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ABSTRACT

Background: Baseline optical coherence tomography (OCT) biomarkers are used to counsel
patients before anti-vascular endothelial growth factor (anti-VEGF) therapy for diabetic
macular oedema, but the two published syntheses covered visual acuity only.

Objective: To estimate the association between adverse baseline OCT biomarkers and poor
anatomical response, and to test whether it depends on the response definition.

Methods: Europe PMC and MEDLINE were searched for cohort studies relating a baseline OCT
biomarker to an anatomical outcome after anti-VEGF therapy. Odds ratios were pooled by
correlated hierarchical effects with robust variance estimation, the unit of analysis being the
biomarker-outcome estimate. Endpoints were pre-specified into clinically anchored and
percentage-reduction strata; risk of bias used ROBINS-E.

Result: Seventeen studies (1,758 eyes) gave 54 estimates. In the primary stratum (10 studies,
26 estimates, 1,058 eyes) an adverse biomarker carried an odds ratio of 3.75 (95% CI 2.27 to
6.19; p = 0.0004) for failing to dry the macula: against a background rate near 35 in 100, about
67 in 100 (55 to 77). Ellipsoid zone disruption was best supported (3.55, 1.43 to 8.84). The
direction reversed against percentage-reduction endpoints (0.84, 0.31 to 2.30; interaction p =
0.006); subretinal fluid from 3.33 to 0.18 (0.06 to 0.53). It held across 20 sensitivity analyses
(3.29 to 4.90). Certainty was low.

Conclusion: About two-thirds of eyes with adverse baseline morphology remain wet after
loading, against one-third without it — but only where response means the retina became dry.
Percentage-reduction endpoints are coupled to baseline thickness and invert it.

© 2026 The Authors. Published by HM
Publisher in collaboration with CMHC Research
Center.

1. Introduction

Diabetic macular oedema remains the commonest cause of
central vision loss in working-age adults with diabetes, and its
burden is growing fastest in the populations least equipped to
absorb it. A prospective cohort of Indonesian adults with type 2
diabetes documented substantial incidence and progression of
diabetic retinopathy and blindness over follow-up, and long-
term Asian population data show that vision-threatening
retinopathy continues to accumulate even where screening
programmes existz. Population studies outside Asia report the
same trajectorys. Intravitreal anti-vascular endothelial growth
factor (anti-VEGF) therapy is the established first-line treatment,
and the newest agents and regimens have extended durability
without sacrificing efficacy«.

The difficulty is not whether anti-VEGF works on average, but
that it does not work equally in every eye. A substantial minority
of eyes remain wet after a standard loading course, and these eyes
carry the treatment burden, the injections and the residual visual
loss. Artificial-intelligence fluid analyses of refractory cohorts
confirm that persistent fluid, rather than a lack of anatomical
change, characterises these eyes?, and prediction models built on
baseline data have repeatedly identified persistent oedema as a
distinct and forecastable phenotypes. Identifying such eyes at the
first visit would change what clinicians say to patients and when
they escalate to a corticosteroid.

Optical coherence tomography (OCT) is the obvious place to
look, because the same scan that establishes the diagnosis also
displays the structural features that plausibly govern the
response. Disorganisation of retinal inner layers, disruption of
the ellipsoid zone and external limiting membrane,
hyperreflective foci, subretinal fluid, epiretinal membrane and
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foveal eversion are all reported as prognostic. The biological
rationale is reasonably secure: hyperreflective foci are read as
aggregates of activated microglia and extravasated lipoprotein,
and eyes rich in them behave as though inflammation, rather than
VEGF alone, is driving the oedemas. Studies of aqueous and
vitreous mediators in diabetic macular oedema support that
reading, showing that the inflammatory milieu differs
systematically between eyes and tracks with imaging
phenotypews, Trial-based analyses of anatomical control across
agents have made the same point from the other direction,
showing that the anatomical response is not a simple function of
drug potency.

Two systematic syntheses of baseline OCT biomarkers in
diabetic macular oedema were published in the last year. The first
pooled 75 biomarkers from 27 studies and found five associated
with worse visual acuity at moderate certainty; the second, using
vote counting across 96 studies, reached no association above
low certaintysie, Both were explicitly restricted to visual acuity.
Neither pooled a single anatomical endpoint, and both named
non-standardised biomarker definitions and uncontrolled
confounding as the reasons certainty stayed low. That restriction
matters clinically, because the retreatment decision at the slit
lamp is anatomical: an eye that will not dry after loading is
switched or escalated largely irrespective of how many letters it
has gained. It also matters methodologically, because anatomical
endpoints are less vulnerable to the confounding by baseline
acuity that forced both reviews to downgrade.

There is a further, less obvious problem that the present
review was designed to expose. The primary studies do not agree
on what an anatomical response is. Some ask whether the retina
became and stayed dry. Others ask whether central thickness fell
by a fixed percentage from baseline. These sound interchangeable
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and are not, because a thicker and more diseased retina has
further to fall and therefore clears a percentage bar more easily
while remaining wet. If that coupling is real, the two endpoint
families should give opposite answers about the same
biomarkers in the same disease, and the published literature
should look contradictory for reasons that have nothing to do
with biology.

The novelty of this study lies in being the first quantitative
synthesis of baseline OCT biomarkers against anatomical
response to anti-VEGF therapy in diabetic macular oedema, in
analysing the biomarker-outcome estimates with correlated
hierarchical effects and robust variance estimation rather than
treating multiple biomarkers from one cohort as independent,
and in formally testing — and demonstrating — that the direction
of every biomarker reverses according to how anatomical
response was defined. The aim of this study was to estimate the
pooled odds of poor anatomical response to anti-VEGF therapy in
eyes with an adverse baseline OCT biomarker, to rank the
individual biomarkers by the strength of their supporting
evidence, and to quantify the extent to which the choice of
anatomical endpoint definition determines the answer.

2. Methods

2.1. Design and reporting

This systematic review and meta-analysis was conducted and
reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
statementv. The review was not prospectively registered.
Because the review analysed only published aggregate data,
ethical approval was not required.

2.2. Eligibility criteria

Studies were eligible if they enrolled adults with diabetes
mellitus and centre-involving diabetic macular oedema; assessed
one or more qualitative structural OCT biomarkers on a pre-
treatment scan; treated the eyes with an intravitreal anti-VEGF
agent as the index therapy; and reported an anatomical outcome
from which an odds ratio for poor response, with a confidence
interval or a reconstructable two-by-two table, could be obtained.
Prospective and retrospective cohorts and post-hoc analyses of
randomised trials were all eligible.

Studies were excluded if the only reported outcome was
visual acuity; if the biomarker was measured after treatment had
begun; if the index therapy was a corticosteroid alone or the
cohort was defined by vitrectomy; if no extractable effect
estimate was available; or if the cohort overlapped with a larger
included report. Reviews, editorials and protocols were excluded.

Because the analysis rests on judgements about whether a
feature is present, each biomarker is defined here as it was
applied. Disorganisation of retinal inner layers denoted an
inability to identify the boundaries between the ganglion cell-
inner plexiform layer complex, the inner nuclear layer and the
outer plexiform layer within the central subfield. Ellipsoid zone
disruption denoted any discontinuity of the hyperreflective
ellipsoid band beneath the fovea, and external limiting membrane
disruption the corresponding discontinuity of the thin
hyperreflective line internal to it. Hyperreflective foci denoted
discrete, well-circumscribed intraretinal dots of reflectivity
comparable to the retinal pigment epithelium and without a
posterior shadow. Subretinal fluid denoted an optically empty
space between the neurosensory retina and the retinal pigment
epithelium, reported by some cohorts as serous or neurosensory
retinal detachment. Epiretinal membrane denoted a
hyperreflective layer on the inner retinal surface. Foveal eversion
denoted loss of the normal foveal depression with an outward,
convex displacement of the Miiller cell cone and the surrounding
inner retina.

