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Abstract

Background: To compare 24-month real-world outcomes of Vascular Endothelial
Growth Factor (VEGF) inhibitors for Polypoidal Choroidal Vasculopathy (PCV)
and type 1 Macular Neovascularization (MNV) in a Caucasian population.
Methods: Retrospective analysis from a prospectively designed observational
database. Data from Italian centres participating in the Fight Retinal Blind-
ness! (FRB!) project were collected. Treatment-naive PCV or type 1 MNV com-
mencing treatment after January 2009 were included. The primary outcome
was 24-month visual acuity (VA) change; other outcomes included baseline
characteristics, number of anti-VEGF injections, time to lesion inactivation
and proportion of active visits.

Results: A total of 322 eyes (114 PCVs) from 291 patients were included.
Median [Q1, Q3] VA at baseline was comparable (70 [55, 75.8] vs. 70 [58.8, 75]
letters, p = 0.95). Adjusted VA change at 2 years was higher in PCV (mean [95%
CI], +1.2 [-1.6, 4.1] vs. —3.6 [—6, —1.2] letters, p = 0.005). PCV received fewer
anti-VEGF injections over the first 24 months of treatment than type 1 MNV
(median [Q1, Q3], 8 [5, 10] vs. 9 [7, 12.2] injections, p = 0.001), inactivated
earlier (median [Q1, Q3], 235 [184, 308] vs. 252 [169, 343] days, p = 0.04) and
was less frequently graded ‘active’ (62% vs. 68% of visits, p = 0.001).
Conclusions: PCV had slightly better VA outcomes over 24 months of
treatment than type 1 MNV after receiving less anti-VEGF injections. These
results suggest a possible overlap of the two clinical entities with similar visual
prognosis in Caucasians.

KEYWORDS

age-related macular degeneration, Caucasians, polypoidal choroidal vasculopathy, real-life,
type 1 macular neovascularization
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1 | INTRODUCTION

Polypoidal choroidal vasculopathy (PCV) represents an
estimated 8% of all neovascular Age-related Macular
Degeneration (nAMD) cases in the Caucasian population,'™
although recent evidence suggests prevalence is as high as
25%-30%.°

PCV in Caucasians is frequently associated with typical
AMD features and its imaging characteristics resemble
closely those of type 1 Macular Neovascularization (MNV).”
Given these similarities, some authors have suggested renam-
ing polypoidal lesions ‘aneurysmal type 1 MNV’ when they
develop in the context of type 1 MNV with AMD-related
changes, rather than considering PCV a separate entity.* '

While type 1 MNV has shown better treatment out-
comes than the other forms of nAMD," PCV has been
classically associated with a severe clinical course and a
poor visual prognosis.®>”'*"** However, most of the stud-
ies focusing on PCV have been conducted on patients of
Asian descent, while data on outcomes of PCV treatment
in Caucasians come mostly from subanalysis of larger
clinical trials and real-world studies,'>'® with few works
focusing specifically on PCV in Caucasians.'”

The aim of this study was therefore to report
24-month, real-world outcomes of PCV treatment in a
large cohort of Caucasian patients from the Fight Retinal
Blindness! (FRB!) registry and to compare these results
with those of Caucasian patients affected by type 1 MNV.

2 | METHODS

2.1 | Study design and setting
The study included eyes tracked in the Fight Retinal Blind-
ness (FRB!) Registry from Italian practices. Details on the
methodology of the FRB! registry have been previously pub-
lished.'® Briefly, real-world treatment outcomes of nAMD
are prospectively tracked in the nAMD module of the regis-
try, in compliance with the International Consortium for
Healthcare Outcome Measurement's minimum standard set
of treatment outcomes for macular degeneration.™
Institutional ethics approval was obtained from each of
the participating sites: the Department of Biomedical and
Clinical Science Luigi Sacco, Milan, the Fondazione IRCCS
Ca’ Granda Ospedale Maggiore Policlinico, Milan, the
Department of Experimental Medicine, Tor Vergata Univer-
sity, Rome, the University Hospital Maggiore della Carita,
Novara, the Eye Clinic, AOU Maggiore della Carita, and
the Ophthalmology Department, San Martino Hospital,
Belluno. Informed ‘opt-in’ consent was obtained from all
subjects. The research described adhered to the tenets of
the Declaration of Helsinki.
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2.2 | Study population

Treatment-naive eyes affected by either PCV or type
1 MNV commencing treatment with anti-VEGF after
1 January 2009 were considered for the analysis. Eligible
eyes received at least three intravitreal anti-VEGF injec-
tions during the first 12 months of follow-up and had at
least two complete visits registered. Eyes that completed
at least 24 months of follow-up were defined as ‘com-
pleters’, while eyes that did not complete 24 months of
observations were defined as ‘non-completers’.

