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ABSTRACT

Objective To compare the visual outcomes of
intravitreal antivascular endothelial growth factor (anti-
VEGF) injections in neovascular age-related macular
degeneration (nAMD), diabetic macular oedema (DMO) and
retinal vein occlusion (RVO) in a real-world setting.
Methods and analysis Retrospective analysis of data
from the Tasmanian Ophthalmic Biobank database. The
median change in best-corrected visual acuity (BCVA)
between baseline and 12 months post initiating intravitreal
anti-VEGF treatment were compared between the three
diseases. Final BCVA, central macular thickness (CMT),
cumulative number of injections and overall predictors of
change in BCVA and CMT were also determined.

Results At 12 months, change in BCVA was significantly
different between nAMD, DMO and RVO cohorts (p=0.032),
with lower median change for DMO (2 letters, range -5 to
20) than for RVO (11 letters, range —20 to 35). Likewise,
CMT change was significantly different between the three
cohorts (p=0.022), with a smaller reduction in CMT in DMO
(—54 pm, range —482 to 50) than RVO patients (=137 pm,
range —478 to 43; p=0.033). Total number of injections
received (p=0.028) and final BCVA score (p=0.024) were
also significantly different between the groups. Baseline
BCVA was a negative predictor (p=0.042) and baseline
CMT a positive predictor (p<0.001) of outcome. After
adjusting for baseline BCVA and CMT, diagnosis of nAMD
or RVO was a predictor of visual improvement compared
with the DMO.

Conclusions At the end of 12 months, nAMD and RVO
cohorts had the greatest improvement in BCVA, however
the final BCVA for DMO was significantly better than for
nAMD.

Key messages

What is already known about this subject?

» Vascular endothelial growth factor (VEGF) is the
common biological determinant for neovascular
age-related macular degeneration (nAMD), diabetic
macular oedema (DMO) and retinal vein occlusion
(RVO).

» Intravitreal anti-VEGF injections are the standard of
care for nAMD, DMO and RVO.

What are the new findings?

» DMO patients had lower improvement in vision com-
pared with RVO and nAMD.

» Final vision for DMO and RVO was similar, and better
than for nAMD.

How might these results change the focus of

research or clinical practice?

» Anti-VEGF injections are beneficial for most DMO
patients in stabilising their vision despite having a
lower improvement.

» Diagnosing and treating nAMD and RVO patients at
an earlier time point might improve their final vision
further.

conditions. Since the advent of the first intra-
vitreal anti-VEGF injection in 2000," it has
become frontline treatment for many ocular
conditions” including neovascular age-related
macular degeneration (nAMD), diabetic
macular oedema (DMO) and macular
oedema in retinal vein occlusion (RVO), all
major causes of central visual impairment.

INTRODUCTION AMD is the leading cause of irreversible
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retinal pigment layer, leading to the formation of the
choroidal neovascular membrane. Though the exact
trigger initiating the cascade of new vessel formation
is unknown, hypoxia, inflammation and complement
activation are believed to play pivotal roles in the patho-
genesis of nAMD." There is also an increased production
of VEGF, which leads to angiogenesis and increased
vascular permeability. Studies of eye autopsies from
nAMD patients show increased VEGF levels in the retinal
pigment epithelium and choroidal blood vessels of
the macula.” DMO, a retinal complication of diabetes
mellitus, is the leading cause of vision impairment in the
working-age population.® The breakdown of the blood—
retinal barrier, with leakage of fluid from the retinal
micro-vasculature, is a major pathogenic mechanism
for DMO, mediated principally by VEGE.” VEGF protein
levels are significantly elevated in both the aqueous and
vitreous humour of DMO eyes® ? and increased immu-
nostaining of VEGF has been demonstrated in diabetic
retinas.'’ RVO is the second most common type of retinal
vascular disorder after diabetic complications.'" Vascular
occlusion in the acute phase of RVO leads to retinal
hypoxia, which causes an increase in VEGF production
and results in disruption of the blood-retinal barrier,
increased vascular permeability and macular oedema.'”

