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CLINICAL TRIAL

Long-term Effect of Dual-focus Contact Lenses on Myopia
Progression in Children: A 6-year Multicenter Clinical Trial

Paul Chamberlain, BSc,'* Arthur Bradley, PhD,* Baskar Arumugam, PhD, FAAO,* David Hammond, PhD,* John McNally, OD, FAAO,*
Nicola S. Logan, PhD,? Deborah Jones, BSc, FAAO, Cheryl Ngo, MBBS, Mmed,* Sofia C. Peixoto-de-Matos, MSc,® Chris Hunt, MSc,®

and Graeme Young, PhD, FAAQ®

SIGNIFICANCE: Treatment of myopic children with a dual-focus soft contact lens (DFCL; MiSight 1 day) produced
sustained slowing of myopia progression over a 6-year period. Significant slowing was also observed in children
switched from a single vision control to treatment lenses (3 years in each lens).

PURPOSE: This study aimed to evaluate the effectiveness of DFCLs in sustaining slowed progression of juvenile-
onset myopia over a 6-year treatment period and assess myopia progression in children who were switched to a
DFCL at the end of year 3.

METHODS: Part 1 was a 3-year clinical trial comparing DFCLs with a control contact lens (Proclear 1 day) at four
investigational sites. In part 2, subjects completing part 1 were invited to continue for 3 additional years during
which all children were treated with MiSight 1 day DFCLs (52 and 56 from the initially treated [T6] and control
[T3] groups, respectively). Eighty-five subjects (45 [T3] and 40 [T6]) completed part 2. Cyclopleged spherical
equivalent refractive errors (SEREs) and axial lengths (ALs) were monitored, and a linear mixed model was used
to compare their adjusted change annually.

RESULTS: Average ages at part 2 baseline were 13.2 + 1.3 and 13.0 + 1.5 years for the T6 and T3 groups, respec-
tively. Slowed myopia progression in the T6 group observed during part 1 was sustained throughout part 2
(mean + standard error of the mean: change from baseline SERE [in diopters], —-0.52 + 0.076 vs. —=0.51 + 0.076;
change in AL [in millimeters], 0.28 + 0.033 vs. 0.23 + 0.033; both P> .05). Comparing progression rates in part
2 for the T6 and T3 groups, respectively, indicates that prior treatment does not influence efficacy (SERE,
-0.51 £ 0.076 vs. -0.34 = 0.077; AL, 0.23 + 0.03 vs. 0.18 + 0.03; both P> .05). Within-eye comparisons of
AL growth revealed a 71% slowing for the T3 group (3 years older than part 1) and further revealed a small subset
of eyes (10%) that did not respond to treatment.

CONCLUSIONS: Dual-focus soft contact lenses continue to slow the progression of myopia in children over a
6-year period revealing an accumulation of treatment effect. Eye growth of the initial control cohort with DFCL
was slowed by 71% over the subsequent 3-year treatment period.
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Myopia is predicted to affect more than half of the world's pop-
ulation by 2050,! and the prevalence of high myopia (defined as
myopic refractive errors higher than -6 D)? is also increasing, being
present in approximately 3% of the myopic population in 2000 and
expected to reach 10% by 2050. The associated retinal and spe-
cifically macula pathologies, such as myopic macular degenera-
tion,3* are already leading causes of impaired vision in Europeans
younger than 75 years® and have become the leading cause of
blindness in older Chinese populations.®

Although the prevalence of retinal pathologies associated with
myopic eye growth increases later in life,” the excessive eye growth
that results in myopia often begins early in childhood® and continues
into adolescence.® The anomalous growth of the eye can continue
over many years'® and can vary widely in rate—for example, from
0.17 mm to a maximum reported 0.53 mm per year in European
children!'—uwith earlier onset and faster progression generally re-
sulting in higher levels of adult myopia.'2
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Efforts to delay onset of myopia and slow myopia progression
have included modifying a child's visual environment, for example, in-
creased lighting,'2 increased time outdoors, *4~*¢ and manipulations
of visual optics to counteract the external environmental changes. Op-
tical interventions incorporated into soft contact lenses, spectacle
lenses, and orthokeratology are designed to introduce some myopic
defocus and have shown promise in slowing eye growth.!’