2.3 | Data sources and measurements
Data recorded from each clinical visit by the treating
practitioner included the number of letters read on a log-
arithm of the minimum angle of resolution (logMAR)
visual acuity chart (best of corrected, uncorrected, or pin-
hole), intraocular pressure, presence of macular atrophy
or subretinal fibrosis, lesion activity (defined as any com-
bination of subretinal fluid, intraretinal fluid or haemor-
rhage on optical coherence tomography [OCT] and/or
fundoscopic examination), treatments or procedures
received and any ocular adverse events.

Previous treatments received, angiographic lesion sub-
types and demographic data were recorded at the baseline
visit. In particular, neovascular AMD subtypes such as type
1 MNV and PCV were diagnosed by retinal specialists in
routine clinical practice using the available imaging which
included OCT, fundus fluorescein angiography and indo-
cyanine green angiography at all centres. Treatment deci-
sions, such as the choice of drug and frequency and timing
of treatment, were at the discretion of the treating practi-
tioner in consultation with the patient with no intervention
by the investigators, reflecting routine clinical practice.

24 | Outcomes

The primary outcome was the adjusted VA change from
baseline at 24 months. Secondary outcomes included
baseline VA, overall final VA, crude VA change, number
of injections, the proportion of visits graded as active over
24 months and time to first inactivation.

2.5 | Statistical analysis

Descriptive data were summarised using the mean
(standard deviation), median (first and third quartiles), and
number (percentages) where appropriate. Two-tailed t-tests,
Mann-Whitney U tests, Fisher's exact tests and Chi-square
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tests were used as appropriate according to data distribution
to compare baseline characteristics and crude outcomes
between PCV and type 1 MNV eyes. Paired t-tests were
used to compare within-group differences between baseline
and 2-year outcomes.

Calculation of raw, unadjusted visual outcomes over
24 months used the last-observation-carried-forward
(LOCF) for non-completers. The number of injections
was calculated using completers-only data to avoid
underestimation of treatment burden.

Predictions from a longitudinal generalised additive
model, including data from all eyes up to 24 months of
follow-up regardless of whether they completed the
follow-up, were used to visualise and compare VA out-
comes between PCV and type 1 MNV over 24 months,
with the interaction between angiographic subtype and
time as the main predictor variable for the comparison.

The proportion of active visits over 24 months was ana-
lysed using a linear logistic mixed-effects regression model.
Generalised mixed-effects Poisson regression models were
used to compare the number of injections and visits over
24 months.

A Cox proportional hazards regression model was
used to compare the hazard ratio between the two groups
for time to first inactivation (i.e., first visit after baseline
where the lesion was graded as inactive); a Kaplan-Meier
survival function was used to plot survival curves.

All regression models were adjusted for baseline age
and baseline VA (fixed-effects), and clustering by practice
and patient (random-effects). This nesting structure helps
to account for intra-subject correlation of outcomes. Pois-
son models also had an offset for log days of follow-up.

A p-value of 0.05 was considered statistically significant.
All analyses were conducted using R software version 4.1.1
(R Project, R Foundation for Statistical Computing, Vienna,
Austria). Packages mgcv, GlmmTMB, coxme and survival
were used for the analyses.