Although nAMD, DMO and RVO have independent
and complex etiopathogeneses, an increase in VEGF is
observed across all three conditions.”®'* Consequently,
anti-VEGF agents are the first line of treatment. Very few
studies have compared real world treatment outcomes of
this therapy in the three patient groups. This study aimed
to compare the clinical outcomes of anti-VEGF treated
nAMD, DMO and RVO patients in a real-world, clinic-
based setting.

MATERIALS AND METHODS

Study design

This was a retrospective multicentre analysis of patients
from the Tasmanian Ophthalmic Biobank. The Biobank
is an initiative of the Menzies Institute for Medical
Research, University of Tasmania, and associated clinics
that aims to collect DNA samples and clinical informa-
tion from Tasmanian residents diagnosed with a variety
of ocular conditions. Written informed consent was
obtained from each participant prior to enrolment in
the biobank. Patients were not involved in the design or
conduct of this study.

Participants

Biobank participants with a diagnosis of nAMD, DMO
or RVO and receiving anti-VEGF therapy between 2013
and 2019 in public or private eye clinics in Tasmania were
included. nAMD patients were known choroidal neovas-
cular cases, diagnosed secondary to AMD as demonstrated
by fluorescein angiography and central macular thickness
(CMT) 2315 pm measured by spectral domain optical
coherence tomography (SD-OCT; Heidelberg Spec-
tralis; Heidelberg Engineering, Heidelberg, Germany).

DMO patients were those with clinically diagnosed
centre-involving DMO and CMT 2315 pm as measured
by SD-OCT. RVO patients were those who presented with
macular oedema secondary to clinically diagnosed RVO
and CMT =315 pm. Eyes with cysts in the central 1000
pm, fresh haemorrhages, definitive leakage suggestive
of a neovascular membrane in fluorescein angiography
but with CMT <315 pm, were also included in this study
if they met the diagnostic criteria for one of the three
diseases. To be included, patients must have received
a loading dose of at least three consecutive anti-VEGF
injections at intervals of 4-6 weeks and a follow-up of 12
months from initiation of anti-VEGF injections. Patients
who received any systemic anti-VEGF therapy, intra-ocular
steroid or vitreoretinal surgery in the 6 months before
the first injection, had severe media opacity obscuring
detailed fundus evaluation, and/or had follow-up data
for less than 12 months were excluded from the study.
DMO patients who had received laser eye therapy before
or during anti-VEGF injections were still included in the
study as we aimed to evaluate outcomes driven by clin-
ical decision making rather than strict trial protocols.
Treatment decisions, including choice of anti-VEGF drug
and switching between agents, were at the discretion of
the treating physician. Where bilateral anti-VEGF injec-
tions were given, data from the better responding eye
were used. Patients were also required to have complete
data for demographic and clinical characteristics (base-
line visual acuity, baseline CMT, number of injections,
laterality of eye, lens status, age, sex, smoking history,
hypertensive status, lipid profile and disease type).

Clinical data collection

Clinical data were collected retrospectively from a review
of medical records for every injection for 12 months
after the date of the first injection. The data included
ophthalmologic diagnoses, best-corrected visual acuity
(BCVA), OCT measurements, intraocular pressure, lens
status, laterality of affected eye, anti-VEGF injections
(type and number), age, sex, hypertensive status, lipid
profile, smoking history and adverse drug events post
anti-VEGF injection. BCVA was recorded using Snellen’s
visual acuity score and was converted to early treatment
diabetic retinopathy study (ETDRS) letter scores using
the formula ETDRS=85+[50xlog, (Snellen acuity frac-
tion)]."”” CMT was measured using SD-OCT. Change in
BCVA and CMT were defined as the difference between
BCVA or CMT immediately prior to the first injection
and measurements taken at the 12-month follow-up visit.
The injection number was the total number of injec-
tions received at the end of 12 months from the date of
the first injection. Patients taking antihypertensive or
lipid-lowering drugs were classified as hypertensive or
hyperlipidaemic respectively.

Outcome measures
The primary outcome was change in BCVA at 12 months
after the first intravitreal anti-VEGF injection. Secondary
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outcomes included change in CMT, final BCVA, final
CMT and the cumulative number of injections over 12
months. These outcomes were compared between the
three disease groups of nAMD, DMO and RVO.

