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OBJECTIVE:: This study assesses the predictiveness of retinal thickness variability on long-term visual acuity (VA) outcomes in
patients with diabetic macular oedema (DMO) undergoing anti-VEGF therapy.

DESIGN:: Retrospective chart review at a single institution.

PARTICIPANTS:: 184 and 138 patients underwent initial treatment for DMO and continued to follow-up at 3 and 5 years,

respectively.

METHODS:: Baseline demographics, past medical, and clinical data were collected through electronic medical record query.
Central subfield thickness (CST), choroidal volume (CV), and cube average thickness (CAT) variability over the first year of treatment
were calculated using standard deviation, amplitude, and area under the curve. CST, CV, CAT, and best corrected visual acuity
(BCVA) were noted at the initial treatment date and 3 and 5 years. CST variability quartiles were compared on baseline, final, and
change in BCVA alongside final and change in CST. Multiple linear regression was used to evaluate factors associated with final

BCVA at 3 and 5 years while adjusting for confounders.

RESULTS:: There is no significant association between larger fluctuations in macular thickness and change in BCVA at 3 and 5
years. Individuals in the highest CST variability quartile had the lowest final BCVA but also the lowest baseline BCVA and no
difference in BCVA change. Linear regression revealed that CST variability was not predictive of final BCVA. Baseline BCVA and total
number of anti-VEGF injections were predictive of BCVA at 3 years and 5 years respectively.

CONCLUSIONS:: Macular thickness variability did not predict long-term visual outcomes at 3 and 5 years.
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INTRODUCTION
DMO is characterised by the buildup of extracellular fluid in the
macula, which occurs when the blood-retina barrier is disrupted
alongside a corresponding increase in vascular permeability [1].
Retinal hypoxia leads to vascular endothelial growth factor (VEGF)
upregulation with subsequent neovascularization, and these new
vessels are increasingly susceptible to leakage of proteins, lipids,
and blood [2]. Administration of anti-VEGF agents inhibits VEGF
signalling, with the ensuing pathologic cascade providing sig-
nificant visual and anatomic improvements for DMO patients [2-5].
While DMO patients receiving VEGF treatments have demon-
strated significant improvements, there are no established
methods for predicting how patients’ vision will specifically
respond to anti-VEGF treatments over time [6]. Establishing
readily identifiable biomarkers that could predict how patients
would respond to anti-VEGF treatments is integral to improving
the management of DMO patients going forward [6]. Optical
coherence tomography (OCT) enables clinicians to identify several
retinal biomarkers, including retinal thickness, intraretinal fluid,
and ellipsoid zone integrity [7]. Retinal thickness has come to the

forefront as a potential biomarker for predicting response to anti-
VEGF treatments in DMO patients.

Investigations of retinal thickness as a biomarker for anti-VEGF
response have yielded mixed results [7]. Some investigations have
found that reductions in retinal thickness correspond with
improved visual outcomes in response to intravitreal anti-VEGF
therapy in DMO, but other studies have shown merely a moderate
degree of association between retinal thickness and visual
outcomes [8-12]. The investigation by the Diabetic Retinopathy
Clinical Research Network observed a wide variety of possible visual
outcomes for any given central subfield thickness (CST) value, while
Bressler et al. found that CST values likely correspond with only a
small fraction of visual changes [10-12]. One observed limitation of
these studies is that they only use CST values at a single time point,
which fails to consider any changes in CST that occur over time.
Studies have found that repeated retinal thickness fluctuations may
have deleterious effects on photoreceptor functionality, with one
demonstrating that repeated mechanical stress on retinal pigment
epithelium (RPE) cells leads to RPE damage and VEGF upregulation,
thereby inducing angiogenesis and furthering choroidal
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neovascularization [13]. This link between CST fluctuations and
angiogenesis alongside both retinal and choroidal neovasculariza-
tion makes it a biomarker of potential interest for predicting DMO
responses, as these linked processes are key components of DMO
pathogenesis.

