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Abstract

Background/Objectives: We identified baseline factors associated with early anatomical re-
sponse to faricimab. Methods: This single-center retrospective study included 78 treatment-
naive eyes with neovascular age-related macular degeneration (nAMD) receiving three
monthly faricimab injections. Eyes with complete resolution of intraretinal and subretinal
fluid on optical coherence tomography (OCT) at 16 weeks constituted the fluid-free group,
and the remaining eyes were assigned to the persistent-fluid group. Baseline OCT features
(including subretinal hyperreflective material [SHRM], pigment epithelial detachment
[PED] subtypes, and central retinal and choroidal thickness) and clinical characteristics
were compared, and ARMS?2 (rs10490924) and CFH (rs800292) were genotyped as an ex-
ploratory analysis. Multivariable logistic regression identified associated factors. Results:
Fifty-five eyes (70.5%) achieved complete fluid resolution. In multivariable analysis, SHRM
was independently associated with a favorable early anatomical response, and fibrovascu-
lar PED with incomplete early fluid resolution (p = 0.019 and p = 0.026); in an exploratory
model, the ARMS?2 risk allele was associated with incomplete fluid resolution (p = 0.008),
whereas CFH was not. Conclusions: In treatment-naive nAMD, baseline SHRM was as-
sociated with a favorable early anatomical response to faricimab, whereas fibrovascular
PED and a higher ARMS2 T-allele count were associated with incomplete early fluid reso-
lution. These characteristic OCT and genetic features may help identify eyes at risk of an
incomplete early response.

Keywords: faricimab; neovascular age-related macular degeneration; optical coherence
tomography; fibrovascular pigment epithelial detachment; subretinal hyperreflective
material; ARMS?2
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vision impairment in older adults globally [1-3]. Intravitreal injections of anti-vascular
endothelial growth factor (VEGF) agents are established as the first-line treatment and
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Faricimab is a bispecific antibody targeting both VEGF-A and angiopoietin-2 (Ang-2).
Pivotal clinical trials have demonstrated the efficacy and safety of intravitreal faricimab
(IVF), and accumulating real-world data further support its ability to improve visual acuity
and reduce central retinal thickness (CRT) in both treatment-naive and previously treated
patients [11-14]. Nonetheless, a subset of patients still exhibits incomplete anatomical
response after the initial loading phase.

Previous studies have highlighted the clinical importance of early anatomical response
to anti-VEGEF treatment. In a post hoc analysis of the ALTAIR study, more than 60% of
patients without retinal fluid at week 16 during intravitreal aflibercept treat-and-extend
therapy achieved the maximum treatment interval of 16 weeks by week 96, compared
with fewer than 20% of patients with residual fluid at week 16 [15]. Persistent retinal
fluid in the early treatment phase has also been associated with poorer long-term visual
outcomes [16]. These findings emphasize the clinical relevance of identifying baseline
factors that predict early treatment responsiveness, as the end of the loading phase repre-
sents a key decision point at which incomplete response may prompt closer monitoring or
treatment modification.

In parallel with imaging biomarkers, genetic susceptibility factors have been im-
plicated in both the pathogenesis of nAMD and interindividual variability in treatment
response [17]. Variants in the age-related maculopathy susceptibility 2 (ARMS?2) gene
represent a major genetic risk determinant for nAMD across diverse populations, including
Asian populations [18,19]. Complement pathway genes, including complement factor H
(CFH), also contribute to disease susceptibility [19]. Genetic studies of anti-VEGF therapy,
however, have produced inconsistent associations across studies, treatment agents, and
outcome definitions [20,21], and these data have been derived predominantly from cohorts
treated with ranibizumab or aflibercept.

Data on baseline predictors of early treatment response to faricimab in treatment-
naive nAMD remain limited. We therefore evaluated baseline factors associated with early
anatomical response after the loading phase of faricimab and, as an exploratory analysis,
examined two candidate polymorphisms. The aim of this study was to identify clinically
assessable baseline factors that may predict the early anatomical response to faricimab
loading therapy and thereby support individualized monitoring.

2. Materials and Methods
2.1. Study Design and Ethical Approval

This single-center retrospective observational study was conducted at Kobe University
Hospital. The study adhered to the tenets of the Declaration of Helsinki and the ARVO
Statement on Human Subjects. The study protocol was approved by the Institutional
Review Board of Kobe University Hospital (approval no. B250202; approved on 26 Novem-
ber 2025). Because this was a retrospective study using residual biological samples, the
Institutional Review Board waived the requirement for written informed consent for the
present study, and patients were given the opportunity to opt out through public disclosure
of the study information. The genetic (DNA) samples analyzed were residual samples
originally collected in a previous study, for which written informed consent—including
consent for genetic analysis—had been obtained from all participants under a separate
study protocol approved by the Institutional Review Board of Kobe University Hospital
(approval no. B230032).

2.2. Participants

Consecutive patients with treatment-naive nAMD who received their first intravitreal
faricimab (IVF; 6.0 mg/0.05 mL) between May 2022 and October 2024 were retrospectively
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identified from the medical records. All included eyes had completed a loading phase of
three consecutive monthly IVF injections, administered at baseline and at weeks 4 and 8,
and were followed for at least 4 months after the initial injection. No additional intrav-
itreal injection was administered between the third loading injection (week 8) and the
16-week assessment; thus, the 16-week endpoint was evaluated 8 weeks after the third
injection. Eyes were excluded if they had other retinal diseases that could affect macu-
lar anatomy or visual acuity (including diabetic retinopathy and retinal vein occlusion),
high myopia (spherical equivalent < —6.0 diopters), submacular hemorrhage of >2 disc
diameters involving the fovea, prior vitrectomy, prior photodynamic therapy, or prior anti-
VEGF treatment.

2.3. Outcome Definitions and Rationale for Primary Endpoint

The primary endpoint was early anatomical response at 16 weeks (8 weeks after the
third injection), defined as the absence of both intraretinal fluid (IRF) and subretinal fluid
(SRF) on optical coherence tomography (OCT) after three monthly loading IVF injections.
Eyes with IRF and/or SRF at 16 weeks were assigned to the persistent-fluid group and the
remaining eyes to the fluid-free group. These group labels indicate early anatomical (fluid)
status at week 16.

