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Abstract

¢ AIM: To evaluate the visual and anatomic outcomes of
intravitreal ranibizumab injections for myopic choroidal
neovascularization (mCNV) in Chinese patients.

¢ METHODS: This study is a retrospective case. Thirty-
five patients treated for mCNV were included in this
study. Their eyes were treated with a single intravitreal
injection of 0. 5 mg ranibizumab following a pro re nata
(PRN) regimen indicated by persistent or recurrent CNV.
Best corrected visual acuity ( BCVA), CNV findings on
fundus fluorescent angiography ( FFA), central retinal
thickness ( CRT ) on optical coherence tomography
(OCT), total number of treatments, and complications
were evaluated.

e RESULTS: The mean follow - up duration was 20mo
(range 16 -24mo). Twenty - eight patients (80% ) were
followed up for more 22mo. The mean baseline BCVA
was 0. 74 logarithm of the minimum angle of resolution
(logMAR) [ standard deviation (SD) 0.23] and improved
significantly to 0. 49 logMAR (SD 0. 31) (P<0.001,
Wilcoxon signed-rank test) after treatment. At the final
months of follow-up, 21 of the 35 eyes (60% ) showed an
improvement of 2 lines or more in BCVA, 13 eyes (37%)
remained unchanged, and 1 eye (3% ) had a deterioration
of 2 lines or more. Mean CRT decreased from 297 pym
(SD, 72) at baseline to 228 um (SD, 61) at the final
follow-up ( P<0.001, paired t-test). During follow-up,
the mean number of repeat injections was 3.2 (SD, 0.94;
range, 1-7 injections). No drug - related complications
were observed after treatment.

¢ CONCLUSION: The long - term outcomes observed in
this study suggest that intravitreal ranibizumab is safe and
effective for treating mCNV.

e KEYWORDS: macular degeneration; myopia; vascular
endothelial growth factor
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INTRODUCTION

P athological myopia (PM) is the leading cause of severe
visual loss among people in many countries''”’. High

myopia is especially common in Asian populations, with

incidence rates of 9% —21% "*' compared with 2% -4% in
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Caucasians”” ", Choroidal neovascularization (CNV) caused
by PM, known as myopic CNV (mCNV) , is a serious vision—
threatening condition in these patients. Among secondary
causes of CNV, myopia is the most common, accounting for
62% of all CNV cases in patients less than 50 years of age .

The natural progression of the disease and visual prognosis in
mCNV are generally poor without treatment, and thus, severe
visual loss significantly impacts the patients’ quality of life'’.
Although there is a lack of evidence based on randomized
therapy ( PDT ) with

verteporfin has been shown to be effective and is recommended

controlled trials, photodynamic
as the first—line treatment for patients with mCNV. However,
the long—term outcome of PDT is not favorable, as patients
generally show no improvement in mean visual acuity following
treatment, and the beneficial effect of PDT in preventing
visual loss was found to be no longer significant at 2y"'*"".
Moreover, the high cost of PDT limits its use, particularly in
developing countries.

An alternative treatment for patients with CNV is anti —
vascular endothelial growth factor ( VEGF) therapy, including
bevacizumab ( Avastin, Genentech, South San Francisco,
CA, USA) and ranibizumab ( Lucentis, Novartis, Basel,
Switzerland ).  Most of the

demonstrated

studies investigating these

treatments  have significant mean visual
improvement after anti — VEGF therapy, and the beneficial
effects were maintained at 12mo. In contrast with these short—
term results, the longer—term results were more variable, with
studies reporting that the initial visual gain may no longer be

230 " To further assess the efficacy of anti—

significant at 2y'
VEGF therapy for mCNV, we evaluated the long - term
outcomes with the use of intravitreal ranibizumab as the
primary treatment for mCNV in Chinese patients.
SUBJECTS AND METHODS

Subjects  This study was designed as a retrospective,
consecutive, noncomparative, interventional study aimed at
investigating the visual and anatomic outcomes as well as the
safety of intravitreal ranibizumab in patients with mCNV. This
study included 35 patients (35 eyes) with mCNV who were
administered intravitreal injection of ranibizumab at the
Department of Ophthalmology of the First Hospital of China
Medical University from July 2012 to January 2013. The
inclusion criteria included follow—up of at least 16mo, myopia
with a spherical equivalent refractive error of —6 D or more,
subfoveal CNV location, best corrected visual acuity (BCVA)
of 207800 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; and features
suggesting CNV was secondary to age — related macular
degeneration ( AMD ) or other causes such as trauma,
choroiditis, angioid streaks, and hereditary diseases in the
study eye or fellow eye. Informed consent was obtained from
all patients before treatment, and the study was approved by
an Institutional Review Board and performed with adherence to

