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Purpose: This multicenter, epidemiological, cross-sectional study aimed to estimate the
annual cumulative incidence of major macular diseases that cause visual impairment and
require therapeutic intervention in the routine care of Greece.

Methods: The study was carried out between December 2012 and May 2015 in 20
ophthalmology clinics. Over a one-year recruitment period per study site, all treatment
naive adult patients newly diagnosed with wet age-related macular degeneration, visual
impairment due to diabetic macular edema or macular edema secondary to retinal vein
occlusion requiring therapeutic management and who had not been diagnosed or treated
for the same disease in the past were enrolled after providing informed consent. Study data
were collected during the single study visit.

Results: A total of 1532 incident cases were enrolled. The estimated annual cumulative
incidence of wet age-related macular degeneration, diabetic macular edema and macular
edema secondary to retinal vein occlusion requiring therapeutic management was 0.82 [95%
confidence interval (CI): 0.76, 0.88; n=723], 0.63 (95% CI: 0.58, 0.69; n=559), and 0.29
(95% CI: 0.25, 0.32; n=250) per 10,000 cases, respectively.

Conclusion: The study provides estimates of the incidence of major macular diseases
causing visual impairment and requiring treatment in outpatient hospital settings in Greece,
indicating a considerable socioeconomic burden to the healthcare system.

Keywords: anti-VEGF, diabetic macular edema, epidemiology, incidence, retinal vein

occlusion, wet age-related macular degeneration

Introduction

Wet age-related macular degeneration (WAMD), diabetic macular edema (DME)
and macular edema secondary to retinal vein occlusion (RVO) are the most
common ocular disorders leading to vision loss.' The prevalence of late (wet
and dry) AMD has been estimated at 0.50% in 45-85 year-old Europeans.* AMD
prevalence increases from 0.41% among the 60—69 year-old group, to 1.71% among
the 7079, and 4.56% in the 80-84 year-old group.* DME prevalence has been
reported to range between 3.8—7.0% among diabetic patients.”>® On the other hand,
the global prevalence of branch RVO among persons greater than 30 years of age
has been reported to be 0.44%, while the prevalence of central RVO has been
reported to be 0.08%.” Macular edema has been reported to develop in about
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5-15% of branch RVO cases within the first year of
diagnosis, while most central RVO diagnoses are accom-
panied by signs of macular edema.’

Vision disturbances, which are frequent among
wAMD, DME and RVO patients, can have an impact on
the patients’ quality of life. Moreover, these diseases have
been associated with work productivity loss, impairment
of daily living activities, and high healthcare costs.®* '

The management of wAMD, DME and macular edema
secondary to RVO has significantly advanced with the
introduction of anti-vascular endothelial growth factor
(anti-VEGF) therapies, which provide a therapeutic option
that can prevent vision deterioration and in many cases
restore vision loss.""'*'® Due to the high medical costs
associated with anti-VEGF therapies, several studies have
examined whether the burden such therapies place upon
patients and the healthcare system are balanced against the
derived benefits. Various such cost-effectiveness analyses
in the Greek healthcare setting support that anti-VEGF
therapy costs and need for intravitreal administrations are
balanced against savings related to improvement in visual
acuity and reduction of cases progressing to legal
blindness.'”%°

Estimates of the incidence of these diseases at a coun-
try level are required, since aside from evidence that the
incidence varies on a country and race/ethnicity basis, the
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potential economic impact on the national healthcare sys-
tem due to the resources needed for management of these
diseases is also country-dependent.>’*"** In light of the
above, and under the consideration that data on the inci-
dence of macular diseases requiring treatment in Greece
were unavailable at the time of study planning, the present
study primarily aimed to estimate the annual cumulative
incidence of wAMD, visual impairment due to DME and
of macular edema secondary to RVO requiring therapeutic
management in outpatient settings.

Patients and Methods
Study Design and Setting

This was an epidemiological, multicenter cross-sectional
study with a single visit data collection schedule. The
study population was recruited by 20 ophthalmology hos-
pital-based outpatient medical retinal clinics, diversely
distributed across seven geographical regions of Greece
and covering the majority of the ophthalmology clinics in
the country (Figure 1). Each study site could recruit
patients for an approximate 1-year enrolment period with
an up to 7-day allowable extension (i.e. the recruitment
length per site could not exceed 372 days). Study data,
generated as part of the routine course of care and through
medical record review, were collected with the use of a
web-based electronic data capture system.