Assessing the efficacy of myopia control treatments is compli-
cated by the need to monitor eye growth and refractive error over
an extended period,'® coupled with the significant covariate of
slowed myopic eye growth with increasing age.'? The added im-
pact of measurement noise and selection bias may compromise
the value of short-term studies.® Also, short-duration trials cannot
examine important questions of treatment sustainability or satisfac-
torily reveal the interactions of treatment duration and age. In con-
trast, longer-term myopia control trials can be expected to evaluate
sustained treatment effectiveness, whereas normal age-related
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slowing of progression is ongoing during the evaluation period.
However, maintaining control groups over long periods without
treatment raises ethical and practical considerations.?%?! Only
a few 3-year randomized controlled clinical trials of optical myo-
pia management have been published.??72® This is the first study
to report myopia control efficacy data in a study cohort over a
6-year period.

After an observed average reduction of —0.73 D in myopia pro-
gression over the 3-year part 1 of this randomized control trial,??
the dual-focus contact lens myopia management option was ap-
proved by the U.S. Food and Drug Administration?® for the indication
of slowing the progression of myopia in children. During part 1,
standard treatment and control arms were used. However, because
of ethical concerns,?%?! the almost zero chance of placebo effect
influencing the data,?”:?® and concerns that families would simply
choose to purchase the commercially available treatment lens, sub-
jects from the part 1 control group were all switched into the treat-
ment lens at the start of year 4 (part 2). This protocol shift would en-
able better retention of subjects. The spherical equivalent refractive
error and axial length progression data for both groups during part 2
(years 4 to 6) and the full 6 years of the trial were used to test the fol-
lowing hypotheses: (1) the slowed growth observed during years 1 to
3 in the treatment group would be sustained during years 4 to 6; (2)
prior treatment for a period of 3 years will not result in faster pro-
gression compared with a newly treated group of the same age;
(3) slowed myopia progression is achieved when treatment is initi-
ated in an older cohort of subjects; and (4) faster growing eyes ex-
perience greater slowing of growth during treatment.

METHODS

Part 1 of this multicenter, double-masked, randomized, con-
trolled clinical trial (ClinicalTrials.gov identifier, NCT01729208)
compared myopia progression and eye growth in children aged 8 to
12 years at baseline and fitted with either a daily disposable
dual-focus myopia control soft contact lens (MiSight 1 day,
omafilcon A; CooperVision, Inc., Pleasanton, CA) or a standard
single-vision, daily disposable lens (Proclear 1 day, omafilcon A;
CooperVision, Inc.). The duration of part 1 was 3 years. Part 2 of
the clinical trial was an open-label study with no masking or ran-
domization, as all subjects were refitted with the dual-focus treat-
ment lenses. Subjects remained masked to their previous cohort
assignment for part 1. Part 2 was 3 years in duration and registered
under the same identifier. Both parts of the study were conducted
at the same four investigational sites: University of Minho, Braga,
Portugal; Aston University, Birmingham, United Kingdom; Na-
tional University Hospital, Singapore; and the University of Water-
loo, Ontario, Canada. The study was conducted in conformance
with the ethical principles in the Declaration of Helsinki, with the
International Council for Harmonization guidelines for Good Clini-
cal Practice and all applicable local regulations. This research
was reviewed by an independent ethical review board and con-
forms with the principles and applicable guidelines for the protec-
tion of human subjects in biomedical research. Standardized mea-
surements were used across sites, under the same protocol with
identical equipment calibration instructions to ensure concor-
dance across the study sites.?? All subjects who successfully com-
pleted part 1 were invited to enroll in part 2. Initial visits for part 2
took place immediately after the 36-month exit visit and reconsent.
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These visits were completed between December 2015 and
February 2017.

An assent document was explained to, read, and signed by each
potential study subject before enroliment in each part of the study.
Similarly, an informed consent document was explained to, read,
understood, and signed by a parent or legal guardian of the subject
before enroliment.

