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ABSTRACT

Introduction: This study investigates the early
temporal changes in pigment epithelial detach-
ment (PED) morphology following treatment
with faricimab in patients with neovascular age-
related macular degeneration (nAMD). Utilizing
an artificial intelligence (Al)-assisted approach,
we provide a detailed quantification and charac-
terization of the dynamics of these morphologi-
cal changes.

Methods: A prospective observational study
was conducted on 22 eyes from 22 treatment-
naive patients with nAMD-associated PED (pre-
senting either type 1 or type 3 macular neovas-
cularization). Participants were administered
intravitreal faricimab (6 mg) at baseline and at
days 30, 60, and 90. Comprehensive ophthal-
mic evaluations and spectral-domain optical
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coherence tomography (SD-OCT) imaging were
conducted at baseline and at seven additional
follow-up visits on days 1, 7, 14, 30, 60, 90, and
120. An Al-based automated segmentation algo-
rithm was utilized to precisely quantify changes
in PED volume, alongside intraretinal (IRF) and
subretinal fluid (SRF) volumes, at each time
point.

Results: Treatment with faricimab resulted in a
significant reduction in mean PED volume, with
an average decrease of 12% at day 1, 29% at day
7, 51% at day 14, 68% at day 30, 72% at day 60,
79% at day 90, and 84% at day 120 (p<0.0001
for all time points). Similarly rapid and marked
reductions were noted in both mean IRF (23.5%
at day 1, 90.7% at day 14) and SRF (14.4% at
day 1, 91.2% at day 14) volumes. The study also
showed a statistically significant improvement
in best-corrected visual acuity (BCVA) over the
follow-up period, correlating with the reduction
in PED volume.

Conclusion: Faricimab demonstrates early and
significant efficacy in improving PED architec-
ture in patients with nAMD. The rapid morpho-
logical improvements observed in this study sug-
gest faricimab may represent a valid therapeutic
option for PEDs associated with nAMD.
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Key Summary Points

Why carry out this study?

Pigment epithelium detachment (PED) is
commonly observed in patients with neo-
vascular age-related macular degeneration
(AMD), significantly increasing the need for
consistent anti-VEGF treatments and high-
lighting an unmet need for more effective
therapies.

The study aimed to evaluate the effective-
ness of faricimab, a dual-targeting molecule,
in improving the morphological parameters
of PED and retinal fluids in patients with
neovascular AMD through the use of artificial
intelligence for segmentation and quantifica-
tion.

What was learned from the study?

Faricimab leads to a rapid and significant
improvement in retinal fluid volumes and
PED morphology for patients with neovascu-
lar AMD.

Faricimab offers a promising treatment alter-
native for managing PEDs in patients with
neovascular AMD.

INTRODUCTION

Neovascular age-related macular degeneration
(nAMD) stands as a predominant cause of irre-
versible vision loss [1-4]. A hallmark of nAMD is
the development of pigment epithelial detach-
ment (PED), a critical pathological feature evi-
dent in approximately 30% to 80% of nAMD
cases [5]. The detachment of the retinal pigment
epithelium (RPE) from the underlying Bruch'’s
membrane, driven by fluid accumulation and
vascular proliferation, manifests in several clin-
ical forms. The most common include serous,
hemorrhagic, and fibrovascular. Serous PEDs,
marked by serous fluid buildup, and fibrovas-
cular PEDs, characterized by fibrovascular tis-
sue growth, are closely associated with type 1
and type 3 macular neovascularization (MNV)

[6]. They present a substantial therapeutic chal-
lenge, as anti-vascular endothelial growth factor
(anti-VEGF) therapies often show limited effi-
cacy in resolving PEDs compared to their impact
on intraretinal (IRF) and subretinal fluid (SRF)
[7-9]. The sub-RPE compartment appears to be
relatively isolated, and fluid in this space often
demonstrates a suboptimal response to anti-
VEGF therapy. It has also been observed that
sub-RPE fluid is more persistent than IRF and
SRF and typically requires more frequent anti-
VEGF treatment regimens [10].