These definitions were not imposed on the primary studies.
Each estimate was extracted as the study itself classified the
feature, and no attempt was made to re-grade images or to
harmonise thresholds. Where a biomarker was reported as a
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count rather than as present or absent — which applied to
hyperreflective foci in every cohort that reported them — the
study's own dichotomisation was accepted. The consequences of
that decision are examined in the discussion, and they are not
trivial.

2.3. Information sources and study selection

Europe PMC and MEDLINE were searched using two
structured searches combining terms for diabetic macular
oedema, optical coherence tomography, the individual
biomarkers, and anti-VEGF agents, supplemented by targeted
digital object identifier retrieval of reports cited in the eligible
articles. Records were screened on title and abstract and then in
full text. Each included report was read in full and re-extracted
directly from its published tables; no estimate was carried
forward from an abstract alone.

The searches combined five concept blocks: the population
(diabetic macular oedema and its variant spellings), the imaging
modality (optical coherence tomography and its abbreviations),
the biomarkers (each feature listed in section 2.2, with its
abbreviations and synonyms), the intervention (anti-VEGF as a
class and each agent by name), and the outcome (terms for
response, non-response, refractory and persistent disease, and
for retinal thickness). Blocks were combined with the Boolean
AND and terms within each block with OR. A verbatim listing of
the executable strings was not retained in the analysis record; the
concept blocks above are reported so that the search can be
reconstructed, and the authors will supply the strings on request.

2.4. Outcomes and endpoint strata

The outcome was poor anatomical response to anti-VEGF
therapy, expressed as an odds ratio comparing eyes with the
adverse biomarker present against eyes with it absent. Because
the primary studies defined that outcome in materially different
ways, every estimate was assigned before analysis to one of four
pre-specified endpoint strata: clinically anchored endpoints,
which ask whether the retina became and stayed dry (refractory
or persistent oedema, failure to reach a flat retina, or a clinician's
decision to switch to a corticosteroid); relative percentage-
reduction endpoints, which ask whether central thickness fell by
a fixed proportion of its baseline value; absolute-change
endpoints, expressed in micrometres; and recurrence after an
initial response. The clinically anchored stratum was pre-
specified as primary because it corresponds to the decision
clinicians actually make.

2.5. Effect measure

Both the predictor and the outcome were binary throughout,
so the odds ratio was the appropriate effect measure. A
standardised mean difference was not computed, because it is
undefined for a dichotomous outcome and would have required
discarding the design of every included study. Where a study
reported only an adjusted odds ratio with a confidence interval,
that estimate was used and flagged; where a two-by-two table
was printed, the crude odds ratio was computed from the counts.
A Haldane-Anscombe correction of 0.5 was available for zero
cells but was not required in any of the 54 estimates.

2.6. Synthesis

Fifty-four estimates were nested within 17 cohorts, and
several cohorts contributed five or six biomarkers each. Treating
those estimates as independent would have understated every
standard error, so the primary model used correlated
hierarchical effects with robust variance estimation, applying the
CR2 small-sample adjustment and Satterthwaite degrees of
freedom, with a working within-study correlation of 0.6.
Biomarker-specific subtotals were additionally fitted with a
DerSimonian-Laird random-effects model with the Knapp-
Hartung adjustment, and were displayed only where at least four
estimates were available. Heterogeneity was summarised with
the I-squared statistic and the between-study variance .
Subgroup analyses were pre-specified for endpoint stratum,
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biomarker, anti-VEGF agent and country, and were tested with a
joint Wald test under the same robust variance framework.

The unit of analysis was the biomarker-outcome
estimate, not the eye. Each estimate contrasted eyes with a
given feature against eyes without it, within its own cohort, and a
single cohort could contribute up to six such contrasts from the
same set of eyes. The pooled estimate is therefore the average
strength of association across biomarker contrasts. It is not, and
could not be, the risk carried by an individual eye, because eyes
commonly display several of these features at once and an eye-
level synthesis would require individual participant data that are
not available. This distinction is carried through the wording of
the results and is revisited in the limitations.

The I-squared statistic is not uniquely defined under a
correlated hierarchical effects model. It is reported here as the
proportion of the total variance of the estimates that is
attributable to the combined between-study and within-study
random components rather than to sampling error, with the two
components reported separately where they differ materially. A
prediction interval was not computed: with a between-study
variance of zero it would collapse toward the confidence interval
and would misrepresent the uncertainty that actually exists,
which is within cohorts rather than between them.

2.7. Sensitivity analyses and small-study effects

Twenty sensitivity analyses were run: a leave-one-out fit for
every study in the primary stratum; restriction to crude
estimates; exclusion of cohorts with concomitant corticosteroid
exposure; exclusion of clinician-driven switch outcomes;
exclusion of studies at high risk of bias; variation of the assumed
within-study correlation from 0.2 to 0.8; and a re-coding of one
study whose printed count and printed percentage disagreed.
Small-study effects were assessed with Egger regression, the
Begg rank correlation and trim-and-fill. Both asymmetry tests

assume independent observations and were applied to the 26
clustered estimates of the primary stratum; their results are
therefore interpreted qualitatively rather than as formal
inference.

2.8. Risk of bias and certainty of evidence

Risk of bias was assessed with ROBINS-E across its seven
domains:s. The randomised-trial tool RoB 2.0 was not used and
does not apply here, because no study randomised the
biomarker; these are prognostic-factor cohort studies even
where the underlying dataset came from a randomised trial.
Newecastle-Ottawa Scale scores were recorded alongside for
comparability with the existing biomarker literature. Certainty of
evidence was rated using the GRADE framework for prognostic
factors.

3. Results

3.1. Study selection

The searches identified 187 records, of which 13 were
duplicates. Of the 174 records screened, 89 were excluded on title
and abstract and 85 full texts were retrieved; none was
unobtainable. Sixty-eight reports were excluded at full-text
assessment: 22 did not address an anti-VEGF treatment-response
question, 14 reported a visual-acuity endpoint only, 12 contained
no qualitative baseline OCT biomarker, 11 offered no extractable
two-by-two table or odds ratio with a confidence interval, six
were reviews, editorials or protocols, two were corticosteroid-
only or vitrectomy cohorts, and one was a cohort already
represented within a larger included report. Seventeen studies
contributing 54 biomarker-outcome estimates were included, of
which 10 studies and 26 estimates fell in the primary clinically
anchored stratum. The selection process is set out in Figure 1.

