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Background

« Amblyopia (“lazy eye”) is characterized by a decrease in best corrected
visual acuity (VA) in one eye (unilateral) or, less frequently, both eyes
(bilateral) with no detectable cause on physical examination. It is caused
by eye(s) not being able to develop a strong connection to the brain
during visual development early in life. Amblyopia often starts in
childhood and children with best corrected VA worse than 20/30 or
interocular difference of two lines or more in VA would be defined as
amblyopial-3. In addition to decreased VA, amblyopic patients may also
suffer from impaired binocular functions such as poor stereoacuity?.

* Amblyopia is the most common cause of vision loss in children and
young adults and with an estimated prevalence of 1-5%!. It was
estimated that amblyopia affects 99.2 million people by 2019 worldwide,
increasing to 221.9 million affected by 2040°.

« Amblyopia has an impact on daily activities and quality of life (QoL)%.
In addition, patients with amblyopia are reported to have increased risk
of developing bilateral visual impairment (BVI) from age-specific,
non-amblyopia-related causes such as cataract and age-related
macular degeneration (AMD). BVI is associated with significant QoL
deterioration, higher mortality and higher healthcare resource
utilisation®11,

« The traditional, monocular, therapies (patching or atropine) improve VA
of the amblyopic eye by penalizing the fellow eye. However, these types
of therapies focus on the amblyopic eye only and binocular outcomes
(e.g. stereopsis) are rarely restored'?-14, Furthermore, patching is
associated with poor compliance which may imply a suboptimal
treatment effect®.

« A novel digital, binocular, therapy has the potential to improve binocular
functions including binocular VA and stereoacuity by stimulating both
eyes simultaneously??. It is also anticipated to have better compliance
than patching or atropine. It is important to understand the
cost-effectiveness of funding such a novel therapy in treating
amblyopia patients.

Objective

« The objective of this research is to conceptualize a cost-effectiveness
model that captures the natural history of amblyopia and the treatment
effects on binocular functions to guide the funding decisions for novel
amblyopia treatments.

Methods

* Previously published economic evaluations of amblyopia treatments
were reviewed (Table 1). The majority of the studies focused on
screening strategies and were based on simple decision-tree structures.
More importantly, most of the models were one-eye models which fail to
capture VA of both eyes and thus may inaccurately estimate the impact
on QoL. In addition, these studies did not consider stereopsis,
compliance and relapse which are important attributes of amblyopia and
its treatments.

« A de-novo model was conceptualized aiming to capture following
important attributes of disease and treatment:

— Change in VA of each eyes

— Utility impact by VA of both eyes

— Utility benefit from improvement in stereoacuity
— Disease relapse

— Non-compliance

— Long-term risk and costs of developing BVI

Table 1. Review summary of published economic evaluations

Study Intervention Model type Model description
ggg(ljgmHH, Screening | Decision-tree | These studies were conducted by the same
study team. Patients were modelled until
Koénig HH, Screenin Decision-tree diagnostic examination (negative/positive).
200217 9 Long-term outcomes and natural history of
Koni disease were not considered and the model
Onig HH, . -
200218 Screening | Decision-tree | outcome was costs per case detected.
This study concerned a decision tree with one
decision-node to distinguish between treatment
success (VA=0.5) and non-success (VA<0.5),
Kénig HH, Treatment Decision-tree |followed by a Markov model, which simulated
20041° + Markov |long-term risk of developing BVI. The model
considered one eye only; utility was estimated
based on VA of better eye, compliance / relapse
| stereopsis were not considered.
This study employed a decision-tree model to
determine which VA level (out of five levels)
patients would fall into after treatment (or no
Membreno .- . : .
20 Treatment | Decision-tree |treatment), each VA level is associated with
JH, 2002 . .
corresponding utility and costs. The model
considered one eye only; long-term outcomes
and other disease events were not considered.
Patients were modelled until diagnostic
Joish VN, Screenin Decision-tree examination (negative/positive). Long-term
20032 9 outcomes and natural history of disease were
not considered.
The model employed 20 health states, with VA in
two eyes considered. Long-term risk of developing
Carlton J, : . .
1 Screening Markov BVI and associated costs were included. Other
2008 : . ) . .
disease attributes including stereopsis,
compliance and relapse were not considered.
Those with positive screening results would
Rein DB, . Patient-level |receive treatment and experience either
201222 Screening simulation |treatment success or non-success. Long-t
: g-term
risk of developing BVI was considered.