Eligible patients

Sites Participants Overall wAMD | VIdueto ME 2°
enrolled DME to RVO
10 884 873 428 287 158

3 190 185 76 81 28
2 149 148 58 67 23
2 107 104 47 41 16
1 100 95 57 30 8
1 83 80 40 35 5

1 47 47 17 18 12

Figure | Patient disposition per macular disease diagnosis and geographic region of Greece.
Abbreviations: wAMD, wet age-related macular degeneration; VI due to DME, visual impairment due to diabetic macular edema; ME 2° to RVO, macular edema secondary

to retinal vein occlusion.
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In alignment with the study’s epidemiological nature,
potential patient selection bias was controlled by enrolling
all patients that fulfilled eligibility criteria and attended the
hospital/clinic throughout each site’s 1-year recruitment
period. Moreover, the cross-sectional design minimized
potential bias from a high drop-out/non-eligible rate.

Comorbid and past medical conditions that according
to the physicians’ judgment could affect progression of the
macular diseases of interest abstracted from the patients’
medical history or identified during the on-site clinical
examination are presented by the Medical Dictionary for
Regulatory Activities (MedDRA; version 18.0) terminol-
ogy preferred term.

This study was designed and implemented in accordance
with the principles of the International Conference on
Harmonization Good Clinical Practice, the guidelines for
Good Pharmacoepidemiology Practices, the ethical princi-
ples laid down in the Declaration of Helsinki, as well as all
applicable national regulatory requirements. For each parti-
cipating Hospital site, the study was initiated after obtaining
approval by the competent Institutional Review Boards
(Scientific Committee/Administrative Council). Prior to the
conduct of any study-related procedure, each patient signed a
written informed consent form. The study has been registered
in the electronic Registry of Non-Interventional Studies
posted on the website of the Hellenic Association of
Pharmaceutical Companies (https://www.dilon.sfee.gr).

Study Population

The population eligible for study participation, consisted
of male and female adult patients over 18 years of age,
newly-diagnosed with wAMD, visual impairment due to
DME or macular edema secondary to RVO, for whom
treatment was indicated at the time of attending the parti-
cipating outpatient clinics and who had not received treat-
ment for the same disease in the past.

The same patient could be enrolled in the study for two
separate incident diagnoses of interest as long as the elig-
ibility criteria were met for both diagnoses. Therefore,
incident diagnoses are comprised of first-affected “eyes”
rather than patients and will therefore be referred to as
incident cases. Furthermore, for patients diagnosed at the
same time with the same disease in both eyes, only one
eye was enrolled, comprising one incident case.

Study Objectives
The study primarily aimed to determine the annual inci-
dence of wAMD, visual impairment due to DME and of

macular edema secondary to RVO requiring therapeutic
management, in Greece. In addition, the study captured
patient characteristics, diagnostic imaging modalities and
therapeutic patterns employed in the routine care setting.

Statistical Methods

Continuous variables have been summarized with the use
of descriptive statistical measures [mean, standard devia-
tion (SD)], while categorical variables are displayed as
frequencies and percentages (n, %). No imputation of
missing data was performed. The primary endpoint was
evaluated as the number and percentage of incident cases
with the respective 95% confidence interval (CI) based on
a binomial distribution. The annual cumulative incidence
has been defined as the sum of the annualized number of
incident cases for each study site (i.e. the ratio of the
actual number of eligible incident cases for the specific
site divided by the actual recruitment period for the spe-
cific study site multiplied by 365.25) divided by the total
Greek adult population [i.e., 8,812,747 according to the
ELSTAT 2011 Census (23)]. The 95% CI for the annual
cumulative incidence was calculated using normal approx-
imation of Poisson distribution. Association of gender and
intravitreal anti-VEGF treatment with the macular disease
type has been examined using the Pearson’s chi-square
test. Multinomial logistic regression was applied in order
to assess the association of the pharmacological treatment/
therapeutic modality and best corrected visual acuity
(BCVA) on the diagnosis of the three different macular
diseases. All statistical tests were two-sided and were
performed at a 0.05 significance level. Statistical analyses
have been conducted using the statistical software package
SAS® v9.3 (SAS Institute, Cary, NC).