Studies in the PRIMARY quantitative synthesis
(clinically anchored endpoints)
n = 10 studies, 26 estimates
Secondary strata: relative reduction n = 5 (22),
recurrence n = 1 (4), absolute change n =1 (2)

s
]
§ Records identified from database searching Frees e R el
= Europe PMC / MEDLINE (two structured searches) = . 9
£ - Duplicates: n=13
2 n=187
@
=
Records screened on title and abstract > Records excluded
n=174 n=89
=)
£
c
]
5 Reports sought for retrieval 5 Reports not retrievable in full text
W n =285 n=0
Reports assessed for eligibility
n=85 Reports excluded (n = 68)
Not an anti-VEGF treatment-response question: 22
Functional (visual-acuity) endpoint only: 14
No baseline qualitative OCT biomarker: 12
No extractable 2x2 table or OR with CI: 11
Review, editorial or protocol: &
Overlapping cohort (Sacconi 2022 within Arrigo 2021): 1
Steroid-only or vitrectomy cohort: 2
Studies included in the systematic review
n = 17 (54 biomarker-outcome estimates)
-
@
°
=2
2 I/
£

Figure 1. PRISMA 2020 flow diagram for the selection of studies relating baseline OCT biomarkers to anatomical response after anti-VEGF therapy in diabetic macular
oedema.
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3.2. Characteristics of the included studies

The 17 included cohorts contributed 1,758 eyes and were
published between 2019 and 2026, with 14 appearing from 2022
onwardwss, Cohort size ranged from 30 eyes to 275. Seven cohorts
were Chinese, three Korean, two Taiwanese, and one each from
Italy, Romania, Spain, Tirkiye and the United States; no
Indonesian or wider South-East Asian cohort met the inclusion
criteria. Seven studies used a mixed or switched anti-VEGF
regimen, four aflibercept, four bevacizumab and two
ranibizumab. Forty-three of the 54 estimates were crude odds
ratios computed from printed two-by-two tables and 11 were

adjusted odds ratios taken from published multivariable models.
Table 1 sets out the characteristics of each study.

The timing of the outcome assessment varied and is
embedded in each study's response definition. Eight cohorts
assessed the outcome at a stated calendar time point, ranging
from four weeks to twelve months; four assessed it at the end of
a defined loading course; and five assessed it at a point
determined by the clinical course — the final recorded visit, or
the moment a clinician decided to switch therapy. Whether eyes
were treatment-naive was not stated consistently enough across
the reports to be extracted as a variable, and this is noted as a
limitation.

Table 1. Characteristics of the 17 included studies. Estimates = number of biomarker-outcome estimates contributed. CMT, central
macular thickness; CRT, central retinal thickness; CST, central subfield thickness; DRIL, disorganisation of retinal inner layers; ELM,
external limiting membrane; ERM, epiretinal membrane; EZ, ellipsoid zone; HRF, hyperreflective foci; SRF, subretinal fluid.

Anti-VEGF Endpoint Anatomical response OCT biomarkers .
Study Country n P . P . Estimates ROBINS-E
agent stratum definition as reported contributed
. . Clinically . . Some
Arrigo 2021 Italy 68 Mixed Persistent oedema at 1 year Foveal eversion 1
anchored concerns
Clinicall Anatomical fail fter 3 S
Cakmak Cengiz 2026 Tiirkiye 48 Bevacizumab oty natomicalfatiure atter DRIL, EZ, SRF, ERM 4 ome
anchored injections concerns
Chang 2023 Taiwan 65 Ranibizumab Absolute Final CRT improvement <50 DRIL, SRF 2 Some
change pm concerns
Choi 2019 Republic of 119 Bevacizumab Clinically Refractory to anti-VEGF and to HRF, EZ 2 Some
Korea anchored dexamethasone concerns
Relati 10% CMT reducti t1 S
Ergin 2025 Romania 104 Aflibercept elative <10% CMT reduction a DRIL, SRF, HRF 3 ome
reduction month concerns
. . Clinically . Some
Gu 2023 China 130 Aflibercept Ineffective at 12 months DRIL, EZ, ELM 3
anchored concerns
Han 2023 Republic of 30 Aflibercept Clinically Suboptimal re.sponse after ERM 1 High
Korea anchored loading
. o .
Hsieh 2023 Taiwan 72 Mixed Relative DI R ERE EZ, SRF, HRF, ERM 4 some
reduction months concerns
Republic of Clinicall Switched to a d th
Lee 2023 epublico 144 Bevacizumab fnicatly Wwitched to a dexamethasone SRF 1 High
Korea anchored implant
. . o Clinically . .
Li 2025 China 112 Ranibizumab Non-response after 3 injections DRIL, EZ 2 High
anchored
. . . Clinically Some
Li 2026 China 81 Mixed Poor-response group DRIL, EZ, SRF, HRF 4
anchored concerns
) . Relative ) Some
Lu 2025 China 204 Mixed X <20% CRT reduction DRIL, EZ, ELM, SRF 4
reduction concerns
Clinicall; Switched to a d th:
Ruiz-Medrano 2025 Spain 275 Mixed mically witched to a dexamethasone DRIL, SRF, HRF 3 High
anchored implant
Relati 109 T i 4- DRIL, EZ, ELM, SRF, HRF, .
Turski 2022 United States 57, Bevacizumab ¢ atlfle LU Cieduction et s 6 High
reduction weeks ERM
R o .
Yu 2023 China 81 Mixed Relative <10% CST reduction at 6 DRIL, EZ, SRF, HRF, ERM 5 Low
reduction months
Clinicall DRIL, EZ, ELM, SREF, f 1 .
Zhou 2025 China 51 Aflibercept tuatel Refractory at 6 months ) ovea 5 High
anchored eversion
) ) L Some
Zhu 2025 China 122 Mixed Recurrence Recurrence within 12 months EZ, ELM, SRF, HRF 4 concerns

Endpoint stratum was assigned before analysis from the response definition printed in each report.

3.3. Risk of bias

One study was judged at low risk of bias overall, ten raised
some concerns, and six were at high riskzz.2s33:, Newcastle-
Ottawa scores ranged from five to eight with a median of seven.
The two domains that performed worst were confounding, where
nine studies raised some concerns and three were high risk
because baseline retinal thickness — which is both a determinant
of the biomarker and a determinant of the outcome — was left
unadjusted, and post-exposure interventions, where five studies
were high risk because rescue corticosteroid or laser was
administered during follow-up. Exposure measurement raised
some concerns in 14 studies, reflecting the absence of an agreed
grading protocol for qualitative OCT features. Figure 2 presents
the study-level judgements.
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Those overall figures understate the weakness of the analysis
that matters most. Reading the risk-of-bias judgements against
the endpoint stratum, the single study judged at low risk of
bias falls in the relative-reduction stratum and therefore
contributes nothing to the primary analysis®. The primary
stratum consists of five studies raising some concerns and five at
high risk, and contains no low-risk study at all. This is stated here
rather than left to be reconstructed, because it is the single most
important qualification on the primary estimate. Its principal
counterweight is that removing the high-risk studies strengthens
rather than weakens the pooled result, which is reported in
section 3.7.
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RoB 2.0 does not apply: no study randomised the biomarker. Newcastle-Ottawa (NOS) scores are shown in the right-hand column.

D2 D3 D4 D6 D7
Conf b1 di Exposure Selection of Post-exposure Mi _DS dat: Qutcome Selective OVERALL NOs
onfounding measurement participants interventions issing data measurement reporting
Arrigo 2021 [+ (+] (' ] (+] [+ (+] 8
Cakmak Cengiz 2026 ° e o 7
Chang 2023 ° ° o 7
Choi 2019 [+ ('] Q [+ ] [+ 7
Ergin 2025 (+] (+] (+] 7
Gu 2023 [+ 6
Han 2023 (] (+] (+] (<] 5
Hsieh 2023 [+ [+ 7
Lee 2023 (<] (%] (] 6
Li 2025 (<} © (<] 6
Li 2026 Q 7
Lu 2025 (+] (+] 7

Ruiz-Medrano 2025 o °

vz @ o ©
Yu 2023 (+) [+ ]
Zhou 2025 [x]
Zhu 2025 (+]

® Low

©
© © 060

© (4] '

Risk of bias
Some concerns

® High

Figure 2. ROBINS-E risk-of-bias judgements for the 17 included studies across seven domains. Green denotes low risk, amber some concerns and red high risk.