Given the impact of changes in retinal thickness on photo-
receptor cells, it stands to reason that retinal thickness fluctua-
tions may be a valuable indicator of how DMO patients may
respond to anti-VEGF therapies. Several studies have evaluated
the viability of retinal thickness fluctuation as a biomarker for
other macular diseases, finding associations for nAMD and RVO
when treated with anti-VEGF treatment [6, 14]. With regards to
DMO, Wang et al. found that larger retinal thickness fluctuations
over 3 to 12 months are associated with poorer visual outcomes
in eyes with DMO treated with anti-VEGF injections [15]. However,
no studies to date have evaluated the long-term predictive
capabilities of this biomarker. This study aims to assess the
relationship between retinal thickness fluctuations and visual
outcomes among patients with DMO treated with anti-VEGF
injections at three and five years after initiating treatment.

METHODS

Study design and participants

This study is a retrospective, non-comparative, observational cohort study
performed after obtaining approval from the Institutional Review Board. All
study-related procedures adhered to the guidelines of good clinical practice
(International Conference on Harmonization of Technical Requirements of
Pharmaceuticals for Human Use [ICH] E6), applicable FDA regulations, the
Health Insurance Portability and Accountability Act, and the Declaration of
Helsinki. The electronic medical record was used to identify patients aged 18
years or older with a documented diagnosis of DMO at the Cleveland Clinic
Cole Eye Institute from January 2012 to December 2019.

Patients were included if they met the following conditions: initiation of
intravitreal anti-VEGF therapy at the Cleveland Clinic for DMO without prior
anti-VEGF treatment, OCT scans at baseline, 3, 6, 9, and 12 months (+/—
2 weeks), and follow-up at 3 years or 5 years after the first injection (+/—
3 months). With regards to the treatment protocol, patients received an
anti-VEGF injection administration regimen according to the discretion of
the clinician, which included medications such as bevacizumab, afliber-
cept, ranibizumab, or mixed injections. The medications were administered
at varying intervals per the discretion of the clinician, with the intention of
treating all fluid until dry. To avoid duplication of data and potential biases,
in cases where both eyes were eligible only the eye that first received anti-
VEGF treatment was selected. A total of 270 patients with a confirmed
diagnosis of DMO who were undergoing anti-VEGF treatment at the
Cleveland Clinic were identified and screened for the study (Supp Fig. 1).
Among them, 184 patients had follow-up data available at the 3-year mark
(86 patients were excluded), and 138 patients had follow-up data available
at the 5-year mark (132 patients were excluded). Patients were excluded
from the study if their eyes had concomitant maculopathies not related to
DMO, or if they received steroid injections or focal laser photocoagulation
treatment during the study period. Patients who received other
ophthalmologic interventions outside of the exclusion criteria (i.e., cataract
surgery) during the study period were included in the study.

Study variables

At the beginning of the study, participant demographics and medical
history were gathered, along with details of the treatment administered
during the initial visit. BCVA and central subfield thickness (CST) were
measured at the baseline, 3-month, 6-month, 9-month, 12-month, 3-year,
and 5-year follow-up visits. All BCVA and CST measurements were taken
during the same visit. The BCVA measurements were a combination of VA
with or without correction, as well as pinhole VA, following the institutional
standard protocols. To determine macular thickness parameters, including
CST, CV, and CAT (retinal cube average thickness), the Cirrus High-Definition
Spectral Domain-OCT Review (V.9.5.1, Carl Zeiss Meditech, Dublin, CA) was
utilised [16, 17]. To assess macular thickness variability, the CST standard
deviation (SD), CST amplitude, and CST area under the curve (AUC) were
measured using the recorded CST values from the end of the loading phase
(3 months after treatment initiation) to 12 months.
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Table 1. Demographics and Baseline Summary Data.

