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Abstract

Purpose To characterize relationships between Consensus on Neovascular Age-Related Macular Degeneration Nomencla-
ture (CONAN) Study Group classifications of macular neovascularization (MNV) and visual responses to ranibizumab in
patients with neovascular age-related macular degeneration (nAMD).

Methods This was a post hoc analysis of the phase 3 HARBOR trial of ranibizumab in nAMD. Analyses included ranibi-
zumab-treated eyes with baseline multimodal imaging data; baseline MNV; subretinal and/or intraretinal fluid at screening,
baseline, or week 1; and spectral-domain optical coherence tomography images through month 24 (n=700). Mean best-
corrected visual acuity (BCVA) over time and mean BCVA change at months 12 and 24 were compared between eyes with
type 1, type 2/mixed type 1 and 2 (type 2/M), and any type 3 MNV at baseline.

Results At baseline, 263 (37.6%), 287 (41.0%), and 150 (21.4%) eyes had type 1, type 2/M, and any type 3 lesions, respec-
tively. Type 1 eyes had the best mean BCVA at baseline (59.0 [95% CI: 57.7-60.3] letters) and month 24 (67.7 [65.8-69.6]
letters), whereas type 2/M eyes had the worst (50.0 [48.6-51.4] letters and 60.8 [58.7-62.9] letters, respectively). Mean BCVA
gains at month 24 were most pronounced for type 2/M eyes (10.8 [8.9—-12.7] letters) and similar for type 1 (8.7 [6.9-10.5]
letters) and any type 3 eyes (8.3 [6.3—10.3] letters).

Conclusion Differences in BCVA outcomes between CONAN lesion type subgroups support the use of an anatomic clas-
sification system to characterize MNV and prognosticate visual responses to anti-vascular endothelial growth factor therapy
for nAMD.

Trial registration ClinicalTrials.gov identifier: NCT00891735. Date of registration: April 29, 2009.

Keywords Consensus on Neovascular Age-Related Macular Degeneration Nomenclature (CONAN) - Macular
neovascularization - Neovascular age-related macular degeneration - Ranibizumab - Visual acuity
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Key messages

®  The Consensus on Neovascular Age-Related Macular Degeneration Nomenclature (CONAN) Study Group recently
published consensus definitions to classify macular neovascularization (MNV) in patients with neovascular age-related

macular degeneration (nAMD).

® In this first application of CONAN Study Group criteria to a major trial dataset, anatomic classification of
MNV correlated with 24-month vision outcomes in the phase 3 HARBOR trial of ranibizumab in nAMD.

@ [These data support the adoption of an anatomic classification system to characterize MNV in patients with
nAMD and aid predictions of treatment response in clinical practice.

Introduction

Neovascular age-related macular degeneration (nAMD) is
a chronic, progressive retinal condition and a leading cause
of severe vision loss among individuals aged > 50 years
[1-3]. Intravitreal anti-vascular endothelial growth factor
(VEGEF) therapy is the first-line strategy to improve visual
and anatomic outcomes for patients with nAMD; however,
clinical presentations are varied and responses to treatment
often display considerable heterogeneity [1, 4]. A greater
understanding of the pathophysiology and manifestations
of nAMD can inform the development of individualized
therapies and improve treatment outcomes across a diverse
patient population [4].

For the past 3 decades, nAMD has commonly been
subtyped by neovascular lesion characteristics observable
via fluorescein angiography (FA). A formal FA-based
classification system was first described in the Macular
Photocoagulation Study in 1991 and categorized choroi-
dal neovascularization (CNV) lesions as occult (poorly
defined) or classic (well defined) according to patterns of
fluorescence seen on FA [5, 6]. Previous studies of pho-
todynamic therapy with verteporfin showed differences in
vision outcomes between eyes with predominantly classic,
minimally classic, and occult CNV lesions [7, 8]; how-
ever, subsequent analyses found that lesion size, rather
than lesion type, may be a more significant predictor of
treatment response [9]. More recently, exploratory analyses
of the Comparison of Age-Related Macular Degeneration
Treatment Trials (CATT) of anti-VEGF therapy in nAMD
showed that predominantly or minimally classic lesions at
baseline were associated with worse visual acuity (VA) at
1 year relative to occult lesions, and although eyes with
retinal angiomatous proliferation (RAP) lesions initially
displayed good visual responses to treatment, they were also
more likely to develop macular atrophy over time [10, 11].

