation varies for each BCVA category (with higher probabilities for worse visual
acuity levels). Following transplantation, there was assumed to be a probability of graft failure.
In the event of graft failure, it was assumed that a further transplantation would be required. To
simplify the model, it was assumed that patients could only have up to three transplantations.

Clinical data
2.2.1 Population demographics and initial visual acuity
The baseline age and sex of the modelled population was based upon that reported in Godefrooij
et al. (2017b). Therefore an average starting age of 22 years old was assumed and it was assumed
that 55% of the population were male.
The baseline visual acuity of the modelled population was also sourced from Godefrooij et al.
(2017b). Godefrooij et al. (2017b) derived estimates of the likely proportion of patient in BCVA
category using estimates from Wittig-Silva et al. (2014) and O'Brart et al. (2011). Table 1 below
shows the proportion of patients in each BCVA category at the start of the model (i.e. the initial
distribution).

EAR002-2

Page 71 of 79

March 2021

Table 1. Initial visual acuity levels in the modelled population
BCVA in each eye

Proportion

Good/Good

36.6%

Good/Medium

23.6%

Good/Bad

19.7%

Medium/Medium

10.6%

Medium/Bad

6.7%

Bad/Bad

2.8%

Source

Godefrooij et al. (2017b), who
derived estimates from WittigSilva et al. (2014) and O'Brart et al.
(2011).

BCVA: best corrected visual acuity

2.2.2 Transition probabilities
Disease progression was modelled using progression through BCVA levels. Progression from one
BCVA level to another was modelled using transition probabilities. Transition probabilities were
estimated using values from a previous cost-effectiveness analysis of CXL for progressive
keratoconus (Godefrooij et al. 2017b).
Godefrooij et al. (2017b) estimated transition probabilities using individual patient data from two
randomised controlled trials (O'Brart et al. 2011, Wittig-Silva et al. 2014). Each eye had an
individual probability of progression reflecting that patients could have different disease stages
in each eye.
The probability of corneal transplant for each BCVA category was also sourced from Godefrooij et
al. (2017b), which estimated the probability using data from the Collaborative Longitudinal
Evaluation in Keratoconus (CLEK) cohort. Following the approach used in Godefrooij et al. (2017b),
it was assumed that the first graft based on a diagnosis of keratoconus would occur at 55 years
of age or younger.
Transition probabilities for patients managed with standard treatment and CXL are shown in
Table 2 and Table 3, respectively.
Following the approach used in Godefrooij et al. (2017b), it was assumed that visual acuity would
be stable for up to 10 years after CXL. After this point, it was assumed that the disease would
progress as if untreated (i.e. by applying transition probabilities for standard treatment).
However, the assumption of a lifetime effect with CXL was considered in the sensitivity analysis.
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Table 2: Transition probabilities with standard treatment
Current BCVA

Transition to another BCVA category or transplant
Good/Good

Good/Medium

Good/Bad

Medium/Medium

Medium/Bad

Bad/Bad

Transplant

0.7151

0.1907

0.0636

0.0127

0.0085

0.0014

0.0080

Good/Medium

0.4686

0.3749

0.0729

0.0417

0.0208

0.0023

0.0188

Good/Bad

0.2001

0.0267

0.6091

0.0000

0.0800

0.0267

0.0574

Medium/Medium

0.3105

0.4140

0.0690

0.1380

0.0460

0.0038

0.0188

Medium/Bad

0.1326

0.0884

0.4124

0.0000

0.2651

0.0442

0.0574

Bad/Bad

0.0589

0.0000

0.3535

0.0000

0.0000

0.5302

0.0574

Good/Good

BCVA: best corrected visual acuity

Table 3: Transition probabilities with CXL treatment
Current BCVA

Transition to another BCVA category or transplant
Good/Good

Good/Medium

Good/Bad

Medium/Medium

Medium/Bad

Bad/Bad

Transplant

Good/Good

0.8366

0.1487

0.0000

0.0066

0.0000

0.0000

0.0080

Good/Medium

0.6437

0.1859

0.1287

0.0114

0.0114

0.0000

0.0188

Good/Bad

0.1731

0.5348

0.1731

0.0462

0.0154

0.0000

0.0574

Medium/Medium

0.5006

0.2003

0.2003

0.0200

0.0401

0.0200

0.0188

Medium/Bad

0.1347

0.4309

0.1616

0.0808

0.1077

0.0269

0.0574

Bad/Bad

0.0377

0.2262

0.0754

0.3393

0.2262

0.0377

0.0574

BCVA: best corrected visual acuity
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2.2.3 Graft failure and complications
The annual probability of graft failure was sourced from a previous economic analysis by Salmon
et al. (2015), which estimated that graft failure would occur 1.1% of patients each year. This
estimate was based on the findings of a study by Lim et al 2000 which reported that revisions
were required in 1% of patients over a period of 46.5 months. As noted above, it was assumed that
a further graft would be required after graft failure with a maximum of three transplantations
per eye.
After the transplantation, it was assumed that some patients would experience complications.
Based on assumptions made in Salmon et al. (2015), it was assumed that 3% of patients would
develop cataracts after transplantation and 20% of patients would have raised intraocular
pressure (IOP). It was further assumed that raised IOP would resolve within a year for 80% of
patients (consistent with Salmon et al. (2015)).