Results

Patient Disposition

A total of 1560 cases were registered in the web-based
electronic data capture system, of which 1532 were
assessed as eligible cases diagnosed with one of the three
macular diseases of interest. Twenty-seven cases were
non-eligible based on the study’s eligibility criteria, while
one patient was enrolled after the 372-day study site
recruitment period (Figure 2).

For 17 of the 20 study sites the recruitment period was
372 days, while for the remaining 3 study sites recruitment
was prematurely terminated (at 246, 325 and 358 days) for
administrative reasons. The earliest study site initiation
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Patients enrolled

N=1560
—>
Non-eligible
> population ——
N=28
—>

Eligible study population

N=1532

Patients who were not newly-diagnosed with AMD,
visual impairment due to DME or macular edema
secondary to RVO needing therapeutic management
AND who had been diagnosed or had received
treatment for the same disease in the past (n=15)

Patients who were diagnosed or had received
treatment for the same disease in the past (n=8)

Patients who were not newly-diagnosed with
wAMD, visual impairment due to DME or macular
edema secondary to RVO needing therapeutic
management (n=3)

Patient for whom informed consent was not
obtained prior to the performance of all assessments
(n=1)

Patient for whom the time window of study
enrolment exceeded 372 days from the study site
initiation (n=1)

Figure 2 Flow-chart of study eligibility and reasons for not being included in the eligible patient population.

date was 18-December-2012, while the latest study site
close-out date was 30-May-2015; the first case was
enrolled on 16-January-2013 and the last on 28-May-2015.

Annual Cumulative Incidence of the

Macular Diseases

Of the eligible incident cases enrolled in the study
(n=1532), 47.2% (723/1532; 95% CI: 44.7, 49.7) were
diagnosed with wAMD, 36.5% (559/1532; 95% CI: 34.1,
38.9) with visual impairment due to DME, and 16.3%
(250/1532; 95% CI: 14.5, 18.2) with macular edema sec-
ondary to RVO. The distribution of cases per geographic
region is presented in Figure 1.

The annual cumulative incidence of wAMD, visual
impairment due to DME and macular edema secondary
to RVO was 0.82 (95% CI: 0.76, 0.88), 0.63 (95% CI:
0.58, 0.69), and 0.29 (95% CI: 0.25, 0.32) per 10,000
cases, respectively, in an adult population.

Characteristics of Patients Diagnosed
with wAMD

The mean (SD) age at disease diagnosis for patients with
wWAMD was 77.1 (8.3) years. At diagnosis, the mean (SD)
BCVA (Snellen equivalent) in the eye with the incident

wAMD diagnosis was 2.7/10 (2.2/10) among patients with
available data (n=691). As part of the diagnostic imaging
screening, fundoscopy was performed in 95.3% (689/723) of
the patients, optical coherence tomography in 83.3% (602/
723); and fluorescein angiography in 63.6% (460/723). The
frequencies of the patterns of imaging examinations per-
formed as part of the diagnostic screening are displayed in
Table 1. Intravitreal anti-VEGF injections, with or without
other therapeutic modalities, was the treatment of choice for
99.4% (719/723) of the patients (Table 1). The most fre-
quently recorded comorbidities, which according to the phy-
sicians’ judgment would impact progression of wAMD, were
hypertension (10.0%; 72/723), followed by diabetes mellitus
(3.5%; 25/723) and dyslipidemia (2.9%; 21/723).

Characteristics of Patients Diagnosed
with Visual Impairment Due to DME

The mean (SD) age at diagnosis of visual impairment due to
DME was 68.8 (10.3) years. At diagnosis, the mean (SD)
BCVA (Snellen equivalent) in the eye with the incident
diagnosis was 3.5/10 (2.3/10) among patients with available
data (n=533). The diagnostic imaging algorithms are pre-
sented in Table 1. Fundoscopy was performed in 96.2%
(538/559) of the patients, optical coherence tomography in
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Table | Patient Characteristics per Macular Disease Diagnosis

Males, n (%)
Females, n (%) 353
Diagnosis in the right eye, n (%)
Diagnosis in the left eye, n (%)

wAMD Visual Impairment Due | Macular Edema

N=723 to DME N=559 Secondary to RVO N=250
Age at diagnosis (years), mean (SD) 77.1 (8.3) 68.8 (10.3) 68.0 (12.6)
Greek nationality, n (%) 716 (99.0%) 547 (97.9%) 244 (97.6%)

