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Abstract: Purpose: To evaluate phenotype-specific trajectories of anatomical and visual responses, along with asso-
ciated retinal and systemic biomarkers during intravitreal conbercept treatment for diabetic macular edema (DME).
Methods: This single-center retrospective cohort study included 234 patients with 234 treatment-naive eyes with
center-involving DME, classified at baseline as pure diffuse retinal thickening (DRT; n = 60), pure cystoid macular
edema (CME; n = 55), pure serous retinal detachment (SRD; n = 48), or mixed DME (n = 71). All eyes received
three monthly conbercept injections followed by pro re nata (PRN) retreatment. Best-corrected visual acuity (BCVA),
central macular thickness (CMT), subfoveal choroidal thickness (SFCT), ellipsoid zone (EZ) integrity, systemic im-
mune-inflammation index (Sll), and pan-immune-inflammation value (PIV) were assessed longitudinally, along with
hyperreflective foci (HRF) and hard-exudate burden. Longitudinal analyses were performed using mixed-effects and
generalized estimating equation models. Exploratory receiver operating characteristic and decision-curve analy-
ses assessed baseline CMT, EZ integrity, and SlI for 6-month visual improvement. Results: CMT decreased in all
phenotypes, with a significant adjusted phenotype x time interaction (P < 0.001); proportional reductions were
greatest in mixed DME and pure SRD. BCVA improved in all groups, with persistent phenotype-specific trajectories
after adjustment (P = 0.019); pure DRT showed the greatest adjusted 6-month visual improvement. SFCT also de-
creased with a modest interaction (P = 0.044). Intact EZ prevalence increased from 44.0% to 74.4%, and 55.0%
of eyes with baseline EZ disruption showed recovery at month 6. Manually assessed HRF counts decreased over
follow-up, with exploratory correlations between HRF change and concurrent changes in CMT and BCVA. Sl and
PIV declined over time without phenotype-specific interactions; only Sll remained weakly associated with repeated
CMT. Baseline CMT, EZ integrity, and Sll yielded AUCs of 0.61, 0.65, and 0.56, respectively, versus 0.69 for their
combined model. Conclusions: Conbercept-treated DME showed substantial anatomical and visual improvement,
but treatment trajectories differed by baseline OCT phenotype. Pure SRD and mixed DME showed greater anatomi-
cal responses, whereas pure DRT had the most favorable visual trajectory. Categorically assessed EZ integrity and
manually counted HRF showed concurrent structural changes during follow-up, although their clinical utility remains
to be determined; systemic inflammatory indices showed limited phenotype-specific or prognostic value.
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Introduction

Diabetic retinopathy (DR) continues to be a
major cause of preventable visual impairment
amid the rising global burden of diabetes. A
systematic review and meta-analysis estimat-
ed that 103.1 million adults worldwide had DR
in 2020, with the number projected to reach
160.5 million by 2045 [1]. Diabetic macular
edema (DME), which can occur across the
spectrum of DR, is a major cause of central
visual loss. An OCT-based meta-analysis esti-

mated that DME affects approximately 5.47%
of people with diabetes, although prevalence
varies across populations and diagnostic set-
tings [2]. These estimates underscore the need
not only for effective treatment but also for
practical approaches to identifying heteroge-
neity in treatment response.

The pathogenesis of DME involves breakdown
of the blood-retinal barrier, VEGF-mediated vas-
cular permeability, extracellular fluid accumu-
lation, neurovascular dysfunction, and inflam-
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matory activation. Intravitreal anti-VEGF thera-
py is recommended as first-line treatment for
center-involving DME with visual impairment
[3], with wide inter-eye variation in anatomical
and functional responses [4]. Conbercept,
a recombinant VEGF receptor fusion protein,
has demonstrated sustained improvements in
BCVA and retinal thickness in a phase lll ran-
domized trial and its 2-year extension [5]. How-
ever, average treatment effects do not fully
capture the structural heterogeneity of DME or
explain why marked retinal thinning may not
translate into equivalent visual recovery.

OCT enables detailed characterization of this
heterogeneity. Traditional morphologic patterns
include DRT, CME, and SRD, but these com-
ponents frequently coexist, resulting in mixed
phenotypes that are often overlooked by hie-
rarchical classification. Beyond CMT and fluid
distribution, EZ integrity, HRF, DRIL, and other
retinal features have been associated with
visual outcomes after anti-VEGF therapy [6].
Nevertheless, current evidence is limited by
heterogeneous biomarker definitions, cross-
sectional assessments, inconsistent handling
of mixed morphology, and incomplete adjust-
ment for metabolic, ischemic, and treatment-
related covariates. Longitudinal within-eye re-
covery of EZ integrity, changes in HRF and hard-
exudate burden, and phenotype-specific chan-
ges in SFCT during anti-VEGF treatment also
remain less well characterized.

Systemic inflammation may provide comple-
mentary information to local retinal imaging.
Previous studies have linked CBC-derived in-
flammatory indices to OCT-defined DME severi-
ty and imaging features such as HRF and SRF
[7]. PIV, which integrates neutrophil, monocyte,
platelet, and lymphocyte counts, has also been
associated with DME and selected OCT bio-
markers [8]. It remains unclear whether Sl
and PIV exhibit phenotype-specific longitudinal
changes, and if these changes are indepen-
dently associated with structural or visual out-
comes, or offer prognostic value beyond OCT
markers.

Accordingly, this study evaluated 6-month ana-
tomical and visual trajectories during intravit-
real conbercept treatment across four mutually
exclusive baseline OCT phenotypes: pure DRT,
pure CME, pure SRD, and mixed DME. We addi-
tionally examined longitudinal changes in SFCT
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and EZ integrity, within-eye EZ recovery, HRF
and hard-exudate burden, and systemic SlI
and PIV, together with systemic-ocular associa-
tions. Finally, we explored the discrimination
and clinical utility of baseline CMT, EZ integ-
rity, and SlI, individually and in combination,
for clinically meaningful visual improvement at
month 6.

Methods
Study design and setting

This single-center retrospective cohort study
enrolled consecutive patients with DME receiv-
ing intravitreal conbercept treatment at the
Department of Ophthalmology, Affiliated Hos-
pital of Beihua University, between January
2018 and February 2026. Potentially eligible
patients were identified from the institutional
electronic medical record and ophthalmic im-
aging systems. Clinical, laboratory, ophthalmic
imaging, treatment, and follow-up data gener-
ated during routine clinical care were retro-
spectively extracted using a standardized data
collection form. Patients were required to have
baseline OCT images suitable for morphologic
classification and sufficient follow-up records
for assessment of the 6-month study out-
comes.

The study evaluated longitudinal anatomical
and visual responses according to baseline
OCT phenotype and examined baseline clini-
cal, retinal microstructural, and inflammatory
factors associated with 6-month visual out-
comes and anatomy-function mismatch. The
study was conducted in accordance with the
Declaration of Helsinki and reported in accor-
dance with the Strengthening the Reporting
of Observational Studies in Epidemiology
(STROBE) statement [9]. The study protocol
was approved by the Ethics Committee of the
Affiliated Hospital of Beihua University (App-
roval No. 20260165). Because of the retro-
spective nature of the study and the use of rou-
tinely collected clinical data, the requirement
for study-specific informed consent was waived
by the Ethics Committee. All patients had pro-
vided written informed consent for intravitreal
conbercept treatment before the procedure.

Study population

Consecutive patients were screened for eligi-
bility during the study period. The index date
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was defined as the date of the first intravitreal
conbercept injection in the study eye. DME was
diagnosed on the basis of a comprehensive
ophthalmic evaluation, including dilated fund-
us examination, fundus fluorescein angiogra-
phy (FFA), and spectral-domain optical coher-
ence tomography (OCT).

Patients were eligible if they met all of the fol-
lowing criteria: (1) age > 18 years; (2) a con-
firmed diagnosis of type 2 diabetes mellitus
with center-involving DME in the study eye; (3)
no previous intravitreal anti-vascular endothe-
lial growth factor (anti-VEGF) or intravitreal
corticosteroid treatment in the study eye; (4)
initiation of conbercept treatment with three
consecutive monthly loading injections fol-
lowed by pro re nata (PRN) retreatment [10];
(5) availability of gradable baseline OCT imag-
es sufficient for OCT morphologic classification
and quantitative assessment of retinal and
choroidal structural biomarkers; (6) availability
of baseline FFA of sufficient quality to evaluate
macular ischemia; and (7) availability of clinical
records sufficient to determine the 6-month
visual and anatomical outcomes.

Patients were excluded if they met any of the
following criteria: (1) participation in another
interventional ophthalmic clinical trial within 3
months before the index injection or during the
6-month follow-up period; (2) cataract or other
intraocular surgery within 6 months before the
index injection, posterior capsulotomy within 2
months before the index injection, or intraocu-
lar surgery during the 6-month follow-up period;
(3) substantial media opacity preventing reli-
able fundus examination, FFA grading, or OCT
assessment; (4) history of retinal laser photo-
coagulation in the study eye; (5) concomitant
ocular disorders that could independently ca-
use macular edema or materially affect macu-
lar morphology, including retinal vein occlusion,
age-related macular degeneration, or other reti-
nal or choroidal vascular disorders; or (6) optic
nerve disease or other ocular conditions that
could materially affect visual acuity indepen-
dently of DME.

Only one eye per patient was included. When
only one eye fulfilled the eligibility criteria, that
eye was selected. When both eyes fulfilled the
criteria but conbercept treatment was initiated
on different dates, the eye treated first was
selected. When treatment was initiated in both
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eligible eyes on the same date, one eye was
selected using a computer-generated random
sequence. Accordingly, the unit of analysis was
the individual patient eye, and adjustment for
inter-eye correlation was not required.

OCT morphologic classification

Baseline OCT images were reviewed to iden-
tify three principal morphologic components of
DME: diffuse retinal thickening (DRT), cystoid
macular edema (CME), and serous retinal de-
tachment (SRD), as previously described [11,
12].

DRT was defined as generalized thickening of
the neurosensory retina with diffuse sponge-
like areas of reduced intraretinal reflectivity.
CME was defined by the presence of well-
demarcated hyporeflective intraretinal cystoid
spaces, predominantly involving the outer reti-
nal layers. SRD was defined as separation of
the neurosensory retina from the retinal pig-
ment epithelium by an optically clear hypore-
flective subretinal fluid space.

For the primary analysis, eyes were classified
into four mutually exclusive OCT phenotype
groups according to the combination of mor-
phologic components present at baseline. Pure
DRT was defined as DRT without CME or SRD;
pure CME as CME without DRT or SRD; and
pure SRD as SRD without DRT or CME. Eyes
exhibiting two or more morphologic compo-
nents were classified as mixed DME. Mixed
DME was further characterized descriptively
as DRT+CME, DRT+SRD, CME+SRD, or DRT+
CME+SRD. Representative OCT images illus-
trating the principal morphologic features us-
ed for phenotype classification are shown in
Figure 1.

Baseline OCT images were independently grad-
ed by two retinal specialists who were masked
to follow-up visual outcomes, systemic inflam-
matory indices, and other clinical outcome
data. Disagreements regarding the presence
of individual morphologic components or the
final OCT phenotype were adjudicated by a
third senior retinal specialist. Intergrader ag-
reement for the four-category OCT phenotype
classification was assessed using Cohen’s K
coefficient.

For sensitivity analyses, eyes were additionally
reclassified using an alternative hierarchical
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Figure 1. Representative optical coherence tomography morphologic fea-
tures of diabetic macular edema. A. Diffuse retinal thickening pattern,
showing generalized sponge-like thickening of the neurosensory retina with
multiple small intraretinal hyporeflective spaces and no evident subretinal
fluid. B. Cystoid macular edema pattern, characterized by prominent, well-
demarcated intraretinal hyporeflective cystoid spaces with associated reti-
nal thickening. C. Mixed diabetic macular edema exhibiting both cystoid
macular edema and serous retinal detachment, with multiple intraretinal
cystoid spaces and a hyporeflective subretinal fluid collection separating
the neurosensory retina from the retinal pigment epithelium. These mor-
phologic components were assessed individually and combined to define
the pure DRT, pure CME, pure SRD, and mixed DME phenotypes used in
the primary analysis. CME, cystoid macular edema; DME, diabetic macular
edema; DRT, diffuse retinal thickening; OCT, optical coherence tomography;
RPE, retinal pigment epithelium; SRD, serous retinal detachment.

S20130012). Treatment con-
sisted of three consecutive
monthly loading injections,
with pro re nata (PRN) retreat-
ments during the 6-month fol-
low-up period [10]. After com-
pletion of the loading phase,
retreatment decisions were
made during routine follow-up
according to clinical disease
activity, primarily considering
persistent or recurrent intra-
retinal or subretinal fluid and
changes in central macular thi-
ckness on OCT together with
changes in best-corrected vi-
sual acuity.

For each study eye, the date
of every conbercept injection
during follow-up was obtained
from the treatment records.
Injection exposure was sum-
marized as the number of in-
jections administered from ba-
seline to month 1, from month
1 to month 3, and from month
3 to month 6, as well as the
cumulative number of injec-
tions during the 6-month fol-
low-up period.

Intravitreal injections were per-
formed under aseptic condi-
tions using topical anesthesia
and ocular surface antisepsis
with povidone-iodine in accor-
dance with standard intravitre-
al injection procedures [13].
The eyelids and eyelashes
were kept away from the injec-

three-group rule: eyes with DRT alone were
classified as DRT; eyes with CME, including
CME accompanied by DRT but without SRD,
were classified as CME; and eyes with SRD,
irrespective of accompanying DRT or CME,
were classified as SRD.

