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(Hisaradheta kotte maaru kala wagei)
-Sri Lankan Proverb

“Changing pillows to get rid of a head-ache is not a solution”
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 General Introduction

22-135 PROEFSCHRIFT AMARAKOON_V09.indd   922-135 PROEFSCHRIFT AMARAKOON_V09.indd   9 02-08-2022   11:1702-08-2022   11:17



10.

General Introduction

Visual function
Reality is shaped by our senses. Our ability to feel, see, touch, and more determines the way we 
interact with the environment. The eye in all its complexity and simplicity is our main window into 
the visual wonders of the world. Whilst it may be easy to sum up the function of the eye with just 
“seeing”, it has many intricate parts that combine to translate light into information for our brain to 
process to images. 
In order for light to be processed by the eye and visual information to be transferred to the brain it 
passes several key main structures. Light’s journey takes it through the cornea, the anterior cham-
ber, the pupil opening, the vitreous chamber, and the retina (figure 1).

Figure 1. Anatomy of the eye

The retina
In this thesis we will focus on the retina and in particular the macula. The retina is a multilayered 
tissue that covers two-thirds of the inner part of the globe. Its main function is to translate light into 
information that can be transferred thru the optic nerve for the formation of images in the brain. 
The retina can be divided into 10 distinct layers (figure 2). It has a minimal thickness of 0,13mm at 
the umbo and maximal thickness of 0.55mm at the fovea1,2. The inner half of the retina derives its 
blood supply from the central retinal artery, which normally divides into the superior and inferior 
arcades. The retinal venous branches follow the same configuration. Each arcade division separates 
into a branch that supplies the temporal or nasal quadrant of the retina (figure 3). The outer part of 
the retina is supplied by the vascular layer called the choroid1,2. 
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Figure 2 layers of the retina.

The rod and cone photoreceptors in the retina are main factors in vision2. The eye contains about 
100 million rods and about 6 million cones. Rod photoreceptors are responsible for vision in dim 
illumination, and mediate lower resolution, monochromatic vision. Whereas cones are less sensitive 
than rods to light (by about 100-fold) but have a greater capacity for adaptation, which allows them 
to encode light intensities in the brightest circumstances and mediate high resolution color vision2.

Figure 3 Retinal veins and arteries
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The macula
The macula is an area between the superior and inferior arcades. The anatomical macula is about 
5.5mm and can be divided into the perifovea, parafovea, fovea, foveal avascular zone, foveola, 
and the umbo (figure 4). In clinical ophthalmology the term macula is often used for what is the 
anatomical fovea. 

Figure 4 Macula anatomy

The area around the fovea is called the parafoveal area and this area characteristically has the 
thickest ganglion cell layer, intranuclear layer, and outer plexiform layer of the retina. The fovea is a 
depression in the center of the macula and is about 1.5mm large. Located inside of it is a typically 
avascular area known as the foveal avascular zone. The fovea contains only photoreceptors and 
Müller cell processes3. As the fovea mainly contains cones, the function of the fovea is to facilitate 
high resolution color vision, and it is responsible for our ability to have sharp central vision. Making 
it possible for us to read books, watch television, read traffic signs, etc. 

Age-Related Macular Degeneration
Retinal diseases that affect the macula can disturb central visual function. In age-related macular 
degeneration (ARMD), changes in the macula and in particular the photoreceptors, retinal pigment 
epithelium (RPE), Bruch’s membrane and choroid cause severe visual problems performing tasks 
such as reading, driving, television viewing, and by extension social interaction4. ARMD is the number 
one cause of blindness in industrialized countries, and the third cause of blindness worldwide4,5. 
ARMD effects mostly patients 55 years and older, and it is likely that with the increased aging of our 
patient population the medical burden will increase6. In a recent systematic review by Wong et al 
it was shown that about 8.7% of the worldwide population has ARMD, and the projected number 
of people with the disease is around 196 million in 2020, increasing to 288 million in 20407. Early 
ARMD seems to be more prevalent in Europe than Asia, but are similar for late ARMD7. Late ARMD is 
defined as either neovascular ARMD and/or geographic ARMD8. This thesis will predominantly focus 
on neovascular ARMD (nARMD).
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Pathogenesis
The structure and function of the neuro-sensorial retina is highly depended on the blood-retinal 
barriers (inner and outer)9. The RPE tight junctions are part of the outer blood-retinal barrier. 
These RPE cells form a monolayer that separates the outer layer of the neural retina from the 
choriocapillaris10. The RPE performs several other critical functions besides forming the outer blood-
retinal barrier, as it helps trans-epithelial transport of nutrients and waste products, transport and 
storage of retinoids, phagocytosis and degradation outer segments, protection against light and 
free radicals and the production of growth factors11. Under the RPE just beneath Bruch’s membrane 
lies the choriocapillaris (figure 2). The choriocapillaris plays a role in the passage of nutrients and 
oxygen to the outer third of the retina, except in the macula where is supplies the whole retina. 
Bruch’s membrane regulates survival of RPE cells and choriocapillaris cells. Dysfunction of Bruch’s 
membrane, as could be in the case of extracellular deposits at the level of Bruch’s membrane, could 
lead to apoptosis and incorrect cell adherence4. A hallmark of early ARMD are extracellular deposits 
known as drusen (figure 5).

Figure 5. Drusen

Late ARMD can be divided into dry and wet ARMD. A major clinical characteristic of late dry ARMD is 
geographic atrophy (GA) of the RPE, as a consequence of RPE cell loss. The funduscopic appearance 
of GA is, oval like areas of hypopigmentation with increased visualisation of the underlying choroidal 
vessels. Eventually RPE cell loss leads to degeneration of photoreceptors, which can severely impact 
visual acuity. Wet AMD, however, is characterized by choroidal neovascularization (CNV). Hence, it 
is often referred to as neovascular ARMD (nARMD). In this case a neovascularization of choroidal 
blood vessels develops underneath the RPE, which eventually breaks through a weakened Bruch’s 
membrane to cause extensive havoc in the inner retina and by extension the macular function. The 
reasons for a choroidal neovascular lesion are multifactorial but a major role is played by the RPE as 
it releases VEGF as response to hypoxia, which in turn starts an angiogenic response in choroid12. 
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Choroidal neovascularisation
Traditionally wet ARMD can be divided into the types of CNV present. The determination of CNV 
type is based on its characteristics during fluorescein angiogram (FA) and infracyanine green (ICG) 
evaluation1. Our current understanding of the types of CNV is ever growing, and with increasing 
diagnostic tools in the future this classification might expand, in general we can divide CNV into:
 -  Type 1 (Occult CNV)
 -  Type 2 (Classic CNV)
 -  Type 3 (Retinal Angiomatous Proliferation). 

As strict as this classification may sound, however, in clinical practice overlap is seen, and CNV could 
also be classified as minimally classic or predominantly classic. In the case of minimally classic CNV, 
the classic part of the lesion is less than 50% of the total lesion size, with the rest being an occult 
CNV. In the case of predominantly classic CNV, the classic part of the lesion is 50 percent or greater.

Type 1 CNV, is defined as either a fibrovascular pigment epithelium detachment (PED) or late leak-
age of undetermined source on FA. The PED is an irregular elevation of the RPE seen as hyper fluore-
scence at 1-2 minutes into the FA. The lesion may be well demarcated or poorly demarcated and 
show persistent staining or leakage in the late phase of the FA (figure 6). In the second form of type 
1 CNV the boundaries of the hyper fluorescence are not clear in the early phase of FA, and in the late 
phase leakage is seen from an undetermined source1,2.

Figure 6. Type 1 CNV in a left eye of a patient. A = color foto, B = early FA, C= mid phase FA, and D = late phase FA.
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Type 2 CNV is characterized by well-demarcated hyperfl uorescence in early phases on FA (fi gure 7), 
however in the late phase of the FA due to leakage are less well defi ned.1,2

Figure 7 Type 2 CNV in a left eye of a patient. A = color photo, B = early FA, C= mid phase FA, and D = late phase FA.

Type 3 CNV wasn’t originally described as a separate type of CNV. In a paper by the Yannuzzi group 
in 2008 Retinal Angiomatous Proliferation (RAP) was described and proposed as a third type of 
CNV13,14. In the years following, RAP has become an accepted diagnosis. The pathogenesis of a RAP 
lesions and its origin is still disputed. In 2012 the Yannuzzi group revisited their original fi ndings and 
proposed that the start of a RAP lesion could either be choroidal, at the level of the sub-RPE, or even 
intraretinal15. Theoretically all origin options could also be possible. 
A typical mature RAP lesion is seen funduscopically as a superfi cial retinal haemorrhage in de the 
macula, with often an associated PED. On FA the RAP can resemble a type 1 CNV, but the ICG shows 
a typical mid phase hotspot that brightens late phase (Figure 8).
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Figure 8 Type 3 CNV. A = Color foto, showing superficial retinal haemorrhage in de the macula, B = early FA, C = late 
phase FA, D = late phase ICG hotspot.

Diagnosis of ARMD
A typical patient with nARMD will complain of sudden increased central visual acuity problems. 
These visual problems range from “missing letters”, increased metamorfopsia, a scotoma, to even 
minor reading problems. In the Netherlands, patients are either referred to ophthalmologists by 
general practitioners, or are referred to by alert optometrists. In the initial ophthalmic screening 
often, a loss of visual acuity will be detected, combined with funduscopic signs of ARMD. These can 
be but are not exclusive or limited to drusen, blood, fluid, and/or exudates. The optical coherence 
tomograph (OCT) is a non-invasive imaging tool ophthalmologist use for interpretation of macular 
disease. It is an imaging technique that uses coherent light to capture information of cross-sections 
of the macula, and is an ideal tool to visualize the tissue layers of the retina.

Figure 9. OCT images of the macula in a patient with RAP, showing subretinal and intraretinal fluid.
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The OCT images will often show drusen, subretinal fluid, intraretinal fluid and/or a PED in the macula 
(figure 9). Based on these findings standard practice is to order FA/ICG for additional imaging. FA, 
preferably combined with ICG is the current gold standard for diagnosis of nARMD. The appearance 
of CNV on FA/ICG was discussed earlier in this chapter. New diagnostic modalities are being de-
veloped to help in the diagnosis and evaluation of active CNV. Optical coherence tomography 
angiography (OCTA) is currently gaining popularity in helping diagnose and evaluating nARMD, 
and future research will hopefully clarify what role it should play16. 

Treatment modalities
Until about 10 years ago treatment options for nARMD were limited. Laser photocoagulation was 
one of the first introduced therapy strategies, and for a long time it was the only proven treatment 
with long-term (>5 years) benefit17. Laser photocoagulation was possible if the CNV was at least 
200 µm away from the fovea. Laser photocoagulation slows down or sometimes halts progression 
of CNV, but is not able to reliably stabilize or restore visual acuity loss. Moreover, recurrent 
neovascularization, typically on the foveal side, was common. In many cases of nARMD, however, 
the only viable option was to wait and see. Which, considering the natural course of most CNV, lead 
to severe irreversible visual acuity loss18,19. 
In later years, Photodynamic therapy (PDT) was proven to be of benefit for para/subfoveal CNV, 
especially in predominant or classic type lesions20. Photodynamic therapy (PDT) is a theoretically 
non-thermal process leading to the localized production of reactive oxygen which mediates local 
cellular, vascular, and immunologic injury, and ultimately results in the partially selective destruction 
of new blood vessels. In the Netherlands, however, PDT was only reimbursed for predominant classic 
CNV, limiting its use for all types of nARMD.

Around 2006, pegantanib and ranibizumab were approved by the FDA (USA) and the Swiss drug 
regulation agency for all types of nARMD. In the years that followed both drugs were also approved 
for nARMD in the European Union by the EMEA. Pegantanib is a VEGF-164 isoform aptamer. An 
aptamer is a bio-engineerd oligonucleotide sequence that, when folded into its 3D structure, has 
similar binding capacities as an antibody. Basic pharmaceutical research in a mouse model showed 
specific inhibition of new vessel formation by VEGF-164 isoform antibodies (not an aptamer), 
thereby preserving existing mature vessels. It was deduced that the human analogue of this mouse 
VEGF isoform could specifically inhibit angiogenesis without distortion of existing retinal and 
choroidal vessels. The aptamer against VEGF-164 was constructed and used for animal and clinical 
trials. Intravitreal injections at 6 weeks intervals in 2 identical randomised double blinded controlled 
studies showed a decrease in visual acuity loss compared to placebo21. This effect was present in all 
nARMD subgroups, especially predominantly classic and occult groups (comparable to the effect 
observed in PDT trials), and pegantanib was less effective in minimally classic lesions21. 

Ranibizumab is the Fab part of a non-specific anti VEGF antibody blocking all human VEGF isoforms 
(figure 10). An international randomized controlled study in minimally classic and occult type ARMD 
(compared to placebo) showed a mean increase of visual acuity when ranibizumab was injected 
intravitreally every 4 weeks for 1 year22. In classic type ARMD, addition of ranibizumab versus 
placebo, while all patients received PDT, showed a similar increase in visual acuity as in other types 
of ARMD. Randomisation of patients between PDT and ranibizumab showed a superior effect of 
ranibizumab (gain of visual acuity) in comparison to PDT (decreased loss of visual acuity)23,24. A 
following study showed a 1-year decreased efficacy of ranibizumab at 3 months intervals25,26 while 
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another (non-controlled) study reports similar visual acuity outcomes as previous phase III clinical 
studies, but with a (OCT-guided) reduced number of injections26. Although no comparative trial 
has been conducted, it can be concluded that the specific aptamer (anti VEGF-164) has an inferior 
efficacy compared to the non-specific ranibizumab Fab fragment in the treatment of nARMD. 

Figure 10 Anti-VEGF composition

Bevacizumab is a FDA and EMEA approved non-isoform specific whole VEGF antibody, containing 
both Fab and Fc fragments (figure 10). It is currently approved as an adjuvant in colorectal cancer 
and is systemically administrated. The rationale for the use in colorectal cancer is the high degree 
of vascularisation (angiogenesis) of the primary colon tumour. By blocking angiogenesis, growth of 
colorectal cancers is demonstrated to be reduced, improving patient survival. Where bevacizumab 
is the entire antibody, ranibizumab is the Fab part of the antibody, containing the VEGF binding 
part. The rationale for choosing ranibizumab above bevacizumab was the finding in normal monkey 
models that whole antibodies could not sufficiently penetrate the retina. It is unknown whether 
disease, and specifically vascular disease, could alter penetration of bevacizumab antibodies into 
the retina. Systemic administration for the treatment of nARMD showed promising results, but 
was abandoned because of the frequent systemic side effects, including very high blood pressure, 
resulting in cardiac and cerebrovascular accidents.

When the first preliminary results of ranibizumab became available, Rosenfeld et al conducted a 
non-randomised trial using bevacizumab instead of ranibizumab in patients who could not enter 
ranibizumab trials28. Instead of systemic administration, intravitreal injections of bevacizumab were 
used. Intravitreal bevacizumab showed an increase of visual acuity in these pilot studies in a degree 
comparable to ranibizumab. As soon as these findings became public, bevacizumab had become 
the off-label medication for treatment of exudative macular degeneration world-wide.
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In recent years several large comparative trials have been published comparing monthly continuous, 
and monthly as-needed therapy for bevacizumab and ranibizumab29,30. Visual Acuity and anatomical 
response to both drugs were comparable30. Furthermore, the safety profiles of both drugs were 
similar, although slightly more systemic serious adverse events were reported with bevacizumab29,30. 
At the moment the prominent difference between ranibizumab and bevacizumab is price. The cost 
of either a bevacizumab or ranibizumab treatment differs per country and medical reimbursement 
system. In the Netherlands estimated cost of a single bevacizumab injection is about 25-40 euro 
and ranibizumab about 1200 euro. In a 2014 paper, cost effectiveness of ranibizumab versus 
bevacizumab were compared for the USA, and monthly or as-needed bevacizumab injection were 
considered more cost effective32. The cost per QALY when treated with monthly ranibizumab was 
more than $161 840 USD compared with monthly bevacizumab, and ranibizumab needed to be at 
least 2.5 times more effective as bevacizumab to be the preferred treatment option32-34.

The newest approved drugs by the FDA and EMEA for the treatment of nARMD are aflibercept 
(Eylea) and brolucizumab (Beovu). Aflibercept is a soluble decoy receptor fusion protein that consist 
of VEGF-binding portions (receptor 1 and 2) that are attached to the Fc portion of human IgG1 
immunoglobulin35,36. It was marketed for use every 8 weeks, and in the extensive registration trials of 
View 1 and 2 was proven to be similarly effective as ranibizumab35. Cost-effectiveness comparisons 
to bevacizumab have shown aflibercept to be less cost-effective34,37. Brolucizumab is a humanized 
single-chain antibody fragment of only 26 kDa, and has a high affinity to all VEGF-A isoforms. It was 
shown to be noninferior to aflibercept in the Hawk and Harrier trials in nARMD patients38. 

Treatment dosage
Although the large clinical registration trials with ranibizumab for nARMD have shown that a four 
weekly therapy window is very effective, it is, however, unsustainable for therapy of large groups of 
patients22-24. A major issue is the chronicity of treatment, and therefore monthly treatment of nARMD 
in an aging population confers a major logistical burden39,40. As most of the larger trials consisted 
of 1 year or 2 year follow-up in the strict 4 weekly regimen, it is unclear when discontinuation is 
possible, if at all.