To explore the data further, we categorised all partic-
ipants into functional and anatomical responder or
non-responder groups. A functional responder was
defined as (1) an improvement of 5 ETDRS letters
or more from the baseline or (2) 15 ETDRS letters or
more improvement from baseline BCVA. An anatomical
responder was defined as a 10% or greater reduction in
CMT from the baseline. We also investigated possible
clinical and demographic factors predicting the func-
tional and anatomical responses. Outcome stratified by
injection subtypes were also evaluated.

Statistical analysis

Statistical analyses were performed using SPSS version
V.26 (SPSS IBM). Numerical variables are described
using the mean with SD, and median with range. The
normality of all quantitative variables was assessed using
the Kolmogorov-Smirnov test. Parametric tests were
applied to normally distributed outcome variables and
nonparametric tests to those that were not. Between-
group analyses of the three disease types were done
using the Kruskal-Wallis test for continuous variables and
the %* test for categorical variables. Fisher’s exact test
was used for categorical variables when sample size was
small. Univariable and multivariable binomial logistic
regression models were used to explore the effects of
covariates (age, baseline BCVA, baseline CMT, number
of injections, disease type) on responder status at 12
months. Variables selected for the multivariable analyses
were those that were statistically significant in univariable
analyses, as well as those reported in previous studies.
Firth’s logistic regression was used when the dichoto-
mised outcome was rare in any of the disease groups. Sex
(male:female), current or past smoking status (yes:no),
hypertension (yesmno), hyperlipidaemia (yes:mno) and
lens status (phakic:pseudophakic) were dichotomised for
statistical analyses. Tests were considered significant at
p<0.05 after Bonferroni correction for multiple testing.

RESULTS

Baseline and clinical characteristics

A total of 243 patients receiving anti-VEGF injections
were identified in the Tasmanian Ophthalmic Biobank.
Of these, 50 nAMD, 37 DMO and 30 RVO patients met
the inclusion criteria with sufficiently complete data.
The overall baseline and clinical characteristics are
summarised in table 1. The median baseline BCVA was
significantly higher for the DMO cohort (70 letters,
range 0-80) compared with the nAMD (55 letters,
range 0-80) and RVO cohorts (55 letters, range 0 —84;
p=0.002). Median baseline CMT was higher in the RVO
(483.5 pm, range 263-763) cohort compared with the
two other cohorts (p=0.007). The proportion of pseu-
dophakic participants was higher in the DMO (43%) and

nAMD (54%) cohorts compared with the RVO cohort,
(10%; p<0.001). The nAMD cohort was older than the
other two groups, (p<0.001). Comorbidities (hyperten-
sion, hyperlipidaemia) were present in a significantly
higher proportion of DMO (92% and 86%, respectively)
patients compared with the other cohorts (p<0.001).
Gender, laterality of eye and proportion of patients
receiving different types of injections (Bevacizumab,
Genentech; Ranibizumab, Novartis; Aflibercept, Regen-
eron) did not differ significantly between the three
cohorts. The majority of patients received either bevaci-
zumab or a combination of anti-VEGF drugs over the 12
months period (table 1). No serious ocular or systemic
adverse events were noted post anti-VEGF injection in
any of the disease groups.

Outcome measures at the end of 12 months according to
disease type

After 12 months of anti-VEGF treatment, BCVA change
was significantly different between the three diseases,
(p=0.032; table 2). Pairwise comparison indicated that
this result was driven by the smaller change in DMO (two
letters, range -5 to 20) than RVO patients (11 letters,
range —20 to 35; p=0.027; table 2).

At 12 months, CMT change was also significantly
different between the three diseases, (p=0.022; table 2)
with a greater median CMT reduction in the RVO cohort
(-137 pm, range —478 to 43) than the DMO cohort (-54
pm, range -482 to 50; p=0.033).

The total number of injections received between
baseline and 12 months was also significantly different
between the three groups, (p=0.028; table 2). Pairwise
comparison indicated that the median number of injec-
tions was significantly lower for DMO (n=9, range 3-13)
than nAMD patients (n=10, range 5-17; p=0.019).

