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Scientific summary

Background

Diabetic macular oedema (DMO) is a leading cause of central visual loss in people with diabetes.
In DMO fluid, and at times lipid (fat) and blood, leak from blood vessels and build up in the macula,
the central area of the retina responsible for giving central sight. As a result, damage to the macula
occurs and loss of vision ensues.

The Early Treatment Diabetic Retinopathy Study (ETDRS) was a landmark randomised clinical trial
(RCT) conducted in the 1980s that demonstrated the benefit of standard threshold macular laser (SL)
for preventing sight loss in people with clinically significant diabetic macular oedema (CSMO). In the
past decade, anti-vascular endothelial growth factor (anti-VEGF) therapy has been introduced to treat
DMO. However, the National Institute for Health and Care Excellence (NICE) recommends macular
laser to treat centre-involving DMO with a central retinal subfield thickness (CRT) of < 400 µm on
optical coherence tomography (OCT), as for this group macular laser is as clinically effective as
anti-VEGF therapy but more cost-effective.

When SL is applied to the retina it produces a burn, killing retinal cells, including those of the pigmented
layer of the retina, called retinal pigment epithelium (RPE). It is believed that the effect of the SL is at
least partly related to the stimulation of RPE cells around the laser burn. Laser burns to the retina may
be associated with adverse events. In more recent years, subthreshold micropulse laser (SML) has been
introduced to treat a variety of macular diseases, including DMO. In contrast to SL, SML does not ‘burn’
the retina. After its application there is no anatomical change observed; because of this, there were
uncertainties about its potential effectiveness.

Objectives

To determine the clinical effectiveness, safety and cost-effectiveness of SML compared with SL for the
treatment of DMO suitable for macular laser treatment.

Methods

Design
A pragmatic, allocation-concealed, double-masked (participants and outcome assessors), multicentre,
randomised, non-inferiority clinical trial.

Participants
Adults (aged ≥ 18 years), with type 1 or 2 diabetes and centre-involving DMO suitable for laser and
with a CRT of < 400 µm, as determined with spectral domain optical coherence tomography (SD-OCT),
and a visual acuity of > 24 ETDRS letters (Snellen equivalent > 20/320) in one or both eyes. If both
eyes were eligible then both received the same type of laser but one was designated as the ‘study eye’,
which was the eye with the better best-corrected visual acuity (BCVA) at randomisation or, if BCVA
was the same in both eyes, the eye with the lesser CRT.

Setting
Hospital eye services (n = 16) in the UK.
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Interventions
Participants were randomised 1:1 to receive SML (577 nm) or SL [e.g. using an argon, frequency-
doubled neodymium-doped yttrium aluminium garnet (Nd:YAG) 532 nm laser]. Laser treatment could
be repeated as needed using the laser allocated at randomisation. Rescue treatment with anti-VEGF
therapy/steroids was allowed if vision dropped by 10 ETDRS letters and/or CRT increased to > 400 µm.

Outcomes
The primary outcome was the mean change in BCVA in the study eye from baseline to month 24.
The non-inferiority margin was set at 5 ETDRS letters. This margin was chosen as it is accepted that
a visual change of this size is not clinically relevant.

Secondary outcomes included the mean change from baseline to month 24 in binocular BCVA; CRT;
mean deviation (MD) of the Humphrey 10–2 visual field in the study eye; percentage of people
meeting driving standards; and EuroQol-5 Dimensions, five-level version (EQ-5D-5L), National Eye
Institute Visual Function Questionnaire – 25 (NEI-VFQ-25) and Vision and Quality of life Index
(VisQoL) scores. Other secondary outcomes were the cost per quality-adjusted life-years (QALYs)
gained, adverse effects, number of laser treatments done and additional treatments used.

Statistical analysis
Although the DIAMONDS (DIAbetic Macular Oedema aNd Diode Subthreshold micropulse laser)
trial was a non-inferiority trial, it was also powered to demonstrate equivalence and superiority (if this
were to exist) of SML when compared with SL. With a maximal permitted difference of ± 5 ETDRS
letters, it was estimated that 113 participants per group would be required at month 24 to determine
statistically significant differences in the primary outcome between laser groups. This sample size
would also detect differences between groups on important secondary outcomes, including changes
in CRT and vision-related quality of life. Considering a 15% attrition rate, 266 participants were
planned to be recruited.