During the 3-year part 1, cohorts were identified as “control”
and “treatment” groups and monitored every 6 months as reported
previously.?? In part 2, however, both cohorts from part 1 received
the same treatment lens. Thus, these two cohorts are referred to as
T6 (for those children who received 6 years of dual-focus myopia
control treatment lenses) and T3 (for the original control group
who then received 3 years of treatment in dual-focus myopia con-
trol treatment lenses at a later age). Subjects were subsequently
monitored in part 2 at 42-, 48-, 54-, 60-, 66-, and 72-month visits.
Lens refits for the previously untreated T3 cohort were

TABLE 1. Demographics at part 2 baseline for T6 (6 years of
treatment) and T3 (original control group refitted with MiSight 1 day
for years 4-6)

Variable T3 group T6 group P
Subjects (n) 56 52
Eyes (n) 112 104
Age entering part 2 (y)
Mean 13.0 13.2 .60
SD 1.5 1.3
Range 11to 15 11to 16
Age range, n (%)
11-12y 25 (45) 18 (35)
213y 31 (55) 34 (65)
Sex, n (%)
Male 27 (48) 28 (54) .57
Female 29 (52) 24 (46)
Ethnicity of subject, n (%)
White 34 (61) 28 (54) .94
East Asian 9 (16) 11 (21)
South Asian 6(11) 5(10)
Other 2(4) 2 (4)
Mixed 5(9) 6(12)
Cycloplegic spherical equivalent refractive error (D)
Mean -3.45 -2.52 <.001
Median -3.40 -2.50
SD 1.14 0.98
Range -1.31t0-6.88 -0.19t0-4.93
Axial length (mm)
Mean 25.07 24.76 .002
Median 25.13 24.77
SD 0.74 0.66
Range 23.21026.8 23.21027.2

Values in bold are significant. SD = standard deviation.
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appropriately powered for their subjective refraction at 36 months,
and acceptable lens fits were confirmed.

The primary outcome measures of cycloplegic spherical equiv-
alent refractive error and cyclopleged optical interferometric mea-
sures of axial length were conducted at baseline and annually
over the 6-year study using the Grand Seiko Binocular Auto-
refractor/Keratometer WR-5100 K or WAM-5500 (Grand Seiko
Co., Hiroshima, Japan) and the I0LMaster (Carl Zeiss Meditec,
Dublin, CA), respectively.

All measurement protocols used in part 1 were retained for part
2.22 Other additional outcomes collected but not addressed in this
article included subject and parent questionnaires, contact lens
overrefraction, and lens fit assessment.

Statistical Analysis

The primary effectiveness aims of this study were twofold: (1) to
compare myopia progression during part 1 and part 2 for both
groups (Hypotheses 1 and 3) and (2) to compare the rate of myopia
progression between the two study groups during part 2 and thus
evaluate the impact of treatment history (Hypothesis 2).

Demographic data for the T6 and T3 groups were evaluated by
the two-sample ttest (continuous data), Mann-Whitney U test (cat-
egorical data), or Fisher exact test (nominal data). Unadjusted data
for myopia progression are presented as population means with
standard deviation. Mixed-effects models—used to analyze the
changes in axial length and spherical equivalent refractive error—

[ Enroliment ]

Assessed for eligibility (n=187)

Excluded (n=43)

A

y

» Not meeting inclusion criteria (n=41)
+ Declined to allow all procedures (n=2)

\ 4

Randomized (n=144)

[ Allocation ]

Allocated to test lens (n=70)
» Received allocated intervention (n=65)
« Did not receive allocated intervention: unacceptable lens
fit (n=3), insertion-removal challenges (n=1), subject or
parent/guardian decision (n=1)

\ 4

Allocated to control lens (n=74)
» Received allocated intervention (n=70)
» Did not receive allocated intervention: unacceptable lens
fit (n=3), insertion-removal challenges (n=1)

[ 36-month Follow-up Part 1 ]

Completed (n=53)
Lost to follow-up (n=2)
Discontinued intervention:
* Lens related: discomfort, vision, subject or
parent/guardian decision (n=5)
» Non-lens related: loss of motivation, schedule,
diagnosed diabetic, protocol violation (meds) (n=5)
Excluded from analysis and no longer eligible (n=1)

Dispensed Part 2 test lens (T6, n=52)

Completed (n=56)
Lost to follow-up (n=3)
Discontinued intervention:
* Lens related: discomfort, handling, CIE, subject or
parent/guardian decision (n=7)
* Non-lens related: loss of motivation, schedule, protocol
violation (meds) (n=4)

