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Abstract

In the field of myopia control, effective optical or pharmaceutical therapies are
now available to patients in many markets. This creates challenges for the conduct
of placebo-controlled, randomised clinical trials, including ethics, recruitment, re-
tention, selective loss of faster progressors and non-protocol treatments:

1.

2.

Ethics: It is valid to question whether withholding treatment in control sub-
jects is ethical.

Recruitment: Availability of treatments is making recruitment into clinical tri-
als more difficult.

. Retention: If masking is not possible, parents may immediately withdraw

their child if randomised to no treatment.

. Selective loss: Withdrawal of fast progressors in the control group leading to

a control group biased towards low progression.

. Non-protocol treatment: Parents may access other myopia treatments in ad-

dition to those within the trial.

We propose that future trials may adopt one of the following designs:

A

Non-inferiority trials using an approved drug or device as the control. The
choice will depend on whether a regulatory agency has approved the drug
or device.

Short conventional efficacy trials where data are subsequently entered into a
model created from previous clinical trials, which allows robust prediction of
long-term treatment efficacy from the initial efficacy.

Virtual control group trials based on data relating to axial elongation, myopia
progression or both, accounting for subject's age and race.

Short-term control data from a cohort, for example, 1year or less, and apply-
ing an appropriate, proportional annual reduction in axial elongation to that
population and extrapolating to subsequent years.
Time-to-treatment-failure trials using survival analysis; once a treated or con-
trol subject progresses or elongates by a given amount, they exit the study
and can be offered treatment.

In summary, the future development of new treatments in myopia control will
be hampered if significant changes are not made to the design of clinical trials in
this area.

KEYWORDS
clinical trials, myopia, myopia control, myopia progression

In the field of myopia control, a range of optical or pharma-
ceutical therapies have proven efficacy."? Practitioners in
many countries can choose from several options for slow-
ing progression in their young myopic patients, but with

no treatments completely arresting progression, the search
for new therapies continues. In that regard, the length of
myopia trials for regulatory approval can be challenging.
The US Food and Drug Administration (FDA) currently re-
quires 3years of data,’ although the bar appears more rea-
sonable in other markets, for example, the European Union
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CLINICAL TRIALS OF MYOPIA CONTROL

and Canada. This places a considerable burden on industry,
researchers and participants. In contrast, clinical trials of re-
fractive and glaucoma technologies can be considerably
shorter.

As the regulatory pathway for myopia control ther-
apies can be lengthy,®> some of these treatments have
entered clinical practice prior to regulatory approval
through investigator-led trials. This availability of proven
therapies creates challenges for the conduct of conven-
tional, placebo-controlled randomised clinical trials. Here
we identify five specific obstacles for the successful exe-
cution of clinical trials in myopia control and propose po-
tential solutions with examples from within and outside
the field.

ONGOING AND EMERGING
CHALLENGES FOR MYOPIA TRIALS

Ethics

The 2021 International Myopia Institute (IMI) Yearly Digest4
posed the question ‘If the treatment is well enough estab-
lished to slow or prevent myopia progression, is it ethical
to randomly assign subjects to an ineffective sham/control
group given their likelihood to develop myopia or have
myopic progression?’ In the absence of alternatives, the
authors concluded ‘at present, an appropriately selected
concurrent control group is still ethical for myopia control
trials’. As the evidence for the relation between the degree
of myopia and visual impairment mounts,>® the with-
holding of treatment becomes less tenable. In the United
States, developers of drugs and devices for myopia control
may also be required to wash out or re-randomise subjects
after 3years, adding to the burden for all and raising ad-
ditional ethical issues about withdrawing treatment from
patients. Thus, in a rapidly evolving field, the question of
both the feasibility and ethics of clinical trials in myopia
management must be revisited periodically and often, as
we do here.

Recruitment

The availability of established treatments makes recruit-
ment into clinical trials more difficult in many countries, al-
though a recent Chinese study recruited and randomised
264 myopic children in 1 month.” Parents of myopic chil-
dren with knowledge of the public health issues and the
availability of myopia control will be reluctant to enrol
their child in a 3-year clinical trial where there is a 50-50
chance of being assigned to the control arm. Of course,
the inability of some families to pay for treatment will
likely mean that enrolling in a clinical trial is their only op-
tion, and thus the sample population in future trials may
be skewed towards inclusion of a greater proportion of
children from lower income families. This might introduce

Key points

- The availability of myopia control therapies
creates challenges for the conduct of placebo-
controlled, randomised clinical trials, including
ethics, recruitment, retention, selective loss of
faster progressors and non-protocol treatments.

- Potential solutions include non-inferiority trials,
short-term conventional efficacy trials, use of a
virtual control group, acquiring short-term con-
trol data and time-to-treatment-failure trials.

« Failure to rethink the design of clinical trials of
myopia control may hamper the evolution of the
field and, ultimately, patient care.

bias and affect generalisability. The prevailing evidence is
that lower income and minority patients are less likely to
enrol in clinical trials.®® But as a new therapeutic area, my-
opia control treatments are not yet reimbursable in most
countries.

Randomising asymmetrically, for example, using a 2:1
treatment-to-control ratio is commonly used in drug trials,
increasing the probability of a participant being assigned
to active treatment and potentially improving recruitment
at the expense of a small increase (12%) in overall sam-
ple size without compromising statistical integrity.'® The
approach also provides more data on the safety of a new
therapy, although its appropriateness in confirmatory trials
has been questioned."

Long-term retention and
immediate withdrawal

Retention of subjects participating in multiyear myo-
pia clinical trials may approach 100%,">™"* or be as low as
50%."'% In randomised clinical trials, withdrawal is often
greater in the placebo group than in the treatment group."”
This can occur over several years, or immediately.