3.4. Primary analysis: clinically anchored endpoints

In the primary stratum of 10 studies contributing 26
estimates from 1,058 eyes, the average association between an
adverse baseline OCT biomarker and failure to dry the macula on
anti-VEGF therapy was a pooled odds ratio of 3.75 (95%
confidence interval 2.27 to 6.19; p = 0.0004), with residual
heterogeneity of Iz = 70.5%. This is an average across biomarker
contrasts and not the risk carried by an individual eye; the
biomarker-specific estimates below are the ones that bear on a
particular scan. Figure 3 shows the study-level estimates and the
biomarker subtotals.

The structure of that heterogeneity is more informative than
its magnitude. The between-study variance was estimated at zero
(tz = 0.00), which means that none of the residual heterogeneity
sat between cohorts. All of it sat within cohorts — across the
different biomarkers measured in the same eyes. Cohorts were
therefore behaving consistently as cohorts; the biomarkers were
behaving differently from one another. This is precisely the
pattern that robust variance estimation exists to handle, and it is
the pattern that a conventional random-effects model applied to
54 supposedly independent estimates would have concealed.

Ranked by the strength of their evidence, ellipsoid zone
disruption was the only biomarker individually significant on
both models, at odds ratio 3.55 (1.43 to 8.84; p = 0.016) under
robust variance estimation, and it was also the most internally
consistent (I2 = 39.5%). Disorganisation of retinal inner layers
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reached significance under the robust-variance model at 3.22
(1.07 to 9.70; p = 0.042) although its random-effects interval
crossed unity. Subretinal fluid pointed strongly in the same
direction at 3.94 (0.92 to 16.96) but did not reach significance at
five estimates. External limiting membrane disruption, epiretinal
membrane and foveal eversion all produced large point estimates
with intervals so wide as to be uninformative, because only two
estimates were available for each. Hyperreflective foci were the
outlier, with a pooled estimate near unity and the highest
heterogeneity in the dataset (Iz = 88.0%, 12 = 3.664). Table 2 gives
the biomarker-specific results under both models.

One estimate deserves to be named rather than left in the
tables. The Spanish multicentre cohortst supplied the only
strongly protective estimate in the entire primary stratum, a
hyperreflective foci odds ratio of 0.06 (0.01 to 0.47), which sits in
direct opposition to the two other hyperreflective foci estimates
of 8.7222 and 3.71%». That single estimate accounts for most of the
null pooled result for hyperreflective foci, and for a substantial
share of the residual heterogeneity of the whole stratum:
omitting this cohort was the single most influential leave-one-out
scenario, moving the pooled estimate from 3.75 to 4.35 and
reducing Iz from 70.5% to 42.7%, a larger effect on heterogeneity
than any other omission. No other biomarker showed
comparable disagreement between cohorts.
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Baseline OCT biomarkers and poor anatomical response to anti-VEGF therapy in diabetic macular cedema
Primary stratum: clinically anchored endpoints (refractory or persistent oedema, failure to reach a flat retina)

Study OR [95% Cl]
DRIL (k = 6)
Li 2026 —a— 14.91 [3.97, 55.97]
Gu 2023 —— 5.70 [2.61, 12.45]
Zhou 2025 = 2.36[0.20, 27.85]
Li 2025 1.92[0.26, 14.18]
Ruiz-Medrano 2025 —— 1.18[0.67, 2.07]
Cakmak Cengiz 2026 —_—a— 1.00 [0.17, 5.77]
Random-effects subtotal (I = 74%) e 2.91[0.95, 8.91]
EZ disruption (k = 6)
Li 2026 —_—a— 12.25[3.48, 43.19]
Gu 2023 —a— 6.70 [3.02, 14.89]
Zhou 2025 I R 3.29 [0.74, 14.59]
Choi 2019 —_— 1.95[0.53, 7.15]
Cakmak Cengiz 2026 —_—a— 1.86[0.40, 8.58]
Li 2025 —_—a— 1.26[0.20, 7.89)
Random-effects subtotal (I7 = 40%) ‘r 3.85[1.57,9.41]
SRF (k = 5)
Ruiz-Medrano 2025 —_—a 17.18 [4.09, 72.20]
Zhou 2025 —_—a— 5.10 [1.52, 17.10]
Lee 2023 —_—a— 2.96 [1.31, 6.70]
Cakmak Cengiz 2026 —_—.-— 1.33[0.23, 7.89]
Li 2026 = ] 1.27[0.43, 3.76]
Random-effects subtotal (P = 58%) = 3.33[0.94, 11.78]
HRF (k = 3)
Choi 2019 —_—a— 8.72[2.21, 34.38)
Li 2026 a0 3.71[1.41, 9.76)
Ruiz-Medrano 2025 B 0.06 [0.01, 0.47]

Subtotal not shown: fewer than four esi
ELM disruption (k = 2)

Gu 2023 —a— 8.09 [3.45, 18.98]

Zhou 2025 [ a— 2.421[0.79, 7.49]

Subtotal not shown: fewer than four estimates

ERM (k = 2)
Han 2023 —_—— 9.75 [1.59, 59.70]
Cakmak Cengiz 2026 n 2.71[0.22, 34.15]

Subtotal not shown: fewer than four estimates
Foveal eversion (k = 2)

Arrigo 2021 —_—a— 12.54 [3.98, 39.53]

Zhou 2025 —a— 4.90 [1.45, 16.55]

Subtotal not shown: fewer than four estimates

PRIMARY pooled estimate, RVE (CR2): 26 estimates from 10 studies; I = 70% ‘ 3.75 [2.27, 6.19]

o1 05 1 5 25 100
0Odds ratio for poor anatomical response (biomarker present versus absent)
Figure 3. Forest plot of the primary stratum. Individual estimates are shown as squares with 95% confidence intervals; arrows denote intervals extending beyond the
plotted range. Green diamonds are random-effects subtotals, displayed only where at least four estimates were available; the bottom diamond is the pooled robust-
variance estimate.

Table 2. Biomarker-specific pooled estimates within the primary clinically anchored stratum. Random-effects estimates used
DerSimonian-Laird with the Knapp-Hartung adjustment; robust-variance estimates used correlated hierarchical effects with the
CR2 adjustment.

Biomarker Studies Estimates Random-effects OR (95% 12 2 Robust-variance OR (95% D
CI) CI)
Ellipsoid zone disruption 6 6 3.85(1.58t0 9.41) 39.5% 0.280 3.55(1.43t0 8.84) 0.016
Disorganisation of retinal inner layers 6 6 2.91 (0.95 t0 8.92) 73.9% 0.932 3.22 (1.07 t0 9.70) 0.042
Subretinal fluid 5 5 3.34(0.94t0 11.78) 58.2% 0.509 3.94 (092 to 16.96) 0.060
External limiting membrane disruption 2 2 4.70 (0.00 to 9586.89) 64.2% 0.466 4.40 (0.01 to 3899.21) 0.226
Epiretinal membrane 2 2 6.32 (0.00 to 13815.45) 0% 0.000 7.55 (0.16 to 363.00) 0.097
Foveal eversion 2 2 8.02 (0.02 to 3109.88) 17.4% 0.077 8.02 (0.03 to 1916.53) 0.131
Hyperreflective foci 3 3 1.46 (0.00 to 838.22) 88.0% | 3.664 1.56 (0.01 to 516.52) 0.770

Estimates based on two studies are reported for completeness; their intervals are too wide to support any inference and are not interpreted.
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3.5. The endpoint-definition reversal

The single most consequential result of this review is that the
direction of every biomarker depended on how anatomical
response had been defined. Against clinically anchored endpoints
the pooled odds ratio was 3.75. Against relative percentage-
reduction endpoints, in five studies contributing 22 estimates, it
was 0.84 (0.31 to 2.30; p = 0.65) — no association at all, and a
point estimate on the protective side of unity. The formal
interaction test under robust variance estimation gave F(1,9.2) =
12.3, p = 0.006, and the joint test across all four endpoint strata
gave F(3) =105.8, p = 0.006.

