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Suboptimal outcomes and treatment burden of anti-vascular 
endothelial growth factor treatment for diabetic macular 
oedema in phakic patients
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OBJECTIVES: In England and Wales, treatment options were limited for patients with diabetic macular oedema (DMO) with phakic 
eyes that failed anti-vascular endothelial growth factor (anti-VEGF) treatment pre-2022. This study aimed to quantify the response 
to, and treatment burden of, anti-VEGF treatment in phakic eyes.
METHODS: Retrospective, cohort study using electronic patient record data from two UK centres between 2015 and 2020. Primary 
objective was proportion of phakic eyes with a suboptimal response after initial 6 months of anti-VEGF treatment. Data were 
available for 500 eyes from 399 patients.
RESULTS: At 6 months significantly more eyes had a suboptimal response to anti-VEGF treatment: 65.8% (95% CI 61.5–70.0%) vs 
34.2% (95% CI 30.0–38.5%), p < 0.0001. Baseline visual acuity (VA) predicted VA outcome, however, despite greater gains in eyes 
with poorer VA, such eyes did not achieve the same VA levels as those who started treatment with better VA. Only 53.6% of eyes 
had more than three injections in the first 6 months indicating difficulties in delivering high volume/high frequency treatment. 
Treatment and review burden were similar over the following years regardless of response to anti-VEGF treatment.
CONCLUSIONS: Data confirm previous real world evidence around response to anti-VEGF treatment, importance of baseline VA 
and frequency of injections in predicting outcomes in a UK setting. Continuing treatment beyond 6 months in suboptimal 
responders imposes unnecessary treatment burden without significant change in VA. In suboptimal responders, consideration of 
early switch to longer acting steroid treatments may help to reduce treatment burden, whilst maintaining or improving vision.
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INTRODUCTION
In the UK diagnoses of diabetes have doubled over the past 15 
years, and there are currently almost 4.1 million people in the UK 
with either type 1 or type 2 diabetes, predicted to rise to 5.5 
million by 2030 [1]. Around 6.8% of people with diabetes have 
diabetic macular oedema (DMO) [2], with prevalence considerably 
higher in people with type 1 diabetes than type 2. It can be 
estimated that there are around 279,000 people with DMO in 
the UK.

DMO is the major cause of vision loss in people with diabetes 
[3] and has a considerable impact on quality of life. Loss of visual 
acuity (VA) is correlated with central macular involvement, in 
particular central macular thickening [4]. The goal of treatment is 
to preserve or improve retinal function and vision by reducing 
retinal thickening and oedema [5].

Angiogenesis, increased vascular permeability and inflamma
tion all play a role in the development of DMO [5]. Inflammatory 
mediators including vascular endothelial growth factor (VEGF) are 
increased, resulting in increased permeability of the endothelial 
cells in the retina.

Control of blood pressure, glycaemia and lipids is fundamental 
in people with diabetes, reducing the risk of development and 

worsening of diabetic complications, including retinopathy. 
Current standard of care for DMO in the UK is to reduce macular 
oedema using intravitreal anti-vascular endothelial growth factor 
(anti-VEGF) agents if central retinal thickness (CRT) is ≥400 µm 
[5, 6]. Currently, ranibizumab or aflibercept are the anti-VEGF 
agents of choice, though faricimab was approved for the 
treatment of DMO in 2022 [7–9].

Response rates to anti-VEGF agents vary in the literature due to 
differences in the definition of insufficient response, however it is 
clear that a significant proportion of patients have a suboptimal 
response to anti-VEGF treatment [5, 6]. Until recently, treatment 
options were limited for these patients in England and Wales due 
to restrictions by the National Institute for Health and Care 
Excellence (NICE), who restricted intravitreal corticosteroids 
(dexamethasone implant [OZURDEX] and fluocinolone acetonide 
implant [ILUVIEN]) to use in an eye with an intraocular 
(pseudophakic) lens where DMO does not respond to non- 
corticosteroid treatment, or such treatment is unsuitable [10, 11]. 
Therefore, people with phakic eyes had limited second-line 
treatment options. More recently in 2022, NICE recommended 
dexamethasone intravitreal implant for people with DMO, when 
their condition has not responded well enough to, or they cannot 
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have non-corticosteroid treatments, which gives patients with a 
suboptimal response to anti-VEGF treatment an alternative 
treatment option [12].

Intravitreal corticosteroids for DMO are supported by a strong 
evidence base. Dexamethasone implant offers efficacy for up to 
approximately 6 months and is supported by long-term data from 
randomised controlled trials including the MEAD study [13–17] 
and by real world evidence [18–21]. Fluocinolone acetonide 
implant offers efficacy for up to approximately 3 years is also 
supported by long-term data from the randomised controlled 
FAME study [17, 22–24] and by real world evidence, much of 
which is from the UK [25–33].

Corticosteroid implants may result in raised intraocular 
pressure (IOP) in some patients, particularly in those with a 
relatively high baseline IOP, a previous IOP rise or a history of 
glaucoma, which is reflected in increased monitoring to detect 
any changes in IOP in a timely fashion [34]. Real world evidence 
has demonstrated that raised IOP can usually be manged with 
topical medication, with surgery being infrequently required 
[28, 30, 35, 36].

The aim of this study is to understand the response to 
treatment in phakic eyes undergoing anti-VEGF treatment for 
DMO, together with the treatment burden and the unmet need in 
phakic patients who are unable to access second-line intravitreal 
corticosteroids.