370 (51.2%)
48.8%)
378 (52.3%)
345 (47.7%)

314 (56.2%)
245 (43.8%)
309 (55.3%)
250 (44.7%)

124 (49.6%)
126 (50.4%)
147 (58.8%)
103 (41.2%)

Diagnostic Imaging Modalities Employed

Fundoscopy + OCT +FA, n (%) 394 (54.5%) 283(50.6%) 146 (58.4%)
Fundoscopy + OCT, n (%) 178 (24.6%) 173 (30.9%) 56 (22.4%)
Fundoscopy only, n (%) 65 (9.0%) 51 (9.1%) 12 (4.8%)
Fundoscopy + FA, n (%) 52 (7.2%) 31 (5.5%) 19 (7.6%)
OCT only, n (%) 20 (2.8%) 9 (1.6%) 8 (3.2%)
FA+OCT, n (%) 10 (1.4%) 6 (1.1%) 2 (0.8%)

FA only, n (%) 4 (0.6%) 6 (1.1%) 7 (2.8%)

Treatment Initiated for Macular Disease Management
Intravitreal anti-VEGF only, n (%)

without photodynamic therapy), n (%)

702 (97.1%)

Intravitreal anti-VEGF + photodynamic therapy, n (%) 15 (2.1%)

Laser only, n (%) 3 (0.4%) 82 (14.7%) 9 (3.6%)
Intravitreal anti-VEGF + laser, n (%) 1 (0.1%) 124 (22.2%) Il (4.4%)
Intravitreal corticosteroids only, n (%) 1 (0.1%) 2 (0.4%) 9 (3.6%)
Intravitreal anti-VEGF + Intravitreal corticosteroids (with or 1 (0.1%) 2 (0.8%)

351 (62.8%) 219 (87.6%)

Abbreviations: DME, diabetic macular edema; FA, fluorescein angiography; IQR, interquartile range; OCT, optical coherence tomography; RVO, retinal vein occlusion; SD,

standard deviation; wAMD, wet age-related macular degeneration.

84.2% (471/559); and fluorescein angiography in 58.3%
(326/559). Intravitreal anti-VEGF injections with or without
other therapeutic modalities was the preferred management
strategy for 85.0% (475/559) of the patients diagnosed with
visual impairment due to DME (Table 1). The most fre-
quently recorded comorbidities, which according to the phy-
sicians’ judgment would impact disease progression, were
hypertension (9.5%; 53/559), dyslipidemia (2.1%; 12/559)
and coronary artery disease (1.1%; 6/559).

Characteristics of Patients Diagnosed
with Macular Edema Secondary to RVO

The mean (SD) age at diagnosis of macular edema sec-
ondary to RVO was 68.0 (12.6) years, and the mean BCVA
(SD) (Snellen equivalent) in the eye with the incident
diagnosis among patients with available data (n=234)
was 2.7/10 (2.1/10). As part of the diagnostic imaging
screening, fundoscopy was performed in 93.2% (233/
250) of the patients, optical coherence tomography in
84.8% (212/250), and fluorescein angiography in 69.6%
(174/250) (Table 1). Intravitreal anti-VEGF injections with

or without other therapeutic modalities was the preferred
management strategy for 92.8% (232/250) of the patients
(Table 1). The most frequently recorded comorbidities,
which according to the physicians’ judgment would
impact disease progression, were hypertension (19.6%;
49/250), dyslipidemia (6.4%; 16/250) and diabetes melli-
tus (6.4%; 16/250), while other comorbidities recorded at a
frequency greater than 1% included coronary artery dis-
ease (2.0%; 5/250), glaucoma (2.0%; 5/250) and retinal
ischemia (1.2%; 3/250).