An anatomic classification system for CNV (type 1,
beneath the retinal pigment epithelium [RPE]; type 2,
between the sensory retina and RPE) was first proposed by
Gass in 1994 [12]; however, widespread adoption of this
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terminology was likely hampered by an inability to reli-
ably discern the location of neovascular lesions using FA
and color fundus photography (CFP) alone. More recent
advances in retinal imaging, particularly spectral-domain
optical coherence tomography (SD-OCT), have subse-
quently afforded us the opportunity to revisit an anatomic
classification for neovascularization in nAMD. Multimodal
imaging combined with histopathologic correlations has
also enabled the characterization of other nAMD subtypes,
including polypoidal choroidal vasculopathy (type 1 neovas-
cularization with aneurysmal lesions) and RAP [4, 13-18].
In 2010, Freund et al. used SD-OCT in conjunction with
dye angiography (FA and/or indocyanine green angiogra-
phy) to develop an anatomic classification scheme that built
upon the neovascular lesion subtypes originally proposed
by Gass [4]. In addition to providing multimodal imaging
definitions for type 1 and type 2 lesions, the authors intro-
duced a type 3 subgroup to classify intraretinal neovascu-
larization otherwise known as RAP and preferred the term
neovascularization over CNV to accommodate lesions that
originate from the retinal circulation [4, 18]. In a study of
266 eyes with newly diagnosed nAMD, Jung et al. found
that grading OCT and FA images using these updated ana-
tomic definitions showed good agreement with traditional
FA-based grading, although the addition of OCT was able to
detect a higher frequency of type 3 and mixed-type lesions
than FA alone [19]. In a retrospective analysis of 210 newly
diagnosed, treatment-naive eyes receiving treat-and-extend
anti-VEGF therapy for nAMD, Mrejen et al. also showed
that anatomic classification of neovascular lesions was an
independent predictor of VA over 4 years of follow-up,
whereas FA-based classification was inconsistently corre-
lated with vision outcomes during this period [20].
Recognizing a need for standardized terminology in
research and clinical practice, the Consensus on Neovas-
cular Age-Related Macular Degeneration Nomenclature
(CONAN) Study Group recently published consensus
nomenclature to classify nAMD subtypes based on mul-
timodal imaging characteristics [21]. Similar to the clas-
sification proposed by Freund et al. [4], CONAN Study
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Group criteria define neovascularization as type 1, type 2,
mixed type 1 and 2, or type 3, depending on the anatomic
location of the lesion; advocate the term macular neo-
vascularization (MNV) over CNV or neovascularization;
and also provide multimodal imaging definitions for other
nAMD components and signs of disease activity, includ-
ing polypoidal choroidal vasculopathy, retinal-choroidal
anastomosis, subretinal fluid (SRF), and intraretinal fluid
(IRF) [21].

Given that previous anatomic classifications for neo-
vascular lesions have correlated with vision in patients
with nAMD [20], we were interested to examine whether
CONAN Study Group definitions of MNV would similarly
associate with VA outcomes and might prognosticate longer-
term responses to anti-VEGF therapy. To this end, we sought
to characterize the relationships between CONAN Study
Group classifications of baseline MNV and 24-month vision
outcomes in the pHase 3 double-masked, multicenter, ran-
domized, Active treatment-controlled study of the efficacy
and safety of 0.5 mg and 2.0 mg Ranibizumab administered
monthly or on an as-needed Basis in patients with subfoveal
neOvasculaR age-related macular degeneration (HARBOR)
trial [22, 23].