MATERIALS/SUBJECTS AND METHODS
The lead clinician and Caldicott Guardian at each centre gave 
written approval for extraction of anonymised data. The study 
protocol was approved by the lead clinical centre (Southampton). 
The study was conducted in accordance with the Declaration of 
Helsinki and the UK Data Protection Act.

This retrospective, multi-centre cohort study included phakic 
eyes with DMO from two UK centres (Southampton and 
Bradford). Data from electronic patient records (Medisoft) were 
extracted anonymously for eyes that had received anti-VEGF 
injections for DMO in the 5-year period 2015 to March 2020. Best 
recorded visual acuity (BRVA), OCT, demographic, ocular history 
and treatment burden data were analysed. The BRVA was 
converted to Early Treatment Diabetic Retinopathy Study (ETDRS) 
from logMAR or Snellen recording.

Eyes were included if they were phakic at start of anti-VEGF 
treatment, treated with aflibercept or ranibizumab and aged over 
18 years. Eyes were excluded if they were pseudophakic at 
baseline, treated with bevacizumab, had macular oedema due to 
other causes e.g. retinal vein occlusion, treatment started after 31/ 
12/2019 or received intravitreal steroid in the 6 months 
(dexamethasone implant) or 3 years (fluocinolone acetonide 
implant) prior to starting anti-VEGF treatment.

ANALYSIS
The primary objective of the study was to determine the 
proportion of phakic eyes with DMO with a suboptimal response 
after the initial 6 months of anti-VEGF injections. Data were 
obtained for 3 months and 6 months treatment. Six months was 
chosen for the primary objective as per recent Consensus 
guidelines published by Downey et al. in [5], which recommend 
that anti-VEGF therapy should be assessed after the initial six 
monthly injections and a change in therapy considered, 
furthermore more data were available for the 6-month dataset 
making the statistical analysis more robust. A suboptimal 
response was defined as ≤5 letter gain or <20% reduction in 
central subfield thickness (CST) as per the study by Busch et al. of 
continued anti-VEGF treatment vs early switch to dexamethasone 
[37, 38].

Secondary objectives were to determine the ongoing treat
ment burden (clinic visits and injections) additional treatments 
required and rates of cataract and cataract surgery.

All variables were summarised using standard descriptive 
statistics.

For the primary objective, exact 95% confidence intervals (CI) 
(two-sided) were computed to express uncertainty in the 
estimated sample proportion, using the Clopper-Pearson method 
[39]. A corresponding two-sided test was conducted of the null 
being that the proportion was 0.5 (i.e., equal suboptimal and 
optimal proportions).

Proportions were compared, e.g., comparing eyes with good 
vision (>70 letters) at baseline between the optimal and 
suboptimal response groups, via Pearson’s chi-squared (two- 
sided) tests of two independent proportions, with Yates’ 
continuity correction applied. Corresponding 95% Wald-type CI 
(two-sided) were also computed to express the uncertainty in the 
estimated sample difference in proportions.

For VA and OCT summaries over time, 95% Wald-type CI (two- 
sided) for the mean were computed, using the t-distribution to 
calculate the critical value to allow for reduced sample sizes at 
later follow-up time points. Comparisons between mean values 
were made via independent (two-sided) two-sample t-tests.

For treatment burden data, where multiple clinic visits were 
recorded on the same day for a patient (in the patient-level 
encounter data), these were treated as a single visit.

All analyses were performed in the statistical software package 
R version 3.5.1 with Microsoft R Open 3.5.1.

Further information is available in the Supplement: additional 
information on statistical methods.

RESULTS
Five hundred eyes of 399 patients met the study inclusion criteria 
(Fig. 1).

Table 1 summarises baseline demographics. Mean age for 
starting anti-VEGF treatment for DMO was 61.5 years, with 
duration of diabetes at start of treatment being longer in patients 
with type 1 than type 2 diabetes (20.8 years versus 14.1 years).

Primary objective: response to anti-VEGF treatment
At 6 months significantly more eyes achieved a suboptimal 
response to anti-VEGF than achieved an optimal response: 65.8% 
(95% CI 61.5–70.0%) vs 34.2% (95% CI 30.0–38.5%) (p < 0.0001).

Mean BRVA at baseline was 64.3 ETDRS letters for all eyes, 68.5 
ETDRS letters for the suboptimal group and 56.2 for the optimal 
response group.

Those with good vision (>70 letters) were less likely to achieve 
the >5 letter gain. 11.1% of eyes (19/171) in the optimal group 
had >70 letters at baseline vs 53.8% of eyes (177/329) in the 
suboptimal group with >70 letters at baseline, p < 0.0001. If we 
consider a definition of >5 letters improvement and/or VA > 70 
letters for optimal response, then response increased to 348/500, 
69.6% optimal response and 152/500, 30.4% suboptimal response 
at 6 months.

Visual acuity over time
Figure 2a shows the change in VA over time for each group. The 
mean follow-up (time to last recorded VA) was 28.8 months 
(standard deviation [SD] 15.7) with similar follow up for optimal 
(29 months) and suboptimal groups (28.8 months). Overall, the 
mean change in VA was 3.2 EDTRS letters (SD 11.6) at 6 months, 
with +14.5 letters for the optimal and −2.7 letters for the 
suboptimal group.

Baseline VA predicts outcome over time (see Fig. 2b). Those in 
the best VA category (≤0.3 letters, 6/12) have little change and due 
to good baseline vision are less likely to meet the >5 letter gain.
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There was mean gain from baseline of 3.2 letters (SD 11.6) in 
BRVA at 6 months, 2.6 letters (SD 12.5) at 12 months, 1.9 letters 
(SD 15.3) at 24 months and 36 months (SD 15.2) and 1.8 letters 
(SD 17.7) at 48 months. Those eyes with poorest vision had the 
greatest VA gain.