the tenets of the Declaration of Helsinki. All eyes underwent
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complete ophthalmologic evaluation at baseline, which

included BCVA testing using a standard Snellen chart, slit—

lamp  biomicroscopy, intraocular  pressure  ( IOP )
measurement, indirect ophthalmoscopy, FA, indocyanine
green angiography ( ICGA ), and optical coherence

tomography ( OCT ) ( Stratus OCT; Carl Zeiss Meditec,
Dubin, CA, USA). ( CRT;

thickness of the 1 —mm central retina) was measured by the

Central retinal thickness

fast macular scan protocol of OCT.
Methods
0.5 mg ranibizumab (0.05 ml) at baseline. All injections

Each patient received an intravitreal injection of

were given under sterile conditions in the operating room.
Povidone—-iodine solution was used to clean the eyelids, and a
lid speculum was inserted. Next, topical anesthesia was
applied, and the conjunctiva was irrigated with 5% povidone—
iodine. A 30 - gauge needle was inserted through the pars
plana, and 0. 05 mL ranibizumab was injected into the
vitreous cavity. Follow—up examinations were performed 1d,
Iwk, and 1mo after the injection and then monthly thereafter
for at least 16mo. BCVA testing, slit—lamp examination, I0P
and OCT were
performed at each visit. FA and ICGA were recorded at the

measurement, indirect ophthalmoscopy,
initial visit and three months follow — up visit for each
injection. Time — domain OCT was also performed in every
patients to evaluate the treatment response and to guide
retreatment in cases of recurrence. Additional reinjections
were given at least 4wk after the previous injection according
to the following criteria; 1) self—reported significant central
visual acuity loss; 2 ) new macular hemorrhage; 3 )
recurrence of any subretinal fluid of cystic maculopathy on
OCT in a previously dry macula; and 4) persistent intraretinal
or subretinal fluid on OCT. The primary outcome was
improved ( = 2 lines ), stabilized ( within 1 line ), or
deteriorated ( =2 lines) vision at the final follow—up. The
main outcome measures included changes in the mean BCVA
and CRT from baseline to the final follow—up, angiographic
and anatomic changes, number of treatments, and ocular and
systemic safety.

Statistical Analysis  Statistical analyses were performed
using the Statistical Package for the Social Sciences ( SPSS
version 17. 0. 1; SPSS Inc, Chicago, IL, USA). Snellen
visual acuity was converted to the logarithm of the minimum
angle of resolution ( logMAR ) equivalent for statistical
analysis. Data are expressed as mean * standard deviation
(SDh).

compared using the paired ¢ test. The Wilcoxon signed —rank

Normally distributed continuous variables were

test was used to compare data that were not normally
distributed. The association between the change in CRT and
BCVA outcomes was assessed using the Pearson correlation
analysis. A P value of <0. 05 was considered statistically
significant.

RESULTS

Baseline Characteristics Thirty — five consecutive patients
(35 eyes) with mCNV were included in this study. All the

enrolled patients were Chinese; 24 were female (69% ) and
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11 were male (31% ).
eye. The mean patient age at the start of the study was 53. 5y

Twenty eyes (57% ) were the left

(range 26 —69y). The mean spherical equivalent refractive
error was —9.8+3.1 D). The duration of symptoms varied from
7d to 2y (<3mo, 27 eyes, 77% ; 3mo to ly, 6 eyes, 17% ;
>ly, 2 eyes, 6% ). The Snellen BCVA at baseline ranged
from 20/200 to 20/25, with a median of 20/100. The mean
logMAR BCVA before treatment was 0.74+0.23 (20/110 in
Snellen equivalent). The mean CRT at baseline was 297+72 pm,
as measured by OCT. The mean follow—up duration was 20mo
(range 16-24mo).

Visual Outcomes Mean BCVA improved from 0. 74 (SD,
0.23) logMAR at baseline to 0.49 (SD, 0.31) logMAR at
the final follow—up. The mean improvement in logMAR BCVA
at the final follow —up was 2.5 lines, and the improvement
from baseline remained statistically significant ( Wilcoxon
signed—rank test, P<0.001, Figure 1). At the final follow—up,
21 of the 35 eyes (60% ) showed an improvement of 2 lines or
more in BCVA, 13 eyes (37% ) remained unchanged, and 1 eye
(3% ) had a deterioration of 2 lines or more.