Methods
HARBOR

This was a post hoc analysis of the 24-month HARBOR
trial of ranibizumab in patients with nAMD (Clinical-
Trials.gov identifier, NCT00891735). HARBOR was
conducted in accordance with Good Clinical Practice
(International Conference on Harmonisation of Techni-
cal Requirements for Registration of Pharmaceuticals for
Human Use E6), applicable US Food and Drug Adminis-
tration regulations, the Health Insurance Portability and
Accountability Act, and the tenets of the Declaration of
Helsinki. The trial protocol was approved by institutional
review boards and ethics committees as applicable, and all
patients provided written informed consent to participate.

The study design, treatment protocol, and prespecified
efficacy and safety outcomes of HARBOR are reported in

the original trial publications [22, 23]. Briefly, HARBOR
evaluated the safety and efficacy of intravitreal ranibi-
zumab 0.5 mg and 2.0 mg, administered monthly or as-
needed (pro re nata [PRN]), in patients aged > 50 years
with treatment-naive subfoveal nAMD (N =1097). One
eye per patient was designated the study eye and rand-
omized 1:1:1:1 to receive monthly ranibizumab 0.5 mg
(n=275) or 2.0 mg (n=274), or PRN ranibizumab 0.5 mg
(n=275) or 2.0 mg (n=273) after 3 monthly loading
doses. Inclusion criteria for the study eye were Snellen
best-corrected VA (BCVA) 20/40-20/320 using Early
Treatment Diabetic Retinopathy Study (ETDRS) charts;
evidence of active subfoveal CNV (classic or occult); total
lesion area < 12 disc areas or 30.48 mm?; and total CNV
area > 50% of the total lesion area as determined on FA.
Participants attended monthly study visits through
month 24. From month 3 onward, patients randomized to
PRN ranibizumab received re-treatment upon prespecified
signs of disease activity, defined as a > 5-letter decrease
in BCVA from the previous visit or any evidence of IRF,
SRF, or subretinal pigment epithelial fluid on SD-OCT.
Throughout the treatment period, BCVA was evaluated
monthly using standard ETDRS protocols, SD-OCT
(macular cube scans composed of 512 A-scans and 128
B-scans over a 6 X 6-mm square centered on the fovea) was
performed at each study visit, and FA and CFP were per-
formed at baseline and months 3, 6, 12, 18, and 24. CFP,
FA, and SD-OCT images were independently reviewed by
masked graders at a single central reading center.

Post hoc analyses

The present study evaluated the relationship between ana-
tomic lesion subtype and vision outcomes in eyes with base-
line MNYV evaluable by all of SD-OCT, CFP, and FA; SRF
and/or IRF at baseline, screening, or week 1; and SD-OCT
images available through month 24. Baseline multimodal
images were retrospectively reviewed by > 1 reader from
the Web Reading Center at the Eye Clinic, Luigi Sacco Hos-
pital, University of Milan (Milan, Italy), and MNV lesions
were classified as type 1, type 2, mixed type 1 and 2, and
type 3 using criteria consistent with CONAN Study Group
definitions (Table 1) [21]. In particular, type 3 MNV was

Table 1 CONAN Study Group

Multimodal imaging findings

. MNV lesion type
nomenclature and definitions
for MNV lesions in nAMD Type 1
(adapted from Spaide et al. [21]) Type 2
Mixed type 1 and 2
Type 3

Neovascularization located between Bruch’s membrane and the RPE
Neovascularization in the subretinal space above the RPE
Neovascularization in both the sub-RPE and subretinal compartments

Intraretinal neovascularization originating from the deep vascular complex

CONAN Consensus on Neovascular Age-Related Macular Degeneration Nomenclature, MNV macular neo-
vascularization, nAMD neovascular age-related macular degeneration, RPE retinal pigment epithelium
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identified by small flame hemorrhage in the perimacular
area on CFP, feeding retinal vessel larger than surround-
ing perifoveal vessels on FA, floating net (between retinal
vessel layer and choroidal vessels) on stereo FA, FA hot
spot at the center of RPE detachment (if present), presence
(not always) of cystoid edema on SD-OCT, presence (not
always) of interrupted RPE layer of an RPE detachment on
SD-OCT, and reticular pseudodrusen on SD-OCT. Indirect
evidence of type 3 MNYV included retinal choroidal anas-
tomosis and reticular pseudodrusen in the fellow eye. To
assess repeatability, selected images were reviewed by a
second independent reader; in the event of a discrepancy,
the readers met to adjudicate each case. If the readers were
unable to resolve the discrepancy or had <90% confidence
in any of the assessments (per reading center guidelines), the
case was reviewed by the principal investigator (G.S.) for a
final determination.