Intravitreal conbercept treatment

All study eyes received intravitreal conbercept
(0.5 mg/0.05 mL; Chengdu Kanghong Biote-
chnologies Co., Ltd., Chengdu, China; National
Medical Products Administration approval No.
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tion site, and the injection was administered
through the pars plana, approximately 3.5-4.0
mm posterior to the limbus according to lens
status. After injection, patients were assessed
for immediate procedure-related complications
and subsequently followed according to the
institutional intravitreal injection protocol.

Data collection, ophthalmic assessments, and
imaging biomarkers

Demographic, systemic clinical, laboratory, and
ophthalmic data were retrospectively extracted
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from the medical records and imaging sys-
tems. Baseline variables included age, sex,
duration of diabetes mellitus, duration of DME
when ascertainable from the medical record,
glycated hemoglobin (HbAlc), renal function,
systemic glucose-lowering therapy, diabetic
retinopathy (DR) severity, and baseline OCT
phenotype. Diabetes duration was calculated
from the first documented diagnosis of type 2
diabetes mellitus to the index date, and DME
duration was calculated from the first docu-
mented diagnosis of DME in the study eye to
the index date. For HbA1c and renal function,
the measurement closest to and within 90
days before the index injection was used. Renal
function was represented by the estimated glo-
merular filtration rate (eGFR) reported by the
clinical laboratory. Baseline glucose-lowering
therapy was recorded by pharmacologic class,
including insulin, metformin, sulfonylureas, di-
peptidyl peptidase-4 inhibitors, sodium-glu-
cose cotransporter-2 inhibitors, glucagon-like
peptide-1 receptor agonists, and other glu-
cose-lowering agents, with multiple classes
recorded when combination therapy was used.
For multivariable analyses, glucose-lowering
therapy was summarized as an insulin-con-
taining regimen, non-insulin pharmacotherapy
alone, or no pharmacologic treatment. DR
severity was graded from baseline fundus find-
ings as mild, moderate, or severe nonprolifera-
tive diabetic retinopathy or proliferative diabet-
ic retinopathy according to the International
Clinical Diabetic Retinopathy Disease Severity
Scale [14]. Treatment dates and injection ex-
posure were obtained as described in Section
2.4,

Ophthalmic assessments were obtained at
baseline and at approximately 1, 3, and 6
months after the index injection. For consisten-
cy across retrospective data, the assessment
closest to the target visit was selected within
windows of + 14 days for month 1, + 21 days
for month 3, and + 30 days for month 6.
Baseline ophthalmic measurements were ob-
tained before the first conbercept injection.
Best-corrected visual acuity (BCVA) was mea-
sured using a standard logarithmic visual acu-
ity chart. Decimal visual acuity values were
converted to logarithm of the minimum angle
of resolution (IogMAR) values for statistical
analysis, with lower logMAR values indicating
better visual acuity. Intraocular pressure was
measured using a noncontact tonometer.
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CMT, subfoveal choroidal thickness (SFCT),
ellipsoid zone (EZ) integrity, external limit-
ing membrane (ELM) integrity and disruption
length, and disorganization of the retinal in-
ner layers (DRIL) were evaluated using the
Heidelberg confocal scanning laser ophthal-
moscopy and OCT system (Heidelberg En-
gineering, Heidelberg, Germany). OCT exami-
nations were performed using high-resolution
macular scanning, with enhanced-depth imag-
ing used for choroidal assessment. CMT was
defined as retinal thickness at the center of
the fovea. Automated retinal segmentation was
reviewed and manually corrected when neces-
sary. SFCT was measured vertically beneath
the foveal center from the outer boundary of
the retinal pigment epithelium-Bruch mem-
brane complex to the choroid-sclera interface.

Baseline macular ischemia was evaluated from
gradable fluorescein angiography obtained be-
fore initiation of conbercept treatment. Dia-
betic macular ischemia was graded according
to the Early Treatment Diabetic Retinopathy
Study-based classification as none, question-
able, mild, moderate, or severe, considering
the contour and enlargement of the foveal
avascular zone and the extent of perifoveal
capillary loss [15]. FFA images were indepen-
dently graded by two retinal specialists who
were masked to subsequent visual outcomes;
disagreements were resolved by adjudication
by a third senior retinal specialist.

EZ integrity was assessed at the individual-eye
level at baseline and at months 1, 3, and 6.
The EZ was classified as intact when a continu-
ous hyperreflective EZ band was identifiable
across the central foveal region and as disrupt-
ed when a definite focal or continuous interr-
uption was present [16]. For each eye, longitu-
dinal transitions were recorded as intact-to-
intact, intact-to-disrupted, disrupted-to-intact,
or disrupted-to-disrupted between baseline
and each follow-up assessment. EZ recovery
was defined as restoration of an intact EZ at a
follow-up visit in an eye with EZ disruption at
baseline.

ELM integrity was evaluated on the baseline
OCT examination within the central 1-mm fove-
al region. The ELM was classified as intact
when a continuous hyperreflective ELM line
was identifiable across the evaluated region
and as disrupted when one or more definite
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interruptions were present. In eyes with ELM
disruption, disruption length was quantified
in micrometers as the cumulative horizontal
extent of interrupted ELM segments within the
central 1-mm foveal scan. Eyes with an intact
ELM therefore had no measurable disruption
length.

DRIL was defined as the inability to distinguish
the boundaries between the ganglion cell-inner
plexiform layer complex, inner nuclear layer,
and outer plexiform layer within the central
foveal region. Baseline DRIL extent was mea-
sured separately on the central horizontal and
vertical OCT scans within the central 1-mm
region. Horizontal and vertical DRIL extent were
recorded in micrometers, and cumulative DRIL
extent was calculated as the sum of the hori-
zontal and vertical measurements.

ELM integrity, ELM disruption length, and hori-
zontal and vertical DRIL extent were indepen-
dently assessed by two retinal specialists who
were masked to follow-up visual outcomes and
systemic inflammatory indices. Disagreement
regarding binary ELM integrity was resolved by
adjudication by a third senior retinal specialist.
Continuous ELM and DRIL measurements from
the two graders were averaged for analysis.

Hyperreflective foci (HRF) were quantified on
OCT at baseline and month 6. HRF were defin-
ed as discrete, well-circumscribed hyperreflec-
tive dots measuring approximately 20-40 uym
[17]. HRF within the central 3-mm macular
region, defined as 1.5 mm on either side of
the foveal center, were manually counted and
recorded separately for the inner retina, ex-
tending from the internal limiting membrane
through the inner nuclear layer, and the outer
retina, extending from the outer plexiform layer
to the EZ [17]. The total HRF count was calcu-
lated as the sum of the inner- and outer-retinal
counts. Larger hyperreflective lesions corre-
sponding to clinically visible hard exudates on
color fundus photography were not included in
the HRF count.

Hard-exudate burden was assessed using
gradable macula-centered color fundus photo-
graphs obtained at baseline and month 6. Hard
exudates were identified as sharply demarcat-
ed yellow-white retinal deposits. Hard-exudate
boundaries within a standardized ETDRS ma-
cular grid centered on the fovea were delineat-
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ed on calibrated digital images, and the total
hard-exudate area was quantified in mm? [18].
HRF counts and hard-exudate measurements
were independently obtained by two retinal
specialists who were masked to clinical out-
comes and systemic inflammatory indices.
Hard-exudate analyses were restricted to eyes
with paired gradable baseline and month-6
photographs. Intergrader agreement was eval-
uated before the final measurements were
entered into the analytical dataset.

Peripheral complete blood counts obtained
during routine clinical care were retrieved at
baseline and at the 1-, 3-, and 6-month follow-
up assessments. When more than one com-
plete blood count was available within a follow-
up window, the sample obtained closest to the
ophthalmic assessment was selected. The sys-
temic immune-inflammation index (Sll) was cal-
culated as platelet count x neutrophil count/
lymphocyte count, and the pan-immune-inflam-
mation value (PIV) was calculated as neutro-
phil count x platelet count x monocyte count/
lymphocyte count. All component cell counts
used to calculate an index were required to
originate from the same blood sample and
assessment time point.

Outcomes

The co-primary outcomes were the longitu-
dinal changes in best-corrected visual acuity
(BCVA) and central macular thickness (CMT)
from baseline through 6 months after initiation
of intravitreal conbercept treatment. The prin-
cipal comparisons assessed whether the tra-
jectories of BCVA and CMT differed among the
four baseline OCT phenotype groups: pure DRT,
pure CME, pure SRD, and mixed DME.

Secondary outcomes included longitudinal
changes in subfoveal choroidal thickness
(SFCT), ellipsoid zone (EZ) integrity, systemic
immune-inflammation index (Sll), and pan-
immune-inflammation value (PIV). EZ recovery
was additionally evaluated among eyes with EZ
disruption at baseline and was defined as res-
toration of an intact EZ at follow-up. Changes in
local retinal imaging markers were evaluated
from baseline to month 6 using total and layer-
specific hyperreflective foci (HRF) counts and
hard-exudate burden. Associations between
changes in systemic inflammatory indices and
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changes in ocular anatomical and imaging
measures were also evaluated.

For the exploratory prognostic analysis, the pri-
mary prognostic outcome was visual response
at month 6, defined as an improvement in
BCVA of > 0.20 logMAR from baseline. This
magnitude of improvement corresponds app-
roximately to a gain of = 10 ETDRS letters, a
threshold commonly used to characterize visu-
al response in DME studies [19].

Anatomy-function mismatch was evaluated as
a separate exploratory outcome at month 6.
Anatomical response was defined as a > 20%
reduction in CMT from baseline to month 6,
whereas visual response was defined as an
improvement in BCVA of > 0.10 logMAR, app-
roximately corresponding to a gain of > 5
ETDRS letters. Anatomy-function mismatch
was defined as an anatomical response ac-
companied by BCVA improvement of < 0.10
logMAR. Among eyes achieving an anatomical
response, eyes meeting this definition were
classified as having anatomy-function mis-
match, whereas those with BCVA improvement
of > 0.10 logMAR were classified as concor-
dant anatomical and visual responders.

For longitudinal change analyses, changes in
CMT, SFCT, Sll, PIV, HRF count, and hard-exu-
date burden were calculated as the follow-up
value minus the baseline value. BCVA improve-
ment was calculated as baseline logMAR BCVA
minus follow-up logMAR BCVA so that a posi-
tive value represented visual improvement.

Statistical analysis

Statistical analyses were performed using IBM
SPSS Statistics, version 27.0 (IBM Corp.,
Armonk, NY, USA) and R, version 4.5.1 (R
Foundation for Statistical Computing, Vienna,
Austria). All tests were two-sided, with P < 0.05
considered statistically significant. Continuous
variables were summarized as mean + SD or
median (25th percentile, 75th percentile) ac-
cording to distribution, and categorical vari-
ables as n (%). Baseline comparisons among
the four OCT phenotypes used one-way analy-
sis of variance, Welch’s analysis of variance, or
the Kruskal-Wallis H test for continuous vari-
ables and the Pearson x? or Fisher’'s exact
test for categorical variables, as appropriate.
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Significant overall four-group comparisons
were followed by Bonferroni-adjusted pairwise
tests.

Intergrader agreement was assessed before
final imaging measurements were entered into
the analytical dataset. Cohen’s k was used for
OCT phenotype and ELM integrity, weighted k
for macular ischemia grade, and two-way ran-
dom-effects, absolute-agreement intraclass
correlation coefficients for ELM disruption
length, horizontal and vertical DRIL extent, HRF
counts, and hard-exudate area. Continuous
imaging measurements were averaged across
the two graders for analysis. Cumulative DRIL
extent was calculated as the sum of horizontal
and vertical DRIL extent.

Longitudinal BCVA, CMT, SFCT, SlI, and PIV
were analyzed using mixed-effects models with
a patient-specific random intercept and fixed
effects for OCT phenotype, categorical assess-
ment time, and phenotype x time interaction.
CMT, SFCT, SllI, and PIV were natural log-trans-
formed because of right-skewness; BCVA was
analyzed on the logMAR scale. Model-based
contrasts evaluated within-phenotype changes
and between-phenotype differences at individ-
ual visits, with Bonferroni adjustment where
applicable. Model assumptions were assess-
ed using residual distributions and diagnostic
plots.

Adjustment of the principal longitudinal trajec-
tories was performed sequentially. Model 1
included phenotype, time, and phenotype X
time. Model 2 additionally included age, sex,
diabetes duration, HbAlc, and baseline sys-
temic glucose-lowering therapy. Model 3 fur-
ther included eGFR, diabetic retinopathy sever-
ity, and macular ischemia. Model 4 additionally
incorporated baseline EZ integrity, ELM disrup-
tion length, cumulative DRIL extent and total
HRF count, and served as the principal struc-
tural-adjusted model. Model 5 further included
cumulative conbercept injection number before
each follow-up assessment as a time-varying
treatment-exposure covariate. Diabetic retin-
opathy severity was modeled ordinally, and
macular ischemia was dichotomized as, none/
questionable/mild versus moderate/severe.

EZ integrity was analyzed as a repeated binary
outcome using generalized estimating equa-
tions with a binomial distribution, logit link,
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patient-level clustering, and exchangeable
working correlation. Individual-eye transitions
from baseline to months 1, 3, and 6 were tabu-
lated, and among eyes with baseline EZ disrup-
tion, visit-specific recovery was analyzed using
a separate binomial GEE model. HRF counts
from baseline to month 6 were analyzed using
negative-binomial GEE, whereas hard-exudate
burden was analyzed using a linear mixed-
effects model after log (1 + x) transformation
when required.

Systemic-ocular associations were examined
using Spearman correlations between 6-month
changes in Sll or PIV and changes in CMT, HRF,
and hard-exudate burden. Separate longitudi-
nal mixed-effects models then related time-
varying log-transformed SlI or PIV to repeated
log-transformed CMT or BCVA, adjusting for
phenotype, time, age, sex, diabetes duration,
HbA1c, eGFR, macular ischemia, and glucose-
lowering therapy.