Eyes with baseline BRVA < 55 letters had mean gain of 9.3 
letters (SD 15), those with BRVA < 55 and >70 letters gained 4 
letters (SD12.5) at 6 months. At 6 months 20% of eyes gained >10 
letters, 10.2% of eyes lost ≥ 10 letters and 65.8% had suboptimal 
≤5 letter gain.

Fig. 1 Patient recruitment into the study.
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Optical coherence tomography
OCT data were available for 271/500 eyes at the 6 month 
timepoint. Based on OCT criteria of <20% improvement 43% of 
eyes were classified as optimal and 57% as suboptimal (95% CI 
50.7%–62.8%). A combination of <20% OCT improvement with 
BRVA of ≤5 letter gain resulted in 81.9% being classified as 
suboptimal responders (Fig. 3).

Outcomes by number of injections
At 6 months, 46.4% (232 eyes) had received ≤3 injections and 
38% (190 eyes) had no injection between 3 and 6 months. Of 
those receiving ≤3 injections 78% (171/232 eyes), all injections 
were received within the first 3 months of the first injection. Of 
those who received ≤3 injections 30.6% (71/232 eyes) had an 
optimal response compared with 37.3% (100/268 eyes) who 
received >3 injections (p = 0.1381).

In the optimal group 56/171 eyes (32.7%) had no injection 
between 3 and 6 months compared with 134/329 eyes (40.7%) in 
the suboptimal group (p = 0.0996).

Treatment burden
Figure 4 shows the treatment burden for optimal and suboptimal 
responding eyes, together with the mean number of clinic visits 
per patient. In terms of treatment burden, 63% of eyes were still 
under treatment at 48 months with the optimal group having 
mean 7.7 letter gain and the suboptimal group −1.9 mean letter 
gain. Despite the suboptimal response these eyes continued to 
receive similar number of injections over the follow up period.

For all eyes over the entire follow up period, the mean number 
of injections was 9.5. Cumulative mean number of injections was 
3.7 for the first 6 months, 5.8 for 12 months, 9 for 24 months, 12.1 
for 36 months and 15.3 for 48 months.

Mean number of visits to final review for all patients was 9.9 (SD 
6.7). Cumulative mean number of clinic visits was 2.4 for the first 
6 months, 4.7 for 12 months, 8.7 for 24 months, 12.7 for 
36 months and 15.8 for 48 months. Overall, 101 patients had 
bilateral anti-VEGF treatment for DMO, of whom 23 patients had 
an optimal response to treatment in one eye and suboptimal in 
the other.

Table 1. Demographic data.

Full cohort 500 eyes /399 
patients

Optimal 171 eyes/153 
patients

Suboptimal 329 eyes/285 
patients

Age (years) at first anti-VEGF treatment (patients)

Mean ± SD 61.5 ± 13.5 59.3 ± 13.6 62.6 ± 13.2

Range 21.7–94.7 25.1–94.7 21.7–90.3

Male gender, no (%) 261 (65.4%) 94 (61.4%) 194 (68.1%)

BRVA at baseline (mean ETDRS) 64.3 letters 56.2 letters 68.5 letters

Diabetes type 1/2/unknown

No 53/319/27 22/119/12 41/229/15

% 13.3/79.9/6.8% 14.4/77.8/7.8% 14.4/80.4/5.3%

Duration of diabetes at first anti-VEGF treatment (first eye), years

All 15.24 ± 11.01 15.24 ± 10.61 15.47 ± 11.55

Type 1 20.83 ± 8.84 18.95 ± 9.67 21.18 ± 7.66

Type 2 14.14 ± 11.12 14.38 ± 10.72 14.32 ± 11.92

Ethnicity, no (%)

White British/other 306 (76.7%) 103 (67.3%) 229 (80.4%)

Asian (Bangladeshi, Indian, Pakistani) 43 (10.8%) 19 (12.4%) 27 (9.5%)

Other Asian 5 (1.3%) 3 (2%) 4 (1.4%)

Chinese 1 (0.3%) 1 (0.7%) 0 (0%)

Black 8 (2%) 5 (3.3%) 4 (1.5%)

Mixed 3 (0.8%) 2 (1.3%) 2 (0.7%)

Other 6 (1.5%) 4 (2.6%) 4 (1.4%)

Not stated 27 (6.8%) 16 (10.5%) 15 (5.3%)

Baseline medical conditions, no (%)

Renal failure 6/377 (1.6%) 2/145 (1.4%) 4/269 1.5%

Hypertension 101/377 (26.8%) 32/145 (22.1%) 71/269 (26.4%)

Ophthalmic history (per eyes), no (%)

Cataract 359 (71.8%) 119 (69.6%) 240 (72.9%)

Glaucoma 10 (2%) 5 (2.9%) 5 (1.5%)

Previous panretinal photocoagulation 
(PRP)

92(18.4%) 36 (21.1%) 56 (17%)

Previous mac laser 160 (32%) 47 (27.5%) 113 (34.3%)

Previous intravitreal injections (IVI) 2 (0.4%) 0 (0%) 2 (0.6%)

Previous vitrectomy 7 (1.4%) 2 (1.2%) 5 (1.8%)