Dispensed Part 2 test lens (T3, n=56)

[ 72-month Follow-up Part 2 ]

Completed (T6, n=40)
Missed final visit (n=6)
Lost to follow-up (n=1)
Discontinued intervention:
* Len related: vision, subject prefers glasses (n=3)
» Non-lens related: relocation, loss of motivation (n=2)

Completed (T3, n=45)
Missed final visit (n=1)
Discontinued intervention:
+ Lens related: discomfort, vision, lens fit, subject or
parent/guardian decision (n=7)
» Non-lens related: relocation, Uveitis (n=3)

FIGURE 1. Flowchart showing treatment allocations and subject numbers for parts 1 and 2. Discontinuations are detailed as lens related, not lens re-

lated, and lost to follow-up.
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TABLE 2. Mean spherical equivalent refractive error (in diopters) and
axial length (in millimeters) progression with SD for the T6 (6 years of
treatment) and T3 (original control then treated in years 4-6) cohorts

A Spherical equivalent

refractive error, A Axial length,
Study period Group n mean + SD (D) mean = SD (mm)
Baseline to T6 104 -0.51 +0.64 +0.30 +0.28
36 mo (part 1)

T3 112 -1.24 +0.61 +0.62 +0.30
36to 72 mo T6 80 -0.45+0.41 +0.22 £0.17
(part 2)

T3 90 -0.29 £0.52 +0.18 £0.23
Baseline to T6 80 -0.92 £ 0.87 +0.49 £ 0.39
72 mo (parts
1 and 2)

T3 90 -1.55+0.81 +0.81 £0.43

Progression during part 1, part 2, and parts 1 and 2 combined is shown.
SD = standard deviation.

included group, visit, part, site, and the interactions group by site,
group by visit, group by part, and group by visit by part as fixed ef-
fects; age at part 1 baseline, part 1 baseline myopia (spherical
equivalent refractive error or axial length), and ethnicity were in-
cluded as fixed covariates; and subject (nested in site) and eye
(nested in subject) were included as random effects. The model
was used to estimate the mean change from part 1 baseline for
each lens group by visit (least squares means and standard error
of the mean) and their differences.

The analyses for testing efficacy end points were performed on
all evaluable subjects' dispensed lenses at 36 months and subjects
who did not have a protocol deviation that was deemed to render
data unsuitable for inclusion in the analysis. Safety end points were
assessed on all eyes with an evaluable visit, including unscheduled
visits, from part 1 dispensing to the 72-month visit.

Comparisons of individual T3 subjects' eye growth rates from
part 1 baseline to 36 months with those from 36 to 72 months
used Deming regression and cluster analysis (Hypothesis 4).

RESULTS

In part 1 of the study, 144 subjects were enrolled and 135 were
dispensed lenses, and 109 subjects completed the 36-month
visit.?2 Of these, 108 remained eligible and were dispensed the
dual-focus treatment lens for part 2 (52 from the original test group
[T6] and 56 from the original control group [T3]). Eighty-five (85)
subjects completed part 2 with eligible final visits, 45 in the T3
group and 40 in the T6 group. One subject in the T3 group and six
in the T6 group attended a final visit but were not included in the fi-
nal analysis, as the visits were outside of the allowable visit window.

Table 1 summarizes the demographics for all subjects continu-
ing into part 2. Because most subjects completed part 1, the two
cohorts for part 2 continued to be well matched for age, sex, and
ethnicity. Owing to differences in their myopia progression during
part 1, T3 subjects were, on average, about one diopter more myo-
pic and had longer eyes than T6 subjects at the start of part 2
(P<.001 and P=.002, respectively).
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The age range for subjects entering part 2 of the study was 11 to
16 years, resulting in more than half (60%) of the subjects being
older than any subject initiating treatment during part 1 (i.e.,
60% were older than 13 years).

Subject Accountability

Fig. 1 shows the flow of participants throughout the clinical
trial, from recruitment for part 1 to study completion of part 2.

Of the 108 eligible subjects who consented and were enrolled
into part 2, 18 were in Portugal, 23 in the United Kingdom, 18
in Singapore, and 49 in Canada. Ninety-two subjects attended a fi-
nal 72-month visit. Of these, seven subjects (T6, 6; T3, 1) were 33
or more days late for the 72-month visit (primarily because of
scheduling conflicts) and were excluded from the efficacy analysis.
Therefore, 85 subjects had eligible final visits, 45 in the T3 group
and 40 in the T6 group.