3 | RESULTS

We identified a total of 363 treatment-naive eyes from
the FRB! Italy database affected by either PCV or type
1 MNV that started anti-VEGF treatment after 1 January
2009. Of these, 41 eyes were excluded because they did
not receive at least 3 injections in the first year of treat-
ment. The remaining 322 eyes from 291 subjects fulfilled
the inclusion criteria and were included in the study.
Among these, 114 (35%) were affected by PCV and
208 (65%) by type 1 MNV. Twenty four months of treat-
ment were completed by a total of 213 (66%) eyes, of
which 85 (75%) were in the PCV group and 128 (62%) in
the type 1 MNV group.
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3.1 | Demographics

Baseline characteristics are summarised in Table 1.
Patients in the PCV group were on average significantly
younger (p < 0.001) compared to those affected by type
1 MNV, and there were more males in the PCV cohort
(p = 0.03), but all other baseline characteristics were
homogeneously distributed. In particular, VA at baseline
was similar between the two groups (p = 0.95).

3.2 | Visual outcomes

The adjusted VA change at 24 months was higher for
PCV compared to Type 1 MNV (mean [95% CI], +1.2
[—1.6, 4.1] vs. —3.6 [—6, —1.2] letters), with a significant
difference in the longitudinal trend between the 2 groups
(p = 0.005, Figure 1A). The difference started being
significantly in favour of PCV from approximately day
402 of follow-up (Figure 1B).

The unadjusted final VA at 24 months, using LOCF
for dropouts, was not significantly different between the
two groups (median [Q1, Q3], 70 [59, 80] vs. 70 [52.5, 75]
letters, p = 0.10).

Secondary visual outcomes such as the crude VA
change, the percentage of subjects with final VA > 70 or
<35 letters and VA loss/gain >15 letters were also com-
parable. Final VA at 24 months did also not appear to
change significantly depending on the year of first diag-
nosis in either group, suggesting no significant change of
trend over time (both p > 0.05). Detailed 24-month out-
comes are presented in Table 2.

3.3 | Visits, treatments, and lesion
activity

The number of visits was similar between the two groups
over the 24 months of follow-up (median [Q1l, Q3],
17 [15, 21] vs. 17.5 [14, 20], p = 0.07), while PCV received
comparable, yet significantly fewer, anti-VEGF injections
(median [Q1, Q3], 8 [5, 10] vs. 9 [7, 12.2] injections;
p <0.001). Over a third of PCV subjects (38%) also
received at least one session of photodynamic therapy
(PDT); 8% and 0.9% of the PCV eyes were administered
2 and 3 sessions of PDT over 24 months of follow-up,
respectively.

More visits were graded as ‘active’ in the type 1 MNV
group (68% vs. 62%, p =0.001). The time (median
[Q1, Q3]) to first physician grading as ‘inactive’ was
235 (184, 308) days for PCV and 252 (169, 343) for type
1 MNV (p = 0.04, Figure 2). The adjusted hazard ratio
indicated that PCV lesions became inactive earlier than
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TABLE 1

Eyes, n

Patients, n

Females, n (%)

Baseline age, years, mean (SD)

Ethnicity
White/Caucasian, n (%)

Baseline visual acuity
Baseline VA, LogMAR letters, median (Q1, Q3)
Baseline VA > 70 LogMAR letters, n (%)
Baseline VA < 35 LogMAR letters, n (%)

Presence of subretinal fibrosis, n (%)
Subfoveal

Presence of macular atrophy, n (%)
Subfoveal

Angiographic lesion subtype
Type 1 MNV, n (%)
PCV, n (%)

Baseline characteristics by lesion subtype.

Clinical & Experimental Ophthalmology €

Total

322

291

161 (55.3%)
74.7 (8.2)

322 (100%)

70 (57.2, 75)

30 (9.3%)
169 (52.5%)

18 (5.6%)

13 (4.0%)

47 (14.6%)

11 (3.4%)

208 (64.6%)
114 (35.4%)

AIRALDI ET AL.

PCV

114

103

48 (46.6%)
71.6 (9.2)

114 (100%)

70 (55, 75.8)
9 (7.9%)

59 (51.8%)
5 (4.4%)
4 (3.5%)

16 (14.0%)
3(2.6%)

Type 1 MNV P
208
188
113 (60.1%) 0.03
76.4 (7) <0.001
208 (100%) 1
70 (58.8, 75) 0.94
21 (10.1%) 0.65
110 (52.9%) 0.94
13 (6.2%) 0.66
9 (4.3%) 0.95
31 (14.9%) 0.96
8 (3.8%) 0.75