Association of Gender and Treatment
Modality with the Type of Macular

Disease

Gender was not shown to be associated with the type of
macular disease diagnosis (chi-square P = 0.114). On the
other hand, treatment modality (anti-VEGF injections as
monotherapy; anti-VEGF injections in combination; and
laser monotherapy or intravitreal corticosteroids only) was
observed to be associated with the type of macular disease
(chi-square P < 0.001). Specifically, utilization of intravitreal
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anti-VEGF injections as monotherapy was more common
among patients with wAMD (97.1%) and macular edema
secondary to RVO (87.6%) compared to patients with inci-
dent visual impairment due to DME (62.8%) (Table 1). The
aforementioned association was also confirmed through mul-
tinomial logistic regression analysis. Specifically, the odds of
indicating monotherapy with intravitreal anti-VEGF injec-
tions were found to be approximately 18 times higher for
patients with wAMD vs. visual impairment due to DME
[odds ratio (OR): 18.65 (95% CI: 11.54, 30.14); P < 0.001]
and approximately 4 times higher for macular edema sec-
ondary to RVO vs visual impairment due to DME [OR: 4.42
(95% CI: 2.83, 6.91); P <0.001] after adjusting for BCVA.

Discussion

The ADVICE study has provided evidence that more than
1500 incident cases of wAMD, visual impairment due to
DME and macular edema secondary to RVO requiring
therapeutic management are diagnosed annually in out-
patient settings in the major hospitals/clinics of Greece
with dedicated retina centers, suggesting a sizeable socio-
economic burden of these diseases, which are considered
leading causes of vision loss and blindness, and are asso-
ciated with impaired quality of life and work productivity
loss.® 1

Importantly, the incidences reported in ADVICE repre-
sent cases requiring treatment, and pertain to patients
diagnosed in an outpatient clinic setting who were not
diagnosed with the same disease in the past in the non-
study eye and were willing to provide written informed
consent for study participation. Therefore, incidences
reported in ADVICE are likely to be lower than those
reported in other studies with a broader population than
ours. This point should be kept in mind when interpreting
the outcomes and comparing them with those of studies
with different designs.

The annual cumulative incidence of wAMD was esti-
mated to be 0.82 per 10,000 (or 0.0082%) in the adult
population of Greece.”> Additionally, taking into consid-
eration that 96.4% (697/723) of incident wAMD cases
were diagnosed in patients aged greater than 60 years, an
incidence of 2.5 per 10,000 (i.e. 0.025%) would be derived
in our study for a population >60 years of age.”> These
estimates considerably differ from annual incidence esti-
mates reported in the literature, which range from 0.13%
to 0.31%.21%2242% Specifically, an annual incidence of
0.29% for wAMD patients >60 years has reported in the
study of Geirsdottir et al,>* a 3-year incidence of 0.94%

(i.e. an approximate annual incidence of 0.31% if it was to
be assumed that the incidence per year is steady) has been
reported in a US study using insurance claims data of a
Medicare-age population 65 years and older,”> while a 15-
year cumulative incidence of 2.0% in patients 43—86 years
of age was reported in the Beaver-Dam population cohort
study (roughly corresponding to an annual incidence of
0.13%).%® Similarly, meta-analyses of published studies
have reported an annual incidence of wAMD of 0.14%
among men and 0.23% among women >50 years of age
residing in the UK?' and of 0.18% among American
whites aged >50 years.”> However, none of the previously
mentioned studies specifically examined incident cases
requiring treatment, which may account for the observed
variation. This is further supported by the fact that the UK
Royal College of Ophthalmologists reports that each year
in the UK approximately 26,000 people diagnosed with
WAMD are eligible for treatment,”’ which when taking
into consideration an adult UK population of approxi-
mately 52 million*® would translate to an annual incidence
of wAMD requiring treatment with anti-VEGFs of 0.05%.
This figure is much closer to our estimate of 0.025% in a
population > 60 years of age than those described above
from other studies, likely because, similarly to our study, it
is specific to cases requiring treatment.

Moreover, in the present study, the annual incidence of
macular edema secondary to RVO was estimated to be
0.0029%. In the Blue Mountains Eye study, the frequency
of macular edema among cases with branch RVO >49 years
of age was reported to be 18.5%.° Therefore, by extrapola-
tion, the annual cumulative incidence of macular edema due
to branch RVO could be roughly estimated at 0.022% (based
on the study’s reported 10-year incidence of 1.2%), but the
small number of cases with macular edema (n=5) limits the
weight of this evidence. Furthermore, in the study of
Petrella et al**
due to macular edema secondary to RVO among patients
49 years and older was reported to be 0.077% (0.056% for
branch and 0.021% for central RVO). Taking into considera-
tion that the annual cumulative incidence of macular edema

the annual incidence of visual impairment

secondary to RVO in a population 50 years and older in the
ADVICE study is estimated to be 0.0056% (based on a
population of 4,126,475 residents >50 years old in
Greece™’), some similarity with the findings of Petrella et al*
emerges.