During part 2, 16 subjects discontinued: 6 in the T6 group and
10 in the refitted T3 group. Of those 16 subjects, 7 were discontin-
ued at or soon after the baseline visit (T6, 2; T3, 5). The primary
reasons for discontinuing were unacceptable vision (4), preference
for spectacles (3), and relocation (3). Overall, the retention rate for
those subjects enrolled and dispensed lenses in each part of the
study was 81% (109 of 135) for part 1 and 85% (92 of 108) for
part 2.

Reported daily hours of wear during weekdays was consistent
and high across all 6 years of the study: means + standard devia-
tions at the 6-month point of part 1 were 12.9 + 1.3 hours for the
T3 group and 12.8 £ 1.2 hours for the T6 group, increasing
slightly to 13.9 = 1.4 and 13.9 + 1.7 hours for the T3 and T6
groups, respectively, at 72 months. Mean + standard deviation
wearing times reported for weekends were slightly lower at
72 months, 12.9 + 2.4 and 12.5 + 1.3 h/d for the T3 and T6
groups, respectively. There were no significant differences

0.00

-0.25

-0.50

-0.75

-1.00

Increased Myopia (D)

1.25 -
—=—T6 ! + N
-1.50 - i T @®---_
.75 : : :, : : :
0 12 24 36 48 60 72

Follow-up (months)

FIGURE 2. Mean change from baseline in cycloplegic spherical equiv-
alent refractive error with 95% confidence intervals. Includes only
those subjects enrolled in part 2. Unfilled symbols represent subjects
in the control intervention, filled symbols represent subjects in the test
intervention.
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TABLE 3. Comparison of least squares mean cycloplegic spherical equivalent refractive error progression (in diopters) between part 1 and part 2, and

between the T3 and T6 cohorts during part 2

Spherical equivalent

Comparison refractive error, LSM (SEM) (D) 95% ClI Mean difference 95% Cl of difference P
T6 group
Part 1 -0.52(0.076) -0.67 to -0.37 0.01 (0.075) -0.14t00.16 .87
Part 2 -0.51 (0.076) -0.66 t0o -0.36
T3 group
Part 1 -1.32(0.077) -1.47t0-1.17 0.98 (0.071) 0.84t01.12 <.001
Part 2 -0.34(0.077) -0.4910-0.19
T6 vs. T3 (part 2)
T6 -0.51(0.076) -0.66 t0 -0.36 -0.17 (0.094) -0.35t00.02 .08
T3 -0.34 (0.077) -0.49t0-0.19

Cl = confidence interval; LSM = least squares mean; SEM = standard error of the mean.

between treatment groups for wear time at weekdays or weekends
in either part of the study ( P=.19). However, statistically signif-
icantly longer wear times were observed in part 2 compared with
part 1 (P < .001). During part 2, subjects reported that lenses
were worn at least 6.5 d/wk for both lens groups.

Myopia Progression

To quantify change in myopia, differences were calculated be-
tween spherical equivalent refractive error, and axial length mea-
sured at part 1 baseline and those measured at each annual time
point. This normalization process captures the myopia progression
during the full study duration (Table 2, Fig. 2). Across the 6 years of
assessment, the T3 group (untreated in part 1) progressed by an av-
erage of —1.55 + 0.81 D. This compares with the T6 group who
progressed by an average of —0.92 + 0.87 D. Within the T6 group,
23% of eyes showed no clinically meaningful change in spherical

0.9 A Part 1

E Part 2
0.8 1 %_,—%
074 —o—T3 : %’/

06 . —=—T6

0.5 A1

0.4 A

0.3

Axial Elongation (mm)

0.2

0.1

0.0

0 12 24 36 48 60 72
Follow-up (months)

FIGURE 3. Mean change from baseline in axial length with 95%

confidence intervals. Includes only those subjects enrolled in part

2. Unfilled symbols represent subjects in the control intervention,
filled symbols represent subjects in the test intervention.
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equivalent refractive error (defined as —0.25 D or less) across the
full 6 years of treatment.

