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ABSTRACT
Objectives: The aim of this study is to systematically
review the evidence for anti-vascular endothelial growth
factor (VEGF) therapy in choroidal neovascularisation
secondary to conditions other than age-related macular
degeneration.
Data sources:MEDLINE, MEDLINE in-process, EMBASE
and CENTRAL databases and conference abstracts were
searched (from inception to Jan 2014).
Study eligibility criteria, participants and
interventions: Randomised and non-randomised
comparative studies with follow-up of at least 6 months
were included and were used to assess clinical
effectiveness.
Study appraisal and synthesis method: Risk of bias
was assessed using the Cochrane risk of bias tool and
modified Newcastle-Ottawa Scale. Meta-analysis was not
possible due to methodological heterogeneity.
Results: 16 studies met the inclusion criteria (1091 eyes;
963 pathological myopia, 74 other conditions). There was
large variation in risk of bias across studies. An
improvement in best-corrected visual acuity in anti-VEGF
arms over comparators was reported in all studies. The
proportion of patients improving by at least 15 letters in
anti-VEGF arms ranged from 27.3% to 70%. There were
no significant differences between bevacizumab and
ranibizumab.
Limitations: Owing to the rarity of choroidal
neovascularisation secondary to conditions other than
age-related macular degeneration or pathological myopia,
there are unlikely to ever be sufficiently powered trials in
these populations.
Conclusions: Bevacizumab and ranibizumab appear to
be effective in improving visual acuity for patients with
choroidal neovascularisation secondary to conditions
other than age-related macular degeneration. The evidence
base is strongest for choroidal neovascularisation
secondary to pathological myopia, however, based on
current evidence and likely pharmacological pathways,
clinicians should consider treatment with either
bevacizumab or ranibizumab for rarer causes.

INTRODUCTION
Choroidal neovascularisation (CNV) is a
common and severe complication of a number

of different diseases affecting the posterior
segment of the eye, and has the potential to
cause blindness. It has a significant impact on
functioning and quality of life.1 It is charac-
terised by neovascularisation originating from
the choroid which grows through Bruch’s
membrane and under the retinal pigment epi-
thelium (RPE) or retina.2 Loss of vision usually
results from haemorrhage and leakage, and
ultimately fibrosis.3 Vascular endothelial
growth factor (VEGF) is recognised as a key sig-
nalling molecule in this process. The most
common disease associated with CNV is neovas-
cular (wet) age-related macular degeneration
(ARMD).
Pathological myopia (PM) is the common-

est non-ARMD condition associated with
CNV. It is estimated to affect up to 3% of the
population, of which 5–11% may develop
myopic CNV.3–6 Other conditions associated
with CNV include angioid streaks, multifocal
choroiditis, punctate inner choroidopathy,
pseudoxanthoma elasticum and presumed
ocular histoplasmosis. CNV may be asso-
ciated with trauma and can be idiopathic.
These conditions tend to affect younger
patients leading to lifelong impairment.3

These conditions are relatively uncommon

Strengths and limitations of this study

▪ A broad search has been undertaken, and data
interpreted to maximise usefulness to clinicians.

▪ There is a lack of evidence for choroidal neovas-
cularisation secondary to conditions other than
age-related macular degeneration or pathological
myopia, and there is unlikely to ever be suffi-
ciently powered trials in these populations.

▪ The evidence base is strongest for pathological
myopia, but based on current evidence and likely
pharmacological pathways, clinicians should
consider treatment with either bevacizumab or
ranibizumab for rarer causes of choroidal
neovascularisation.
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individually, but are more frequently seen as a combin-
ation. There is only limited evidence available about
their treatment.7

The use of anti-VEGF agents has emerged as an effect-
ive therapy for a number of ophthalmological condi-
tions. They have been shown to be superior to
photodynamic therapy (PDT) in ARMD in large rando-
mised controlled trials (RCTs)8–10 and in the treatment
of macular oedema following retinal vein occlusion and
diabetic macular oedema.11 12 There are a number of
trials that show the effectiveness of anti-VEGF antibodies
in the treatment of CNV associated with PM.13 14 Case
reports and case series in the literature report improve-
ments in vision and regression of CNV secondary to con-
ditions other than ARMD with anti-VEGF therapy,15–18

but there are few interventional studies.
The aim of this study is to systematically review the evi-

dence for anti-VEGF therapy in CNV secondary to con-
ditions other than ARMD.

METHODS
A systematic review was undertaken. The following elec-
tronic databases were searched from inception to January
2014: MEDLINE, MEDLINE In-process, EMBASE and
CENTRAL. Conference abstracts from the annual meet-
ings of the Association for Research in Vision and
Ophthalmology, The Royal College of Ophthalmologists,
and the American Academy of Ophthalmology for years
2011–2013 were searched using choroidal neovascularisa-
tion terms.
The search strategy for MEDLINE is shown in the

online supplementary material. This was adapted for
EMBASE and CENTRAL. Terms for ARMD were
included in the search strategy to prevent excluding
studies in which non-ARMD subgroups were included,
or comparison with ARMD was used.

Eligibility criteria
Only trials with a comparative design were included. This
included RCTs, controlled trials (CTs), non-randomised
trials, and comparative studies. Studies including adults
over the age of 18 with a diagnosis of CNV that was sec-
ondary to non-ARMD conditions were eligible for inclu-
sion. However, studies including patients with and
without ARMD with reporting of subgroups were eligible.
Included interventions were intravitreal bevacizumab,

ranibizumab, pegaptanib and aflibercept. Eligible com-
parators were placebo/sham treatments, other pharma-
cological interventions, usual care and observation.
There were no language restrictions. Studies with length
of follow-up of less than 6 months were excluded.

Outcome measures
Outcome measures were: (A) best-corrected visual acuity
(BCVA): mean change in, proportion of patients improv-
ing, and proportion of patients worsening; (B) mean
change in central macular thickness (CMT) as

determined by optical coherence tomography (OCT)
and (C) adverse events. All BCVA data were converted to
number of letters for consistency.

Screening and data extraction
Screening of titles and abstracts were undertaken
independently by two authors (AS and SD). Differences
were resolved through discussion with a third author
( JAF). Data was extracted in a prespecified data extrac-
tion form. Non-English articles were translated.19–21

Data extracted included baseline characteristics, mean
change in BCVA, proportion of patients improving, pro-
portion of patients worsening, mean change in CMT,
and adverse events. Risk of bias for the RCTs was
assessed using the Cochrane risk of bias tool.22 A modi-
fied Newcastle-Ottawa Scale was used to assess the risk of
bias for non-RCT studies. It was not possible to assess
publication bias using a funnel plot because of hetero-
geneity and a limited number of studies.
Data were assessed for suitability for meta-analysis, but

this was not possible due to methodological heterogeneity.