2.4. Imaging and OCT Parameters

Fluorescein angiography and indocyanine green angiography were performed using
the Spectralis HRA2 (Heidelberg Engineering GmbH, Heidelberg, Germany), and macular
OCT was performed using the Spectralis OCT system (Heidelberg Spectralis OCT; Heidel-
berg Engineering GmbH, Heidelberg, Germany), for the diagnosis and subtyping of nAMD
according to the Japanese age-related macular degeneration (AMD) diagnostic criteria [22].
A 6-line macular radial scan and a 31-line horizontal raster scan with enhanced depth
imaging (EDI) through the fovea were used to evaluate exudative changes (including IRF
and SRF) and to measure OCT parameters. CRT was manually measured from the outer
surface of the neurosensory retina to the inner surface of the retinal pigment epithelium
(RPE) at the foveal center. Central choroidal thickness (CCT) was manually measured
from the outer surface of the RPE to the inner surface of the sclera at the foveal center
on EDI-OCT images [23,24]. The presence of subretinal hyperreflective material (SHRM)
and the presence and subtype of pigment epithelial detachment (PED), classified as serous
PED (>2 disc diameters), fibrovascular PED (>3 disc diameters), or hemorrhagic PED (>3
disc diameters), were determined as described previously [9,25]. SHRM was defined as
hyperreflective material located between the neurosensory retina and the RPE on OCT.
OCT images were assessed by a single retinal specialist. To assess grading reliability, a
second retinal specialist, masked to group assignment and clinical outcome, independently
regraded the presence of SHRM and of fibrovascular PED in all eyes; inter-observer agree-
ment was quantified using Cohen’s kappa (k). Best-corrected visual acuity (BCVA) was
measured as decimal visual acuity with a Landolt C chart and converted to the logarithm of
the minimum angle of resolution (logMAR) for analysis. OCT and clinical assessments were
performed at baseline, at each loading visit (weeks 4 and 8 after the initial injection), and at
the 16-week assessment; baseline and week-16 data were used for the present analysis.

2.5. Genetic Analysis

Residual genomic DNA that had been extracted and stored in a previous study was
used for genetic analysis. Single-nucleotide polymorphisms (SNPs) in the ARMS2 gene
(A69S, 1s10490924) and the CFH gene (162V, rs800292) were genotyped using TagMan
technology (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s
instructions. Residual DNA was available for 63 of the 78 eyes (44 in the fluid-free and 19
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in the persistent-fluid group), which constituted the genetic analysis set, and genotyping
was successful for all analyzed samples (call rate 100%). ARMS2 rs10490924 and CFH
rs800292 were both analyzed using an additive logistic regression model based on allele
count (T-allele count for ARMS?2 and A-allele count for CFH).

2.6. Statistical Analysis

Continuous variables are presented as mean =+ standard deviation. The Wilcoxon
signed-rank test was used to compare pre- and post-treatment measures within groups.
For comparisons between the fluid-free and persistent-fluid groups, the Mann-Whitney U
test was used for continuous variables and a two-sided Fisher’s exact test for categorical
variables. Variables with p < 0.10 in the comparison between the fluid-free and persistent-
fluid groups were considered candidates for the multivariable model; to avoid overfitting
given the limited number of events, Model 1 (clinical/OCT model) was restricted to two
OCT imaging biomarkers, and Model 2 additionally included the ARMS?2 T-allele count as
an exploratory variable. A p value < 0.05 was considered statistically significant, and all
tests were two-sided. Statistical analyses were performed in SPSS v29 (IBM Corp., Armonk,
NY, USA); the Firth penalized logistic regression sensitivity analysis was performed in R
v4.6.1. No sample-size calculation was performed in advance; all consecutive eligible eyes
during the study period were included. To verify the stability of the estimates given the
limited number of events, Model 1 was additionally re-estimated using Firth’s penalized
(bias-reduced) logistic regression as a sensitivity analysis. The multivariable model was
also re-estimated using the second reader’s gradings as a further sensitivity analysis.

3. Results
3.1. Baseline Characteristics

In total, 82 treatment-naive nAMD eyes completed three monthly faricimab loading
injections; four were excluded—two because of less than 16 weeks of follow-up and two
because they met the exclusion criteria—leaving 78 eyes of 78 patients for analysis. Based
on early anatomical response at 16 weeks, 55 eyes (70.5%) were classified as the fluid-free
group and 23 eyes (29.5%) as the persistent-fluid group. Baseline clinical characteristics
are summarized in Table 1. There were no statistically significant differences between
groups in age, sex, baseline BCVA, baseline CRT, or baseline CCT. Baseline SHRM was
significantly more frequent in the fluid-free group than in the persistent-fluid group (67.3%
vs. 39.1%, p = 0.026). Fibrovascular PED >3 disc diameters tended to be more frequent in the
persistent-fluid group (26.1% vs. 7.3%, p = 0.056). The proportion of polypoidal choroidal
vasculopathy (PCV) and the macular neovascularization (MNV) subtype distribution did
not differ significantly between groups. Inter-observer agreement for the qualitative OCT
features was almost perfect (Cohen’s k = 0.95 for SHRM and 0.94 for fibrovascular PED).

Table 1. Patient baseline clinical characteristics.