There was also a significant difference in final BCVA
between the three diseases (p=0.024; table 2), with
a higher median final BCVA in the DMO cohort (72
letters, range 0-85) compared with the nAMD group
(66.5 letters, range 20-85; p=0.019). There was no signif-
icant difference in final CMT between the three diseases
(p=0.242; table 2).

Differences in outcome measures based on functional and
anatomical response

Stratifying outcome on the basis of functional response
revealed significant differences in the proportion of
patients from each cohort that improved by at least
5 ETDRS letters (p=0.003; table 3) and by 15 ETDRS
letters (p<0.001). In both instances, these results were
driven by the DMO cohort (32% and 5%, respec-
tively) where visual improvement was lower than that
observed in the nAMD (62% and 32%, respectively) or
RVO cohorts (70% and 43%; p<0.05). Analyses based
on anatomical response found no significant differ-
ences between the three disease cohorts, (p=0.122;
table 3).

Gurung RL, et al. BMJ Open Ophth 2021;6:000749. doi:10.1136/bmjophth-2021-000749 3



Open access

||

Variables NnAMD (N=50) DMO (N=37) RVO (N=30) P value*

Baseline CMT (um) 353.5 (199-794) 352 (276-987) 483.5 (263-763) 0.007%

Age (years) 80 (61-98) 71 (52-88) 75 (45-90) <0.0019]

Laterality of eye (% R) 54 57 33 0.115

a
N
@
[e)
S
w

Hyperlipidaemia (% positive) <0.0011t

Injection type

w

Ranibizumab (%) 8 13 >0.05

Mixed (%) 44 35 30 >0.05

HbA1c (mg/dL) - 7.8 (5.9-12.1) - -

Data are presented as medians (range) for continuous data and proportions for categorical data.

*P values are global p values testing for a difference between any of the diseases. (Kruskal-Wallis for continuous variables or x?/Fisher’s exact for
categorical). For comparisons that are significant at the global level, adjusted pairwise p values for individual study comparisons are reported.
Significant p values are bolded.

TnAMD vs DMO p=0.002; DMO vs RVO p=0.020; nAMD vs RVO p=1.000.

$nAMD vs DMO p=1.000; DMO vs RVO p=0.027; nAMD vs RVO p=0.008.

§nAMD vs DMO p>0.05; DMO vs RVO p<0.05; nAMD vs RVO p<0.05.

YInAMD vs DMO p<0.001; DMO vs RVO p=0.858; nAMD vs RVO p=0.005.

**nAMD vs DMO p<0.05; DMO vs RVO p>0.05; nAMD vs RVO p>0.05.

11tnAMD vs DMO p<0.05; DMO vs RVO p<0.05; nAMD vs RVO p>0.05.

BCVA, best-corrected visual acuity; CMT, central macular thickness; DMO, diabetic macular oedema; ETDRS, early treatment diabetic retinopathy
study; Mixed, combination of either of the three injection types; nAMD, neovascular age-related macular degeneration; RVO, retinal vein occlusion.

Outcome stratified by injection type Predictors of functional response

When stratified by injection type, ‘bevacizumab’ or  Table 4 summarises the results of logistic regression
‘mixed injection’ showed greater improvements in the  investigating the influence of independent variables on
RVO group and less improvement in the DMO group  functional and anatomical response. Whether using the
after 12 months, (online supplemental file S1). A sepa-  definition ofatleast5 or 15 ETDRS letters improvement,
rate analysis for ‘ranibizumab’ and ‘aflibercept’ was not ~ functional response was associated with baseline BCVA

done due to the size of the cohort (table 1). and disease type. Patients with a higher baseline BCVA
Variables NnAMD (N=50) DMO (N=37) RVO (N=30) P value*

CMT change (um) -41.5 (-340 to 81) -54 (~482 to 50) ~137 (-478 to 43) 0.022+

Final BCVA (ETDRS letters) 66.5 (20 to 85) 72 (0 to 85) 68 (0 to 80) 0.0249

Data are medians (range).

*P values are global p values testing for a difference between any of the diseases. (Kruskal-Wallis for continuous variables). For comparisons that are
significant at the global level, adjusted pairwise p values for individual study comparisons are reported. Significant p values are bolded.