RESULTS
Search results
Sixteen studies met the inclusion criteria after screening
1251 titles and abstracts (figure 1).13 19–21 23–34 The
main reasons for exclusion at full text stage was the
absence of a separate analysis of trial arms, ARMD as
cause of CNV, absence of comparator, invalid compara-
tor and condition not CNV.
Table 1 shows that 5 studies were RCTs and 11 were

non-randomised comparative studies. Studies were from
a range of different countries. Only one trial was multi-
centre and industry funded. Follow-up ranged from 6 to
24 months.
Across included studies, the total number of eyes was

1091 (426 in RCTs), of which 684 received an
anti-VEGF. Study size ranged from 27 to 277 eyes. Mean
age ranged between 35.2 and 67 years, and between
60% and 100% were female. Mean baseline BCVA was
between 81 and 99 letters.
Thirteen of the studies (4 of the 5 RCTs, 1017 eyes)

included participants with CNV secondary to PM. The
remaining studies examined CNV associated with multi-
focal choroiditis, punctate inner choroidopathy, or that
was idiopathic.
The treatment and comparator therapies used in the

included studies were intravitreal bevacizumab (IVB),
intravitreal ranibizumab (IVR), photodynamic therapy
(PDT), and in one study a traditional Chinese medicine
(fufang xueshuantong (FXT)). The dose used in all
studies was IVR 0.5 mg or IVB 1.25 mg. All studies using
PDT as comparator reported standard PDT protocol as
per the verteporfin in photodynamic therapy study. The
mean number of IVB/IVR injections varied from 1.5 to
4.72, and the number of PDT treatments from 1.3 to
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2.5. No studies assessing pegaptanib or aflibercept were
found.
One study used a herbal agent, FXT.19 FXT is a

Chinese herbal formula used in ophthalmological condi-
tions, and consists of Panax notoginseng, Salvia miltiorrhi-
zae, Astragalus membranaceus and Scrophularia ningpoensis.
It is purported to have a vasodilatory effect, and has
been studied in the treatment of diabetic retinopathy.35

Risk of bias
Risk of bias was assessed separately for the RCTs and
comparative studies, and detailed assessments are pre-
sented in tables 2 and 3, respectively.
Generally, the RCTs were of low or unclear risk of

bias, except for blinding of participants that was high or
unclear in four studies (table 2). This reflects the diffi-
culty of blinding participants in these trials. The major-
ity of studies used assessors who were blinded to the
received interventions when evaluating visual acuity after
treatment, but this was not discussed in one study.19

Sequence generation was not reported in two studies.
Two studies used sequentially numbered envelopes,23 33

but it was unclear if these were opaque envelopes.
The comparative studies had low risk of bias for select-

ing participants from the same cohort, comparability of

participants, incomplete data and selective reporting, but
a high risk of bias for outcome assessment (table 3). No
studies blinded assessors to the interventions received.

Treatment regimes
All studies using PDT reported using a standard regime
as per the verteporfin in Photodynamic Therapy Study.
After baseline treatment, all studies based re-treatment
on fluoroscein angiography (FA) findings at three
monthly assessments. The mean number of treatments
over the duration of follow-up ranged from 1.331 to 3.0.21

All studies using anti-VEGFs reported standard doses
of 0.5 mg of ranibizumab, and 1.25 mg bevacizumab
intravitreally. Dosing regimens varied by study. Three
studies19 29 33 used a three monthly loading regime fol-
lowed by further treatment based on clinical assessment
(see table 4). All other studies based re-treatment on the
findings of FA and OCT at 1–3 monthly follow-up visits.
Mean number of injections over the follow-up periods
ranged from 1.6 25 31 to 4.72 injections.23

Clinical effectiveness
Anti-VEGF versus PDT
Ten studies compared an anti-VEGF agent to PDT, of
which two were RCTs.13 33

Figure 1 PRISMA 2009 flow diagram.

Stuart A, et al. BMJ Open 2015;5:e007746. doi:10.1136/bmjopen-2015-007746 3

Open Access

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-007746 on 3 M

ay 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


T
a
b
le

1
S
tu
d
y
c
h
a
ra
c
te
ri
s
ti
c
s

S
tu
d
y

S
tu
d
y
ty
p
e
a
n
d
f/
u

C
N
V
c
a
u
s
e

P
a
ti
e
n
ts

T
o
ta
l

e
y
e
s

T
re
a
tm

e
n
t
g
ro
u
p
s

P
a
th
o
lo
g
ic
a
l
m
y
o
p
ia

s
tu
d
ie
s

Ia
c
o
n
o
e
t
a
l2
3

R
a
n
d
o
m
is
e
d
,
d
o
u
b
le
-b
lin
d

c
lin
ic
a
l
tr
ia
l,
1
8
-m

o
n
th

f/
u

M
y
o
p
ia

M
e
a
n
a
g
e
:
IV
R

6
5
y
e
a
rs
,
IV
B

6
1
y
e
a
rs

%
fe
m
a
le
:
7
6
%

B
a
s
e
lin
e
V
A
:
M
e
a
n
le
tt
e
rs
:
IV
R

7
0
±
1
5
,
IV
B
7
0
±
1
3

E
th
n
ic
it
y
:
N
R

(I
ta
ly
)

4
8

IV
R

(m
e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
2
.5
6
,
e
y
e
s
=
2
3
)

IV
B
(m

e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s

4
.7
2
,
e
y
e
s
=
2
5
)

L
iu

e
t
a
l1
9

R
a
n
d
o
m
is
e
d
c
o
n
tr
o
lle
d
tr
ia
l,

1
2
-m

o
n
th

f/
u

P
a
th
o
lo
g
ic
a
l

m
y
o
p
ia

M
e
a
n
a
g
e
:

C
o
n
tr
o
l
g
ro
u
p
4
5
.1

y
e
a
rs
,

tr
e
a
tm

e
n
t
g
ro
u
p
4
3
.5

y
e
a
rs

%
fe
m
a
le
:
c
o
n
tr
o
l
g
ro
u
p
7
1
%
;

tr
e
a
tm

e
n
t
g
ro
u
p
6
5
%

B
a
s
e
lin
e
V
A
:*
6
6
±
1
6
le
tt
e
rs
(I
V
B

+
fu
fa
n
g
x
u
e
s
h
u
a
n
to
n
g
)
a
n
d
6
6

±
1
9
le
tt
e
rs

(f
u
fa
n
g

x
u
e
s
h
u
a
n
to
n
g
)

E
th
n
ic
it
y
:
C
h
in
e
s
e

4
2

F
X
T
o
n
ly

(o
ra
l
c
a
p
s
u
le

1
.5

g
T
D
S
,
e
y
e
s
=
2
0
)

IV
B
+
F
X
T

(m
e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
3
.8
6

+
1
.5

g
o
ra
l
c
a
p
s
u
le

T
D
S
,
e
y
e
s
=
2
2
)

G
h
a
rb
iy
a
e
t
a
l2
4

R
a
n
d
o
m
is
e
d
c
o
n
tr
o
lle
d
tr
ia
l

6
-m

o
n
th

f/
u

P
a
th
o
lo
g
ic
a
l

m
y
o
p
ia

M
e
a
n
a
g
e
:
IV
R

6
0
.6
3
y
e
a
rs
,
IV
B

5
9
.0
6
y
e
a
rs

%
fe
m
a
le
:
6
9
%

B
a
s
e
lin
e
V
A
:
E
T
D
R
S
le
tt
e
rs
,
IV
R

2
6
.4
4
±
1
2
.5
8
,
IV
B
2
9
.5
0
±
1
2
.9
8
.