Post hoc analyses compared 24-month BCVA outcomes
(mean BCVA over time and mean change from baseline at
months 12 and 24) between study eyes with type 1, type 2/
mixed type 1 and 2 (type 2/M), and any evidence of type 3
MNYV lesions at baseline. The pooled type 2/M subgroup
was based on the observation that very few eyes (n=30) had
mixed type 1 and 2 lesions at baseline, and the hypothesis
that type 2 MNV may occur in conjunction with undetected
type 1 MNV [4].

Statistical analysis

Post hoc analyses were performed using observed data, with
no imputation for missing values. Baseline and 24-month
BCVA outcomes (described using means and 95% Cls) are
reported for the overall analysis population (all HARBOR
treatment arms pooled), in addition to monthly and PRN-
treated subgroups.

Results

In total, 700 study eyes in HARBOR had SD-OCT, CFP, and
FA images available to assess anatomic MNV lesion type
at baseline; SRF and/or IRF at baseline, screening, or week
1; and SD-OCT images through month 24. Classification
according to CONAN Study Group criteria identified 263

(37.6%) eyes with type 1 MNYV lesions, 287 (41.0%) eyes
with type 2/M lesions, and 150 (21.4%) eyes with any type 3
lesions at baseline. The baseline distribution of eyes across
MNYV lesion types were generally balanced for monthly and
PRN-treated subgroups (Table 2).

24-month BCVA profiles by baseline MNV lesion type

Mean BCVA over 24 months was consistently greater in
eyes with type 1 MNV lesions at baseline and lowest in those
with type 2/M lesions (Fig. 1a). Among type 1 eyes, mean
BCVA was 59.0 ETDRS letters (95% CI: 57.7-60.3; approx-
imate Snellen equivalent, ~20/63) at baseline, increased to
68.3 ETDRS letters (66.6-70.1; ~20/40) at month 12, and
was maintained at 67.7 ETDRS letters (65.8-69.6; ~20/40)
at month 24; corresponding BCVA in type 2/M eyes
was 50.0 ETDRS letters (48.6-51.4;~20/100), 61.3
ETDRS letters (59.3-63.3; ~20/63), and 60.8 ETDRS
letters (58.7-62.9; ~20/63), respectively. In eyes with
any type 3 lesions, mean BCVA was 55.3 ETDRS Iletters
(53.4-57.1;~20/80) at baseline and 65.3 ETDRS letters
(62.9-67.7;~20/50) at month 12; however, BCVA at month
24 (63.5 [61.0-66.0] ETDRS letters; ~20/50) suggests
that any type 3 eyes may tend to lose initial vision gains
over time. Trends in BCVA over 24 months were gener-
ally similar between monthly and PRN-treated subgroups;
type 1 eyes displayed the best mean BCVA profile whereas
type 2/M eyes displayed the worst, regardless of whether
they received monthly or PRN ranibizumab (Fig. 1b, c,
respectively).

Change in BCVA by baseline MNV lesion type

Although eyes with type 1 MNV lesions had the high-
est mean BCVA profiles over 24 months, we observed a
small trend for greater mean BCVA gains among eyes with
type 2/M lesions at baseline (Fig. 2a). In these eyes, mean
BCVA change from baseline at month 12 was 11.1 ETDRS
letters (95% CI: 9.3-12.8), compared with 9.3 (7.8-10.8)
ETDRS letters in eyes with type 1 lesions and 9.8 (8.1-11.6)
ETDRS letters in eyes with any type 3 lesions at baseline.
Corresponding mean BCVA gains at month 24 were 10.8
(8.9-12.7), 8.7 (6.9-10.5), and 8.3 (6.3-10.3) ETDRS let-
ters, respectively.