Variable DME 3-Year DME 5-Year
Cohort (n=184) Cohort (n=132)

Age (years) 60.98 = 11.41 60.45 +10.87

Gender

Female 90 (48.9%) 69 (50%)

Male 94 (51.1) 69 (50%)

Race

White 131 (71.2%) 93 (67.4%)

Black 40 (21.7%) 33 (23.9%)

Other 13 (7.1%) 12 (8.7%)

Eye Laterality

oD 105 (57.1%) 79 (57.2%)

0OS 79 (42.9%) 59 (42.8%)

Diabetic Retinopathy Stage

NPDR 110 (59.8%) 82 (59.4%)

PDR 73 (39.7%)

Average anti-VEGF 8.3+247
injections over 12
months

Anti-VEGF medication

55 (39.9%)
82+245

Bevacizumab
Aflibercept
Ranibizumab

104 (56.5%)
12 (6.5%)

1 (0.5%)
67 (36.4%)

78 (56.5%)
8 (5.8%)
1 (0.7%)

Mixed (bevacizumab 51 (37.0%)

+ aflibercept)
Baseline Measurements

Mean Baseline VA 63.8+15.1 64.5 + 14.0
(ETDRS letters)

Mean Baseline CST 407.24 + 104.00 402.04 + 87.81
(um)

Mean Baseline CV 11.96 +1.95 12.92 +7.99
(um)

Mean Baseline CAT 330.95+60.19 33347 +38.18
(pm)

Table includes baseline summary data for the 3-year and 5-year cohort,
including age, gender, race, eye laterality, diabetic retinopathy stage,
proliferative (PDR) vs. non-proliferative (NPDR) status, VEGF injection
number and medication type, as well as baseline BCVA (ETDRS letters),
CST (um), CV (um), and CAT (um).

Statistical analysis

R Statistical Software (Version 3.6.1, Vienna, Austria) was used to perform
statistical analysis. Categorical variables were described in the form of
frequencies and percentages, while continuous variables were described
using means £ SD. Eyes were stratified into quartiles based on macular
thickness variability, with quartile 4 representing the highest degree of
variability. Quartiles were used over continuous analysis in order to further
visualise the relationship between macular thickness variability measures
and visual outcomes, minimise the impact of outliers, and provide a
clearer picture of risk strata for potential clinical applications. VA was
converted from Snellen to ETDRS via the formula ETDRS = 85 + 50 x
log;o(Snellen) [16]. Continuous variables such as final BCVA, change in
BCVA, final CST, and CST change were compared among quartiles by
Kruskal-Wallis multiple comparisons with Dunn’s post-hoc analysis, while
categorical variables were compared through chi-square tests. Afterward,
multiple linear regression analyses were performed to evaluate whether
CST SD, choroidal volume (CV) SD, or cube average thickness (CAT) SD are
correlated with final BCVA, while accounting for other factors at baseline.
A significance threshold was set at p < 0.05.
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RESULTS

Of the 184 patients with 3-year data, the average age was
60.98 + 11.41 years, 90 (48.9%) were female, and 135 (73.4%)
were insulin-dependent. With regards to racial distribution, 131
(71.2%) were White, 40 (21.7%) were Black, and 13 (7.1%) fell
into other categories. 105 (57.1%) of the eyes studied were right
eyes. In terms of DR staging at baseline, 110 (59.8%) patients
had non-proliferative DR (NPDR) and 73 (39.7%) had proliferative
DR (PDR). Patients received an average of 8.3 +2.47 injections
over their first 12 months of treatment. With regards to injection
type, 104 (56.5%) received only bevacizumab, 12 (6.5%) received
only aflibercept, 1 (0.5%) received only ranibizumab, and 67
(36.4%) received mixed injections. Mean baseline VA was
63.8+15.1 ETDRS letters, and CST at baseline was
407.24+104.0 pm. Baseline CV was 11.96+1.95 mm?® and
baseline CAT was 330.95 + 60.19 um. All the baseline statistics
reported for those in the 3-year cohort are listed for the 5-year
cohort in Table 1.