2.2.4 Mortality
Mortality rates were estimated using the Office for National Statistics (ONS) life tables 2016-18
(Office for National Statistics 2020), which give the general mortality rate for the UK population,
based on age and sex. The use of general mortality rates was considered to be appropriate
because the life expectancy of keratoconous patients is not expected to be different from that of
the general population. Furthermore, no differences in mortality were modelled between CXL and
standard management.

Costs
The costs considered in the model reflect the perspective of the analysis, thus only costs that are
relevant to the UK NHS & PSS were included. Where possible, all costs were estimated in 2019
prices.

2.3.1 CXL procedure cost
The cost of the CXL procedure was estimated from NHS Reference Costs 2018/19 (NHS England
2020) based upon the cost of ‘major, cornea or sclera procedures’ (BZ63). A weighted average
cost was estimated across complication and comorbidity (CC) scores, using the number of
finished consultant episodes (FCEs) for the weighting. An average cost of £1,972 was estimated
for each CXL procedure.

2.3.2 Corneal transplantation cost
The cost of corneal transplantation was estimated from NHS Reference Costs 2018/19 (NHS
England 2020) based upon the cost of ‘complex, cornea or sclera procedures’ (BZ61). A weighted
average cost was estimated across complication and comorbidity (CC) scores, using the number
of FCEs for the weighting. An average cost of £3,085 was estimated for each corneal
transplantation procedure.

2.3.3 Visual correction costs
The cost associated with visual correction was estimated from a previous cost-effectiveness
analysis of CXL for progressive keratoconus in the UK NHS (Salmon et al. 2015). Using information
from the Royal Devon and Exeter NHS Foundation Trust Optometry department, Salmon et al.
(2015) estimated that patients receiving standard visual correction would have contact lens
correction at a cost of £52 per eye. It was assumed that new lenses would be required every two
years. Following a transplantation, the cost was estimated to rise to £99 per eye. This reflects the
higher cost of contact lenses suitable for post-graft patients.
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For the purposes of our evaluation, the costs from Salmon et al. (2015) were inflated to 2019
values. Therefore, a cost of £59 per eye was applied for standard visual correction while a cost of
£112 per eye was applied for patients following a transplantation.

2.3.4 Complication costs
The cost associated with managing cataracts was estimated based on values reported in Salmon
et al. (2015). The authors estimated an overall cost of £997 for managing cataracts, which
included the cost of the initial assessment, the cataract surgery and follow-up. This cost was
inflated to 2019 values and therefore a cost of £1,123 was applied for the management of
cataracts.
The cost associated with raised IOP was also based on values reported in Salmon et al. (2015).
The authors estimated a cost of £1.47 every two months, based on the cost of timolol eye drops,
twice daily. This cost was inflated to 2019 values and converted to an annual cost. Therefore, a
cost of £9.93 was applied for the management of raised IOP.

2.3.5 Follow-up costs
Follow-up costs were not included in the analysis as it was assumed that these would be
equivalent in each treatment arm.

Health-related quality of life
As recommended in the NICE reference case, the model estimates effectiveness in terms of
quality adjusted life years (QALYs). These are estimated by combining life year estimates with
quality of life (QoL) values associated with being in a particular health state.
The source and approach taken to the estimation of QoL values was based upon a previous costeffectiveness analysis of CXL for progressive keratoconus (Godefrooij et al. 2017b). Godefrooij et
al. (2017b) estimated QoL values for each BCVA category using SF-36 data from the Collaborative
Longitudinal Evaluation in Keratoconus (CLEK) cohort. The CLEK cohort included 1,200 people
with keratoconus, with each individual classified according to their BCVA. QoL was determined
on a per-case basis according to the level of BCVA in the better-seeing eye.
Following the approach used in Godefrooij et al. (2017b), QoL decrements associated with adverse
events and complications were not modelled explicitly as their effect should already be captured
within the average estimates from the CLEK cohort.
Table 4 presents the QoL values applied in the economic analysis.

Table 4. Quality of life values
Health state

QoL value

Good visual acuity (better eye)

0.85

Medium visual acuity (better eye)

0.83

Bad visual acuity (better eye)

0.81

Corneal transplant and good visual acuity

0.84

Corneal transplant and medium visual
acuity

0.82

Corneal transplant and bad visual acuity

0.69

Corneal transplant and corneal transplant

0.81

Max corneal transplant and max corneal
transplant

0.68
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Health state

QoL value

Source

QoL: quality of life; SF-36: short-form 36

3. Results
Base case results
The base case results of the analysis are shown in Table 5. The results show CXL to be more
effective and more costly than standard treatment. The resulting ICER of £24,944 per QALY is
above the commonly applied threshold of £20,000 per QALY, indicating that CXL is not cost
effective.