The T6 group showed similar spherical equivalent refractive error
progression during each of the consecutive 3-year periods, part 1
and part 2, progressing by an average —0.51 + 0.64 D and
—0.45 + 0.41 D, respectively. During part 2, in which both groups
were treated with the dual-focus lens, the T6 and T3 group
mean + standard deviation progression rate was —0.45 + 0.41 ver-
sus —0.29+0.52 D, respectively. The T3 group experienced signif-
icant slowing of progression during part 2, slowing from a mean pro-
gression of —1.24 D during part 1 to —0.29 D during part 2.

After adjusting for the impact of potential covariables outlined
in the statistical analysis plan, the least squares mean estimated
progression in spherical equivalent refractive error was calculated.
During part 2, no significant difference was observed in progression
rate between the two groups at any follow-up visit. Differences in
least squares mean refractive progression during part 1 and part
2 were not significant for the T6 group but highly significant for
the T3 group (Table 3).

Table 2 and Fig. 3 summarize mean axial length progression
for both cohorts. Across the 6 years of assessment, axial lengths
in the T3 group increased by an average of 0.81 + 0.43 mm,
whereas axial length in the T6 group increased by an average of
0.49 + 0.39 mm.

Axial length growth in the T6 group slowed from 0.30 mm in
part 1 to 0.22 mm in part 2. This contrasts with the much larger
slowing observed in the T3 group as they were switched from con-
trol to treatment lenses (0.62 mm in part 1 to 0.18 mm in part
2). During part 2, least squares mean analysis revealed no signifi-
cant difference in axial length progression between the two groups
(Table 4). When comparing axial length growth between parts 1
and 2, the T3 group experienced an average slowing of growth
of 0.46 mm (P < .0001), whereas the T6 group slowed by only
0.05 mm (P=.13; Table 4).

Analysis of Axial Length Changes of Individual Eyes
Switched from Control to Test Lenses (T3 Group)

Extending the study for 3 years without a control group did not
allow further treatment-versus-control comparison used to estab-
lish efficacy in part 1. However, switching the T3 group from a sin-
gle-vision control lens to a dual-focus treatment lens provided a
unique opportunity for longitudinal analysis of eye growth and

Optom Vis Sci 2022; Vol 99(3) 208



MiSight 6-year Study — Chamberlain et al.

TABLE 4. Axial length progression

Comparison Axial length, LSM (SEM) (mm) 95% ClI Mean difference 95% Cl of difference P
T6 group
Part 1 0.28(0.033) 0.22-0.34 -0.05(0.033) -0.111t00.01 .13
Part 2 0.23(0.033) 0.17-0.30
T3 group
Part 1 0.64 (0.033) 0.58-0.71 -0.46 (0.031) -0.5210-0.40 <.001
Part 2 0.18(0.033) 0.12-0.25
T6 vs. T3 (part 2)
T6 0.23(0.033) 0.17-0.30 0.05 (0.040) -0.03t00.13 .25
T3 0.18(0.033) 0.12-0.25

Least squares mean estimates and differences comparing progression during part 1 and part 2, and between the T3 and T6 cohorts during part 2.

Cl = confidence interval; LSM = least squares mean; SEM = standard error of

the mean.

myopia development in individual children transitioning from un-
treated to treated status.

Part 1 and part 2 axial length growth data from the T3 group
were used to assess whether a common pattern of slowed eye

growth exists in this group of children across the observed range
of progression rates in part 1. Specifically, did treatment produce
either a fixed amount of slowing'® for each eye irrespective of the
pre-treatment growth or a slowing that scaled with the magnitude

Part 2: Treated AL Growth (mm)

0.0

[ ML
0.2

0.4

luun|uumuumnﬁm (LA,

0.6

== Non-responders

=S= Responders

0.8 1.0 1.2 1.4

Part 1: Untreated AL Growth (mm)