E
th
n
ic
it
y
:
N
R

(I
ta
ly
)

3
2

IV
R

0
.5

m
g
(m

e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
2
.8
1
,
e
y
e
s
=
1
6
)

IV
B
1
.2
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
2
.4
4
,
e
y
e
s
=
1
6
)

W
o
lf
e
t
a
l1
3

R
a
n
d
o
m
is
e
d
c
o
n
tr
o
lle
d
tr
ia
l,

d
o
u
b
le

b
lin
d
,
1
2
-m

o
n
th

f/
u

P
a
th
o
lo
g
ic
a
l

m
y
o
p
ia

M
e
a
n
a
g
e
:
D
A
5
6
.1

y
e
a
rs
,
S
T
A
B

5
4
.0

y
e
a
rs
,
P
D
T
5
7
.4

y
e
a
rs

%
fe
m
a
le
:
D
A
7
5
%
,
S
T
A
B

7
7
.4
%
,
P
D
T
7
2
.7
%

B
a
s
e
lin
e
V
A
:
E
T
D
R
S
le
tt
e
rs
,

m
e
a
n
:
D
A
=
5
5
.8

(1
2
.6
),

S
T
A
B
=
5
5
.4

(1
3
.4
),
P
D
T
=
5
4
.7

(1
3
.8
)

E
th
n
ic
it
y
:
(I
n
te
rn
a
ti
o
n
a
l)

C
a
u
c
a
s
ia
n
5
8
%
,
A
s
ia
n
4
1
%
,

O
th
e
r
1
%

2
7
7

IV
R

0
.5

m
g
(r
e
tr
e
a
tm

e
n
t
b
a
s
e
d

o
n
d
is
e
a
s
e
a
c
ti
v
it
y
(D

A
)
c
ri
te
ri
a
,

m
e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
N
R

e
y
e
s
=
1
1
6
)

IV
R

0
.5

m
g
(r
e
tr
e
a
tm

e
n
t
b
a
s
e
d

o
n
s
ta
b
ili
s
a
ti
o
n
c
ri
te
ri
a
(S
T
A
B
),

m
e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
N
R
,

e
y
e
s
=
1
0
6
)

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

N
R
,
e
y
e
s
=
5
5
)

H
a
y
a
s
h
i
e
t
a
l2
5

P
ro
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e
s
tu
d
y
,

1
2
m
o
n
n
th

f/
u

P
a
th
o
lo
g
ic
a
l

m
y
o
p
ia

M
e
a
n
a
g
e
:
P
D
T
5
3
y
e
a
rs
,
IV
B

5
6
.5

y
e
a
rs

%
fe
m
a
le
:
7
3
%

B
a
s
e
lin
e
V
A
:
m
e
a
n
le
tt
e
rs
:
P
D
T

7
0
±
2
1
.5
,
IV
B
6
6
±
1
4
.5

E
th
n
ic
it
y
:
J
a
p
a
n
e
s
e

1
5
9

C
o
n
tr
o
ls

(e
y
e
s
=
7
4
)

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

1
.4
3
,
e
y
e
s
=
4
4
)

IV
B
1
.2
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
1
.6
,
e
y
e
s
=
4
3
)

Y
o
o
n
e
t
a
l2
6

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e
,

1
2
-m

o
n
th

f/
u

M
y
o
p
ic

C
N
V

M
e
a
n
a
g
e
:
4
4
.9

y
e
a
rs

%
fe
m
a
le
:
7
3
%

B
a
s
e
lin
e
V
A
:
M
e
a
n
le
tt
e
rs
:
P
D
T

7
3
±
1
8
.5
,
A
n
ti
-V
E
G
F
7
1
±
2
3
,

C
o
m
b
in
a
ti
o
n
6
8
±
1
8
.5

E
th
n
ic
it
y
:
N
R

(S
o
u
th

K
o
re
a
)

1
4
2

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

2
.1
,
e
y
e
s
=
5
1
)

A
n
ti
-V
E
G
F
—
IV
B
1
.2
5
m
g
/I
V
R

0
.0
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
2
.2
,
e
y
e
s
=
6
3
)

C
o
m
b
in
a
ti
o
n
—

IV
B
1
.2
5
m
g
/I
V
R

0
.0
5
m
g
+
P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f

tr
e
a
tm

e
n
ts
,
in
je
c
ti
o
n
s
=
1
.9
,
P
D
T
=
1
.9
,

e
y
e
s
=
2
8
)

E
l
M
a
tr
i
e
t
a
l2
0

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
1
2
-m

o
n
th

f/
u

P
a
th
o
lo
g
ic
a
l

m
y
o
p
ia

M
e
a
n
a
g
e
:
P
D
T
5
3
y
e
a
rs
,
IV
B

5
5
.8

y
e
a
rs

%
fe
m
a
le
:
6
1
%

B
a
s
e
lin
e
V
A
:
m
e
a
n
le
tt
e
rs
:
5
6

±
2
2
.5

(P
D
T
),
5
5
±
4
2
.5

(I
V
B
)

E
th
n
ic
it
y
:
N
o
rt
h
A
fr
ic
a
n
(T
u
n
is
ia
)

8
0

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

1
.5
5
,
e
y
e
s
=
4
0
)

IV
B
1
.2
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
1
.8
,
e
y
e
s
=
4
0
)

Co
nt
in
ue
d

4 Stuart A, et al. BMJ Open 2015;5:e007746. doi:10.1136/bmjopen-2015-007746

Open Access

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-007746 on 3 M

ay 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


T
a
b
le

1
Co

nt
in
ue
d

S
tu
d
y

S
tu
d
y
ty
p
e
a
n
d
f/
u

C
N
V
c
a
u
s
e

P
a
ti
e
n
ts

T
o
ta
l

e
y
e
s

T
re
a
tm

e
n
t
g
ro
u
p
s

E
l
M
a
tr
i
e
t
a
l2
7

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
2
4
-
m
o
n
th

f/
u

H
ig
h
m
y
o
p
ia

M
e
a
n
a
g
e
:
P
D
T
5
7
y
e
a
rs
,
IV
B

5
6
y
e
a
rs

%
fe
m
a
le
:
6
5
%

B
a
s
e
lin
e
V
A
:
m
e
a
n
le
tt
e
rs
;
P
D
T

5
6
±
3
8
.5
,
IV
B
5
5
±
1
7
.5

E
th
n
ic
it
y
:
N
R

(F
ra
n
c
e
)

6
0

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

2
.4
,
e
y
e
s
=
3
0
)

IV
B
1
.2
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

tr
e
a
tm

e
n
ts

3
.8
,
e
y
e
s
=
3
0
)

D
e
th
o
re
y
e
t
a
l2
1

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
m
e
d
ia
n
f/
u
;
P
D
T
g
ro
u
p

5
3
m
o
n
th
s
,
IV
R

g
ro
u
p

1
3
.5

m
o
n
th
s

H
ig
h
m
y
o
p
ia

M
e
a
n
a
g
e
:
P
D
T
4
7
y
e
a
rs
,
IV
R

5
8
y
e
a
rs

%
fe
m
a
le
:
8
3
%

B
a
s
e
lin
e
V
A
:
S
n
e
lle
n
2
0
/8
0

(P
D
T
),
2
0
/1
6
0
(I
V
R
)

