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Long-term outcome
of intravitreal anti-
vascular endothelial
growth factor
therapy with
bevacizumab or
ranibizumab as
primary treatment
for subfoveal
myopic choroidal
neovascularization

Abstract

Purpose To evaluate the long-term efficacy
of intravitreal anti-vascular endothelial
growth factor (anti-VEGF) therapy as primary
treatment for subfoveal myopic choroidal
neovascularization (CNV).

Methods 1In all, 37 treatment-naive eyes of
37 patients with subfoveal myopic CNV who
received intravitreal bevacizumab (n =22) or
ranibizumab (n =15) injections with at least
2 years of follow-up were reviewed. All eyes
received initial three loading doses of anti-
VEGF at monthly intervals and retreatment
was performed in persistent or recurrent
CNV. Multivariate regression analyses were
performed to determine the prognostic
factors for visual outcome.

Results The mean age was 57.3 years and
the mean refractive error was —11.7 D. For all
eyes, the mean logMAR best-corrected visual
acuity improved from 0.86 (20/145) at baseline
to 0.48 (20/60) at 2 years (P <0.001). The mean
visual improvement for the bevacizumab and
ranibizumab groups at 2 years was 2.8 and
5.1 lines, respectively (P =0.073). There was
no significant difference in the proportion of
eyes having visual gain of three or more
lines or visual loss of three or more lines
between the two groups. The mean number
of injections was 3.8 for both bevacizumab and
ranibizumab groups. Multivariate analyses
showed that eyes with higher myopic
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refractive error were less likely to have visual
gain after treatment (P = 0.043), while size of
CNV was negatively correlated with mean
change in vision (P =0.046).

Conclusions Intravitreal anti-VEGF therapy
resulted in long-term visual improvement in
myopic CNV. The treatment efficacy in terms
of visual gain and number of retreatment
appeared to be similar between bevacizumab
and ranibizumab.
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Introduction

Choroidal neovascularization (CNV) is one of
the most sight-threatening complications in
patients with pathologic myopia.l? The visual
prognosis is generally poor without treatment,
as a substantial proportion of patients will have
progression of myopic maculopathy resulting in
significant visual loss.>* Photodynamic therapy
(PDT) with verteporfin has been used for
treating myopic CNV in the past decade and
studies have shown that PDT might reduce the
risk of visual loss compared with placebo.>®
However, the long-term outcome of PDT is
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not favourable as patients generally had no improvement
in mean visual acuity following treatment and the
beneficial effect of PDT in preventing visual loss was no
longer significant at 2 years.”

In the past few years, various studies have
demonstrated the short-term efficacy of intravitreal anti-
vascular endothelial growth factor (VEGF) agents in
treating myopic CNYV, including both bevacizumab®18
and ranibizumab.!82% Most of the studies have
demonstrated significant mean visual improvement after
anti-VEGF therapy and the beneficial effects were
maintained at 12 months. In addition, several more
recent studies have also reported the longer term visual
outcomes of up to 2 years following intravitreal
bevacizumab treatment for myopic CNV.1426.27 In
contrast with the short-term results, these longer term
results were more variable, as studies have reported that
the initial visual gain might no longer be significant at 2
years.'4%’ Previous studies that have evaluated the use of
anti-VEGF therapy in myopic CNV were also rather
heterogeneous, as the studies have included prior treated
eyes as well as non-subfoveal CNV.28-30 In order to
further assess the long-term efficacy of anti-VEGF
therapy for myopic CNV, we evaluated the 2-year
outcomes in the use of intravitreal bevacizumab and
ranibizumab as the primary treatment for subfoveal
myopic CNV. We also evaluated the prognostic factors
that might influence the visual outcomes following anti-
VEGEF therapy for myopic CNV.