TnNAMD vs DMO p=0.494; DMO vs RVO p=0.027; nAMD vs RVO p=0.417.

$nAMD vs DMO p=1.000; DMO vs RVO p=0.033; nAMD vs RVO p=0.046.

§nAMD vs DMO p=0.019; DMO vs RVO p=0.498; nAMD vs RVO p=1.000.

YInAMD vs DMO p=0.019; DMO vs RVO p=0.498; nAMD vs RVO p=0.834.

BCVA, best-corrected visual acuity; CMT, central macular thickness; DMO, diabetic macular oedema; ETDRS, early treatment diabetic retinopathy
study; nAMD, neovascular age-related macular degeneration; RVO, retinal vein occlusion.

=S
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Table 3 Comparing functional and anatomical response in different diseases

Variables nAMD (N=50) DMO (N=37) RVO (N=30) P value*
>5 ETDRS letters increase (%) 31 (62) 12 (32) 21 (70) 0.003t
>15 ETDRS letters increase (%) 16 (32) 2 (5) 13 (43) <0.005%
>10% decrease in CMT (%) 27 (54) 24 (65) 23 (77) 0.122

Data are presented as the number of individuals and corresponding percentages.
*Global p values testing for a difference between any of the diseases with a y° test are given. For comparisons that are significant at the global level,
adjusted pairwise p values for individual study comparisons are reported. Significant p values are in bold.

TnAMD vs DMO p<0.05; DMO vs RVO p<0.05; nAMD vs RVO p>0.05.
$nAMD vs DMO p<0.05; DMO vs RVO p<0.05; nAMD vs RVO p>0.05.

CMT, central macular thickness; DMO, diabetic macular oedema; ETDRS, early treatment diabetic retinopathy study; nAMD, neovascular age-

related macular degeneration; RVO, retinal vein occlusion.

had a lower likelihood of 5 or 15 letters improvement
under a univariable (p=0.001, p<0.001, respectively)
and multivariable model (p=0.042, p<0.001, respec-
tively). Conversely, nAMD and RVO patients had a
higher likelihood of 5 or 15 ETDRS letters improve-
ment when compared with DMO patients under a
univariable model, a difference which remained signif-
icant for RVO patients under a multivariable model
(p=0.038, p=0.004, respectively; table 4). Baseline
CMT was also associated with improvements of 5 or
15 ETDRS letters under a univariable model (p=0.030,
p=0.041, respectively); however, these associations were
no longer significant when a multivariable model was
applied.

Predictors of anatomical response

Baseline CMT was positively associated with anatom-
ical response defined as at least a 10% reduction in
CMT (table 4). Patients with higher baseline CMT had
a greater likelihood of a 10% reduction in CMT under
both a univariable (p<0.001) and multivariable model
(p<0.001). There was also evidence that a high base-
line BCVA was associated with a poor CMT response
(p=0.029); however, this result was not significant once
other covariates were added to the model (table 4).

DISCUSSION

This study shows that nAMD, DMO and RVO patients
treated with anti-VEGF therapy have significantly different
treatment outcomes. Participants with DMO experienced
the smallest gains in vision compared with nAMD or RVO
patients. Low baseline BCVA was a positive predictor for
improvement in vision while high baseline CMT predicts
greater reduction in thickness. After adjusting for base-
line BCVA and CMT, diagnosis of RVO was a predictor
of better visual outcomes when compared with the diag-
nosis of DMO.

All three diseases showed less vision improvement than
randomised controlled trials (RCTs) testing the effec-
tiveness of anti-VEGF therapy. Trials for DMO reported
5.9-13.3 ETDRS letters gained,"" "’ compared with only
two letters in the current study. Similarly, the improve-
ments of 5 and 11 letters for nAMD and RVO, respectively,
are lower than the respective 6.5-9 and 16.4-18.3 letters
improvements in reported trials.'”'” This phenomenon is

not unique to our study with similar findings reported in
other real-world and observational studies.'® '’ This could
be because clinical trials have strict eligibility criteria,
treatment and follow-up schedules and exclude patients
with extremely poor baseline characteristics or comor-
bidities. We report similar predictors of visual outcome as
the clinical trials (baseline BCVA and CMT).* !