3- and 5- year baseline BCVA by CST-SD, final BCVA by CST-SD,
BCVA change by CST-SD, CST-AUC, and CST-amplitude, final CST by
CST-SD, and CST change by CST-SD were evaluated for each quartile
and depicted in the form of box plots as shown in Figs. 1-2
respectively. Change in VA over time by CST quartile over 3 and 5
years are depicted in Fig. 1C. Means and SDs are shown in Table 2.

Eye (2025) 39:2933 -2939

Comparative analysis of baseline BCVA by CST-SD revealed that none
of the quartiles had significantly different baseline BCVAs. Analysis of
the final BCVA quartiles demonstrated that the final BCVA was
significantly lower in both the third and fourth CST quartiles
compared to quartile 2 (p <0.001, p<0.05) in the 3-year cohort.
There were no significant differences in BCVA change among the
quartiles over three and five years by CST-SD, CST-AUC, and CST-
amplitude, nor were there any differences in the final CST by CST-SD
quartiles. The 3-year CST change by CST-SD cohort demonstrated
that quartile 1 had a significantly lower CST change than quartiles 3
and 4 (p <0.05, p=0.01). Similarly, for the 5-year cohort, analysis
revealed that quartile 1 had a significantly lower change in CST
compared to all other quartiles (p < 0.05, p =0.01, p < 0.01).

Several other variables were evaluated regarding the CST SD
quartiles, including baseline CV, baseline CAT, age, number of
injections over 12 months, sex, race, eye laterality, presence of
PDR, and insulin use. Baseline CV and CAT were found to have
statistically significant differences between each quartile. None of
the other variables yielded any statistically significant differences.

Multiple linear regression was performed for final BCVA to
evaluate which factors had a significant correlation with final
BCVA, with proper adjustment for confounders. Baseline BCVA is
the only statistically significant predictor of BCVA after 3 and 5
years (Table 3).

SPRINGER NATURE
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(Kruskal-Wallis multiple comparisons with Dunn'’s post-hoc analysis).

DISCUSSION

This study assessed changes in macular thickness among patients
with DMO who received intravitreal anti-VEGF injections, speci-
fically the correlation between macular thickness fluctuations and
VA outcomes. The results of the study support the conclusion that
there is no significant association between larger fluctuations in
macular thickness and visual outcomes at 3 and 5 years. While
individuals in the quartile with the highest CST variability had the
lowest final BCVA out of all the quartiles, they also had the lowest
baseline BCVA, as well as no difference in BCVA change.
Performing linear regression analysis revealed that CST variability
was not predictive of VA after 3 and 5 years. Other factors that
were shown not to be significant predictors of VA at 3 and 5 years

SPRINGER NATURE

include patient gender, age, race, insulin use, and PDR. The only
factors that were predictive for final BCVA were baseline BCVA at
3 years and the total number of anti-VEGF injections at 5 years.
Although higher baseline macular thickness can indicate active
disease, literature on its relationship with visual outcomes has shown
conflicting evidence of macular thickness as a reliable indicator of
retinal function [8-12]. Persistent retinal oedema or cytokine activity
may lead to dysfunction and damage to neural and glial elements in
the retina [17]. While OCT can reveal information about retinal
thickness, it does not provide functional information at the cellular
level. Consequently, CST inadequately captures molecular-level
changes occurring in the retina. Numerous studies have concentrated
on exploring the predictive potential of OCT parameters, such as

Eye (2025) 39:2933 -2939
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Table 2. Visual acuity at 3- and 5 years by quartile.
Quartile 1 Quartile 2