Patients and methods

This was a retrospective study of consecutive patients
with subfoveal CNV secondary to pathologic myopia
who received intravitreal bevacizumab or ranibizumab
injections in the Department of Ophthalmology and
Visual Sciences, the Chinese University of Hong Kong.
The inclusion criteria included patients with follow-up of
at least 2 years; myopia with spherical equivalent
refractive error of — 6D or more; subfoveal CNV
location; best-corrected visual acuity (BCVA) of 20/800 or
better; and evidence of CNV leakage on fluorescein
angiography (FA). Exclusion criteria included juxtafoveal
or extrafoveal CNV, prior treatment of CNV including
PDT or thermal laser photocoagulation, features
suggesting CNV secondary to AMD or other causes such
as trauma, choroiditis, angioid streaks and hereditary
diseases in the study or fellow eye. Informed consent was
obtained from all patients before treatment and the study
was approved by an institutional review board and
carried out in adherence to the tenets of the Declaration
of Helsinki.

At baseline and all visits, BCVA was measured
with ETDRS logMAR chart at 4m or Snellen chart
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at 6m being converted to logMAR unit for analysis.
Fundus photography and FA were performed at

the baseline with the CNV lesion size, location and
composition noted. All patients were given three

initial loading doses of intravitreal bevacizumab or
ranibizumab injections at baseline, 1 and 2 months.
Intravitreal injections of 1.25 mg bevacizumab (Avastin,
Roche, Basel, Switzerland) or 0.5 mg ranibizumab (Lucentis,
Novartis, Basel, Switzerland) in 0.05 ml were carried out
in an out-patient setting using a 30-gauge needle at 4 mm
post-limbus under strict aseptic techniques. The choice of
using either bevacizumab or ranibizumab was based on
the patient’s financial preference. Patients were given
topical 0.5% levofloxacin qid (Cravit, Santen, Osaka,
Japan) for 1 week after each injection. Retreatments with
three anti-VEGF injections at monthly intervals were
performed in eyes with new symptoms and persistent or
recurrent angiographic leakage after 3 months.

Patients were seen 1 week after injection and then
every month for 3 months with examinations performed
as with baseline. Fundus photography and FA were
performed at 3 months after the first anti-VEGF injection
and additional FA was performed after 3 months in
patients with new symptoms or evidence of recurrence.
Time-domain or spectral-domain optical coherence
tomography (OCT) was also performed in most patients
to evaluate the treatment response and to guide
retreatment in cases of recurrence. The main outcome
measures included mean changes in logMAR BCVA,
mean number of anti-VEGF injections and proportion
of patients requiring retreatment during the 2 years.
Statistical analysis was performed using StatsPlus:mac
2009 (AnalystSoft Inc., Vancouver, BC, Canada).
Continuous variables were compared using Wilcoxon
signed-rank test and Mann-Whitney U-test, and
categorical variables were analysed using the > test.
Multivariate logistic regression analysis and forward
stepwise regression analysis were performed to identify
prognostic factors for final visual outcomes. Variables
evaluated in the multivariate analyses included age,
gender, anti-VEGF agent, baseline visual acuity, lens
status, refractive error, duration of symptoms and
size of CNV. A P-value of <0.05 was considered as
statistically significant.

Results
Patients demographics

In all, 37 eyes of 37 patients were included in the study, of
which 22 were given bevacizumab and 15 were given
ranibizumab. The baseline characteristics of the two
groups are displayed in Table 1. All the baseline
characteristics were comparable between the two groups
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Table 1 Baseline demographics of 37 eyes of 37 patients with myopic choroidal neovascularization treated with intravitreal

bevacizumab or ranibizumab

All eyes (n=37) Bevacizumab (n=22) Ranibizumab (n= 15) P-value

Mean £ SD age (years)
Mean * SD spherical equivalent refractive error (D)

Gender
Male
Female

Lens status
Phakic
Pseudophakic

Mean £ SD duration of symptoms (months)

Mean * SD baseline greatest linear dimension of lesion (um)
Mean + SD baseline logMAR BCVA

(Snellen equivalent)

57.3%£13.0 56.31£14.6 58.9+£10.5 0.507
-11.7+4.0 -12.5£4.0 -10.5+£3.7 0.11¢
14 (37.8%) 11 (50.0%) 3 (20.0%) 0.065°
23 (62.2%) 11 (50.0%) 12 (80.0%)
29 (78.4%) 16 (72.7%) 13 (86.7%) 0.31°
8 (21.6%) 6 (27.3%) 2 (13.3%)
1.7£1.1 1.3£0.8 22+13 0.046%
960 + 450 1030 £ 480 850 +400 0.27¢
0.86+0.43 0.73+0.39 1.04+0.43 0.041*
(20/145) (20/107) (20/219)

Abbreviations: logMAR BCVA, logarithm of minimal angle of resolution best-corrected visual acuity; SD, standard deviation.