The primary statistical analysis was per protocol, as this is preferred for non-inferiority and equivalence
trials given that intention to treat (ITT) increases the risk of a type I error, although ITT analysis was
also undertaken. ITT analyses were used for all secondary outcomes because the aim was to assess
superiority for these. The change in BCVA from baseline to month 24 was compared between laser
groups using an independent two-sample t-test. The primary outcome was adjusted for baseline BCVA
score, baseline CRT and minimisation factors/covariates including centre, BCVA at presentation and
previous use of macula laser or anti-VEGF therapy in the study eye using an analysis of covariance
(ANCOVA) model. The primary analysis was based on available data (with no imputation of missing
values) from the study eye only, and statistical significance on two-sided tests and a p -value of
< 0.05 with no adjustment for multiple testing. A secondary analysis was performed on the subset
of participants with both eyes included in the trial, including study eye as a random effect within the
mixed model. Sensitivity analyses were undertaken to assess the impact of missing data by imputing
extreme values (i.e. lowest and highest) and the last observation carried forward; the impact of including
patients who were not treatment naive (i.e. excluding those who had had previous laser for DMO or
previous anti-VEGF therapy for DMO or proliferative diabetic retinopathy in the study eye); the impact
of including patients who had previously undergone cataract surgery (i.e. pseudophakic at baseline)
in the study eye; and the impact of using month-24 data collected outside ± 14 days of the due date.
The primary outcome was analysed according to the pre-specified subgroups of centre; distance BCVA
at baseline of ≥ 69 ETDRS letters [Snellen equivalent of ≥ 20/40; logarithm of the minimum angle of
resolution (log-MAR) ≥ 0.3] or 24–68 ETDRS letters (Snellen equivalent of ≤ 20/50; log-MAR 0.4–1.2);
and previous use of macular laser or anti-VEGF therapy in the study eye. The analysis was performed
by including the corresponding interaction terms in the regression model using stricter criteria for
statistical significance (p ≤ 0.01).
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Side effects and use of additional treatments were analysed using logistic regression models, adjusted
for minimisation covariates. Secondary measures of visual function, anatomical outcomes and number
of treatments required were analysed using linear regression models adjusted for baseline BCVA score
and minimisation variables. ‘Driving ability’ (i.e. meeting standards for driving) was analysed using a
logistic regression model adjusted for baseline BCVA and minimisation variables.

For the health economic evaluation, data on resource use from the perspective of the NHS and
Personal Social Services were collected. Outcomes included health-related (EQ-5D-5L scores) and
vision-related quality of life (NEI-VFQ-25 and VisQoL scores). The economic evaluation took the form
of a cost–utility analysis, expressed in terms of cost per QALY gained.

Results

A total of 266 participants, 133 allocated to each laser group, were recruited. One patient in the SL
group withdrew consent for their data to be used; thus 265 participants were included in the analysis.
There were 231 participants (87%), 116 (87%) and 115 (86%) in the SML and SL groups, respectively,
with primary outcome data at month 24.

The mean age of participants was 62.2 [standard deviation (SD) 10.3] years. Most were male (70%),
with a mean known duration of DMO of 2.5 (SD 4.5) years. Most participants were white (77%), had
type 2 diabetes (85%) and were overweight, obese or morbidly obese (88%), with a mean glycated
haemoglobin type A1c (HbA1c) value of 69.5 mmol/mol (SD 18.4 mmol/mol) [8.5% (SD 3.8%)]. Some
(24%) had received previous laser treatment [median number of sessions 1 (interquartile range 1–2);
with a mean length of time since last session of 4.2 years (SD 4.8 years)]. The mean CRT was 329.2 µm
(SD 37.3 µm) and the mean BCVA was 80.2 ETDRS letters (SD 8.4 ETDRS letters). Both treatment
groups were comparable regarding baseline characteristics.

Clinical and cost-effectiveness results

Primary outcome
Subthreshold micropulse laser was deemed not only non-inferior but also equivalent to SL as the
difference between treatment groups in the primary outcome [–1.98 ETDRS letters, 95% confidence
interval (CI) –3.9 to –0.04 ETDRS letters] was within both the upper and lower margins of the
permitted maximum difference (–5.0 to 5.0 ETDRS letters). The difference in the primary outcome
between treatment groups of –1.98 ETDRS letters favouring SL was statistically significant (p = 0.046)
but not clinically relevant. A further analysis adjusted for BCVA, CRT and minimisation covariates
showed no statistically significant difference between treatment groups with a mean change in BCVA
in the study eye from baseline to month 24 of –2.36 ETDRS letters [standard error (SE) 0.67 ETDRS
letters] in the SML group and –0.53 ETDRS letters (SE 0.67 ETDRS letters) in the SL group (mean
difference –1.84 ETDRS letters, 95% CI –3.72 to 0.047 ETDRS letters; p = 0.056). Results from the
ITT analysis followed those of the per protocol analysis.

