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Abstract

In the Western world, age-related macular degeneration (AMD) is the most common
cause of severe visual decline in people over the age of fifty. The condition is divided
into the untreatable dry AMD and treatable wet AMD. The established treatment
consists of repeated intravitreal administration of anti-vascular endothelial growth
factor (VEGF). Worldwide regimens are being overseen to gain effectiveness and to
minimize undertreatment. ABCA4-associated retinal degenerations are recessively
hereditary disorders with a wide range of variation and progression, including the
decline of visual acuity (VA) and the visual field. It presents the most common form
of inherited macular degeneration in young people, and, today, there is no treatment.

Concerning predictive factors, we evaluated data from two Swedish registries, the
national Swedish Macula Registry (SMR) and the Swedish Retinitis Pigmentosa (RP)
register from Lund that also includes patients from all over Sweden. Furthermore, in
two clinical studies we compared anti-VEGF treatment outcomes. One survey
followed two time cohorts from the beginning of the anti-VEGF era, where patients
with treatment-naive wet AMD received ranibizumab. The other study, a prospective,
randomized clinical trial, compared the functional and morphological outcomes of
two different regimens of treatment-naive wet AMD with aflibercept.

We identified baseline characteristics of wet AMD patients from the SMR that were
predictive for a VA below the national treatment criteria during a two-year treatment
follow-up. In patients with ABCA4-associated retinal degenerations from the RP
register it was seen that functional and morphological changes correlated well, and we
found a promising electrophysiological predictor for progression. Of our two time
cohorts, the second presented with no increase in the number of injections or VA but
a tendency for the overall quality of life (QoL) score to improve compared to a
decline in the first cohort. The other clinical study, evaluating wet AMD, revealed
two equally effective aflibercept treatment approaches, without differences in the
number of injections or treatment intervals. The electrophysiological results showed
stable or improved values for the cones in the macula. In contrast, the rod response of
the total retina decreased significantly.

To conclude, registries are a valuable source for evaluating the real-life clinical
situation and treatment outcomes of patients, thereby supplementing the prospective,
randomized clinical trials. Our established risk factors enable physicians and patients
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to more accurately assess the future outcome of two of the most common retinal
degenerations in the Swedish population. We also show that a new treatment
approach takes more time than expected to implement in a real-life clinical setting.
But when improved, we will be able to choose from not only one effective regimen
for wet AMD. Furthermore, our evaluation of retinal function during anti-VEGF
treatment shows no toxicity concerning cones in the macula but a generally reduced
rod response that needs to be further evaluated.
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Introduction

Different macular diseases present with similar morphological features, some earlier
and some later in life. Correct and early diagnoses are important to apply available
treatment options, if there are any. Furthermore, the evaluation of patients is essential
in finding the most effective regimen. In addition, large multicenter studies, even
national register data or prospective clinical comparisons of different treatment
regimens provide valuable information. Unfortunately, it has been shown that results
from randomized clinical trials are not easily implemented in clinical real-world
settings. And what if we have no treatment possibilities to choose from? In the case of
mutations in the ABCA4 gene, both clinical and electrophysiological assessment and
genetic testing play an important role in differentiating phenotypes and genotypes
with varying prognosis for the degree of visual impairment. With or without
treatment possibilities, the assessment of degenerative macular diseases does impact
the quality of life of patients of all ages.

Macular degenerations

The macula is the central part of the retina, with the highest resolution of VA.
Macular degenerations can lead to central visual loss resulting in grave visual
impairment. Characteristic degenerative changes in the macula begin with
abnormalities in the retinal pigment epithelium (RPE) such as drusen,
hyperpigmentation, atrophy, choroidal neovascularization, and fibrosis. The most
common cause of macular degeneration in the elderly population is age-related

macular degeneration (AMD), while in the younger population it is Stargardt disease
(STGD), due to ABCA4 gene mutations.

Age-related macular degeneration

Age-related macular degeneration (AMD) is the leading cause of central vision loss in
the elderly Caucasian population above 50 years of age (Klaver et al. 1998). The
origin is multifactorial, including heredity and environmental factors (Smith et al.
2001; Seddon et al. 2003; Clemons et al. 2005; Knudtson et al. 2006; Fletcher et al.
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2008; Hogg et al. 2008; Evans & Lawrenson 2014; Broadhead et al. 2015). The
majority of people who have AMD suffer from dry AMD, and only 8-12% develop
neovascular AMD (nAMD) (Leibowitz et al. 1980; Jonasson et al. 2014). Dry AMD
is characterized by drusen, hyperpigmentation and atrophic changes (Figure 1).
Additionally, in nAMD you find choroidal or retinal neovascularization, triggered, for
example, by VEGF, and secondary fibrosis, often referred to as disciform scarring
(Figure 2). Only the neovascularizations are treatable with consecutive intravitreal
injections inhibiting VEGF.

Figure 1.
Colour image of dry AMD with drusen och pigmentation.
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Figure 2.
Colour image of neovascular AMD with drusen and secondary subretinal hemorrhage.

In 2006, ranibizumab, a monoclonal antibody fragment (Steinbrook 2006), was
approved by the Food and Drug Administration (FDA) for intravitreal treatment of
nAMD. Bevacizumab is a monoclonal antibody that is used as an off-label treatment
(Steinbrook 2006). Another anti-VEGF agent was approved by the FDA in 2011,
aflibercept, a fusion protein with VEGF receptors 1 and 2 key domains (Heier et al.
2012). It binds VEGF-A, VEGF-B (Holash et al. 2002) and placental growth factor.
Different agents and treatment protocols have been established and compared to
improve the outcomes in the form of the most effective treatment accompanied by
the best quality of life (QoL). But in a real-life setting, a widely known problem
becomes apparent. Real-world data has shown to be inferior compared to randomized
clinical trial outcomes with worse final VA and a lower number of injections (Holz et
al. 2015). Randomized clinical trials only represent a narrowed spectrum of patients,
whereas in a clinical setting we see a broader variety of patients and often have less
rigorous inclusion/exclusion criteria and treatment adherence. Consequently, it is
important to look at large real-world populations to follow and improve their
treatment outcomes.

One possible setting is in the form of a registry. In Sweden, we are fortunate to have
the SMR, a national quality registry that follows and evaluates the use of the various
drugs and treatment regimens. In 2003, SMR was originally established to register

19



and follow Swedish patients nationwide under treatment for exudative neovascular
macular changes. In 2008, it became a web-based registry. By the end of December
2018, the SMR had registered 41 735 eyes of 34 699 patients, and a total of 673 713
visits which include 426 397 treatments. More recently, in 2019, it has been enabled
to also register the treatment of macular edema and neovascularization secondary to
diabetic retinopathy and retinal vein occlusion. In 2018 the SMR covered 84% of all
patients treated for nAMD, compared to the National Patient Register.

ABCA4-associated retinal degenerations

The ABCA4 transporter protein is located in the disc membranes of the outer
segments of the photoreceptors, the cones and rods. It transfers biological and toxic
compounds across cell membranes. If the ABCA4 protein is defect or missing,
residues from the phototransduction cascade accumulate in RPE cells. Over time, this
leads first to the death of RPE cells and later to the death of the overlying
photoreceptors. Recently, however, there are studies proposing primary cell death of
the photoreceptors prior to RPE pathologies (Gomes et al. 2009; Conley et al. 2012;
Mullins et al. 2012; Fakin et al. 2016; Khan et al. 2018). The ABCA4 gene, with 128
kbp, is a large gene and therefore has a vast potential for possible mutations, more
than 1,000 known. The gene is located on chromosome 1 (1p22.1). ABCA4 gene
mutations include an array of inherited retinal degenerations such as cone-rod
dystrophy (CRD), autosomal recessive RP, and the most common variant, STGD.
The latter is the most common cause of macular degeneration in younger people
(Figure 3). Mild and late debuting forms of STGD can present with phenotypes that
may be confused with AMD. Important diagnostic tools, such as fundus
autofluorescence (FAF) and electrophysiological evaluation help to differentiate the
diagnosis. Currently, there is no treatment available. Therefore, it is important to be
able to predict the natural course in these young patients, and help them to plan their
future lives accordingly. In Lund, professor Sten Andréasson established the local RP
register in the year 2000. The purpose was to collect and enable follow-up on patients
with hereditary retinal degenerations. Another intention was that in case of a
potential future treatment, it would be possible to directly contact and inform the
patients. The registered patients have been referred to Lund for further evaluation of
suspected retinal disease with uncertain origin, not only from the region, but also
from all over Sweden. In 2020, the RP register holds 3400 patients.
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Figure 3.
Colour image of STGD with typical fundus changes as central atrophy, pigmentation and flecks.

Treatment

The development of nAMD anti-VEGF treatment regimens

The introduction of anti-VEGF treatment was the first intervention not only to
temporarily halt the underlying process, but also to improve visual acuity. The pivotal
ranibizumab studies, MARINA and ANCHOR, presented a monthly treatment
regimen for neovascular macular degeneration (Rosenfeld et al. 2006; Brown et al.
2009). But this new treatment approach, which needed to be implemented in a real
life clinical setting, proved to be challenging. It demanded funding and formation of a
new branch of ophthalmology for a large group of patients who, until then, had been
almost untreatable, apart from restricted laser or photodynamic therapy.
Ophthalmologists faced an increasing burden of control visits and intravitreal
procedures. A new approach, pro re nata (PRN), gained popularity. PRN represented
an as needed regimen. Patients were supposed to be evaluated monthly and received
treatment only in the event of signs of activity or recurrence, such as hemorrhage or
new or increased intra- or subretinal fluid. This strategy lightened the treatment
burden. But patients still did not receive their control visits and injections on time
(Holz et al. 2015). The pivotal View 1 and View 2 aflibercept studies proposed fixed
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interval dosing (Heier et al. 2012). After three consecutive monthly injections,
patients received bimonthly injections in year one, without control visits between
them. It became apparent that some patients could tolerate even longer treatment
intervals, which would further reduce the treatment burden. The treat-and-extend
(TAE) strategy (Berg et al. 2015) was introduced and widely embraced as an effective,
more individualized and proactive treatment approach. Most commonly, TAE starts
with three monthly, consecutive intravitreal injections. If presenting with no signs of
activity, the interval can be extended by 2 weeks at a time until detectable signs of
recurrence occur or the maximum treatment interval is reached. If there are signs of
mild recurrence, the interval can be shortened by 2 weeks, or, in case of a more severe
recurrence, directly reduced to the minimum interval of 4 weeks. TAE has been
proven to be superior to PRN and comparable to monthly treatment outcomes,
resulting in a positive, beneficial impact on patients and clinical resources (Kim et al.
2016; Johnston et al. 2017; Lee et al. 2017; Yang et al. 2017; Okada et al. 2018).

Clinical tests

Visual acuity

The Early Treatment Diabetic Retinopathy Study (ETDRS) visual acuity chart has
been developed to minimize inaccuracies from former visual acuity tests, such as
Snellen (Bailey & Lovie 1976; Ferris et al. 1982; McGraw et al. 1995). Snellen charts
contain a variable number of letters with disproportional spacing per line. In between
the different lines, the increase in letter size is irregular. In contrast, ETDRS charts
have a logarithmic scaling. Each line contains 5 letters with proportional spacing.
ETDRS has become a widely acknowledged gold standard for visual acuity

assessment, especially in randomized clinical trials.