?Mann-Whitney U-test.
b2 Test.

except there was a longer duration of symptoms and
worse baseline visual acuity in the ranibizumab group
compared with the bevacizumab (y? test, P=0.035 and
Mann-Whitney U-test, P =0.041, respectively). The
mean * standard deviation (SD) age of all patients was
57.3+13.0 years (range, 35-84 years) and 23 (62.2%)
were female. The mean * SD spherical equivalent
refractive error was —11.7+4.0D (range, —6.0 to
—20.0D). All patients were of Chinese ethnicity. In all,
29 (78.4%) eyes were phakic and the remaining 8 (21.6%)
eyes were pseudophakic. All CNV were predominately
classic in angiographic appearance and the mean
greatest linear dimension of the CNV was 960 + 450 yum
(range, 250-2000 um). The mean + SD baseline logMAR
BCVA of all 59 eyes was 0.86 = 0.43 (Snellen equivalent
of 20/145).

Visual and angiographic outcomes

At 3 months, the mean +SD logMAR BCVA improved
significantly from 0.73 £ 0.39 to 0.48 +0.37 and from

1.04 £0.43 to 0.66 £ 0.43 in the bevacizumab and
ranibizumab groups, respectively (Wilcoxon sign-rank
test, P<0.001 for both groups). The mean BCVA
improvements for the bevacizumab and ranibizumab
groups were 2.5 and 3.8 lines, respectively, and the
difference between the two groups was not significantly
different (Mann-Whitney U-test, P=0.25). FA at 3
months showed absence of leakage in 33 (89.2%) eyes,
with fibrosis of the CNV in 21 (56.8%) eyes and complete
regression of CNV in 12 (32.4%) eyes. Two eyes in each of
the bevacizumab and ranibizumab groups had reduced
but persistent leakage at 3 months and required
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additional anti-VEGF injections. Examples of the fundus
and FA changes after bevacizumab and ranibizumab
injections are displayed in Figures 1 and 2.

At 1 year, the mean + SD logMAR BCVA further
increased to 0.41 £0.32 and 0.49 £ 0.37 in the
bevacizumab and ranibizumab groups, respectively.
There was no significant difference between the mean
logMAR BCVA in the bevacizumab and ranibizumab
group at 12 months (Mann-Whitney U-test, P =0.51).
At 2 years, there was a slight decline in the mean +SD
logMAR BCVA in both groups, with 0.45+0.36 in the
bevacizumab group and 0.53 +0.40 in the ranibizumab
group (Mann-Whitney U-test, P =0.55). The mean
improvements in logMAR BCVA for the bevacizumab
and ranibizumab groups at 2 years were 2.8 and 5.1 lines,
respectively, and the improvement from baseline
remained statistically significant (Wilcoxon signed-rank
test, P=0.009 and P <0.001, respectively). No significant
difference in mean visual improvement was observed
between the two groups (Mann-Whitney U-test,

P =0.073).

At 2 years, 34 (91.9%) eyes avoided moderate visual
loss of three or more lines of BCVA, with 22 (86.4%) eyes
in the bevacizumab group and 15 (100.0%) eyes in the
ranibizumab group (;* test, P=0.14). A total of 24
(64.9%) eyes had moderate visual gain of three or more
lines, with 13 (59.1%) eyes in the bevacizumab group and
11 (73.3%) eyes in the ranibizumab group (> test, P =0.37).

Number of treatment

The mean number of bevacizumab injections during the
2-year period was 3.8 (range, 3-9 injections). Seventeen
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Figure 1 (a) Fundus photo of the left eye of a 78-year-old man with subfoveal myopic choroidal neovascularization (CNV) before
intravitreal bevacizumab injection. Retinal haemorrhage can be seen nasal and inferior to the CNV with surrounding retinal pigment
epithelial (RPE) atrophy. The patient’s best-corrected visual acuity was 20/250. (b) Early phase fluorescein angiogram showed a
subfoveal CNV with (c) leakage in the late phase. (d) Fundus photo at 3 months after commencement of intravitreal bevacizumab
injections showed resolution of the retinal haemorrhage with mild fibrosis of the CNV. The patient’s vision improved to 20/70.
(e) Early and (f) late phases fluorescein angiogram showed staining of the CNV due to fibrosis with surrounding RPE atrophy.