There are 3 main therapy dosage options for anti-VEGF:
 -  Continuous every 4 weeks
 -  On-demand every 4 weeks
 -  Treat and extend

Continuous every 4 weeks therapy, entails a monthly ophthalmology visit with obligate intravitreal 
anti-VEGF. Either, with or without additional evaluation (Visual Acuity, OCT, funduscopy). On-
demand every 4 weeks therapy, is a monthly ophthalmology visit with obligate evaluation (Visual 
Acuity, OCT, funduscopy). In case the CNV is deemed active, an intravitreal anti-VEGF injection is 
given. 
In treat and extend, therapy is started with monthly intravitreal anti-VEGF injections. Often after a 
loading phase (for example 3 injection), patients will be evaluated if CNV is active41. If CNV is inactive, 
an injection is administered, but the next evaluation will not be in 4 weeks as the interval is extended 
(usually with 2 weeks). In most patients the longest therapy interval achieved lies around 12 weeks.
In practice, clinicians use variants of these 3 main therapy dosage schedules, often depending on 
the logistical possibilities, and medical reimbursement system of that country.
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THESIS OUTLINE
The main objective of this thesis is to ascertain the viability of less frequent intravitreal bevacizumab 
(IVB) treatment for nARMD compared to the four weekly treatment standard either continuous or 
on-demand. Secondary objectives of this thesis are the analysis of quality of life impact of different 
IVB treatment schedules, and the visualisation of type 3 CNV.
Chapter 2 contains our findings comparing fixed dose four weekly, 6 weekly, and 8 weekly IVB 
treatment in nARMD patients.
Chapter 3 contains our findings comparing on-demand four weekly and 8 weekly IVB treatment in 
nARMD patients.
In chapter 4 an economic evaluation of the quality adjusted life years (QALYs) is performed, taking 
into account, if treatment was commenced in the best or worst seeing eye.
Chapter 5 describes our analysis on the quality of life in patients treated with low frequency IVB, 
compared to fixed dose every four weeks.
Chapter 6 delves deeper into what happens after intensive IVB treatment for 1 year, and studies the 
recurrence times for CNV.
Chapter 7 describes the appearance of type 3 CNV or better known as RAP using phased resolved 
Doppler optical coherence tomography instead of traditional OCT.
Chapter 8 10 year outcomes of nARMD patients treated with anti-VEGF.
Chapter 9 is the discussion section of the thesis, containing the combined thoughts, and conclusions 
of all the previously described research for this thesis.
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Chapter 2

ABSTRACT

Purpose: Several clinical trials have established the efficacy of ranibizumab therapy administered 
every 4 weeks to treat exudative age-related macular degeneration (ARMD). Bevacizumab appears 
to be a cost-effective alternative to ranibizumab, although an optimal injection schedule has not 
yet been determined. In this study, we set out to determine whether bevacizumab treatment in 
exudative ARMD every 6 or 8 weeks is non-inferior to bevacizumab treatment every 4 weeks.
Methods: A total of 191 patients with exudative ARMD were randomly assigned to a 1-year 
continuous regimen of intravitreal bevacizumab every 4 (n = 64), 6 (n = 63) or 8 weeks (n = 64). The 
primary outcome was visual acuity change after 1 year of treatment.
Results: In all three treatment groups, visual acuity improved between baseline and 1 year. There 
was no statistically significant difference in the mean change of visual acuity score at 1 year for 
bevacizumab administered every 4 (1.96 ± 13.70), 6 (1.60 ± 10.98) or 8 weeks (5.98 ± 8.88). Reduction 
in central retinal thickness was observed in all three study groups. At 1 year, the mean decrease in 
central foveal thickness ranged from 86 ± 97 µm in the every 6 weeks group to 109 ± 90 µm in the 
group every 8 weeks group (p =0.30).
Conclusion: At 1 year, bevacizumab administered every 6 or 8 weeks was not inferior to therapy 
administered every 4 weeks.

INTRODUCTION

Anti-vascular endothelial growth factor (VEGF) therapy has become the treatment of choice 
for exudative age-related macular degeneration (ARMD) in the last decade. Ranibizumab and 
bevacizumab are the most frequently used anti-VEGF drugs in the treatment for ARMD. Several large 
randomized clinical trials have established the efficacy of ranibizumab (Lucentis®, Genentech) to 
treat neovascular ARMD1-8 leading to the approval of Lucentis® by the Food and Drug Administration 
(FDA) and the European Medicines Agency (EMEA) for ocular use. In recent years, ophthalmologists 
have increasingly begun prescribing bevacizumab instead of ranibizumab as an off-label treatment 
for neovascular AMD. Bevacizumab is derived from the same antibody as ranibizumab and has been 
approved by the FDA and EMEA to treat various tumours, such as colorectal cancer, non-small cell 
lung cancer and glioblastoma metastatic kidney cancer.9-11 Given its low cost and target specificity 
similar to ranibizumab, it appears to be an enticing substitute.12-14

In March 2011, the results of the randomized Comparison of Age-related Macular Degeneration 
Treatments Trials (CATT) were published.15 In this trial, 44 clinical centres in the USA set out to assess 
the relative efficacy of ranibizumab and bevacizumab. Prior to the CATT results, the lack of large-
scale direct comparisons between ranibizumab and bevacizumab had made the treatment with 
bevacizumab controversial in the public forum and led to concern in scientific publications.13-21

The CATT study reported that both fixed-dose and on-demand schedules of bevacizumab 
administered every 4 weeks were non-inferior to fixed-dose and on-demand schedules of 
ranibizumab. No other frequencies of administration or control visits were used throughout the 
study. This treatment plan was based on the findings of prior ranibizumab trials, which demonstrated 
that treatment administered every 4 weeks exhibited superior efficacy in maintaining visual acuity 
compared with treatment administered every 3 months.8
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 Bevacizumab in age-related macular degeneration: a randomized controlled
 trial on the effect of injections every 4 weeks, 6 weeks and 8 weeks

However, in daily ophthalmic practice, it is uncommon to use continuous visits every 4 weeks 
with fixed-dose or on-demand injections for an indefinite time. Patients and ophthalmologists are 
continually searching for an individualized optimal balance between a strict visit schedule every 
4 weeks and a so-called treat-and-extend scheme. In general, these individualized schemes lack a 
profound scientific base.

No studies have been conducted to establish the optimal fixed-dose injection frequency of 
bevacizumab for patients with neovascular ARMD. Several pharmacokinetic and small clinical 
studies suggest that bevacizumab has a longer half-life than ranibizumab when administered 
intravitreally.1,18-19 The intravitreal half-life of ranibizumab is reportedly 3 days, compared with more 
than 5 days for bevacizumab. This difference in intravitreal half-life suggests the possibility that 
bevacizumab may be used with a lower treatment frequency than is now common practice with 
ranibizumab. Reduced frequency of visits and bevacizumab injections would undoubtedly have a 
notable influence on the logistics of hospitals, clinicians and patients.
This randomized clinical trial in exudative ARMD has been conducted to determine whether 
treatment with bevacizumab every 6 or every 8 weeks is non-inferior to treatment every 4 weeks.

Characteristics
Bevacizumab every 4 
weeks (N=64)

Bevacizumab every 6 
weeks (N=63)

Bevacizumab every 8 
weeks (N=64) p

Age, number (%)
65–74 years
75–84 years
≥85 years

Mean age, years*

22 (34.3)
30 (46.9)
12 (18.8)
76.5 ± 6.8

19 (30.2)
30 (47.6)
14 (22.2)
77.4 ± 6.7

12 (18.8)
38 (59.3)
14 (21.9)
78.1 ± 6.1

Sex, number (%)
Male  
Female

18 (28.1)
46 (71.9)

25 (39.7)
38 (60.3)

21 (32.8)
43 (67.2)

Race, number (%)
White
Other

63 (98.4)
1 (0.06)

63 (100)
0 (0)

64 (100)
0 (0)

Visual acuity score, number of letters*  66 ± 12 65 ± 13 62 ± 15 0.23

Mean visual acuity in logmar* 0.37 ± 0.23 0.38 ± 0.24 0.44 ± 0.28

Total thickness at fovea, µm* ⁄ ** 369 ± 85 371 ± 97 371 ± 97 0.99

Lesion type, number (%)
Occult
Classic 
Predominantly Classic
Minimally Classic 
Retinal angiomatous proliferation 
Not CNV 

33 (51.6)
0 (0)
5 (7.8)
13 (20.3)
11 (17.2)
2 (3.1)

38 (60.3)
1 (1.6)
5 (7.9)
10 (15.9)
9 (14.2)
0 (0)

32 (50)
0 (0)
6 (9.4)
13 (20.3)
13 (20.3)
0 (0)

Mean lesion size, FA* 9.67 ± 7.76 9.73 ± 8.28 9.76 ± 7.30

Mean lesion size, ICG* 8.78 ± 7.81 9.69 ± 7.30 10.67 ± 9.62

Table 1. Baseline patient characteristics

*Plus minus values are presented as means ± standard deviation (SD).
** Total thickness at the fovea includes the retina, subretinalfluid, choroidal neovascularisation, and pigment epithelial elevation.
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METHODS

Study patients
From June 2008 to March 2011, 191 patients were enrolled in a 1-year, prospective, open-label, 
randomized controlled trial regarding three continuous bevacizumab injection schedules for the 
treatment for exudative ARMD at the Rotterdam Eye Hospital.

Eligibility criteria included 65 years of age or older, visual acuity of 20 ⁄ 200 to 20 ⁄ 20 (Snellen 
equivalent) assessed using the Early Treatment Diabetic Retinopathy Study (ETDRS) visual acuity 
charts and previously untreated active choroidal neovascularization due to ARMD. The presence 
of active leakage was required for study inclusion to establish active choroidal neovascularization. 
Active leakage was defined as a leakage observed using fluorescein angiography (FA) and 
indocyanine green (ICG) angiography, and the presence of fluid, observed using spectral-domain 
optical coherence tomography (OCT), located either below the retina or below the retinal pigment 
epithelium.

Patients were excluded from study participation if other significant ocular disorders affecting 
visual acuity were present, allergy to either FA or ICG dye injections was known, patients were 
immunocompromised or patients had an ocular surgery planned during the 1-year follow-up period. 
Patients who used coumarin derivatives at the time of inclusion and patients who experienced 
clinically significant cerebrovascular accident or myocardial infarction in the 6 months prior to 
planned inclusion were ineligible for this study. Although no conclusive publication was available at 
the start of the study, these patients were considered theoretically at risk of vascular adverse events 
during the 1-year treatment with an anti-VEGF agent.

The Institutional Review Board and Medical Ethics Committee of the Erasmus University of Rotterdam 
approved this study. All patients provided written informed consent for study participation. 
Adherence to study protocol and the tenants of the declaration of Helsinki was confirmed by a 
solicited external audit. The study was registered as NTR1174 at http://www.trialregister.nl.

Treatment
All eligible patients were randomly assigned to one of three study groups. Study groups were 
defined as three different bevacizumab treatment regimens: bevacizumab administered every 4, 6 or 
8 weeks, respectively. Treatment was continuous for 1 year and independent of visual acuity change, 
spectral-domain OCT measurements and funduscopy findings. A dose of 1.25 mg bevacizumab in a 
0.05-ml solution was administered intravitreally at each injection visit.

During the 1-year treatment period, in addition to regular injection visits, patients were evaluated 
every 12 weeks. The study assessments were the following: best-corrected visual acuity (BCVA), 
spectral-domain OCT and funduscopy. Visual acuity measurements were performed in a 
standardized protocol with ETDRS logMAR charts 1, 2 and R. Chart R was used for refraction, with 
charts 1 and 2 being used for right or left eye. Examiners of visual acuity were blinded regarding 
study group frequency assignments during the study. Spectral-domain OCT (RTVue 100 – Optovue) 
was performed using macular thickness maps. FA and ICG angiography were performed at baseline 
and at the final follow-up visit.

Chapter 2

22-135 PROEFSCHRIFT AMARAKOON_V09.indd   2822-135 PROEFSCHRIFT AMARAKOON_V09.indd   28 02-08-2022   11:1802-08-2022   11:18



29.

Outcome measurements
The primary outcome was the change in visual acuity between baseline and 1 year. Secondary 
outcomes included the change in fluid and foveal thickness on spectral-domain OCT and the 
proportion of patients with a change in visual acuity of 15 letters or more. Adverse events were 
ascertained through monthly questioning of patients by the study staff, with special emphasis 
placed on cardiovascular events.

Statistical analysis
The primary outcome, change in visual acuity after 1 year, was assumed to depend on the number 
of bevacizumab injections administered. Statistical analysis was therefore based on a comparison 
relative to the maximal number of injections in this study, the treatment group with injections every 
4 weeks. With this approach, 3 between-group evaluations were made with an overall (single-sided) 
level for a of 0.017 (Bonferroni correction of p = 0.05 for multiple comparisons). Standard deviation 
was estimated to be 15 letters, and power was set at 0.80. Given these constraints, sample size was 
calculated for a non-inferiority analysis at various tolerance levels. This resulted in theoretical group 
sizes of 21 patients for <12 ETDRS letters, 29 for <10 ETDRS letters, 36 patients for <9 ETDRS letters, 
45 patients for <8 ETDRS letters and 79 for <6 ETDRS letters tolerance between groups. Group size 
in this study was set at n = 60, and inclusion was halted after 191 patients. Allowing for dropout or 
death, this study was therefore powered to find statistical significance at differences of >7 ETDRS 
letters.

Efficacy analyses were performed based on an intention-to-treat principle. Study groups were 
compared using chi-squared tests for categorical variables and analysis of variance for continuous 
variables. All statistical analyses were performed using SPSS, version 18.

 Bevacizumab in age-related macular degeneration: a randomized controlled
 trial on the effect of injections every 4 weeks, 6 weeks and 8 weeks
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RESULTS

Patients and treatment
At baseline, there were no statistically significant imbalances among the three treatment groups 
for all baseline characteristics (Table 1). Adherence to study protocol and eligibility criteria was 
assessed by an independent solicited audit. In two of 191 patients (1.05%), the evidence of choroidal 
neovascularization on FA was deemed absent after review by the study’s FA readers. Data of these 
patients were censored in further analysis. Among the 191 patients who entered the study, visual 
acuity scores and OCT measurements were available for all follow-up visits in 157 patients.

Mean change in visual acuity
In all three treatment groups, visual acuity improved between baseline and 1 year. There was no 
statistically significant difference in the mean change of visual acuity score at 1 year for bevacizumab 
administered every 4 (1.96 ± 13.70), 6 (1.60 ± 10.98) or 8 weeks (5.98 ± 8.88). The primary BVCA 
improvement was observed during the first 3 months (figure 1). Adjustment for baseline visual 
acuity, baseline lesion type, baseline lesion size and age as potential confounders did not produce 
significant differences between the three frequency groups.

Chapter 2

Outcome
Bevacizumab every 
4 weeks (n=64)

Bevacizumab every 
6 weeks (n=63)

Bevacizumab every 
8 weeks (n=64) p-value

Mean visual acuity in 
logMAR ± SD

0.30 ± 0.27 0.33 ± 0.35 0.35 ± 0.32

Visual acuity score, mean no. 
letters ± SD

68.1 ± 16.3 67.2 ± 17.6 66.6 ± 16.2 0.88

Change from baseline visual acuity score
Increase of ≥5 letters, no. (%)
Increase of 5–14 letters, no. (%)
Change of ≤4 letters, no. (%)
Decrease of 5–14 letters, no. (%)
Decrease of ≥15 letters, no. (%)
Mean number of letters ± SD

6 (13.0)
14 (30.4)
19 (41.4)
4 (8.7)
3 (6.5)
1.9 ± 13.8

8 (14.1)
10 (17.5)
19 (41.4)
63 (100)
10 (17.5)
1.6 ± 11.0

7 (13.0)
22 (40.7)
19 (35.2)
6 (11.1)
0 (0)
6.0 ± 8.9 0.08

Total thickness at fovea, µm
Mean ± SD
Mean change from baseline ± SD

266 ± 68
-109 ± 90

287 ± 72
- 86 ± 98

282 ±48
-92 ± 99

0.21
0.30

Active CNV, no. (%) 18(39) 27(47) 21(39)

Table 2. Outcome measures at 1 year.
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Secondary outcomes
Reduction in central retinal thickness was observed in all three frequency groups. At 1 year, the 
mean decrease in central foveal thickness ranged from 86 ± 97 µm in the every 6 weeks group to 
109 ± 90 µm in the every 8 weeks group (p = 0.30; Table 2 and figure 2). At 1 year, 6.5% of patients 
treated every 4 weeks, 10.5% of patients treated every 6 weeks and 0% of patients treated every 8 
weeks reported a decrease in visual acuity score of 15 letters or more. An increase in the visual acuity 
score of 15 letters or more was measured in 13.0%, 14.1% and 13.0% of patients treated every 4, 6 
or 8 weeks, respectively (Table 2).

 Bevacizumab in age-related macular degeneration: a randomized controlled
 trial on the effect of injections every 4 weeks, 6 weeks and 8 weeks

Mean (±SE) change in visual acuity 
score from baseline (no. of letters).

Week 12 Week 24 Week 36 Week 52

Bevacizumab every 4 weeks 1.27±8.68 2.44±10.59 2.87±11.70 1.96±13.70

Bevacizumab every 6 weeks 2.84±8.05 3.39±9.09 2.41±9.88 1.60±10.98

Bevacizumab every 8 weeks 3.48±7.70 3.98±8.45 4.35±9.98 5.98±8.88

Total thickness at fovea, mean (±SE) 
change from baseline (µm)

Week 12 Week 24 Week 36 Week 52

Bevacizumab every 4 weeks -84±90 -91±92 -105±113 -109±90

Bevacizumab every 6 weeks -54±103 -74±103 -67±87 -86±97

Bevacizumab every 8 weeks -77±99 -73±98 -84±105 -92±99

Figure 1. Mean change in visual acuity score from baseline (no. of letters)
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Adverse events
During the 1-year treatment period, three patients (1.6%) died. All reported deaths were due to 
atherothrombotic events. In total, four patients experienced an atherothrombotic event during the 
study. There was one reported case of endophthalmitis and one case of pseudo-endophthalmitis 
during the study; both cases occurred in every 4 weeks treatment group (Table 3).