Near visual acuity

In Sweden, in 1968 Carl-Hugo Bjérnsson introduced Lix (lisbarhetsindex), a
readability index that can also be applied to languages other than Swedish (Anderson
1981). It is based on letter counting and determines the grade of difficulty of a text.
The Lix score is calculated by adding the percentage of words with seven or more
letters and the average number of words per sentence.

In the 1970s, the Tomteboda Resource Centre for Visually Handicapped Children in
Solna, Sweden, developed the Swedish Tomteboda charts to evaluate near vision
acuity in children and adults (Textskalor, Syntriningsavdelning, Tomtebodaskolan,
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1977). The charts are graded in typographical points from the smallest text size of 4
points to the largest size of 24 points (4, 5, 7, 8, 9, 10, 12, 14, 18, and 24 points).
The near vision acuity is tested at 40 cm reading distance with added near vision
correction if needed.

National Eye Institute Visual Function Questionnaire 25

The National Eye Institute Visual Function Questionnaire 25 (NEI VFQ-25)
originates from a longer version with 51 items (Mangione et al. 2001; Mangione et al.
1998). The purpose of the NEI VFQ-25 is to enable patients with chronic eye
disease, with special focus on AMD, glaucoma, cataracts, diabetic retinopathy, and
cytomegalovirus retinitis, to self-report their vision-related health status. Researchers
of the Early Manifest Glaucoma Trial have translated and validated the Swedish
version (Parrish 1996; Parrish et al. 1997; Sherwood et al. 1998; Mills 1998; Hyman
et al. 2005). NEI VFQ-25 consists of 25 questions (items) covering 11 vision-related
subscales, and a separate item concerning general health, which is considered a robust
predictor of future health and mortality (Table 1). The NEI VFQ-25 can be
evaluated with the help of a two-step process (Mangione 2000). The first step is to
transfer the acquired numeric values from the NEI VFQ-25 with the help of a scoring
key into values between 0 and 100; with 0 presenting the lowest and 100 the highest
possible score. At this stage, the recoded value represents the percentage of the highest
possible score. In the second step, the score for each item with an available answer is
divided by the total number of items with an available answer. The number of items
and the items to be averaged are shown in table 1. The composite score is another
extractable value with the aim of describing an overall score for the vision-related
subscales by averaging 11 of the 12 subscales, excluding the general health item.
Especially in studies that compare different groups with a small sample size, the error
is more likely to be smaller for the overall composite score than for the specific
subscales. The estimated duration is 5-10 minutes.
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Table 1.
NEI VFQ-25 subscales with corresponding number of items and the specific items to be averaged.

Subscale Number of items Items to be averaged
General Health 1 1

General Vision 1 2

Ocular Pain 2 4,19

Near Activities' 3 56,7
Distance Activities? 3 8,9, 14
Social Functioning® 2 11,13
Mental Health* 4 3,21,22,25
Role Difficulties® 2 17,18
Dependency 3 20, 23, 24
Driving 3 15¢, 16, 16a
Color Vision® 1 12
Peripheral Vision 1 10

" Reading newspaper, seeing well at a close distance, finding things on a crowded shelf
2 Street signs, shop names, steps, stairs in dim light, theater

3 Social life, company

4 Worrying, sense of frustration, "control over what | am doing"

5 Limitations in daily life

6 Matching clothes

Goldmann perimetry

Visual field testing with Goldmann perimetry can evaluate the complete visual field.
The normal visual field includes 60 degrees superiorly, 110 degrees temporally, 75
degrees inferiorly, and 60 degrees nasally. At first, the test defines the peripheral
borders and continues to the central field, also defining the blind spot. Stimuli vary in
size and intensity. The size varies from the smallest, 0, to the largest stimuli, V.
Intensity is defined by numbers and letters. From 1, the dimmest, to 4, the brightest,
in 5 decibel (dB) steps. From a, the dimmest, to e, the brightest, for each 1 dB
change. Generally, a brighter stimulus is used in the periphery compared to the
center. The test is performed by moving a defined stimulus from the non-seeing
periphery to the seeing area. Each point where the stimulus is first detected by the
patient is marked and later, all points from the same stimulus are connected. The
result composes a so called isopter for each stimulus. An isopter often resembles a
circle. If an isopter shows an indented area that means the stimulus was not seen by
the patient. Two of the most common stimuli are I4e for the periphery and 12e for
the central part of the examined visual field. The test should not exceed more than 10
minutes per eye. Each eye is tested separately.
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Optical coherence tomography

Optical coherence tomography (OCT) provides a noninvasive tool to assess different
ocular tissues in vivo. Near-infrared emitted light is echoed, for example, from retinal
structures. By using reference measurements, the delay of the reflected waves can be
indirectly evaluated and define the depth at which the reflection occurred. OCT
delivers cross-sectional images with high semi histological resolution. In the retina,
OCT is able to visualize adjacent structures, different layers and measure retinal
thickness, thus making possible to detect and follow pathological changes, such as
intra- and subretinal fluid or tissue.

Fundus autoﬂuor escence

Many fundus cameras can not only obtain color and red-free images but even
autofluorescence images. Fundus autofluorescence (FAF) takes advantage of intrinsic
fluorescence derived from different ocular tissues. We used the excitation wavelength
of 530-580 nm and a barrier filter of 600-720 nm. FAF is mainly emitted by
lipofuscin, more specific N-retinylidene- N-retinylethanolamine (A2E), a pigment
within lipofuscin. A2E accumulates, for example, in RPE cells if the ABCA4 protein
is dysfunctional and that leads to increased fluorescence. On the contrary, a loss of
RPE cells leads to decreased fluorescence and appears dark. That makes FAF a
preferred, noninvasive tool to evaluate RPE function. A pattern of increased and
reduced autofluorescence (AF), so-called flecks, are typical for Stargardt patients
compared to AMD patients.

Fluorescein angiography

Fluorescein angiography (FA) visualizes the retinal circulation by using an
intravenously administered dye, sodium fluorescein. Twenty percent of the
fluorescein molecules are unbound, while the remaining 80% are protein-bound.
They reach the retinal and choroidal circulation. If the RPE remains intact, the
fluorescein molecule cannot pass through from the choroidal circulation. RPE
pigment mainly blocks the choroidal fluorescence. After excitation of the unbound
molecules by a wavelength in the blue spectrum (465-490 nm), they emit and
fluoresces at 520-530 nm (yellow-green spectrum). This fluorescence can be
recorded. Abnormal findings can be described as hyperfluorescence or
hypofluorescence. Hyperfluorescence occurs in case of leakage from e.g.
neovascularization, window defects from atrophies, pooling or staining. Vascular
filling defects or blockage represent as hypofluorescence.
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Indocyanine green angiography

Indocyanine green (ICG) angiography images the choroidal circulation. The dye is
intravenously administered and is 98% protein-bound. Therefore, diffusion is limited
and most of the dye remains in the choroidal circulation. ICG fluoresces at 790-805
nm, a longer wavelength than fluorescein. This makes it more effective in penetrating
blockages, such as hemorrhages and pigment. The obtained image can show hyper-
and hypofluoescence and, for example, choroidal neovascularizations are described as
a plaque if the size is 1 disc diameter or larger, or as a hot spot if its size is less than 1
disc diameter.

Electrophysiology

Electrophysiology is a biomedical technique used to assess and measure the ion
current flow in various biological tissues, such as the heart or the retina.

Full-field electroretinography

Full-field electroretinography (ffERG) objectively assesses the total retinal function,
including rods, cones, and the combined response of both. It is measured in the dark-
and light-adapted state. Usually, the pupil is dilated and, after topical anesthesia, a
contact lens electrode is applied. We use a Burian Allen lens, a standard lens in
electrophysiology. The response is shown as a wave pattern. The first negative wave,
the a-wave, is the light-induced response predominantly from the photoreceptors,
cones and rods. It is followed by a positive wave, the b-wave, representing the bipolar
and Miller cells. Light-adapted 30 Hertz (Hz) flicker ERG is a specific isolated
response from the cones. Implicit time (IT) is the time measured from the onset of
the light stimulus until the maximum a- or, respectively, b-wave response. (Figure 4)

b-wave
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FfERG amplitudes with a- and b-wave and implicit times (IT).

a-wave
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Multifocal electroretinography

The area of the macula is too small in relation to the total retina and, therefore, not
distinguishable in the total ffERG response. In contrast, multifocal
electroretinography (mfERG) separately assesses the cone function in the central
retina by recording the responses simultaneously from different retinal locations. It
usually uses 61 or 103 local responses under light-adapted conditions. The hexagonal
stimuli of each sector are scaled with eccentricity to produce equal amplitudes of the
responses all over the matrix and change in a pseudo-random sequence every 13.3 ms.
That means the illumination debut in each sector has another time-specific starting
point. But the following sequence is the same for each sector. Each hexagon has a
50% chance of appearing white or black, being illuminated or not. At a distance of 30
cm the covered area is approximately the central 50° of the retina. The characteristic
response is a biphasic wave. The first is a negative peak, N1, followed by a positive
peak, P1, and finally a second negative peak, N2. The mfERG responses are not
actual electrical potentials but resemble a mathematical extraction from the on, off
sequence of each hexagon correlated to the continuous ERG signal. (Figure 5)
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Figure 5.

Left: MfERG trace array with 103 local responses. Middle: 103 focal ERG waves divided into five different coloured
rings. Right: The combined response for each ring.
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Aims of the thesis

The purpose of this thesis was to identify prognostic factors for visual outcomes in
patients with macular degenerations, and to evaluate the outcomes of different
treatment regimens for nAMD at various points in time since the introduction of
anti-VEGF treatment.

Paper I

To detect the baseline risk factors, extractable from the SMR, in patients with
treatment-naive nAMD that lead to VA values at or below treatment threshold within
two years of anti-VEGF treatment.

Paper 11

To compare the outcome factors for VA, injection frequency, and QoL in two time
cohorts in real clinical life settings from the beginning of the anti-VEGF era with
ranibizumab for treatment-naive nAMD.

Paper III

To evaluate the electrophysiological function of photoreceptors and to compare two
aflibercept treatment regimens in treatment-naive nAMD over 18 months.

Paper IV

To assess electrophysiological function and retinal structure in ABCA4-associated
retinal degenerations and their possible predictive value concerning the natural course
of these disorders.
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Subjects and methods

Paper I

All eyes of newly diagnosed nAMD patients, registered prior to their anti-VEGF
treatment in the SMR between 1 January 2013 and 31 December 2014, were
monitored over a period of two years. We evaluated baseline variables from the SMR
of 6142 eyes with special focus on the subgroup of 780 eyes of 774 patients with a
final VA of < 35 letters, as well as the registered number of injections and which anti-
VEGF drugs were used during the 2-year follow-up. The available baseline
characteristics from the SMR were gender, age, VA, lesion type, lesion size, lesion
location, symptom duration, and choice of drug.