Changes in OCT and Angiography Mean CRT decreased
from 297pum (SD, 72) at baseline to 228 um (SD, 61) at
the final follow—up (P<0.001, paired ¢—test, Figure 2).
There was a statistically significant correlation between the
improvement in mean BCVA (logMAR) and the decrease in
mean CRT at the final follow — up ( Pearson correlation
analysis; r=0.54, P<0.001). At the final follow—up, all 35
eyes were in the cicatricial stage of CNV. FA showed absence
of leakage from CNV lesions and no intraretinal edema,
subretinal fluid ( SRF ), or retinal pigment epithelial
detachment (PED) was indicated by OCT.

Number of Treatments During follow — up, 26 eyes
(74% ) needed reinjection, and the mean number of repeat
injections was 3.2 (SD, 0.94; range 1 -7 injections). At
6mo after the initial injection, only 5 eyes (14% ) needed
reinjection.
Complications
( endophthalmitis ,

nonocular ( thromboembolic event or systemic hypertension )

None of the patients developed any ocular

retinal  detachment, or uveitis ) or

complications related to intravitreal ranibizumab.
DISCUSSION

Eyes with pathologic myopia are known to have extremely
elongated axial length, chorioretinal degeneration, and
lacquer cracks, and CNV is an important cause of visual loss
in these eyes. Although self — limiting, CNV can cause
subretinal hemorrhage, exudation, fibrosis, and atrophic
scars, leading to permanent visual loss' "'

VEGF is a potent permeability factor and growth factor
involved in the development of CNV, and VEGF inhibitors
represent a relatively new treatment for CNV. Ranibizumab,
an anti — angiogenic medication, can block the effects of
VEGF. It has been approved and widely used as the primary
treatment for CNV secondary to AMD'"”’. On the basis of its
theoretical and therapeutic effects on CNV, ranibizumab may

also be used to effectively treat CNV secondary to pathologic
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Figure 2 Mean CRT in mCNYV eyes treated with ranibizumab
at each follow—up visit.

myopia. In the past few years, intravitreal ranibizumab has
gained increasing popularity in the treatment of mCNV, as
multiple studies have shown that anti — VEGF agents are
effective  in  improving the vision of patients with
mCNV/!10-16-24]

included both treatment of naive cases and previously treated

However, many previous studies have
eyes, as well as subfoveal and nonsubfoveal CNV in the
series, making comparisons of the results more difficult. The
main strengths of our current study included the relatively long
follow—up of more than 1y and the homogeneity of cases with
treatment of only naive subfoveal mCNV.

PDT once showed favorable outcomes at 1-year follow—up in a
randomized, double — masked, placebo — controlled study of
verteporfin combined with PDT ( the VIP Study ).
However, the long — term efficacy was not statistically
significant according to a 2—year report published in 2003,
Wolf et al'™’ also evaluated the use of anti— VEGF therapy
with intravitreal ranibizumab, PDT, and combined anti —
VEGF with PDT in the treatment of mCNV. The results at
12mo showed that anti-VEGF therapy improved and sustained
BCVA more effectively compared with both the combination
and PDT groups. Because patients with pathologic myopia
frequently have chorioretinal atrophy associated with mCNV,
it may not be advisable to perform PDT in these patients, as
the PDT can further exacerbate chorioretinal damage in these
patients by damaging the already comprised choriocapillaris.
In the present study, we showed a statistically significant
improvement in mean logMAR BCVA from 0.74 t0 0.49 and a
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Table 1

Comparison of the outcome in different series on intravitreal ranibizumab for myopic choroidal neovascularization

Present stud
Study design Y

Mones et al'®!(2009)

Tacono et al'®(2012) Cha et al'™®1(2014)

Retrospective Retrospective Retrospective Retrospective
No. of eyes 35 23 23 23
Follow—up, range (mo) 20 (16-24) 12 18 12 (22.87+9.10)
Location of CNV SF Sk, JF SF Sk, JF
Previous Therapy No N/A No No
Schedule 1+PRN 1+PRN 1+PRN 1+PRN
Mean number of IVR 3.2+0.94 1.52 2.56x1.61 2.43+1.04
VA (LogMAR/Letters) 0.74+0.23 N/A 0.60+0.29 0.63+0.30
Mean final VA ( LogMAR/Letters ) 0.49+0.31 62.57+19.27 0.40+0.38 0.39+0.42
Mean change in VA +2.5 lines +9.53 letters +1.8+0.27 lines N/A

Improved' 21/35 (60% )
Stable® 13/35 (37% )
Decreased’ 1/35 (3% )