The number of patients in optimal and suboptimal groups does not equal 399 because some patients have both eyes treated with some falling into each 
category.
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Cataract and cataract surgery
At baseline 28.2% (141 eyes) had no cataract and 71.8% (359 eyes) 
had presence of cataract recorded. At last recorded vision 93% 
(465 eyes) had cataract recorded. There was no evidence of a 
difference between the suboptimal group with 72.9% (240 eyes) 
having cataract recorded at baseline and 69.6% (119 eyes) of 
optimal responding eyes (p = 0.4922). There was very little 
surgery in the first 6 months of treatment with 15/500 eyes 
(3%) undergoing surgery, however, this steadily increased to 6.8% 
(29/427 eyes with data) by 12 months, 13.9% (40/288 eyes with 
data) at 24 months, 22.6 % (37/164 eyes with data) at 36 months 
and 36.2% (29/80 eyes with data) at 48 months. By the last 
recorded VA 18.2% of all the eyes in the cohort (91/500) had 
undergone cataract surgery.

Other treatments during follow-up
A significant number of eyes had received previous treatment for 
diabetic retinopathy and maculopathy (see Table 1). During the 
study period 10.8% (54 eyes) received PRP, 5.2% (26 eyes) macular 
laser, 1.8% (9) vitrectomy surgery and 0.2% (1 eye) glaucoma 
surgery.

Other intravitreal injections were given in 4.6% (23 eyes) over 
the follow-up period, dexamethasone implant was given in 
4.2% (21 eyes, 29 injections, three during cataract surgery and 

nine in phakic eyes), fluocinolone acetonide implant was given 
to 0.6% (three eyes, two psuedophakic and one phakic). 
Ceftazidime was given in 0.4% (two eyes) for endophthalmitis. 
The endophthalmitis event per injection was two in 4,962 
injections, 0.04% or 0.4 cases per thousand injections given. 
Post-operative uveitis was only recorded in one eye. The most 
common post-operative complication was raised IOP with 11 
events recorded in seven eyes, giving a 0.22% event rate. Post- 
operative adverse events rely on recording in clinic so may not 
be accurate.

DISCUSSION
Anti-VEGF treatment in DMO patients with phakic eyes maintains 
or improves vision in the real world, however, in this study 65.8% 
of phakic eyes had a suboptimal response to anti-VEGF treatment 
at 6 months. In line with analysis of the results from the 
randomised clinical trials of anti-VEGF drugs for the treatment of 
DMO most VA gains were achieved within the initial 3–6 months 
of therapy [6].

Baseline VA predicts VA outcome; at the 6-month timepoint 
despite greater gains in eyes with poorer vision patients did not 
achieve the same VA levels as those who started treatment with 
better vision.

Fig. 2 Change in BRVA over time. a BRVA over time for optimal and suboptimal groups and b BRVA over time according to baseline vision.
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Definitions of suboptimal response vary between clinical trials 
[6, 38, 40, 41] and rate of suboptimal response in this cohort is 
higher than expected. There was a high baseline VA and the BRVA 
was only available to two decimal places in 59% of cases. Baseline 
mean BRVA of 64.3 ETDRS letters may limit the amount of visual 
gain seen, especially for the 53.7% of the suboptimal group who 
have >70 letters at baseline. There is a need to readjust the 
definition of response to treatment to reflect real world 
experience. In clinical practice patients with DMO are often 
identified early and are able to access treatment promptly with 
VA of >70 letters. Using a definition for optimal response of >5 
letters improvement or a VA > 70 letters with 20 % reduction of 
fluid on OCT may be a more useful assessment.

Irrespective of baseline VA, patients in England need to have 
>400 microns of retinal thickness in order to qualify for anti-VEGF 
treatment [8, 9], meaning that these eyes have significant macular 
oedema on OCT at baseline. OCT is consistent and often used as 
the marker for response to treatment as VA can be more variable 
with difficulties in performance and non-refracted assessments. 
However, it is well established that there is poor correlation 
between VA and OCT or CRT [42, 43]. The proportion of 
suboptimal eyes of 57% based on OCT in this real world evidence 
is much closer to the clinical trials data than using BRVA alone. 
Data from the Protocol V study [44] of initial observation vs anti- 
VEGF treatment, and RIDE and RISE Trials [45], all show that delay 
in anti-VEGF treatment results in lower VA gains and absolute VA 
levels compared with prompt anti-VEGF initiation. This supports 
the treatment of significant DMO despite good vision, as delay 
may give suboptimal final visual outcomes [46].

Only 53% of eyes had more than three injections in the first 
6 months indicating difficulties in delivering high volume and 
high frequency treatment in clinical practice, which is similar to 
other real world evidence [47]. It should be noted that 38% of 
eyes did not receive any injections between 3 and 6 months from 
initiation of treatment. The number of anti-VEGF injections at 
6 months did not significantly impact on whether eyes had an 
optimal response, although failure to deliver treatment in the 
second 3 months might lead to a loss of any benefit gained from 
the initial treatment. However, on initial evaluation of the data 
there was very little difference in rates of suboptimal response at 
3 months vs 6 months. At 3 months: 35.2% (154/437 eyes) had 
optimal and 64.8% (283/437, 95% CI 60.1–69.2%) had suboptimal 
response to treatment. Whether eyes had an optimal or 
suboptimal response, the treatment and review burden were 
similar over the following years.