Factor Fluid-Free Group (n = 55) Persistent-Fluid Group (n = 23) p Value
Age, mean =+ SD (years) 77077 75.6 £9.6 0.653
Sex (male/female) 34/21 14/9 1.000
Axial length, mean + SD (mm) 23.94+1.33 23.38 +£1.12 0.084
Smoking (current or past), n (%) 1(1.8) 1(4.3) 0.505
Hypertension, n (%) 29 (52.7) 12 (52.2) 1.000
Diabetes mellitus, n (%) 9 (16.4) 4(17.4) 1.000
Baseline BCVA, mean + SD (logMAR) 0.24 +£0.33 0.33 £0.48 0.900
MNV subtype (type 1/type 2/type 1+2/type 3), n 36/4/10/5 16/3/3/1 0.730
PCV, n (%) 17 (30.9) 4(17.4) 0.272
Pachychoroid, n (%) 19 (34.5) 7 (30.4) 0.797
SHRM, n (%) 37 (67.3) 9(39.1) 0.026
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Table 1. Cont.
Factor Fluid-Free Group (n = 55) Persistent-Fluid Group (n = 23) p Value

IRF, n (%) 19 (34.5) 10 (43.5) 0.608

SRE n (%) 46 (83.6) 20 (87.0) 1.000

Serous PED (>2 DD), n (%) 2(3.6) 2(8.7) 0.577

Fibrovascular PED (>3 DD), n (%) 4(7.3) 6 (26.1) 0.056
Hemorrhagic PED (>3 DD), n (%) 0(0.0) 0(0.0) —

Baseline CRT, mean =+ SD (um) 327.8 +118.2 353.7 +134.3 0.450

Baseline CCT, mean + SD (um) 195.6 £ 91.1 2173+ 1214 0.570

SD = standard deviation; MNV = macular neovascularization; PCV = polypoidal choroidal vasculopathy; SHRM
= subretinal hyperreflective material; IRF = intraretinal fluid; SRF = subretinal fluid; PED = pigment epithelial
detachment; DD = disc diameter; CRT = central retinal thickness; CCT = central choroidal thickness.

3.2. Functional and Anatomical Outcomes at Week 16

In the overall cohort, mean BCVA significantly improved at 16 weeks (from
0.26 + 0.38 to 0.17 &+ 0.39 logMAR; p < 0.001). Mean CRT and CCT also significantly
decreased compared with baseline (CRT 335.4 & 122.9 to 195.3 & 88.7 um, p < 0.001; CCT
202.0 = 100.6 to 184.1 £ 99.0 um, p < 0.001) (Table 2). In the fluid-free group, BCVA, CRT,
and CCT all improved significantly (all p < 0.001). In the persistent-fluid group, mean CRT
decreased significantly (353.7 4= 134.3 to 232.9 4 114.8 um, p < 0.001), whereas mean CCT
showed only a borderline change (217.3 £ 121.4 to 197.3 £ 106.1 um, p = 0.061), and mean
BCVA improved significantly (0.33 £ 0.48 to 0.27 & 0.53 logMAR, p = 0.024).

Table 2. Clinical outcomes at baseline and at week 16 in the overall cohort and by treatment response
group.

Group Variable Baseline Week 16 p Value
BCVA (logMAR) 0.26 £+ 0.38 0.17 £0.39 <0.001
All patients (n =78) CRT (um) 335.4 +122.9 195.3 £ 88.7 <0.001
CCT (um) 202.0 £ 100.6 184.1 +99.0 <0.001
BCVA (logMAR) 0.24 +0.33 0.13 +0.31 <0.001
Fluid-free group (n = 55) CRT (um) 327.8 £118.2 179.3 £70.3 <0.001
CCT (um) 195.6 +£91.1 178.5 +96.2 <0.001
BCVA (logMAR) 0.33 +0.48 0.27 +£0.53 0.024
Persistent-fluid group (n = 23) CRT (um) 353.7 £134.3 2329 £114.8 <0.001
CCT (um) 2173 £121.4 197.3 £ 106.1 0.061

Values are mean =+ standard deviation. BCVA = best-corrected visual acuity; CRT = central retinal thickness;
CCT = central choroidal thickness.

3.3. Genetic Analysis (Exploratory)

Residual DNA was available for genotyping in 63 of the 78 eyes. The genotype
distributions and allele frequencies are shown in Table 3. Because the ARMS2 G/G geno-
type was absent in the persistent-fluid group, analyses were based on allele frequencies
rather than genotypes. The minor (T) allele frequency of ARMS2 rs10490924 was signif-
icantly lower in the fluid-free group than in the persistent-fluid group (51.1% vs. 81.6%,
p = 0.001, allelic chi-square test; odds ratio [OR] per T-allele 4.24, 95% confidence interval
[CI] 1.69-10.65). The CFH rs800292 A-allele frequency did not differ between groups (28.4%
vs. 28.9%, p = 1.000).

Table 3. ARMS?2 (rs10490924) and CFH (rs800292) genotype distributions and allele frequencies by

treatment response.

SNP Genotype/Allele Fluid-Free Group Persistent-Fluid Group OR (95% CI) p Value
G/G, % 29.5 0
G/T, % 38.6 36.8
ARMS2rs10490924 T/T. % 318 632
T-allele, % 51.1 81.6 4.24 (1.69-10.65) 0.001 *

https://doi.org/10.3390 /biomedicines14071590


https://doi.org/10.3390/biomedicines14071590

Biomedicines 2026, 14, 1590 6of 11

Table 3. Cont.

SNP Genotype/Allele Fluid-Free Group Persistent-Fluid Group OR (95% CI) p Value
A/A, % 9.1 15.8
A/G, % 38.6 26.3
CFHrs800292 G/G. % 523 579
A-allele, % 28.4 28.9 0.98 (0.43-2.22) 1.000 *

ARMS?2 = age-related maculopathy susceptibility 2; CFH = complement factor H; SNP = single-nucleotide
polymorphism; OR = odds ratio; CI = confidence interval. ORs for the allelic comparison are presented per minor
allele. * Allelic comparison (chi-square test).