Faricimab is a bispecific antibody that binds
and inhibits both VEGF-A and angiopoietin-2
(Ang-2), recently approved for the treatment of
nAMD and diabetic macular edema. By block-
ing these two key pathways in MNV pathogen-
esis, faricimab offers dual angiogenic targeting,
not only addressing the neovascular elements
but also contributing to vascular stabilization,
potentially improving PED management [11,
12].

In this context, our study aims to explore
the early changes in PED morphology follow-
ing faricimab treatment in patients with nAMD.
Employing artificial intelligence (Al)-assisted
analysis, we quantitatively assess PED volume
and fluid accumulation in the subretinal and
intraretinal compartments, providing a detailed
evaluation of faricimab’s impact on PED archi-
tecture in nAMD.

METHODS

Study Design and Participants

This prospective, observational study was con-
ducted between March 2023 and December 2023
at the Department of Medicine-Ophthalmology,
University of Udine, Italy, and included consec-
utive, treatment-naive patients with neovascular
age-related macular degeneration (nAMD) pre-
senting type 1 or type 3 macular neovasculariza-
tion (MNV) associated with pigment epithelial
detachment (PED). Type II MNV was excluded
because it does not typically present with PED,
which could introduce confounding variables
and affect comparability with previous studies
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focusing on PED-related treatments. Consist-
ent with previous studies, PED was defined as a
pigment epithelial elevation exceeding 400 pm
in width and 75 pm in height, or over 200 pm
in height on spectral-domain optical coherence
tomography (SD-OCT) [13]. PEDs were further
categorized based on their reflectivity patterns
on SD-OCT imaging as follows: predominantly
serous PEDs comprising>50% serous fluid by
volume showing optically empty spaces with
minimal internal reflectivity; purely fibrovascu-
lar PEDs demonstrating peaked contours with
moderately reflective internal structure; predom-
inantly fibrovascular PEDs comprising >50%
fibrovascular tissue by volume. In ambiguous
cases, the dominant component of the PED was
determined based on corresponding multimodal
imaging with fluorescein angiography (FA) and
indocyanine green angiography (ICGA).

Treatment Protocol

Patients received intravitreal injections of
taricimab (6 mg) at baseline (day 0), and subse-
quently at days 30, 60, and 90, as per label.

Assessment Schedule

Comprehensive ophthalmic evaluations were
conducted at baseline and subsequent visits
(days 1, 7, 14, 30, 60, 90, and 120) post-treat-
ment. These included best-corrected visual acu-
ity (BCVA) measurements with Early Treatment
Diabetic Retinopathy Study (ETDRS) charts, fun-
dus examination, and SD-OCT imaging (Spec-
tralis, Heidelberg Engineering, Heidelberg, Ger-
many). A density map program 20°x 20° with
high-speed mode and follow-up settings was
utilized for consistent imaging of the macula.
Baseline evaluations also included FA and ICGA
for detailed MNV and PED characterization.

Automated Quantification of Retinal Fluid

Retinal fluid segmentation was performed using
the Fluid Monitor software (RetInSight, Vienna,
Austria), an artificial intelligence-based system

for automated segmentation of IRF, SRF, and
PEDs. It employs a deep convolutional neural
network that has undergone extensive valida-
tion across multiple cohorts and grading cent-
ers [14, 15]. For each OCT B-scan, the software
performs a pixel-wise classification to delineate
regions of IRF, SRE, and PED from normal reti-
nal tissue. The neural network was trained on
a diverse dataset of pathology-confirmed OCT
scans annotated by expert graders. Quantitative
outputs from the software include total fluid vol-
ume for IRF, SRF, and PED in the central 6-mm
area. Built-in quality control measures, such as
the Q-score, provide a per-scan indication of seg-
mentation accuracy. This tool has demonstrated
a significant correlation with manual grading for
total fluid volumes (Pearson r=0.908) and high
sensitivity in detecting pathologic fluid-related
retinal thickness changes [14, 15]. However,
segmentation errors were monitored through a
combination of automated quality assessments
and manual review. An expert reviewer (VS)
manually inspected automated segmentation
outputs, correcting gross errors to ensure analy-
sis accuracy.

