Clinical Ophthalmology

Dove

ORIGINAL RESEARCH

Real-World Anti-Vascular Endothelial Growth
Factor Therapy Outcomes in Myopic Choroidal
Neovascularization

Devangna Bhatia
Alexander Mehta
Joanna DaCosta
Oonagh Crothers
James Stephen Talks

Newcastle Eye Centre, Royal Victoria
Infirmary, Newcastle upon Tyne, UK

Correspondence: Devangna Bhatia
Newcastle Eye Centre, Royal Victoria
Infirmary, Newcastle upon Tyne, UK
Email Devangna88@gmail.com

Aim: Evaluation of real-world outcomes of intravitreal anti-vascular endothelial growth
factor (anti-VEGF) therapy in the primary treatment of choroidal neovascularization
(CNV) secondary to pathological myopia.

Patients and Methods: A retrospective cohort analysis of treatment naive patients with
myopic CNV who received treatment with either intravitreal ranibizumab or aflibercept over
a 12-year period from September 2007 to May 2020 was performed. Baseline features,
treatment factors and outcomes were compared between younger and older patients and final
visual outcome was assessed for associated factors.

Results: Thirty-seven eyes of 36 patients (24 females, 12 males) were included. Mean age was
58 years (range=26—-89 years). Of these patients, 11/36 (31%) were <50 years of age and 25/36
(69%) were >51 years of age. Seventy-three percent (27/37) of eyes were phakic. One patient
received bilateral treatment for myopic CNV. Median spherical equivalent was —8.50 diopters.
Seventy percent (26/37) of eyes commenced primary treatment with ranibizumab, and 11/37
(30%) eyes commenced treatment with aflibercept. There were no significant differences
between treatment factors and outcomes of younger and older patients. Median number of
injections was 3 over a median follow-up period of 24.6 months. Mean CRT decreased by
126um and median visual improvement was +6 letters. Analysis showed that younger age
(p=0.022) and fewer injections (p=0.004) were associated with better visual outcomes.
Conclusion: Myopic CNV requires less frequent anti-VEGF intravitreal therapy over
a shorter follow-up period than both neovascular age-related macular degeneration and
diabetic macular edema. Increased frequency of administration of intravitreal anti-VEGF
treatment did not improve vision. Younger age is associated with a better final visual
outcome. These findings may help to advise patients about the prognosis of treatment and
help guide treatment decisions.
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Introduction
High myopia, also termed pathological myopia, is projected to increase in preva-
lence over time." Geographical variation in prevalence rates has been noted. Vitale
et al reported an eight-fold increase in high myopia over a 30-year period in the
United States, from 0.2% to 1.6%.>

High myopia occurs at considerably higher rates in Asian populations. Lin et al
reported that the proportion of myopia attributable to high myopia increased from
10.9% to 21% of Taiwanese students from 1983 to 2000.° The etiology of high
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myopia is generally considered to result from a complex
interaction between hereditary and environmental factors.

Pathological myopia may be defined as an axial length
over 26.5mm and a refractive error greater than —6.00
diopter sphere.* Associated chorio-retinal abnormalities
in these patients such as lacquer cracks, chorioretinal
atrophy, pigmentary degeneration, and lattice degeneration
have been described.’

Choroidal neovascularization (CNV) occurs in 5-11%
of patients with pathological myopia.® Progressive patho-
logical myopia leads to axial elongation of the eye. This
causes structural stretching of chorio-retinal tissue, leading
to subsequent thinning. This process together with asso-
ciated chorio-retinal abnormalities leads to thinned tissue
which is relatively ischemic, and upregulation of vascular
endothelial growth factor (VEGF) is postulated to occur
causing myopic CNV to develop.

Myopic CNYV, if untreated, has a poor visual prognosis,
leading to progressive irreversible loss of vision and
blindness.” An estimated 89% of patients have marked
visual impairment within 5 years of CNV onset.®

Clinical trials have demonstrated the efficacy of anti-
vascular endothelial growth factor (anti-VEGF) drugs in
the treatment of myopic CNV.'® Most studies have
reported results over short to medium term follow-up
intervals and comparing a younger and older age
groups.'!'?