3.4. Multivariable Logistic Regression

To identify factors associated with the 16-week treatment response, variables with
p <0.10 in the comparison between the fluid-free and persistent-fluid groups were consid-
ered for the multivariable logistic regression model. Three variables met this threshold—
SHRM (p = 0.026), fibrovascular PED (p = 0.056), and axial length (p = 0.084); to limit
the number of predictors given the limited number of events, only the two OCT imag-
ing biomarkers (SHRM and fibrovascular PED) were entered, and axial length, which
showed the weakest association, was not included. In Model 1 (clinical/OCT only,
n = 78), baseline SHRM was independently associated with favorable early anatomical
response (OR 0.28, 95% CI 0.10-0.81, p = 0.019), and fibrovascular PED was independently
associated with incomplete early fluid resolution (OR 5.27, 95% CI 1.22-22.71, p = 0.026)
(Table 4). In a sensitivity analysis using Firth’s penalized logistic regression, these asso-
ciations were essentially unchanged and remained significant (SHRM: OR 0.30, 95% CI
0.10-0.82, p = 0.019; fibrovascular PED: OR 4.81, 95% CI 1.23-20.93, p = 0.024), support-
ing the stability of the estimates. The associations also persisted when the model was
re-estimated using the independent second reader’s gradings (SHRM: OR 0.25, 95% CI
0.08-0.72, p = 0.011; fibrovascular PED: OR 6.81, 95% CI 1.40-33.09, p = 0.017).

Table 4. Multivariable logistic regression analyses for incomplete early fluid resolution after faricimab

loading therapy.
Variable OR 95% CI p Value
Model 1: Clinical/OCT model

SHRM (present vs. absent) 0.28 0.10-0.81 0.019
Fibrovascular PED (present vs. absent) 5.27 1.22-22.71 0.026
Model 2: Clinicall OCT + exploratory

ARMS2 model

SHRM (present vs. absent) 0.12 0.03-0.55 0.006

Fibrovascular PED (present vs. absent) 2.32 0.48-11.11 0.293

ARMS?2 rs10490924 T-allele count
(additive, 0/1/2)

ARMS?2 = age-related maculopathy susceptibility 2; CI = confidence interval; OCT = optical coherence tomography;
OR = odds ratio; PED = pigment epithelial detachment; SHRM = subretinal hyperreflective material.

5.52 1.57-19.44 0.008

In Model 2, which additionally included the ARMS?2 T-allele count as an exploratory
variable, the association of baseline SHRM with favorable response remained significant
(OR 0.12, 95% CI 0.03-0.55, p = 0.006), and the ARMS?2 T-allele count was associated with
incomplete fluid resolution (OR per T-allele 5.52, 95% CI 1.57-19.44, p = 0.008). Fibrovas-
cular PED was no longer significantly associated with incomplete fluid resolution in this
exploratory model (p = 0.293).

4. Discussion

In this retrospective study, we identified baseline OCT features associated with early
anatomical response to faricimab loading therapy in treatment-naive nAMD. Approxi-
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mately one-third of eyes (29.5%) showed persistent IRF and /or SRF after the loading phase,
indicating substantial interindividual variability in early response. The principal findings
were that baseline SHRM was independently associated with favorable early anatomical
response, whereas fibrovascular PED was independently associated with incomplete fluid
resolution. As an exploratory genetic analysis, the ARMS2 rs10490924 T-allele was associ-
ated with incomplete early fluid resolution, whereas CFH rs800292 showed no significant
association. Rather than predicting long-term outcomes, these findings may be more useful
for identifying eyes that warrant closer monitoring or earlier consideration of treatment
modification after the loading phase, supporting early identification of at-risk eyes in the
clinical management of treatment-naive nAMD.

Consistent with previous faricimab reports [26,27], mean BCVA, central retinal thick-
ness, and central choroidal thickness all improved significantly at 16 weeks compared with
baseline in the present cohort (all p < 0.001). The proportion of eyes in the persistent-fluid
group in the present cohort (29.5%) was slightly higher than in previous Japanese faricimab
studies that used the same three-monthly loading regimen and the same assessment time-
point (16 weeks/month 4, i.e., 8 weeks after the third injection). Matsumoto et al. reported a
dry macula rate of 79.5% (residual fluid 20.5%) in 40 treatment-naive eyes [26], and Tanaka
et al. reported 77.3% (residual fluid 22.7%) in a prospective cohort of 23 patients [27].
This modest difference may reflect differences in baseline disease-subtype composition
between cohorts, as well as the larger sample size of the present study (78 eyes vs. 40
and 23), given that estimates from smaller cohorts are less precise and more susceptible to
sampling variation.

SHRM, defined as hyperreflective material located between the neurosensory retina
and the RPE, is an OCT-defined finding with pathological correlates, including fibrin
deposition, subretinal hemorrhage, lipid exudation, and neovascular tissue, either alone
or in combination [28]. In aflibercept-treated cohorts evaluating longer-term treatment
response, SHRM has been less prevalent in non-responders, consistent with the present
findings [8]. Components of SHRM may reflect VEGF-dependent lesion activity that re-
sponds to anti-VEGF therapy. It should be noted, however, that SHRM has been associated
with poorer long-term visual prognosis in some longitudinal studies [29]. Because the
endpoint of the present study was fluid resolution rather than visual acuity, SHRM may
predict early fluid resolution without necessarily indicating a favorable long-term visual
outcome; its long-term visual implications therefore warrant separate investigation. The
individual components of SHRM have each been reported to be associated with a favorable
response to faricimab: MNV types 2 and 3 are associated with anatomical responsiveness
to faricimab [30], and a recent multicenter cohort study from the J-CREST Group reported
that eyes with pretreatment submacular hemorrhage achieved a significantly higher rate of
dry macula after IVF (93.9% vs. 78.4%, p = 0.048) [31]. In the present cohort, AMD subtype
did not show a significant association with early response, whereas SHRM emerged as
an independent predictor. Because type 2 neovascular tissue and subretinal hemorrhage
often manifest as components of SHRM on OCT [28], SHRM—as a comprehensive imaging
feature encompassing subretinal hemorrhage, fibrin, lipid exudation, and type 2 neovas-
cular tissue—may capture lesion activity more directly than angiographic classification
alone and serve as a composite marker of VEGF-dependent lesion activity that responds
to faricimab loading therapy. Although the favorable association of SHRM with early
anatomical response may at least partly reflect an effect common to anti-VEGF agents in
general, as suggested by the reduced prevalence of SHRM in aflibercept non-responders [8],
the particularly favorable response of submacular hemorrhage [31] and type 2 macular
neovascular tissue [30] to faricimab raises the possibility that dual VEGF-A /Ang-2 inhi-
bition may confer an additional advantage in eyes with these phenotypes. Whether this
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SHRM-related anatomical benefit is common to anti-VEGF agents in general or partly
specific to faricimab needs to be examined in direct comparative studies of faricimab and
conventional anti-VEGF agents.