Table 2 Distribution of

HARBOR study eyes across Baseline MNV lesion Monthly treated eyes PRN-treated eyes Pooled study eyes
baseline MNV lesion types type, 1 (%) (n=348) (n=35 (V=700

Type 1 123 (35.5) 140 (39.5) 263 (37.6)

Type 2/M 151 (43.6) 136 (38.4) 287 (41.0)

Any type 3 72 (20.8) 78 (22.0) 150 (21.4)

MNYV macular neovascularization, PRN pro re nata (as-needed), type 2/M type 2/mixed type 1 and 2

@ Springer



Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:2437-2447 2441

Fig.1 Mean BCVA over

24 months by baseline MNV
lesion type in a, pooled monthly
and PRN treatment arms; b,
monthly treated eyes; and c,
PRN-treated eyes in HARBOR.
Error bars represent 95% CI.
BCVA best-corrected visual
acuity, ETDRS Early Treat-
ment Diabetic Retinopathy
Study, MNV macular neovas-
cularization, PRN pro re nata
(as-needed), type 2/M type 2/
mixed type 1 and 2

75 1

a Pooled study eyes (N = 700)
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For all MNYV lesion type subgroups, small improvements
in mean BCVA gains were observed for eyes randomized
to monthly versus PRN ranibizumab (Fig. 2b and 2c¢). This
trend was most pronounced for eyes with type 2/M lesions
at baseline; mean BCVA gains at month 24 were 12.6
(10.0-15.2) versus 8.8 (6.0-11.6) ETDRS letters in monthly

versus PRN-treated eyes, respectively. Regardless of treat-
ment regimen, 12-month vision gains achieved in type 1
and type 2/M eyes were generally maintained at month 24;
in comparison, any type 3 eyes displayed small vision losses
between month 12 and month 24.
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Fig.2 Mean BCVA change by
baseline MNV lesion type in: a,

a Pooled study eyes

pooled monthly and PRN treat-
ment arms; b, monthly treated 15 -
eyes; and ¢, PRN-treated eyes in 111 10.8
HARBOR. Error bars represent 9.3 '|' 9.8 87 '|' 83
95% CI1. BCVA best-corrected 10 4 l T : :
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Discussion

There is an unmet need for individualized nAMD therapies
that reduce the burden of treatment on patients, caregiv-
ers, and clinicians, and improve long-term outcomes across
the spectrum of nAMD [22, 24]. In this first application of
CONAN Study Group criteria to a major nAMD dataset,
we showed that baseline MNV lesion type correlated with
24-month vision outcomes among ranibizumab-treated eyes
in the phase 3 HARBOR trial. These data support the adop-
tion of an anatomic classification system to characterize
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MNYV in patients with nAMD and aid predictions of treat-
ment response in clinical practice.