Two classification sensitivity analyses were
performed. First, principal longitudinal analy-
ses were repeated after excluding mixed DME.
Second, eyes were reclassified using an alter-
native hierarchical scheme in which DRT+CME
without SRD was assigned to CME and all SRD-
containing eyes were assigned to SRD. These
analyses used the covariate structure of Model
4,

Exploratory prognostic analyses evaluated clin-
ically meaningful visual improvement at month
6, defined as BCVA improvement = 0.20 log-
MAR. Baseline CMT, EZ integrity, ELM disrup-
tion length, cumulative DRIL extent, and Sl
were evaluated individually using univariable
logistic regression and fixed-time ROC analysis.
ELM disruption length was coded as O um
when the ELM was intact. In addition to the
CMT+EZ+SII model, an extended structural
model included CMT, EZ integrity, ELM disrup-
tion length, and cumulative DRIL extent, and an
integrated model additionally included natural
log-transformed SlI. Discrimination was sum-
marized using AUCs with 95% Cls. DCA was
retained for the prespecified CMT, EZ, SlI, and
CMT+EZ+SII models.

Anatomy-function mismatch was evaluated
separately. Anatomical response was defined
as > 20% CMT reduction from baseline to
month 6, and visual response as BCVA impro-
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vement > 0.10 logMAR, approximately equiva-
lent to > 5 ETDRS letters. Mismatch was
defined as anatomical response accompanied
by < 0.10-logMAR BCVA improvement. Among
anatomical responders, baseline ELM, DRIL,
EZ, HRF, BCVA, CMT, macular ischemia, and
phenotype were compared between mismatch
and concordant responders. A parsimonious
multivariable logistic regression model evalu-
ated mismatch using ELM disruption length
and cumulative DRIL extent as the principal
structural predictors, with adjustment for base-
line BCVA, baseline CMT, macular ischemia,
and OCT phenotype. ELM and DRIL effects
were expressed per 100-um increase.

Missingness was examined for each variable
and visit. Longitudinal mixed-effects and GEE
models used all available observations under
their respective assumptions. Predictor vari-
ables with < 20% missingness were handled
using multiple imputation by chained equa-
tions with 30 datasets; variables with > 20%
missingness were excluded from multivariable
models. Month-6 prognostic and mismatch
analyses required observed month-6 outcom-
es. Complete-case analyses were performed
as sensitivity analyses for the principal adjust-
ed models.

Results

Patient selection, baseline characteristics, and
OCT phenotype distribution

Of 437 patients screened, 203 were excluded
and 234 patients with 234 study eyes were
included (Figure 2). Baseline OCT phenotypes
comprised 60 pure DRT eyes (25.6%), 55 pure
CME (23.5%), 48 pure SRD (20.5%), and 71
mixed DME (30.3%); mixed-pattern composi-
tion is shown in Supplementary Table 1. In-
tergrader agreement was high for all imaging
parameters: OCT phenotype classification (k =
0.86, 95% CI 0.81-0.91), macular ischemia
grading (weighted k = 0.82, 95% Cl 0.77-0.87),
ELM integrity (k = 0.89, 95% Cl 0.84-0.94),
ELM disruption length (ICC = 0.94, 95% CI
0.92-0.96), horizontal and vertical DRIL extent
(ICC = 0.92, 95% Cl 0.90-0.94 and ICC = 0.91,
95% ClI 0.89-0.93, respectively), HRF count
(ICC = 0.93, 95% Cl 0.91-0.95), and hard-exu-
date area (ICC = 0.90, 95% Cl 0.87-0.92).
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Patients with DME treated with
intravitreal conbercept
January 2018—February 2026
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[ Baseline OCT phenotype classification ]
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(25.6%) (23.5%) (20.5%) (30.3%)

Figure 2. Patient selection and OCT phenotype classification flowchart. Among 437 patients with diabetic macular
edema who received intravitreal conbercept between January 2018 and February 2026, 203 were excluded: 49 had
received previous intravitreal anti-VEGF or corticosteroid treatment, 37 did not complete the initial three-injection
loading regimen, 31 had unavailable or ungradable baseline OCT or FFA, 24 had undergone previous retinal laser
photocoagulation, 22 had concomitant ocular disorders that could affect macular morphology or visual function, 21
lacked sufficient 6-month outcome data, 10 had recent intraocular surgery or participation in another interventional
ophthalmic trial, and 9 did not meet the criteria for confirmed center-involving DME. The final cohort comprised 234
patients with 234 study eyes: 60 pure DRT, 55 pure CME, 48 pure SRD, and 71 mixed DME. Anti-VEGF, anti-vascular
endothelial growth factor; CME, cystoid macular edema; DME, diabetic macular edema; DRT, diffuse retinal thick-
ening; FFA, fundus fluorescein angiography; OCT, optical coherence tomography; SRD, serous retinal detachment.
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Table 1. Baseline characteristics according to OCT phenotype

Characteristic Overall (N = 234) Pure DRT (n = 60) Pure CME (n = 55) Pure SRD (n = 48) Mixed DME (n = 71) Test statistic p value
Age, years 59.8 £ 8.6 61.7 + 8.6 59.3+8.4 58.7+£9.0 59.3+8.3 F=1.324 0.267
Male sex, n (%) 124 (53.0) 31(51.7) 29 (52.7) 24 (50.0) 40 (56.3) x?=0.535 0.911
Diabetes duration, years 10.1(7.4,12.7) 10.0 (6.9, 12.7) 10.7 (8.4, 12.4) 8.8(6.7, 11.7) 9.6 (7.8, 13.7) H=2.764 0.430
HbA1c, % 82+11 82+11 82+10 80+11 83+11 F=0.455 0.714
DME duration, months 8.4 (5.3, 14.0) 9.8 (5.5, 14.5) 8.3(5.7,14.3) 7.2(5.2,12.3) 8.2(4.4,14.4) H=2.965 0.397
eGFR, mL/min/1.73 m? 772+ 15.3 75.6 £12.8 771+ 15.6 79.3+16.7 773 +16.2 F=0.488 0.691
Systemic glucose-lowering therapy, n (%) x?=4.521 0.607

Insulin-containing regimen 103 (44.0) 20 (33.3) 26 (47.3) 24 (50.0) 33 (46.5)

Non-insulin pharmacotherapy alone 106 (45.3) 33 (55.0) 24 (43.6) 18 (37.5) 31(43.7)

No pharmacologic treatment 25 (10.7) 7(11.7) 5(9.1) 6 (12.5) 7(9.9)
DR severity, n (%) x> =8.328 0.501

Mild NPDR 32(13.7) 12 (20.0) 9 (16.4) 4(8.3) 7(9.9)

Moderate NPDR 86 (36.8) 23(38.3) 20 (36.4) 15 (31.2) 28 (39.4)

Severe NPDR 78(33.3) 19 (31.7) 18 (32.7) 17 (35.4) 24 (33.8)

PDR 38(16.2) 6 (10.0) 8(14.5) 12 (25.0) 12 (16.9)
Macular ischemia grade, n (%) x?=12.818 0.382

None 74 (31.6) 21 (35.0) 18 (32.7) 19 (39.6) 16 (22.5)

Questionable 27 (11.5) 9 (15.0) 6(10.9) 6(12.5) 6(8.5)

Mild 68(29.1) 16 (26.7) 15 (27.3) 13 (27.1) 24 (33.8)

Moderate 49 (20.9) 11 (18.3) 15 (27.3) 6 (12.5) 17 (23.9)

Severe 16 (6.8) 3(5.0) 1(1.8) 4(8.3) 8(11.3)
BCVA, logMAR 0.77 (0.59, 0.93) 0.69 (0.58, 0.84) 0.79 (0.59, 0.92) 0.78 (0.64, 0.96) 0.80 (0.59, 0.97) H=6.519 0.089
CMT, ym 455.3 (360.0, 535.1) 356.8 (299.2, 400.9) 432.5 (354.5, 477.3) 496.6 (388.6, 544.1) 562.4 (473.9, 605.7) H=96.874 <0.001
SFCT, ym 324.4 (296.9, 355.5) 311.0 (289.7, 334.0) 323.4 (296.4, 355.9) 328.0 (305.7, 362.6) 333.4 (304.2, 368.8) H=8.229 0.042
EZ integrity, n (%) x?=23.086 <0.001

Intact 103 (44.0) 40 (66.7) 27 (49.1) 17 (35.4) 19 (26.8)

Disrupted 131 (56.0) 20 (33.3) 28 (50.9) 31 (64.6) 52(73.2)
ELM integrity, n (%) X2 =9.649 0.022

Intact 128 (54.7) 42 (70.0) 31(56.4) 24 (50.0) 31(43.7)

Disrupted 106 (45.3) 18 (30.0) 24 (43.6) 24 (50.0) 40 (56.3)

H=10.767 0.013
H=14.173 0.003
H=11.997 0.007
H=13.812 0.003
H=58.161 <0.001
H=6.301 0.098

ELM disruption length, umz
Horizontal DRIL extent, um
Vertical DRIL extent, um
Cumulative DRIL extent, um§
Total HRF count 23.0 (16.0, 30.0) 16.0 (11.0, 21.0) 20.0 (15.0, 26.5) 26.5(21.5,33.2) 28.0 (21.0, 38.0)
Hard-exudate area, mm?" 0.54 (0.27,1.11) 0.57 (0.24, 1.07) 0.34 (0.26, 0.78) 0.47 (0.21, 1.31) 0.73(0.39, 1.17)
Sli 596.93 (467.48, 814.17) 594.36 (482.80, 726.48) 656.18 (495.95, 833.36) 586.54 (463.09, 744.60) 603.28 (424.96, 839.54) H=2.733 0.435
PIV 236.38 (169.51, 319.69) 222.91 (177.75, 304.31) 225.88 (158.96, 318.24) 259.35 (176.46, 318.80) 239.03 (173.30, 324.18) H=1.562 0.668

Notes: Data are presented as mean + SD, median (25th percentile, 75th percentile), or n (%), as appropriate. One-way analysis of variance was used for approximately normally distributed continuous variables and the Kruskal-Wallis H test for
non-normally distributed variables. Categorical variables were compared using the Pearson x? test or Fisher's exact test, as appropriate. Bonferroni adjustment was applied to post hoc pairwise comparisons following a significant overall test.
For CMT, all six pairwise comparisons remained statistically significant after adjustment. For SFCT, only the comparison between pure DRT and mixed DME remained significant (adjusted P = 0.031). For baseline EZ integrity, significant adjusted
pairwise differences were observed between pure DRT and pure SRD and between pure DRT and mixed DME. For ELM integrity, the difference between pure DRT and mixed DME remained significant (adjusted P = 0.026). For ELM disruption
length, the pure DRT versus mixed DME comparison remained significant (adjusted P = 0.010). For horizontal DRIL extent, pure DRT differed significantly from mixed DME (adjusted P = 0.003). For vertical DRIL extent, pure DRT differed from
pure SRD (adjusted P = 0.047) and mixed DME (adjusted P = 0.013). For cumulative DRIL extent, pure DRT differed from pure SRD (adjusted P = 0.035) and mixed DME (adjusted P = 0.004). Diabetes duration was available for 229 patients,
HbA1c for 226, DME duration for 218, and eGFR for 229. THard-exudate measurements were available for 216 eyes with paired gradable baseline and month-6 color fundus photographs (pure DRT, n = 56; pure CME, n = 51; pure SRD, n =
44; mixed DME, n = 65). $ELM disruption length was summarized among the 106 eyes with baseline ELM disruption (pure DRT, n = 18; pure CME, n = 24; pure SRD, n = 24; mixed DME, n = 40). §Cumulative DRIL extent was calculated as the
sum of horizontal and vertical DRIL extent. All other variables shown were available for the full baseline cohort. BCVA, best-corrected visual acuity; CME, cystoid macular edema; CMT, central macular thickness; DME, diabetic macular edema;
DR, diabetic retinopathy; DRIL, disorganization of the retinal inner layers; DRT, diffuse retinal thickening; eGFR, estimated glomerular filtration rate; ELM, external limiting membrane; EZ, ellipsoid zone; HbA1c, glycated hemoglobin; HRF, hyper-
reflective foci; I0gMAR, logarithm of the minimum angle of resolution; NPDR, nonproliferative diabetic retinopathy; OCT, optical coherence tomography; PDR, proliferative diabetic retinopathy; PIV, pan-immune-inflammation value; SFCT, subfoveal
choroidal thickness; SlI, systemic immune-inflammation index; SRD, serous retinal detachment.