In contrast to a previous report in which baseline serous PED was associated with
non-responsiveness to intravitreal aflibercept in treatment-naive nAMD [9], serous PED
was not identified as a predictor of incomplete early fluid resolution in the present cohort of
faricimab-treated eyes. This discrepancy may be partly attributable to the low prevalence of
serous PED in our cohort (4 of 78 eyes, 5.1%, compared with 12 of 62 treatment-naive eyes,
approximately 19%, in the previous report [9]), but could also reflect a pharmacological
difference between aflibercept and faricimab; in particular, the additional Ang-2 blockade
of faricimab may help stabilize vascular permeability and reduce serous fluid accumula-
tion under the RPE. This hypothesis warrants further investigation in larger cohorts that
include more eyes with serous PED. The opposite associations of SHRM and fibrovascular
PED with early anatomical response are biologically interpretable as differences in lesion
maturity and VEGF/Ang-2 dependency. SHRM-containing lesions typically contain active,
exudative components that depend on VEGF and Ang-2 signaling and respond well to
their inhibition. In contrast, fibrovascular PED reflects a more structurally mature, partially
fibrotic neovascular complex in which VEGF and Ang-2 signaling are thought to contribute
less to fluid persistence. The opposite findings in our cohort—favorable response with
SHRM and incomplete fluid resolution with fibrovascular PED—are consistent with this
framework. However, this biological interpretation will require confirmation in further
experimental studies. To our knowledge, fibrovascular PED has not been specifically
evaluated as a baseline predictor of incomplete early fluid resolution after faricimab in
treatment-naive nAMD, and it has not been identified as an independent baseline predic-
tor of anti-VEGF response in treatment-naive cohorts. These preliminary observations
suggest that baseline fibrovascular PED may warrant further evaluation as a candidate
risk-stratification biomarker; however, the association was of borderline strength and based
on a small number of eyes and requires confirmation in larger cohorts.

The ARMS?2 1510490924 T-allele was more frequent in the persistent-fluid group and
remained associated with early anatomical response in an exploratory multivariable model.
ARMS? has been consistently identified as a major susceptibility locus for nAMD and
has been linked to aggressive disease phenotypes [32-34]. Notably, a previous genetic
study reported that the ARMS2 major allele (G) was associated with a higher likelihood of
PED regression under anti-VEGF treatment in PCV [34], such that the T risk allele corre-
sponded to poorer PED resolution; this directional consistency lends additional support
to the exploratory finding observed in our cohort. In our cohort, fibrovascular PED was
more frequent in the persistent-fluid group in univariate analysis but did not remain sig-
nificant once the ARMS?2 risk-allele count was included in the exploratory model, raising
the possibility that the two may capture overlapping aspects of disease phenotype; this
interpretation is speculative and requires confirmation. These exploratory findings are
preliminary and require validation in larger cohorts.

Taken together, the predictors of early anatomical response identified here appear to
depend on markers of lesion activity and maturity rather than on any single angiographic
subtype, and combining OCT imaging biomarkers with genetic susceptibility may further
refine baseline risk stratification. Confirming these observations—including the exploratory
genetic associations—will require a prospective, multicenter study with a uniform post-
loading regimen, a pre-registered sample size, standardized OCT acquisition, and masked,
independently adjudicated central grading.
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Limitations

This study has several limitations. First, the design was retrospective and single-
center, with a small sample size. Second, the genetic analysis was based on a small
number of eyes and was therefore exploratory. Third, we did not evaluate long-term
functional or anatomical outcomes, although early anatomical response after the loading
phase—the focus of this study—is itself a clinically important outcome. Fourth, primary
OCT grading was performed by a single reader who was not formally masked; although
inter-observer agreement for SHRM and fibrovascular PED was almost perfect (Cohen’s
k = 0.94-0.95), some classification bias cannot be fully excluded; in addition, formal intra-
observer agreement was not assessed. Fifth, the study cohort was Japanese, and the
generalizability of these findings to other populations remains to be confirmed.

5. Conclusions

In treatment-naive nAMD, baseline SHRM and fibrovascular PED on OCT were inde-
pendently associated with early anatomical response to faricimab loading therapy, with
SHRM predicting favorable response and fibrovascular PED predicting incomplete fluid
resolution. In an exploratory genetic analysis, the ARMS2 rs10490924 T-allele count was
also associated with incomplete early fluid resolution. These baseline biomarkers may help
identify eyes that warrant closer monitoring or earlier consideration of treatment modifica-
tion after the loading phase, supporting individualized post-loading clinical management.
Larger prospective studies are warranted to validate these findings and to confirm their
clinical utility.

Author Contributions: Conceptualization, E.I. and A.M.; methodology, E.I. and A.M.; investigation,
EI, AM, T.O. and M.K.-K ; formal analysis, E.I. and A.M.; data curation, E.I,, AM., T.O. and M.K.-K.;
writing—original draft preparation, E.I. and A.M.; writing—review and editing, E.I,, AM., T.O.,
M.K.-K. and M.N; supervision, A.M. and M.N. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board of Kobe University Hospital
(approval no. B250202; date of approval: 26 November 2025).

Informed Consent Statement: For the present retrospective study, the requirement for written
informed consent was waived by the Institutional Review Board of Kobe University Hospital owing
to the retrospective use of residual samples, and an opt-out method was used to give patients the
opportunity to decline participation. The residual genetic samples analyzed had originally been
collected in a previous study, for which written informed consent, including consent for genetic
analysis, had been obtained from all participants under a separate study protocol approved by the
Institutional Review Board of Kobe University Hospital (approval no. B230032).