FIGURE 4. Axial length growth of T3 eyes observed over the 3 years of part 2

treatment (y axis) compared with growth observed during the part 1 un-

treated 3-year period (xaxis). Red dashed line represents the fitted single-parameter model with slope 8 = 0.29. Symbols represent individual eyes, blue

for the main subgroup (81 eyes) and red for the identified subgroup of “nonres

ponders” (9 eyes). Solid red and blue lines are best-fit Deming regression

lines for each subgroup, gray shaded areas represent a bootstrapped 95% confidence interval on the fitted model, and the black dashed line represents
the Y= Xvalues. Red and blue tick marks on the axes reveal the distribution of AL growths during parts 1 and 2. AL = axial length.
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of the eye growth seen before treatment (a proportional treatment
effect in which eyes that were growing faster before treatment expe-
rienced the largest reduction in growth rate)?2®

Fig. 4 shows a comparison of T3 axial length progression be-
tween parts 1 and 2. A Deming regression fit to the full sample of
90 eyes produced an estimated slope of +0.32 and intercept of
—0.03, with jackknife 95% confidence intervals (Cls) of 0.06 to
0.59 and -0.19 to 0.14, respectively. A single-parameter model
with the intercept set at zero produced a slope of 8 +0.29 with
95% Cl of 0.21 to 0.37. Importantly, neither fit is consistent with
a fixed treatment effect (Y = X — k) model. This single-parameter
model indicates a 71% slowing of eye growth for the T3 group in
part 2.

A subgroup of nine eyes was identified based on statistical
criteria for outlier detection and by applying multiple unsupervised
learning algorithms to the full N = 90 data set (Fig. 4). Good agree-
ment was found among the best-fitting solutions obtained with two-
dimensional kernel density estimation, Gaussian finite mixture
modeling, and K-means iterative descent clustering. It is notable
that most of these data points (6 of 9) were categorized statistically
as “outside” values®® in the treatment period only; that is, these
points were larger than the upper quartile plus 1.5 times the inter-
quartile range. Separate Deming regression of the two subgroups
revealed a slope of 0.22 (95% ClI, 0.08 to 0.35) and intercept of
—0.01 (95% CI, —0.10 to 0.08) for the main group of 81 eyes
(90%), with best-fit slopes of 0.90 (95% Cl, 0.56 to 1.24) and in-
terceptof 0.11 (95% Cl, —0.09 to 0.32) for the nine-eye subgroup.
Thus, parameter estimates for the model fitted to the main group
data are consistent with a proportional treatment effect (Y = kX),
whereas the ones from the model fitted to the small subgroup are
inconsistent with slowed growth (nonresponding eyes, Y= X). Eight
of the nine eyes classified as nonresponders were right-left pairs
from four subjects. Two eyes of one subject in the main group were
significantly shorter after 3 years of treatment (Y values of —-0.27
and —0.66 mm). These reduced axial lengths were observed to ac-
cumulate annually during the 3 years of treatment. The growth ra-
tios (years 4 to 6/years 1 to 3) were highly correlated for right and
left eyes (R =0.89; 95% Cl, 0.81 to 0.94).

Additional Outcomes

Visual Acuity

During part 2, mean + standard deviation distance visual acu-
ities were —=0.02 = 0.07 and —0.03 + 0.07 logMAR at the dispens-
ing visit for the T3 and T6 groups, respectively. At the final
72-month follow-up, acuities were —0.02 = 0.08 and —0.02 + 0.10
respectively, with no significant differences between cohorts
across the follow-up visits (P=.34).

Rate of Adverse Events and Biomicroscopic Findings

The safety end points—rate of adverse events and bio-
microscopic findings >grade 1—have been discussed in detail
in a recent publication.3!

DISCUSSION

Demonstrated efficacy of the dual-focus treatment lens during
years 1 to 3 of the 6-year study created ethical and practical reasons
to switch from a two-arm randomized control design to one in which
all subjects wore the treatment lens for years 4 to 6. This change
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eliminated the treatment versus control comparisons that were the
primary efficacy indicators during part 1 of the study, but it revealed
three key results: (1) a sustained rate of slowed eye growth and my-
opia progression in children who had already experienced 3 years of
treatment and (2) a similar rate of myopia progression in a cohort of
children introduced to MiSight 1 day contact lenses at an older age,
compared with the matched T6 group who had already experienced
3 years of treatment. Eliminating speculation that longer treatment
duration will result in a faster progression rate and thus reduced ef-
ficacy, compared with a newly treated age-matched population and
(3) in the group new to MiSight, significantly reduced myopia pro-
gression relative to that experienced during the prior 3-year use of
conventional daily disposable contact lenses.