If masking is not possible, for example, in orthokeratol-
ogy,'®" parents may immediately withdraw their child if
randomised to no treatment. In a trial of bifocal and prism
bifocal spectacles, 18% of children randomised to single-
vision spectacles declined their allocation.® A similar
trend appears to have occurred in a trial of overnight or-
thokeratology." In masked trials, parents being offered the
certainty of known treatments outside the trial by other
health professionals may not remain in the trial, although
the cost of such alternatives outside a trial may limit such
losses as most trials offer interventions without direct cost
to the patient. As with recruitment, having a larger treat-
ment than the control group increases the probability of
receiving active intervention in a fully masked trial, which
may motivate retention.
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Differential loss to follow-up

Compared with many studies where the primary end-
point is not apparent to the trial subject, myopic pro-
gression will be easily apparent as loss of distance vision
with the child's current correction. A parent of a childin a
myopia clinical trial may also pay close attention to their
child's rate of myopia progression and axial elongation.
If their child's rate of progression is unacceptable to the
parents or their regular eye care practitioner, they may
withdraw their child or they may be offered an existing
myopia control option by their regular eye care practi-
tioner. Indeed in a recent clinical trial, 63% of the control
group randomised to single-vision spectacles withdrew,
mostly to ‘seek myopia control interventions’ compared
with 19% in a treatment group randomised to overnight
orthokeratology.?' Differential withdrawal of faster pro-
gressors in the control group can lead to a control group
biased towards lower rates of progression, thus distort-
ing the trial's findings.? Likewise, if a treatment is poorly
tolerated, there can be differential loss to follow-up, poor
compliance or both.?

Off-protocol treatment

If a child's rate of progression is unacceptable to a par-
ent or if they believe that they have been assigned to the
control group, they may be tempted to avail themselves
of other myopia control options outside the trial. The an-
nual rate of axial elongation in an untreated myopic child
should, on average, be 15% slower than in the prior year.24
In some clinical trials, axial elongation among control
subjects in the second year was inexplicably 30%-40%
slower than the first,'”?%?>?® suggesting the possibility
of contamination by children receiving alternative ther-
apy and thus reducing the observed treatment effect.
Exaggerated slowing among control subjects later in a
trial may also be due to differential withdrawal of faster
progressing participants and has been reported in one
recent trial.?

POTENTIAL SOLUTIONS

These various issues threaten the successful completion of
many ongoing intervention trials in myopia management
and pose an even greater threat to future clinical trials of
myopia control drugs or devices. We propose that the fol-
lowing designs may be more appropriate for myopia man-
agement trials in the coming years.

Non-inferiority trials

Randomising some patients to a placebo and thereby with-
holding treatment for sight-threatening diseases such as

neovascular age-related macular degeneration (AMD) and
primary open-angle glaucoma would be considered un-
acceptable to patients, practitioners and regulators alike.
The usual solution is to compare the new, experimental
treatment to an established therapy. Forty years ago, early
clinical trials of topical beta-blockers for the manage-
ment of glaucoma, notably timolol, used pilocarpine as a
control.”’ Timolol subsequently served as the control in
the evaluation of a range of prostaglandin analogues,??°
which in turn have served as the control for trials resulting
in FDA approval of netarsudil, a novel Rho kinase inhibi-
tor.>° Likewise, the original intravitreal injection of ranibi-
zumab, an anti-vascular endothelial growth factor, was
compared with sham injections®' or verteporfin therapy.*
Ranibizumab then served as a control in the FDA approval
of aflibercept,® which in turn was the control in the pivotal
clinical trial of brolucizumab.**

There is also a precedent for this study design in con-
tact lens trials. Silicone hydrogel contact lenses intended
to be worn on a 30-day continuous wear schedule were
compared with an existing, approved hydrogel lens worn
on a 7-day extended wear schedule.* Once their longer
term safety was established, the FDA allowed subsequent
silicone hydrogel lenses to be compared with the initially
approved silicone hydrogels. We are still in the early days
of myopia control and, at the time of writing, no drugs
are approved by the European Medicines Agency (EMA)
or FDA for myopia control, and only one device, a dual-
focus soft contact lens, is approved by the FDA.*® Studies
comparing two or more myopia control treatments are
rare’” and are yet to be used in regulatory-driven clinical
trials. In the future, atropine could be used as a control
for the evaluation of new myopia control drugs, follow-
ing the established precedent from glaucoma and AMD.
Nonetheless, stability issues associated with compounded
low-concentration atropine would likely require the use of
an approved formulation with documented stability.*®3°
There is also uncertainty around the appropriate concen-
tration of atropine.*® A particular complication for myopia
control is that both medical devices and pharmacological
treatments appear to provide therapeutic benefits. It re-
mains uncertain how the FDA will approach comparisons
of myopic control devices and myopia control pharma-
cological interventions as they are currently reviewed by
different groups within the FDA. Regardless, the margins
needed to demonstrate non-inferiority and the sample
size are both critical study design issues. Statistical non-
inferiority may exist with an ineffective product if the con-
fidence intervals are large.

Prior to any substantive non-inferiority trial, pilot data
suggestive of efficacy are generally available. Such data
make such a trial more ethical and more attractive to par-
ticipants than a trial with a placebo, where no benefit is
expected. Subject withdrawal rate is lower in trials with an
active control group than those in which a new treatment
is compared with a placebo.” Thus, the ethics of with-
holding treatment and, in fact all five challenges listed

858017 SUOWILLOD BAea1D 3| |dde aup Aq peuenob are sajoie O ‘8sn Jo SNl 10} ARIq1T8UIIUO /8|1 UO (SUORIPUOD-PUB-SWLBI W00 A8 1M Arelq 1 Ul |Uo//SdnL) SUORIPUOD pue swis 1 8y} 89S *[£202/20/c0] Uo AReiqiTauluo A8|im ‘ulland AisieAlun ol L Aq 0ZTET 0do/TTTT'0T/I0p/u00 A8 | A.q1jeuljuo//sdny Wwouy pepeojumod ‘€ ‘€202 ‘€TETSLYT



, THE COLLEGE OF
OPTOMETRISTS

CLINICAL TRIALS OF MYOPIA CONTROL

=] OPO

0.4

0.3

Reduction in Axial Elongation (mm)

—e— Chua 2006

—— Zhu 2014

— 4 - Chen 2013

«++:[}+++ Charm 2013
==#==-Walline 2009
—o— Lam 2020

=% = Cho 2012

—@ - - Hiraoka 2012
oo+ Cho 2005

= ©- Chamberlain 2019
==QO=— Santodomingo-R 2017
= = Ruiz-Pomeda 2018
—{J— Cheng 2014 (2)
--X-- Cheng 2014 (1)
Paune 2015 (2)
—OQ— Sankaridurg 2019 (1)
—gp— Sankaridurg 2019 (4)
- —- - Sankaridurg 2019 (3)
--—+--- Sankaridurg 2019 (2)
- % = Paune 2015 (1)

oo < oo Walline 2013
—f— Lam 2014

—e— Bao 2022 (1)
—@— Lam 2020

=—O=— Cui 2021 (1)

0= Walline 2020 (1)

Years

FIGURE 1
to include recent clinical trials.