Data Availability Statement: The raw data supporting the conclusions of this article are not publicly
available because patient-level data contain potentially identifying information but will be made
available by the authors upon request and with the approval of the Institutional Review Board of
Kobe University Hospital.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390 /biomedicines14071590


https://doi.org/10.3390/biomedicines14071590

Biomedicines 2026, 14, 1590 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jager, R.D.; Mieler, W.E;; Miller, ].W. Age-related macular degeneration. N. Engl. J. Med. 2008, 358, 2606-2617. [CrossRef]
[PubMed]

Wong, W.L,; Su, X,; Li, X.; Cheung, C.M.; Klein, R.; Cheng, C.Y.; Wong, T.Y. Global prevalence of age-related macular degeneration
and disease burden projection for 2020 and 2040: A systematic review and meta-analysis. Lancet Glob. Health 2014, 2, e106—e116.
[CrossRef] [PubMed]

Mitchell, P; Liew, G.; Gopinath, B.; Wong, T.Y. Age-related macular degeneration. Lancet 2018, 392, 1147-1159. [CrossRef]
[PubMed]

Brown, D.M.; Kaiser, PX.; Michels, M.; Soubrane, G.; Heier, J.S.; Kim, R.Y.; Sy, ].P.; Schneider, S.; ANCHOR Study Group.
Ranibizumab versus verteporfin for neovascular age-related macular degeneration. N. Engl. ]. Med. 2006, 355, 1432-1444.
[CrossRef] [PubMed]

Heier, ].S.; Brown, D.M.; Chong, V.; Korobelnik, J.F,; Kaiser, PK.; Nguyen, Q.D.; Kirchhof, B.; Ho, A.; Ogura, Y.; Yancopoulos,
G.D.; et al. Intravitreal aflibercept (VEGF trap-eye) in wet age-related macular degeneration. Ophthalmology 2012, 119, 2537-2548.
[CrossRef] [PubMed]

Solomon, S.D.; Lindsley, K.; Vedula, S.S.; Krzystolik, M.G.; Hawkins, B.S. Anti-vascular endothelial growth factor for neovascular
age-related macular degeneration. Cochrane Database Syst. Rev. 2019, 3, CD005139. [PubMed]

Rosenfeld, PJ.; Brown, D.M.; Heier, ].S.; Boyer, D.S.; Kaiser, PK.; Chung, C.Y,; Kim, R.Y.; MARINA Study Group. Ranibizumab for
neovascular age-related macular degeneration. N. Engl. . Med. 2006, 355, 1419-1431. [CrossRef] [PubMed]

Hara, C.; Wakabayashi, T.; Toyama, H.; Fukushima, Y.; Sayanagi, K.; Sato, S.; Sakaguchi, H.; Nishida, K. Characteristics of patients
with neovascular age-related macular degeneration who are non-responders to intravitreal aflibercept. Br. |. Ophthalmol. 2019,
103, 623-629.

Nagai, N.; Suzuki, M.; Uchida, A.; Kurihara, T.; Kamoshita, M.; Minami, S.; Shinoda, H.; Tsubota, K.; Ozawa, Y. Non-
responsiveness to intravitreal aflibercept treatment in neovascular age-related macular degeneration: Implications of serous
pigment epithelial detachment. Sci. Rep. 2016, 6, 29619. [CrossRef] [PubMed]

Mettu, PS.; Allingham, M.]J.; Cousins, S.W. Incomplete response to anti-VEGF therapy in neovascular AMD: Exploring disease
mechanisms and therapeutic opportunities. Prog. Retin. Eye Res. 2021, 82, 100906. [CrossRef] [PubMed]

Heier, ].S.; Khanani, A.M.; Quezada Ruiz, C.; Basu, K.; Ferrone, PJ.; Brittain, C.; Figueroa, M.S.; Lin, H.; Holz, EG.; Patel, V.; et al.
Efficacy, durability, and safety of intravitreal faricimab up to every 16 weeks for neovascular age-related macular degeneration
(TENAYA and LUCERNE): Two randomised, double-masked, phase 3, non-inferiority trials. Lancet 2022, 399, 729-740. [CrossRef]
[PubMed]

Khanani, A.M.; Kotecha, A.; Chang, A.; Chen, S.J.; Chen, Y.; Guymer, R.; Heier, ].S.; Holz, EG,; Iida, T.; Ives, J.A.; et al. TENAYA
and LUCERNE: Two-year results from the phase 3 neovascular age-related macular degeneration trials of faricimab with
treat-and-extend dosing in year 2. Ophthalmology 2024, 131, 914-926. [CrossRef] [PubMed]

Matsumoto, H.; Hoshino, J.; Nakamura, K.; Akiyama, H. One-year results of treat-and-extend regimen with intravitreal faricimab
for treatment-naive neovascular age-related macular degeneration. Jpn. J. Ophthalmol. 2024, 68, 83-90. [CrossRef] [PubMed]
Kishi, M.; Miki, A.; Kamimura, A.; Okuda, M.; Matsumiya, W.; Imai, H.; Kusuhara, S.; Nakamura, M. Short-term outcomes of
faricimab treatment in aflibercept-refractory eyes with neovascular age-related macular degeneration. J. Clin. Med. 2023, 12, 5145.
[CrossRef] [PubMed]

Ohji, M.; Okada, A.A.; Sasaki, K.; Moon, S.C.; Machewitz, T.; Takahashi, K.; ALTAIR Investigators. Relationship between retinal
fluid and visual acuity in patients with exudative age-related macular degeneration treated with intravitreal aflibercept using a
treat-and-extend regimen: Subgroup and post-hoc analyses from the ALTAIR study. Graefes Arch. Clin. Exp. Ophthalmol. 2021, 259,
3637-3647. [CrossRef] [PubMed]