Dropout
In Table 4, the dropout rate and reasons are shown for all three treatment groups. The mean change 
of visual acuity score that was measured between baseline and dropout in the every 4 weeks group 
(n = 18) was 2.66 ± 14.46, in the every 6 weeks group (n = 6) was 1.00 ± 10.37 and the every 8 
weeks (n = 10) was 2.00 ± 13.59 (p > 0.05). In all three treatment groups, an increase in the mean 
central foveal thickness was measured at dropout compared to that at baseline. At dropout, the 
mean increase in central foveal thickness ranged from 48 ± 89 µm in every 4 weeks group to 93 ± 
51 µm in every 6 weeks.
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Bevacizumab every 
4 weeks (n=64)

Bevacizumab every 
6 weeks (n=63)

Bevacizumab every 
8 weeks (n=64)

Total SAEs, no. 9 4 9

Atherothrombotic event, no. (%) 2 (3.1) 1 (1.6) 1 (1.6)

Cerebrovascular accident, no. (%) 1 (1.6) 1 (1.6) 1 (1.6)

Transient ischaemic attack, no. (%) 0 (0) 0 (0) 2 (3.1)

RPE Tear, no. (%) 2 (3.1) 2 (3.2) 4 (6.3)

Endophthalmitis, no. (%) 1 (1.6) 0 (0) 0 (0)

Pseudoendophthalmitis, no. (%) 1 (1.6) 0 (0) 0 (0)

Other ocular event, no. (%) 2 (3.1) 0 (0) 1 (1.6)

Death from vascular causes, no. (%) 2 (3.1) 1 (1.6) 0 (0)

Bevacizumab every 
4 weeks (n=64)

Bevacizumab every 
6 weeks (n=63)

Bevacizumab every 
8 weeks (n=64)

Total lost to follow-up, no. (%) 18 (28.1) 6 (9.5) 10 (15.6)

Exit reason
SAE*, no. (%) 
Death, no. (%)
Non-compliance, no. (%)

Other therapy indication, no. (%) 

4 (6.3)
2 (3.1)
8 (12.5)
4 (6.3)

0 (0)
1 (1.6)
4 (6.3)
0 (0)

3 (4.7)
0 (0)
6 (9.4)
1 (1.6)

Table 3. Serious adverse events (SAEs) within 1 year after enrolment*.

Table 4. Study participants lost to follow-up.

* RPE, retinal pigment epithelium.

*SAE, serious adverse event.
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DISCUSSION
In this study, we aimed to determine whether intravitreal bevacizumab injection frequency for 
the treatment for neovascular AMD every 6 or every 8 weeks is non-inferior to therapy every 4 
weeks. Based on previous pharmacological evidence and clinical observational data, it seemed 
that bevacizumab might have a longer therapeutic effect than the currently accepted treatment 
window of 4 weeks, a therapy interval based primarily on ranibizumab trials. As shown in the CATT, 
strict continuous or on-demand treatment of bevacizumab administered every 4 weeks is a highly 
effective therapy that rivals ranibizumab therapy. However, daily ophthalmic practice differs slightly 
from the accepted research settings. The majority of clinical patients are treated in the so-called 
treat-and-extend regimens. In essence, treat-and-extend schedules are a practical adaptation of 
existing research data in which the intervals between treatments are extended for as long as the 
disease appears dormant at evaluation. The goal of such a schedule is to reduce both patient and 
doctor burden. This unproven adaptation strategy may potentially lead to sudden recurrences of 
disease activity, leading to a loss of visual acuity. In our experience, even after vigorous retreatment, 
this loss of visual acuity often fails to return to the initial therapy-initiated visual acuity gain.

This study’s primary outcome was change in visual acuity between base- line and 1 year. There were 
no significant disparities in mean visual acuity gain among the three treatment groups at any point 
during follow-up. Similar findings were observed for changes in central foveal thickness on OCT 
during follow-up. Central foveal thickness decreased in all treatment groups, and there were no 
significant differences between the treatment groups.

Based on these findings, a continuous bevacizumab administration schedule of every 6 or 8 weeks 
for 1 year is not inferior to therapy administered once every 4 weeks. The number of treatment 
visits in 1 year could be reduced from 13 to seven. Risks associated with intravitreal injection, such 
as endophthalmitis, will also be effectively reduced by the need for fewer administrations. Patients, 
ophthalmologists, hospitals and insurers will be significantly affected by the approximately 50% 
reduction in visits to treat ARMD, especially in a time of increased life expectancy.

Observed visual acuity gain after 1-year treatment with either ranibizumab or bevacizumab in 
other major studies and in particular the CATT study shows a higher improvement (+8 letters) than 
was seen for all three different therapy groups in this study. An explanation for this difference is 
primarily found in a difference in eligibility criteria. In the CATT study, for instance, patients were 
eligible only with baseline visual acuity scores ranging from 20 ⁄230 to 20⁄25. In this study, patients 
with baseline visual acuity scores 20⁄200 to 20⁄20 were accepted. Thus, the group of patients with a 
baseline visual acuity of 20⁄25 to 20⁄20 had a smaller margin of possible gain compared with those 
in the CATT study. Secondly, all active CNV was eligible for treatment, even in the presence of larger 
haemorrhages, pigment epithelium detachments and fibrotic ⁄ atrophic areas, which were excluded 
in many published trials but form a significant part of the ARMD population. During the course 
of this study, a higher discontinuation rate was higher discontinuation rate was observed among 
patients in the every 4 weeks treatment group. The visual acuity and OCT data observed in this 
group of ‘dropout patients’ showed no clear evidence that loss to follow-up was due to significantly 
superior or inferior visual outcomes. The main rea- sons for treatment discontinuation in this group 
were compliance-related study visit violations (Table 4). This finding also highlights the likelihood 
that fewer visits while maintaining the superior outcomes associated with fixed-dos schedules may 
increase patient compliance.

 Bevacizumab in age-related macular degeneration: a randomized controlled
 trial on the effect of injections every 4 weeks, 6 weeks and 8 weeks
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This study had limited statistical power to detect severe adverse events, and we observed no 
significant differences between the three groups in rates of death, cardiovascular adverse events 
and other adverse events. Four patients (2.09%) experienced an atherothrombotic event during the 
study. This rate does not differ from the number of combined atherothrombotic events that have 
been reported in a retrospective analysis of more than 38 000 patients.22 The endophthalmitis rate is 
comparable with rates cited in previous reports: 1 of 1432 injections (0.08%) in this trial and 0.07% 
in the CATT trial.

An additional study at the Rotterdam Eye Hospital is already ongoing to compare fixed-dose 
schedules every 4 weeks and every 8 weeks with on- demand schedules every 4 weeks and every 8 
weeks. This study will help address the dilemma between the potentially more stable visual acuity 
in fixed-frequency injections versus lower exposure to unnecessary injection-related complications 
in on- demand schedules.

Extending the interval between treatments rather than the on-demand or treat-and-extend 
strategies could lead to a reduction in the number of injections needed to control this devastating 
disease without the compromise of long-term visual acuity outcome.

On the basis of this study, we conclude that a continuous bevacizumab administration schedule of 
every eight and 6 weeks is a viable alternative to bevacizumab treatment schedule every 4 weeks. 
To our knowledge, this is the first prospective study that has compared the bevacizumab treatment 
every 4 weeks with treatment every 6 or 8 weeks. It is our belief that this new insight into treatment 
strategy will alleviate the growing standard care burden for exudative ARMD without compromising 
efficacy.

Chapter 2
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ABSTRACT

Purpose: Intravitreal anti-VEGF injections are an effective treatment for neovascular age-related 
macular degeneration (nARMD). Bevacizumab appears to be a cost-effective off-label anti-VEGF 
alternative to ranibizumab, but an optimal injection schedule has not yet been determined. In this 
study, we investigate whether on-demand bevacizumab treatment every 8 weeks is non-inferior to 
on-demand bevacizumab every 4 weeks in treating nARMD.

Methods: A total of 120 nARMD patients were randomly assigned to an on-demand regimen of 
intravitreal bevacizumab every 4 (n=60) or 8 weeks (n=60). The primary outcome was visual acuity 
change after 1 year of treatment.

Results: Visual acuity improved between baseline and 1 year in both treatment groups. The mean 
change in the visual acuity score at 1 year was not significantly different between bevacizumab 
administration on-demand every 4 weeks (5.6 ± 10.2 Early Treatment Diabetic Retinopathy Study 
[ETDRS] letter) or 8 weeks (4.6 ± 12.0 ETDRS letters). A reduction in the central retinal thickness was 
observed in both groups. At 1 year, the mean decrease in central foveal thickness ranged from 61 
± 90 μm in the 4-week group to 91 ± 83 μm in the 8-week group (p=0.07). The mean number of 
intravitreal bevacizumab treatments during the study period was 8.7 ± 2.3 in the 4-week group and 
5.9 ± 1.0 in the 8-week group.

Conclusion: At 1 year, bevacizumab administration on-demand every 8 weeks was non-inferior to 
administration every 4 weeks. The results strongly suggest that bevacizumab acts longer than 4 
weeks in ARMD, reducing the burden of injections for patients. 

 
INTRODUCTION

For years, neovascular age-related macular degeneration (nARMD) was regarded as a poorly 
manageable or untreatable disease, but the treatment of nARMD has evolved over the last decade6, 13. 
Since 2005, therapy options have become available that slow or stop progression, and even improve 
visual acuity (VA), in nARMD patients. These drugs target vascular endothelial growth factor (VEGF) 
and are typically known as anti-VEGF drugs7, 23, 24, 25. Bevacizumab is currently one the most frequently 
used anti-VEGF drugs. The popularity of intravitreal bevacizumab (IVB) is primarily due to its cost-
effectiveness compared to the alternatives7, 9, 12, 21, and the efficacy of off-label IVB compared to its 
on-label counterpart11, 15 has been well-studied in recent years. 
Most studies have focused on a frequency of 4 weeks for therapy, either continuous or on-demand. 
This regimen is the result of extensive registration research done for intravitreal ranibizumab (IVR), 
known by the brand name Lucentis® (Genentech), an anti-VEGF drug approved by the Food and 
Drug Administration (FDA) and the European Agency for the Evaluation of Medicinal Products for 
all forms of nARMD. Considering the off-label ocular use of IVB and apparent similarities with IVR, a 
4-week therapy regimen was also adopted for IVB. 
However, several papers have shown differences in the pharmacokinetics of IVR and IVB. The small 
differences in half-life observed in both animal and human experiments may allow for a longer 
therapeutic window for IVB than the standard 4 weeks2, 3, 17, 18. Several smaller prospective studies 
have explored options other than 4 weeks with mixed results1, 27. More recently, attention has shifted 
to treat and extend (T&E) studies16. For example, the LUCAS trial4, 5 showed equivalent effects of 
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IVB and IVR on VA at 1 year on a T&E schedule, with treatments gradually extended in intervals of 
2 weeks to up to 12-week intervals. These promising results in a group of 441 patients showed the 
viability of a T&E strategy and, thus, a longer therapeutic window.
Ophthalmologists face the daunting task of continuing anti-VEGF treatment in a growing nARMD 
population. The 4-week therapeutic regimen is often abandoned in daily practice, leading to T&E 
or longer therapy intervals. The reasons for this change vary, including the clinician’s personal 
experience, continually growing treatment populations, patient preferences, and national health 
system restrictions. However, evidence in favour of a decrease in therapy frequency is still scarce. 
The efficacy of on-demand IVB was evaluated in the CATT and IVAN trials11, 15. The 4-week on-
demand comparison in the IVAN trial showed equivalent results, but in the CATT trial the results 
were inconclusive, with a 2.1 letter difference at 52 weeks. Although on-demand treatment or T&E 
strategies may often be used in clinical practice, guidelines and the results of larger studies do not 
provide all the answers clinicians hope. Additional information is needed to make sound clinical 
decisions, especially in IVB use22.
In 2013, we found no significant differences in the change in VA or central foveal thickness (CFT) 
after 1 year of continuous treatment of patients with nARMD using IVB a continuous 4-, 6-, or 8-week 
therapy strategy20. Here, we report the second phase of that study comparing on-demand IVB every 
4 weeks to on-demand IVB every 8 weeks. 

METHODS

Study design
A total of 120 patients were enrolled from March 2010 to December 2011 in the prospective 1-year, 
open-label, randomized, controlled non-inferiority trial of two on-demand bevacizumab injection 
schedules for the treatment of nARMD at Rotterdam Eye Hospital. The eligibility criteria were the 
same as in the previous study of continuous IVB therapy20 : age ≥ 65 years, VA 20/200 to 20/20 
(Snellen equivalent) assessed using the Early Treatment Diabetic Retinopathy Study (ETDRS) VA 
charts, and previously untreated active choroidal neovascularization due to ARMD. The presence 
of active leakage was required to establish active choroidal neovascularization. Active leakage 
was defined as leakage observed using fluorescein angiography (FA) and indocyanine green (ICG) 
angiography, and the observation of fluid below the retina or the retinal pigment epithelium using 
spectral-domain optical coherence tomography (OCT).
Patients with other significant ocular disorders affecting VA, a known allergy to FA or ICG dye, 
compromised immunity, or ocular surgery planned during the 1-year follow-up period were excluded 
from the study. Patients who used coumarin derivatives at the time of inclusion or experienced 
a clinically significant cerebrovascular accident or myocardial infarction in the 6 months prior 
to planned inclusion were also ineligible for the study. Although no conclusive information was 
available at the start of the study, these patients were considered to be at risk for vascular adverse 
events during 1 year of treatment with an anti-VEGF agent.
The Institutional Review Board and Medical Ethics Committee of Erasmus University of Rotterdam 
approved this study. All patients provided written informed consent for study participation. 
Adherence to the study protocol and the tenants of the Declaration of Helsinki were confirmed by a 
solicited external audit. The study was registered as NTR1174 at http://www.trialregister.nl.
Treatment
Patients were randomly assigned to one of two study groups. Treatment consisted of 1.25 mg IVB in 
a 0.05 mL solution, but one group was administered IVB on-demand every 4 weeks and the other 
every 8 weeks. Patients were not given a loading dose of three consecutive injections of IVB; all 
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patients received one IVB treatment at inclusion and retreatment was assessed at subsequent study 
visits. Patients in the 4-week group were seen for assessment every 4 weeks, and patients in the 
8-week group were seen for assessment every 8 weeks. An extra assessment-only visit occurred at 3 
and 9 months. The criteria for retreatment were VA loss (≥5 ETDRS letters), increased CFT (≥50 μm), 
new fluid observed on OCT, and/or new haemorrhages visible on fundoscopy. New fluid on OCT 
was defined as fluid that had been reported for less than three consecutive IVB injections. When the 
measured VA was not changed (≤ 5 ETDRS letters) and new fluid on OCT persisted without a change 
in the CFT (≤50 μm) after three consecutive IVB treatments, therapy was not administered. 
Each study visit consisted of best corrected VA (BCVA), spectral-domain OCT, and fundoscopy. A 
standardized protocol was used to measure VA with ETDRS logMAR charts 1 (right eye), 2 (left eye), 
and R (refraction). Spectral-domain OCT (RTvue – Optovue) scans were performed using macular 
thickness maps. FA and ICG angiography were performed at baseline and the final follow-up visit.

Outcome measurements 
The change in VA between baseline and 1 year was the primary outcome of this study. Secondary 
outcomes included change in fluid and foveal thickness on spectral-domain OCT, and the proportion 
of patients with a change in VA of 15 letters or more. Adverse events were ascertained at study visits 
by study staff questioning the patients, with special emphasis placed on cardiovascular events.

Statistical analysis
The change in VA after 1 year was the primary outcome and assumed to be dependent on the 
maximum number of bevacizumab injections administered. In this study, the statistical analysis was 
based on a comparison of the maximal possible number of injections in this study with the 4-week 
treatment group in the previous study on continuous IVB therapy. Multiple group evaluations were 
made using this approach and the standard deviation estimated to be 15 letters with a power of 
0.80. This resulted in a non-inferiority limit of 7 ETDRS letters for a group size of 45 or greater. A 
minimum of 45 patients per treatment group were needed to find significant differences of 7 ETDRS 
letters or more. Group sizes were set at 60, and inclusion was halted after 120 patients. Drop-out 
was estimated at 25%, which corresponds to the published 23% drop-out rate in the anchor trial7.
Efficacy analyses were performed based on an intention-to-treat principle. Study visits missed by 
patients due to drop-out were considered missing data for the purpose of analysis. In this study, 
we calculated the results using only available data without carrying forward selected data, and 
available sample sizes are indicated at each study point.
Study groups were compared using chi-squared tests for categorical variables and analysis of 
variance for continuous variables. All statistical analyses were performed using SPSS software.
 

RESULTS

Patients and treatment
Patient characteristics were not significantly different between the two groups at baseline (Table 1). 
Of the 120 patients who entered the study, VA scores and OCT measurements were available for all 
follow-up visits for 108 patients. The mean number of IVB treatments during the 1-year study period 
was 8.7 ± 2.3 in the 4-week group and 5.9 ± 1.0 in the 8-week group.
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*Plus-minus values are presented as means ± standard deviation (SD).
**Total thickness at the fovea includes the retina, subretinalfluid, choroidal neovascularisation, and pigment epithelial elevation.

Mean change in VA
VA improved between baseline and 1 year in both groups. The mean change in VA score at 1 year 
did not differ significantly for IVB administered on-demand every 4 weeks (5.6 ± 10.2) vs. every 8 
weeks (4.58 ± 11.97). The highest mean BCVA gain was observed during the first 3 months in both 
therapy groups (figure 1). Adjusting for potential confounders, including baseline VA, baseline lesion 
type, baseline lesion size, and age, did not result in significant differences between the two groups.

Bevacizumab in age-related macular degeneration: a randomized controlled  
trial on the effect of on-demand therapy every four or eight weeks

Table 1. Baseline patient characteristics.