The denominator degrees of freedom of that interaction test
are small — 9.2 under the Satterthwaite approximation — and
robust variance estimation is known to be anti-conservative in
that region even with the CR2 correction. The formal p value

should therefore not carry the argument on its own. It does not
need to: the reversal held in the same direction for every
biomarker for which both endpoint families were represented,
which is corroboration that does not depend on the small-sample
properties of a single test.

The reversal was not an artefact of which biomarkers
happened to be studied in which cohorts, because it held
biomarker by biomarker. Subretinal fluid is the clearest
illustration: odds ratio 3.33 against a clinically anchored
endpoint, and 0.18 (0.06 to 0.53) against a relative-reduction
endpoint — a statistically significant effect in the opposite
direction. Disorganisation of retinal inner layers moved from 2.91
to 0.42 and ellipsoid zone disruption from 3.85 to 1.47. Figure 4
displays the contrast, and Table 3 summarises all four strata.

The direction of every OCT biomarker depends on how anatomical response was defined

Same biomarkers, same disease, opposite conclusions

Biomarker | endpoint definition

interaction test (RVE, CR2): F(1, 9.2) = 12.3, p = 0.006

OR [95% CI]

DRIL | Clinically anchored

DRIL | Relative reduction

EZ disruption | Clinically anchored

EZ disruption | Relative reduction
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Figure 4. Odds ratios for poor anatomical response by biomarker and endpoint definition. Green denotes clinically anchored endpoints and orange relative percentage-
reduction endpoints. Diamonds are the pooled robust-variance estimates for each stratum.

Table 3. Pooled odds ratios by endpoint stratum. The combined estimate across all strata is reported for completeness only and is
not interpretable, because it averages effects that point in opposite directions.

Endpoint stratum Studies Estimates What the endpoint asks Pooled OR (95% CI) p 12
Did the retina become and stay dry? Refractory or
Clinically anchored (primary) 10 26 persistent oedema, failure to reach a flat retina, or a 3.75 (2.27 t0 6.19) 0.0004 70.5%
switch to a steroid
Relative percentage reduction 5 22 Did central thickness fall by a fixed percentage from 0.84 (031 to 2.30) 0.65 89.2%
Recurrence 1 4 Did oedema return after an initial response? 3.03 (3.01to 3.05) 0.0003 —
Absolute change 1 2 Did central thlckngss fall by a fixed number of 0.09 (0.01 to 0.57) 0.038 _
micrometres?

All strata combined (not 17 54 Mixture of the four questions above 1.80 (1.01 to 3.18) 0.045 86.9%
interpretable)

The recurrence and absolute-change strata each rest on a single study and are shown for transparency, not for inference.

The mechanism is arithmetic rather than biological. A
percentage-reduction endpoint divides the change in thickness
by the baseline thickness, and baseline thickness is itself a
consequence of the adverse morphology being tested. An eye with
extensive subretinal fluid starts thicker, so a fixed percentage fall
is easier to achieve even if a substantial volume of fluid remains
and the retina is still, by any clinical standard, wet. The
percentage-reduction endpoint is therefore not a neutral
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measurement of the same construct; it is a different construct that
happens to share a name.

3.6. Subgroup analyses

No moderator other than endpoint definition explained any
further heterogeneity. Within the primary stratum, the pooled
estimate was numerically largest for aflibercept at 5.56 (1.17 to
26.33) and smallest for ranibizumab at 1.53 (1.10 to 2.14), but the
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joint test across agents was not significant (p = 0.220) and each
agent subgroup rested on one to three cohorts. Country was
likewise non-significant (joint p = 0.472), although the two best-
represented settings, China and the Republic of Korea, gave
concordant estimates of 4.43 (2.08 to 9.46) and 4.37 (1.30 to

14.69). Restricting the analysis to crude odds ratios left the
pooled estimate unchanged, so the inclusion of adjusted
estimates did not drive the result. Table 4 reports the subgroup
analyses.

Table 4. Subgroup analyses within the primary clinically anchored stratum, except for the endpoint-stratum moderator, which by
definition spans all strata. Joint p values are Wald tests across all levels of a moderator under robust variance estimation.

Moderator Level Studies Estimates OR (95% CI) p within level Joint p
Anti-VEGF agent Aflibercept 3 9 5.56 (1.17 to 26.33) 0.043 0.220
Bevacizumab 3 7 2.58 (0.63 to 10.64) 0.102
Mixed or switched 3 8 3.78 (0.28 to 51.35) 0.143
Ranibizumab 1 2 1.53 (1.10 to 2.14) 0.039
Country China 4 14 4.43 (2.08 t0 9.46) 0.010 0.472
Republic of Korea 3 4 4.37 (1.30 to 14.69) 0.036
Spain 1 3 1.56 (0.03 to 72.21) 0.379
Tiirkiye 1 4 1.47 (0.25 to 8.68) 0.223
Italy 1 1 12.54 (single estimate) —
Endpoint stratum Clinically anchored 10 26 3.64 (2.17 to 6.10) 0.0005 0.006
Relative reduction 5 22 0.84 (0.31to0 2.32) 0.650
Recurrence 1 4 3.03 (3.01 to 3.05) 0.0003
Absolute change 1 2 0.09 (0.01 to 0.57) 0.038

Subgroups resting on a single cohort are reported for completeness and should not be compared against one another.

3.7. Sensitivity analyses

The primary result withstood every challenge put to it. Across
the 10 leave-one-out fits the pooled odds ratio ranged from 3.29
to 4.35 and the p value never exceeded 0.0018. Excluding the six
studies at high risk of bias strengthened the estimate to 4.90 (2.29
to 10.46) and reduced heterogeneity to 57.2%, which is the
opposite of what would be expected if bias were manufacturing
the association. Removing clinician-driven switch outcomes, the
most subjective endpoints in the set, likewise strengthened the
estimate to 4.56 (2.73 to 7.62) and halved heterogeneity to
42.7%. Excluding cohorts with concomitant corticosteroid
exposure gave 4.25 (2.34 to 7.74). Varying the assumed within-
study correlation from 0.2 to 0.8 moved the pooled estimate by
less than 0.14, confirming that the result does not depend on that
working assumption. Table 5 reports all 20 scenarios.

One of those scenarios answers a specific structural objection
and is worth stating as such. Two of the ten primary-stratum
studies defined the outcome as the clinician's decision to switch
to a dexamethasone implantzs. That decision is made by a
clinician who has seen the OCT scan, which is the exposure, so the
outcome is not ascertained independently of the predictor. This
is partial circularity rather than a subtle measurement problem.
Removing those studies raised the pooled estimate to 4.56 (2.73
to 7.62) and halved residual heterogeneity to 42.7%, so the
association is not an artefact of exposure-dependent outcome
ascertainment; if anything, that ascertainment was diluting it. The
same exclusion also removes the influential hyperreflective foci
estimate discussed in section 3.4, and it is plausible that these two
observations are the same observation: foci-rich eyes are
precisely the eyes a clinician switches early to a steroid, for
reasons of mechanism rather than because anti-VEGF has failed
to dry them.

Table 5. Sensitivity analyses for the primary clinically anchored stratum.