E
th
n
ic
it
y
:
N
R

(F
ra
n
c
e
)

4
5

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

2
.5
,
e
y
e
s
=
2
7
)

IV
R

0
.5

m
g
(m

e
a
n
n
u
m
b
e
r
o
f

tr
e
a
tm

e
n
ts

3
,
e
y
e
s
=
1
8
)

Y
o
o
n
e
t
a
l2
8

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
1
2
-m

o
n
th

f/
u

M
y
o
p
ia

M
e
a
n
a
g
e
:
4
8
.9

y
e
a
rs

%
fe
m
a
le
:
8
2
.5
%

B
a
s
e
lin
e
V
A
:
7
5
±
1
3
.5

le
tt
e
rs

E
th
n
ic
it
y
:
N
R

(S
K
o
re
a
)

4
0

IV
R

(m
e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
3
.1
,
e
y
e
s
=
1
4
)

IV
B
(m

e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
2
.2
,

e
y
e
s
=
2
6
)

L
a
i
e
t
a
l2
9

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
2
4
m
o
n
tt
h
s
f/
u

P
a
th
o
lo
g
ic
a
l

m
y
o
p
ia

M
e
a
n
a
g
e
:
5
7
.3

y
e
a
rs

%
fe
m
a
le
:
6
2
%

B
a
s
e
lin
e
V
A
:
M
e
a
n
le
tt
e
rs
:
IV
B

6
6
±
1
9
.5
,
IV
R

4
8
±
2
1
.5

E
th
n
ic
it
y
:
C
h
in
e
s
e

3
7

IV
B
1
.2
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
3
.8
,
e
y
e
s
=
2
2
)

IV
R

0
.5

m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
3
.8
,
e
y
e
s
=
1
5
)

Ik
u
n
o
e
t
a
l3
0

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
2
4
-m

o
n
th

f/
u

H
ig
h
m
y
o
p
ia

M
e
a
n
a
g
e
:
6
7
y
e
a
rs

%
fe
m
a
le
:
1
0
0
%

B
a
s
e
lin
e
V
A
:
m
e
a
n
le
tt
e
rs
:
P
D
T

6
3
±
1
0
,
IV
B
6
6
±
1
4
.5
,

E
th
n
ic
it
y
:
J
a
p
a
n
e
s
e

3
1

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

2
.3
,
e
y
e
s
=
2
0
)

IV
B
1
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
2
.9
,
e
y
e
s
=
1
1
)

B
a
b
a
e
t
a
l3
1

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
2
4
m
o
n
th
s
f/
u

M
y
o
p
ic

C
N
V

M
e
a
n
a
g
e
:
6
2
.4

y
e
a
rs

%
fe
m
a
le
:
N
R

B
a
s
e
lin
e
V
A
:
m
e
a
n
le
tt
e
rs

6
2

±
1
2
.5

(I
V
B
),
6
8
±
1
2
.5

(P
D
T
)

E
th
n
ic
it
y
:
J
a
p
a
n
e
s
e

2
4

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

1
.3
,
e
y
e
s
=
1
2
)

IV
B
1
.2
5
m
g
(m

e
a
n
n
u
m
b
e
r
o
f

in
je
c
ti
o
n
s
1
.6

e
y
e
s
=
1
2
)

N
o
n
-p
a
th
o
lo
g
ic
a
l
m
y
o
p
ia

s
tu
d
ie
s

K
a
n
g
a
n
d
K
o
h

3
2

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
2
4
-m

o
n
th

f/
u

Id
io
p
a
th
ic

M
e
a
n
a
g
e
:
3
5
.1
2
y
e
a
rs

%
fe
m
a
le
:
6
0
%

B
a
s
e
lin
e
V
A
:
m
e
a
n
le
tt
e
rs
:
P
D
T

7
2
±
1
9
,
a
n
ti
-V
E
G
F
7
7
±
2
9
.5

E
th
n
ic
it
y
:
N
R

(S
.
K
o
re
a
)

2
9

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

1
.3
3
,
e
y
e
s
=
1
4
)

A
n
ti
-V
E
G
F
(I
V
R

0
.0
5
m
g
=
2
e
y
e
s
,

IV
B
1
.2
5
m
g
=
1
3
e
y
e
s
,
m
e
a
n

n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
3
.7
1
,
to
ta
l

e
y
e
s
=
1
5
)

P
a
ro
d
i
e
t
a
l3
3

R
a
n
d
o
m
is
e
d
c
o
n
tr
o
lle
d
tr
ia
l,

1
2
m
o
n
th

f/
u

M
u
lt
if
o
c
a
l

c
h
o
ro
id
it
is

M
e
a
n
a
g
e
:
3
9
y
e
a
rs

%
fe
m
a
le
:
6
6
%

B
a
s
e
lin
e
V
A
:
M
e
a
n
le
tt
e
rs
;
P
D
T

7
8
±
1
0
,
IV
B
7
6
±
1
0

E
th
n
ic
it
y
:
N
R

(I
ta
ly
)

2
7

P
D
T
(m

e
a
n
n
u
m
b
e
r
o
f
tr
e
a
tm

e
n
ts

N
R
,
e
y
e
s
=
1
3
)

IV
B
(M

e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
N
R
,

‘lo
a
d
in
g
p
h
a
s
e
o
f
3
m
o
n
th
ly

in
je
c
ti
o
n
s
+
fu
rt
h
e
r
re
-t
re
a
tm

e
n
ts
’,

e
y
e
s
=
1
4
)

C
o
rn
is
h
e
t
a
l3
4

R
e
tr
o
s
p
e
c
ti
v
e
c
o
m
p
a
ra
ti
v
e

s
tu
d
y
,
a
v
e
ra
g
e
f/
u
1
4
.9

m
o
n
th
s

P
u
n
c
ta
te

in
n
e
r

c
h
o
ro
id
o
p
a
th
y

M
e
a
n
a
g
e
:
3
4
.4

y
e
a
rs

%
fe
m
a
le
:
8
8
%

B
a
s
e
lin
e
V
A
:
8
2
±
1
5
.5

m
e
a
n

le
tt
e
rs

E
th
n
ic
it
y
:
N
R

(S
c
o
tl
a
n
d
)

1
8

IV
B
1
.2
5
m
g
(6

p
a
ti
e
n
ts
,
m
e
a
n
n
u
m
b
e
r
o
f
in
je
c
ti
o
n
s
2
.3
4
)

IV
R

0
.5

m
g
(3

p
a
ti
e
n
ts
,
m
e
a
n
2
.3
4

in
je
c
ti
o
n
s
)