Bevacizumab On-demand 
4 weeks (n=60)

Bevacizumab On-demand  
8 weeks (n=60) p-value

Age, number (%)
65–74 years
75–84 years
≥85 years

Mean age, years*

22 (36.7)
27 (45.0)
11 (18.3)
77.6 ± 6.8*

18 (30.0)
28 (46.7)
14 (23.3)
79.1 ± 7.2*

Sex, number (%)
Male  
Female

24 (40.0)
36 (60.0)

22 (36.7)
38 (63.3)

Race, number (%)
White
Other

60 (100)
0 (0.00)

60 (100)
0 (0)

Visual acuity score, number of letters* 60 ± 11* 63 ± 12* 0.31

Mean visual acuity in logMAR* 0.47 ± 0.26* 0.49 ± 0.46*

Total thickness at fovea, µm* ⁄ ** 358± 93* 387 ± 110* 0.13

Lesion type, number (%)
Occult
Classic 
Predominantly Classic
Minimally Classic 
Retinal angiomatous proliferation 

35 (58.3)
1 (1.6)
3 (5)
15(25)
6 (10)

29 (48.3)
0 (0)
2 (3.33)
13 (20.3)
16 (26.7)

Mean lesion size, FA 10.24 ± 6.69 10.49 ± 7.69

Mean lesion size, ICG 9.49 ± 7.27 9.52 ± 8.47
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Figure 1. Visual Acuity Score change during the study using 4-weekly (blue) or 8-weekly (orange) visits with on-
demand injections.

Data are given as mean ± standard deviation (SD) or n (%).

Chapter 3

Week 12 Week 24 Week 36 Week 52

Bevacizumab on demand  4 weeks -7.26 ± 9.12 5.94  ± 11.61 4.56 ± 14.12 5.63 ± 10.22

Bevacizumab on demand  8 weeks 6.25 ± 9.64 4.79 ± 10.81 3.40 ± 12.28 4.58 ± 11.97

Table 2. Outcome measures at 1 year.

Outcome
Bevacizumab  
On-demand 4 weeks 
(n=60)

Bevacizumab  
On-demand 8 weeks 
(n=60)

P Values

Visual acuity score, mean no. letters ± SD 67.4 ± 13.2 67.3 ± 15.4 0.98

Change from baseline visual acuity score
Increase of ≥5letters, no. (%)
Increase of 5–14 letters, no. (%)
Change of ≤4 letters, no. (%)
Decrease of 5–14 letters, no. (%)
Decrease of ≥15 letters, no. (%)
Mean number of letters ± SD

9 (17.6)
16 (31.4)
19 (37.3)
5 (9.8)
2 (3.9)
5.6 ± 10.2

12 (21.0)
16 (28.0)
23 (40.4)
3 (5.3)
3 (5.3)
4.6 ± 12.0

 

0.63

Total thickness at fovea, µm
Mean ± SD
Mean change from baseline ± SD

302 ± 81
-61 ± 90

288 ± 66
- 91 ± 83

0.32
0.07

SD, standard deviation.
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Secondary outcomes
A reduction in CFT on OCT was observed in both groups. At 1 year, the mean decrease in CFT was 61 
± 90 μm in the 4-week group and 91 ± 83 μm in the 8-week group. At 1 year, 3.9% (2 of 51) of patients 
treated every 4 weeks, and 5.3% (3 of 57) of patients treated every 8 weeks reported a decrease in 
VA of 15 letters or more. An increase in VA of 15 letters or more was measured in 17.6% (9 of 51) of 
patients in the 4-week group and 21.0% (12 of 57) in the 8-week group (Table 2).

Figure 2. Central foveal Thickness change on OCT during the study using 4-weekly (blue) or 8-weekly (orange) visits 
with on-demand injections.

Adverse events and drop-outs
The drop-out rate and reasons are summarized in Table 3. A total of 12 patients were lost to follow-
up, nine in the 4-week group and three in the 8-week group. The main reason for drop-out was 
study protocol compliance (n=7), followed by death (n=3). The circumstances of these deaths are 
indicated in Table 4. No cases of endophthalmitis, pseudo-endophthalmitis, or allergic reactions to 
IVB were reported.
The mean change in VA between baseline and drop-out in the 4-week group (n=9) was a gain of 5.7 
± 21.6 letters. One patient in this group suffered a loss of 32 ETDRS letters (reason for drop-out was 
a retinal pigment epithelium tear) and another patient lost 6 letters (reason for drop-out was non-
compliance). The mean change in VA between baseline and drop-out in the 8-week group (n=3) was 
a gain of 0.7 ± 14.0 letters. One patient suffered VA loss of 13 ETDRS letters (reason for drop-out was 
non-compliance). No significant difference (p=0.17) was found between the change in VA at drop 

Bevacizumab in age-related macular degeneration: a randomized controlled  
trial on the effect of on-demand therapy every four or eight weeks

Week 12 Week 24 Week 36 Week 52

Bevacizumab on demand  4 weeks 69 ± 80 58  ± 86 59 ± 109 61 ± 90

Bevacizumab on demand  8 weeks 82 ± 83 65 ± 98 78 ± 87 91 ± 83
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out and the change in VA between baseline and completion for patients who completed the 1-year 
study protocol. 
In the 4-week group, a decrease in the CFT of 70 ± 61 μm was measured at dropout compared 
to the baseline measurement. None of the patients had an increased CFT at dropout compared 
to baseline. In the 8-week group, an increase in the CFT of 34 ± 48 μm was observed at drop-out 
compared to baseline. No significant difference (p=0.08) was found between the change in CFT at 
dropout and the change in CFT between baseline and completion for patients who completed the 
1-year study protocol.
The time between the final examination and last injection was 1.6 ± 1.3 months in the 4-week group 
and 1.6 ± 1.1 months in the 8-week group (p = 0.47). No significant differences were found between 
outcome (VA, p = 0.27; OCT changes, p = 0.07) and our previously published fixed regimen study 20.

Chapter 3

Data are given as n (%). RPE, retinal pigment epithelium.

Data are given as n (%). SAE, serious adverse event.

Table 3. Serious adverse events (SAEs) within 1 year after enrolment.

Table 4. Study participants lost to follow-up.

Bevacizumab 
On-demand 4 weeks (n=60)

Bevacizumab 
On-demand 8 weeks (n=60)

Total SAEs, no. 13 5

Artherothrombotic event, no. (%) 1 (1.7) 0 (0)

Cerebrovascular accident, no. (%) 0 (0) 0 (0)

Transient ischaemic attack, no. (%) 0 (0) 0 (0)

RPE Tear, no. (%) 1 (1.7) 1 (1.7)

Endophthalmitis, no. (%) 0 (0) 0 (0)

Pseudoendophthalmitis, no. (%) 0 (0) 0 (0)

Other ocular event, no. (%) 1 (1.7) 1 (1.7)

Death, no. (%) 4 (6.7) 0 (0)

Death from vascular causes, no. (%) 1 (1.7) 0 (0)

Non oculair event, no. (%) 6 (10.0) 3 (5.0)

Bevacizumab On-demand 4 
weeks (n=60)

Bevacizumab On-demand  
8 weeks (n=60)

Total lost to follow-up, no. (%) 9(15.0) 3 (5.0)

Exit reason
SAE*, no. (%) 
Death, no. (%)
Non-compliance, no. (%)

1 (1.7)
4 (6.7)
4 (6.7)

0 (0.0)
0 (0.0)
3 (5.0)
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DISCUSSION

The large clinical trials performed for the registration of IVR were critical for the acceptance of 
anti-VEGF therapy as a means of treating nARMD. Treatment with bevacizumab as a cheaper, off-
label anti-VEGF substitute for IVR was initially a bold choice for which large comparative trials  
were performed only recently11, 15. The standard dosing frequency for IVB in these trials and clinical 
practice is 4 weeks, a logical extension of the results seen with ranibizumab. The CATT and IVAN 
trials did compare 4-week on-demand and continuous IVB therapy. The results of these comparisons 
were inconclusive, and it stands to reason that a continuous therapy schedule could possibly obtain 
better results than on-demand therapy. 

The optimal administration frequency of IVB for human eyes probably differs from IVR due to 
differences in molecular architecture and size, and the observed pharmacokinetic differences in 
the vitreous humour and serum. Currently, no large prospective studies have been published that 
compare on-demand therapy for bevacizumab over longer therapeutic windows than the standard 
4-week trials.

In our previous paper, we set out to compare continuous IVB therapy every 6 and 8 weeks to 
the standard 4-week therapy. We concluded that an 8-week therapeutic window was a distinct 
possibility for IVB treatment in nARMD patients. Here, we expand on our previous work to compare 
on-demand treatment every 8weeks to more routine on-demand treatment every 4 weeks. Both the 
previous and current study suggest that 8-week IVB administration is adequate for most patients. In 
agreement with this finding, T&E trials4, 5, 16 have also shown that longer treatment cycles for IVB and 
IVR can yield equivalent results with 1- or 2-year T&E schedules. 
 
At the start of this study in 2010, before much of the literature cited in this manuscript was reported, 
there was some hesitance to treat nARMD patients on demand every 8 weeks. As part of the 
investigation into an optimal bevacizumab treatment algorithm for nA RMD, the on-demand study 
began after finishing a non-inferiority comparison of continuous IVB treatment every 4, 6, or 8 weeks 20. 
Though those results showed no significant differences between 4-week and 8-week continuous 
treatment, the treatment of patients on an 8-week on-demand schedule, effectively resulting in 
injections less than every 8 weeks, could lead to a suboptimal gain in VA or a preventable loss in 
VA. Therefore, the treatment algorithm was tailored to be strict on VA and OCT changes that would 
demand retreatment, and the retreatment of patients in the study may differ from normal clinical 
on-demand practice. This explains why the number of injections in the 4-week group over the1-year 
follow-up was 8.7 of a potential 13 injections, and 5.9 of a potential 7 injections in the 8-week group. 
No solid study arguments are yet available to extend treatment or follow-up visits beyond 8weeks 
in the majority of patients, although clinical practice and T&E studies have shown that it is possible 
in selected patients4. 

The primary outcome of this study was change in VA. There was no significant difference in the change 
in VA at 1 year between on-demand treatment every 4 weeks and on-demand treatment every 8 
weeks. Furthermore, there were no significant differences in the change in CFT and the 15 letter 
change rate between the two groups. Notably, the final follow-up visit in this study was performed 
at 52 weeks, and for both groups the last possible therapy visit was at 48 weeks. However, the time 
between the final injection in the 8-week and 4-week regimens and the final examination at one 

Bevacizumab in age-related macular degeneration: a randomized controlled  
trial on the effect of on-demand therapy every four or eight weeks
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year was 1.6 ± 1.3 weeks and 1.6 ± 1.1 weeks, respectively. In retrospect, this could have influenced 
the outcome of the study, and this point should be addressed in future studies by choosing different 
census times for different treatment regimens. There was no difference in outcome compared to the 
previously published VA outcome using fixed 4- and 8-week injections (p>0.05).
In this study, the mean change in VA was +5.6 letters in the 4-week group and +4.6 letters in the 
8-week group. In the CATT trial of 4-week therapy, +5.9 letters was measured in the on-demand 
bevacizumab group and +8.0 letters in the continuous IVB group. Furthermore, the LUCAS trial 
reported a +7.9 letter gain at 1 year with a T&E schedule. Differences between our trial and other 
published trials may be attributed to the composition of lesion size and lesion type, but mainly the 
real-life VA inclusion criteria (20/200 to 20/20 Snellen), whereby a significant gain in VA is not always 
possible. 

This study demonstrated that, 1 year after presentation, on-demand therapy every 8 weeks is 
non-inferior to on-demand therapy every 4 weeks within a non-inferiority limit of 7 ETDRS letters. 
Depending on the reaction to IVB, treatment could be limited to a single injection or involve 
continuous treatment every 8 weeks for as long as needed. From a cost and labour standpoint, this 
would effectively reduce the current ophthalmic workload by as much as 50%28. 

Clinicians need to address some questions about the on-demand treatment of patients. First, the 
absence of fluid on OCT and VA gain after IVB is an excellent way to monitor the response to IVB but 
does not automatically mean that these parameters are the best predictors of future disease activity 
or indicators of the optimal treatment interval. Suboptimal or under-treatment is a potential risk of 
on-demand therapy. However, no well-designed on-demand study is currently available to address 
this issue. Second, treating patients without clear signs of active nARMD, as is the case in a fixed 
interval regimen or the widely used T&E regimen, could seem counterintuitive to some clinicians 
and raises questions regarding the balance between preserving vision versus potentially severe 
adverse events, such as endophthalmitis, and ultimately atrophic changes14. 

Longer stable intravitreal dosages of bevacizumab theoretically lead to better results, but more 
research is still needed, though a recent study19 showed that switching patients from on-demand 
to T&E can improve VA.

Clinicians have to find a balance between the undertreatment and overtreatment of nARMD 
patients based on a limited number of studies that give guidance in the everyday use of IVB. 
A final issue is the management of patients and the clinicians’ own expectations after the first 
few injections that often result in an initial gain of visual function and anatomical improvement. 
Disappointment over reactivation of the disease, late visual loss, and the chronicity of nARMD is 
not rare, though drop-outs due to non-compliance were similar in the 4-week and 8-week groups 
over the course of the study. Thus, the search for an optimal treatment algorithm that would fit all 
patients and all eyes from a clinician’s, patient’s, and financial perspective is not over and requires 
new and longer comparative studies. 

Chapter 3
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ABSTRACT

Objective: Economic evaluations in wet age-related macular degeneration (ARMD) is hampered 
as often utility values for solely one eye are used, mostly the better-seeing eye (BSE). Moreover, 
frequently chosen methods rely on patient values and/or disease specific measures, while economic 
evaluations prefer generic quality of life (QoL) measures based on societal preferences. The generic 
QoL utility instrument EQ-5D has shown to be insensitive for differences in visual acuity. The aim of 
this study was therefore to provide societal utility values, using the generic SF-6D, for health states 
acknowledging both BSE and worse-seeing eye (WSE). 
Methods: SF-6D utility values of 191 ARMD patients (≥65 years) with 153 follow-up measures at 
1 year were used to fill health states defined by the combination of BSE and WSE using Snellen 
equivalents; no visual loss (≥20/40), mild-moderate (<20/40 - >20/200) and severe (≤20/200). 
Results: QoL utilities were estimated for the SF-6D, ranging from 0.740 for ARMD patients without 
visual loss to 0.684 for patients with a combination of mild-moderate visual loss in their BSE and 
severe visual loss in their WSE. 

Conclusion: Societal utility values are provided for ARMD patients using the generic QoL instrument 
SF-6D for visual acuity health states based on both BSE and WSE. The range of the values is smaller 
than previous elicited utilities with the disease-specific VisQoL. Besides, the utility values are placed 
on a more realistic position on the utility scale, and SF-6D utility values avoid the problem associated 
with the interpretation of disease-specific utility values.

 
INTRODUCTION

Age-related macular degeneration (ARMD) is the leading cause of severe vision loss and legal 
blindness among people over the age of 50 years in Western countries1,2. Health economic 
evaluations in ARMD often assume that an outcome of interventions in the worse seeing eye (WSE) 
can be valued, in terms of quality of life (QOL), as if it was an outcome in the better seeing eye (BSE). 
Thus one assumes that an increase in visual acuity in the WSE has the same utility gain as an increase 
in visual acuity of the BSE. This assumption seems unlikely, as the WSE is assumed to be dominated 
by the BSE. On the other hand, economic evaluations sometimes do not even value the WSE at all, 
and assume that an increase in visual acuity in the WSE results in no utility gain, unless in improves 
beyond the BSE. This assumption seems also unlikely as this neglects the effect of loss of depth 
perception and loss of visual field. Therefore changes in the WSE, improvements or deteriorations, 
is expected to have a smaller influence in visual acuity than changes in the BSE, but should not be 
set to zero. Using utility of the BSE for effective interventions in the WSE might therefore lead to 
an overestimation of the benefit of interventions in ARMD, where not using them might lead to an 
underestimation of the benefit. The problem originates from using utility values based on a cross 
sectional sample, in which the health states were defined on the basis of the BSE3,4. However, in 
clinical practice 60 to 72% of the eyes treated are WSEs5,6.

Several attempts have been made to overcome this flaw. One way is to use utilities valued by 
patients instead of utilities from the general public. However, in health economics values from 
the general public are preferred over patient values7. Finger et al. were the first to provide societal 
utilities for health states of visual acuity defined as the visual acuity in both the WSE and the BSE8. 

Chapter 4
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Their first attempt to do so failed, as a standard utility instrument, namely the EuroQol-5 dimensions 
(EQ-5D), seemed not sensitive enough. They were more successful using a disease-specific utility 
instrument, the Vision and Quality of Life Index (VisQoL) measuring disease-specific QoL. Because 
QoL instruments measure the subjective burden experienced by an individual, the utilities found 
were related to WSE and BSE eyes combined. After classifying the patients by their WSE and 
BSE visual acuity, Finger et al. could relate the utilities to visual acuity in both eyes. Finger et al. 
claimed that they had obtained utilities that could be used in health economic evaluation, notably 
Quality Adjusted Life Years (QALYs). However, it is still a discussion if the values of disease-specific 
instrument can be considered valid values for the estimation of QALYs. That is because values of 
the different stages of the ‘disease’ are measured in isolation of co-morbidity, as shown in table 2 of 
the publication of Finger et al., which presents utilities for various stages of visual acuity between 
.95 and .85, which is above the average utility of the general population that is usually between 
.90 and .809. It is not clear how these utilities in isolation are related to utilities that were elected 
in the presence of co-morbidity issues and it is unknown whether they are on the same scale10-12. 
Moreover, there are indications that disease-specific instrument tend to overestimate effects of the 
chosen morbidity, because respondents who provide the utilities focused too much on the chosen 
morbidity13. 

A solution to all this may be the use of generic utility instruments. Yet, the most used generic QoL 
instrument, the EQ-5D, was not significant related to difference in visual acuity in both eyes14,15. 
Alternative generic instruments that can be used are the HUI, the AQoL-7D and the short form 6-D 
(SF-6D), which is based on the popular SF- 3616-18. The SF-6D showed to be able to differentiate 
between patients with ARMD14,15,19, and is found to be more sensitive in mild health states than the 
EQ-5D.20 

In health economics, models are built on health states defined in the terms of the primary clinical 
outcome. In ARMD that would be visual acuity measured using ‘Snellen charts’ in a clinical settings 
or Early Treatment of Diabetic Retinopathy Study (ETDRS) charts in a research settings.21 The aim of 
this study is to link SF-6D utilities to health states of visual acuity of the BSE and the WSE combined, 
defined in terms of the Snellen charts and the ETDRS charts. 