Sensitivity scenario Studies Estimates OR (95% CI) p 12
Primary model 10 26 3.75 (2.27 t0 6.19) 0.0004 70.5%
Omit Arrigo 2021 9 25 3.48 (2.06 to 5.86) 0.0009 70.2%
Omit Cakmak Cengiz 2026 9 22 4.08 (2.43 t0 6.83) 0.0004 75.2%
Omit Choi 2019 9 24 3.71 (2.09 to 6.58) 0.0012 71.7%
Omit Gu 2023 9 23 3.29 (1.94 t0 5.59) 0.0012 70.7%
Omit Han 2023 9 25 3.59 (2.12 to 6.10) 0.0008 71.5%
Omit Lee 2023 9 25 3.80(2.19 to 6.61) 0.0008 70.9%
Omit Li 2025 9 24 3.95 (2.33 t0 6.70) 0.0005 72.7%
Omit Li 2026 9 22 3.58(1.95t0 6.55) 0.0018 69.7%
Omit Ruiz-Medrano 2025 9 23 4.35 (2.75 t0 6.90) 0.0002 42.7%
Omit Zhou 2025 9 21 3.69 (1.98 t0 6.87) 0.0018 77.0%
Exclude estimates available only as adjusted odds ratios 10 26 3.75 (2.27 t0 6.19) 0.0004 70.5%
Exclude cohorts with concomitant steroid exposure 6 18 4.25 (2.34t0 7.74) 0.0026 41.7%
Exclude clinician-driven switch outcomes 8 22 4.56 (2.73 t0 7.62) 0.0005 42.7%
Exclude studies at high risk of bias 5 14 4.90 (2.29 to 10.46) 0.0059 57.2%
Working correlation p = 0.2 10 26 3.65 (2.19 to 6.08) 0.0005 64.4%
Working correlation p = 0.4 10 26 3.71(2.23 t0 6.15) 0.0004 67.3%
Working correlation p = 0.8 10 26 3.78 (2.30 to 6.22) 0.0003 73.5%
Zhou 2025 DRIL coded from the printed count rather than the percentage 10 26 3.75(2.27 t0 6.19) 0.0004 70.6%

p is the assumed within-study correlation among estimates contributed by the same cohort; the primary model used p = 0.6.

Lim and Sadvika.

385



Open Access Indonesian Journal of Medical Reviews

Volume 6, Issue 5,2026 | Article ID: 932 | Pages: 378-391 | e-ISSN 2807-6257

3.8. Small-study effects

No funnel asymmetry was detectable in the primary stratum.
Egger regression gave t = 0.016 with p = 0.99, the Begg rank
correlation gave T =-0.16 with p = 0.27, and trim-and-fill imputed
no missing studies. This deserves to be stated plainly rather than
passed over, because prognostic-biomarker literatures
characteristically do show small-study effects. Figure 5 shows the
funnel plot.

OAIJMR

Two caveats keep this from being stronger evidence than it is.
Both tests treat the 26 clustered estimates as independent, which
they are not, so the standard errors of the tests themselves are
understated. And with ten cohorts the analysis only just meets the
conventional minimum for a funnel test, so its power is low. What
can reasonably be said is that the Egger intercept was essentially
zero rather than merely non-significant, and that trim-and-fill
imputed nothing — an absence of evidence of asymmetry, not
evidence of its absence.

Funnel plot, primary stratum (26 estimates from 10 studies)

Egger t = 0.016, p = 0.99

Begg T = -0.16, p = 0.27

trim-and-fill imputed no studies
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Figure 5. Funnel plot of the 26 estimates in the primary stratum, coloured by biomarker. The vertical line is the pooled robust-variance estimate and the shaded region
is the pseudo-95% confidence region.

3.9. Domain-level risk of bias and certainty of evidence
Aggregated across studies, the ROBINS-E judgements
concentrated in two domains. Confounding was the weakest: only
five studies adequately handled baseline retinal thickness, nine
raised some concerns and three were high risk. Post-exposure
interventions were the second weakest, with five studies at high

risk because rescue therapy was permitted during follow-up.
Exposure measurement and selective reporting each raised some
concerns in 14 of 17 studies, reflecting the absence of a
standardised grading protocol and of published analysis plans.
Outcome measurement performed best, at low risk in 10 studies.
Figure 6 shows the domain-level distribution.

Domain-level ROBINS-E judgements

B Low

[l Some concerns M High

D1 Confounding - e —_—
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D6 Outcome measurement - T -
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Figure 6. Domain-level distribution of ROBINS-E judgements across the 17 included studies.
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Certainty of evidence for the primary comparison was rated
LOW. The rating began low because every included study was
observational, and was not downgraded further: risk of bias did
not explain the association, because excluding high-risk studies
strengthened it; inconsistency was high in magnitude but zero

between cohorts; indirectness was minimal; the confidence
interval excluded unity comfortably; and no small-study effect
was detectable. An upgrade for a large effect was considered and
not applied. Table 6 sets out the assessment.

Table 6. GRADE assessment of certainty for the association between an adverse baseline OCT biomarker and poor anatomical

response in the primary stratum.

Domain Judgement

Reasoning

Study design Starts LOW

All 17 studies were observational cohorts of a prognostic factor; no study randomised the biomarker.

Risk of bias No further downgrade

Six studies were at high risk and ten raised some concerns, but excluding the high-risk studies strengthened the
pooled estimate to OR 4.90, so bias is unlikely to be generating the association.

Inconsistency No downgrade

Residual heterogeneity was high (I2 = 70.5%) but between-study variance was zero (12 = 0.00); the heterogeneity is
between biomarkers within cohorts, not between cohorts, and every leave-one-out fit stayed between OR 3.29 and

Indirectness No downgrade

Populations, imaging and treatments matched the review question closely.

Imprecision No downgrade

The pooled confidence interval excluded 1 comfortably and did not span both appreciable benefit and appreciable

harm.

Publication bias No downgrade

Eggert=0.016, p = 0.99; Begg Tt = -0.16, p = 0.27; trim-and-fill imputed no studies.

Upgrade for large effect Considered, not applied

The point estimate of 3.75 approaches the conventional threshold, but the observational design and residual
confounding by baseline thickness argued against upgrading.

Overall certainty LOwW

Low certainty that the presence of an adverse baseline OCT biomarker increases the odds of failing to dry the

macula on anti-VEGF therapy.

4. Discussion

This review provides the first pooled estimate of how
baseline OCT morphology relates to whether the macula actually
dries on anti-VEGF therapy, and it returns two findings of unequal
importance. The first is that an adverse baseline biomarker is
associated with nearly four times the odds of anatomical failure,
with ellipsoid zone disruption the best-supported individual
feature. The second, and the more consequential, is that this
association exists only when response is defined by whether the
retina became dry, and reverses when response is defined as a
percentage fall in thickness.

4.1. Relationship to the existing syntheses

The two recent syntheses of OCT biomarkers in diabetic
macular oedema restricted themselves to visual acuity and
reached, at best, moderate certainty for five biomarkers
predicting worse acuity'st. The present results are
complementary rather than contradictory. Ellipsoid zone
disruption, disorganisation of retinal inner layers and
hyperreflective foci appear in both the acuity-based and the
anatomy-based analyses, which is what would be expected if
these features mark a retina that is structurally damaged and
functionally impaired as well as pharmacologically less tractable.
The value added here is that the anatomical endpoint speaks
directly to the retreatment decision, and that its analysis is far
less exposed to confounding by baseline acuity, which was the
principal reason both earlier reviews downgraded their certainty.

Both earlier reviews also named non-standardised biomarker
definitions as a limitation. The present analysis suggests the
problem is deeper than definitional drift in the predictor. The
more damaging inconsistency lies in the outcome, and it is not
merely noise: it systematically inverts the sign of the association.