*A
d
d
it
io
n
a
l
in
fo
rm

a
ti
o
n
ta
k
e
n
fr
o
m

u
n
p
u
b
lis
h
e
d
th
e
s
is
,
a
c
c
e
s
s
e
d
a
t:
h
tt
p
:/
/w
w
w
.d
o
c
in
.c
o
m
/p
-1
6
0
8
7
0
1
1
0
.h
tm

l.
C
N
V
,
c
h
o
ro
id
a
l
n
e
o
v
a
s
c
u
la
ri
s
a
ti
o
n
;
f/
u
,
fo
llo
w
-u
p
;
F
X
T
,
fu
fa
n
g
x
u
e
s
h
u
a
n
to
n
g
;
IV
B
,
in
tr
a
v
it
re
a
l
b
e
v
a
c
iz
u
m
a
b
;
IV
R
,
in
tr
a
v
it
re
a
l
ra
n
ib
iz
u
m
a
b
;
N
R
,
n
o
t
re
p
o
rt
e
d
;
P
D
T
,
v
e
rt
e
p
o
rf
in

p
h
o
to
d
y
n
a
m
ic

th
e
ra
p
y
,
s
ta
n
d
a
rd

p
ro
to
c
o
l
a
s
p
e
r
v
e
rt
e
p
o
rf
in

in
p
h
o
to
d
y
n
a
m
ic

th
e
ra
p
y
s
tu
d
y
;
T
D
S
,
th
re
e
ti
m
e
s
d
a
ily
;
V
A
,
v
is
u
a
l
a
c
u
it
y
;
V
E
G
F
,
v
a
s
c
u
la
r
e
n
d
o
th
e
lia
l
g
ro
w
th

fa
c
to
r.

Stuart A, et al. BMJ Open 2015;5:e007746. doi:10.1136/bmjopen-2015-007746 5

Open Access

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-007746 on 3 M

ay 2015. D
ow

nloaded from
 

http://www.docin.com/p-160870110.html
http://www.docin.com/p-160870110.html
http://bmjopen.bmj.com/


Randomised controlled trials
Pathological myopia In the RADIANCE trial (eyes=277),
an RCT of ranibizumab for CNV secondary to patho-
logical myopia, the results for the three separate treat-
ment arms are presented from the 3-month end point,
as the control group received ranibizumab thereafter.13

Treatment arms consisted of two IVR groups re-treated
based on different criteria (on the basis of assessed
disease activity (DA), and on the basis of assessed
disease stabilisation (STAB) and a PDT group. Mean
change in BCVA was the same in both IVR groups, at a
gain of 10.6 letters. The gain in letters in the PDT group
was 2.2. The proportion improving (gain of ≥15 letters)
was 43.1% and 38.1% in the respective IVR arms (DA
and STAB), and 14.5% in the PDT group. The propor-
tion of patients worsening was not reported. The mean
decrease in CMT was 77.5, 60.9 and 12 µm between IVR
DA, IVR STAB and PDT arms, respectively (statistical sig-
nificance not reported). At 12 months, all three arms
reported improvements in BCVA.

Other CNV causes
Parodi et al33 compared the effectiveness of PDT and
IVB in patients with subfoveal CNV secondary to multi-
focal choroiditis (eyes=27). They reported a mean gain
of 9 letters in the IVB group compared with 1 letter in
the PDT group at 12 months. The difference was statis-
tically significant. The proportion of patients with a gain
of >15 letters was 36% in the IVB group compared with
0% in the PDT group; 8% of patients in the PDT group
had a loss of >15 letters compared with none in the IVB
group (statistical significance not reported). The mean
CMT change was 44 and 55 µm in the PDT and IVB
groups, respectively (statistical significance not
reported).

Comparative studies
Pathological myopia Seven of the eight comparative
studies20 21 25–27 30 were in PM (eyes=541). The mean
change in BCVA improved for all anti-VEGF arms com-
pared with PDT. In studies in which the gain in BCVA in
anti-VEGF arms over PDT was reported as statistically sig-
nificant, the gain in letters ranged from 630 to 12.5
letters.31

The proportions of patients improving by >15 letters
in the anti-VEGF groups ranged from 27.3%21 to 70%;20

however, neither of these groups reported statistical
testing. In those in which a statistically significant differ-
ence was found (p≤0.05),25 26 the gain was 41.9% and
39.7% compared with 20.4% and 17.7% in the PDT
groups, respectively.
Six of the seven comparative studies20 21 25 27 30 31

reported the proportion of patients with worsening
vision. In all studies, there was a greater proportion that
deteriorated ≥15 letters in the PDT groups versus the
anti-VEGF groups.
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Other CNV causes
One study32 was in idiopathic CNV (eyes=29). The gain
in the anti-VEGF group was 17.5 vs 14 letters in the PDT
group. In total 53.5% of patients in the anti-VEGF group
compared with 42.9% of patients in the PDT group had
a gain of >15 letters. No patients had a loss of >15 letters
in the anti-VEGF group, compared with 21.3% in the
PDT group. All differences were reported as statistically
significant.

Ranibizumab versus bevacizumab
Five studies compared IVR with IVB, four in PM23 24 28 29

and one in punctate inner choroidopathy,34 two were
RCTs.23 24

Randomised controlled trials
Pathological myopia Iacono et al23 (eyes=48) reported no
statistically significant difference in either mean letter
gain, or proportion improving by at least 15 letters
between IVR and IVB groups. Of those worsening,
slightly more deteriorated in the IVB group at 24%
versus 17% in the IVR; statistical significance was not
reported.
Similarly, Gharbiya et al24 (eyes=32) reported no statis-

tically significant difference in the number of letters
gained, or proportion of participants gaining more than
15 letters.

Comparative studies
Pathological myopia Yoon et al28 (eyes=40; IVB=26,
IVR=14) reported no statistically significant difference
between intervention groups, with a mean gain of 13.5
and 14 letters in IVR and IVB groups, respectively.
Lai et al29 (eyes=37, IVB=22, IVR=15) also did not

report a statistically significant difference, with a mean
gain of 14 and 25.5 letters between IVB and IVR groups,
respectively.

Other CNV cause
Cornish et al34 studied treatment of punctate inner chor-
oidopathy (eyes=18; IVB=6, IVR=12). Mean gain in
BCVA was 23 letters in the IVR group and 8.5 letters in

the IVB group. Sixty-seven per cent of patients in the
IVR group had a gain of at least 15 letters versus 83% in
the IVR group. Statistical testing was not reported.

Other agents
Liu et al19 (eyes=42) compared IVB with no IVB in
patients with PM taking oral FXT. In the IVB + FXT
group, there was a mean improvement of 21 letters, and
in the FXT group there was a statistically significant
mean improvement of 10 letters.

Adverse events
Twelve studies reported no adverse events occurring, and
one study did not present adverse event data. Generally
speaking, anti-VEGF therapy, compared with PDT, had
fewer significant adverse events (eg, endophthalmitis,
retinal detachment, systemic events). Adverse events in
the RADIANCE trial were similar between IVR and
PDT.13 El Matri et al27 reported two cases of endophthal-
mitis (6.6%) and one vitreous haemorrhage (3.3%) in
the IVB group. Only one study that compared IVR with
IVB reported on adverse events (worsening of cataract,
increase in myopic foveoschisis, retinal detachment,
macular hole, systemic events); there were similar adverse
events in both groups (table 5).29

DISCUSSION
Statement of principal findings
Evidence from RCTs and non-randomised comparative
studies shows that anti-VEGF therapies show consistent
benefit in non-ARMD CNV conditions. When compared
with the previous ‘gold-standard’ (PDT), anti-VEGFs
result in greater improvements in BCVA. There was no
robust evidence to suggest superiority of ranibizumab or
bevacizumab.