The aim of this study was to report the functional and
anatomical outcome of intravitreal anti-VEGF therapy in
the primary treatment of CNV secondary to pathological
myopia in a real-world setting.

Patients and Methods

A retrospective review was conducted of a consecutive
series of patients with CNV secondary to myopia who
received intravitreal anti-VEGF intravitreal injection treat-
ment between September 2007 and May 2020 in the
ophthalmology department of the Royal Victoria
Infirmary, Newcastle upon Tyne, UK.

Inclusion criteria were treatment naive patients who
received either ranibizumab or aflibercept for myopic
CNV. Patients with prior treatment for CNV, including
photodynamic therapy and laser photocoagulation, or
other causes of CNV, such as neovascular age-related
macular degeneration (nAMD), trauma, or angioid
streaks, were excluded. Eyes with ocular co-pathology,
such as amblyopia, diabetic retinopathy, and glaucoma,

and clinically significant cataract to warrant surgical

intervention were excluded. Eyes with prior refractive
surgery were excluded. All pseudophakic patients under-
went their cataract surgery prior to treatment for the
myopic CVN. Data collected included patient demo-
graphics such as age, gender, and mean spherical equiva-
lent of patients’ habitual correction. Optical coherence
tomography (OCT, Heidelberg, Germany) central macular
thickness (CRT) at baseline before initiation of treatment,
after the third injection and at the last recorded visit was
collected. Early treatment diabetic retinopathy (ETDRS)
vision at 2 meters with patients’ habitual correction was
recorded rather than refracted visual acuity in alignment
with the real-world setting of this study. We defined visual
stability as maintenance of ETDRS vision + 5 letters from
baseline vision.

Data apart from OCT measurements was recorded in
an electronic medical record (Medisoft Ophthalmology,
Medisoft Limited, Leeds, UK). The lead clinician and
Caldicott Guardian at the hospital gave written permission
for anonymized data extraction. Anonymized data analysis
of this type does not require ethical approval as it is
viewed as audit or service evaluation. This study was
conducted in accordance with the principles of the
Declaration of Helsinki and the UK Data Protection Act.

Statistical analysis was performed using SPSS (Version
26, Armonk, NY: IBM Corp). Patient demographics, clinical
features, treatment measures and outcomes were compared
between age groups (<50 years and >51 years). Independent
t-test/Mann—Whitney U-tests were used to compare contin-
uous variables depending on normality of distribution
(assessed using Kolmogorov—Smirnov and Shapiro—Wilk
tests). Associations between categorical variables were ana-
lysed using chi-square test/Fisher’s exact probability. To
assess factors influencing visual outcome via a multiple
regression model at a power of at least 80%, a minimum of
108 observations would have been required.'® Instead, an
exploratory correlation analysis was performed across the
entire population to determine the effects of baseline
BCVA, age, spherical equivalent, duration of treatment and
number of injections on final visual outcome. A p-value of
<0.05 was considered as statistically significant.

Results

The data set included 37 eyes of 36 patients (24 females,
12 males). The mean age was 58 years (range=26—89
years). Of these patients, 11/36 (31%) were aged <50
years and 25/36 (69%) were aged >51 years. Seventy-
three percent (27/37) of eyes were phakic. One patient
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received bilateral treatment for myopic CNV. The median
spherical equivalent was —8.50 diopters.

Primary treatment with ranibizumab was started in
26/37 (70%) eyes, and in 11/37 (30%) eyes aflibercept
was used. The mean number of injections was 4 over
a median follow-up period of 24.6 months. For our data
set, the mean CRT decreased by 126um and median
visual improvement was +6 letters. Twenty-seven eyes
received <5 injections over a treatment duration of up to
15 months.

Baseline comparison by age (<50 years vs >51 years)
is shown in Table 1. There was a significant difference in
lens status (p=0.018) and spherical equivalent (0.011)
between age groups. No significant differences were

found in comparison of treatment factors and outcomes
by age group (Table 2).