4.2. Why the endpoint definition inverts the result

The coupling between baseline thickness and a percentage-
reduction endpoint is deterministic rather than probabilistic.
Adverse morphology such as extensive subretinal fluid or large
intraretinal cysts produces a thicker retina at baseline; the
percentage-reduction endpoint then rewards precisely those
eyes, because they have more thickness available to lose. An eye
can fall by 20% of a 600-micrometre baseline and remain at 480
micrometres — unequivocally wet — while an eye at 300
micrometres that dries to a normal 250 micrometres fails the
same bar. The observed inversion for subretinal fluid, from an
odds ratio of 3.33 to 0.18, is the quantitative expression of that
arithmetic.
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This has a practical consequence for how prognostic OCT
research should be designed. Percentage-reduction endpoints
should be abandoned in prognostic studies of baseline
morphology, or, where they must be retained for comparability,
they should be adjusted for baseline thickness and reported
alongside an absolute anatomical criterion. The same caution
applies to reading the existing literature: apparently
contradictory reports about whether subretinal fluid is a good or
a bad prognostic sign may be reconciled simply by checking
which endpoint each study used. Studies that stratified their
cohorts by morphological phenotype have reached similarly
divergent conclusions depending on the outcome chosens3.

4.3. The individual biomarkers

Ellipsoid zone disruption emerged as the most dependable
single predictor, and this is biologically coherent. The ellipsoid
zone is a direct proxy for photoreceptor integrity, and its
disruption marks a retina in which outer-retinal damage has
already occurred. Such an eye has less to gain from suppressing
vascular permeability, because the pathology is no longer purely
exudative. Region-specific analyses of retinal and choroidal
biomarkers support the same reading, as do studies relating
outer-retinal integrity to long-term restorative capacity after
early treatment.

Disorganisation of retinal inner layers behaved similarly but
with wider intervals, consistent with its greater inter-grader
variability. A large multicentre real-world cohort found that
baseline disorganisation correlated negatively with both
functional and anatomical improvement and positively with
systemic lipid parameters«, which raises the possibility that part
of its prognostic signal is metabolic rather than purely structural.

Hyperreflective foci were the conspicuous outlier, with a
pooled estimate near unity and by far the highest heterogeneity.
Two explanations are plausible and not mutually exclusive. The
firstis measurement: hyperreflective foci are counted rather than
graded present or absent, the counting thresholds differ between
studies, and dichotomising a count at different cut-offs will
generate incoherent odds ratios. The second is that foci-rich eyes
are genuinely a different pharmacological phenotype rather than
simply a worse one. Trial data show that foci respond differently
to agents with distinct mechanisms?, and cohorts in which foci-
rich eyes failed anti-VEGF but then responded well to a
dexamethasone implant point the same wayz. If hyperreflective
foci mark inflammation-driven oedema, then their correct clinical
use is not as a marker of general prognosis but as an indication
for early corticosteroid escalation — a hypothesis this review can
motivate but not test.

387



Open Access Indonesian Journal of Medical Reviews

Volume 6, Issue 5, 2026 | Article ID: 932 | Pages: 378-391 | e-ISSN 2807-6257

OAIJMR

4.4. What this means at the slit lamp

An odds ratio on its own cannot be used in a consulting room.
Converting it requires a background rate, and this review did not
estimate one: because a single cohort contributes up to six
biomarker contrasts from the same eyes, an eye-level event rate

cannot be derived from the estimate-level dataset without
counting the same eyes repeatedly. The conversion below
therefore uses an external anchor — the reported range of 30 to
40 per cent of eyes responding poorly after standard loadings —
and is illustrative rather than a pooled estimate of absolute
risk. Table 7 sets it out.

Table 7. Illustrative conversion of the pooled odds ratios into absolute risks, using an external background rate of anatomical failure

of about 35 in 100 eyes.

Scenario 0dds ratio (95% CI)

Difference from the
background rate

Illustrative absolute risk of anatomical
failure

Background rate in eyes starting anti-VEGF therapy —

About 35 in 100 (reported range 30 to 40) —

Any adverse baseline biomarker present (pooled

estimate) 3.75 (2.27 to 6.19)

About 67 in 100 (55 to 77) About 32 more per 100

Ellipsoid zone disruption present 3.55 (1.43 to 8.84)

About 66 in 100 About 31 more per 100

Disorganisation of retinal inner layers present 3.22 (1.07 t0 9.70)

About 63 in 100 About 28 more per 100

Risks are rounded to the nearest whole number per 100 eyes. The interval shown for the pooled estimate is the conversion of the confidence interval of the odds

ratio, and carries none of the uncertainty attaching to the background rate itself.

Read that way, the finding becomes usable. Against a
background in which roughly one eye in three fails to dry after
loading, an eye showing adverse baseline morphology would be
expected to fail about two times in three. That is a difference of
around thirty eyes per hundred, which is large enough to change
how a first visit is conducted without being large enough to
change whether treatment is offered.

Which features should change what a clinician says

The biomarkers are not interchangeable, and the review
supports a ranking rather than a single statement.

¢ Strong enough to influence counselling now: ellipsoid
zone disruption. It was the only feature significant under
both models, it was the most internally consistent of the set
(I» = 39.5%), and it has a coherent explanation — an eye
whose photoreceptor layer is already interrupted has less to
gain from suppressing vascular permeability. An interrupted
ellipsoid band on the baseline scan is a reasonable trigger for
closer early review.

¢ Suggestive, and worth noting but not yet acting on:
disorganisation of retinal inner layers, and subretinal
fluid. Both pointed clearly in the same direction and
disorganisation reached significance under the robust-
variance model, but each rested on five or six estimates with
wide intervals, and disorganisation is among the least
reproducible features to grade.

+ Should not currently change practice: hyperreflective
foci, external limiting membrane disruption, epiretinal
membrane and foveal eversion. The first was null with
extreme heterogeneity; the other three rested on two
estimates each and produced intervals spanning several
orders of magnitude. Large point estimates from two
estimates are not evidence of a large effect.

For the clinician, the finding supports a modest and
defensible statement at the first visit: an eye showing ellipsoid
zone disruption, inner-layer disorganisation or substantial
subretinal fluid on the baseline scan is roughly three to four times
more likely to remain wet after a standard loading course than an
eye without those features. That is enough to justify closer early
review and an earlier discussion about escalation; it is not enough
to justify withholding anti-VEGF therapy, and nothing in these
data suggests that it should be. Eyes with adverse morphology
still improved — they simply improved less reliably.

That last point bears repeating on its own, because it is the
sentence most likely to be misquoted. Eyes with adverse
baseline morphology still improved on anti-VEGF therapy.
They improved less reliably. Nothing in this review supports
withholding or delaying treatment on the basis of a baseline scan.

The finding is also a caution about how anatomical targets are
set. Treat-to-target strategies and automated fluid-monitoring
systems increasingly define success in anatomical terms, and the
choice between an absolute and a proportional criterion is not a
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neutral one’#. A service that audits its outcomes against a
percentage-reduction target will systematically flatter its results
in the very eyes that are doing worst.

4.5. Why a wet macula matters even when vision is
preserved

A reader arriving from the two acuity-based syntheses may
reasonably ask whether an eye that remains wet but sees well has
failed at all. Three arguments say that it has. The first is burden:
an eye that does not dry keeps receiving injections, and treatment
burden is itself a driver of patient-initiated discontinuation and
of loss to follow-up. The second is instability: fluid that never fully
resolves recurs, and macular thickness fluctuation over time has
been shown to carry independent prognostic weightss+. The third
is structural attrition: persistent oedema is accompanied by
measurable thinning of the ganglion cell complex and by
choroidal change, so an eye that stays wet is not in a steady state
even when its acuity is#+. Anatomical failure is therefore not a
surrogate that happens to be convenient; it is the process that
generates the functional loss the earlier reviews measured.

