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Abstract

Pan-retinal photocoagulation and other forms of laser
treatment and drug therapies for non-proliferative diabetic
retinopathy: systematic review and economic evaluation

Pamela Royle,’ Hema Mistry, Peter Auguste,’ Deepson Shyangdan,’
Karoline Freeman,! Noemi Lois? and Norman Waugh'*

Division of Health Sciences, Warwick Medical School, University of Warwick, Coventry, UK
2Queens University Belfast, Belfast, UK

*Corresponding author Norman.Waugh@warwick.ac.uk

Background: Diabetic retinopathy is an important cause of visual loss. Laser photocoagulation preserves
vision in diabetic retinopathy but is currently used at the stage of proliferative diabetic retinopathy (PDR).

Objectives: The primary aim was to assess the clinical effectiveness and cost-effectiveness of pan-retinal
photocoagulation (PRP) given at the non-proliferative stage of diabetic retinopathy (NPDR) compared with
waiting until the high-risk PDR (HR-PDR) stage was reached. There have been recent advances in laser
photocoagulation technigues, and in the use of laser treatments combined with anti-vascular endothelial
growth factor (VEGF) drugs or injected steroids. Our secondary questions were: (1) If PRP were to be used in
NPDR, which form of laser treatment should be used? and (2) Is adjuvant therapy with intravitreal drugs
clinically effective and cost-effective in PRP?

Eligibility criteria: Randomised controlled trials (RCTs) for efficacy but other designs also used.
Data sources: MEDLINE and EMBASE to February 2014, Web of Science.
Review methods: Systematic review and economic modelling.

Results: The Early Treatment Diabetic Retinopathy Study (ETDRS), published in 1991, was the only trial
designed to determine the best time to initiate PRP. It randomised one eye of 3711 patients with
mild-to-severe NPDR or early PDR to early photocoagulation, and the other to deferral of PRP until
HR-PDR developed. The risk of severe visual loss after 5 years for eyes assigned to PRP for NPDR or early
PDR compared with deferral of PRP was reduced by 23% (relative risk 0.77, 99% confidence interval
0.56 to 1.06). However, the ETDRS did not provide results separately for NPDR and early PDR. In economic
modelling, the base case found that early PRP could be more effective and less costly than deferred PRP.
Sensitivity analyses gave similar results, with early PRP continuing to dominate or having low incremental
cost-effectiveness ratio. However, there are substantial uncertainties. For our secondary aims we found
12 trials of lasers in DR, with 982 patients in total, ranging from 40 to 150. Most were in PDR but five
included some patients with severe NPDR. Three compared multi-spot pattern lasers against argon laser.
RCTs comparing laser applied in a lighter manner (less-intensive burns) with conventional methods
(more intense burns) reported little difference in efficacy but fewer adverse effects. One RCT suggested
that selective laser treatment targeting only ischaemic areas was effective. Observational studies showed
that the most important adverse effect of PRP was macular oedema (MO), which can cause visual
impairment, usually temporary. Ten trials of laser and anti-VEGF or steroid drug combinations were
consistent in reporting a reduction in risk of PRP-induced MO.
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ABSTRACT

Limitation: The current evidence is insufficient to recommend PRP for severe NPDR.

Conclusions: There is, as yet, no convincing evidence that modern laser systems are more effective than
the argon laser used in ETDRS, but they appear to have fewer adverse effects. We recommend a trial of
PRP for severe NPDR and early PDR compared with deferring PRP till the HR-PDR stage. The trial would use
modern laser technologies, and investigate the value adjuvant prophylactic anti-VEGF or steroid drugs.

Study registration: This study is registered as PROSPERO CRD42013005408.

Funding: The National Institute for Health Research Health Technology Assessment programme.
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Plain English summary

D iabetes is the leading cause of blindness in adults of working age.

Diabetic eye disease is called retinopathy. It can go through different stages to the sight-threatening stage
known as proliferative diabetic retinopathy (PDR).

Proliferative diabetic retinopathy is treated by laser to preserve vision, once the retinopathy reaches an
advanced PDR stage.

The question for this review is whether laser treatment at an earlier stage of retinopathy would be better
than waiting until high-risk PDR develops. There are side events associated with laser treatment. These
must be balanced against any benefits of treating earlier stages where the risks of blindness are lower.

Most of the evidence on treating at earlier stages comes from trials done in the 1980s using older lasers
and does not provide enough evidence to recommend earlier treatment.

Treatment with newer laser machines may be as effective but safer and cause less discomfort. Side effects
may be reduced by drugs injected into the eye. There are now better methods of monitoring treatment.
These factors may support laser treatment at an earlier stage. That could be cost-effective compared to
delaying treatment, but considerable uncertainties remain. We think that there should be a high-quality
trial of laser treatment at an earlier stage, before high-risk PDR develops. The trial would include the use of
modern lasers and drug treatment in the eye to reduce harm from pan-retinal photocoagulation.
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Scientific summary

Background
The commissioning brief asked:

What is the clinical effectiveness and cost-effectiveness of pan-retinal laser treatment in the management
of non-proliferative (pre-proliferative) diabetic retinopathy (NPDR)?

A review of clinical guidelines showed that treatment at the NPDR stage is currently either not
recommended or recommended only in certain circumstances.

Decision problem

With the agreement of the Health Technology Assessment (HTA) programme, we extended the question
in the commissioning brief in two ways. Firstly, there have been developments in methods of laser
photocoagulation. So if the evidence supported pan-retinal photocoagulation (PRP) at the NPDR stage,
one question would be which form of laser treatment would be used. Secondly, there have been
advances in drug treatment with the arrival of the anti-vascular endothelial growth factor (VEGF) drugs.
Our scoping searches showed that they were being used in combination with laser treatment to reduce
adverse effects, and so we include a review of such combinations.

So the decision problem becomes:

® Would it be worthwhile to intervene with PRP earlier in diabetic retinopathy (DR), at the severe NPDR
stage, rather than wait till the high-risk proliferative diabetic retinopathy (HR-PDR) stage? Treating at
early PDR stage would be another option.
If so, what form of laser treatment should be used?
Are drug—PRP combinations clinically effective and cost-effective?

Note that the review is not concerned with the effectiveness of laser treatment of diabetic macular
oedema (DMO), which is done with focal or grid laser.

Methods

Systematic reviews of the trial evidence on:

® treatment at NPDR stage versus waiting till PDR develops

® the relative effectiveness and safety of newer versus conventional laser methods

® the effectiveness of anti-VEGF drugs and injected steroid in combination with PRP.

This was supplemented by evidence on adverse effects from other types of study.

Review of previous economic studies. Construction of an economic model and cost-effectiveness analysis.
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SCIENTIFIC SUMMARY

Results

Evidence on the timing of PRP came almost entirely from the Early Treatment Diabetic Retinopathy Study
(ETDRS). This was a large high-quality study that recruited patients with moderate to severe NPDR or early
PDR, with or without macular oedema (MO), in the years 1980 to 1985. Patients were randomised to
immediate PRP (‘early photocoagulation’) or to observation and PRP at the HR-PDR stage (‘deferred
photocoagulation’). Those with no MO were further randomised to different intensities of PRP, known as
full or mild scatter. Those with MO randomised to early photocoagulation were further randomised to
either full or mild scatter, and to early or delayed focal laser treatment for the DMO.

There were three groups of eyes in ETDRS:

® (Category 1 Moderate to severe NPDR or early PDR but no MO.
® (Category 2 Mild to moderate NPDR (‘less severe retinopathy’) and MO.
® (Category 3 Severe NPDR or early PDR (‘more severe retinopathy’) and MO.

The primary end point of the ETDRS was the development of severe visual loss (SVL). The absolute risks of
SVL in the trial were low: 2.6% with early laser and 3.7% with deferred PRP. The 5-year relative risk (RR)
of SVL for eyes assigned to early photocoagulation compared with deferral was 0.77 [99% confidence
interval (Cl) 0.56 to 1.06]. So early photocoagulation reduces the risk of SVL by about 23%, though the
99% Cl levels overlapped with no difference.

The RRs for the three categories differed:

® C(Category 1=1.37 (99% Cl 0.67 to 2.77).
® (Category 2=0.59 (99% Cl 0.32 to 1.09).
® (Category 3=0.70 (99% Cl 0.44 to 1.11).

Compared with deferral of photocoagulation, early photocoagulation reduced progression to HR-PDR in
each baseline category. Full scatter reduced progression to HR-PDR by 50% and mild scatter by 25%
compared with the deferred group.

By 5 years, 3.9% in the deferred group and 2.2% in the early group had undergone vitrectomy. The
indications for vitrectomy were either vitreous haemorrhage (53.9%) or retinal detachment with or without
vitreous haemorrhage (46.1%).

The RR of the combined end point of SVL or vitrectomy for eyes assigned to early photocoagulation compared
with eyes assigned to deferred photocoagulation was statistically significant at 0.67 (99% Cl 0.52 to 0.87).

One harm associated with early PRP was early moderate visual loss, shown more frequently at 6 weeks and
4 months than with eyes assigned to deferral; however, there was no difference at 3-year follow-up.

The ETDRS found that the benefits of early PRP were greater in patients with type 2 diabetes than in those
with type 1, though this may have been a chance finding.

The conclusions of the authors of the study were cautious, leaving some uncertainty regarding PRP at the
severe NPDR stage:

Provided careful follow-up can be maintained, scatter photocoaqulation is not recommended for
eyes with mild or moderate non-proliferative retinopathy. When retinopathy is more severe, scatter
photocoagulation should be considered and usually should not be delayed if the eye has reached the
high-risk proliferative stage.
Early Treatment Diabetic Retinopathy Study Research Group. Early photocoagulation for
diabetic retinopathy. ETDRS report number 9. Ophthalmology 7997,98:766-85.°
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The evidence from ETDRS suggests that treatment of severe NPDR and early PDR was more effective — though
the 99% Cls were wide — in reducing future visual loss, than waiting to treat at HR-PDR stage, but ETDRS

did not provide results separately for severe NPDR and early PDR. The primary end point, SVL [defined

as visual acuity (VA) < 5/200 at two consecutive follow-up visits 4 months apart], was very severe. The
observed reduction in HR-PDR might have been expected to lead to further reductions in visual loss with
longer follow-up.

Types of laser

We included only studies published since 2000, in order to reflect current practice, and we included
studies at any stage of retinopathy because of a dearth of laser studies at NPDR stage. For effectiveness in
terms of visual state, we preferred a minimum duration of 6 months, but we included trials with shorter
follow-up, because regression of neovascularisation can be seen 2-3 months after PRP. We also included
non-trial studies of shorter duration for data on adverse effects.

We found 12 randomised controlled trials (RCTs), generally of good quality, but often with small numbers
of patients. The majority of the patients had PDR, with a few with very severe NPDR.

The types of laser, and method of use, varied considerably amongst studies. Newer lasers can do a number
of burns at the same time, known as pattern or multi-spot, which reduces the time required for PRP.
However, other variations include the type of laser and wave length used (for instance argon vs. diode;
810-nm vs. 532-nm wave length; whether micropulse technology is used), and the parameters than can be
changed when actually applying the laser (power, which can be decreased to ‘sub-threshold’ levels or
increased to achieve ‘light’ or more ‘marked’ burns; spot size; duration of the laser burn).

There were three trials of multi-spot or pattern photocoagulation against single-spot argon PRP, with a
total of 280 eyes treated. Pattern photocoagulation appeared to be as effective but with fewer
adverse effects.

Other studies examined different ways of giving standard PRP, some suggesting that lighter burns PRP with
conventional lasers gave similar effectiveness but fewer adverse effects than more intense burns. None of
the studies showed a significant difference amongst the lasers in terms of change in VA.

The Japanese approach of selective PRP aimed at ischaemic areas only in pre-proliferative diabetic
retinopathy (PPDR) (their term, presumably severe NPDR) delayed progression to PDR, with only 15% of
the selective group developing PDR compared with 52% of those receiving no photocoagulation
(p=0.03). The rationale is that it is the ischaemic areas that produce VEGF, and treating only those saves
some peripheral vision.

In summary, recent evidence has shown a trend towards ‘lighter’ photocoagulation, with reduced intensity
of laser burns, but, in most studies, without loss of effectiveness. It is worth noticing that lighter
photocoagulation can be given with argon machines.

Data on adverse events come from both RCTs and non-randomised studies, with a mixture of different
types of lasers and different methods of photocoagulation, different levels of severity of DR, different
follow-up times, and different methods of measuring outcomes.

Pan-retinal photocoagulation destroys retinal tissue and this can lead to symptoms due to the loss of function
of the burned areas, including peripheral visual field defects, reduced night vision, reduced colour vision and
decreased contrast sensitivity. Visual field defects can occur in up to 50% of treated patients, depending on
intensity of PRP and level of testing. However, it does help preserve the more important central vision.
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The most important adverse effect associated with PRP is MO, which can lead to a reduction in VA, mostly
in the short term, though in one of the older trials, persistent VA losses were attributed to treatment,
of one line in 11% and two or more lines in an additional 3%, on the Snellen chart.

In older studies such as ETDRS, which were carried out before optical coherence tomography (OCT)
became available, some patients may have had undiagnosed MO at baseline, which was exacerbated
rather than caused by PRP. With better detection of MO, focal laser treatment or anti-VEGF therapy can be
given before PRP to reduce the risk, with choice of treatment being based on retinal thickness, as per
National Institute for Health and Care Excellence guidelines. Because of the risk of precipitating MO,
conventional argon laser photocoagulation is usually given over several sessions. There is some evidence
that the risk is less with modern laser technologies.

It appears that pattern scan lasers are now standard for PRP, with single-spot argon lasers being replaced.

The conclusion from the review of recent laser studies is that there have been advances in laser technologies
but no convincing evidence as yet that modern lasers are more effective than the argon laser used in ETDRS.

We reviewed studies of the efficacy of drug and laser combination in patients with NPDR or PDR. The main
interest was reduction in adverse effects, and in particular PRP-associated MO.

Eleven trials compared the efficacy of anti-VEGFs or steroids used in conjunction with PRP. Seven studies
used the anti-VEGFs ranibizumab or bevacizumab, and six were of triamcinolone (two trials included both
an anti-VEGF drug and a steroid). Five studies included some patients with NPDR. Most trials had small
numbers of patients and were short term but that should not be a problem because the MO provoked by
PRP occurs soon after PRP.

For the anti-VEGF drugs the evidence is fairly consistent — a single injection appears to reduce the risk of
PRP-induced MO.

In three trials, intravitreal triamcinolone (IVTA) reduced the risk of MO after PRP and improved best
corrected visual acuity (BCVA) in patients with clinically significant macular oedema (CSMO), but in another
it did not. However, IVTA increased intraocular pressure (I0P), a well-known side effect of steroids. One
trial of a single sub-Tenon'’s capsule injection of triamcinolone before PRP showed benefit in preventing
visual loss at 6 months, without increasing I0P. Given the higher risk of adverse effects, anti-VEGF
treatment might be preferable to steroids, though cost would need to be considered. Triamcinolone is not
licensed for use in the eye.

Overall, adjuvant anti-VEGF or triamcinolone treatment reduced the adverse effects of PRP. The strength of
the evidence base is that we have a set of RCTs. The limitations are their small size, and, for our purposes,
that most patients had HR-PDR rather than severe NPDR. We also need more data on the value of anti-VEGF
treatment for different patterns of MO, such as foveal and extra-foveal.

One implication of modern laser methods and the use of anti-VEGF or steroid drugs may be a reduction in
the risk of DMO when PRP is given in one session.
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Cost-effectiveness

We carried out a systematic review of previous economic evaluations on the use of PRP, with or without
adjuvant anti-VEGF drugs or steroid. A broad search was done in MEDLINE, EMBASE and Web of Science,
and included meetings abstracts.

Studies were considered relevant to this review if they met the following inclusion criteria:

e full economic analysis on the treatment (laser and/or medication) for DR, or
® partial economic analysis (costs or effects) on the treatment (laser and/or medication) for DR
(e.g. costing studies or quality-of-life studies).

We checked 1896 abstracts. Five studies provided partial economics analyses. No studies provided a full
economic evaluation. However, many abstracts provide useful data on adverse events, disutilities and
patient preferences.

We constructed a Markov model, starting with a cohort of people with moderate NPDR who could
progress through all the stages of retinopathy to SVL. The model had two treatment arms:

1. Current practice. Patients are observed until they progress to the HR-PDR health state (or later) when
they receive PRP.

2. Early PRP (intervention). Patients receive PRP once they progress to the severe NPDR health state, or at
the early PDR stage.

For the base case, we used the data from the ETDRS trial, which is the only one that addresses the timing
question. The results indicate that early PRP could be more effective and less costly than delayed PRP.

There have been developments since the landmark ETDRS trial, including those mentioned above:
advanced laser technologies’, more accurate diagnosis of MO using OCT, and reduction in the risk of
PRP-associated MO by adjuvant drug treatment. We therefore carried out sensitivity analyses to take
account of these but the results were similar.

Limitations in the economics analysis include the wide Cls in the ETDRS, differences in results by type of
diabetes, and uncertainties with progression rates, but the main one is the lack of a trial of early versus
deferred PRP with modern laser techniques and adjuvant drug treatment.

Not everyone with severe NPDR would progress to HR-PDR, so treatment of severe NPDR might mean
treating some people who might not benefit.

Research needs

For the key question of timing of PRP, we are dependent on the ETDRS, which did not provide results
separately for severe NPDR and early PDR, and in which the reduction in SVL did not quite reach statistical
significance, albeit using 99% Cls. Our view is that the current evidence base is insufficient to recommend
a policy of PRP at the severe NPDR stage, and that a trial is necessary.

Since the ETDRS, the balance of benefits and harms may have changed. The side effects of PRP may be
less than those observed at the time of the ETDRS, given newer laser technologies and modes of
treatment, better identification of subclinical DMO using new imaging technologies such as OCT, and
new treatment options for preventing or treatment PRP-induced DMO.
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SCIENTIFIC SUMMARY

The use of adjuvant anti-VEGF or short-acting steroid drugs may further reduce the harms, perhaps
allowing lighter laser and fewer burns.

The trial would compare ‘best’ PRP at severe and very severe NPDR stage versus the same PRP regimen
delayed till HR-PDR develops. It would use pattern laser systems. There might be three arms: severe and
very severe NPDR, early PDR, and HR-PDR. A further randomisation could examine the value of anti-VEGF
drugs in reducing adverse effects.

Outcomes would include preservation of central vision, and also peripheral vision and driving standards.
Loss of ability to drive is important to patients.

Conclusions

The current evidence is insufficient to recommend that PRP be used at the non-proliferative stage of DR.

Xxviii

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

Chapter 1 Background

he commissioning brief notes that diabetic retinopathy (DR) is the major cause of sight loss in the
working age population in the UK, and that people with diabetes are 25 times more likely than
the general population to go blind. Pan-retinal photocoagulation (PRP) by laser treatment is the standard
intervention for patients with proliferative diabetic retinopathy (PDR), and it has been shown to reduce
the risk of severe vision loss by 50%.

In some areas, such as Newcastle District, diabetes may no longer be the leading cause of blindness in the
population of working age, because of the success of the screening and treatment programmes.” A review
by Wong et al. (2009)? concluded that rates of progression to PDR have fallen over recent times because
of earlier identification and treatment of retinopathy, and improved control of blood glucose and blood
pressure (BP). This is supported by a recent paper from Wisconsin.?

Nevertheless, DR remains common. A Liverpool study by Younis et al. (2003)* reported prevalences of any
DR and PDR to be 46% and 4%, respectively in type 1 diabetes, and 25% and 0.5% in type 2 diabetes,
although the prevalence will vary with mean duration of diabetes, with higher proportions of those with
longer duration having DR. Conversely, an increasing incidence of type 2 diabetes would reduce the overall
proportion with DR because more people with short duration would be entering the pool.

Introduction to diabetic retinopathy
The Royal College of Ophthalmologists (RCOphth) guidelines define DR as:®

Diabetic retinopathy is a chronic progressive, potentially sight-threatening disease of the retinal
microvasculature associated with the prolonged hyperglycaemia and other conditions linked to
diabetes mellitus such as hypertension.

And continues:

Diabetic retinopathy is a potentially blinding disease in which the threat to sight comes through two
main routes: growth of new vessels leading to intraocular haemorrhage and possible retinal
detachment with profound global sight loss, and localised damage to the macula/fovea of the eye
with loss of central visual acuity.
Reproduced with permission from The Royal College of Ophthalmologists.
Guidelines for Diabetic Retinopathy. 2072. URL: www.rcophth.ac.uk/page.asp?section=
4518&sectionTitle=Clinical+Guidelines (accessed 24 September 2013).°

Diabetic retinopathy is due to damage to the retina, particularly to its blood vessels, caused by raised blood
glucose levels. The earliest changes tend to affect the capillaries, starting with dilatation.

The next stage is closure of some capillaries leading to loss of blood flow (non-perfusion) to part of the
retina. If large areas of the retina are deprived of their blood supply they may be seen as paler areas.
Smaller areas of ischaemia may be detected only by fluorescein angiography (FA). In this investigation, a
dye is injected into a vein and passes through the blood vessels which can then be seen, thereby revealing
areas without blood flow.

Non-perfusion due to capillary occlusions is the most important feature of DR, as it leads to other changes.

Capillary closure is associated with two other features: cotton wool spots and blot haemorrhages.
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Cotton wool spots are so called because they appear as greyish white patches in the retina instead of the
usual red colour. They are areas where blood flow has ceased. There are usually only a few, but if many
(more than 6-10 in one eye) develop, it may be a sign of rapidly developing serious retinopathy.

Haemorrhages come in different sizes and shapes, referred to as ‘dot and blot’. Multiple large haemorrhages
are a bad sign and indicate large areas of non-perfusion. They may herald proliferative retinopathy.

Microaneurysms appear as small red dots in the retina. These are due to dilated capillaries. Small ones may
not be visible with the ophthalmoscope but are revealed by FA. With ophthalmoscopy, it may not be
possible to distinguish microaneurysms from small haemorrhages.

Damage to arteries also occurs, with thickening of the walls of the artery and narrowing of the lumen, and
sometimes blockage (occlusion) of the artery, thereby reducing blood flow to parts of the retina.

There are also changes in the retinal veins, such as dilatation, and sometimes looping. Loops are usually
related to areas of capillary non-perfusion. Venous beading can occur and is one of the signs of severe
non-proliferative diabetic retinopathy (NPDR). The walls of the veins may be thickened. Retinal vein
thrombosis may follow — this is known as retinal vein occlusion.

Abnormal new retinal blood vessels may develop and are the most serious manifestation of DR. This is
called 'neovascularisation’. Because these vessels are new, their presence is referred to as indicating
‘proliferative’ retinopathy. The new abnormal vessels are fragile and are more liable to bleed, causing
haemorrhages. If they bleed into the vitreous, a gel-like structure that fills the eye, the result is called
vitreous haemorrhage. They may also lead to the formation of fibrous scar tissue that can put traction on
the retina, leading to tractional retinal detachments. Rarely, they may regress spontaneously.

Exudates are yellowish white patches, initially small specks but may later form larger plagues. They are
usually near the macula, the most sensitive part of the eye, and are associated with areas of oedema.
They contain lipid deposits.

Retinopathy takes years to develop. It is not seen at diagnosis of type 1 diabetes. If seen at diagnosis of
type 2 diabetes, it is an indication that the patient had undiagnosed diabetes for years.

Retinopathy may go through several stages. The first stage is called non-proliferative diabetic retinopathy
(NPDR), previously known as background DR. It is very common and most people with long-standing
diabetes will have it. The features include microaneurysms, haemorrhages, hard exudates and occasional
cotton wool spots. Progression is variable and the changes may regress. The prognosis for mild NPDR

is good, but some patients will progress to the more serious forms of NPDR, macular oedema (MO)
(maculopathy) and proliferative retinopathy. The presence of multiple cotton wool spots and widespread
retinal haemorrhages may indicate that proliferative retinopathy is developing. Large blot haemorrhages
are usually followed by new vessels within a few months.

Maculopathy refers to visual loss due to MO (fluid leaking out of blood vessels into the macula, making it
swell). It can occur in the absence of proliferative retinopathy, especially in type 2 diabetes. Maculopathy

can lead to gradual visual deterioration from increasing oedema, although it can also resolve spontaneously.

About half of the people with proliferative retinopathy also have MO, but it can occur at earlier stages
without PDR.

For a useful description, see www.nei.nih.gov/health/diabetic/retinopathy.asp.
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Classification of diabetic retinopathy

Classification and severity grading of DR have historically been based on ophthalmoscopically visible
signs of increasing severity, ranked into a stepwise scale from no retinopathy through various stages of
non-proliferative or pre-proliferative disease to advanced proliferative disease.

Two different approaches to classification have emerged: (1) those used in ophthalmology, covering the
full range of retinopathy, based on the Airlie House/Early Treatment Diabetic Retinopathy Study (ETDRS)
classification and (2) those used in population screening.

There are various methods of classifying DR. As one protocol referee noted, no grading system is ideal for
all purposes. Older studies used the ETDRS modification of the Airlie House classification and this is said to
be the gold standard for classifying DR.°

The commissioning brief refers to R2, which comes from the classification used by the English National
Diabetic Retinal Screening Programme:’

RO No retinopathy.
R1 Background — microaneurysms, retinal haemorrhages, with/without any exudate. This is broadly
equivalent to the ETDRS mild NPDR stage.

® R2 Pre-proliferative — multiple blot haemorrhages, intraretinal microvascular abnormalities (IRMAs).
Moderate NPDR, referable to Ophthalmology.

® R3 PDR.

The Scottish Diabetic Retinopathy Screening Service classification is shown in Table 7, and is slightly
more detailed.®

TABLE 1 The Scottish Diabetic Retinopathy Screening Service classification

Retinopathy

RO No retinopathy anywhere Routine rescreening at 12 months
R1 Mild background retinopathy Rescreen at 12 months

R2 Background retinopathy requiring monitoring for Rescreen at 6 months

progression

R3 Background retinopathy sufficient to require Refer to Ophthalmology, probably for surveillance
referral rather than laser treatment

R4 Proliferative retinopathy Refer to Ophthalmology, probably for laser

treatment

Maculopathy

MO No features predictive of maculopathy Rescreen 12 months

M1 Any hard exudates within one to two DDs of the Rescreen in 6 months
centre of the macula

M2 Any hard exudates or blot haemorrhages within Refer to Ophthalmology, probably for surveillance

one disc radius of the centre of the macula

rather than laser treatment

DD, disc diameter.
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One problem with these classifications is that, for our purposes, the key category (R2 England or R3
Scotland), is too broad, as we are interested in the groups with severe NPDR or very severe NPDR. Another
problem is that the term ‘pre-proliferative’ is sometimes used as synonymous with non-proliferative, but
this usage implies that all NPDR progress to PDR, which is not the case.

There are problems with published studies because some authors talk simply of ‘moderate’ or ‘mild’ DR
and do not provide sufficient data to determine the more detailed grading — as used by ETDRS. In this
review, when studies have not used an accepted classification such as ETDRS, we have tried to extract
enough details to allocate patients or studies to a classification as below, so that results can be expressed
in terms of defined risk and features.

® Mild to moderate NPDR:

intraretinal haemorrhage in fewer than four quadrants
microaneurysms

hard exudation

MO

abnormalities in the foveal avascular zone

O O0OO0OO0Oo

® moderate to severe NPDR:

mild/moderate intraretinal haemorrhage in four quadrants
cotton wool spots

venous beading

IRMAs

O 00O

® severe NPDR (4-2-1 rule) (one of the following):

O severe intraretinal haemorrhage in four quadrants
O venous beading in two quadrants
O IRMA in one quadrant

® very severe NPDR (two of the above)
® proliferative diabetic retinopathy with or without high-risk characteristics (HRCs) (any three of
the following):

O presence of neovessels

O location of the neovessels (at the optic nerve)

O size of the neovessels: if at the optic nerve [neovascularisation of the disc (NVD)] > Y- disc area if
elsewhere in the retina [neovascularisation of the retina elsewhere (outside the disc) (NVE) > > of
the disc area (if both NVD and NVE present, classified based on neovessels at the disc)

O presence of pre-retinal haemorrhage or vitreous haemorrhage.

About half of patients with severe or very severe NPDR will progress to PDR within a year.

The descriptions used in the ETDRS? are attached as Appendix 1.
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Treatment of diabetic retinopathy

Laser treatment is not usually administered to people with NPDR. However, the commissioning brief from
the Health Technology Assessment (HTA) programme poses the question whether:

intervention with pan-retinal laser treatment earlier in the disease, during the pre-proliferative stage
(Level R2), may be more beneficial in terms of preventing loss of vision, given the detrimental and
potentially irreversible effects of PDR if treatment is not obtained or is delayed.

Pan-retinal photocoagulation is sometimes referred to as scatter photocoagulation.
In considering treatment for retinopathy, three issues need to be considered:

The risk of visual loss without treatment.

The risk of visual loss with treatment.

The adverse effects of treatment. Laser treatment is a destructive process that can cause loss of
peripheral vision in order to preserve the more important central vision.

Laser photocoagulation has been of great benefit to many people with PDR but in most cases has been
better for preserving vision than restoring it, though it can improve vision, for example in eyes that have
vitreous haemorrhages.

Two key studies of PRP were published in the 1980s: the ETDRS® and the Diabetic Retinopathy Study
(DRS).™ The ETDRS? recruited people with NPDR and people with PDR but without HRCs, and one aim was
to determine when PRP should be used. In the EDTRS,® laser treatment reduced the risk of moderate visual
loss (a loss of three ETDRS lines) by 50%, but visual acuity (VA) improved in only 3% of patients. These
studies®'® are described in Chapter 2.

Laser has adverse side effects. Foveal burns, visual field defects, retinal fibrosis and laser scars have been
reported. Ability to drive can be affected. Hence laser treatment is not undertaken lightly, and to extend it
to people with NPDR would require careful consideration.

Treatment of DR has been based largely on the results of the ETDRS® and DRS.™ A small non-randomised
study reported that laser treatment in people with type 1 diabetes at the severe NPDR stage reduced
visual loss, compared with waiting to treat at the PDR stage, but this difference did not reach statistical
significance.’ A Swedish study by Stenkula (using xenon arc photocoagulation) also reported benefit from
treating severe NPDR in a trial of PRP with one eye randomised to treatment.'?

One consideration is that if PDR is being detected earlier and treated more effectively than at the time of
the landmark trials, notably ETDRS? in the early 1980s, then any marginal benefit of treating at the NPDR
stage may now be less.

We are aware that PRP is usually used when people reach the proliferative stage, but also that there is
some variation in how it is applied. Some ophthalmologists may start with sparse very scattered PRP,
with further lasering if the retinopathy progresses. Others may start with full mid-peripheral PRP. A third
approach might be to laser only areas of mid-peripheral ischaemia as seen on FA.

It may be used when patients have high-risk features, such as new vessels, or earlier, at severe NPDR stage.
There are also different stages of PDR, with some patients being classified as ‘high-risk PDR’ (HR-PDR),

and one protocol referee argued that laser was mainly of benefit in PDR with high-risk characteristics
(HRC-PDR) and not all PDR.
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Figure 1 (reproduced with permission) from a review by Neubauer and Ulbig (2007)" outlines current
practice. Since the landmark studies DRS'™ and ETDRS,? new laser devices have been introduced.

Argon and krypton lasers use ionised gas as the lasing medium, while the tunable dye laser uses a liquid
solution. Neodynium-doped yttrium aluminium garnet (Nd:YAG) and diode lasers are both solid-state lasers
that utilise crystals and semiconductors, respectively. The solid-state lasers are becoming the preferred
option owing to their portability and ability to deliver laser in continuous and pulse mode.

Most people now use the pattern scan (PSC) or multi-spot lasers, rather than the argon laser, because they
are faster and less painful. Some centres still use argon. With the traditional single-spot laser, treatment

of large areas of the retina is time-consuming, can be uncomfortable for patients because of the length of
time required, and there is a risk that, if the patient moves, laser may be mis-directed. With the pattern
lasers, a number of spots can be applied simultaneously with one press of the foot pedal. In theory,

this could be up to 56 with the PAtterned SCAnner Laser (PASCAL) system (developed by OptiMedica
Corp, Santa Clara, CA, but now marketed by Topcon Corporation — Topcon UK, Newbury, Berkshire) but
in practice smaller numbers are often used.

Other multi-spot lasers include the Valon TT (Valon Lasers, Vantaa, Finland), the Array LaserLink
(Lumenis, Yokneam, Israel), the Navilas (OD-OS GmbH, Teltow, Germany) and the Quantel Supraspot
(Quantel Medical, Cedex, France). However, most studies published used the PASCAL system.™

The multi-spot system is much more comfortable for patients, and may reduce the number of
sessions required.

The sub-threshold diode laser has been introduced though mainly for diabetic macular oedema (DMO)'>
but has not spread much into use in PDR, possibly because for PRP it requires more sessions and more
burns. It allows very short [millisecond (ms)] pulses of laser, shorter than conventional laser, sometimes
called ‘micro-pulsed’.

[(0) No retinopathy ]

(1) Mild NPDR

[(2) Moderate NPDR ]

[(3) Severe NPDR

[(4) PDR

Yes

® Poor compliance with follow-up
* Impending cataract extraction
¢ Impending pregnancy
o Status of the fellow eye
¢ Type 1/2 diabetes

FIGURE 1 Algorithm for pan-retinal scatter coagulation of the retina. Reproduced from Neubauer and Ulbig' with
permission from S. Karger AG, Basel.
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The sub-threshold refers to the visibility of burn spots. Photocoagulation is started with very low
parameters, increased till a laser spot is seen, after which the power is reduced until the spot is just

not seen — sub-threshold — and then the whole treatment is done at that level. But it is important to note
that this is for treating the macula where the power used is much lower than that used in PRP.

We also note that in Japan a more selective approach to laser therapy is used, with targeting based on FA,
so that only ischaemic areas are lasered."” This is a more restrictive approach than traditional PRP. Hence
this review will need to classify methods of laser treatment.

Guidelines
Current guidelines from the RCOphth?® state that:

Mild and moderate DR does not require treatment, but patients should be monitored annually and
advised to maintain as good diabetes control as possible.

Severe NPDR requires closer monitoring, usually every 6 months, in ophthalmology clinics, by clinical
examination and digital photography. The aim is to detect progression to PDR.

In patients with very severe NPDR, PRP is considered in order to reduce progression in the
following groups:

in older patients with type 2 diabetes
where monitoring of DR is difficult because of poor attendance or obscured retinal view
before cataract surgery, because that may be associated with progression
if vision has been lost in the other eye.
Reproduced with permission from The Royal College of Ophthalmologists.
Guidelines for Diabetic Retinopathy. 2072. URL: www.rcophth.ac.uk/page.asp?section=
4518&sectionTitle=Clinical+Guidelines (accessed 24 September 2013).>

In patients with PDR, urgent PRP is recommended.
The guidelines note that some ophthalmologists treat at NPDR stages:

10.3.1 Earlier treatment: Recognition that earlier laser prevents progression to high risk retinopathy,
and that PDR has higher risk of blindness was reported in both DRS and ETDRS (LEVEL 1). However
the balance of risks with laser modalities available at that time meant that laser intervention was
recommended only when retinopathy approached high risk PDR. With modern laser techniques, PRP is
often done before the development of PDR.

The RCOphth include, in the guidelines, a useful table (Table 2) comparing the different classifications.

The SIGN diabetes guideline’ recommends that ‘Patients with severe or very severe NPDR should receive
close follow-up or laser photocoagulation’.

Neither the National Institute for Health and Care Excellence (NICE) diabetes guideline on type 1 diabetes™
nor on type 2 diabetes®® covers laser therapy.
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TABLE 2 Approximate equivalence of currently used alternative classification systems for DR (from table 1.1
RCOphth guidelines®)

10 none RO none RO none No apparent retinopathy None

20 microaneurysms only R1 background R1 mild background Mild NPDR Low risk
35 mild NPDR Moderate NPDR

43 moderate NPDR R2 pre-proliferative R2 moderate BDR High risk

47 moderately severe NPDR

53A-D severe NPDR R3 severe BDR Severe NPDR

61 mild PDR R3 proliferative R4 PDR PDR PDR
65 moderate PDR

71, 75 HR-PDR

81, 85 advanced PDR

AAO, American Academy of Ophthalmology; BDR, background diabetic retinopathy; NSC, National Screening Committee;
SDRGS, Scottish Diabetic Retinopathy Grading Scheme.

Other treatment options

Control of blood glucose and blood pressure

Good control of blood glucose [aiming at glycated haemoglobin (HbA;) no greater than 7% (53 mmol/mol)],
BP (aiming at 130/80 mmHg) and blood triglycerides reduces the risk of retinopathy, though in those who
have some retinopathy and poor glycaemic control, too rapid restoration of good control may worsen
retinopathy, usually temporarily.

Intravitreal drugs
In recent years, two groups of drugs for intravitreal use have become available. These are:

® Steroids, including triamcinolone, the long-acting dexamethasone implant (Ozurdex, Allergan) and the
longer-acting fluocinolone implant (lluvien, Alimera).

® The ‘anti-vascular endothelial growth factor (VEGF)’ drugs, bevacizumab, pegaptanib, ranibizumab and
aflibercept. These inhibit the action of VEGF or bind it. Aflibercept also blocks placental growth factor.
VEGF increases vascular permeability and promote the growth of abnormal new
vessels (neovascularisation).

The long-acting steroids have significant adverse effects, notably causation or acceleration of cataracts in
the eye, and also raised intraocular pressure (IOP) that can lead to glaucoma. They are unlikely to be
much used at such an early stage as NPDR because of the risk of cataract formation, but may have a
role in pseudophakic patients, or in patients with DMO that does not respond to anti-VEGF treatment.
The short-acting steroid, triamcinolone, is not licensed for use in the eye, but has been widely used.

The rationale for using the anti-VEGF drugs in PDR and NPDR has been summarised by the Diabetic
Retinopathy Clinical Research Network (DRCRN).?! First, they note reports of raised VEGF in ocular

fluid from patients with active new vessel formation compared with no rise in patients with NPDR or
inactive PDR, suggesting that VEGF stimulates neovascularisation.? Second, they report a number of
observational studies which report that anti-VEGF drugs cause regression of PDR, albeit temporarily
because the effects last only a few weeks, making repeat injection necessary, as has been shown in the
treatment of DMO.
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The anti-VEGF drugs have fewer adverse effects, and would probably be more acceptable at early stages
than the steroids. They do have to be given by injection into the eye. In DMO, these injections are given
monthly initially, but reducing in frequency thereafter. Nevertheless, anti-VEGF treatment places a
significant burden on both patients and the NHS. In addition, it is, at least in DMO, only successful in
about 30-50% of patients (defining success as a gain of 10 or more letters in VA).% Lastly, as experience is
gained on the use of anti-VEGF in DR it is possible that initially unrecognised side effects may be apparent,
as it was the case in age-related macular degeneration (AMD), where accumulating evidence suggests a
possible effect of anti-VEGF on the development of retinal pigment epithelial atrophy.?*

The anti-VEGF drugs are now being used in combination with PRP, and we review the evidence on that
in Chapter 4.

Fenofibrate

The Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trial was primarily a study to see if the
lipid-lowering agent fenofibrate could reduce macrovascular and microvascular events in type 2 diabetes.?®
However, a sub-study within FIELD® recruited 1012 patients to a retinopathy study. The primary outcome
in the main study was need for laser therapy (3.4% on fenofibrate vs. 4.9% on placebo) but the sub-study
used retinal photography to assess progression of retinopathy or development of MO. The hazard ratio at
6 years for MO was 0.69 [95% confidence interval (Cl) 0.54 to 0.87] in the fenofibrate group compared
with placebo. The effect of fenofibrate did not seem related to changes in blood lipid levels.

The ACCORD (Action to Control Cardiovascular Risk in Diabetes) Eye Study reported a reduction of 40%
in the risk of progression of retinopathy over a 4-year follow-up in patients on fenofibrate and a statin
compared with those on a statin alone.?® This was associated with a decrease in serum triglycerides.
Lowering cholesterol does not appear to affect progression, as shown in the CARDS (Collaborative
Atorvastatin Diabetes Study) trial of atorvastatin.?’

Preliminary searches have identified some evidence on the use of fenofibrate eye drops but such use
appears to be at an early stage. The drops seem to have been patented and piloted, but not yet trialled in
humans, though some work in rats suggests efficacy in arresting neovascularisation.? In Australia, oral
fenofibrate has been approved for slowing the progression of retinopathy in type 2 diabetes.?

Fenofibrate seems to be little used in the UK for retinopathy.

This review includes only drugs that are administered directly into the eye.

What do clinical guidelines say?

This section outlines the recommendations from five clinical guidelines, from England, Scotland, Canada,
Australia and the USA, on laser photocoagulation on the treatment of NPDR and PDR.

England, Canada, USA and Australia produced separate guidelines for DR, whereas Scotland devoted
one section in the Management of Diabetes guideline to the management of DR. Table 3 summarises
the recommendations.

As recommended in the ETDRS, laser treatment is not considered in any of the guidelines for patients with
DR at stages up to and including moderate NPDR. However, only the RCOphth UK and the American
Academy of Ophthalmology (AAO) guidelines actually state this in their guidelines.

Consideration of early PRP in conjunction with close follow-up at the severe stage of NPDR is recommended
in England, Scotland, America and Australia but not in Canada, where the guidelines consider only the
treatment of PDR. While the Scottish Intercollegiate Guidelines Network (SIGN) guidelines' very generally
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recommend the consideration of PRP in patients with severe or very severe NPDR, the RCOphth UK reserved
the treatment to patients approaching the proliferative stage and only in certain patient groups, i.e. older
patients with type 2 diabetes, in patients in whom retinal view is difficult or examination is difficult,

in patients who cannot be followed up closely, in patients in whom one eye has already been lost to PDR,
and, generally, before cataract surgery. The AAO*' and the National Health and Medical Research Council
(NHMRC) Australia® do not seem to subcategorise the severe NPDR stage but list the same patient groups
for consideration. They further include pregnancy (AAQ®'") and renal disease (NHMRC®) under the medical
conditions for consideration. The AAQ?®! states further that partial PRP is not recommended and that,
consequently, if PRP is indicated, full PRP should be performed. The AAO*! also includes the non-HR-PDR
stage into this recommendation.

Pan-retinal photocoagulation is recommended for PDR with HRCs (AAO,*' NHMRC,** COS*) and PDR with
any new vessels (RCOphth UK and SIGN). The AAQ,*' RCOphth UK® and the Australian NHMRC?? stress
the urgency of such treatment in their guidelines.

Anti-vascular endothelial growth factor and steroids

None of the guidelines includes anti-VEGF as a treatment option for NPDR/PDR either alone or in
combination with laser photocoagulation. However, three out of the five guidelines recommend anti-VEGF
for the treatment of DMO. The RCOphth UK and the AAO recommend consideration of anti-VEGF either
with or without combination laser therapy, and the RCOphth classes it as ‘the new gold standard of
therapy ...’ for DMO. The Canadian guidelines, however, recommend anti-VEGF prior to PRP only for PDR
with DMO. They further recommend anti-VEGF treatment before vitrectomy. The Australian guidelines
recognise that anti-VEGF treatment for the management of PDR with DMO is already widely in use but say
that anti-VEGF for PDR prior to laser treatment or vitrectomy lacks evidence from randomised controlled
trials (RCTs).

Although anti-VEGF drugs need to be administered frequently, slow-release steroid implants have the
advantage of lasting longer. The American guidelines state that intravitreal steroids might be considered in
combination with PRP in patients with combined moderate NPDR and DMO. Similarly, the Australian guidelines
suggest consideration of steroids in PDR with DMO in certain patient groups. Overall, recommendations to

use steroids are very cautious and the Canadian Ophthalmological Society (COS), which does not include
intravitreal steroids in their guidelines, reports that studies investigating the use of steroids produced
conflicting results. The SIGN guidelines do not recommend any pharmacological treatment for the
management of any form of PDR owing to lack of convincing evidence.

Decision problem
The commissioning brief gave the background to the topic as follows:

Diabetic retinopathy (DR) is the major cause of sight loss in the working age population in the UK and
people with diabetes are 25 times more likely than the general population to go blind. Panretinal
photocoaqulation (PRP) by laser treatment is the standard intervention for patients with high risk
progressive* diabetic retinopathy (PDR) and it has been shown to reduce the risk of severe vision loss
for eyes at risk by 50%. However, an intervention with pan-retinal laser treatment earlier in the
disease, during the preproliferative stage, may be more beneficial in terms of preventing loss of vision,
given the detrimental and potentially irreversible effects of PDR if treatment is not obtained or

is delayed.

*The term used in the brief, but presumed to mean proliferative.
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BACKGROUND

The key question for this review is about the timing of PRP — would there be advantages in PRP at the
severe NPDR stage, rather than waiting till PDR develops?

Population: people with NPDR.

Interventions: PRP at the NPDR stage. All variants of PRP will be included. Drug—laser combinations using
an anti-VEGF drug or an injected steroid will be included.

Comparator: PRP delayed till PDR develops. This may be at the HR-PDR stage but may be used in
early PDR.

Outcomes: the primary outcome is visual loss with central and peripheral loss described separately when
data permit.

Secondary outcomes include the need for further treatment, and adverse effects such as the development
of DMO after PRP, peripheral visual loss, quality of life (QoL), ability to drive, colour vision.
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Chapter 2 The landmark trials: Diabetic
Retinopathy Study and Early Treatment Diabetic
Retinopathy Study

Methods

Literature searches and study selection
The search guestion posed in the commissioning brief was:

What is the clinical and cost-effectiveness of pan-retinal laser treatment in the management of
non-proliferative (pre-proliferative) diabetic retinopathy (NPDR)?

The patient groups specified were those with early stages of NPDR (Level R2) versus the control or
comparator treatment of PRP at PDR (Level R3), in any appropriate setting.

Our scoping searches gave a very low retrieval of studies that would be relevant to this search question,
but did show that there were recent developments in types of laser and in the use of laser and drug
combinations. Therefore, in the draft protocol we proposed a wider scope for this Technology Assessment
Report than had been envisaged in the commissioning brief. This was approved by the NIHR Evaluation,
Trials and Studies Coordinating Centre (NETSCC) after being supported by the external referees. The
decision problem was subsequently expanded to become:

Treatment of non-proliferative diabetic retinopathy: a review of pan-retinal photocoaqulation,
other forms of laser treatment, and combinations of photocoagulation and anti-VEGF drugs or
inject steroids.

However, the broader searches revealed that there were no RCTs that compared patients at the NPDR level
to those at later stages of PRP. Indeed, the most relevant and largest study done addressing the timing of
PRP laser in the treatment of DR, the ETDRS, grouped together patients with moderate to severe NPDR
and early PDR, and did not report outcomes on these groups separately.

Therefore, it seemed likely that a trial to address the original research question was needed, and, in order
to inform a future study on PRP treatment of patients at the NPDR stage, we decided to further broaden
the searches to capture all forms of current laser and topical drug treatment of DR at any stage, and
explore if these newer treatments could be applied to patients at the NPDR stage.

The databases MEDLINE, EMBASE and The Cochrane Library were searched for previous systematic reviews
or meta-analyses relevant to our search question (see Appendix 2 for search strategies). There were

94 potentially relevant records downloaded and the full text of five articles was examined by two reviewers
(PR, NW). The most relevant review was one by Mohamed et al. (2007).%* Although this was a useful
review, its objective was to review the best evidence for primary and secondary intervention in the
management of DR, including DMO, which was a lot broader than our review, so did not address our specific
research question. Also, the searches were performed in May 2007, so it was several years out of date.
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We searched for RCTs for the treatment of DR. We separated the results into three categories in order to
provide evidence for each of the different aspects of our decision problem (Appendix 2 shows the details
of the search strategies and Figure 2 shows the flow diagram for RCTs searches).

Trials of:

laser alone at the NPDR or early PDR stage versus later stages (reviewed in this chapter)
laser studies at any PDR stage (reviewed in Chapter 3)
combined laser and anti-VEGFs or injected steroids at any PDR stage (reviewed in Chapter 4).

From the 102 full-text papers assessed, independently checked against the inclusion criteria by two
reviewers (PR/NW), 22 references relevant to category 1 above were identified. Upon reading the full text
of these references, it became evident that all were papers arising from two large RCTs, the DRS and the
ETDRS, each producing many papers. Further searches were done to search specifically for publications
arising from the DRS and ETDRS, and reference lists were checked, in order to obtain all the relevant
papers from these two trials; this resulted in an additional 18 articles.

The excluded papers were retained and were assessed for inclusion criteria relevant to category 2 and
3 searches above, and are reviewed in Chapters 3 and 4.

Records identified through Additional records identified
database searching through other sources
v A 4

[ Records screened after duplicates removed ]

'

Records screened | Records excluded
J
'd i N\ 4
Full-text articles assessed for Full-text articles excluded,
eligibility > with reasons
(.
Trials included in qualitative
Trials included in qualitative Trials included in qualitative synthesis of combined laser
synthesis of laser at NPDR or synthesis of laser studies at and anti-VEGFs or
early PDR stage (see Chapter 2) any PDR stage (see Chapter 3) injected steroids at any

PDR stage (see Chapter 4)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for
identifying RCTs included in Chapters 2—4.
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Data extraction and quality assessment

The data extractions, and quality assessments (based on the Cochrane Collaboration’s risk of bias tool*),
of the two trials were carried out by one reviewer (PR) and checked by a second (NW). The final number of
papers reviewed was 14 from the DRS and 24 from the ETDRS.

The flow of studies is shown in Figure 2.

The Diabetic Retinopathy Study

Background

Laser photocoagulation had become widely used in the management of DR by the early 1970s in the USA.
However, there was a lack of good-quality evidence supporting the risk and benefits of this procedure.
Therefore, in 1971, the National Eye Institute (NEI) funded the DRS* to evaluate photocoagulation
treatment for PDR.

Study design
The DRS was a randomised, controlled clinical trial involving 15 clinical centres. A total of 1758 patients
were enrolled between 1972 and 1975. Patient follow-up was completed in 1979.

The main aim of the DRS was to determine whether photocoagulation helps prevent severe visual loss
(SVL) from PDR, and whether a difference exists in the efficacy and safety of argon versus xenon
photocoagulation for PDR. Another objective was to obtain information on the natural history and clinical
course of proliferative retinopathy.

Patients were eligible if they had best corrected visual acuity (BCVA) of 20/100 or better in each eye, and
the presence of PDR in at least one eye or severe non-proliferative retinopathy in both eyes. Both eyes had
to be suitable for photocoagulation. The eye to be treated was chosen randomly.

The baseline VA of the enrolled patients was equal to or better than 20/20 in approximately half of the
eyes. Patients were predominantly white and had a mean age of 42.6 years; approximately 45% were
classified as juvenile-onset diabetics, and there were slightly more men than women.

The principal end point was SVL, which was considered to have occurred if VA was less than 5/200 at two
or more consecutively completed 4-month follow-up visits.

Quality assessment
The DRS was a high-quality trial with a low risk of bias, as shown in Table 4. The details of the design,
methods and baseline results of the DRS were extensively reported in DRS report no. 6 (DRS #6).%

Treatment

One eye of each patient was randomly assigned to immediate photocoagulation and the other to follow-up
without treatment, regardless of the course followed by either eye. The eye chosen for photocoagulation
was randomly assigned to argon laser or to xenon arc photocoagulation. Treatment was usually completed in
one or two sittings. Both treatment techniques included extensive scatter photocoagulation (PRP) and focal
treatment of new vessels on the surface of the retina.

The argon treatment technique specified 800-1600 scatter burns, 500 um in size, 0.1-second duration and
direct treatment of new vessels whether on or within one disc diameter (DD) of the optic disc (NVD) or
outside this area (NVE). The xenon technique was similar, but scatter burns were fewer in number,
generally of longer duration, and stronger, and direct treatment was applied only to NVE on the surface of
the retina. Focal treatment was also applied to microaneurysms or NVE lesions thought to be causing MO.
Those treated with argon could have flat or elevated NVE treated.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

15



DIABETIC RETINOPATHY STUDY AND EARLY TREATMENT DIABETIC RETINOPATHY STUDY

THE LANDMARK TRIALS

(dnoub juswieas

yoes ul syusired 008 1e

[POB 1UBWINIDAI 135 SUOHE|NJ|ed
9zIs a|dwes ‘|oAd] %G 1e
9DURIBHIP 1uedIUbIS OU pap|alA
pue 'S3|CRLIBA JUIDHIP 7| IO}
SONSLBORIRYD BUIjRSE] Palydads
yum syuaned jo abejuadiad) ssA

(auawissasse Jamod
‘auljaseq e Ayuejiwis *63)
soselq J3Y1o Jo 9944

[susia snoinaud 1e WA pue

(,,8# S¥A 40 € 3|qe} Juswiieal} 0} paubisse 94a ay3
Ul panodal sem sieak g 4O A1uap! ay1 (0} piebal yum  (sadojaAua pajeas e ul diulp
0} dn susiA payidads ,paysew,) JO alemeun aq p|noys 42ea 0} W04 uonedo|e
(panodas sawodino pa13|dwod oym spusied A Painsesw oym [BNPIAIPUL SU} JUSWIIBAIY B} JUSS S13UD
payynadsald [je) saA JO J3qWinu 3y3) SIA 18y} paiydads [030304d ay3] SSA Bueulplo-0d ay}) SOA

BHunuodas swodno passasse eyep Bupjsew arenbapy juswjeaduUod
9A1129]9S JO 2944 awodino 938jdwodu| uonedojje aenbapy

(uousx pue

uoble 0} paubisse Jaquinu
9yl pue juawieal} o} paubisse
sos 19| pue ybu Jo Jaquunu
9y} Y10q 9duejeq o} paubisap
2J3M pUEB 311U |BDIUID

yoes J04 9J3uad BuneuIplo-0d
9yl Aq paieald aiam
S9INP3YDS UOIIESILIOPUER) SDA

uoneisuab
2uanbas ayenbapy

SYQ 4O selq 40 dsi4 pue JudwWissasse Aujend + 319v.L

16

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

Follow-up visits were planned at 4-month intervals for a minimum follow-up of 5 years, where follow-up
treatment was applied as needed. BCVA was measured in both eyes by masked techniques before
treatment and at 4-month intervals after treatment.

The DRS data were reviewed every 3 months by the Data Monitoring Committee for evidence of adverse
and beneficial treatment effects.

Results (before protocol change)

In 1975 after an average of only 15 months of follow-up (range 0-38 months), the 2-year incidence of
blindness was 16.3% in untreated eyes but only 6.4% in treated eyes.*” Therefore, photocoagulation had
reduced the 2-year risk of blindness by about 60%. This finding was unexpected and highly statistically
significant. These beneficial effects were noted to some degree in all stages of DR included in the study.

Protocol change

On the basis of these results a decision was made in 1976 (more than 3 years before the planned
termination of the study) to consider photocoagulation treatment for the initially untreated eyes, which
now, or in the future, would fulfil any one of the following criteria, referred to as eyes with HRCs:

Moderate or severe new vessels on or within one DD of the optic disc.
Mild new vessels on or within one DD of the optic disc if fresh vitreous or pre-retinal haemorrhage
is present.

® Moderate or severe new vessels elsewhere (NVE), if fresh vitreous or pre-retinal haemorrhage is
present, and if the area of new vessels was half the disc area or more.

Photocoagulation technigues were modified when treatment was carried out in eyes initially assigned to
the untreated control groups after the 1976 protocol change. Argon treatment was preferred, and to
decrease the risk of VA loss, many DRS investigators divided scatter treatment into two or more episodes,
days or weeks apart.

Evidence of recovery before protocol change

Although the principal goal of photocoagulation treatment is to prevent visual loss, not to improve vision,
there were eyes with some evidence of recovery, defined as VA > 5/200 at any subsequent visit at 1, 2 or
3 consecutively completed follow-up visits. The percentage of eyes with some evidence of recovery at each
visit were 28.6%, 12.2% and 7.7% in untreated eyes compared with 48.8%, 28.6% and 20.8% in
treated eyes, respectively. Therefore, it appeared that recovery of VA was more frequent in treated than
untreated eyes.

Harms

Some harmful effects of treatment were also found, including moderate losses of VA and constriction of
peripheral visual field, which were greater in the xenon treated group than the argon group. The loss in
sharp, central vision was temporary in some patients but persisted in others. However, DRS physicians
believed that these harmful effects of photocoagulation in eyes with moderate or severe retinopathy were
outweighed by the reduced risk of SVL without treatment at these stages.

Results after the protocol change
Additional follow-up after the DRS protocol change confirmed previous reports that, by 24 months,
photocoagulation reduces the risk of SVL by 50% or more.

Cumulative rates of SVL for argon and xenon groups combined up to 72 months’ follow-up are shown in
Table 5 (adapted from table 2, DRS #8'%). Although the risk of SVL in untreated eyes increases from

14% at 24 months to 36.7% at 72 months, it can be seen that over this time period the treatment effect
was consistent (ranging between 56% and 59%).
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TABLE 5 Cumulative event rates of SVL: cumulative event rates per 100 eyes at risk (adapted from table 2,
DRS #8'°)

Follow-up (months) Treated Untreated Reduction of SVL (%)
8 0.7 1.2 41.7
24 6.2 14.0 55.7
36 9.0 21.7 58.5
48 11.6 27.8 58.3
60 13.9 33.0 57.9
72 16.6 36.7 54.8

The 24-month data in Table 5 differ slightly from that presented earlier (prior to the protocol change),
as 43% of the 2-year visits and all of the 4-year visits included were carried out after the 1976 protocol
change. All eyes are classified in the group to which they were originally randomly assigned, ignoring
treatment of control eyes.

The treatment effect was somewhat greater in the xenon group than in the argon group (data not shown),
but its statistical significance was borderline, and its clinical importance was outweighed by the greater
harmful treatment effects observed with the xenon technique used in the DRS.

Occurrence of severe visual loss in eyes classified according to

baseline severity

As patients enrolled in DRS had a broad range of severity of DR, it was important to evaluate results for
different stages. Table 6 (taken from table 2, DRS #14%) shows the cumulative 2- and 4-year rates of SVL
by eyes grouped by their severity of retinopathy at baseline and treatment assignment.

It can be seen that the treatment effect in Table 6 is substantial (except for the group without PDR at
2 years) and fairly uniform across all subgroups at both 2 and 4 years, with reductions of SVL by from
54% 10 65%.

TABLE 6 Cumulative 2- and 4-year rates of SVL by eyes grouped by baseline severity of retinopathy and treatment
assigned (from table 2 DRS #14%)

Treated Untreated

Severity of retinopathy SVL (%) No. at risk SVL (%) No. at risk Reduction of SVL (%)
NPDR 2year 2.8 303 3.2 297 12.5

4year 4.3 188 12.8 183 66.4
Proliferative without HRCs 2 year 3.2 615 7.0 603 54.3

4 year 7.4 390 20.9 332 64.6
Proliferative with HRCs 2 year 10.9 570 26.2 473 58.4

4year 204 324 44.0 238 53.6
All eyes 2 year 6.2 1489 14.0 1378 55.7

4 year 12.0 903 28.5 754 57.9
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The rate of SVL for untreated eyes with proliferative retinopathy with HRCs after 24 months of follow-up is
about 26% and is reduced to 11% in treated eyes. However, in eyes with proliferative retinopathy without
HRCs, the untreated rate at 2 years is much lower (7.0%), and although the beneficial treatment effects
are substantial (a 54% reduction in SVL), the risks without treatment are smaller, and so the harmful
effects of treatment need to be given more weight than for eyes with a higher risk.

In eyes with severe NPDR the risk of SVL without photocoagulation treatment at 2 years is low (3.2%) and
reduces to 2.8% (a reduction of 12.5%) only with treatment, so the risks of treatment become even
more important.

Harms: argon and xenon

Decreases of VA of one or more lines and constriction of peripheral visual field due to treatment were also
observed in some eyes. These changes were sometimes due to an increase in MO, and sometimes the
reduction in VA was temporary. In others, the changes persisted. The changes in visual field are important
because they may mean that patients can no longer meet the requirements for driving.

Visual fields were measured using the Goldman method, wherein normal fields range from 50° (superiorly)
to 90° (temporally). The DRS group defined modest visual field loss as a reduction from over 30° up to 45°,
and 30° or less as severe.

The UK legal requirement is VA of 6/12 (measured in metres) or better (this is equivalent to 20/40 using
measurements in feet) and with regards to visual field, to have a binocular visual field of 120 ° horizontally
(in the horizontal axis) and no significant defect within the central 20 °, horizontally or vertically (above or
below the horizontal meridian).

These harmful effects were more frequent and more severe following the DRS xenon technique; 50% of
xenon-treated eyes suffered some loss of visual field compared with 5% of the argon-treated eyes. It was
also estimated that a persistent VA decrease of one line was attributable to treatment in 19% of
xenon-treated eyes and a persistent decrease of two or more lines in an additional 11%. Comparable
estimates for the argon group were 11% and 3%, respectively.

Xenon photocoagulation has been discontinued.

Macular oedema in the Diabetic Retinopathy Study patients (DRS #12)

The DRS* was not designed to evaluate the effect of photocoagulation in eyes with MO. Although focal
treatment was carried out in those eyes with MO assessment, its direct effect cannot be determined
because it was always combined with scatter treatment.