Our study shows similar levels of vision improvement
in nAMD and RVO patients to other studies in real-
world settings™ *’; however, our DMO patients did not
show as much improvement as previous reports.”* The
DMO patients in our study had better baseline vision
than the other two groups. The association between
baseline vision and VA change has been clearly demon-
strated in prior research.” Many studies have shown that
good baseline vision is associated with smaller vision
gains but better final vision.”® It is likely that the lack of
BCVA improvement at 12 months in the DMO group is
partly due to a ceiling effect, that is, they had less room
for improvement.27 Anti-VEGF therapy in this group may
primarily act to prevent progressive vision loss that would
be expected without treatment. However, the results
of the multivariable regression analysis indicated that
the significant negative association of DMO with vision
improvement persisted even after adjustment for baseline
BCVA and baseline CMT. Therefore, the involvement of a
ceiling effect in this study was relatively limited. Further,
as noted by Dugel et al, a better starting vision does not
always guarantee a ceiling effect.”” Many RCTs have also
shown improvement in vision (25 ETDRS letters) despite
better baseline vision.”” **

Conversely, nAMD and RVO patients had significantly
lower baseline BCVA than DMO patients but the final
BCVA was similar to DMO in the RVO group and only
slightly lower in the nAMD group. It has previously been
reported that worse baseline vision is associated with
better visual gains but worse final vision.”” However, this
was not the case in the RVO and nAMD groups in our
study, with both groups achieving satisfactory endpoints
despite worse starting vision. The slightly poorer final
vision in nAMD could be due to less underlying damage
in the RVO group, given that nAMD is the late stage
of a progressive disease. Further, the DMO group in
our study was significantly younger than the other two
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Univariable Multivariable
95% ClI P value 95% ClI P value

Variables

Baseline BCVA -0.041 —0.066 to 0.016 0.001 -0.032 -0.063 to 0.001 0.042
(ETDRS letters)

No of Injections 0.148 -0.012 t0 0.310 0.071 0.086 —-0.095 to 0.267 0.352
RVO vs DMO 1.581 0.540 to 2.622 0.003 1.189 0.067 to 2.311 0.038
(DMO-=ref)

Lens status -0.684 —1.430 to 0.061 0.072 - - -
(phakic=ref)

Age (years) 0.027 —0.009 to 0.063 0.140 0.019 —-0.025 to 0.064 0.396
Hypertension 0.211 —-0.637 to 1.061 0.625 - - -
(yes=ref)

Sex (male=ref) 0.289 —-0.441 t0 1.019 0.438 - - -

Baseline BCVA -0.054 —0.081 to 0.028 <0.001 —-0.065 -0.101 to 0.029 <0.001
(ETDRS letters)

No of Injections 0.798 -0.098 to 0.258 0.381 0.013 -0.205 to 0.232 0.903
RVO vs DMO 2.593 0.996 to 4.191 0.001 2.562 0.818 to 4.305 0.004
(DMO-=ref)*

Lens status (phakic=ref) -0.555 -1.419 to 0.309 0.208 - - -

Age (years) 0.015 -0.025 to 0.056 0.453 -0.003 -0.057 to 0.050 0.899
Hypertension 0.073 -0.869 to 1.016 0.878 - - -
(yes=ref)

Sex (male=ref) -0.075 —0.897 to 0.746 0.858 - - -

Baseline BCVA -0.025 -0.049 to 0.002 0.029 0.013 -0.023 to 0.050 0.482
(ETDRS letters)

No of Injections -0.010 -0.170 t0 0.149 0.899 -0.082 -0.292 to 0.127 0.441
RVO vs DMO 0.576 —-0.505 to 1.658 0.297 -0.081 —-1.454 to 1.291 0.908
(DMO=ref)
Continued
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Table 4 Continued