0.3

o
N
1

Year-2 Reduction in Axial Elongation (mm)
o©
-

o
o

0 0.1 0.2 0.3
Year-1 Reduction in Axial Elongation (mm)

FIGURE 2 Year 2 reduction in axial elongation (mm) as a function
of the Year 1 reduction in axial elongation (mm). Only measures in
Figure 1 taken by optical biometry are plotted. A trend line anchored
through zero is also shown. Not all of these are randomised clinical
trials, and some used historical controls.

in the abstract above could be in part addressed by this
approach. While an attractive option, this approach may
not be tenable for several years until a clear ‘gold stan-
dard’ or reference treatment is accepted by regulatory
authorities. If a pharmacological standard is adopted, this
also creates issues with masking when evaluating non-
pharmacological interventions such as contact lenses and
spectacles.
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Cumulative absolute reduction in axial elongation at annual time points for myopia control treatments. Modified from Brennan et al.'

Short conventional efficacy trials

Data from clinical trials clearly show that the treatment ben-
efit is greater in the first year (or 6 months) than in subse-
quent years. Nonetheless, the efficacy in Years 2 and 3 can
generally be predicted from the Year 1 findings. Figure 1
is redrawn from a previous paper, and shows the cumula-
tive absolute reduction in axial elongation at annual time
points for myopia control treatments in trials of at least
2years of duration. Five recent randomised clinical trials
are superimposed on the original figure.'*?%*'~** Note the
divergence of effect size in the first year across treatments
is largely maintained in subsequent years. Figure 2 plots
the Year 2 absolute reduction in axial elongation as a func-
tion of the Year 1 effect. All data lie below the unit ratio
line, indicating that while the treatment benefit continues
in Year 2, it is nearly always less than in Year 1. The mean
treatment effect in Year 2 is 52% of that in Year 1 (0.080 mm
vs. 0.154 mm), similar to the slope of the trend line.

Adequately powered short-term trials with conven-
tional control groups could therefore establish short-term
efficacy of novel treatments. This would be an efficient
method of differentiating effective versus ineffective
treatments, without requiring 2- or 3-year trials initially.
This may represent an efficient screening process, but it
is likely that regulatory authorities would require defini-
tive long-term efficacy data from subsequent full-length
trials of those treatments with proven short-term efficacy.
There is a small risk of false negatives in the first year, but
as shown in Figure 1, only two studies in this analysis (7%)
show low efficacy in Year 1 and much higher efficacy in
Year 2. Of course, when considering this model, a new
treatment, which has better long-term slowing of progres-
sion but does not show adequate 1-year efficacy, might be
overlooked.
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Virtual control group trials

A number of pilot studies have used historical controls.***°
As a field matures, an increasing amount of control data is
published or available in regulatory documents. A recent
meta-analysis of axial elongation in childhood myopia identi-
fied over 40 randomised clinical trials with untreated control
groups having a similar number of cohort or retrospective
studies, and identified race and age as the primary deter-
minant of annual elongation.?* Thus, a virtual control group
could be based on data relating to axial elongation, myopia
progression or both, accounting for subject age, race and
other factors known to influence myopia progression. The
comparison data could be derived from the aforementioned
meta-analysis,** progression or elongation derived from ex-
isting published data, or centile-based analysis*® where each
patient with intervention is benchmarked against an age-
and gender-matched centile prediction on the assumption
that, on average, patients track along their existing centile.

There is some precedent for this approach. The 1983 FDA
report on intraocular lenses (IOLs) pooled data on 17 different
IOLs from seven manufacturers representing over 45,000 pa-
tients.* This allowed precise estimates of adverse event rates,
against which subsequent I0Ls could be evaluated without
the need for a concurrent control group. The safety and effi-
cacy of corneal refractive technologies, including photore-
fractive keratectomy and laser-assisted in situ keratomileusis,
have also been evaluated in the absence of a control group,
with later devices expected to meet or exceed targets in a
guidance document developed from early trials.

There is also precedent in recent myopia research.
Three-year results from a clinical trial were compared
with those from previous cohort studies of emmetropes
and untreated myopes.*® Participants from a 2-year trial
were followed up for a third year and compared with
an age-matched control group selected from records
in the investigators' clinic.*® But using a small cohort or
a single study may lead to erroneous conclusions. For
example, preliminary studies of overnight orthokeratol-
ogy™ and multifocal contact lenses® used historical data
from a previous clinical trial of 56 soft lens wearers.”'
Unfortunately, 3-year progression in that particular con-
trol group (-2.19D)°" was markedly higher than that of
subsequent 3-year trials of similar aged soft contact lens
wearers conducted by the same investigators (-1.29 D'
and 1.05D™). Thus, we recommend using control data
from meta-analysis of extensive data to minimise the ef-
fect of control group outliers.

Short-term control data

While using a virtual control group is an attractive concept,
the data indicate significant variance in progression for a

*https://www.fda.gov/media/72224/download

cohort of a given age and race.** To mitigate this problem,
a control group could be recruited but only followed up for
1 year with previously modelled rates applied to estimate
longer term progression. Meta-analysis shows that while East
Asian children progress faster than non-East Asians, both
groups show a 15% annual reduction in axial elongation with
age.”* This approach is superior to the virtual control group
because it would establish a progression rate specific for the
population under examination if the sample size is sufficient
and randomisation is effective. An ideal example of this ap-
proach would be the Low-concentration Atropine for Myopia
Progression (LAMP) study, where the control group was
halted after 1year because of ethical concerns but treated
groups were continued for 3 years.>” One limitation of this ap-
proach is that beyond 1year, or whatever duration the con-
trol group is evaluated, masking will not be possible as only
treated patients would still be in the study.