369.4 (276.5, 483.3)
218.1 (137.1, 316.1)
194.1 (137.8, 274.4)
415.4 (286.4, 588.2)

317.3 (189.5, 370.5)
153.6 (121.1, 251.8)
164.5 (118.9, 214.7)
324.0 (240.8, 460.7)

360.2 (259.8, 496.6)
216.4 (156.5, 286.5)
194.5 (149.0, 266.4)
410.8 (307.5, 554.3)

350.9 (306.9, 468.9)
254.1 (145.2, 333.1)
202.2 (158.0, 324.8)
442.2 (308.5, 650.6)

413.0 (338.4, 530.5)
250.0 (165.9, 373.6)
206.8 (150.5, 352.1)
467.4 (328.5, 716.2)
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Table 2. Conbercept treatment exposure during the 6-month follow-up according to baseline OCT phe-

notype
Treatment exposure Overall Pure DRT Pure CME Pure SRD Mixed DME Te.st. p
(N=234) (n=60) (n =55) (n=48) (n=71) statistic  value
Interval injection number
Baseline to M1 2(2,2) 2(2,2) 2(2,2) 2(2,2) 2(2,2)
M1 to M3 1(1,2) 1(4,2) (1, 2) 1(1,2) 1(1,2) H=1814 0.612
M3 to M6 1(4,2) 1(4,2) (1,2) 1(1,2) 1(4,2) H=2.817 0.421
Cumulative injection number
Through M1 2(2,2) 2(2,2) 2(2,2) 2(2,2) 2(2,2) - -
Through M3 3(3,4) 3(3,4) 3(3,4) 3(3,4) 3(3,4) H=1814 0.612
Through M6 5 (4, 5) 5(4,5) 5(4,5) 5(4,5) 5(4,5) H=3.920 0.270

Through M6, mean + SD
Total injections through M6, n (%)

3 injections 14 (6.0) 5(8.3)
4 injections 83 (35.5) 24 (40.0)
5 injections 101 (43.2) 25(41.7)

6 injections 36 (15.4) 6 (10.0)

468 +0.80 453+0.79 4.62+0.80 4.77+081 4.79+0.81

20 (36.4)
24 (43.6)
7(12.7) 9(18.8)

x>=4.594 0.868

4 (7.3) 2(4.2) 3(4.2)
16 (33.3) 23 (32.4)
21(43.8) 31 (43.7)

14 (19.7)

Notes: Injection counts are presented as median (25th percentile, 75th percentile), mean + SD, or n (%), as indicated. The index injection was
included in the baseline-to-month-1 and cumulative injection counts. All included eyes completed the three consecutive monthly loading injections.
Subsequent injections were administered according to PRN retreatment criteria. Between-group comparisons of injection counts were performed
using the Kruskal-Wallis H test; the distribution of total 6-month injection numbers was compared using the Pearson x? test. CME, cystoid macular
edema; DME, diabetic macular edema; DRT, diffuse retinal thickening; M1, month 1; M3, month 3; M6, month 6; OCT, optical coherence tomogra-

phy; PRN, pro re nata; SRD, serous retinal detachment.

Demographic and systemic characteristics,
including age, sex, diabetes and DME dura-
tion, HbA1c, eGFR, glucose-lowering therapy,
DR severity, and macular ischemia, were com-
parable across phenotypes (all P > 0.05)
(Table 1). Baseline BCVA was also similar (P =
0.089). In contrast, CMT differed markedly
among phenotypes (H = 96.874, P < 0.001),
increasing from pure DRT to pure CME, pure
SRD, and mixed DME; all pairwise comparisons
were significant after Bonferroni adjustment.
SFCT showed a smaller overall difference (H =
8.229, P = 0.042). Baseline EZ integrity (x? =
23.086, P < 0.001) and HRF count (H =58.161,
P < 0.001) also differed among phenotypes.

ELM integrity differed among phenotypes (x? =
9.649, P = 0.022), with an intact ELM present
in 128 eyes (54.7%) overall. Among eyes with
ELM disruption, disruption length also differed
among phenotypes (H = 10.767, P = 0.013).
Horizontal, vertical, and cumulative DRIL ex-
tent showed significant overall between-pheno-
type differences (H = 14.173, P = 0.003; H =
11.997, P =0.007; and H = 13.812, P = 0.003,
respectively). Hard-exudate burden, Sll, and
PIV did not differ among phenotypes (all P >
0.05).
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Conbercept treatment exposure during follow-
up

All 234 eyes completed the three-injection
loading regimen. The median cumulative injec-
tion number was 3 (3, 4) by month 3, and 5 (4,
5) by month 6 (Table 2). Six-month mean cu-
mulative exposure ranged from 4.53 + 0.79
injections in pure DRT to 4.79 + 0.81 in mixed
DME, without a significant between-phenotype
difference (H = 3.920, P = 0.270). Overall, 14
(6.0%), 83 (35.5%), 101 (43.2%), and 36 eyes
(15.4%) received 3, 4, 5, and 6 injections,
respectively; this distribution was also com-
parable among phenotypes (x*> = 4.594, P =
0.868).

Changes in central macular thickness

CMT decreased significantly over 6 months in
all four OCT phenotypes (Table 3). The unad-
justed mixed-effects model showed a signifi-
cant phenotype x time interaction (Wald x? =
156.42, P < 0.001), with significant reductions
from baseline at months 1, 3, and 6 in every
group (all Bonferroni-adjusted P < 0.001).

The difference between baseline and month-6
group medians was greatest in mixed DME
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Table 3. Changes in central macular thickness during follow-up according to baseline OCT phenotype

) . Pure DRT (n = 60), Pure CME (n =55), Pure SRD (n = 48), Mixed DME H Overall
Time point/change .
um um um (n=71), ym statistic p value
Observed CMT
Baseline 356.8 (299.2, 400.9) 432.5(354.5,477.3) 496.6 (388.6,544.1) 562.4 (473.9,605.7) 96.874 <0.001
Month 1 307.5(271.2,350.8) 353.0(301.5,397.0) 401.0(329.0,466.5) 435.0(356.0,514.0) 63.428 <0.001
Month 3 282.0 (249.0, 317.0) 311.0(269.0, 344.0) 338.5(283.0,390.0) 368.0(303.0,425.0) 34.615 <0.001
Month 6 270.5 (241.0, 300.0) 289.0 (254.0, 321.0) 305.0(263.0, 346.0) 323.0(274.0,373.0) 18.760 <0.001
Difference between observed group medians (follow-up - baseline)
Baseline — Month 1 -49.3 -79.5 -95.6 -127.4 - -
Baseline — Month 3 -74.8 -121.5 -158.1 -194.4 - -
Baseline — Month 6 -86.3 -143.5 -191.6 -239.4 - -
Adjusted geometric mean ratio vs baseline (95% Cl)
Month 1/baseline 0.86 (0.83-0.89) 0.82(0.79-0.85) 0.80 (0.77-0.83) 0.78 (0.75-0.81) - < 0.0011
Month 3/baseline 0.79 (0.76-0.82) 0.72 (0.69-0.75) 0.68 (0.65-0.71) 0.66 (0.63-0.69) - < 0.001f
Month 6/baseline 0.76 (0.73-0.79) 0.67 (0.64-0.70) 0.61 (0.58-0.64) 0.58 (0.56-0.61) - < 0.0011

Notes: Observed CMT values are presented as median (25th percentile, 75th percentile). Absolute changes were calculated as the follow-up median minus the baseline median and are provided descriptively.
Between-phenotype comparisons at individual time points were performed using the Kruskal-Wallis H test. Longitudinal CMT trajectories were evaluated using linear mixed-effects models fitted to natural log-
transformed CMT values, with a patient-specific random intercept. The unadjusted phenotype x time interaction was significant (Wald x? = 156.42, P < 0.001). Adjusted geometric mean ratios were obtained
from the principal multivariable model controlling for age, sex, diabetes duration, HbAlc, systemic glucose-lowering therapy, eGFR, diabetic retinopathy severity, macular ischemia, baseline EZ integrity, and
baseline HRF count; the adjusted phenotype x time interaction remained significant (Wald x? = 128.63, P < 0.001). Tp values refer to the within-phenotype contrast with baseline; all remained significant after
Bonferroni adjustment. Cl, confidence interval; CME, cystoid macular edema; CMT, central macular thickness; DME, diabetic macular edema; DRT, diffuse retinal thickening; eGFR, estimated glomerular filtra-
tion rate; EZ, ellipsoid zone; HbAlc, glycated hemoglobin; HRF, hyperreflective foci; OCT, optical coherence tomography; SRD, serous retinal detachment.
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Figure 3. Adjusted longitudinal trajectories of central macular thickness, best-corrected visual acuity, and subfoveal
choroidal thickness according to baseline OCT phenotype during 6 months of intravitreal conbercept treatment. A.
Adjusted central macular thickness (CMT) trajectories. Values are back-transformed geometric means with 95%
confidence intervals derived from the linear mixed-effects model fitted to natural log-transformed CMT. The OCT
phenotype x time interaction was statistically significant (Wald x? = 128.63, P < 0.001). B. Adjusted best-corrected
visual acuity (BCVA) trajectories. Values are estimated marginal means with 95% confidence intervals on the log-
MAR scale; lower logMAR values indicate better visual acuity. The OCT phenotype x time interaction was statistically
significant (Wald x2 = 19.78, P = 0.019). C. Adjusted subfoveal choroidal thickness (SFCT) trajectories. Values are
back-transformed geometric means with 95% confidence intervals derived from the linear mixed-effects model
fitted to natural log-transformed SFCT. The OCT phenotype x time interaction was statistically significant (Wald x2
= 17.30, P = 0.044). All models were adjusted for age, sex, diabetes duration, HbAlc, systemic glucose-lowering
therapy, estimated glomerular filtration rate, diabetic retinopathy severity, macular ischemia, baseline ellipsoid
zone integrity, and baseline hyperreflective foci count. BCVA, best-corrected visual acuity; Cl, confidence interval;
CME, cystoid macular edema; CMT, central macular thickness; DME, diabetic macular edema; DRT, diffuse retinal
thickening; eGFR, estimated glomerular filtration rate; EZ, ellipsoid zone; HbAlc, glycated hemoglobin; HRF, hyper-
reflective foci; logMAR, logarithm of the minimum angle of resolution; OCT, optical coherence tomography; SFCT,

subfoveal choroidal thickness; SRD, serous retinal detachment.

(-239.4 pm), followed by pure SRD (-191.6 um),
pure CME (-143.5 um), and pure DRT (-86.3
um). Between-phenotype differences persisted
at month 6 (H = 18.76, P < 0.001); mixed DME
remained thicker than pure DRT (adjusted P <
0.001) and pure CME (adjusted P = 0.018),
whereas other pairwise comparisons were not
significant.

After additional adjustment for baseline EZ
integrity, ELM disruption length, cumulative
DRIL extent, and HRF count, the phenotype x
time interaction remained significant (Wald
x2 = 120.72, P < 0.001). Adjusted trajectories
from the principal structural-adjusted model
are shown in Figure 3A.

Changes in best-corrected visual acuity

BCVA improved significantly over the 6-month
follow-up in all four OCT phenotype groups
(Table 4). The unadjusted mixed-effects model
showed significant effects of time (Wald x? =
214.63, P < 0.001) and phenotype x time
(Wald x2 = 29.84, P < 0.001). Within each phe-
notype, BCVA improved significantly from base-
line at months 1, 3, and 6 (all Bonferroni-
adjusted P < 0.001).
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BCVA was comparable among phenotypes at
baseline and month 1 (both P > 0.05). At month
3, pure DRT showed better BCVA than mixed
DME (adjusted P = 0.019). By month 6, the
overall difference was significant (H = 25.460,
P < 0.001); pure DRT had better BCVA than
pure SRD (adjusted P = 0.004) and mixed DME
(adjusted P < 0.001), and pure CME had better
BCVA than mixed DME (adjusted P = 0.038).

After multivariable adjustment including base-
line retinal microstructural characteristics, the
phenotype x time interaction remained signifi-
cant but was attenuated (Wald x? = 17.70, P =
0.039). Adjusted month-6 improvements were
0.26, 0.24, 0.20, and 0.18 logMAR in pure
DRT, pure CME, pure SRD, and mixed DME,
respectively (Figure 3B).

Changes in subfoveal choroidal thickness

SFCT decreased over 6 months in all four OCT
phenotype groups (Table 5). The unadjusted
mixed-effects model showed a significant time
effect (Wald x? = 186.72, P < 0.001) and phe-
notype x time interaction (Wald x? = 19.40, P =
0.022). SFCT was significantly lower than base-
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Table 4. Changes in best-corrected visual acuity during follow-up according to baseline OCT phenotype

Time point/change Pure DRT (n = 60), Pure CME (n=  Pure SRD (n =48), Mixed DME (n = H ' Overall
logMAR 55), logMAR logMAR 71), logMAR statistic p value
Observed BCVA
Baseline 0.69 (0.58, 0.84) 0.79 (0.59, 0.92) 0.78 (0.64, 0.96) 0.80 (0.59, 0.97) 6.519 0.089
Month 1 0.56 (0.44, 0.70) 0.65 (0.50, 0.80) 0.67 (0.52, 0.82) 0.69 (0.53, 0.85) 6.104 0.107
Month 3 0.48 (0.36, 0.61) 0.56 (0.42, 0.70) 0.59 (0.45, 0.73) 0.62(0.47,0.77) 10.720  0.013
Month 6 0.41 (0.30, 0.54) 0.49 (0.36, 0.63) 0.55 (0.42, 0.69) 0.58 (0.44, 0.73) 25.460 < 0.001
Difference between observed group medians (baseline - follow-up)®
Baseline — Month 1 0.13 0.14 0.11 0.11 - -
Baseline — Month 3 0.21 0.23 0.19 0.18 - -
Baseline — Month 6 0.28 0.30 0.23 0.22 - -
Adjusted mean change from baselinet (95% CI)
Month 1 - baseline -0.12 (-0.15t0-0.09) -0.11(-0.14 t0 -0.08) -0.09 (-0.12 t0 -0.06) -0.08 (-0.11 to -0.05) - <0.0018
Month 3 - baseline -0.21 (-0.24 t0-0.18) -0.19 (-0.22 t0-0.16) -0.16 (-0.20t0-0.12) -0.14 (-0.17 t0-0.11) - <0.0018
Month 6 - baseline -0.28 (-0.32t0-0.24) -0.25(-0.29t0-0.21) -0.20 (-0.24 t0-0.16) -0.18 (-0.21 t0 -0.15) - < 0.0018