Jhaveri, C.; Wykoff, C.C; Khanani, A.M.; Eandi, C.M.; Chang, A.; Gedif, B.; Gedif, K.A ; Singer, M. Early residual fluid-free status
and long-term BCVA outcomes: A treatment agnostic, post hoc analysis of pooled HAWK and HARRIER data. Am. |. Ophthalmol.
2022, 236, 12-19. [CrossRef] [PubMed]

Zhang, J.; Liu, Z.; Hu, S.; Qi, ]J. Meta-analysis of the pharmacogenetics of ARMS2 A69S polymorphism and the response to
advanced age-related macular degeneration. Ophthalmic Res. 2021, 64, 192-204. [CrossRef] [PubMed]

Kondo, N.; Honda, S.; Ishibashi, K.; Tsukahara, Y.; Negi, A. LOC387715/HTRA1 variants in polypoidal choroidal vasculopathy
and age-related macular degeneration in a Japanese population. Am. J. Ophthalmol. 2007, 144, 608-612. [CrossRef] [PubMed]
Hayashi, H.; Yamashiro, K.; Gotoh, N.; Nakanishi, H.; Nakata, I.; Tsujikawa, A.; Otani, A.; Saito, M.; lida, T.; Matsuo, K,; et al.
CFH and ARMS? variations in age-related macular degeneration, polypoidal choroidal vasculopathy, and retinal angiomatous
proliferation. Investig. Ophthalmol. Vis. Sci. 2010, 51, 5914-5919. [CrossRef]

https:/ /doi.org/10.3390/biomedicines14071590


https://doi.org/10.1056/nejmra0801537
https://www.ncbi.nlm.nih.gov/pubmed/18550876
https://doi.org/10.1016/s2214-109x(13)70145-1
https://www.ncbi.nlm.nih.gov/pubmed/25104651
https://doi.org/10.1016/s0140-6736(18)31550-2
https://www.ncbi.nlm.nih.gov/pubmed/30303083
https://doi.org/10.1056/nejmoa062655
https://www.ncbi.nlm.nih.gov/pubmed/17021319
https://doi.org/10.1016/j.ophtha.2012.09.006
https://www.ncbi.nlm.nih.gov/pubmed/23084240
https://www.ncbi.nlm.nih.gov/pubmed/30834517
https://doi.org/10.1056/nejmoa054481
https://www.ncbi.nlm.nih.gov/pubmed/17021318
https://doi.org/10.1038/srep29619
https://www.ncbi.nlm.nih.gov/pubmed/27403807
https://doi.org/10.1016/j.preteyeres.2020.100906
https://www.ncbi.nlm.nih.gov/pubmed/33022379
https://doi.org/10.1016/s0140-6736(22)00010-1
https://www.ncbi.nlm.nih.gov/pubmed/35085502
https://doi.org/10.1016/j.ophtha.2024.02.014
https://www.ncbi.nlm.nih.gov/pubmed/38382813
https://doi.org/10.1007/s10384-023-01040-4
https://www.ncbi.nlm.nih.gov/pubmed/38244172
https://doi.org/10.3390/jcm12155145
https://www.ncbi.nlm.nih.gov/pubmed/37568546
https://doi.org/10.1007/s00417-021-05293-y
https://www.ncbi.nlm.nih.gov/pubmed/34283294
https://doi.org/10.1016/j.ajo.2021.10.017
https://www.ncbi.nlm.nih.gov/pubmed/34695400
https://doi.org/10.1159/000515273
https://www.ncbi.nlm.nih.gov/pubmed/32428913
https://doi.org/10.1016/j.ajo.2007.06.003
https://www.ncbi.nlm.nih.gov/pubmed/17692272
https://doi.org/10.1167/iovs.10-5554
https://doi.org/10.3390/biomedicines14071590

Biomedicines 2026, 14, 1590 11 of 11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Diaz-Villamarin, X.; Blanquez-Martinez, D.; Pozo-Agundo, A.; Perez-Gutierrez, A.M.; Munoz-Avila, J.I,; Antunez-Rodriguez, A,;
Fernandez-Gomez, A.E.; Garcia-Navas, P.; Martinez-Gonzalez, L.].; Davila-Fajardo, C.L. Genetic variants affecting anti-VEGF
drug response in polypoidal choroidal vasculopathy patients: A systematic review and meta-analysis. Genes 2020, 11, 1335.
[CrossRef] [PubMed]

Wang, Z.; Zou, M.; Chen, A,; Liu, Z.; Young, C.A.; Wang, S.B.; Zheng, D.; Jin, G. Genetic associations of anti-vascular endothelial
growth factor therapy response in age-related macular degeneration: A systematic review and meta-analysis. Acta Ophthalmol.
2022, 100, e669-e680. [PubMed]

lida, T.; Gomi, F; Yasukawa, T.; Yamashiro, K.; Honda, S.; Maruko, I.; Kataoka, K.; Japanese Retina and Vitreous Society Guidelines
Committee for Neovascular Age-Related Macular Degeneration. Japanese clinical guidelines for neovascular age-related macular
degeneration. Jpn. J. Ophthalmol. 2025, 69, 639-660. [CrossRef] [PubMed]

Chubachi-Kamimura, A.; Miki, A.; Hayashida-Hirano, M.; Kishimoto-Kishi, M.; Okuda, M.; Matsumiya, W.; Imai, H.; Kusuhara,
S.; Nakamura, M. Aniseikonia after reduced-fluence photodynamic therapy in patients with central serous chorioretinopathy. Sci.
Rep. 2023, 13,17133. [CrossRef] [PubMed]

Hayashida, M.; Miki, A.; Nakai, S.; Matsumiya, W.; Imai, H.; Kusuhara, S.; Nakamura, M. Predictive factors of metamorphopsia
after reduced-fluence photodynamic therapy in patients with central serous chorioretinopathy with good baseline visual acuity.
PLoS ONE 2020, 15, €0240557. [CrossRef] [PubMed]