The loss of VA associated with scatter photocoagulation observed soon after treatment was especially
prominent in eyes with pre-existing MO. It was also associated with the intensity of treatment. It was
suggested that reducing MO by focal photocoagulation before initiating scatter treatment and dividing
scatter treatment into multiple sessions with less-intense burns may decrease the risk of the visual loss
associated with photocoagulation.®

Summary

Results of the DRS showed that photocoagulation reduced the 2-year incidence of SVL by more than half
in eyes with PDR, both with and without HRCs. However, in eyes with NPDR, where the 2-year risk of SVL
in the untreated control group was low at 3.2%, photocoagulation only reduced the risk to 2.8%.
Therefore, in patients with NPDR the harmful effects of photocoagulation assume more importance. Some
of the harmful effects of treatment for some patients included a moderate loss of VA and a narrowing of
the visual field.
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Implications of Diabetic Retinopathy Study findings for treatment of early

proliferative or severe non-proliferative retinopathy

The DRS concluded that in the eyes with PDR and HRCs the risk of SVL without treatment substantially
outweighs the risks of photocoagulation, and prompt treatment is usually advisable. However, as the DRS
findings result from a comparison between prompt treatment versus no treatment, they did not provide
evidence on the relative value of prompt treatment versus deferral of treatment in the earlier stages of DR.
They recommended careful follow-up for changes with DR and when non-proliferative changes are
present, the follow-up visits should be at frequent intervals.?”

Finally, their conclusions stated:

Demonstration that prompt treatment of eyes with early proliferative or severe nonproliferative
retinopathy is better than no treatment does not mean that prompt treatment is superior to deferral
of treatment until progression occurs.”

They called for a randomised trial to examine when best to apply PRP.

Early Treatment Diabetic Retinopathy Study

Background

The ETDRS was a multicentre, randomised clinical trial designed to evaluate argon laser photocoagulation
in the management of patients with non-proliferative or early PDR. It was supported by the NEI and

arose from results of the DRS, which had shown that laser photocoagulation was effective in reducing the
rate of SVL from an advanced stage of DR.>%°

Purpose and aims
The three principal clinical questions of ETDRS were:

1. When in the course of DR is it most effective to initiate photocoagulation therapy?
2. Is photocoagulation effective in the treatment of MO?
3. Is aspirin effective in altering the course of DR?

This summary will focus on the first of these questions. Our main interest is between early scatter
treatment of eyes with moderate to severe NPDR or PDR without HRCs and deferral of scatter treatment
unless PDR with HRCs develops.

Initially, patients were also assigned randomly to aspirin (650 mg per day) or placebo. However, aspirin was
not found to have an effect on retinopathy progression, so patients assigned to aspirin were pooled with
those assigned to placebo.

Quality assessment
The ETDRS was a high-quality trial with a low risk of bias as shown in Table 7.

Patient recruitment

Recruitment of eligible patients began in December 1979 and was completed in July 1985. The 3711
patients accepted for the study, from 22 clinical centres in the USA, were followed through to 1989.
Recruitment ended with 98% of the goal of 4000 patients enrolled. By study end, 706 patients had died,
and, of the 2971 patients known to be alive, 164 did not have a final eye examination but all but 11 had
some sort of final check.
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Patient eligibility
To be eligible for the ETDRS, patients had to be aged between 18 and 70 years and to have DR in both
eyes. Each eye had to meet either of the following eligibility criteria:

1. No MO, VA of 20/40 or better and moderate or severe non-proliferative or early proliferative
retinopathy, or

2. MO, VA of 20/200 or better and mild, moderate or severe non-proliferative retinopathy or early
proliferative retinopathy.

Methods for assessing outcome variables

Best corrected visual acuity was measured with logarithmic VA charts at baseline and each subsequent
follow-up visit, scheduled at 4-month intervals. A standardised protocol for the collection of VA
measurements was used in all clinical centres.

Stereoscopic 30° colour photographs were taken of seven standard fields at baseline, 4 months, 1 year
after entry and yearly thereafter. All fundus photographs were graded according to a standardised
procedure by the Fundus Photograph Reading Center staff, who had no knowledge of treatment
assignments and clinical data.

Definitions of diabetic retinopathy

The ETDRS adopted the DRS definitions of severe NPDR and HR-PDR and defined moderate NPDR
(see table in Appendix 1). Subsequently, the ETDRS developed a more detailed scale, which provided
further subdivisions within both the NPDR and the PDR categories.®

Assessment of severity of retinopathy and macular oedema

Fundus Photograph Reading Center staff, without knowledge of treatment assignments and clinical data,
followed a standardised procedure to grade fundus photographs and fluorescein angiographs for
individual lesions and DR.

Randomisation procedure

To obtain information on the appropriate timing of scatter photocoagulation, one eye of each patient in
the ETDRS was assigned randomly to early photocoagulation (either mild or full scatter) and the other to
deferral of photocoagulation, with follow-up scheduled every 4 months and photocoagulation to be
performed promptly if HR-PDR developed.

All eyes chosen for early photocoagulation were further randomised to one of two scatter photocoagulation
technigues (full or mild). Full scatter involved 1200-1600 burns in two sessions, mild scatter 400-650 burns
in one session. Eyes also with MO were assigned randomly to one of two timing strategies for

focal photocoagulation (immediate or delayed), so that for these eyes there were four strategies of

early photocoagulation.

Three categories were defined on the basis of retinopathy severity and the presence or absence of MO at
baseline, and the type of photocoagulation differed for each category.

Less severe retinopathy was defined as eyes with mild to moderate non-proliferative retinopathy, and more
severe retinopathy as eyes with severe non-proliferative or early PDR.

® Category 1: eyes without MO Eyes in this category had moderate to severe non-proliferative or early
proliferative retinopathy.

Eyes randomised to immediate photocoagulation were further randomised to full or mild scatter.
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In the deferred arm, eyes were followed up at 4-monthly intervals and received photocoagulation if PDR
with HRC-PDR developed.

In both arms, delayed focal photocoagulation was initiated during follow-up if clinically significant macular
oedema (CSMO) developed (i.e. MO that involved or threatened the centre of the macula).

Ideally, the trial would have separated NPDR from PDR, but this was not done.

Category 2: eyes with MO and less severe retinopathy Eyes in this category had MO and mild to
moderate NPDR.

Early photocoagulation for these eyes consisted of (1) immediate focal photocoagulation to treat the MO,
which was seen as a greater threat to vision than the retinopathy, with scatter photocoagulation (with
further randomisation to mild or full) added if severe non-proliferative or early proliferative retinopathy
developed during follow-up and (2) immediate scatter photocoagulation (with further randomisation to
mild or full), with focal photocoagulation delayed for at least 4 months.

Eyes assigned to delayed focal photocoagulation received treatment at the 4-month visit if the oedema
had not improved clinically and the VA score had not increased by five or more letters by that time.
Focal photocoagulation was initiated at the 8-month visit if the oedema was not substantially improved,
as demonstrated by either a return of an initially thickened macular centre to normal thickness or
improvement in VA score by 10 or more letters. At and after the 12-month visit, initiation of focal
photocoagulation was required for all eyes assigned to early PRP if they had CSMO and had not yet
received focal photocoagulation. So focal was not given if the MO improved.

In the deferred arm, eyes were followed up at 4-monthly intervals and received scatter photocoagulation if
HRC-PDR developed. They could receive focal photocoagulation if CSMO developed. Note that this group
could only receive scatter PRP if HRC-PDR developed, whereas the early treatment arm could have PRP if
they progressed to severe NPDR, early PDR or HRC-PDR.

Category 3: eyes with MO and more severe retinopathy Eyes in this category had MO and severe
non-proliferative or early PDR.

Early photocoagulation for these eyes consisted of (1) immediate focal and scatter photocoagulation (with
random allocation to mild or full) or (2) immediate scatter photocoagulation (randomisation to mild or full),
with focal photocoagulation delayed for at least 4 months. The same procedure as described above for
initiating focal photocoagulation at or after 4 months was used.

In the deferred arm, eyes were followed up at 4-monthly intervals and received photocoagulation if
HRC-PDR developed.

Thus, in each of the three categories there are four different randomly allocated strategies for the timing
and extent of early photocoagulation. All eyes received scatter (mild or full) originally, and if the
retinopathy progressed to HRC-PDR, the mild scatter group received full scatter. Eyes that had MO, or
developed it, received full focal photocoagulation treatment. (Approximately 85% of eyes with MO at
baseline eventually received focal photocoagulation compared with only 40% of eyes without MO

at baseline.)

In the deferred arms, the initial protocol specified that full scatter be given if HRC-PDR developed. The
protocol was modified in 1985 to allow focal photocoagulation if CSMO was present. This was because
the data had by then shown that focal photocoagulation reduced visual loss in eyes with CSMO.
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Early Treatment Diabetic Retinopathy Study photocoagulation technique
Argon laser was chosen for photocoagulation in the ETDRS. The photocoagulation treatment techniques
used were based on those used in the DRS and on the clinical experience of the ETDRS investigators.

Major features of the scatter and focal photocoagulation techniques used in the ETDRS are shown in the
table in Appendix 3.

Full scatter Full scatter treatment consisted of a spot size of 500 um and exposure time of 0.1 second,
used with power adjusted to obtain moderately intense white burns that do not spread to become
appreciably larger than 500 pm. It was estimated that a total of 1200-1600 burns were required to
complete the full scatter treatment. The protocol specified that division of scatter treatment be applied in
two or more episodes, in the hope of reducing the incidence of adverse treatment effects. If applied in two
episodes, these were to be no less than 2 weeks apart; if in three or more episodes, these must be at least
4 days apart. No more than 900 scatter burns were to be applied in a single episode, and the initial
treatment session was to be completed within 5 weeks.

Mild scatter Mild scatter treatment involved a spot size, exposure time and intensity the same as for full
scatter treatment, in order to produce burns of the same strength. Burns were placed at least one burn
diameter apart and scattered uniformly across the same zone of retina as specified or full scatter, using
400-650 burns, usually applied at a single episode.

Focal photocoagulation Focal photocoagulation for MO consisted of the application of argon laser
burns to focal lesions (such as leaking microaneurysms as determined by FA or areas of retinal ischaemia)
located between 500 and 3000 um from the centre of the macula.

Definition of terms used in the Early Treatment Diabetic Retinopathy Study
A definition of the terms as used in the ETDRS studies is given in Table 8.

TABLE 8 Early Treatment Diabetic Retinopathy Study: definition of terms

SVL VA <5/200 at two consecutive follow-up visits (scheduled at 4-month intervals)

Moderate visual loss Loss of 15 or more letters between baseline and follow-up visit, equivalent to a doubling of the
visual angle (i.e. 20/20 to 20/40 or 20/50 to 20/100)

MO Thickening of the retina within one DD of the centre of the macula: and/or hard exudates
> standard photograph 3 in a standard 30-degree photographic field centred on the macula
(field 2), with some hard exudates within one DD of the centre of the macula

CSMO Retinal thickening at or within 500 um of the centre of the macula; and/or hard exudates at or
within 500 um of the centre of the macula, if associated with thickening of the adjacent retina.
A zone or zones of retinal thickening one disc area or larger, any part of which is within one DD
of the centre of the macula

NVD New vessels on the disc or retina within one DD of the disc margin, or located in the vitreous any
distance anterior to this area, determined by grading fundus photographs

NVE New vessels ‘elsewhere’ (outside the area defined for NVD), determined by grading fundus
photographs
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End points

The primary end point for assessment of early photocoagulation was the development of SVL. This was
defined as VA < 5/200 at two consecutive follow-up visits (scheduled at 4-month intervals). BCVA

was measured at 6 weeks and 4 months after randomisation. The procedure was repeated every

4 months thereafter.

Other end points evaluated included either severe visual loss or vitrectomy (SVLV), and change between
baseline and follow-up visits in visual field, colour vision or retinopathy. Visual fields were assessed by
Goldman perimetry and identification of scotomas.

Study power

Power calculations for the primary end point of SVL assumed that 10% of eyes assigned to deferral would
develop SVL within 5 years. With 2000 eyes assigned to the deferral group and their 2000 fellow eyes
assigned to early photocoagulation, a 40% reduction in the rate of SVL could be detected with

98% power.

Statistical methods

Comparisons of end points expressed as proportions of events were made with two-sample tests of
equality of proportions. Comparisons of continuous variables were based on the two-sample z-test
of equality of means.

Because multiple end points in the different groups were compared several times for the Data Monitoring
Committee, a 0.01 level of probability was used for the primary end points rather than 0.05. Observed
z-values of + 2.58 or more extreme (corresponding to a 0.01 level for a single test of significance) were
considered statistically significant.’

Baseline characteristics
The baseline characteristics of the ETDRS patients, by assignment of scatter photocoagulation are shown
in Table 9.

Of the 3711 patients randomised, 56% were male, 52% were between 50 and 70 years of age, 57% had
a duration of diabetes between 10 and 19 years, and 30% were classified as having type 1 diabetes.

By today's standards, control of blood glucose, BP and cholesterol would not be considered satisfactory;
19% had systolic blood pressure (SBP) of 160 mmHg or more, and 42% had HbA,. of 10% or more; 36%
had total cholesterol level over 6.2 mmol/l. The mean HbA,. was over 12%.

Groups were well balanced for all characteristics, except that a significantly greater proportion in the full
scatter group had higher diastolic BP.

In 75% of ETDRS patients both eyes belonged to the same baseline category. Within each baseline
category there were no large differences in mean VA scores between groups of eyes assigned to various
strategies for early photocoagulation and eyes assigned to deferral of photocoagulation. Randomised
treatment groups were comparable. Adherence to the assigned strategy for photocoagulation at the
initial treatment session was reviewed and found to be over 98% for application of the assigned scatter
and/or focal photocoagulation.
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TABLE 9 Baseline characteristics of the ETDRS patients (from table 6, ETDRS #7%°)

Characteristics

Age at entry (years)

Sex (male)
Race (white)
Type 1 diabetes

Duration of diabetes (years)

Per cent desirable weight

SBP (mmHg)

Diastolic BP (mmHg)

History of cardiovascular disease

Cigarettes/day > 6
Severity of retinopathy

For patients enrolled before
September 1983

Serum cholesterol

Low-density lipoprotein

<30
30-49
>50

<10
10-19
>20
>120
>130
> 160
>85
>90

Level <35 (mild NPDR)
Level 43 (moderate NPDR)

Level 47 (moderately severe
NPDR)

Level 53a-d (severe NPDR)
Level 53e (very severe NPDR)
Level 61 (mild PDR)

Level 65 (moderate PDR)
Level 71 (HR-PDR)

HbA,. > 10%

> 240 mg/100 ml (6.2 mmol/l)

Cholesterol > 160 mg/100 ml
(4.1 mmol/l)

Mild scatter
(n=1868)

n
300
611
957
1063
1440
558
312
1085
471
768
1215
357
691
478

884
842
316
452
477

245
50

169
153

566

495
318

16
33
51
57

30
17
58
25
41
65
19
37
26

47
45
17
24
26

13

<1

42

36
25

Full scatter
(n=1843)

n
326
557
960
1033
1394
572
298
1034
511
773
1233
392
760
583

928
799
288
459
482

231
53

169
155

556

470
346

18
30
52
56
76
31
16
56
28
42
67
21
41°
32

50
43
16
25
26

13

<1

42

35
27

a p<0.01 (using a z-test for equality of portions).
b p<0.001 (using a z-test for equality of portions).
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Results

Severe visual loss
All eyes in ETDRS had low rates of SVL, whether they received early photocoagulation (2.6%) or were in
the deferral group (3.7%) at 5 years.

The relative risk (RR) of SVL for the entire period of follow-up in eyes assigned to early photocoagulation
(including all strategies) compared with eyes assigned to deferral photocoagulation was 0.77 (99% Cl 0.56
to 1.06), calculated using a Cox proportional hazards model with retinopathy severity and presence or
absence of MO at baseline as covariates.

The RRs of SVL with photocoagulation compared with deferral for all baseline retinopathy categories when
all photocoagulation strategies are compared are summarised in Table 10. It can be seen from the Cls that
in none of the categories was the RR statistically significant.

Data for the development of SVL for all baseline categories are shown in Table 11, which gives estimates
of RR in each of the categories. Analyses for the 5-year follow-up period demonstrated no statistically
significant differences between any of the strategies for early photocoagulation and deferral within

each category.

The eyes assigned to full scatter showed a trend towards a greater treatment effect than eyes assigned to
mild scatter in the first two categories. The RR of SVL for the entire period of follow-up for all categories
combined in eyes assigned to early full scatter compared with eyes assigned to deferral was 0.69 (99% Cl
0.45 to 1.05); in eyes assigned to mild scatter the RR was 0.84 (99% Cl 0.57 to 1.25); so neither early or
full scatter showed a significant decrease in RR, but full was slightly better than mild at preventing SVL.

Both the severity of retinopathy and the presence of MO at baseline were both significantly associated
with the development of SVL. The RR (adjusting for the presence of MO) for the development of SVL for
eyes with more severe retinopathy compared with eyes with less severe retinopathy was 2.41 (99% Cl
1.73 to 3.37). Similarly, the RR (adjusting for severity of retinopathy) for the development of SVL for eyes
with MO compared with eyes without MO was 1.73 (99% Cl 1.17 to 2.57).

Causes of severe visual loss in the Early Treatment Diabetic

Retinopathy Study

Severe visual loss developed in 257 eyes (219 persons); however, 17 of these 257 eyes with SVL had
insufficient follow-up and were not included in the analysis. Of the 240 eyes left for analysis, 149 eyes
(127 persons) did not recover to 5/200 or better at any visit (persistent SVL) and VA improved in 91 eyes.*'

The most common cause of SVL was vitreous or pre-retinal haemorrhage, occurring in 125 (52.1%) of the
240 eyes included in the analysis. The second and third most common causes were MO (13.8%), and
macular or retinal detachment (7.1%).

TABLE 10 Relative risk of SVL for eyes assigned to early photocoagulation (combining all strategies for
photocoagulation) compared with deferral

1. Eyes without MO 1.37 (99% CI1 0.67 to 2.77)
2. Eyes with MO and less severe retinopathy 0.59 (99% C10.32 to 1.09)
3. Eyes with MO and more severe retinopathy 0.70 (99% Cl1 0.44 t0 1.11)
All baseline categories combined 0.77 (99% Cl 0.56 to 1.06)

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.

27



Development of SVL (taken from table 7, ETDRS #9°)

1. No MO

1-year rate (%) 0.2 0.3 0.2
3-year rate (%) 1.8 1.8 0.9
5-year rate (%) 2.7 2.6 2.2
No. of eyes 583 590 1179
RR (99% Cl) 1.24 (0.52 to 2.98) 1.49 (0.65 to 3.39)

2. MO and less severe retinopathy

1-year rate (%) - 0.3 0.1
3-year rate (%) 0.3 0.9 0.3 0.9 1
S-year rate (%) 1 0.9 2.2 1.2 29
No. of eyes 362 356 365 365 1429
RR (99% Cl) 0.43(0.13 to 1.44) 0.43 (0.13 to 1.44) 0.75(0.29 to 1.91) 0.74 (0.29 to 1.88)

3. MO and more severe retinopathy

1-year rate (%) 1.5 1.2 0.7 0.4 1.1
3-year rate (%) 2.6 2.8 35 2.4 3.8
5S-year rate (%) 4.7 3.8 4 4.1 6.5
No. of eyes 272 270 276 272 1103

RR (99% CI) 0.78 (0.68 to 1.62)

0.59 (0.26 to 1.34)

0.74 (0.35 to 1.57)

0.68 (0.31 to 1.46)

When patients with persistent SVL were compared with patients without persistent SVL, they were found
to have higher mean levels of HbA;. (10.4% vs. 9.7%; p=0.001) and higher levels of cholesterol (244.1
vs. 228.5 mg/dl; p=0.0081) at baseline.*!

The low frequency of SVL in ETDRS is probably due to the use of PRP as soon as HR-PDR developed, and
to vitrectomy when required.

Severe visual loss: subgroup analysis of type 1 versus type 2 diabetes

Patients were categorised into type 1 and type 2 diabetes in order to conduct a subgroup analysis of the
ETDRS data to determine whether the effects of photocoagulation on SVL in patients differed by type
of diabetes.*

The benefit of early photocoagulation for SVL was statistically significantly greater in patients with type 2
diabetes than in those with type 1 diabetes. (Cox regression for SVL: interaction of early photocoagulation
and type of diabetes; p =0.0003). However, the reduction was small and the risk was low in the deferral
group in which only 3.7% developed SVL. (Note that the definition used was truly severe — very low levels
of vision). Also, because of the high correlation between age and type of diabetes, a subgroup analysis by
age showed similar results. The results varied amongst the categories, and according to outcome. In
patients with mild to moderate NPDR at baseline, a small benefit of laser in reducing SVLV was seen in
both types of diabetes with no interaction between laser treatment and type of diabetes. In patients with
more severe retinopathy (severe NPDR or early PDR) there was no difference in SVLV in type 1 diabetes
between early and deferred laser, but a large difference in type 2, partly because they had much poorer
outcomes than those with type 1.4
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If we use progression to HRC-PDR as the outcome, statistically significant benefit is seen in both types of
diabetes. If we use reduction in VA, there is a large difference between early and deferred laser in patients
with type 2 diabetes and clinically significant MO who had severe NPDR or early PDR at baseline but little
in patients with type 1. If we look only at those who did not have CSMO at baseline, there is no difference
in type 2 between early and deferred groups.

If we use legal blindness (defined in ETDRS as VA worse than 20/100), patients with type 2 diabetes again
show a significant difference between early and deferred groups, whereas no difference is seen in type 1,
but the frequency of this outcome was much higher in type 2.

The difference between the types of diabetes may be due to chance. As the ETDRS authors stated, many
analyses were done and chance could lead to ‘statistically significant’ results. They show this quite neatly
by doing a subgroup analysis on date of birth, which showed a statistically significant interaction.*?

Vitrectomy

The initial ETDRS protocol said that vitrectomy should be done after SVL had occurred, but this was
changed after the results of the Diabetic Retinopathy Vitrectomy Study appeared in 1985, and earlier
vitrectomy was performed, either 1 month after detection or as soon as progressive retinal detachment
occurred.” This meant that vitrectomy was performed in many ETDRS patients who had not
developed SVL.

Vitrectomy was performed at least once in 208 (243 eyes) of the 3711 patients (the overall vitrectomy
numbers suggest that about 18% of eyes had more than one vitrectomy.) At baseline, eyes undergoing
vitrectomy were more likely to have severe non-proliferative or worse retinopathy. Also, there were no
differences in the mean VA scores or percentages with clinically significant MO. It appears that all patients
who had vitrectomy, did so after developing HRC-PDR, on average 21 months before vitrectomy. About
20% had SVL before vitrectomy.**

The majority of patients undergoing vitrectomy had type 1 diabetes. The indications for vitrectomy
were either vitreous haemorrhage (53.9%) or retinal detachment with or without vitreous
haemorrhage (46.1%).

The cumulative rates of vitrectomy were 3.9% and 2.2% in the deferred and early groups, respectively,
so this outcome was about as common as SVL.

The 5-year vitrectomy rates for eyes grouped by their initial photocoagulation assignment were 2.1% of
eyes assigned to early full scatter photocoagulation group, 2.5% of eyes assigned to the early mild scatter
group, and 4.0% of eyes assigned to the deferral group (based on ETDRS #174 — ETDRS #9° gives a figure
of 3.9% for the deferred group).

Comparison of eyes assigned to deferral of photocoagulation with eyes assigned to early photocoagulation
showed no statistically significant difference in post-vitrectomy VA results; however, it should be noted
that because they all developed HR-PDR before vitrectomy, most (88%) had had PRP, most with full
scatter. After vitrectomy, results in immediate and deferred groups were similar — the outcome of surgery
was not affected by delaying PRP. Also, there was no statistically significant difference between eyes

that received either less than full scatter or no photocoagulation compared with eyes that received full
scatter photocoagulation.*

Severe visual loss or vitrectomy

The ETDRS #7% (the design paper) does not mention vitrectomy as an outcome. However, the final analysis
used as one outcome, the combination of SVL and vitrectomy (SVLV), based on the reasoning that
vitrectomy had saved an unknown number of eyes from SVL, and because vitrectomy could be considered
an indicator of vitreous haemorrhage that had failed to clear.
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The RR of SVLV at end of follow-up for eyes assigned to early photocoagulation compared with eyes
assigned to deferred photocoagulation was statistically significant at 0.67 (99% Cl 0.52 to 0.87).°

The RRs of SVLV by baseline categories were:

no MO =0.78 (99% Cl 0.47 to 1.29)
MO and less severe retinopathy =0.55 (99% Cl 0.33 to 0.94)
MO and more severe retinopathy =0.68 (99% Cl 0.47 to 0.99).

So, once again, eyes in category 1 had a lower reduction in RR than eyes in the MO groups.

The VA immediately before vitrectomy was 5/200 or worse in 67%, but afterwards only about 28% were
left with such poor vision. About 20% had VA better than 20/40 at 3 years, so vitrectomy was highly
beneficial in most.

Development of high-risk characteristics proliferative diabetic retinopathy
Results for the development of HRC-PDR by baseline retinopathy category and photocoagulation strategy
are shown in Table 12.

Compared with deferral of photocoagulation, early photocoagulation reduced the rate of progression to
HR-PDR in each baseline category (Mantel-Cox test: p <0.001 for each strategy of early photocoagulation
compared with deferral, except for immediate focal and mild scatter photocoagulation in eyes with MO
and less severe retinopathy; p =0.09). The reduction was greater in eyes with full scatter than mild scatter,
essentially similar for all categories.

The RRs are adjusted for retinopathy severity and the presence or absence of MO.

Development of HRC-PDR by photocoagulation strategy (taken from table 5, ETDRS #9°)

No MO

5-year rate (%) 18.8 26.9 38.5
RR (99% CI) 0.41 (0.31 to 0.55) 0.64 (0.51 t0 0.61)

No. of eyes 583 590 1179

MO and less severe retinopathy

5-year rate (%) 13.7 8.5 21.4 16.6 26.7
RR (99% Cl) 0.52 (0.36t0 0.75) 0.27 (0.16 t0 0.44) 0.81(0.59t0 1.11) 0.56 (0.39 to 0.80)
No. of eyes 362 356 365 365

MO and more severe retinopathy

5S-year rate (%) 28.8 26.3 40.3 46.7 61.3
RR (99% Cl) 0.36 (0.26 t0 0.49) 0.34 (0.25t0 0.47) 0.59 (0.46 t0 0.77) 0.67 (0.53 t0 0.87)
No. of eyes 272 270 276 272
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The deferral arms afforded the possibility to determine the natural history of retinopathy by examining the
5-year rate of progression to the HR-PDR stage. The risks of progression in the deferral arms were 38.5%
in the eyes with no MO and more severe retinopathy, 26.7% in eyes with MO and less severe retinopathy
and 61.3% in eyes with MO and more severe retinopathy.

Table 13 shows the development of HRC-PDR in eyes assigned to deferral by baseline retinopathy severity
level. It can been seen that the risk of progression increases steadily with severity of retinopathy at
baseline, with 5-year rates increasing from 15.5% in eyes with mild NPDR, to 56% in eyes with severe
NPDR, up to 74.5% in eyes with moderate proliferative retinopathy.

In all categories, the 5-year risk of HRC-PDR was lowest in eyes that had full scatter PRP and highest in
the deferred group. Full scatter reduced HRC-PDR by 50% and mild scatter by 25% compared with the
deferred group.

Results after lens extraction

Lens surgery was performed on 205 patients (270 eyes) of the 3711 patients in the ETDRS, during
follow-up that ranged from 4 to 9 years. Those having surgery were more likely to be white, older and
have type 1 diabetes. Most of the lens surgery was done because of cataract; however, some may have
been performed because of lens opacity that developed during or after vitrectomy.*

Eyes assigned to early photocoagulation were more likely than eyes assigned to deferral of photocoagulation
to have received scatter and/or focal photocoagulation before lens surgery. However, 64.8% of eyes assigned
to deferral of photocoagulation also had scatter and/or focal photocoagulation before lens surgery.

A large proportion of all operated-on eyes had improved VA postoperatively. Eyes assigned to early
photocoagulation had a trend towards a better VA outcome after lens surgery than eyes assigned to
deferral, but this was not statistically significant (o =0.04).

TABLE 13 Development of HRC-PDR in all eyes assigned to deferral by baseline retinopathy severity level
(based on table 6, ETDRS #9°)

Level <35 (mild NPDR) 609 15.5
Level 43 (moderate NPDR) 906 265
Level 47 (moderately severe NPDR) 938 39.4
Level 53a—d (severe NPDR) 500 56.0
Level 53e (very severe NPDR) 92 71.3
Level 61 (mild PDR) 339 63.8
Level > 65 (moderate PDR) 327 74.7
Total 3711 40.7
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Moderate visual loss

Percentages of eyes in which moderate visual loss occurred are shown for each baseline category in
Table 14 for up to 5 years of follow-up. Moderate visual loss in the deferred groups was commoner at
5 years in the two MO groups (prevalence 30.2% and 32.1%) than in category 1 with no MO (17.6%).

It can been seen that for all baseline categories full scatter photocoagulation appeared to have an adverse
effect on moderate visual loss at both the 6-week and 4-month follow-up visits. This effect was also seen
to a lesser extent with mild scatter. For eyes without MO there was a statistically significant effect of higher
moderate visual loss in eyes for full scatter up to 2 years. At 3 and 5 years there was a no significant
difference in eyes with photocoagulation compared with deferral.

TABLE 14 Occurrence of moderate visual loss (taken from table 9, ETDRS #9°)

No MO

6-week rate (%) 3.1° 0.8 0.4
4-month rate (%) 3.8° 1.0 0.6
1-year rate (%) 7.5° 43 3.6
2-year rate (%) 10.8° 8.3 5.9
3-year rate (%) 13.6 12.1 9.8
5-year rate (%) 15.5 13.3 17.6
No. of eyes 583 590 1179

MO and less severe retinopathy

6-week rate (%) 1.4 4.5 1.6 3.0 1.6
4-month rate (%) 2.5 9.7° 2.2 6.4 3.8
1-year rate (%) 53 15.9° 3.7° 10.5 8.6
2-year rate (%) 7.6° 19.1 8.9° 15.1 16.6
3-year rate (%) 11.2° 231 12.2° 19.0 21.1
5-year rate (%) 22.4 29.8 19.5° 21.8° 30.2
No. of eyes 362 356 365 365 1429

MO and more severe retinopathy

6-week rate (%) 7.7° 7.8° 7.6° 5.9° 1.7

4-month rate (%) 12.2° 11.2 4.8 10.1 6.5

1-year rate (%) 16.2 16.9 12.7 13.6 15.5
2-year rate (%) 21.1 20.0 15.3° 21.5 22.2
3-year rate (%) 23.6 209 20.7 23.3 271
S-year rate (%) 26.2 241 241 25.7 32.1
No. of eyes 272 270 276 272 1103

a p<0.001 (using a z-test for equality of portions)

b p<0.01 (using a z-test for equality of portions).
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In eyes with MO and less severe retinopathy the increase in moderate visual loss was statistically significant
at 4 months, and 1 year for eyes with full scatter, but at 2, 3 and 5 years there were no significant
differences. At the 5-year follow-up there was a statistically significant decrease in moderate visual loss in
eyes with mild scatter and a non-significant decrease in eyes with full scatter. Eyes with immediate focal
photocoagulation appeared to show a statistically significant beneficial effect of early photocoagulation for
all follow-up points, beginning with the first year.

In eyes with MO and more severe retinopathy, there was a significant increase in moderate visual loss at
6 weeks for all strategies of photocoagulation. At 4 months this was seen only for eyes with immediate
focal and full scatter. The only other significant difference was a lower rate at 2 years for eyes with
immediate focal and mild scatter.

The summary of ETDRS #9° notes that scatter photocoagulation was not effective in reducing moderate
visual loss in patients with MO.

Visual field

The cumulate distribution of visual field scores obtained using the Goldman 1/4e test object at baseline,
4- and 48-month visits showed no difference in distributions of visual field between categories of assigned
strategies at baseline.? The Goldman method is less sensitive than methods used today.

By the 4-month visit, eyes assigned to deferral of photocoagulation showed no significant change in

scores compared with baseline. By contrast, at 4 months all three baseline categories of eyes assigned to
immediate full scatter photocoagulation had significantly greater loss of visual field than eyes assigned

to deferral (p < 0.001). Eyes with mild scatter also showed a lower loss of visual field. There was a statistically
significant difference (p < 0.001) between the loss of visual field between eyes assigned to immediate full
and immediate mild scatter. So mild scatter may be less effective, but has fewer adverse effects.

The visual field worsened in all groups from baseline to 4 years. The scores for eyes assigned to immediate
full scatter remained significantly (p < 0.001) worse than for eyes assigned to deferral. This reflects the
harm done by PRP.

Colour vision

Colour vision was measured using the Farnsworth—Munsell 100 hue test at baseline, and at 8-month and
4-year follow-up visits. There was significant impairment of colour vision at baseline, with 50% of the
ETDRS population having colour vision scores worse than 95% of the normal population. Colour vision is a
macular function so should not be affected by PRP to the peripheral retina, but might be affected by focal
or grid laser for MO.

Eyes with more severe retinopathy, both without and with MO, showed no significant difference at any
visit between eyes assigned to any strategy of early photocoagulation and eyes assigned to deferral.

All of the eyes with MO and more severe retinopathy assigned to early photocoagulation had scatter
photocoagulation as part of their initial treatment.

However, for eyes with less severe retinopathy and MO assigned to immediate focal and delayed scatter
photocoagulation, there was less loss of colour vision at the 4-year visit (p < 0.001) comparing the
combination of both groups of eyes assigned to immediate focal with eyes assigned to deferral.
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Summary and conclusions

Severe visual loss

The primary end point of the ETDRS was the development of SVL. The 5-year RR of SVL for eyes assigned
to early photocoagulation (combining all strategies for photocoagulation) compared with deferral for

all baseline categories combined was 0.77 (99% CI 0.56 to 1.06). Thus, it was shown that early
photocoagulation reduces the risk of SVL by about 23%, but the 99% Cl overlapped with no difference.

When analysed by baseline retinopathy category it was shown that eyes with MO and less severe
retinopathy had a lower RR of 0.59 (99% Cl 0.32 to 1.09) and eyes with MO and more severe retinopathy
showed a RR 0.70 (99% Cl 0.44 to 1.11), respectively. Eyes with no MO and more severe retinopathy had
a higher RR of 1.37 (99% Cl 0.67 to 2.77) but the Cls were wide.

Severe visual loss or vitrectomy

The combined end point of SVLV showed a 33% reduction with early photocoagulation compared with
deferral, with a RR of 0.67 (99% Cl 0.52 to 0.97). As noted above, about 20% of eyes that had
vitrectomy had SVL before vitrectomy but the rest did not, and many improved thereafter.

High-risk proliferative retinopathy

Early photocoagulation resulted in a significant reduction in the rate of developing high-risk proliferative
retinopathy compared with deferral of photocoagulation. Strategies for photocoagulation that included
immediate full scatter reduced the rate of developing high-risk proliferative retinopathy by approximately
50%, whereas strategies that included immediate mild scatter reduced that rate by approximately 25%.

When eyes assigned to deferral were stratified according to baseline retinopathy, the rate of progression to
the high-risk stage generally increased as the retinopathy increased.

Harms

There were some harmful effects associated with early scatter photocoagulation. Adverse effects of
moderate visual loss were shown more frequently at 6 weeks and 4 months compared with eyes assigned
to deferral, but this loss was not shown in any group by the 3-year follow-up.

There was evidence of a significant loss of visual field in all groups at 4 years and this was worse for eyes
assigned to full scatter. Also, colour vision showed some reduction at 4 years in the category of eyes with
less severe retinopathy and MO assigned to immediate focal and delayed scatter photocoagulation.

The Early Treatment Diabetic Retinopathy Study conclusions

and recommendations

Data from the ETDRS demonstrated that early photocoagulation reduced the risk of developing SVL, and the
risk of progression of retinopathy. However, the rates of SVL were low in both the early photocoagulation
and deferral groups, and statistical significance using 99% Cls was obtained for SVLV but not for DVL alone.

When making the decision whether to initiate scatter photocoagulation, the side effects must be carefully
considered. For most eyes that have not yet reached the high-risk proliferative stage, these side effects of
scatter photocoagulation must be balanced with the possible small benefit of early photocoagulation in
reducing the risk of SVL.°

The ETDRS recommended that:
Provided careful follow-up can be maintained, scatter photocoaqulation is not recommended for
eyes with mild or moderate non-proliferative retinopathy. When retinopathy is more severe, scatter

photocoagulation should be considered and usually should not be delayed if the eye has reached the
high-risk proliferative stage.
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Discussion

Rates of progression to SVL in ETDRS were low. They might be even lower now, with tighter control of
blood glucose, BP and lipids. Tighter control of metabolic factors especially glycaemia can also slow
progression. There was a fear that if HbA,. is reduced too quickly, retinopathy may temporarily worsen,
usually, but not always, temporarily — the ‘glycaemic re-entry’ phenomenon.*® This phenomenon may
date from the days when patients were left poorly controlled on oral agents for years and then started
on insulin, and is less common now. However, it is still seen in pregnancy if that stimulates a rapid
improvement in control — a dramatic drop in HbA;. may be associated with a deterioration in retinopathy.

The diagnosis of sight-threatening retinopathy may be a powerful motivating factor.

The differences were more marked in progression to HR-PDR, so perhaps with longer follow-up the SVL
differences would have increased, though not if they were carefully monitored and PRP given once

HRC appeared. However, it should be borne in mind that in category 2 (MO and less severe retinopathy)
the deferred group could receive PRP only once they reached HR-PDR, whereas the early photocoagulation
groups could have ‘rescue’ PRP from the severe NPDR stage onwards. So there was some imbalance in
application of rescue laser.

As reported in Table 10, the RR for progression to SVL in category 1 eyes (i.e. eyes without MO) was
1.37 (99% Cl 0.67 to 2.77), i.e. the early PRP group did worse, though not statistically significantly,

than in categories 2 and 3, which all had MO at baseline. It is likely that if this group was removed from
the combined analysis, the overall RR would have been less than the 0.77 (99% Cl 0.56 to 1.06) and the
primary end point result would have been statistically significant. This might suggest that treating MO
avoided SVL more than treating retinopathy. However, as reported above, the main cause of SVL was
vitreous or pre-retinal haemorrhage (52%), with MO well behind at 14%, followed by macular or retinal
detachment (7.0%).

The reason for the MO groups doing better than category 1 may simply be that they had a higher risk of
visual loss and so more to gain.

The level of vision used for the primary outcome (less than 5/200) was very low — any trial nowadays
would try to preserve vision at better levels, for example at 20/200. The ETDRS definition of moderate
visual loss was defined in ETDRS #9° as loss of 15 letters or more between baseline and follow-up, which
would apply today.

Pautler (2010)* noted the clear recommendation from the ETDRS group against PRP in eyes with mild or
moderate NPDR, but commented that the recommendations for severe NPDR and early PDR were much
less clear — only that PRP should be considered. He suggests that ‘This cautious wording may have led
physicians away from treating this group of eyes’.

Pautler (2010)* suggests that PRP might be used in severe NPDR and early PDR in the following situations:

bilateral DR approaching HR-PDR

poor compliance with follow-up

poor glycaemic control

type 1 diabetes (despite the ETDRS result showing greater effect in type 2 diabetes)
DMO (but treating the DMO first)

previous SVL in the other eye

pregnancy

rubeosis (new vessels in the iris)

large area of new vessels outside the macula.
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He also suggests factors that might lead to postponement of PRP in eyes with severe NPDR or early PDR
such as past laser harm in the other eye, good glycaemic control, no DMO, low-risk of visual loss in the
fellow eye and patient preference.

In the ETDRS, PRP was applied to all midperipheral retina, whether ischaemic or not. Currently, using
wide-angle FA, areas of retinal ischaemia can be adequately identified. Laser photocoagulation

could be applied selectively to areas of retinal ischaemia, potentially reducing side effects of this treatment,
such as visual field defects, as in the Japanese trial'” described in Chapter 3.

The risk of progressing to HRC-PDR was reduced more than that of SVL. The reduction in the risk of
progression to HRC-PDR is not unexpected. PRP treatment ablates much of the retina. As it appears that
retinal ischaemia drives the VEGF response required for the development and support of neovascularisation,
following laser treatment there would be little chance for PDR to occur. In the ETDRS, patients were followed
at 4-monthly intervals (unless a problem such as vitreous haemorrhage occurred). It is unknown whether
similar results would still be observed if the trial would have allowed closer follow-up so that HR-PDR could
have been treated more promptly.

One of the possible side effects of PRP that could have a negative impact in the QoL of patients undergoing
this treatment is the development of peripheral visual field defects. Depending on their severity, peripheral
visual field defects may prevent individuals from driving. Delaying PRP until it is clearly needed — for instance,
until neovessels develop — may give individuals extra years of maintaining driving standards and better QoL.
About 20% of people may not meet Driver and Vehicle Licensing Agency (DVLA) driving standards after
bilateral PRP.#

The ETDRS established two groups, based on fundus examination, for the evaluation of treatment effects:
(1) severe NPDR and early PDR and (2) HR-PDR. However, the presence or absence of neovascularisation
clearly determines a different stage of disease, as visual loss occurs as a direct result of the neovascularisation
process in most cases. This is illustrated by the fact that over half of people in the ETDRS who experienced
SVL did so as a result of vitreous or pre-retinal haemorrhage. Thus, it might have been more appropriate to
evaluate the effectiveness of treating with PRP at early PDR (less than HRCs) stage when compared with
treating when HR-PDR characteristics had developed. A third group with severe NPDR could have also been
included. Having severe NPDR and early PDR together made this group somewhat heterogeneous.

Decision problem revisited

The ETDRS was a very good quality and detailed study. However, it was conducted several decades ago,
and one question is whether new developments since the time of the ETDRS have changed the balance of
benefits and harms.

These developments include:

® Improvements in diabetes care, with better control of blood glucose, BP and lipids.
Changes in laser treatment, arising from advances in laser technologies, different regimens and better
targeting of laser therapy. There has been a trend to ‘lighter’ laser treatment with the aim of causing
fewer adverse effects but retaining the same effectiveness.

® The advent of new drugs for DMO, which may also affect retinopathy, and, more importantly for our
purposes, are being used in combination with laser photocoagulation in DMO, partly to reduce the
adverse effects. Patients with both DMO and PDR will be expected to receive both PRP and anti-VEGFs,
and the latter may affect the PDR.

® Advances in imaging, such as optical coherence tomography (OCT), which may make detection of
DMO more reliable.
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Given these changes, the next questions are:

1. If it was decided to start PRP at the NPDR stage, based on the results of ETDRS, what sort of laser
treatment would be used? Pattern lasers?

2. If PRP was given earlier, should it be targeted at areas of retinal ischaemia, as detected by wide-angle
FA, or given by conventional PRP that ablates the whole mid/peripheral retina, both perfused and
non-perfused areas (NPAs)? (The same question could apply to PRP for PDR.)

3. Should drug treatment, mainly with the anti-VEGF drugs, or perhaps with intravitreal steroids, also be
used in combination with PRP?

These questions are addressed in the Chapters 3 and 4.

Another issue is whether modern technigues of measuring DR and MO might also affect staging of
retinopathy, and aid selection of people for PRP. This might be done both by determining who is at most risk
of progression to HR-PDR, and who is at most risk from damage by PRP. This might ensure that PRP is given
to the people who will most benefit. It is known that eyes with MO before PRP are more likely to have a
reduction in VA after PRP,** and, as has been pointed out by Browning (2005)**/Browning et al. (2004)*" and
Massin et al. (2006),%* ophthalmologists often have difficulty detecting MO. Browning et al. (2008)* also
reported that the probability of MO being detected by OCT, but not by clinical examination (stereoscopic
slit-lamp examination), increased as the retinopathy became more severe. The advent of OCT with its very
good sensitivity for detecting retinal thickening should lead to better detection of MO and consequent
tailoring of laser treatment to the needs of the individual eye.
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Chapter 3 Laser studies: efficacy and safety

Aim of the chapter

The evidence from ETDRS suggests that treatment of severe NPDR and early PDR was more effective in
reducing future visual loss than waiting to treat at HR-PDR stage, but there are weaknesses in the
evidence. Only SVLV reached statistical significance. ETDRS did not provide results separately for severe
NPDR and early PDR. The primary end point was SVL which was uncommon in all groups, and as defined
was very severe. The reduction in the development of HRC-PDR in eyes treated with PRP earlier might have
been expected to lead to further reductions in visual loss with longer follow-up.

So one question for policy-makers is whether the evidence is deemed sufficient to recommend PRP at
NPDR and early PDR stage, or whether further research is necessary, which might include separating NPDR
and early PDR.

However, the balance of risk and harm, and costs, may have changed since the advent of new laser
technologies and treatment regimes. These may be as effective but have fewer adverse effects. So
recommendation for treatment or for further research would need to take account of changes in:

laser machines
more modern regimens. It is necessary to consider both type of laser and the ways in which they are
used — number of burns, number of sessions, selective versus PRP

® more accurate diagnosis aided by imaging devices such as OCT and wide-angle cameras, that were not
available at the time of the DRS and ETDRS

® metabolic control.

In this chapter we review some laser studies from more recent times. The main aim is to identify which
machines and regimens would be used now, either in treatment or research. Preliminary searches showed
that none of the newer trials addressed our primary question of the optimum timing of PRP, and we
therefore decided to use studies of laser photocoagulation at later stages and see what could be
extrapolated from these.

A feature of trends in laser photocoagulation is that it tended to use less intense laser burns, and may be
more targeted, for example treating only areas of peripheral ischaemia detected using wide-angle FA,
with fewer adverse effects. One question which then arises is whether it has become less effective.

Modified ETDRS (mETDRS) direct/grid photocoagulation as used for DMO was described by the DRCRN
(DRCRnet) as being targeted only at areas of thickened retina, areas of retinal non-perfusion and leaking
microaneurysms using a smaller laser spot (50 pm) and less intense burn end point (grey) in order to
balance therapeutic effect and adverse effects.>

Most people now use pattern lasers for PRP, rather than the argon laser, because they are faster and less
painful, but there is still sparse use of argon.

The sub-threshold diode laser is less destructive than the argon laser, depending on how it is applied. If at
sub-threshold level then it would be expected to cause less damage than argon applied at threshold levels.
If the diode was applied with a micropulse mode (reducing the temperature of the tissue — less thermal
effect so less damage. Photocoagulation with the diode laser is reported to damage only the outer retinal
layers and the choroid, whereas the argon laser damages both inner and outer retina and choroid.>
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The sub-threshold diode laser has been introduced in the treatment of DMO, but has not spread much
into use, possibly because for PRP, it requires more sessions and more burns.'

We also note that in Japan, a more selective approach to laser therapy is used, with targeting based on
FA, so that only ischaemic areas are lasered."” This is a more restrictive approach than traditional PRP.

Methods

Inclusion and exclusion criteria for Chapters 3 and 4
We used the same approach for laser trials (this chapter) and drug—laser combinations (see Chapter 4).

Inclusion criteria
Type of studies

® For comparing effectiveness of different types of laser treatment and of the combination of lasers and
anti-VEGF and steroid injections, we looked for RCTs.
For assessing adverse events, we also included observational studies.
Publication year 2000 or later, in order to reflect current practice.

® We included studies at any stage of retinopathy because of a dearth of laser studies at NPDR stage.
For effectiveness in terms of visual state, we preferred a minimum duration of 6 months, but we
included trials with follow-up of 3 months or more, because regression of neovascularisation can be
seen 2—-3 months after PRP. We also included non-trial studies of shorter duration for data on
adverse effects.

Types of participants

® Patient groups — type 1 and type 2 diabetes, with NPDR or PDR, being treated with
laser photocoagulation.

Follow-up

® For effectiveness, studies with a minimum follow-up period of 6 months were included.
® For safety, shorter duration trials were also included.

Outcomes

Visual acuity; progression and regression of retinopathy; contrast sensitivity.

Adverse effects in eye — pain, cataract, raised IOP, vitreous bleeds, need for vitrectomy.

Number of treatments and hence visits required.

We were not interested in outcomes not evident to patients such as retinal or central macular thickness
(CMT), or angiogram results, which are more guides to treatment than outcomes.

Exclusion criteria
® Studies of treatment of DMO were excluded for assessing laser efficacy, as PRP is not used for DMO.

However, they could be included for assessing the efficacy of drugs if they reported effects on DR
(NPDR or PDR). Studies with fewer than 20 eyes were excluded.
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Search strategy

The databases MEDLINE, EMBASE and The Cochrane Library were searched using the search strategies
detailed in Chapter 2 and Appendix 2. The databases were searched from their inception until August
2013 and then auto-alerts were run until February 2014. However, for this section, only studies published
since 2000 were included, as we were interested in recent laser methods and drug developments.

In practice, this applied only to laser trials, as there were no drug-plus-laser studies before 2000.

Identification of studies

Titles and abstracts of the records retrieved were checked against the inclusion criteria by two independent
reviewers (NW/PR). Any studies definitely or possibly fulfilling the inclusion criteria were retrieved in full and
checked for final inclusion by two reviewers independently (NW/PR). There was no need for discussions
with a third reviewer.

Data extraction strategy
Data were extracted into a predesigned data extraction form. Data were extracted by one reviewer
(PR/DS/KF) and checked by a second reviewer (KF/DS/PA).

Quality assessment strategy
The risk of bias or quality of RCTs was assessed using the Cochrane risk of bias tool, including the
following items:

adequacy of sequence generation

allocation concealment

masking (patients, doctors, outcome assessors)

adequacy of handling of incomplete outcome data

selective reporting

presence of other bias (e.g. lack of similarity at baseline, inadequate power)
funding source and authors conflict of interest.

The quality assessment was done by one reviewer (DS/KF) and checked by a second reviewer (KF/DS/PA).

Results

Results of the searches

A total of 978 records were retrieved by the searches. The titles and abstracts were screened for inclusion
and exclusion. Based on titles and abstracts, 102 were considered possible inclusions and full texts of these
were obtained. Out of these, 38 were included in Chapter 2, and 38 were excluded because of not
meeting the inclusion criteria outlined above. Seventeen were excluded as they were published pre-2000;
the reasons for exclusion of the remaining 21 studies are given in Table 15. For the sake of brevity the
trials will simply be referred to by the name of the first author and publication year.

We included 12 RCTs (in 14 articles) published after 2000 to assess the efficacy and safety of new laser
technologies in patients with DR, though most had PDR. These are reviewed in this chapter.

Also included were 11 RCTs (published in 12 articles) that used anti-VEGFs or injectable steroids on their
own or in combination with laser and compared it against laser. These are reviewed in Chapter 4.
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TABLE 15 Reasons for exclusions of studies

Bandello 2005 Patients have DMO only
Bressler 2013% Patients received focal/grid laser only
Brown 2003 Not a RCT

Cardillo 2008%° Patients have DMO only
Chappelow 2012%° Not a RCT

Cho 2009°' Superseded by later report
DRCRN 2009% Not a RCT

Gurelik 2004% Not a RCT

Lee 2000% Not a RCT

Lee 2010% Not a RCT

Luttrull 2008 Not a RCT

Mason 2008% Not a RCT

Mugit 2013°® Not a RCT

Neubauer 2007" Not a RCT

Shimura 2005* Not a RCT

Sivaprasad 2012" Not a RCT

Summanen 2012% Not a RCT

Venkatesh 20117 Patients have DMO only
Vujosevic 2010” Patients have DMO only
Writing committee for DRCRN 2007>* Patients have DMO only
Zucchiatti 2009”2 Not a RCT

Trials of laser photocoagulation (published after 2000)

Diabetic retinopathy
The studies included groups at different stages:

® PDR: this included five studies (Bandello 2001;7® Mugit 2010/11;7#7¢ Mugqit 2013;”” Muraly 2011;®
Tewari 2000%). Of these, Mugjit 2010/11,”47¢ Mugqjit 2013”” and Muraly 201178 included newly
diagnosed PDR.

® One study (Bandello 200173) included HR-PDR patients, in which HR-PDR was defined as PDR with two
to four HRCs, i.e. new vessels at disc greater than % to % of disc area or vitreous or pre-retinal
haemorrhage associated with less extensive new vessels at disc, or with new vessels elsewhere of half
of the disc area or more in size.

® One study (Al-Hussainy 20087°) included patients with PDR (n = 17), central retinal vein occlusion
(CRVO; n=2) and ocular ischaemic syndrome (definition not given; n = 1) who were undergoing PRP
for the first time.
Shimura (2003)¥° included patients with severe NPDR or early PDR without visual disturbances.

® Two studies (Mirshahi 2013;®" Nagpal 2010%) included patients with bilaterally symmetrical very severe
NPDR or PDR.
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® One study (Japanese Society of Ophthalmic Diabetology 2012") included patients with pre-proliferative
diabetic retinopathy (PPDR) (the definition of PPDR was not clear — patients with no previous laser and
multiple non-perfusion areas larger than one disc area on FA were included).
One study (Salman 2011#) included patients with NPDR with CSMO, or PDR.
One study (Suto 2008%) included patients with severe NPDR or early PDR of similar severity in both
eyes and a similar cataract grade in both eyes.

Other patient characteristics
Table 16 provides details of number of patients and eyes treated in the included studies. In most of the studies,
patients were receiving laser for the first time. The ages of participants ranged between 26 and 86 years.

Six trials included only patients with type 2 diabetes (Japanese Society of Ophthalmic Diabetology 2012;"
Mirshahi 2013;®" Salman 2011;% Shimura 2003;% Suto 2008;%* Tewari 2000°) and one included only
patients with type 1 diabetes (Bandello 20017%). Two studies included patients with either type of diabetes
(Mugit 2010/11;747% Mugit 20137). Three studies (Al-Hussainy 2008;”° Nagpal 2010;% Muraly 20117%) did
not report the type of diabetes.

Baseline VA was reported in logMAR scale (Bandello 2001;7® Japanese Society of Ophthalmic Diabetology
2012;" Mirshahi 2013;®8" Mugit 2011;7® Salman 2011%) or in letters (ETDRS) (Mugit 201074 or in Snellen
scale (Muraly 2011;7® Nagpal 2010;% Tewari 2000%°). Four studies did not report baseline VA (Al-Hussainy
2008;”° Mugit 2013;”” Shimura 2003;% Suto 2008%). VA ranged from 0.02 to 1.0 logMAR in seven studies;
77-79 letters in one study and 6/6 (20/20) to 6/60 (20/200) in three studies. Details of previous treatments
were not reported in two studies (Shimura 2003;% Tewari 2000%). In the remaining studies, patients with
previous histories of treatment with laser, drugs or surgery were excluded. In some, patients were receiving
laser for the first time (see Table 16).

Co-morbidities were not reported consistently. In Bandello 2001,7 26-35% of patients had CSMO. In the

Japanese Society study,'” there were 70-84% with cataract, 64-71% with hypertension (HTN) and
31-42% with nephropathy. The remaining studies did not report comorbidities.

TABLE 16 Details of number eyes/patients recruited in the trial

Al-Hussainy 2008 20 20 PRP for first time

Bandello 20017 50 65 Patients with previous history of treatment
excluded

Japanese Society of Ophthalmic 69 69 Patients with no previous photocoagulation

Diabetology 2012" were included

Mirshahi 2013®' 33 66 Patients with previous history of laser excluded

Mugit 2010/117478 22 36 Treatment-naive patients

Mugit 2013”7 24 30 Treatment-naive patients

Muraly 201178 50 100 PRP for first time

Nagpal 2010% 60 60 Patients with previous history of laser and
anti-VEGFs excluded

Salman 2011% 120 120 Patients with previous history of laser and
anti-VEGFs excluded

Shimura 2003% 36 72 Not clear

Suto 2008* 29 58 Not clear

Tewari 2000% 25 50 Patients with previous history of laser excluded
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Follow-up

Four studies (Mugit 2010;”* Mugit 2013;”” Salman 2011;® Shimura 2003%) had less than 6 months of
follow-up (Table 17). In four studies, (Mirshahi 2013;®" Muraly 2011;’® Nagpal 2010;% Tewari 2000°?),
patients were followed up for 6 months. One study (Suto 2008%%) followed patients for 12 months.
Patients were followed up for 18 months in Mugit 2011.7 The follow-up period ranged from 6 to

45 months in Al-Hussainy 2008.7° In one study (Japanese study of Ophthalmology 2012") the follow-up
period ranged between 6 and 60 months. In Bandello 2001,” the average follow-up period was around
22 months.

Intervention (details of laser)
Table 18 gives details of types of lasers used in the included RCTs.

Five studies (Mugit 2010/11;747® Mugit 2013;”” Muraly 2011;® Nagpal 2010;% Salman 2011%) studied the
efficacy of pattern photocoagulation (PSC) used in different ways, i.e. in duration or form or sittings.

Quality assessment/risk of bias
Not all studies gave enough details to assess risk of bias. In that case, we categorised them as ‘unclear’.
See Table 19 for details.

Allocation

In seven studies (Bandello 2001;7® Japanese Society of Ophthalmic Diabetology 2012;"” Mirshahi 2013;®'
Mugit 2010;”* Mugit 2013;7” Suto 2008;®* Tewari 2000%°), the method of randomisation was adequate,
for example computer-generated random numbers (Bandello 2001),”® random number tables (Japanese
Society of Ophthalmic Diabetology 2012),"” through hospital pharmacy’s centralised service (Mirshahi
2013),8" permuted blocks (Mugit 2010;7* Mugit 2013;7” Suto 2008%) and tossing a coin (Tewari 2000%).

In the remaining studies (Al-Hussainy 2008;”° Muraly 2011;”® Nagpal 2010;% Salman 2011;% Shimura 2003
80), the randomisation procedure was either not reported or reported inadequately. In three studies

(Mugit 2010;”* Mugit 2013;’” Suto 2008%) the allocation concealment was adequate. None of the other
studies reported on allocation concealment.

TABLE 17 Follow-up period in the included studies

Al-Hussainy 2008”7 6-45 months

Bandello 20017 22.4 +9.7 months in the light PRP group; 21.6 +9.3 months
in the classic PRP group

Japanese Society of Ophthalmic Diabetology 2012" 6-60 months

Mirshahi 2013% 6 months

Mugit 2010/11747¢ 12 weeks — Mugit 2010;”* 18 months — Mugit 20117°

Mugit 2013”7 12 weeks

Muraly 2010-117® 6 months

Nagpal 2010% 6 months

Salman 2011% Average 9-10.8 weeks

Shimura 2003% 12 weeks

Suto 2008* 12 months

Tewari 2000 6 months
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TABLE 18 Details of types of laser used in the included studies

Pattern laser trials

Author and year

Mugit 2010/11747¢

Mugit 201377

Muraly 201178

Nagpal 2010%

Salman 2011%

Other trials

Author and year
Al-Hussainy 20087

Bandello 200173

Japanese Society
of Ophthalmic
Diabetology 2012"

PSC experimental arm(s)

20-ms multi-spot single
session

1. TRP - single session, 20 ms,
1500-2500 grey-white burns

2. MT-PRP, light grey barely
visible burns

PSC (OptiMedica, Santa Clara,
CA): single sitting of PRP.
Usually 30 ms, 2100-3900
burns

20-ms PSC (OptiMedica Corp,
Santa Clara, CA) 950-1100
spots

PASCAL (OptiMedica, Silicon
Valley, CA) 20ms, 200 um,
1000 burns

Experimental/intervention

Short exposure (0.02 seconds
or 20 ms) high-energy scatter
PRP

Light PRP on non-perfused
peripheral and midperipheral
areas

Selective PRP to NPA in PPDR

Comparator regimen

100-ms multi-session single-
spot PRP

SI-PRP, 2500 grey-white burns

Conventional laser using
532-nm frequency-doubled
Nd:YAG (Carl Zeiss Meditec,
Dublin, California): two to
three sittings of PRP

GLX (532 nm) (Iridex Corp,
Mountain View, CA)
single-spot slit-lamp delivery
PRP, 500-700 burns

Conventional laser, 700 burns;
532 nm green-light
diode-pumped solid state
(Novus Spectra, Lumenis, USA)

Standard/experimental/
no treatment

Conventional exposure
(100 ms or 0.1 seconds) PRP,
power sufficient to produce a
visible grey-white burn

Conventional PRP on
non-perfused peripheral and
midperipheral areas

No photocoagulation till PDR
develops

Patients with active PDR
underwent top-up PRP
treatment with 20-ms pulse
PSC photocoagulation using
ETDRS guidelines. Laser used
was frequency-doubled Nd:
YAG solid-state laser, 532 nm,
both arms

Frequency-doubled 532-nm
Nd:YAG solid-state laser
consisting of a modified slit
lamp and optical system

All arms used the PASCAL
laser (Topcon Medical Laser
Systems, Santa Clara, CA)

Both methods adjusted to
achieve mild to moderate

(grey to grey-white) retinal
burn

Both lasers performed in two
sittings

Two groups, one having PRP,
the other having focal or grid
for CMSO

532-nm, frequency-doubled
Nd:YAG laser (manufacturer
not given)

All eyes treated with 920
argon lasers (Argon Coherent
Medical, Palo Alto, CA or
Argon Ophtalas, Biophysic
Médical, Clermont Ferrand,
France) monochromatic green
light using three types of
contact lenses. Fluorescein
angiograms were done to
show perfusion

Details of type of laser not
given

continued
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TABLE 18 Details of types of laser used in the included studies (continued)

Other trials
Standard/experimental/
Author and year Experimental/intervention no treatment
Mirshahi 2013 Single-spot short duration Conventional (100 ms) PRP In both, conventional
(20 ms) PRP continuous-wave, frequency-

doubled Nd:YAG 532-nm
photocoagulation used
(Novus Varia, Lumenis, USA)

Shimura 2003% Weekly PRP Biweekly PRP PRP scatter laser in four
sessions. Krypton red laser
(Nidek, Gamagori, Japan)

Suto 2008% PRP then cataract surgery Cataract surgery then PRP Multicolour laser (Coherent
(PRP-first group) (surgery-first group) Inc., Palo Alto, CA) and a
quadraspheric fundus laser
lens used. All treatment done
using a yellow mainly or red
krypton if cataract present

Tewari 2000% Diode laser (810 nm, Argon laser (514 nm, Novus Scatter photocoagulation
Microlase, Keeler Inc., UK) 2000, Coherent) performed in two to four
sittings

GLX, solid-state green laser; MT-PRP, minimally traumatic pan-retinal photocoagulation; SI-PRP, standard intensity
pan-retinal photocoagulation; TRP, targeted retinal photocoagulation.