A group of UK retina experts have expressed concern that there 
is no clear guidance for when to consider switching patients with 
DMO and an insufficient response to anti-VEGF treatment to other 
alternative treatments such as intravitreal corticosteroid therapy 
[5]. Data from Protocol I show that for those with poor response 
at 3 months, 53% continue to have a suboptimal functional 
response at 3 years [48]. Continuing treatment beyond 6 months 
therefore imposes a large treatment burden with only modest 
clinical benefit in suboptimal responders. Indeed, in a retro
spective, multicentre, case-control study eyes with DMO with 
suboptimal response (defined as refractory to anti-VEGF therapy 
after three monthly injections) had better visual and anatomical 
outcomes at 12 and 24 months if they were switched to 
intravitreal corticosteroid treatment at 3 months compared with 
continued anti-VEGF therapy [37, 38]. A UK Consensus paper 
recommends switching to corticosteroid to improve efficacy of 
treatment if there is insufficient response after a maximum of six 
monthly anti-VEGF treatments, or to reduce treatment burden if 
at 24 months, ≥6 injections in the preceding 12 months have not 
resulted in response [5].

This indicates a focus on delivering more treatment within the 
first 6 months, with consideration that early switch to longer 
acting steroid treatments at this point may help in reducing 
treatment burden in suboptimal responders, whilst maintaining 
or improving vision. These patients will however continue to 
require some clinic review appointments to monitor and manage 
other complications such as proliferative retinopathy.

The presence of cataract is common in this group of patients 
which is consistent with their age and diagnosis of diabetes. Few 
cataract operations are carried out in the first year which fits with 
the clinical strategy of stabilising the retina and optimising this 
before considering cataract surgery. The high prevalence of 
cataract and subsequent need for surgery may be used to facilitate 
conversations about treatment switch to steroid implants.

This study has limitations inherent in a retrospective non- 
interventional study but provides an insight into real-world 
practice in the UK and indication for considering early switch to 
steroid treatment. Although this analysis focused on the ongoing 
outcomes and treatment burden based on response at 6 months, 
rather than number of injections, it would also have been 
valuable to consider outcomes in those patients who received the 
recommended number of five loading dose injections in the first 
6 months of treatment. This would help to determine whether, as 
the number of responders increased, the subsequent injection 
burden decreased. Unfortunately, use of real world data meant 

Fig. 3 OCT foveal point thickness over time for optimal and suboptimal groups.
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that the sample size was relatively small (n = 108) making it 
challenging to draw conclusions.

In conclusion anti-VEGF treatment for DMO patients with phakic 
eyes in real-world UK clinical practice can maintain or improve 
vision. Although outcomes are poorer than clinical trials, it is 
consistent with other real world evidence [47]. At 6 months 65.8% 
of phakic eyes had a suboptimal response to anti-VEGF treatment. 
Those with poorer baseline BRVA had greater gains at 6 months 
however, baseline VA predicts the VA outcome, so despite the 
greater gains in letters these eyes do not achieve the same VA 
levels as those who start with better vision. High baseline VA is a 
reflection of early detection and prompt treatment, and VA is 
maintained which is important for functional outcomes.

Beyond 6 months, optimal and suboptimal responders had 
similar ongoing treatment and review burden over 4 years of anti- 
VEGF treatment. It is recognised that clinicians would have 
adjusted their decision about retreatment and/or treatment 
intervals based on the absence of an increase in macular oedema. 
Thus, for the suboptimal responders this treatment helped to 
maintain some VA, but consideration should be given to early 
switch to longer acting treatments to reduce treatment burden 
and improve outcomes.

Data sharing
AbbVie is committed to responsible data sharing regarding the 
clinical trials we sponsor. This includes access to anonymised, 
individual and trial-level data (analysis data sets), as well as other 
information (e.g., protocols, clinical study reports, or analysis 
plans), as long as the trials are not part of an ongoing or planned 
regulatory submission. This includes requests for clinical trial data 
for unlicensed products and indications.

These clinical trial data can be requested by any qualified 
researchers who engage in rigorous, independent, scientific 
research, and will be provided following review and approval of 
a research proposal, Statistical Analysis Plan (SAP), and execution 
of a Data Sharing Agreement (DSA). Data requests can be 
submitted at any time after approval in the US and Europe and 

after acceptance of this manuscript for publication. The data will 
be accessible for 12 months, with possible extensions considered. 
For more information on the process or to submit a request, visit 
the following link: https://www.abbvie.com/our-science/clinical- 
trials/clinical-trials-data-and-information-sharing/data-and- 
information-sharing-with-qualified-researchers.html

SUMMARY

What was known before

● Retrospective real world studies of anti-VEGF treatments have 
reported lower injection frequency and functional gains than 
randomised clinical trials.

● Improvement of functional and anatomical parameters in 
response to anti-VEGF treatment is closely associated with 
baseline BRVA.

What this study adds

● Confirms previous real world evidence around frequency of 
injections, response to anti-VEGF treatment and importance 
of baseline BRVA in predicting outcomes in a UK setting.

● Continuing treatment beyond 6 months in patients with a 
suboptimal response imposes a large treatment burden with 
only modest clinical benefit.

● High prevalence of cataract and subsequent need for cataract 
surgery may help facilitate conversations about switch to 
steroid use.

REFERENCES
1. Iacobucci G. One in 10 UK adults could have diabetes by 2030, warns charity. 

BMJ. 2021;375:n2453.

Fig. 4 Injection and treatment burden. The top two panels reflect injection burden and the bottom two reflect clinic vist burden.

C. Rennie et al.   

221

Eye (2024) 38:215 – 223 

https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html


2. Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global 
prevalence and major risk factors of diabetic retinopathy. Diabetes Care. 
2012;35:556–64.