Univariable Multivariable
Variables B 95% CI P value B 95% ClI P value
nAMD vs RVO -1.02 —2.041 t0 0.016 0.046 -0.081 —-1.433 to 1.271 0.906
(RVO=ref)
Lens status 0.001 —-0.760 to 0.763 0.997 - - -
(phakic=ref)
Laterality of eye (right=ref) 0.100 —-0.651 to 0.852 0.793 - - -
Age (years) -0.029 -0.067 to 0.008 0.132 -0.008 —-0.060 to 0.044 0.766
Smoker (yes=ref) 0.296 -0.481 to 1.075 0.455 - - -
Hypertension -0.641 -1.494 10 0.212 0.141 - - -
(yes=ref)
Hyperlipidaemia -0.473 —1.239 to 0.292 0.226 - - -
(yes=ref)
Sex (male=ref) -0.328 -1.086 to 0.429 0.396 - - -

Significant p values are bolded.

*Firth-logistics; multivariable=adjusted for baseline BCVA, baseline CMT, injection number, age and disease type.
BCVA, best-corrected visual acuity; CMT, central macular thickness; DMO, diabetic macular oedema; ETDRS, early treatment diabetic retinopathy
study; nAMD, neovascular age-related macular degeneration; RVO, retinal vein occlusion.

groups. Previous studies have found favourable outcomes
in younger age groups, though the exact mechanisms for
this are unknown. It may be partly due to the fact that
the macula in young patients is better able to tolerate
structural and functional damage.”’ *” On the contrary,
the improvement in vision in our DMO group was signifi-
cantly lower despite being a younger cohort. Also, DMO
patients in our study received significantly fewer injec-
tions (median=9) compared with nAMD (median=10) or
RVO (median=10) patients, which could be one of the
reasons for a suboptimal outcome in the DMO group.
While statistically significant, the difference of one injec-
tion over 12 months is likely not clinically meaningful.
Interestingly, the frequency of injection in our study was
similar to a number of RCTs for DMO (median=8-9)°' **
and higher than other real-world studies (median=5-
8),3?”35 thus ruling out undertreatment. In addition,
DMO is a highly complex disease and there may be other
unexplored causes of poor outcomes in DMO patients,
including genetic, epigenetic and environmental
factors.”

This study is consistent with a similar study by Wecker et
al”” They reported a higher proportion of RVO patients
(24%) gained more than 15 ETDRS letters than DMO
(13.9%) or nAMD (14.1%) patients after 12 months.
While the proportion of nAMD and RVO patients with 15
letters improvement was higher in our study (RVO:43%,
nAMD:32%), fewer of our DMO patients (5%) reached
this goal. A Thai study by Kumluang et al”® evaluated the
effectiveness of anti-VEGF injections in various retinal
conditions, including nAMD, DMO and RVO. Again, RVO
patients (63%) represented the group with the highest
visual acuity gain (>10 ETDRS letters improvement)
compared with other groups (nAMD=46 %, DMO=46%).
Patients in that study were only followed up for 6 months.
Not all patients benefit immediately and it has been
suggested that patients should be treated for at least 12

months before assessing the treatment response.” In a
study by Ehlken et al,"’ the authors compared compliance
between nAMD, DMO and RVO. DMO patients had the
highest risk of non-adherence, leading to worse vision
outcomes. Poor patient compliance could be a reason
for smaller gains in our DMO patients although we
could not evaluate compliance owing to a retrospective
design. Patients with diabetes may be focused on other
life-threatening diabetic complications requiring more
urgent treatment, thus promoting poor compliance with
the monthly anti-VEGF regimens.

Change in CMT was not included in either of the
previous studies. BCVA is the preferred measure of
response, but it can be highly subjective and influenced
by a range of confounding factors including the refrac-
tive status of the eye or presence of cataract. CMT can
be objectively measured and is a direct measure of the
effect of the drug on the target tissue. As there is limited
correlation between the two measuresf11 it is useful to use
both to define response. In our study, similar conclusions
were drawn from both measures of treatment response.