Correlation analysis for final BCVA (Table 3) showed that
younger age (p=0.044), fewer injections (p<0.001), shorter
duration (p<0.001) and higher baseline BCVA (p=0.035)
were associated with better visual outcomes. The only sig-
nificant intercorrelation found was between number of injec-
tions and duration of treatment (coefficient 0.903; p<0.001).

Discussion

Our study shows that myopic CNV requires less frequent
anti-VEGF intravitreal therapy over a shorter follow-up
period than other pathologies such as neovascular age-
related macular degeneration and diabetic macular

Table | Baseline Demographics and Clinical Features of Myopic Choroidal Neovascularization Patients by Age Group

Age <50 Years n=11 Eyes Age >51 Years n=26 Eyes p-value
Gender, % male 18% 39% 0.279*
Laterality, % right 27% 54% 0.138*
Lens Status, % phakic 100% 62% 0.018
Spherical equivalent, D; median, (IQR) —14, (=15, —10) -6, (-9, -5) 0.011°
ETDRS, letters; mean, SD (range) 62, 12.3 (46, 85) 60, 17.0 (25, 85) 0.753¢
CRT, pm; mean, SD (range) 380, 143 (221, 603) 398, 115 (214, 642) 0.708¢
Notes: *Chi-square/Fisher's Exact test, bMann—Whitney U-test, “Independent t-test.
Abbreviations: D, diopters; IQR, interquartile range; SD, standard deviation; ETDRS, visual acuity; CRT, central retinal thickness.
Table 2 Treatment Factors and Outcomes for Myopic Choroidal Neovascularization Patients by Age Group
Age <50 Years n=11 Eyes | Age >5| Years n=26 Eyes p-value
Duration of treatment, months; mean, median, (IQR) 14, 1.9, (0.7-10.6) 18, 3.1, (1.9-21.3) 0.286%
Duration of follow-up, months; mean, median, (IQR) 25, 21.0, (5.5-30.1) 38, 26.5, (20.0-43.3) 0.144%
Number of injections; mean, median, (IQR) 3,3, (1.5-3) 5, 3, (2-6) 0.1617
Anti-VEGF agent, n (%) 1.000°
® Ranibizumab 8 (73%) 18 (69%)
® Aflibercept 3 (27%) 8 (31%)
ETDRS letters; mean, median, (IQR)
® Baseline 62, 63, (50-70) 60, 60, (55-71) 0.753¢
® After 3rd injection 70, 70, (69-77) 61,70, (48-78) 0.688"
® Final 73,77, (70-85) 61, 70, (46-78) 0.129°
ETDRS change, letters; mean, median, (IQR)
® After 3rd injection 109 11, (8-15) 7911, (3-19) 0.947°
® Final 10, 11, (0-20) 0.2, 5, (-8-18) 0.422°
CRT, pm; mean, SD (range)
® Baseline 380, 143 (221,603) 399, 115 (214,642) 0.708¢
® Final 288, 72 (206,407) 262, 59 (179,402) 0.275¢
® Overall change —-100, 121 (=325,55) =137, 122 (-398, —6) 0.453¢

Notes: *Mann-Whitney U-test, ®Chi-square/Fisher's Exact test, Independent t-test, “Calculation made where both pre- and post-treatment values available.

Abbreviations: IQR, interquartile range; VEGF, vascular endothelial growth factor; ETDRS, visual acuity; CRT, central retinal thickness; SD, standard deviation.

Clinical Ophthalmology 2021:15

https:

Dove:

2755


https://www.dovepress.com
https://www.dovepress.com

Bhatia et al

Dove

Table 3 Analysis of Factors Contributing to Final Visual Acuity in
Myopic Choroidal Neovascularization Patients

Factors Correlation Coefficient p-value
(Spearman)

Number of injections™ —-0.572 <0.001

Duration of treatment —0.605 <0.001

(months)*

Baseline BCVA (letters) 0.357 0.035

Age (years) —0.333 0.044

Spherical equivalent (D) 0.031 0.900

Notes: *Significant intercorrelation between Number of injections vs Duration of
treatment (Coeff. 0.903; p<0.001). No other intercorrelations between listed
factors were significant.