3. Das A, McGuire PG, Rangasamy S. Diabetic macular edema: pathophysiology and 
novel therapeutic targets. Ophthalmology. 2015;122:1375–94.

4. Gardner TW, Larsen M, Girach A, Zhi X. Diabetic macular oedema and visual loss: 
relationship to location, severity and duration. Acta Ophthalmol. 2009;87:709–13.

5. Downey L, Acharya N, Devonport H, Gale R, Habib M, Manjunath V, et al. 
Treatment choices for diabetic macular oedema: a guideline for when to con
sider an intravitreal corticosteroid, including adaptations for the COVID-19 era. 
BMJ Open Ophthalmol. 2021;6:e000696.

6. Amoaku WM, Ghanchi F, Bailey C, Banerjee S, Banerjee S, Downey L, et al. Dia
betic retinopathy and diabetic macular oedema pathways and management: UK 
Consensus Working Group. Eye. 2020;34:1–51.

7. National Institute for Health and Care Excellence. Faricimab for treating diabetic 
macular oedema. 2022. https://www.nice.org.uk/guidance/ta799.

8. National Institute for Health and Care Excellence. Ranibizumab for treating 
diabetic macular oedema. Technology appraisal guidance 274. 2013. https:// 
www.nice.org.uk/guidance/ta274/resources/ranibizumab-fortreating-diabetic- 
macular-oedema-pdf-826.

9. National Institute for Health and Care Excellence. Aflibercept for treating diabetic 
macular oedema. Technology appraisal guidance 346. 2015. https:// 
www.nice.org.uk/guidance/ta346.

10. National Institute for Health and Care Excellence. Dexamethasone intravitreal 
implant for treating diabetic macular oedema Technology appraisal guidance 
349. 2015. www.nice.org.uk/guidance/ta349.

11. National Institute for Health and Care Excellence. Fluocinolone acetonide 
intravitreal implant for treating chronic diabetic macular oedema after an 
inadequate response to prior therapy, Technology appraisal guidance 301. 2013. 
www.nice.org.uk/guidance/ta301.

12. National Institute for Health and Care Excellence. Dexamethasone intravitreal 
implant for treating diabetic macular oedema. 2022. https://www.nice.org.uk/ 
guidance/TA824.

13. Matonti F, Pommier S, Meyer F, Hajjar C, Merite PY, Parrat E, et al. Long-term 
efficacy and safety of intravitreal dexamethasone implant for the treatment of 
diabetic macular edema. Eur J Ophthalmol. 2016;26:454–9.

14. Gillies MC, Lim LL, Campain A, Quin GJ, Salem W, Li J, et al. A randomized clinical 
trial of intravitreal bevacizumab versus intravitreal dexamethasone for diabetic 
macular edema: the BEVORDEX study. Ophthalmology. 2014;121:2473–81.

15. Callanan DG, Loewenstein A, Patel SS, Massin P, Corcóstegui B, Li XY, et al. A 
multicenter, 12-month randomized study comparing dexamethasone intravitreal 
implant with ranibizumab in patients with diabetic macular edema. Graefes Arch 
Clin Exp Ophthalmol. 2017;255:463–73.

16. Iglicki M, Busch C, Zur D, Okada M, Mariussi M, Chhablani JK, et al. DEX
AMETHASONE IMPLANT FOR DIABETIC MACULAR EDEMA IN NAIVE COMPARED 
WITH REFRACTORY EYES: The International Retina Group Real-Life 24-Month 
Multicenter Study. The IRGREL-DEX Study. Retina. 2019;39:44–51.

17. Campochiaro PA, Brown DM, Pearson A, Ciulla T, Boyer D, Holz FG, et al. Long- 
term benefit of sustained-delivery fluocinolone acetonide vitreous inserts for 
diabetic macular edema. Ophthalmology. 2011;118:626–635.e622.

18. Neves P, Ornelas M, Matias I, Rodrigues J, Santos M, Dutra-Medeiros M, et al. 
Dexamethasone intravitreal implant (Ozurdex) in diabetic macular edema: 
real-world data versus clinical trials outcomes. Int J Ophthalmol. 
2021;14:1571–80.

19. Mathis T, Papegaey M, Ricard C, Rezkallah A, Matonti F, Sudhalkar A, et al. Effi
cacy and Safety of Intravitreal Fluocinolone Acetonide Implant for Chronic Dia
betic Macular Edema Previously Treated in Real-Life Practice: The REALFAc Study. 
Pharmaceutics. 2022;14:723–36.

20. Augustin AJ. Treatment of diabetic macular edema with intravitreal DEX Implant 
in Germany: efficacy and safety in naïve and pre-treated patients in clinical 
practice. Eur J Ophthalmol. 2022;32:3609–14.

21. Zarranz-Ventura J, Romero-Núñez B, Bernal-Morales C, Velazquez-Villoria D, Sala- 
Puigdollers A, Figueras-Roca M, et al. Differential response to intravitreal dex
amethasone implant in naïve and previously treated diabetic macular edema 
eyes. BMC Ophthalmol. 2020;20:443.

22. Wykoff CC, Chakravarthy U, Campochiaro PA, Bailey C, Green K, Cunha-Vaz J. 
Long-term effects of intravitreal 0.19 mg fluocinolone acetonide implant on 
progression and regression of diabetic retinopathy. Ophthalmology. 
2017;124:440–9.

23. Cunha-Vaz J, Ashton P, Iezzi R, Campochiaro P, Dugel PU, Holz FG, et al. Sus
tained delivery fluocinolone acetonide vitreous implants: long-term benefit in 
patients with chronic diabetic macular edema. Ophthalmology. 
2014;121:1892–903.