Paper I1

During the years 2007 and 2009, 50 eyes of 50 patients, respectively 26 eyes of 26
patients, from the Department of Ophthalmology at Helsingborg Hospital in
Sweden, that presented with treatment-naive nAMD, classic or occult lesions, were
included into two cohorts. Both cohorts were followed in a real-life clinical setting,
cohort 1 over 37 + 7 months, and cohort 2 over 45 + 4 months. The two time
cohorts received anti-VEGF treatment with ranibizumab according to a PRN
approach (Figure 6). PRN was defined as three consecutive monthly intravitreal
injections as a loading dose, followed by clinical controls every 4-6 weeks. Reinjection
was considered in case of reactivity signs on OCT, during the biomicroscopic
examination or a visual decline of 5 or more letters. VA and NEI VFQ-25 results at
baseline and at the final visit, and number of received injections were compared.
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Figure 6.
PRN regimen. Initially, 3 consecutive monthly controls and injections (X), followed by monthly controls and
retreatment as needed (?).

Paper III

In this prospective, randomized, clinical study, we compared the functional and
morphological outcome of two different treatment regimens for treatment-naive
nAMD with aflibercept, an anti-VEGF drug, over 18 months. 41 eyes of 41 patients
from the province of Skine were randomized 1:1 either to arm 1 or 2. Arm 1 received
three consecutive monthly aflibercept injections, followed by bimonthly treatment
until week 52, according to the fixed-label interval dosing. Thereafter, the TAE
regimen was applied, a more individualized and proactive approach (Figure 7). Arm 2
was treated following the TAE protocol throughout the entire 18-month follow-up
period (Figure 7). The shortest possible treatment interval was 4 weeks, the longest
allowed interval was 12 weeks. We assessed VA, central retinal thickness (CRT),
injection rate and interval, and evaluated cone and rod function with ffERG and

mfERG.
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Figure 7.

Study treatment regimens with aflibercept. Arm 1 with the fixed-label interval dosing, followed by the treat-and-extend
(TAE) regimen. Arm 2 with the TAE regimen from the beginning showing an optimal and suboptimal course of
treatment.

Paper IV

We screened the RP register in Sweden for patients with the diagnosis STDG or
CRD. 34 patients with genetically confirmed ABCA4 compound heterozygous or
homozygous ABCA4 mutations were divided into three groups depending on their
latest available visual fields with Goldmann perimetry. Ten patients were included in
group 1, which was defined by a scotoma area restrained to the central 10°. In group
2, we included 19 patients with a more extended scotoma with outer limits of 10—
35°. Group 3 included five patients with the largest scotomas. They presented with
remaining functional visual fields restricted to the temporal areas. In addition to
biomicroscopic examination, we obtained VA, OCT, and fundus images including
FAF, ffERG, and mfERG. In 23 patients, previous ffERG results were available for

comparison with the latest examinations.
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Results

Registries as a source of prognostic values of
estimating future outcomes

Papers I + IV

Register data has become an important tool for evaluation of real-world clinical
treatment outcomes in a larger perspective. Another aim can be to establish a
database, such as the RP register, where it is possible to continuously add and evaluate
information over time in order to specifically define a disease, for example through
sequence analysis of a specific gene, changes over time in visual fields, or
electrophysiological examinations. This register data can help to predict the future
outcome or probable prognosis of a yet untreatable disease, as shown in papers I and

IV.

In paper I, we used the data from the SMR to establish which available baseline
characteristics predicted a visual outcome of a final VA of < 35 letters during a 2-year
follow-up. The result of a logistic regression analysis showed that the eyes of patients
in the low visual outcome group presented with the following baseline factors: a lower
VA than the group with VA outcome of > 35 letters; p < .0001, older age; p < .0001,
worse-seeing eye treated; p = .0007, and a larger lesion size; p = .005 as presented in
table 2.

Table 2.
Baseline characteristics from the SMR as risk factors to predict a visual outcome of < 35 letters.

Baseline risk factors p-value

Lower baseline VA <.0001
Older age <.0001
Worse-seeing eye treated .0007
Larger lesion size .005
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During the 2-year follow-up, 12.7% of all eyes presented with a final VA of < 35
letters (Figure 8). If patients presented with a VA of > 70 letters at baseline, only 4%
of those eyes presented with a final VA of < 35 letters (Figure 9). Of eyes with a
baseline VA of < 35 letters, 1% remained in the low VA group.

All eyes

12.7%

BETDRS > 35 letters
ETDRS = 35 letters

Figure 8.
The distribution of final VA of all patients at 2-year follow-up.

Eyes with a baseline VA = 70 letters

4%

BETDRS > 35 letters
ETDRS = 35 letters

Figure 9.
The distribution of final VA of patients with a baseline VA = 70 letters at 2-year follow-up.
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Furthermore, eyes with a final VA of < 35 letters received fewer injections, 6.2 + 3.8
vs. 8.7 £ 5.4; p < .00001 during the 2-year follow-up. Out of all 6142 eyes, 77%
received monotherapy with either aflibercept (31%), ranibizumab (24%), or
bevacizumab (22%). The choice of anti-VEGF drug did not significantly influence
the total number of injections until a VA of < 35; 4.9 + 3 mean number of injections
with aflibercept, 4.3 + 2.5 with ranibizumab, and 4.8 + 3 with bevacizumab.

In paper IV, we found significant differences between three groups that were defined
by their different size of visual field defects of 34 patients from the RP register.

FAF changes grew more severe from group 1 to group 3 (Table 3). In group 1, we
saw minor central areas in the macula with often absent AF, and/or reduced or
increased AF restricted to the posterior pole. All patients in group 1 showed flecks
and peripapillary sparing. In group 2, the affected areas were generally larger than in
group 1. The main differences were the predominant presence of flecks with low
autofluorescence and that most of the patients presented without peripapillary
sparing. In group 3, almost all patients had completely lost their autofluorescence in
enlarged areas of the posterior pole and beyond and showed no peripapillary sparing.

Between the three groups, for both eyes, ffERG values showed statistically significant
differences concerning amplitudes of the isolated rod b-wave, the combined rod-cone
a-wave, the combined rod-cone b-wave, and the isolated cone 30 Hz flicker
amplitude, as well as the isolated cone 30 Hz flicker IT; p < .0001. The amplitudes
decreased from group 1 to group 3, and accordingly, the IT worsened with prolonged
values from group 1 to group 3 (Table 3). Compared to the control group, groups 2
and 3 presented with reduced amplitudes of the isolated rod b-wave, the combined
rod-cone a-wave, the combined rod-cone b-wave, the isolated cone 30 Hz flicker, and
the prolonged isolated cone 30 Hz flicker IT; p < .0001. We also compared the
control group with the prior ffERG results of 23 of our patients. Already, these earlier
results showed significantly increased values of the cone 30 Hz flicker ITs in group 2;
p =.009 (right eye), p < .0001 (left eye), and group 3; p = .001 (right and left eye).

In general, the mfERG amplitudes of the 5 rings demonstrated the highest values in
group 1, the second highest in group 2, and the lowest values in group 3 (Table 3).
The amplitudes were lower for group 2 only for rings 2 and 3 of the right eye
compared to group 3. Among the three groups, the mfERG amplitudes of all rings
differed significantly. When compared to the control group, measurements were also
statistically significantly reduced, except for ring 5 of the left eye in group 1.

OCT scans revealed areas of retinal thinning and changes to the junction of the inner
and outer segments of the photoreceptors, the so-called photoreceptor integrity line
(PIL) (Table 3). Group 1 to group 3 showed an increasing number of segments with
retinal attenuations. All patients showed disturbances or absence of PIL.
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We could not establish a direct correlation of ABCA4 gene mutations and a specific

phenotype.

Table 3.

Visualization of characteristic differences between groups 1-3 concerning isolated cone 30 Hz flicker IT, ff- and
mfERG amplitudes, OCT and FAF pathologies in paper IV.

Isolated cone 30
Hz flicker IT

Ff- and mfERG
amplitudes

OCT pathologies

FAF pathologies

Perspective of nAMD treatment over time

Papers I- III

The evaluated PRN approach in paper II resulted in apparently inferior treatment
outcomes compared to the fixed interval and TAE regimens in paper III.

In paper II with two different time cohorts and a PRN regimen, the mean VA
declined over a 3-year period; in cohort 1 from 53 + 14 letters to 45 + 24 letters; p =
.01, in cohort 2 from 52 + 15 letters to 46 + 22 letters; p = .17. Patients received 7.8
+ 5 injections in cohort 1, and 8.5 + 7 injections in cohort 2 over three years; p = .66.
In both cohorts, the worse-seeing eye received less injections over time than the
better-seeing eye. As we have seen in paper I, the worse-seeing eye treated was one of
the prognostic factors in the SMR for a worse visual outcome.

The mean composite score from the NEI VFQ-25 showed a statistically significant
decrease over time in cohort 1, from a 64 + 21 score to a 59 + 25 score; p = .04. In
cohort 2, we could see an improvement but it was not statistically significant. The
baseline composite score was 64 + 28 and the final score 67 + 23; p = .38.

38



In paper II1, the baseline variables of age, gender, symptom duration, VA, and lesion
type did not differ between the two treatment arms. At the final visit, both arms had
increased in VA, in arm 1 from 63.5 + 10.5 to 69.1 + 9.2 letters; p = .098; and in arm
2 (n = 20) from 66.8 + 13.6 to 73.9 + 9.0 letters; p = .002. During the 18 months,
CRT decreased in arm 1 from 327.8 + 87.6 pm to 218.1 + 34.4 pm; p < .000, in arm
2 from 303.7 + 92.0 pm to 226.4 + 32.3 pm; p < .000. Arm 1 had received 11.3 +
1.7 injections vs. 10.9 + 2.0 in arm 2 with no significantly statistical difference
between the two arms. Nor did we see a significant difference in reached injection
intervals at month 18, where the mean injection interval was 9.2 + 3.4 weeks in arm 1
vs. 9.5 + 3.1 in arm 2, or a difference in the maximum reached interval during the
complete follow-up time, at 10.2 + 2.0 weeks in arm 1 arm and 10.5 + 2.1 weeks in
arm 2.

In paper I, we were unable to compare the outcome of different treatment regimens
because that variable was not registered yet.

Papers I-III presented baseline data from as early as 2007, with the latest data from
2016, where we could confirm the trend that the baseline VA increased over time
(Figure 10). At the end of follow-up, we also registered a gain in the administered
number of injections per year in papers I-III (Table 4).

80
70
60
50
40
30
20

10

2007/ 2009 (Paper II) 2013-2014 (Paper 1) 2015-2016 (Paper IIl)

Figure 10.
Baseline VA of the two different groups in papers I-lll. Paper II: cohort 1 (dark), cohort 2 (light). Paper I: Group with
final VA > 35 letters (dark), group with final VA < 35 (light). Paper Ill: arm 1 (dark), arm 2 (light).
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Table 4.

Comparison of the two different groups in each of the papers I-lll. Showing the treatment regimen, follow-up time,
number of injections per follow-up period and per year, and the statistical significance level of differences in number of
injections.