Baseline BVA

3 year 45.1 £26.6 53.1£11.1

5 year 479+ 26.6 50.6 £21.5
Final BVA

3 year 58.3+28.0 66.9 +23.1

5 year 55.3+28.2 60.3 +26.0
Change in BVA

3 year 12.5+£29.0 13.9+£28.1

5 year 794 +31.6 10.33 +30.0
Final CST

3 year 288 £ 102 310+ 69.5

5 year 292+794 294+934
Change in CST

3 year —70.6+210 —100+ 107

5 year —56.5+173 —100£92.3

Quartile 3 Quartile 4 p-value
43.7 +23.8 439+234 0.09
452 +24.0 43.1+£21.8 0.47
522+223 453+£228 <0.001
55.3+228 43.2+27.8 0.06
8.52+25.2 1.02+26.8 0.21
9.50+29.5 0.83+31.7 0.63
302+ 88.6 321+134 0.07
286 + 88.1 292 + 150 0.74
—-112+£113 —133+£176 0.01
—123+£121 —126+153 <0.01

Data are presented as mean * SD. Statistical significance is denoted by p < 0.05 and bolded (Kruskal-Wallis multiple comparisons with Dunn’s post-hoc analysis).

Table 3. Multiple linear regression evaluating factors associated with final BVA at 3 and 5 years.

3-year 5-year
Coefficients Estimate sD P-value Estimate SD P-value
Intercept 10.46 32.40 0.7492 29.37 23.15 0.2016
CST SD —0.06 0.05 0.2791 —0.09 0.05 0.1093
Baseline CST —0.007 0.02 0.7707 0.02 0.02 0.3346
CAT SD 0.02 0.05 0.7423 —0.06 0.09 0.5016
Baseline CAT —0.01 0.02 0.5454 0.002 0.03 0.9454
CV SD 1.01 1.80 0.5759 —0.06 0.09 0.5016
Baseline CV —0.49 0.61 0.4199 0.002 0.03 0.9454
CST AUC 0.001 0.005 0.8147 0.005 0.005 0.9916
CST Amplitude —0.04 0.03 0.2584 —0.06 0.05 0.2204
Baseline ETDRS 0.46 0.02 0.0001** 0.23 0.19 0.00003***
Age 0.03 0.28 0.9078 0.11 0.19 0.5638
Male 7.80 6.01 0.1997 0.78 4.04 0.8468
Other Race 8.11 5.34 0.1309 —3.02 7.83 0.7007
White 4.35 295 0.1429 0.42 4.64 0.9285
Left Eye 3.55 245 0.1485 1.604 4.004 0.6894
PDR 0.49 2.84 0.8633 —1.98 4.59 0.6667
Insulin Use 0.65 2.89 0.8171 —3.13 4.66 0.5024
Total anti-VEGF injections 0.77 0.51 0.1317 1.74 0.82 0.0865

**<0.01; ***<0.001

Statistical significance is denoted by p < 0.05 and bolded (multiple linear regression).

subfoveal choroidal thickness, ellipsoid zone status, subfoveal
neuroretinal detachment, and disorganization of the retinal inner
layers, among others [18-20]. One study evaluated macular thickness
variability as a prognosticator for DMO visual outcomes and found it
to be a significant predictor of BCVA at 12 months after initiation of
treatment in patients with DMO [15]. Another study analysing the
Diabetic Retinopathy Clinical Research Retina Network Protocol T and
V found that CST fluctuations serve as a statistically significant
predictor of BCVA outcomes at 12 and 24 months [21]. While these
studies may have found macular thickness variability to be a reliable

Eye (2025) 39:2933 -2939

predictive variable for visual outcomes at 1-2 years, they did not
evaluate change in visual acuity or whether it maintained validity
over a longer period of follow-up, such as 3 or 5 years. Moreover,
while the second study did note statistical significance after 2 years,
this difference in BCVA between patients with different CST
fluctuations was reduced compared to 1 year after initiating
treatment [21]. This in conjunction with our results supports macular
thickness variability as a predictor of short-term outcomes that loses
predictive power with time. The mechanism behind our findings
merits further investigation; it is possible that other factors like

SPRINGER NATURE

2937



T. Alam et al.

underlying diabetes progression exert greater influence on the rates
of angiogenesis and neovascularization with time, thus reducing the
predictive power of CST fluctuation as a longitudinal biomarker.