24. Campochiaro PA, Brown DM, Pearson A, Chen S, Boyer D, Ruiz-Moreno J, et al. 
Sustained delivery fluocinolone acetonide vitreous inserts provide benefit for at 

least 3 years in patients with diabetic macular edema. Ophthalmology. 
2012;119:2125–32.

25. Cox L, Li Y, Fotuhi M, Vermeirsch S, Yeung I, Hamilton RD, et al. Treatment of 
chronic diabetic macular oedema with intravitreal fluocinolone acetonide 
implant; real-life analysis of outcomes during overall treatment period. Eur J 
Ophthalmol. 2022:32:3629–36.

26. Ahmed M, Putri C, Quhill H, Quhill F. Evaluation of 0.2 µg/day fluocinolone 
acetonide (ILUVIEN) implant in a cohort of previously treated patients with 
diabetic macular oedema (DMO): a 36-month follow-up clinical case series. BMJ 
Open Ophthalmol. 2020;5:e000484.

27. Mansour SE, Kiernan DF, Roth DB, Eichenbaum D, Holekamp NM, Kaba S, et al. 
Two-year interim safety results of the 0.2 µg/day fluocinolone acetonide intra
vitreal implant for the treatment of diabetic macular oedema: the observational 
PALADIN study. Br J Ophthalmol. 2021;105:414–9.

28. Young JF, Walkden A, Stone A, Mahmood S. Clinical effectiveness of intravitreal 
fluocinolone acetonide (FAc) (ILUVIEN™) in patients with diabetic macular 
oedema (DMO) refractory to prior therapy: the Manchester Experience. Oph
thalmol Ther. 2019;8:477–84.

29. Fusi-Rubiano W, Mukherjee C, Lane M, Tsaloumas MD, Glover N, Kidess A, et al. 
Treating Diabetic Macular Oedema (DMO): real world UK clinical outcomes for 
the 0.19mg Fluocinolone Acetonide intravitreal implant (Iluvien™) at 2 years. 
BMC Ophthalmol. 2018;18:62.

30. Bailey C, Chakravarthy U, Lotery A, Menon G, Talks J, Bailey C, et al. Real-world 
experience with 0.2 μg/day fluocinolone acetonide intravitreal implant (ILUVIEN) 
in the United Kingdom. Eye. 2017;31:1707–15.

31. Alfaqawi F, Lip PL, Elsherbiny S, Chavan R, Mitra A, Mushtaq B. Report of 12- 
months efficacy and safety of intravitreal fluocinolone acetonide implant for the 
treatment of chronic diabetic macular oedema: a real-world result in the United 
Kingdom. Eye. 2017;31:650–6.

32. Yang Y, Bailey C, Holz FG, Eter N, Weber M, Baker C, et al. Long-term outcomes of 
phakic patients with diabetic macular oedema treated with intravitreal fluoci
nolone acetonide (FAc) implants. Eye. 2015;29:1173–80.

33. Holden SE, Kapik B, Beiderbeck AB, Currie CJ. Comparison of data characterizing 
the clinical effectiveness of the fluocinolone intravitreal implant (ILUVIEN) in 
patients with diabetic macular edema from the real world, non-interventional 
ICE-UK study and the FAME randomized controlled trials. Curr Med Res Opin. 
2019;35:1165–76.

34. Goñi FJ, Barton K, Dias JA, Diestelhorst M, Garcia-Feijoo J, Hommer A, et al. 
Intravitreal corticosteroid implantation in diabetic macular edema: updated 
european consensus guidance on monitoring and managing intraocular pres
sure. Ophthalmol Ther. 2022;11:15–34.

35. Chakravarthy U, Taylor SR, Koch FHJ, Castro de Sousa JP, Bailey C. Changes in 
intraocular pressure after intravitreal fluocinolone acetonide (ILUVIEN): real- 
world experience in three European countries. Br J Ophthalmol. 
2019;103:1072–7.

36. Lebrize S, Arnould L, Bourredjem A, Busch C, Rehak M, Massin P, et al. Intraocular 
pressure changes after intravitreal fluocinolone acetonide implant: results from 
four European Countries. Ophthalmol Ther. 2022.

37. Busch C, Zur D, Fraser-Bell S, Laíns I, Santos AR, Lupidi M, et al. Shall we stay, or 
shall we switch? Continued anti-VEGF therapy versus early switch to dex
amethasone implant in refractory diabetic macular edema. Acta Diabetol. 
2018;55:789–96.

38. Busch C, Fraser-Bell S, Iglicki M, Lupidi M, Couturier A, Chaikitmongkol V, et al. 
Real-world outcomes of non-responding diabetic macular edema treated with 
continued anti-VEGF therapy versus early switch to dexamethasone implant: 
2-year results. Acta Diabetol. 2019;56:1341–50.

39. Clopper CJ, Pearson ES. The use of confidence or fiducial limits illustrated in the 
case of the binomial. Biometrika. 1934;26:404–13.

40. Wells JA, Glassman AR, Ayala AR, Jampol LM, Aiello LP, Antoszyk AN, et al. 
Aflibercept, bevacizumab, or ranibizumab for diabetic macular edema. N Engl J 
Med. 2015;372:1193–203.

41. Maturi RK, Glassman AR, Liu D, Beck RW, Bhavsar AR, Bressler NM, et al. Effect of 
adding dexamethasone to continued ranibizumab treatment in patients with 
persistent diabetic macular edema: a DRCR Network Phase 2 Randomized Clin
ical Trial. JAMA Ophthalmol. 2018;136:29–38.