TABLE 19 Quality assessment/risk of bias of included post-2000 laser studies

Incomplete  Free of Free of other biases
Adequate Adequate outcome selective  (e.g. similarity at
Study (author and sequence allocation data outcome  baseline, power
year) generation concealment Masking assessed reporting  assessment)
Al-Hussainy 20087 Unclear Unclear Low risk  Low risk Low risk Low risk
Bandello 20017 Low risk Unclear Low risk Low risk Low risk Low risk
Japanese Society of Low risk Unclear Unclear Low risk Low risk Low risk
Ophthalmology 2012"
Mirshahi 2013®' Low risk Unclear Unclear Low risk Low risk Low risk
Mugit 2010/117+7 Low risk Low risk Low risk  Low risk Low risk Low risk
Mugit 20137 Low risk Low risk Low risk Low risk Low risk Low risk
Muraly 201178 Unclear Unclear Unclear Low risk Low risk Low risk
Nagpal 2010% Unclear Unclear Unclear Unclear Low risk Low risk
Salman 2011% Unclear Unclear Unclear Unclear Unclear Low risk
Shimura 2003% Unclear Unclear Unclear Unclear Low risk Unclear
Suto 2008* Low risk Low risk Low risk Low risk Low risk Low risk
Tewari 2000 Low risk Unclear Unclear Low risk Low risk Low risk
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Masking

The included studies were checked to see whether both assessors and patients were masked to study
treatment. The masking of the former is more important than the latter. Only five studies (Al-Hussainy
2008;” Bandello 2001;” Mugit 2010;”*”> Mugit 2013;”” Suto 2008%%) gave sufficient description of
masking while the remaining studies had no information regarding this. In Al-Hussainy (2008),” patients
were masked to the order and the initial site of the treatment (superior or inferior, which was chosen at
random). However, it was not clear whether assessors were masked to the treatment.

In Bandello (2001),” all the post-treatment controls were performed in each centre by an investigator
unaware of the treatment group of patients. The post-treatment controls involved complete examination,
a series of retinal photographs, and fluorescein angiograph, and this was done on 6 and 12 weeks and
every 3 months in the first year and, after 12 months, done every 6 monthly. In Mugit 2010, two graders
masked to the treatment assessed fundus photographs and fundus FA at baseline at the final visit to grade
PDR activity.

In Mugit (2013),”” participants were masked to single-session treatment allocation but the investigator was
not masked. After laser treatment, a masked assessor used a questionnaire to assess pain responses. In
addition, two masked retina specialists independently assessed PDR grade.

In Suto (2008),%* masked ophthalmologists assessed the disease stage using the ETDRS classification.

Power
Only two studies, Mugit (2010)™* and Suto (2008),% reported power calculations.

Incomplete outcome data
There was adequate description about incomplete data except in two studies (Salman 2011;%
Shimura 2003%).

Free of selective reporting

All studies except Salman (2011)® reported all prespecified and predefined outcomes. In Salman (2011),8
only narrative information was provided on complications and pain. In addition, there was no information
on intra- and post-procedure pain.

Free of other biases

In most studies, the baseline characteristics were comparable between treatment groups. In Salman (2011),%
baseline VA was slightly different in the two treatment groups (0.31 vs. 0.6 logMAR). In Shimura (2003),2° baseline
characteristics of patients were not given.

Funder/conflict of interest

Funding was not clear in some studies (Al-Hussainy 2008;”° Bandello 2001;”® Mirshahi 2013;3" Muraly
2011;7® Tewari 2000%). However, it appears these studies were funded by the affiliated academic’s
institution. One study (Mugit 2010/11747¢) was funded by the manufacturer of the PSC laser (OptiMedica
Corporation, Santa Clara, CA, USA). One study (Muraly 201178) reported that the authors had no conflict
of interest. In Mugit 2010/11,”47¢ one author was an employee of OptiMedica Corporation and one
author had received financial support from the same company. In the remaining studies, this information
was not available.
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The studies are each described narratively below and summarised in table format in Table 20.

Al-Hussainy 2008

This trial compared short and standard exposures.” Al-Hussainy (2008)” used a scatter PRP frequency-doubled
Nd:YAG laser with a wavelength of 532 nm with oxybuprocaine 0.4% analgesia. The laser was given either as
short (0.02 seconds) exposure, high-energy laser or longer (0.1 seconds) laser with approximately 500 burns

of spot size 300 pm to get similar effects. The conventional laser was performed in the superior or inferior
retina while the remaining hemi-retina was treated with the short exposure laser. It was not clear whether the
two lasers were given in the same eye of the same patient. In 18 out of 20 patients with follow-up ranging
between 6 and 45 months, there was resolution of neovascularisation on and around the optic disc (NVD)
and new vessels elsewhere (NVE). In the remaining two cases (one with CRVO and the other with PPDR), there
was no resolution. Vitreous haemorrhage developed in the patient with CRVO, which meant no further
treatment could be given. The patient with PPDR had no NVD/NVE at baseline and did not develop it

during follow-up. Visual analogue scale (VAS) was used to measure the pain response. Pain response was
significantly lower in the group receiving a short exposure high-energy laser than for those receiving
conventional laser (1.4 cmvs. 5.11 cm on VAS; p <0.001). On retinal photographs, no obvious differences
were seen in photocoagulation reactions between the two lasers.

Bandello 2001

In Bandello (2001),”® a low-energy power (light PRP) laser application was compared against the
conventional classic PRP in a trial in 65 eyes. The aim was ablation of non-perfused peripheral and
mid-peripheral NPAs. Light was argon laser aiming at a very light grey effect, using the lowest energy
possible with the target burnt areas corresponded to the grade 1 of L'Esperance scale (barely visible,
blanching of pigment epithelium), whereas in the latter the target resembled the classic burn, i.e. grade 3
of L'Esperance scale (opaque, dusky, grey-white, off-white). Both lasers were delivered using monochromatic
green light through contact lenses. The authors found no difference between the two treatments in terms
of mean change in BCVA (0.06 vs. 0.13 logMAR). (LogMAR is on scale of 0-1, with lower better.) LogMAR
increased from 0.12 to 0.18 in light and 0.14 to 0.27 in standard.

(Note that the visibility of burns varies amongst different people. A whitish scar may appear in a very
pigmented person with the same power that would give only a very faint scar in a blond individual.)

Slightly more patients in the classic PRP group showed regression of HRCs than in the light PRP group
(97% vs. 91%); however, the difference was not statistically significant (p = 0.615). Improvement in PDR
was considered if there was a reduction of one or more HRCs. One eye in each group showed worsening
of retinopathy. In the light PRP group, at the 12-months follow-up one eye had an increase in HRCs
therefore was given additional classic PRP group. Median power in the classic PRP group was significantly
greater than in the light PRP (420 mW, range 200-950 mW vs. 235 mW, range 100-540 mW; p < 0.001).
In both forms of laser, spots were 500 um in size. The spot numbers were significantly greater in the light
PRP group {2748 [standard deviation (SD) 468] vs. 2080 (SD 320); p < 0.001}. The mean number of sessions
and total sessions was significantly higher in the classic PRP group than in the light PRP group [8.7 (SD 2.1)
vs. 3.5 (SD 1.3); p<0.001; total: 9.9 (SD 2.2) vs. 7.4 (SD 2.4); p <0.001]. More patients in the classic PRP
group than in the light PRP group complained of troublesome pain (13% vs. 3%, p =0.184). Significantly
more of patients in the classic PRP group developed vitreous haemorrhage (19% vs. 0%; p=0.009) and
appearance or worsening of CSMO (23% vs. 3%; p=0.023) than in the light PRP group. Furthermore,
slightly more patients in the classic PRP group than in the light PRP group developed other complications
including choroidal detachment (CD) (10% vs. 0%; p=0.103) and neurotrophic keratopathy (6% vs. 0%;
p=0.224).

So the lighter laser technique appeared almost as effective but with fewer adverse effects. The authors

attribute the lower rates of complications, such as vitreous haemorrhage in the lighter group, to the lower
energy used, resulting in reduced heat absorption.
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Japanese Society of Ophthalmic Diabetology 2012
Targeted retinal photocoagulation (TRP) treats only areas of retinal non-perfusion.

The aim of this RCT was to compare selective photocoagulation (S-PC) with no photocoagulation in
patients with NPDR." In Japan, most ophthalmologists use S-PC in which NPAs are identified by FA and
treated at the NPDR stage. (The paper uses the term PPDR. Those with PPDR severe enough to be deemed
to require PRP were excluded.)

This study'” compared S-PC (S-PC group) of NPAs only in PPDR, with no photocoagulation till PDR
developed (non-photocoagulation group). In the S-PC group, the photocoagulation spots on the retina
were of 400-500 pm with a space of approximately one photocoagulation spot between the two. In the
non-photocoagulation group, patients were followed up and no interventions were given until they
developed PDR, when PRP was performed. It is not clear how many were so treated. PDR was defined
as any so includes early PDR as defined by ETDRS. If MO developed, patients could have laser if the
ophthalmologist decided it was needed.

Only 69 patients were recruited, all with type 2 diabetes. PPDR is not defined.

The study'” was stopped early because more PDR developed in the non-photocoagulation arm. About
one-third of the patients had not reached the 3-year follow-up, and 16 dropped out (more in the
photocoagulation arm).

Change in VA after 36 months was not different between the two groups (0.11, SD 0.47, logMAR in
non-photocoagulation group vs. 0.11, SD 0.27, in photocoagulation group; p =0.97). Slightly more patients
in the S-PC group [3/13 (23%)] than in the non-photocoagulation group [2/23 (9%)] lost VA of > 0.2
logMAR; however, the difference was not statistically significant (p = 0.24). Reasons for decreases in VA in
the non-photocoagulation group were cataract progression (n = 1) and vitreous haemorrhage (n= 1), and

in the S-PC group cataract progression (n = 1) and MO (n = 2). One patient in the non-photocoagulation
group had SVL (defined by the ETDRS as corrected VA of < 0.25) due to vitreous haemorrhage. Significantly
more patients in the non-photocoagulation group developed PDR, defined as new vessels on FA, than those
in the S-PC group. If only those with 3-year follow-up are included, the incidence of PDR was 52% (12/23) in
the no-photocoagulation group and 15% (2/13) in the photocoagulation group (o =0.03).

The mean number of spots during the initial photocoagulation in 36 patients was 233 (range 92-365). In
54% patients (n=17) additional coagulation was performed either once or twice (mean 1.1 times). The
mean number of additional coagulation spots was 224 (range 128-372 per session), which was performed
between 6 and 30 months (mean 14.6 months) after initial photocoagulation.

In summary, early PRP at the PPDR stage reduced progression to PDR but was not associated with any
difference in mean VA at 36 months. The effects on visual fields or driving vision were not reported. This
was a small study' but might be worth repeating with larger numbers. However, it might be argued that
might be unethical because of the results.

Literature searches by the authors found little evidence on the use of this method. They reported another
study from Japan (in Japanese) by Shimizu et al. (1989),%> which was a non-randomised comparison in

eyes with PPDR but only 20% had S-PC — the rest had PRP.

They concluded that this method was used only in Japan.
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Mirshahi 2013

This study compared different exposures.®' A continuous-wave, frequency-doubled Nd:YAG (532 nm)
retinal photocoagulation with spot size of 200 pm was used. The difference between the two arms was
only in the duration of the exposure: single-spot short duration (20 ms) PRP and conventional (100 ms) PRP.
The energy of the laser was adjusted to achieve moderate whitening on the retina. The conventional laser
required a mean power of 273 + 107 mW, while the short-duration laser required 721 + 406 mW to
achieve moderate whitening on the retina. In the former, an average of 1218 + 441 spots was performed
and an average of 2125 + 503 spots in the latter. Photocoagulation was usually performed in a single
sitting, but in five patients in the conventional group the treatment had to be completed in the following
week. There was no difference in change in VA between the two treatments: single-spot short duration
(20 ms) PRP against conventional (100 ms) PRP (p > 0.05). All short PRP was performed in single sessions,
whereas five of the conventional laser was performed in two sessions and remainder (28) in single
sessions. The difference between the two in terms of sessions was significant (p =0.02). Three patients in
the short PRP group and four patients in the conventional group required additional PRP (p =0.68). The
pain score was significantly lower in patients receiving single-spot short duration (20 ms) PRP than in those
receiving conventional (100 ms) PRP [1.75 (SD 0.87) vs. 7.5 (SD 1.14) on VAS; p <0.001]. No complications
were seen with single-spot short duration PRP.

In summary, the short exposure laser performed in single sitting was found to be significantly less painful
and as effective as the conventional laser.

Mugqit 2010/11

The MAnchester PSC study (MAPASS) (Mugit 2010;7*7> Mugit 20117¢) compared multi-spot 20-ms
single-session PRP (SS-PRP) using 5.5 and 4.4 multi-spot arrays, given in a single session, with single-spot
100-ms multiple-session PRP (MS-PRP) given in three sessions over 4 weeks.”*"® Patients (40 eyes of

24 patients; in analysis 38 eyes included) had newly diagnosed PDR, described as being in three grades:

Mild PDR Less than Standard Airlie House photograph 10A (SAH10A) mean logMAR 0.04.

Moderate PDR Neovascularisation away from disc (NVE) greater than half DD and/or NVD greater than
Airlie House 10A, mean logMAR 0.17.

Severe PDR Multiple NVE and or NVD, mean logMAR 0.14.

The laser used was PSC a frequency-doubled Nd:YAG solid-state laser with a wavelength of 532 nm.

In both groups, the threshold laser photocoagulation treatment was titrated to, and designated by, a mild
grey-white burn (between grades 2 and 3) according to ETDRS guidelines. All eyes received 1500 burns
performed under topical anaesthesia.

Outcomes in Mugit (2010)"*"* included:

Central subfield retinal thickness.

Mean change in VA At 12 weeks, VA increased by four letters (SD six letters) from baseline in the
SS-PRP compared with the MS-PRP group.

PDR grade at 12 weeks No significant difference between the treatment groups in terms of effect on
PDR activity.

Adverse events Numerical pain score (NPS) within 1 hour and mean numerical headache score 1 month
after treatment. The mean NPS immediately after laser was higher in the conventional exposure group
than in the short exposure group [2.4 (SD 2.3) vs. 4.9 (SD 3.3)]. Patients in the former group categorised
pain as moderately severe in intensity, and those in the latter group as mild. At 1 month, the mean
numerical headache score was significantly lower in the short exposure group than in the conventional
group [1.5 (SD 2.7) vs. 3.2 (SD 3.5); diff. 95% Cl 3.7 to 0.3; p =0.045]. The median duration of
photophobia was significantly lower in the short exposure group (3 hours vs. 72 hours; p < 0.001).

The effect of the laser on driving and other activities was similar in both treatment groups. No other
immediate or short-term ocular complications were reported.
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Initial follow-up was only 12 weeks, but follow-up after the initial trial was in routine care, for 1-2 years,
range 15-19 months according to grade.

In Mugit (2011),”® data from a cohort of patients from Mugit (2010)"*”*> were used to quantify the 20-ms
PSC ablation required for regression of PDR.

Patients were grouped according to their baseline PDR (Group 1 — grade 1, Group 2 — grade 2,
Group 3 — grade 3). Numbers in groups were quite small (8—14).

Twenty eyes received multi-spot, 20-ms single-session PRP, while the remaining 20 eyes underwent
single-spot, 100-ms multiple sessions PRP (three sessions across a period of 4 weeks). Only 36 eyes of

22 patients were included in the analysis because one patient died shortly after completing the MAPASS
trial and another patient was lost to follow-up. The mean power of the laser ranged from 104 to 482 mW
across groups. Patients with grade 1 PDR (Group 1) received the lowest mean power laser (213 mW, range
104-350 mW), followed by those with grade 2 PDR (Group 2) (220 mW, range 116-482 mW) and patients
with grade 3 PDR (Group 3) (291 mW, range 140-398 mW). Similarly, Group 1 had the lowest mean total
number of spots (2187, range 1500-3450 mW), followed by Group 2 (3988, range 1500-8364 mW) and
finally Group 3 (6924, range 4097-9234 mW). The difference was significant in comparisons of Group 2
versus Group 1 (p=0.012) and Group 3 versus Group 1 (p=0.012). The average number of sessions
ranged from one to three in Group 1, four in Group 2 and six in Group 3.

Outcomes in Mugit (2011)¢ included:

complete PDR regression — no leakage on WF-FA (wide-field Optos FA) and/or disappearance of
neovascular (NV) complexes
VA - no significant changes at final follow-up.

Safety end points were:

DMO
vitreous haemorrhage
tractional retinal detachment.

At the end of follow-up, there was no significant change in VA within and between the groups (only SD
reported, no p-value reported). The study’® also reported that cataract surgery (n= 1), vitrectomy (n=1)
and top-up PRP did not affect VA. Patients who underwent bilateral PRP treatment (n = 14) with mean
burns of over 4000, were questioned about the status of fitness to drive according to DVLA UK
requirement. All patients underwent testing within 6 months of the final study visit. Out of 14 patients,
13 passed the DVLA standard driving standards, and one failed because of suboptimal VA level, despite
having a satisfactory binocular visual field test.

Complete regression was seen in 75% (6/8 eyes) in Group 1; 67% (14/21) in Group 2; and 3/7 eyes

in Group 3. In Group 1 complete disease regression occurred at a mean time of 5.8 months (range

3-10 months). In Groups 2 and 3, the mean times to regression were 11 months (range 3-19 months) and
17 months, respectively. The mean laser ablation required to achieve complete PDR regression in Groups 1,
2 and 3 were 264 mm? (SD 95 mm2; range 181-416 mm?); 471 mm2 (SD 264 mm?; range 181-698 mm?),
and 657 mmz2 (SD 258 mm?; range 494-954 mm?), respectively.

No complications were seen with a 20-ms PSC laser. There were also no reports of unexpected adverse
or serious adverse events in the study.”® None of the patients showed signs of intraretinal/subretinal
haemorrhage or blood vessel damage from 20-ms PRP burns and no indirect laser-related ocular
complications. However, there were reports of seven vitreous haemorrhage and one tractional retinal
detachment associated with elevated/forward NVD greater than the SAH10A. Three eyes developed
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uncomplicated, complete posterior vitreous detachment. Within 6 months after completing the study,
DMO developed in three eyes but was unrelated to top-up PRP treatments, and in one patient it was
related to pregnancy.

Mugit et al. (2011)’® concluded that SS-PRP was as safe and effective as MS-PRP. PDR was improved
in 74% of eyes in the SS-PRP group and 53% of eyes in the MS-PRP group (difference not
statistically significant).

Mugit 2013

Mugit et al. (2013)” is a pilot study (PETER PAN study) of 30 eyes of 24 patients with newly diagnosed
treatment-naive PDR, 35-85 letters (6/60 or better), excluding DMO or any other cause MO, compared
three arms:

Standard intensity PSC PRP Grey-white burn, single session, 2500 burns, 20 ms. SI-PRP.

A minimally traumatic or reduced fluence PSC PRP (MT-PRP) Single-session, titrated to produce
grey-white burn then power reduced to produce light grey barely visible burn. 2500 burns, 20 ms.
Lower power used — compared with TRP and SI-PRP.

SI-TRP Standard intensity PSC targeted laser to treat areas of retinal capillary non-perfusion.
1500-2500 burns, 20 ms covering area of capillary non-perfusion (Optos wide-angle directed). The aim
of targeting is to avoid damage (scarring) to well-perfused areas. See earlier study from same group for
details of targeted approach.®®

One aim was to avoid causing MO.

At the end of 12 weeks, the changes in VA were not significantly different (but note that they had only eight
patients in each group) between the treatment groups [TRP vs. SI-PRP 1.3 letters (SD 11 letters), 95% Cl 6.55
10 9.15 letters; p=0.717; TRP vs. MT-PRP 0.7 letters (SD 8.4 letters), 95% Cl 5.33 to 6.73 letters; p =0.799;
MT-PRP vs. SI-PRP 0.6 letters (SD 7.2 letters) 95% Cl 4.53 to 5.73 letters; p =0.797]. At 12 weeks there was no
significant difference amongst the three treatment groups (TRP; MT-PRP; SI-PRP) in terms of PDR activity.
Seventy per cent of patients in the SI-PRP group, 60% in the TRP group and 50% in the MT-PRP group had
partial regression of PDR activity. Similar proportions of patients (20%) in the MT-PRP and SI-PRP groups

had complete regression of their PDR activity, whereas only 10% of patients in the TRP group had complete
regression. PDR worsened in about 10% of patients in the SI-PRP but in none in the other groups. In 30% in
the TRP group and 20% in the MT-TRP there was no change in their retinopathy. Measures like description of
pain, mean NPS and VAS were used to report the effect of lasers on pain. During 12 weeks’ follow-up, mean
NPS was greater in the SI-PRP group [3.1 (SD 2.7)] than in the other two groups [1.7 (SD 2.3) in TRP; 0.5

(SD 1.3) in MT-PRP]. NPS was significantly lower in the MT-PRP group than the SI-PRP group (p =0.001) but
not against the TRP group (p =0.05). Pain was categorised as mild in all of the groups. In the MT-PRP group,
80% of patients had no pain. Similarly, mean VAS score was significantly lower in the MT-PRP group than in
the SI-PRP group [3.5 (SD 7.8) vs. 32.4 (SD 24.2); p = 0.005] but not against the TRP group [3.5 (SD 7.8) vs.
15.7 (SD 23.7); p=0.19]. Again pain was categorised as mild in all groups.

There were no ocular complications or adverse events during the immediate or short-term follow-up after
treatment. Wide-angle imaging was done using the Optos device. There were also no signs of intraretinal
haemorrhage or blood vessel compromise at the locations of TRP, MT-PRP or SI-PRP burns. Both MT-PRP
and SI-PRP produced less retinal thickening than SI-PRP.

In summary, the three methods PSC were not significantly different from each other in terms of change
in VA and regression of PDR activity. Pain appeared to be significantly lower with MT-PRP and TRP than
with SI-PRP.
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Muraly 2011

This study compared the efficacy of single-session PSC against two to three sessions of conventional laser
in 100 eyes of 50 patients with PDR or HR-PDR in both eyes.”® One eye was randomised to PSC laser,
whereas the other eye of the same patient received conventional laser (a 532-nm frequency-doubled
Nd:YAG) in two to three sittings. The intervals between sessions were not reported.

At 1- and 6-month follow-up, more patients in the PSC laser group had regression of NVE and NVD than
in the conventional laser group (90% vs. 64% 1 month; 98% vs. 88% 6 months). Fluorescein angiograms
were performed. Fewer patients in the PSC group had persisting NVE and NVD at 1 month and none at

6 months (10% vs. 24% 1 month; 0% vs. 6% 6 months). At 1 month, six patients in the conventional
laser group developed fresh vitreous haemorrhage but none in the PSC group did so. One patient in the
PSC group and three patients in the other group had old vitreous haemorrhage at 6 months’ follow-up.
The mean power of the laser was greater for pattern laser PSC than that of the conventional laser

(439 mW, range 275-950 mW vs. 192.8 mW, range 125-300 mW,; p-value not reported). The duration of
the PSC laser was usually 30 ms, but ranged from 20 to 200 ms, whereas that of the conventional laser
was 200 ms. The mean time taken to perform the laser was significantly greater for the conventional
photocoagulation than for the PSC treatment (29 minutes vs. 10.4 minutes; p < 0.0001). More patients
receiving PSC photocoagulation had only mild pain compared with those receiving conventional laser
(mild — 80% vs. 0%). Many of those receiving the latter had severe to very severe pain, whereas no one in
the PSC laser group complained of severe to very severe pain (severe — 50% vs. 0%; very severe — 28% Vs.
0%). BCVA was not reported.

Muraly et al. (2011)® concluded that photocoagulation with a single PSC session was as effective as
conventional laser.

The Muraly study (2011)”® was criticised by Jojo and Mohamed (2012)% (who thought that the PSC group
had had more extensive treatment than the conventional arm), but Muraly et al. (2012)¥ noted that
expansion after conventional laser treatment equalised the affected area.

Nagpal 2010

Nagpal et al. (2010)®? compared the efficacy of single-spot 532-nm solid-state green laser (GLX) against a
multi-spot 532-nm PSC in patients with bilaterally symmetrical PDR or severe NPDR. One eye was randomised
to receive PSC photocoagulation, whereas the other eye of the same patient received GLX. Both lasers were
completed in two sittings in each eye with an interval of 7 days between the two sittings. The durations were
20 ms for PSC and 200 ms for GLX, with spot size of 250 pm in both. PSC photocoagulation involved
950-1100 spots and GLX 500-700 laser spots. There was no significant difference in the post-laser VA
between the GLX and the PSC group. In addition, the difference in the change in VA between the two groups
was not statistically significant (p = 0.0508). The average length per sitting for PSC was 1.43 minutes and for
GLX was 4.53 minutes. The difference between the two was statistically significant (p = 0.008). Regression in
retinopathy was comparable between the two groups but no data were reported. The effect of GLX and PSC
on retinal sensitivity was not statistically significant different between the two groups [central 15° (Zone A):
25.08 dB, range 20.56-27.26 dB with PSC vs. 23.16 dB, range 19.31-27.37 dB with GLX; p=0.26] [15-30°
(Zone B): 22.08 dB, range 8.25-23.88 dB with PSC vs. 17.14 dB, range 6.93-23.25 dB with GLX; p=0.09].
Mean VAS score was significantly lower in the PSC than with the GLX (average 0.33, range 0-1 vs. average
4.6, range 3-9; p =0.007).

In summary, PSC photocoagulation was quicker and caused significantly less pain than GLX while giving
similar results in regression in retinopathy and change in VA.

Salman 2011

Salman et al. (2011)% compared the safety and efficacy of PSC against conventional laser
photocoagulation (Novus Spectra 532-nm green light; treatment duration of 10-3000 ms, spot size from
50 to 500 pm, power from 50 to 2500 mW) in 120 patients either with NPDR and CSMO or, PDR.
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There were four groups of 30 patients (A1, A2, B1 and B2) in the study.®* Groups A1 and A2 included
patients with NPDR and CSMO, whereas those in groups B1 and B2 had PDR. Patients in Group A1 and
A2 underwent focal or modified grid macular laser photocoagulation for NPDR (as stated by the authors
but presumably it was for the MO). Group A1 patients received conventional laser, whereas patients in
Group A2 received PSC laser photocoagulation. Patients in group B1 and B2 underwent PRP, the former
with conventional diode-pumped sold-state (DPSS) laser and the latter with the PSC laser.

In Group A1, the mean power of the conventional laser used was 100 mW (SD 20.5 mW) and an

average of 85 (SD 76.6) burns were performed. The mean power of the conventional laser was 215 mW
(SD 51.3 mW), with an average of 700 (SD 201.1) burns performed in Group 2. Patients in Group A2
received PSC photocoagulation, the mean power of which was 332 mW (SD 105.5 mW) and an average of
145 (SD 92.2) burns were performed. Those in Group B2 also received PSC photocoagulation, mean of
1090 (SD 410.4) burns with a mean power of 410 mW (SD 115.2 mW). The power of the laser used was
significantly higher with the PSC than the conventional laser (p <0.001) because the former is given for a
relatively shorter duration.

Follow-up at 12 months included BCVA, photography and FA.

Visual acuity did not change significantly following laser in any groups. More patients receiving PSC
achieved success, i.e. regression of neovascularisation and no further treatment planned, than those
patients receiving the conventional laser (28/30 vs. 20/30; p < 0.05).

In Group B2 (PSC), 46% (14) had a single session and 54% (16) had two sessions. None of the patients in
the single-session PRP group developed any complications and all had regression of their retinopathy. Also
none of the patients needed further treatment plan at his/her last follow-up visit. There were also no
reports of complications related to laser treatment. When asked to rate the pain following laser on a scale
between 0 and 5, with ‘5" being very severe pain, patients rated PSC as 0.61 and standard laser as 2.72.

The authors concluded that PSC was safe, rapid and effective but required higher power because of
shorter exposure time.

Shimura 2003

In this study, the efficacy of pan-retinal scatter photocoagulation used either as weekly or biweekly
treatment was compared in 36 patients with severe NPDR or non-HR-PDR but good vision (baseline VA of
20/20 or better) before laser therapy.®® A krypton red laser was used. One eye of the patient was treated
weekly, whereas the other eye of the same patient was treated biweekly. All had four sessions. In each
session, around 500 spots were performed, with each spot of 200-500 pm in diameter and the duration
of the exposure ranging from 0.15 to 0.2 seconds. The order of the treatments was nasal followed by
inferior, superior and, finally, temporal. Slightly more patients in the biweekly PRP group maintained their
VA at 16 weeks than the eyes treated with the weekly PRP (92% vs. 89%). At 16 weeks, 15 eyes in

the weekly group and 13 eyes in the biweekly group received additional focal laser treatment for

retinal neovascularisation.

Suto 2008

Suto et al. (2008)®* compared PRP before cataract surgery (PRP-first group) and after cataract surgery
(surgery first group) in patients with bilateral cataract and severe NPDR or early PDR.2* One eye had PRP
first, and the other eye of the same patient had PRP after cataract surgery. In the PRP-first group, cataract
surgery was done 1-3 months after the final PRP session. In the surgery-first group, cataract surgery was
performed within 4 days. The laser treatment involved making spot size of 200 ym, 0.12-0.16 W, and
0.2-0.4 seconds in the PRP-first group and 200 um, 0.08-0.12 W, and 0.2-0.4 seconds in the surgery-first
group. At 12 months’ follow-up, significantly more eyes in the surgery-first group had a BCVA of 20/40 or
better than in the PRP-first group (96.6% vs. 69%; p =0.012). There was no significant difference in the
rate of progression of DR (27.6% in PRP-first vs. 41.4% in surgery-first group; p =0.270). Worsening of
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MO (assessed by FA, not by OCT) was twice as likely in the PRP-first group as in the surgery-first group
(RR=2.0; 95% Cl 1.49 to 2.51). In summary, the authors found that patients in the surgery-first group had
better VA than those in the PRP-first group. There was no difference in the rate of progression of DR in the
two groups, but progression of MO was commoner in the PRP-first group. This was presumably related to
the higher power required.

Tewari 2000

Tewari et al. (2000)*° compared diode (810 nm) and argon laser (514 nm) PRP in 25 patients with bilateral
PDR. One eye received diode laser (810 nm) treatment and the other eye received argon laser (514 nm)
treatment, each done in two to four sittings.>> Around 200-500-pum spots were applied, with exposure
ranging from 0.1 to 0.2 seconds with the argon laser, and 0.2-0.3 seconds with the diode laser. The
power of the laser varied between 0.2 and 0.4 W to give ‘moderate intensity’ burns. At 6 months’
follow-up, VA (as measured by reciprocals of Snellen) in the argon group reduced from 4.16 (SD 2.77) to
4.76 (SD 2.83), and from 3.22 (SD 2.05) to 3.62 (SD 2.12) in the diode laser group. The difference in
change in VA between the two groups was not significant. There was no statistical difference between
the two groups in regression of neovascularisation (72% vs. 64%; p = not reported; only states not
statistically significant). There was reduction in contrast sensitivity (Cambridge low-contrast gratings) in
both groups (diode, from 169.2 +59.3 to 142.2 +49.2; argon, from 164.6 + 56.2 to 142.2 +49.2).
Vitreous haemorrhage developed in two eyes (8%) in each group. Slightly more eyes in the diode laser
group required laser augmentation than those in the argon laser group (48% vs. 32%). Significantly
more patients receiving diode laser complained of pain than those receiving argon laser (92% vs. 28%;

p <0.001). In summary, there is no difference in efficacy between argon and diode laser. Pain appeared to
be significantly lower with the argon laser. The authors of the study®® concluded that diode laser is an
appropriate alternative to the argon laser to perform scatter laser in DR, though they recommend a study
with longer follow-up than their 6 months.

All of the studies included above are RCTs, most of them with low risk of bias. Findings include:

Some had only small numbers of patients, and follow-up was often short.

The majority of the patients included in these studies had PDR, with a few with very severe NPDR.
There were five trials of PSC photocoagulation against conventional PRP. One study compared the
efficacy of PSC laser given in three different ways — TRP, MT-PRP or SI-PRP.”” The efficacy of PSC
photocoagulation was also compared if given as multi-spot 20-ms single session against single-spot
100 multi-session in one study.”>7®

One study compared threshold diode and argon laser.>® No study compared PSC with sub-threshold
diode laser. One study compared light (grade 1 of L'Esperance scale) with standard PRP (grade 3).”
Other studies examined different ways of giving standard PRP.

In most studies, patients were followed for at least 6 months. We included four trials with follow-up
period of less than 6 months, mainly to look at adverse events.

It appeared that most of the studies were funded by academic institutions. One trial was funded by a
PSC laser manufacturer.

VA - At the end of follow-up, in all studies there was no significant difference amongst laser types in
terms of change in VA.

Retinopathy — Scatter PRP was found to cause resolution of neovascularisation on and around the optic
disc (NVD) and new vessels elsewhere (NVE). Trials of modern methods of PRP, light, PSC and diode
either showed no difference in improvement in retinopathy (three trials) or reported better results with
PSC (two trials).
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The Japanese approach of selective PRP aimed at ischaemic areas only, in PPDR delayed progression to
PDR, with only 15% of the selective PRP group developing PDR compared with 52% of those receiving no
photocoagulation (p =0.03).

There are also no differences between PRP performed before or after cataract surgery in progression of
DR. However, patients in the surgery-first group had better VA than those in the PRP-first group.
Progression of MO was significantly higher in the PRP-first group.

Adverse events

Pain was more common with conventional photocoagulation than with PSC. Pain was significantly less in
patients receiving short exposure laser, less in those receiving light PRP, and in those receiving PSC
compared with GLX. In a study comparing different types of PSC photocoagulation, pain was higher in
SI-PRP followed by TRP and MT-PRP (Mugit 2013”7). However, pain was mild in nature. Pain was more
common with diode laser than argon laser.

Discussion of randomised controlled trial evidence

The general conclusion from the trials reviewed above is that modern methods of laser photocoagulation
are as effective as conventional lasers, but it is not possible to say that they are more effective. Multi-spot
photocoagulation has advantages, such as reduced pain and faster treatment, making treatment less
onerous for patients. Pain relates mainly to the power and duration of the laser used and as modern laser
technologies use shorter-duration laser pulses and are probably given with less intensity (not looking for a
white laser mark but more for grey mark) then they are less painful. Less intense and confluent PRP may
be slightly less effective but has fewer side effects. Shorter pulses are as effective but cause less pain.

The published evidence base is somewhat limited because of the small size and short duration of
some studies.

Bandello et al. (1993)% suggest that the advantages of the diode laser include compact size, no need for a
cooling system, low price, high transmission of laser through cataract and vitreous haemorrhages.

Diode laser treatment was reviewed by Neubauer and Ulbig (2007)," who report that its advantages
include small size and lower cost. They report no difference in progression of PDR, but more pain.

In another narrative review, mainly of use in DMO, Sivaprasad and Dorin (2012)" argue that sub-threshold
diode laser micropulse photocoagulation (SDM) is as effective as, but less destructive than, standard
focal/grid photocoagulation. Standard is taken to be the mETDRS approach, which is aimed only at areas
of thickened retina and non-perfusion, and leaking microaneurysms, using burns with smaller areas and
less-intense heat (grey). In micropulse lasering, the laser is used in a series of short pulses, with the theory
being that this allows the retinal tissue to recover a bit between pulses, thereby causing less thermal
damage and subsequent scarring.

The authors found little evidence for the use of SDM for PRP, but the main one being a retrospective case
series (see Luttrull et al. 2008 reviewed later). In DMO, Sivaprasad and Dorin (2012)" report five RCTs of:

® SDM versus conventional continuous-wave 514-nm argon laser threshold photocoagulation
(two trials)®*®°
® three trials of SDM versus mETDRS: two with 514-nm argon laser, the other unspecified.

These trials and the observational studies are reported as confirming the advantages of SDM, but more
when the high-density version of SDM is used, rather than the normal density one. In the trial by
Lavinsky et al. (2011),°" twice as many eyes gained 15 or more letters with HD-SDM than with mETDRS.
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Sivaprasad and Dorin (2012)" ponder on why there has been little uptake of SDM, and suggest the
following reasons:

SDM has been undergoing a slow evolution.

Micropulse lasering has been being refined.

The arrival of the anti-VEGF drugs has taken attention away from laser treatments.

Lasers with micropulse emission were not available.

The optimum dosing remains to be determined.

The laser used is the 810-nm infrared diode, which has not been as popular as the 514-/532-nm
green lasers.

Subthreshold diode micropulse laser photocoagulation is said by Mugit et al. (2013)”’ to produce clinically
undetectable laser lesions requiring a high number of laser treatments. The source cited is Luttrull (2008),%¢
already mentioned.

Data on adverse effects from observational studies

It is important to review the evidence on the adverse effects of laser photocoagulation for three reasons.
The first is the usual one, in that we need to balance the benefits of photocoagulation against the harms,
especially when considering administering PRP at earlier stages of retinopathy. The second is that the types
of laser treatment have been changing, with a trend towards lighter laser treatment, and the harms seen
in the landmark trials such as ETDRS, may not be a good guide to the harms seen in modern laser therapy.
Lighter may mean many things, such as a less-white burn but also a laser applied in a different manner
than before (for instance, with shorter duration pulses compared with longer ones).

Third, modern imaging methods such as OCT make it easier to detect MO, allowing that to be treated
first, so preventing worsening of MO after PRP.

Although it could be argued that the most useful data on harms might come from RCTs, a counter
argument may be that RCTs may not reflect routine care. A systematic review in 2001 found evidence
that being in a trial improves care (a ‘trial effect’),” though a later Cochrane review in 2008 did not
confirm this finding.*

We decided to review non-RCT evidence on adverse effects. Although, in what follows, we are primarily
concerned with adverse effects, we also provide some data on efficacy. This is partly because adverse
effects might be reduced by much lighter laser treatment, but at the cost of reduced effectiveness. Lack of
efficacy could be considered as an adverse event. However, for efficacy we rely mainly on the RCT
evidence presented above.

Searches for evidence of adverse effects of lasers from non-randomised

controlled trial studies

Searches additional to those for RCTs were done to find any non-RCT studies concerning laser
photocoagulation in DR at any stage. Searches of MEDLINE and EMBASE (as shown in Appendix 2, Search
strategies, section f) were run and downloaded into EndNote version 7 (Thomson Reuters, CA, USA).

In addition, the EndNote database created from previous searches for PRP and lasers (see Appendix 2,
Search strategies, sections a—e) was searched using the following keywords: (adverse or risk* or harm* or
side effect* or safety or pain or visual loss or complication*) and (laser or photocoagulation or panretinal
or pan-retinal or scatter or PRP).
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A systematic review, by Fong et al. (2007),%* which covered the earlier literature on safety of lasers was
found. Given that and our focus on the safety of currently used lasers, we limited our selection of articles
to those published from the year 2000 onwards.

The searches described above resulted in 137 unique references, of which 84 were excluded on the basis
of title and abstract or publication date. The full papers for the remaining 53 references were obtained and
checked for inclusion by two authors (PR/NW). Articles that were letters to the editor or comments or
editorials were excluded. Also, articles that were RCTs and had been already reviewed in this chapter

were excluded.

As we were interested in studies with outcomes that were reported by patients, we excluded outcomes
such as change in retinal thickness, as it is been shown that it is not well correlated with visual loss.
(The DRCRN group noted only modest correlation between VA and retinal thickness after focal laser
photocoagulation for DMO.%)

This left 19 studies*®606265666872.96107 ramgaining, of which six®967% were excluded for reasons shown in
Table 21. Of the remaining 13 studies, 10%960626566721017104 \yare data extracted and included in Table 22.
Three studies were dealt with narratively.'®%

Description of non-randomised controlled evidence for safety of lasers

Three studies were concerned with multi-spot pattern photocoagulation,®®7%% which delivers a group of
burns in a pattern, with one application (by depressing the foot control), rather than the standard one
burn at a time. So patients are less likely to become fatigued and uncomfortable. However, the number of
spots that can be delivered at the same time is limited by pain, increasing if more than four spots at a time
are used. All used the PASCAL laser from Topcon.

Chappelow (2012)%° compared the efficacy of the PASCAL laser PSC with standard argon laser PRP in

82 eyes (41 eyes in each group) of patients newly diagnosed with HR-PDR in a retrospective case series,
with mean follow-up times of 313 and 410 days, respectively. There was a higher incidence of vitreous
haemorrhage and pars plana vitrectomy (PPV) in the PSC group than in the argon group (37% vs. 24%
and 24% vs. 12%, respectively) but both these differences were not statistically significant. Also, 10% of
the PSC group had neovascularisation of the iris (NVI) and 5% neovascular glaucoma (NVG), whereas none
in the argon group was reported. However, the study®® was not adequately powered to detect a significant
difference in these outcomes — it would have needed five times as many eyes for that. The incidence of
vitreous haemorrhage was much higher than in other studies. This may reflect reduced efficacy of PSC but
incidence was also high in the argon group. The authors also noted that the comparison was between a
standard argon laser with which they were very experienced, and a PSC system that was newly introduced.

TABLE 21 Reasons for exclusion of non-RCT safety studies

Du 2011°% No patient-reported outcomes — reports very sensitive measures of retinal function that
might not be detected by patients

Maeshima 2004% No patient-reported outcomes

Mugit 2013 No patient-reported outcomes

Raman 2010% Patients did not have DR

Shimura 2009% No patient-reported outcomes

Wang 2014'® No patient-reported outcomes — reports a method of measuring VFs

VF, visual field.
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Velez-Montoya (2010)'* analysed the safety profile of PSC laser in a retrospective review of 1301 cases
with a follow-up of 8 months. Approximately 80% of patients had severe NPDR or PDR, most with some
type of media opacities. The most common complication reported was retinal bleeding in 17 cases (1.3%),
followed by choroidal detachment in two cases (0.15%) and exudative retinal detachment in one case.
They concluded that the PSC photocoagulation system has a low incidence of complications.

Zucchiatti (2009)? (meeting abstract only) in a retrospective cases series of 26 eyes of 21 patients
evaluated the safety and efficacy of the PSC photocoagulator system in the treatment of PDR in patients
with severe NPDR or PDR. Seven eyes (27 %) had severe NPDR, 16 eyes (62%) had early PDR, three eyes
(11%) had HR-PDR in an average follow-up of 11.5 months. They found no major side effects.

The latter two studies’?'®* find that PSC has few adverse effects.

The variation in adverse effects amongst the different studies may be due to differences in study designs,
differing severity of PDR and differing methods of photocoagulation.

As noted earlier, the most common problem after PRP is MO.

The two following studies,*%> along with the DRCRN study®? in the next section, looked at changes in VA
in patients with severe NPDR or early PDR without MO.

Lee et al. (2010)% conducted a prospective cohort study to investigate VA and changes in macular
thickness after biweekly PRP with argon green laser, designed to be completed in four sessions. The cohort
included 60 eyes in 30 patients with severe NPDR or early PDR without MO, as determined by clinical
examination and OCT. None of the VA measurements at 1-, 3-, 6- and 12-month follow-up differed
significantly from baseline. Therefore, for patients in whom MO was not detected by an OCT examination
before PRP, PRP was performed safely and without visual loss.

A prospective case series was conducted by Shimura et al. (2005)* in 64 eyes of 64 consecutive patients
with severe non-proliferative or early PDR and good VA, and with no CSMO detected by ophthalmoscopy.
PRP was performed four times at 2-week intervals using a krypton red laser. The patients were divided into
three groups based on changes in VA after the 24 weeks' observation period. In Group A, 54 eyes (84%)
had VA that remained at the preoperative level; in Group B (three eyes), VA decreased < 2 lines, but
returned to preoperative VA, and in the remaining seven eyes in Group C the VA decreased slightly

(< 2 lines) at 2 weeks but then continued to decrease to < 20/60 at the 24 weeks’ examination. As no
vitreous haemorrhage and cataract progression were observed in Groups B and C, it was assumed that the
cause of the visual loss was probably from MO. As MO was assessed by ophthalmoscopy, it is possible that
some may have been missed.

One-sitting photocoagulation versus four sittings pan-retinal photocoagulation

A prospective, non-randomised observational study sponsored by the DRCRN compared a single-sitting of
PRP (n =84 eyes) versus PRP delivered over four sittings (n=71) on the development of MO.%? The study®?
was not randomised because many members of the Network did not consider delivering PRP in one
session to be safe, because of the risk of MO. So some operators gave all PRP in a single session, and the
others in four sessions. The 155 eyes (of 155 patients) had severe NPDR or early PDR with relatively

good VA and no or mild centre-involved MO. The completion rate at the 34 weeks' follow-up was 88% in
the one-sitting group and 82% in the four-sitting group. A green or yellow argon laser was used, unless
vitreous haemorrhage was present — when red could be used.
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At the three-day visit VA was slightly worse in the one-sitting group than the four-sitting group, but, by
week 34, VA was slightly worse in the four-sitting group, with a median change from baseline in letter
score of O versus -2, respectively (p =0.006). A vitreous haemorrhage reducing acuity by 10 or more
letters from baseline occurred in two eyes in each group between the 17- and 34-week visits. The results
of this study®? indicated no clinically meaningful differences in VA between the application of PRP in

one sitting compared with four sittings. This would be more convenient for patients and reduce costs,
though some might prefer several shorter sessions to one long one. However, it would need a large
randomised trial to confirm the results.

Real-world clinical setting

A retrospective cohort study by Kaiser et al. (2000)'" looked at complications after 1 year in eyes treated
with PRP for PDR. The study’ was conducted in a tertiary care centre between 1985 and 1995, and
included 297 eyes of 186 patients who had not been previously treated with PRP. Eyes were treated
generally according to guidelines summarised in the ETDRS, and patients diagnosed with CSMO at the
time of initial PRP were either first treated with the focal or grid macular laser therapy before PRP, or were
simultaneously treated with PRP and focal laser.

During the first year after PRP, new vitreous haemorrhage developed in 37% of eyes, vitrectomy was
performed in 10% of eyes, and traction retinal detachment was newly developed in 6% of eyes, and
repeat PRP treatment was performed in 39% of eyes.

Such data, set in a large tertiary treatment centre, could be useful for preparing patients on likelihood of
possible complications of PRP. However, the high vitreous haemorrhage and repeat treatment rates
suggest a lack of efficacy. Although meeting our cut-off of publication after 2000, it does reflect practice
as far back as 1985, so may be less useful as a guide to current methods.

Comparing two different techniques of delivering

pan-retinal photocoagulation

Kovacic et al. (2012)'°? reported the results of a case series comparing two different PRP techniques in
type 1 diabetic patients with PDR and incipient papillary neovascularisation. One group (n =87 eyes)
underwent central classical pan-retinal photocoagulation (CPRP) and the other group (n =93 eyes) received
PPRP. They were followed up for 6 months.

Before therapy, 48.4% eyes in CPRP group and 52.9% eyes in PPRP group had MO (p = 0.54 for difference).
After 6 months there was no statistically significant difference between the groups (o =0.166) for the
percentage with MO after treatment, i.e. CPRP (18.3%) and PPRP (10.3%).

Visual acuity deteriorated 1 week after treatment with CPRP and PPRP owing to pre-existing or worsening
MO, but after 6 months there was no statistically significant difference between groups (p=0.71) in the
mean VA.

Subthreshold diode micropulse pan-retinal photocoagulation for treatment

of diabetic retinopathy

Luttrull et al. (2008)%° studied the VA and clinical outcomes in a pilot study of SDM PRP for severe NPDR or
any degree of PDR. The study®® was a retrospective chart review of 99 eyes of 63 patients with severe
NPDR or any degree of PDR diabetic undergoing SDM PRP between April 2000 and February 2003. Of the
99 eyes, 45 had severe NPDR or low-risk PDR. For severe NPDR, success was taken to be absence of
progression to PDR. About 60% of patients had type 2 diabetes. Patients were offered SDM PRP on the
grounds that it was less likely to cause retinal damage or scarring, but might need more treatments than
conventional PRP.

The median follow-up period was 1 year. The number of treatment sessions per eye ranged from one to
six (with a median of two sessions per eye). All were performed by a single surgeon.
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The term "burn’ is not used, but an average of 1696 ‘laser applications’ were delivered at the first session,
and a mean total of 3003. Luttrull et al. (2008)*® mention an absence of observable laser lesions and
scarring at time of treatment or during follow-up. The implication is that no ‘burns’ were created, and that
no retinal scarring was caused. Vitreous haemorrhage developed in 17 eyes (21%). Pain during the
procedure was not reported, but the authors comment that SDM PRP was ‘well tolerated’. The authors
comment that the value of the study®® is limited by small numbers, short follow-up, lack of controls, and
lack of detailed tests of retinal function. They recommend a RCT.

The probability of vitreous haemorrhage at 1 year following initial SDM PRP for PDR was 12.5%
(Kaplan—Meier survival analysis) and the probability of undergoing vitrectomy was 14.6% at 12 months.
No complications were observed. The authors concluded that visual loss was prevented with a low rate of
vitreous haemorrhage and vitrectomy postoperatively.

Single-session indirect pan-retinal photocoagulation

Tinley and Gray (2009)'® evaluated the outcomes of routine, single session, indirect PRP for PDR. They
explain that although indirect laser treatment is usually limited to patients with special needs, who may not
tolerate slit-lamp treatment, in their centre they use it routinely for PDR, on the grounds that it provides
easier access to the peripheral retina and is more comfortable for patients.

The aim was to examine adverse events related to indirect laser within the first 8 weeks of treatment, and
to compare results with the UK National Diabetic Retinopathy Laser Treatment Audit (NDRLTA).'%®

Tinley and Gray (2009)' carried out a retrospective review of case notes of 107 eyes (of 107 patients)
undergoing indirect PRP between 2000 and 2006. The initial follow-up period was 8 weeks, and then a
9 months’ final follow-up. Fifteen patients (14.0%) returned with adverse events within the first 8 weeks
of indirect PRP; five events were persistent and visually significant, with three requiring vitrectomy during
the study period.

It was concluded that the incidence of significant PRP-induced adverse events was low after indirect PRP
and the outcomes were not inferior to the outpatient-based UK NDRLTA. Hence single-session indirect
PRP can be a suitable alternative to slit lamp-based treatment. They performed it in an operating theatre,
which would be more expensive, but it can be done in an outpatient department.

Indirect PRP can be used in eyes where the view of the fundus is hazy.

Other studies reporting adverse events

Natesh et al. (2011)'% performed 883 single-session PRPs over a 2-year period using the PSC photocoagulator,
and reported one patient symptomatic of choroidal detachment (CD) and worsening MO (the laser parameters
for the PRP were 2700 burns at 200 mW, a duration of 30 ms, and a spot size of 200 mm with a fluence of

19 joules (J))cm2. However, they acknowledge that that incidence of CD may have been a little higher owing
to unreported, subdclinical and self-limiting cases. They concluded that, although PSC PRP is superior to
conventional PRP in terms of patient comfort, laser control, laser precision, and safety, there is still a risk of

CD and worsening of MO, and patients should be counselled on these risks before undergoing PSC PRP.

This study'® provides further support for the single-session approach.

Kapoor et al. (2010)'® reported an unusual case of acute angle closure glaucoma following argon laser
PRP, which was initially mistaken for a viral iliness (patients can present with ocular pain, nausea
and vomiting).

Pain of photocoagulation

Pain is a common side effect of laser photocoagulation but was not reported in most of the studies in
Table 22. Richardson and Waterman (2009)'*” undertook a national survey of all ophthalmic units within
the UK in late 2006 to explore the effects of pain on the procedure within clinical practice.
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They achieved a 77% response rate (111 questionnaires), and the vast majority of responses (96 %) were
from doctors. A large proportion (79%) of units saw up to 20 cases a week and most patients received up
to five sessions of PRP.

Overall, 88% of the practitioners said that PRP could be painful, and 99% said that pain has a negative
effect on the delivery of the therapy; however, 67% did not have a pain protocol and 80% said no
analgesia was routinely given for PRP.

It was thought that once present, pain can significantly affect the number and strength of burns delivered
and it can indirectly increase the number of sessions required to complete the therapy. Also it could delay
treatment therefore extending patient stay. A small number of respondents thought it could potentially be
a reason for a lack of compliance. Therefore, the effects of pain could lead to under-treatment and hence
to accelerated sight loss in people with PDR.

The authors did comment that, as for all surveys, the results need to be viewed with caution, as, with all
survey findings, they are what clinicians say they do, which may not be the same as what they actually do.

The RCOphth guideline recommends that when applying repeat laser therapy it is important to try to avoid
the previously treated areas, as pain may be felt by patients who have had previous laser treatment if the
new laser burns encroach on the previously treated areas, especially in the horizontal meridian.

Pain can be prevented by anaesthesia delivered through the sub-Tenon'’s capsule, but this blocks the eye
for hours and it has to be patched because of the risk of dryness. There is also a risk of subconjunctival
haemorrhage and infection, and some authorities have argued that with modern multi-spot PRP,
anaesthesia is not required for most patients.'®

Discussion

Data on the incidence of adverse events comes from a mixture of different types of lasers and different
methods of delivering the lasers, different levels of severity of DR, RCTs and non-randomised study
designs, different follow-up times, and different methods of measuring outcomes.

In some studies, such as Chappelow et al. (2012)% the higher incidence of adverse effects, such as vitreous
haemorrhage, may reflect lower efficacy of the PSC photocoagulation.

Pan-retinal photocoagulation destroys retinal tissue, and this leads to symptoms due to the loss of function
of the burned areas, including peripheral visual field defects, reduced night vision, reduced colour vision,
and decreased contrast sensitivity. Fong et al. (2007)** noted that visual field defects could occur in up to
50% of treated patients, depending on intensity of PRP and level of testing.

Macular oedema
The most common complication of PRP is the exacerbation of MO. Bressler et al. (2011)'"° cites
unpublished data from the ETDRS:

... in patients with such edema involving the center of the macula at baseline, an evaluation that was
performed 4 months after baseline panretinal photocoagulation showed that 19% of the patients
lost approximately two or more lines on a visual-acuity chart, including 11% who lost approximately
three or more lines.
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The DRCRN (Protocol for NCT01489189) also reports that in the ETDRS, which was performed prior to the
advent of OCT, 16% of eyes that underwent full PRP (1200-1600 spots) were noted to have MO on
stereoscopic fundus photographs by 4 months compared with only 12% in eyes that did not have PRP

(FL Ferris, MD, unpublished data, 17 June 2008 - cited in Protocol).?’

Browning (2005)*° reported that ophthalmologists without OCT support were liable to miss some cases of
MO. Browning notes that after PRP for NPDR or PDR, eyes with MO are twice as likely (18% vs. 9%) to
lose two or more lines of VA 6 weeks post treatment as eyes with no MO.

Yang et al. (2001)"" also report that OCT is more sensitive than clinical examination (slit-lamp
biomicroscopy) in detecting DMO.

The advent of OCT means that MO can be detected and treated with focal laser before administering PRP.
Lee et al. (2010)%® noted that in the past decade, OCT had become much more available, and that it is more
sensitive than clinical examination for detecting DMO, especially when macular thickness was 201-300 ym.
In past decades, PRP may have made undiagnosed MO worse, rather than causing MO de novo.

Fong et al. (2007)** concluded (from the ETDRS) that moderate visual loss occurs and appears to be more
common in eyes with pre-existing MO. The RCOphth guidelines advise treating maculopathy either at the
same time or prior to peripheral scatter retinal photocoagulation (PRP).

The risk of MO is why PRP is usually given over two to four sessions, along with the problem of patients
getting tired when spots had to be administered one at a time.

However, there is some evidence that the risk may be less with modern methods.

Lee et al. (2010)% reported a slight increase in macular thickness after PRP but no reduction in VA, which
they attributed to exclusion of pre-PRP MO by OCT, giving PRP biweekly, and reducing the total number of
spots from 2000 to 1200-1600.

The RCOphth guideline notes that, after full PRP, about 40-50% of patients have some reduction in visual
fields, which may have implications for fitness to drive, but that the risk is lower with more modern
regimens that have smaller and lighter burns.

Mackie 1995 applied the UK DVLA criteria to 100 consecutive patients who had had bilateral PRP with the
argon laser, and found that 19% failed the driving criteria because of loss of visual field due to PRP.""?

Vernon et al. (2009)'"? identified a group of patients who had had bilateral PRP, with small burn size,
about 10 years before (in 1988-90) and obtained results from 25 of them. Of those (17) who drove,
only two had stopped — neither because of failure to meet the DVLA rules — and nearly all of the rest
confirmed having passed the driving vision test after PRP. Hulbert and Vernon (1996)""* writing in 1992,
argue that smaller burns [300 microns (um) rather than 500 pm] gave a better chance of being able to
retain a driving licence.

In a modelling exercise, Davies (1999)'"® concluded that the pattern of PRP could be adjusted in order to
preserve driving vision, and that small burns (200 pm) would cause less loss of peripheral vision than large
ones (500 um). However, Quinn (1999)""® was concerned that distributing burns in such a way as to
preserve driving vision might leave untouched ischaemic areas, leading to neovascularisation, and
suggested a randomised trial.

Driving at night may be a particular problem. Fong et al. (2007)%** noted that after PRP, 38% of people
reported worsened night driving and 60% worsened dark adaptation.

NIHR Journals Library



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

An excellent patient information leaflet notes that one in five people are aware of some loss of peripheral
vision after PRP, and 3% have to stop driving because their peripheral vision has been reduced.""”

People who have laser treatment to both eyes, or to one eye if they only have sight in one eye, are
required in the UK to inform the DVLA."*®

Other adverse events
The RCOphth guidelines list other adverse effects, though some are rare.® They include:

® some loss of contrast sensitivity

loss of central vision due to inadvertent laser application to the foveal and parafoveal regions; the
RCOphth guidelines recommend constant checking that the laser is not hitting the fovea

reduction of VA

a possible reduction in accommodative power

some dimness of vision

some loss of colour vision

rare complications, such as corneal burns, raised IOP or angle closure, pre-retinal or subretinal fibrosis,
and tractional retinal detachment.

Informing patients

Adverse events should be carefully considered before deciding when to give PRP and patients should be
made aware of them. There is usually some hesitation in performing PRP on diabetic patients with less
severe retinopathy, especially in eyes with good vision.*# The RCOphth guideline notes that scatter PRP
can cause transient worsening or development of MO and that patients should be warned of this and also
of the possibility of vitreous and subhyaloid haemorrhages.®
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Chapter 4 Combined laser and drug studies

Aims

Following laser therapy, MO may arise either de novo, or through exacerbation of prior MO. This can lead
to temporary reduction in VA. It has been suggested that drugs like anti-VEGFs and steroids may have a
place in reducing MO and vision loss when used in combination with PRP. If they do reduce the risk of
DMO, they may make it safer to administer PRP in a single session.

Methods

The comprehensive search done for laser trials for Chapter 3 also provided trials for this chapter. We
selected studies that had investigated the efficacy of drug and laser combination in patients with NPDR or
PDR. Because the main interest was reduction in adverse effects, we relaxed the minimum duration rule of
6 months.

Results

The details of the search strategies are given in Chapter 3. We included 11 trials (published in 12 papers'™"®)
that compared the efficacy of anti-VEGFs or injectable steroids used in conjunction with laser in patients
with DR.

Seven studies (Cho 2010;"° DRCRN 2011;2° Ernst 2012;'?" Filho 2011?2232 with Lucena 2013; Mirshahi
2008;'** Preti 2013;'® Tonello 2008'2¢), as shown in Table 23, compared the efficacy of anti-VEGFs used in
combination with laser in patients with DR. Cho et al. (2010)'" and DRCRN (2011)'®° also used intravitreal
triamcinolone acetonide (IVTA). Three trials (Cho 2010;'" DRCRN 2011;'% Preti 2013"?°) aimed to assess
the effect of anti-VEGF in combination with laser in reducing adverse events such as DMO, and three trials
(Tonello 2008;'? Filho 2011;"%'2 Mirshahi 2008'%*) were more concerned with added therapeutic benefits

of anti-VEGFs in combination with laser. One trial (Ernst 2012'%") compared the efficacy of anti-VEGF alone
with PRP alone in laser-naive patients.

Six studies (Cho 2010;'" DRCN 2011;'° Maia 2009;'¥ Mirshahi 2010;'%® Shimura 2006;'*® Unoki 2009'3°),
as shown in Table 24, compared the efficacy of triamcinolone as an adjunctive therapy to laser in patients
with DR.

Baseline characteristics of included studies
Tables 23 and 24 give details of baseline characteristics of the participants in the included studies.
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COMBINED LASER AND DRUG STUDIES

Study design
All the included studies were RCTs.