Abbreviations: ETDRS, visual acuity; D, diopters.

edema. The focus of therapy for neovascular age-related
macular degeneration has changed to consideration of the
optimal dosing regimen to reduce treatment burden.
Regimens such as a treat and extend protocol have been
shown to maintain vision with slightly fewer injections
when compared to monthly treatments.'* Elman et al, in
a S-year randomized controlled trial of ranibizumab plus
prompt or deferred laser therapy for diabetic macular
oedema, showed that visual gain (mean gain +7.2 letters
in prompt laser group and +9.8 in deferred group) was
achieved with a diminished median number of injections
in subsequent years, 13 injections over 5 years in prompt
laser group and 17 in the deferred laser group.'® In our
study, analysis showed that the factors influencing final
visual outcome were number of injections (p<0.001), base-
line BCVA (p=0.035) and age (p=0.044). A shorter dura-
tion of treatment was also significant (p<0.001) but highly
correlated to fewer injections. Baseline vision and CRT
did not differ between patients younger than or over the
age of fifty. All pseudophakic patients underwent their
cataract surgery prior to treatment for the myopic CNV.

Our results show that younger patients had better visual
outcomes than older patients (p= 0.044). This result is in
agreement with similar studies by Brué¢ et al,'? which
suggest that with time the natural progression of myopia
leads to chorioretinal atrophy and degeneration, which
negatively affects visual outcome in the older age group.
Despite the difference in lens status between our age
groups (Table 1), the relationship between age and final
visual outcome did not differ between phakic and pseudo-
phakic patients.

As this is real-world data collection, our results are
affected by varying clinical decisions, diversity of the

patient group, and possible variation of the service to
provide treatment as planned over time.

In our study, the mean gain in vision at year 1 with
myopic CNV was +9 letters. This result is similar to that
of Wecker et al,'* who examined 5-year outcomes and
injection patterns with pro re nata (PRN, treat as required)
treatment regimens for nAMD, DME, RVO and myopic
CNV. They found a mean visual gain in year 1 with
myopic CNV of +7.2 letters. Their PRN study design
limited data collection and analysis to patients with active
disease or undergoing follow-up at indicated time points.

We found that an average of 3.88 ranibizumab injec-
tions and 2.45 aflibercept injections was needed for main-
taining visual stability. This is in agreement with the
median number of 3 injections required in the REPAIR’
study which examined 12-month outcomes of ranibizumab
in CNV secondary to myopia. REPAIR demonstrated
a mean 13.8 letter gain in best corrected visual acuity
(BCVA). We did not record a 12-month BCVA due to
the real-world setting of our study so may have under-
estimated gain in visual improvement.

MYRROR'? was a Phase III randomized controlled
trial conducted in Asia that demonstrated aflibercept was
effective for the treatment of myopic CNV. Patients who
received aflibercept gained 13.5 letters and required
a median of 3 injections compared to the placebo group
with 3.9 letters gained. Our results are similar, in that the
patients who received aflibercept gained 15.3 letters after 3
injections compared to an 8.5-letter gain in the ranibizu-
mab group.

Unlike AMD, in which visual acuity outcomes are
usually better with more injections,'® we found that more
injections (or a longer duration of treatment) were asso-
ciated with a worse outcome (p<0.001), presumably
because patients requiring more injections had more
advanced chorioretinal atrophy associated with pathologi-
cal myopia.

In our study, aflibercept was used less frequently than
ranibizumab in the treatment of myopic CNV. The National
Institute of Health and Clinical Excellence (NICE) approves
treatment for use in the National Health Service (NHS) in the
UK. Ranibizumab was approved by NICE for the treatment
of myopic CNV in November 2013 and aflibercept in 2017,
hence more patients in our study were initially commenced
on treatment with ranibizumab.'”'® Aflibercept is a vascular
endothelial growth factor (VEGF) inhibitor, which binds two
isoforms of VEGF, VEGF-A and VEGF-B, together with
placental growth factor (PGF). This is in contrast to
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ranibizumab which binds VEGF and not PGF. Therefore,
aflibercept may be more efficacious at inhibiting the growth
of new blood vessels in the choriocapillaris, which promote
development of choroidal neovascularization.