Strengths and limitations
The search strategy was robust and broad with no lan-
guage restrictions, and included grey literature. Two
reviewers screened titles and abstracts. Risk of bias in
studies was assessed using the Cochrane Risk of Bias

Table 3 Risk of bias of non-randomised comparative studies using modified Newcastle-Ottawa Scale

Study

Participants selected

from same cohort

Comparability

of participants

Assessment

of outcome

Incomplete

data

Selective

reporting

Yoon et al26 Low risk Low risk High risk Low risk Low risk

Hayashi et al25 Low risk Low risk High risk Low risk Low risk

El Matri et al20 Low risk Low risk High risk Low risk Unclear

Dethorey et al21 Low risk Unclear High risk High risk High risk

Yoon et al28 Low risk Low risk Unclear Low risk Low risk

Lai et al29 Low risk Low risk Unclear Low risk Low risk

Ikuno et al30 High risk Low risk High risk Low risk Low risk

Baba et al31 Low risk Low risk High risk Low risk Low risk

Kang and Koh32 Low risk Low risk High risk Low risk Low risk

Cornish et al34 Low risk Unclear High risk Low risk Low risk
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Tool for RCTs and a modified Newcastle-Ottawa Scale
for comparative studies. Only studies with at least
6 months of follow-up were included to increase mean-
ingfulness of outcomes.
A major limitation of this review was that the majority

of evidence pertains to CNV caused by PM, however, this
reflects the available evidence base in the literature. The
included non-PM CNV conditions such as PIC, and
POHS are of such rarity that it is unlikely there will ever
be large RCTs of their treatment. Many of the non-
randomised comparative studies were small and of low
quality. There was one large industry-funded trial asses-
sing ranibizumab, but none assessing bevacizumab.
Methodological heterogeneity between studies was too

high to allow meta-analysis. Baseline BCVA varied consid-
erably between studies, as did treatment regimes. No
study reported on vision-related quality of life as an
outcome measure, arguably the most important. Studies
were powered for clinical efficacy, not to detect adverse
events.
The largest RCT included in our review (RADIANCE)13

was limited by the fact that although the entire follow-up
period was 12 months, after 3 months, patients were eli-
gible to cross over into other arms of the study. We there-
fore have presented only 3-month data, as the relevance of
the data after this point is questionable.

Context of these results
This is the first systematic review to include all causes of
CNV except ARMD. Wang et al36 undertook a systematic
review of anti-VEGFs in CNV secondary to only PM. It
did not include the RADIANCE study13 or undertake as
broad a search. The authors concluded that the evi-
dence supported anti-VEGF agents as first-line treat-
ment, which supports our findings.
Ranibizumab remains the only drug licensed for the

treatment of CNV secondary to PM, and its short-term
(up to 24 months) safety has been demonstrated in
numerous studies.8–10 37 National Institute for Health
and Care Excellence (NICE) has recently approved rani-
bizumab as an option for treatment for CNV secondary
to PM, where it is provided at a discount through a
patient-access scheme.38 The appraisal committee noted
that while there was little long-term evidence, it had
shown greater clinical effectiveness than the current
standard treatment of PDT.
Bevacizumab has a similar mechanism of action, and

is considerably cheaper. However, due to commercial
reasons, it is unlikely ever to be licensed for intravitreal
use. The CATT study demonstrated that bevacizumab
and ranibizumab have equivalent effects on visual acuity
in neovascular ARMD.39 A total of 1185 patients were
randomised to receive either bevacizumab or ranibizu-
mab, and at 24-month follow-up the authors found
similar effects on visual acuity and no difference in rates
of death or systemic arteriothrombotic events. In 2012,
NICE evaluated 89 studies and concluded that there was
no significant difference in adverse events between

bevacizumab and ranibizumab.40 A recent systematic
review of the treatments for macular oedema secondary
to central retinal vein occlusion examined anti-VEGF
agents, including bevacizumab and ranibizumab, and
concluded that they were similar in improving visual
acuity, and there was no evidence of difference in
adverse events.11

Anti-VEGF agents are used off-label for the treatment
of CNV secondary to conditions other than ARMD or
PM. There are multiple case series that support their
effectiveness. All case series are subject to several meth-
odological weaknesses, most importantly, publication
bias and lack of comparator groups. Troutbeck et al17

reported on the use of IVR in 41 patients with a range
of conditions complicated by CNV, including multifocal
choroiditis, peripapillary CNV, angioid streaks, central
serous chorioretinopathy, macular telangiectasia and
idiopathic CNV. They reported that 25–43% of patients
experienced 15 letter or greater improvement in vision.
Chang et al16 used bevacizumab in 39 eyes in the treat-
ment of CNV associated with either multifocal choroidi-
tis, angioid streaks, myopic and also idiopathic CNV.
Median BCVA improved from 76 letters at baseline, to
85 letters at mean follow-up of 58.8 weeks, and there
were no adverse events.

What do these results mean for clinical practice?
The evidence for the use of anti-VEGF in the treatment
of CNV associated with ARMD and, recently, PM is well
established. The evidence for the use of these agents in
the treatment of CNV complicating other diseases is
mixed. This represents a heterogeneous group of condi-
tions, often found in younger people and frequently with
devastating visual outcomes. Despite a limited evidence
base, the use of anti-VEGF therapy is likely to provide the
best outcomes for patients. Patients expect and demand
treatment in advance of best evidence being available,
and healthcare planners and commissioners need to
make decisions about the use of anti-VEGF molecules in
these circumstances with limited evidence base for the
relatively rare cases. Marginal cost–benefit analysis is
often used in these circumstances, and this is likely to be
favourable if it takes account of the overall costs to society
and the individual patient in the event of a devastating
loss of vision. Given that anti-VEGFs are superior to PDT
and its use is off-label in treatment of CNV secondary to
conditions other that ARMD and PM, considering the
cheapest drug (sourced and administered) would prove
to be the most cost effective and affordable option for
clinical commissioners.

Further research
While the use of anti-VEGFs in ARMD and, recently, PM
has been investigated in a number of large robustly con-
ducted RCTs, there is a corresponding lack of high-
quality, long-term evidence for the use of these drugs in
CNV of other causes.

12 Stuart A, et al. BMJ Open 2015;5:e007746. doi:10.1136/bmjopen-2015-007746
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Large RCTs with head-to-head comparison of anti-
VEGFs and other standard treatments are unlikely to be
conducted in CNV secondary to conditions other than
ARMD or PM, because of the heterogeneous and rare
nature of these conditions. It may also be unethical to
randomise participants to PDT considering the evidence
that currently exists, and that the scientific equipoise is
more in favour of anti-VEGFs. High-quality multicentre
comparative studies which compare different anti-VEGFs
are needed, especially considering the cost difference.
This will become more important with the advent of afli-
bercept which has recently been licensed for choroidal
neovascularisation secondary to pathological myopia.41

Further, small case series are unlikely to change clinical
practice. Further studies are needed to establish the
place of each anti-VEGF in the treatment pathway, and
the frequency of injection.