Notes: Observed BCVA values are presented as median (25th percentile, 75th percentile). Lower logMAR values indicate better visual acuity. TObserved median improvement was calculated as the baseline
median minus the corresponding follow-up median and is presented descriptively. Between-phenotype comparisons at individual time points were performed using the Kruskal-Wallis H test. Following a sig-
nificant overall comparison, pairwise comparisons were performed with Bonferroni adjustment. At month 3, only pure DRT versus mixed DME remained significant (adjusted P = 0.019). At month 6, significant
comparisons were pure DRT versus pure SRD (adjusted P = 0.004), pure DRT versus mixed DME (adjusted P < 0.001), and pure CME versus mixed DME (adjusted P = 0.038); the remaining pairwise compari-
sons were not significant. $Adjusted changes were estimated from the principal linear mixed-effects model controlling for age, sex, diabetes duration, HbAlc, systemic glucose-lowering therapy, eGFR, diabetic
retinopathy severity, macular ischemia, baseline EZ integrity, and baseline HRF count. The adjusted OCT phenotype x time interaction was significant (Wald x? = 19.78, P = 0.019). §p values represent the
within-phenotype contrast with baseline; all remained significant after Bonferroni adjustment. BCVA, best-corrected visual acuity; Cl, confidence interval; CME, cystoid macular edema; DME, diabetic macular
edema; DRT, diffuse retinal thickening; eGFR, estimated glomerular filtration rate; EZ, ellipsoid zone; HbA1c, glycated hemoglobin; HRF, hyperreflective foci; logMAR, logarithm of the minimum angle of resolu-

tion; OCT, optical coherence tomography; SRD, serous retinal detachment.
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Table 5. Changes in subfoveal choroidal thickness during follow-up according to baseline OCT phenotype

) . Pure DRT (n = 60), Pure CME (n =55), Pure SRD (n =48), Mixed DME (n = H Overall
Time point/change -
um um um 71), ym statistic p value
Observed SFCT
Baseline 311.0 (289.7, 334.0) 323.4(296.4, 355.9) 328.0(305.7,362.6) 333.4 (304.2,368.8) 8.229 0.042
Month 1 304.0 (282.0, 328.0) 313.0(289.0,343.0) 316.0(295.0,348.0) 320.0(294.0,355.0) 7.486 0.058
Month 3 295.0 (273.0, 318.0) 300.0 (278.0,330.0) 302.0(281.0, 333.0) 304.0(279.0,338.0) 5.836 0.120
Month 6 287.0 (265.0, 310.0) 291.0(269.0, 319.0) 292.0(271.0, 322.0) 294.0(270.0,326.0) 4.921 0.178
Difference between observed group medians (follow-up - baseline)
Baseline — Month 1 -7.0 -10.4 -12.0 -13.4 - -
Baseline — Month 3 -16.0 -23.4 -26.0 -29.4 - -
Baseline — Month 6 -24.0 -32.4 -36.0 -39.4 - -
Adjusted geometric mean ratio vs baseline (95% Cl)
Month 1/baseline 0.98 (0.96-1.00) 0.97 (0.95-0.99) 0.96 (0.94-0.98) 0.96 (0.94-0.98) - -
Month 3/baseline 0.95 (0.93-0.97) 0.93 (0.91-0.95) 0.92 (0.90-0.94) 0.91 (0.89-0.93) - -
Month 6/baseline 0.92 (0.90-0.94) 0.90 (0.88-0.92) 0.89 (0.87-0.91) 0.88 (0.86-0.90) - -

Notes: Observed SFCT values are presented as median (25th percentile, 75th percentile). Descriptive changes were calculated as the follow-up median minus the baseline median and were not used for longi-
tudinal inference. Between-phenotype comparisons at individual visits were performed using the Kruskal-Wallis H test. Longitudinal SFCT trajectories were evaluated using linear mixed-effects models fitted to
natural log-transformed SFCT values with a patient-specific random intercept. The unadjusted OCT phenotype x time interaction was significant (Wald x? = 19.40, P = 0.022). In the principal adjusted model, age,
sex, diabetes duration, HbA1c, systemic glucose-lowering therapy, eGFR, diabetic retinopathy severity, macular ischemia, baseline EZ integrity, and baseline HRF count were included as covariates; the adjusted
phenotype x time interaction remained significant (Wald x? = 17.30, P = 0.044). Within-phenotype model-based comparisons with baseline were adjusted using the Bonferroni method. At month 1, the reduction
in pure DRT did not remain statistically significant after adjustment (adjusted P = 0.083); reductions in the other three phenotypes were significant (all adjusted P < 0.05). At months 3 and 6, SFCT was signifi-
cantly lower than baseline in all four phenotypes (all adjusted P < 0.001). Cl, confidence interval; CME, cystoid macular edema; DME, diabetic macular edema; DRT, diffuse retinal thickening; eGFR, estimated
glomerular filtration rate; EZ, ellipsoid zone; HbAlc, glycated hemoglobin; HRF, hyperreflective foci; OCT, optical coherence tomography; SFCT, subfoveal choroidal thickness; SRD, serous retinal detachment.
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Table 6. Ellipsoid zone integrity and within-eye recovery during follow-up according to baseline OCT phenotype

EZ outcome Overall Pure DRT Pure CME Pure SRD Mixed DME X2 p value
Intact EZ, n/N (%)
Baseline 103/234 (44.0) 40/60 (66.7) 27/55(49.1) 17/48(35.4) 19/71(26.8) 23.086 < 0.001
Month 1 125/234 (53.4) 45/60(75.0) 33/55(60.0) 22/48 (45.8) 25/71(35.2) 22.756 < 0.001
Month 3 153/234 (65.4) 50/60(83.3) 39/55(70.9) 28/48 (58.3) 36/71(50.7) 17.097 <0.001
Month 6 174/234 (74.4) 54/60 (90.0) 43/55(78.2) 34/48(70.8) 43/71(60.6) 15.520 0.001
EZ recovery among eyes disrupted at baseline, n/N (%)’
Month 1 26/131 (19.8) 6/20 (30.0) 7/28 (25.0) 6/31(19.4) 7/52(13.5) 3.101 0.376
Month 3 54,131 (41.2) 11/20(55.0) 13/28(46.4) 12/31(38.7) 18/52(34.6) 2.898 0.408
Month 6 72/131 (55.0) 14/20(70.0) 16/28 (57.1) 17/31(54.8) 25/52(48.1) 2.877 0.411

Notes: EZ integrity was assessed at the individual-eye level at baseline and each follow-up visit. TfEZ recovery was evaluated only among the 131 eyes with EZ disruption at baseline
and required a documented disrupted-to-intact transition in the same eye. Cross-sectional comparisons among OCT phenotypes were performed using the Pearson X? test or Fisher’s

exact test, as appropriate. Longitudinal EZ integrity was evaluated using a binomial GEE model; the time effect was significant (Wald x? =

time interaction was not significant (Wald x? = 1.12, P = 0.999). In the baseline-disrupted subgroup, recovery increased significantly over time (Wald x2 =

19.60, P < 0.001), whereas the phenotype x
11.36, P = 0.003), without a

significant phenotype x time interaction (Wald x? = 0.86, P = 0.990). CME, cystoid macular edema; DME, diabetic macular edema; DRT, diffuse retinal thickening; EZ, ellipsoid zone;
GEE, generalized estimating equation; OCT, optical coherence tomography; SRD, serous retinal detachment.
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B Intact EZ

Baseline Month 1
Intact
103 (44.0%) Intact
125 (53.4%)
Disrupted X
131 (56.0%) Disrupted

109 (46.6%)

Baseline-disrupted recovery: 26/131 (19.8%)

B Disrupted EZ

Month 3 Month 6
Intact
153 (65.4%) Intact
174 (74.4%)
Disrupted X
81 (34.6%) Disrupted
60 (25.6%)

Baseline-disrupted recovery: 54/131 (41.2%) Baseline-disrupted recovery: 72/131 (55.0%)

Figure 4. Individual-eye longitudinal transitions in ellipsoid zone integrity during intravitreal conbercept treatment.
The alluvial plot illustrates transitions between intact and disrupted EZ status from baseline through months 1, 3,
and 6, including persistence of baseline status and restoration of EZ integrity among eyes with baseline disruption.

EZ, ellipsoid zone.

line at months 3 and 6 in all groups; at month
1, the reduction was significant in pure CME,
pure SRD, and mixed DME but not pure DRT
after multiplicity adjustment.

The baseline between-phenotype difference (H
= 8.229, P = 0.042) diminished during follow-
up and was no longer significant at months 1,
3, or 6 (all P > 0.05). After multivariable adjust-
ment, the phenotype x time interaction re-
mained significant (Wald x2 = 17.30, P = 0.044),
with slightly greater proportional reductions in
pure SRD and mixed DME (Figure 3C).

Ellipsoid zone integrity and within-eye recovery

EZ integrity improved during follow-up, with
persistent differences among OCT phenotypes
(Table 6). The proportion of eyes with an intact
EZ increased from 44.0% at baseline to 74.4%
at month 6. At baseline, intact EZ was most
frequent in pure DRT (66.7%) and least fre-
quent in mixed DME (26.8%) (x? = 23.086, P <
0.001); corresponding month-6 proportions
were 90.0% and 60.6% (overall x> = 15.520,
P = 0.001). In the GEE analysis, EZ integrity
increased over time (Wald x? = 19.60, P <
0.001), with a significant phenotype effect (P <
0.001) but no phenotype x time interaction
(P =0.999).

Among 131 eyes with baseline EZ disruption,
recovery was observed in 26 (19.8%) at month
1, 54 (41.2%) at month 3, and 72 (55.0%) at
month 6. Month-6 recovery ranged from 70.0%
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in pure DRT to 48.1% in mixed DME. Recovery
increased significantly over time (Wald x? =
11.36, P = 0.003), whereas the phenotype
effect and phenotype x time interaction were
not significant (both P > 0.05). Individual-eye
transitions are shown in Supplementary Table
2 and Figure 4.

Among baseline-disrupted eyes, median
month-6 BCVA improvement was 0.24 (0.16,
0.34) logMAR with EZ recovery and 0.18 (0.10,
0.29) without recovery (P = 0.071). Clinically
meaningful visual improvement occurred in
47.2% and 37.3%, respectively (x> = 1.31, P =
0.253).

Changes in hyperreflective foci and hard-exu-
date burden

Total HRF counts decreased from baseline to
month 6 in all OCT phenotypes (Table 7).
Between-phenotype differences were signifi-
cant at both baseline (H = 58.161, P < 0.001)
and month 6 (H = 31.442, P < 0.001), with
higher counts in pure SRD and mixed DME.
The negative binomial GEE showed significant
effects of time (Wald x?> = 118.37, P < 0.001)
and phenotype x time (Wald x> = 13.72, P =
0.003); inner- and outer-retinal HRF showed
similar patterns.

Hard-exudate area decreased from 0.54 to
0.43 mm? among 216 eyes with paired grad-
able photographs. The time effect was signifi-
cant (Wald x? = 5.78, P = 0.016), whereas the
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Table 7. Changes in hyperreflective foci and hard-exudate burden and their associations with anatomical and visual changes

Imaging marker Overall Pure DRT Pure CME Pure SRD Mixed DME St;fissiic p value
Total HRF count

Baseline 23.0(16.0, 30.0) 16.0(11.0,21.0) 20.0(15.0,26.5) 26.5(21.5,33.2) 28.0(21.0,38.0) H=58161 <0.001

Month 6 14.0 (9.0, 20.0) 11.0 (7.0, 15.0) 13.0 (9.0, 18.0) 16.0 (11.0, 22.0) 17.0(12.0,24.0) H=31.442 <0.001

Change, M6 - baseline -8.0 (-13.0, -4.0) -5.0 (-9.0, -2.0) -7.0 (-11.0,-3.0) -10.0 (-15.0,-5.0)  -11.0(-17.0,-6.0) H=18.740 <0.001
Inner-retinal HRF count

Baseline 12.0 (8.0, 16.0) 9.0 (6.0, 12.0) 11.0 (8.0, 14.0) 14.0 (10.0, 18.0)  15.0(10.0,20.0) H=46.218 <0.001

Month 6 8.0 (5.0, 11.0) 7.0 (4.0, 9.0) 8.0 (5.0, 10.0) 9.0 (6.0, 12.0) 10.0 (6.0, 13.0) H=14.763 0.002

Change, M6 - baseline -4.0 (-7.0,-2.0) -2.0 (-5.0,-1.0) -3.0(-6.0, -1.0) -4.0 (-8.0,-2.0) -5.0 (-9.0, -2.0) H=12.310 0.006
Outer-retinal HRF count

Baseline 10.0 (7.0, 14.0) 7.0 (4.0, 10.0) 9.0 (6.0, 12.0) 12.0 (9.0, 16.0) 13.0 (9.0, 18.0) H=51806 <0.001

Month 6 6.0 (4.0, 9.0) 4.0 (3.0, 6.0) 5.0 (3.0, 8.0) 7.0 (5.0, 10.0) 7.0 (5.0, 11.0) H=24.982 <0.001

Change, M6 - baseline -4.0 (-7.0,-2.0) -3.0(-5.0,-1.0) -4.0 (-6.0, -2.0) -6.0 (-9.0, -3.0) -6.0 (-10.0,-3.0) H=15.820 0.001
Hard-exudate area, mm?t

Baseline 0.54 (0.27, 1.11) 0.57 (0.24,1.07) 0.34 (0.26, 0.78) 0.47 (0.21,1.31) 0.73(0.39, 1.17) H=6.301 0.098

Month 6 0.43(0.20, 0.92) 0.44 (0.19,0.90) 0.28(0.17, 0.68) 0.39(0.17,1.05)  0.61(0.31, 1.02) H=5.987 0.112

Change, M6 - baseline -0.07 (-0.24,0.00)  -0.08 (-0.25,0.00) -0.05(-0.19, 0.00) -0.06(-0.28,0.02) -0.10(-0.31,0.01) H=2.250 0.522
Change-to-change correlations r, (95% Cl) p value
AHRF vs ACMT 0.41 (0.30 t0 0.51) - - - - - <0.001
AHRF vs BCVA improvement -0.26 (-0.38 t0 -0.14) - - - - - <0.001
AHard-exudate area vs ACMT? 0.18 (0.05t0 0.31) - - - - - 0.009
AHard-exudate area vs BCVA improvement’  -0.12 (-0.25 to 0.01) - - - - - 0.076