Diabetic retinopathy
® Anti-VEGFs:

O four studies (Filho 2011;'?? Mirshahi 2008;** Preti 2013;"?* Tonello 2008'%) — HR-PDR patients

O one study (Cho 2010""°) — very severe NPDR and HR-PDR

O two studies (DRCRN 2011;° Ernst 2012'?") — severe NPDR and PDR. Patients in DRCRN 2011 also
had DMO.

e Steroids:

one study (Cho 2010'") — very severe NPDR and HR-PDR

one study (DRCRN 2011'%°) — severe NPDR or PDR and DMO

one study (Maia 2009'?’) — PDR and CSMO

one study (Mirshahi 2010'%8) — HR-PDR with CSMO

one study (Shimura 2006'%) — severe NPDR and early PDR

one study (Unoki 2009'°) — severe NPDR or PDR (plus could have CSMO but only if present in
both eyes).

O O0OO0OO0OO0OO

Quality assessment/risk of bias
Not all studies gave enough details to assess risk of bias. In that case, we categorised them as ‘unclear’.
See Tables 25 and 26.

Allocation
Four studies (Cho 2010;'"® Ernst 2012;'?" Preti 2013;'> Mirshahi 2008'?%) only reported that patients were
randomised. No details on allocation concealment were reported.

In two studies (Filho 2012;?2'?% Tonello 2008'%¢), participants were allocated in groups of two and a
technician was asked to pick one of the two identical opaque envelopes, which is a less secure method
than central randomisation.

TABLE 25 Quality assessment/risk of bias of laser + anti-VEGF studies

Free of Free of other biases
Adequate Adequate Incomplete selective (e.g. similarity at

Study (author sequence allocation outcome data outcome baseline, power
and year) generation concealment Masking assessed reporting  assessment)
Cho 2010"° Unclear Unclear Unclear Low risk Low risk Low risk
DRCRN 2011™° Low risk Low risk Low risk Low risk Low risk Low risk
Ernst 2012 Unclear Unclear Unclear Unclear Unclear Low risk
Filho 2012 and Unclear Unclear — Low risk Low risk Low risk Low risk
Lucena 2013'%'% sealed

envelopes
Mirshahi 2008'* Unclear Unclear Unclear Low risk Low risk Low risk
Preti 2013'%* Unclear Unclear Unclear Low risk Low risk Low risk
Tonello 2008'% Low risk Unclear — Low risk Low risk Low risk Low risk

opaque

envelopes
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Quality assessment/risk of bias of laser + steroid studies

Cho 2010 Unclear Unclear Unclear Low risk Low risk Low risk
DRCRN 2011 Low risk Low risk Low risk Low risk Low risk Low risk
Maia 2009' Unclear Unclear Low risk Low risk Low risk Low risk
Mirshahi 2010 Low risk Unclear Unclear Low risk Low risk Low risk
Shimura 2006'* Unclear Unclear Unclear Low risk Low risk Low risk
Unoki 2009 Low risk Unclear Low risk Low risk Low risk Low risk

Mirshahi (2010)?® used block randomisation method to allocate participants into intervention and control
group. However, there was no detail on allocation concealment.

The allocation method was not clear in Shimura (2006)'?° and Maia (2009).'’

In DRCRN (2011),"?° central randomisation was provided via the DRCRN website. In Unoki (2009),'*°
participants were randomised using a stratification method. The stratification was done according to BCVA.

Masking of outcome assessments

Five studies (Cho 2010;'" Ernst 2012;'?' Mirshahi 2008;?* Mirshahi 2010;?® Preti 2013;?*> Shimura 2006'%°)
had no details on masking. In three studies (Filho 2012;'%2"% Tonello 2008;'?® Maia 2009'%) investigators
were masked. In DRCRN (2011)'® the staff measuring VA and the OCT technician were masked to allocation.
Unoki (2009)"* did not mask participants and investigators to study allocation. However, technicians
measuring VA and OCT and statistician analysing the data were masked to study allocation.

Incomplete outcome data

Four studies (Cho 2010;'"® Shimura 2006;'* Tonello 2008;'?® Maia 2009'¥) followed up all participants.
One study (Ernst 2012"") reported that five patients were lost to follow-up but reasons were not given.
However, all five patients were excluded from the analysis.

Four studies (DRCRN 2011;"° Filho 2012;'?'?* Mirshahi 2010;'® Preti 2013'%) gave adequate description
of withdrawals and lost to follow-up.

Free of selective reporting
All studies reported prespecified outcomes.

Free of other biases

In all studies, baseline characteristics between intervention and control groups were similar. Three studies
(Maia 2009;"%” DRCRN 2011;'%° Unoki 2009"*°) gave information regarding power calculation. Unoki (2009)'*
reported that for 80% power, a total of 40 eyes in each treatment group was required. In Maia (2009),' it
was reported that a total of 18 eyes of 18 patients was required for 80% power. However, after adjusting
for a 20% lost to follow-up, the sample size required to reach the same study power increased to 22 eyes.

In DRCRN (2011),"* it was reported that for 90% power, a total of 364 eyes were needed to ascertain a
difference in mean VA from baseline to 14 weeks between different interventions. For the primary outcome,
an intention-to-treat analysis was done, which included all the randomised eyes. However, 19 eyes were
excluded from one site, as the baseline imputed values of central subfield thickness was < 250 pm in 63% of
eyes. For missing data, last observation carried forward method was used. For other outcomes (safety),
missing data were not imputed.
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Funder/conflict of interest

Three studies (Cho 2010;""® Mirshahi 2010;'#® Shimura 2006'?°) appeared to be funded by an academic
institution. DRCRN was funded by the US National Institutes of Health. In two studies (Ernst 2012;’

Filho 2012'?123) the funding source was not clear. Shimura (2006)'* gave no details on conflict of interest.

Four studies (Filho 2012;'%%"2 Maia 2009;'?” Preti 2013;'?® Tonello 2008'?%) were part funded by research
organisations and in three authors declared no conflict of interest. Tonello et al. (2008)'* gave details
(Filho — CNPq; Maia 2009 — part supported by CAPES; Preti 2013 — Sdo Paulo Research Foundation;
Tonello 2008 - supported partly by the Foundation to support Education, Research and Assistance, Clinics
Hospital, Faculty of Medicine of Ribeirao Preto). Unoki (2009)° was supported by a grant from the
Scientific Research from the Japanese Government.

The studies are described narratively below and a detailed summary given in Table 27.

Laser in combination with anti-vascular endothelial
growth factors

Cho 2010

The aim of the study'"® was to assess and compare the efficacy and safety of IVTA and intravitreal
bevacizumab (IVB) for reducing PRP-related short-term vision loss and MO, in patients ranging from having
very severe NPDR to HR-PDR. One group of patients received only PRP (30 eyes), the second group
received IVB plus PRP (31) and the third group received IVTA plus PRP (30). Scatter laser was given to all
patients at three different time points, with 1-week intervals using a 532-nm argon green laser (Visulas
532s/LSL). Each patient received between 300 and 500 spots (500-um spot) per episode at a power that
caused blanching of the retina. If both eyes had HR-PDR, PRP was delivered in each eye on the same day.
In eyes with CSMO, focal/grid photocoagulation was also performed at the time of initiation of PRP. In
those receiving PRP and IVB, bevacizumab 1.25mg/0.05 ml was injected about 1 week before the initiation
of PRP. In the group receiving PRP and IVTA, triamcinolone 4 mg/0.1 ml was injected 1 day after the first
session of PRP. All patients were followed up for 3 months.

119

The primary outcome measure was mean BCVA, which worsened significantly in the PRP group at both

1(0.26 to 0.29 logMAR; p=10.031) and 3 months (0.26-0.29; p = 0.030) follow-up. (The logMAR scale

ranges from O to 1.0, with O best.) In contrast, there was no significant change in BCVA in the IVTA and
IVB groups. In eyes with CSMO, there was significant improvement in BCVA during 3 months’ follow-up
only in the IVTA group. In eyes without CSMO, vision significantly worsened only in the PRP group.

The secondary outcome was gain in vision of > 0.1 logMAR. In eyes with CSMO, significantly more eyes
in the IVTA group (75%) than in the IVB (38%) and PRP (7%) groups achieved this. Similarly, more

eyes in the IVTA group (38%) than in the PRP group (none) gained vision of > 0.2 logMAR (< 0.05).
More eyes in the PRP group lost vision of > 0.1 (57%) or > 0.2 logMAR (29%) than in the IVTA group
(none). The corresponding figures for the bevacizumab group were 31% and 13% (all rounded to
whole figures).

In eyes without CSMO, significantly higher proportions of eyes in the IVTA (43%) and IVB (35%) groups
gained > 0.1 logMAR than in the PRP group (6%). However, the proportion of eyes gaining vision of

> 0.2 logMAR was not statistically different between IVTA and IVB groups. The proportion of eyes losing
vision of > 0.2 logMAR was significantly higher in the PRP group (38%) than in the other two groups
(none) (p < 0.05).

Patients in the IVTA and IVB groups had significant reduction in CMT in eyes with CSMO. In eyes without
CSMO, CMT increased significantly only in the PRP group.
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Intervention

Triamcinolone +

laser (n
20(17)

izumab +
laser (n = 116)

Ran

Sham + laser

115)

3(2)
2(2)
2(2)

Increase > 10

Elevated

IOP/glaucoma
(mmHg)

Increase > 30

2(2)

Initiation of

|I0OP-lowering
medication

20(17)

3(2)

No. of eyes

meeting one

or more of the

above

HEALTH TECHNOLOGY ASSESSMENT 2015

Glaucoma
surgery

105

n=

93

n

120

n=

Phakic at

baseline

Cataract
surgery

No. of eyes with 0
cataract surgery

One case of endophthalmitis was related to ranibizumab injection

All had tractional detachment except in two eyes which had unspecified detachment (one

before 14 weeks and one after 14 weeks)

All vitrectomies were done for PDR

VOL. 19 NO. 51
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Four patients in the PRP group had progression of PDR, including vitreous haemorrhage, compared with
none in the IVTA and IVB groups. In the IVTA group one eye had cataract progression and four eyes had
increased IOP compared with none in the IVB group.

The authors conclude that both IVTA and IVB may be effective adjunctive treatments to PRP, minimising
the risk of PRP-induced MO and visual loss. However, the study'”® was short term.

The Diabetic Retinopathy Clinical Research Network (2011)

This was a high-quality study.'® The aim of the study'®® was to compare the efficacy of intravitreal
injection of ranibizumab (Lucentis) or triamcinolone acetonide (TA) (Trivaris) in participants aged 18 years
or more with severe NDPR (according to investigator assessment: severe NPDR in 18% of study eyes;
according to the reading centre assessment: moderately severe NPDR or less severe NPDR in 20% of study
eyes and severe NPDR in 5% of eyes) or PDR (according to investigator assessment, PDR in 82% of
study eyes; according to the reading centre assessment: PDR in 75% of study eyes and out of this 35%
had HR-PDR or level 71 or 75) and DMO treated with focal or grid laser. Those participants with previous
history of extensive treatment with laser were excluded, as were participants with previous treatment for
DMO, glaucoma, and increased IOP due to steroids and, lastly, those with IOP more than 25 mmHg.
Patients were recruited from March 2007 to June 2009.

Initially, only one eye of each participant was included in the study.'?® Eyes were randomised to three
different interventions. One group received sham injection (pressing a needleless syringe against the
conjunctiva) at baseline and at 4 weeks, another group received intravitreal injection of 0.5mg
ranibizumab at baseline and 4 weeks and the third group received intravitreal injection of 4 mg TA at
baseline and sham injection at 4 weeks. A later amendment to the protocol was made to include both
eyes of the participant. During randomisation, patients could then receive one of three different treatment
strategies. The first strategy involved injecting the better-seeing eye (BSE) with sham and injecting the
worse-seeing eye (WSE) with ranibizumab or triamcinolone. The second strategy involved injection of
ranibizumab or triamcinolone in the BSE and sham injection in the WSE. The third group included those
patients with the same VA in both eyes. In this group, the right eye was categorised as the BSE and the
other eye as the WSE.

Following randomisation, at baseline patients either received sham or intravitreal injection of ranibizumab
or triamcinolone. All patients then received focal or grid laser for DMO between 3 and 10 days after
baseline treatment. After this, patients could receive the first session of PRP immediately, or on the next
day, but no later than 14 days after the baseline treatment. PRP included giving 1200-1600 burns in one
session or in up to three sessions. All the sessions of PRP had to be completed within 49 days from the day
of allocation. If patients lost vision by 10 or more letters following PRP due to worsening of MO then
additional PRP treatment was postponed by 2 weeks or until the risk of MO reduced. The primary outcome
measure was change in VA from baseline to 14 weeks. After this period, patients could receive additional
treatment for their MO and retinopathy but only as part of their standard treatment. Hence, participants
would not receive intravitreal injection of anti-VEGFs, steroids or focal/grid laser. Safety outcomes were
measured at 56 weeks.

The 14-week visit was completed by 96% (118 eyes), 91% (103 eyes) and 96% (105 eyes) of eyes in the
sham, ranibizumab and triamcinolone groups, respectively. The corresponding figures for 56 weeks
completion rate were 90% (11 eyes), 84% (95 eyes) and 85% (93 eyes), respectively. Adherence to
allocated therapies was very good.

During the 14 weeks' period, none of the eyes required additional treatment for their DMO. All eyes
completed their PRP sessions except one eye in the sham, two eyes in the ranibizumab and two eyes in
the triamcinolone arms. Slightly more eyes in the sham group completed PRP session in one sitting:

49 eyes (40%) in the sham, 38 eyes (34%) in the ranibizumab and 41 eyes (38%) in the triamcinolone.
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There were no significant differences in the number of eyes requiring additional PRP: ranibizumab arm
(21 eyes or 19%) than in the triamcinolone (24 eyes or 23%) and sham (29 eyes or 24%).

The number of eyes requiring additional treatment for DMO (part of standard care) was significantly lower in
the ranibizumab (44%; p =0.004) and triamcinolone (42%; p =0.004) arms than in the sham arm (59%,).

At 14 weeks, the mean change in VA from baseline was +1 + 11 in the ranibizumab arm, +2+ 11 in

the triamcinolone arm and —4 + 14 in the sham arm. The difference was statistically significant in both
ranibizumab (p < 0.001) and triamcinolone arm (p < 0.001) compared with the sham arm. The proportion
of patients gaining > 15 letters was 10% in the triamcinolone arm, 7% in the ranibizumab arm and 7%
in the sham arm. The proportion of patients gaining 10-14 letters was similar in the triamcinolone and
the ranibizumab arm (12%) but only 4% in the sham arm. The proportion of patients losing letters was
greater in the sham arm than in both ranibizumab and triamcinolone arms. The authors also reported
changes in VA according to different subgroups — previous treatment for DMO, baseline VA (> 66 or < 65),
baseline central subfield thickness (< 400 or >400), DR (NPDR or PDR), diffuse vs. focal oedema, number
of PRP sittings (one or multiple), PRP automated pattern use and baseline HbA,. levels (<8 or > 8%). In all
subgroups, there was improvement (p-values not given) in vision in both triamcinolone and ranibizumab
compared with the sham arm.

At 56 weeks, mean changes in VA letter score were similar: =6 (SD 17), =4 (SD 21) and =5 (SD 16) in the
sham, ranibizumab and triamcinolone arms, respectively. During the follow-up period from baseline to
week 14, there was one case of endophthalmitis, in the ranibizumab arm. There were no ocular vascular
events. More eyes in the sham arm developed retinal detachment than in the other groups (n=4, 3%

vs. n=1, 1% in ranibizumab and triamcinolone). Only one eye had vitrectomy in the sham arm. More eyes
in the sham arm (n =16 or 12%) had vitreous haemorrhage than in the ranibizumab (n =6 or 5%) or
triamcinolone (n=7 or 6%) arm. More eyes (n =20 or 17%) in the triamcinolone arm developed
increased I0OP of > 10 mmHg from baseline than in the sham arm (n =3 or 2%), and two developed IOP

> 30 mmHg. No eyes in the ranibizumab arm had increment of IOP > 10 mmHg. No eyes had surgery for
glaucoma or cataract.

Between 14 weeks and 56 weeks, there were slightly more cases of retinal detachment in the ranibizumab
group (n=5 or 5%) followed by sham (n=4 or 3%) and triamcinolone (n=1 or 1%). More eyes in the
sham arm (n =17 or 13%) had vitrectomy than in the ranibizumab (n =8 or 7%) or triamcinolone arm
(n=7 or 6%). The number of eyes with vitreous haemorrhage was similar in the sham (n =28 or 21%)
and in the ranibizumab arm (n =25 or 23%) but lower in the triamcinolone arm (n =20 or 18%). Slightly
more eyes in the triamcinolone arm had increments of IOP of > 10 mmHg from baseline than the other
two arms (9% vs. 5% rani vs. 5% sham). The number of eyes with an increment of IOP of > 30 mmHg
was similar in all groups (#4%). Significantly more eyes in the triamcinolone group (15%) received
IOP-lowering medication at any visit after the 14-week visit than in the sham (5%) or ranibizumab group
(5%). Similarly, more eyes in the triamcinolone arm received IOP lowering medication at 56 weeks visits
than in other groups (9% vs. 2% sham vs. 4% ranibizumab). One eye each in the ranibizumab and
triamcinolone groups had glaucoma surgery. Slightly more eyes receiving triamcinolone had cataract
surgery (6% vs. 2% sham vs. 3% ranibizumab).

There was no significant difference amongst the groups in vascular events: 4 (4%) patients in the sham
arm, 8 (7%) patients in the ranibizumab and 4 (3%) in the triamcinolone arm. No vascular events in the

ranibizumab arm occurred at less than 3 weeks after the injection.

The authors concluded that both ranibizumab and triamcinolone are efficacious and safe in patients
receiving focal/grid laser and PRP.
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Ernst 2012

The aim of this paired-eye pilot study'' was to investigate the efficacy of IVB alone in patients with type 2
diabetes with PDR (five patients) and severe NPDR (five patients), without MO, and naive to PRP. Patients
were followed up every 2 months for 12 months. One eye of each patient had 2.5 mg (0.1 ml) of
bevacizumab injected every 2 months while the other eye received PRP in two sessions. At month 4, if
there was evidence of NV activity, then patients also received a third session of PRP.

In both groups, there was no significant change in mean BCVA (logMAR) from baseline [IVB -0.12 (SD 0.22)
t0 —0.14 (SD 0.19); p=0.52. PRP-0.14 (SD 0.23) t0 =0.17 (SD 0.10); p = 0.64]. Patients in the IVB group had
significantly lower mean CMT than those in the PRP group [197 (SD 17 um) vs. 243 (SD 49 um); p=0.012].
None of the eyes with severe NPDR developed PDR. NV leakage completely resolved in 4/5 eyes with PDR

in the IVB group and 1/5 eyes with PDR in the PRP group. However, the difference between the two was

not statistically significant (p =0.11). No complications were reported in the IVB group but 2/10 eyes and
3/10 eyes in the PRP group developed vitreous haemorrhage and MO, respectively.

The authors concluded that IVB was effective in PDR and severe NPDR but that a larger study was needed
to confirm this finding.

Filho 2011

The aim of the study'?2'?* was to compare the effects of PRP against PRP plus intravitreal injection of

0.5 mg ranibizumab (IVR) in patients with HR-PDR. Of the initial 40 recruits, 29 were followed up for

48 weeks. The lasers were performed in two sessions, at week 0 and week 2. In each session, around
600-800 spots, of 500-um size, were performed. In eyes with CSMO, focal/grid laser was given at the time
of initiation of the first PRP session. During FA, if active new vessels were seen then patients were allowed
to be retreated with 500 spots (500-um size) per quadrant of active new vessels. At the 16 and 32 weeks
study visits, if CSMO was present, patients were retreated with focal/grid laser if more spots were possible.
Ranibizumab 0.5 mg (0.05 ml) was given approximately 60 minutes after the first PRP session. At the

16- and 32-weeks study visits, patients in the IVR groups could be re-treated with ranibizumab if active
new vessels were seen.

The primary outcome was total area (mm3) of fluorescein leakage (FLA) from active NV but BCVA was
also measured. At 48 weeks, the FLA reduction was significantly greater in the PRP group than in

the PRP-plus-IVR group [-5.8 (SD 0.7) vs. =2.9 (SD 1.3); p=0.0291] but the reduction was not statistically
significant different at the 16 weeks (0.054) and 32 weeks (0.08) visits.

There was a reduction of BCVA of 0.6-0.08 logMAR compared with baseline in the PRP group at all three
visits, but no change in the PRP plus group at any time points. The difference between the two groups
was significant at 32 (0.021) and 48 weeks (0.024) study visits. CSMT increased by 20% from baseline in
the PRP group but fell by 5% in the PRP-plus-IVR group. The difference between the two groups was not
statistically significant.

There were no reports of serious drug-related adverse events (uveitis, endophthalmitis or change in

lens or IOP) in the 20 eyes treated with IVR. There were reports of minor local transient (resolved within

1 week) adverse events related to procedures — subconjunctival haemorrhage and foreign body sensation
in 5/20 (5%), 5/17 (29.4%) and 5/16 (31.25%) at week 0, 16 and 32, respectively.

A separate paper (Lucena 2013"?) reported the results for pain. Pain score in each patient was measured
using a 100-degree VAS. The mean pain score was significantly lower in the PRP plus group than in the PRP
group [4.7 standard error of mean (SEM) 2.1 vs. 60.8 SEM 7.8; p < 0.0001]. The intensity of pain was also
measured. In the PRP plus group, the intensity of pain score was 0 (meaning no pain at all during intravitreal
injection) in 12/17 patients, whereas the pain intensity score in the PRP group was comparatively high. In the
PRP group, only one patient had pain intensity score of 10.5, whereas in the remaining patients, the score
was more than 30.The difference between the two groups was statistically significant (p < 0.0001).
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The authors concluded that adding IVR after PRP appeared to protect against the modest VA loss and
macular swelling observed in eyes treated with PRP alone.

Mirshahi 2008

The aim of the study'** was to find out additional benefits of a single intravitreal injection of bevacizumab
on standard laser treatment in 40 patients with bilateral HR-PDR. Patients were followed up for 16 weeks.
The fellow eye of each patient was randomly assigned to receive IVB or a sham injection. All patients
received standard PRP, with 1200-1500 spots performed about half-spot size apart, 200 ms in duration
and completed in three sessions, 1 week apart. In eyes with CSMO, focal or grid macular photocoagulation
(MPC) was performed (not clear when but presumably at the initiation of the first PRP session). The
PRP-plus-IVB group received intravitreal injection of 1.25 mg (0.05 cc) of bevacizumab following the first
PRP session. The PRP-plus-sham group had a needleless syringe pressed against the eye (also after the PRP
session). If required, additional PRP was performed. The primary outcome was regression, defined as
complete (no leakage at 2-minute image), partial (decrease of leakage at 2-minute image compared with
baseline image) and none. At 6 weeks, a significantly higher proportion of patients in the IVB group than in
the sham group (87.5% vs. 25%; p < 0.005) showed complete regression on angiography, and all showed
some regression. However, at 16 weeks the proportion of patients achieving complete regression was
similar in both groups (25%). The proportion of patients showing partial regression was slightly greater in
the IVB group than in the sham group at 16 weeks (70% vs. 65%). Only about 5% of patients in the IVB
group showed no regression, whereas the corresponding figure for sham group was 10%.

There were no reports of post-injection uveitis, endophthalmitis or haemorrhage, and no change in lens
status or arterial embolic events. Univariate analysis of subgroup of IVB-treated patients showed that
recurrence of PDR was associated with HTN and patient characteristics such as female gender and high
HbA, levels. However, in logistic regression, only HbA,. level was found to be a significant factor.

The authors concluded that a single injection of IVB considerably but temporarily improved the short-term
response to scatter PRP in HR-PDR, but the effect was short-lived, as many of the eyes showed
rapid recurrence.

Preti 2013

The aim of the study'® was to compare the efficacy of PRP used on its own (control group) or in
combination with IVB (study group) in 35 patients (70 eyes) with HR-PDR. Patients were followed up for

6 months. One eye was randomised to the study group and the fellow eye to the control group. All
patients received three episodes (1 week apart) of PRP using double-frequency Nd:YAG laser with
300-500 shots per episode, a burn of 500 pym in size, exposure time of 0.1-0.2 seconds and in moderate
intensity (200-500 mW). If patient had DMO, then it was treated at the time of initiation of PRP. The study
group also received two intravitreal injection of 1.25 mg (0.05 ml) — one dose received 1 week before the
first PRP session and the second injection received after the third PRP session.

There was no statistically significant difference in VA between the study and control group, in either the
whole group or the bilateral DMO subgroup (12 patients). There were greater reductions in foveal
thickness in the study group than in the control group, significantly at 1 month but not significantly
different at 3 months (p =0.28) and 6 months (p = 0.45). There were no reports of complications such as
ocular HTN, lens opacity, progression, anterior chamber reaction or arterial thromboembolic events.

The authors report a secondary outcome of change in VA from baseline as showing a significant decline
in the control group but no change in the IVB group — it is not clear how this fits with the primary
outcome showing no difference in VA between groups.

The authors concluded that in HRC-PDR, using IVB injections as adjuvant treatment to PRP reduces the VA
deterioration compared with PRP alone. This was based only on secondary outcomes.
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Tonello 2008

The aim of the study'*® was to compare the effects of PRP used on its own or in combination with IVB in
22 patients (30 eyes) with HR-PDR. None had CSMO. Patients were followed up for 16 weeks. Patients
with HR-PDR in only one eye (14) were randomised but in eight patients with bilateral HR-PDR, the eye
with worse VA was selected to receive PRP plus IVB and the other eye received PRP alone. So the study'*
was only partly a RCT. PRP was given in two sessions — week 1 and week 3 — performing 600-800 spots
of 500-um size per episode. Intravitreal injection of 1.5 mg (0.06 ml) bevacizumab was administered

60 minutes after completing the second PRP session (week 3).

126

At no time point was there significant change in BCVA from baseline in either groups (IVB — baseline 0.26
to week 16 0.29 logMAR; PRP — baseline 0.26 to week 16 0.31 logMAR) or between the groups.

In the IVB group, there was significant reduction in the total area of leakage from active NVs compared
with the PRP group at all time points (weeks 4 and 9, +1; week 16, +2; p <0.001).

There were no reports of serious drug-related complications in the 15 eyes (of 15 patients) treated with
IVB, but only minor local transient adverse events that were related to the injection including
subconjunctival haemorrhage (seven patients) and foreign body sensation (two patients).

The authors concluded that in the short-term, the adjunctive use of IVB with PRP was associated with a
greater reduction in the area of active leaking NVs than PRP alone in patients with HR-PDR, but no
difference in BCVA.

Adding intravitreal bevacizumab to laser: observational study
The efficacy of IVB in preventing PRP-induced macular thickening and visual dysfunction in eyes with
HRC-PDR was investigated by Mason et al. (2008).%

They divided 60 eyes of 30 patients non-randomly into two groups. The patients had VA of 20/30 or
better and no eye had CSMO. One group had 1.25 mg of IVB 1 week before initiation of PRP treatment
and the control group had PRP treatment only. OCT was performed before all treatments and at each
follow-up examination.

After 24 weeks the BCVA as measured by the mean (SD) LogMAR in the control group increased from
0.069 (0.076) at baseline to 0.149 (0.113) at 24 weeks; by contrast, the IVB group decreased from 0.073
(0.071) at baseline to 0.039 (0.054) at 24 weeks. The mean change in BCVA between each group

from baseline to 24 weeks was statistically significant (o < 0.0001). Therefore, this study®” indicates that
a single IVB injection given before standard PRP may help prevent PRP-induced visual loss in eyes with
HRC-PDR and good vision. However, this would need to be further tested in a larger randomised study
with longer follow-up.

Laser in combination with steroids

These studies'™®120127-130 gre described narratively below and a detailed summary is given in Table 28
[note that two studies, Cho et al. (2010)'" and DRCRN (2011),"?° both of which have an anti-VEGF and a
triamcinolone arm, have been summarised in Table 27 so will not be repeated in Table 28].
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6 months
continued

SCMT in control eyes
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Three IVTA and four control eyes experienced recurrence of MO necessitating retreatment for

five eyes
During the subsequent year after the regular visits, two IVTA eyes and one control eye had
significant cataract progression in which surgical treatment was needed. Non-clearing VH

(one eye control group) and tractional retinal detachment (two eyes control group)
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Intervention

Baseline DR stage: HR-PDR

Participants and baseline
Baseline CMT (pm)

IVTA: 319.2 +79.1

Control: 345.9+100.6

p=0.65

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that 1 39
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR

Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.



COMBINED LASER AND DRUG STUDIES

JUSWILAIY JBSE| 21043q NG VIA| JOHE N9aMm Q

luswileal] YAl pue Jase| al0}aq oM |—

€elo 6£00 1£0°0
€9000 ¥C0 SS¥°0=d £00 S90°0
8'GE oSy €&y
7'v6E 667V 0=d 9/8¢  83€
89 o0y 86¢E
€900°0 e v8v0=d vvee LEge

(3njen-d) s)aam auldseq 0} aaMm YIam
vz dsuaisyiq -

s)aaMm Hz 1e
dUAIBHIA
dnoub jonuo)

9010 r0'0 700  as
G800 €91°0=d 700 SS0°0 UeSN

VA ¥vinboj jo uonessyy
L'9L 99l 8Ly as
770 10000>d S067 ¥'83€ UBSA

ssauiy) [eanojesed jo uoneid)|y
98¢ 617 GSLE aS
€67 6200=d $¥0T S'GET UBBN

SSBUXIIY} [EBAO04 JO UOIRIDYY

S)99M aul|aseq 0} YIIM M

¢ °dusisjiid (1] l=

dnoub viAI

‘(31qe|iene osje

sjuaned (| 104 S}NsaJ [eNPIAIPUL) YADE pue ssauxdIy} [eanojesed ‘ssauxpdiy) [eano4

>u.0“_.mm Aejndo pue sawodinQ

943 auo u
a|jod Jouaisod ayy buiydeal
9oeds 9jnsded s,uoua]—-qns

3y1 ybnouyy parsful sem

V1 (Bw07) (W G0 '(Hoam |-)
UoISSas dyd 1541 a1 buruels
910J3q oM | judwiyeal)
p1o4a1s jo uondudsaqg

005
Aj9rewixoldde sem uoIssas

yoea ul s3ods Jo Jaquinu
9y] "ei1sayisseue |edidoy
Buisn Jase| pas uoydAsy

B YUM SpUod9s 2'0-G1°0
Sem uoieInp ay} pue

‘wil 00S-00Z sem eunal sy}
uo syods ayy 4o azis ‘saka
Y10g Ul S|eAalul aam-g

1B SaWl} INoj pawlopad sem
d4d :A19A119p pue Jase|

Jo0 ad/y jo uondudseq

AjUo dyd :z dnoup

d¥d + (suojounpuweLy) 1
Bw 0z 40 uondslul ajnsded
s,uoua-gns :} dnoip

UonUAAIBIU|

(panusauod) spioials ajqedaful snid Jase| 'sa Jase 8z I19V.L

9gg0=d
L0'0FG90°0 :|ou0D
L0'0FSS0°0 VLAl

[(avnboj)
VAD4] VA duljaseg

%9/ 0F €'/ P'VaH
7 204 :adAy sayaqelq

(01/9) 05
{(%9]ewsy) Jopusn

sieak 778 F0'€9
(s F ueaw) aby

auoseylawexap % |0
[ed1dol yim Juswiieas Jo
yuow | Jaye bHww 9| <
dO| ‘eld1Id uoisnpx3

soho

y10q Ul YA poob ‘wrl oog
UBY1 2I0W SSaUDIY}
|eanojeled “Yyad Apes pue
HAdN 2J973S [eIUIBUIWAS
:elIS}D uoIsnpu|

syuaned Q| Jo s9ks Q7 U

sanjeA

aujjaseq pue sjuedpiied

B/u :(Ja11q)
|emelpylim 104 suoseay

%001 :Apnis ayy
Bfunsjdwod suoniodoid

s3oam 7 :dn-mojjo4

|0J3U0D By}
se panIas 9k pasfuiun
3y} pue ‘uonasful aio4eq
1sn[ Ajwopuel pauiwisiap
SeM V1 yum papaful

oA ay1 ‘Apnis pajjoiuod
an1p3ds0ld :ublsaqg

uoIsiA poob pue

Y@ 249A3s Yum syuaied

Ul 9dUBQUNISIP [ENSIA pUP
BuiuaydIyy Jejndew padnpul
-d¥d 1sutebe | jo uondslul
9|nsded s,uoua]-gns ajbuls e
Jo foeoiyys syi Apandadsoud
91en|jeAs 0] wiy

29007 eInwiysS :al Apnas

140

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

continued

>
-
[]
=
©
wv
S
i
=]
(%4
o
T
c
©
w
(]
£
o
[
=
3
o

c
o
2
c
2
]
2
=
=
(] [ o °
= o> c
£ £ £ <= W ZE_5 ©°
[ 3 @ 3 (TR £ 0% WO o _-—-Ec
8 Ex & E m Vo Tew 85 2Efc
] o g ™ o S © o= EC T 30U
LN 00 - = 32 = = @©
- ! m ~ ! < o) © 5§20l > Tchos5R =
c ~ H =} — H O o SCcc o> B8 r0 SR
[ = Do~ e Y o %= S50 90 T E_S o=
" s +l o =] + o ME 332“’89 °-E§U%E_UII
T R - o SF&R62 EofSfEsas
(] n N~ [ Q m N = ME:-C_C,_ ORh U@+ O "
o 2 o™ i > ® - In Q3 S22 ,0m Vy>gm ol g
g =~ ~ o m o m [e) < c o S E = = == U5 c P
g s L 23 % x £ S 32 $23E5F3 S5p8.3c?
t w < c s < ¢ A ZEBITecs TEESSSYS
© s £ ol & &£ o Il scao 2EPmEs BEE2oEt 0o
o m =2 UqQ a =2 U o mca aftsals OTocoazIda

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that 141
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR

Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.



COMBINED LASER AND DRUG STUDIES

PaAISSQO B1aM ‘uoissaiboid
1oeJeied buipnpul ‘suoned)duwod palejai-uoidaful Jsyio oN

uiod dn-mojjo} yoes 1e sdnoib omy
9y} UaM1aq Jo ‘dnoib swes sy} uiyim juiod dn-mojo} yoes pue
BUII9SEQ US3MIC JBYLD dO] Ul SSDURIBHIP JUBdIHUBIS OU 81am aiay |

wrl(3Z8 As)
700 8'Z€ JO aseaidu|

(5’0 As)
000 *O mEcm&0>>

(zL'0 as)
0Z0°0 0 buluasiopp

(62070 AS)
Y00 01070 40 Bbuussiopy

sdnoub
uaaMiaq anjen-d

Ajuo 4yd

wrl(9°58 as)
/6 40 Bujuassa]

(zz0 as)
Z1°0 o uswanoidw

(€10 @S)
0°0 40 JusWanoidw|

(820°0 AS)
2,070 40 1uswanoldw|

did +Vvisd

:dOI ‘sSaWPIY} [eunal ‘YADE ¥VINGOT

>u.0"_.mm Jejndo pue sawodinQ

mco_umu__QEOu 194l0

<[0]

SSaUDIY} [BOAOS

OINSD yum sake
Ul YADE ¥VINDOT

OINSD Inoyum sahs
Ul VADE HVINDOT

(syuaned |je)
YADE YVINDOT
auleseq

wouy sypuow 9
1e abueyd ueapy

dYd 4O uoIssas
1511} Y3 16 pawllopad

sem Adelsyy Jase| pub

10 [BDO} ‘BUl|aSEq 1B S9A%
y3oq ul 3uasald a1am QINSD
J| "Syusiedino se pajeas)
2J3M Sjusiied ||e pue ‘sased
[[E Ul PasN SeM BISayIsaeur
|eoido] '0091 AjRrewixoidde
SBM SUOISSS N4 B}

4O uona|dwod Jaye suing

JO J3quinu |10} BY} 0S ‘00t
Kj91eWIX0IddE Sem UOISSas
yoes ui syods Jo Jaquunu
3YJ 'SPU03S 70 Sem
uonedijdde sy1 jo uoneinp
31 pue ‘MW 00Z-051

SeM J9se| 3y} 4o Jamod

3y} ‘wr 0OE—00Z Sem eunai
9y} uo 9zis 10ds 3y ‘sohe
Yl0q Ul S|eAISIUI Y98M-7

1B SaWI JN0j pawopad sem
dyd @yl :A1aniap pue 1ase|
Jo ad/y jo uondudsaq

dYd 21043q suondsful oN
:z dnoap

did 210439 bui 07
V1Sd 3|buls 1 dnoig

UonUAAIBIU|

(panusauod) sp1oials ajgedaful snid Jase| 'sa Jase 8z 319V.L

Saul| UI|[aus
oM} uey} aiow Aq saka
Us9M1aq PaIsyIp eyl VADE
‘NLH J4e|n20 Jo ewodne|b

jo Aaisiy e (%01 <

>hyQH) S919gelp pa||0JIuod
Ajood ‘syyuow 9 1sed

9y} UIYHM PIOIS)S JB|Nd0eIUl
1o Jejndouad ‘uonoesn
JE[NDBWORJHA JO SUBIS ‘HA
4O aduasaud ‘AwoidauiiA Jo
Kioysiy e ‘uonenbeodojoyd
|EDO4 JO [eullRI-UEd JO
Aioisly v :el@3lad uoisnpxy

$9A9 Uioq Ul 1uasald sem y
4 Ajuo syaLq ayr Aq pauyap
se OINSD aAey pjnod
syuaned ay] "9Aa Jayua

Ul 95easIp Jayio ou pue
eIpaW Jejndo Jesp Yum ¥dd
10 YAdN 24935 ‘salagelp

Z 2dAy 1o | adAy yum
Japuab Jayyad 4o Jap|o Jo
SIeak 07 :elad uoisnpul

(syusned L) sofe zg8 u

sanjeA

auljaseq pue syuedpnJed

dn-moj|o} 0} 3507 :(}o11q)
|emelpylim 1o} suoseay

%86 :Apnis ayy
Bfunsjdwod suoniodoid

syuow 9 :dn-mojjo4

[eu} [9gej-uado
PaJ|0J1U0D ‘943 |Ja)e|RIUO0D
‘pasiwopuey :ubisaq

d¥d

910499 (V15d) V1 Jo uonsaful
9|nsded s,uoua]-gns
Jouaysod s|buls e jo Adediyye
3y 1enjeAs o] iy

00,6002 Doun :ai Apnis

142

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

>
-
[
=
©
w
=
i
=]
v
o
T
c
©
w
[
£
[e]
1
-
=]
o

o S
T _g—'% £ '%
= $O9C9S _ ©.u9%
° ggﬂ§>g cg v
3 OD.%E%m_&’%;%
2 tcdpzo=o
— O < = C 5 %
c o 52 O s o0 =0 o
o0V yyY = c =
(o) c .. jwcum__gw'coow—
=] o¥ R A IRy oS )
- 55 fcagzxEceol
7 ag CuP¥wn22g4y™*
- SE $STov9cpie
g 9 3zu0Lg 2 s 5
L ool 2 © 8L uy
- o0& o388%B=cz2c£20
) “ ..
£ R R 4 e ~
= S ~ € R ) ..
2 I & - =@ £ £ B g
© —~ . . <m =) < ,: 9
-] . e g o S £ o = S
A XS sSS §£9 g 3
=) e N 5 gm w3 8 A 5 5°
T o = - - % 3
S H E 2 s ¢ v 1 FI
2 c > ; <. o & x Q@ £~
E 8§ B & ¥ 2 55 &5 o o o 5F-
3 @ - T 9 £ 9o 900 @ = o 0Oc
2 E — & = cd £~ € — ==
S s - 8 8 2 g2 T T o2 o0 8Q
IR EER I EEEE
o < © U O I m= o m K a OU

CG, control group; DA, disc area; n/a, not available; NR, not reported; PSTA, posterior sub-Tenon'’s triamcinolone injection; VH, visual haemorrhage.

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that 143
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR

Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.



144

COMBINED LASER AND DRUG STUDIES

Cho 2010
Please see above for details of this study.

Diabetic Retinopathy Clinical Research Network 2011
Please see above for details of this study.

Maia 2009

The aim of the study'” was to determine the adjunctive effects of IVTA in combination with PRP and MPC
in 22 patients with PDR and CSMO. Patients were followed up for 12 months. One group of patients
received PRP and macular laser, whereas the second group received PRP, macular laser and IVTA. All
patients received bilateral full scatter laser (each eye sequentially on the same day) in three sessions —
weeks 1, 2 and 3 — consisting of 400-500 500-um-size spots performed per session. In addition, all patients
received macular (focal/grid) laser photocoagulation in each eye at the time of the initiation of the first PRP
session. At the end of the third PRP session, one eye per patient was randomly assigned to receive IVTA
(IVTA group) and the fellow eye of the same patient to receive no additional treatment (control group).
IVTA treatment was a single intravitreal injection of 4 mg/0.1 ml of triamcinolone (Kenalog 40) 60 minutes
after the third PRP session. During follow-up visits, if patients still presented with CSMO and treatable
lesions on FA, then additional macular (grid and/or focal) laser treatments were given. In patients with focal
leaks of greater than 500 pm from the centre of the macula, treatment was given.

There was significant improvement in mean BCVA in the IVTA group at all time points (p <0.001)
compared with those in the control group. At 12 months’ follow-up, mean BCVA in the IVTA group

was 0.12 (SD 0.07) compared with 0.44 (SD 0.17) at baseline. The corresponding figures in the control
group were 0.32 (SD 0.16) and 0.38 (SD 0.17), respectively. 12/19 (63.1%) eyes in the IVTA group and
2/19 (10.5%) eyes in the control group had improvements of two to three ETDRS lines. The difference
between the two groups was statistically significant (p < 0.001). There was also significant reduction in
mean CMT and total macular volume (TMV) in the IVTA group compared with the control group at all time
points (p < 0.001). However, there was a significant increase in mean IOP in the IVTA group compared
with the control group at 1 month (p=0.12) but no difference at other time points. Mean IOP increase in
the IVTA group was 3.2 mmHg, range 2-11 mmHg. Four eyes had to be treated with anti-glaucoma drops
for 4-6 weeks as their IOP was greater than 24 mmHg.

All patients were phakic bilaterally, and, at 12 months’ follow-up, cataract surgery was indicated in six eyes
receiving IVTA and laser (27.3% of the IVTA group; p=0.02). Significantly (o < 0.001) more eyes in the
control group received additional macular laser due to persistent MO — 2/22 (9.1%) eyes in the IVTA group
and 13/22 (59.1%)

There were no reports of uveitis or endophthalmitis. Three patients in the control group developed vitreous
and/or pre-retinal haemorrhage.

The authors concluded that IVTA in combination with laser improved vision and reduced macular thickness

in patients with moderate PDR with CSMO, but at the cost of some raised IOP and cataract development.
In view of the small numbers in their study,'?” they advocated a large RCT.

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

Mirshahi 2010

The aim of the study'?® was to compare the benefits of IVTA in combination with PRP and MPC (injected
eye) against the combination of PRP and MPC alone (control eye) in 18 patients with type 2 diabetes and
bilateral HR-PDR and CSMO. One eye of each patient was randomised as the study eye and the fellow eye
as control. The primary and secondary outcome measures were measured at 1, 4 and 6 months. Patients
were then followed up for a maximum of 18 months for any possible complications or for any additional
treatment. PRP was performed in three sessions at weekly intervals. MPC was performed at the time of
initiation of the first PRP session. One week before the first PRP session, 4 mg TA was injected.

Mean HbA,. was poor, at 9.93%.

At 1-month follow-up, mean VA was significantly greater in patients in the injected eye than in the
control eye (20/50 vs. 20/66; p = 0.04). However, the difference was not significant at all other time
points (4 months 20/58 vs. 20/73; p=0.14; 6 months 20/50 vs. 20/70; p =0.08). Similarly, mean
change of VA was not statistically significant at 6 months follow-up (IVTA —0.05 + 0.22 vs. control
-0.008 +0.29; p=0.56).

The reduction in CMT was significantly greater in the IVTA group than in the control group at 1 month
(p=0.01) but not significant at 6 months (p =0.36). In the IVTA group, IOP was increased at 1 month
[18.56 + 2.09 mmHg; baseline: 15.72 (SD 2.32) mmHg], falling thereafter at 6 months, still high compared
with the baseline value [16.71 (SD 1.89) mmHg]. In three eyes, IOP was treated.

Three eyes in the IVTA group and four eyes in the control group had persistent MO. Out of these, five eyes
had to be re-treated. In the subsequent year after the regular visits, two eyes in the IVTA group and one
eye in the control group had significant cataract progression requiring surgery. In the control group,

one eye had non-clearing vitreous haemorrhage and two had tractional retinal detachment, respectively.

The authors concluded that their study'®® showed no benefit on vision from adding IVTA to
laser photocoagulation.

Shimura 2006

The aim of the study'® was to investigate the efficacy of a single sub-Tenon’s capsule injection, rather
than intravitreal, of IVTA for reducing PRP-induced macular thickening and visual disturbance. In 10 type 2
diabetes patients with severe DR and good vision, one eye of the eye received IVTA injection while the
fellow eye of the same patient served as a control. The IVTA group received 0.5 ml (20 mg) TA injections

1 week before the first PRP session. All patients received PRP in both eyes for four sessions at 2 weeks’
interval. Approximately 500 spots of 200- to 500-um-size spots, exposure duration of 0.15-0.2 seconds
was performed using a krypton red laser. Patients were followed up for 24 weeks.

Mean VA in the IVTA group improved initially [from 0.055 (SD 0.072) logMAR — week —1 to 0.02 (SD 0.04)
at week 0] but remained unchanged after PRP. The final VA was 0.085 + 0.11 logMAR, which was
significantly (o =0.0063) better than the control eye [0.24 (SD 0.13)]. In the control eye, VA reduced
significantly following the PRP (week 0 to week 8) but stabilised after week 8.

In the IVTA group, foveal thickness reduced significantly following IVTA injection and before PRP (p =0.029).
However, foveal thickness increased following PRP therapy up to week 6 and gradually started to subside.

In the control group, there was significant increment in foveal thickness, which never returned to the
baseline level.

No IOP results are given, but the authors comment that no increases in IOP were seen — giving TA by the
sub-Tenon’s capsule route may be less likely to cause this, though the effect on MO may be less than with
intravitreal injection.
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The authors concluded that a single injection of TA prior to PRP has beneficial effects for preventing
PRP-induced foveal thickness and visual loss in patients with severe DR and good vision. They recommend
a larger trial, perhaps giving TA 5 weeks before PRP.

This is a 6-month RCT involving patients recruited from Kyoto University Hospital between July 2006 and
October 2007." It was designed to evaluate the efficacy of a single posterior sub-Tenon’s capsule
injection of triamcinolone acetonide (PSTA) before PRP versus PRP with no injection.

The primary end point of the trial, for which a sample size calculation was reported, was change in BCVA
at 6 months compared with that at baseline using the logarithm of the minimum angle of resolution
(logMAR). The secondary end points were changes in retinal thickness and IOP.

The trial included 82 eyes of 41 patients with bilateral severe NPDR (71%) or PDR (29%). The patients
could have clinically significant MO as defined by the ETDRS, but only if it was present in both eyes. At
baseline, 41% of patients recruited had CSMO. Nearly all (98%) had type 2 diabetes and the mean age
was 60 years.

One eye of each patient was randomly allocated to one of two treatment arms (PTSA injection + PRP vs.
PRP + no injection), which meant the fellow eye was automatically allocated to the other arm. The trial was
open label to the patients and investigators, but the OCT technicians and statistical analysers were masked
to the treatment assignment.

The PTSA injection consisted of 20 mg of TA (Kenacort) in a volume of 0.5 ml. It was injected 1 week
before the first PRP session. Eyes in the control group received no injections.

The PRP treatment was performed four times at 2-week intervals in both eyes. The spot size on the retina
was 200-300 pm, the power of the laser was 150-200 mW, and the duration of the application was

0.2 seconds. The total number of burns after completion of the four sessions was approximately 1600. If

CSMO were present in both eyes at baseline, focal or grid laser therapy was performed at the first session
of PRP.

The mean change in logMAR BCVA at 6 months from baseline in the PTSA + PRP group showed an
improvement of 0.072 (SD 0.028) in the PSTA group and a worsening of 0.010 (SD 0.029) in the control
group (PRP + no injection). This difference was statistically significant (p = 0.04).

The changes in foveal thickness between groups at 6 months were also statistically significant (p =0.04),
showing a lessening of 9.7 (SD 85.6) um in the PTSA group and an increase of 32.8 (SD 82.8) um in the
control group.

There were no differences in IOP between groups at any of the time points (baseline, and 1, 3 and 6 months)
measured. Also, there was no cataract progression observed, or any other injection-related complications.

The authors concluded that PSTA before PRP appears to be beneficial in preventing PRP-induced visual loss
in eyes with DR by reducing the chance of macular thickening. The authors did point out a potential
source of bias between the groups, in that focal/grid laser was performed in all with CSMO regardless of
treatment assignment, and it was not possible to perform focal/grid laser in a standardised condition for
each individual eye with CSMO.
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Summary

For anti-VEGF the evidence from these mainly small trials is fairly consistent — the five bevacizumab and the
two ranibizumab trials suggest that one or two injections can reduce the risk of PRP-induced MO. The
trials are short term, but that is not a problem because the MO provoked by PRP is a short-term effect in
the few months after PRP.

One question that cannot be answered by these trials is whether it would be as effective to treat with
anti-VEGF drugs only if MO developed after PRP, given that many patients do not develop it. Treating
prophylactically means that many would be treated unnecessarily, with cost implications. Indeed, even
treating only those that do develop DMO might not be cost-effective if it is temporary with no
long-term effects.

One study (DRCRN 2011') found both ranibizumab and triamcinolone to be effective and safe up to
14 weeks. The same group of patients were followed up for up to 56 weeks but, without using study
drugs, mainly to look at safety data, and found no difference between the two treatments. The authors,
however, question whether there is a place for the use of anti-VEGFs and steroids long term.

Only one study (Cho 2010") included patients with NPDR. The trial (Ernst 2012'?") that compared
bevacizumab alone with PRP alone concluded that the drug might be slightly better, but would need five
to six injections over the first year compared with two laser sessions, and probably more in later years, as
the effect of the anti-VEGFs is temporary.

The strength of the evidence base is that we have a set of RCTs. The limitations are their small size, and,
for our purposes, that most patients had HR-PDR rather than severe NPDR.

In three trials, triamcinolone showed benefit in reducing the risk of MO after PRP and improving BCVA

in patients with CSMO, but in another (Mirshahi 2008'*) it did not. However, IVTA increased IOP, a
well-known side effect of steroids. Triamcinolone given via the sub-Tenon's capsule did not (Unoki 2009'°).
However, in one RCT, sub-Tenon's capsule administration was reported to be less effective in reducing MO
than the intravitreal route.>

Given the higher risk of adverse effects, anti-VEGF treatment might be preferable to steroids, though cost
would need to be considered.

However, the question of whether anti-VEGF drugs should be used prophylactically remains open, as trials
of the two (or three) strategies would be necessary, these being:

® no prophylaxis — treat only those people who develop MO after PRP
® routine prophylaxis — anti-VEGF before PRP
® no VEGF treatment — use focal laser if MO develops.

As will be reported in Chapter 8, a considerable amount of research is under way on the combination of
PRP and anti-VEGF drugs.
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Chapter 5 Systematic review of existing
cost-effectiveness evidence

Introduction

This chapter reports a systematic review of existing economic evaluations (including model-based economic
evaluations) of the use of PRP and/or anti-VEGF medication for patients with moderate and/or severe

NPDR or early and/or severe PDR. The aim was to review the available literature including existing models
and to identify any suitable data (e.g. costs, utilities and transition probabilities) to help inform our
economic model.

Methods

The systematic search including searches of the following electronic databases: MEDLINE OVID (1946 to
12 September 2013), EMBASE (1974 to 12 September 2013), and the meeting abstracts database in the
Web of Science (1900 to 24 October 2013). The search terms included economic and QoL terms cross
referenced with DR terms. The search was limited to studies published in English Language and Humans.
The search strategy was developed with input from an Information Specialist (PR). Details of the search
strategies are provided in Appendix 2.

Citations and abstracts from each of the electronic online databases were exported into a citation software
package (EndNote) and any duplicate citations were removed. Two reviewers (PA and HM) independently
reviewed titles and abstracts to identify potentially relevant papers. There was no need for discussions with
a third reviewer.

All abstracts were then read for relevance and were considered relevant to this review if they met the
following inclusion criteria:

(@) The study is a full economic analysis on the treatment (laser and/or medication) for DR; or
(b) The study conducted a partial economic analysis (costs or effects) on the treatment (laser and/or
medication) for DR (e.g. costing studies or QoL studies).

Abstracts that may provide useful information for the economic model (such as costs, utilities and
transition probabilities) were further retained but not included in this review. These abstracts also included
studies that specifically related to the treatment for DMO, treatment for AMD and of screening for DR.
These studies were categorised as:

(a) The study contains useful information for DR on: adverse events/complications, disutilities, and/or
natural history, incidence or prevalence (UK based).

(b) The study contains useful information on costs and/or effects for DR (the study does not have to be
treatment related).

(c) The study discusses a model-based long-term economic analysis of screening for DR.

For the relevant abstracts, we obtained the relevant full-text articles. The reference lists of retrieved articles
in category A or category B were checked for potentially relevant papers that met the inclusion criteria.

A data extraction form was developed to capture the main characteristics associated with the relevant
studies identified.
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For any studies that were classed as full economic evaluations, we critically appraised them against the
framework on quality assessment for economic evaluation studies developed by the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) group.'™' The CHEERS framework sets out best
practice for reporting economic evaluations under six main categories: title and abstract, introduction,
methods, results, discussion and other. If the studies included any model-based economic evaluations, they
were further critically appraised using the framework on quality assessment for economic modelling
developed by Philips et al. (2004)." The framework developed by Philips et al. (2004)*? sets out best
practice for reporting on decision-analytic models used in economic evaluations under the dimensions of
structure, data and consistency.

The electronic database search identified 2556 potentially relevant citations. After removing duplicates,
1896 potential abstracts remained. After reviewing the published titles and abstracts of the remaining
studies, no studies presented a full economic evaluation (including model-based evaluation) on the
treatment (laser and/or medication treatment) for DR (category A). Six studies provided a partial economic
analysis on the treatment (laser and/or medication) for DR (category B). One of the studies was excluded
because it was a letter/reply to an article that was already included in category B."™ In total, five articles'**'3#
were retained for data extraction. Figure 3 depicts a flow diagram of the abstracts identified and number

of studies included in the cost-effectiveness review.

'd ~\
Potential abstracts identified from
electronic searches

e MEDLINE,
e EMBASE,
* Web of Science,

Total abstracts,

(. J

:

Potential abstracts after removal
of duplicates

Abstracts which did not meet the
inclusion criteria .
Of those 1890 abstracts
e Category C,
e Category D,
A 4 e Category E,
Potential full-text articles retrieved
e Category A,
e Category B,

A 4

Excluded article(s)
'L e Letter/reply to an article,

A 4
Full-text articles included in this
systematic review
e Category A,
e Category B,

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for
cost-effectiveness studies.
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Out of the 1890 abstracts that were excluded, 234 abstracts were retained as they appeared to contain
some useful information for the model. Sixty-six abstracts contained useful information for DR with
regards to adverse events, disutilities, incidence and prevalence (category C); 147 abstracts had useful
information on the costs and/or effects for DR (category D); and 21 abstracts were model-based long-term
economic analyses looking at screening for DR. Six of the included abstracts in category D related to
cost-effectiveness studies which were treatment related (laser treatment/anti-VEGF medication) for other
eye diseases (hence, they were not included in category A).

As no studies were found to be a full economic evaluation or model-based economic evaluations (category A),
we did not assess the quality of these articles using either the CHEERS framework™' or the Philips et al.
(2004) checklist.'*?

None of the studies looked at the costs associated with DR and treatment (laser and/or medication).
Five studies'**'*® focused on health outcomes associated with laser and/or medication treatment

for patients with DR. Three papers were on QoL: Scanlon et al. (2006)"** used qualitative interviews,
Tsilimbaris et al. (2013)"* used a vision-specific QoL measure, and Wirostko et al. (2011)"% used
conjoint analysis. We also found one study on patient satisfaction and the patient—provider relationship
(Mozaffarieh 2005') and one study on anxiety levels (Trento 2006'%).

The five studies'*'*® were conducted in different countries: UK, Crete, Canada, Austria and Italy. The
smallest sample size was 20 patients'® and the largest sample size was 259 patients."®® Three studies
assessed patients who were undergoing laser treatment for the first time.'3*137.138

The main limitations of the studies were the small sample sizes;'* and the short durations of follow-up.'**1%
Most patients were generally satisfied with laser treatment.’*'3” The study by Tsilimbaris et al. (2013)'*
found that laser treatment did not have a significant impact on patients vision-related Qol; laser treatment
was experienced by patients as an event that generates anxiety.”® Finally, patients preferred the attributes
which were associated with improving vision or preventing further vision loss.”™® The studies are described
in more detail below.

Scanlon et al. (2006)'* present data from 227 qualitative interviews with 156 patients. Interviews were
conducted both pre-laser and post-laser treatment; 54% were PDR patients and 46% were MO patients.
The interviews were conducted across four eye clinics in the UK. Our interest is mainly in the PDR patients.
There were three groups of patients:

® Group 1 The first treatment group, of newly diagnosed patients coming for their first laser treatment.
This included 27 PDR pre-treatment and 19 PDR post-treatment patient interviews.

® Group 2 The follow-up group were patients coming to a normally scheduled follow-up after their
initial treatment. Six of the 11 interviews were in PDR patients.

® Group 3 The multiple treatment group consisted of patients already having had multiple treatments for
their eye condition and who were returning for clinical follow-up visits or for additional treatment.
There were 50 PDR pre-treatment and 21 PDR post-treatment interviews.

All of Group 1 and a subset of the Group 3 patients were interviewed before their treatment in the clinic
and then by telephone again 2 weeks after their treatment. Both Group 2 and Group 3 patients were
asked to recall symptoms before their first and after their laser treatment. The responses from all three
groups were combined for the qualitative analysis.
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Amongst Group 1 PDR patients, the most frequently reported symptoms prior to the first laser treatment
were blurred vision (44%), short-sightedness (44%), and difficulty with poor lighting (41%). After
photocoagulation their most frequently reported symptoms were short-sightedness (37%), blurred vision
(21%) and flickering spots before their eyes (21%).

Responses in Group 2 were not reported separately for PDR and MO. For all of 11 Group 2 responders,
blurred vision was both the most frequently reported symptom (55%) that they recalled having just prior
to their first treatment, and the most frequent visual disturbance (50%) when they returned for their clinic
follow-up visit. In Group 3 PDR patients, the most commonly reported symptoms were blurred vision,
difficulty with poor lighting, difficulty with night vision and flickering spots before eyes.

Before and after photocoagulation differences varied amongst groups. Group 1 PDR patients had few
comments about the pre—post differences, with the most common comments were ‘Problem with
reading/watching TV since treatment’ and ‘Not comfortable driving at night since treatment’. Group 3
PDR patients noted changes more often, mostly detrimental, after their laser treatment in their functional
status or role limitations. The most common comments on pre—post differences in their functional status
or role limitations were "Problem with reading/watching TV since treatment’, ‘No change in limitations
since treatment’, ‘Some improvement in limitations since treatment’ and ‘Not comfortable driving at

all since treatment'.

In terms of comments about satisfaction with various aspects of laser treatment, there were a high number
of expressions of the expectation that the treatment would arrest the progression of their eye disease

even with those having had multiple treatments. Most participants indicated that they would elect to have
the laser treatment again if their doctor felt it was necessary, even though the treatment had less of an
impact than they hoped for, and expectations about the treatment were basically met for the majority of
the participants. In Group 1 PDR patients the most frequent comment was "Would have liked more
information before treatment’ followed by ‘Felt treatment not as bad as expected’. Many patients going
into their first treatments expected that the treatment would take care of their eye problem and they
would not require repeated treatments.

Amongst Group 1 and 3 PDR patients under the theme of ‘Feelings or satisfaction with treatment after
laser’ the most frequent comment was ‘Would choose laser treatment again if needed’. When asked
about the effect of treatment on Qol, the most frequent comment was ‘My quality of life has not changed
since treatment’. Therefore, it seems that the majority of patients registered no change in their QoL.

One of the main weaknesses of the study'* was that follow-up interviews were conducted only 2 weeks
post laser treatment, which was too soon to reflect the more beneficial long-term palliative effect from the
laser treatment.

Tsilimbaris et al. (2013)™° from Crete used the NEI 25-Item Visual Function Questionnaire (VFQ-25) tool at
the beginning and at least 1 month after the completion of PRP, in patients with type 2 diabetes and
bilateral PDR that was treated with PRP. Their study'® was small consisting of 20 patients (12 men and

8 women) with a mean age of 65 years. They excluded patients who had had laser treatment before.

PRP involved an average of 2140 laser spots, spot size of 200 uym, per eye, in multiple consecutive sessions.
Mean energy of the spots was 252 m\W and duration 200 ms. The NEI VFQ-25 consists of 25 vision-targeted
guestions representing 11 vision-related subscales, plus an additional single-item general health rating
guestion. Each item is scored in a scale of 0-100; a higher score indicates greater vision-related QoL.

The overall composite score is calculated by averaging across the subscale scores.