CONCLUSIONS
Bevacizumab and ranibizumab appear to be more
effective in improving visual acuity in patients with CNV
secondary to pathological myopia. Based on the current
knowledge of the condition, small RCTs, non-
randomised comparative studies and robust RCT data
from other conditions, clinicians should consider bevaci-
zumab or ranibizumab as an option for treating patients
with CNV secondary to other rarer causes. There is no
evidence of difference in outcomes between bevacizu-
mab and ranibizumab.

Acknowledgements The authors would like to thank Rosetta Yuen for her
help with the translation.

Contributors AP conceived the idea. All author contributed to the design of the
study. AS and SD screened titles and abstracts and extracted data. JF supervised
day-to-day activities. CJ provided clinical expertise throughout. All authors
interpreted the results. AS drafted the initial manuscript and all authors were
involved in revising and agreeing the final manuscript. AS is the guarantor.

Funding This research received no specific grant from any funding agency in
the public, commercial or not-for-profit sectors.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Saw SM. How blinding is pathological myopia? Br J Ophthalmol

2006;90:525–6.
2. Green WR, Wilson DJ. Choroidal neovascularization. Ophthalmology

1986;93:1169–76.
3. Wong TY, Ferreira A, Hughes R, et al. Epidemiology and disease

burden of pathologic myopia and myopic choroidal
neovascularization: an evidence-based systematic review. Am J
Ophthalmol 2014;157:9–25 e12.

4. Curtin BJ, Karlin DB. Axial length measurements and fundus
changes of the myopic eye. I. The posterior fundus. Trans Am
Ophthalmol Soc 1970;68:312–34.

5. Hayashi K, Ohno-Matsui K, Shimada N, et al. Long-term pattern of
progression of myopic maculopathy: a natural history study.
Ophthalmology 2010;117:1595–611, e1–4.

6. Grossniklaus HE, Green WR. Pathologic findings in pathologic
myopia. Retina (Philadelphia, Pa) 1992;12:127–33.

7. Gliem M, Finger RP, Fimmers R, et al. Treatment of choroidal
neovascularization due to angioid streaks a comprehensive review.
J Ret Vit Dis 2013;33:1300–14.

8. Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for
neovascular age-related macular degeneration. N Engl J Med
2006;355:1419–31.

9. Brown DM, Kaiser PK, Michels M, et al. Ranibizumab versus
verteporfin for neovascular age-related macular degeneration.
N Engl J Med 2006;355:1432–44.

10. Regillo CD, Brown DM, Abraham P, et al. Randomized, double-
masked, sham-controlled trial of ranibizumab for neovascular
age-related macular degeneration: PIER Study year 1. Am J
Ophthalmol 2008;145:239–48.

11. Ford JA, Clar C, Lois N, et al. Treatments for macular oedema
following central retinal vein occlusion: systematic review. BMJ Open
2014;4:e004120.

12. Ford JA, Lois N, Royle P, et al. Current treatments in diabetic
macular oedema: systematic review and meta-analysis. BMJ Open
2013;3:e002269.

13. Wolf S, Balciuniene VJ, Laganovska G, et al. RADIANCE:
a randomized controlled study of ranibizumab in patients with
choroidal neovascularization secondary to pathologic myopia.
Ophthalmology 2014;121:682–92 e2.

14. Tufail A, Patel PJ, Sivaprasad S, et al. Ranibizumab for the
treatment of choroidal neovascularisation secondary to pathological
myopia: interim analysis of the REPAIR study. Eye (London,
England) 2013;27:709–15.

15. Cionni DA, Lewis SA, Petersen MR, et al. Analysis of outcomes for
intravitreal bevacizumab in the treatment of choroidal
neovascularization secondary to ocular histoplasmosis.
Ophthalmology 2012;119:327–32.

16. Chang LK, Spaide RF, Brue C, et al. Bevacizumab treatment for
subfoveal choroidal neovascularization from causes other than
age-related macular degeneration. Arch Ophthalmol
2008;126:941–5.

17. Troutbeck R, Bunting R, van Heerdon A, et al. Ranibizumab therapy
for choroidal neovascularization secondary to non-age-related
macular degeneration causes. Clin Experiment Ophthalmol
2012;40:67–72.

18. Carneiro AM, Silva RM, Veludo MJ, et al. Ranibizumab treatment for
choroidal neovascularization from causes other than age-related
macular degeneration and pathological myopia. Ophthalmologica
2011;225:81–8.

19. Liu ZQ, Zhu XH, Yue H. Clinical observation on pathologic myopia
CNV treated with intravitreal bevacizumab [Chinese]. Int Eye Sci
2013;13:953–6.

20. El Matri L, Kort F, Chebil A, et al. Intravitreal bevacizumab versus
photodynamic therapy for myopic choroidal neovascularization in a
North-African population. Graefes Arch Clin Exp Ophthalmol
2011;249:1287–93.

21. Dethorey G, Leveziel N, Lalloum F, et al. [Efficacy of intravitreal
injections of ranibizumab compared to visudyne phototherapy in
myopic choroidal neovascularization associated with high myopia].
J Fr Ophtalmol 2012;35:106–12.

22. Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ 2011;343:d5928.

23. Iacono P, Parodi MB, Papayannis A, et al. Intravitreal ranibizumab
versus bevacizumab for treatment of myopic choroidal
neovascularization. Retina (Philadelphia, Pa) 2012;32:1539–46.

24. Gharbiya M, Giustolisi R, Allievi F, et al. Choroidal
neovascularization in pathologic myopia: intravitreal ranibizumab
versus bevacizumab—a randomized controlled trial. Am J
Ophthalmol 2010;149:458–64 e1.

25. Hayashi K, Ohno-Matsui K, Teramukai S, et al. Comparison of visual
outcome and regression pattern of myopic choroidal
neovascularization after intravitreal bevacizumab or after
photodynamic therapy. Am J Ophthalmol 2009;148:396–408.

26. Yoon JU, Byun YJ, Koh HJ. Intravitreal anti-VEGF versus
photodynamic therapy with verteporfin for treatment of myopic
choroidal neovascularization. Retina (Philadelphia, Pa)
2010;30:418–24.

27. El Matri L, Chebil A, Bouraoui R, et al. [Intravitreal bevacizumab
injections versus verteporferin photodynamic therapy for macular
choroidal neovascularization in high myopia: 24-month follow-up].
J Fr Ophtalmol 2013;36:29–34.