Figure 2 (a) Fundus photo of the left eye of a 64-year-old woman with subfoveal myopic choroidal neovascularization (CNV) before
intravitreal ranibizumab injection. Retinal haemorrhage inferior to the CNV with surrounding retinal pigment epithelial (RPE)
atrophy. The patient’s best-corrected visual acuity was 20/400. (b) Early phase fluorescein angiogram showed a subfoveal CNV with
(c) extensive leakage in the late phase. (d) Fundus photo at 3 months after commencement of intravitreal ranibizumab injections
showed resolution of the retinal haemorrhage. The patient’s vision improved to 20/200. (e) Early and (f) late phases fluorescein
angiogram showed mild leakage from the CNV and the patient was retreated with additional ranibizumab injections.

(77.3%) eyes required only three initial intravitreal
bevacizumab injections during the 2-year period. Five
(22.7%) eyes required additional intravitreal
bevacizumab injections after 3 months. One patient
developed two episodes of CNV recurrence during the 24
month period and required a total of nine intravitreal
anti-VEGF injections (Figure 3). For the ranibizumab
group, the mean number of injections was also 3.8 (range,
3-6). Eleven (73.3%) eyes required only three initial

intravitreal ranibizumab injections. No significant
difference in the mean number of injections during the
2-year period was found between the bevacizumab and
ranibizumab groups (Mann-Whitney U-test, P =0.89).

Prognostic factors for visual outcome

Multivariate logistic regression analysis was performed
to determine the prognostic factors for visual gain at
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Figure 3 Serial optical coherence tomography (OCT) examina-
tions of a 71-year-old man with subfoveal myopic choroidal
neovascularization (CNV) treated with intravitreal bevacizu-
mab. (a) Baseline OCT showing subfoveal CNV with intraretinal
and subretinal fluid adjacent to the CNV. (b) Following three
intravitreal bevacizumab injections, there was complete resolu-
tion of intraretinal and subretinal fluid with regression of the
CNV. The visual acuity improved from 20/400 at baseline to
20/50 at 3 months. (c) At 9 months after the first bevacizumab
injection, OCT showed recurrence of CNV with subretinal fluid.
(d) After a second course of three additional intravitreal
bevacizumab injections, the subretinal fluid absorbed and the
visual acuity increased to 20/40. (e) At 18 months after the first
treatment, there was again slight recurrence CNV associated
with retinal thickening and the visual acuity dropped to 20/50.
(f) After the third course of intravitreal bevacizumab injections,
the subretinal fluid resolved. Despite the subfoveal scarring on
OCT, the patient’s vision was 20/30 at 24 months.

Eye

Table 2 Multivariate logistic regression analysis for prognostic
factors of having three or more lines visual gain at 2 years

Adjusted  95% Confidence
odds ratio  interval P-value
Age (per year) 0.97 0.88-1.06 0.45
Gender
Male 0.82 0.08-8.15 0.86
Female Reference
Lens status
Phakic Reference
Pseudophakic 0.38 0.03-5.81 0.49
Spherical equivalent 0.69 0.50-0.96 0.028
of myopia (per dioptre)
Duration of symptoms 0.61 0.20-1.83 0.38
(per month)
Anti-VEGF agent
Bevacizumab 2.68 0.21-34.8 0.45
Ranibizumab Reference
Baseline greatest 0.49 0.05-4.53 0.49

linear dimension
of lesion (per mm)

Baseline logMAR BCVA
0.8 or worse 41.8
Better than 0.8 Reference

1.97-883.7 0.017

Abbreviation: logMAR BCVA, logarithm of minimal angle of resolution
best-corrected visual acuity.