Table 5. Base case results
Cost

QALYs

Total

Incremental

Total

Incremental

ICER
(cost per QALY)

Standard treatment

£2,361

-

20.34

-

-

CXL

£4,076

£1,715

20.41

0.07

£24,944

Diagnostic strategy

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; CXL: corneal cross-linking

Deterministic sensitivity analysis results
A series of deterministic sensitivity analyses were conducted, whereby an input parameter is
changed, the model is re-run and the new cost-effectiveness result is recorded. This is a useful
way of estimating uncertainty and determining the key drivers of the model result. The results of
the deterministic sensitivity analyses are presented in Table 6.
It can be seen that the results of the analysis were found to be sensitive to changes in the
assumptions about the duration of the treatment effect with CXL and the probability of repeat
grafting. Notably, it can be seen that the conclusion of the analysis changes to CXL being
considered cost-effective in numerous scenarios (as the ICER falls below £20,000 per QALY).
Changes in the assumptions around the probability and cost of managing complications postgraft were not found to have a significant impact. Changing the assumption around QoL posttransplant was found to have a notable impact. Setting the post-transplant QoL values equal to
pre-transplant values reduces the benefits accrued by the CXL treatment and therefore reduces
cost-effectiveness.

Table 6. Deterministic sensitivity analysis results
Modelled scenario

ICER result (cost per
QALY)

Base case

£24,944

Treatment effect duration = 20 years

£15,992

Treatment effect duration = 30 years

£12,943

Lifetime treatment effect duration

£10,738

Probability of repeat grafting = 5%

£13,903

Probability of repeat grafting = 10%

£9,719

Probability of cataracts after graft = 5%

£24,924
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Modelled scenario

ICER result (cost per
QALY)

Probability of cataracts after graft = 10%

£24,867

Resolution of IOP after 1 year = 50%

£24,932

Resolution of IOP after 1 year = 25%

£24,922

No resolution of IOP after 1 year

£24,912

Cataract costs 25% higher

£24,935

Cataract costs 50% higher

£24,926

QoL post-transplant = pre-transplant QoL

£45,057

Threshold analysis results
As shown in the deterministic sensitivity analysis, the duration of the treatment effect with CXL
is a key consideration with a large impact on the conclusion of the analysis. Therefore, a
threshold analysis was conducted to identify the duration of treatment effect required for CXL to
be cost-effective. It was found that CXL becomes cost-effective (i.e. ICER below £20,000 per QALY)
with a treatment effect duration of 14 years.

Probabilistic sensitivity analysis results
Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter
uncertainty in the model. In this analysis, the mean values that were utilised in the base case
were replaced with values drawn from distributions around the mean values. The results of
10,000 runs of the PSA are shown using ICER scatterplots and cost-effectiveness acceptability
curves (CEAC). The ICER scatter plots show the incremental costs and QALYs associated with each
of the 10,000 runs of the PSA along with the mean result. The CEAC graphs show the probability
of each strategy being considered cost effective at the various cost-effectiveness thresholds on
the x axis.
Figure 1 shows the ICER scatterplot for CXL in comparison to standard treatment. It can be seen
that the vast majority of the results reside in the north east quadrant of the graph, indicating
that CXL is more costly and more effective than standard treatment in most modelled scenarios.
Figure 2 shows the CEAC for CXL in comparison to standard treatment. It can be seen that the
probability of CXL being cost effective increases as the cost-effectiveness threshold increases.
At a threshold of £20,000 per QALY, CXL was found to have a 31% probability of being cost effective
while standard treatment was found to have a 69% probability of being cost-effective.
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Figure 1. ICER scatterplot for CXL in comparison to standard treatment

Figure 2. CEACs for CXL in comparison to standard treatment

To explore the uncertainty around the duration of treatment effect, the probabilistic sensitivity
analysis was re-run assuming a lifetime treatment effect duration. The ICER scatterplot and CEAC
for this scenario are shown in Figure 3 and Figure 4, respectively. It can be seen that the trend in
this scenario is similar to the previous scenario in that most results reside in the northeast
quadrant and that the cost-effectiveness of CXL increases as the threshold increases. However,
notably, the probability of CXL being cost-effective at £20,000 per QALY was much higher in this
scenario. CXL was found to have an 83% probability of being cost-effective at £20,000 per QALY
while standard care was found to have a 17% probability of being cost-effective.
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Figure 3. ICER scatterplot for CXL in comparison to standard treatment when assuming
a lifetime treatment effect duration

Figure 4. CEACs for CXL in comparison to standard treatment when assuming a lifetime
treatment effect duration
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