The mean composite score before laser treatment was 71.9 (SD 14.8) and after treatment it was

70.6 (SD 17.2) which was not significantly different (p =0.748, paired t-test). The authors also found

that none of the subscale scores had a statistically significant effect, before or after laser treatment. There
was an increase in the composite score post-laser treatment in 11 patients, there was no difference in
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one patient, and there was a decrease in eight patients. The treatment intensity, as indicated by the
mean number of laser spots per eye each patient received, had no correlation with the pre-treatment to
post-treatment change in the VFQ-25 composite score (Spearman’s r=0.104; p=0.670). So PRP was
well tolerated by the patients and did not seem to affect the patients’ vision-related QoL.

One weakness of this study'® was that any patients having complications such intravitreal haemorrhage
were excluded from the final analysis. The authors do not report how many patients were excluded for
this reason.

Wirostko et al. (2011)¢ assessed patient preferences for the different DR treatments (anti-VEGF, focal laser,
pan-retinal laser or steroid treatment) using a technique called conjoint analysis in three centres in Canada.
Preferences were sought from 161 patients: PDR — 25%; DMO — 31%; both PDR and DMO - 26%; no PDR
or DMO — 18%. Of these patients, 49% (n=79) were treated with laser only; 3% (n=5) with injection
(either steroid and/or anti-VEGF); 22% (n = 36) with both laser and injection; and 25% (n=41) were
treatment naive. The conjoint analysis survey involved patients making trade-offs among 11 DR attributes.
The 11 attributes assessed were derived from a literature review and in consultation with three DR
specialists, which included mode of administration, required number of office visits, treatment-related pain,
the chance of improving central vision, and the risk of adverse events. Each attribute was described using
two to three levels that represented the full range of possibilities across the four treatments. Utilities were
generated for every level of each attribute and then ordinary least squares regression was used to calculate
the final set of utilities for the attribute levels. The utilities were summed for different treatment profiles
(based on the respective combinations of attribute levels) to determine which treatment would be preferred.

Of the 11 attributes, those affecting visual functioning were considered the most important such as
improving VA and reducing adverse events (i.e. chance of cataracts) and those attributes not directly
affecting vision such as administration or treatment-related pain were considered to be less important.
Fifty-two per cent patients would prefer treatment by anti-VEGF compared with 20%, 17% and 11% with
steroid, focal laser and pan-retinal laser, respectively. Patients who developed PDR, 46% preferred to be
treated with anti-VEGF compared with 27%, 17% and 10% who would prefer to be treated with steroid,
focal laser and pan-retinal laser, respectively. Preferences did not vary greatly by previous treatment
experience, age or type of DR. Overall, the patient population were generally satisfied with the laser
treatment that was provided.

In terms of limitations of the study,'* the authors noted that the cost of treatment was not included as an
attribute; a one-year time horizon was not long enough to capture all the effects of laser treatment and
the sample did not represent the full range of patients with DR.

Mozaffarieh et al. (2005)'’ from Vienna assessed short-term treatment satisfaction after initial
photocoagulation, and long-term satisfaction taking into account the patients’ final expectations of their
vision, in 105 patients undergoing first photocoagulation treatment for DMO (n =49) or PDR (n =56)
between June 2002 and March 2004. Patients were informed of the benefits and adverse effects of laser
photocoagulation, and were told that the main aim of treatment was to avoid further visual deterioration
and blindness. The argon laser was used. To assess overall patient satisfaction with laser treatment, all
patients completed the Diabetes Treatment Satisfaction Questionnaire (DTSQ), scores ranged from 0 to 36;
a higher score indicates greater satisfaction. Patients’ degree of satisfaction in relation to VA results was
assessed using a Likert scale.

Nine months after initial photocoagulation, 25% of patients reported improvement in VA, 71% reported
no change in vision, and 4% reported deterioration in vision. Level of satisfaction as assessed by the DTSQ
was high (mean score 29.6); 46.4% of patients with PDR scored 31 or higher on the DTSQ. Overall, using
the Likert scale about 70% of the patients were completely satisfied, even though only 9% of these
patients reported an improvement in VA. A further 21% were partially satisfied and 10% were dissatisfied
with the results of treatment.
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The authors emphasise the need to set realistic expectations by explaining, as they did, that the main aim
of photocoagulation is to avoid further visual deterioration and that treatment may not necessarily improve
their eyesight.

Trento et al. (2006)® from four centres in Northern Italy used four questionnaires — the Hospital Anxiety
and Depression Scale (HADS), Family Apgar-List of Threatening Experiences (FA-LTE), State-Trait Anxiety
Inventories 1 and 2 (STAI-1 and STAI-2) — to assess the anxiety associated with laser treatment in patients
with sight-threatening diabetic retinopathy (STDR). They recruited two groups of patients: 131 waiting
for laser treatment and 128 control subjects waiting for screening or other non-intervention visits. Scatter
and/or focal-grid photocoagulation was performed by argon green laser. Most patients had type 2
diabetes and 80% of the laser group had previous photocoagulation, compared with only 1.5% of the
comparison group.

High anxiety scores were detected by HADS, STAI-1 and STAI-2 among patients waiting for photocoagulation.
Overall, scores for people waiting for laser treatment were higher than for control subjects, with the exception
of FA-LTE. After adjusting for centre, gender, previous laser treatment and schooling, HADS and STAI-1
remained significantly lower among control subjects. Anxiety was not reduced by having had previous
photocoagulation. However, there were differences amongst the centres. All four centres provided written
material about DR and photocoagulation, but differed in facilities. Centre B provided further information
about retinopathy and laser treatment in a relaxing setting, and had lower anxiety rates than Centre C, which
had what the authors describe as an unpleasant setting and high patient throughput.

The cost-effectiveness search highlighted only five studies'*'*® that were partial economic analyses looking
at the treatment (laser and/or medication) for patients with DR. None of the studies looked at the cost of
treatment and the cost of follow-up, and focused only on the health outcomes associated with treatment.

For the economic model, the two most useful studies found in the search in terms of the health outcomes
are the studies by Tsilimbaris et al. (2013)'® and Wirostko et al. (2011)."%

The Tsilimbaris study'*® used a vision-related instrument (NEI VFQ-25) to measure vision-related QoL. The
NEI VFQ-25 is a 25-item self-administered questionnaire, which assesses visual health and the impact this
has on daily activities and QoL."* The guestionnaire measures difficulty with near and distance vision
activities, driving difficulties, limitations in social and role functioning, lack of independence due to vision,
mental health symptoms caused by vision, peripheral and colour vision, and eye pain. The scoring is done
in a two-stage process: (1) each item is scored on a scale of O (lowest score) to 100 (highest score), where
a higher score represents better functioning; and (2) items within each subscale are averaged together
(there are 11 subscales in total for the VFQ-25). To obtain the combined score for the questionnaire, the
average of the subscales (excluding the general health rating question) is undertaken. Averaging across
the subscales scores rather than individual items gives equal weight to each subscale.

The VFQ-25 has been used in various studies where they have used mapping methods to predict European
Quality of Life-5 Dimensions (EQ-5D) utility scores (which are needed in order to estimate quality-adjusted
life-years (QALYS), the recommended utility measure for NICE. For example, Browne et al. (2012)'%°
predicted EQ-5D and Short Form questionnaire-6 Dimensions (SF-6D) utility values from the VFQ-25 for
glaucoma patients using three types of models: ordinary least squares, Tobit regression and censored least
absolute deviations, and the models were compared using the root-mean-square error and the mean
absolute error, whereas, Payakachat et al. (2009)'*" also used the same three models to predict EQ-5D
utility scores from VFQ-25 for patients with age-related macular degeneration. These models can be used
for mapping questionnaires for any patient group.
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The Wirostko study'® used a technique called conjoint analysis or discrete choice experiments (DCEs). This
technique is based on the premise that any intervention can be described by its characteristics (or attributes)
and that the extent to which an individual values an intervention depends on the level of these attributes.™
There are five main steps in conducting a DCE study: (1) identify the key attributes; (2) assigning levels to
each of the key attributes; (3) developing the different choice scenarios; (4) establishing the preferences; and
(5) data analysis. This method can help to elicit health-state utility values, which can be used to calculate
QALYs as long as information on QoL and survival has been incorporated into the design of the DCEs.

The main limitations of the use of these two studies for our economic model are: the study by Tsilimbaris
et al. (2013)"** did not include a generic preference-based measure such as the EQ-5D or SF-12 or SF-6D;
and in the study by Wirostko et al. (2011)'® the cost of treatment was not included as an attribute.
Chapter 7 describes the economic model for patients with moderate/severe NPDR.
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Chapter 6 Prevalence, progression and
implications for modelling

Rationale for modelling

The main source of data for the effects of administering PRP at the severe NPDR stage, rather than waiting
till PDR develops, is the ETDRS.? Much has changed in diabetes care over the decades since ETDRS,
including improvements in diabetic control. As noted in the Chapter 1, the prevalence of serious
retinopathy has declined in recent decades.

Mean HbA,. (the best measure of glycaemic control) has improved considerably since the 1980s. The
recent Wisconsin paper comparing the Wisconsin Diabetes Registry Study (WDRS) and Wisconsin
Epidemiologic Study of Diabetic Retinopathy (WESDR)™? cohorts of people with type 1 diabetes, diagnosed
in the periods 1987-92 and 1979-80,° reported that mean HbA,. in the WDRS cohort was 8.0% and in
WESDR 9.3%. Interestingly, it should be noted that 48% of the WDRS cohort were on continuous
subcutaneous insulin infusion (CSII) (insulin pumps) compared with less than 2% of the WESDR cohort.
The 48% is far higher than the proportion of people with type 1 diabetes on CSll in the UK. A survey of
Scottish Health Boards in March 2013 reported that only 3.5% of people over the age of 18 years with
type 1, were on CSII.™

Nordwall et al. (2004)'* reported that in Sweden, in patients with type 1 diabetes diagnosed under the age
of 15 in the years 1961-85, the frequency of severe retinopathy (defined as need laser treatment) had
declined from 47% after 25 years in the cohort diagnosed 1961-5, to 24% in the 1971-5 cohort. The peak
age of diagnosis would be 10-12 years, so the 25-year follow-up would take them to 35-40 years of age.
However, there was less reduction in background DR with 80% having that (presumably mild NPDR) at

25 years’ duration.

The Wong et al. (2009)? meta-analysis divided studies of progression to PDR and SVL according to time period,
before and after 1985 (when ETDRS results were published). They reported a big drop — 19.5% — with PDR at
4 years in former period, 2.6% in latter, and SVL at 4 years 9.7% in 1975-85 versus 3.2% in 1986-2008.

Ten-year rates for PDR were 11.5% versus 6.6%. For SVL, they were 6.0% versus 2.6%.

The mixes of types of diabetes in the two periods were different: 71% had type 1 in studies from latter
period versus 48% in earlier one.

The people at highest risk of retinopathy are those with poor glycaemic control. Unfortunately, improvement
in mean HbA,. may conceal the fact that a significant proportion is still poorly controlled. The Scottish
Diabetes Survey 2011 (Table 29) reported that those with type 1 have a greater proportion with poor
control — 37%.' Only 15% of people with type 2 had such poor control. However, because there are far
more people with type 2 than type 1, most (77 %) people with HbA,. over 9.0% had type 2 diabetes.
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PREVALENCE, PROGRESSION AND IMPLICATIONS FOR MODELLING

TABLE 29 Proportions in HbA,. bands by type of diabetes

<7.5% 22% 62%
7.5-9.0% 41% 23%
>9.0% 37% 15%
Number with ATc > 9% 9000 30,000 % with T2 77%

Source: Scottish Diabetes Survey 2011.'

So overall, 17% of Scottish patients had HbA,. of over 9%. They are at highest risk of retinopathy, and the
ETDRS results from a group with poor control (42% had HbA,. over 10%) should be applicable to them.

The National Diabetes Audit for England and Wales'* reported that over 18.1% of people with type 1
diabetes and 7.2% of people with type 2 diabetes have poor glycaemic control (HbA;. > 10%) (Table 30).

Model run 1

So our first run uses ETDRS data,’ applicable to those with poor glycaemic control. If early PRP at severe
NPDR stage compared with delaying PRP till PDR develops is not cost-effective in this group, it is unlikely to
be cost-effective in lower-risk groups.

Model run 2

The costing assumes that conventional argon laser is used, given over at least two sessions to reduce

the risk of PRP-associated MO. In a sensitivity analysis, we test the effect in this cohort of replacing
conventional argon laser with PSC laser given in one session, combined with a single injection of IVB to
reduce the risk of DMO. In effect this run merely changes some costs, but also creates a more convenient
scenario for patients.

Types of diabetes

One finding from ETDRS was that early PRP was more beneficial in patients with type 2 diabetes than
those with type 1.4 It was also noted that in the deferred group progression to HR-PDR was faster in type 1
than type 2, and that early PRP reduced the development of HR-PDR less in type 1: 3-40% versus 50%
reduction in type 2.

One excellent source of data on progression of retinopathy in type 1 is the Diabetes Control and
Complications Trial (DCCT) study, especially with the Epidemiology of Diabetes Interventions

and Complications (EDIC) extension to give a further 18 years of follow-up. The DCCT data come
from a cohort of type 1 diabetes only, mean age at end of DCCT/entry into EDIC 33 years.'>'¥

TABLE 30 Treatment target achievement rate for all patients in England and Wales for the audit year 2011-12

<48 mmol/mol (6.5%) 6.5% 26.2%
6.5-7.4% 20.5% 39.6%
7.5-10.0% 54.9% 27.0%
>10.0% 18.1% 7.25%

Derived from National Diabetes Audit 2011-2012 Report 1: Care Processes and Treatment Targets.'*®
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However, the figures for progression give insufficient detail. Table 37 gives the prevalence of different
levels of retinopathy for the conventional group. There was an increase in prevalence of severe NPDR of
22.9%, but we cannot say where the patients in that group came from.

Severe visual loss was rare in the DCCT and so we cannot model that.

Other studies of progression in type 1 diabetes include the Wisconsin (WESDR) study, which reported that,
in those with no retinopathy or NPDR at baseline, 37% had developed PDR by 14 years of follow-up.'*®

In type 2 diabetes, the equivalent study to DCCT was the United Kingdom Prospective Diabetes Study
(UKPDS). However, very few patients progressed to severe disease. Stratton et al. (2001)'* reported that
37% had some retinopathy at diagnosis. Of these, 29% progressed by two ETDRS scale steps or more
over 6 years, or laser photocoagulation or vitreous haemorrhage. HbA,. predicted progression: 18% in
lowest tertile of HbA,. to 40% in top band (HbA,. 7.5% and over). SBP was a weaker predictor:

26% lowest third, 36% highest. Smoking reduced the risk of progression by about half. So the UKPDS
data is not suitable for our purposes.

Harris Nwanyanwu et al. (2013)™° reported progression in people in a large managed care network in the
USA (which sounds population based but may not be because many people do not have insurance). They
followed 4617 people with NPDR (no details of stages given but said to be newly diagnosed) to see how

many developed PDR for a mean on 1.7 years, during which time 6.7% progressed to PDR. An important
finding was that for every 1% increase in HbA,, there was a 14% increase in the risk of progressing from
NPDR to PDR.

Other studies reporting progression include the Blue Mountains Study,"™" wherein 4.1% of people with
NPDR progressed to PDR over 5 years.

Jones et al. (2012)™2 from Norfolk provide data from a cohort of over 20,000 screened up to 14 times
(Norwich was one of the pilot screening sites). Amongst those with background (mild and moderate
NPDR?) 23% developed PPDR and 6% developed PDR after 1 year. Their classification was a simpler
version of ETDRS. After 10 years, those with background DR had 56% progression to PPDR and 11% to
PDR. But this may be an underestimate because referred patients were removed from the screening
system. The data provide background to pre-proliferative progression rates.

TABLE 31 Prevalences of retinopathy in DCCT and EDIC, conventional arm

None 17.3% 4.7%

Microaneurysms only 32.1% 26.8%
Mild NPDR 28.5% 18.3%
Moderate NPDR 14.3% 19.6%
Severe NPDR 7.8% 30.7%
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Transition probabilities

The Markov model in Chapter 7 uses transition probabilities for the progression through various stages of
DR. Most clinical studies present information in the form of progression rates at a specified time. These
rates were converted to transition probabilities using the formula below, where r is the progression rate
and tis time:

Piransition = 1- eXp{ - rt} (1 )

Where progression rates were not available from the literature, we converted the probability of the event
over a period of time to a constant rate using the formula below:

r=—[n(1-P)/t (2)
Then, the calculated rate was used, as above, to derive the transition probability.

This section reports on the sources of the progression rates of DR, the progression of CSMO and SVL,

and methods used to derive the transition probabilities. These transition probabilities were derived from
the literature and in consultation with clinical experts. We report on the progression rates used from the
literature and the transition probabilities (progression and regression) calculated for the progression to
various stages of DR. The limitations are discussed later. Ideally, we would have found data on progression
and where relevant, regression to and from each stage, but many studies combined stages, for example
jumping from moderate NPDR to HR-PDR. Table 32 summarises the transition probabilities for the usual
care and intervention arms, respectively. Tables 33 and 34 summarise the post-treatment transition
probabilities for the usual care and intervention arms, respectively.

Rates of progression (usual care)
In the UK, the current standard of care is to initiate PRP when the severity level of DR reaches HRCs.*?

Moderate non-proliferative diabetic retinopathy

Progression rates for people who progressed from moderate NPDR to severe NPDR were obtained from a
population-based study from Melbourne by McCarty et al. (2003)."** These authors provided information
on the 5-year probability (2 of 10) of developing severe NPDR for people categorised as moderate NPDR,
at baseline. We converted this probability to a to a 6-month transition probability of 0.0221 to be used in
the model. For people who progressed to severe NPDR and CSMO with/without visual impairment, we
used the transition probability of progressing from moderate NPDR to severe NPDR in addition to the
progression rate reported by Klein et al. (1998)® for people developing CSMO. Klein et al. (1998)'*
reported a 14-year progression rate of 17% (95% Cl 14.1% to 19.9%) for people developing CSMO.
From this information, we derived a transition probability of 0.0281 for people progressing from moderate
NPDR to severe NPDR and CSMO.

Severe non-proliferative diabetic retinopathy

The progression rate for people developing severe NPDR and CSMO with/without visual impairment was
obtained from Klein et al. (1998)."* These authors reported a 14-year progression rate of 17% (95% Cl
14.1% to 19.9%) for people developing CSMO. From this, we calculated a 6-month transition probability
of 0.0061 for progressing from severe NPDR to developing severe NPDR with CSMO. Progression rate for
people developing early PDR was taken from ETDRS #12.° These authors reported the 5-year progression
rate to early PDR for people categorised as severity level 53, at baseline. From this, we derived a 6-month
transition probability of 0.0214 for people developing early PDR from baseline severe NPDR.
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Severe non-proliferative diabetic retinopathy and clinically significant

diabetic macular oedema with/without visual impairment

For the progression rate to early PDR and CSMO from the severe NPDR and CSMO health state,

Pautler (2010)* suggested that people with DMO and PDR are at greater risk of developing more severe
retinopathy than people with PDR alone. Owing to the lack of information on progression rates in the
literature for people developing more severe retinopathy from the severe NPDR and CSMO health state,
we assumed that the progression rate is twice that of severe NPDR developing more severe retinopathy.
We derived a 6-month transition probability of 0.0548 for people with baseline severe NPDR and CSMO
with/without visual impairment and progressing to early PDR and CSMO with/without visual impairment.

Early proliferative diabetic retinopathy

The progression rate for people developing early PDR and CSMO with/without visual impairment was
taken from Klein et al. (1998)."8 Information on the progression rate to HR-PDR from baseline early PDR
was obtained from ETDRS #18."* The authors reported a 5-year cumulative progression rate of 74.4%
(95% Cl 69.8% to 79.4%) to HR-PDR for people categorised as early PDR, at baseline. From this, we
derived a 6-month transition probability of 0.0717 for people progressing to HR-PDR from baseline early
PDR. For people progressing to HR-PDR and CSMO with/without visual impairment we used the
progression rate of developing HR-PDR in addition to the progression rate for people developing CSMO.
From this information, we derived a transition probability of 0.0778 for people progressing from early PDR
to HR-PDR and CSMO.

Early proliferative diabetic retinopathy and clinically significant diabetic

macular oedema with/without visual impairment

For the progression rates to more severe retinopathy from the early PDR and CSMO health state,

Pautler (2010)* suggested that people with DMO and PDR are at greater risk of developing more severe
retinopathy than people with PDR alone. Owing to the paucity of information on progression rates for
people developing more severe retinopathy from the early PDR and CSMO health state, we assumed that
the progression rate is twice that of early PDR developing more severe retinopathy. We derived a 6-month
transition probability of 0.1434 and 0.1555 for people developing HR-PDR and HR-PDR and CSMO,
respectively, from baseline early PDR and CSMO with/without visual impairment. For progression to SVL,
the transition probability was derived from information taken from DRS #14.3% These authors presented

a 4-year progression rate of 20.9% to SVL for untreated eyes categorised as proliferative without HRCs.
We derived a 6-month transition probability of 0.0258 for people progressing to SVL from early PDR

and CSMO.

High-risk proliferative diabetic retinopathy

The cumulative progression rate for people developing HR-PDR and CSMO with/without visual impairment
from baseline HR-PDR was obtained from Klein et al. (1998)."*® From this, we calculated a transition
probability of 0.0061 for people developing HR-PDR and CSMO. For people progressing to severe PDR,
information was obtained from the McCarty et al. (2003).” These authors reported a 5-year transition
probability for people treated for PDR and remaining in the PDR health state. At the 5-year follow-up,
three out of eight people remained in the PDR health state. We assumed this transition probability for
people developing severe PDR. The 5-year transition probability was converted to an annual rate and then
re-converted to a 6-month transition probability of 0.0459. For people progressing to severe PDR and
CSMO with/without visual impairment we used the progression rate of developing severe PDR in addition
to the transition probability for people developing CSMO. The progression rate for people developing
severe PDR was obtained from the study by McCarty et al. (2003)™* in addition to the progression rate for
people developing CSMO. From these studies, we derived a 6-month transition probability of 0.0520 of
progressing to severe PDR and CSMO with/without visual impairment from baseline HR-PDR.
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High-risk proliferative diabetic retinopathy and clinically significant diabetic

macular oedema with/without visual impairment

For the progression rates to more severe retinopathy from the HR-PDR and CSMO health state,

Pautler (2010)* suggested that people with DMO and PDR are at greater risk of developing more severe
retinopathy than people with PDR alone. Owing to the lack of information on the progression rates for
people developing more severe retinopathy from the HR-PDR and CSMO health state, we assumed that
the progression rate is twice that of HR-PDR developing more severe retinopathy. From this information,
we derived a 6-month transition probability of 0.0918 for people developing severe PDR from baseline
HR-PDR and CSMO. For progression to SVL, the transition probability was derived from information taken
from DRS #14.% These authors presented a 4-year progression rate of 44.0% to SVL for untreated eyes
categorised as proliferative with HRCs. We derived a 6-month transition probability of 0.0535 for people
progressing to SVL from early PDR and CSMO.

Severe proliferative diabetic retinopathy

The cumulative progression rate for people developing severe PDR and CSMO with/without visual
impairment from baseline severe PDR was taken from the study by Klein et al. (1998)." From this study,'
we estimated a 6-month transition probability of 0.0061 for developing severe PDR and CSMO. For
progression to SVL, the transition probability was derived from information taken from DRS #14.3®

These authors presented a 4-year progression rate of 44.0% to SVL for untreated eyes categorised as
proliferative with HRCs (so not quite at severe stage). We derived a 6-month transition probability of
0.0535 for people progressing to SVL from severe PDR.

Severe proliferative diabetic retinopathy and clinically significant diabetic

macular oedema with/without visual impairment

For progression to SVL, the transition probability was derived based on information obtained from DRS
#14.% These authors presented a 4-year progression rate of 44.0% to SVL for untreated eyes categorised
as proliferative with HRCs. We derived a 6-month transition probability of 0.0535 for people progressing
to SVL from severe PDR and CSMO with/without visual impairment.

High-risk proliferative diabetic retinopathy post treatment

For people developing HR-PDR and CSMO from HR-PDR at baseline, we derived a transition probability
based on information obtained from Klein et al. (1998)." From this, we calculated a transition probability
of 0.0061 for people developing HR-PDR and CSMO. For the progression to severe PDR, information was
obtained from McCarty et al. (2003)."*® These authors reported a 5-year transition probability for people
treated for PDR and remaining in the PDR health state. We assumed that this was the progression rate
for people developing severe PDR. The 5-year transition probability was converted to an annual rate and
then re-converted to a 6-month transition probability. For the progression rate to severe PDR and CSMO,
we derived a transition probability from the McCarty et al. (2003)' study in addition to the transition
probability of developing CSMO. From this, we calculated a 6-month transition probability of 0.0520 for
people progressing to severe PDR and CSMO after treatment for HR-PDR. Information on the progression
to SVL was taken from DRS #14.% These authors presented a 4-year progression rate of 20.4% to SVL
for treated eyes categorised as proliferative with HRCs. From this progression rate, we derived a 6-month
transition probability of 0.0258 for people developing SVL after treatment for HR-PDR.

High-risk and clinically significant diabetic macular oedema with/without

visual impairment post treatment

The progression rate for people that received treatment for HR-PDR and CSMO with/without visual
impairment to more severe health states were taken from the literature. For people progressing to

severe PDR, we derived a transition probability based on information reported by McCarty et al. (2003).'%
The 5-year transition probability was converted to an annual rate and then re-converted to a 6-month
transition probability of 0.0459. We assumed that people with PDR and CSMO are twice as likely to
develop more severe retinopathy than people with PDR alone. We estimated a 6-month transition
probability of 0.0918 for people developing severe PDR from baseline HR-PDR and CSMO. For people
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progressing to severe PDR and CSMO, we derived a transition probability based on information reported
by McCarty et al. (2003)" in addition to a transition probability of developing CSMO. Also, we assumed
that people with PDR and CSMO are twice as likely to develop more severe retinopathy than people

with PDR alone. The derived transition probability of 0.1039 is for progression to severe NPDR and CSMO
from baseline HR-PDR and CSMO. Progression rates to SVL were obtained from DRS #14.%® These authors
reported a 4-year progression rate of 20.4% to SVL for people treated for PDR with HRCs. We derived

a 6-month transition probability of 0.0252 to SVL for eyes in the HR-PDR and CSMO post-treatment
health state.

Severe proliferative diabetic retinopathy post treatment

The progression rates for people that received treatment for severe PDR and progressing to more severe
retinopathy health states were taken from the literature. For people progressing to severe PDR and CSMO,
we derived a transition probability from the Klein et al. (1998).'*® Progression rates to SVL were obtained
from DRS #14.%® These authors presented a 4-year progression rate of 20.4% to SVL for people treated for
PDR with HRCs. From this, we derived a 6-month transition probability of 0.0252 to SVL for eyes in the
severe PDR post-treatment health state.

Severe proliferative diabetic retinopathy and clinically significant diabetic

macular oedema with/without visual impairment post treatment

The progression rates for people that received treatment for severe PDR and CSMO and progressing to
more severe retinopathy were obtained from the DRS #14.% From this study,*® these authors presented a
4-year progression rate of 20.4% to SVL for people treated for PDR with HRCs. From this, we derived

a 6-month transition probability of 0.0252 to SVL for eyes in the severe PDR post-treatment health state.

Rates of regression (usual care)

Regression rates for people following treatment for DR were obtained from Klein et al. (2008),™ who
reported a 25-year cumulative rate of improvement in DR following laser treatment of 18% (95% Cl
14.1% to 19.9%). We assumed this improvement to all regression health states, and converted this rate to
a 6-month transition probability of 0.0036 to be used in the model.

Rates of progression (intervention: early pan-retinal photocoagulation)
People who have moderate NPDR are monitored, and then treated with PRP when they progress to the
severe NPDR stage.

All transitions in the intervention arm were the same as the usual care arm except for the transitions that
are listed below.

Severe non-proliferative diabetic retinopathy post treatment

The progression rate for people that received treatment for severe NPDR to more severe health states were
taken from the literature. The progression rate to severe NPDR and CSMO with/without visual impairment
was derived from the Klein et al. (1998)'* study. These authors reported a 14-year cumulative progression
rate of 17% (95% Cl 14.1% to 19.9%) for developing CSMO. From this, we estimated a 6-month
transition probability of 0.0061 for progressing to severe NPDR and CSMO. The progression rate for
people developing early PDR was taken from ETDRS #12.° We assumed that PRP reduces the progression
rate to early PDR by 20%. These authors reported a 5-year progression rate of 21.6% to early PDR for
people categorised as severity level 53. From this, we derived a 6-month transition probability of 0.0171.
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Severe non-proliferative diabetic retinopathy and clinically significant

diabetic macular oedema with/without visual impairment post treatment

For the progression rate to early PDR from the severe NPDR and CSMO post-treatment health state, we
obtained information from the ETDRS #12.° These authors reported a 5-year progression rate of 21.6% for
people developing early PDR from severe NPDR. Here, assumed that PRP will reduce the progression rate
to early PDR by 20%. Additionally, we assumed that the progression rate to early PDR in people with
CSMO, is twice that of severe NPDR without DMO. We derived a transition probability of 0.0342 for
people developing early PDR from severe NPDR and CSMO post-treatment health state. For people
developing early PDR and CSMO, we obtained information from the ETDRS #12.¢ These authors reported a
5-year progression rate of 21.6% for people developing early PDR from severe NPDR. Here, we assumed
that PRP will reduce the progression rate to early PDR by 20%. Additionally, we assumed that people with
PDR and CSMO are twice as likely to progress to more severe retinopathy than people with PDR but
without CSMO. We derived a transition probability of 0.0463 for people progressing to early PDR and
CSMO from the severe NPDR and CSMO post-treatment health state.

Early proliferative diabetic retinopathy post treatment

For people developing early PDR and CSMO, we derived a transition probability of 0.0061 from the
14-year progression rate of CSMO obtained from Klein et al. (1998)."® For the progression to HR-PDR,

the ETDRS #9° reported results on the 5-year progression rate of 18.8% to HR-PDR for people treated for
moderate-severe NPDR or early PDR. We derived a 6-month transition probability of 0.0186 for people
developing HR-PDR. The progression rate to HR-PDR and CSMO was obtained from the ETDRS #9 study.’
These authors reported a 5-year progression rate of 18.8% to HR-PDR for eyes treated for moderate-severe
NPDR. In addition, we added the derived transition probability of developing CSMO based on the
progression rate reported by Klein et al. (1998).'*® From this we derived a 6-month transition probability

of 0.0247 for the progression to HR-PDR and CSMO for eyes treated for early PDR.

Early proliferative diabetic retinopathy and clinically significant diabetic

macular oedema with/without visual impairment post treatment

For the progression to HR-PDR, the ETDRS #9° reported results on the 5-year progression rate of 28.8% to
HR-PDR for people treated for CSMO and more severe (severe NPDR or early PDR) retinopathy. We derived
a 6-month transition probability of 0.0284 for people progressing to HR-PDR having received treatment for
early PDR and CSMO. To calculate the progression rate to HR-PDR and CSMO, we obtained information
on the progression rates from the ETDRS #9° and Klein et al. (1998)' studies. Also, we assumed that
early PRP reduces the progression rate to HR-PDR and CSMO by 20%. Additionally, we assumed that the
progression is twice that of early PDR developing more severe retinopathy. From this, we estimated

a transition probability of 0.0494 for people progressing to HR-PDR and CSMO from the early PDR and
CSMO post-treatment health state. The progression rate to SVL was obtained from DRS #14.% These
authors presented a 4-year progression rate of 7.4% to SVL for people treated for PDR without HRCs.
From this, we derived a 6-month transition probability of 0.0092 to SVL for eyes treated for PDR

without HRCs.

Regression rates for people following treatment for DR were obtained from Klein et al. (2008),"* who
reported a 25-year cumulative regression rate of 18% (95% Cl 14% to 21%) for improvement in DR
following laser treatment. We assumed this improvement to all health states, and converted this rate to a
6-month transition probability of 0.0036 to be used in the model.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.



We encountered a number of problems. Ideally, we would like to have had good population-based and
recent data on progression rates, and hence transition probabilities, along the retinopathy pathway:
moderate NPDR > severe NPDR > early PDR > HR-PDR > severe PDR > SVL.

However, many studies jumped stages, for example giving only progression from NPDR to HR-PDR.

Some of the studies with the most detailed information — such as the DRS,*® ETDRS®'>* and WESDR™#1%>
(discussed in earlier chapters) — are now somewhat out of date. A meta-analysis by Wong et al. (2009)
showed that progression rates are now much lower than in decades past, which they attribute to improved
control of blood glucose, BP and lipids, and to better eye care, with earlier identification of retinopathy
through screening and better treatment. The 10-year incidence of PDR was 11.5% in the period 1975-85,
and 6.6% in the period 1986-2008. For SVL, the corresponding figures were 6.0% and 2.6%.

Inevitably, data on progression may always be out of date because it takes 20 years to collect 20-year
progression data, by which time advances in care may have reduced the risk.

The studies found provided useful information on progression rates, but varied in terms of the study
population, sample size included, categories of diabetes, classification of DR, length of follow-up, outcome
measures and clinical end points. These characteristics of the studies can have an impact on the transition
probabilities used to model disease progression.

In our model, there were limitations which we must acknowledge. Firstly, the model was populated with
transition probabilities derived from various sources. From these studies, authors may have followed up a
cohort of people with type 1 diabetes only,' 3" or type 2 diabetes' or a mixed group of type 1 and
type 2.38'>% Additionally, studies may have included people with DR in one eye only and both eyes.
Scanlon et al. (2013)"® reported that people with DR in both eyes are likely to progress to more severe
retinopathy compared with people with retinopathy in one eye.

Secondly, in the baseline analysis, the progression rates were obtained from the ETDRS,%*'>* where the
clinical end points were mainly progression to HR-PDR, vitrectomy or SVL. Hence, we had to seek
information from other studies to derive transition probabilities of progressing to less severe health

states. For example, progression from moderate NPDR to severe NPDR information was obtained from
McCarty et al. (2003)."** These authors followed up 121 diabetics. At baseline, majority of the people
included in this study had no retinopathy or mild NPDR. Ten and eight people had moderate NPDR and
PDR, respectively. Owing to the small sample size of people with moderate NPDR at baseline, this may not
be an accurate representation of the progression rate to more severe retinopathy. Information on the
progression rate to early PDR following treatment for severe NPDR was not available from the literature.
Most studies assessed the impact of PRP in reducing the progression rate to HR-PDR or SVL.

Additionally, some studies (McCarty 2003™°) did not differentiate between the severity level of PDR at
baseline. Hence, in some cases, we assumed that the progression rate for people with early PDR, HR-PDR
or severe PDR was the same for progressing to more severe health states. This may have the impact of
underestimating/overestimating the progression rates, as we would expect an individual with early PDR to
progress to more severe health states at a slower rate than an individual with HR-PDR.

Thirdly, due to the paucity of information on the progression rates for people with DR and CSMO
developing more severe retinopathy, we assumed the progression rate is twice the progression rate for
a person with DR alone. Paulter (2010)*” suggested that people with PDR and DMO are likely to
progress to more severe retinopathy compared with people without PDR. However, this progression
was not quantified by Paulter (2010).*” The impact of this assumption on our results may lead to an
under/overestimation of the progression rates.
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Fourthly, the progression rates were mainly obtained from studies pre-1998, and the management of
diabetes, DR and blood glucose management has improved owing to a better understanding of the
retinopathy disease process.™’

The various uncertainties may lead to underestimating/overestimating the progression rates used in the model.

However, the largest uncertainty arises not from uncertainties over progression rates, but from the absence
of recent data on the benefits of PRP at severe NPDR or early PDR compared with waiting till HR-PDR,
using modern laser methods and adjuvant anti-VEGF treatment.
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Chapter 7 Model for assessing cost-effectiveness
of pan-retinal photocoagulation for non-proliferative
diabetic retinopathy

Introduction

We built a Markov model in order to determine whether offering PRP treatment to patients with severe
NPDR is cost-effective compared with delaying treatment till the PDR stages. This chapter describes the
structure of the model, the inputs into the model, the assumptions made, the different scenarios that have
been evaluated, the main results and sensitivity analyses.

Model structure

To assess the cost-effectiveness of early treatment versus delaying treatment of PRP, a Markov (state-transition)
model was developed using Microsoft Excel version 2013 (Microsoft Corporation, Redmond, WA, USA). A
Markov model was the most appropriate choice because progression of DR can evolve over time and during
this time, patients can move to different stages of DR (health states) or can die.

The economic model was developed by determining the different clinical pathways for patients presenting
with moderate NPDR through to irreversible severe vision loss and blindness (and to death). We have
used information from the systematic review on the clinical effectiveness, but most notably the DRS

(see Chapter 2), and the ETDRS (see Chapter 2), and from expert opinion to develop the different

clinical pathways.

There are two treatment arms within the model:

1. Current practice (usual care) Patients are observed until they progress to the HR-PDR health state
(and onwards) when they receive PRP.
2. Early PRP (intervention) Patients receive PRP once they progress to the severe NPDR health state.

Figures 4 and 5 show the model structure for people receiving current practice (usual care) and Figures 6
and 7 show the model structure for people receiving early PRP (intervention arm). Health states in the
model structure are shown in the ovals, the arrows represent the transitions that patients can make in the
model, the recurring arrows show that patients can stay in that same health state for more than one cycle,
and death is an absorbing health state.

Table 35 lists the different health states for the model. The four post-treatment health states for severe
NPDR, severe NPDR and CSMO with/without visual impairment, early PDR and early PDR and CSMO
with/without visual impairment do not apply to the usual care arm.

The model starts by assigning a cohort of 1000 patients presenting with moderate NPDR at an
ophthalmology clinic. The model assumes that people progress through all stages of DR: moderate
NPDR > severe NPDR > early PDR > HR-PDR > severe PDR > SVL.
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SVLU/blindness Dead

B Transition (regression) to the
moderate health state having
received treatment

Current practice (intervention) regression. PT, post treatment; VI, visual impairment.
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Severe NPDR Severe NPDR PT

Severe NPDR

Moderate

NPDR SVL/blindness Dead

B Transition (regression) to
= the moderate health state
having received treatment

High-risk/
moderate
PDR

moderate
PDR PT

High-risk/
moderate PDR

High-risk/

moderate and CSMO
PDR and CSMO with/without
with/without VI PT

>

Severe PDR Severe PDR PT

>

Severe PDR

Severe PDR and CSMO
and CSMO with/without VI
with/without PT

\

Early PRP (usual care) regression. PT, post treatment; VI, visual impairment.
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Health states in the NPDR model

Moderate NPDR

Severe NPDR

Severe NPDR and CSMO with/without VI
Early PDR

Early PDR and CSMO with/without VI
HR-PDR

HR-PDR and CSMO with/without VI
Severe PDR

Severe PDR and CSMO with/without VI

Severe NPDR PT

Severe NPDR and CSMO with/without VI PT
Early PDR PT

Early PDR and CSMO with/without VI PT
HR-PDR PT

HR-PDR and CSMO with/without VI PT
Severe PDR PT

Severe PDR and CSMO with/without VI PT

SVUblindness
Death

In the first cycle, patients can either stay in the moderate NPDR health state or progress to either severe
NPDR health state or to severe NPDR and CSMO with/without visual impairment health state or die from
diabetes-related disease or from other causes. In the intervention arm, those patients in the severe NPDR
health state or the severe NPDR and CSMO with/without visual impairment health state, receive treatment
and at the end of the cycle they move to the corresponding post-treatment health state.

In the second cycle, patients in the usual care arm can stay in either the moderate or severe NPDR health
states or progress to early PDR or early PDR and CSMO with/without visual impairment or die from
diabetes-related disease or from other causes. In the next cycle, the patients can stay in either the moderate
or severe NPDR or early PDR health states or progress to HR-PDR or HR-PDR and CSMO with/without

visual impairment health states or die (note that the patients in the early PDR and CSMO with/without visual
impairment can also progress to the SVL/blindness health state because of DMO). When the patient moves
to the HR-PDR or HR-PDR and CSMO with/without visual impairment health states, they receive treatment
and at the end the cycle they move to the corresponding post-treatment health state. Once the patients
enter the post-treatment health states, they can either stay in this health state or progress to one of the
more severe health states, regress back to earlier stages of the disease, or die. Patients can stay in the
post-treatment health state for more than one cycle.

In the intervention arm, in the second cycle and onwards, patients can stay in the moderate NPDR health
state or progress to either severe NPDR or severe NPDR and CSMO with/without visual impairment or die.
For those patients who were in the severe NPDR health states in the second cycle, in the third cycle they
can progress to early PDR or early PDR and CSMO with/without visual impairment and so forth. When the
patients progress to one of these health states (i.e. severe NPDR or early PDR) they will receive treatment
and at the end the cycle they move to the corresponding post-treatment health state. For those patients
who received treatment in the previous cycle, they start in the post-treatment health state and they can
either stay in this health state or progress to one of the more severe health states, regress back to earlier
stages of the disease, or die. Patients can stay in the post-treatment health state for more than one cycle.
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The cycle length for each model was set to 6 months® and transitions between each health state occur at
the end of each cycle. The transitions that can be made from each health state for the usual care and
intervention arms are highlighted in Appendix 4, Table 49. A number of assumptions were made in

the model:

1. Patients progress through all stages of DR.

People can have advanced DR with no symptoms.

3. Treatment can lead to regression back to earlier stages (i.e. to less severe health states having
received treatment).

Patients cannot regress from the SVL/blindness health state.

DMO can occur at most stages of DR.

DMO can lead to visual impairment in the absence of PDR.

In people with DR and CSMO, the latter is usually treated first.

In people with DR and CSMO, treatment might improve one but not the other.

PRP might precipitate DMO.

Proportion of patients in severe PDR or severe PDR and CSMO with/without visual impairment health
states may also develop vitreous haemorrhage or pre-retinal haemorrhage, or both.

N

© LV xNoOU A

Base-case analysis

As DR is a bilateral disease, we have assumed that the model is a two-eye model and that the severity
level is the same in each eye. For the base-case analysis, we have adopted a 30-year time horizon. A
hypothetical cohort of 1000 diabetic patients with a starting age of 50 years were followed. We adopted
a starting age of 50 years for the economic model, as this is the mean age of patients with DR. Treatment
of retinopathy is in secondary care. The analysis is conducted from the perspective of the NHS and
Personal Social Services (PSS). All costs are in pounds sterling (£) in 2012-13 prices. Health outcomes were
measured in QALYs. Results are expressed as incremental cost per QALY gained. An annual discount rate
of 3.5% is applied to both costs and outcomes.

Model inputs

Transition probabilities

For the base-case analysis, transition probabilities were based on data derived from ETDRS, as this was the
main source of data for the effects of administering PRP at the severe NPDR or early PDR stages (ETDRS
did not report results for NPDR and early PDR separately) rather than waiting till HR-PDR develops.
Chapter 6 details the literature used and assumptions made for deriving these transition probabilities and
Tables 32-34 show the transition probabilities that have been used in the base-case analysis.

Utilities

Most of the health-state utility values for DR are based on different VA ranges. Although there are a few
studies that have health-state values by the different DR severity levels, for example no retinopathy,
background retinopathy, STDR, blindness,™® background retinopathy, proliferative diabetic retinopathy,
MO, severe vision loss/blindness,’® and no retinopathy, non-STDR, STDR, blindness,'® they do not provide
enough detail for the different DR severity levels we need for the model. The most useful paper was by
Ting et al. (2007)"™” who developed a Markov model of a novel DR prognostic device for DR progression.
They had utility values for the following health states: no DR, microaneurysm, mild NPDR, moderate NPDR,
severe NPDR, PDR, maculopathy and blind. The utility values used by Ting et al. (2007)">” were a weighted
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average based on two papers: Brown et al. (1999)'®' who provided utility values (time-trade off values) for
a range of visual acuities associated with DR, and Fong et al. (2002)'®? who provided information on the
range of VA for different stages of DR and data from the WSE was used. However, we have not used the
values from Ting et al. (2007)™’ in our model because of two reasons: (1) we could not replicate their
results; and (2) the utility values looked suspiciously high, for example a patient with no DR had a utility
value of 0.8402 — this was very similar to the utility value for someone who was at a more advanced stage
of DR, i.e. severe NPDR (0.8182) and PDR (0.8137).

We have used the same two studies that were used in Ting et al. (2007)"’ to estimate the health-state
utility values for our economic model: Brown et al. (1999)'" and Fong et al. (2002)."®* In addition, for
patients with MO, we have used utility values from a study by Smith et al. (2008),®® who estimated
utility values for vision loss in a community-based population with type 2 diabetes.

In summary, Fong et al. (2002)'®? reported the number (distribution) of people by three VA ranges
(>20/40, < 20/40 and > 20/200, < 20/200) for the BSE for no/minimal retinopathy, background/mild
NPDR, moderate/severe NPDR and PDR. Smith et al. (2008)'®® reported the number of people by five VA
ranges (> 20/20, 20/25 to 20/35, 20/40, 20/50 to 20/70, <20/80) for MO, which we then grouped into
the same three VA ranges as Fong et al. (2002).'¢?

Using the five VA levels from Brown et al. (1999)'¢" we have linked these to the three VA levels in

Fong et al. (2002)'®? in order to calculate an overall utility value for that VA group. Then, using the number
of patients, we have estimated weighted utility values for the three severity levels: moderate/severe NPDR,
PDR and MO. For patients who have MO, a disutility of —=0.03 was applied to the utility value for MO
obtained from Brown et al. (1999)."®" This value was the minimum QALY loss associated with acuity

loss of least 20/30 in one eye and was based on a paper by Rein et al. (2011)'* who estimated the
cost-effectiveness of three screening strategies for patients with no or early DR. For patients who move to
a retinopathy health state with CSMO, the utility value for that health state was based on an average of
the value of that DR health state and MO.

The utility value for severe vision loss/blindness was a weighted average of the two groups in the

Brown et al. (1999)'®" paper for VA range 20/200 to 20/400 and for counting fingers to hand motion.
The utility values for the two arms are shown in the Table 36. We have assumed that the pre-treatment
utility values are the same as the post-treatment utility values for any health state. The benefits result from
a re-distribution amongst health states.

Resource use and costs

Resource-use information for each of the health states was based on information from the RCOphth
guidelines® and from expert clinical opinion. These eye appointments consist of the examination being
conducted using a slit-lamp ophthalmoscope and the appointment will also include VA tests, administering
of eye drops, and check of current treatments. Table 37 shows the number of ophthalmology and
monitoring visits for each 6-month cycle.

For patients who receive PRP treatment we have assumed that both eyes will be treated at the same time
and PRP treatment will be given over two sessions, to reduce the risk of DMO. Patients who also have
DMO will receive focal laser first for both eyes and also an OCT test will also be undertaken. These two
treatments have been costed as separate visits.

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta19510

TABLE 36 Health-state utility values for the NPDR model base-case analysis

Health state

Moderate NPDR

Severe NPDR

Severe NPDR and CSMO
Early PDR

Early PDR and CSMO
HR-PDR

HR-PDR and CSMO
Severe PDR

Severe PDR and CSMO
Severe NPDR PT

Severe NPDR and CSMO PT
Early PDR PT

Early PDR and CSMO PT
HR-PDR PT

HR-PDR and CSMO PT
Severe PDR PT

Severe PDR and CSMO PT
SVUblindness

HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

Usual care arm

0.7915
0.7915
0.7365
0.7047
0.6930
0.7047
0.6930
0.7047
0.6930

0.7047
0.6930
0.7047
0.6930
0.6218

Intervention arm

0.7915
0.7915
0.7365
0.7047
0.6930
0.7047
0.6930
0.7047
0.6930
0.7915
0.7365
0.7047
0.6930
0.7047
0.6930
0.7047
0.6930
0.6218

PT, post treatment.

TABLE 37 Frequency of ophthalmology and monitoring visits for each 6-month cycle for the base-case analysis

Health state
Moderate NPDR

Severe NPDR/severe NPDR PT/severe NPDR and CSMO with/without Vi/severe
NPDR and CSMO with/without VI PT

Early PDR/early PDR PT/early PDR and CSMO with/without Vi/early PDR and CSMO

with/without VI PT

HR-PDR/HR-PDR PT/HR-PDR and CSMO with/without VI/HR-PDR and CSMO

with/without VI PT

Severe PDR/severe PDR PT/severe PDR and CSMO with/without VI/severe PDR and

CSMO with/without VI PT

Severe vision loss/blindness

No. of ophthalmology
and monitoring visits

1
1

1.5

0.5

PT, post treatment; VI, visual impairment.
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For the different items of resource use, the associated unit costs are presented are in pounds sterling (£) in
2012-13 prices. We have used national reference costs where possible for items such as clinic visits, laser
treatment, surgery and tests'®® (Table 38).

The annual cost of blindness was obtained from a study by Mitchell et al. (2012)'®® who looked at the
cost-effectiveness of ranibizumab in treatment of DMO causing visual impairment. The annual cost of
blindness comprised the following costs incurred by the NHS such as low-vision aids, low-vision
rehabilitation (occupational health therapist), community care, depression and hip fracture/replacement,
which were outlined in a previous costing study on blindness by Meads et al. (2006)."®” The costs were
in pounds sterling (£) in 2010 prices and have been inflated to 201213 prices using the Hospital and
Community Health Services Index.'®

Complications

Some patients who receive PRP may develop complications. For the model we have assumed that a
proportion of people (see below) who receive PRP will develop MO or, less often, vitreous haemorrhage
for one cycle only.

Data on precipitation of DMO by PRP was obtained from the ETDRS #9,° which found that a third of eyes
without MO at baseline who were assigned to early photocoagulation received focal photocoagulation
when clinically significant MO developed during the 5-year follow-up.

A proportion of patients in the severe PDR or the severe PDR and CSMO with/without visual impairment
may also develop vitreous or pre-retinal haemorrhage after PRP. The Diabetic Retinopathy Vitrectomy Study
Report #1'%° found that vitreous haemorrhage occurred frequently in eyes treated for severe PDR or very
severe PDR. Over a 2-year follow-up period, 25% of the people had undergone vitrectomy.

We have assumed that in the same cycle that patients receive PRP, they have a chance of developing either
DMO or vitreous haemorrhage, and within this same cycle the patient would receive treatment: patients
who get MO would get focal laser and many patients who get vitreous haemorrhage receive vitrectomy
surgery (some vitreous haemorrhages may resolve). We have added in the appropriate cost and a disutility
value of —0.03'® has been included for that one cycle.

TABLE 38 Unit costs for the NPDR model base-case analysis

First Ophthalmology clinic visit (WFO1B) £106 (£87 to £124) NHS reference costs 2012—13'%
Monitoring clinic visit (WFO1A) £80 (£67 to £89)

PRP laser (OP BZ22B) £131 (£69 to £145)

Focal laser (OP BZ22B) £131 (£69 to £145)

OCT (OP BZ232) £117 (£93 to £133)

Vitrectomy surgery (DC BZ22B) £989 (£589 to £1304)

Annual cost of blindness® £1483 Mitchell 2012'%

HRG, Healthcare Resource Group.
a Excludes residential (home) care.
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Mortality

Age-specific mortality rates used in the model were based on the UK general population lifetime tables
from the Office for National Statistics (ONS).'”° Using the ONS data, the average probability of death for
males and females were combined. As the cohort ages, mortality rates generally increase throughout the
time horizon in the model. To reflect the higher mortality rates of people with diabetes than those with

no diabetes we have used a weighted average of two all-cause mortality rates, which were based on

UK population data to obtain a mortality multiplier: (1) Soedamah-Muthu et al. (2006)"" estimated the
all-cause mortality rate in patients with type 1 diabetes compared with a non-diabetic population from the
UK general practice research database; and (2) Mulnier et al. (2006)'"? estimated the all-cause mortality
rate in patients with type 2 diabetes in a large cohort selected from the general practice research database.

In addition, we have also included another mortality multiplier for people with diabetes with advanced
retinopathy versus all people with diabetes. These mortality multipliers by severity level were obtained from
two further papers:

® Cusick et al. (2005)'”® followed up a cohort of type 1 and type 2 diabetic patients from 1980 to 1985
to assess the association between diabetic complications and mortality in the ETDRS. The authors
reported hazard ratios for people with moderate NPDR, severe NPDR, mild PDR and moderate/high PDR
compared with a reference group of no/mild retinopathy using Cox proportional hazard models. The
authors adjusted for age, sex, statistically significant baseline characteristics (p < 0.05) and all other
diabetic complications and presented separate ratios for type 1 and type 2 diabetic patients. From
these results, we calculated an average weighted mortality rates (hazard rates) by severity of DR for
type 1 and type 2 diabetes combined. The mortality hazard ratios for people with moderate NPDR,
severe NPDR, mild PDR and moderate/high PDR were 1.118, 1.422, 0.992 and 1.705, respectively,
compared with diabetics with no/mild retinopathy.

e Klein et al. (1999)"* followed up two groups of patients depending on when their diabetes was
diagnosed (younger-onset or older-onset patients) to investigate the association of ocular disease and
mortality. The authors reported age and sex adjusted hazard ratios for people with severe visual
impairment (loss) compared with a reference group without visual impairment. For the model, we
calculated an average weighted mortality hazard ratio of 3.321 for people with SVL.

Measuring cost-effectiveness

Using the Markov model we have calculated for a cohort of patients the expected quality-adjusted survival
based on their likelihood of surviving each cycle, their expected health-state utility value, and their expected
costs. We have adopted a 30-year time horizon and the starting age for the patient cohort is 50 years. The
analysis is conducted from the perspective of the NHS and PSS. Cost-effectiveness was measured in terms of
the incremental cost per QALY gained [incremental cost-effectiveness ratio (ICER)]. Discount rates of 3.5%
were applied to both costs and outcomes.

We present both deterministic and probabilistic results. For the probabilistic analysis, the gamma
distribution was used for costs and the beta distribution was used for utility values." As the values for
both costs and utilities used in the model were means or weighted averages an assumption was made for
the standard error in order to calculate the alpha and beta values that are required for the probabilistic
sensitivity analysis. For example, for utilities the standard error was assumed to be 0.1 of the mean value'’®
and for the variation in mean cost, a coefficient of variation of 0.1 of the mean value was used to obtain
the standard errors."”’
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To represent the uncertainty in the parameters used in the model and to illustrate sampling uncertainty,
we undertook probabilistic sensitivity analyses using 1000 simulations. For the PSA to reflect the amount
and pattern of the variation, results were calculated by selecting random values from each distribution.
We used a gamma distribution for costs and beta distributions for utilities and transition probabilities.
These bootstrapped simulations were plotted along the cost-effectiveness plane. Each point on the
cost-effectiveness plane is a simulation from the probabilistic analysis. The cost-effectiveness plot
represents the uncertainty surrounding the incremental costs and QALYs for the two arms that are
being compared. In addition, these simulations were also used to obtain the cost-effectiveness
acceptability curves (CEACs), which illustrate the effect of sampling uncertainty, in which individual
model parameters were sampled from the appropriate probability distribution. CEACs were presented
using a willingness-to-pay (WTP) threshold from £0 to £50,000.

Scenario and sensitivity analyses

As mentioned earlier for the base-case analysis, two treatment arms were modelled using progression data
from the ETDRS studies:

1. Current practice (usual care) Patients are observed until they progress to the HR-PDR health state
(and onwards) when they receive PRP.
2. Early PRP (intervention) Patients receive PRP once they progress to the severe NPDR health state.

Sensitivity analyses were conducted by altering base-case inputs to the model. Several types of scenario
and sensitivity analyses were explored. Using ETDRS data for the transition probabilities, the following
scenario analyses were conducted, and inputs for the scenario and sensitivity analyses are shown

in Table 39:

1. PRP and anti-VEGF drugs for DR (laser and drugs) This scenario is the same as for the base-case
analysis, that is, patients receive PRP for DR and focal laser for DMO. However, the difference is that
patients also receive one round of anti-VEGF injections (two injections, one for each eye), in addition to
their PRP treatment, in order to prevent or reduce the presence of MO after PRP. We used the cost of
ranibizumab for one scenario and for the other scenario the cost of bevacizumab. We also included the
cost of administering the drug.

TABLE 39 Inputs for the scenario and sensitivity analyses

Anti-VEGF - ranibizumab £742 BNF'’®

Anti-VEGF — bevacizumab £50 to £100 NICE'7®18
Administration of anti-VEGF medications £80 (£67 to 89) NHS reference costs
(WFO1A) 2012-13"®

Annual cost of blindness — including £6972 Mitchell 2012'¢

residential (home) care

BNF, British National Formulary; HRG, Healthcare Resource Group.
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2. PRP for DR and anti-VEGF drugs for DMO (laser and drugs for DMO) This scenario is the same as the
base-case analysis, the only difference is that instead of patients receiving focal laser they get can now
receive anti-VEGF medication for their DMO. We have assumed for those patients receiving anti-VEGF
treatment, they have eight injections in the first 6 months (four injections for each eye). For the
intervention arm, these patients then move to the corresponding post-treatment health state, where
they receive six injections (three injections for each eye) and if they stay in the post-treatment state for
each future cycle, they receive two further injections (one in each eye). For the usual care arm, these
patients who remain in that health state they receive six injections (three injections for each eye) and if
they stay in the same health state for each future cycle, they receive two further injections (one in each
eye). For each visit, we have also included the cost of administering the anti-VEGF treatment. We used
the cost of ranibizumab for one scenario and for the other scenario the cost of bevacizumab.

3. For the intervention arm, we have assumed that PRP treatment will start at the severe NPDR stage
Patients with severe NPDR and CSMO have focal laser first. In this sensitivity analysis, we start treatment
at the early PDR or early PDR and CSMO.

4. We have assumed in the base-case analysis that PRP treatment will be administered over two sittings
(in total, four laser treatments for the two eyes) In this sensitivity analysis, we vary this assumption by
using one sitting (two laser treatments for two eyes) and four sittings (eight laser treatments for
two eyes). We have assumed that the risk of DMO remains the same.

5. In the base-case analysis, the cost of blindness did not include any residential (home care) costs In this
sensitivity analysis, we add in the cost of residential care to the annual cost of blindness.

6. In the base-case analysis, we have used Brown et al. (1999)'®' to estimate health-state utilities using the
time-trade off method In this sensitivity analysis we used health-state utility values from Lloyd et al.
(2008)."®" The authors in this paper used EQ-5D to derive utility values. We know from previous work
that generic measures such as the EQ-5D are insensitive to changes that are significant to patients.'®
As mentioned in the previous chapter, one further source of data for DR progression (transition
probabilities) is used in this scenario analysis.

7. In the base-case analysis, PRP was administered over two sittings In another sensitivity analysis, we have
assumed that PRP will be administered in one sitting and one round of anti-VEGF medication will also
be administered, as PRP laser may exacerbate DMO.

Results

We present here the cost-effectiveness deterministic and probabilistic results for usual care (current
practice) versus intervention (early PRP).

Base-case analysis: cost-effectiveness results

For the base-case analysis we compared the cost-effectiveness of administering PRP treatment to patients
with severe NPDR compared with delaying PRP treatment till the HR-PDR stages. Using data from the
ETDRS for progression rates, a time horizon of 30 years and with a starting age of 50 years for the patient
cohort, Table 40 shows the deterministic (undiscounted and discounted) and probabilistic

(discounted) results.

For all scenarios, the cost for the usual care arm (i.e. delaying treatment till HR-PDR stages) was more
costly than the intervention arm, and the mean QALYs were also lower (discounted deterministic results:
incremental costs —£1101, incremental QALYs 0.1337). The ICER for usual care was dominated by the
intervention; that is, offering PRP treatment to patients with severe NPDR was cheaper and more effective
than delaying PRP treatment till the HR-PDR stages.
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TABLE 40 Base-case cost-effectiveness results

Deterministic — undiscounted

Total mean costs £5426 £3770
Total mean QALYs 10.3879 10.6306
Incremental costs -£1657

Incremental QALYs 0.2427

ICER (cost per QALY gained) Dominated

Deterministic — discounted

Total mean costs £3853 £2753
Total mean QALYs 7.8236 7.9572
Incremental costs -£1101

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — discounted

Total mean costs £3858 £2746
Total mean QALYs 7.8332 7.9624
Incremental costs —-£1112

Incremental QALYs 0.1292

ICER (cost per QALY gained) Dominated

Figure 8 shows the cost-effectiveness plane for usual care vs. intervention (early PRP). The graph

clearly shows that the cost for intervention arm is much lower than the usual care arm. There is some
uncertainty on the effect of early PRP, as the QALYs are scattered over the bottom two quadrants

of the cost-effectiveness plane; however, as the majority of these iterations (58%) are in the south-east
guadrant of the plane, this makes the intervention slightly more cost-effective. Figure 9 shows the CEAC,
for a WTP threshold from £0 to £50,000 per QALY. If a decision-maker is willing to pay between £20,000
and £30,000 per QALY, early PRP is likely to be 60% more cost-effective than usual care.

Incremental costs

Incremental QALYs

FIGURE 8 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP).
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FIGURE 9 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP).
INT, intervention; UC, usual care.

Sensitivity analysis: cost-effectiveness results

(a) Pan-retinal photocoagulation and anti-vascular endothelial growth factor

drugs for diabetic retinopathy (laser and drugs)

In this scenario, patients also receive one round of anti-VEGF injections (two injections, one for each eye) in
addition to PRP treatment for DR (and focal laser for DMO), in order to prevent or reduce the presence of
MO after PRP. We have used the cost of ranibizumab for one scenario and for the other scenario we have
used the cost of bevacizumab.

Table 41 presents the discounted results for the deterministic and probabilistic analyses.

The results in Table 41 show that when one round of anti-VEGF medication ranibizumab is given in
addition to PRP at an extra cost of £742 for each injection in each eye plus the administration cost, even
though the intervention is slightly more effective, it is also slightly more costly. The incremental cost per
QALY gained ratio is £1122 (deterministic results). When one round of anti-VEGF medication bevacizumab
is given in addition to PRP at an extra cost of £75 for each injection in each eye plus the administration
cost, early PRP is still cheaper and more effective than usual care, that is, intervention dominates usual care
(in line with the base-case results).

Figure 10 shows the cost-effectiveness plane if ranibizumab is used as the anti-VEGF medication. Although
the iterations are split across the four quadrants of the cost-effectiveness plane, the majority of the
iterations are in the north-east quadrant (38%), indicating that the intervention is more costly and more
effective than usual care. Figure 11 shows the CEAC for using ranibizumab as the anti-VEGF medication
and for a threshold £20,000-30,000, early PRP is approximately 55% more cost-effective than usual care.
When bevacizumab is used as the anti-VEGF medication, the iterations fall in the bottom two quadrants
(57.5% of iterations are in the south-east quadrant), even though it is cheaper, there is still some
uncertainty around its effectiveness (Figure 712) and if a decision-maker is willing to pay between £20,000
and £30,000 per QALY, there is a 60% probability that early PRP is more cost-effective than usual care
(Figure 13), in line with the base-case results.
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TABLE 41 Sensitivity analysis cost-effectiveness results: laser and anti-VEGF drugs

Costs and QALYs Usual care (current practice) Intervention (early PRP)

Deterministic — ranibizumab

Total mean costs £4396 £4546
Total mean QALYs 7.8236 7.9572
Incremental costs £150

Incremental QALYs 0.1337

ICER (cost per QALY gained) £1122

Probabilistic — ranibizumab

Total mean costs £4396 £4538
Total mean QALYs 7.8332 7.9624
Incremental costs £141

Incremental QALYs 0.1292

ICER (cost per QALY gained) £1094

Deterministic — bevacizumab

Total mean costs £3933 £3016
Total mean QALYs 7.8236 7.9572
Incremental costs -£917

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — bevacizumab

Total mean costs £3931 £3010
Total mean QALYs 7.8242 7.9552
Incremental costs -£921

Incremental QALYs 0.1310

ICER (cost per QALY gained) Dominated

Incremental costs

Incremental QALYs

FIGURE 10 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) for ranibizumab.
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FIGURE 11 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) for
ranibizumab. INT, intervention; UC, usual care.

|
w

Incremental costs

Incremental QALYs

FIGURE 12 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) for bevacizumab.
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FIGURE 13 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) for
bevacizumab. INT, intervention; UC, usual care.
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(b) Pan-retinal photocoagulation for diabetic retinopathy and anti-vascular

endothelial growth factor drugs for diabetic macular oedema (laser

and drugs)

In this scenario, patients also receive PRP for DR and anti-VEGF drugs for DMO instead of focal laser. We
have used the cost of ranibizumab for one scenario and for the other scenario we have used the cost of
bevacizumab. Table 42 presents the discounted results for the deterministic and probabilistic analyses and
Figures 14—17 present the cost-effectiveness planes and the CEACs.

The results in Table 42 show that using anti-VEGF medication (either ranibizumab or bevacizumab) for
DMO and PRP for DR, for each scenario, the costs of the intervention arm are lower than with the usual
care arm, and also there are more QALYs gained in the intervention arm (early PRP) compared with
usual care. That is, early PRP dominates usual care. The corresponding cost-effectiveness planes are
shown in Figures 14 and 16, where the majority of iterations are in the bottom two quadrants of the
plane (approximately 58% of iterations are in the south-east quadrants). If ranibizumab is used to treat

TABLE 42 Sensitivity analysis cost-effectiveness results: laser and drugs for DMO

Deterministic — ranibizumab

Total mean costs £22,803 £14,373
Total mean QALYs 7.8236 7.9572
Incremental costs -£8430

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — ranibizumab

Total mean costs £22,843 £14,285
Total mean QALYs 7.8332 7.9624
Incremental costs —£8558

Incremental QALYs 0.1292

ICER (cost per QALY gained) Dominated

Deterministic — bevacizumab

Total mean costs £5474 £4373
Total mean QALYs 7.8236 7.9572
Incremental costs —-£1101

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — bevacizumab

Total mean costs £5462 £4377
Total mean QALYs 7.8242 7.9552
Incremental costs —-£1085

Incremental QALYs 0.1310

ICER (cost per QALY gained) Dominated
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FIGURE 14 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) for ranibizumab.
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FIGURE 15 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) for
ranibizumab. INT, intervention; UC, usual care.
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FIGURE 16 Cost-effectiveness plane
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FIGURE 17 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) for
bevacizumab. INT, intervention; UC, usual care.

DMO, the corresponding CEAC shows that if the decision-maker is willing to pay £20,000 per QALY,

there is nearly an 80% probability that the intervention is more cost-effective, and if they are willing to pay
£30,000 per QALY then the probability that intervention is more cost-effective than usual care is 75%

(see Figure 15). Whereas if bevacizumab is used for DMO, and if a decision-maker is willing to pay between
£20,000 and £30,000 per QALY, there is a 60% probability that early PRP is more cost-effective than usual
care (see Figure 17), which is in line with the base-case results. Note that these results assume multiple
injections of anti-VEGF agents to treat DMO, in contrast with single injections to reduce the risk of DMO.

So the cost-effectiveness depends on costs of anti-VEGF avoided.

(c) Pan-retinal photocoagulation treatment starts at early proliferative

diabetic retinopathy

In this scenario, patients receive PRP for DR at the early PDR or early PDR and CSMO with/without visual
impairment stages.

Table 43 presents the discounted results for the deterministic and probabilistic analyses for patients
receiving PRP at the early PDR stage. For both scenarios, intervention is only slightly cheaper than usual
care by approximately £120; however, the intervention is more effective. Owing to these small differences,
the intervention has been found to dominate usual care.

Figure 18 shows the cost-effectiveness plane for usual care versus intervention (early PRP at the early PDR
stage). The graph clearly shows the uncertainty as the iterations are scattered across the four quadrants.
However, the majority of the iterations are in the south-east quadrant (34.3%), which emphasises the
dominance (albeit small) of intervention over usual care. This uncertainty is also shown in the CEAC
(Figure 19), if the decision-maker is willing to pay between £10,000 and £50,000 per QALY, early PRP at
the early PDR stage is likely to be no more cost-effective than usual care.
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TABLE 43 Sensitivity analysis cost-effectiveness results: PRP for early PDR

Costs and QALYs
Deterministic

Total mean costs

Total mean QALYs
Incremental costs
Incremental QALYs

ICER (cost per QALY gained)
Probabilistic — ranibizumab
Total mean costs

Total mean QALYs
Incremental costs
Incremental QALYs

ICER (cost per QALY gained)

Usual care (current practice)

£3853
7.8236
-£128
0.0409

Dominated

£3858
7.8332
-£120
0.0454

Dominated

Intervention (early PRP)

£3725
7.8645

£3738
7.8787

Incremental costs

FIGURE 18 Cost-effectiveness plane:
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usual care (current practice) vs. intervention (early PRP at early PDR stage).

FIGURE 19 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP at early
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PDR stage). INT, intervention; UC, usual care.
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(d) Pan-retinal photocoagulation treatment in one or four sittings

We have assumed in the base-case analysis that PRP treatment will be administered over two sittings (in
total, four laser treatments for the two eyes). In this sensitivity analysis, we have varied this assumption by
using one sitting (two laser treatments for two eyes) and four sittings (eight laser treatments for two eyes).
We have assumed that the risk of DMO remains the same.

Table 44 shows the results when PRP is administered in either one or four sittings. For each scenario, the
costs of the intervention arm are lower than the usual care arm and also there are more QALYs gained in the
intervention arm (early PRP) than with usual care. That is, the intervention (early PRP) dominates usual care.
When PRP is administered over four sittings compared with the one sitting, the difference in incremental
costs falls by almost a half. Figure 20 shows the cost-effectiveness plane if PRP is administered in one sitting
and Figure 21 shows the cost-effectiveness plane if PRP is administered over four sittings. Both graphs
show that most the iterations fall in the bottom two quadrants (approximately 55% of iterations are in

the south-east quadrants); even though it is cheaper there is still some uncertainty around its effectiveness.
If a decision-maker is willing to pay between £20,000 and £30,000 per QALY, then there is a 55-60%
probability that the intervention is more cost-effective than usual care (Figures 22 and 23), in line with the
base-case results.

TABLE 44 Sensitivity analysis cost-effectiveness results: PRP treatment in one or four sittings

Deterministic — one sitting

Total mean costs £3762 £2452
Total mean QALYs 7.8236 7.9572
Incremental costs -£1310

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — one sitting

Total mean costs £3765 £2450
Total mean QALYs 7.8431 7.9482
Incremental costs -£1316

Incremental QALYs 0.1051

ICER (cost per QALY gained) Dominated

Deterministic — four sittings

Total mean costs £4035 £3353
Total mean QALYs 7.8236 7.9572
Incremental costs -£682

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — four sittings

Total mean costs £4026 £3346
Total mean QALYs 7.8416 7.9519
Incremental costs -£680

Incremental QALYs 0.1103

ICER (cost per QALY gained) Dominated
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Incremental QALYs

FIGURE 20 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) — one sitting for PRP.
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FIGURE 21 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) — four sittings for PRP.

INT, intervention; UC, usual care.

Incremental costs
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FIGURE 22 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) — one

sitting for PRP.
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FIGURE 23 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) — four
sittings for PRP. INT, intervention; UC, usual care.

(e) Including residential (home care) costs into the annual cost of blindness
In the base-case analysis, the cost of blindness did not include any residential (home care) costs. In this
sensitivity analysis, we add in the cost of residential care to the annual cost of blindness.

Table 45 presents the discounted results for the deterministic and probabilistic analyses for usual care
versus intervention inclusive of the residential care costs in the annual cost of blindness. For both scenarios,
intervention is cheaper than usual care and is more effective. That is, the intervention (early PRP)
dominates usual care. Figure 24 shows the cost-effectiveness plane and the graph clearly shows that the
intervention is cheaper; however, there is uncertainty in the effectiveness, as the iterations are scattered
across the bottom two quadrants [the majority of the iterations are in the south-east quadrant (54.8%)].
This uncertainty is also shown in the CEAC (Figure 25), if the decision-maker is willing to pay £10,000 per
QALY then there is a 66% probability that the intervention is more cost-effective than usual care; however,
the cost-effectiveness falls slightly if the decision-maker has a higher threshold (at £30,000 per QALY the
intervention is 58% more cost-effective).

TABLE 45 Sensitivity analysis cost-effectiveness results: annual cost of blindness inclusive of residential care costs

Deterministic

Total mean costs £4951 £3135
Total mean QALYs 7.8236 7.9572
Incremental costs -£1816

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic

Total mean costs £4942 £3134
Total mean QALYs 7.8386 7.9396
Incremental costs —£1.808

Incremental QALYs 0.1010

ICER (cost per QALY gained) Dominated
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FIGURE 24 Cost-effectiveness plane: usual care (current practice) vs. intervention (annual cost of blindness inclusive

of residential care costs).
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FIGURE 25 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (annual cost of
blindness inclusive of residential care costs). INT, intervention; UC, usual care.

(f) Using health-state utilities from Lloyd et al. (2008)

In the base-case analysis, we have used utilities from Brown et al. (1999)'" to estimate health-state utilities

using the time-trade off method. In this sensitivity analysis we have used health-state utility values from
Lloyd et al. (2008).'®

Table 46 presents the discounted results for the deterministic and probabilistic analyses for usual care
versus intervention when using health-state utility values from Lloyd et al. (2008)."®' For both scenarios,
intervention is cheaper than usual care and is more effective. That is, the intervention (early PRP)
dominates usual care. The utility values for both arms are approximately 1.3 QALYs lower than the
base-case analysis. Figure 26 shows the cost-effectiveness plane and the graph clearly shows that the
intervention is cheaper; however, there is uncertainty in the effectiveness as the iterations are scattered

across the bottom two quadrants [the majority of the iterations are in the south-east quadrant (58.9%)].

If a decision-maker is willing to pay between £20,000 and £30,000 per QALY, then the probability is
around 60% that the intervention is more cost-effective than usual care (Figure 27; see also Figure 23),
in line with the base-case results.
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TABLE 46 Sensitivity analysis cost-effectiveness results: using health-state utilities from Lloyd et al. (2008)"®'

Costs and QALYs
Deterministic
Total mean costs
Total mean QALYs
Incremental costs
Incremental QALYs
ICER (cost per QALY gained)
Probabilistic
Total mean costs
Total mean QALYs
Incremental costs
Incremental QALYs

ICER (cost per QALY gained)

Usual care (current practice) Intervention (early PRP)
£3853 £2753
6.4845 6.6040
-£1101
0.1195

Dominated

£3851 £2749
6.4925 6.6144
-£1102
0.1220

Dominated

Incremental costs

Incremental QALYs

FIGURE 26 Cost-effectiveness plane: usual care (current practice) vs. intervention (using health-state utilities from

Lloyd et al. 2008'8").
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FIGURE 27 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (using health-state
utilities from Lloyd et al. 2008'®"). INT, intervention; UC, usual care.
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(9) Pan-retinal photocoagulation treatment in one sitting plus anti-vascular

endothelial growth factor drugs

In this scenario, patients have PRP administered in just one sitting. To reduce or prevent the presence

of MO after PRP, one round of anti-VEGF medication (two injections, one for each eye) will also be
administered. We have used the cost of ranibizumab for one scenario and for the other scenario the cost
of bevacizumab has been used. Table 47 presents the discounted results for the deterministic and
probabilistic analyses.

Table 47 shows that when PRP is administered in one sitting in addition to one round of anti-VEGF
ranibizumab or bevacizumab, early PRP is still cheaper and more effective than usual care, that is,
intervention dominates usual care (in line with the base-case results). There was a greater cost difference
between the two arms when bevacizumab was used.

TABLE 47 Sensitivity analysis cost-effectiveness results: PRP laser treatment in one sitting plus one round of
anti-VEGF medication

Deterministic — ranibizumab

Total mean costs £4305 £4245
Total mean QALYs 7.8236 7.9572
Incremental costs -£60

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — ranibizumab

Total mean costs £4294 £4237
Total mean QALYs 7.8370 7.9674
Incremental costs —£57

Incremental QALYs 0.1304

ICER (cost per QALY gained) Dominated

Deterministic — bevacizumab

Total mean costs £3842 £2716
Total mean QALYs 7.8236 7.9572
Incremental costs -£1126

Incremental QALYs 0.1337

ICER (cost per QALY gained) Dominated

Probabilistic — bevacizumab

Total mean costs £3840 £2712
Total mean QALYs 7.8206 7.9626
Incremental costs -£1128

Incremental QALYs 0.1420

ICER (cost per QALY gained) Dominated
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Figure 28 shows the cost-effectiveness plane if ranibizumab is used as the anti-VEGF medication and

PRP is administered in one sitting. Although the iterations are split across the four quadrants of the
cost-effectiveness plane, the majority of the iterations are in the south-east quadrant (34%), indicating that
the intervention is cheaper and more effective than usual care. Figure 29 shows the CEAC for using
ranibizumab as the anti-VEGF medication and when PRP is administered in one sitting, and for a threshold
of £0-50,000, there is a 60% probability that early PRP is more cost-effective than usual care. When
bevacizumab is used as the anti-VEGF medication, the iterations fall in the bottom two quadrants (58.3%
of iterations are in the south-east quadrant) (Figure 30), and if a decision-maker is willing to pay between
£20,000 and £30,000 per QALY there is again a 60% probability that early PRP is more cost-effective than
usual care (Figure 31), in line with the base-case results.

Finally, we conducted some sensitivity analyses around the assumption that people with DMO and NPDR
are at a greater risk of developing more severe retinopathy than people with NPDR alone. Owing to the
lack of information, we assumed that the progression rate is twice that of people with severe NPDR alone
developing more severe retinopathy (see Chapter 6). In the sensitivity analyses we varied this assumption
by using values of 0.5, 1, 3 and 4, but we found that intervention (early PRP) still dominated usual care by
being cheaper and more effective.

Incremental costs

Incremental QALYs

FIGURE 28 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) for PRP in one sitting
and one round of ranibizumab.
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FIGURE 29 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) for PRP in
one sitting and one round of ranibizumab. INT, intervention; UC, usual care.
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FIGURE 30 Cost-effectiveness plane: usual care (current practice) vs. intervention (early PRP) for PRP in one sitting
and one round of bevacizumab.
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FIGURE 31 Cost-effectiveness acceptability curve: usual care (current practice) vs. intervention (early PRP) for PRP in
one sitting and one round of bevacizumab. INT, intervention; UC, usual care.

Discussion

We have built a Markov (state-transition) model to assess the cost-effectiveness of observing patients until
they progress to HR-PDR states where they receive PRP (usual care) versus patients receiving PRP treatment
once they progress to the severe NPDR health states (intervention).

For the base-case analysis, we have adopted a 30-year time horizon. A hypothetical cohort of 1000 diabetic
patients with a starting age of 50 years were followed. The cycle length for each model was set to 6 months,
and transitions between each health state occur at the end of cycle. The analysis was conducted from the
perspective of the NHS and PSS. The main source of data for the transition probabilities was the ETDRS
studies.’ Information on mortality rates for patients with diabetes and complications associated with PRP
were obtained from the literature. Health-state utilities data were obtained from peer-reviewed published
studies for DR and health outcomes were measured in QALYs. The majority of unit costs were obtained
from the NHS reference costs database.'® All costs are in pounds sterling (£) in 201213 prices. Results are
expressed as incremental cost per QALY gained. An annual discount rate of 3.5% was applied to both costs
and QALYs. We ran the model deterministically and probabilistically with 1000 iterations. We undertook
various sensitivity analyses. These bootstrapped iterations were plotted onto cost-effectiveness planes and
they were also used to calculate the CEACs. The CEACs were presented using a WTP threshold from

£0 to £50,000.
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For the base-case analysis, offering PRP treatment to patients with severe NPDR compared with delaying
PRP treatment till the HR-PDR stages was cheaper and more effective, that is, the intervention was
dominant. Treating earlier with PRP laser, at a cost of £131 per eye, meant that fewer people in the
intervention arm than in the usual care arm progressed to more advanced stages of DR. Delaying
treatment for patients in the usual care arm meant that more of them progressed to the higher stages of
DR such as severe PDR health states including the severe vision loss/blindness state as compared with the
intervention arm.

The annual cost of blindness excluding residential care cost was £ 1483, which partly explains the higher costs
associated with the usual care arm than the intervention arm. Evidence from the cost-effectiveness plane
showed that although costs were lower for the intervention arm, there was uncertainty in the effectiveness
arm; as the majority of these iterations were in the south-east quadrant of the cost-effectiveness plane,

this made the intervention slightly more cost-effective. The CEAC plane indicated that if a decision-maker

is willing to pay £20,000-30,000 per QALY then treating earlier at the severe NPDR stage was more
cost-effective than usual care (delaying treatment till HR-PDR stages).

A number of sensitivity analyses were undertaken to determine the cost-effectiveness of various options;

the majority of results were in line with the base-case analyses. For example, assuming that the effectiveness
remained the same, when adding the cost of one round of anti-VEGF injections (two injections, one for each
eye) in addition to PRP treatment for patients with DR, when using bevacizumab at a cost of £75 per eye
(plus administration costs), intervention dominated usual care. When ranibizumab was used as the anti-VEGF
injection at a cost of £742 per eye (plus administration costs), even though it was effective, it was also more
expensive. This additional cost of treating earlier is clearly shown in the increase in costs. This uncertainty was
also highlighted in the cost-effectiveness plane, where the bootstrapped iterations moved up along the
vertical axis (incremental cost axis). However, for both anti-VEGF medications, the CEACs showed that the
intervention was slightly more cost-effective than usual care.

In another sensitivity analysis instead of patients receiving focal laser for their DMO, they received anti-VEGF
medication (in total, patients would receive seven injections for each eye (14 injections in total) in their first
year plus the administration costs), in line with the base-case results intervention dominated usual care.

The main cost driver here was cost of the anti-VEGF drug; if ranibizumab was used the cost difference
between the two arms was over £8000, this cost difference between the two arms falls to £1000 if
bevacizumab was used. The CEACs showed that if a decision-maker was willing to pay £20,000 per QALY,
there is an 80% probability that the intervention was more cost-effective than usual care if ranibizumab
was used, whereas if bevacizumab was used the probability falls to 60% (see Figures 15 and 17).

In the base-case analysis we had assumed that PRP was administered over two sittings (four laser treatments
for two eyes), we varied this assumption in the sensitivity analysis, where we had assumed that the risk of
DMO remained the same and PRP was administered over one (two laser treatments for two eyes) or four
sittings (eight laser treatments for two eyes); again, the results were in line with the base-case analysis,

that is, intervention dominated care. When the cost of residential care (at a cost of approximately £5000)
was added to the annual cost of blindness, assuming that the effectiveness remained the same, the cost
difference between the two arms increased approximately by £700 as compared with the base-case analysis.
However, the results were still in line with base-case analysis, as the intervention still dominated usual care.

When we assumed that patients would receive PRP treatment in the intervention arm in the early PDR
stages as opposed to the severe NPDR stages (base-case analysis), the intervention was found to dominate
usual care. Looking at this in more detail, the differences between the two arms was negligible — costs
were approximately £100 lower in the intervention arm and there was a QALY gain of around 0.04 more
QALYs in the intervention arm. The bootstrapped iterations were scattered across all four quadrants in the
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cost-effectiveness plane and the CEAC found that treating at the early PDR stage is likely to dominate
usual care. One reason for this may be due to the data that we used for the progression rates, as the
ETDRS did not report results separately for NPDR and early PDR.

In the final sensitivity analysis we used health-state utilities from the Lloyd et al. (2008)'®' paper, as
opposed to the Brown et al. (1999)'" paper. The utility values in the base-case analysis were based on
patients with DR elicited using the time-trade off method.'®" In the sensitivity analysis, utilities were elicited
from patients with DR using the EQ-5D measure.'®' The EQ-5D measure is the preferred measure by NICE
when eliciting utility values.'® However, we know from previous work that generic measures such as the
EQ-5D are insensitive to changes that are significant to patients in vision-related studies;'® in addition to
the EQ-5D, vision-related measures such as the NEI VFQ-25"° and the Vision and Quiality of Life (VisQoL)
questionnaires'®'® could be included in studies/trials to measure utilities. This may partly explain why

the utility values in the paper that used EQ-5D'®" were a lot lower than those in the paper that used the
time-trade off measure.’®' However, the overall direction and magnitude of results in the sensitivity analysis
remained the same as the base-case analysis, and intervention dominated usual care.

Although we undertook a thorough search for cost-effectiveness studies of the use of PRP and/or
anti-VEGF medication for patients with moderate or severe NPDR or early PDR we could not identify any
economic evaluations or modelling-based studies (see Chapter 5). The Markov model built here is novel, as
it considers using PRP treatment at an earlier stage of DR as opposed to current practice (treat when a
patient reaches HR-PDR stage). The model also contains more detailed health states differentiated by the
different severity levels for DR than previous studies, which have focused on screening for DR and not
necessarily PRP treatment for DR.5%™85° The model also considers using PRP laser in combination with
anti-VEGF medication.

However, the model does have a number of limitations:

Firstly, we populated the model with progression data mainly from the ETDRS trial.® Although this
information from the ETDRS was useful, it is now dated — patients in the ETDRS had poorer glycaemic
control, and the treatment of diabetes and laser treatment since the ETDRS studies were published
have been greatly improved. More recent studies have since been conducted, but no trial has
addressed the timing questions.

Secondly, in the sensitivity analyses where the treatment for retinopathy was with the use of PRP laser
and/or anti-VEGF treatment, we have assumed that the treatment effect, in terms of progressing to
more severe retinopathy was the same as PRP treatment alone, as the effect of the anti-VEGF drugs is
temporary, and we have found no evidence that their temporary effect increase the effect of PRP.
Thirdly, in the model, we have assumed that patients can develop adverse events, the most important of
which is MO, as a result of receiving PRP treatment for DR. We obtained these proportions based on
information on from the ETDRS.? Although these studies are useful, these complication rates may not be
accurate because laser treatment since then has improved (see Chapter 3). Owing to these changes, we
expect that the rate of adverse events from PRP treatment would have decreased over time; although we
believe that this would not have an overall impact on the magnitude and direction of cost-effectiveness
ratio. Another side effect of PRP laser is pain; however, costs of pain treatment such as using a simple
analgesia (e.g. paracetamol) are negligible and are unlikely to have a significant impact on the
cost-effectiveness ratio. Also, in terms of complications, in the economic model we have not taken

into account any adverse events due to focal laser or any adverse effects of anti-VEGF treatment. We
know that there are few side effects from anti-VEGF treatment (see Chapter 4) and, again, this would not
have any significant impact on the magnitude and direction of cost-effectiveness ratio.

Fourthly, in the model we have assumed that the costs of PRP laser and focal laser are the same, and
these unit costs were obtained from the NHS reference costs database.'®™ However, although the
reference costs may be the same, PRP takes much longer to do than focal or grid photocoagulation,
and more sessions are required — focal/grid can be done in one session. To get a more accurate picture
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of these costs it would have been better to have carried out ‘bottom-up costing’ and then analyses
with different types of laser (i.e. multi-spot, argon) and their associated costs, including local
anaesthetics for multi-spot. We believe having more accurate costs for the different types of laser will
not alter the magnitude and direction of the ICER. For the anti-VEGF treatment we obtained costs for
bevacizumab from NICE' for two NHS hospital trusts and for ranibizumab from the British National
Formulary.'”® The cost differential between the two anti-VEGF treatments was about £650. Even
though we used ranibizumab at the current list price, in the economic model the intervention (early
PRP) was cost-effective compared with usual care (current practice); however, if we were to use the
discounted price (which is confidential), the intervention should become even more cost-effective.

® Fifthly, in terms of utility estimates that we have used in the economic model, the literature search
conducted in Chapter 5 did not identify any studies with health-state utility values by the detailed
severity levels that we have in our economic model. We used the studies by Fong et al. (2002)'%? and
Smith et al. (2008)'®3 to characterise the different VA levels into health states. Using this information
we were then able to link these health states levels to the health-state utilities values for patients with
DR as reported in the Brown et al. (1999)'®' paper. There were some drawbacks with this method, as
the Fong et al. (2002)'®? paper reported only two diabetic severity levels that were applicable to our
model: moderate/severe NPDR and PDR; hence, in our model we have the same utility value for a
patient with early PDR as someone who has severe PDR. Likewise, Smith et al. (2008)'®* reported only
MO; we did not have any information on whether this was clinically significant or not, and whether
there was any visual impairment.

® We also applied a utility decrement of 0.03 to patients who move to a state with CSMO. This may be
a conservative assumption based on data from a previous screening study for DR.'®* However, our
literature review conducted in Chapter 5 did not highlight any further data on disutilities associated
with progressing through all the different stages of DR.

e Sixthly, we did not include in the model the impact on patients of losing the ability to drive.
Seventhly, we did not include an analysis of systemic treatment aimed at improving glycaemic and BP
control. A patient with an HbA,. of 10%, a BP of 150/100 mmHg and renal problems is at much higher
risk of progression to visual loss than one who achieves excellent metabolic and BP control.

® Finally, in the economic model we have not differentiated by gender or whether the patient had type 1
or type 2 diabetes owing to the insufficient information, such as progression rates and utility values,
which we had available for the model. Although, some subgroup analyses could be done using some
of the available literature, there is not enough evidence on the use of early PRP treatment in these
patients and this will provide even further uncertainty to the cost-effectiveness estimates.

Other potential issues that may affect the cost-effectiveness

In the modelling, we do not include corticosteroid injections (steroids). The rationale for this is that

we would want to include only short-acting ones with the aim of reducing the risk of post-PRP.

No one is going to use long-acting steroids in this situation. So that means that the steroids licensed

for DMO - long-acting dexamethasone and fluocinolone — would not be considered. That leaves only
triamcinolone, and we should note that the preservative-free form of that used in the DRCRN trials,
Trivaris, is no longer in production. It was made by Allergan who also make Ozurdex. So we are left with
Kenalog. That is not licensed for use in the eye. It was designed for use in joints, but was widely used for
eye conditions before the anti-VEGFs arrived.

However in Chapter 4, we report more adverse effects with triamcinolone (raised IOP) than with the
anti-VEGFs. Its other advantages over the anti-VEGFs might be that is much less expensive than
ranibizumab and aflibercept, though not than bevacizumab, that it lasts longer (3—4 months or more)
and so requires fewer injections, and that in DMO it may work in patients in whom an anti-VEGF has
failed. The anti-VEGFs are a considerable advance in DMO but they produce good results (gain of 10 or
more letters) in only around half of eyes. So there may still be an occasional place for triamcinolone

in the UK and we have retained the triamcinolone trials in Chapter 4. It is also worth noting that in many
countries, the licensed anti-VEGFs are unlikely to be affordable.
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The factors that would determine the cost-effectiveness of adjuvant anti-VEGF treatment include:

1. The frequency of development of CSMO after PRP. This appears to be less frequent with modern
‘lighter’ laser methods than was seen in ETDRS, as noted in some of the studies in Chapter 3. For
example, in Bandello et al. (2001),” the proportion of patients with worsening CSMO was significantly
greater in the classical PRP group than in the light PRP group (23% vs. 3%, p=0.023).

2. Compared with older studies, the better detection of MO by OCT compared with clinical examination.

3. The usually temporary nature of MO after PRP, meaning that the disutility would also be temporary
(and not influential if modelling involves 6-month cycles because it would usually have resolved before
that time point?). However, as noted earlier, the visual loss is not always temporary, at least in older
studies such as DRS and ETDRS.?™°

4. The utility weight given to modest changes in VA. The effect of a small change may have profound
impact in QoL if it means that patients have to stop driving.

5. The disutility of pain, though that is transient, and a more important economic factor might be the
disutility of less effective PRP if it could not be completed owing to pain. As reported earlier (see
Chapter 4), pain may be reduced by administration of an anti-VEGF a week before PRP."?* However
administration of subconjunctival or sub-Tenon’s anaesthesia should remove pain.

6. The cost of anti-VEGF treatment, both drug cost (high with ranibizumab, modest with bevacizumab)
and administration. If using ranibizumab at list price (the discounted price is confidential), the cost
might be in the region of £900.

7. The cost of PRP, if anti-VEGF cover allowed it to be given in one session rather than several. Patients
could have sub-Tenon’s anaesthesia, then the anti-VEGF injection, and then PRP, and then be seen in
3 months. This would be more convenient for them. It might also be safer to have one visit in hospitals
where appointments may be postponed and treatment delayed, increasing the risk of vitreous
haemorrhage before treatment is completed.

8. Any adverse effects of anti-VEGF treatment. In Chapter 4, it was found that anti-VEGF mainly caused
transient adverse events related mainly to injection such as subconjunctival haemorrhage or foreign
body sensation. The incidence of serious drug-related adverse events like endophthalmitis, uveitis,
vitreous haemorrhage or retinal detachment was minimal. In DRCRN (2011),"?° there was one case of
endophthalmitis in the ranibizumab group. In the same study,'?® more patients in the sham group
had retinal detachment (3% vs. 1%) and vitreous haemorrhage (12% vs. 5%) than those in the
ranibizumab group. None of the studies found that anti-VEGF drug caused thromboembolic adverse
events. The overall pain score was also significantly lower in the group receiving PRP plus anti-VEGF
than in those receiving PRP only (Lucena 2013'?® — VAS score 4.7 vs. 60.8).

9. The net gain in QALYs, taking into account reduced disutility from CSMO; any disutility from adverse

effects including the injection into the eye itself; and possibly reduced disutility from fewer PRP sessions.

Comparisons with other studies

No studies were identified that had considered the cost-effectiveness of early treatment with PRP for
severe NPDR, and, therefore, appropriate comparisons with other existing studies were not possible. For
example, the cost-effectiveness studies of DR, which have been identified, assessed the cost-effectiveness
of various screening strategies in a cohort of people where the starting point was people who diabetic
with no or early retinopathy,™®'%* whereas in our model the starting point was patients with moderate
NPDR, or studies that assessed the cost-effectiveness of various treatment options for DMO, 166186187
whereas our model primarily focused on treating patients who had severe NPDR.
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Chapter 8 Discussion and research needs

Statement of principal findings

e The DRS™ confirmed that laser photocoagulation was effective in reducing the risk of visual loss
due to PDR.

® The ETDRS® addressed the timing question, and reported that earlier PRP, at severe NPDR and early
PDR stages, was more effective then postponing PRP till later PDR. However, it did not report results
separately for early PDR and severe NPDR, and the difference in the primary outcome of SVL did not
quite reach statistical significance at the ETDRS level of 99% Cls: RR 0.77, 99% CI 0.56 to 1.06.

® A composite outcome of SVL and vitrectomy did give a statistically significant result: RR 0.67, 99% Cl
0.52 to 0.97.
There is currently insufficient evidence to recommend PRP for NPDR.
There has been a trend towards lighter methods of PRP, where lighter refers to using lasers at lower
power and producing less severe burns. PSC: The multi-spot laser allow more spots to be delivered in
one application, hence shortening the procedure time, but more spots are needed as short-duration
burns do not spread. The multi-spot lasers are also of shorter duration (10-20 ms as compared with
100 ms in older systems).

® Laser devices that can apply patterns of spots have advantages over single-spot devices. Newer lasers
have other features that allow parameters to be controlled. However, in terms of visual outcomes,
there is a lack of robust data favouring one laser over another, and there are no data to demonstrate
superiority of any laser technology compared with argon laser, which was the laser used in the ETDRS.
The SDM system shows promise in focal laser for DMO but there are very few data on use in PRP.

® There is accumulating evidence that combining PRP with either an anti-VEGF drug or triamcinolone
may reduce the risk of PRP-associated MO. Whether this improves long-term results is not known.
There would be advantages if it allowed PRP to be done in one session.

® There are uncertainties around the cost-effectiveness of PRP at NPDR or early PDR stage, but, in a
range of analyses, earlier PRP either dominates delaying PRP till HR-PDR stage or is cost-effective
with quite low ICERs.

® The uncertainty around the economic analysis and the limitations for the economic model indicate the
need for more research. The results from the economic model should be treated with caution.

The deferred arms in the studies may not reflect routine care, where delays in treatment may result in
patients having vitreous bleeds and presenting as emergencies. Even without delays, treatment at advanced
PDR stage can have complications such as vitreous haemorrhage and tractional retinal detachment due to
contraction of NV tissue. This would not be a problem with treatment at less severe stages.

Strengths and limitations
The strengths of this report include:

wide-ranging searches for evidence
extension of the original scope to include current laser technologies and new drug treatments, to add
value to the review and make it more useful for planning future research

® athorough review of adverse events of PRP, based on both RCTs and observational studies, and
including outcomes important to patients, such as ability to drive

e recommendations of the specific research questions, underpinned by a thorough presentation of
research currently under way

® anew economic model of DR.
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The limitations included:

Dependence on one trial, the ETDRS, for the critical issue of timing of PRP — whether to use it at NPDR
stage. The ETDRS was carried out in the 1980s, before OCT was available, and it did not give results
separately for NPDR and early PDR.

Few trials comparing argon laser with newer laser technologies. So no data to show whether modern
laser technologies are superior to the argon laser used in ETDRS.

A lack of data on the most effective use of anti-VEGF drugs in combination with lasers — should they
be given prophylactically to all or only to those who develop DMO after PRP?

A lack of good, up-to-date, long-term data on progression and regression of retinopathy

after treatment.

Research completed but not yet published in full

Several studies of combination treatment with anti-VEGF drugs and laser have been reported as abstracts.
Inevitably details are sparse, till full publication.

In two studies, the anti-VEGF used was pegaptanib:

In a small, three-armed trial, Estudillo and Gonzalez (2013)' [the same trial seems to have been
reported by Gonzalez (2013)'® alone but with slightly different figures] randomised 20 eyes to
pegaptanib alone (three initial injections then repeats every 12 weeks; eight patients), pegaptanib
(three initial injections only) plus selective laser treatment (eight), and standard PRP alone (four).

The third group did better in BCVA after 12 months.

Leal et al. (2013)"° randomised 22 patients with HR-PDR into two arms in what was described as an
exploratory Phase Il study. One arm had standard PRP as per DRS. The other arm had ‘progressive PRP’
plus pegaptanib, The progressive PRP starts with the DRS third ring, followed if need be by further laser
treatment moving inwards. (Full details are not given in the abstract but this sounds like the lighter PRP
technique reported by Madeira et al. 2009"" in an abstract from a EURETINA meeting.) They call it
external ring photocoagulation, and the aim appears to be to minimise visual field defect and the risk
of MO, and have less effect on night vision (argon green laser was used).

Eyes that received the combined treatment lost on average only one letter of BCVA compared with six in
the PRP-alone group.

Two abstracts reported results with bevacizumab:'#*'*?

Preti et al. (2013)'? randomised both eyes of 23 patients with HRC-PDR. One eye was treated with PRP
plus bevacizumab (number of injections not given) and the other with PRP alone. No visual outcome
results are given, only choroidal thickness.

Another abstract from the same group with 30 patients appears to have come from the same study.'?
It reports no significant change in BCVA in either group.

Four studies reported on the use of ranibizumab;'**"® three are by-products of DMO trials: '+

Lohmann et al. (2013)"* reported that in the RELATION trial of ranibizumab + laser versus laser alone
for DMO (so focal or grid laser, not PRP), a subgroup of 27 patients had PDR at baseline. Of those (20)
in the combined group, eight (40%) showed regression of PDR, whereas none in the laser-alone group
did. They conclude that anti-VEGF treatment may be effective in PDR.
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e Ehrlich et al. (2013)'* report findings from the RISE and RIDE trials in which patients with DMO were
randomised to ranizumab (two doses) or sham injections. Patients could have macular laser or PRP if
required. Secondary outcomes included progression of DR, expressed in ETDRS stages, vitreous
haemorrhage and need for PRP. Regression by 36 months was commoner in the ranibizumab arms
(3-step improvement 3% in sham arm, 15% and 13% in ranibizumab arms). Progression to PDR was
reported in 34% in the sham arm, compared with 13% and 15% in the ranibizumab arms.

® The DRCRN carried out a RCT of IVR and triamcinolone for DMO, and in this abstract report effects
amongst those with DR, outcomes being progression from NPDR to PDR, occurrence of vitreous
haemorrhage, need for PRP or worsening of DR by at least two levels.®® The advantage of this study is
large numbers. In eyes without PDR at baseline (n =538), the drug arms had lower (4%) progression
than the sham injection plus laser arm (10%). (Note that laser was for DMO, so focal or grid, not PRP.)
In eyes with PDR at baseline (n =254), more (20%) progressed in the non-drug arm than in the drug
arms (2-9%). The authors cautiously comment that ‘These results suggest that use of these drugs to
prevent worsening of DR is worth further investigation’.

® In a group of patients with bilateral PDR, Ferraz et al. (2013)'®” compared PRP alone, given in three
sessions as per ETDRS guidelines, with PRP plus ranibizumab at weeks 1 and 4. Eyes were randomly
allocated to ranibizumab or a sham injection. Results were reported separately for those with and without
CSMO at baseline. In those with CSMO, after 6 months’ follow-up, BCVA improved by four letters in the
combined group and decreased by five letters in the PRP-alone group. In those without CSMO, VA
improved by eight letters in the combined group and was unchanged in the PR-alone group. Vitreous
haemorrhage was less common in the combined group (10%) than the PRP-alone group (23%,).

Ongoing or recently completed research searches

Sources searched for ongoing or recently completed research were ClinicalTrials.gov, WHO (World Health
Organization) Clinical Trials Registry Platform Search Portal, Current Controlled Trials, UK Clinical Trials
Gateway, EU Clinical Trials Register, and UK Clinical Research Network Study Portfolio.

Searches were performed on 16 January 2014 using keywords: diabetic retinopathy AND (laser OR
photocoagulation OR PRP OR scatter).

Studies selected were those in which the main condition being studied was DR (we excluded those that
included patients with DMO only) and the intervention included PRP photocoagulation alone or in
combination with another intervention, such as an intravitreal drug, and where the results had not been
found published in full or as a meeting abstract. We selected only RCTs, apart from one observational
study, which we considered to be investigating an outcome-important patients’ QoL (i.e. being able to
maintain a UK driving licence).

We included 16 studies in total: 15 RCTS and the one observational study. Eight studies include anti-VEGF
drugs (one each with aflibercept, bevacizumab, and pegaptinib and five with ranibizumab) either given
alone or as adjunctive therapy to PRP and seven involve different methods of laser delivery. All have a
Clinical ClinicalTrials.gov Identifier (and will be identified by this number) apart from one that was
identified in the UK Clinical Research Network Study Portfolio database (UKCRN ID 13472). Studies are
briefly summarised in more detail in Table 48, and also described below.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

207



DISCUSSION AND RESEARCH NEEDS

(2Inseaw swodno Arewud
10} 31EP UONDS||0d Blep [eUl4) Z10Z
1snbny ‘a1ep uonsjdwod fiewtid

€lLo¢
1snbny :a1ep uonsjdwod Apms

L LOZ 1snbny :a1ep Leps Apnis
pa1s|dwod usaq sey Apnis siy|

UOISSS d¥d
1S11} JaY4e SYUoW 9 awel awi|

120 @H snuiD Aq painsesw [IND
710¢ 1°equada(Q

‘a1ep uonajdwod Arewud pajewiisy

SL0CZ Yiein
:a1ep uonajdwod Apnis payewnsy

€10T Ydle ‘a1ep pexs Apnis
SY99M G ‘awely awil|
¥ad

JO 1UBWIEaI] 3} Ul V] JO SIUSAD
aslanpe Jo A1IaA3s pue axuapidU|

Ajlenusnbas

paieal) a1aM seale |elodwial

pue |eseu pue ‘Jousjul ‘Jouadns
ay] -saulspinb syq@l3 oy buipiodde
Z pue | ‘0 S399M 1B SUOISSaS

33JY} Ul dUOP SeM UDIYM ‘d¥d pey
syuaned “dnoub dyd Ajuo :z wiy

Ajlenusnbas

pa3eal] aIam seale |eijoduwial

pUE [ESBU pUE ‘JOLdjuUI ‘Jouadns
ay] "saulepinb sYal3 oy buipiodde
Z PuUe | ‘0 S339M 1e SUOISS3S

934U} Ul SUOP Sem UdIYm ‘dyd pey
syuaned uay] "dyd ISi1 8yl 21043q
¥99M | Uulyum Ajprewixoldde
suomslul gA] Yim paiesil

9J9M Sjudlled "dnoub ga| - [ Wiy

8t Y9am ybnouyy

"2 doam bBuluuibaq ‘syeam g
KIaA3 || dnadal |im dnoib

SIY} ‘9| oM pue | Aep usamiaq
suonaful [erul g 8yl buimoljo4
‘syeam g Aians (bwi 7) || -2 wiy

87 Joam ybnoiyy

‘0z Y2am buluuibaq ‘syeam 7 Auans
|\7/] @AI3234 01 SNUILUOD ||IM dnoub
SIY} ‘9] Xoam pue | Aep usamiaq
suondalul [eniul g 8yl buimoljo4
"SY9OM {7 AI9AS (Bwi 7) v <L Wiy

dyd

1S11} BU} Ja1e SYIUOW 9 Ises) 1e
Jo} dn pamoj|o} syulled "Ja1Iaq Jo
G7/0T 40 YAD4 ‘O noyum yad
AJea 10 YadN 249A3S YU Sjualied

Heyd sy@ld ue buisn

02£/07 ueyl Janeq a4s Apnis
33 Ul YADE 4@ 01 Alepuodas
UOIBSLIRINJSEAOSU [eUNDY

Adeuayy uase| buinjoaul saipnis parsjdwod Ajjusdal Jo buiobuQ g 319vL

0€ uawjoiuy

|2ge| uado
‘Juswubisse [9jjesed ‘pasiwopuey

O Inoyum Ayiedounial diageip
3IBAS Y1IM Sjuaied Ul SsauxdIy}
J19he| a1qly anBU |BUNSI pUE
1IAD U0 d¥d Ajuo yum pasedwod
dyd 210439 gA| aAndUN(pe

JO 129}43 3y} 91ebnsanul o

0¢ JusWjolus pojewinnsy

Apnis 1oj1d ‘211udd 3|buIs
‘ApNis |2qe|-usdo pasiwopuey

SIENES
9SI9APE JO AJI9ARS puUB 3DUIPDUI
3y} bunenjeas Ag Ayiedounal
dl}egelp aAieIa)jold JO JuBWIeaI}
3Y} Ul || JO A194eS 3} SSasse 0]

YZLY0SLOLON

Ausianiun
|euonen oodbunAy osuods

ssaudIy JoheT

19014 9AJSN |eunay pue ssaudIy |
Jejndey ul uoienbeod0joyd
[PUIIBIURY 91049g RWNZIDBASY
[ERJUARIIU| SAIDUNIPY JO 103443

€LLELBLOLON

s|eannadewleyd uoisusbay
:lojeioqe|joD puejs| buoT jo
SpueYNSUOD dlweyiydQ Josuods

Apms

1'D°V 9yl ‘Ayiedounay onagelq
dA1}RID}I|04d 404 uona(ul 1daduaqIpy
[BRJHARIIU| YHM JUSWI1eal |

208

NIHR Journals Library www. journalslibrary.nihr.ac.uk



HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

DOI: 10.3310/hta19510

panuiuod

€107 Joqwade(
:91ep uonsdwod Apnys pajewns3

0102 Jequairdas :a1ep 1els
JUSWIeaI] YIUOW-7 | ‘awely swif

UOIIBSLIR|NDSEAOBU JO UOISSAIH3Y

(2Insesaw swodino Aiewnd oy s1ep
UON29||0d Blep |Bul) £10Z Isnbny
:a1ep uonsjdwod fiewnd pajewsy

107 Aeniga4
:91ep uonsjdwod Apnis pajewnsy

£00Z J3qUIaNON :a1ep ess Apms
SHOIM G Jowel) swil|

WL [0JIUOD 3Y} SB d¥d pJepueis
Buisn (in|ie} JUSWI1LI] INOYHM
S9Aa Jo abeusdiad Ag psulwiisp
Se) ¥YAd-YH }o uoissaibai

BudNpul Ul suond3ful WNIPOS
qiuerdebad |easyaeiul Jo Adediy]

€ Yluow Jaye
paleadas g ued 1eyl 7 yiuow pue
L Yiuow ‘0 yruow 1e ‘(uondalul
19148 YoM | F S3oaM 7) dyd snid
suoIa(Ul SNOJJLARIIUI QRWNZIGIURS
JO luswileal} uonieulquo) /¢ Wiy

€ Yluow Jayye pareadas aq ued 1eyr
Z Yluow pue | yiuow ‘g yruow

1e syPam t AIand qewnzigiuel

JO UO3IUI SNOBINRAU| (7 ULy

€ Yiuow Jaye pajeadal
9Q UBD 1eU1 0 YIUOW 1B d¥d /| Wiy

(jod0304d

SYQLw) d¥d piepuels aAIdal
[m dnoub siyy ut spslgns ‘dnolb
|0J3UOD BY} SE 128 [|IMA “d¥d € Wiy

suonosful qlueidebad |essyinesul
€ Jaye uonenbeodojoyd Jase)
DAIIIBBS BAIIRY 90 JBN Al -7 WY

S|BAISIUI }93M-7 | 1B suondaful
[PUOIMPPE € USY1 ‘S|eAISIUl %99M-9
1e suondafur qiuerdebad [easyineul

€ dNI9D3Y 90 UsbndeN Al S [ WUy

sa1aqelp
¢z 9dAy 1o | adAy ‘BHWW | Z >

401 ‘Aydeiboroyd snpuny Ayjjenb
poob juwiad o3 uoneleip Aejjidnd
91enbape pue ejpaw Jejndo

Jeap ‘aka Apnis ayy Ul 0ZE/0Z <
aullaseq 1e YADE ‘949 ¥ad-yH

SY99M € J0J PIRYYHM Kjo4eS 3¢
ued dyd 1eyi sanalaq uenisAyd
Bunenjeas sip dindo pue

B[N2BW 3y} JO UOIESI[eNSIA Jea)d
YHM 3194433Ul 10U S0P 1eY} HA
p|iw Jo sbeyliowsey eunal-aid
PlIW YUM S9A3 ‘USIA Buiusalds

3y} 1e |0d0304d WA SYALT dy Ag
(07/0Z Aj2rewixoidde) siona| 68>
pue (0z&/0¢ Ajerewixoidde) siana
7 < 21035 WA SHALT 'S¥A dys Ag
paulep Se SOYH YHM ¥dd SADY

7S uswWjoIuS pajewnisy

Apnis
| 9SeYd [9gel-usdo ‘aipuadinu
‘pasiwopuel ‘9AId3dsoId

UOIBSLIBINJSEAOSU JO UOISSDI03
3y} Ul pouad JusWIea] YuoW-7 |
B JOAO SWUR 1USWeaJ] 3y} JO

2uo Jo Aulouadns s1essuUOWp O]

0€ uawjoiuy

|99e| uado 1uawubisse
[BLIOYORY ‘pPISILIOpUEBS ‘ApNis 10|id

uone|nbeoxooyd

[PUI13] JO} PIBU By} dNPal

pue ¥ad Jo uoissaibal ayr adnpul
(1M qiuerdebad jo suondaful
[B3J1IARIIUI JI 31EBNSSAUI O

6C608CL01ON

abew|

pue 1ybI7 uo Yoieasay |edipawiolg
pue UOIIBAOUU| JO} UOIRIDOSSY
‘zeA-eyun? 9SOf Josuods

Ayedounay
13qeIQ dAneIRL|0Id sy UYBIH
YHAA SHUSIIEd JO 1USWI1EaI] By}

Ul dyd PUe (dyd) uonejnbeodoloyd
[BUNRIUBY SN|d SIFUIINT

YHM patedwod Adessyiouoln
@S11UDdNT Jo A13)eS pue Aoediyy3

LLL98VLOLDON

1921} 1J031RIOQR||0D
91N11SU| _UNDY A3)||eA :Josuods

(a3 s¥ad-w) buisog
papualx3 yum Apnis Ayredounay
D113qeIq SAI}RI}I|04d IO USBNde

209

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that

suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
SO16 7NS, UK.



DISCUSSION AND RESEARCH NEEDS

L1 O} € Syluow wouj pareadas

9 UBD SUOISSIS d¥d ‘1UdWiieal} dyd
ay) bunajdwod Jayy uawiealt
d¥d @Y1 819|dwod 01 Z yuow [iun
PapPaaU Se SUOISSS 19se| dI0W pur
0 Yruow uj uoissas Jase| Aiorepuewl
| UM ‘Z pue Q syruow usamiaq
d¥d “Adeiaylouow dyd -z uly

suoidalul

US9M13q [eAISIUI JO YlUuoW |
1se9)| 1e skemje yum ‘s yuow
131je pareadas 8q ued Yoiym

‘Z PUE | ‘0 Sywuow 1e ‘(uondalul
J31JB SY9M | F 7) d¥d piepuels
YHM paulquiod gewnzigiuel

JO suondaul SNodJHARIUL €

‘did + qewnziqiuey ‘| Wiy

510z AInr :a1ep uonsjdwod
Miewud pue Apnis parewnsy

10z Aenuer :a1ep ueps Apnis
JUSWIBR} YIUOW-7 | ‘dwely awi]

uoljesiiejndsenosu Jo Co_mmw‘_mmx

(2Inseaw awodino Atewd 1o} a1ep

uon3||03 elep [euly) 510 |Udy
‘a1ep uonajdwod Apnis parew3sy

uone|nbeodojoyd
135e| PUB QRWNZIQIURY £ WY

7107 $2quiadaq :21ep 1ess Apnis

SYIUOW 7| ‘swel awij
uone|nbeodoloyd Jase] 7 WY
v4 AQ painseaul se

SUOIeSLIBINISEAOSU JO Bale JO abueyd qewnziqiuey ;| uly

(0Z€/0T WsleAINbS

ua||pus aewixoidde) 3103s SIINI
S¥A13 v < dulsseq 18 YADY
‘SIsoaqnJ Jo/pue abeyiiowsey
[eunaJ-34d JO/pUB SNOSIHA

+vAd % > AN :sisoaqnu Jo/pue
obeyuowsaey [eunal-aid Jo/pue
snoaliA+vad %4> IAN VA % <
2I9UYMSS|9 UOI}eSIIe[NdSEAOSU

10 @ 74 < dsIp dyi ul
uoneslejndseroau ‘Ayredountal
Jnagelp aniesap|oad 3suU-ybiH

(jow/joww 201 =)

%ZL>'VaH Yum saisqelp
'SI8N9| SYA13 0T < VADY
‘Ayredounial d1aqeIp aAeIH(0Id

(panunpuod) Adesayy sase| buinjoaul saipnis paiajdwod Ajpuadal 4o buiobuQ g 319v.L

76 JUSW/OIUS pajewisy

Apnis |I/1 8seyd ‘|agel-uado
'311UIDRNW ‘pPasiLIOpUL] ‘9AI13dS0Id

pouad juswiieany

yiuow-z| e Jano Ayredounai
dnagelp annesapjoid dsu-ybiy yum
sjualied Ul BaJR UOIIBSLIE|NISBAOSU
9y} JO uoIssaibal sy} ul

SUOIE dYd "SA d¥d snjd suonoalul
[easpAe Ul Bw G0 qewnzigiuel Jo
A1ajes pue Aoediys oy} a1edwod of

0271 2uawjolua pajewnisy

Apnis Al 9seyd ‘(J0SSasse Sawo2Ino)
pul|g-ajbuis ‘|3|jesed ‘pasiwopuey

Ayredounal oiegelp aanessyjoid

Ul BUO|R JUBW1LI} JSE| “SA
JUBWIeRJ} J9SEe| YHM UOoeUIquod
ul 10 suoje gewnziqgiuel

jJo A1ajes pue Adediys 3y} ssasse 0]

6CELY6L01ON

abewl| pue
1YybI7 Uo Ydieasay |edipawolg pue
UOI1PAOUU| JO} UOIRIDOSSY -J0SuodS

(SN3LO¥d) Ayredounay dnagelq
SANeIBH|OId Sy YBIH LA s123[gns
JO Juswieal] 3y} ul Adessylouo
Ul d¥d 'SA (dd) uonenbeodoioyd
|eunalued snid suonodalu

[eaJspARIU| BW G0 gqewnzigiuey 4o
K1a4es pue Aoediyy3 ssassy 03 Apnis
I/l 9seyd ‘|aqe|-usdQ ‘anuadniniA
‘paziwopury ‘9ARd3dsold

L8ZY6SL01ON

sauoleloqe Jabuelds (10Y41D)
AiojelogeT g Jsiua) buipesy
abew| aubojo? :si03}eIOge||0D
S|EDINADBWIRY SIMPAON .JOSUOAS

(3a1¥d)

Ayyedounay diagelq aA1eIa4|0Id
ul 3Uoly uonenbeodoioyd

13se7 "sA uolre|nbeodojoyd

J8SeT YlM uoieuiquio) ul

10 3Uo|y qewnziqiuey jo A13jes
pue Adediy43 s1enjea3 o1 Apnis
[EOIUID SLYRUOIN 7] J21Uad NN

210

NIHR Journals Library www. journalslibrary.nihr.ac.uk



HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

DOI: 10.3310/hta19510

panuiuod

€10¢ 4199010
:21ep uonsdwod Aewud pajewnnsy

L LOZ 129010 2180 Le1s ApmS
syIuow @ ‘awely awij

135e| TYDSVd buisn Ddyd
4O Hels By} Jale syruow 6 e LIND

(2Inseaw
swodino Aewd 1oy 21ep uond9||0d

B1eP [euly) 10T Jequisdaq
:a1ep uonsjdwod Aiewnd pajewnsy

£107 Jaquiadag
:a1ep uonajdwod Apnis pajewinsy

210 Yie a1ep peps Apnis
sieak g :dn-mojjoy [e1o]

(dwonno
Krewind) siesh z awely swij

sieak z o1

auljaseq Wolj YA Ul abueyd uesiy

102 JaquianoN
:a3ep uonajdwod Arewud pajewinsy

2102 Aenugad ra1ep 1eps Apnis
817 399M 01 dul|aseg dwely awil|
Aw Ul

‘eale abeyes| 4 Aq painseaw

Se 'S|9SS9A0aU [BUILDI DA
JO BaJE 210} DY} Ul abueyd UeaIN

yuouwl e Ag 1no padeds
UOISSS AIBAS YU ‘SUOISSIS INOj
— 195e| T¥DSvd buisn Ddud 7 uly

uoIssas 9|buls e
— 135e| TYDSVd buisn Ddyd [ Wiy

(shep 95 uiyum
p319|dWOd UOISS3S ||Ny) Sulldseq
1e dUOje dyd 1dwold .7 Wiy

(392w a1e uondalul

|BSJHARIIUI JOJ BLISIID AN|iANY/RIN|IE}
UN P33P SI d¥d) d¥d PaUisjap
UM (BLIS1D JUSWIL3I14 paulyap
Buisn syaam  Asas 0y dn pue
duljeseq 1e) qewnziqiuel bw g Q
JO uonDalUl [ealiAeU| [ WY

YA AUO “wie YAl € Wiy

YAl snid
(IVDSVvd) uonenbeodoioydued

100ys S|dIININ "WIe dYd-SIN T WY

YAl |W GO0 + (Jase)
apoIp uda1b — $¥aL3) 100ys
9|0UIS d¥d "We d¥d-SS <L Wiy

120 sl|el1dads 03 buipiodde

wri 0GES 1IAD ‘(uonediyissep
WeIpa)|y 9y} 03 Buiplodde)
Ayredounai dnaqelp aaielayjold
AlJes 1o anijesa41jold-uou

219A3s ‘7 1o | 9dA sa1agelq

uoneie|ip Aiejjidnd

'Alep eIpaw ‘uonesiwopuel

JO Aep ay3 uo (0ZE/0Z 1usjeanbs
us||pus ewixosdde) yz <

21025 JSNI| VA SYJLI-DIU0I9|
‘Juswiabpnl s,401eb61159AUI Y} Ul
"YAI $0 BUMSS BY} Ul SYoaM 1
1Se9)| 1B 104 PaLIBRP G ued

d¥d Yd1ym o} InQ SUOle dyd YHM
abeuew 03 spusiul Joyebisanul
3y} YdIYym Yad o 2duasaid
“elI9YD Jend0o BuIMO||0} Y}

JO ||e 15e9)| 1k S198wW pue ‘(7 adAy
1o | adAy) sa1aqelp jo sisoubeiq

JuawWiea} Jase| snoinaid ou

Yum pue 008/07 Uey 1anag YA
YLM (HA 1U1INd31 YIM paleidosse
10 POO|q YHM PAIDA0D SDIHWDIIXD
10 SUOIIEIR|IP 1BINJJBS YL S[3SSIA
[BUNSI BULY) S[9SSIAOBU DAL SB
PaULaP ‘UONBSIIEINISEAOSU [eUl}al
Jo duasaid “Yad Jo aduasald

06 JusWjolius pojewinnsy

Apnis ||| aseyd
‘l9qel-uado ‘|9|eled ‘pasiwopuey

Jj0100p

pue juaiied y1oq 4o} HoJWod

13119q pue aw Jo buines e ‘aseasip
2y} JO BWabeuLw 19113q O} Spes)
135e| T¥DSVd e Buisn uoissas a|buls
e Ul pawlopad Ddyd 1eys Moys o]

9| € JUawWjolud parewnisy

|9ge| uado
‘Juswubisse [3)esed ‘pasiwopuey

Adeiayy dyd 1dwoud

pJepueis aAI9daJ 1By} Sak3 Ul 950U}
0} JOLIBJUI-UOU 3Je dYd Palajep
yum Adessyl 4H3A-11UL SAISDSM
1eY} ¥Ad YuMm saha ul sieah z

1P SBWODINO YA I dUIWISISp O]

L€ ‘quswyjoluy

(JOSS9SSP SOWODIN0) pul|g 3|buIs
Juswubisse |9|jesed ‘pasiuiopuey

¥Ad YHm spuaned

Ul SUOJB YA ‘SA (Qewnzigiuel

JO suoids(ul SNOBIHABIIUL YHM
pauIqUIOD Y10q) dyd 19b1ey sjdiynw
1311805 ||N} "SA dyd 19b4e1 3|buIS
Jameds ||ny 4o AbojoisAydoydiow
[BUIIR] UO S103913 3y} 91en|ens o]

C9€99/101ON

uoliqg aJ1ensisaniun
J31jendsoH aiua) Josuods

S1UD11e4 d11agelq Ul SUOIsSas
INO4 SNSI9A UOISSS 3[buIS e ul
PaWLIOLdd (Dd¥d) uoneinbeodoioyd
[BURBIURY 1Y OIN 4O 9dU3pIdU|

68L687L01ON

UP9IUBULD) ‘|IN
:SJ01RJOQE||0D NYDYQ Josuods

Ayredounay d11ageiq aAieI}I|0ld
10} UONEINBRO0I0YY [BUNBIUERY
paliaaQ Yum qewnzigiuey
[BRJUARIIU| "SA UOIRINDROI010Y
[eunaiued 1dwold

¢EVS00Z01ON
o[ned 0es jo Ausianiun sosuods

Ayredounay diagelq aA1eIS4|0Id
104 YA AJUO "SA (YAI) qewinzigiuey
|ESJIHARIIU| YL PIIRIDOSSY

19587 SYQ@13 "SA 49se] TVDSVd

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that 21 1

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.



DISCUSSION AND RESEARCH NEEDS

GlLog aunr
:91ep uonsjdwod Lewnd pajewnsy

G107 12qwada(Q
‘a1ep uonsjdwod Apnis pajewnsy

£00Z 129010 :218p Me;s Apnis
¥1=£00¢ ‘swel} swil]

1D0 YlM passasse se

JuswieaJ) Jase| 0} Alepuodas awi
yum sabueypd [eaibojoydiow |eunsy

€10 Ylen
‘a1ep uonajdwod Apnis pajewinsy

Z10Z 19quIdA0N ‘91ep Leps Apms

SYS9M 9| ‘SY93M 7| ‘SY88aM 9
oam | ‘suljaseg swely) swi]

100 ulewop |endads Ag sabueyd
SSQUDIY} Jejndew JO JUSWINSea|

10z AInf
:81ep uonsjdwod Apnis pajewnsy

Z10Z Jaquiadaq a1ep ues Apnis
1eak | owely swi)

HA 40 Aujigeqoud “'yADg 4o sbueyd

JusWieal}

J13se| pub 1o |edo4 buiaiedal
OWNQ [es1usd-eled Jo [es3UDD
Judlsisiad ylm spusiied p Wiy

WISAS JaSe| [PUOIUBAUOD

e buisn ‘|03030.4d [PUOIIUSAUOD BY}
0} BuIpIOIIE JUBWIRaI} J3SE)|
[eunaJ-ued UOISSAS-RINIAl -€ WY

WID1SAS Jase)
TVDSVd 2y1 buisn juawiealy Jase|
|eunai-ued UOISSIS-NIA -Z ULy

WID1SAS Jase|
TVDSVd 9y1 buisn juswiesal} Jase|
|eunal-ued UoISS3S-9|BUIS \ | WY/

(49se| INIOdIUNd :dWweu
19410) Jase| WU-ZES YUM SUOISSaS
OMY Ul d¥d 8DUBN|J-|IN4 ‘7 Uiy

(19se] INIOd3IYNd :dweu Jaylo)
J3SB| U9aIb WU-ZESG YUM UOISSIS

3|BUIS B Ul dYd 92UsN|J-MOT 7 [ Wiy

uonuny Juswabeuel julodpul
TVISVd YHM dyd dsind-Hoys
ploysaiyigns Ajjeied wu-zeg
(d¥d-S) d¥d PIOYsIY-qNS -7 Wiy

UoRdUNY TYISVd
YUM dyd 9s|nd-Loys Wu-z€§
(d¥d-1) d¥d-feuonipel] ;| uly

(7 W)

JuswieaJy Jase| pub Jo |ex0y
[es3ud buuinbas QN yum syusied
(€ pue 7 ‘| suly) Jusuiieasn
Jase| jeunsi-ued buuinbal Yad
yum spuaned ‘uonejnbeodojoyd
Jase| a19|dwodul snoirald

4O uona|dwod 10} ASSIIBU YHM
Jo uone|nbeod Jase| |eunal-ued
Jo |eyuswbas 10} uonedipul
[e2IpSW YHM Z Jo | 9dA} ssisqelp
01 Alepuodas Ayjedojnoew
/Ayredounas Jsyye yum syusned

Ayredounail dnaqelp aaielsyjold
‘s91aqelp ¢z adAy Jo | adAL

syruow ¢ ulyum Aisbans

Je[nd0 Jofew ou pue ‘dyd snoiraid
ou ‘(g9-) 2a1bap 9-> eidoAw
'001/02 < YAD4 ‘siedk 08-S
:9be "YadN 43135 o sisoubeiq

(panunpuod) Adesayy sase| buinjoaul saipnis parajdwod Ajpuadal 4o buiobuQ 8 319Vv.L

08 JusWjolus pojewinnsy

|9ge| uado
‘JUBWIUBISSE JBAOSSOID ‘PISILIOPURY

120 uoniuyap-ybiy yum passasse
Se Juawieal} Jase| 0} Alepuodas
awil yum sabueyd [esibojoydiow
|eunai jo buibewl ainsesw o]

09 :JUBW/oIUS pPajewsy
Apnis puijg-ajbuls ‘pasiwiopuey

ddd @2usnjj-||n} Lm

PaJedWOD UBYM d¥d 92USN|}-MO|
JO U0ISs3s 3|buls e Jo Adediys
pue A13}es 3y} sulwis1ep O

8 -JusWjoius pajewnsy

[eL} [esIuld ‘(Jossasse
SaW0DIN0 ‘123[gns) pulig-s|gnop
‘pa||011u0D |3|jeled ‘pasiwopuey

YAdN 213135 0y
uonduny Juswsbeuew juiod pus
TVOSVd YHM dyd Ploysalyl-gns

Ajjerued Jase| wu-z€g Jo
Aoediye dinadesayy ay3 s1enjeAs o

017¢Z89001ON

BUUBIA
Jo Ausianiun |ea1paN osuods

uoISNPOO UIBA [eunay
10 snylj|3N s912qgelq 01 Alepuodas
ewap3 Jejndejp Jo Ayiedounay
SAI1RIDHI|0Id Ul WISAS JaseT]
Bujuueds pauianed ParewWoINeIuws
e Buisn uonenbeod010yd

|eunay buimojjo4 sebuey) |eunay
|euolduny pue [edibojoydioin

LS6LELLOLON

0DIX3IN| UD elanba)
e JeliAg esed UQIDRIDOSY JosuodS

Ayredounay onaqeiq

3A1}RIB}I|0Id 10} Uofe|Nnbeod0I0Yd
[BUIIRIUBY DDUBN[4-MOT ‘UOISSIS
-9|buls jo Adediy3 pue A1ajes

LZL6SLLO01ON

ALSISAIUN USS-1BA UNS .J0SuodS

N<EINEIEES
10} uone|Nbeod010yd [RUAIURY
PIOYSaIYIgNS J3SeT WU ZES

Jo Apnis ssauaAldayg pue A1djes

212

NIHR Journals Library www. journalslibrary.nihr.ac.uk



HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

DOI: 10.3310/hta19510

panuiuod

S1L0Z YoIBIN € ‘918p 2inSO/D

pa1dads 10U SaW0dIN0 Alewlid

€10 Ylein
:a1ep uonsjdwod Apnis payewinsy

0107 18quis1das a1ep 1eps Apnis
Jeah | rawely swiy

[(dwoaino Arewnd sYA13/s¥q)
SUSIA SAIINDASUOD OMI Ul 00Z/S

0} [enba 10 3SI0M WA Se paulsp
SIIAS] 1894 | 131e TAS JO ddUSpPU|

Ajpuinou
J1UlP Ul auop buiaq st se yans
‘PANIBSAO 3] ||IM SJUBNE] € WY

(U93S 99 UBD PI1E3J} US] SeY
Y21ym eaJe ay) ‘Alsuaiul [euwllou
YHM S3lewlpue| awos buimoys
‘(sudng a|gisiAul) suing ay} Jo
Alsua1ul ay1 asealdap 01 Joiesado
SMOJ[e YdIym “Jsse| TvISVd

39U} WO} SIPMIOS MBU B) WILSAS
juswabeuely uiodpul ays buisn
‘lewiou ueyy AJsusiul Jlamo| e

YHM Po1E3J1 3 [|IM SIUBNR .7 WY

1958 TVDSVd
Ul pasn siajaweled [ewiou ay}

UM paleal} aq [[IM SIS 1| Wy

uolysey 1oys-a|diynwi e ui ‘suing
Aususiul 9|qisiA Aja1eq ‘uonelnp
asind sw-0z Buisliin dy¥d "d|qisiA
Aj2Jeq 1oys-a|diynw sw-0z € Wiy

uolysey Joys-a|diynwi

e Ul ‘suing AJsuaiul srelspow
‘uonelnp asind sw-gz buisiin
ddd “oys-sjdinjnu sw-0z -z wiy

uolyse} Joys-s|buis

e Ul ‘suing AJIsusiul S3elapowl
‘uonenp asind sw-oQ| bBuisiin
ddd 10ys-3|buls sw-Q0| -} Wiy

sueds | D0
Buibew| sbuey dssqg Ag painsesw

se wrlpog > 4O 14D U\ p

juelpenb +| ul yAY| Jusuiwold
‘syuelpenb +z ul buipeaq snousa
a)ulep ‘Syuespenb 4 Jo yoes ul
sabeyJlowaey |eunaleliul (07 <)
SAISUIX® :BuIMO||0) 3y} Jo Auy "€

J8119Q JO SIS
GE 01 1usjeAnba WA SYAdL3 ¢

HAdN 2J9A3S SAIRU-IUBWIILAI] " |

J1911eq 10

05/0 40 VADg ‘(z 3dAy 1o | adhy)
YAdN 2J9A3S IO SAIRIS4I0Id

0¢€ :azIs ajdwes jeqojo

Apnis Ayjiqisesy
10|1d ‘a13uad-3]buIs ‘pasiopuUeY

¥ad buidojsnsp syusied

Jnagelp uanald |Im ‘padojanap
JOU e S[9SSIA MaU [ewJouqe
9y} Uaym (96e1Ss YadN 249135

Sy} buunp) Y@ ul abexs Jsijies

ue 1e ‘(SYdyd ‘uoite|nuwinsoloyd
[eUNSY Ued o1V DSVd) 4858
A1ISUSIUI J9MO] JO UOISSIS 3|buls

e buisn syusned buiessy ji puly 0]

09 :JUBW(0IUS Pajewsy

(12lqns) puiiq ajburs
Juswubisse |9|jesed ‘pasiuopuey

mw_mwambm Juswileal] 1ualialip
Buisiian dy¥d yum paiean aq [im

Ayredounal saeIa4j0Id-uou 219AsS

10 aA1eIRHII04d YUM SIUBRd ¥

10} 13s8| TYDSVd 2y} 40 A1djes pue

Aoed1y49 [ed1ulp By} a1ebisaAul o

ZLPEL Al NN

uonelodiod
edIpaNndo |d so1do uspuny

(L4IND)
1SN SHN S|eNdsoH Ausianiun
J21S3YDURIA [BIIUDD) JOSUOAS

Apnis Adediy3

pue Aojes e :Ayledouitsy dnageiq
SAI}BID4I|04d-31d Ul UoeNWIRS
-010yd [eunay ued TvISvd

SCZY0ELOLON

ojned
0es Jo Alsianiun [esapa4 Josuods

Jase]
WISV yum Auyredounay dnageig
10} UONEINBROD0I0YY [BUNBIUERY

213

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that

suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
SO16 7NS, UK.



DISCUSSION AND RESEARCH NEEDS

‘abeylIowaery [ensiA ‘HA ‘uondaful 1dadiaqijje [ealiARIRUL ‘| ‘eale dSIP ‘Y SSaUMDIY} [eullal [eaudd ‘14D

€10z 1snbny

:218p uonsdwod Liewud pajewrnsy

€107 Joquiadeq
:91ep uonsdwod Apnys pajewns3

710z duny ‘a1ep Lejs Apnis

syuow 9
18 pue 3UI[9SE] 18 SYA SWel swi

9dUdI| BUIALP
e pjoy 01 eLRID WA Buljie) Jo sty

1102 |udy

:21ep uonsjdwod Liewud pajewrnsy

010 430010 :a18p 1Lels Apns

Adeiayy
J19se| J9e SYIUOW € dwely awl|

V4 plaLapim Ui abexes) oN

aJreuuonsanb

100 e 319|dwod pue sujaseq

1B P31ONPUOD Se Bunssl WA 1eadal
obJspun [jIm siusned syl 1uswiles}
JO uoe|dwod 3y} buimojjos
SYIUOW 9 1 "SUOISSIS 9INUIW-0Z
Inoj Ajgrewixoldde aiinbai [jim
ya1ym ‘1o3ejnbeodoloyd jods-inw
3Y} BIA 21D [BDIUID PIEPUE]S JO
Hed se Juswieal) JISe| JIBY) SRl
[m syusied ||y “aireuuonssnb

100 e 919|dwod pue bunssy

WA 9Ul|9seq obispun ||Im siuaned

Joienba Jousiue
‘eunas Aiayduad Jey ur syods
0091-007 1 :dYd pasebie] :z uuy

d¥d [RUOIRUSAUOD | WY

Juswieal; Jase| snoiaaid ou

‘ddd |ela1e|iq [Ny buuinbai ‘saka
yi0q Ul 09/9 < YADE ‘(z adAy 1o
| 9dA}) se19qeIp JSA0 U0 Siedh 8|
pabe Xas JaYlIL JO SHuLIted

Adeiayy Jase)

Jo A19buns [eunaJoliA snoirsid

ou ‘Apnis 210439 SYuow ¢ sbnip
4DIA-IUE YUM Juswiealy snoina.d
OU ‘WW 9 < UOIEIE|IP YUM

|ldnd ‘Adesayy uonenbeodoioyd
10} 3|9BUNS YAd YHM spuaned

(panunpuod) Adesayy sase| Buiajoaul saipnis parajdwod Ajpuadas 4o bulobuQ 81 319vL

001 -Juswjoius pajewnisy
Apnis 100> ‘[euonenasqo

Joye|nbeodoyoyd

10ds-i}NW B YUM PaJaAliap
JUBWIRaI} Jase| [eunal buimol|o)
9DU3|| BUIALIP B P|oY O} BLSIID WA
9y} Bul|iey O 3SI 9y} SUIWIISP O]

lew || 9seyd
‘pUIg-3|qnOp ‘pasiuiopuey

d¥d pa1abiey

PSPUIIXS pUE |BUONUSAUOD

AQq Ayredounal diagelp annelsjold
JO 1UBWI1LAJ] JO S1D3YD BPIS

pue S}NsaJ U3aM1ag uosiledwod v

CLLEBELOLON

1snJ] s91aqelq uspuadag ulnsuj
:101eJ0QE||0D ISNJ| UOEPUNOS SHN
|EXdSOH 943 SP|RIHOO|A J0suodS

Ayyedounay

dnageld YU siusned ur Ajiqibi 3
BUIALIQ pue ANAIISUSS [eunay

uo 101e|N6eOd010Yd 10ds-IN|A

e Yl paJanieQg uonenbeodoioyd
[BUNBIUBY JO S12943 BY}

4o Apnis [ed1ulD 9Andedsold v

6LLCECLOLON

Ausianiun
[eJIp3IAl HYsayag PIYeYS .Josuods

4dd 10} SPOYIdIN
Adesay] J4ase7 om] Jo uosuedwod

214

NIHR Journals Library www. journalslibrary.nihr.ac.uk



VOL. 19 NO. 51

NCT01813773 is a small randomised pilot study assessing the incidence and severity of adverse events

with two different dosing regimens of intravitreal aflibercept injections for PDR. Both arms of the study
have five initial injections between day 1 and week 16; Arm 1 will then continue to receive 1Al every

4 weeks, beginning week 20, through week 48; and Arm 2 will receive intravitreal aflibercept injections
every 8 weeks, beginning week 24, through week 48.

We also note that the Efficacy and Mechanism Evaluation (EME) programme is to fund a trial called
CLARITY, which will look at the clinical effectiveness and cost-effectiveness of aflibercept used in
combination with PRP for PDR.'®'° CLARITY is short for ‘Clinical efficacy and mechanistic evaluation of
aflibercept for proliferative diabetic retinopathy’.

NCT01504724 is a recently completed 6-month randomised study of 30 patients (60 eyes) looking at the
effect of adjunctive IVB before PRP versus PRP only on CMT in patients with severe DR without MO.
Patients had weekly PRP treatments in three sessions, and then were randomly assigned to either the IVB
group (who had adjunctive IVB within 1 week before first PRP) or a control group who had only PRP (done
in three sessions at weeks 0, 1 and 2 according to ETDRS guidelines).

NCT01486771 is a randomised three-arm pilot study, which aims to investigate if intravitreal injections of
pegaptanib will induce the regression of proliferative diabetic retinopathy and reduce the need for retinal
photocoagulation in patients with active PDR with HRCs. Arm 1 patients will receive three intravitreal
pegaptanib injections at 6-week intervals, then three additional injections at 12-week intervals; Arm 2 will
receive selective laser photocoagulation after three intravitreal pegaptanib injections; and Arm 3 will act as
the control group and receive standard PRP (mETDRS protocol).

NCT01280929 is randomised, multicentre, open-label, three-arm Phase Il study, with an estimated
enrolment of 54 patients, looking at the efficacy and safety of IVR injections monotherapy compared with
ranibizumab plus PRP and PRP alone, in the treatment of patients with HR-PDR. The primary outcome is
regression of neovascularisation at 12 months.

NCT01594281 is another three-arm study assessing the efficacy and safety of ranibizumab alone or in
combination with laser treatment versus laser treatment alone in patients with proliferative diabetic
retinopathy. This Phase IV study plans to enrol 120 patients, and the primary outcome is the change of
area of neovascularisation as measured by FA at 12 months.

NCT01941329 is a randomised, multicentre, open-label, Phase I/l study, with an estimated enrolment of
94 patients. The study aims to assess efficacy and safety of IVR plus PRP versus PRP in monotherapy in the
treatment of subjects with HR-PDR over a 12-month treatment period. The primary outcome is regression
of neovascularisation.

NCT02005432 is a three-arm pilot study that compares two different methods of laser (PASCAL laser
vs. ETDRS laser) both with IVR versus IVR alone in patients with PDR. Arm 1 consists of single shoot PRP
(ETDRS) plus 0.05 ml IVR; Arm 2 is multiple shoot PRP (PASCAL) plus IVR; and Arm 3 is IVR only. The
primary outcome is the mean change from baseline in the total area of active retinal neovessels, as
measured by FA leakage area at 48 weeks.

NCT01489189 is a trial sponsored by the DRCRN (DRCRnet) which compares prompt PRP with 0.5 mg IVR
with deferred PRP. The aim is to determine if VA outcomes at 2 years in eyes with IVR plus deferred PRP are
non-inferior to those in eyes that receive standard prompt PRP therapy. The inclusion criteria includes patients
with type 1 or 2 diabetes with PDR (with or without DMO) in which the investigator intends to manage with
PRP alone, but for which PRP can be deferred for at least 4 weeks, if an intravitreal injection is given. One arm
will receive 0.5 mg IVR with deferred PRP (PRP is deferred until failure/futility criteria for intravitreal injection
are met) and the other will receive prompt PRP alone (with the full session completed within 56 days).
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NCT01766362 aims to show that PRP performed in a single session using a PASCAL laser leads to better
management of PDR, with a saving of time and better comfort for both patient and doctor. This
randomised, open-label, Phase Ill study aims to enrol 90 patients with severe NPDR or early PDR. One arm
will include a single session of PRP using PASCAL laser and the other will receive four sessions of PASCAL
laser, with sessions spaced out by a month. The primary outcome is CMT at 9 months.

NCT01759121 plans to include 90 patients is an open-label trial to investigate the safety and effectiveness of
532-nm laser sub-threshold PRP with PASCAL Endpoint Management function for severe NPDR. One arm will
consist of traditional PRP (532-nm short-pulse PRP with PASCAL function) compared with another arm with
sub-threshold PRP (532-nm partially sub-threshold short-pulse PRP with PASCAL Endpoint Management
function). The main outcomes will be the change of BCVA and the probability of vitreous haemorrhage at 1 year.

NCT01737957 aims to test the safety and efficacy of single-session, low-fluence PRP for PDR when
compared with full-fluence PRP. The hypothesis is that a single-session of low-fluence PRP will be safe
regarding the progression of MO and the presence of adverse events, and will efficiently induce regression
of neovascularisation in patients with PDR. Patients in one arm will received low-fluence PRP in a single
session with 532-nm green laser (PUREPOINT laser) and the other arm will receive full-fluence PRP in

two sessions with 532-nm laser (PUREPOINT laser). The primary outcome is macular thickness changes
measured by spectral domain OCT at 1, 6, 12 and 16 weeks.

NCT00682240 is a four-arm, randomised, crossover trial to assess morphological and functional retinal
changes following retinal photocoagulation using PASCAL laser in proliferative retinopathy or MO
secondary to diabetes or retinal vein occlusion. Arm 1 will receive a single-session of PRP using the PASCAL
laser system; Arm 2 will receive multi-session PRP using PASCAL, Arm 3 will receive multi-session PRP using
a conventional laser system; and in Arm 4 patients with persistent central or para-central DMO wiill receive
focal or grid laser treatment.

NCT01304225 is trial investigating the clinical efficacy and safety of the PASCAL laser for DR in patients
with PDR or severe NPDR, utilising three different treatment strategies. The main outcome is the

incidence of SVL after 1 year. The comparisons include: Arm 1 with PRP using a 100-ms pulse duration,
moderate intensity burns, in a single-shot fashion; Arm 2 with PRP using a 20-ms pulse duration, moderate
intensity burns, in a multiple-shot fashion; and Arm 3 with PRP using a 20-ms pulse duration, barely

visible intensity burns, in a multiple-shot fashion.

UKCRN ID 13472 is a randomised, three-arm pilot study with a target recruitment of 24 patients looking
at the safety and efficacy of PASCAL in patients with PPDR. It aims to find whether treating patients

using a single session of lower intensity laser (PASCAL® Pan Retinal PhotoStimulation, PRPhS) at an earlier
stage in DR (during the severe NPDR stage) will prevent diabetic patients developing PDR. Patients in

Arm 1 will be treated with the normal parameters used in PASCAL laser; Arm 2 patients will be treated
with a lower intensity laser than normal, using the Endpoint Management system (a way of marking target
areas with visible burns followed by reduced energy and hence non-visible spots within the target area);
and patients in Arm 3 will be observed, as done routinely in clinical practice.

NCT01232179 is a 3-month Phase Il trial comparing two methods of laser therapy in patients with PDR
suitable for photocoagulation therapy. One arm will receive conventional PRP and the other will receive
extended targeted PRP, consisting of 1200-1600 spots in the far periphery retina. The primary outcome is
no leakage in wide-field FA at 3 months.

NCT01383772 is a prospective observational cohort study looking at the effects of PRP, delivered with a
multi-spot photocoagulator, on retinal sensitivity and driving eligibility in patients with DR. The primary
outcome is the risk of failing visual field criteria to hold a UK driving licence. Eligible patients are those
with diabetes (type 1 or type 2), BCVA > 6/60 in both eyes, requiring full bilateral PRP, and no previous
laser treatment. The anticipated enrolment is 100 patients. All will receive the multi-spot photocoagulator
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laser as part of standard clinical care. Patients will undergo visual field testing and complete a QoL
questionnaire at baseline and again at 6 months.

A novel development, some way away from use in humans, is topical delivery of anti-VEGFs by eye drops.
Davis et al. (2014)* have shown that bevacizumab can be delivered into the eyes of rats by this method.

The HTA programme has part-funded the Cochrane Eyes and Vision Group to produce a review of laser
photocoagulation for NPDR, which will include a review of PRP and anti-VEGF drugs for NPDR, but
also photocoagulation for DMO.?*!

Summary of ongoing research and research needs

® There are several trials of different anti-VEGF drugs, either against photocoagulation or in combination
with it.

® The anti-VEGF trials fall into two groups: those assessing the efficacy of anti-VEGFs given alone, and
those assessing their ability to reduce adverse effects of PRP, notably MO.

® There are several trials investigating different methods of photocoagulation for patients with DR at
different stages.

® Most concern later stages of PDR. Only five studies (NCT01504724, NCT01766362, NCT01759121,
NCTO01304225 and UKCRN ID 13472) specifically mention that they include patients at the NPDR
stage. One involving IVB combined with PRP, and the other four are concerned with different methods
of delivering laser.

® The most relevant study to the research question in this report is the UKCRN ID 13472, which is the
only one addressing the question of timing of PRP. It is a pilot that aims to recruit only eight patients
per arm.

If multiple studies are done, then, to allow comparisons to be made across studies or to allow studies to
be combined:

® The studies should all have the same intermediate and final outcomes.

® The studies should clearly state the proportions of people over time who are at the different severity
levels and also what their VA is.

® Details should be given for separately for type 1 and type 2 diabetes.

Economic studies

Long-term studies are needed, which measure the progression (and regression) of people with DR through
all the different stages of retinopathy. These studies will include patients receiving treatments, such as PRP
laser and/or anti-VEGF, which are administered at earlier time points, i.e. at the severe NPDR or early PDR
stages as opposed to waiting till the retinopathy progresses to the HR-PDR stages.

These studies should also include health-related QoL (HRQoL) measures to enable calculation of QALYs
which are needed for cost-effectiveness analyses. These could include the generic preference-based
measures such as EQ-5D or SF-6D alongside some disease-specific measures such as NEI VFQ-25 and
VisQol. As the generic-based measures are said to be insensitive to changes in DR progression, the
disease-specific measures could be mapped onto generic measures to obtain health-state utility values
which can then be used in future cost-effectiveness analyses.

Retaining ability to drive would be an important outcome, which can make the difference between being
in employment or not.

The studies would also benefit from having accurate cost estimates for the treatment whether it is for the
different types of PRP laser or the different anti-VEGF medications.
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The economic model created here for treating patients early who have severe NPDR can be used for other
treatments, such as oral fenofibrate to assess their likely cost-effectiveness in reducing retinopathy
progression. In addition, this model can be extended to start at the no or mild DR stage.

Therefore, there remains a need for a trial sufficiently large to address the decision problem posed for this
review. Such a trial would use best modern laser technologies. We think there is accumulating evidence
that use of single-dose anti-VEGF drugs in combination with PRP reduces the adverse effects and may
allow PRP to be administered in a single session, and a trial could test this hypothesis.

So the features of a trial would include:

Randomisation to PRP at severe NPDR and early PDR stages, reported separately, compared with
deferring laser till HR-PDR stage.

A multi-spot laser device.

Randomisation to prophylactic anti-VEGF treatment to prevent MO versus treating only the minority
who develop MO. There would need to be subgroups: those who have never had DMO; those who
have DMO; and those who have had DMO in the past.

Adequate numbers, which would need to be large to have power to take account of the

various factors.

At least 2 years’ follow-up.

Other research needs include:

Better and up-to-date data on progression and regression of retinopathy at each stage. This will always
be somewhat problematic, as, for example, 20-year progression rates take 20 years to collect, by which
time treatment and outcomes may have changed.

Data on the best way to administer PRP taking into account confluence, intensity and location — whether
to apply to the midperipheral retina versus focusing on areas of ischaemia using wide-angle FA, as the
more selective approach may limit the damage caused by laser treatment.

Data on optimum frequency of follow-up. This might be based on risk factors such as glycaemic control,
BP and kidney function. Such factors might also influence decisions on when to administer PRP.

If anti-VEGFs are to be used in adjuvant treatment, when is the best time to give them? There would
be resource advantages in giving at the same visit as PRP. Some patients might appreciate having
everything done at once, others might find it too much.

Our focus was on the use of short-term, usually single, anti-VEGF treatment to reduce the risk of
PRP-associated DMO. Anti-VEGF therapy could also be used longer term to reduce progression

of retinopathy, but at the cost of multiple injections. The value of this is currently unclear but studies
are under way.

An alternative use of anti-VEGF drugs would be in people needing PRP, but who have DMO. Anti-VEGF
treatment could be used instead of focal laser to clear macular fluid, after which PRP would be applied,
though as DMO may take some time to clear after anti-VEGF treatment, PRP might have to be given at
the same time. This might require close follow-up in case the anti-VEGF caused rapid regression of
neovessels and scarring that might lead to tractional retinal detachment.

Determining whether those with DMO but who require PRP, might benefit from a single injection of
the dexamethasone implant to provide stability for several months.

NIHR Journals Library



DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

Acknowledgements

Advisory panel
We thank Professor Peter Scanlon for advice on a number of issues.

We thank Rachel Court for helping to obtain journal articles.

Contribution of authors
Pamela Royle carried out all literature searches, wrote the Plain English summary, Chapter 2, the safety
section of Chapter 3, part of the QoL section of Chapter 5, the section on research in progress, and

formatted and edited the whole report.

Hema Mistry wrote Chapter 5, developed the economic model, carried out the cost-effectiveness analysis
and wrote Chapter 7.

Peter Auguste helped to develop the economic model, drafted Chapter 6, and assisted with the
cost-effectiveness analysis.

Deepson Shyangdan drafted Chapters 3 and 4.
Karoline Freeman data extracted the studies for Chapter 4.
Noemi Lois provided expert ophthalmological advice throughout and commented on drafts.

Norman Waugh drafted Chapters 1 and 8, and the scientific summary, contributed to all other chapters,
and edited the final report.

Pamela Royle, Noemi Lois and Norman Waugh wrote the abstract.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

219






DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

References

10.

11.

12.

13.

14.

15.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

. Arun CS, Al-Bermani A, Stannard K, Taylor R. Long-term impact of retinal screening on significant

diabetes-related visual impairment in the working age population. Diabet Med 2009;26:489-92.
http://dx.doi.org/10.1111/.1464-5491.2009.02718.x

. Wong TY, Mwamburi M, Klein R, Larsen M, Flynn H, Hernandez-Medina M, et al. Rates of

progression in diabetic retinopathy during different time periods: a systematic review and
meta-analysis. Diabetes Care 2009;32:2307-13. http://dx.doi.org/10.2337/dc09-0615

. LeCaire TJ, Palta M, Klein R, Klein BE, Cruickshanks KJ. Assessing progress in retinopathy

outcomes in type 1 diabetes: comparing findings from the Wisconsin Diabetes Registry Study and
the Wisconsin Epidemiologic Study of Diabetic Retinopathy. Diabetes Care 2013;36:631-7.
http://dx.doi.org/10.2337/dc12-0863

. Younis N, Broadbent DM, Harding SP, Vora JP. Incidence of sight-threatening retinopathy in

Type 1 diabetes in a systematic screening programme. Diabet Med 2003;20:758-65.
http://dx.doi.org/10.1046/}.1464-5491.2003.01035.x

. The Royal College of Ophthalmologists. Guidelines for Diabetic Retinopathy. 2012. URL:

www.rcophth.ac.uk/page.asp?section=451&sectionTitle=Clinical+Guidelines (accessed
24 September 2013).

. Early Treatment Diabetic Retinopathy Study Research Group. Fundus photographic risk factors for

progression of diabetic retinopathy. ETDRS report number 12. Ophthalmology 1991;98:823-33.
http://dx.doi.org/10.1016/S0161-6420(13)38014-2

. NHS Screening Programmes. NHS Diabetic Eye Screening Programme; 2013. URL: http:/diabeticeye.

screening.nhs.uk/ (accessed 17 March 2014).

. NHS Scotland. Scottish Diabetic Retinopathy Screening Collaborative 2013. URL: www.ndrs.scot.

nhs.uk/ (accessed 17 March 2014).

. Early Treatment Diabetic Retinopathy Study Research Group. Early photocoagulation for diabetic

retinopathy. ETDRS report number 9. Ophthalmology 1991;98:766-85. http://dx.doi.org/10.1016/
S0161-6420(13)38011-7

Diabetic Retinopathy Research Group. Photocoagulation treatment of proliferative diabetic
retinopathy. Clinical application of Diabetic Retinopathy Study (DRS) findings, DRS report
number 8. Ophthalmology 1981;88:583-600.

Lovestam-Adrian M, Agardh CD, Torffvit O, Agardh E. Type 1 diabetes patients with severe
non-proliferative retinopathy may benefit from panretinal photocoagulation. Acta Ophthalmol
Scand 2003;81:221-5. http://dx.doi.org/10.1034/}.1600-0420.2003.00050.x

Stenkula S. Photocoagulation in diabetic retinopathy. A multicentre study in Sweden.
Acta Ophthalmol Scand Supp/ 1984;162:1-100.

Neubauer AS, Ulbig MW. Laser treatment in diabetic retinopathy. Ophthalmologica
2007;221:95-102. http://dx.doi.org/10.1159/000098254

Clarkson D. Multi-spot Laser Photocoagulation; 2012. URL: www.opticianonline.net/assets/
getAsset.aspx?ltemID=6214 (accessed 23 March 2014).

Sivaprasad S, Dorin G. Subthreshold diode laser micropulse photocoagulation for the treatment
of diabetic macular edema. Expert Rev Med Devices 2012;9:189-97. http:/dx.doi.org/
10.1586/erd.12.1

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.

221


http://dx.doi.org/10.1111/j.1464-5491.2009.02718.x
http://dx.doi.org/10.2337/dc09-0615
http://dx.doi.org/10.2337/dc12-0863
http://dx.doi.org/10.1046/j.1464-5491.2003.01035.x
http://www.rcophth.ac.uk/page.asp?section&x02009;=&x02009;451&#38;sectionTitle&x02009;=&x02009;Clinical+Guidelines
http://dx.doi.org/10.1016/S0161-6420(13)38014-2
http://diabeticeye.screening.nhs.uk/
http://diabeticeye.screening.nhs.uk/
http://www.ndrs.scot.nhs.uk/
http://www.ndrs.scot.nhs.uk/
http://dx.doi.org/10.1016/S0161-6420(13)38011-7
http://dx.doi.org/10.1016/S0161-6420(13)38011-7
http://dx.doi.org/10.1034/j.1600-0420.2003.00050.x
http://dx.doi.org/10.1159/000098254
http://www.opticianonline.net/assets/getAsset.aspx?ItemID&x02009;=&x02009;6214
http://www.opticianonline.net/assets/getAsset.aspx?ItemID&x02009;=&x02009;6214
http://dx.doi.org/10.1586/erd.12.1
http://dx.doi.org/10.1586/erd.12.1

222

REFERENCES

16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sivaprasad S, Elagouz M, McHugh D, Shona O, Dorin G. Micropulsed diode laser therapy:
evolution and clinical applications. Surv Ophthalmol 2010;55:516-30. http:/dx.doi.org/10.1016/
j.survophthal.2010.02.005

Japanese Society of Ophthalmic Diabetology: Subcommittee on the Study of Diabetic Retinopathy
Treatment, Sato Y, Kojimahara N, Kitano S, Kato S, Ando N, et al. Multicenter randomized
clinical trial of retinal photocoagulation for preproliferative diabetic retinopathy. Jon J Ophthalmol
2012;56:52-9. http://dx.doi.org/10.1007/510384-011-0095-2

Scottish Intercollegiate Guidelines Network (SIGN). Management of Diabetes: SIGN 116; 2010.
URL: www.sign.ac.uk/pdf/sign116.pdf (accessed 24 September 2013).

National Institute for Health and Clinical Excellence (NICE). CG15 Type 1 Diabetes in Children,
Young People and Adults. NICE Guideline 2012. URL: www.nice.org.uk/guidance/CG15/
NICEGuidance (accessed 17 March 2014).

National Institute for Health and Clinical Excellence (NICE). CG66 Type 2 Diabetes (partially
updated by CG87) 2008. URL: http://guidance.nice.org.uk/CG66 (accessed 17 March 2014).

Diabetic Retinopathy Clinical Research Network (DRCRnet). Protocol: Prompt Panretinal
Photocoaqgulation versus Intravitreal Ranibizumab with Deferred Panretinal Photocoagulation for
Proliferative Diabetic Retinopathy, 2011. URL: http:/drcrnet.jaeb.org/Studies.aspx?ReclD=201
(accessed 26 February 2014).

Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah ST, et al. Vascular endothelial
growth factor in ocular fluid of patients with diabetic retinopathy and other retinal disorders.
N Engl J Med 1994,331:1480-7. http://dx.doi.org/10.1056/NEJM199412013312203

Ford JA, Lois N, Royle P, Clar C, Shyangdan D, Waugh N. Current treatments in diabetic macular
oedema: systematic review and meta-analysis. BMJ Open 2013;3:e002269. http://dx.doi.org/
10.1136/bmjopen-2012-002269

CATT Research Group, Martin DF, Maguire MG, Fine SL, Ying GS, Jaffe GJ, et al. Ranibizumab
and bevacizumab for treatment of neovascular age-related macular degeneration: two-year
results. Ophthalmology 2012;119:1388-98. http://dx.doi.org/10.1016/j.0phtha.2012.03.053

Keech AC, Mitchell P, Summanen PA, O'Day J, Davis TM, Moffitt MS, et al. Effect of fenofibrate
on the need for laser treatment for diabetic retinopathy (FIELD study): a randomised controlled
trial. Lancet 2007;370:1687-97. http://dx.doi.org/10.1016/50140-6736(07)61607-9

ACCORD Study Group, ACCORD Eye Study Group, Chew EY, Ambrosius WT, Davis MD,
Danis RP, et al. Effects of medical therapies on retinopathy progression in type 2 diabetes.
N Engl J Med 2010;363:233-44. http://dx.doi.org/10.1056/NEJMoa1001288

Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA, Livingstone SJ, et al. Primary
prevention of cardiovascular disease with atorvastatin in type 2 diabetes in the Collaborative
Atorvastatin Diabetes Study (CARDS): multicentre randomised placebo-controlled trial. Lancet
2004;364:685-96. http://dx.doi.org/10.1016/S0140-6736(04)16895-5

Chen Y, Lu B, Zhang Q, Ma J. Therapeutic effect of fenofibrate eyedrops on diabetic retinopathy:
poster 453/D1130; ARVO Meeting, Fort Lauderdale, FL, USA, 6 May 2012.

McCall B. World First Approval for Fenofibrate in Diabetic Retinopathy, 2013. URL: www.
medscape.com/viewarticle/815213 (accessed 17 March 2014).

Hooper P, Boucher MC, Cruess A, Dawson KG, Delpero W, Greve M, et al. Canadian
Ophthalmological Society evidence-based clinical practice guidelines for the management of
diabetic retinopathy. Can J Ophthalmol 2012;47:51-30,51-54. http://dx.doi.org/10.1016/
J.jgjo0.2011.12.025

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://dx.doi.org/10.1016/j.survophthal.2010.02.005
http://dx.doi.org/10.1016/j.survophthal.2010.02.005
http://dx.doi.org/10.1007/s10384-011-0095-2
http://www.sign.ac.uk/pdf/sign116.pdf
http://www.nice.org.uk/guidance/CG15/NICEGuidance
http://www.nice.org.uk/guidance/CG15/NICEGuidance
http://guidance.nice.org.uk/CG66
http://drcrnet.jaeb.org/Studies.aspx?RecID&x02009;=&x02009;201
http://dx.doi.org/10.1056/NEJM199412013312203
http://dx.doi.org/10.1136/bmjopen-2012-002269
http://dx.doi.org/10.1136/bmjopen-2012-002269
http://dx.doi.org/10.1016/j.ophtha.2012.03.053
http://dx.doi.org/10.1016/S0140-6736(07)61607-9
http://dx.doi.org/10.1056/NEJMoa1001288
http://dx.doi.org/10.1016/S0140-6736(04)16895-5
http://www.medscape.com/viewarticle/815213
http://www.medscape.com/viewarticle/815213
http://dx.doi.org/10.1016/j.jcjo.2011.12.025
http://dx.doi.org/10.1016/j.jcjo.2011.12.025

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

American Academy of Ophthalmology. Diabetic Retinopathy PPP-updated October 2012;
2008. URL: http://one.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp-september-
2008-4th-print (accessed 29 September 2013).

Australian Government: National Health and Medical Research Council (NHMRC), Mitchell P,
Foran S. Guidelines for the Management of Diabetic Retinopathy, 2008. URL: www.nhmrc.gov.
au/_files_nhmrc/publications/attachments/di15.pdf (accessed 17 March 2014).

Mohamed Q, Gillies MC, Wong TY. Management of diabetic retinopathy: a systematic review.
JAMA. 2007;298:902-16. http://dx.doi.org/10.1001/jama.298.8.902

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials. BMJ (Clin Res Ed)
2011;343:d5928. http://dx.doi.org/10.1136/bmj|.d5928

Diabetic Retinopathy Study Research Group. Preliminary report on effects of photocoagulation
therapy. Am J Ophthalmol 1976;81:383-96. http://dx.doi.org/10.1016/0002-9394(76)90292-0

Diabetic Retinopathy Study Research Group. Diabetic retinopathy study, report number 6: design,
methods, and baseline results. Invest Ophthalmol Vis Sci 1981;21:149-209.

Diabetic Retinopathy Study Research Group. Photocoagulation treatment of proliferative
diabetic retinopathy: the second report of diabetic retinopathy study findings. Ophthalmology
1978;85:82-106. http://dx.doi.org/10.1016/50161-6420(78)35693-1

Diabetic Retinopathy Study Research Group. Indications for photocoagulation treatment of diabetic
retinopathy: Diabetic Retinopathy Study Report no. 14. Int Ophthalmol Clin 1987,27:239-53.
http://dx.doi.org/10.1097/00004397-198702740-00004

Ferris FL lll, Podgor MJ, Davis MD. Macular edema in Diabetic Retinopathy Study patients; Diabetic
Retinopathy Study Report Number 12. Ophthalmology 1987;94:754-60. http://dx.doi.org/
10.1016/S0161-6420(87)33526-2

Early Treatment Diabetic Retinopathy Study Research Group. Early Treatment Diabetic Retinopathy
Study design and baseline patient characteristics; ETDRS report number 7. Ophthalmology
1991,;98:741-56. http://dx.doi.org/10.1016/50161-6420(13)38009-9

Fong DS, Ferris FL, Davis MD, Chew EY. Causes of severe visual loss in the early treatment
diabetic retinopathy study; ETDRS report no. 24. Early Treatment Diabetic Retinopathy Study
Research Group. Am J Ophthalmol 1999;127:137-41. http://dx.doi.org/10.1016/S0002-9394(98)
00309-2

Ferris F. Early photocoagulation in patients with either type | or type Il diabetes. Trans Am
Ophthalmol Soc 1996;94:505-37.

Diabetic Retinopathy Vitrectomy Study Research Group. Early vitrectomy for severe vitreous
hemorrhage in diabetic retinopathy. Two-year results of a randomized trial; Diabetic Retinopathy
Vitrectomy Study Report 2. Arch Ophthalmol 1985;103:1644-52. http://dx.doi.org/10.1001/
archopht.1985.01050110038020

Flynn HW, Jr, Chew EY, Simons BD, Barton FB, Remaley NA, Ferris FL Ill. Pars plana vitrectomy in
the Early Treatment Diabetic Retinopathy Study. ETDRS report number 17. The Early Treatment
Diabetic Retinopathy Study Research Group. Ophthalmology 1992;99:1351-7. http://dx.doi.org/
10.1016/50161-6420(92)31779-8

Chew EY, Benson WE, Remaley NA, Lindley AA, Burton TC, Csaky K, et al. Results after lens
extraction in patients with diabetic retinopathy: early treatment diabetic retinopathy study report
number 25. Arch Ophthalmol 1999;117:1600-6. http:/dx.doi.org/10.1001/archopht.117.12.1600

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

223


http://one.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp--september-2008&#x02013;4th-print
http://one.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp--september-2008&#x02013;4th-print
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/di15.pdf
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/di15.pdf
http://dx.doi.org/10.1001/jama.298.8.902
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1016/0002-9394(76)90292-0
http://dx.doi.org/10.1016/S0161-6420(78)35693-1
http://dx.doi.org/10.1097/00004397-198702740-00004
http://dx.doi.org/10.1016/S0161-6420(87)33526-2
http://dx.doi.org/10.1016/S0161-6420(87)33526-2
http://dx.doi.org/10.1016/S0161-6420(13)38009-9
http://dx.doi.org/10.1016/S0002-9394(98)00309-2
http://dx.doi.org/10.1016/S0002-9394(98)00309-2
http://dx.doi.org/10.1001/archopht.1985.01050110038020
http://dx.doi.org/10.1001/archopht.1985.01050110038020
http://dx.doi.org/10.1016/S0161-6420(92)31779-8
http://dx.doi.org/10.1016/S0161-6420(92)31779-8
http://dx.doi.org/10.1001/archopht.117.12.1600

224

REFERENCES

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Chantelau E, Kohner EM. Why some cases of retinopathy worsen when diabetic control improves.
BMJ (Clin Res Ed) 1997;315:1105-6. http://dx.doi.org/10.1136/bmj.315.7116.1105

Pautler SE. Treatment of proliferative diabetic retinopathy. In Browning DJ, editor. Diabetic
Retinopathy: Evidence Based Management. New York: Springer; 2010. pp. 227-304.
http://dx.doi.org/10.1007/978-0-387-85900-2_9

Williamson TH, George N, Flanagan DW, Norris V, Blamires T. Driving standard visual fields in
diabetic patients after panretinal laser photocoagulation. In Gale AG, editor. Vision in Vehicles Ill.
North Holland: 1991; pp. 265-72.

Shimura M, Yasuda K, Nakazawa T, Tamai M. Visual dysfunction after panretinal
photocoagulation in patients with severe diabetic retinopathy and good vision. Am J Ophthalmol
2005;140:8-15. http://dx.doi.org/10.1016/}.aj0.2005.02.029

Browning DJ. Visual dysfunction after panretinal photocoagulation in patients with severe diabetic
retinopathy and good vision. Am J Ophthalmol 2005;140:127-8. http://dx.doi.org/10.1016/
j.2j0.2005.03.025

Browning DJ, McOwen MD, Bowen RM Jr, O'Marah TL. Comparison of the clinical diagnosis of
diabetic macular edema with diagnosis by optical coherence tomography. Ophthalmology
2004;111:712-15. http://dx.doi.org/10.1016/j.0phtha.2003.06.028

Massin P, Girach A, Erginay A, Gaudric A. Optical coherence tomography: a key to the
future management of patients with diabetic macular oedema. Acta Ophthalmol Scand
2006;84:466-74. http://dx.doi.org/10.1111/.1600-0420.2006.00694 .x

Browning DJ, Fraser CM, Clark S. The relationship of macular thickness to clinically graded
diabetic retinopathy severity in eyes without clinically detected diabetic macular edema.
Ophthalmology 2008;115:533-9.e2. http://dx.doi.org/10.1016/j.0phtha.2007.06.042

Diabetic Retinopathy Clinical Research Network, Fong DS, Strauber SF, Aiello LP, Beck RW,
Callanan DG, et al. Comparison of the modified early treatment diabetic retinopathy study and
mild macular grid laser photocoagulation strategies for diabetic macular edema. Arch Ophthalmol
2007;125:469-80. http://dx.doi.org/10.1001/archopht.125.4.469

Tewari HK, Ravindranath HM, Kumar A, Verma L. Diode laser scatter photocoagulation in diabetic
retinopathy. Ann Ophthalmol 2000;32:110-12. http://dx.doi.org/10.1007/512009-000-0027-0

Bandello F, Polito A, Del Borrello M, Zemella N, Isola M. ‘Light” versus ‘classic’ laser treatment for
clinically significant diabetic macular oedema. Br J Ophthalmol 2005;89:864-70. http://dx.doi.org/
10.1136/bj0.2004.051060

Bressler SB, Qin H, Melia M, Bressler NM, Beck RW, Chan CK, et al. Exploratory analysis of the
effect of intravitreal ranibizumab or triamcinolone on worsening of diabetic retinopathy in a
randomized clinical trial. JAMA Ophthalmol 2013;131:1033-40. http://dx.doi.org/10.1001/
jamaophthalmol.2013.4154

Brown CD. A comparative study of panretinal photocoagulation and vitrectomy for advanced
diabetic retinopathy. Mil Med 2003;168:553-5.

Cardillo JA, Lavinsky D, Melo LAS, Dare A, Castro L, Costa RA, et al. Comparison of the modified
early treatment diabetic retinopathy study and normal or high density subthreshold infrared
micro pulsed photocoagulation for diabetic macular edema,; 2008. URL: www.iovs.org:

ARVO e-abstract no. 1566.

Chappelow AV, Tan K, Waheed NK, Kaiser PK. Panretinal photocoagulation for proliferative diabetic
retinopathy: pattern scan laser versus argon laser. Am J Ophthalmol 2012;153:137-42.e2.
http://dx.doi.org/10.1016/j.aj0.2011.05.035

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://dx.doi.org/10.1136/bmj.315.7116.1105
http://dx.doi.org/10.1007/978-0-387-85900-2_9
http://dx.doi.org/10.1016/j.ajo.2005.02.029
http://dx.doi.org/10.1016/j.ajo.2005.03.025
http://dx.doi.org/10.1016/j.ajo.2005.03.025
http://dx.doi.org/10.1016/j.ophtha.2003.06.028
http://dx.doi.org/10.1111/j.1600-0420.2006.00694.x
http://dx.doi.org/10.1016/j.ophtha.2007.06.042
http://dx.doi.org/10.1001/archopht.125.4.469
http://dx.doi.org/10.1007/s12009-000-0027-0
http://dx.doi.org/10.1136/bjo.2004.051060
http://dx.doi.org/10.1136/bjo.2004.051060
http://dx.doi.org/10.1001/jamaophthalmol.2013.4154
http://dx.doi.org/10.1001/jamaophthalmol.2013.4154
http://www.iovs.org:
http://dx.doi.org/10.1016/j.ajo.2011.05.035

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

Cho WB, Oh SB, Moon JW, Kim HC. Panretinal photocoagulation combined with intravitreal
bevacizumab in high-risk proliferative diabetic retinopathy. Retina 2009;29:516-22. http://dx.doi.
org/10.1097/IAE.Ob013e31819a5fc2

Diabetic Retinopathy Clinical Research Network, Brucker AJ, Qin H, Antoszyk AN, Beck RW,
Bressler NM, et al. Observational study of the development of diabetic macular edema following
panretinal (scatter) photocoagulation given in 1 or 4 sittings. Arch Ophthalmol 2009;127:132-40.
http://dx.doi.org/10.1001/archophthalmol.2008.565

Gurelik G, Coney JM, Zakov ZN. Binocular indirect panretinal laser photocoagulation for the
treatment of proliferative diabetic retinopathy. Ophthalmic Surg Lasers Imaging 2004,;35:94-102.

Lee CM, Olk RJ, Akduman L. Combined modified grid and panretinal photocoagulation for
diffuse diabetic macular edema and proliferative diabetic retinopathy. Ophthalmic Surg Las
2000;31:292-300.

Lee SB, Yun YJ, Kim SH, Kim JY. Changes in macular thickness after panretinal photocoagulation
in patients with severe diabetic retinopathy and no macular edema. Retina 2010;30:756-60.
http://dx.doi.org/10.1097/IAE.0b013e3181c701e0

Luttrull JK, Musch DC, Spink CA. Subthreshold diode micropulse panretinal photocoagulation for
proliferative diabetic retinopathy. Eye 2008;22:607-12. http://dx.doi.org/10.1038/sj.eye.6702725

Mason JO, Yunker JJ, Vail R, McGwin G Jr., Intravitreal bevacizumab (Avastin) prevention of
panretinal photocoagulation-induced complications in patients with severe proliferative diabetic
retinopathy. Retina 2008;28:1319-24. http://dx.doi.org/10.1097/IAE.0b013e31818356fb

Mugit MMK, Marcellino GR, Henson DB, Young LB, Patton N, Charles SJ, et al. Optos-guided
pattern scan laser (PASCAL)-targeted retinal photocoagulation in proliferative diabetic
retinopathy. Acta Ophthalmol 2013;91:251-8. http://dx.doi.org/10.1111/.1755-3768.2011.
02307 .x

Summanen P. Scatter photocoagulation: pros and cons with old and new laser equipments.
Acta Ophthalmol 2012;90:36.

Venkatesh P, Ramanjulu R, Azad R, Vohra R, Garg S. Subthreshold micropulse diode laser and
double frequency neodymium: YAG laser in treatment of diabetic macular edema: a prospective,
randomized study using multifocal electroretinography. Photomed Laser Surg 2011;29:727-33.
http://dx.doi.org/10.1089/pho.2010.2830

Vujosevic S, Bottega E, Casciano M, Pilotto E, Convento E, Midena E. Microperimetry and fundus
autofluorescence in diabetic macular edema: subthreshold micropulse diode laser versus modified
early treatment diabetic retinopathy study laser photocoagulation. Retina 2010;30:908-16.
http://dx.doi.org/10.1097/IAE.0b013e3181c96986

Zucchiatti I, Veritti D, Lanzetta P, Bandello F. Efficacy and safety of PASCAL photocoagulator in
the treatment of proliferative diabetic retinopathy. Invest Ophthalmol Vis Sci 2009;50:194-5.

Bandello F, Brancato R, Menchini U, Virgili G, Lanzetta P, Ferrari E, et al. Light panretinal
photocoagulation (LPRP) versus classic panretinal photocoagulation (CPRP) in proliferative diabetic
retinopathy. Semin Ophthalmol 2001;16:12-18. http://dx.doi.org/10.1076/soph.16.1.12.4223

Mugit MM, Marcellino GR, Gray JC, MclLauchlan R, Henson DB, Young LB, et al. Pain responses
of Pascal 20 ms multi-spot and 100 ms single-spot panretinal photocoagulation: Manchester
Pascal Study, MAPASS report 2. Br J Ophthalmol 2010;94:1493-8. http://dx.doi.org/10.1136/
bj0.2009.176677

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.

225


http://dx.doi.org/10.1097/IAE.0b013e31819a5fc2
http://dx.doi.org/10.1097/IAE.0b013e31819a5fc2
http://dx.doi.org/10.1001/archophthalmol.2008.565
http://dx.doi.org/10.1097/IAE.0b013e3181c701e0
http://dx.doi.org/10.1038/sj.eye.6702725
http://dx.doi.org/10.1097/IAE.0b013e31818356fb
http://dx.doi.org/10.1111/j.1755-3768.2011.02307.x
http://dx.doi.org/10.1111/j.1755-3768.2011.02307.x
http://dx.doi.org/10.1089/pho.2010.2830
http://dx.doi.org/10.1097/IAE.0b013e3181c96986
http://dx.doi.org/10.1076/soph.16.1.12.4223
http://dx.doi.org/10.1136/bjo.2009.176677
http://dx.doi.org/10.1136/bjo.2009.176677

226

REFERENCES

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Mugit MM, Marcellino GR, Henson DB, Young LB, Patton N, Charles SJ, et al. Single-session vs
multiple-session pattern scanning laser panretinal photocoagulation in proliferative diabetic
retinopathy: The Manchester Pascal Study. Arch Ophthalmol 2010;128:525-33. http://dx.doi.org/
10.1001/archophthalmol.2010.60

Mugit MM, Marcellino GR, Henson DB, Young LB, Turner GS, Stanga PE. Pascal panretinal laser
ablation and regression analysis in proliferative diabetic retinopathy: Manchester Pascal Study
Report 4. Eye 2011;25:1447-56. http://dx.doi.org/10.1038/eye.2011.188

Mugit MMK, Young LB, McKenzie R, John B, Marcellino GR, Henson DB, et al. Pilot randomised
clinical trial of Pascal TargETEd Retinal versus variable fluence PANretinal 20 ms laser in diabetic
retinopathy: PETER PAN study. Br J Ophthalmol 2013;97:220-7. http://dx.doi.org/10.1136/
bjophthalmol-2012-302189

Muraly P, Limbad P, Srinivasan K, Ramasamy K. Single session of Pascal versus multiple sessions
of conventional laser for panretinal photocoagulation in proliferative diabetic retinopathy:
a comparative study. Retina 2011;31:1359-65. http://dx.doi.org/10.1097/IAE.0b013e318203c140

Al-Hussainy S, Dodson PM, Gibson JM. Pain response and follow-up of patients undergoing
panretinal laser photocoagulation with reduced exposure times. Eye 2008;22:96-9. http:/dx.doi.
org/10.1038/sj.eye.6703026

Shimura M, Yasuda K, Nakazawa T, Kano T, Ohta S, Tamai M. Quantifying alterations of
macular thickness before and after panretinal photocoagulation in patients with severe diabetic
retinopathy and good vision. Ophthalmology 2003;110:2386-94. http://dx.doi.org/10.1016/
j.-ophtha.2003.05.008

Mirshahi A, Lashay A, Roozbahani M, Fard MA, Molaie S, Mireshghi M, et al. Pain score of
patients undergoing single spot, short pulse laser versus conventional laser for diabetic
retinopathy. Graefes Arch Clin Exp Ophthalmol 2013;251:1103-7. http://dx.doi.org/10.1007/
s00417-012-2167-5

Nagpal M, Marlecha S, Nagpal K. Comparison of laser photocoagulation for diabetic retinopathy
using 532-nm standard laser versus multispot pattern scan laser. Retina 2010;30:452-8.
http://dx.doi.org/10.1097/1AE.0b013e3181¢70127

Salman AG. Pascal laser versus conventional laser for treatment of diabetic retinopathy.
Saudi J Ophthalmol 2011;25:175-9. http://dx.doi.org/10.1016/}.5jopt.2011.01.006

Suto C, Hori S, Kato S. Management of type 2 diabetics requiring panretinal photocoagulation
and cataract surgery. J Cataract Refract Surg 2008;34:1001-6. http://dx.doi.org/10.1016/
j.jcrs.2008.02.019

Shimizu Y, Kojima K. Clinical analysis of preproliferative diabetic retinopathy prognosis of
photocoagulation. Folia Ophthalmol Jon 1989;40:1635-42.

Jojo V, Mohamed M. Re: Single session of Pascal versus multiple sessions of conventional laser for
panretinal photocoagulation in proliferative diabetic retinopathy: a comparative study. Retina
2012;32:1697-8; author reply 8-9. http://dx.doi.org/10.1097/IAE.0b013e3182695b03

Muraly M, Limbad P, Srinivasan K, Amasamy K. Re: Single session of Pascal versus multiple
sessions of conventional laser for panretinal photocoagulation in proliferative diabetic retinopathy:
a comparative study. Retina 2012;32:1698-9. http://dx.doi.org/10.1097/IAE.0b013e3182695be4

Bandello F, Brancato R, Trabucchi G, Lattanzio R, Malegori A. Diode versus argon-green laser
panretinal photocoagulation in proliferative diabetic retinopathy: a randomized study in 44 eyes
with a long follow-up time. Graefes Arch Clin Exp Ophthalmol 1993;231:491-4. http://dx.doi.org/
10.1007/BF00921112

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://dx.doi.org/10.1001/archophthalmol.2010.60
http://dx.doi.org/10.1001/archophthalmol.2010.60
http://dx.doi.org/10.1038/eye.2011.188
http://dx.doi.org/10.1136/bjophthalmol-2012-302189
http://dx.doi.org/10.1136/bjophthalmol-2012-302189
http://dx.doi.org/10.1097/IAE.0b013e318203c140
http://dx.doi.org/10.1038/sj.eye.6703026
http://dx.doi.org/10.1038/sj.eye.6703026
http://dx.doi.org/10.1016/j.ophtha.2003.05.008
http://dx.doi.org/10.1016/j.ophtha.2003.05.008
http://dx.doi.org/10.1007/s00417-012-2167-5
http://dx.doi.org/10.1007/s00417-012-2167-5
http://dx.doi.org/10.1097/IAE.0b013e3181c70127
http://dx.doi.org/10.1016/j.sjopt.2011.01.006
http://dx.doi.org/10.1016/j.jcrs.2008.02.019
http://dx.doi.org/10.1016/j.jcrs.2008.02.019
http://dx.doi.org/10.1097/IAE.0b013e3182695b03
http://dx.doi.org/10.1097/IAE.0b013e3182695be4
http://dx.doi.org/10.1007/BF00921112
http://dx.doi.org/10.1007/BF00921112

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.

Figueira J, Khan J, Nunes S, Sivaprasad S, Rosa A, de Abreu JF, et al. Prospective randomised
controlled trial comparing sub-threshold micropulse diode laser photocoagulation and
conventional green laser for clinically significant diabetic macular oedema. Br J Ophthalmol
2009;93:1341-4. http://dx.doi.org/10.1136/bjo.2008.146712

Laursen ML, Moeller F, Sander B, Sjoelie AK. Subthreshold micropulse diode laser treatment in
diabetic macular oedema. Br J Ophthalmol 2004;88:1173-9. http://dx.doi.org/10.1136/
bjo.2003.040949

Lavinsky D, Cardillo JA, Melo LA, Jr, Dare A, Farah ME, Belfort R Jr, Randomized clinical trial
evaluating mETDRS versus normal or high-density micropulse photocoagulation for diabetic
macular edema. Invest Ophthalmol Vis Sci 2011;52:4314-23. http://dx.doi.org/10.1167/iovs.
10-6828

Braunholtz DA, Edwards SJ, Lilford RJ. Are randomized clinical trials good for us (in the short
term)? Evidence for a ‘trial effect’. J Clin Epidemiol 2001;54:217-24. http://dx.doi.org/10.1016/
S0895-4356(00)00305-X

Vist GE, Bryant D, Somerville L, Birminghem T, Oxman AD. Outcomes of patients who participate
in randomized controlled trials compared to similar patients receiving similar interventions who do
not participate. Cochrane Database Syst Rev 2008:3;MR000009. http://dx.doi.org/10.1002/
14651858.mr000009.pub4

Fong DS, Girach A, Boney A. Visual side effects of successful scatter laser photocoagulation
surgery for proliferative diabetic retinopathy: a literature review. Retina 2007;27:816-24.
http://dx.doi.org/10.1097/IAE.0b013e318042d32c

Diabetic Retinopathy Clinical Research Network, Browning DJ, Glassman AR, Aiello LP, Beck RW,
Brown DM, et al. Relationship between optical coherence tomography-measured central retinal
thickness and visual acuity in diabetic macular edema. Ophthalmology 2007;114:525-36.
http://dx.doi.org/10.1016/j.0phtha.2006.06.052

Du B, Zhang H, Chan HHL, Wang JT, Ho PWC, Xu YS. Retinal function and morphology of severe
non-proliferative diabetic retinopathy before and after retinal photocoagulation. Clin Exp Optom
2011;94:284-90. http://dx.doi.org/10.1111/}.1444-0938.2011.00585.x

Maeshima K, Utsugi-Sutoh N, Otani T, Kishi S. Progressive enlargement of scattered
photocoagulation scars in diabetic retinopathy. Retina 2004;24:507-11. http://dx.doi.org/10.1097/
00006982-200408000-00002

Raman R, Ananth V, Pal SS, Gupta A. Internal ophthalmoplegia after retinal laser
photocoagulation. Cutan Ocul Toxicol 2010;29:203-8. http://dx.doi.org/10.3109/15569527.
2010.489336

Shimura M, Yasuda K, Nakazawa T, Abe T, Shiono T, lida T, et al. Panretinal photocoagulation
induces pro-inflammatory cytokines and macular thickening in high-risk proliferative diabetic
retinopathy. Graefes Arch Clin Exp Ophthalmol 2009;247:1617-24. http://dx.doi.org/10.1007/
s00417-009-1147-x

Wang Y, Mugit MM, Stanga PE, Young LB, Henson DB. Spatial changes of central field loss in
diabetic retinopathy after laser. Optom Vis Sci 2014;91:111-20. http://dx.doi.org/10.1097/
OPX.0000000000000103

Kaiser RS, Maguire MG, Grunwald JE, Lieb D, Jani B, Brucker AJ, et al. One-year outcomes
of panretinal photocoagulation in proliferative diabetic retinopathy. Am J Ophthalmol
2000;129:178-85. http://dx.doi.org/10.1016/50002-9394(99)00322-0

This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.

227


http://dx.doi.org/10.1136/bjo.2008.146712
http://dx.doi.org/10.1136/bjo.2003.040949
http://dx.doi.org/10.1136/bjo.2003.040949
http://dx.doi.org/10.1167/iovs.10-6828
http://dx.doi.org/10.1167/iovs.10-6828
http://dx.doi.org/10.1016/S0895-4356(00)00305-X
http://dx.doi.org/10.1016/S0895-4356(00)00305-X
http://dx.doi.org/10.1002/14651858.mr000009.pub4
http://dx.doi.org/10.1002/14651858.mr000009.pub4
http://dx.doi.org/10.1097/IAE.0b013e318042d32c
http://dx.doi.org/10.1016/j.ophtha.2006.06.052
http://dx.doi.org/10.1111/j.1444-0938.2011.00585.x
http://dx.doi.org/10.1097/00006982-200408000-00002
http://dx.doi.org/10.1097/00006982-200408000-00002
http://dx.doi.org/10.3109/15569527.2010.489336
http://dx.doi.org/10.3109/15569527.2010.489336
http://dx.doi.org/10.1007/s00417-009-1147-x
http://dx.doi.org/10.1007/s00417-009-1147-x
http://dx.doi.org/10.1097/OPX.0000000000000103
http://dx.doi.org/10.1097/OPX.0000000000000103
http://dx.doi.org/10.1016/S0002-9394(99)00322-0

228

REFERENCES

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

12.

113.

114.

115.

116.

117.

118.

Kovacic Z, Ivanisevic M, Bojic L, Hrgovic Z, Lesin M, Kurelovic D. Comparing two techniques of
panretinal photocoagulation on visual acuity on patients with proliferative diabetic retinopathy.
Med Arh 2012;66:321-3. http://dx.doi.org/10.5455/medarh.2012.66.321-323

Tinley CG, Gray RH. Routine, single session, indirect laser for proliferative diabetic retinopathy.
Eye 2009;23:1819-23. http://dx.doi.org/10.1038/eye.2008.394

Velez-Montoya R, Guerrero-Naranjo JL, Gonzalez-Mijares CC, Fromow-Guerra J, Marcellino GR,
Quiroz-Mercado H, et al. Pattern scan laser photocoagulation: safety and complications,
experience after 1301 consecutive cases. Br J Ophthalmol 2010;94:720-4. http:/dx.doi.org/
10.1136/bjo.2009.164996

Natesh S, Ranganath A, Harsha K, Yadav NK, Bhujang BS. Choroidal detachment after PASCAL
photocoagulation. Can J Ophthalmol 2011;46:91. http:/dx.doi.org/10.3129/i10-108

Kapoor B, Peh KK, Raman SV. An unusual case of acute angle closure glaucoma following
argon laser pan retinal photocoagulation. BMJ Case Rep 2010. http://dx.doi.org/10.1136/
bcr.12.2009.2511

Richardson C, Waterman H. Pain relief during panretinal photocoagulation for diabetic
retinopathy: a national survey. Eye 2009;23:2233-7. http://dx.doi.org/10.1038/eye.2008.421

Bailey CC, Sparrow JM, Grey RH, Cheng H. The National Diabetic Retinopathy Laser Treatment
Audit. Il. Proliferative retinopathy. Eye 1998;12:77-84. http://dx.doi.org/10.1038/eye.1998.14

Stanga PE, Mugit MM. Re: Comparison of laser photocoagulation for diabetic retinopathy using
532-nm standard laser versus multispot pattern scan laser. Retina 2010;30:1749-50; author
reply 50-1.

Bressler NM, Beck RW, Ferris LF. Panretinal photocoagulation for proliferative diabetic retinopathy.
N Engl J Med 2011;365:1520-6. http://dx.doi.org/10.1056/NEJMct0908432

Yang CS, Cheng CY, Lee FL, Hsu WM, Liu JH. Quantitative assessment of retinal thickness in
diabetic patients with and without clinically significant macular edema using optical coherence
tomography. Acta Ophthalmol Scand 2001;79:266-70. http://dx.doi.org/10.1034/}.1600-0420.
2001.790311.x

Mackie SW, Webb LA, Hutchison BM, Hammer HM, Barrie T, Walsh G. How much blame can be
placed on laser photocoagulation for failure to attain driving standards? Eye 1995;9:517-25.
http://dx.doi.org/10.1038/eye.1995.118

Vernon SA, Bhagey J, Boraik M, El-Defrawy H. Long-term review of driving potential following
bilateral panretinal photocoagulation for proliferative diabetic retinopathy. Diabet Med
2009;26:97-9. http://dx.doi.org/10.1111/.1464-5491.2008.02623 .x

Hulbert MFG, Vernon SA. Passing the DLVC field regulations following bilateral pan-retinal
photocoagulation in diabetics. Eye 1996;6:456-60. http:/dx.doi.org/10.1038/eye.1992.96

Davies N. Altering the pattern of panretinal photocoagulation: could the visual field for driving be
preserved? Eye 1999;13:531-6. http://dx.doi.org/10.1038/eye.1999.132

Quinn MJ. Can altering the pattern of laser photocoagulation for proliferative diabetic retinopathy
help retain visual fields for driving? Eye 1999;13:495-6. http://dx.doi.org/10.1038/eye.1999.129

Whittington Health NHS. Preparing for Laser Treatment for Diabetic Retinopathy and
Maculopathy, 2013. URL: www.whittington.nhs.uk/document.ashx?id = 818 (accessed
25 March 2014).

Diabetes UK. Driving and Diabetes; 2009. URL: www.diabetes.org.uk/upload/How%20we %
20help/catalogue/DrivingandDiabetes_Final_ToUpload.pdf (accessed 25 March 2014).

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://dx.doi.org/10.5455/medarh.2012.66.321-323
http://dx.doi.org/10.1038/eye.2008.394
http://dx.doi.org/10.1136/bjo.2009.164996
http://dx.doi.org/10.1136/bjo.2009.164996
http://dx.doi.org/10.3129/i10-108
http://dx.doi.org/10.1136/bcr.12.2009.2511
http://dx.doi.org/10.1136/bcr.12.2009.2511
http://dx.doi.org/10.1038/eye.2008.421
http://dx.doi.org/10.1038/eye.1998.14
http://dx.doi.org/10.1056/NEJMct0908432
http://dx.doi.org/10.1034/j.1600-0420.2001.790311.x
http://dx.doi.org/10.1034/j.1600-0420.2001.790311.x
http://dx.doi.org/10.1038/eye.1995.118
http://dx.doi.org/10.1111/j.1464-5491.2008.02623.x
http://dx.doi.org/10.1038/eye.1992.96
http://dx.doi.org/10.1038/eye.1999.132
http://dx.doi.org/10.1038/eye.1999.129
http://www.whittington.nhs.uk/document.ashx?id&x02009;=&x02009;818
http://www.whittington.nhs.uk/document.ashx?id&x02009;=&x02009;818
http://www.whittington.nhs.uk/document.ashx?id&x02009;=&x02009;818
http://www.diabetes.org.uk/upload/How%20we%20help/catalogue/DrivingandDiabetes_Final_ToUpload.pdf
http://www.diabetes.org.uk/upload/How%20we%20help/catalogue/DrivingandDiabetes_Final_ToUpload.pdf

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Cho WB, Moon JW, Kim HC. Intravitreal triamcinolone and bevacizumab as adjunctive treatments
to panretinal photocoagulation in diabetic retinopathy. Br J Ophthalmol 2010;94:858-63.
http://dx.doi.org/10.1136/bjo.2009.168997

Diabetic Retinopathy Clinical Research Network (DRCRnet). Randomized trial evaluating
short-term effects of intravitreal ranibizumab or triamcinolone acetonide on macular edema after
focal/grid laser for diabetic macular edema in eyes also receiving panretinal photocoagulation.
Retina 2011;31:1009-27. http://dx.doi.org/10.1097/IAE.0b013e318217d739

Ernst BJ, Garcia-Aguirre G, Oliver SC, Olson JL, Mandava N, Quiroz-Mercado H. Intravitreal
bevacizumab versus panretinal photocoagulation for treatment-naive proliferative and severe
nonproliferative diabetic retinopathy. Acta Opthalmol 2012;90:e573-4. http://dx.doi.org/10.1111/
j-1755-3768.2011.02364 x

Filho JAR, Messias A, Almeida FPP, Ribeiro JAS, Costa RA, Scott IU, et al. Panretinal
photocoagulation (PRP) versus PRP plus intravitreal ranibizumab for high-risk proliferative diabetic
retinopathy. Acta Ophthalmol 2011,89:e567-72. http://dx.doi.org/10.1111/}.1755-3768.2011.
02184 .x

Lucena CR, Ramos Filho JA, Messias AM, da Silva JA, de Almeida FP, Scott IU, et al. Panretinal
photocoagulation versus intravitreal injection retreatment pain in high-risk proliferative diabetic
retinopathy. Arq Bras Oftalmol 2013;76:18-20. http://dx.doi.org/10.1590/
S0004-27492013000100006

Mirshahi A, Roohipoor R, Lashay A, Mohammadi SF, Abdoallahi A, Faghihi H. Bevacizumab-
augmented retinal laser photocoagulation in proliferative diabetic retinopathy: a randomized
double-masked clinical trial. Eur J Ophthalmol 2008;18:263-9.

Preti RC, Vasquez Ramirez LM, Ribeiro Monteiro ML, Pelayes DE, Takahashi WY. Structural and
functional assessment of macula in patients with high-risk proliferative diabetic retinopathy
submitted to Panretinal photocoagulation and associated intravitreal bevacizumab injections:

a comparative, randomised, controlled trial. Ophthalmologica 2013;230:1-8. http://dx.doi.org/
10.1159/000348605

Tonello M, Costa RA, Almeida FP, Barbosa JC, Scott IU, Jorge R. Panretinal photocoagulation
versus PRP plus intravitreal bevacizumab for high-risk proliferative diabetic retinopathy (IBeHi
study). Acta Ophthalmol 2008;86:385-9. http://dx.doi.org/10.1111/.1600-0420.2007.01056.x

Maia OO Jr, Takahashi BS, Costa RA, Scott IU, Takahashi WY. Combined laser and intravitreal
triamcinolone for proliferative diabetic retinopathy and macular edema: one-year results of a
randomized clinical trial. Am J Ophthalmol 2009;147:291-7 .e2. http://dx.doi.org/10.1016/
j.8j0.2008.08.024

Mirshahi A, Shenazandi H, Lashay A, Faghihi H, Alimahmoudi A, Dianat S. Intravitreal
triamcinolone as an adjunct to standard laser therapy in coexisting high-risk proliferative diabetic
retinopathy and clinically significant macular edema. Retina 2010;30:254-9. http://dx.doi.org/
10.1097/1AE.0b013e3181b4f125

Shimura M, Yasuda K, Shiono T. Posterior sub-Tenon’s capsule injection of triamcinolone
acetonide prevents panretinal photocoagulation-induced visual dysfunction in patients with severe
diabetic retinopathy and good vision. Ophthalmology 2006;113:381-7. http://dx.doi.org/10.1016/
j.-ophtha.2005.10.035

Unoki N, Nishijima K, Kita M, Suzuma K, Watanabe D, Oh H, et al. Randomised controlled

trial of posterior sub-Tenon triamcinolone as adjunct to panretinal photocoagulation for
treatment of diabetic retinopathy. Br J Ophthalmol 2009;93:765-70. http://dx.doi.org/10.1136/
0j0.2008.152041

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

229


http://dx.doi.org/10.1136/bjo.2009.168997
http://dx.doi.org/10.1097/IAE.0b013e318217d739
http://dx.doi.org/10.1111/j.1755-3768.2011.02364.x
http://dx.doi.org/10.1111/j.1755-3768.2011.02364.x
http://dx.doi.org/10.1111/j.1755-3768.2011.02184.x
http://dx.doi.org/10.1111/j.1755-3768.2011.02184.x
http://dx.doi.org/10.1590/S0004-27492013000100006
http://dx.doi.org/10.1590/S0004-27492013000100006
http://dx.doi.org/10.1159/000348605
http://dx.doi.org/10.1159/000348605
http://dx.doi.org/10.1111/j.1600-0420.2007.01056.x
http://dx.doi.org/10.1016/j.ajo.2008.08.024
http://dx.doi.org/10.1016/j.ajo.2008.08.024
http://dx.doi.org/10.1097/IAE.0b013e3181b4f125
http://dx.doi.org/10.1097/IAE.0b013e3181b4f125
http://dx.doi.org/10.1016/j.ophtha.2005.10.035
http://dx.doi.org/10.1016/j.ophtha.2005.10.035
http://dx.doi.org/10.1136/bjo.2008.152041
http://dx.doi.org/10.1136/bjo.2008.152041

230

REFERENCES

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. Value in Health:
The Journal of the International Society for Pharmacoeconomics and Outcomes Research;
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement. Value Health
2013;16:e1-5. http://dx.doi.org/10.1016/j.jval.2013.02.010

Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, et al. Review of guidelines for
good practice in decision-analytic modelling in health technology assessment. Health Technol
Assess 2004,8(36). http://dx.doi.org/10.3310/hta8360

Fenwick EK, Lamoureux EL. Effect of pan-retinal photocoagulation treatment on vision-related
quality of life of patients with proliferative diabetic retinopathy. Retina 2013;33:1479.
http://dx.doi.org/10.1097/IAE.0b013e3182928b33

Scanlon PH, Martin ML, Bailey C, Johnson E, Hykin P, Keightley S. Reported symptoms and
quality-of-life impacts in patients having laser treatment for sight-threatening diabetic retinopathy.
Diabet Med 2006;23:60-6. http://dx.doi.org/10.1111/}.1464-5491.2005.01736.x

Tsilimbaris MK, Kontadakis GA, Tsika C, Papageorgiou D, Charoniti M. Effect of panretinal
photocoagulation treatment on vision-related quality of life of patients with proliferative diabetic
retinopathy. Retina 2013;33:756-61. http://dx.doi.org/10.1097/IAE.0b013e31826b0c06

Wirostko B, Beusterien K, Grinspan J, Ciulla T, Gonder J, Barsdorf A, et al. Patient preferences in
the treatment of diabetic retinopathy. Patient Prefer Adherence 2011;5:229-37. http://dx.doi.org/
10.2147/PPA.S11972

Mozaffarieh M, Benesch T, Sacu S, Krepler K, Biowski R, Wedrich A. Photocoagulation for
diabetic retinopathy: determinants of patient satisfaction and the patient—provider relationship.
Acta Ophthalmol Scand 2005;83:316-21. http://dx.doi.org/10.1111/}.1600-0420.2005.00455.x

Trento M, Tomelini M, Lattanzio R, Brancato R, Coggiola A, Benecchi R, et al. Perception of, and
anxiety levels induced by, laser treatment in patients with sight-threatening diabetic retinopathy.
A multicentre study. Diabet Med 2006;23:1106-9. http:/dx.doi.org/10.1111/}.1464-5491.2006.
01957 .x

Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD. Development of the 25-item
National Eye Institute Visual Function Questionnaire. Arch Ophthalmol 2001;119:1050-8.
http://dx.doi.org/10.1001/archopht.119.7.1050

Browne C, Brazier J, Carlton J, Alavi Y, Jofre-Bonet M. Estimating quality-adjusted life years from
patient-reported visual functioning. Eye 2012;26:1295-301. http://dx.doi.org/10.1038/eye.2012.137

Payakachat N, Summers KH, Pleil AM, Murawski MM, Thomas J Ill, Jennings K, et al. Predicting
EQ-5D utility scores from the 25-item National Eye Institute Vision Function Questionnaire
(NEI-VFQ 25) in patients with age-related macular degeneration. Qual Life Res 2009;18:801-13.
http://dx.doi.org/10.1007/511136-009-9499-6

Ryan M, Farrar S. Using conjoint analysis to elicit preferences for health care. BMJ (Clin Res Ed)
2000;320:1530-3. http://dx.doi.org/10.1136/bmj.320.7248.1530

Diabetes in Scotland. Scottish Diabetes Survey; 2012. URL: www.diabetesinscotland.org.uk/
Publications.aspx?catld = 3 (accessed 21 March 2014).

Nordwall M, Bojestig M, Arnqvist HJ, Ludvigsson J. Declining incidence of severe retinopathy and
persisting decrease of nephropathy in an unselected population of Type 1 diabetes: the Linkoping
Diabetes Complications Study. Diabetologia 2004,47:1266~72. http://dx.doi.org/10.1007/
s00125-004-1431-6

Diabetes Control and Complications Trial Research Group. Progression of retinopathy with
intensive versus conventional treatment in the diabetes control and complications trial.
Ophthalmology 1995;102:647-61. http://dx.doi.org/10.1016/S0161-6420(95)30973-6

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://dx.doi.org/10.1016/j.jval.2013.02.010
http://dx.doi.org/10.3310/hta8360
http://dx.doi.org/10.1097/IAE.0b013e3182928b33
http://dx.doi.org/10.1111/j.1464-5491.2005.01736.x
http://dx.doi.org/10.1097/IAE.0b013e31826b0c06
http://dx.doi.org/10.2147/PPA.S11972
http://dx.doi.org/10.2147/PPA.S11972
http://dx.doi.org/10.1111/j.1600-0420.2005.00455.x
http://dx.doi.org/10.1111/j.1464-5491.2006.01957.x
http://dx.doi.org/10.1111/j.1464-5491.2006.01957.x
http://dx.doi.org/10.1001/archopht.119.7.1050
http://dx.doi.org/10.1038/eye.2012.137
http://dx.doi.org/10.1007/s11136-009-9499-6
http://dx.doi.org/10.1136/bmj.320.7248.1530
http://www.diabetesinscotland.org.uk/Publications.aspx?catId&x02009;=&x02009;3
http://www.diabetesinscotland.org.uk/Publications.aspx?catId&x02009;=&x02009;3
http://www.diabetesinscotland.org.uk/Publications.aspx?catId&x02009;=&x02009;3
http://www.diabetesinscotland.org.uk/Publications.aspx?catId&x02009;=&x02009;3
http://dx.doi.org/10.1007/s00125-004-1431-6
http://dx.doi.org/10.1007/s00125-004-1431-6
http://dx.doi.org/10.1016/S0161-6420(95)30973-6

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

The Health and Social Care Information Centre (HSCIC), Diabetes UK. National Diabetes Audit
2011-2012 Report 1: Care Processes and Treatment Targets. URL: www.hgip.org.uk/assets/
NCAPOP-Library/NCAPOP-2013-14/NDA-2011-2012-CareProcessesTreatmentTargets.pdf
(accessed 21 March 2014).

DCCT/EDIC Study Research Group, Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM,
et al. Intensive diabetes treatment and cardiovascular disease in patients with type 1 diabetes.
N Engl J Med 2005;353:2643-53. http://dx.doi.org/10.1056/NEJM0a052187

Klein R, Klein BE, Moss SE, Cruickshanks KJ. The Wisconsin Epidemiologic Study of Diabetic
Retinopathy: XVII. The 14-year incidence and progression of diabetic retinopathy and associated
risk factors in type 1 diabetes. Ophthalmology 1998;105:1801-15. http:/dx.doi.org/10.1016/
S0161-6420(98)91020-X

Stratton IM, Kohner EM, Aldington SJ, Turner RC, Holman RR, Manley SE, et al. UKPDS 50:
risk factors for incidence and progression of retinopathy in Type Il diabetes over 6 years from
diagnosis. Diabetologia 2001;44:156-63. http://dx.doi.org/10.1007/5001250051594

Harris Nwanyanwu K, Talwar N, Gardner TW, Wrobel JS, Herman WH, Stein JD. Predicting
development of proliferative diabetic retinopathy. Diabetes Care 2013;36:1562-8.
http://dx.doi.org/10.2337/dc12-0790

Cikamatana L, Mitchell P, Rochtchina E, Foran S, Wang JJ. Five-year incidence and progression
of diabetic retinopathy in a defined older population: the Blue Mountains Eye Study. Eye
2007;21:465-71. http://dx.doi.org/10.1038/sj.eye.6702771

Jones CD, Greenwood RH, Misra A, Bachmann MO. Incidence and progression of diabetic
retinopathy during 17 years of a population-based screening program in England. Diabetes Care
2012;35:592-6. http://dx.doi.org/10.2337/dc11-0943

McCarty DJ, Fu CL, Harper CA, Taylor HR, McCarty CA. Five-year incidence of diabetic retinopathy
in the Melbourne Visual Impairment Project. Clin Experiment Ophthalmol 2003;31:397-402.
http://dx.doi.org/10.1046/}.1442-9071.2003.00685.x

Davis MD, Fisher MR, Gangnon RE, Barton F, Aiello LM, Chew EY, et al. Risk factors for high-risk
proliferative diabetic retinopathy and severe visual loss: Early Treatment Diabetic Retinopathy
Study Report 18. Invest Ophthalmol Vis Sci 1998;39:233-52.

Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BE. The Wisconsin Epidemiologic Study of
Diabetic Retinopathy: XXII the twenty-five-year progression of retinopathy in persons with type 1
diabetes. Ophthalmology 2008;115:1859-68. http://dx.doi.org/10.1016/).0phtha.2008.08.023

Scanlon PH, Stratton IM, Histed M, Chave SJ, Aldington SJ. The influence of background diabetic
retinopathy in the second eye on rates of progression of diabetic retinopathy between 2005 and
2010. Acta Ophthalmol 2013;91:e335-9. http://dx.doi.org/10.1111/a0s.12074

Ting HYJ, Martin DK, Haas M. A Markov Model of Diabetic Retinopathy Progression for the
Economic Evaluation of a novel DR prognostic device: CHERE Working Paper 2007/14; 2007.
URL: www.chere.uts.edu.au/pdf/wp2007_14.pdf (accessed 18 March 2014).

Rodgers M, Hodges R, Hawkins J, Hollingworth W, Duffy S, McKibbin M, et al. Colour vision
testing for diabetic retinopathy: a systematic review of diagnostic accuracy and economic
evaluation. Health Technol Assess 2009;13(60). http://dx.doi.org/10.3310/hta13600

Palmer AJ, Roze S, Valentine WJ, Minshall ME, Foos V, Lurati FM, et al. Validation of the CORE
diabetes model against epidemiological and clinical studies. Curr Med Res Opin 2004;20:527-40.
http://dx.doi.org/10.1185/030079904X2006

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton

SO16 7NS, UK.

231


http://www.hqip.org.uk/assets/NCAPOP-Library/NCAPOP-2013&#x02013;14/NDA-2011&#x02013;2012-CareProcessesTreatmentTargets.pdf
http://www.hqip.org.uk/assets/NCAPOP-Library/NCAPOP-2013&#x02013;14/NDA-2011&#x02013;2012-CareProcessesTreatmentTargets.pdf
http://dx.doi.org/10.1056/NEJMoa052187
http://dx.doi.org/10.1016/S0161-6420(98)91020-X
http://dx.doi.org/10.1016/S0161-6420(98)91020-X
http://dx.doi.org/10.1007/s001250051594
http://dx.doi.org/10.2337/dc12-0790
http://dx.doi.org/10.1038/sj.eye.6702771
http://dx.doi.org/10.2337/dc11-0943
http://dx.doi.org/10.1046/j.1442-9071.2003.00685.x
http://dx.doi.org/10.1016/j.ophtha.2008.08.023
http://dx.doi.org/10.1111/aos.12074
http://www.chere.uts.edu.au/pdf/wp2007_14.pdf
http://dx.doi.org/10.3310/hta13600
http://dx.doi.org/10.1185/030079904X2006

232

REFERENCES

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Rachapelle S, Legood R, Alavi Y, Lindfield R, Sharma T, Kuper H, et al. The cost-utility of
telemedicine to screen for diabetic retinopathy in India. Ophthalmology 2013;120:566-73.
http://dx.doi.org/10.1016/j.ophtha.2012.09.002

Brown MM, Brown GC, Sharma S, Shah G. Utility values and diabetic retinopathy. Am J
Ophthalmol 1999;128:324-30. http://dx.doi.org/10.1016/5S0002-9394(99)00146-4

Fong DS, Sharza M, Chen W, Paschal JF, Ariyasu RG, Lee PP. Vision loss among diabetics in a
group model Health Maintenance Organization (HMO). Am J Ophthalmol 2002;133:236-41.
http://dx.doi.org/10.1016/50002-9394(01)01364-2

Smith DH, Johnson ES, Russell A, Hazlehurst B, Muraki C, Nichols GA, et al. Lower visual
acuity predicts worse utility values among patients with type 2 diabetes. Qual Life Res
2008;17:1277-84. http://dx.doi.org/10.1007/511136-008-9399-1

Rein DB, Wittenborn JS, Zhang X, Allaire BA, Song MS, Klein R, et al. The cost-effectiveness of
three screening alternatives for people with diabetes with no or early diabetic retinopathy.
Health Serv Res 2011,46:1534-61. http://dx.doi.org/10.1111/j.1475-6773.2011.01263.x

Department of Health (DH). NHS Reference Costs 2012 to 2013. London: DH; 2013.
URL: www.gov.uk/government/publications/nhs-reference-costs-2012-t0-2013 (accessed
18 March 2014).

Mitchell P, Annemans L, Gallagher M, Hasan R, Thomas S, Gairy K, et al. Cost-effectiveness
of ranibizumab in treatment of diabetic macular oedema (DME) causing visual impairment:
evidence from the RESTORE trial. Br J Ophthalmol 2012;96:688-93. http://dx.doi.org/10.1136/
bjophthalmol-2011-300726

Meads C, Hyde C, Lafuma A. How much is the cost of visual impairment: caveat emptor.
PharmacoEconomics 2006;24:207-10. http://dx.doi.org/10.2165/00019053-200624020-00008

Curtis L. Unit Costs of Health and Social Care 2013. Canterbury: PSSRU, University of Kent; 2013.
URL: www.pssru.ac.uk/project-pages/unit-costs/2013/ (accessed 18 March 2014).

Diabetic Retinopathy Vitrectomy Study Research Group. Two-year course of visual acuity in
severe proliferative diabetic retinopathy with conventional management. Diabetic Retinopathy
Vitrectomy Study (DRVS) report #1. Ophthalmology 1985;92:492-502. http://dx.doi.org/10.1016/
S0161-6420(85)34002-2

Office for National Statistics (ONS). UK Interim Life Tables, 1980-82 to 2008-10. 2011.
URL: http://www.ons.gov.uk/ons/taxonomy/index.html?nscl = Interim+Life+Tables (accessed
18 April 2014).

Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS, Lawrenson RA, Colhoun HM. All-cause
mortality rates in patients with type 1 diabetes mellitus compared with a non-diabetic population
from the UK general practice research database, 1992-1999. Diabetologia 2006;49:660-6.
http://dx.doi.org/10.1007/s00125-005-0120-4

Mulnier HE, Seaman HE, Raleigh VS, Soedamah-Muthu SS, Colhoun HM, Lawrenson RA.
Mortality in people with type 2 diabetes in the UK. Diabet Med 2006;23:516-21.
http://dx.doi.org/10.1111/j.1464-5491.2006.01838.x

Cusick M, Meleth AD, Agrén E, Fisher MR, Reed GF, Knatterud GL, et al. Associations of mortality
and diabetes complications in patients with type 1 and type 2 diabetes: early treatment diabetic
retinopathy study report no. 27. Diabetes Care 2005;28:617-25. http://dx.doi.org/10.2337/
diacare.28.3.617

Klein R, Klein BE, Moss SE, Cruickshanks KJ. Association of ocular disease and mortality in a diabetic
population. Arch Ophthalmol 1999;117:1487-95. http://dx.doi.org/10.1001/archopht.117.11.1487

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://dx.doi.org/10.1016/j.ophtha.2012.09.002
http://dx.doi.org/10.1016/S0002-9394(99)00146-4
http://dx.doi.org/10.1016/S0002-9394(01)01364-2
http://dx.doi.org/10.1007/s11136-008-9399-1
http://dx.doi.org/10.1111/j.1475-6773.2011.01263.x
http://www.gov.uk/government/publications/nhs-reference-costs-2012-to-2013
http://dx.doi.org/10.1136/bjophthalmol-2011-300726
http://dx.doi.org/10.1136/bjophthalmol-2011-300726
http://dx.doi.org/10.2165/00019053-200624020-00008
http://www.pssru.ac.uk/project-pages/unit-costs/2013/
http://dx.doi.org/10.1016/S0161-6420(85)34002-2
http://dx.doi.org/10.1016/S0161-6420(85)34002-2
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl&x02009;=&x02009;Interim+Life+Tables
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl&x02009;=&x02009;Interim+Life+Tables
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl&x02009;=&x02009;Interim+Life+Tables
http://dx.doi.org/10.1007/s00125-005-0120-4
http://dx.doi.org/10.1111/j.1464-5491.2006.01838.x
http://dx.doi.org/10.2337/diacare.28.3.617
http://dx.doi.org/10.2337/diacare.28.3.617
http://dx.doi.org/10.1001/archopht.117.11.1487

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Briggs A, Claxton K, Schulpher M. Decision Modelling for Health Economic Evaluation. Oxford:
Oxford University Press; 2006.

Fox M, Mealing S, Anderson R, Dean J, Stein K, Price A, et al. The clinical effectiveness and
cost-effectiveness of cardiac resynchronisation (biventricular pacing) for heart failure: systematic
review and economic model. Health Technol Assess 2007;11(47). http://dx.doi.org/10.3310/
hta11470

Drummond M, McGuire A. Economic Evaluation in HealthCare: Merging Theory with Practice.
Oxford: Oxford University Press; 2001.

British Medical Association and Royal Pharmaceutical Society of Great Britain. British National
Formulary. No. 65, March 2013. London: BMA and RPS; 2013.

National Institute for Health and Clinical Excellence (NICE). Bevacizumab (Avastin) for Eye Conditions.
Report of Findings from a Workshop Held at NICE on 13 July 2010. 2010. URL: www.nice.org.uk/
media/AC2/3C/BevacizumabEyeConditionsPrescopingReport.pdf (accessed 25 March 2014).

NICE Decision Support Unit. Macular Oedema — Bevacizumab as a Comparator; 2013.
URL: www.nicedsu.org.uk/Macular-oedema—bevacizumab(2804604).ntm (accessed 25 March 2014).

Lloyd A, Nafees B, Gavriel S, Rousculp MD, Boye KS, Ahmad A. Health utility values associated
with diabetic retinopathy. Diabet Med 2008;25:618-24. http://dx.doi.org/10.1111/j.1464-5491.
2008.02430.x

Malkin AG, Goldstein JE, Perlmutter MS, Massof RW. Responsiveness of the EQ-5D to the effects
of low vision rehabilitation. Optom Vis Sci 2013;90:799-805. http://dx.doi.org/10.1097/
OPX.0000000000000005

National Institute for Health and Care Excellence (NICE). Guide to the Methods of Technology
Appraisal 2013. URL: http://publications.nice.org.uk/guide-to-the-methods-of-technology-
appraisal-2013-pmg9 (accessed 21 March 2014).

Peacock S, Misajon R, lezzi A, Richardson J, Hawthorne G, Keeffe J. Vision and quality of life:
development of methods for the VisQol vision-related utility instrument. Ophthalmic Epidemiol
2008;15:218-23. http://dx.doi.org/10.1080/09286580801979417

Misajon R, Hawthorne G, Richardson J, Barton J, Peacock S, lezzi A, et al. Vision and quality
of life: the development of a utility measure. Invest Ophthalmol Vis Sci 2005;46:4007-15.
http://dx.doi.org/10.1167/iovs.04-1389

Dewan V, Lambert D, Edler J, Kymes S, Apte RS. Cost-effectiveness analysis of ranibizumab plus
prompt or deferred laser or triamcinolone plus prompt laser for diabetic macular edema.
Ophthalmology 2012;119:1679-84. http://dx.doi.org/10.1016/j.0phtha.2012.01.049

Pershing S, Enns EA, Matesic B, Owens DK, Goldhaber-Fiebert JD. Cost-effectiveness of treatment of
diabetic macular edema. Ann Intern Med 2014;160:18-29. http://dx.doi.org/10.7326/M13-0768

Estudillo M, Gonzalez V. Proliferative Diabetic Retinopathy. A comparison of anti-VGEF therapy
and laser in preserving visual function in patients with proliferative diabetic retinopathy.
Invest Ophthalmol Vis Sci 2013;54:5760.

Gonzalez V. The impact on vision and regression of retinal neovascularization of anti-VEGF
induction in combination with quarterly anti-VEGF maintenance or selective PRP versus standard
PRP. Invest Ophthalmol Vis Sci 2013;54:4599.

Leal S, Figueira J, Ribeiro L, Cachulo ML, Silva R, Nunes S, et al. Combination of intravitreal
injection of Pegaptanib plus progressive PRP versus full PRP alone in patients with High Risk
Proliferative Diabetic Retinopathy. Invest Ophthalmol Vis Sci 2013;54:2439.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Royle et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

233


http://dx.doi.org/10.3310/hta11470
http://dx.doi.org/10.3310/hta11470
http://www.nice.org.uk/media/AC2/3C/BevacizumabEyeConditionsPrescopingReport.pdf
http://www.nice.org.uk/media/AC2/3C/BevacizumabEyeConditionsPrescopingReport.pdf
http://www.nicedsu.org.uk/Macular-oedema--bevacizumab(2804604).htm
http://dx.doi.org/10.1111/j.1464-5491.2008.02430.x
http://dx.doi.org/10.1111/j.1464-5491.2008.02430.x
http://dx.doi.org/10.1097/OPX.0000000000000005
http://dx.doi.org/10.1097/OPX.0000000000000005
http://publications.nice.org.uk/guide-to-the-methods-of-technology-appraisal-2013-pmg9
http://publications.nice.org.uk/guide-to-the-methods-of-technology-appraisal-2013-pmg9
http://dx.doi.org/10.1080/09286580801979417
http://dx.doi.org/10.1167/iovs.04-1389
http://dx.doi.org/10.1016/j.ophtha.2012.01.049
http://dx.doi.org/10.7326/M13-0768

234

REFERENCES

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Madeira MIA, Neves J, Abdala M. A different approach of pan retinal photocoagulation for the
treatment of proliferative diabetic retinopathy (external ring photocoagulation). Paper presented
at the IX Euretina Congress, Nice, May 2009.

Preti R, Mutti A, Vazquez L, Ferraz D, Zacharias L, Carra M, et al. Evaluation of choroidal thickness
in high-risk proliferative diabetic retinopathy treated with panretinal photocoagulation associated
or not with intravitreal bevacizumab injections: a 3 months, randomized, controlled and masked
clinical trial. Invest Ophthalmol Vis Sci 2013;54:2447.

Preti RC, Ramirez LM, Barros AC, Motta AA, Morita C, Maia Junior OO, et al. Structural and
functional macular evaluation in proliferative diabetic retinopathy patients treated using panretinal
photocoagulation combined with intravitreal bevacizumab injections. Invest Ophthalmol Vis Sci
2012;53:357.

Lohmann C, Voegeler J, Liakopoulos S, Wiedemann P, Spital G, Lang G, et al. Double-masked
trial demonstrates superiority of combined ranibizumab plus laser versus laser in patients with
diabetic macular edema with or without proliferative diabetic retinopathy. Invest Ophthalmol Vis
Sci 2013;54:1239.

Ehrlich J, Domalpally A, Yau L, Hopkins J, Ip M. Effects of intravitreal ranibizumab on diabetic
retinopathy severity: 36 month data from the RISE and RIDE phase Ill trials. Invest Ophthalmol Vis
Sci 2013;54:4028.

Miller DG, Diabetic Retinopathy Clinical Research Network. Exploratory analysis of diabetic
retinopathy worsening (progression) at 1 year and 3 years in a randomized clinical trial evaluating
ranibizumab and triamcinolone. Invest Ophthalmol Vis Sci 2012;53:366.

Ferraz D, Sophie R, Bittencourt M, Preti R, Vazquez L, Motta A, et al. Intravitreal ranibizumab
combined with panretinal photocoagulation in patients with treatment-naive proliferative diabetic
retinopathy. Invest Ophthalmol Vis Sci 2013,54:5761.

Medical Research Council NIHR. Efficacy and Mechanism Evaluation Programming EME Board:
decisions from meeting, London, February 2013. URL: www.nets.nihr.ac.uk/__data/assets/pdf_file/
0008/66995/outcomes-feb-2013.pdf (accessed 12 March 2014).

Centre for Health Economics and Medicines Evaluation. 2013/14 Winter Newsletter of the Centre
for Health Economics and Medicines Evaluation (CHEME). 2014. URL: http://cheme.bangor.ac.uk/
documents/2013_14%20Winter%20Newsletter%20CHEME.pdf (accessed 25 March 2014).

Davis BM, Normando EM, Guo L, O’Shea P, Moss SE, Somavarapu S, et al. Topical delivery of
avastin to the posterior segment of the eye in vivo using annexin A5-associated liposomes.
Small 2014;10:1575-84. http://dx.doi.org/10.1002/smll.201303433

National Institute for Health Research (NIHR). SR—13/101/47: Laser Photocoagulation for
Non-Proliferative Diabetic Retinopathy; 2013. URL: www.nets.nihr.ac.uk/projects/sr/1310147
(accessed 25 March 2014).

Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from
stereoscopic color fundus photographs: an extension of the modified Airlie House classification.
ETDRS report number 10. Ophthalmology 1991;98:786-806. http://dx.doi.org/10.1016/
S0161-6420(13)38012-9

NIHR Journals Library www. journalslibrary.nihr.ac.uk


http://www.nets.nihr.ac.uk/__data/assets/pdf_file/0008/66995/outcomes-feb-2013.pdf
http://www.nets.nihr.ac.uk/__data/assets/pdf_file/0008/66995/outcomes-feb-2013.pdf
http://cheme.bangor.ac.uk/documents/2013_14%20Winter%20Newsletter%20CHEME.pdf
http://cheme.bangor.ac.uk/documents/2013_14%20Winter%20Newsletter%20CHEME.pdf
http://dx.doi.org/10.1002/smll.201303433
http://www.nets.nihr.ac.uk/projects/sr/1310147
http://dx.doi.org/10.1016/S0161-6420(13)38012-9
http://dx.doi.org/10.1016/S0161-6420(13)38012-9

DOI: 10.3310/hta19510 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

Appendix 1 Classification of diabetic retinopathy
in the early treatment of diabetic retinopathy study

Adapted from the ETDRS Research Group.54%2%

Disease severity level Findings observable upon dilated ophthalmoscopy

Mild non-proliferative retinopathy At least one microaneurysm, and definition not met for moderate
non-proliferative retinopathy, severe non-proliferative retinopathy,
early proliferative retinopathy, or high-risk proliferative retinopathy
(see below)

Moderate non-proliferative retinopathy Haemorrhages and/or microaneurysms > standard photograph 2A;?
and/or soft exudates, venous beading, or IRMAs definitely present;
and definition not met for severe non-proliferative retinopathy,
early proliferative retinopathy, or high-risk proliferative retinopathy
(see below)

Severe non-proliferative retinopathy Soft exudates, venous beading, and IRMAs all definitely present in at
least two of fields 4 through 7; or two of the preceding three lesions
present in at least two of fields 4 through 7 and haemorrhages and
microaneurysms present in these four fields, equalling or exceeding
standard photo 2A in at least one of them; or IRMAs present in
each of fields 4 through 7 and equalling or exceeding standard
photograph 8A in at least two of them; and definition not met for
early proliferative retinopathy or high-risk proliferative retinopathy

(see below)
Early proliferative retinopathy (i.e. proliferative New vessels; and definition not met for high-risk proliferative
retinopathy without DRS HRCs) retinopathy (see below)
High-risk proliferative retinopathy (proliferative New vessels on or within one DD of the optic disc (NVD) > standard
retinopathy with DRS HRCs) photograph 10A? (about ¥4 to % disc area), with or without vitreous

or pre-retinal haemorrhage; or vitreous and/or pre-retinal
haemorrhage accompanied by new vessels, either NVD < standard
photograph 10A or new vessels elsewhere (NVE) > ¥ disc area

Less severe retinopathy Mild or moderate non-proliferative retinopathy

More severe retinopathy Severe non-proliferative or early proliferative retinopathy

a ETDRS Research Group. Grading diabetic retinopathy from stereoscopic colour fundus.
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Appendix 2 Search strategies

Search strategies

In order to capture the wide range of evidence relating to PRP, other forms of laser treatment, and drug
treatments in the treatment of all stages of DR, 10 separate types of search (as outlined below) were
designed and performed:

(a) systematic reviews and meta-analyses of PRP for DR
(b) RCTs for treatment of DR

(c) all studies on NPDR

(d) all studies on lasers in DR

(e) progression or natural history of DR

(f) side effects of lasers from non-RCT studies

(9) QoL in DR after PRP

(h) cost-effectiveness of treatment in DR

(i) ongoing or recently completed research

(j) additional sources searched.

(a) Searches for previous systematic reviews or meta-analyses on the
treatment of diabetic retinopathy

Ovid MEDLINE 1946 to August Week 2 2013

1. exp *Diabetic Retinopathy/

2. (diabet* and retinopathy).m_titl.

3. 1or2

4. (systematic review or meta-analysis).tw.
5. meta-analysis.pt.

6. 4or5

7. 3and 6

EMBASE 1980 to 2013 Week 34

exp *Diabetic Retinopathy/

. (diabet* and retinopathy).m_titl.

. lor2

(systematic review or meta-analysis).tw.
. 3and 4

Cochrane Database of Systematic Reviews July 2013
(diabet* and retinopathy) in Title
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(b) Searches for randomised controlled trials for the treatment of
diabetic retinopathy
These searches included all aspects of treatment — including laser surgery and drug treatment.

Ovid MEDLINE 1946 to August Week 2 2013; Ovid MEDLINE In-Process &
Other Non-Indexed Citations August 26, 2013

exp *Diabetic Retinopathy/
(diabet* and retinopathy).m_titl.
randomized controlled trial.pt.
random™.tw.

3ord

1or?2

5and 6

Tor2

3or4d

5and 6

CLoKNOUL A WN =

—_

EMBASE 1974 to 2013 August 27

exp *diabetic retinopathy/
(diabet* and retinopathy).m_titl.
1 and 2

(random™* adj3 trial*).tw.
(random™* adj3 control*).tw.
4or5

3and 6

Nowu s wWwN =

The Cochrane Library
Cochrane Central Register of Controlled Trials: Issue 7 of 12, July 2013.

Search strategy “diabetic retinopathy” in title, and laser or photocoagulation or photo-coagulation in title
abstract keywords in Trials"”.

After deduplication, resulted in 383 in the database and 92 were selected for full text.

Additional searches for non-randomised controlled
trial evidence

(c) Searches for studies on non-proliferative diabetic retinopathy

Additional searches of any study design were done to find any studies that specifically mentioned DR at
the non-proliferative or pre-proliferative stage, in order to find additional information for the clinical
background section or data on progression or natural history. The searches below were run and
downloaded into EndNote and resulted in 928 records in the database after removal of duplicates; the full
text of 59 articles was requested and further examined.

Ovid MEDLINE 1946 to August Week 2 2013; Ovid MEDLINE In-Process &
Other Non-Indexed Citations August 27, 2013

1. ((non-proliferative or nonproliferative or preproliferative or pre-proliferative) adj3 retinopathy).tw.
2. early retinopathy.tw.
3. NPDR.tw.
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4. Tor2or3

5. exp *Diabetic Retinopathy/
6. 4and 5

7. limit 6 to English language

Ovid EMBASE 1974 to 2013 August 27=569

((non-proliferative or nonproliferative or preproliferative or pre-proliferative) adj retinopathy).tw.
early retinopathy.tw.

NPDR.tw.

lTor2or3

exp *Diabetic Retinopathy/

4 and 5

limit 6 to English language

NouhswhN =

(d) Searches for studies on laser in diabetic retinopathy

Ovid MEDLINE 1946 to August Week 2 2013, Ovid MEDLINE In-Process &
Other Non-Indexed Citations August 27, 2013; EMBASE 1974 to
2013 August 27

exp *diabetic retinopathy/

diabetic retinopathy.m_titl.

(laser or photo-coagulation or photocoagulation or panretinal or pan-retinal or PRP).m_titl.
1and 2

3and 4

limit 5 to English language

ok wN =

The Cochrane Library
Cochrane Central Register of Controlled Trials: Issue 8 of 12, August 2013.

There are 79 results from 71,0762 records for your search on “(laser or photocoagulation or
photo-coagulation) and diabetic retinopathy and (NPDR or non-proliferative or non-proliferative
or pre-proliferative or preproliferative) in title abstract keywords in Trials”.

(e) Searches of progression of diabetic retinopathy
These searches below were done to inform the background section and the model.

EMBASE 1974 to 2013 September 19; Ovid MEDLINE 1946 to September
Week 2 2013; Ovid MEDLINE In-Process & Other Non-Indexed Citations
September 19, 2013

diabetic retinopathy.m_titl.

exp Disease Progression/

(progression or natural or course).m_titl.
exp Diabetic Retinopathy/

1and 4

2 and 3 and 5

limit 6 to English language

NouhkwnN =

Resulted in 300 records.
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(f) Searches for adverse effects of lasers from non-randomised controlled

trial studies

The EndNote database created from previous searches for PRP and lasers was searched using the
following keywords:

(adverse or risk* or harm™ or side effect* or safety or pain or visual loss or complication*) and (laser or
(photocoagulation or panretinal or pan-retinal or scatter or PRP).

The results of this search were then supplemented with searches of MEDLINE and EMBASE.

Ovid MEDLINE 1946 to November Week 3 2013

1. exp Diabetic Retinopathy/

2. Laser Coagulation/ae, ct [Adverse Effects, Contraindications]
3. 1and 2

4. limit 3 to English language

EMBASE 1974 to 2014 Week 02

1. exp Diabetic Retinopathy/
2. exp laser coagulation/ae [Adverse Drug Reaction]
3. limit 1 to English language

(9) Quality of life searches for diabetic retinopathy after pan-retinal

photocoagulation

Searches of existing databases created from the previous searches above were done using the keywords
‘quality of life’ and ‘laser or photocoagulation’. These records were exported into a new EndNote database
and also supplemented with the following database searches.

Ovid MEDLINE In-Process & Other Non-Indexed Citations February 10, 2014;
Ovid MEDLINE 1946 to January Week 5 2014; EMBASE 1974 to
2014 February 10 — Retrieved 36

exp “Quality of Life"/
quality of life.tw.

1or2

exp Laser Coagulation/
(laser or photocoagulation).tw.
4o0r5

3and 6

limit 7 to English language
exp Diabetic Retinopathy/
10. diabetic retinopathy.mp.
11. 90r 10

12. 8and 11

13. limit 12 to English language

© N A WN =

o

The resulting EndNote database had 80 references, of which 16 were selected for the section on the
quality for DR after PRP.
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(h) Searches for ongoing or recently completed research
Searches were done on 16 January 2014 using the keywords “diabetic retinopathy AND (laser OR
photocoagulation OR PRP OR scatter)”.

Sources searched were ClinicalTrials.gov, WHO, Clinical Trials Registry Platform Search Portal, Current
Controlled Trials, UK Clinical Trials Gateway, EU Clinical Trials Register, UK Clinical Research Network
Study Portfolio.

Selected those where the condition being studies was diabetic retinopathy (but excluded those where it
was only DMO) and the intervention included scatter or PRP laser alone or in combination with something
else and where the results had not been found published in full or as a meeting abstract. Selected only
those that had a RCT study design — apart from one observational study.

Also searched the Association for Research in Vision and Ophthalmology (ARVO) meeting abstracts website
for recently completed RCTs from 2002 to present using the keywords (randomized and laser) or
(randomized and photocoagulation) and selected those that were published between 2011 and 2013 and
which were about PRP laser for DR.

(i) Cost-effectiveness search strategies

MEDLINE and EMBASE searches

exp quality adjusted life year/

quality adjusted life year.mp.

(QALY or QALYs).mp.

utilit$.mp.

(EuroQol or Euro Qol or Euro-Qol or EQ 5D or EQ5D or EQ-5D).mp.
(health utilities index or health-utilities-index or HUI).mp.

(SF 6D or SF6D or SF-6D).mp.

(short form 36 or short-form 36 or SF 36 or SF36 or SF-36).mp.
(quality of wellbeing or quality of well-being or QWB).mp.
(
(
(
(

O Nk W =

A
o

healthy years equivalent or hyes or hye).mp.

. (time trade off or time trade-off or time-trade-off or TTO).mp.

standard gamble or standard-gamble or SG).mp.

15 D or 15D).mp.

. ((willing$ adj2 pay) or WTP).mp.

. Health Status/

. exp Quality of Life/

. (quality adj2 life).mp.

. (health state* or health status).mp.

. (hrgl or hrgol or disability$ or disutility$).mp.

.Tor2or3ord4or5or6or7or8or9or10or11ori12or13or14ori15or16or17or18or 19

. exp Cost-Benefit Analysis/

. (cost effective$ or cost-effective$).mp.

. (cost utility$ or cost-utilit$).mp.

. (cost benefit$ or cost-benefit$).mp.

. (willingness to pay or wtp or willingness-to-pay or willingness to accept or willingness-to-accept or net
benefit or net-benefit or contingent valuation).mp.

26. (Pharmacoeconomic$ or pharmaco-economic$ or Economic analy$ or Economic evaluation$).mp.

27. (economic adj2 (evaluation$ or analy$ or study or studies)).mp.

28. (cost adj2 (evaluation$ or analy$ or study or studies or effective$ or benefit$ or utili$)).mp.

29. ((markov or decision) adj2 model).mp.

30. 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29

NN DNDNDNN = & 8 vy 8y
UBEWN-=00LW0NOU ~AWN =
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APPENDIX 2

31. exp cost$/

32. exp Economics/

33. cost*.tw.

34. (resource adj2 unit).mp.

35. (resource adj2 item).mp.
36. resource$.mp.

37. 31 or32 or 33 or 34 or 35 or 36
38. 20 or 30 or 37

39. diabetic retinopathy.m_titl.
40. exp Diabetic Retinopathy/
41. 39 or 40

42. 38 and 40

43. limit 42 to English language

Web of Knowledge/Web of Science

diabetic retinopathy AND (“quality of life” or Qol or hrgol or quality adjusted life year* or QALY* or cost*
or economic* or pharmacoeconomic* or model* or euro-gol or utilit* or EuroQol or Euro Qol or EQ5D or
EQ-5D or SF-36 or SF36 or time trade* or TTO or standard gamble or markov or visual analog* or discrete
choice or health stat* or “willingness to pay"”).

(j) Additional sources searched

® Auto-alerts Weekly auto-alerts in Ovid MEDLINE and EMBASE were run for all of the above search
strategies from August 2013 to March 2014 in order to capture new studies added after the
initial searches.

® Value in Health website Also searched the website of the journal Value in Health using the search term
“diabetic retinopathy” in the title or abstract for full text articles and meeting abstracts.

® ARVO meeting abstracts Searched the ARVO website for meeting abstracts (2002 to present) indexed
in the Investigative Ophthalmology & Visual Science (IOVS) journal using the keywords “diabetic
retinopathy and (laser or photocoagulation or PRP)".

® (Contact with authors Contacted authors of some published and ongoing trials for further clarification.
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Appendix 3 Major features of Early Treatment
Diabetic Retinopathy Study early photocoagulation

(T aken from table 2, ETDRS #7.%)

Scatter Full Mild

Burn characteristics

Size 500 um (at retina) 500 um (at retina)

Exposure 0.1 seconds 0.1 seconds

Intensity Moderate Moderate

Number 1200-1600 400-650

Placement Half burn apart > 2 DDs from fovea > 1 burn apart > 2 DDs from fovea out
out to equator to equator

No. of episodes >2 1

Lesion treated directly Patches of NVE < 2 disc areas Patches of NVE < 2 disc areas

Indications for follow-up treatment Recurrent or new NVE or high-risk Recurrent or new NVE or high-risk
proliferative retinopathy proliferative retinopathy

Focal Direct Grid

Burn characteristics

Size 50-100 um <200 pm (at retina)

Exposure 0.05-0.1 seconds 0.05-0.1 seconds

Intensity Sufficient to whiten or darken large Mild
microaneurysms

Number Sufficient to satisfactorily treat all focal ~ Sufficient to cover all areas of diffuse
leaks leakage and non-perfusion

Placement 500-3000 ym from centre of fovea Spaced > 1 burn width apart

500-3000 um from centre of fovea

No. of episodes 1 1

Indications for follow-up treatment Presence of CSMO and treatable Presence of CSMO and treatable lesions
lesions at >4 months at >4 months
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Appendix 4 Health-state transitions for the model

HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 51

(usual care and intervention)

TABLE 49 Transitions for treating all patients who develop moderate NPDR

Usual care arm

Moderate NPDR will remain in that health state or
progress to:

1. Severe NPDR
2. Severe NPDR and CSMO with/without VI
3. Dead

Severe NPDR will remain in that health state or progress to:

1. Severe NPDR and CSMO with/without VI
2. Early PDR
3. Dead

Severe NPDR and CSMO with/without VI will remain in
that health state or progress to:

1. Early PDR and CSMO with/without VI
2. Dead

Early PDR will remain in that health state or progress to:

Early PDR and CSMO with/without VI
HR-PDR

HR-PDR and CSMO with/without VI
Dead

AW =

Intervention arm

Moderate NPDR will remain in that health state or progress:

1. Severe NPDR
2. Severe NPDR and CSMO with/without VI
3. Dead

Severe NPDR will progress to:

Severe NPDR PT

Severe NPDR and CSMO with/without VI
Early PDR

Dead

PN =

Severe NPDR PT will remain in that health state or
progress to:

1. Severe NPDR and CSMO with/without VI
2. Early PDR
3. Dead

Or regress to:

(a) Moderate NPDR
Severe NPDR and CSMO with/without VI will progress to:

1. Severe NPDR and CSMO with/without VI post treatment
2. Early PDR and CSMO with/without VI
3. Dead

Severe NPDR and CSMO with/without VI PT will remain in
that health state or progress to:

1. Early PDR
2. Early PDR and CSMO with/without VI
3. Dead

Or regress to:

(a) Severe NPDR
(b) Moderate NPDR

Early PDR will progress to:

Early PDR PT

Early PDR and CSMO with/without VI
HR-PDR

HR-PDR and CSMO with/without VI
Dead

uhwWwN =

Early PDR PT will remain in that health state or progress to:

1. Early PDR and CSMO with/without VI
2. HR-PDR

3. HR-PDR and CSMO with/without VI
4. Dead

continued
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APPENDIX 4

TABLE 49 Transitions for treating all patients who develop moderate NPDR (continued)

Early PDR and CSMO with/without VI will remain in that
health state or progress to:

HR-PDR

HR-PDR and CSMO with/without VI
SVL/blindness

Dead

PN =

HR-PDR will progress to:

. HR-PDR PT

. HR-PDR and CSMO with/without VI

. Severe PDR

. Severe PDR and CSMO with/without VI
. Dead

u b wN =

HR-PDR PT will remain in that health state or progress to:

1. HR-PDR and CSMO with/without VI

2. Severe PDR

3. Severe PDR and CSMO with/without VI
4. Dead

Or regress to:

(a) Early PDR and CSMO with/without VI
(b) Early PDR

(c) Severe NPDR and CSMO with/without VI
(d) Severe NPDR

(e) Moderate NPDR

HR-PDR and CSMO with/without VI will progress to:

. HR-PDR and CSMO with/without VI PT
. Severe PDR

. Severe PDR and CSMO with/without VI
. SVL/blindness

. Dead

u s wN —

HR-PDR and CSMO with/without VI PT will remain in that
health state or progress to:

Severe PDR

Severe PDR and CSMO with/without VI
SVL/blindness

Dead

AN =

Or regress to:

(a) Severe NPDR and CSMO with/without VI
(b) Severe NPDR
(c) Moderate NPDR

Early PDR and CSMO with/without VI will progress to:

Early PDR and CSMO with/without VI PT
HR-PDR

HR-PDR and CSMO with/without VI
SVU/blindness

Dead

u b wnN —

Early PDR and CSMO with/without VI post treatment will
remain in that health state or progress to:

1. HR-PDR

2. HR-PDR and CSMO with/without VI
3. Severe visual loss/blindness

4. Dead

Or regress to:

(a) Early PDR

(b) Severe NPDR and CSMO with/without VI
(c) Severe NPDR

(d) Moderate NPDR

HR-PDR will progress to:

HR-PDR PT

HR-PDR and CSMO with/without VI
Severe PDR

Severe PDR and CSMO with/without VI
Dead

u b wN =

HR-PDR PT will remain in that health state or progress to:

1. HR-PDR and CSMO with/without VI

2. Severe PDR

3. Severe PDR and CSMO with/without VI
4. Dead

Or regress to:

(a) Early PDR and CSMO with/without VI
(b) Early PDR

(c) Severe NPDR and CSMO with/without VI
d) Severe NPDR

) Moderate NPDR

HR-PDR and CSMO with/without VI will progress to:

(
(

e

. HR-PDR and CSMO with/without VI PT
. Severe PDR

. Severe PDR and CSMO with/without VI
. SVL/blindness

. Dead

u b wN —

HR-PDR and CSMO with/without VI PT will remain in that
health state or progress to:

Severe PDR

Severe PDR and CSMO with/without VI
SVUl/blindness

Dead

AN =
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TABLE 49 Transitions for treating all patients who develop moderate NPDR (continued)

Or regress to:

(a) HR-PDR

(b) Early PDR and CSMO with/without VI

(c) Early PDR

(d) Severe NPDR and CSMO with/without VI
(e) Severe NPDR

(f) Moderate NPDR

Severe PDR will progress to:

1. Severe PDR PT

2. Severe PDR and CSMO with/without VI
3. SVUl/blindness

4. Dead

Severe PDR PT will remain in that health state or progress
to:

1. Severe PDR and CSMO with/without VI
2. SVU/blindness
3. Dead

Or regress to:

(a) HR-PDR and CSMO with/without VI

(b) HR-PDR

(c) Early PDR and CSMO with/without VI
(d) Early PDR

(e) Severe NPDR and CSMO with/without VI
(f) Severe NPDR

(9) Moderate NPDR

Severe PDR and CSMO with/without VI will progress to:

1. Severe PDR and CSMO with/without VI PT
2. SVl/blindness
3. Dead

Severe PDR and CSMO with/without VI PT will remain in
that health state or progress to:

1. SVUUblindness
2. Dead

Or regress to:

(a) Severe PDR

(b) HR-PDR and CSMO with/without VI

(c) HR-PDR

(d) Early PDR and CSMO with/without VI

(e) Early PDR

(f) Severe NPDR and CSMO with/without VI
(g) Severe NPDR

(h) Moderate NPDR

SVL/blindness will remain in that health state or progress

1. Dead

Dead will remain in that health state

Or regress to:

(a) HR-PDR

(b) Early PDR and CSMO with/without VI

(c) Early PDR

(d) Severe NPDR and CSMO with/without VI
(e) Severe NPDR

(f) Moderate NPDR

Severe PDR will progress to:

. Severe PDR PT

. Severe PDR and CSMO with/without VI
. SVl/blindness

. Dead

A wWN —

Severe PDR PT will remain in that health state or progress to:

1. Severe PDR and CSMO with/without VI
2. SVU/blindness
3. Dead

Or regress to:

(a) HR-PDR and CSMO with/without VI

(b) HR-PDR

(c) Early PDR and CSMO with/without VI

(d) Early PDR

(e) Severe NPDR and CSMO with/without VI
(f) Severe NPDR

(g) Moderate NPDR

Severe PDR and CSMO with/without VI will progress to:

1. Severe PDR and CSMO with/without VI PT
2. SVl/blindness
3. Dead

Severe PDR and CSMO with/without VI PT will remain in
that health state or progress to:

1. SVU/blindness
2. Dead

Or regress to:

(a) Severe PDR

(b) HR-PDR and CSMO with/without VI

(c) HR-PDR

(d) Early PDR and CSMO with/without VI

(e) Early PDR

(f) Severe NPDR and CSMO with/without VI
(g) Severe NPDR

(h) Moderate NPDR

SVU/blindness will remain in that health state or progress

1. Dead

Dead will remain in that health state

PT, post treatment; VI, visual impairment.
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