Time-to-treatment-failure trials

Survival analysis or time-to-event analysis is an approach
used to measure the association between an intervention
and the rate at which an outcome of interest occurs over
time.>® This approach has been used in ophthalmology
where the endpoint has been retinal detachment follow-
ing either extracapsular cataract extraction or phacoe-
mulsification,”* mortality following treatment of ocular
melanoma by either brachytherapy or enucleation® or
evaluating the risk factors for adverse events during con-
tact lens wear.”® The required binary outcome can also be
based on a continuous scale and researchers have used a
six-line loss in visual acuity®’ or a pre-specified degree of
visual field loss.”® The survival function models the prob-
ability of remaining event free over time and the hazard
ratio is the ratio of the rate between the two groups. This
approach has a number of advantages over comparing
outcomes at a single time point—usually the end of the
study. In this case, outcomes from participants who have
not experienced the event of interest before being lost to
follow-up must be treated as missing data, introducing a
potential source of bias. Survival analysis uses data at all
time points including those subjects lost to follow-up.
Offering rescue treatment to children who progress by the
threshold amount reduces ethical concerns and may ad-
dress other challenges such as retention and recruitment.
A recent evaluation of myopia control with experimen-
tal soft contact lenses not only compared mean progres-
sion among lens designs but also converted progression to
a binary outcome based on a cut-off value of —0.75D and
compared time to this outcome and survival probabilities
over 24 months using the Cox proportional hazard model."®
The authors did not give a hazard ratio, just a p-value of
<0.005, but reanalysis of their data yields a hazard ratio
of 0.70 (95% ClI: 0.55, 0.89), indicating that the test lenses
reduce the likelihood of —0.75D progression by 30%. The
value of this analysis is apparent given that only 234 of the
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FIGURE 3 Probability of surviving progression of —0.75D or more
during a 12-month period. Redrawn from Sankaridurg et al.'®

original 508 patients were available for analysis at 2 years,
while data from 317 were available at 1year, when 40% of
the control subjects had already progressed by —0.75D
(Figure 3).

A number of ongoing myopia clinical trials use binary
outcomes as their primary endpoints. For example, in
3-year FDA clinical trials of low-concentration atropine,
the primary efficacy outcome is the overall between-
treatment group difference (atropine vs. placebo) in the
proportion of patients who show <0.50 or 0.75 D myopia
progression over 3years. Implicit in this statement is that
only the proportions at 3years will be analysed and the
data from the five prior six-monthly visits will not be in-
cluded. A modification to the protocol would allow any pa-
tient with 0.50 D progression to exit the clinical trial at an
earlier juncture without affecting the primary endpoint,
and in the case of control patients be offered a validated
myopia control treatment. Exiting these patients would
not impact the planned analysis of proportions at 3 years
or an alternative survival analysis that would consider not
only the proportion of patients progressing 0.50 D within
3years but also how soon the endpoint was reached.

An initial limitation of this approach is that long-term
data would not be available in all patients for other
analyses, notably comparison of mean 2- or 3-year pro-
gression or elongation, but this might be addressed by
modelling or comparison with published papers with
both survival analysis and mean progression data. In ad-
dition, refraction measurement is relatively variable, so
there should be some concern over false-positive rates.
This could be addressed by using more repeatable axial
length measurements"*® or by requiring a confirmatory
repeated measurement.®® The reduced follow-up of the
fast progressing subjects also limits the amount of fol-
low-up data available on safety and acceptability of the
intervention.

Long-term progression and axial elongation thresholds
for termination could be based on existing parametric

models,?* centile models,*® observational epidemiological
studies®' or real-world evidence.

DISCUSSION

Of 45 active myopia control trials listed on ClinicalTrials.
gov (accessed 30 September 2022), 33 are conventional
controlled trials with the control group receiving either no
treatment or a placebo (73%). These may be at the mercy of
some of the issues discussed above and could experience
a high dropout rate or failure to reach completion. There is
one trial using a non-randomised, matched control group,
with the remaining comparing different modalities: mostly
using atropine or orthokeratology as a control for an inves-
tigational device, comparing different atropine concen-
trations or dosing or comparing various orthokeratology
designs.

The future development of new treatments in myopia
control will be hampered if significant changes are not
made to the design of clinical trials in this area. In addi-
tion to the ethical issues, compromised data may be gen-
erated as bias is introduced to the control group by the
factors mentioned earlier, including parents declining
their child's allocation to the control group?® and differ-
ential, higher withdrawal amongst the control group.*"*?
Thus, a coordinated response from all stakeholders will
be required to make such a transition. The potential ben-
efits of different approaches must be balanced against
their limitations. Offering complimentary treatment to
all participants, be it following initial allocation or as res-
cue therapy, may assist with recruitment and retention,
although it may also be viewed as coercion and any such
offers must be approved by the relevant ethics body for
the trial. In the light of the known possibility of rebound
in myopia treatments, alternatives to the current 12-
month washout can be incorporated into protocols to
reduce the impact of withdrawal of treatment. One on-
going myopia trial is currently using the washout period
to compare complete washout with a 9-month tapering
regime of active drug in 50% of the subjects originally
randomised to active treatment.!

While many regulatory bodies® and other entities®” rec-
ommend 2- to 3-year clinical trials followed by a washout
year, these place a considerable burden on patients and
their families. With a conventional design, treatment will
be withheld from a child for several years, and thus alterna-
tive designs need to be considered. A time-to-treatment-
failure approach may be attractive as this allows initiation
of treatment as soon as a child progresses or elongates by
a prespecified amount. Unfortunately, such a design may
limit the number of participants in whom rebound can be
assessed, although they will represent those whose pro-
gression has been successfully slowed. But from an ethical

Thttps://doi.org/10.1186/ISRCTN36732601

858017 SUOWILLOD BAea1D 3| |dde aup Aq peuenob are sajoie O ‘8sn Jo SNl 10} ARIq1T8UIIUO /8|1 UO (SUORIPUOD-PUB-SWLBI W00 A8 1M Arelq 1 Ul |Uo//SdnL) SUORIPUOD pue swis 1 8y} 89S *[£202/20/c0] Uo AReiqiTauluo A8|im ‘ulland AisieAlun ol L Aq 0ZTET 0do/TTTT'0T/I0p/u00 A8 | A.q1jeuljuo//sdny Wwouy pepeojumod ‘€ ‘€202 ‘€TETSLYT


http://clinicaltrials.gov
http://clinicaltrials.gov
https://doi.org/10.1186/ISRCTN36732601

BULLIMORE €T AL.