Treatment Follow-up Number of Statistical difference in
regimen time in injections number of injections
months (injections/ year)

Paper |

Group with a Not defined 24 8.7+5.4 (4.4) p <.00001

VA outcome of

> 35 letters

Group with a Not defined 24 6.2+3.8(3.1)

VA outcome of

< 35 letters

Paper Il

Cohort 1 PRN 377 7.8+5(2.6) Not significant

Cohort 2 PRN 45+ 4 8.5+7(2.3)

Paper Il

Arm 1 Label + TAE 18 11.3+1.7(7.5) Not significant

Arm 2 TAE 18 10.9+2.0(7.3)

Evaluation of aflibercept treatment effect on
retinal function in nAMD

Paper III

When comparing baseline and 18-month ffERG results for the isolated 30-Hz flicker
cone amplitudes and ITs, these showed no statistically significant change. In contrast,
the combined rod-cone a-wave amplitude and the isolated rod b-wave amplitude
significantly decreased over time; p = .043 and p = .026, respectively.

The summed mfERG values of rings 2-5, for amplitudes and ITs, remained stable
with no significant change from baseline to the final follow-up after 18 months; p =
.878 vs. p = .922. Only in ring 1 did the amplitude increase significantly during the
study period; p = .041 (Figure 11).
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Figure 11.
Left: MFERG with its 103 focal ERG waves. Right: Each colour marks the focal waves used to calculate the combined
response for each ring. Showing the amplitude changes in rings 1-5 over 18 months.
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Discussion

Macular degenerations are a broad field. We decided to focus on the two most
common types in Scandinavia. On the one hand, the macular degeneration that
manifests in an older population, nAMD, and on the other hand, that which is seen
mostly in a younger population, ABCA4 retinal degenerations. AMD has
multifactorial origins, such as lifestyle, genetic and environmental factors (Smith et al.
2001; Seddon et al. 2003; Clemons et al. 2005; Knudtson et al. 2006; Fletcher et al.
2008; Hogg et al. 2008; Evans & Lawrenson 2014; Broadhead et al. 2015), whereas
ABCA4-associated retinal degenerations are heredity diseases. Besides their
differences, their clinical appearance can sometimes be confused with each other,
especially in overlapping age groups. Both groups of patients are concerned about
their eyesight and appreciate access to as much information as possible about the
future status of their chronic eye diseases; regardless of whether there is a promising
treatment. Because the ABCA4 degenerations cannot yet be treated, there is an extra
focus on prediction of further progress, and finding possible parallels between
different geno- and phenotypes. With our work, we wanted to specify and widen the
spectrum of information for our patients.

AMD - Treatment recommendations and
prognostic factors

As earlier emphasized, it is of eminent value not only to evaluate randomized clinical
trials but also to compare them with outcomes in real-world clinical settings. A
prospective approach is preferred, but even a retrospective data review can provide
significant insight. Considering the amount of patients who develop nAMD, it is
valuable for each patient and the health care system to be aware of the most probable
prognosis for the individual treatment outcome. On the one hand, patients have to be
informed about their future prospective outcomes in order to proceed with the
continuous injection procedure and adhere to it. And on the other hand, physicians
must to be able to calculate and effectively distribute the available resources. Since the
first efforts, the intravitreal treatment of nAMD has experienced rapid development
of different drugs and treatment regimens.
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Especially in the early phase of the introduction of a new treatment approach, the
clinical evaluation of its implementation is important and valuable. As shown by our
two different time cohorts in paper II, the multi-step process with strictly
interconnected elements, such as clinical follow-up and as-needed treatment (PRN)
with ranibizumab, could not be implemented as effectively or as soon as expected.
The most apparent problem was not the novel injection process but the timely
clinical follow-up, which interfered with the treatment adherence, and the low
injection frequency after the first loading dose of three consecutive injections. Despite
our expectations, it resulted in inferior improvement of VA compared to monthly
treatment in the pivotal trials (Rosenfeld et al. 2006; Brown et al. 2009), even in the
second time cohort. Other studies pointed out that this is a widespread issue (Singer
et al. 2012; Rofagha et al. 2013; Holz et al. 2015; Boulanger-Scemama et al. 2016).
Still, the results were better than the natural course of nAMD (Bressler 2001;
Rosenfeld et al. 2006). In any case, there was an apparent need for a change and the
evolution of new treatment regimens. In paper II, we could also demonstrate that
some patients increased by > 15 letters in VA despite a low number of injections,
compared to other studies (Holz et al. 2011; Singer et al. 2012), suggesting that not
all patients required monthly monitoring or treatments.

As aflibercept, another anti-VEGF agent, entered the market, it introduced a new
label regimen with a loading dose of three consecutive injections, followed by a
bimonthly treatment during year one. Soon, the more proactive and individualized
TAE regimen (Berg et al. 2015) began to replace PRN, and partly also the aflibercept
label regimen. Clinical treatment adherence improved and the emphasis now lay on
which regimen achieved the best results in order to minimize under- or
overtreatment. In paper III, we compared the TAE regimen to fixed interval dosing,
according to the original label, by using aflibercept. The two compared treatment
arms, with similar baseline characteristics, showed no difference in the final number
of received injections, final injection interval, or maximum injection interval during
18 months. When looking at the numbers of given injections per year in papers I-I11,
we clearly showed that in the latter study, for the first time, the cohorts are not
undertreated. We could not compare the results directly due to different study
designs, with also partly prospective, partly retrospective data. The results were
representative for the Swedish population. Interestingly, the two arms in paper III
started with a high VA, the highest of papers I-III. As we could demonstrate in papers
I, I1, and I1I, the baseline VA had increased between the different recruitment periods
which extended over the years 2007-2016. This is in accordance with other study
outcomes (Rosenfeld et al. 2006; Brown et al. 2009; Heier et al. 2012; Gillies et al.
2019). Nonetheless, we would prefer an even higher baseline VA to be able to
improve long-term visual acuity as seen in various long-term follow-up studies (Gillies
et al. 2015; Holz et al. 2019). The impact of VA deficiencies on daily life are often
underestimated. Data from the Blue Mountains Eye Study documented the impact
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from visual impairment of best-corrected <0.5 to >0.1 Snellen VA (approximately
<70 to >35 ETDRS letters) in the better eye. Independent of other known risk factors
for each outcome, they showed a 3-fold increase in the number of falls (Hong et al.
2014), an 8-fold higher hip fracture risk in 2 years (Ivers et al. 2003), more use of
community support services (Wang et al. 1999), earlier nursing home care (Wang et
al. 2003), reduced quality of life with an impact similar to major systemic disease
(Chia et al. 2006), and a 2-fold higher relative risk for greater depression (Hong et al.
2015) and higher mortality (Karpa et al. 2009). A high baseline VA usually does not
improve much due to the ceiling effect, but it could possibly contribute to better
preservation of the VA level over a longer time period (Williams & Blyth 2011; Ross
et al. 2013; Writing Committee for the UK AMD EMR Users Group 2014; Gillies et
al. 2015). As we established from the SMR in paper I, a lower baseline VA was a
predictor for worse visual outcome in nAMD. In this study, only 4% of eyes with a
baseline VA of > 70 letters declined to a final VA of < 35 letters, compared to 12.7%
of all included eyes. In accordance with the INSIGHT study (Lovestam-Adrian et al.
2019), we found that patients with a baseline VA of < 35 letters had potential to
improve over time. In our study, only 1% remained in that low vision group,
meaning that 99% of eyes showed improvement in their VA level above the threshold
where it was recommended to continue the intravitreal treatment. It is debatable
when to stop the treatment. Especially in patients with only one functioning eye left,
even a minor improvement in visual acuity might enable that individual to become or
remain more independent and self-sufficient.

We did not find the variable, macular lesion type, to be predictive as proposed by for
example Grunwald et al. (Grunwald et al. 2014), who found a better visual outcome
for occult lesions and a worse prognosis for retinal angiomatous proliferations. This
might be due to the fact that macular lesion size was registered in only 75% of the
eyes in our study. Rasmussen et al. (Rasmussen et al. 2015) emphasized the
importance of a short time-to-treatment to improve VA outcome, but we could not
confirm the variable of symptom duration as a prognostic factor for a better or worse
visual outcome in paper I.

Not only the morphological and visual outcome is important. We consider it
necessary to also evaluate the impact on retinal function of upcoming intravitreally
applied drugs, such as aflibercept, that are intended to influence retinal cells.
Electrophysiological tools, such as ffERG and mfERG, reflect the retinal function of
different retinal cell types. This enables us to monitor and evaluate treatment effects,
as well as detect possible toxicity.

In paper III, we were the first to electrophysiologically assess, with both ffERG and
mfERG, and prospectively follow up on a larger cohort of 41 nAMD patients treated
with aflibercept under the period of 18 months. To our knowledge, there is only one
other published electrophysiological study with aflibercept (Takayama et al. 2017).
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Their survey presented 42 eyes of 42 treatment-naive nAMD patients. The eyes had
received three monthly aflibercept injections and only the results of the macular
function after three injections compared to baseline were retrospectively evaluated.
They showed improved amplitudes and ITs at 3-month follow-up. Studies of other
anti-VEGF drugs, ranibizumab and bevacizumab, with various, mostly shorter follow-
up times, showed mainly improved or unchanged mfERG amplitudes and ITs
(Pedersen et al. 2010; Campa et al. 2011; Moschos et al. 2011; Park et al. 2011;
Torres-Soriano et al. 2012; Pedersen et al. 2016; Ju et al. 2017; Reinsberg et al.
2017). Two surveys, with only a few patients each, reported reduced mfERG
amplitudes as the result of the follow-up after three monthly ranibizumab injections
(Feigl et al. 2007; Almeida et al. 2015). Our aflibercept data completed the
information that the majority of patients, intravitreally treated with the three
clinically available anti-VEGF agents, showed stable or improved mfERG values with
no signs of toxicity for the cones, over a certain time period. Corresponding to the
mfERG results, the dark- and light-adapted 30-Hz flicker cone responses for the
ffERG were stable. In contrast, we measured a decrease in the combined rod-cone a-
wave amplitude and an even larger decline for the isolated rod b-wave amplitude.
Rods dominate the combined ffERG response thus the noted decline was probably
due to rods alterations and not to the cones. We can speculate that these ffERG
results might be due to described features of the natural course of AMD and aging
(Birch & Anderson 1992; Holopigian et al. 1997; Owsley et al. 2016) or to retinal
toxicity.

ABCA4-associated retinal degenerations -
Prognostic factors

AMD is a well-known disease. But there are other retinal degenerations that can be
mistaken for AMD. Especially, smaller atrophic lesions in the macula that not
primarily involve the fovea and do not directly present with grave visual impairment
can remain asymptomatic under a longer period of time. Sometimes they are an
accidental finding or have developed into symptom-giving central visual field defects.
Even elderly patients can present with atrophic changes that do not represent AMD.
In particular, patients around 50 years of age with findings resembling dry AMD but
actually originating from another degenerative macular disease are in the risk zone to
be falsely diagnosed with dry AMD. The younger the patient, the more likely it is
that another origin of the retinal degeneration is suspected. FAF can be applied to
differentiate between ABCA4-associated retinal degeneration and age-related macular
degeneration. FAF changes can even visualize the severity of different ABCA4-
associated retinal degenerations. As in AMD, ERG is a valuable follow-up tool in
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ABCA4-associated retinal diseases. In the latter, ffERG and mfERG are even
irreplaceable diagnostic tools. Because the ABCA4 degenerations cannot yet be
treated, there is an extra focus on finding possible connections between different
genetic mutations and phenotypes, and also on discovering parameters that can
predict further progress.