 
METHODS

Study design
The data in this analysis was used from a randomized controlled trial comparing three treatment 
regimens of bevacizumab (Avastin) for the treatment of ARMD22. In this trial a total of 191 ARMD 
patients, 65 years of age or older who had a visual acuity of 20⁄200 to 20⁄20 Snellen equivalents in the 
treatment eye, were randomized to treatment regimens of every 4, 6 or 8 weeks. The bevacizumab 
treatment consisted of a dose of 1.25 mg in a 0.05-ml solution. Treatment was continuous for one 
year, with visual acuity and QoL measures during their hospital visits at baseline and one year 
later. Written informed consent was obtained from all participants. The study was approved by 
the Erasmus Medical Research Ethics Committee (MEC-2007-254) and was registered in the Dutch 
Trial Register (NTR 1174). No difference in visual acuity22 nor in QoL23 was found between the three 
treatment regimens. 
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Main Outcome measures
Visual acuity in the treatment eye was measured with the Early Treatment Diabetic Retinopathy 
Study (ETDRS) chart by the letter-by-letter scoring method24. The Snellen charts were used in the 
non-treatment eye. The outcome of both charts were divided in no visual loss (≥20/40), mild-
moderate visual loss (<20/40 - >20/200) and severe visual loss (≤20/200). The two cut-offs chosen in 
line with a previous study25. In that study the cut-off of 20/40 was related to ‘legal driving vision’ and 
the 20/200 cut-off to ‘legal blindness’. The latter cut-off correspond with the exclusion criterion for 
the treatment eye. The two cut-offs together with the differentiation between BSE and WSE define 6 
health states, of which one is excluded (BSE worse than 20/200; see also table 2). 

Two instruments to measure QoL were used; one generic utility instrument, the SF-6D, and one 
disease-specific questionnaire, the NEI VFQ-39. A Dutch value set to compute utilities for the SF-
6D is currently not available, and therefore the UK value sets was used16,17. NEI VFQ-39 consists of 
a 25-item base set of questions and a supplement of 14 additional items measuring vision-related 
QoL, which can be summarized into a ‘total component score’; range 0-10026. The NEI VFQ-39 will 
provide information whether and how the health states differ, when measured with a sensitive 
disease-specific instrument. Several studies proposed a 10-point difference to be minimal clinically 
important27-29. Note that this NEI VFQ-39 total component score is not a ‘utility score’ that can be 
used in QALY-analysis.

Data analysis
Better- and worse-seeing eye
Better- and worse-seeing eyes were determined by the difference in letters. When baseline visual 
acuity in both eyes was equal or higher than 50 letters (20/100), a 5 letter difference was used as 
a minimal difference threshold to distinguish a BSE from a WSE21,30. With a lower visual acuity, a 
minimal difference of 10 letters was established. When the minimal difference between the better- 
and worse-seeing eye did not met the criteria above, equal visual acuity was assumed.

Statistical analyses
Descriptive statistics analyses were performed. The observed utility means were displayed using 
the three health states for BSE and WSE; no visual loss (≥20/40), mild-moderate visual loss (<20/40 - 
>20/200) and severe visual loss (≤20/200). To account for the dependency of the two measures per 
patient and to straighten out possible inconsistencies due to illogical orderings, the utilities of the 
SF-6D and total component score of the NEI VFQ-39 were also analyzed with multilevel regression 
analyses. Patients formed the upper level of that analysis, the repeated measures the lower level. 
Included covariates were: dummies reflecting mild-moderate vision in the BSE, mild-moderate 
vision in the WSE, severe vision problems in the WSE, gender, and age. The difference between the 
baseline and follow-up was not applied as a covariate as that is not of interest for the estimation of 
the utilities. 
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RESULTS

Descriptive statistics
Characteristics of the included patients are shown in Table 1. Of the 191 patients enrolled at baseline, 
3 patients were excluded from analyses because visual acuity was evaluated in only one eye. In total 
39% (n=73) of the patients were treated in the BSE against 48% (n=91) patients in the WSE. For 
the remaining 13% (n=24) equal visual acuity was assumed. Patients treated in the BSE had lower 
values compared to patients treated in the WSE on both SF-6D (.68 vs .74) and NEI VFQ (56 vs 75) 
at baseline. Patients treated in the BSE were slightly older than those treated in the WSE, 81 and 77 
years respectively.

After one year of treatment one patient was excluded from analyses as visual acuity was evaluated 
in only one eye and a total of 34 patients dropped out of the study: eighteen patients dropped out 
as a result of non-compliance, seven because of serious adverse events, three died and six dropped 
out for other reasons. 

Health states values
The observed number of participants, means and standard deviations of the SF-6D and NEI-VFQ 
are presented in Table 2. The SF-6D utility of the state was [BSE Mild-moderate; WSE Mild-moderate; 
0.745] seems illogical ordered, and suggests an interaction between BSE and WSE. Patients with no 
visual loss in the BSE reported a lower mean (0.727) than patients with mild-moderate visual loss 
(0.745). The multilevel regression model revealed no such interaction effect (p=0.953) between the 
BSE and WSE, so this effect was deleted from the models. The remaining parameters are presented in 
Table 3. The SF-6D utility of the health state with no visual loss in the BSE and mild-moderate visual 
loss in the WSE was estimated at 0.740, and the health state mild-moderate visual loss in the BSE and 
severe loss in the WSE was estimated at 0.684. The other health states had an intermediate position. 
Men had overall 0.04 point higher scores. The estimated values of the NEI VFQ-39 were 78.6 and 
51.0 respectively. Older patients had overall 0.3 lower scores for each year they were older. Notable 
is the difference in parameter weight in the mild-moderate loss state between BSE and WSE. Where 
the NEI-VFQ-39 shows the BSE has a larger weight than the WSE (-16.2 vs. -4.4), the SF-6D shows the 
opposite direction with a smaller BSE weight than WSE weight (.008 vs. .033). As the parameters for 
the model are logical decrements, differences in modelled SF-6D utilities and scores of the NEI VFQ-
39 are in the expected direction: better health states are associated with better scores ranging from 
0.740 to 0.684 (Table 4). 

SF-6D utility values for the better- and worse-seeing eye for health states based on  
the Snellen equivalent in patients with Age-Related Macular Degeneration
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DISCUSSION

Principal findings
Societal utility values are provided for ARMD patients using the generic QoL instrument SF-6D for 
visual acuity health states based on both BSE and WSE. 

Imbedding in the literature
One of the implications of this research is that it can be confirmed that visual acuity changes in the 
WSE should be taken into account in health economic evaluations. Simply stating that changes 
in the WSE have no effect on QoL is not supported by the results of this study: difference in visual 
acuity in the WSE does have a relation with utility. This implies that setting utility changes for the 
WSE to zero in health economic models will result in an underestimation of the cost effectiveness of 
effective treatments. Additionally, assuming that effects in the WSE are as valuable as in the BSE is 
an unjust simplification as the results of the multilevel regression of the SF-6D shows an even higher 
value for the WSE. Our finding stresses the need for realistic utilities for both changes in the BSE as 
well as for changes in the WSE. 

It has been suggested that, in order to be sensitive in ARMD, a utility measure should have a 
dimension which is directly linked to vision18. Our findings state that the SF-6D is sensitive in ARMD, 
although it has no such direct link with vision. On one hand, it can be assumed that the SF-6D 
underestimates the effects. On the other hand, the use of the generic SF-6D avoids the difficulty 
associated with disease-specific measures, like the focused effect, scale problems, the exclusion of 
side effects and comorbidities13. All those complications tend to overestimate the effects. Indeed, as 
theory predicts, our modelled range of the effects [0.740, 0.684] is smaller and at a lower place at the 
scale than Finger et al. measured with the disease-specific instrument VisQoL [0.95, 0.84]8. Moreover, 
the place on the scale of our SF-6D is in line with the EQ-5D range found by Finger et al. [0.70, 0.67]. 
The range of the EQ-5D values of Finger et al. is a smaller, which might reflect the better sensitivity 
of the SF-6D in the higher region of the utility scale, as compared to the EQ-5D20. Indeed Finger et 
al. did not find statistical significant results when modeling the EQ-5D utilities to visual acuity, while 
we did find a relation between visual acuity and the utilities of the SF-6D. Therefore, we argue that 
our results represent a conservative estimate of differences between health states of visual acuity, 
without the complication that utilities estimated from disease-specific instruments bring. 
It is too early to conclude that the disease-specific utilities of the VisQoL provide more sensitive 
outcomes than the SF-6D utilities reported in the present paper, as the variation in the utilities of 
both instruments are in the extreme health states. 

Limitations
A limitation in our study is that the raw scores suggest that some health states have imprecise 
values, as the ordering is illogical. In the observed means (Table 2) we found an inconsistency within 
the group of patients with a mild-moderate visual loss in the WSE. Patients with no visual loss in 
the BSE reported a lower mean (0.727) than patients with mild-moderate visual loss (0.745). By 
using the multilevel model, these flaws are modelled out, but the model also reduces the range. 
This contributes to the idea that our results are an underestimation the real effects. More values per 
health states from further research could provide more precise values. 
When the study was initiated, the main focus was on the study eye, measured with an ETDRS LogMar 
chart. As the non-treatment eye was measured according to daily clinical practice, the Snellen chart 
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was used. This difference in approach might complicate comparability of the visual acuity between 
both eyes. We think we were able to compensate for this difference, as we accounted for the known 
measurement errors and sensitivity of the used visual acuity charts. When no distinction could be 
made between the BSE and WSE, eyes were framed as equal visual acuity.
A limitation in the generalizability of our results is that we did not include patients with worse than 
20/200 visual acuity in their BSE. So values from this investigation need consideration if and when 
many patients belong to that population. 
It might be suggested that the reduction of the number of health states to five health states may be 
too rigorous. However, a larger number of health states will make the estimation of stable transition- 
and cost-parameters more complex. In economic modeling, results of studies with more health 
states than the five states used here are likely to be rearranged to fewer health states anyway. Of 
course in larger patient cohorts it would relatively easy to increase the number of separate health 
states. 

CONCLUSION

Societal utility values are provided for ARMD patients using the generic QoL instrument SF-6D for 
visual acuity health states based on both BSE and WSE. The range of the values is smaller than that 
of the utilities elicited with the disease-specific instrument VisQoL, but the utilities are placed on a 
more realistic position on the utility scale. Furthermore, the utilities of the SF-6D avoid the problem 
associated with the interpretation of disease-specific utilities. 
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ABSTRACT

Purpose Patients with neovascular age-related macular degeneration (nARMD) will not deteriorate 
on visual acuity and retinal thickness when treated with bevacizumab injection frequencies of six or 
eight weeks compared to four weeks. This study aimed to investigate this non-inferiority in quality 
of life (QoL). We hypothesized that less frequent bevacizumab injections are not inferior regarding 
patients reported QoL. 

Methods Patients were randomized to bevacizumab every four (n=64), six (n=63), and eight weeks 
(n=64). Patients were at least 65 years old, have a best-corrected visual acuity of 20/200 to 20/20, 
no previous ARMD treatment and active leakage. Vision-related QoL questionnaire NEI VFQ-39 was 
used to assess QoL at baseline and after one year. General QoL questionnaire SF-36 was included 
for secondary analysis. Multilevel analyses were performed, correcting for age, gender and baseline.
 
Results The six (3.68; 95% CI -0.63–8.00) and eight (2.15; 95% CI -2.26–6.56) weeks bevacizumab 
regimens resulted in non-inferior QoL differences compared to four weeks on the NEI VFQ-39. Also 
on the SF-36 the differences were well within the non-inferiority limits.

Conclusion Non-inferiority of the six and eight weeks frequencies was demonstrated compared 
to four weeks on vision-related and general QoL in patients with nARMD. These results are in line 
with previously published results of lower frequency injections regarding visual acuity and central 
retinal thickness. Lower injection frequency may reduce burden, side effects, and treatment costs. 
In consideration of these results, eight weeks frequency injections of intravitreal bevacizumab could 
be considered in patients with nARMD.
 
INTRODUCTION

Age-related macular degeneration (ARMD) is the leading cause of severe vision loss and blindness 
among people aged over 50 years in Western countries 1, 2. ARMD affects central retinal function, 
profoundly impairing the patient’s ability to perform daily activities and their quality of life (QoL) 3. 
Exudative ARMD, an aggressive form of ARMD4, 5, progresses rapidly and is characterized by the 
development of choroidal neovascularization (CNV); hence, it is often described as neovascular 
ARMD (nARMD). The current standard therapy for nARMD is intravitreal injection of anti-vascular 
endothelial growth factor (VEGF), a treatment which improves the visual prognosis of nARMD 
patients considerably. 

To enhance effective patient-centered care, there is a trend toward gathering outcome information 
from the patient’s perspective in addition to the clinical outcomes. Since there is interest in the 
patients’ perspective of satisfaction, in terms of outcome, several patient-reported outcome 
measures (PROMs) have been developed.6 Several studies have suggested that the use of PROMs 
have a positive effect on the doctor-patient communication, and consequently patients’ satisfaction 7.

The most commonly used anti-VEGF medications are ranibizumab, aflibercept and bevacizumab. 
The efficacy of ranibizumab and aflibercept have been proven and appear clinically equivalent, 
and are approved both by the Food and Drug Administration (FDA) and the European Medicines 
Agency (EMA) for intraocular use in nARMD 8-13. Bevacizumab has been approved by the FDA and 
the EMA for the treatment of various tumors, such as colorectal cancer14, but not specifically for 
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nARMD. However, in recent years, ophthalmologists have been prescribing bevacizumab for off-
label use in nARMD because it is a cost-effective substitute for ranibizumab and aflibercept15-20.
Multiple studies provided RCT evidence supporting the efficacy of bevacizumab in a monthly, pro 
re nata and treat-and-extend regimes15-20. The CATT study also showed that there is no difference 
in effectiveness in term of vision and side effects between ranibizumab and bevacizumab and are 
comparably effective when the injection frequency is four weeks. Moreover, the IVAN study showed 
similar results on QoL for bevacizumab and ranibizumab measured with the EuroQol-5D21, macular 
disease-specific quality of life22 and treatment satisfaction23.
The every-four-weeks regimen used in the CATT study was chosen for bevacizumab based on prior 
ranibizumab trials and is a widely adopted and proven strategy. However, the relatively long half-life 
of bevacizumab might allow the achievement of a therapeutic effect with less frequent injections, 
as has been the experience in the clinic24, 25. Reduced numbers of injections could have several 
beneficial effects, including a decrease in the risks associated with intravitreal injection (such as 
endophthalmitis and retinal detachment), improved cost-effectiveness, reduced patient burden, 
and a reduced ophthalmic work-load. A study in nARMD patients comparing an every-four-weeks 
injection frequency of bevacizumab therapy to an every-six-weeks or every-eight-weeks injection 
frequency showed no significant difference for lower injection frequencies for visual acuity and 
central retinal thickness26. In the current non-inferiority study we aimed to determine whether 
bevacizumab therapy administered every six or eight weeks is also not inferior to an every-four-
weeks regimen for QoL outcomes in nARMD patients. 

 

Six and eight weeks injection frequencies of bevacizumab are non-inferior to the current four weeks injection frequency for 
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22-135 PROEFSCHRIFT AMARAKOON_V09.indd   6922-135 PROEFSCHRIFT AMARAKOON_V09.indd   69 02-08-2022   11:1802-08-2022   11:18



70.

METHODS AND MATERIALS

Study patients
This is a secondary analysis of an RCT comparing three treatment regimens of bevacizumab 
(Avastin) for the treatment of ARMD on visual acuity and central retinal thickness26. A total of 191 
patients was enrolled in a one-year, prospective, open-label RCT which investigated the optimal 
injection frequency of bevacizumab injection for ARMD treatment at the Rotterdam Eye Hospital 
from June 2008 to March 2010 (figure 1). To be eligible, patients had to be at least 65 years old, have 
a best-corrected visual acuity of 20/200 to 20/20 (Snellen equivalent) in the study eye as assessed 
using Early Treatment Diabetic Retinopathy Charts (ETDRS), no previous ARMD treatment and active 
leakage. Patients were only treated in one eye. Fluorescein angiography (FA) and indocyanine green 
(ICG) angiography were used to observe leakage, and optical coherence tomography (OCT) was 
used to observe the presence of fluid26. Patients who had other significant ocular disorders, had 
allergies to either FA or ICG dye injections, were immunocompromised, using coumarin-derivatives, 
had experienced a clinically significant cerebrovascular accident or myocardial infarction or had a 
planned ocular surgery during the 1-year follow-up, were excluded. Written informed consent was 
obtained from all participants. After baseline measurements were completed, all eligible patients 
were randomized to an injection frequency of every four, six, or eight weeks using a computer-
based 1:1:1 ratio block randomization procedure. 

Figure 1. CONSORT flow diagram of enrolment, allocation, follow-up and analysis of the every-four-weeks, every-six-
weeks, and every-eight weeks treatment groups

Treatment
Apart from the difference in frequency, treatment regimens were comparable among the three 
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groups. At each outpatient visit, a dose of 1.25 mg bevacizumab was administered intravitreally. On 
top of the measures during regular outpatient visits, patients were assessed every 12 weeks by best-
corrected visual acuity, spectral-domain OCT and funduscopy. Monthly checks for adverse events 
took place by questioning patients. Treatment was continuous for one year, independent of visual 
acuity change, spectral-domain OCT measures, or funduscopy findings. The four weeks, six weeks, 
and eight weeks bevacizumab treatment regimens resulted in totals of 13, 9, and 7 injections and 
visits a year, respectively. 