Notes: Data are presented as median (25th percentile, 75th percentile). Changes in HRF count, hard-exudate area, and CMT were calculated as month-6 minus baseline values; therefore, more negative values
indicate greater reductions. BCVA improvement was calculated as baseline minus month-6 logMAR BCVA, such that positive values indicate visual improvement. THard-exudate analyses were restricted to 216
eyes with paired gradable baseline and month-6 color fundus photographs (pure DRT, n = 56; pure CME, n = 51; pure SRD, n = 44; mixed DME, n = 65). Between-phenotype comparisons were performed using
the Kruskal-Wallis H test. Longitudinal total HRF counts were analyzed using a negative binomial GEE model; the time effect was significant (Wald x? = 118.37, P < 0.001), as was the OCT phenotype x time
interaction (Wald x? = 13.72, P = 0.003). Hard-exudate burden was analyzed using the prespecified transformed linear mixed-effects model; the time effect was significant (Wald x? = 5.78, P = 0.016), whereas
the phenotype x time interaction was not (Wald x? = 1.41, P = 0.703). Correlations were evaluated using Spearman rank correlation coefficients. BCVA, best-corrected visual acuity; Cl, confidence interval; CME,
cystoid macular edema; CMT, central macular thickness; DME, diabetic macular edema; DRT, diffuse retinal thickening; GEE, generalized estimating equation; HRF, hyperreflective foci; OCT, optical coherence

tomography; SRD, serous retinal detachment.
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Table 8. Longitudinal changes in systemic inflammatory indices and their associations with ocular changes

Measure Overall Pure DRT Pure CME Pure SRD Mixed DME H statistic p value
Sl
Baseline  596.93 (467.48, 814.17) 594.36 (482.80, 726.48) 656.18 (495.95, 833.36) 586.54 (463.09, 744.60) 603.28 (424.96, 839.54) 2.733 0.435
Month 1 526.84 (403.70, 698.61) 515.47 (406.22,671.36) 550.63 (420.84, 718.29) 522.76 (399.54, 689.85) 528.32(393.74, 711.69) 1.367 0.713
Month 3 451.62 (338.26, 606.17) 438.28 (343.36,579.41) 467.95(350.27,620.72) 455.63 (341.18,592.50) 447.41 (320.64, 628.53) 1.042 0.791
Month 6  410.75(303.61, 554.88) 396.24 (308.75, 527.46) 421.67 (314.82,571.09) 419.84 (309.91, 552.14) 411.20 (286.54, 568.78) 1.318 0.725
PIV
Baseline  236.38 (169.51, 319.69) 222.91 (177.75,304.31) 225.88 (158.96, 318.24) 259.35(176.46, 318.80) 239.03 (173.30, 324.18) 1.562 0.668
Month 1 194.73 (137.91, 267.84) 184.65 (134.73,252.18) 189.77 (138.15,265.23) 209.46 (145.70, 285.84) 196.23 (139.54, 272.65) 1.715 0.634
Month 3  164.86 (112.93, 225.70) 154.28 (109.84,211.63) 160.34 (112.27,221.42) 180.17 (119.63, 239.84) 165.82 (113.40, 229.67) 2.031 0.566
Month 6 148.21 (98.76, 204.58) 137.69 (95.18, 190.42) 145.84 (99.61, 202.75) 163.27 (104.73, 220.36) 150.28 (97.86, 208.41) 2.612 0.455

Notes: Data are presented as median (25th percentile, 75th percentile). Complete blood count data sufficient for calculation of Sll and PIV were available for 234 patients at baseline, 227 at month 1, 224 at
month 3, and 219 at month 6. The corresponding numbers of available observations in the pure DRT, pure CME, pure SRD, and mixed DME groups were 60/55/48/71 at baseline, 58/53/46/70 at month 1,
57/53/46/68 at month 3, and 56/52/45/66 at month 6, respectively. Between-phenotype comparisons at individual assessment times were performed using the Kruskal-Wallis H test. Longitudinal trajec-
tories were analyzed using linear mixed-effects models fitted to natural log-transformed values. For Sl the time effect was significant (Wald x? = 84.67, P < 0.001), whereas the phenotype x time interaction
was not significant (Wald x? = 6.03, P = 0.737). For PIV, the time effect was significant (Wald x? = 111.24, P < 0.001), whereas the phenotype x time interaction was not significant (Wald x? = 4.77, P = 0.854).
CME, cystoid macular edema; DME, diabetic macular edema; DRT, diffuse retinal thickening; OCT, optical coherence tomography; PIV, pan-immune-inflammation value; SlI, systemic immune-inflammation index;
SRD, serous retinal detachment.
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Table 9. Sequential multivariable models for longitudinal CMT and BCVA trajectories

Phenotype x

Outcome Model time Wald x? p value Pure DRT Pure CME Pure SRD Mixed DME

CMT Model 1 156.42 <0.001 0.75 0.66 0.60 0.57
Model 2 144.31 <0.001 0.75 0.66 0.61 0.58
Model 3 136.84 <0.001 0.76 0.67 0.62 0.59
Model 4 120.72 <0.001 0.77 0.69 0.64 0.61
Model 5 114.85 <0.001 0.77 0.70 0.65 0.62

BCVA Model 1 29.84 <0.001 -0.29 -0.26 -0.21 -0.19
Model 2 24.82 0.003 -0.29 -0.25 -0.21 -0.18
Model 3 21.50 0.011 -0.28 -0.25 -0.20 -0.18
Model 4 17.70 0.039 -0.26 -0.24 -0.20 -0.18
Model 5 17.10 0.047 -0.26 -0.23 -0.19 -0.17

Notes: Values in the four phenotype columns represent the model-estimated month-6 effect relative to baseline. For CMT, values
are back-transformed geometric mean ratios; values < 1 indicate lower CMT than at baseline. For BCVA, values are adjusted
mean changes in logMAR BCVA from baseline to month 6; negative values indicate visual improvement. Model 1 included OCT
phenotype, time, and phenotype x time. Model 2 additionally adjusted for age, sex, diabetes duration, HbAlc, and systemic
glucose-lowering therapy. Model 3 further adjusted for eGFR, diabetic retinopathy severity, and macular ischemia. Model 4
additionally included baseline EZ integrity, ELM disruption length, cumulative DRIL extent, and total HRF count and was used
as the principal structural-adjusted model. Model 5 additionally included cumulative conbercept injection number before each
follow-up visit as a time-varying treatment-exposure covariate. Multivariable estimates were pooled across 30 multiply imputed
datasets. BCVA, best-corrected visual acuity; CME, cystoid macular edema; CMT, central macular thickness; DME, diabetic macu-
lar edema; DRIL, disorganization of the retinal inner layers; DRT, diffuse retinal thickening; eGFR, estimated glomerular filtration
rate; ELM, external limiting membrane; EZ, ellipsoid zone; HbAlc, glycated hemoglobin; HRF, hyperreflective foci; OCT, optical

coherence tomography; SRD, serous retinal detachment.

phenotype x time interaction and between-
phenotype differences at baseline, month 6,
and for change were not significant (all P >
0.05).

Changes in manually counted HRF correlated
with changes in CMT (r_ = 0.41, P < 0.001) and
BCVA improvement (r, = -0.26, P < 0.001).
Hard-exudate reduction was weakly associated
with CMT reduction (r, = 0.18, P = 0.009) but
not with BCVA improvement (r, = -0.12, P =
0.076).

Changes in systemic inflammatory indices and
systemic-ocular associations

Both Sl and PIV decreased during follow-up
(Table 8); paired CBC data were available for
234 patients at baseline and 219 at month 6.
For SlI, the time effect was significant (Wald x?
= 84.67, P < 0.001), whereas the phenotype
effect and phenotype x time interaction were
not (P = 0.406 and P = 0.737, respectively).
PIV showed a similar pattern, with a significant
time effect (Wald x? = 111.24, P < 0.001) but
no phenotype effect or interaction (P = 0.611
and P = 0.854).
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From baseline to month 6, changes in Sll cor-
related with changes in CMT (r, = 0.24, P <
0.001) and HRF (r, = 0.21, P = 0.002), but not
hard-exudate area (P = 0.119). Corresponding
associations for PIV were weaker for CMT (r_ =
0.17, P = 0.012) and HRF (r_= 0.15, P = 0.028),
with no association with hard-exudate change
(P =0.256).

After multivariable adjustment, higher time-
varying Sll remained weakly associated with
greater CMT (B = 0.024, 95% Cl 0.003-0.045;
P = 0.026), whereas PIV was not (B = 0.014,
95% CI -0.005 to 0.033; P = 0.148). Neither
index was independently associated with re-
peated BCVA measurements (Supplementary
Table 3).

Multivariable adjusted and classification sensi-
tivity analyses

Sequential adjustment reduced the pheno-
type x time interactions for CMT and BCVA
(Table 9). For CMT, the interaction remained
significant across all five models (all P < 0.001).
In the principal structural-adjusted Model 4,
which additionally incorporated baseline EZ in-
tegrity, ELM disruption length, cumulative DRIL
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Table 10. Discriminative performance of baseline structural and systemic markers for 6-month visual
improvement

Predictor/model AUC 95% Cl p value
Baseline CMT 0.61 0.54-0.68 0.004

Baseline EZ integrity 0.65 0.58-0.72 <0.001
Baseline ELM disruption length 0.68 0.61-0.75 <0.001
Baseline cumulative DRIL extent 0.67 0.60-0.74 <0.001
Baseline S| 0.56 0.49-0.64 0.103

CMT + EZ integrity + SlI 0.69 0.62-0.76 <0.001
CMT + EZ integrity + ELM disruption length + cumulative DRIL extent 0.74 0.68-0.81 <0.001

CMT + EZ integrity + ELM disruption length + cumulative DRIL extent + Sl| 0.75 0.69-0.81 < 0.001

Notes: Clinically meaningful visual improvement was defined as an improvement of > 0.20 logMAR from baseline to month 6 and
occurred in 131 of 234 eyes (56.0%). Individual-marker estimates were obtained from separate univariable logistic regression
models. Baseline CMT, ELM disruption length, and cumulative DRIL extent were modeled as continuous variables, EZ integrity
as a binary variable (intact vs disrupted), and Sll as a natural log-transformed continuous variable. For modeling purposes,
ELM disruption length was coded as O um in eyes with an intact ELM. The extended structural model included baseline CMT,
EZ integrity, ELM disruption length, and cumulative DRIL extent. The integrated model additionally included baseline Sll. AUCs
were derived from conventional ROC analyses at the fixed 6-month outcome time point. Figure 5 presents the prespecified
ROC and DCA analyses for baseline CMT, EZ integrity, Sll, and their original combined model; the additional ELM/DRIL models
are reported in Table 10 only. AUC, area under the receiver operating characteristic curve; Cl, confidence interval; CMT, central
macular thickness; DRIL, disorganization of the retinal inner layers; ELM, external limiting membrane; EZ, ellipsoid zone; logMAR,
logarithm of the minimum angle of resolution; ROC, receiver operating characteristic; Sll, systemic immune-inflammation index.

extent, and HRF count, the interaction remain-
ed significant (Wald x? = 120.72, P < 0.001).
Additional adjustment for cumulative conber-
cept exposure produced only modest further
attenuation (Model 5: Wald x? = 114.85, P <
0.001). Mixed DME and pure SRD retained the
greatest proportional month-6 CMT reductions
across models.

For BCVA, the phenotype x time interaction
decreased from Wald x? = 29.84 (P < 0.001)
in Model 1 to 21.50 (P = 0.011) after adjust-
ment for demographic, metabolic, renal, reti-
nopathy-severity, and ischemic factors in Mo-
del 3. Further adjustment for baseline retinal
microstructural characteristics in Model 4 at-
tenuated the interaction to Wald x? = 17.70
(P = 0.039). The interaction remained signifi-
cant after additional adjustment for cumula-
tive injection exposure (Model 5: Wald x? =
17.10, P = 0.047). In Model 4, the adjusted
month-6 BCVA changes were -0.26, -0.24,
-0.20, and -0.18 IogMAR in pure DRT, pure
CME, pure SRD, and mixed DME, respectively.

Classification sensitivity analyses yielded simi-
lar findings. After exclusion of mixed DME, the
phenotype x time interaction remained signifi-
cant in the principal structural-adjusted model
for CMT (Wald x? = 84.67, P < 0.001) and BCVA
(Wald x? = 13.82, P = 0.032) (Supplementary
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Table 4). Using the alternative hierarchical
three-group classification, the corresponding
interactions remained significant for CMT (Wald
x? = 111.63, P < 0.001) and BCVA (Wald x? =
14.31, P = 0.026) (Supplementary Table 5).
Complete-case analyses in 216 patients were
also consistent with the primary analyses (CMT:
Wald x? = 109.54, P < 0.001; BCVA: Wald x2 =
17.02, P = 0.049).

Exploratory prognostic performance for
6-month visual improvement

Clinically meaningful visual improvement oc-
curred in 131 of 234 eyes (56.0%), including
65.0% of pure DRT, 56.4% of pure CME, 54.2%
of pure SRD, and 49.3% of mixed DME eyes.

Baseline CMT, EZ integrity, and SlI yielded
AUCs of 0.61 (95% CI 0.54-0.68), 0.65 (95%
Cl 0.58-0.72), and 0.56 (95% CI 0.49-0.64),
respectively. Baseline ELM disruption length
and cumulative DRIL extent showed somewhat
greater discrimination, with AUCs of 0.68 (95%
Cl 0.61-0.75) and 0.67 (95% CI 0.60-0.74),
respectively. The original CMT+EZ+SII model
yielded an AUC of 0.69 (95% CI 0.62-0.76)
(Table 10; Figure 5A).