We could not associate specific ABCA4 gene mutations to certain retinal function
values. In the literature, there are published surveys about existing correlations
(Cremers et al. 1998; Van Driel et al. 1998; Shroyer et al. 1999; Klevering et al.
2005; Fakin et al. 2016; Fakin, Chiang et al. 2016), and no correlations (Yatsenko et
al. 2001; Gerth et al. 2002; Burke & Tsang 2011). But as almost expected, we
detected the homozygous mutations more frequently in group 3 with the most severe
defects in the visual field, OCT, FAF, the largest decline in the ff- and mfERG
amplitudes, and the most increased IT. Interestingly, 71% of our patients presented a
more progressive form of degeneration exceeding the central 10° of their visual fields.
In accordance with our data, other studies have reported normal ffERG in STGD
(Lois et al. 2001; Cella et al. 2009) but increasing ffERG impairment in CRG
(Maugeri et al. 2000; Lois et al. 2001; Campa et al. 2011), which represents the more
aggressively progressing retinal degeneration of the two. Especially, surveys of patients
with RP had earlier presented prolonged IT as a sign of progression (Berson et al.
1969; Berson 1993; Hood et al. 1998; Seeliger et al. 1998), whereas fewer had
published that result in patients with ABCA4 retinal degenerations (Eksandh et al.
2001; Kjellstrom 2014; Fakin et al. 2016). The obtained changes in retinal function
correlated well with changes in the retinal structure, as also reported by others

concerning OCT and ffERG (Testa et al. 2012; Fakin et al. 2016).

Future perspectives

Since the introduction of the intravitreal anti-VEGF treatment, we have seen
impressive developments in treatment approaches and improved outcomes for our
patients. Our future goal is to become even more efficient. One important issue is to
increase the awareness of nAMD among the public, including opticians and primary
care personal. This would shorten the time to referral and the time to treatment
(Rasmussen et al. 2015) for these patients, thereby improving important factors for
treatment success. Electronic devices are also under evaluation, such as an application
with a self-test to uncover low degrees of visual changes in nAMD (Winther & Frisén
2015), or an OCT home device with a self-measuring software to reduce clinical visits
and hopefully detect a treatment-requiring recurrence in time (Maloca et al. 2018).
Moreover, machine learning approaches are being tested to predict the required
future number of injections (Bogunovic et al. 2017) or to assist us physicians in
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analyzing the increasing volume of OCT images (Chakravarthy et al. 2016;
Venhuizen et al. 2017). Nonetheless, I am convinced that it holds potential to
improve efficiency in patient care and in the use of resources and costs in the health
care system. I look forward to taking part in this progress.

For patients with ABCA4-associated retinal degenerations, we have no treatment yet.
Gene therapy is still at an early stage, such as the ongoing StarGen study for patients
with STGD (NCT01736592). There are also drug trials, for example with the aim of
interfering with A2E and lipofuscin accumulation, ALK-001 (NCT02402660). Stem
cell transplantation is also considered a promising treatment but is stll in its
preclinical stage (Claassen et al. 2019). In the future, I would like to be able to not
only look for predictors of progression but also compare different treatment outcomes
in macular degenerations, or in the best of all cases to prevent the development of any

pathological changes.

Overall, it is an exciting era for retinal researchers.
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Conclusions

Caucasians in particular represent a group of patients predisposed to develop AMD
and to be exposed to the increasing prevalence of AMD, with about 10% of those
developing nAMD. Even if the progress is slow, we should work continuously to
swiftly implement and adapt data from randomized clinical trials into real-life
settings, not only with the aim of improving treatment outcomes but also to point
out difficulties in the process of doing so. Our data emphasized the value of
consistency and adherence to treatment regimens, and of evaluation and
improvement of treatment approaches over time. In addition to randomized clinical
trials, we looked at real-world data from the SMR that enables us in Sweden to
compare our local outcomes nationally and with international results. We pointed out
that low baseline visual acuity, worse-seeing eye treated, older age and a larger
membrane size were the baseline characteristics from the SMR that had significantly
predicted a lower visual outcome of < 35 letters during a two-year follow-up.

The electrophysiological evaluation of retinal diseases adds valuable tools with
different purposes but of equal importance for the affected patients.

In nAMD, we demonstrated that cones were not negatively affected by the
intravitreally treatment with aflibercept over 18 months, whereas we found a decrease
in rod and combined rod-cone function that needs to be further investigated.

In ABCA4-associated retinal degenerations, specifically patients with Stargardt disease
and cone-rod dystrophy, OCT, FAF, ffERG, and mfERG helped us to evaluate the
morphological and functional features of a uniquely large cohort of Swedish patients.
We also proposed values of the cone 30 Hz flicker IT as a possible predictor of the
future disease progression and visual outcome prior to severe measurable signs of
disease. Electrophysiology might be used to follow up and evaluate future treatments
for these hereditary diseases, as currently in nAMD.

Hopefully, we were able to raise your awareness of nAMD and its different treatment
regimens, the need to start early and persistent treatment, and the possible predictive
values in nAMD and ABCA4-associated retinal diseases to improve the lives of our
patients.
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Populirvetenskaplig

sammanfattning

Bakgrund

I vistervirlden ar éldersrelaterad makuladegeneration (AMD) den vanligaste orsaken
till grav synnedsittning hos minniskor dver 50 dr. Forekomsten av AMD 6kar med
dldern och 30% av personer 6ver 75 ar har nigon typ av AMD, den torra eller vata
formen, som drabbar det centrala seendet. Vat AMD utvecklas hos ungefir 10% av
alla. AMD patienter och orsakas av nya, lickande blodkirl i gula flicken som
obehandlade kan leda till en snabb synférsimring. Tidigt i férloppet kan patienter
uppleva olika synfenomen, exempelvis en suddig flick eller krokseende, dir raka linjer
uppfattas som krokiga, i det centrala synfiltet.

Diremot utgor irftliga makulaférindringar pga forindringar i ABCA4 genen en
vanligare orsak till varierande grader av synnedsittning och synfiltsdefekter hos
personer i arbetsfor dlder. Det finns 6ver 1000 kinda mutationer i genen och man
kan idag utifrin genotyp inte avgora hur sjukdomen kommer utvecklas. Symptomen
som nedsatt synskirpa och 6kande ljuskinslighet debuterar for de flesta patienter
smygande redan i barndomen i 6- dll 20-ars aldern. Sjukdomen kan paverka
nithinnefunktionen i olika grad frin enbart defekter i det centrala synfiltet till
synforlust av det centrala och perifera synfiltet. ABCA4-associerade sjukdomar ir i
dagsliget inte behandlingsbara men kan férhoppningsvis inom snar framtid bli
foremal for genterapi. Genom elektrofysiologiska och andra undersékningsmetoder
kan man kartligga de olika formerna och pa si sitt bittre forutsiga prognosen for
patienten, samt vilka som kan limpa sig for genterapi. Dessutom ir det viktigt for
dessa unga patienter att utifrin prognosen kunna planera sin framtid.

Vit AMD har de senaste dren fitt nya behandlingsmojligheter genom
antitillvixtfaktor likemedel (anti-VEGF). Det finns tvi godkidnda likemedel,
ranibizumab och aflibercept, och ett icke-godkidnt preparat, bevacizumab, for
ogonbruk. Dessa injiceras i gats glaskropp med olika tidsintervall. Vi vet dock inte
hur syncellerna péverkas av aflibercept vid kontinuerlig anvindning, di VEGF iven
behovs for gangliecellernas 6verlevnad. Dirfor dr det vikegt atc undersoka
syncellernas funktion i centrala och perifera nithinnan. Under tiden har det ocksa
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utvecklats olika behandlingsstrategier som utvirderas via storre eller mindre studier,
prospektivt eller retrospektivt. Nationella register som det Svenska Makularegistret
(SMR) hjilper till s att varje registrerande klinik kan f6lja, bedéma och jimféra sina
egna eller landets behandlingsresultat av vit AMD och dven andra nithinnesjukdomar

som behandlas med anti-VEGF.

Syfte

Syftet med avhandlingen var att identifiera faktorer som kan bidra till att prediktera
synutvecklingen hos patienter med retinala degenerativa sjukdomar i makula, samt att
utvirdera resultaten av olika behandlingsschema f6r vit AMD vid olika tidpunkter
sedan debut av anti-VEGF behandlingen.

Projektbeskrivning och resultat

I forsta projektet utvirderade vi behandlingsnaiva patienter med vit AMD frin det
Svenska Makularegistret under tva ars tid. Malet var att identifiera faktorer frin
registret som forknippades med ligt visusutfall under uppfoljningsperioden.
Riskfaktorer for ett simre visusresultat var hogre alder, ligre synskirpa, storre lesion,
och att 6gat med simre syn behandlades. Utover detta uppmirksammades att dessa
patienter hade fatt firre antal injektioner 4n patientgruppen med bittre slutvisus.
Patienter som debuterade med ett hogre utgingsvisus hade en ligre risk att sjunka till
behandlingsgrinsen.

I det andra projektet f6ljde vi tva olika tidskohorter (2007-2010; 2009-2013) av
patienter med nydebuterad vat AMD och deras behandling med ranibizumab. Strax
innan den forsta kohorten startade hade ranibizumab blivit godkint i Sverige. Vi
jamforde kohorternas visusutfall, erhillna antal injektioner samt livskvalitet via en
enkit (NEI VFQ-25). Den senare kohorten visade ingen 6kning i antal injektioner
eller forbdttrat visusutfall men en tendens tdll forbitring av den generella
livskvaliteten i jimf6relse med den forsta kohorten.

Det tredje projektet var en klinisk prospektiv studie av behandlingsnaiva patienter
med vat AMD som behandlades med aflibercept och tva olika behandlingsstrategier
med 18 ménaders uppfdljningstid. Vi bedémde behandlingsresultatet utifran
visusutfall, retinal tjocklek, elektrofysiologi, antal injektioner samt injektionsintervall.
Synskirpa och retinal tjocklek forbittrades i bada grupperna. Mellan arm 1 och arm 2
fanns ingen signifikant skillnad avseende antal injektioner &ver tid, 11.3 + 1.7
injektioner i arm 1, 10.9 + 2.0 i arm 2. Arm 1 och arm 2 visade inte heller nagon

52



signifikant skillnad vid bedémning av injektionsintervallet vid ménad 18, 9.2 + 3.4
veckor i arm 1 mot 9.5 + 3.1 i arm 2, eller det maximala injektionsintervallet under
uppfoljningsperioden, 10.2 + 2.0 veckor i arm 1 och 10.5 + 2.1 veckor i arm 2. Den
elektrofysiologiska undersokningen av gula flicken kunde inte detektera nigra toxiska
nithinneforindringar i samband med aflibercept behandlingen 6ver 18 ménader.
Diremot visade elektrofysiologiska undersékningar av hela nithinnan att det
kombinerade stav-tappsvaret samt det isolerade stavsvaret hade blivit simre 6ver tid.