Outcome measures
At baseline and at the final follow-up visit, patients were asked to complete the National Eye 
Institute 39-Item Visual Function Questionnaire (NEI VFQ-39)27 and the 36-item Medical Outcomes 
Study Short-Form General Health Survey (SF-36)28, 29. The NEI VFQ-39 assesses vision-related QoL, 
while the SF-36 evaluates general QoL. Given the nature of the disease, both questionnaires were 
presented in a larger font size and often administered in the presence and sometimes with support 
of a caregiver and/or family member. 

Vision-related quality of life: NEI VFQ-39
The primary outcome was vision-related QoL, measured as the composite score on the NEI VFQ-39 27. The 
NEI VFQ-39 consists of a 25-item base set of questions and 14 supplemental items.  All items 
use a Likert-type scaling and five response categories, with occasionally a sixth category to opt 
out, except for two items that have 10 response options. Responses are converted into 12 vision-
targeted multi-item subscales (0–100): general health, general vision, ocular pain, near activities, 
distant activities, social functioning, mental health, role limitations, dependency, driving, color 
vision, and peripheral vision. These 12 subscales can be summarized as a single composite score. 
A 10-point difference in either the sub-scales or the composite score of the NEI VFQ-39 is deemed 
clinically important, and thus considered a clinically meaningful change30, 31. The reliability of the NEI 
VFQ-39 in age-related macular degeneration varies from a Cronbach’s alpha of .86 to .9632, 33.

General quality of life: SF-36
Another outcome measure was general QoL measured by the SF-3629. This is a self-report 
questionnaire comprising 36 questions measuring different aspects of general health. All items use 
a Likert based scaling and use two to six response options. The responses are converted into eight 
multi-item subscales: physical functioning, role functioning physical, bodily pain, general health, 
vitality, social functioning, role functioning emotional, and mental health. These scales can be 
summarized as a psychometrically-based ‘physical component summary’ (PCS), in which the first 
four scales are most heavily weighted, and a ‘mental component summary’ (MCS), in which the last 
four scales are most heavily weighted 34. These summaries are transformed into T-scores with a mean 
of 50 and standard deviation of 10. Higher scores on SF-36 scales indicate a better quality of life. The 
UK version reliability of the physical subscale is 0.92, and the mental subscale is 0.8935. Following 
the approach provided by Jacobson & Truax, the clinical significant change is 7.84 and 9.19 for the 
respective subscales36. 

Data analysis and statistical methods
Differences between dropouts and retained patients were analyzed with Student's T- and Chi square-
tests. Baseline differences for continuous variables between the three groups were analyzed with 
One-way ANOVA with Bonferroni correction for pairwise differences. Chi square-tests were applied 

Six and eight weeks injection frequencies of bevacizumab are non-inferior to the current four weeks injection frequency for 
quality of life in neovascular age-related macular degeneration: a randomized controlled trial
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for binary variables and when significant, standardized residuals were evaluated to determine the 
deviating groups. The non-inferiority limit for the six weeks and eight weeks groups comparison 
with the four weeks group was based on the 10-point clinical significant difference of the NEI VFQ, 
composite score and the subscales near vision, distance vision and role limitations. This negative 
10-point difference indicated the lower end of the ‘region of therapeutic equivalence’ and, together 
with the maximum possible difference, enclosed the ‘region of non-inferiority’37.The region of non-
inferiority ranged from −10 to 100. Non-inferiority was assumed whenever the 95% confidence 
interval of the difference in change fell entirely within this region37. Note that only the right-hand 
side of the distribution was relevant, figure 2. 

figure 2. Forest plot of 95% confidence intervals of differences between treatment groups. The sensitivity analysis was 
based on a matched sample 

In addition, differences between treatment groups were tested for the secondary SF-36 subscales. 
We applied multilevel linear regression analyses to evaluate differences in change in QoL between 
the three randomization groups. The patients formed the upper level, their repeated measures the 
lower level. These analyses can handle data with missing time points efficiently, i.e. data of patients 
without a follow-up can be included, without a need for imputation. For each outcome we applied a 
separate model. The random parts of the models only included the intercept. The fixed parts of the 
models included time (follow-up vs. baseline), centered baseline score, six weeks and eight week 
frequencies and the interaction of time with baseline, six and eight weeks frequencies. The four 
week frequency group served as reference group. In all analyses, gender and age were included as 
control variables.

 The study was originally designed to detect differences in visual acuity, and subsequently powered 
with a non-inferiority limit of 7 letters26. When testing QOL, a power analysis for non-inferiority was 
performed on the NEI VFQ-39 composite score. The clinical important difference for the NEI VFQ-39 
is 10 and the standard deviation is 20, the one-sided alpha was set at 0.05 and power at 0.80, for 
which a sample size of 50 persons per group is needed. This implies that the sample size of 63-64 is 
sufficient.

All other analyses were performed with IBM SPSS version 24.0 "IBM Corp. Released 2016. IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp." 

Chapter 5

Differences
6 - 4 weeks

Differences
8 - 4 weeks

Differences
8 - 6 weeks

Inferiority region Non-Inferiority region Superiority region

Composite score
near activities
Distance activities
Role limitations
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Six and eight weeks injection frequencies of bevacizumab are non-inferior to the current four weeks injection frequency for 
quality of life in neovascular age-related macular degeneration: a randomized controlled trial

This study was approved by the Erasmus Medical Research Ethics Committee (MEC-2007-254) in 
accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) and 
was registered in the Dutch Trial Register (NTR 1174).
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RESULTS

Demographic and clinical characteristics
After randomization, 64 patients were treated in the four weeks group, 63 in the six weeks group, 
and 64 in the eight weeks group. Treatment arms were well balanced with regard to baseline 
demographic characteristics, visual acuity, and other characteristics of the affected eye (Table 1). 
However, significant baseline differences were present for the NEI VFQ-39 as the eight weeks group 
had lower scores than the four weeks group.

Dropouts
Patients lost to follow-up were subdivided based on their exit reasons (Table 1). The highest drop-
out rate in the four weeks treatment group (29.7%) and the lowest in the six weeks group (9.5%) 
significantly differed, p0.004. Patients who dropped out had significantly worse baseline scores than 
retained patients on the physical component summary of the SF-36: t(176)=-2.95, p=0.004 (not in 
Table 1). No other statistical significant differences were found. 

NEI VFQ-39
The changes and differences estimated by the multilevel models are presented in Table 2, the total 
models are presented in Table 3. Observed differences are presented in Appendix1 and the observed 
means and standard deviations in Appendix 2. The 95% confidence intervals of the difference 
in change scores showed that the composite score interval was well inside the [−10, 100] point 
difference interval that represented the non-inferiority region for the three treatment comparisons 
(figure 2). For the subscales near activities, distant activities, role limitations, visual functioning and 
socio-emotional functioning the 95% confidence intervals of the differences were also entirely 
within the region of non-inferiority. This also barely holds for the near activities estimate for gain 
within 6 weeks (10.26) compared to gain within 8 weeks (6.43). This 95% confidence interval of 
-9.91–2.24 is just within the limit.

SF-36
The treatment did not significantly affect the SF-36 component summaries. All treatment effects of 
different injection frequencies were well within the non-inferiority limits (Table 2). 

Chapter 5
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a   The treatment eye was defined as the worse-seeing eye when the visual acuity letter score at baseline was worse 
by five or more letters compared to that for the fellow eye. Patients with missing visual acuity (VA) scores or similar 
VA scores within a 5 letter range, were omitted, resulting in n = 53, 55, and 56, respectively38.

b  Higher scores indicate a better quality of life.
c  In the every 4 weeks group n = 63.
d  SAE = Severe Adverse Event
e The baseline scores were included in the multilevel model to adjust for potential differences
f The difference was between the every 4-8 weeks p<0.05 (Bonferroni correction)
g Every 4 weeks is overrepresented

Six and eight weeks injection frequencies of bevacizumab are non-inferior to the current four weeks injection frequency for 
quality of life in neovascular age-related macular degeneration: a randomized controlled trial

Table 1 Baseline characteristics
Every 4 weeks  
(n=60)

Every 6 weeks  
(n=63)

Every 8 weeks  
(n=64)

p-value

Age in years at baseline, mean ± SD 76.5 ± 6.8 77.4 ± 6.7 78.1 ± 6.1 0.436

Gender, male n (%) 18 (28.1) 25 (39.7) 21 (32.8) 0.382

Race, Caucasian n (%) 63 (98.4) 63 (100) 64 (100) 0.369

Visual acuity score (no. letters) 66 ±12 65 ±13 62 ±15 0.230

Total thickness at fovea, µm ± SD 369 ±85 371 ± 97 62 ±15 0.990

Patients treated in worse eye, n (%)a 30 (56.6) 31 (56.4) 30 (53.6) 0.955

NEI VFQ-39, mean ± SDb, e

Composite score
  Near Activities
  Distant Activities
  Role Limitations

72.0 ± 17.6
60.5 ± 24.2
67.8 ± 23.6
64.2 ± 25.9

67.8 ± 20.0
57.1 ± 24.7
64.3 ± 25.2
60.2 ± 27.2

63.1 ± 19.4
49.4 ± 26.7
57.9 ± 25.1
52.6 ± 25.5

0.032 f

0.041 f

0.073
0.042 f

SF-36, mean ± SDb, c, e

Physical component 44.8 ± 10.9 42.1 ± 11.1 42.2 ± 9.2 0.288

Mental component 50.9 ± 9.1 51.5 ± 11.5 48.4 ± 11.1 0.239

Lost to follow-up, n (%)

Exit reason
 SAEd

 Death
 Non-compliance
 No filled in follow-up questionnaire
 Other therapy indication

4 (6.3)
2 (3.1)
8 (12.5)
1 (1.6)
4 (6.3)

0 (0.0)
1 (1.6)
4 (6.3)
0 (0.0)
1 (1.6)

3 (4.7)
0 (0.0)
6 (9.4)
1 (1.6)
1 (1.6)

0.150
0.364
0.495
0.608
0.217

Total 19 (29.7) 6 (9.5) 11 (17.2) 0.013g
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DISCUSSION

To study non-inferiority of a less frequent injection schedule for bevacizumab therapy, we tested 
QoL in 191 ARMD patients who were randomly assigned to receive one year of continuous treatment 
with intravitreal bevacizumab injections every four, six, or eight weeks. In this study we showed that 
six weeks and eight weeks injection regimens were not inferior to the four week regimen in QoL 
assessments. The eight week regimen was also not inferior to the six week regimen. Thus regarding 
patient satisfaction there is no objection to reduce the frequency of the injection to eight instead 
of four weeks. This is in line with the former results of our study group, where no effects of a lower 
injection frequency on visual acuity and central retinal thickness were observed26. 

In daily ophthalmic care the fixed regimen as examined in this study is not routine clinical practice. 
The treat-and-extent regimen is accepted as the preferred practice, in which, after an initial induction 
phase, the next treatment interval is extended as long as the patient shows no symptoms of relapse. 
A lower injection frequency may reduce the burden for patient and doctor, the chances of injection 
related side effects, and treatment costs. Hereby the biggest fear of extending treatment interval 
is that in the meanwhile the dormant disease will flame up and cause irreversible vision loss. The 
current challenge is to find the right balance in treating, waiting and adjusting. Another way to 
reduce burden is to determine whether the initial four weeks injection interval used with treat-
and-extend could be perhaps six or eight weeks. This current study implicates that there is room to 
investigate this statement. For an eight weeks pro re nata, on demand, versus a four weeks pro re 
nata regimen no significant difference was shown39. In consideration of these results, low frequency 
injections (in particular every eight weeks) of intravitreal bevacizumab should not be withheld from 
patients with nARMD.

Six and eight weeks injection frequencies of bevacizumab are non-inferior to the current four weeks injection frequency for 
quality of life in neovascular age-related macular degeneration: a randomized controlled trial

HS 5 missende table 

Table 3. Multilevel VFQ-39 and SF-36 models 

 NEI VFQ-39 SF-36 

 Composite score Near 
activities 

Distance 
activities 

Role 
limitations 

Physical 
component 

Mental 
component 

 Estimate p-value Estimate p-value Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Intercept 67.02 <0.001 54.70 <0.001 62.37 <0.001 58.02 <0.001 42.94 <0.001 50.13 <0.001 

Male 2.21 0.024 3.40 0.014 3.36 0.012 3.49 0.030 0.56 0.383 0.21 0.739 

Age 0.00 0.991 -0.09 0.371 -0.07 0.511 0.00 0.984 0.05 0.303 -0.08 0.080 

Time 2.91 0.071 8.83 <0.001 5.13 0.018 1.63 0.551 -0.88 0.412 3.20 0.003 

Baseline 1.00 <0.001 0.99 <0.001 0.99 <0.001 0.99 <0.001 1.00 <0.001 1.00 <0.001 

Time x baseline -0.32 <0.001 -0.29 <0.001 -0.31 <0.001 -0.38 <0.001 -0.28 <0.001 -0.54 <0.001 

Every 6 weeks -0.21 0.885 -0.25 0.907 -0.21 0.917 -0.37 0.881 -0.14 0.887 0.09 0.920 

Time x 6 weeks 3.68 0.094 1.43 0.650 0.38 0.898 4.21 0.259 0.35 0.810 -2.35 0.103 

Every 8 weeks -0.13 0.930 -0.14 0.946 -0.20 0.920 -0.18 0.942 -0.12 0.900 0.16 0.869 

Time x 8 weeks 2.15 0.338 -2.41 0.452 1.66 0.580 4.53 0.234 0.63 0.670 -0.54 0.715 
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Strengths and Limitations
The every-four-weeks regimen group had the highest drop-out rate. However, it is unlikely that this 
higher drop-out rate jeopardizes the conclusion, as drop-outs tended to have the same baseline 
values. The main reasons for treatment discontinuation in all groups were compliance‐related study 
visit violations. The noncompliance is not only an issue in this study but a problem also in clinical 
practice.38 In this study we see a slightly higher, though not significant, non-adherence rate with the 
most rigorous treatment schedule, which may be a justification for considering a lower treatment 
frequency as alternative, as this may increase patient compliance. But where some see frequent 
visits as a hassle, others will see it as a welcome social benefit. In the end, again, more personalized 
care might be the answer. 

Imbalances were found in the vision related QoL baseline scores. Principally these differences are 
a coincidental result of randomization, but as it might have affected the results, the positive effect 
of the treatment was larger in the eight week group, we corrected for baseline in the model. In 
this analysis the interaction between baseline and time confirms the influence of an imbalanced 
baseline. Apparently patients with lower baseline scores on average have larger increase in QoL. This 
could logically be a result of regression to the mean. This same situation occurred in the previous 
study where the difference of 4 letters on baseline was equalized at follow-up26. It is obviously more 
difficult to improve more if you already have a high QoL. 

CONCLUSION

Non-inferiority of the six and eight weeks frequencies to four weeks was demonstrated on vision-
related and general QoL in patients with nARMD. These results are in line with previously published 
results of these frequency injections. Lower injection frequency may reduce burden, side effects, 
and treatment costs. In consideration of these results, six and in particular eight weeks frequency 
injections of intravitreal bevacizumab could be considered in patients with nARMD.
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Six and eight weeks injection frequencies of bevacizumab are non-inferior to the current four weeks injection frequency for 
quality of life in neovascular age-related macular degeneration: a randomized controlled trial
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ABSTRACT

Introduction: Treatment of exudative age-related macular degeneration (ARMD) has shifted 
to pro re nata and treat-extend-stop strategies. However, a rational discontinuation strategy is 
lacking. To develop such a strategy, it is important to determine choroidal neovascularization 
(CNV) recurrence rates after anti-VEGF treatment is discontinued. Here we report prospective data 
on persistent and recurrent CNV activity after discontinuation of bevacizumab treatment.

Methods: This prospective, single-centre clinical trial enrolled 191 patients with exudative ARMD. 
Patients were randomly assigned to receive intravitreal bevacizumab injections every 4, 6, or 8 
weeks for one year. CNV activity was determined in the 157 patients who completed the one-year 
treatment regimen. Patients with inactive CNV were then followed for signs of CNV reactivation.

Results: After one year of treatment, 66 (42%) of the 157 patients still had signs of persistent active 
CNV. Of the remaining 91 (58%) patients, 61 (67%) needed retreatment for active CNV within the 
first year after discontinuation of treatment (mean 4.28 ± 0.29 months). CNV was reactivated in 50 
(80%) of the 61 patients within 6 months after their final treatment for CNV.

Conclusion: Based on quiescent disease, anti-VEGF therapy was discontinued in 58% of patients 
after they received bevacizumab injections every 4, 6, or 8 weeks for one year; 67% showed 
reactivated CNV within the year after discontinuation. The high reactivation rate of CNV shown in 
this study, should help clinicians develop rational discontinuation protocols.

Trial registration: The study was registered as NTR1174 at http://www.trialregister.nl.
 