8/23 (34.7%)
12/23 (52.2% )
3/23 (13.1%)

7/23 (30%)
15/23 (65% )
1723 (5% )

17/23 (74% )
5/23 (22%)
1/23 (4% )

SF. Subfoveal; JF: Juxtafoveal; N/A: Not available; IVR: Intravitreal ranibizumab; VA:. Visual acuity; 1+PRN: Single loading dose

followed by pro re nata treatment; LogMAR: Logarithm of the minimum angle of resolution. 'Present study and Cha’s study VA =2 lines

increase; Mones’s study and Tacono’s study VA =3 lines increase; *Present study and Cha’s study +1=VA=—1 lines; Mones’s study and

lacono’s study +2=VA = -2 lines; *Present study and Cha’s study VA =2 lines decrease; Mones’s study and lacono’s study VA =3 lines

decrease.

mean improvement of 2.5 lines in BCVA from baseline at the
final follow—up. Consistent with this improvement in BCVA,
OCT revealed a marked decrease in retinal thickness from
297um (SD, 72) at baseline to 228 um (SD, 61) at the
final follow—up (P<0.001, paired t—test, Figure 2). There
was a statistically significant correlation between the
improvement in mean BCVA (logMAR) and the decrease in
mean CRT at the final follow — up ( Pearson correlation

analysis; r = 0. 54, P <0. 001).

treatments was 3.2 injections (range 1-7) per eye during the

The mean number of

follow—up period, resulting in all lesions converting to the
cicatricial stage.
The appropriate strategy for administering intravitreal
ranibizumab injections in the treatment of CNV, including the
number and frequency of injections, remains uncertain to
date. Three monthly injections (3 +PRN) more effectively
improved the patients’ vision during early stage of treatment.
Lai et al™ reported a series of 16 eyes with 3 + PRN for
mCNV. The mean improvement at 12mo was 3.0 lines, and
12 (75. 0% ) eyes had improvement of 2 or more lines.
Fifteen (93. 75% ) eyes exhibited angiographic closure at
3mo, and one eye (6. 25% ) required further treatment
because of persistent leakage at 3mo. Two (12.5% ) patients
experienced recurrence of CNV and required retreatment
between 3 and 9mo. Wu and Kung'™'
mCNV with a follow —up duration of 12mo. At 12mo, the

mean improvement in vision was 2. 88 lines, and 20 eyes

reviewed 25 eyes with

(80% ) showed a gain of at least 1 line after treatment. The
average number of injections was 3.44. However, the 1 +PRN
group required fewer injections than the 3+PRN group within
12mo. In a study by Mones et al™’, 23 eyes with mCNV
required subsequent intravitreal ranibizumab as needed after
the first injection (1+PRN). At the 12 -month follow—up,
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the mean BCVA was improved by 9. 53 letters. In all, vision
in 69% of patients increased by least 1 line, and that in
34.7% of the patients increased by 3 or more lines. Patients
received an average of 1.52 injections. In another study of 23
eyes by Lacono et al'™ | at the 18 — month examination,
BCVA (logMAR) improved from 0. 60+0.29 to 0.40+0. 38
after treatment, and a significant improvement of 1. 8 lines
compared with baseline were noticed. A 3-line gain or higher
was noted in 30% of eyes. The number of injections was 2.5.
Cha et al™ reported that the treatment of 23 mCNV over an
12-month follow—up. BCVA (logMAR) improved from 0. 63+
0.30 to 0. 39+0. 42 at 12mo after treatment, and BCVA
improved by 2 or more lines in 17 of 23 eyes (74% ). Patients
received an average of 2. 43 + 1. 04 injections ( Table 1).
Therefore, it is still unknown whether the visual outcome and
required number of injections will show any differences with a
longer period of follow—up.

In terms of complications, neither retinal breaking nor retinal
detachment was noted in our study. In addition, none of the
patients had any other systemic or ocular side effects.
Moreover, the total numbers of treatments during the study
period did not appear to be higher than those in other studies,
and greater than 80% of eyes treated with single loading dose
gained at least 1 line of visual improvement after the study
period. Accordingly, we consider that one single injection
followed by PRN might be a reasonable choice for mCNV.
The main limitations of our study include its retrospective
nature and the lack of an untreated control group for
comparison. The symptoms persisted for a slightly longer
duration and a trend of declining baseline visual acuity was
observed. Future long-—term, prospective, randomized trials
are needed to compare the safety and outcomes for different

dosing regimens of intravitreal ranibizumab.
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