Abbreviations: MNV, macular neovascularization; n, number; PCV, polypoidal choroidal vasculopathy; Q1-Q3, interquantile range; SD, standard deviation;

VA, visual acuity.

e

80

70

60 —

50 —

40 -

Polypoidal choroidal vasculopathy
Type 1 macular neovascularization

Visual Acuity (LogMAR letters)

o 1 2 3 6 12

(B) Follow-up (Months)

Favours polypoidal choroidal vasculopathy

24

Estimated difference in Visual Acuity (LogMAR letters)

-10 ~

Favours type 1 macular neovascularization

FIGURE 1 (A)Mean estimated
VA (solid lines) in LogMAR letters over
time in PCV (green) and type 1 MNV
(red) eyes. (B) Difference in the mean
change in VA between PCV and type

1 MNV eyes over 24 months in all eyes
irrespective of whether they completed
24 months of follow-up. The grey
shaded area in (B) represents the 95%
confidence interval; the red dotted line
in (B) represents the window of time in
which the 95% CI does not cross zero.
Predictions were made from a
generalised additive model adjusted for
age, baseline VA (fixed effects), and
practice and intrapatient correlation for
bilateral cases (random effects).

o 1 2 3 6 12 24

Follow-up (Months)
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TABLE 2

Eyes, n

Patients, n

Completers, n (%)

Months of follow-up, median (Q1, Q3)
Baseline VA, median (Q1, Q3)

Final VA?, median (Q1, Q3)

Crude VA change?, mean (95% CI)
Adjusted VA change®, mean (95% CI)
VA < 35, baseline/final

VA > 70, baseline/final

Final VA 15 letters change, loss/gain

Twenty-four-month outcomes by lesion subtype.

24-month number of injections, median (Q1, Q3)

Adjusted ratio®, PCV versus type 1 MNV (95% CI)

Bevacizumab, %

Ranibizumab, %

Aflibercept, %
Photodynamic therapy, %

24-month number of visits, median (Q1, Q3)

Adjusted ratio®, PCV versus type 1 MNV (95% CI)

Time to inactivation, days, median (Q1, Q3)

Adjusted hazard ratio?, PCV versus type 1 MNV

(95% CI)

Proportion of active visits, %

Abbreviations: CI, confidence interval; MNV, macular neovascularization; n, number; PCV, polypoidal choroidal vasculopathy; Q1-Q3, interquartile range; SD,

standard deviation; VA, visual acuity.

*Last observation carried forward for non-completers.
bCalculated from a longitudinal additive model adjusted for age, baseline VA (fixed effects), and practice and intrapatient correlation for bilateral cases

(random effects).

“Calculated from a Poisson regression model adjusted for age, baseline VA (fixed effects), nesting of outcomes within practice and patient (random effects) with

an offset for log days of follow-up.

Total

322

291

213 (66.1%)
29.8 (16.5, 52.6)
70 (57.2, 75)

70 (55, 76)
—0.3(=2,1.5)
—1.6(—3.6,0.4)
9.3%/11.2%
52.5%/52.8%
12.4%/11.5%
9(6,12)

19.3%
50.3%
30.3%
13.7%
17 (14, 20)

235 (208, 308)

65.5%

PCV

114

103

85 (74.6%)
45.8 (22, 65.3)
70 (55, 75.8)
70 (59, 80)

1.6 (—1.4, 4.6)
1.2 (—1.6, 4.1)
7.9%17.9%
51.8%/56.1%
14%/15.8%

8 (5, 10)

18.6%
41.1%
40.0%
37.7%
17 (15, 21)

235 (184, 308)

61.8%

188

128 (61.5%)

26 (15.1, 46.2)
70 (58.8, 75)

70 (52.5, 75)
~1.3(-3.5,0.9)
—3.6(—6,-1.2)
10.1%/13%
52.9%/51%
11.5%/9.1%
9(7,122)

0.78 (0.68, 0.88)
19.6%

54.9%

25.5%

0.5%

17.5 (14, 20)
0.95 (0.89, 1.01)
252 (169, 343)
0.68 (0.48, 0.95)

68.0%

<0.001
0.94
0.10
0.13
0.005
0.65/0.23
0.94/0.44
0.64/0.11
0.08
<0.001

0.04
0.07
0.04
0.03

0.001

dCalculated from a Cox proportional hazards regression model adjusted for age, baseline VA (fixed effects), and practice and intrapatient correlation for

bilateral cases (random effects).

FIGURE 2
curves for time from starting treatment
to inactivity in PCV (green) and type

1 MNV (red) eyes over 24 months.

Kaplan-Meier survival

Proportion of Inactive lesions

100%

75%

50%

25%

0%

= Polypoidal choroidal vasculopathy
= Type 1 macular neovascularization

12

Follow-up (Months)

24
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type 1 MNV lesions (hazard ratio [95% CI]=0.68
[0.48, 0.95], p = 0.03).

4 | DISCUSSION

In this study, we found that 24-month treatment outcomes
were similar between PCV and type 1 MNV in a Caucasian
population. To the best of our knowledge, no previous study
has reported 2-year, real-life treatment outcomes of eyes
affected by PCV exclusively in patients of Caucasian
descent.

We chose to compare the outcomes of PCV to those
of type 1 MNV in Caucasians for two main reasons. First,
a previous real-world, long-term analysis of treatment
outcomes of 1929 eyes affected by macular neovasculari-
zation reported that type 1 MNV had better visual and
anatomical outcomes than other MNV types after 5 years
of treatment."* Second, imaging studies have suggested
that the features of PCV in Caucasians might overlap
with those of type 1 MNV.”" In the present study, visual
outcomes of PCV were comparable yet slightly better
than those of type 1 MNV after adjusting for confounding
variables. The number of injections during the 24 months
was significantly less in the PCV group as well as the pro-
portion of visits with a lesion graded as ‘active’.

Our VA outcomes in PCV are inferior to those reported
both in large clinical trials and in similar real-world stud-
ies.'>'”?° The ATLANTIC study reported an overall 2-year
BCVA gain of 6 LogMAR letters in a Caucasian population
with PCV."” This discrepancy may be due to the treat &
extend (T&E) regimen with or without adjunct PDT used in
ATLANTIC, a regimen known to achieve better visual
outcomes than the pro-re-nata (PRN) approach that was
used to treat most of our cohort. A treat and extend regimen
generally delivers treatments at >80% of visits,”’ whereas
eyes in the present study received injections at around 9/17
(53%) of visits, which independently confirms that a reactive
(PRN) regimen was used. Real-world analyses have also
found better outcomes than ours, especially in terms of
VA change.'***** However, VA at presentation in all these
studies was consistently lower than that of our sub-
jects, allowing for a higher chance of gain in response
to treatment.'®2>2?

We observed an overall maintenance of baseline VA
at 24 months in eyes with PCV and type 1 MNV, with an
adjusted VA change slightly favouring PCV (mean
[95% CI], +1.2 [—1.6, 4.1] vs. —3.6 [—6, —1.2], p = 0.005).
This result is consistent with a recent report by Fenner
et al.>* comparing nAMD other than PCV versus PCV in
an Asian population treated with anti-VEGF monotherapy
or combination therapy during 12 months of follow-up.
Similar to our findings, in their study Fenner et al. found

Clinical & Experimental Ophthalmology ~©> AIRALDI o7 AL

that eyes with PCV generally had better VA gains com-
pared to other nAMD types (+10.8/46.6 vs. +4.7 letters)
while receiving similar numbers of anti-VEGF injections
with or without adjunct PDT (5.6/5.0 vs. 5.3) over 1 year of
follow-up. Nevertheless, all three groups had a mean final
VA lower than 56 letters. This may explain why the vision
gains in that study were greater than we report here since
it is widely accepted that eyes with poor vision have more
to gain.'!

PCV has previously been associated with worse visual
outcomes and a more severe clinical course, particularly
in people of Asian descent.®”'*"'* The better outcomes of
the study by Fenner et al. and the cohort described in the
present analysis may be due to several factors. A higher
anti-VEGF treatment load could have provided better
visual outcomes than what observed in the earlier years
of the anti-VEGF era, since the level of undertreatment
has decreased with time.***® PCV patients in our study
were significantly younger, and age at diagnosis is known
to be negatively correlated with VA gain. Finally, while
PCV and type 1 MNV group received a similar number of
anti-VEGF injections, over a third of PCV patients in our
cohort also received at least one session of adjunct PDT,
which may provide better VA gains than anti-VEGF
monotherapy.'®**?* Since our study is based on a real-
world outcomes registry, PDT was administered at the
discretion of the treating practitioners and its availability
at their respective clinics.

Most of the lesions included in the present study (85%
of PCV and 72% type 1 MNV) received a physician-
graded ‘inactive’ status at least once over 24 months of
follow-up, consistent with data from RCTs and large real-
world studies.">'**° PCV tended to inactivate earlier than
type 1 MNV despite the fewer injections received. While
differences in lesion subtype may be the reason for
this difference, the role of PDT cannot be ignored as a
substantial proportion of eyes in the PCV group received
at least one session during the follow-up.

Lesions in both groups were graded by their practi-
tioner as ‘active’ at over 60% of visits. This is likely a direct
consequence of the PRN treatment approach adopted in
most Italian centres during the study period, calling for
close follow-up of the lesion and re-treatment only when
there was new exudative activity.””-*® Treatment paradigms
have shifted towards the T&E regimen in recent years as
evidence of its long-term benefits became available.***°

Unlike PCV in Asian populations, which has been asso-
ciated with worse treatment outcomes and is more likely
part of the pachychoroid spectrum,®”'*™*3!32 features of
typical AMD are much more frequent in PCV affecting
Caucasian patients,”'>** placing PCV on a continuum of
possible nAMD presentations rather than constituting a
clearly separate entity.>” Genetic polymorphisms conferring
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susceptibility to type 1 MNV—including alleles of the
ARMS?2 gene—have also been associated with PCV, possibly
accounting for the stronger association of typical AMD fea-
tures with PCV in Caucasians.”***>* Our finding of similar
outcomes between PCV and type 1 MNV supports the
hypothesis that PCV might not represent a separate entity,
but rather an adjunctive feature of the MNV subtypes that
have already been well characterised, at least in Caucasian
patients, and that PCV in Caucasians might have a milder
disease course and better clinical outcomes that are more
similar to those of type 1 MNV than PCV in Asians."'

This study has some limitations. According to the FRB!
registry procedures, the classification of lesions was based
on physicians' judgement without a standardised imaging
protocol or a centralised reading centre, possibly resulting
in misdiagnosis of neovascular lesions. Given the nature of
the data collected in the FRB! registry as specified in the
methods section, we could not report baseline imaging fea-
tures that might help to better stratify patients at presenta-
tion, nor can we make conclusions on important structural
outcomes such as polyp closure rate. Contributors to the
FRB database are mostly retinal specialists who would gen-
erally be able to distinguish between the two conditions.

The drop-out rate was around 30% at 24 months. This is
consistent with other observational studies, but still may
have affected the calculation of crude VA outcomes as
LOCF was used to account for non-completers. To account
as much as possible for this issue, the adjusted VA change
from baseline at 24 months—the primary outcome of the
study—was calculated using a generalised additive model
which makes estimations based on all the available data.

Finally, treatment decisions in routine clinical practice
were made according to the treating physician's decision in
consultation with the patient. This may have resulted in dif-
ferences in outcomes across the centres. It also prevented us
comparing different anti-VEGF drugs since practitioners
could switch between drugs according to their judgement.
In addition, most of the eyes were treated with a PRN
approach which also makes comparisons more challenging.
We mitigated the effect of the possible variability in retreat-
ment criteria across the different practices by including eyes
in both groups (PCV and Type 1) from all centres. This
was possible thanks to the multicentric nature of the FRB!
registry which has provided a diverse representation of
real-world treatment outcomes for over a decade.

To conclude, 24-month real-world treatment outcomes
of PCV were slightly better compared to those of type 1 MNV
in Caucasians. PCV required similar yet significantly fewer
anti-VEGF injections through 2 years using a PRN regimen,
with 38% of PCV also receiving at least one PDT session.
These findings add useful knowledge on the behaviour and
management of PCV in Caucasians in the anti-VEGF era.
The overall favourable outcomes lower the concerns about
the poor prognosis once associated with this condition and
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support the hypothesis that PCV could represent just a differ-
ent phenotype of type 1 MNV in most Caucasian patients.
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