INTRODUCTION

The advent of intravitreal anti-VEGF treatments for patients with exudative age-related macular 
degeneration (ARMD) has shifted treatment expectations from minimizing visual acuity loss 
towards stabilizing or even improving visual acuity. Large subgroups of ARMD patients need anti-
VEGF treatment for extended periods, far beyond the two-year scope of most registration trials 
and clinical research trials. Extended treatment inevitably puts stress on medical care systems. In 
practice, most clinicians have already adapted registration trial schedules and clinical research 
protocols (continuous treatment or on-demand schedules) and are using less intensive treatment 
plans that consist mostly of variations of on-demand or pro re nata (PRN) treatment (i.e. retreatment 
in response to reactivation). At present “Treat and extend” strategies seem to be used most often1-4.
Guidelines are generally in agreement about when to stop treatment once visual acuity is consistently 
less than 5/100 (Snellen) despite adequate treatment. Studies that have reported on long term 
outcomes of anti-VEGF treatment show that initial visual acuity tends to decrease over time5-7. 
Currently there is no consensus regarding discontinuation strategies or follow-up recommendations 
in patients with visual acuity over 5/100 and stable optical coherence tomography (OCT) and 
funduscopic examination findings. In order to develop a rational discontinuation strategy, more 
needs to be known about the factors that influence CNV recurrence rates after discontinuation of 
anti-VEGF therapy.
At present, there are several studies that provide data on recurrence. Wakazono et al8, reported a 
recurrence rate of 43,7% in the first year, after aflibercept treatment was discontinued in 69 eyes 
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with quiescent CNV. These patients were part of prospective study that treated 98 eyes for 1 year 
with fixed-dose aflibercept. A similar finding was reported by Nguyen et al9, in an observational 
study from a prospectively designed database, in which they identified 434 eyes in which treatment 
was suspended and found that 41% of eyes had a re-activation of CNV within one year. Essex et al10, 
further showed that increased intervals of treatment are associated with increased risk of disease 
reactivation, reaching 37,4% at treatment intervals of >20 weeks. 
Studies by Arendt et al10 and Adrean et al11,12, might suggest that stricter selection of discontinuation 
patients on the basis of long intervals of treatment reduces subsequent recurrence rates of CNV. In 
an observational study11 by Adrean et al12,13, of a treat and extend strategy it was reported that in 
patients that reached discontinuation criteria of stable disease under multiple intervals of 12-weekly 
injections (37.3% of 385 eyes) that recurrence rates rate in this group of patients cumulated during 
further follow up to 29.4%. Arendt et al12. reported on a clinical observation group in which 
discontinuation criteria of stable disease under multiple 16-weekly injections was reached in 100 
of 655 eyes (15.2%), and that only 13% of these eyes had recurrent disease in a follow up period of 
± 43 months. 
Analysis of a UK neovascular Age-Related database of 11.135 patients treated with at least 3 loading 
doses of ranibizumab showed that the likelihood of retreatment decreases as the time without 
treatment increases. OCT data were not analyzed in this study, but reactivation was identified as 
retreatment in the database. Interestingly, a third of eyes that were treatment-free for 12 months 
still required treatment within the next year. In a retrospective study by Kim et al14 in similar patients 
a short first reactivation interval predicted a high likelihood of a second reactivation. However, 
unexpectedly a long first reactivation interval did not predict a similarly longer treatment free 
interval.
In 2018, Real et al15 reviewed 18 studies on reactivation time. They reported a difference in average 
reactivation times between observational studies (101 days) and randomized control trials (76 
days). Furthermore, in the RCTs that compared ranibizumab and bevacizumab a time difference for 
reactivation of 15 days was observed, 85 days (ranibizumab) versus 70 days (bevacizumab). Treat 
and extend trials were excluded, and most data were based on loading doses of 3 injection and Pro 
Re Nata follow-up.
We previously conducted a randomized clinical trial (RCT) that compared different injection 
frequencies for bevacizumab, namely injections every 4 weeks, every 6 weeks, or every 8 weeks 
for one year16. Here, we present prospective data for the same group on persistent or recurrent 
CNV activity after this period of fixed dosing, to contribute to the questions if and when anti-VEGF 
therapy should be stopped and how patients should be followed after discontinuing anti-VEGF 
therapy.
 
MATERIALS AND METHODS

Study population
In this prospective study, 157 patients were enrolled for an extended follow-up of 1 year (phase 
2) after participating in a prospective, open-label, randomized controlled trial that investigated 
the optimal patient observation period and bevacizumab injection schedule for the treatment of 
exudative ARMD (phase 1). From June 2008 to March 2011, 191 patients were enrolled in the study 
at The Rotterdam Eye Hospital. All eligible patients were randomly assigned to one of three study 
groups: bevacizumab injection every 4 weeks (group 1), bevacizumab every 6 weeks (group 2), 
or bevacizumab every 8 weeks (group 3). The treatment period was continuous during one year, 
and treatment was independent of visual acuity change, Fourier-domain OCT measurements, and 
funduscopy findings. The results of this study were reported previously16.
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The Institutional Review Board (IRB) and Medical Ethics Committee of the Erasmus University of 
Rotterdam approved the study. All patients provided written informed consent prior to study 
participation. The study was registered as NTR1174 at http://www.trialregister.nl, and it adhered to 
the tenets of the Declaration of Helsinki and good clinical practice.

Treatment
Corrected visual acuity, Fourier-domain OCT, funduscopy, fluorescein angiography (FA), and 
indocyanine green (ICG) angiography were performed in all 157 patients at their last study visit 
after the initial one-year treatment period (phase 1). Visual acuity was assessed using ETRDS charts 
according to a standard protocol. Fourier-domain OCT (RTVue 100; Optovue, Inc.) was performed 
using macular thickness maps, with 12 radial line scans (6mm) pivoting around the center. The OCT 
image acquisition rates were 26000 A-scan/second, with a frame rate of 256-1024 A-scan/Frame and 
an optical resolution of 5 µm.
 
Active choroidal neovascularization (CNV) was determined at this point based on the presence of 
active leakage as seen on FA and ICG angiography. Increase or reappearance of fluid on OCT whether 
intraretinal, subretinal or below the retinal pigment epithelium, was used as an indicator for active 
CNV and retreatment14. A bevacizumab regimen was continued in patients that were determined/
diagnosed to have active neovascularization. Patients without signs of CNV were followed up for an 
additional year (study phase 2), and the clinical visit frequency was left to the physician’s discretion. 
In phase 2, if an active CNV was diagnosed, the patient would be treated accordingly. If no activity 
was noted, it was left to the discretion of the treating physician to determine the review intervals. At 
the time of this study, a patient with no active CNV after 1 year of treatment with injections at fixed 
intervals was instructed about self-monitoring and routinely scheduled for a review every 3 months, 
an interval that could be reduced or extended by the treating physician. At the time of the study, no 
maximum interval of time between follow up visits was determined. If CNV reactivation was seen/
diagnosed during the extended follow-up, treatment with anti-VEGF was resumed. Retreatment of 
patients in study phase 2 were performed as soon as logistically possible after determining active 
CNV, preferably the same day, or the first opportunity the patient could organize a treatment visit to 
the hospital. CNV reactivation in study phase 2 was determined by the physician, and as guideline 
defined as increases or (re)appearance of fluid on OCT (intraretinal, subretinal and/or below the 
retinal pigment epithelial), a 50-μm increase in central foveal thickness in OCT, new blood/fluid 
found by funduscopy, or visual acuity loss >5 letters (Snellen charts) attributable to exudative 
ARMD. Figure 1 shows a flow diagram of the study protocol.
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Figure 1. Flow diagram of the study protocol. nAMD, neovacular age-related macular degeneration; IVB, intravitreal 
bevacizumab.

Outcome measurements
The primary outcome measure was the time to active CNV following one year of bevacizumab 
therapy. The secondary outcome measures were the number of patients per group with persistent 
active CNV after one year of therapy and the rate of reactivation within one year.

Statistical analysis
All data were analyzed using SPSS software v.18. Survival data for active CNV rates, and CNV 
recurrence rates in the treatment groups were compared using log rank tests and Kaplan-Meier 
curves.
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RESULTS

Patients and treatment
After one year of continuous bevacizumab treatment, there were no statistically significant 
differences in visual acuity gain or in decreases in central foveal thickness between the groups that 
received injections every 4, 6, or 8 weeks13. Table 1 shows the baseline measurements for patients 
in the phase 2 study (after patients had been treated with bevacizumab for one year). Patients 
were evaluated with FA and ICG angiography after the last treatment. These examinations were 
conducted 4 weeks after the final intravitreal injection.

Table 1. Baseline phase 2 data in patients (n=157) who underwent one year of bevacizumab treatment.

Treatment time for active CNV
Phase 2 of the study began after patients were treated with bevacizumab injections for one year 
(N=157 patients completed one year of treatment). At baseline of phase 2, 66 (42.0%) patients 
showed persistent or recurrent active CNV as detected by FA and ICG angiography: 18 (39.1%) of 
46 patients who had injections every 4 weeks, 26 (45.6%) of 57 patients who had injections every 6 
weeks, and 22 (40.7%) of 54 patients who had injections every 8 weeks. IVB therapy was continued 
in these patients.

The 91 patients with inactive CNV formed the study group in the present report. Notably, 61 (67.0%) 
of these 91 patients needed retreatment for active CNV within one year after their last bevacizumab 
treatment: 32 (35.2%) patients within the first 3 months, 18 (19.8%) in the 3 months after that, and 
11 (12.1%) during the final 6 months of the first year after bevacizumab discontinuation (figure 2). 
Deciding factor for the clinician to retreat was an increase or reappearance of fluid on OCT in 58 
patients. In 37 of those patient’s visual acuity also dropped 5 or more letters. In 3 patients visual 
acuity loss was the reason for retreatment, in the absence of an increase or reappearance of fluid 
on OCT.
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Outcome
Bevacizumab
every 4 weeks

Bevacizumab
every 6 weeks

Bevacizumab
every 8 weeks

p-value

Visual acuity score, mean number of letters 68.1±16.3 67.2±17.6 66.6±16.2 p=0.88

Visual acuity score, change after 1-year IVB  

Decrease of 5–14 letters, n (%) 4 (8.7) 4 (7.0) 6 (11.1)  

Decrease ≥ 15 letters, n (%) 3 (6.5) 6 (10.5) 0 (0)  

Mean total thickness at fovea, μm** 266±68 287±72 282±48 p=0.21

Mean total inactive CNV at phase 2 baseline, n (%) 28 (60.9) 31 (54.4) 32 (59.3)
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Figure 2. The recurrence rate of active CNV in all 157 patients, after discontinuation of bevacizumab treatment for age- 
related macular degeneration. The decision to discontinue treatment was based on quiescent disease after injections 
every 4, 6, or 8 weeks for one year.

Table 2 shows the recurrence of CNV per prior treatment group. The retreatment rate was not 
significantly different in the three treatment groups (log rank test, p=0.43) nor was the timing of 
the recurrence: mean of 4.33 ± 0.4 months in patients who had injections every 4 weeks, 4.63 ± 0.61 
months in patients who had injections every 6 weeks, and 3.80 ± 0.40 months in patients who had 
injections every 8 weeks (figure 3). 

Reactivation of CNV after discontinuation of bevacizumab treatment of  
age-related macular degeneration

Mean±SE ≤3 months ≤6 months ≤12 months

every 4 weeks bevacizumab 4.33±0.40 8(44.4%) 16(88.9%) 18

every 6 weeks bevacizumab 4.63±0.61 13(54.2%) 17(70,8%) 24

every 8 weeks bevacizumab 3.80±0.39 11(57.9%) 17(89,5%) 19

Overall 4.28±0.29 32(52.5%) 50(82,0%) 61

Table 2. Reactivation of CNV
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42 active CNV at baseline

82% of reactivations CNV <6 months
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Figure 3. The recurrence rate of active CNV after discontinuation of bevacizumab treatment for age-related macular 
degeneration per treatment group. The decision to discontinue treatment was based on quiescent disease after 
injections every 4, 6, or 8 weeks for one year.

The mean total follow-up visits during phase 2 for patients till treatment for reactivation of CNV was 
1.4 ± 0.7 visits. The patients without active CNV during follow-up had an average of 2.0 ± 0.7 visits 
and the number of follow-up visits in this group ranged from 1 to 4. The mean interval between the 
exit visit of phase 1 (= starting point for phase 2) and the first follow up visit was 3.1 ± 0.97 months. 
In table 3, mean visual acuity, the interval in between follow-up visits and the noted OCT details 
reactivation are shown. At the start of the study (phase 1), 44% of patients had intraretinal fluid, 83% 
had subretinal fluid, 80% had sub-RPE fluid and 29% had fluid in all 3 layers. At baseline for phase 2, 
in the group of patients that did not show active CNV when exiting phase 1, only 3% had intraretinal 
fluid, 7% subretinal fluid, 34% sub-RPE fluid, and no patients had fluid of all 3 types. 
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Treatment group

4 weekly bevacizumab
6 weekly bevacizumab
8 weekly bevacizumab
4 weekly bevacizumab-
censored
6 weekly bevacizumab-
censored
8 weekly bevacizumab-
censored

1 year without bevacizumab treatment

Cu
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ur
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va

l

0            50         100         150        200         250        300         350 days

1.0

0.8

0.6

0.4

0.2

0.0

Visit 1 2 3 4

Patients, n 88 39 7

Mean VA* 0.39±0.25 0.42±0.29 0.30±0.22 0.36±0.24

Type of fluid (in %) ***
 None
 Intraretinal
 Subretinal
 Sub-RPE
 All

13.6
5.7
4.5
34.1
9.1

7.7
7.7
5.1
48.7
2.6

14.3
0.0
0.0
57.1
14.3

0.0
0.0
0.0
50.0
50.0

Mean interval** 3.10±0.97 4.95±1.96 3.31±2.22 3.26±0.07

*visual acuity, in LogMAR (converted from Snellen Decimal)
**mean interval time in months between previous follow-up visit
*** only increase or reappearance of fluid was deemed a sign of active CNV and required retreatment at the time of the study

Table 3. Follow-up visits in phase 2
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When reactivation of CNV was diagnosed, there was a mean decrease in visual acuity of 0.11 ± 0.17 
logMAR letters/lines compared to visual acuity measured at the baseline of phase 2. The decrease in 
visual acuity ranged from 0.04 ± 0.19 logMAR in patients who had injections every 8 weeks to 0.26 
± 0.28 logMAR in patients who had injections every 6 weeks. There was no statistically significant 
difference (p=0.33) in visual acuity loss at the time of CNV reactivation in the three therapy groups.

At CNV reactivation, there was a mean increase in central foveal thickness of 45.86 ± 76.23 as 
measured using OCT. The increase in central foveal thickness ranged from a mean of 37.28 ± 76.59 
in patients who had injections every 8 weeks to 61.94 ± 95.11 in patients who had injections every 
4 weeks. There was no statistically significant difference (p=0.56) in the increases in central foveal 
thickness at the time of CNV reactivation in the three therapy groups.

Inactive CNV one year after discontinuation of bevacizumab treatment
Of the 91 patients with inactive CNV at the baseline of study phase 2, 30 (33%) were not retreated 
with bevacizumab during the one-year phase 2 follow-up study. Of these initial 91 patients, 1 (1%) 
was lost to follow-up, and 4 (4%) died during the follow-up period. The remaining 25 patients (25 of 
the total phase 2 study population of 157 patients; 15.9%) showed no clear signs of recurrence of 
CNV during the one-year follow-up.
Visual acuity was stable in patients without CNV reactivation during the one-year follow-up. The 
mean visual acuity change in these patients with inactive CNV was -0.03 ± 0.12 logMAR, with a range 
from -0.06 ± 0.05 logMAR in patients who had injections every 8 weeks to 0.01 ± 0.20 logMAR in 
patients who had injections every 4 weeks. In these patients without CNV reactivation, there was no 
significant difference in the changes in visual acuity between the three therapy groups (p=0.44) one 
year after the last bevacizumab treatment. However, there was a significant difference (p=0.05) in 
the mean decrease in visual acuity in patients at the time of reactivation of CNV (0.38 ± 021 logMAR) 
compared to patients with inactive CNV (0.44 ± 0.32 logMAR) during the one-year phase 2 follow-
up.

Reactivation of CNV after discontinuation of bevacizumab treatment of  
age-related macular degeneration
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DISCUSSION

In clinical practice, exudative ARMD is often treated using a PRN or a “treat and extend” strategy; 
the latter is getting increasingly popular. The design of the large Randomized Clinical Trials with 
ranibizumab and bevacizumab has focused, however, on a 4-weekly treatment and 8-weekly in the 
aflibercept trials, in either on-demand or continuous regimens18-20. These trials did not focus on the 
possibility or conditions in which it is safe to stop treatment with anti-VEGF drugs.
In daily practice, many clinicians start with a loading phase of fixed injections, and if there is a 
positive response to the medication, convert to a less than monthly injection strategy, based on 
the response of the individual eye of the patient to a specific anti-VEGF agent. If the response to a 
particular drug is less than expected, the clinician may consider switching to another drug. Many 
treatment guidelines advise stopping treatment in patients with visual acuity below 5/100 in whom 
no further improvement can reasonably be expected by continuing treatment. However, when a 
patient has prolonged stable vision and unchanging OCT image results at several visits while being 
treated on a successful treat and extend schedule of 12 or more weeks, this raises the questions of 
whether treatment can be stopped and how often patients should be examined after treatment is 
stopped.

As an example, (e.g.) the Dutch national guideline strongly discourages discontinuation of 
treatment21, a more recent consensus by British experts suggests discontinuation can be considered 
in eyes stable during 3 consecutive injections of 12 weekly injections, followed by an injection free 
12 week observation period(with incrementally increased visits in this 12 week period)19, and the 
proposed Finnish review and guideline20 suggests a discontinuation of 3 successful 16-weekly 
injections without reactivation followed by a 16 week observation period (multiple visits). 
 
After discontinuation based on stable disease in a prolonged series of up to 8 weekly injections 
intervals, our data show recurrence rates to be 67% in the first year after discontinuation. According 
to our data about 58% of ARMD eyes would qualify for ‘stable disease’ under treatment of up to 
8-weekly injection intervals for a year. Our data substantiate the results found by Wakazono et al8 
and Nguyen et al9 in their studies. We also found no significant difference in time to recurrence 
and recurrence rates for the 3 treatment groups after 1 year fixed dose treatment. Lower rates of 
recurrences were found, however, in studies that showed that extending treatment frequency 
slowly to a point of 12 to 16 weeks intervals helps preselecting patients that are less likely to have 
a recurrence7, 11-13. 
An important question that remains is whether the different anti-VEGF drugs available differ 
significantly in discontinuation and recurrence rates. To answer this question a prospective 
randomized CATT-like study would be required in which the primary outcomes would be the 
aforementioned discontinuation and recurrences rates rather than the number of letters ETDRS 
gained or lost at 2 years of active treatment. 

Study limitations
In retrospect, it proved to be naïve to presume that discontinuation of treatment was possible 
after stable disease was attained after one year of anti-VEGF injections at 4-, 6-, or 8-week intervals. 
However, during the period in which our patients completed the study (2010 to 2012) this was not 
yet completely clear and the chronicity of the disease as well as the importance of maintenance 
therapy was underestimated.