# THE COLLEGE OF 531
OPTOMETRISTS

o &

perspective, this may be warranted anyway. With other
study designs, including non-inferiority trials, assessment
of rebound will require comparison with a virtual control
group based on historical data.

If conventional trials are to continue, can they be
shorter? Clearly, pilot, proof-of-concept trials will continue
to be shorter in duration. Useful insights have been gained
from unilateral treatments,®%* contralateral-crossover
studies®® % and bilateral crossover trials.%®% If pivotal trials
were to be shorter, it is reasonable to consider what is more
important: a third year of treatment-control comparison or
arebound year? Indeed, some may question whether there
is a universal need to assess rebound as it has only been
observed in trials of higher concentrations of atropine.>*”°

While we have mainly focussed on the US FDA, myopia
is a global challenge. Regulatory bodies in East Asia are au-
tonomous but may follow precedents set by the FDA, while
requiring data on their own population. The US FDA has a
tradition of being deliberate, with refractive surgery tech-
nologies being approved several years after other markets
such as Europe, and myopia control is following this trend.
Nonetheless, some countries such as China, Japan and
South Korea look to US approval as a matter of course. The
result can be a delay in approvals in those countries that
need these therapies.

It should be noted that one area where no existing ther-
apies have been shown to be effective is in preventing my-
opia onset, that is, preventing or delaying the conversion
of premyopes’' to incident cases of myopia. At least for the
time being, conventional placebo-controlled trials for my-
opia prevention may be achievable from both an ethical
and practical perspective. Of course, there are many publi-
cations on incidence including large cohort studies,®"”? so
comparison with historical controls from cohort or school-
based studies of incidence may be feasible.

In summary, we have reviewed some of the challenges
facing clinical trials of myopia control and proposed some
potential solutions. The presented solutions cover short-
and long-term options for this rapidly evolving field. Non-
inferiority trials are likely to be the long-term solution,
but there may not be sufficient comparator data available
at present, so the other study designs should be consid-
ered in the short term. For ongoing trials, offering rescue
treatments for fast progressors via substantial protocol
amendments may provide a route to prevent trial failure or
non-completion. For trials in the planning stage, without
a viable referent against which to assess non-inferiority,
some of the novel designs may be the best option. In the
long term, as the field matures further with proven thera-
pies, non-inferiority trials will likely become common. The
timeline depends on approval of a critical mass of drugs
and devices by the FDA, perhaps across several categories,
and this may be several years away.

AUTHOR CONTRIBUTIONS
Mark A. Bullimore: Conceptualization (lead); formal anal-
ysis (lead); writing — original draft (lead). Noel A. Brennan:

Conceptualization (supporting); formal analysis (sup-
porting); writing — review and editing (equal). Daniel lan
Flitcroft: Conceptualization (supporting); formal analysis
(supporting); writing - review and editing (equal).

FUNDING INFORMATION
Supported in part by Johnson & Johnson Vision.

CONFLICT OF INTEREST STATEMENT

MAB: Consultant for Alcon Research, CooperVision,
CorneaGen, EssilorLuxottica, Eyenovia, Euclid Systems,
Genentech, Johnson & Johnson Vision, Lentechs, Novartis,
Oculus, Paragon Vision Sciences and Vyluma. NAB: Employee
of Johnson & Johnson Vision. DIF: Research funding from
Health Research Board (Ireland), Nevakar and CooperVision;
consultant for Dopavision, Kubota Vision, Essilor and
Johnson & Johnson; equipment on loan from Topcon and
CooperVision; patents pending (one in myopia manage-
ment data analytics and one in biomonitoring for low-dose
atropine treatment in myopia); director of Ocumetra.

ORCID

Mark A. Bullimore (© https://orcid.
0rg/0000-0002-6315-3720

Noel A. Brennan ‘2 https://orcid.org/0000-0003-4635-6435

REFERENCES

1. Brennan NA, Toubouti YM, Cheng X, Bullimore MA. Efficacy in
myopia control. Prog Retin Eye Res. 2021;83:100923. https://doi.
org/10.1016/j.preteyeres.2020.100923

2. Bullimore MA, Richdale K. Myopia control 2020: where are we and
where are we heading? Ophthalmic Physiol Opt. 2020;40:254-70.

3. Walline JJ, Robboy MW, Hilmantel G, Tarver ME, Afshari NA,
Dhaliwal DK, et al. Food and Drug Administration, American
Academy of Ophthalmology, American Academy of Optometry,
American  Association for Pediatric Ophthalmology and
Strabismus, American Optometric Association, American Society
of Cataract and Refractive Surgery, and Contact Lens Association
of Ophthalmologists Co-Sponsored Workshop: controlling the pro-
gression of myopia: contact lenses and future medical devices. Eye
Contact Lens. 2018;44:205-11.

4. Jong M, Jonas JB, Wolffsohn JS, Berntsen DA, Cho P, Clarkson-
Townsend D, et al. IMI 2021 yearly digest. Invest Ophthalmol Vis Sci.
2021;62:ARVO E-Abstract 7.

5. Tideman JW, Snabel MC, Tedja MS, van Rijn GA, Wong KT, Kuijpers
RW, et al. Association of axial length with risk of uncorrectable vi-
sual impairment for Europeans with myopia. JAMA Ophthalmol.
2016;134:1355-63.

6. Bullimore MA, Ritchey ER, Shah S, Leveziel N, Bourne RRA, Flitcroft
DI. The risks and benefits of myopia control. Ophthalmology.
2021;128:1561-79.

7. Jiang Y, Zhu Z, Tan X, Kong X, Zhong H, Zhang J, et al. Effect of
repeated low-level red-light therapy for myopia control in chil-
dren: a multicenter randomized controlled trial. Ophthalmology.
2022;129:509-19.

8. Murthy VH, Krumholz HM, Gross CP. Participation in cancer clinical
trials: race-, sex-, and age-based disparities. JAMA. 2004;291:2720-6.

9. Unger JM, Hershman DL, Albain KS, Moinpour CM, Petersen JA,
Burg K, et al. Patient income level and cancer clinical trial participa-
tion. J Clin Oncol. 2013;31:536-42.