2 years (Table 2). Eyes with higher severity of myopia
were less likely to develop visual gain of three or more
lines at 2 years (P =0.043), whereas eyes with baseline
logMAR BCVA of 0.8 or worse were more likely to gain
three or more lines (P =0.017). Multivariate forward
stepwise linear regression analysis also showed that the
baseline CNV lesion size was negatively correlated with
the change in visual acuity following anti-VEGF therapy
at 2 years (P =0.046).

Complications

None of the patients developed any systemic
complications related to intravitreal bevacizumab or
ranibizumab injection including cerebral vascular
accident or cardiovascular event. Ocular complications
developed in nine (24.3%) patients, with five in the
bevacizumab group and four in the ranibizumab group.
The most frequent ocular complication was increase in
cataract (two in bevacizumab group and one in
ranibizumab group) requiring cataract surgery during
the 2-year period. Other complications included increase
in myopic foveoschisis (one eye each in bevacizumab and
ranibizumab group), cellophane maculopathy (one in



ranibizumab group), macular hole (one in bevacizumab
group), retinal detachment (one in bevacizumab group)
and peripheral retinal thinning requiring barrier laser
photocoagulation (one in ranibizumab group). Two
patients developed visual loss of three or more lines as a
result of the retinal complications (macular hole and
retinal detachment).

Discussion

In the past few years, anti-VEGF therapy has gained
increased popularity in the treatment of myopic CNV,
as multiple studies have shown that anti-VEGF agents
are effective in improving vision of patients with
myopic CNV.825 Although the short-term results have
demonstrated significant visual improvement following
anti-VEGF therapy, the longer term visual outcomes
appeared more variable.'#20-28 In addition, many
previous studies have included both treatment naive
cases and previously treated eyes, as well as subfoveal
and non-subfoveal CNV in the series, making
comparison of results more difficult. The main strengths
of our current study included the relatively long
follow-up duration of 2 years and the homogeneity
of cases with only treatment naive subfoveal myopic
CNV included in the series.

Previous studies by Gharbiya et al?® and Nakanishi
et al?® demonstrated that patients with myopic CNV had
significant visual improvement following bevacizumab
injections at 24 months, whereas studies by Ruiz-Moreno
et al?” and Ikuno et al' showed that the initial visual
improvements were no longer significant at 2 years after
intravitreal bevacizumab therapy. The reasons for the
lack of significant improvement observed in these two
latter studies might be due to the relatively small sample
size of 19 patients in the study by Ruiz-Moreno et al,?
and the inclusion of only patients aged 50 or more in the
study by Ikuno et al.'* In our present study, we
demonstrated that there were significant mean visual
improvements in both the bevacizumab- and
ranibizumab-treated groups at 2 years. Consistent with
previous study by Ruiz-Moreno et al?” there was also a
slight decline in the mean BCVA in both groups between
the first and the second year. Despite this slight visual
loss, the visual improvements compared with baseline
were still highly statistically significant in both groups at
2 years. The treatment efficacy of both bevacizumab and
ranibizumab groups appeared to be similar as there was
no significant difference in the mean visual improvement
between the two groups and the proportions of eyes
having moderate visual gain or moderate visual loss
were also similar. There was also no significant difference
in the mean number of anti-VEGF injections required and
in the proportion of patients requiring retreatment
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during 2 years. Therefore, both anti-VEGF agents
appeared to have similar efficacy for treating myopic
CNV at 2 years.

Our findings showed that patients with myopic CNV
had a mean improvement of 3.7 lines after anti-VEGF
treatment at 2 years. This compared favourably with
verteporfin PDT for treating myopic CNV as previous
studies have demonstrated no significant visual
improvement at 2 years after PDT.%” Recent studies have
also reported that anti-VEGF therapy with intravitreal
bevacizumab appeared to result in better efficacy in
terms of visual improvement compared with PDT.31-32
Baba et al®! compared the 2-year outcome of intravitreal
bevacizumab with PDT. It was shown that there
was no significant change in vision following PDT,
while intravitreal bevacizumab resulted in significant
visual improvement at 2 years. The likely reason for
the inferior visual outcome associated with PDT was
likely to be due to the enlargement of chorioretinal
atrophy around the CNV following PDT.3! Yoon et al*®?
also evaluated the use of anti-VEGF therapy with
intravitreal bevacizumab or ranibizumab, PDT, and
combined anti-VEGF with PDT in the treatment
of myopic CNV. Results at 12 months showed that
significantly higher proportion of patients in the
anti-VEGF group lost fewer than 15 letters compared
with both the combination and the PDT groups.