Finally, the annual cumulative incidence of visual
impairment due to DME in the ADVICE study was esti-
mated to be 0.0063%. Comparison of this finding to other
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studies is hindered by the following factors: our study has
specifically focused on incident cases with visual impair-
ment due to DME and with no prior diagnosis of this
condition; and secondly, published data on the incidence
of DME are reported for patients with diabetes rather than
the general population, and most published evidence stems
from population-based cohort studies with diabetics free of
diabetic retinopathy at baseline, a factor which is not
present in ADVICE. However, if we were to take into
consideration that diabetics comprise about 7.0% of the
Greek population,® the incidence of visual impairment
due to DME requiring therapeutic management in our
study would be estimated at approximately 0.09% among
diabetics.

Treatment of these ocular diseases with anti-VEGF
monotherapy was the most commonly indicated treatment
practice, supporting the evidence on the benefit of this
therapeutic category in the aforementioned diseases in
terms of preventing progression to blindness but also of
improving visual acuity."'* %% Interestingly, fundoscopy
was performed in nearly all patients regardless of type of
diagnosis, but optical coherence tomography was per-
formed in nearly 8 out of 10 patients. The reasons behind
the fact that optical coherence tomography was not part of
the diagnostic algorithm for the remaining patients merits
further investigation.

ADVICE is the largest study to date to report on the
incidence of macular diseases requiring therapeutic man-
agement in Greece. Nonetheless, the study has certain lim-
itations, which ought to be mentioned. First, due to the fact
that the recruitment period for three of the study sites was
lower than one year (246, 325 and 358 days, respectively),
the sum of the annualized number of newly diagnosed cases
per year for each study site was used as the numerator in the
calculation of the annual cumulative incidence, potentially
compromising the accuracy of the derived incidence. It
should be stated that under the assumption that the inci-
dence is steady throughout the year, there would be no
limitation from the aforementioned concern. Moreover,
the study sites recruited cases during both overlapping and
non-overlapping time periods, spanning from 18 December
2012 to 30 May 2015, thus the incidence rate does not
correspond to a particular year examined. Additionally,
the following factors may have precluded enrollment of
all cases across Greece during the study recruitment period:
1) patients diagnosed in the private office-based practices,
inpatient settings, or elderly patients residing in nursing
homes or too frail to visit an outpatient clinic were not

included in the study; ii) the list of participating ophthal-
mology centers/clinics covers the 20 largest ophthalmology
clinics in Greece, which treat the majority of, but not all,
cases with macular diseases at a national level; and iii) only
seven of the 13 geographical regions of Greece, are repre-
sented in the study. Nonetheless, it is important to mention
that these geographic regions are residence to about 80% of
the Greek population, and that they include the two most
populous regions of Greece. This, combined with the fact
that most patients residing in rural and semi-urban regions
of Greece usually visit major hospital sites represented in
this study, minimizes the size of the potential underestima-
tion of the study outcome, and strengthens the representa-
tiveness of the study results. Moreover, since there are no
referral centers for diabetic screening in Greece and patients
with diabetes are likely to attend hospitals due to disease-
related complications, patient referral to an ophthalmologist
within the same hospital/clinic is likely to be high, enriching
identification of patients with DME. In addition, among our
study’s strengths is the inclusion of a rather broad patient
population of either gender, any age above 18 years, includ-
ing the elderly, and specifically as it pertains to DME
regardless of the type of diabetes.

Conclusion

In summary, the present study is the first large-scale study in
Greece to report on the incidence of wAMD, visual impair-
ment due to DME and macular edema secondary to RVO
requiring therapeutic management in an outpatient population
of Greece who has not been diagnosed or treated for the same
disease in the past. The study outlines a sizeable socioeco-
nomic burden of these diseases and has important implications
for healthcare decision-makers, in terms of reimbursement
policies related to therapies indicated for the management of
the examined diseases and policies related to reducing the
number of cases progressing to legal blindness.
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