Statistical Analysis

Statistical analyses were conducted to evaluate
the changes in BCVA and fluid characteristics
over time, using non-parametric tests due to the
non-normal distribution of the data. The Fried-
man test was employed for repeated measures,
and Spearman’s rank correlation was used to
assess relationships between variables. Descrip-
tive statistics summarized baseline characteris-
tics and treatment outcomes. Additionally, two
multiple regression models were used: one to
evaluate the impact of PED volume, SRF, and
IRF on BCVA, and another to assess the relation-
ship between changes in these fluid volumes
and changes in BCVA. These models included
BCVA and changes in BCVA as the dependent
variables, respectively, and PED, SRF, and IRF
volumes and their changes as independent vari-
ables to estimate their real impact on visual acu-
ity. Results with two-sided p-values<0.05 were
considered statistically significant.
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Ethical Considerations

This study was approved by the IEMO insti-
tutional review board (reference number:
2024.0430/f) and adhered to the tenets of the
Declaration of Helsinki. Informed consent was
obtained from all participants.

RESULTS

Patient Demographics and Baseline
Characteristics

A total of 22 eyes (22 patients) with nAMD and
PED were enrolled in the study. The average age
of the participants was 74 years, with a major-
ity (73%) presenting with type 1 MNV. All PEDs
were located in the center 1 mm. Baseline char-
acteristics are summarized in Table 1.

Faricimab Treatment and Patient Disposition

All patients received intravitreal injections with
taricimab at the prespecified intervals. The
response to treatment was available over a 120-
day period with clinical assessments at baseline
and at 1, 7, 14, 30, 60, 90, and 120 days for all
patients.

Changes in PED, SRE, and IRF Volume

A significant time effect was observed with
repeated-measures analysis of variance (ANOVA)
for PED volume reduction after treatment with
taricimab (p<0.0001). On average, PED volume
decreased by 12% on day 1, 29% on day 7, 51%
on day 14, 68% on day 30, 72% on day 60, 79%
on day 90, and 84% on day 120. Post hoc com-
parisons showed a statistically significant change
from baseline at every time point (p<0.0001). The
study also showed a statistically significant and
rapid reduction in both SRF and IRF volumes as
early as 1 day after initial treatment (p<0.0001).
Changes in the PED morphology and associated
features are summarized in Table 2, Fig. 1, and
Figures S1-SS.

In assessing the evolution of PED volume
among different PED subtypes over time, a lin-
ear regression model with interaction terms was
employed. The model accounted for the effects of
time, PED subtype, and the interaction between
time and each subtype. The analysis revealed sig-
nificant variance in PED volume changes across
different subtypes. Specifically, the “predomi-
nantly serous” subtype showed a statistically sig-
nificant different trend in PED volume over time
(interaction term coefficient=-7.1876, p<0.01)
relative to the other subtypes. These results sug-
gest a unique trajectory in PED volume changes
for the predominantly serous subtype over the
observed time period, indicating potential sub-
type-specific responses or progression patterns in
PED volume changes (Fig. 2).

Visual Acuity Outcomes

There was a statistically significant improvement
in BCVA over the course of follow-up (p<0.001).
The average gain in BCVA was +2.3, +3.7, +5.2,
+5.6, +8.3, +8.0, and +9.1 ETDRS letters on days
1,7, 14, 30, 60, 90, and 120, respectively (Table 2).
Post hoc comparisons with the baseline showed
that these improvements were statistically signifi-
cant from day 7 onwards (Fig. 3).