Lim, J.I,; Ambresin, A.; Avery, R.L.; Chaikitmongkol, V.; Eter, N.; Gomi, F.; Khanani, A.M.; London, N.J.S.; Harrell, E.; Margaron,
P; et al. Reduction in Pigment Epithelial Detachment Thickness with Faricimab versus Aflibercept 2 mg during Head-to-Head
Dosing in TENAYA /LUCERNE. Ophthalmol. Sci. 2026, 6, 101148. [CrossRef] [PubMed]

Matsumoto, H.; Hoshino, J.; Nakamura, K.; Nagashima, T.; Akiyama, H. Short-term outcomes of intravitreal faricimab for
treatment-naive neovascular age-related macular degeneration. Graefes Arch. Clin. Exp. Ophthalmol. 2023, 261, 2945-2952.
[CrossRef] [PubMed]

Tanaka, A.; Hata, M.; Tsuchikawa, M.; Ueda-Arakawa, N.; Tamura, H.; Miyata, M.; Takahashi, A.; Kido, A.; Muraoka, Y.; Miyake,
M.; et al. Short-term outcomes of 3 monthly intravitreal faricimab on different subtypes of neovascular age-related macular
degeneration. Clin. Ophthalmol. 2024, 18, 507-516. [CrossRef] [PubMed]

Keane, P.A.; Patel, PJ.; Liakopoulos, S.; Heussen, EM.; Sadda, S.R.; Tufail, A. Evaluation of age-related macular degeneration with
optical coherence tomography. Surv. Ophthalmol. 2012, 57, 389-414. [CrossRef] [PubMed]

Willoughby, A.S.; Ying, G.S.; Toth, C.A.; Maguire, M.G.; Burns, R.E.; Grunwald, J.E.; Daniel, E.; Jaffe, G.].; Comparison of
Age-Related Macular Degeneration Treatments Trials Research Group. Subretinal hyperreflective material in the Comparison of
Age-Related Macular Degeneration Treatments Trials. Ophthalmology 2015, 122, 1846-1853.e5. [CrossRef] [PubMed]

Han, H.Y,; Park, S.M.; Lee, ].H,; Kim, C.G.; Kim, J.W.; Cho, H.J.; Kim, ].H. Outcomes and predictive factors for fluid resolution
following three loading injections of faricimab for treatment-naive neovascular age-related macular degeneration. Sci. Rep. 2025,
15, 938. [CrossRef] [PubMed]

Yanai, R.; Murao, F.; Miki, A.; Terasaki, H.; Chujo, S.; Sakaeda, Y.; Seki, K.; Ishigouoka, G.; Iwase, T.; Ohara, H.; et al. 6-month
outcomes of intravitreal faricimab injection for neovascular age-related macular degeneration and their relationships with clinical
findings: A multicentre cohort study from the J-CREST. BM] Open Ophthalmol. 2025, 10, e002415. [CrossRef] [PubMed]
Chakravarthy, U.; McKay, G.J.; de Jong, P.T.; Rahu, M.; Seland, J.; Soubrane, G.; Tomazzoli, L.; Topouzis, F; Vingerling, ].R.; Vioque,
J.; et al. ARMS? increases the risk of early and late age-related macular degeneration in the European Eye Study. Ophthalmology
2013, 120, 342-348. [CrossRef] [PubMed]

Schick, T.; Altay, L.; Viehweger, E.; Hoyng, C.B.; den Hollander, A.I; Felsch, M.; Fauser, S. Genetics of unilateral and bilateral
age-related macular degeneration severity stages. PLoS ONE 2016, 11, e0156778. [CrossRef] [PubMed]

Park, U.C.; Shin, ].Y,; Chung, H.; Yu, H.G. Association of ARMS2 genotype with response to anti-vascular endothelial growth
factor treatment in polypoidal choroidal vasculopathy. BMC Ophthalmol. 2017, 17, 241. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/biomedicines14071590


https://doi.org/10.3390/genes11111335
https://www.ncbi.nlm.nih.gov/pubmed/33198211
https://www.ncbi.nlm.nih.gov/pubmed/34403208
https://doi.org/10.1007/s10384-025-01240-0
https://www.ncbi.nlm.nih.gov/pubmed/40658332
https://doi.org/10.1038/s41598-023-44415-w
https://www.ncbi.nlm.nih.gov/pubmed/37816824
https://doi.org/10.1371/journal.pone.0240557
https://www.ncbi.nlm.nih.gov/pubmed/33044997
https://doi.org/10.1016/j.xops.2026.101148
https://www.ncbi.nlm.nih.gov/pubmed/42005909
https://doi.org/10.1007/s00417-023-06116-y
https://www.ncbi.nlm.nih.gov/pubmed/37195339
https://doi.org/10.2147/opth.s448507
https://www.ncbi.nlm.nih.gov/pubmed/38405104
https://doi.org/10.1016/j.survophthal.2012.01.006
https://www.ncbi.nlm.nih.gov/pubmed/22898648
https://doi.org/10.1016/j.ophtha.2015.05.042
https://www.ncbi.nlm.nih.gov/pubmed/26143666
https://doi.org/10.1038/s41598-024-82746-4
https://www.ncbi.nlm.nih.gov/pubmed/39762260
https://doi.org/10.1136/bmjophth-2025-002415
https://www.ncbi.nlm.nih.gov/pubmed/40998549
https://doi.org/10.1016/j.ophtha.2012.08.004
https://www.ncbi.nlm.nih.gov/pubmed/23098369
https://doi.org/10.1371/journal.pone.0156778
https://www.ncbi.nlm.nih.gov/pubmed/27257685
https://doi.org/10.1186/s12886-017-0631-z
https://www.ncbi.nlm.nih.gov/pubmed/29212537
https://doi.org/10.3390/biomedicines14071590

	Introduction 
	Materials and Methods 
	Study Design and Ethical Approval 
	Participants 
	Outcome Definitions and Rationale for Primary Endpoint 
	Imaging and OCT Parameters 
	Genetic Analysis 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Functional and Anatomical Outcomes at Week 16 
	Genetic Analysis (Exploratory) 
	Multivariable Logistic Regression 

	Discussion 
	Conclusions 
	References