As patients with pathologic myopia frequently have
chorioretinal atrophy associated with the myopic
CNYV, it might not be advisable to perform PDT in
these patients, as the PDT can further exacerbate the
chorioretinal damage in these patients by damaging
the already comprised choriocapillaris.

In this study, we also evaluated the prognostic factors
for favourable visual outcome at 2 years after anti-VEGF
therapy. Multivariate logistic regression analysis showed
that patients with higher severity of myopia were less
likely to gain three or more lines following anti-VEGF
therapy, with a 31% less chance in gaining three or
more lines per dioptre increase in myopic refractive
error. This finding is consistent with a study by
Kuo et a1, in which higher severity of myopia was
positively correlated with worse visual outcome
following intravitreal bevacizumab. In addition, we
also found that the size of myopic CNV was negatively
correlated with the extent of visual improvement at
2 years. The result supports the findings by Nakanishi
et al,?® in which the size of myopic CNV is a significant
factor in influencing the final visual acuity after
intravitreal bevacizumab treatment.

Patients with high myopia are well known to
develop retinal complications such as retinal detachment,
myopic foveoschisis and myopic macular hole. In our
study, six (16.2%) patients developed various retinal
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complications during the 2-year period. Shimada et al®
reported that 5.4% of 74 eyes that had intravitreal
bevacizumab for myopic CNV developed macular retinal
detachment following treatment, and four eyes had
foveoschisis around the CNV before the intravitreal
injection. These complications might or might not be
related to the intravitreal injections as they could develop
even without intravitreal injection. Despite having these
retinal complications, the majority of patients did not
develop significant visual loss following anti-VEGF
therapy. As patients with high myopia have increased
risk of developing these retinal complications, they
should be warned of the potential complications
associated with intravitreal injections.

The main limitations of our study include its
retrospective nature and the lack of untreated control for
comparison. Despite the retrospective nature of our
study, only four patients who received anti-VEGF
therapy during the study review period were excluded
from the analysis due to follow-up shorter than 2 years
and therefore ascertainment bias was unlikely to occur.
There was a slightly longer duration of symptoms and a
trend of worse baseline visual acuity in the ranibizumab
group compared with the bevacizumab group. Therefore
some potential bias might exist when comparing the
outcomes between the two anti-VEGF treatment groups.
Nonetheless, multivariate analyses after adjusting for
baseline visual acuity did not show a significant
difference in visual outcome between the two anti-VEGF
agents. Another limitation was the small number of cases
for multivariate logistic regression analysis. As a general
rule, 10 cases should be available for each predictor
variable used in logistic regression analysis. Nonetheless,
this rule can be relaxed in order to demonstrate adequate
control of confounding variables,® such as age, gender
and refractive error in our series. Finally, we did not
report the quantitative OCT findings in this study as not
all patients had OCT assessment at each visit, and the
OCT data were recorded using different time-domain
and spectral-domain OCT machines, making serial
comparisons invalid due to different measurement
methods. Nonetheless, OCT examinations were
performed to assess the treatment response and were
used to guide retreatment in all cases with suspected
CNYV recurrence.

In summary, our results demonstrated that anti-VEGF
therapy using either intravitreal bevacizumab or
ranibizumab appeared to be effective as primary
treatment for subfoveal myopic CNV, with significant
visual improvement associated with both agents at
2 years. In view of these encouraging results, it is
reasonable to recommend that anti-VEGF agents
should be used as the first-line therapy for myopic
CNV.36
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Summary

What was known before

® Most of the studies have demonstrated that there were
significant mean visual improvements after anti-VEGF
therapy for myopic CNV and the beneficial effects were
maintained at 12 months.

e However, the long-term results were more variable as
studies have reported that the initial visual gain might
no longer be significant at 2 years.

What this study adds
® Our results showed that eyes treated with bevacizumab
or ranibizumab had significant mean visual improvement
at 2 years.
® Moreover, the treatment efficacy in terms of visual gain
and number of retreatment were similar between
bevacizumab and ranibizumab at 2 years.
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