Other treatment options for myopic CNV include laser
photocoagulation, photodynamic therapy (PDT) and surgi-
cal removal. None of these treatments have been proven to
maintain visual stability in the long term. Laser photocoa-
gulation poses a risk to the fovea and therefore visual
acuity, especially in juxtafoveal cases due to the expansion
of the laser scar over time.

The Verteporfin in Photodynamic Therapy (VIP) study'’
has shown verteporfin photodynamic therapy (vPDT) to be
better than the natural course of the disease or placebo at
stabilizing vision loss (<8-letter loss) at 24 months. However,
with the emergence of anti-VEGF agents, they have become
the more popular option for treatment of myopic CNVs.
Their superiority has been proven in the RADIANCE
(Ranibizumab And PDT [verteporfIn] evAluation iN myopic
Choroidal study,*”
a randomized control phase III trial. It compared the efficacy

nEovascularization) which  was
and safety of ranibizumab to vPDT. There was an average
BCVA gain of more than 10 ETDRS letters following treat-
ment with ranibizumab compared to approximately 2
ETDRS letters for vPDT. We included treatment naive
patients only in this study and all patients received mono-
therapy with anti-VEGF agents. We were therefore unable to
determine whether a combination treatment regimen with
other modalities may be a more or less effective treatment
for myopic CNV in this study.

There are potential risks associated with administration
of anti-VEGF treatment. In terms of safety, our series had
no cases of endophthalmitis, retinal tear or detachment
following anti-VEGF injection for myopic CNV. Myopes
in general are at a higher risk of developing retinal detach-
ments and tears following an intravitreal injection.”' We
did not record any patients with lattice degeneration in our
series; however, in such patients, consideration of laser
treatment prior to intravitreal injections may be warranted.
In pathological myopia, the result of treatment of CNV
with intravitreal anti-VEGF agents may induce contraction
of the CNV with the resultant development of chorioret-
inal structural changes leading to fibrosis and atrophy,
which may lead to poor visual prognosis.'*

A recent retrospective study®” of 96 eyes comparing real-
world outcomes of intravitreal anti-VEGF therapies in
patients with myopic CNV demonstrated no significant dif-
ference in visual improvement after 1 year of treatment

between bevacizumab, ranibizumab and aflibercept.
By year 3, visual improvement was not significant in the
ranibizumab and bevacizumab groups. No difference in the
number of injections between the three groups was recorded.
Our results differ in that we did not include any patients
treated with bevacizumab in our series as this is not
a licensed or NICE approved treatment in the UK. Patients
>51 years required more ranibizumab injections than those
<50 years and were followed for a longer period.

Our study is limited by its small cohort size. In parti-
cular, differences in lens status and refractive correction
with younger individuals more likely to wear contact
lenses will have influenced visual outcomes.
Furthermore, the small sample size introduces a source
of bias into interpretation of visual outcomes due to out-
liers. We did not record axial length as a parameter to
define pathological myopia. These factors are important
limitations to our study and therefore our results must be
interpreted with caution and may not be directly compar-
able to large scale prospective randomized controlled
trials. However, this is a reflection of the real-world nature
of our study and our results are useful as a guide to inform
patients on likely outcomes for myopic choroidal neovas-
cularization in a practical setting.

We found that myopic CNV requires less frequent anti-
VEGF intravitreal therapy over a shorter follow-up period
than both neovascular age-related macular degeneration
and diabetic macular edema. Increased frequency of
administration of intravitreal anti-VEGF treatment did
not improve vision. Younger age is associated with
a better final visual outcome. These findings may help to
advise patients about the prognosis of treatment and help
guide treatment decisions.

Further research in terms of real-world studies and the
efficacy of newer anti-VEGF agents will optimize current

treatment strategies for myopic CNV.
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