I projekt nummer fyra delades patienter med ABCA4-associerade retinala
degenerationer i tre grupper beroende pi graden av synfiltsinskrinkning. Vi jimforde
tidiga och sena morfologiska samt elektrofysiologiska undersokningsfynd. Patienter
visade en tydlig korrelation mellan synfiltsdefekter och nithinnas funktion samt
morfologi. De elektrofysiologiska  undersékningarna  mitte en  forlingd
overledningstid av det isolerade tappsvaret for hela nithinnan som verkade vara
prediktiv for den langsiktiga progressen jimford med tidigare undersékningssvar.

Slutsatser

Vi har visat pi vikten av att anvinda registerdata vid uppf6ljning av olika
nithinnesjukdomar. Hos patienter med vit AMD kan man redan vid
behandlingsstart ta hinsyn till prognostiska faktorer som ir karakteristiska f6r den
svenska befolkningen. Genom data frin ett annat svenskt register har vi hittat en
mojlig elektrofysiologisk prediktor, en tidigt forlingd 6verledningstid, for att forutse
den individuella degenerationsprogressen hos patienter med irftliga ABCA4
forindringar i nithinnan.

Processen att implementera och successivt forbittra en ny behandling inom den
kliniska vardagen har inte kunnat férbittras signifikant pa nagra ar som jimforelsen
mellan véra tvd svenska tidskohorter visar. Det bekriftar att man tidigt bér fokusera
pa och folja upp att ett nytt system anvinds si effektivt som mojligt, samt att alla
nédvindiga resurser anvinds pa bista sitt.

Under en 18 mianaders uppféljning av intravitreal aflibercept behandling har den
retinala funktionen i gula flicken varit stabil och inte visat nigra toxiska effekter.
Diremot har stavarnas funktion paverkats under tiden, och den méjliga orsaken
méste utredas vidare. Utéver detta har vi jimfort tvd populira behandlingsregimer
med aflibercept och kan presentera likvirdiga behandlingsresultat fé6r nAMD
patienter under uppfoljningsperioden. Det dr virdefullt f6r vara, oftast dldre, nAMD
patienter att ha tvd effektiva behandlingssitt di det ena kan passa bittre till den
aktuella levnadssituationen 4n det andra.

53






Acknowledgements

This thesis would not have been possible without the support and contributions of
my colleagues, friends and family. I would especially like to thank:

Monica Lovestam-Adrian and Ulrika Kjellstrom, for being my enthusiastic, never-
tiring main and co-supervisors. Our joint work has helped me to grow as a person and
to enjoy research. Monica, you are as fast as lightning and always available. We
complete each other like yin and yang, which I have experienced as exciting and
developing. Thank you for your trust and for giving me a spark at the right time, a lot
of free space from the very beginning, and the chance to choose my own instead of
your favourite field of research. Ulrika, you are an inspiring researcher who I enjoy
working with and have learned a lot from. Your eagle eyes see the big picture and spot
the smallest details. Thank you for taking your time to introduce me and spark my
interest in electrophysiology.

Sten Andréasson, the wise man in the background. Your calm and positive attitude is
contagious. You always find an interesting angle and have encouraged me more than
once.

Boel Nilsson and Ing-Marie Holst, for all your technical skills, support and
teamwork. Without your reliability and kind, stoic mentality, I would never have
been able to manage our patient flow or obtain all of these examination results over
the years.

Inger Westborg and the steering group of the Swedish Macula Registry, for enabling

an exciting collaboration. I look forward to working with you on future projects!

Ivana Huzevkova and Dorothea Peters, you are the trinity in my matrix: my
roommates, my calming anchors, and my good friends.

Lena Rung, Kristina Johansson & Sten Kjellstrom, for enabling me to pursue my
PhD alongside my clinical work, and for being great colleagues and Heads of the
Department over the years.

All of my colleagues, nurses & secretaries at the Department of Ophthalmology at
Skine University Hospital, with all of your individual characters, you create an
inspiring and open working environment that I enjoy coming to.

55



Gail Eriksson Hallberg, thank you for your amazingly fast and excellent language
editing.

Michaela, for being there for me, no matter whether we live in the same or a different
country, are travelling together or speculating on what will happen to the place we
have recently seen or are going to visit next. Earthquakes, volcano eruptions, picking
penguins, we have experienced a lot together. You are my driver, I am your navigator.

Thank you Katrin, Erik, Felia & Florian! You always find space in your car for me
and make me feel like a part of your family. We have been through many ups and
even some downs in our lives but we did never let go. Sorry that I have to tell you,
Katrin, we will never look back at a boring life!

My lovely friends, Katrin, Fereshteh, Réka, Susanne, Decki, Anne, Dérte, Josefin,
Katarina, Sandra. I am very glad to call you my friends. We do not manage to meet
as often as I wish to. But when we do, I know why I very much appreciate having you
in my life.

Meine Mami und Papi, ihr wart immer fiir mich da, habt mich immer unterstiitzt.
Ich hoffe, ihr seid ebenso stolz auf das Resultat, wie ich stolz bin, so tolle und
liebevolle Eltern zu haben.

My two men, Mark and Niklas, who have the stomach to partly endure my bloody
stories before I had “better go and talk to your girlfriends about it”. Thank you for
your love and care. Thank you for setting me free to travel all over the world to my
family and friends, a congress, or to the next adventure with my travel mate Michaela.

56



References

Almeida IN, Almeida LN, Almeida Sobrinho EF, Gomes BD, Souza Gda S, Rosa AA, Silveira
LC (2015) Optical coherence tomography and multifocal electroretinography of patients
with advanced neovascular age-related macular degeneration before, during, and after
treatment with ranibizumab. Arq Bras Oftalmol 78(2):105-109

Anderson ] (1981) Analyzing the readability of English and Non-English texts in the
classroom with Lix. Paper presented at the Annual Meeting of the Australian Reading-
Association (Darwin, Australia, August 1981)

Bailey IL, Lovie JE. (1976) New Design Principles for visual acuity letter charts. Am ] Optom
Physiol Opt 53:740-745

Berg K, Pedersen TR, Sandvik L, Bragadéttir R (2015) Comparison of Ranibizumab and
Bevacizumab for Neovascular Age-Related Macular Degeneration According to LUCAS
Treat-and-Extend Protocol. Ophthalmology 122:146-152

Berson EL, Gouras P, Hoff M (1969) Temporal aspects of the electroretinogram. Arch
Ophthalmol 81:207-214

Berson EL (1993) Retinitis pigmentosa. The Friedenwald Lecture. Invest Ophthalmol Vis Sci
34:1659-1676

Birch DG, Anderson JL (1992) Standardized full-field electroretinography. Normal values and
their variation with age. Arch Ophthalmol 110(11):1571-1576

Bogunovic H, Waldstein SM, Schlegl T, Langs G, Sadeghipour A, Liu X, Gerendas BS,
Osborne A, Schmidt-Erfurth U (2017) Prediction of Anti-VEGF Treatment
Requirements in Neovascular AMD Using a Machine Learning Approach. Invest
Ophthalmol Vis Sci 58(7):3240-3248

Bressler NM (2001) Photodynamic therapy of subfoveal choroidal neovascularization in age-
related macular degeneration with verteporfin: two-year results of 2 randomized clinical
trials-tap report 2. Treatment of Age-Related Macular Degeneration with Photodynamic
Therapy (TAP) Study Group. Arch Ophthalmol 119:198-207

Broadhead GK, Grigg JR, Chang AA, McCluskey (2015) Dietary modification and
supplementation for the treatment of age-related macular degeneration. Nutr Rev
73:448-462

Brown DM, Michels M, Kaiser PK, Heier JS, Sy JP, Ianchulev T (2009) Ranibizumab versus

verteporfin photodynamic therapy for neovascular age-related macular degeneration:

Two-year results of the ANCHOR study. Ophthalmology 116: 57-65

57



Boulanger-Scemama E, Sayag D, Ha Chau Tran T, Quaranta-El Maftouhi M, Rumen F,
Creuzot-Garcher C, Blanco Garavito R, Jung C, Souied E (2016) Ranibizumab et
dégénérescence maculaire liée A 'age exsudative: analyse multi- centrique & 5 ans des
résultats fonctionnels et anatomiques en pratique clinique réelle. [Ranibizumab and
exudative age-related macular degeneration: 5-year multicentric functional and
anatomical results in real-life practice]. ] Fr Ophtalmol 39(8):668-674

Burke TR, Tsang SH (2011) Allelic and phenotypic heterogeneity in ABCA4 mutations.
Ophthalmic Genet 32:165-174

Campa C, Hagan R, Sahni JN, Brown MC, Beare NA, Heimann H, Harding SP (2011) Early
multifocal electroretinogram findings during intravitreal ranibizumab treatment for
neovascular age-related macular degeneration. Invest Ophthalmol Vis Sci 52(6):3446-
3451

Cella W, Greenstein VC, Zernant-Rajang J, Smith TR, Barile G, Allikmets R, Tsang SH
(2009) G1961E mutant allele in the Stargardt disease gene ABCA4 causes bull’s eye
maculopathy. Exp Eye Res 89:16-24

Chakravarthy U, Goldenberg D, Young G, Havilio M, Rafacli O, Benyamini G, Loewenstein
A (2016) Automated Identification of Lesion Activity in Neovascular Age-Related
Macular Degeneration. Ophthalmology 123:1731-1736

Chia EM, Mitchell P, Ojaimi E, Rochtchina E, Wang JJ (2006) Assessment of vision-related
quality of life in an older population subsample: The Blue Mountains Eye Study.
Ophthalmic Epidemiol 13(6):371-377

Claassen JN, Zhang D, Chen SC, Moon SY, Lamey T, Thompson JA, McLaren T, De Roach
JN, McLenachan S, Chen FK (2019) Generation of the induced pluripotent stem cell

line from a patient with autosomal recessive ABCA4-mediated Stargardt Macular
Dystrophy. Stem Cell Res 34:101352

Clemons TE, Milton RC, Klein R, Seddon JM, Ferris FL 3rd (2005) Risk factors for the
incidence of Advanced Age-Related Macular Degeneration in the Age-Related Eye
Disease Study (AREDS) AREDS report no. 19. Ophthalmology 112:533-539

Conley SM, Cai X, Makkia R, Wu 'Y, Sparrow JR, Naash, MI (2012) Increased cone
sensitivity to ABCA4 deficiency provides insight into macular vision loss in Stargardt's
dystrophy. Biochim Biophys Acta 1822:1169-1179

Cremers FP, Van De Pol DJ, Van Driel M, Den Hollander Al, Van Haren FJ, Knoers NV,
Tijmes N, Bergen AA, Rohrschneider K, Blankenagel A, Pinckers AJ, Deutman AF,
Hoyng CB (1998) Autosomal recessive retinitis pigmentosa and cone-rod dystrophy

caused by splice site mutations in the Stargardt’s disease gene ABCR. Hum Mol Genet
7:355-362