Stuart A, et al. BMJ Open 2015;5:e007746. doi:10.1136/bmjopen-2015-007746 13

Open Access

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-007746 on 3 M

ay 2015. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/bjo.2005.087999
http://dx.doi.org/10.1016/S0161-6420(86)33609-1
http://dx.doi.org/10.1016/j.ajo.2013.08.010
http://dx.doi.org/10.1016/j.ajo.2013.08.010
http://dx.doi.org/10.1016/j.ophtha.2009.11.003
http://dx.doi.org/10.1097/00006982-199212020-00009
http://dx.doi.org/10.1056/NEJMoa054481
http://dx.doi.org/10.1056/NEJMoa062655
http://dx.doi.org/10.1016/j.ajo.2007.10.004
http://dx.doi.org/10.1016/j.ajo.2007.10.004
http://dx.doi.org/10.1136/bmjopen-2013-004120
http://dx.doi.org/10.1136/bmjopen-2012-002269
http://dx.doi.org/10.1016/j.ophtha.2013.10.023
http://dx.doi.org/10.1038/eye.2013.8
http://dx.doi.org/10.1038/eye.2013.8
http://dx.doi.org/10.1016/j.ophtha.2011.08.032
http://dx.doi.org/10.1001/archopht.126.7.941
http://dx.doi.org/10.1111/j.1442-9071.2011.02719.x
http://dx.doi.org/10.1159/000317908
http://dx.doi.org/10.1007/s00417-011-1654-4
http://dx.doi.org/10.1016/j.jfo.2011.03.028
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1097/IAE.0b013e31826956b7
http://dx.doi.org/10.1016/j.ajo.2009.10.010
http://dx.doi.org/10.1016/j.ajo.2009.10.010
http://dx.doi.org/10.1016/j.ajo.2009.03.026
http://dx.doi.org/10.1097/IAE.0b013e3181bd2fe4
http://dx.doi.org/10.1016/j.jfo.2012.03.015
http://bmjopen.bmj.com/


28. Yoon JU, Kim YM, Lee SJ, et al. Prognostic factors for visual
outcome after intravitreal anti-VEGF injection for naive myopic
choroidal neovascularization. Retina (Philadelphia, Pa)
2012;32:949–55.

29. Lai TY, Luk FO, Lee GK, et al. Long-term outcome of intravitreal
anti-vascular endothelial growth factor therapy with bevacizumab or
ranibizumab as primary treatment for subfoveal myopic choroidal
neovascularization. Eye (London, England) 2012;26:1004–11.

30. Ikuno Y, Nagai Y, Matsuda S, et al. Two-year visual results for older
Asian women treated with photodynamic therapy or bevacizumab for
myopic choroidal neovascularization. Am J Ophthalmol
2010;149:140–6.

31. Baba T, Kubota-Taniai M, Kitahashi M, et al. Two-year comparison
of photodynamic therapy and intravitreal bevacizumab for treatment
of myopic choroidal neovascularisation. Br J Ophthalmol
2010;94:864–70.

32. Kang HM, Koh HJ. Intravitreal anti-vascular endothelial growth factor
therapy versus photodynamic therapy for idiopathic choroidal
neovascularization. Am J Ophthalmol 2013;155:713–19, 19 e1.

33. Parodi MB, Iacono P, Kontadakis DS, et al. Bevacizumab vs
photodynamic therapy for choroidal neovascularization in multifocal
choroiditis. Arch Ophthalmol 2010;128:1100–3.

34. Cornish KS, Williams GJ, Gavin MP, et al. Visual and optical
coherence tomography outcomes of intravitreal bevacizumab
and ranibizumab in inflammatory choroidal neovascularization
secondary to punctate inner choroidopathy. Eur J Ophthalmol
2011;21:440–5.

35. Duan H, Huang J, Li W, et al. Protective effects of fufang
xueshuantong on diabetic retinopathy in rats. Evid Based
Complement Alternat Med 2013;2013:408268.

36. Wang E, Chen Y. Intravitreal anti-vascular endothelial growth factor
for choroidal neovascularization secondary to pathologic myopia:
systematic review and meta-analysis. Retina (Philadelphia, Pa)
2013;33:1375–92.

37. Singer MA, Awh CC, Sadda S, et al. HORIZON: an open-label
extension trial of ranibizumab for choroidal neovascularization
secondary to age-related macular degeneration. Ophthalmology
2012;119:1175–83.

38. NICE. Ranibizumab for treating choroidal neovascularisation
associated with pathological myopia. NICE technology appraisals
[TA298] ed. London, 2013.

39. Martin DF, Maguire MG, Fine SL, et al., Comparison of Age-related
Macular Degeneration Treatments Trials Research Group.
Ranibizumab and bevacizumab for treatment of neovascular
age-related macular degeneration: two-year results. Ophthalmology
2012;119:1388–98.

40. Poku E, Rathbone J, Everson-Hock E, et al. Bevacizumab in eye
conditions: issues related to quality, use, efficacy and safety.
Decision Support Unit 2012.

41. Europea Medicines Agency. Eylea EMEA-000236-PIP04-14.
Secondary Eylea EMEA-000236-PIP04-14 2014. http://www.ema.
europa.eu/ema/index.jsp?curl=pages/medicines/pips/EMEA-
000236-PIP04-14/pip_001205.jsp&mid=WC0b01ac058001d129
(accessed 14 Jan 2015).

14 Stuart A, et al. BMJ Open 2015;5:e007746. doi:10.1136/bmjopen-2015-007746

Open Access

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-007746 on 3 M

ay 2015. D
ow

nloaded from
 

http://dx.doi.org/10.1097/IAE.0b013e318227a9ef
http://dx.doi.org/10.1038/eye.2012.97
http://dx.doi.org/10.1016/j.ajo.2009.08.008
http://dx.doi.org/10.1136/bjo.2009.166025
http://dx.doi.org/10.1016/j.ajo.2012.10.010
http://dx.doi.org/10.1001/archophthalmol.2010.205
http://dx.doi.org/10.5301/EJO.2010.6117
http://dx.doi.org/10.1155/2013/408268
http://dx.doi.org/10.1155/2013/408268
http://dx.doi.org/10.1097/IAE.0b013e31827d260a
http://dx.doi.org/10.1016/j.ophtha.2011.12.016
http://dx.doi.org/10.1016/j.ophtha.2012.03.053
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/pips/EMEA-000236-PIP04-14/pip_001205.jsp&mid=WC0b01ac058001d129
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/pips/EMEA-000236-PIP04-14/pip_001205.jsp&mid=WC0b01ac058001d129
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/pips/EMEA-000236-PIP04-14/pip_001205.jsp&mid=WC0b01ac058001d129
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/pips/EMEA-000236-PIP04-14/pip_001205.jsp&mid=WC0b01ac058001d129
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/pips/EMEA-000236-PIP04-14/pip_001205.jsp&mid=WC0b01ac058001d129
http://bmjopen.bmj.com/


Search strategy 

1. CNV.mp. 

2. choroidal neovascularisation.mp. 

3. choroidal neovascular membrane.mp. 

4. 1 or 2 or 3 

5. (random* or "controlled trial*" or "clinical trial*" or rct).tw. 

6. randomized controlled trial.pt. 

7. 5 or 6 

8. (metaanalys* or "meta analys*" or "meta-analys*").tw. 

9. "systematic review*".tw. 

10. meta analysis.pt. 

11. 8 or 9 or 10 

12. exp cohort studies/ 

13. cohort$.tw. 

14. controlled clinical trial.pt. 

15. exp case-control studies/ 

16. (case$ and control$).tw. 

17. (case$ and series).tw. 

18. case reports.pt. 

19. (case$ adj2 report$).tw. 

20. (case$ adj2 stud$).tw. 

21. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 

22. bevacizumab.mp. 

23. aflibercept.mp. 

24. pegaptanib.mp. 

25. Verteporfin.mp. 

26. Anecortave.mp. 

27. ranibizumab.mp. 

28. 22 or 23 or 24 or 25 or 26 or 27 



29. 4 and 7 and 28 

30. 4 and 11 and 28 

31. 4 and 21 and 28 

32. 7 or 21 

33. 4 and 28 and 32 

34. remove duplicates from 33 
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