For the originally treated cohort (T6), there was little difference
between the least squares mean myopia progression for part 1 and
part 2 (mean difference, 0.01 D and 0.05 mm). This suggests
that the myopia control treatment with dual-focus contact lenses
shows a sustained slowed eye growth over time and supports the
value of a prolonged treatment through childhood and into ado-
lescence. However, this sustained slowed eye growth may not di-
rectly translate to efficacy, given that older age can also result in
slower eye growth in untreated eyes. During part 2, the group new
to MiSight 1 day (T3) experienced slightly slower progression
(not statistically different) to that observed in the demographi-
cally matched T6 group, suggesting that treatment efficacy is
not significantly affected by prior treatment. Also, this similar
progression of the T3 group occurred despite their generally
higher myopia levels and longer eyes after an absence of treat-
ment in part 1.

Average spherical equivalent refractive error progression of the
T3 cohort was slowed by nearly a diopter (0.98 D) in part 2, and ax-
ial length growth was reduced by 0.46 mm. This significant slowing
of eye growth was observed in all but nine of the eyes newly treated
with MiSight 1 day in part 2 who were older (age, 13 to 15 years)
than the age range of subjects enrolled into part 1 (8 to 12 years).
Overall, these results provided evidence of treatment efficacy in
children who were, on average, 3 years older than those recruited
into the original treated cohort.

The within-eye comparisons of growth during and before treat-
ment of the T3 cohort (Fig. 4) are consistent with a proportional ef-
fect for myopia control across the progression range and revealed
growth rates during part 2 that were, on average, 29% of the rate
observed during part 1. The 29% result cannot be interpreted as
a 71% treatment effect because increasing age in itself would ac-
count for some slowing of growth during part 2. Analysis using pub-
lished eye growth models'® shows that, if left untreated, axial
length growth for untreated myopes in the older age range would,
on average, be approximately 76% of that observed in the 3-year-
younger, original control group enrolled in part 1. In other words,
approximately one-third of the slowing of eye growth observed dur-
ing part 2 can be attributed to age.

Comparisons of axial length growth between parts 1 and 2 of the
T3 cohort also provided the opportunity to identify any potential
“nonresponders,” an advantage provided by switching the T3
group, whose myopia progression before treatment had been well
defined, into treatment lenses. Nonresponders could not be identi-
fied in part 1 because faster progressors in the treatment group
may have progressed more than average because they did not re-
spond to treatment or because they did respond to treatment, but
their growth rate, if left untreated, would have been even faster.
Applying statistical outlier detection to the data identified 10% (9
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of 90) of eyes as belonging to the subgroup for whom the treatment
lens did not slow eye growth.

Although Deming regression analysis (Fig. 4) of the majority
subgroup reveals that growth during treatment was, on average,
22% of that before treatment, many subjects experienced approxi-
mately zero growth during treatment, whereas others grew at up to
30 to 50% of the pre-treatment rate. Although the data support a
proportional treatment model over a model in which treatment slows
growth in all children to a low level that is independent of their pre-
treatment growth, the Cl for a Deming regression of the “responder”
subgroup overlaps with that of Y= constant model over a significant
range of values of untreated axial length growth. The data do not sup-
port a fixed treatment effect where slowed progression is fixed num-
ber of millimeters regardless of part 1 progression rate.

Finally, it should be noted that this study represents one of the
longest prospective interventional trials of pediatric soft contact
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lens wear. As such, the clinical and, in particular, safety end points
are worthy of note. The previously reported low rate of significant
biomicroscopic findings3! further illustrates the minimal impact
on ocular physiology in this younger population with full-time, daily
disposable contact lens wear and is an important finding for eye
care professionals considering recommending contact lens myopia
control for children.

In conclusion, these 6-year data provide compelling evidence of
an accumulating myopia control effect of a dual-focus contact lens
as treatment duration is extended and beneficial effects even when
treatment is commenced at an older age. The data for the refit T3
cohort are consistent with the hypothesis that treatment effect is
proportional to pre-treatment growth rates and thus larger for fast-
growing eyes. As such, this result emphasizes the added value of
treatment to the fast progressors, who are at the greatest future risk
of maculopathy.”
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