10. Meinert CL. Clinical trials: design, conduct, and analysis. 2nd ed.
New York, NY: Oxford University Press; 2012.

858017 SUOWILLOD BAea1D 3| |dde aup Aq peuenob are sajoie O ‘8sn Jo SNl 10} ARIq1T8UIIUO /8|1 UO (SUORIPUOD-PUB-SWLBI W00 A8 1M Arelq 1 Ul |Uo//SdnL) SUORIPUOD pue swis 1 8y} 89S *[£202/20/c0] Uo AReiqiTauluo A8|im ‘ulland AisieAlun ol L Aq 0ZTET 0do/TTTT'0T/I0p/u00 A8 | A.q1jeuljuo//sdny Wwouy pepeojumod ‘€ ‘€202 ‘€TETSLYT


https://orcid.org/0000-0002-6315-3720
https://orcid.org/0000-0002-6315-3720
https://orcid.org/0000-0002-6315-3720
https://orcid.org/0000-0003-4635-6435
https://orcid.org/0000-0003-4635-6435
https://doi.org/10.1016/j.preteyeres.2020.100923
https://doi.org/10.1016/j.preteyeres.2020.100923

=] OPO

1.

12.

16.

18.

20.
21.
22.

23.
24.
25.

26.

27.

28.

29.

,ﬂ‘ THE COLLEGE OF

CLINICAL TRIALS OF MYOPIA CONTROL

!&\’ OPTOMETRISTS

Hey SP, Kimmelman J. The questionable use of unequal allocation in
confirmatory trials. Neurology. 2014;82:77-9.

Gwiazda J, Hyman L, Hussein M, Everett D, Norton TT, Kurtz D, et al.
A randomized clinical trial of progressive addition lenses versus sin-
gle vision lenses on the progression of myopia in children. Invest
Ophthalmol Vis Sci. 2003;44:1492-500.

Walline JJ, Jones LA, Sinnott L, Manny RE, Gaume A, Rah MJ, et al.
A randomized trial of the effect of soft contact lenses on myopia
progression in children. Invest Ophthalmol Vis Sci. 2008;49:4702-6.
Walline JJ, Walker MK, Mutti DO, Jones-Jordan LA, Sinnott LT,
Giannoni AG, et al. Effect of high add power, medium add power, or
single-vision contact lenses on myopia progression in children: the
BLINK randomized clinical trial. JAMA. 2020;324:571-80.

Lam CS, Tang WC, Tse DY, Tang YY, To CH. Defocus incorporated
soft contact (DISC) lens slows myopia progression in Hong Kong
Chinese schoolchildren: a 2-year randomised clinical trial. Br J
Ophthalmol. 2014;98:40-5.

Sankaridurg P, Bakaraju RC, Naduvilath T, Chen X, Weng R, Tilia D, et al.
Myopia control with novel central and peripheral plus contact lenses
and extended depth of focus contact lenses: 2 year results from a
randomised clinical trial. Ophthalmic Physiol Opt. 2019;39:294-307.
Mohseni S, Tabatabaei-Malazy O, Peimani M, Ejtahed HS, Khodaeian
M, Nazeri E, et al. Withdrawal reasons of randomized controlled
trials on type 2 diabetes: a systematic review. DARU J Pharm Sci.
2021;29:39-50.

Kakita T, Hiraoka T, Oshika T. Influence of overnight orthokeratol-
ogy on axial elongation in childhood myopia. Invest Ophthalmol Vis
Sci. 2011;52:2170-4.

Cho P, Cheung SW. Retardation of myopia in orthokeratology
(ROMIO) study: a 2-year randomized clinical trial. Invest Ophthalmol
Vis Sci. 2012;53:7077-85.

Cheng D, Woo GC, Drobe B, Schmid KL. Effect of bifocal and
prismatic bifocal spectacles on myopia progression in children:
three-year results of a randomized clinical trial. JAMA Ophthalmol.
2014;132:258-64.

Lau JK, Wan K, Cho P. Orthokeratology lenses with increased com-
pression factor (OKIC): a 2-year longitudinal clinical trial for my-
opia control. Cont Lens Anterior Eye. 2022;46:101745. https://doi.
0rg/10.1016/j.clae.2022.101745

Lee SS, Lingham G, Blaszkowska M, Sanfilippo PG, Koay A, Franchina
M, et al. Low-concentration atropine eyedrops for myopia control
in a multi-racial cohort of Australian children: a randomised clinical
trial. Clin Exp Ophthalmol. 2022;50:1001-12.

Rappon J, Neitz J, Neitz M, Chung C, Chalberg TW. Two-year effective-
ness of a novel myopia management spectacle lens with full-time
wearers. Invest Ophthalmol Vis Sci. 2022;63:ARVO E-Abstract 408.
Shamp W, Brennan NA, Maynes E, Cheng X, Maynes E. Influence
of age and race on axial elongation In myopic children. Invest
Ophthalmol Vis Sci. 2022;63:ARVO E-Abstract 257.

Edwards MH, Li RW, Lam CS, Lew JK, Yu BS. The Hong Kong pro-
gressive lens myopia control study: study design and main findings.
Invest Ophthalmol Vis Sci. 2002;43:2852-8.

Lam CSY, Tang WC, Tse DY, Lee RPK, Chun RKM, Hasegawa K, et al.
Defocus incorporated multiple segments (DIMS) spectacle lenses
slow myopia progression: a 2-year randomised clinical trial. Br J
Ophthalmol. 2020;104:363-8.

Boger WP 3rd, Steinert RF, Puliafito CA, Pavan-Langston D. Clinical
trial comparing timolol ophthalmic solution to pilocarpine in open-
angle glaucoma. Am J Ophthalmol. 1978;86:8-18.

Fellman RL, Sullivan EK, Ratliff M, Silver LH, Whitson JT, Turner FD,
et al. Comparison of travoprost 0.0015% and 0.004% with timolol
0.5% in patients with elevated intraocular pressure: a 6-month,
masked, multicenter trial. Ophthalmology. 2002;109:998-1008.
Chabi A, Varma R, Tsai JC, Lupinacci R, Pigeon J, Baranak C, et al.
Randomized clinical trial of the efficacy and safety of preservative-
free tafluprost and timolol in patients with open-angle glaucoma
or ocular hypertension. Am J Ophthalmol. 2012;153:1187-96.

30.