4.6. Whether these judgements can be made reliably
outside a study

Every result in this review depends on someone deciding
whether a feature is present. In the included cohorts those
judgements were generally made by trained graders, sometimes
two and sometimes masked. In a clinic they are made quickly, by
clinicians of varying experience, on scans of varying quality. The
risk-of-bias assessment recorded concerns about exposure
measurement in 14 of 17 studies, which reflects the absence of an
agreed grading protocol rather than carelessness by the
investigators.

The practical inference is uncomfortable and should be
stated: a prognostic marker with poor inter-grader agreement
will not perform in practice as it does in a study, however large
its pooled odds ratio. Hyperreflective foci illustrate the problem
most sharply, because they are counted rather than simply
identified, and different counting thresholds applied to the same
scans will produce different dichotomies and therefore different
odds ratios. No included study reported inter-grader reliability in
a form that could be extracted, so this review cannot quantify the
problem — only name it. Automated and quantitative approaches
to the same features are the obvious answer and are already
being developed#.

4.7. Strengths and limitations

The principal strength of this review is that its analytical
model matches its data structure. Fifty-four estimates drawn
from 17 cohorts are not 54 independent observations, and the
correlated-hierarchical-effects model with robust variance
estimation prevents the spurious precision that would otherwise
follow. A second strength is that every included estimate was
taken from a published table in a full text rather than from an
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abstract. A third is the breadth of the sensitivity programme: 20
scenarios, none of which overturned the primary result, and two
of which — excluding high-risk studies and excluding subjective
switch outcomes — strengthened it.

The limitations are real and several. First, the certainty of
evidence is low, and it is low principally because every included
study was observational and because baseline retinal thickness
was inadequately controlled in most of them. Baseline thickness
is a confounder in the strict sense: it is caused by the adverse
morphology and it influences the outcome, so a crude odds ratio
necessarily overstates the independent contribution of the
biomarker. The direction of that bias is known but its magnitude
is not, because too few studies reported thickness-adjusted
estimates for an adjusted-only synthesis to be feasible.

Second, a limitation of interpretation rather than of data, and
it constrains how the headline number may be used. The unit of
analysis was the biomarker-outcome estimate. The pooled odds
ratio of 3.75 is the average strength of association across
biomarker contrasts, not the risk carried by an eye with adverse
morphology, and the two are not the same quantity because eyes
commonly display several of these features simultaneously and
contribute to several contrasts at once. The illustrative absolute
risks in Table 7 inherit that limitation and are offered as a scale,
not as a prediction for an individual patient. The biomarker-
specific estimates are the ones that bear on a particular scan.

Third, two variables that a clinician would want were not
extractable. Whether eyes were treatment-naive was not
reported consistently enough across the 17 reports to be coded,
so the pooled estimate mixes previously untreated eyes with eyes
already partly treated. And the covariate sets of the 11 adjusted
models were not uniformly reported and were not extracted, so
although restricting the analysis to crude estimates left the
pooled result numerically unchanged, it cannot be claimed that
the adjusted and crude estimates were estimating the same
quantity.

Fourth, several biomarkers rest on very few estimates.
External limiting membrane disruption, epiretinal membrane
and foveal eversion each contributed only two, and their
confidence intervals are correspondingly uninformative. They
are reported for completeness and should not be quoted as
evidence of a large effect merely because their point estimates are
large.

Fifth, the endpoint heterogeneity that this review exposes
also constrains it. Six distinct anatomical definitions were in use
across the pool, and although the pre-specified stratification
handles this transparently, the primary stratum still contains a
mixture of refractory-disease definitions, failure-to-flatten
definitions and clinician switch decisions. The last of these is the
most subjective, and its removal strengthened the estimate rather
than weakening it.

Sixth, no cohort from Indonesia or the wider South-East
Asian region met the inclusion criteria, despite the regional
burden of diabetic retinopathy:z. Whether these odds ratios
transport to populations with different diabetes duration,
glycaemic control and access to treatment is unknown.

That absence is worth stating as a finding rather than only as
a limitation. A literature of 17 cohorts spanning eight countries
contains none from a region carrying a large and rising share of
the global diabetic retinopathy burden. The gap is also unusually
cheap to close. A single tertiary centre could contribute
meaningfully with a prospective series of roughly one hundred
consecutive treatment-naive eyes with centre-involving oedema,
graded against the definitions in section 2.2 by two independent
readers with a reported agreement statistic, treated with a
documented loading course, and assessed against an absolute
anatomical endpoint at a fixed time point. Nothing in that design
requires equipment or funding beyond what a routine retina
service already holds, and it would answer the transportability
question that this review cannot.

Seventh, no study of faricimab or brolucizumab met the
inclusion criteria. This is not because such studies do not exist.

Lim and Sadvika.

Post-hoc analyses of the newer agents have examined OCT
biomarkers, but as treatment-effect modifiers rather than as
baseline predictors of anatomical failuress1, so these results
describe the anti-VEGF era that preceded them.

4.8. Future research

Three things would move this field forward quickly and none
of them is expensive. The firstis agreement on a single anatomical
outcome definition, anchored on an absolute thickness threshold
or on the presence or absence of fluid rather than on a percentage
change. The second is routine adjustment for baseline central
thickness in every prognostic OCT analysis, which would convert
a large volume of existing crude estimates into interpretable
ones. The third is a standardised grading protocol for
hyperreflective foci, with a published counting method and a pre-
specified cut-off; the heterogeneity observed here suggests that
most of the disagreement about foci is measurement rather than
biology. Beyond that, prospective cohorts pairing baseline
imaging with aqueous mediator profiling:21: and with automated
quantitative reflectivity metrics++ offer the most direct route to
separating eyes that need more anti-VEGF from eyes that need
something else. Emerging work on choroidal remodelling#, on
ganglion-cell and choroidal thickness profiles in persistent
oedema#, on hard exudate dynamics# and on combination
approaches in persistent disease* indicates how broad that
phenotyping effort has already become. Prognostic modelling of
the kind now appearing in this literatures+-s+ will only be as good
as the outcome definitions it is trained against, which returns the
field to the first recommendation.

5. Conclusion

Averaged across biomarker contrasts, adverse baseline OCT
morphology was associated with an odds ratio of 3.75 (95%
confidence interval 2.27 to 6.19) for failure of anti-VEGF therapy
to dry the macula in diabetic macular oedema. Set against a
background failure rate of roughly one eye in three, that scale
corresponds to roughly two eyes in three. The estimate is an
average across contrasts rather than a risk attaching to an
individual eye, and the biomarker-specific results are the ones
that bear on a particular scan: ellipsoid zone disruption is the only
feature supported well enough to influence counselling today,
disorganisation of retinal inner layers and subretinal fluid point
the same way without yet being actionable, and the remaining
features should not change practice.

The association held across every one of 20 sensitivity
analyses and strengthened when studies at high risk of bias were
removed. It was, however, entirely conditional on how
anatomical response had been defined: against relative
percentage-reduction endpoints the same biomarkers in the
same disease showed no association and, for subretinal fluid, a
significant association in the opposite direction. Percentage-
reduction endpoints are coupled to baseline thickness and should
be abandoned in prognostic OCT research or, at minimum,
adjusted for it. Certainty of evidence is low, and the clinical use of
these findings is to identify eyes that warrant closer early review
and earlier consideration of escalation — never to withhold
treatment from them.
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