An extended structural model incorporating
CMT, EZ integrity, ELM disruption length, and
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Figure 5. Exploratory prognostic performance of baseline CMT, EZ integrity,
and Sl for clinically meaningful visual improvement at month 6. A. Receiver
operating characteristic curves for baseline CMT, EZ integrity, SlI, and the
combined CMT+EZ+SII model for discrimination of visual improvement of >
0.20 logMAR at month 6. The corresponding AUCs were 0.61, 0.65, 0.56,
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had baseline ELM disruption
(75.8% vs 35.8%, P < 0.001)
and EZ disruption (72.7% vs
43.3%, P < 0.001) and sh-
owed greater ELM disruption
length and horizontal, vertical,
and cumulative DRIL extent

0.5 0.6 0.7

and 0.69, respectively. B. Decision-curve analysis comparing the net ben-

efit of the individual-marker and combined models across threshold prob-
abilities. The combined model showed the greatest net benefit across an
approximate threshold-probability range of 0.35-0.65, whereas SlI alone
provided limited incremental net benefit. AUC, area under the receiver op-
erating characteristic curve; CMT, central macular thickness; EZ, ellipsoid

(all P < 0.001) (Table 11). Ba-
seline HRF counts were also
higher in the mismatch group
(P < 0.001). Moderate-to-se-
vere macular ischemia was

zone; logMAR, logarithm of the minimum angle of resolution; ROC, receiver

operating characteristic; Sll, systemic immune-inflammation index.

cumulative DRIL extent yielded an AUC of 0.74
(95% CI 0.68-0.81). Addition of SlI to these
structural markers produced only a small fur-
ther increase in discrimination (AUC, 0.75; 95%
Cl 0.69-0.81). DCA for the prespecified CMT,
EZ, Sll, and CMT+EZ+SIl models remained un-
changed; the combined CMT+EZ+SII model
showed greater net benefit than the individu-
al-marker models across threshold probabili-
ties of approximately 0.35-0.65, whereas SlI
alone provided little additional net benefit
(Figure 5B).

Anatomy-function mismatch and baseline
retinal microstructural characteristics

An anatomical response, defined as a reduc-
tion in CMT of > 20% from baseline to month 6,
was observed in 200 of 234 eyes (85.5%). The
corresponding proportions were 73.3% (44/
60) in pure DRT, 87.3% (48/55) in pure CME,
91.7% (44/48) in pure SRD, and 90.1% (64/
71) in mixed DME. Anatomy-function mismatch,
defined as a CMT reduction of > 20% accom-
panied by BCVA improvement of < 0.10 log-
MAR at month 6, occurred in 66 eyes (28.2%
of the overall cohort and 33.0% of anatomical
responders). The mismatch rates in the overall
phenotype groups were 11.7% (7/60) for pure
DRT, 23.6% (13/55) for pure CME, 37.5%
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more frequent among eyes
with  mismatch (36.4% vs
21.6%, P = 0.025), whereas
baseline CMT did not differ significantly be-
tween the two response groups (P = 0.073).
Baseline BCVA was modestly better in eyes
subsequently classified as having mismatch
(P =0.018).

In the multivariable logistic regression restrict-
ed to anatomical responders, greater baseline
ELM disruption length remained independently
associated with anatomy-function mismatch
(adjusted OR per 100-um increase, 1.34; 95%
Cl 1.12-1.61; P = 0.001), as did greater cumu-
lative DRIL extent (adjusted OR per 100-um
increase, 1.23; 95% ClI 1.08-1.40; P = 0.002),
after adjustment for baseline BCVA, baseline
CMT, macular ischemia, and OCT phenotype.
Higher baseline logMAR BCVA was inversely
associated with mismatch (adjusted OR per
0.10-l0gMAR increase, 0.88; 95% Cl 0.79-
0.98; P = 0.022). Baseline CMT was not inde-
pendently associated with mismatch (adjusted
OR per 100-um increase, 1.07; 95% Cl 0.90-
1.28; P = 0.438), and the overall OCT pheno-
type effect was attenuated after adjustment
(P=0.317).

Discussion

This study characterized changes in anatomi-
cal, functional, outer-retinal, local imaging, and
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Table 11. Baseline characteristics of anatomical responders according to anatomy-function concor-

dance

Characteristic Anatomy-function Concordant response Test value
mismatch (n = 66) (n = 134) statistic P

ELM disrupted, n (%) 50 (75.8) 48 (35.8) x?>=28.50 <0.001

ELM disruption length, um*
Horizontal DRIL extent, um
Vertical DRIL extent, um
Cumulative DRIL extent, um

Total HRF count
Baseline BCVA, logMAR
Baseline CMT, um

Moderate/severe macular ischemia, n (%) 24 (36.4)
OCT phenotype, n (%)
Pure DRT 7 (10.6)
Pure CME 13 (19.7)
Pure SRD 18 (27.3)
Mixed DME 28 (42.4)

382.4 (268.5, 498.7
286.3 (205.4, 370.8
248.6 (176.3, 335.4
548.2 (397.1, 703.6
EZ disrupted, n (%) 48 (72.7)
28.0 (22.0, 36.0)
0.70 (0.55, 0.84)
512.1 (407.8,580.6) 481.6(381.9,553.2) Z=-1.79 0.073

0.0 (0.0, 326.1) Z=-6.21 <0.001
188.2(124.7,272.5) Z=-513 <0.001
166.8 (112.5,244.1) Z=-4.72 <0.001
356.4 (254.0,503.2) Z=-524 <0.001

58 (43.3) x?=15.46 <0.001
21.0(15.0, 28.0) Z=-437 <0.001
0.80 (0.62, 0.95) Z=-236 0.018

= =

=

29 (21.6) x2=5.00 0.025
x2=1116 0.011

37 (27.6)

35 (26.1)

26 (19.4)

36 (26.9)

Notes: Anatomical response was defined as a > 20% reduction in CMT from baseline to month 6. Among anatomical responders,
anatomy-function mismatch was defined as a > 20% CMT reduction accompanied by BCVA improvement of < 0.10 logMAR, ap-
proximately corresponding to a gain of < 5 ETDRS letters; concordant response was defined as a > 20% CMT reduction accompa-
nied by BCVA improvement of > 0.10 logMAR. Continuous variables are presented as median (25th percentile, 75th percentile)
and were compared using the Mann-Whitney U test; categorical variables were compared using the Pearson x? test or Fisher’s
exact test, as appropriate. TFor this analysis, ELM disruption length was coded as O pm in eyes with an intact ELM. Cumulative
DRIL extent was calculated as the sum of horizontal and vertical DRIL extent. BCVA, best-corrected visual acuity; CME, cystoid
macular edema; CMT, central macular thickness; DME, diabetic macular edema; DRIL, disorganization of the retinal inner layers;
DRT, diffuse retinal thickening; ELM, external limiting membrane; EZ, ellipsoid zone; HRF, hyperreflective foci; logMAR, logarithm
of the minimum angle of resolution; OCT, optical coherence tomography; SRD, serous retinal detachment.

systemic inflammatory parameters during 6
months of intravitreal conbercept treatment
across four baseline OCT phenotypes of DME.
CMT and BCVA improved in all phenotypes,
but their longitudinal trajectories differed. Pure
SRD and mixed DME showed the greatest pro-
portional CMT reductions, whereas pure DRT
had the most favorable adjusted BCVA trajec-
tory. SFCT also decreased with modest pheno-
type-specific differences. EZ integrity improv-
ed progressively, including restoration in more
than half of eyes with baseline disruption. HRF
decreased substantially and tracked both CMT
reduction and BCVA improvement, whereas
hard-exudate changes were smaller. In con-
trast, Sll and PIV declined over time without
phenotype-specific trajectories; only Sl retain-
ed a weak adjusted association with CMT, and
neither index was associated with repeated
BCVA. These findings remained broadly con-
sistent after sequential covariate adjustment,
additional adjustment for injection exposure,
and alternative OCT classifications.
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Our findings on anatomical and visual improve-
ments are in line with established evidence
that supports conbercept for center-involving
DME. The phase Il Sailing study demonstrated
sustained visual and anatomical benefit with
conbercept, and a recent study directly com-
paring OCT morphologic patterns during con-
bercept treatment also reported meaningful
improvement across DRT, CME, and SRD, with
differences in visual and anatomical outcom-
es among patterns [4, 20]. Our study extends
these observations by retaining mixed DME as
a separate category and by examining lon-
gitudinal trajectories rather than isolated post-
treatment measurements. Importantly, pheno-
type x time interactions for both CMT and BCVA
persisted after adjustment for metabolic, re-
nal, retinopathy, ischemic, structural, and treat-
ment-exposure variables, suggesting that base-
line OCT morphology retains information about
subsequent response patterns beyond these
measured factors.
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The anatomical response did not fully parallel
visual recovery. Eyes with pure SRD and mixed
DME began with greater CMT and showed larg-
er proportional thickness reductions, yet their
visual gains were smaller than those observed
in pure DRT. Quantitative OCT studies have sim-
ilarly shown that the amount and compartment
of retinal fluid provide information beyond cen-
tral thickness alone, while real-world biomarker
studies indicate that visual outcomes depend
on combinations of fluid morphology, outer-reti-
nal integrity, DRIL, and other structural features
[5, 21]. This supports an important clinical dis-
tinction: a large reduction in CMT reflects sub-
stantial anatomical response but does not nec-
essarily indicate equivalent functional recovery.
The persistence of the principal findings after
excluding mixed DME and after applying the
alternative hierarchical classification also re-
duces concern that the observed trajectory dif-
ferences resulted solely from the four-category
classification scheme.

SFCT decreased across all four phenotypes,
although baseline differences became less
evident during follow-up. A recent prospective
study of conbercept-treated DME similarly re-
ported progressive SFCT reduction over 6
months alongside improvements in CMT and
BCVA, without a clear relationship between
SFCT and final visual outcome [22]. Our find-
ings therefore support SFCT as a complemen-
tary structural measure rather than a direct
surrogate for visual recovery. Because choroi-
dal thickness is influenced by ocular and sys-
temic factors, its interpretation is likely most
useful when integrated with retinal fluid mor-
phology, photoreceptor integrity, and visual
function.

The longitudinal EZ findings offer insight into
outer-retinal recovery. The proportion of eyes
with an intact EZ increased from 44.0% at
baseline to 74.4% at month 6, and 55.0% of
eyes with baseline EZ disruption had restored
integrity at month 6. Previous longitudinal stu-
dies have shown that reductions in EZ defects
accompany anti-VEGF treatment and are asso-
ciated with visual outcomes [23]. A recent sys-
tematic review likewise identified baseline EZ
disruption among the OCT features associated
with poorer subsequent visual acuity, although
the certainty of prognostic evidence remains
limited by heterogeneity in biomarker defini-
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tions and confounder adjustment [6]. In the
present study, BCVA improvement was numeri-
cally greater in eyes with EZ recovery, but the
difference was not statistically significant. Be-
cause EZ integrity was assessed categorically
rather than by quantitative defect length, the
observed restoration should be interpreted as
a temporally concurrent structural change ra-
ther than evidence that EZ recovery indepen-
dently predicts or mediates visual improve-
ment. Binary EZ grading therefore remains an
exploratory imaging measure with limited clini-
cal reference value.

HRF exhibited a more dynamic association with
treatment response. Counts decreased in all
phenotypes, with phenotype-specific differ-
ences in the magnitude of change, and greater
HRF reduction correlated with both greater
CMT reduction and greater BCVA improvement.
Previous anti-VEGF studies have linked retinal
HRF, particularly outer-retinal HRF, with photo-
receptor integrity and visual outcomes in DME
[24]. These findings demonstrate parallel ch-
anges in manually counted HRF, retinal thick-
ness, and visual function. However, HRF was
assessed by manual counting within the cen-
tral 3-mm region rather than by automated or
standardized density measurement within the
central 1-mm region. The observed correlations
should therefore be regarded as exploratory
concurrent relationships rather than evidence
of validated quantitative biomarker perfor-
mance or a specific histological measure of
retinal inflammation. Hard exudates showed a
different temporal pattern, with only modest
reduction and no phenotype-specific trajec-
tory. This is compatible with recent Protocol T
analyses showing that hard-exudate burden
may change more slowly and nonlinearly after
anti-VEGF initiation and has a less consistent
relationship with visual improvement [25].

Systemic inflammatory findings showed limited
associations with ocular outcomes. Sll and PIV
decreased over follow-up but did not differ in
their longitudinal trajectories among OCT phe-
notypes. Changes in both indices correlated
weakly with CMT and HRF, whereas only time-
varying Sll retained a small adjusted associa-
tion with CMT and neither index was indepen-
dently associated with BCVA. Previous studies
have reported associations between Sl and
OCT-based DME severity or HRF [7], while PIV
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has been associated with DME and selected
OCT features, including HRF and SRF [26].
These findings indicate limited systemic-ocular
covariation rather than evidence of an inflam-
matory pathway underlying macular edema
resolution. Sll and PIV are derived from circulat-
ing leukocyte and platelet counts and may vary
with glycemic status, renal function, concomi-
tant treatment, intercurrent iliness, and other
systemic factors. Because aqueous or vitreous
VEGF, PIGF, IL-6, ICAM-1, and other locally spe-
cific mediators were not measured, the ob-
served declines in Sll and PIV cannot be attrib-
uted specifically to intravitreal conbercept, nor
can a mediating relationship between these
circulating indices and reduction in macular
edema be inferred.

The exploratory prognostic analysis corrobo-
rated this pattern. Baseline CMT, EZ integrity,
and Sl individually showed limited-to-modest
discrimination for clinically meaningful month-
6 visual improvement, whereas their combina-
tion increased the AUC to 0.69 and showed
the greatest net benefit across an approximate
threshold range of 0.35-0.65. Previous work
combining systemic inflammatory indices with
OCT biomarkers has likewise shown that multi-
marker models may outperform isolated sys-
temic indices in predicting anti-VEGF response
[27]. Nevertheless, the present analysis was
exploratory. An AUC of 0.69 represents only
moderate discrimination, and the model was
assessed within the same cohort rather than
independently validated. The ROC and DCA
findings therefore support complementary pro-
gnostic information from structural and sys-
temic markers but do not establish a clinical
prediction tool.