When we retrospectively applied CONAN Study Group
criteria to multimodal images collected in HARBOR, eyes
with type 1 MNV at baseline had the best mean BCVA
profile over 24 months, whereas those with type 2/M lesions
had the lowest BCVA overall but achieved greater mean
vision gains at months 12 and 24. Non-overlapping 95% CI
error bars in Fig. 1 indicate statistical significance (p <0.05)
and suggest different courses of vision between type 1 and
type 2/M lesion subgroups. Our findings coincide with a
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previous study of treat-and-extend anti-VEGF therapy for
nAMD, which showed that mean VA over 4 years was
consistently greater in eyes with type 1 neovasculariza-
tion (as defined by Freund et al. [4]) and lowest in those
with type 2 and mixed-type lesions [20]. Of note, eyes
with type 2 neovascularization at baseline achieved greater
VA improvements with anti-VEGF therapy than eyes with
other neovascular lesion types [20]. Similarly, the landmark
Minimally Classic/Occult Trial of the Anti-VEGF Antibody
Ranibizumab in the Treatment of Neovascular Age-Related
Macular Degeneration (MARINA) [25] and Anti-VEGF
Antibody for the Treatment of Predominantly Classic
CNYV in Age-related Macular Degeneration (ANCHOR)
[26] trials of ranibizumab in nAMD showed that vision
gains achievable with anti-VEGF therapy were dependent
on baseline lesion type. In MARINA, eyes with occult or
minimally classic neovascularization as determined by FA
and CFP (CONAN Study Group equivalent of type 1 or
mixed type 1 and 2 MNYV, respectively [21]) had a mean
baseline VA of 53.1-53.7 ETDRS letters across treatment
arms, and those randomized to ranibizumab 0.5 mg gained
6.6 ETDRS letters on average at month 24 [25]. In com-
parison, study eyes in ANCHOR had predominantly classic
lesions (roughly equivalent to type 2 MNV [21]), a mean
baseline VA of 45.5-47.1 ETDRS letters across treatment
arms, and those receiving ranibizumab 0.5 mg achieved a
mean VA improvement of 10.7 ETDRS letters at month
24 [26]. Taken together, our results and others indicate
that eyes with sub-RPE neovascularization (i.e., occult or
type 1 MNV) typically display higher baseline BCVA and
achieve smaller vision gains with treatment, whereas those
with subretinal lesions (i.e., classic or type 2 MNV) have
lower baseline BCVA and therefore greater capacity for
vision improvement with anti-VEGF therapy. Lower base-
line BCVA in eyes with type 2 lesions may reflect the pro-
pensity for subretinal MNV to damage photoreceptor inner
and outer segments, whereas greater capacity for vision
improvement supports the hypothesis that vessels in type
2 lesions are less mature and thus more sensitive to anti-
VEGEF therapy [4, 27].

Our results also suggest that eyes with type 1 MNV at
baseline are more likely to maintain greater VA over time,
which is consistent with a retrospective observational study
that identified type 1 lesions as a significant baseline predic-
tor of good vision over 4 years of anti-VEGF therapy [28].
It has been hypothesized that sub-RPE neovascularization
in nAMD represents a compensatory response to hypoxia
that limits ischemia and further damage to the RPE [29-31].
In support of this, previous studies have associated type 1
(or occult) MNV with lower rates of geographic atrophy,
macular atrophy progression, and retinal scarring com-
pared with other MNV subtypes [31-34]. Similar to type 1
MNYV, the presence of SRF has also been associated with

lower rates of atrophy and better long-term vision outcomes
[30, 35-38], and the phase 4 FLUID study (Comparison of
Treatment Regimens Using Ranibizumab: Intensive [Reso-
lution of Intra- and Subretinal fluid] Versus Relaxed [Reso-
lution of Primarily Intraretinal Fluid]) recently showed that
BCVA gains in patients treated with a ranibizumab treat-
and-extend regimen that tolerated some SRF were compa-
rable with those receiving a treat-and-extend regimen that
resolved all SRF [39]. Based on these findings, Sadda et al.
subsequently proposed that a small amount of SRF may
indicate minimally exudative type 1 MNV and that residual
sub-RPE neovascularization, rather than residual SRF, may
be mediating these protective effects [30].

We observed slightly greater mean vision gains in
monthly versus PRN-treated eyes across all MNV lesion
type subgroups (though most pronounced in type 2/M eyes),
highlighting the importance of close monitoring and treat-
ment for all patients with nAMD. Indeed, PRN protocols in
clinical trials typically allow frequent follow-up and prompt
re-treatment that are difficult to maintain in clinical prac-
tice; as a result, real-world injection frequencies and vision
outcomes are routinely lower than those reported in clinical
trials [40]. This has been particularly exemplified during
the COVID-19 pandemic, which continues to disrupt timely
access to ophthalmic care around the world [41, 42]. Land-
mark trials such as CATT and the Open-Label Extension
Trial of Ranibizumab for Choroidal Neovascularization Sec-
ondary to Age-Related Macular Degeneration (HORIZON)
study, and findings from the Fight Retinal Blindness Study
Group, have similarly associated less frequent treatment and
monitoring with poorer long-term vision in patients with
nAMD [43-45]; however, these studies did not examine
whether anatomical classification of baseline MNV affected
the relationship between injection frequency and treatment
outcomes.