The multiple regression analysis demonstrated
that IRF significantly impacts visual acuity, with
IRF volume showing a statistically significant
negative effect on BCVA (§=-0.0354, p<0.05).
Additionally, when evaluating changes in fluid
volumes, we found that the reduction in PED vol-
ume was significantly associated with improve-
ment in visual acuity (8=0.0017, p<0.05).

Safety and Tolerability

Faricimab was well tolerated, with no serious
adverse events reported. No patient experienced
a vision loss of more than five ETDRS letters at
any time point. No cases of RPE tear, intraocular
inflammation, or retinal vasculitis occurred.

A\ Adis



Ophthalmol Ther

Table 1 Baseline characteristics

Characteristic
Age (years), mean + SD
Gender (%)

MNYV type, 7 (%)

PED type, 7 (%)

Baseline BCVA (ETDRS letters), mean + SD

PED volume (nL), mean + SD (range)
median (IQR)

IRF volume (nL), mean + SD (range)

median (IQR)

SREF volume (nL), mean + SD (range)

median (IQR)

Maximum PED height (um), mean + SD (range)
median (IQR)

Total cohort (N =22)
743182

Male-46%,
female—54%
Type 1 16 (72.7%)
Purely fibrovascular PED 5(31.3%)
Predominantly fibrovascular 8 (50%)
Predominantly serous 3(18.7%)
Type 3 6 (27.3%)
Purely fibrovascular PED 0 (0%)
Predominantly fibrovascular 1(16.7%)
Predominantly serous 5(83.3%)
Purely fibrovascular 5 (22.7%)
Predominantly fibrovascular 9 (40.9%)
Predominantly serous 8 (36.4%)
56.1+12.1
2137+ 966 (749-
4301)
2072 (1107)
63+71 (0-307)
25 (128)
920 +632 (12-2236)
979 (880)
370 + 136 (182-768)
67 (101)

SD standard deviation; MNV macular neovascularization; PED pigment epithelium detachment; BCVA best-corrected vis-
ual acuity; ETDRS Early Treatment Diabetic Retinopathy Study; IRF intraretinal fluid; JQR interquartile range; SRF sub-

retinal fluid

DISCUSSION

The management of nAMD-associated PED rep-
resents a significant clinical challenge [5].

In this prospective case series, we demonstrate
the ability of faricimab to significantly enhance
the morphological characteristics of PEDs asso-
ciated with type 1 and type 3 MNVs. Through
the utilization of a validated deep learning algo-
rithm for precise segmentation, we were able to

delineate these structural gains at an unprece-
dented temporal granularity, capturing signifi-
cant decreases in PED and fluid volumes as early
as 1 day following the initial faricimab injec-
tion. These morphological improvements stead-
ily continued through the observation period
of 4 months, accompanied by significant and
sustained gains in BCVA. In our series, the base-
line IRF volume was minimal, indicative of the
MNV included. Nonetheless, a marked response
to therapy was observed. with a reduction of
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Table 2 Temporal dynamics of PED volume, SRF, IRF, and maximum PED height in response to faricimab treatment

30 60 90 120

BCVA (ETDRS

letters)
Mean (SD) vari-
ation

PED volume (nL)
Mean (SD) vari-

ation

Median variation
(IQR)
Mean percentage

variation
SRF volume (nL)
Mean (SD) vari-

ation

Median variation
(IQR)

Mean percentage
variation

IRF volume (nL)
Mean (SD) vari-

ation

Median variation
(IQR)
Mean percentage
variation
Maximum PED
height (um)
Mean (SD) vari-

ation

Median variation
(IQR)
Mean percentage

variation

—248 (244) -618(403) —1078 (657)

—246 (359) —594 (478) —1003 (544)

~132(212) —549 (414) —839 (606)

~509 (482) —845 (776)

+5.6(46)  +83(87)  +8.0(83)  +9.1(8.8)