This study has several limitations. Certain factors such as
hyperglycaemia were not accounted for and could have
potentially influenced the variables studied. Additionally, the
presence of diabetic macular ischemia, associated with reduced
VA in DMO, might act as another unaccounted-for factor
influencing our analysis. The lack of standardised BCVA data,
which is a combination of pinhole-corrected, spectacle-corrected,
and uncorrected VA, is a common limitation of retrospective
studies. Furthermore, due to the retrospective nature of the study,
the types of intravitreal anti-VEGF agents patients received were
not standardised, with varying treatment intervals and total
number of injections over both the 3-year and 5-year periods.
Most patients received bevacizumab, which is an off-label
treatment for DMO. Even though the type of injection was not
shown to be a significant predictive factor amongst our cohort, it
is expected to be less effective than aflibercept based on Protocol
T outcomes. Moreover, while the number of injections over the
first 1-year period was not standardised, it was controlled for by
the multiple regression analysis. The average number of injections
over the first year was higher than expected based on established
literature, but were administered by clinicians per their judgment
and best practice guidelines. Additionally, only 1-year data exists
in evaluating macular thickness fluctuations upon VEGF injections
for DMO patients, with no data from years 1 to 5, which may
account for differences seen at 3 and 5 years. It is possible that
there were some CST elevations between visits that were not
captured on the visit itself but may be captured with daily OCT.
Finally, while the multiple linear regression analysis did account
for variables which could serve as potential confounders, such as
age, number of injections, and baseline BCVA, other confounders
may exist that have not been identified or accounted for in our
dataset. Therefore, future studies should aim to collect data on a
wider variety of patients prospectively, with follow-up to more
time points to gain deeper insight. This study investigates the
association between macular thickness variability and visual
outcomes in patients with DMO receiving anti-VEGF injections
after 3-5 years of treatment. The results of this study indicate that
there is no statistically significant relationship between macular
thickness variability and visual outcomes after 3-5 years of
treatment. Future investigations should perform prospective
studies on a greater number of patients while collecting data at
more time points throughout the study to improve our under-
standing of macular thickness variability and its clinical implica-
tions. Despite its limitations, this study helps provide context to
the viability of macular thickness variability as a potential ocular
biomarker, demonstrating that it does not have a strong
association over 3-5 years of treatment as opposed to shorter
time frames. Prospective research into specific morphological
characteristics that impact variations in macular thickness, such as
alterations in fluid compartments, might pinpoint the precise
factors within CST that impact visual results and enhance our
prognostic capabilities. Investigating other mechanisms or factors
that may come into play over longer time periods may further
elucidate additional components affecting longitudinal treatment
response to VEGF in patients with DMO.

Supplemental material is available at Eye’s website.

SUMMARY

What was known before

® |tis known that anti-VEGF therapies are efficacious in treating
diabetic macular oedema (DMO).
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® There have been studies on various factors that could predict
treatment responses to anti-VEGF therapies. One such factor
is central subfield thickness (CST).

® (ST itself has been shown to not be predictive, but there are
conflicting results on whether CST variability is predictive. No
study has evaluated this measure over a long period of time.

What this study adds

® We add a study that evaluates the predictive value of CST
variation on anti-VEGF treatment responses in a significant
cohort of patients receiving longitudinal care.

® We have found that CST variation does not serve as an
accurate predictor for treatment response in patients with
DMO over 3 and 5 year periods.

DATA AVAILABILITY

The data that support the findings of this study are not openly available due to
reasons of patient data confidentiality and are available from the corresponding
author upon reasonable request. Data are in controlled access data storage at the
Cleveland Clinic Cole Eye Institute.
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