Eksandh L, Ekstrom U, Abrahamson M, Bauer B, Andreasson S (2001) Different clinical
expressions in two families with Stargardt’s macular dystrophy (STGD1). Acta
Ophthalmol Scand 79:524-530

58



Evans JR, Lawrenson JG (2014) A review of the evidence for dietary interventions in
preventing or slowing the progression of age-related macular degeneration. Ophthalmic

Physiol Opt 34:390-396

Fakin A, Robson AG, Fujinami K, Moore AT, Michaelides M, Pei-Wen Chiang ] G EH,
Webster AR (2016) Phenotype and Progression of Retinal Degeneration Associated
With Nullizigosity of ABCA4. Invest Ophthalmol Vis Sci 57:4668-4678

Fakin A, Robson AG, Chiang JP, Fujinami K, Moore AT, Michaelides M, Holder GE,
Webster AR (2016) The Effect on Retinal Structure and Function of 15 Specific ABCA4
Mutations: A Detailed Examination of 82 Hemizygous Patients. Invest Ophthalmol Vis
Sci 57:5963-5973

Feigl B, Greaves A, Brown B (2007) Functional outcomes after multiple treatments with
ranibizumab in neovascular age-related macular degeneration beyond visual acuity. Clin

Ophthalmol 1(2): 167-175

Ferris III FL, Kassoff A, Bresnick GH, Bailey I (1982) New visual acuity charts for clinical
research. Am ] Ophthalmol 94:91-96

Fletcher AE, Bentham GC, Agnew M, Young IS, Augood C, Chakravarthy U, de Jong PT,
Rahu M, Seland J, Soubrane G, Tomazzoli L, Topouzis F, Vingerling JR, Vioque ]
(2008) Sunlight exposure, antioxidants, and age-related macular degeneration. Arch

Ophthalmol 126:1396-1403

Gerth C, Andrassi-Darida M, Bock M, Preising MN, Weber BH, Lorenz B (2002)
Phenotypes of 16 Stargardt macular dystrophy/ fundus flavimaculatus patients with
known ABCA4 mutations and evaluation of genotype-phenotype correlation. Graefes

Arch Clin Exp Ophthalmol 240:628-638

Gillies MC, Campain A, Barthelmes D Simpson JM, Arnold JJ, Guymer RH, McAllister IL,
Essex RW, Morlet N, Hunyor AP (2015) Long-term outcomes of treatment of
neovascular age-related macular degeneration data from an observational study.
Ophthalmology 122:1837-1845

Gillies MC, Hunyor AP, Arnold JJ, Guymer RH, Wolf S, Ng P, Pecheur FL, McAllister IL
(2019) Effect of Ranibizumab and Aflibercept on Best-Corrected Visual Acuity in Treat-
and-Extend for Neovascular Age-Related Macular Degeneration: A Randomized Clinical
Trial. JAMA Ophthalmol 137(4):372-379

Gomes NL, Greenstein VC, Carlson JN, Tsang SH, Smith RT, Carr RE, Hood DC, Chang S
(2009) A comparison of fundus autofluorescence and retinal structure in patients with
Stargardt disease. Invest Ophthalmol Vis Sci 50:3953-3959

Grunwald JE, Daniel E, Huang J, Ying GS, Maguire MG, Toth CA, Jaffe GJ, Fine SL, Blodi
B, Klein ML, Martin AA, Hagstrom SA, Martin DF (2014) Risk of geographic atrophy

in the comparison of age-related macular degeneration treatments trials. Ophthalmology
121:150-161

59



Heier JS, Brown DM, Chong V, Korobelnik JF, Kaiser PK, Nguyen QD, Kirchhof B, Ho A,
Ogura Y, Yancopoulos GD, Stahl N, Vitti R, Berliner AJ, Soo Y, Anderesi M,
Groetzbach G, Sommerauer B, Sandbrink R, Simader C, Schmidt-Erfurth U, View,
Groups, VS (2012) Intravitreal aflibercept (VEGF trap-eye) in wet age-related macular
degeneration. Ophthalmology 119:2537-2548

Hogg RE, Woodside ]V, Gilchrist SE, Graydon R, Fletcher AE, Chan W, Knox A, Cartmill
B, Chakravarthy U (2008) Cardiovascular disease and hypertension are strong risk
factors for choroidal neovascularization. Ophthalmology 115:1046-1052

Holash J, Davis S, Papadopoulos N, Croll SD, Ho L, Russell M, Boland P, Leidich R, Hylton
D, Burova E, loffe E, Huang T, Radziejewski C, Bailey K, Fandl JP, Daly T, Wiegand
SJ, Yancopoulos GD, Rudge JS (2002) VEGF-Trap: a VEGF blocker with potent
antitumor effects. Proc Natl Acad Sci U.S.A 99:11393-11398

Holopigian K, Seiple W, Greenstein V, Kim D, Carr RE (1997) Relative effects of aging and
age-related macular degeneration on peripheral visual function. Optom Vis Sci
74(3):152-159

Holz FG, Amoaku W, Donate J, Guymer RH, Kellner U, Schlingemann RO, Weichselberger
A, Staurenghi G (2011) Safety and efficacy of a flexible dosing regimen of ranibizumab
in neovascular age-related macular degeneration: the SUSTAIN study. Ophthalmology
118(4):663-671

Holz FG, Tadayoni R, Beatty S, Berger A, Cereda MG, Cortez R, Hoyng CB, Hykin P,
Staurenghi G, Heldner S, Bogumil T, Heah T, Sivaprasad S (2015) Multi-country real-
life experience of anti- vascular endothelial growth factor therapy for wet age-related
macular degeneration. Br ] Ophthalmol 99: 220-226

Holz FG, Figueroa MS, Bandello F, Yang Y, Ohji M, Dai H, Wykrota H, Sharma S, Dunger-
Baldauf C, Lacey S, Macfadden W, Mitchell P (2019) Ranibizumab treatment in
treatment-naive neovascular age-related macular degeneration: Results From
LUMINOUS, a Global Real-World Study. Retina 00:1-13

Hong T, Mitchell P, Burlutsky G, Samarawickrama C, Wang JJ (2014) Visual impairment
and the incidence of falls and fractures among older people: longitudinal findings from
the Blue Mountains Eye Study. Invest Ophthalmol Vis Sci 55(11):7589-7593

Hong T, Mitchell P, Burlutsky G, Gopinath B, Liew G, Wang JJ (2015) Visual impairment
and depressive symptoms in an older Australian cohort: longitudinal findings from the
Blue Mountains Eye Study. Br ] Ophthalmol 99(8):1017-1021

Hood DC, Holopigian K, Greenstein V, Seiple W, Li J, Sutter EE, Carr RE (1998)
Assessment of local retinal function in patients with retinitis pigmentosa using the
multifocal ERG technique. Vision Res 38:163-179

Hyman LG, Komaroff E, Heijl A, Bengtsson B, Leske MC; Early Manifest Glaucoma Trial
Group (2005) Treatment and vision-related quality of life in the early manifest
glaucoma trial. Ophthalmology 112(9):1505-1513

60



Ivers RQ, Cumming RG, Mitchell P, Simpson JM, Peduto AJ (2003) Visual risk factors for
hip fracture in older people. ] Am Geriatr Soc 51(3):356-363

Johnston RL, Carius HJ, Skelly A, Ferreira A, Milnes F, Mitchell P (2017) A retrospective
study of ranibizumab treatment regimens for neovascular age-related macular

degeneration (nAMD) in Australia and the United Kingdom. Adv Ther 34:703-712

Jonasson F, Fisher DE, Eiriksdottir G, Sigurdsson S, Klein R, Launer L], Harris T, Gudnason
V, Cotch MF (2014) Five-year incidence, progression and risk factors for age-related
macular degeneration: The Age, Gene/Environment Susceptibility Study.
Ophthalmology 121(9):1766-1772

JuRH , He MS, Hou JT, Li MY, Zhang JL, Wu ZM (2017) Multifocal electroretinography
for therapeutic effect evaluation of intravitreal injection Lucentis for wet age-related
macular degeneration. Nan Fang Yi Ke Da Xue Xue Bao 37(7):933-937

Karpa MJ, Mitchell P, Beath K, Rochtchina E, Cumming RG, Wang JJ; Blue Mountains Eye
Study (2009) Direct and indirect effects of visual impairment on mortality risk in older

persons. Arch Ophthalmol 127(10):1347-1353

Khan KN, Kasilian M, Mahroo OAR, Tanna P, Kalitzeos A, Robson AG, Tsunoda K, Iwata
T, Moore AT, Fujinami K, Michaelides M (2018) Early Patterns of Macular
Degeneration in ABCA4-Associated Retinopathy. Ophthalmology 125:735-746

Kim LN, Mehta H, Barthelmes D, Nguyen V, Gillies MC (2016) Metaanalysis of real-world
outcomes of intravitreal ranibizumab for the treatment of neovascular age-related
macular degeneration. Retina 36:1418-1431

Kjellstrom U (2014) Association between genotype and phenotype in families with mutations
in the ABCA4 gene. Mol Vis 20:89-104

Klaver CC, Wolfs RC, Vingerling JR, Hofman A, de Jong PT. (1998) Age-specific prevalence
and causes of blindness and visual impairment in an older population: the Rotterdam
study. Arch Ophthalmol 116(5):653-658

Klevering BJ, Deutman AF, Maugeri A, Cremers FP, Hoyng CB (2005) The spectrum of
retinal phenotypes caused by mutations in the ABCA4 gene. Graefes Arch Clin Exp
Ophthalmol 243:90-100

Knudtson MD, Klein R, Klein BE. (2006) Physical activity and the 15-year cumulative
incidence of age-related macular degeneration: the Beaver Dam Eye Study. Br ]
Ophthalmol 90:1461-1463

Lee AY, Lee CS, Egan CA, Bailey C, Johnston RL, Natha S, Hamilton R, Khan R, Al-
Husainy S, Brand C, Akerele T, Mckibbin M, Downey L, Tufail A (2017) UK
AMD/DR EMR REPORT IX: comparative effectiveness of predominantly as needed

(PRN) ranibizumab versus continuous aflibercept in UK clinical practice. Br ]
Ophthalmol 101(12):1683-1688

61



Leibowitz HM, Krueger DE, Maunder LR, Milton RC, Kini MM, Kahn HA, Nickerson R],
Pool ], Colton TL, Ganley JP, Loewenstein JI, Dawber TR (1980) The Framingham
Eye Study monograph: An ophthalmological and epidemiological study of cataract,
glaucoma, diabetic retinopathy, macular degeneration, and visual acuity in a general

population of 2631 adults, 1973-1975. Surv Ophthalmol 24 (Suppl):335-610

Lovestam-Adrian M, Vassilev ZP, Westborg I (2019) Baseline visual acuity as a prognostic
factor for visual outcomes in patients treated with aflibercept for wet age-related macular
degeneration: data from the INSIGHT study using the Swedish Macula Register. Acta
Ophthalmol 97(1):91-98