~1450 (1088) —1542(1099) —1688 (1042) —1786

(989)
~1143 (1012) —1145(1086) —1508(917) —1786
(1010)
—67.9% ~72.2% ~79.0% ~83.6%

-911(627)  -913(630) —916(632) 916

(631)
—959 (864)  —967(868)  —971(873)  —968

(870)
-99.0% -99.3% —-99.6% —-99.6%
-59 (68) =59 (71) -58 (70) -59 (69)
-25(119) —-17(122) —~17(118) -25

(117)
—94.7% -93.7% -92.1% —94.2%

~198 (162)  -225(164)  —-256(153)  —264

(148)
-155(63) -196 (98) -229 (91) 224

(80)
-53.5% -60.8% —-69.4% -71.4%

BCVA best-corrected visual acuity; JQR interquartile range; IRF intraretinal fluid; PED pigment epithelium detachment;

SD standard deviation; SRF subretinal fluid
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Fig.2 Comparison of PED volume over time among different PED subtypes
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over 90% in IRF volume evident as early as 2
weeks following the initial faricimab injection.
Conversely, the baseline subretinal fluid (SRF)
volume was significantly greater, yet it similarly
exhibited a rapid decrease of over 90% within
2 weeks post-injection. The dynamics of PED
volume reduction differed, with a decrease of
approximately 50% observed at the 2-week
mark. This gradual improvement in PED lesions,
compared to the swift resolution of IRF and SRE,
was anticipated, as the Al-based quantification
of IRF and SRF exclusively accounts for optically
empty spaces on OCT, whereas PED volume
measurement also encompasses the fibrovascular
component, whose nature impedes a rapid and
complete resolution.

The sub-RPE compartment in nAMD consti-
tutes an isolated space that appears to exhibit
a limited therapeutic response to selective
VEGF inhibition, frequently necessitating more
intensive anti-VEGF treatment regimens [10].
By simultaneously inhibiting the VEGF and
Ang-2 pathways that drive pathologic angiogen-
esis and vascular leakage, faricimab offers dual

angiogenic targeting to counter the key mecha-
nisms underlying PED formation [16-19]. Com-
pared to selective VEGF inhibitors, additional
Ang-2 blockade by faricimab may more effec-
tively restrict inflammatory mechanisms linked
to vascular permeability and fluid accumulation
in the sub-RPE space [20] based on preclinical
evidence [18]. Data delineating the actual capac-
ity of available anti-VEGF agents to penetrate
the sub-RPE space are currently lacking but
would be worthwhile and a line of investigation
potentially leading to substantial clinical ben-
efits. In our series, mean PED volume decreased
substantially from baseline by 12% at day 1, 29%
by day 7, 51% by day 14% and 68% at 1 month
following faricimab initiation. Of note, the
mean 84% decrease from baseline at 4 months
is greater than values reported in studies evalu-
ating anti-VEGF therapy with other agents. In
the HARBOR study, which assessed the efficacy
and safety of intravitreal ranibizumab adminis-
tered at two dosages (0.5 and 2.0 mg) and under
two regimens (fixed monthly and flexible pro
re nata), the aggregated mean reduction in
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PED volume by the fourth month was approxi-
mately 55% [15]. In the HAWK and HARRIER
trials, which evaluated the efficacy and safety of
intravitreal brolucizumab versus aflibercept in
treatment-naive patients with neovascular AMD,
the resolution of PED volume reached 68-79%
of its baseline volume [21]. Moreover, our data
on reduction of mean PED height can also be
tavorably compared to findings from other large
studies. In the HARBOR trial, with a mean base-
line PED height of approximately 280-290 pm,
ranibizumab 0.5 mg led to a decrease of about
120-130 pm at 1 month and 130-140 pm at
4 months [22]. In the TENAYA and LUCERNE
studies, starting from a baseline mean PED
height of 248 um, aflibercept 2 mg yielded a
reduction of about 63 pm at 1 month and 74 pm
at 4 months. Faricimab 6 mg, from a baseline
mean height of 258 ym, lowered PED height by
74 pm at 1 month and 87 pm at 4 months [23].
In contrast, our study demonstrated more pro-
nounced reductions in mean PED height using
faricimab 6 mg, measuring 198 pm at 1 month
and 265 ym at 4 months. These marked differ-
ences may be partially attributable to the higher
baseline mean PED height of 370 pm observed
in our cohort. Furthermore, the distribution of
specific PED subtypes was not reported in the
cited randomized clinical trials.