» A Markov model structure was selected due to its flexibility to, in our
case, accommodate VA of each eye and model the natural history of
amblyopia. Figure 1 describes the structure of the conceptualized
Markov model and Table 2 lists the model settings and inputs.

— Health states were defined by the combination of VA in two eyes.
VA was categorized into four severity levels: normal vision ws defined
as logMAR less than 0.3 with mild vision loss defined as logMAR
between 0.3 and 0.5. Moderate and severe vision impairment were
logMAR of 0.5 to 0.7 and larger than 0.7, respectively.

— While amblyopia is often considered as unilateral with prevalence of
bilateral amblyopia reported to be one-third to half of that of unilateral
amblyopia?3-24, other studies suggest that bilateral amblyopia takes
36~55% of amblyopia population2>-26, In our model, both unilateral
and bilateral amblyopia were considered. For bilateral amblyopia
patients, VA of both eyes were assumed to be the same based on
internal evidence?®.

— In this model, treatment duration was assumed to be 6 months which
is a common length of follow-up in amblyopia trials. During the 6
months of treatment (i.e. first model cycle), patients may remain in
the current VA state or transition to other VA states.

— Due to lack of comparative treatment effect data from head-to-head
trials, treatment effect (reduction in logMAR) was sourced from
individual trial of each treatments.

— Transition probabilities were estimated by mean reduction in logMAR.
Specifically, reduction in logMAR was assumed to be normally
distributed and a normal cumulative density function was used to
estimate the probability of moving across change cut-offs, which were
then converted to the probability of transitioning by one, two or three
health states (Table 2).

— During treatment, a proportion of patients were assumed to exhibit
poor compliance (defined as less than 50% of the prescribed time)
which reduces the treatment effect.

— After the first cycle, treatment ceased and patients may maintain their
VA or experience a relapse (VA worsens), following the natural history
of amblyopia.

— Itis assumed that only unilateral amblyopia patients would develop
BVI as patients with bilateral amblyopia already have BVI by definition.
Patients with BVI were assumed to have lower QoL and higher
mortality. Patients who had severe vision loss in both eyes were
assumed to incur higher costs and healthcare resource utilisation as
they are considered to be nearly blind. Vision worsening in the fellow
eye may improve vision in the amblyopic eye; however, this was not
modelled here as it may unnecessarily complicate the model.

— Traditionally, QoL is believed to be mainly impacted by VA of the
fellow-eye. Thus, the majority of the utility studies were based on
better-seeing eye only. However, studies argue that both eyes are
equally important in determining QoL?’. Hodgson 20173* paper was
selected because the regression algorithm included VA in both eyes
though with the caveat of population being based on wet AMD. No
similar study conducted for amblyopia population was identified.

— The impact of improvement in stereoacuity was not modelled through
health states; instead, a utility increment was assigned, estimated by
the change in percentage of patients having nil stereoacuity from
baseline. The utility of nil stereoacuity was estimated from published
SF36 scores, mapped onto EQ5D using a published algorithm.

» Using the base-case model inputs (Table 3), the incremental cost-
effectiveness ratio (ICER) ranges from being dominant to £1,223 per
QALY compared with patching and atropine across different pricing
scenarios. These estimates fall within the range considered as cost-
effective in the UK (£30,000 per QALY). The main drivers of the results
are utility values, proportion of poor compliance and treatment effect.
ICERSs are increased if alternative utility sources (based on better-seeing
eye) are used, but remain under threshold. In the most pessimistic
scenario assuming same treatment effect in VA and same compliance as
comparators, the ICERs are close to £30,000 per QALY.