Limitations of this study include small and unequal
sample sizes between the three disease, the retrospective
nature and exclusion of patients due to missing data.
Baseline characteristics between the three eye diseases
were not equal, though they were included as covariates
in the analyses. Further, no single type of anti-VEGF drug
was used consistently in these cohorts who were treated
at the clinician’s discretion. Many patients received two
or three different anti-VEGF agents over the course of 12
months, reflecting real-world practices. Despite a small
subcohort size, analysing outcomes based on the type
of anti-VEGF drug (online supplemental file S1) also
showed greater vision improvement in RVO and nAMD
compared with DMO patients. A more detailed analysis
stratified by injection type was not possible owing to the
small sample size.
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When comparing anatomical response, we should be
mindful that CMT is not the only measurable anatom-
ical parameter. The anatomical responses in the three
disorders are quite varied and evaluation of other param-
eters (such as presence of active macular bleeding, size
of neovascular membrane, angiographic features, and
pattern of macular oedema) could provide greater
insights into disease outcomes.*” *’ Further, though OCT
measurement is considered fundamental in both clinical
care and research, several patient-related (media opacity,
patient cooperation, macular contour changes) and
software-related (machine resolution, autosegmentation
algorithm) factors can affect the repeatability of OCT
measurements, which may cause serious errors in the
interpretation of OCT parameters.”* *> A more compre-
hensive analysis of these factors was not possible due to
lack of relevant data in the retrospective study design.
Finally, although nAMD, DMO and RVO share VEGF as
a major driving force, each of these diseases has distinct
pathophysiology and subtypes. Consequently, the appro-
priateness of statistically combining and comparing the
results warrants precaution.

In conclusion, this study aimed to compare visual
outcomes between three common retinal conditions
treated with anti-VEGF injections. We demonstrate that
nAMD and RVO patients had greater improvements
in visual gain, but DMO patients had better vision at
baseline and after 12 months. While there was little
room for improvement in DMO patients, the anti-VEGF
drugs likely prevent further vision loss. nAMD and RVO
patients had lower baseline vision but were able to
reach comparable vision after 12 months of treatment.
Diagnosing and treating these groups at an earlier time
point might improve their final vision further. Notably,
a larger, balanced study design including patients with
comparable baseline vision and CMT across all three
disease groups would help to explore the possible role
of a ceiling/floor effect further. Finally, it would be inter-
esting to explore the long-term difference in outcomes of
anti-VEGF treatment in nAMD, DMO and RVO patients
given the chronic nature of the diseases. An extended
study with a longer follow-up would address this.
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Supplementary S1: Outcome measures at the end of 12 months according to
injection subtype

nAMD DMO RVO P
Bevacizumab (N=19) (N=20) (N=17)
BCVA change 6 1 15 0.020t
(ETDRS letters) (-9 to 25) (O to 16) (-20 to 35) )
-40 -67 -134
CMTchange (M) 30319.1)  (-4821050) (4751043 0202
Number of 10 8 10 0.206
Injections (6to 17) (3to 13) (5to 13) '
Final BCVA 68 71 67 0333
(ETDRS letters) (20 to 80) (11 to 85) (0 to 78) ’
. 259 293 293
Final CMT(um) 54515 504)  (22610460) (22210 710) 2057
Mixed injection N=22 N=13 N=9
BCVA change 2.5 2 10 0,573
(ETDRS letters) (-30 to 40) (-5 to 20) (-18t0 22) |
-90 -54 -172
CMTchange (UM) 34010 81) (455t010) (-47810-14)  0-040°
Number of 11 10 10 0.239
Injections (5t014) (7 t012) (910 13) ]

Abbreviations: BCVA=best corrected visual acuity; CMT=central macular thickness; DMO=diabetic
macular oedema; ETDRS=early treatment diabetic retinopathy study; nAMD=neovascular age-
related macular degeneration; RVO=retinal vein occlusion

Data are medians (range). ‘p-values are global p-values testing for a difference between any of the
diseases. (Kruskal-Wallis for continuous variables). For comparisons that are significant at the
global level, adjusted pairwise p-values for individual study comparisons are reported. Significant
p-values are bolded.

TnAMD vs DMO p=0.471; DMO vs RVO p=0.015; nAMD vs RVO p=0.480

§ nAMD vs DMO p=1.000; DMO vs RVO p=0.050; nAMD vs RVO p=0.085

Note: * our sub-cohort might be under-powered to detect any statistical significance due to very
small sample size
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