Our study shows a distinct response pattern
in different PED subtypes, with the “predomi-
nantly serous” subtype demonstrating a unique
trajectory in PED volume changes. This obser-
vation aligns with previous literature, empha-
sizing the heterogeneity in PED response to
treatment across different subtypes [24]. So, an
imbalance in proportions of this subtype could
also account for some variability across studies.
Similarly, the prevalence of type 3 MNV was
not disclosed. As the approximately one third
of eyes in our series with type 3 lesions exhibited
the greatest PED volume decreases, differential
distributions of MNV types may explain some
variance in treatment responses.

Such rapid and significant reductions in
PED volume observed in our study may trans-
late into long-term functional gains, as studies
have strongly linked early subsidence in PED
severity to positive long-term visual acuity out-
comes [25]. The positive correlation between

PED volume decrease and BCVA improvement
that we found in our study further reinforces
the clinical relevance of PED as a biomarker for
treatment efficacy, aligning with prior findings
that have linked PED resolution with visual acu-
ity gains [26, 27]. The impact of IRF and SRF on
visual acuity has been extensively researched,
with evidence indicating that IRF has a signifi-
cantly more detrimental effect on visual acuity
than SRFE. Our observations are consistent with
these findings. [28] The use of automated seg-
mentation tools offers significant advantages
in efficiency, reproducibility, and precision in
quantifying pathological volumes from OCT
imaging. Our study demonstrates the feasibil-
ity and utility of incorporating such Al-assisted
analysis into the assessment of treatment
response. Further validation studies comparing
the performance of automated grading solutions
like the RetInSight Fluid Monitor against expert
manual annotation would lend additional sup-
port to their integration into research and clini-
cal workflows. By enabling accurate, automated
quantification of pathological volumes, these
technologies provide invaluable insights into
the effects of available and emerging therapies
on retinal morphology and potentially empower
clinicians to make more informed decisions, tai-
loring interventions to the individual character-
istics of each patient’s condition.

The excellent safety profile and tolerability of
faricimab observed in our study, as evidenced by
the absence of serious adverse events, including
RPE tears, add to the growing body of evidence
supporting its use in clinical practice.

Several limitations of the present study war-
rant consideration. First, the non-randomized,
uncontrolled observational design precludes
comparative efficacy analysis against other anti-
VEGF agents. While the considerable anatomic
improvements observed here provide early opti-
mism for faricimab’s therapeutic potential in
PEDs, data from head-to-head trials are needed
to determine if the dual Ang-2 and VEGF-A
blockade confers additive benefits over inhibi-
tion of VEGF-A alone. Additionally, the single-
center nature and relatively small sample size
raise the possibility of selection and investiga-
tor bias, limiting generalizability. The dura-
tion of follow-up was also limited. Longer-term
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data would offer further validation of faricimab
durability. Finally, our cohort comprised only
treatment-naive patients. Evaluating faricimab’s
efficacy in eyes with prior anti-VEGF exposure
will provide valuable insights on its utility in
real-world clinical settings.

CONCLUSION

In conclusion, our high-resolution temporal
analysis sheds light on the kinetics of PED mor-
phological response soon after faricimab treat-
ment. The rapid and significant morphological
improvements, coupled with enhanced visual
outcomes and a favorable safety profile, position
faricimab as a valuable therapeutic option in the
treatment of PEDs associated with nAMD.
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