3N

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

Asrani S, Bacharach J, Holland E, McKee H, Sheng H, Lewis RA, et al.
Fixed-dose combination of Netarsudil and Latanoprost in ocular
hypertension and open-angle glaucoma: pooled efficacy/safety
analysis of phase 3 MERCURY-1 and -2. Adv Ther. 2020;37:1620-31.
Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung CY,
et al. Ranibizumab for neovascular age-related macular degenera-
tion. N Engl J Med. 2006;355:1419-31.

Brown DM, Kaiser PK, Michels M, Soubrane G, Heier JS, Kim RY, et al.
Ranibizumab versus verteporfin for neovascular age-related macu-
lar degeneration. N Engl J Med. 2006;355:1432-44.

Heier JS, Brown DM, Chong V, Korobelnik JF, Kaiser PK, Nguyen QD,
et al. Intravitreal aflibercept (VEGF trap-eye) in wet age-related
macular degeneration. Ophthalmology. 2012;119:2537-48.

Dugel PU, Singh RP, Koh A, Ogura Y, Weissgerber G, Gedif K, et al.
HAWK and HARRIER: ninety-six-week outcomes from the phase 3
trials of Brolucizumab for Neovascular age-related macular degen-
eration. Ophthalmology. 2021;128:89-99.

Brennan NA, Coles ML, Comstock TL, Levy B. A 1-year prospective
clinical trial of balafilcon a (PureVision) silicone-hydrogel contact
lenses used on a 30-day continuous wear schedule. Ophthalmology.
2002;109:1172-7.

Chamberlain P, Peixoto-de-Matos SC, Logan NS, Ngo C, Jones D,
Young G. A 3-year randomized clinical trial of MiSight lenses for my-
opia control. Optom Vis Sci. 2019;96:556-67.

Zhao Q, Hao Q. Comparison of the clinical efficacies of 0.01% atro-
pine and orthokeratology in controlling the progression of myopia
in children. Ophthalmic Epidemiol. 2021;28:376-82.

Sri-in J, Sisan W, Kingkhangphloo P, Jutasompakorn P,
Chandranipapongse W, Chatsiricharoenkul S, et al. Stability and
sterility of extemporaneously prepared 0.01% atropine ophthalmic
solution in artificial tears and balanced salt solution. Siriraj Med J.
2022;74:91-9.

Richdale K, Tomiyama ES, Novack GD, Bullimore MA. Compounding
of low-concentration atropine for myopia control. Eye Contact Lens.
2022;48:489-92.

Bullimore MA, Berntsen DA. Low-dose atropine for myopia control:
considering all the data. JAMA Ophthalmol. 2018;136:303.

Hieda O, Hiraoka T, Fujikado T, Ishiko S, Hasebe S, Torii H, et al.
Efficacy and safety of 0.01% atropine for prevention of childhood
myopia in a 2-year randomized placebo-controlled study. Jpn J
Ophthalmol. 2021;65:315-25.

Cui G, Li X, Lyu Y, Wei L, Zhao B, Yu S, et al. Safety and efficacy of
0.02% and 0.01% atropine on controlling myopia progression: a
2-year clinical trial. Sci Rep. 2021;11:22267. https://doi.org/10.1038/
s41598-021-01708-2

Bao J, Huang Y, Li X, Yang A, Zhou F, Wu J, et al. Spectacle lenses
with aspherical Lenslets for myopia control vs. single-vision
spectacle lenses: a randomized clinical trial. JAMA Ophthalmol.
2022;140:472-8.

Cho P, Cheung SW, Edwards M. The longitudinal orthokeratology
research in children (LORIC) in Hong Kong: a pilot study on refrac-
tive changes and myopic control. Curr Eye Res. 2005;30:71-80.
Walline JJ, Jones LA, Sinnott LT. Corneal reshaping and myopia pro-
gression. BrJ Ophthalmol. 2009;93:1181-5.

Tideman JWL, Polling JR, Vingerling JR, Jaddoe VWYV, Williams C,
Guggenheim JA, et al. Axial length growth and the risk of develop-
ing myopia in European children. Acta Ophthalmol. 2018;96:301-9.
Stark WJ, Worthen DM, Holladay JT, Bath PE, Jacobs ME, Murray
GC, et al. The FDA report on intraocular lenses. Ophthalmology.
1983;90:311-7.

Chamberlain P, Lazon de la Jara P, Arumugam B, Bullimore MA.
Axial length targets for myopia control. Ophthalmic Physiol Opt.
2021;41:523-31.

Lam CS, Tang WC, Lee PH, Zhang HY, Qi H, Hasegawa K, et al. Myopia
control effect of defocus incorporated multiple segments (DIMS)
spectacle lens in Chinese children: results of a 3-year follow-up
study. BrJ Ophthalmol. 2022;106:1110-4.

858017 SUOWILLOD BAea1D 3| |dde aup Aq peuenob are sajoie O ‘8sn Jo SNl 10} ARIq1T8UIIUO /8|1 UO (SUORIPUOD-PUB-SWLBI W00 A8 1M Arelq 1 Ul |Uo//SdnL) SUORIPUOD pue swis 1 8y} 89S *[£202/20/c0] Uo AReiqiTauluo A8|im ‘ulland AisieAlun ol L Aq 0ZTET 0do/TTTT'0T/I0p/u00 A8 | A.q1jeuljuo//sdny Wwouy pepeojumod ‘€ ‘€202 ‘€TETSLYT


https://doi.org/10.1016/j.clae.2022.101745
https://doi.org/10.1016/j.clae.2022.101745
https://doi.org/10.1038/s41598-021-01708-2
https://doi.org/10.1038/s41598-021-01708-2

BULLIMORE €T AL.

94 THE COLLEGE OF 533
OPTOMETRISTS

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Walline JJ, Greiner KL, McVey ME, Jones-Jordan LA. Multifocal con-
tact lens myopia control. Optom Vis Sci. 2013;90:1207-14.

Walline JJ, Jones LA, Mutti DO, Zadnik K. A randomized trial of
the effects of rigid contact lenses on myopia progression. Arch
Ophthalmol. 2004;122:1760-6.

Yam JC, Zhang XJ, Zhang Y, Wang YM, Tang SM, Li FF, et al. Three-
year clinical trial of low-concentration atropine for myopia pro-
gression (LAMP) study: continued versus washout: phase 3 report.
Ophthalmology. 2022;129:308-21.

McGuinness MB, Kasza J, Wu Z, Guymer RH. Focus on survival anal-
ysis for eye research. Invest Ophthalmol Vis Sci. 2021;62:ARVO E-
Abstract 7.

Erie JC, Raecker MA, Baratz KH, Schleck CD, Burke JP, Robertson DM.
Risk of retinal detachment after cataract extraction, 1980-2004: a
population-based study. Ophthalmology. 2006;113:2026-32.
Collaborative Ocular Melanoma Study Group. The COMS random-
ized trial of iodine 125 brachytherapy for choroidal melanoma: V.
Twelve-year mortality rates and prognostic factors: COMS report
No. 28. Arch Ophthalmol. 2006;124:1684-93.

Szczotka-Flynn L, Lass JH, Sethi A, Debanne S, Benetz BA, Albright
M, et al. Risk factors for corneal infiltrative events during continu-
ous wear of silicone hydrogel contact lenses. Invest Ophthalmol Vis
Sci. 2010;51:5421-30.

Argon laser photocoagulation for neovascular maculopa-
thy. Five-year results from randomized clinical trials. Macular
Photocoagulation Study Group. Arch Ophthalmol. 1991;109:1109-14.
Lichter PR, Musch DC, Gillespie BW, Guire KE, Janz NK, Wren PA,
et al. Interim clinical outcomes in the collaborative initial glaucoma
treatment study comparing initial treatment randomized to medi-
cations or surgery. Ophthalmology. 2001;108:1943-53.

Bullimore MA, Slade S, Yoo P, Otani T. An evaluation of the IOLMaster
700. Eye Contact Lens. 2019;45:117-23.

Bullimore MA, Reuter KS, Jones LA, Mitchell GL, Zoz J, Rah MJ. The
study of progression of adult nearsightedness (SPAN): design and
baseline characteristics. Optom Vis Sci. 2006;83:594-604.

Kleinstein RN, Sinnott LT, Jones-Jordan LA, Sims J, Zadnik K,
Collaborative Longitudinal Evaluation of Ethnicity and Refractive
Error Study Group. New cases of myopia in children. Arch
Ophthalmol. 2012;130:1274-9.

Wolffsohn JS, Kollbaum PS, Berntsen DA, Atchison DA, Benavente A,
Bradley A, et al. IMI - clinical myopia control trials and instrumenta-
tion report. Invest Ophthalmol Vis Sci. 2019;60:M132-60.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Chua WH, Balakrishnan V, Chan YH, Tong L, Ling Y, Quah BL, et al.
Atropine for the treatment of childhood myopia. Ophthalmology.
2006;113:2285-91.

Phillips JR. Monovision slows juvenile myopia progression unilater-
ally. BrJ Ophthalmol. 2005;89:1196-200.

Anstice NS, Phillips JR. Effect of dual-focus soft contact lens
wear on axial myopia progression in children. Ophthalmology.
2011;118:1152-61.

Swarbrick HA, Alharbi A, Watt K, Lum E, Kang P. Myopia control
during orthokeratology lens wear in children using a novel study
design. Ophthalmology. 2015;122:620-30.

Weng R, Lan W, Bakaraju R, Conrad F, Naduvilath T, Yang ZK, et al. Efficacy
of contact lenses for myopia control: insights from a randomised, con-
tralateral study design. Ophthalmic Physiol Opt. 2022;42:1253-63.
Hasebe S, Ohtsuki H, Nonaka T, Nakatsuka C, Miyata M, Hamasaki |,
et al. Effect of progressive addition lenses on myopia progression
in Japanese children: a prospective, randomized, double-masked,
crossover trial. Invest Ophthalmol Vis Sci. 2008;49:2781-9.
Sankaridurg P, Weng R, Tran H, Spiegel DP, Drobe B, Ha T, et al.
Spectacle lenses with highly aspherical lenslets for slowing my-
opia: a randomised, double-blind, cross-over clinical trial. Am J
Ophthalmol. 2023;247:18-24.

Tong L, Huang XL, Koh AL, Zhang X, Tan DT, Chua WH. Atropine for
the treatment of childhood myopia: effect on myopia progression
after cessation of atropine. Ophthalmology. 2009;116:572-9.
Flitcroft DI, He M, Jonas JB, Jong M, Naidoo K, Ohno-Matsui K, et al.
IMI - defining and classifying myopia: a proposed set of standards
for clinical and epidemiologic studies. Invest Ophthalmol Vis Sci.
2019;60:M20-30.

Saw SM, Tong L, Chua WH, Chia KS, Koh D, Tan DTH, et al. Incidence
and progression of myopia in Singaporean school children. Invest
Ophthalmol Vis Sci. 2005;46:51-7.

How to cite this article: Bullimore MA, Brennan NA,
Flitcroft DI. The future of clinical trials of myopia
control. Ophthalmic Physiol Opt. 2023;43:525-533.
https://doi.org/10.1111/0p0.13120

858017 SUOWILLOD BAea1D 3| |dde aup Aq peuenob are sajoie O ‘8sn Jo SNl 10} ARIq1T8UIIUO /8|1 UO (SUORIPUOD-PUB-SWLBI W00 A8 1M Arelq 1 Ul |Uo//SdnL) SUORIPUOD pue swis 1 8y} 89S *[£202/20/c0] Uo AReiqiTauluo A8|im ‘ulland AisieAlun ol L Aq 0ZTET 0do/TTTT'0T/I0p/u00 A8 | A.q1jeuljuo//sdny Wwouy pepeojumod ‘€ ‘€202 ‘€TETSLYT


https://doi.org/10.1111/opo.13120

	The Future of Clinical Trials of Myopia Control
	The future of clinical trials of myopia control
	Abstract
	INTRODUCTION
	ONGOING AND EMERGING CHALLENGES FOR MYOPIA TRIALS
	Ethics
	Recruitment
	Long-­term retention and immediate withdrawal
	Differential loss to follow-­up
	Off-­protocol treatment

	POTENTIAL SOLUTIONS
	Non-­inferiority trials
	Short conventional efficacy trials
	Virtual control group trials
	Short-­term control data
	Time-­to-­treatment-­failure trials

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