42. Ashraf M, Souka A, Adelman R. Predicting outcomes to anti-vascular endothelial 
growth factor (VEGF) therapy in diabetic macular oedema: a review of the literature. 
Br J Ophthalmol. 2016;100:1596–604.

43. Otani T, Yamaguchi Y, Kishi S. Correlation between visual acuity and foveal 
microstructural changes in diabetic macular edema. Retina. 2010;30:774–80.

44. Baker CW, Glassman AR, Beaulieu WT, Antoszyk AN, Browning DJ, Chalam KV, 
et al. Effect of initial management with aflibercept vs laser photocoagulation vs 
observation on vision loss among patients with diabetic macular edema invol
ving the center of the macula and good visual acuity: a randomized clinical trial. 
JAMA. 2019;321:1880–94.

C. Rennie et al.  

222

Eye (2024) 38:215 – 223

https://www.nice.org.uk/guidance/ta799
https://www.nice.org.uk/guidance/ta274/resources/ranibizumab-fortreating-diabetic-macular-oedema-pdf-826
https://www.nice.org.uk/guidance/ta274/resources/ranibizumab-fortreating-diabetic-macular-oedema-pdf-826
https://www.nice.org.uk/guidance/ta274/resources/ranibizumab-fortreating-diabetic-macular-oedema-pdf-826
https://www.nice.org.uk/guidance/ta346
https://www.nice.org.uk/guidance/ta346
http://www.nice.org.uk/guidance/ta349
http://www.nice.org.uk/guidance/ta301
https://www.nice.org.uk/guidance/TA824
https://www.nice.org.uk/guidance/TA824


45. Brown DM, Nguyen QD, Marcus DM, Boyer DS, Patel S, Feiner L, et al. Long-term 
outcomes of ranibizumab therapy for diabetic macular edema: the 36-month 
results from two phase III trials: RISE and RIDE. Ophthalmology. 
2013;120:2013–22.

46. Do DV, Moini H, Wykoff CC. Frequency and timing of antivascular endothelial 
growth factor treatment for eyes with centre-involved diabetic macular oedema 
and good vision: protocol V results in context. BMJ Open Ophthalmol. 
2022;7:e000983.

47. Sivaprasad S, Ghanchi F, Kelly SP, Kotagiri A, Talks J, Scanlon P, et al. Evaluation 
of standard of care intravitreal aflibercept treatment of diabetic macular oedema 
treatment-naive patients in the UK: DRAKO study 12-month outcomes. Eye. 
2022;36:64–71.

48. Gonzalez VH, Campbell J, Holekamp NM, Kiss S, Loewenstein A, Augustin AJ, 
et al. Early and long-term responses to anti-vascular endothelial growth factor 
therapy in diabetic macular edema: analysis of protocol I data. Am J Ophthalmol. 
2016;172:72–79.

ACKNOWLEDGEMENTS
Statistical analysis was provided by Sarah Littler of Select Statistical Services Ltd, 
which was funded by AbbVie. Medical writing support was provided by Tricia Dixon 
of JB Medical Ltd, which was funded by AbbVie Ltd.

AUTHOR CONTRIBUTIONS
All authors contributed to the design of the trial and data were collated by CR. 
Analysis and interpretation of results was done by CR, FG, and JP with the support of 
a statistician. The first draft of the manuscript was written by CR, with the support of 
Tricia Dixon, and all authors had input into each manuscript draft.

FUNDING
AbbVie collaborated with University Hospital Southampton on this study and 
provided funding towards data collection, interpretation of data and medical 
writing. No honoraria or payments were made for authorship.

COMPETING INTERESTS
CR has been a Consultant for Allergan (A subsidiary of AbbVie Ltd), Bayer, Novartis, 
Roche, and Alimera. She has also received an educational grant from Bayer and 

sponsored research with Allergan (A subsidiary of Abbvie Ltd). AJL is a consultant for 
Abbvie, Appelis, Novartis, Roche, Gyroscope Therapeutics, Biogen and Eyebio. He has 
equity in Gyroscope Therapeutics and Eyebio. JP is an employee of AbbVie and may 
hold stocks and shares. MS was a contracted employee of AbbVie at the time of this 
work and does not hold stocks and shares. FG has been a consultant for Allergan (A 
subsidiary of AbbVie), Apellis, Boehringer Ingleheim, Novartis and Roche. He lectures 
for Allergan (A subsidiary of AbbVie), Bayer, Heidleberg, Novartis and Roche. He has 
also received educational grants from Allergan (A subsidiary of AbbVie), Novartis and 
Roche.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material 
available at https://doi.org/10.1038/s41433-023-02667-w.

Correspondence and requests for materials should be addressed to Christina 
Rennie .

Reprints and permission information is available at http://www.nature.com/ 
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party 
material in this article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://creativecom
mons.org/licenses/by/4.0/.

© The Author(s) 2023

C. Rennie et al.   

223

Eye (2024) 38:215 – 223 

https://doi.org/10.1038/s41433-023-02667-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Suboptimal outcomes and treatment burden of anti-vascular endothelial growth factor treatment for diabetic macular oedema in phakic patients
	Introduction
	Materials/subjects and methods
	Analysis
	Results
	Primary objective: response to anti-VEGF treatment
	Visual acuity over time
	Optical coherence tomography
	Outcomes by number of injections
	Treatment burden
	Cataract and cataract surgery
	Other treatments during follow-up

	Discussion
	Data sharing

	Summary
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION


