S‘W/{é__ AMERICAN ACADEMY™ .
—%%7//““\% OF OPHTHALMOLOGY @ CrossMark

Outcomes in Eyes with Retinal Angiomatous
Proliferation in the Comparison of Age-
Related Macular Degeneration Treatments
Trials (CATT)
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Purpose: To compare baseline characteristics, visual acuity (VA), and morphologic outcomes between eyes
with retinal angiomatous proliferation (RAP) and all other eyes among patients with neovascular age-related
macular degeneration (NVAMD) treated with anti—vascular endothelial growth factor (VEGF) drugs.

Design: Prospective cohort study within the Comparison of Age-Related Macular Degeneration Treatments
Trials (CATT).

Participants: Patients with NVAMD.

Methods: Reading center staff evaluated digital color fundus photographs, fluorescein angiography (FA)
images, and optical coherence tomography (OCT) scans of eyes with NVAMD treated with either ranibizumab or
bevacizumab over a 2-year period. Retinal angiomatous proliferation was identified by the intense intra-retinal
leakage of fluorescein in combination with other associated features.

Main Outcome Measures: Visual acuity; fluorescein leakage; scar; geographic atrophy (GA) on FA; retinal
thickness, fluid, and subretinal hyperreflective material (SHRM) on OCT; and the number of intravitreal anti-VEGF
injections at 1 and 2 years.

Results: Retinal angiomatous proliferation was present in 126 of 1183 (10.7%) study eyes at baseline. Mean
VA improvement from baseline was greater (10.6 vs. 6.9 letters; P = 0.01) at 1 year, but similar at 2 years (7.8 vs.
6.2 letters; P = 0.34). At 1 year, eyes with RAP were more likely to have no fluid (46% vs. 26%; P < 0.001) on OCT,
no leakage on FA (61% vs. 50%; P = 0.03), and greater reduction in foveal thickness (—240 um vs. —161 um;
P < 0.001). They were more likely to demonstrate GA (24% vs. 15%; P = 0.01) and less likely to have scarring
(17% vs. 36%; P < 0.001) or SHRM (36% vs. 48%; P = 0.01). These results were similar at 2 years. The mean
change in lesion size at 1 year differed (—0.27 DA vs. 0.27 DA; P = 0.02), but was similar at 2 years (0.49 DA vs.
0.79 DA; P = 0.26). Among eyes treated PRN, eyes with RAP received a lower mean number of injections in year 1
(6.1 vs. 7.4; P = 0.003) and year 2 (5.4 vs. 6.6; P = 0.025).

Conclusions: At both 1 and 2 years after initiation of anti-VEGF treatment in CATT, eyes with RAP were less
likely to have fluid, FA leakage, scar, and SHRM and more likely to have GA than eyes without RAP. Mean
improvement in VA was similar at 2 years. Ophthalmology 2016;123:609-616 © 2016 by the American Academy of
Ophthalmology.

*Supplemental material is available at www.aaojournal.org.
[

Retinal angiomatous proliferation (RAP), also termed type
3 choroidal neovascularization (CNV), is a distinct form of
neovascular age-related macular degeneration (NVAMD)
whose intraretinal pathologic features differentiate it from
classic and occult CNV. Depending to a large extent on
imaging methods used (fluorescein angiography [FA],
indocyanine green angiography, and optical coherence to-
mography [OCT]), the prevalence of RAP among eyes with
treatment-naive NVAMD is between 10% and 40%, with
most cases occurring among white persons.' ° Untreated,
eyes with RAP often have poor visual acuity (VA). For
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example, one study showed that more than one third of
patients with RAP followed up for 20 months became le-
gally blind.° Before the introduction of intravitreal anti-
VEGF for RAP, several methods of treatment that
included direct laser photocoagulation of the vascular
lesion, laser photocoagulation of the feeder retinal arteriole,
scatter grid-like laser photocoagulation, photodynamic
therapy, transpupillary thermotherapy, and intravitreal
triamcinolone acetonide were used, yielding only margin-
ally better VA, short-term VA improvement, or both.” ~ In
contrast, better visual outcomes can be achieved by treating

http://dx.doi.org/10.1016/j.ophtha.2015.10.034 609
ISSN 0161-6420/15


www.aaojournal.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ophtha.2015.10.034&domain=pdf
http://dx.doi.org/10.1016/j.ophtha.2015.10.034

Ophthalmology  Volume 123, Number 3, March 2016

RAP with intravitreal anti-VEGF injections.'’”'* However,
no prospective studies have described visual and anatomic
outcomes at 1 and 2 years in eyes with RAP treated with
anti-VEGF therapy.

The Comparison of Age-Related Macular Degeneration
Treatments Trials (CATT) study followed up a large cohort
of patients with treatment-naive NVAMD eyes who received
randomly assigned ranibizumab or bevacizumab through 2
years. The cohort included eyes with classic and occult
CNV and RAP, occurring alone or in varying combinations.
We compared the baseline characteristics and 2-year visual
and morphologic outcomes between eyes having RAP and
eyes without RAP.

Methods

The methods used to grade CATT study images have been
described previously.'>'® Briefly, the CATT cohort consisted of
patients with treatment-naive NVAMD who were assigned
randomly for treatment with ranibizumab or bevacizumab on a
monthly or as-needed basis. Patients were recruited from 43 clin-
ical centers in the United States between February 2008 and
December 2009 and needed to be older than 50 years. Institutional
review boards associated with each center approved the clinical
trial protocol. All patients provided written informed consent. The
study complied with the Health Insurance Portability and
Accountability Act and adhered to the tenets of the Declaration of
Helsinki. The CATT study is registered with ClinicalTrials.gov
(identifier, NCT00593450). Study eyes had to have active neo-
vascularization associated with age-related macular degeneration
and VA between 20/25 and 20/320. The neovascularization could
be subfoveal or extrafoveal, but if extrafoveal, a sequelae of neo-
vascularization, such as fluid, serous pigment epithelial detach-
ment, blocked fluorescence, or hemorrhage, had to be located
under the foveal center. Active neovascularization was defined by
the presence of leakage on FA and fluid on OCT.

Grading of color and FA images at baseline and years 1 and 2
was performed at the CATT Fundus Photograph Reading Center of
the University of Pennsylvania. Two trained certified graders
independently assessed the images, and discrepant results were
adjudicated. Morphologic features identified on these images
included active leakage of fluorescein on FA, fibrotic scar, non-
fibrotic scar, type of CNV (classic, occult, and RAP), type of total
CNV lesion, hemorrhage, blocked fluorescence contiguous with
the CNV, serous pigment epithelial detachment, nongeographic
atrophy, geographic atrophy (GA), retinal pigment epithelial tear,
and pathologic features in the foveal center. The OCT scans were
graded at the CATT OCT Reading Center of Duke University by 2
independent certified readers. Discrepant data were arbitrated by an
independent senior reader. Readers assessed the following param-
eters on OCT images: intraretinal fluid, subretinal fluid, fluid
beneath the retinal pigment epithelium (RPE), vitreomacular
adhesion, and subretinal hyperreflective material (SHRM). In
addition, the center point retinal thickness, subretinal fluid thick-
ness, and subretinal tissue complex thickness were measured.'’

Retinal angiomatous proliferation lesions were identified by FA and
color fundus photography findings (Fig 1). To be considered a RAP
lesion, a focal area of intense intraretinal hyperfluorescence (hot
spot) in the early phase of the FA was required, along with 1 or more
of the following signs on FA: focal intraretinal superficial
hemorrhages; lipid; serous or fibrovascular pigment epithelial
detachment; and retinal vascular abnormality, such as an anastomosis
between retinal vessels or between retinal and choroidal vessels or
retinal vessels with the underlying CNV complex.'
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Statistical Methods

We performed the statistical comparison of baseline characteristics
and outcomes at years 1 and 2 between eyes with baseline RAP and
eyes without baseline RAP. The 2-group independent ¢ test was
used to compare means of continuous variables and the Fisher
exact test was used for comparison of proportions of categorical
variables. A P value less than 0.05 was considered to be statisti-
cally significant. All the statistical comparisons were made using
SAS software version 9.2 (SAS Inc., Cary, NC).

Results

Baseline Characteristics

At enrollment, RAP was present in 126 of 1183 (10.7%) CATT
patients who had images of sufficient quality. The frequencies of
specific RAP features are listed in Table 1. Superficial hemorrhage
was present in 91% of RAP eyes, 12% had serous pigment
epithelial detachment, 14% had fibrovascular pigment epithelial
detachment, 22% had hard exudates, 20% had retina
vessel-CNV  lesion anastomosis, and 1% had retinal
vessel—retinal vessel anastomosis.

Comparison of baseline characteristics between patients with
and without RAP is shown in Table 2. Patients who had RAP were
older (mean age, 81.7 years) than patients without RAP lesions
(mean age, 79 years; P < 0.001). There was a lower percentage
of past or current cigarette smokers in the RAP group (45% vs.
59%; P = 0.004). Systemic diseases such as hypertension and
diabetes mellitus were similar in the 2 groups. The baseline VA
was similar in eyes with and without RAP (60.1 letters vs. 60.6
letters; P = 0.47). The CNV lesion size in disc area (DA) was
smaller in eyes with RAP (1.22 DA vs. 1.85 DA; P < 0.001),
and the total CNV lesion area showed a similar difference (1.59
DA vs. 2.59 DA; P < 0.001) between the 2 groups. The RAP
eyes had CNV that was located more commonly away from the
foveal center in comparison with eyes with no RAP (40% vs.
60%; P < 0.001). Retinal angiomatous proliferation lesions were
almost always associated with occult-only CNV (93% vs. 56%;
P < 0.001); classic-only CNV was uncommon when RAP was
present (4% vs. 25%; P < 0.001). Choroidal neovascularization-
associated hemorrhages were more frequent in eyes with RAP
(93% vs. 59%), but tended to be smaller (91% with <1 DA vs.
47% with <1 DA; P < 0.001). Serous pigment epithelial de-
tachments identified on FA were more common in eyes with RAP
than in eyes that had no RAP (13% vs. 4%; P < 0.001). The mean
retinal thickness did not differ between the 2 groups (191 vs. 211
pm; P = 0.23), but there was more intraretinal fluid (93% vs. 73%;
P < 0.001) and sub-RPE fluid (60% vs. 47%; P = 0.08) and less
subretinal fluid (67% vs. 84%; P < 0.001) in eyes with RAP when
compared with eyes without RAP. Subretinal hyperreflective ma-
terial was similar between the 2 groups (71% vs. 77%; P = 0.14).

One-Year Outcomes

Greater VA improvement from baseline was seen in eyes with RAP
(10.6 letters vs. 6.9 letters; P = 0.01) than in eyes without RAP, and
more eyes with RAP had a 15-letter or more increase from baseline
(41% vs. 28%; P = 0.005). Foveal total thickness decreased to a
greater extent in eyes with RAP (—240 pmvs. —161 um; P < 0.001)
than those without RAP. On OCT, more eyes with RAP had com-
plete fluid resolution (46% vs. 26%; P < 0.001) than eyes without
RAP. The proportion of eyes with no active fluorescein leakage on
FA was higher in the RAP group than in the non-RAP group (61%
vs. 50%; P = 0.03). Total CNV lesion size decreased in eyes
with RAP, whereas it increased in those with CNV but no RAP
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Figure 1. A1, Color image of the study eye at baseline. A2, Late-phase-angiogram showing intraretinal hyperfluorescence (hot spot) that leaks intensely.
Petaloid hyperfluorescence can be observed (A3) in the fovea corresponding to (A4) the large intraretinal cysts noted on optical coherence tomography
(OCT). Sub-retinal pigment epithelium (RPE) fluid (serous pigment epithelial detachment) also can be seen on OCT. B1, Color image of another patient at
baseline showing intraretinal lipid. B2, B3, Angiograms showing (B2) an intense hyperfluorescent spot surrounded by (B3) hyperfluorescence in the sub-
RPE space consistent with a serous pigment epithelial detachment. B4, Optical coherence tomography showing sub-RPE fluid (serous pigment epithelial
detachment). B5, B6, B7, Images obtained at 2 years showing atrophic areas with (B8) corresponding signal penetration into the choroid on OCT.

(—0.27 DA vs. 0.27 DA; P = 0.02). A greater proportion of eyes
demonstrated GA (24% vs. 15%; P = 0.01) in the RAP group,
whereas a lesser proportion demonstrated scarring (17% vs. 36%;
P < 0.001) and SHRM (36% vs. 48%; P = 0.01) at 1 year. Among
PRN-treated eyes (60 eyes with RAP, 497 without RAP), fewer
injections were required in eyes that had RAP (mean, 6.1 injections
vs. 7.4 injections; P = 0.003) than in eyes that did not have RAP
(Table 3). Within the RAP group, more eyes treated monthly had
complete fluid resolution (63% vs. 31%; P < 0.001) and no
leakage on FA (73% vs. 56%; P = 0.08) than eyes treated PRN.

Two-Year Outcomes

At 2 years, the mean VA improvement from baseline (7.8 letters vs.
6.2 letters; P = 0.34) and a 15-letter or more increase from baseline
(33% vs. 29%; P = 0.51) were not significantly different between

Table 1. Features of Retinal Angiomatous Proliferation

eyes with and without RAP lesions. The change in mean VA from
baseline through 2 years of follow-up is shown in Figure 2. The
total foveal thickness reduction from baseline continued to be
greater in eyes with RAP (—223 pum vs. —156 um; P < 0.001).
A greater proportion of eyes with RAP had no fluid on OCT
(36% vs. 22%; P = 0.002) and no leakage on FA (78% vs. 68%;
P = 0.02). The mean change in area of the total CNV lesion
from baseline did not differ significantly between the groups
(0.49 DA vs. 0.79 DA; P = 0.26) at 2 years. Eyes with RAP
continued to demonstrate a greater rate of GA (32% vs. 19%;
P = 0.004), less scarring (31% vs. 44%; P = 0.01), and less
SHRM (35% vs. 44%; P = 0.001). In the PRN treatment group,
fewer injections in year 2 were required in eyes with RAP (5.4
injections vs. 6.6 injections; P = 0.025; Table 4). Within the
RAP group, more eyes treated monthly for 2 years had complete
fluid resolution (55%) than eyes treated PRN for 2 years (29%)
or eyes switched from monthly treatment in year 1 to PRN
treatment in year 2 (33%; P = 0.06).

Discussion

Retinal Angiomatous Proliferation Components No. (%)
Area of intense intraretinal hyperfluorescence (hot spot) 126 (100.0)
Superficial intraretinal hemorrhages 114 (90.5)
Associated serous pigment epithelial detachment 15 (11.9)
Associated lipid (hard exudates) 28 (22.2)
Associated fibrovascular pigment epithelial detachment 18 (14.3)
Associated retinal anastomosis

None 100 (79.4)
Retina—retina 1 (0.8)
Retina—lesion 25 (19.8)

This study reports the VA and morphologic outcomes from
anti-VEGF treatment in eyes with RAP compared with eyes
with CNV but no RAP. There are few reports of VA in eyes
with RAP treated for more than 1 year with anti-VEGF
drugs. The studies that do exist are difficult to compare
with the CATT because most had a small number of patients
(<25) and did not have a comparison group of treated eyes
without RAP."*'%72? The few retrospective studies that had
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Table 2. Baseline Characteristics of Groups Based on the Presence of Retinal Angiomatous Proliferation

With Retinal Angiomatous

Without Retinal Angiomatous

Baseline Characteristics Proliferation (n = 126) Proliferation Lesion (n = 1057) P Value*
Patients (n = 1183)!
Mean age (SE), yrs 81.7 (0.65) 79.0 (0.23) <0.001
Female gender, no. (%) 87 (69.1) 644 (60.9) 0.08
Former or current cigarette smoker, no. (%) 57 (45.2) 620 (58.7) 0.004
Presence of hypertension, no. (%) 80 (63.5) 742 (70.2) 0.13
Presence of diabetes mellitus, no. (%) 22 (17.5) 184 (17.4) 1.00
Geographic atrophy in fellow eye, no. (%) 21 (16.7) 122 (11.5) 0.11
CNV or scar in fellow eye, no. (%) 40 (31.8) 308 (29.1) 0.47
Study eye, mean (SE)
Mean visual acuity, letters 60.1 (1.09) 60.6 (.042) 0.70
Mean area of choroidal neovascularization, disc areas 1.22 (0.13) 1.85 (0.06) <0.001
Baseline total area of lesion, disc areas 1.59 (0.15) 2.59 (0.08) <0.001
Pathologic features in foveal center, no. (%) <0.001
Fluid only 60 (47.6) 254 (24.0)
Choroidal neovascularization 50 (39.7) 637 (60.3)
Hemorrhage 5(3.97) 88 (8.33)
Other (pigment, drusen, etc.) 11 (8.73) 69 (6.53)
Location of lesion (does not include fluid), no. (%) <0.001
Subfoveal 65 (51.6 7717 (73.5)
Not subfoveal 61 (48.4 261 (24.7)
CNV, no. (%) <0.001
Occult only 117 (92.86) 577 (55.91)
Classic only 4 (3.97) 258 (25.0)
Occult and classic 5(3.97) 197 (19.1)
None/cannot grade/cannot decide 0 (0.00) 25 (2.37)
Hemorrhage (associated with the lesion), no. (%) <0.001
None 9 (7.14) 432 (40.87)
<1 disc area 114 (90.5) 495 (46.8)
<2 disc areas 1 (0.79) 58 (5.49)
>2 disc areas 2 (1.59) 52 (4.92)
Geographic atrophy, no. (%) 5 (3.97) 77 (7.28) 0.20
Scar, no. (%) 1 (0.79) 45 (4.26) 0.05
Serous pigment epithelial detachment, no. (%) 16 (12.7) 46 (4.35) <0.001
Cystoid macular edema on fluorescein angiogram, no. (%) 11 (8.73) 88 (8.33) 0.86
OCT features
Retinal thickness (Lm), mean (SE) 191 (14.2) 211 (5.40) 0.23
Total thickness (jm), mean (SE) 476 (16.4) 458 (5.78) 0.30
Intraretinal fluid, no. (%) 117 (92.9) 768 (72.7) <0.001
Subretinal fluid, no. (%) 84 (66.7) 885 (83.7) <0.001
Subretinal pigment epithelium fluid, no. (%) 76 (60.3) 495 (46.8) 0.08
Vitreomacular adhesion/traction, no. (%) 10 (7.94) 133 (12.6) 0.15
Subretinal hyperreflective material, no. (%) 90 (71.4) 817 (71.3) 0.14

CNV = choroidal neovascularization; OCT = optical coherence tomography; SE = standard error.
*Independent ¢ test for continuous variables and Fisher exact test for categorical variables.

"Two subjects excluded because of poor image quality.

follow-up periods extending up to 3 years showed there was
improvement and stabilization of VA in the anti-VEGF-
treated eyes with RAP. However, one small retrospective
study showed that although all 20 study eyes had improved
or stable VA at months 1 and 3, only 63% had similar sta-
bility or improvement at 2 years of follow-up.”” Similar to
these studies, our study showed a rapid improvement in
VA within the first 3 months of intravitreal anti-VEGF
therapy that continued to improve and then stabilize dur-
ing the first year (Tables 3 and 4; Fig 2). However, in the
second year, VA began to decline modestly such that there
was no statistically significant difference between eyes
with or without RAP in overall VA gain at the end of 2
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years of treatment. When eyes in which GA developed by
2 years were excluded from the analysis, the pattern of a
modest decline in VA gain during year 2 among eyes with
RAP and of stable VA in eyes without RAP persisted (Fig
3, available at www.aaojournal.org), indicating that the
decline was not solely the result of the higher incidence of
GA among eyes with RAP.

Our study also showed that among eyes assigned to the
PRN treatment, the eyes with RAP needed fewer anti-VEGF
injections than eyes without RAP in year 1. In a smaller
study, which included 11 eyes with RAP given anti-VEGF
therapy, the mean number of injections required for eyes
with RAP was 7 in the first year, 6 in the second year, and 7
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Table 3. Year 1 Outcomes of Groups Based on Presence of Baseline Retinal Angiomatous Proliferation (n = 1104*)

With Retinal Angiomatous

Without Retinal Angiomatous

Year 1 Outcomes Proliferation Lesion (n = 116) Proliferation Lesion (n = 988) P Value'

Visual acuity (letters), mean (SE) 70.9 (1.19) 67.7 (0.58) 0.07
Visual acuity change from baseline (letters), mean (SE) 10.6 (1.00) 6.93 (0.48) 0.011
>15-Letter increase from baseline, no. (%) 48 (41.4) 279 (28.2) 0.005
Hemorrhage contiguous with lesion, no. (%) 2 (1.72) 19 (1.92) 1.00
Retinal thickness at fovea (pm), no. (%) 0.20

<120 27 (23.3) 208 (21.1)

120—-212 82 (70.7) 651 (65.9)

>212 7 (6.03) 112 (11.3)
Change in total foveal thickness from baseline (im), mean (SE) —240 (17.8) —161 (5.7) <0.001
No fluid on OCT, no. (%) 53 (45.7) 260 (26.3) <0.001
No leakage on FA, no. (%) 71 (61.2) 491 (49.7) 0.027
Change in lesion size from baseline (disc areas), mean (SE) —0.27 (0.14) 0.27 (0.08) 0.019
Pathologic features in fovea center, no. (%) <0.001

None 51 (44.0) 161 (16.3)

Fluid only 19 (16.4) 6 (6.68)

Choroidal neovascularization 8 (6.90) 251 (25.4)

Scar 5 (4.31) 197 (19.9)

Geographic atrophy 2 (1.72) 0(2.02)

Nongeographic atrophy 13 (11.2) 138 (14.0)

Other 18 (15.5) 55 (15.7)
RPE tear involving macula, no. (%) 1 (0.86) 7 (1.79) 0.71
Mean no. of injections (PRN* only), mean (SE) 6.07 (0.38) 742 (0.15) 0.003
Geographic atrophy, no. (%) 28 (24.1) 144 (14.6) 0.014
Scar, no. (%) 20 (17.2) 359 (36.3) <0.001
Subretinal hyperreflective material, no. (%) 42 (36.2) 472 (47.8) 0.013

FA = fluorescein angiography; OCT = optical coherence tomography; PRN = pro re nata; RPE =

*No. of patients with year 1 visual acuity outcome.

retinal pigment epithelium; SE = standard error.

"Independent ¢ test for continuous variables and Fisher exact test for categorical variables.
iSixty patients with retinal angiomatous proliferation lesions and 497 patients without retinal angiomatous proliferation lesions were in the PRN groups.

in the third year.'” In another slightly larger study,
ranibizumab was given monthly for 3 months, and then
PRN thereafter to treat eyes with RAP. The mean number
of injections in this study was 5.5 and 7.7 at 12 and 24
months, respectively.”’ In the CATT cohort, the mean

Mean VA Change from Baseline by Follow-up Weeks

Mean VA Change from Baseline (letters)

Sample Size by Study Group
RAP [ 126 123 16 16 109 116 100 103 101 110
No RAP |10s710%2 967 944 916 988 884 879 845 922
T T T T T T

0 4 12 24 36 52 64 76 88 104
Follow-up Weeks

Figure 2. Graph showing mean visual acuity (VA) change from baseline
through 2 years. Red line = eyes with retinal angiomatous proliferation
(RAP); blue line = eyes without RAP.

reduction in total foveal thickness at both 1 and 2 years
and the proportion of eyes without intraretinal, subretinal,
or sub-RPE fluid was significantly greater in eyes with
RAP than in treatment-naive NVAMD eyes without RAP.
These data from our clinical trial suggest that the response
of RAP lesions to anti-VEGF treatment is more rapid at the
start of therapy and is similar to that of other types of
NVAMD at the end of 2 years. The rapid response of RAP
lesions to anti-VEGF therapy could be attributed to the
smaller baseline NVAMD lesion that is known to have a
more favorable prognostic outcome in exudative AMD with
anti-VEGF treatment. Other baseline features such as the
preponderance of RAP associated occult CNV, as well as the
non-subfoveal location of CNV in almost half of the eyes
with RAP also could have contributed to a more favorable
morphologic outcome. Within the RAP group, more eyes
with RAP became fluid free and had less fluorescein leakage
during follow-up years 1 and 2 with the monthly regimen
when compared with eyes receiving the PRN regimen; these
differences among dosing re%imens are consistent with the
overall results of the CATT."

Our study corroborated many of the findings from pre-
vious studies of treatment-naive eyes with RAP. For
example, patients with untreated RAP and NVAMD tend to
be older than patients with NVAMD without RAP.**-**
However, patients who were past or present cigarette
smokers tended to have a lower risk of RAP, a finding that
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Table 4. Year 2 Outcomes of Groups Based on Presence of Baseline Retinal Angiomatous Proliferation (n = 1032%*)

With Retinal Angiomatous

Without Retinal Angiomatous

Year 2 Outcomes Proliferation Lesion (n = 110) Proliferation Lesion (n = 922) P Value'

Visual acuity (letters), mean (SE) 68.0 (1.57) 67.3 (0.61) 0.72
Visual acuity change from baseline (letters), mean (SE) 7.82 (1.60) 6.21 (0.54) 0.34
>15-Letter increase from baseline, no. (%) 36 (32.7) 271 (29.4) 0.51
Hemorrhage contiguous with lesion, no. (%) 2 (1.82) 28 (3.04) 0.76
Retinal thickness at fovea (pm), no. (%) 0.83

<120 25 (22.7) 220 (23.9)

120—-212 72 (65.5) 570 (61.8)

>212 12 (10.9) 116 (12.6)
Change in total foveal thickness from baseline (im), mean (SE) —223 (20.5) —156 (6.22) <0.001
No fluid on OCT, no. (%) 40 (36.4) 200 (21.7) 0.002
No Leakage on FA, no. (%) 86 (78.2) 624 (67.7) 0.023
Change in lesion size from baseline (disc areas), mean (SE) 0.49 (0.19) 0.79 (0.09) 0.26
Pathologic features in fovea center, no. (%) <0.001

None 41 (37.3) 162 (17.6)

Fluid only 5 (4.55) 8 (3.04)

Choroidal neovascularization 13 (11.82) 164 (17.8)

Scar 7 (6.36) 222 (24.1)

Geographic atrophy 7 (6.36) 6 (6.07)

Nongeographic atrophy 20 (19.2) 168 (18.2)

Other 17 (15.5) 122 (13.2)
Mean no. of injections (PRN only'), mean (SE) 5.36 (0.43) 6.57 (0.18) 0.025
Geographic atrophy, no. (%) 35 (31.8) 179 (19.4) 0.004
Scar, no. (%) 34 (30.9) 405 (43.9) 0.010
Subretinal hyper reflective material, no. (%) 38 (34.5) 428 (43.8) 0.014

FA = fluorescein angiography; OCT = optical coherence tomography; PRN = pro re nata; RPE

*No. of patients with year 2 visual acuity outcome.

= retinal pigment epithelium; SE = standard error.

"Independent ¢ test for continuous variables and Fisher exact test for categorical variables.
*Fifty-six patients with retinal angiomatous proliferation lesions and 460 patients without retinal angiomatous proliferation lesions were in the PRN groups.

has was not identified in the one other study that evaluated
smoking.”* As reported in other anti-VEGF studies, in our
study a relatively high proportion of eyes with RAP lesions
demonstrated GA by 2 years. The increased GA develop-
ment may be related to baseline subfoveal choroidal thin-
ning, reticular pseudodrusen, and GA in the fellow eye.””
However, a lower proportion of eyes with RAP demon-
strated scarring. This finding may be related to the strong
association of RAP lesions with occult CNV, which is
known to produce fewer scars than classic or mixed CNV
lesions, and also to fewer number of eyes with RAP having
SHRM during the 2 years of follow-up. Subretinal hyper-
reflective material, a morphologic feature seen on OCT as
hyperreflective material located external to the retina and
internal to the RPE, is associated with reduced VA and
increased scar formation.”**’ The CATT cohort had either
CNV or its sequelae in the foveal center, and eyes with RAP
tended to have CNV that was predominantly extrafoveal. As
a result, deleterious morphologic outcomes such as GA and
scar tended to occur in an extrafoveal location.

The large number of treatment-naive eyes with RAP was
a major study strength. The method used to identify RAP
was a relative study limitation. The diagnosis of RAP le-
sions in this study was based on the fluorescein angio-
graphic appearance supported by color fundus photographic
features and correlated well with the fluid observed on OCT.
Indocyanine green angiography is useful to diagnose RAP,
particularly in the later stages, but was not available in this
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study. Accordingly, RAP may have been underdiagnosed,
and therefore, the actual number of eyes with RAP may
have been higher than what we have reported.”"-*'

In summary, approximately 10% of treatment-naive eyes
in our cohort had RAP. Eyes with RAP treated with anti-
VEGF drugs in CATT were less likely to have fluid, FA
leakage, scarring, or SHRM and were more likely to have
GA at 1 or 2 years than other types of CNV. Although VA
gain was greater and lesion growth was less in eyes with
RAP at 1 year, by 2 years, they were similar to eyes without
RAP. Fewer injections were needed to treat RAP than the
other types of CNV.

References

1. Yannuzzi LA, Negrdo S, lida T, et al. Retinal angiomatous
proliferation in age-related macular degeneration. Retina
2001;21:416-34.

2. Slakter JS, Yannuzzi LA, Schneider U, et al. Retinal choroidal
anastomoses and occult choroidal neovascularization in age-
related macular degeneration. Ophthalmology 2000;107:742-53.

3. Hirami Y, Mandai M, Takahshi M, et al. Association of clinical
characteristics with disease subtypes, initial visual acuity, and
visual prognosis in neovascular age-related macular degener-
ation. Jpn J Ophthalmol 2009;53:396-400.

4. Liakopoulos S, Ongchin S, Bansal A, et al. Quantitative op-
tical coherence tomography findings in various subtypes of


http://refhub.elsevier.com/S0161-6420(15)01256-7/sref1
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref1
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref1
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref2
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref2
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref2
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref3
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref3
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref3
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref3
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref4
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref4

10.

11.

12.

13.

14.

15.

16.

17.

18.

Daniel et al - Retinal Angiomatous Proliferation in CATT

neovascular age-related macular degeneration. Invest Oph-
thalmol Vis Sci 2008;49:5048-505.

. Jung JJ, Chen CY, Mrejen S, et al. The incidence of neo-

vascular subtypes in newly diagnosed neovascular age-related
macular degeneration. Am J Ophthalmol 2014;158:769-79.

. Viola F, Massacesi A, Orzalesi N, et al. Retinal angiomatous

proliferation: natural history and progression of visual loss.
Retina 2009;29:732-9.

. Bottoni F, Massacesi A, Cigada M, et al. Treatment of retinal

angiomatous proliferation in age-related macular degeneration:
a series of 104 cases of retinal angiomatous proliferation. Arch
Ophthalmol 2005;123:1644-50.

. Reche-Frutos J, Calvo-Gonzalez C, Donate-Lopez J, et al.

Retinal angiomatous proliferation reactivation 6 months after
high-dose intravitreal acetonide triamcinolone and photody-
namic therapy. Eur J Ophthalmol 2007;17:979-82.

. Hartnett ME, Weiter JJ, Staurenghi G, Elsner AE. Deep retinal

vascular anomalous complexes in advanced age-related mac-
ular degeneration. Ophthalmology 1996;103:2042-53.
Meyerle CB, Freund KB, Iturralde D, et al. Intravitreal bev-
acizumab (Avastin) for retinal angiomatous proliferation.
Retina 2007;27:451-7.

Gharbiya M, Allievi F, Recupero V, et al. Intravitreal bev-
acizumab as primary treatment for retinal angiomatous pro-
liferation: twelve-month results. Retina 2009;29:740-9.
Rouvas AA, Chatziralli IP, Theodossiadis PG, et al. Long-term
results of intravitreal ranibizumab, intravitreal ranibizumab
with photodynamic therapy, and intravitreal triamcinolone
with photodynamic therapy for the treatment of retinal angi-
omatous proliferation. Retina 2012;32:1181-9.

Nagiel A, Sarraf D, Sadda SR, et al. Type 3 neo-
vascularization: evolution, association with pigment epithelial
detachment, and treatment response as revealed by spectral
domain optical coherence tomography. Retina 2015;35:
638-47.

Atmani K, Voigt M, Le Tien V, et al. Ranibizumab for retinal
angiomatous proliferation in age-related macular degeneration.
Eye (Lond) 2010;24:1193-8.

CATT Research Group. Ranibizumab and bevacizumab for
neovascular age-related macular degeneration. N Engl J Med
2011;364:1897-908.

Grunwald JE, Daniel E, Ying GS, et al. Photographic assess-
ment of baseline fundus morphologic features in the Com-
parison of Age-Related Macular Degeneration Treatments
Trials. Ophthalmology 2012;119:1634-41.

DeCroos FC, Toth CA, Stinnett SS, et al. Optical coherence
tomography grading reproducibility during the Comparison of
Age-Related Macular Degeneration Treatments Trials.
Ophthalmology 2012;119:2549-57.

Gharbiya M, Parisi F, Cruciani F, et al. Intravitreal anti-
vascular endothelial growth factor for retinal angiomatous
proliferation in treatment-naive eyes: long-term functional and
anatomical results using a modified PrONTO-style regimen.
Retina 2014;34:298-305.

Footnotes and Financial Disclosures

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Engelbert M, Zweifel SA, Freund KB. “Treat and extend”
dosing of intravitreal antivascular endothelial growth factor
therapy for type 3 neovascularization/retinal angiomatous
proliferation. Retina 2009;29:1424-31.

Inoue M, Arakawa A, Yamane S, Kadonosono K. Long-term
results of intravitreal ranibizumab for the treatment of retinal
angiomatous proliferation and utility of an advanced RPE
analysis performed using spectral-domain optical coherence
tomography. Br J Ophthalmol 2014;98:956-60.

Shin JY, Yu HG. Optical coherence tomography-based rani-
bizumab monotherapy for retinal angiomatous proliferation in
Korean patients. Retina 2014;34:2359-66.

Hemeida TS, Keane PA, Dustin L, et al. Long-term visual and
anatomical outcomes following anti-VEGF monotherapy for
retinal angiomatous proliferation. Br J Ophthalmol 2010;94:
701-5.

Rudnicka AR, Jarrar Z, Wormald R, et al. Age and gender
variations in age-related macular degeneration prevalence in
populations of European ancestry: a meta-analysis. Ophthal-
mology 2012;119:571-80.

Caramoy A, Ristau T, Lechanteur YT, et al. Environmental and
genetic risk factors for retinal angiomatous proliferation. Acta
Ophthalmol 2014;92:745-8.

Cho HJ, Yoo SG, Kim HS, et al. Risk factors for geographic
atrophy after intravitreal ranibizumab injections for retinal
angiomatous proliferation. Am J Ophthalmol 2015;159:
285-92.

Xu L, Mrejen S, Jung JJ, et al. Geographic atrophy in patients
receiving anti-vascular endothelial growth factor for neo-
vascular age-related macular degeneration. Retina 2015;35:
176-86.

Kim JH, Chang YS, Kim JW, et al. Prevalence of subtypes of
reticular pseudodrusen in newly diagnosed exudative age-
related macular degeneration and polypoidal choroidal vas-
culopathy in Korean patients. Retina 2015 Jun 3; [Epub ahead
of print].

Daniel E, Toth CA, Grunwald JE, et al. Comparison of Age-
Related Macular Degeneration Treatments Trials Research
Group. Risk of scar in the comparison of age-related macular
degeneration treatments trials. Ophthalmology 2014;121:
656-66.

Willoughby AS, Ying GS, Toth CA, et al. 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;122:1846-53.

Kuhn D, Meunier I, Soubrane G, Coscas G. Imaging of
chorioretinal anastomoses in vascularized retinal pigment
epithelium detachments. Arch Ophthalmol 1995;113:
1392-8.

Parravano M, Pilotto E, Musicco I, et al. Reproducibility of
fluorescein and indocyanine green angiographic assessment for
RAP diagnosis: a multicenter study. Eur J Ophthalmol
2012;22:598-606.

Originally received: August 19, 2015.
Final revision: October 20, 2015.
Accepted: October 20, 2015.

Available online: December 8, 2015.

Manuscript no. 2015-1433.

! Department of Ophthalmology, University of Pennsylvania, Philadelphia,
Pennsylvania.

2 Cole Eye Institute, Cleveland Clinic, Cleveland, Ohio.

3 Department of Ophthalmology, Duke University, Durham, North
Carolina.

Presented at: Association for Research in Vision and Ophthalmology
Annual Meeting, 2015, Denver, Colorado.

*Members of The Comparison of Age-Related Macular Degeneration
Treatments Trials (CATT) Research Group are listed in the Appendix
(available at www.aaojournal.org).

615


http://refhub.elsevier.com/S0161-6420(15)01256-7/sref4
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref4
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref5
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref5
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref5
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref6
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref6
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref6
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref7
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref7
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref7
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref7
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref8
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref8
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref8
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref8
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref9
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref9
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref9
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref10
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref10
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref10
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref11
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref11
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref11
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref12
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref12
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref12
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref12
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref12
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref13
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref13
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref13
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref13
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref13
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref14
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref14
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref14
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref15
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref15
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref15
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref16
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref16
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref16
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref16
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref17
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref17
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref17
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref17
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref18
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref18
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref18
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref18
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref18
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref19
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref19
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref19
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref19
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref20
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref20
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref20
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref20
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref20
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref21
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref21
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref21
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref22
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref22
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref22
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref22
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref23
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref23
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref23
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref23
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref24
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref24
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref24
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref25
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref25
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref25
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref25
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref26
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref26
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref26
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref26
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref27
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref27
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref27
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref27
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref27
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref28
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref28
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref28
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref28
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref28
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref29
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref29
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref29
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref29
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref29
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref30
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref30
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref30
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref30
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref31
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref31
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref31
http://refhub.elsevier.com/S0161-6420(15)01256-7/sref31
http://www.aaojournal.org

Ophthalmology Volume 123, Number 3, March 2016

Financial Disclosure(s):
The author(s) have made the following disclosure(s): G.Y.: Consultant —
Janssen R & D (Titusville, NJ)

G.J.J.: Consultant — Heidelberg Engineering; Alcon/Novartis; Genentech/
Roche; Neurotech

Supported by the National Eye Institute, National Institutes of Health,
Bethesda, Maryland (cooperative agreement nos.: U10 EY017823, U10
EY017825, U10 EY017826, U10 EY017828, and R21EY023689).

Author Contributions:

Conception and design: Daniel, Shaffer, Grunwald, Martin, Jaffe, Maguire
Analysis and interpretation: Daniel, Shaffer, Ying, Grunwald, Martin, Jaffe,
Maguire

Data collection: Daniel, Shaffer, Ying, Grunwald, Martin, Jaffe, Maguire
Obtained funding: none

Pictures & Perspectives

Overall responsibility: Daniel, Shaffer, Ying, Grunwald, Martin, Jaffe,
Maguire

Abbreviations and Acronyms:

CATT = Comparison of Age-Related Macular Degeneration Treatments
Trials; CNV = choroidal neovascularization, DA = disc area;
FA = fluorescein angiography; GA = geographic atrophy;
NVAMD = neovascular age-related macular degeneration; OCT = optical
coherence tomography; RAP = retinal angiomatous proliferation;
RPE = retinal pigment epithelium; SHRM = subretinal hyperreflective
material; VA = visual acuity; VEGF = vascular endothelial growth factor.

Correspondence:

Ebenezer Daniel, MPH, PhD, Department of Ophthalmology, Fundus
Photograph Reading Center, University of Pennsylvania, 3535 Market
Street, Suite 700, Philadelphia, PA 19104. E-mail: ebdaniel@mail.med.
upenn.edu.

616

Conjunctival Mucoepidermoid Carcinoma

A nodular tumor had grown from the palpebral conjunctiva
over the lower lid margin of the left eye in a 62-year-old man
during 5 months (Fig 1A). Histopathologically, a smaller
portion around the lid margin resembled squamous cell carci-
noma (Fig 1B, right). It merged into a major undifferentiated
portion replacing the palpebral conjunctiva, with high mitotic
activity (Fig 1B, left), focal glandular differentiation including
mucin production (Fig 1C, Acian blue positive), and immu-
nopositivity for cytokeratin-7 (Fig 1D) and carcinoembryonic
antigen (CEA). This was consistent with conjunctival
mucoepidermoid carcinoma — a rare, highly recurrent and
prognostically unfavorable epithelial malignancy.
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