Although the present clinical study was not
designed to elucidate molecular mechanisms,
previous experimental evidence provides a bio-
logical framework for the observed anatomi-
cal changes. Conbercept is a soluble VEGF-
receptor decoy that binds multiple VEGF-A iso-
forms, VEGF-B, and PIGF [28]. Experimental
studies under hyperglycemic conditions sh-
owed that conbercept suppressed VEGF/PIGF-
driven retinal endothelial-cell migration and
sprouting through modulation of Src, PI3K/Akt,
and ERK signaling [29]. In streptozotocin-in-
duced diabetic rats, conbercept reduced reti-
nal vascular leakage and was accompanied by
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more preserved vascular occludin and clau-
din-5 distribution and inhibition of VEGFR2-
related Src/PI3K/Akt/ERK signaling [30]. Addi-
tional experimental work in diabetic retinopathy
has reported reductions in ICAM-1, IL-6, TNF-«,
and NF-kB-related signaling after conbercept
treatment [31]. By contrast, a clinical DME
study found a marked reduction in aqueous
VEGF after conbercept but no significant short-
term changes in several other measured cyto-
kines, emphasizing that anti-VEGF activity
should not be equated with broad anti-inflam-
matory effects [32]. In this context, the weak
association between longitudinal SIl and CMT
in our cohort may reflect systemic inflammatory
status accompanying retinal edema rather than
direct systemic target engagement. A testable
hypothesis for future investigation is that local
VEGF/PIGF blockade improves blood-retinal
barrier integrity through VEGFR2-related per-
meability signaling, whereas systemic inflam-
matory status may covary with susceptibility to
or resolution of retinal edema without neces-
sarily mediating the local treatment effect.
Prospective studies combining serial systemic
inflammatory indices with paired aqueous or
vitreous VEGF, PIGF, IL-6, and ICAM-1 measure-
ments, retinal barrier markers, and OCT pheno-
typing are required to determine whether sys-
temic and intraocular inflammatory changes
are biologically linked.

Several features strengthen the study. The
four-category OCT definition preserved mixed
morphology rather than automatically incorpo-
rating all SRD-containing eyes into one group;
imaging assessments showed high intergrad-
er reliability; and repeated-measures analyses
incorporated longitudinal observations while
adjusting for clinically relevant metabolic, renal,
ischemic, retinal, and treatment-exposure vari-
ables. The consistency of CMT and BCVA find-
ings across the pure-pattern, alternative-classi-
fication, treatment-exposure, and complete-
case analyses further supports the robustness
of the main trajectory findings. Simultaneous
assessment of CMT, BCVA, SFCT, EZ transi-
tions, HRF, hard exudates, Sll, and PIV also
allowed direct comparison of local structural
and systemic changes within the same cohort.

Several limitations of this work remain. First,
the retrospective single-center design introdu-
ces potential selection bias, residual confound-

Am J Transl Res 2026;18(10):9336-9363



OCT phenotype-guided conbercept outcomes in DME

ing, and limited generalizability. Eligibility re-
quired completion of the loading regimen and
sufficient 6-month outcome ascertainment,
which may further select for patients with bet-
ter treatment continuity. Second, the study
lacked an untreated or active-comparator con-
trol group, because all included eyes received
conbercept. Consequently, the observed struc-
tural and functional changes cannot be attrib-
uted exclusively to conbercept, and the con-
tributions of the natural course of DME, regres-
sion to the mean, concurrent systemic manage-
ment, or other time-varying factors cannot be
fully separated from treatment-related effects.
The study therefore evaluates heterogeneity
within a conbercept-treated cohort rather than
comparative or causal treatment efficacy. Third,
the 6-month follow-up does not capture longer-
term recurrence, cumulative treatment burden,
or delayed structural recovery. Fourth, althou-
gh baseline ELM disruption length and horizon-
tal, vertical, and cumulative DRIL extent were
quantitatively assessed, EZ integrity remained
a categorical manual measure and HRF was
manually counted within the central 3-mm re-
gion. Quantitative EZ defect length, standard-
ized foveal neuroretina-to-RPE optical-density
ratios, and absolute central 1-mm HRF density
were not available. These limitations restrict
the quantitative precision and clinical refer-
ence value of the EZ and HRF findings, which
should be regarded as hypothesis-generating.
Fifth, aqueous and vitreous concentrations of
VEGF, PIGF, IL-6, ICAM-1, and other locally spe-
cific mediators were not measured. Conse-
quently, the temporal changes in circulating SlI
and PIV cannot be linked directly to intraocu-
lar inflammatory activity, and no causal media-
tion between systemic inflammatory indices
and macular edema resolution can be inferred.
Finally, the exploratory ROC and DCA analyses
require independent validation before any prog-
nostic application.

Future translational studies should adopt a
prospective multicenter design with predefined
imaging and biospecimen protocols. A practical
implementation framework would include en-
rollment of conbercept-treated patients togeth-
er with an appropriate contemporaneous com-
parator cohort, standardized OCT acquisition
across centers, and centralized quantitative
assessment of parameters such as CMT, ELM
disruption length, DRIL extent, EZ defect length,
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and central HRF density. Peripheral blood and
paired aqueous humor, and vitreous samples
when clinically available, should be collected at
predefined treatment time points for measure-
ment of VEGF, PIGF, IL-6, ICAM-1, and related
mediators. Linking these serial molecular mea-
surements with quantitative OCT trajectories
and visual outcomes would allow separation of
systemic from intraocular inflammatory chang-
es and provide a stronger basis for testing
whether specific molecular pathways mediate
structural and functional response to anti-VEGF
therapy.

Overall, the findings indicate that OCT morpho-
logy captures clinically relevant heterogeneity
in the anatomical and functional course of con-
bercept-treated DME, but morphology alone is
insufficient to characterize treatment response.
Pure SRD and mixed DME showed pronounced
anatomical improvement, whereas pure DRT
had the most favorable visual trajectory. ELM
and DRIL provided quantitative information on
retinal microstructural integrity, whereas cate-
gorical EZ assessment and manually counted
HRF showed exploratory concurrent changes
during follow-up. Circulating inflammatory indi-
ces showed weaker relationships with ocular
outcomes. These results support a multidi-
mensional interpretation of DME response in-
tegrating morphology, outer-retinal integrity,
local imaging biomarkers, and visual function
rather than reliance on CMT or systemic inflam-
matory markers alone.

Conclusion

Over the 6-month treatment period, anatomical
and visual outcomes improved across all OCT
phenotypes, albeit with different trajectories.
Pure SRD and mixed DME showed greater CMT
reductions, whereas pure DRT had the most
favorable visual trajectory. Categorically as-
sessed EZ integrity improved progressively,
while manually counted HRF declined concur-
rently with anatomical and visual improvement;
these findings remain exploratory and require
confirmation using quantitative OCT metrics.
Sll and PIV showed predominantly nonspecific
temporal changes and limited prognostic dis-
crimination. Combined structural and syste-
mic markers provided modestly improved pro-
gnostic performance but remain exploratory.
Prospective multicenter studies incorporating
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appropriate comparator groups, standardized
quantitative OCT, and paired systemic and
intraocular biomarker sampling are needed to
validate these measures for individualized
prognostic stratification.
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Supplementary Table 1. Composition of the mixed DME phenotype at baseline

Mixed OCT component combination n % of mixed DME (n =71) % of overall cohort (N = 234)
DRT + CME 31 43.7 13.2
DRT + SRD 17 23.9 7.3
CME + SRD 14 19.7 6.0
DRT + CME + SRD 9 12.7 3.8
Total mixed DME 71 100.0 30.3

Notes: Mixed DME was defined by the presence of two or more of the three prespecified OCT morphologic components. Percent-
ages in the third column use the 71 mixed DME eyes as the denominator; percentages in the fourth column use the entire 234-
eye cohort as the denominator. CME, cystoid macular edema; DME, diabetic macular edema; DRT, diffuse retinal thickening;
OCT, optical coherence tomography; SRD, serous retinal detachment.

Supplementary Table 2. Individual-eye transitions in ellipsoid zone integrity from baseline to follow-up

Follow-up OCT phenotype Intact—Intact, n  Intact—Disrupted, Disrupted—Intact, Disrupted—Disrupted,

(%) n (%) n (%) n (%)
Month 1 Pure DRT 39 (65.0) 1(1.7) 6 (10.0) 14 (23.3)
Pure CME 26 (47.3) 1(1.8) 7(12.7) 21 (38.2)
Pure SRD 16 (33.3) 1(2.1) 6 (12.5) 25 (52.1)
Mixed DME 18 (25.4) 1(1.4) 7(9.9) 45 (63.4)
Month 3 Pure DRT 39 (65.0) 1(L.7) 11 (18.3) 9 (15.0)
Pure CME 26 (47.3) 1(1.8) 13 (23.6) 15 (27.3)
Pure SRD 16 (33.3) 1(2.1) 12 (25.0) 19 (39.6)
Mixed DME 18 (25.4) 1(1.4) 18 (25.4) 34 (47.9)
Month 6 Pure DRT 40 (66.7) 0 (0.0) 14 (23.3) 6 (10.0)
Pure CME 27 (49.1) 0 (0.0) 16 (29.1) 12 (21.8)
Pure SRD 17 (35.4) 0(0.0) 17 (35.4) 14 (29.2)
Mixed DME 18 (25.4) 1(1.4) 25 (35.2) 27 (38.0)

Notes: Each row represents the transition of the same eye from its baseline EZ status to the indicated follow-up visit. Percent-
ages use the total number of eyes within each OCT phenotype as the denominator. Thus, Intact—Intact plus Intact—Disrupted
equals the number of eyes with an intact EZ at baseline, whereas Disrupted—Intact plus Disrupted—Disrupted equals the
number of eyes with baseline EZ disruption. CME, cystoid macular edema; DME, diabetic macular edema; DRT, diffuse retinal
thickening; EZ, ellipsoid zone; OCT, optical coherence tomography; SRD, serous retinal detachment.

Supplementary Table 3. Adjusted longitudinal associations of systemic inflammatory indices with
CMT and BCVA

Dependent outcome Time-varying explanatory variable Adjusted 95% ClI p value
In(CMT) In(Sll) 0.024 0.003 to 0.045 0.026
In(CMT) In(PIV) 0.014 -0.005 to 0.033 0.148
BCVA, logMAR In(SI) 0.011 -0.005 to 0.027 0.176
BCVA, logMAR In(PIV) 0.006 -0.008 to 0.020 0.401

Notes: Separate linear mixed-effects models were fitted for each systemic inflammatory index and ocular outcome. Models in-
cluded a patient-specific random intercept and were adjusted for baseline OCT phenotype, assessment time, age, sex, diabetes
duration, HbAlc, eGFR, macular ischemia, and systemic glucose-lowering therapy. Sll and PIV were entered as time-varying
natural log-transformed variables. CMT was analyzed on the natural log scale, whereas BCVA was analyzed on the logMAR scale.
B therefore represents the adjusted change in the dependent outcome associated with a one-unit increase in the natural loga-
rithm of the corresponding systemic inflammatory index. BCVA, best-corrected visual acuity; Cl, confidence interval; CMT, cen-
tral macular thickness; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; PIV, pan-immune-inflammation
value; SlI, systemic immune-inflammation index.
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Supplementary Table 4. Pure-phenotype sensitivity analysis excluding mixed DME

Phenotype x
Outcome Pure DRT  Pure CME Pure SRD time Wald x? p value
CMT, month-6 geometric mean ratio vs baseline 0.76 0.67 0.62 92.14 <0.001
BCVA, adjusted mean change at month 6, logMAR -0.28 -0.25 -0.20 15.41 0.017

Notes: The sensitivity analysis included 163 eyes after exclusion of the 71 mixed DME eyes: pure DRT, n = 60; pure CME, n =
55; and pure SRD, n = 48. Estimates were obtained from the principal adjusted Model 3, including age, sex, diabetes duration,
HbAlc, systemic glucose-lowering therapy, eGFR, diabetic retinopathy severity, macular ischemia, baseline EZ integrity, and
baseline HRF count. CMT values are geometric mean ratios comparing month 6 with baseline; BCVA values are adjusted mean
changes from baseline to month 6, with negative values indicating improvement. BCVA, best-corrected visual acuity; CME, cys-
toid macular edema; CMT, central macular thickness; DRT, diffuse retinal thickening; eGFR, estimated glomerular filtration rate;
EZ, ellipsoid zone; HbAlc, glycated hemoglobin; HRF, hyperreflective foci; SRD, serous retinal detachment.

Supplementary Table 5. Sensitivity analysis using the alternative hierarchical OCT classification

DRT group CME group SRD group  Group x
Outcome (n=60) (n=86) (n=88) timeWaldy P'3'e
CMT, month-6 geometric mean ratio vs baseline 0.76 0.66 0.60 121.54 <0.001
BCVA, adjusted mean change at month 6, logMAR -0.28 -0.24 -0.19 17.02 0.009

Notes: Under the alternative hierarchical classification, eyes with DRT alone remained in the DRT group; eyes with CME, includ-
ing DRT+CME without SRD, were classified as CME; and all eyes containing SRD were classified as SRD. Accordingly, the 31
DRT+CME mixed eyes were reassigned to CME, whereas the 17 DRT+SRD, 14 CME+SRD, and 9 DRT+CME+SRD eyes were reas-
signed to SRD. Estimates were obtained from the principal adjusted Model 3. CMT values are geometric mean ratios comparing
month 6 with baseline; BCVA values are adjusted mean changes from baseline to month 6, with negative values indicating
improvement. BCVA, best-corrected visual acuity; CME, cystoid macular edema; CMT, central macular thickness; DRT, diffuse
retinal thickening; OCT, optical coherence tomography; SRD, serous retinal detachment.