Figure 1. Model structure
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Table 2. Mapping of health state transition and change cut-offs

Health state transition in the model

Change in logMAR cut-offs*

Gaining / Losing 3 health states Reduction / increase in logMAR = 0.5

Gaining / Losing 2 health states Reduction / increase in logMAR 0.3 t0 0.5

Gaining / Losing 1 health state Reduction / increase in logMAR 0.1 t0 0.3

Remain in current state Reduction / increase in logMAR < 0.1

* Proportion is estimated by normal cumulative density function

Table 3. Key model settings and inputs

Parameter Value

Settings
Cycle length 6 month in first cycle, 1 year afterward
Time horizon Lifetime
Perspective UK NHS and PSS
Discount rate 3.5% for both outcome and costs
Inputs

Baseline characteristics

Proportion of unilateral amblyopia at

0%~ 0,
baseline?3-26 25%~55.1%

Proportion of each VA level for unilateral

o6 mild: 65%; moderate: 24%; severe: 12%
amblyopia

Proportion of each VA level for bilateral

o8 mild: 77%; moderate: 19%:; severe: 4%
amblyopia

Efficacy

mild: -0.274; moderate: -0.365;

] L 28
6-months logMAR reduction — patching severe: -0.370

6-months logMAR reduction — atropine?® | mild: -0.18; moderate: -0.27; severe: -0.34

6-months logMAR reduction — binocular
treatment!2*

mild: -0.344; moderate: -0.435;
severe: -0.44

Relapse

patching: 25%; atropine: 21%; binocular

Annual relapse rate?® :
P treatment: 21% (assume same as atropine)

Bilateral visual impairment (BVI)

55 <age <65 0.280%
Incidence® 65<age<75 0.960%
75 < age 2.660%
Hazard ratio of mortality© 1.29
Compliance

patching: 25%; atropine: 12.9%; binocular

i i 15,30}
Proportion of poor compliance treatment: 12.9% (assume same as atropine)

Odds ratio of treatment effect in non-

compliers3! 0.18

Stereoacuity

Proportion of nil stereoacuity at baseline'* |66%

Proportion of nil stereoacuity after 6-month [ patching and atropine: 44%; binocular treatment:

treatment!4 20% (assumption)
Utility of nil stereoacuity3?:33 0.953
Utility of measurable stereoacuity3233 0.955

Utility

Hodgson 201734 was used in the base-case;
other studies37-38 were used in sensitivity
analyses.

Utility by combination of VA of two eyes:'

Healthcare resource utilization and costs

£0.17 per disposable patch; £131.89 per unit of

36
Treatment costs atropine; binocular treatment: hypothetical price

Frequency: 1.6 visits during 6-month treatment
period; once a year afterward
Unit cost: £104.16 per visit

Physician visits26:3

BVI costs!1§ £9110.76 (inflated to 2020)

VA: visual acuity; N: normal vision; Mi: mild vision; Mo: moderate vision; Se: severe vision; BVI: bilateral
visual impairment

*Assume 0.7 line gain vs patching across all VA severity and assume +1 line = -0.1 logMAR

iDefined as less than 50% of the recommended dose

Model three from the reference was used

SApply only to patients with severe VA in both eyes

Discussion

Our model is the first model that more comprehensively incorporates key
aspects of amblyopia and its treatments. The majority of the published
economic evaluations studies were studying screening strategies and
model until diagnosis examination using decision-tree structure, thus natural
history of disease and treatment outcomes were generally not included. The
Konig 2004 and Carlton 2008 papers contain significant development in
methodology; however, utility impact from binocular VA and binocular
functions were missing and these factors are important for studying novel
binocular treatments. In our model, health states were defined by different
combinations of VA in two eyes and utilities were estimated as a function of
VA in both eyes. There is a continuous debate between whether utility is
mainly impacted by better-seeing eye or both eyes. Alternative sets of
utilities (based on better-seeing eye) were tested in sensitivity analysis and
binocular treatment remained to be cost-effective. In addition, the majority
of the utility studies were conducted for vitreoretinal diseases; further
research based on the amblyopia population is thus required. The effect of
improvement in stereoacuity was incorporated by including a utility
increment estimated based on the proportion of patients having
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improvement in stereoacuity. It can be argued that the benefit associated
with improving stereoacuity might be double counted using this approach
due to reported association between stereoacuity and VA3°. Further
research on alternative approaches and the dynamic stereoacuity-VA
relationship would be beneficial.

Conclusion

The proposed model structure describes important clinical features of
amblyopia, including stereopsis, natural history of disease, long-term
risks, vision of both eyes and impact on QoL. This model can be useful
for health technology assessment and decision-making.
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