Lois N, Holder GE, Bunce C, Fitzke FW, Bird AC (2001) Phenotypic subtypes of Stargardt
macular dystrophy-fundus flavimaculatus. Arch Ophthalmol 119:359-369

Maloca P, Hasler PW, Barthelmes D, Arnold P, Matthias M, Scholl HPN, Gerding H,
Garweg J, Heeren T, Balaskas K, de Carvalho JER, Egan C, Tufail A, Zweifel SA (2018)
Safety and Feasibility of a Novel Sparse Optical Coherence Tomography Device for
Patient-Delivered Retina Home Monitoring. Transl Vis Sci Technol 7(4):8

Mangione CM, Lee PP, Pitts J, Gutierrez P, Berry S, Hays RD (1998) Psychometric
properties of the National Eye Institute Visual Function Questionnaire (NEI-VFQ).
NEI-VEQ Field Test Investigators. Arch Ophthalmol 116(11):1496-1504

Mangione CM (2000) Version 2000. The National Eye Institute 25-Item Visual Function
Questionnaire (VFQ-25). (online; verified 2020-01-23), URL:
http://rand.org/content/dam/rand/www/external/health/surveys_tools/vfq/viq25_manua
L.pdf

Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD; National Eye Institute
Visual Function Questionnaire Field Test Investigators (2001) Development of the 25-
item National Eye Institute Visual Function Questionnaire. Arch Ophthalmol
119(7):1050-1058

Maugeri A, Klevering BJ, Rohrschneider K, Blankenagel A, Brunner HG, Deutman AF,
Hoyng CB, Cremers FP (2000) Mutations in the ABCA4 (ABCR) gene are the major
cause of autosomal recessive cone-rod dystrophy. Am ] Hum Genet 67:960-966

McGraw P, Winn B, Whitaker D (1995) Reliability of the Snellenchart. BMJ 310:1481-1482

Mills RP (1998) Correlation of quality of life with clinical symptoms and signs at the time of
glaucoma diagnosis. Trans Am Ophthalmol Soc 96:753-812

Moschos MM, Brouzas D, Chatziralli IP, Ladas I (2011) Ranibizumab in the treatment of
choroidal neovascularisation due to age-related macular degeneration: an optical
coherence tomography and multifocal electroretinography study. Clin Exp Optom
94(3): 268-275

Mullins RF, Kuehn MH, Radu RA, Enriquez GS, East JS, Schindler EI, Travis GH, Stone
EM (2012) Autosomal recessive retinitis pigmentosa due to ABCA4 mutations: clinical,
pathologic, and molecular characterization. Invest Ophthalmol Vis Sci 53:1883-1894

62



Okada M, Kandasamy R, Chong EW, McGuiness M, Guymer RH (2018) The Treat-and-
extend Injection Regimen Versus Alternate Dosing Strategies in Age-related Macular
Degeneration: A Systematic Review and Metaanalysis. Am ] Ophthalmol 192:184-197

Owsley C, Huisingh C, Clark ME, Jackson GR, McGwin G Jr (2016) Comparison of Visual
Function in Older Eyes in the Earliest Stages of Age-Related Macular Degeneration to
Those in Normal Macular Health. Curr Eye Res 41(2):266-272

Pedersen KB, Moller F, Sjolie AK, Andréasson S (2010) Electrophysiological assessment of
retinal function during 6 months of bevacizumab treatment in neovascular age-related
macular degeneration. Retina 30:1025-1033

Pedersen KB, Sjolie AK, Vestergaard AH, Andréasson S, Mgller F (2016) Fixation stability
and implication for multifocal electroretinography in patients with neovascular age-
related macular degeneration after anti-VEGF treatment. Graefes Arch Clin Exp
Ophthalmol 254:1897-1908

Park JY, Kim SH, Park TK, Ohn YH (2011) Multifocal electroretinogram findings after
intravitreal bevacizumab injection in choroidal neovascularization of age-related macular

degeneration. Korean ] Ophthalmol 25(3):161-165

Parrish RK II (1996) Visual impairment, visual functioning, and quality of life assessments in
patients with glaucoma. Trans Am Ophthalmol Soc 94:919-1028

Parrish RK II, Gedde SJ, Scott IU, Feuer W], Schiffman JC, Mangione CM, Montenegro-
Piniella A (1997) Visual function and quality of life among patients with glaucoma.

Arch Ophthalmol 115:1447-1455

Rasmussen A, Brandi S, Fuchs J, Hansen LH, Lund-Andersen H, Sander B, Larsen M (2015)
Visual outcomes in relation to time to treatment in neovascular age-related macular

degeneration. Acta Ophthalmol 93: 616-620

Reinsberg M, Hilgers RD, Liideke I, Nassar K, Grisanti S, Grisanti S, Liike J, Litke M (2017)
Testing the clinical value of multifocal electroretinography and microperimetry and the
effects of intravitreal therapy with ranibizumab on macular function in the course of wet
age-related macular degeneration: a 1-year prospective study. Clin Ophthalmol 11:621-
629

Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K (2013) Seven-Year Outcomes in
Ranibizumab-Treated Patients in ANCHOR, MARINA, and HORIZON A
Multicenter Cohort Study (SEVEN-UP) for the SEVEN-UP Study Group.
Ophthalmology 120:2292-2299

Rosenfeld PJ, Brown DM, Heier ]S, Boyer DS, Kaiser PK, Chung CY, Kim RY; MARINA
Study Group (2006) Ranibizumab for neovascular age-related macular degeneration. N
Engl ] Med 355(14):1419-1431

Ross AH, Donachie PH, Sallam A, Stratton IM, Mohamed Q, Scanlon PH, Kirkpatrick JN,
Johnston RL (2013) Which visual acuity measurements define high-quality care for
patients with neovascular age-related macular degeneration treated with ranibizumab?

Eye (Lond) 27:56-64

63



Seddon JM, Cote J, Davis N, Rosner B (2003) Progression of age-related macular
degeneration: association with body mass index, waist circumference, and waist-hip
ratio. Arch Ophthalmol 121:785-792

Seeliger M, Kretschmann U, Apfelstedt-Sylla E, Ruther K, Zrenner E (1998) Multifocal
electroretinography in retinitis pigmentosa. Am ] Ophthalmol 125:214-226

Sherwood MB, Garcia-Siekavizza A, Meltzer MI, Hebert A, Burns AF, McGorray S (1998)
Glaucoma’s impact on quality of life and its relation to clinical indicators. A pilot study.

Ophthalmology 105:561-566

Shroyer NF, Lewis RA, Allikmets R, Singh N, Dean M, Leppert M, Lupski JR (1999) The
rod photoreceptor ATP-binding cassette transporter gene, ABCR, and retinal disease:
from monogenic to multifactorial. Vision Res 39:2537-2544

Singer MA, Awh CC, Sadda S, Freeman WR, Antoszyk AN, Wong P, Tuomi L (2012)
HORIZON: an open-label extension trial of ranibizumab for choroidal
neovascularization secondary to age-related macular degeneration. Ophthalmology
119(6):1175-1183

Smith W, Assink J, Klein R, Mitchell P, Klaver CC, Klein BE, Hofman A, Jensen S, Wang JJ,
de Jong PT (2001) Risk factors for age-related macular degeneration: pooled findings
from three continents. Ophthalmology 108:697-704

Steinbrook R (2006) The price of sight—ranibizumab, bevacizumab, and the treatment of
macular degeneration. N Engl ] Med 355:1409-1412

Takayama K, Kaneko H, Ueno S, Maruko R, Piao CH, Yasuda S, Kawano K, Ito Y, Terasaki
H (2017) Evaluation of short-term outcomes of intravitreal aflibercept injections for
age-related macular degeneration using focal macular electroretinography. Retina
37(3):553-560

Testa F, Rossi S, Sodi A, Passerini I, Di lorio V, Della Corte M, Banfi S, Surace EM,
Menchini U, Auricchio A, Simonelli F (2012) Correlation between photoreceptor layer
integrity and visual function in patients with Stargardt disease: implications for gene

therapy. Invest Ophthalmol Vis Sci 53:4409-4415

Textskalor utarbetade vid Tomtebodaskolan: standardiserade stilskalor f6r mitning av
nirseendet vid olika dldrar: texterna har olika ldsbarhetsindex (Lix) och ir graferade i
typografiskt matt (punkter) Solna: Syntriningsavd., Tomtebodaskolan, [1977] 5 losa
blad Language: Swedish, Database: Library catalogue, Lund university (LUBcat)

Torres-Soriano ME, Cubas-Lorenzo V, Garcfa-Aguirre G, Herndndez-Rojas M, Kon-Jara V,
Dfaz-Rubio J, Fromow-Guerra J, Quiroz-Mercado H, Jiménez-Sierra JM (2012)
Multifocal electrophysiologic findings after intravitreal bevacizumab (avastin) treatment.
Retina 32(5):972-976

Van Driel MA, Maugeri A, Klevering B], Hoyng CB, Cremers FP (1998) ABCR unites what
ophthalmologists divide(s). Ophthalmic Genet 19:117-122

64



Venhuizen FG, van Ginneken B, van Asten F, van Grinsven M, Fauser S, Hoyng CB, Theelen
T, Sanchez CI (2017) Automated staging of age-related macular degeneration using
optical coherence tomography. Invest Ophthalmol Vis Sci 58:2318-2328

Wang JJ, Mitchell P, Smith W, Cumming RG, Attebo K (1999) Impact of visual impairment
on use of community support services by elderly persons: the Blue Mountains Eye
Study. Invest Ophthalmol Vis Sci 40(1):12-19

Wang JJ, Mitchell P, Cumming RG, Smith W; Blue Mountains Eye Study (2003) Visual
impairment and nursing home placement in older Australians: the Blue Mountains Eye
Study. Ophthalmic Epidemiol 10(1):3-13

Williams TA, Blyth CP (2011) Outcome of ranibizumab treatment in neovascular age related

macula degeneration in eyes with baseline visual acuity better than 6/12. Eye (Lond)
25:1617-1621

Winther C, Frisén L (2015) Self-Testing of Vision in Age-Related Macula Degeneration: A
Longitudinal Pilot Study Using a Smartphone-Based Rarebit Test. ] Ophthalmol 2015:
285463

Writing Committee for the UK Age-Related Macular Degeneration EMR Users Group
(2014) The neovascular age-related macular degeneration database: multicenter study of
92 976 ranibizumab injections: report 1: visual acuity. Ophthalmology 121:1092-1101

Yang Y, Downey L, Mehta H, Mushtaq B, Narendran N, Patel N, Patel PJ, Ayan F, Gibson
K, Igwe F, Jeffery P (2017) Resource use and real-world outcomes for ranibizumab treat

and extend for neovascular age-related macular degeneration in the UK: interim results

from TERRA. Ophthalmol Ther 6:175-186

Yatsenko AN, Shroyer NF, Lewis RA, Lupski JR (2001) Late-onset Stargardt disease is
associated with missense mutations that map outside known functional regions of ABCR

(ABCA4). Hum Genet 108:346-355

65