Regardless of monthly or PRN treatment regimen,
eyes with type 1 or type 2/M MNV at HARBOR baseline
achieved initial vision gains with ranibizumab that were
maintained through study end at month 24. In comparison,
both monthly and PRN-treated eyes with any type 3 lesions
at baseline tended to lose initial vision gains over time,
suggesting that a mechanism other than persistent and/or
recurrent exudation, such as increased incidence and pro-
gression of macular atrophy, may be contributing to gradual
visual decline in these eyes [11, 33, 46]. In fact, PRN-treated
eyes with any type 3 MNV required fewer injections over
24 months, on average, when compared with PRN-treated
eyes with type 1 or type 2/M lesions at baseline (data not
shown). This may possibly reflect the nature of type 3
lesions, which are characterized by multiple small intrareti-
nal hemorrhages, focal RPE atrophy, and exudation typically
in the form of intraretinal cystoid macular edema [4, 21].
Previous studies have shown that eyes with type 3 MNV
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are highly responsive to anti-VEGF therapy and are more
likely to achieve extended remission than eyes with type 2
lesions [47, 48].

Although FA has traditionally been considered the gold
standard imaging modality to visualize retinal vasculature
and identify MNYV, it is invasive and labor intensive, and the
need for intravenous dyes has been associated with adverse
events (namely nausea and vomiting) in some patients
[49, 50]. Terms traditionally used to describe neovascu-
lar lesions as seen on FA are not fully applicable to newer
SD-OCT, swept-source OCT, and OCT angiography tech-
nologies, which can non-invasively provide 3-dimensional,
depth-resolved images of retinal structure and blood flow
[4, 21, 51]. Despite these advantages, the diagnostic accu-
racy of OCT alone has not been widely studied, and several
groups have recommended that OCT-based imaging should
supplement but not replace FA for diagnosing nAMD and
monitoring disease activity [50, 52, 53]. Overall, the results
of this study and others highlight the utility of multimodal
imaging, in conjunction with an updated anatomic classifi-
cation system, to characterize MNV subtypes and predict
longer-term prognoses for patients with nAMD [19, 20, 33].

Limitations include the post hoc nature of our analy-
sis, in which CONAN Study Group criteria were retro-
spectively applied to prospectively collected multimodal
images. Vision outcomes by baseline MNV lesion type
were not prespecified endpoints in HARBOR; therefore,
our analysis may be inadequately powered for comparison
between subgroups. As previously described, eyes with
type 2 and mixed type 1 and 2 lesions were pooled in this
study to account for the finding that only 4% (30/700 eyes)
had evidence of mixed type 1 and 2 lesions at baseline, and
the possibility that type 2 MNV could occur in conjunction
with undetected type 1 MNV [4]. Moreover, eyes with any
type 3 lesions at baseline were not further subclassified
by stage to maintain adequate sample sizes for statistical
analysis. Because our study characterized relationships
between baseline MNV lesion type and visual responses
to ranibizumab in nAMD, we were unable to account for
cases of changing lesion composition following anti-VEGF
treatment [54]. Although our results suggest an associa-
tion between anatomic MNYV lesion type at baseline and
24-month vision outcomes in HARBOR, further prospec-
tive studies are needed to quantify the predictive value of
the CONAN Study Group classification system on visual
responses to anti-VEGF therapy in nAMD.

In conclusion, this post hoc analysis of HARBOR
revealed associations between baseline MNV lesion
type classified using CONAN Study Group criteria and
24-month vision outcomes among ranibizumab-treated
patients with nAMD. These findings highlight the poten-
tial for an anatomic MNYV classification system to charac-
terize the diversity seen among patients with nAMD and

@ Springer

prognosticate visual responses to anti-VEGF therapy in
clinical practice.
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