Secondary outcomes
There were no statistically significant differences in most secondary outcomes measured, including
mean change in binocular BCVA (mean difference 0.32 ETDRS letters, 95% CI –0.99 to 1.64 ETDRS
letters; p = 0.63), CRT (mean difference –0.64 µm, 95% CI –14.25 µm to 12.98 µm; p = 0.93), MD of
the 10–2 Humphrey visual field (0.39 dB, 95% CI –0.23 dB to 1.02 dB; p = 0.21), percentage of people
meeting driving standards (percentage point difference 1.6%, 95% CI –25.3% to 28.5%, p = 0.91),
side effects (risk ratio 0.28, 95% CI 0.06 to 1.34, p = 0.11), and number of people requiring additional
treatments (percentage point difference –2.8%, 95% CI –13.1% to 7.5%, p = 0.59). The VisQoL analysis
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showed no statistically significant differences in utility scores between treatment groups for each of
the VisQoL dimensions and at each of the follow-up time points. The NEI-VFQ-25 subscales showed
similar results.

The number of laser treatments performed was slightly higher in the SML group (mean difference 0.48
treatments, 95% CI 0.18 to 0.79 treatments; p = 0.002). This difference was driven by a small number
of participants who required a larger number of laser treatments in the SML group. Specifically,
13 participants required six or seven laser treatments in the SML group, compared with only two
needing this number of treatments in the SL group. Anti-VEGF therapy was more common in the SL
group, but the difference was not statistically significant.

No statistically significant differences were observed in EQ-5D-5L scores between treatment groups
with a non-significant difference of 0.008 QALYs gained. The mean total costs of care between baseline
to month 24 month post-randomisation were slightly lower in the SML group than the SL group, but
with overlapping 95% CIs (£897.83 vs. £1125.66, respectively, bootstrap 95% CI –£848.02 to £392.35).
Costs of laser treatment and outpatient visits were similar, but the SL group had higher costs for
anti-VEGF therapy, mainly because five patients received more than 10 injections. Therefore, average
costs for SML were lower and the average benefits were marginally higher, but neither costs nor
benefits were statistically significantly different from those for SL.

Conclusions

Subthreshold micropulse laser was deemed non-inferior and clinically equivalent to SL for the
treatment of DMO with CRT of < 400 µm. A higher number of laser sessions (by 0.48 sessions, on
average) was required when SML was used.

Implications for health care

The DIAMONDS trial, a methodologically robust and adequately powered RCT, showed that SL and
SML have equivalent efficacy for the treatment of people with DMO with a CRT of < 400 µm and,
thus, either can be used to treat those affected by this complication of diabetic retinopathy.

In the DIAMONDS trial, the great majority of participants were overweight, obese or morbidly obese,
with poor metabolic control. Tackling these major risk factors is essential to prevent DMO and other
complications of diabetes. Despite this, undergoing macular laser, an inexpensive form of therapy,
enabled most participants to maintain good vision for at least two years. Thus, macular laser treatment
should continue to be offered to people with DMO with a CRT of < 400 µm, as recommended by NICE.

Recommendations for research

Given that SML does not burn the retina, and, thus, carries no risk of burning the fovea, and considering
the increasing demand for DMO treatments in the NHS, it may be possible to instruct allied non-medical
staff to undertake this therapy. Hospital optometrists and nurses are already administering anti-VEGF
therapy to people with DMO in the NHS. Proof-of-concept studies evaluating the feasibility of training
non-medical professionals, and the efficacy and safety of macular laser performed by non-medical
professionals, would seem advisable.

The DIAMONDS trial showed that macular laser achieved good outcomes in a very metabolically
uncontrolled patient cohort of people with a CRT ≤ 400 µm and reduced vision.
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A trial in people with DMO with a CRT of ≥ 400 µm, comparing anti-VEGF therapy alone with anti-
VEGF therapy and macular laser applied only when the CRT has decreased to < 400 µm following
anti-VEGF injections, would be of value. It could reduce the number of anti-VEGF injections required
and, subsequently, the cost of the treatment and the risk and inconvenience of eye injections to
patients. This trial has not yet been conducted.

A trial comparing the clinical effectiveness, safety, and cost-effectiveness of SML compared with
anti-VEGF therapy could also be considered.

Trial registration

This trial is registered as EudraCT 2015-001940-12, ISRCTN17742985 and NCT03690050.

Funding

This project was funded by the National Institute for Health and Care Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 26, No. 50. See the NIHR Journals Library website for further project information.
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