Chapter 6
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Furthermore, our first follow-up visit after determining inactive CNV should - in retrospect - have 
been within 4 to 8 weeks instead of the average 3 months after exiting a fixed treatment schedule 
for 1 year. This would have provided more detailed information on the exact timing of early CNV 
reactivation. It would have provided more information if that review interval had been fixed but 
shorter (e.g. monthly) or if there had been a slow extension of the review period, as is done now in 
treat-and-extend schedules. 

Also, additional information on reactivation could have been obtained if, after the diagnosis of 
reactivation of a CNV, the BCVA, funduscopic and OCT findings would have been completed by an 
additional FA and ICG. 

Based on the best data that are currently available, we would now only consider discontinuing 
therapy if quiescent disease could be attained after a prolonged period of injections at 12- or even 
16-week intervals. Based on the present study and on others, we think that it is important for patients 
diagnosed with exudative ARMD to understand that the overall chance that injection therapy will be 
discontinued at any point during follow-up with currently available therapy is >20%. Furthermore, 
most recurrences of CNV took place in the first 6 months, and close follow-up after the decision to 
stop treatment are crucial to appropriately catch these early recurrences. In our experience, this 
should be communicated to patients early on in order to set reasonable expectations.

Reactivation of CNV after discontinuation of bevacizumab treatment of  
age-related macular degeneration
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ABSTRACT

Purpose: To study patients diagnosed with retinal angiomatous proliferation (RAP) based on 
conventional imaging techniques with phase-resolved Doppler optical coherence tomography 
(OCT) to detect and localize blood flow in RAP lesions; and to compare these findings to conventional 
imaging, which are mostly invasive and give limited information concerning intra- and transretinal 
blood flow.

Design: Single-center, consecutive observational case series.

Methods: Twelve treatment-naïve patients diagnosed with RAP based on fundus examination, 
fluorescein angiography, and indocyanine green angiography were included. Median age was 79 
years (range 65–90). Patients were imaged with an experimental 1040 nm swept-source phase-
resolved Doppler OCT instrument. Abnormal flow was defined as intraretinal neovascularization or 
retinal choroidal anastomosis.

Results: In 11 patients adequate phase-resolved Doppler OCT images were obtained showing 
abnormal blood flow in the RAP lesion. In 4 patients a retinal choroidal anastomosis was found, 3 
patients showed intraretinal neovascularization connected with a pigment epithelial detachment, 
2 patients showed only intraretinal neovascularization, and in 2 patients flow was limited to the 
subretinal or subretinal pigment epithelial space.

Conclusions: Phase-resolved Doppler OCT is able to detect and localize abnormal blood flow 
within RAP lesions. Blood flow was mostly confined to the intraretinal structures with or without a 
connecting pigment epithelial detachment; in one-third of patients a retinal choroidal anastomosis 
was detected. The potential of angiography with phase-resolved Doppler OCT to accurately 
distinguish between normal and pathologic blood flow in addition to structural OCT data without 
invasive procedures will help to further elucidate both retinal and choroidal vascular pathologies 
like RAP. 

INTRODUCTION

Retinal Angiomatous Proliferation (RAP) is a distinct form of exudative age-related macular 
degeneration(ARMD)1,2. In their original reports, Slakter and associates3 and Yannuzzi and associ- 
ates4 hypothesized that RAP was an intraretinal neovascular process that in a later stage extended to 
the subretinal space, eventually progressing into a retinal choroidal anastomosis3,4. Later, Yannuzzi 
and associates5,6 proposed that there might be at least 3 different vasogenic processes involved in 
the development of RAP lesions, stating that RAP can originate intraretinally, from the choroid, or 
from both simultaneously.

It is estimated that RAP constitutes approximately 10%–15% of newly diagnosed neovascular 
ARMD in white subjects, whereas in Asian populations the incidence rate is significantly lower7,8. In 
unilateral RAP it has been reported that there is an accumulative annual risk to develop RAP in the 
other eye that is considerably higher than for any other type of neovascular ARMD9. RAP lesions are 
reported in up to 60% of fellow eyes in 3 years10. Diagnosing RAP-type ARMD is clinically important, 
because, although there is no definite consensus on the best treatment modality for RAP, standard 
anti–vascular endothelial growth factor (VEGF) monotherapy tends to show persistent activity of 
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the RAP lesion11–13. Combination treatment of photodynamic therapy with either triamcinolone or 
anti-VEGF seems to offer better results, but to date only relatively small comparative trials have been 
performed14.
The diagnosis of RAP is currently based on a triad of evidence: fundus examination, fluorescein 
angiography, and indocyanine green angiography. A telltale sign for RAP on fundus examination 
is the presence of a single or multiple small intraretinal hemorrhages overlying a retinal vessel3.
RAP lesions are difficult to distinguish from classic or occult choroidal neovascularization (CNV) on 
fluorescein angiography. Early stages of RAP can be misinterpreted as classic CNV and later stages of 
RAP exhibit almost identical signs of occult CNV4. Indocyanine green angiography is considered the 
standard diagnostic tool for an accurate diagnosis. The hallmark sign of RAP on indocyanine green 
angiography is a mid- to late-phase hot spot, which corresponds to an intraretinal neovascularization 
(IRN) or a retinal choroidal anastomosis15,16. Therefore the presence of intraretinal hemorrhage(s), a 
suspicion of classic or occult CNV on fluorescein angiography, and a hot spot on indocyanine green 
angiography are evidence to claim the diagnosis of RAP. However, many general ophthalmologists 
do not have regular access to indocyanine green angiography, and may therefore misclassify an RAP 
lesion as another, more common type of CNV.
In the last decade, spectral-domain optical coherence tomography (OCT) has become irreplaceable 
in the management of ARMD, though it takes a fairly experienced OCT interpreter to distinguish 
RAP from other CNV types17–19. Furthermore, it is difficult to visualize the intraretinal process using 
conventional OCT and impossible to evaluate the transretinal blood flow, which seems vital for the 
diagnosis of RAP. In short, RAP lesions cannot reliably be diagnosed without invasive angiography, 
and indocyanine green angiography is of the essence for an accurate diagnosis.
OCT angiography is a new field of imaging of the retinal vasculature and is aimed at discriminating 
blood vessels from static tissue in a noninvasive and depth-resolved manner. Different approaches 
for OCT angiography of the retinal vasculature have been proposed by analyzing phase changes 
or intensity changes in the OCT signal that are caused by moving light-scattering particles20–22.
Both approaches are capable of providing detailed maps of retinal and choroidal vascular beds. 
However, in contrast to intensity-based OCT angiography, phase-based OCT angiography is also 
suited for measuring flow velocities and directions. The use of OCT angiography has recently been 
demonstrated in polypoidal choroidal vasculopathy23,24 and exudative macular diseases24,25. By 
providing noninvasive and depth-resolved information about retinal perfusion, OCT angiography 
is a promising tool in complementing routine conventional imaging.
Our group has developed a phase-stabilized 1040 nm swept-source OCT system with phase-
resolved Doppler OCT modality. With this device, we have demonstrated the detection of tissue 
reperfusion in a free retinal pigment epithelial–choroid graft after transplantation22,26. The phase-
resolved Doppler OCT technique used in the current study is based on inter-B-scan comparison of 
phase changes, which considerably improves flow contrasting down to the capillary level21. Patients 
diagnosed with RAP based on conventional techniques were evaluated with this phase-resolved 
OCT system to detect and localize abnormal blood flow in the region of the RAP lesion.

METHODS

Between March, 2013 and September 30, 2013 consecutive treatment-naïve patients diagnosed 
with an RAP lesion in 1 eye were included in this single-center observational case series. The study 
was approved by the local internal review board of the Rotterdam Eye Hospital and the Medical 
Ethical Committee of the Erasmus University Hospital (Rotterdam, Netherlands). All patients 
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provided written informed consent for the use of the noncommercially available phase-resolved 
Doppler OCT device.

All patients underwent a complete ophthalmologic examination including slit-lamp biomicroscopy, 
Snellen visual acuity (converted to logMAR for statistical analysis), conventional spectral-domain 
OCT, fundus photography, and fluorescein and indocyanine green angiography. Patients were 
included in this study if they were aged 65 years or older and had no other active ocular diseases 
affecting the macula. The diagnosis of RAP was based on a combination of the presence of small 
intraretinal hemorrhages on fundus examination, the appearance of choroidal neovascularization 
seen on fluorescein angiography, and/or a hyperfluorescent mid- to end-phase hot spot on indocya- 
nine green angiography. Fluorescein and indocyanine green angiographic images were reviewed 
for confirmation of the RAP diagnosis by 2 independent ophthalmologists (T.M. and J.M.); in case of 
disagreement, consensus was obtained through side-by-side discussion.

Patients were imaged using a previously developed optical frequency domain imaging system with 
a phase-resolved Doppler OCT modality. The instrument is based on a swept-source laser (Axsun 
Technologies Inc, Billerica, Massachusetts, USA) with a central wavelength of 1040 nm operating at a 
100 kHz A-scan rate. The axial resolution was measured to be 6.5 mm in air (4.8 mm in tissue) and the 
lateral resolution was 25.2 mm. Elaborate technical details of this optical frequency domain imaging 
instrument were described previously by Braaf and associates21,22. In phase-resolved Doppler OCT, 
blood flow is detected noninvasively from phase changes in the OCT signal caused by moving 
particles in the retina, especially the erythrocytes and leukocytes in blood vessels. In conventional 
phase-resolved OCT, phase changes are detected comparing successive A-scans. In high-speed OCT 
this results in a short time interval between repeated A-scans, which is insufficient to detect low 
flow velocities in small vessels. Inter-B-scan Doppler OCT was therefore used, comparing B-scans 
instead of successive A-scans to increase the time interval between repeated A-scans and improve 
flow sensitivity. A backstitched-B-scan protocol was used in which 4 small repeated B-scans were 
stitched together to form a complete backstitched B-scan. The inter-B-scan time interval was set 
to 2.5 ms (250 A-scans), which was found to be effective to detect flow velocities of less than 1 
mm/s, which is proven to be sufficient to image the retinal capillaries21. The phase-resolved Doppler 
OCT protocol used in this study measured a 3-dimensional data volume consisting of 300 single 
backstitched B-scans with 2000 A-scans/B-scan over a retinal square area of 3.0 3 3.0 mm and has 
an acquisition time of 6 seconds per volume. The sample arm power was 1.7 mW on the cornea 
and measured before every patient examination. The used power is safe according to the American 
National Standards Institute laser safety standards.

The phase-resolved Doppler OCT scan grid is indicated with a white dashed square on each fundus 
photograph (Figures 1–4, Column 1). Fluorescein and indocyanine green angiographic images 
were resized to the area of the phase-resolved Doppler OCT scan (Figures 1–4, Columns 2 and 3, 
respectively). Phase-resolved Doppler OCT measurements were processed to Doppler en face 
images (Figures 1–4, Column 4) and cross-sectional Doppler tomograms (Figures 1–4, Column 5). 
B-scans with significant eye motion artefacts were manually removed in the Doppler en face images 
to facilitate interpretation and comparison with conventional imaging. Discontinuities in the flow 
displayed on the Doppler en face images were attributed to these eye motion artifacts. The location 
of the Doppler tomogram is indicated with a red dashed line in the Doppler en face image. The 
Doppler inter-B-scan phase differences (red) were projected over structural B-scans (gray scale) in 
the Doppler tomograms.
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Figure 1. Retinal angiomatous proliferation showing abnormal intraretinal blood flow only. Intraretinal neovasculari-
zation (IRN) illustrated by images from Patients 5 and 12. The white dotted square in the fundus photograph (Column 
1) indicates the area scanned with phase-resolved Doppler optical coherence tomography (OCT) and the red dotted 
line (Column 4) corresponds to the location of the tomographic image. The fundus photographs show a small in-
traretinal hemorrhage (Column 1, white arrows). On late-phase indocyanine green angiography a hyperfluorescent 
hot spot is seen at the same location (Column 2, red arrows). Poorly defined hyper- fluorescent areas are seen on 
early-phase fluorescein angiography (Column 3, yellow arrows). In Patient 5 (Column 4, top row, red circle), enhanced 
blood flow at the ending of a capillary at the margin of the foveal avascular zone is detected in the Doppler en face 
image. The Doppler tomogram reveals the depth-resolved location (Column 5, top row, indicated by ‘‘IRN’’). In Patient 
12 (Column 4, bottom row, red circle), the Doppler en face image depicts a tortuous capillary near the foveal avascu-
lar zone. The Doppler tomogram through the ending of this capillary confirms abnormal blood flow confined to the 
intraretinal structures (Column 5, bottom row, indicated by ‘‘IRN’’).

Figure 2. Retinal angiomatous proliferation showing abnormal intraretinal blood flow related to subretinal flow in a 
pigment epithelial detachment (PED). Intraretinal neovascularization (IRN) connected to subretinal pigment epithe-
lial flow in a pigment epithelial detachment shown in images from Patients 2, 10, and 11. The white dotted square in 
the fundus photograph (Column 1) indicates the area scanned with phase-resolved Doppler optical coherence tomo-
graphy (OCT) and the red dotted line (Column 4) corresponds to the location of the tomographic image. Intraretinal 
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hemorrhages are seen on fundus photography in all patients (Column 1, white arrows) and were consistent with the 
location of the hyperfluorescent hot spot depicted on late-phase indocyanine green angiography (Column 2, red ar-
rows). Early fluorescein angiography shows hyperfluorescent vascular networks in Patients 2 and 11 (Column 3, yellow 
arrows). (Column 4, top row) The Doppler en face image of Patient 2 shows 2 connecting vessels in an area of enhan-
ced blood flow at the border of the foveal avascular zone (red circle). (Column 5, top row) The Doppler tomogram 
clearly reveals the depth-resolved information locating abnormal blood flow in the retina (indicated by ‘‘IRN’’) and 
in the subretinal pigment epithelial space (indicated by ‘‘sub-RPE flow’’). (Column 4, middle row) The Doppler en face 
image of Patient 10 depicts an abnormally curved vessel near the fovea (red circle), of which the Doppler tomogram 
demonstrates the dissection of this vessel at different depth locations (Column 5, middle row, indicated by ‘‘IRN’’) and 
that it can be traced to the area under the detached retinal pigment epithelium (indicated by ‘‘sub-RPE flow’’). (Column 
4, bottom row) The Doppler en face image of Patient 11 shows an abnormal vascular network (red circle). (Column 5, 
bottom row) The Doppler tomogram shows an area of abnormal blood flow in the retina continuous to the subretinal 
pigment epithelial region just at the top of the pigment epithelial detachment (indicated by ‘‘IRN’’ and ‘‘sub-RPE flow,’’ 
respectively).

Figure 3. Retinal angiomatous proliferation showing abnormal blood flow through a retinal choroidal anastomosis. 
Retinal choroidal anastomosis illustrated by images from Patients 1, 7, 8, and 9. The white dotted square in the fun-
dus photograph (Column 1) indicates the area scanned with phase-resolved Doppler optical coherence tomography 
(OCT) and the red dotted line (Column 4) corresponds to the location of the tomographic image. In all 4 patients
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intraretinal hemorrhages are seen in the fundus photograph (Column 1, white arrows). (Column 2, red arrows) A hy-
perfluorescent hot spot on late-phase indocyanine green angiography is seen in Patients 1 (top row), 8 (fourth row), 
and 9 (bottom row). (Column 3, yellow arrows) Early fluorescein angiography shows abnormal hyperfluorescent vas-
cular networks in Patient 1 (top row), 7 (second row), and 8 (fourth row). (Column 4) The Doppler en face image of 
Patients 1 (top row), 8 (fourth row), and 9 (bottom row) show a mesh-like vascular network extending to the margin 
of the foveal avascular zone (red circles). (Column 5) The Doppler tomogram of Patients 1 (top row), 8 (fourth row), 
and 9 (bottom row) shows an intraretinal vessel connecting to blood flow detected in the subretinal pigment epithelial 
space (indicated as ‘‘RCA’’); associated with a pigment epithelial detachment in Patient 9 (bottom row; indicated as 
‘‘PED’’). The Doppler en face image of Patient 7 depicts 2 vessels (Column 4, second row, red circle), surrounded by se-
veral abnormal vascular networks (red asterisks). The third row represents a series of Doppler tomograms to illustrate 
that blood flow is traced in consecutive frames from its intraretinal location to the choroid.

Figure 4. Examples of pure subretinal and subretinal pigment epithelial abnormal blood flow. Images from Patients 3 
and 4, showing abnormal blood flow on phase-resolved Doppler optical coherence tomography (OCT) confined to the 
subretinal and subretinal pigment epithelial space, respectively. The white dotted square in the fundus photograph 
(Column 1) indicates the area scanned with phase-resolved Doppler OCT and the red dotted line (Column 4) corres-
ponds to the location of the tomographic image. Top row: Fundus photograph (Column 1, white arrow) shows an 
intraretinal hemorrhage; a late-phase hyperfluorescent hot spot is seen on indocyanine green angiography (Column 
2, red arrow), and mixed/classic choroidal neovascularization (CNV) on fluorescein angiography (Column 3, yellow 
arrow). The Doppler en face image shows an abnormal vascular network at the border of the foveal avascular zone 
(Column 4, red circle). The Doppler tomogram shows abnormal blood flow confined to the subretinal space (Column 
5). Row 2: Fundus photograph (Column 1) showing hyperpigmentation; a late-phase hyperfluorescent hot spot on 
indocyanine green angiography (Column 2, red arrow); and occult CNV (Column 3); Doppler en face image shows an 
abnormal vascular network at the border of the foveal avascular zone (Column 4, red circle), while it is limited to the 
subretinal pigment epithelial space alone (Column 5, indicated as ‘‘sub-RPE flow’’).

Results
Twelve patients were included in this study based on fundus examination and fluorescein and 
indocyanine green angiography. The median age of the patients was 79 years (range 65–90), 
and the median visual acuity at time of diagnosis was 0.57 logMAR (range 0.14–1.3 logMAR). 
Phase- resolved Doppler OCT imaging was of very poor quality in 1 patient, owing to inability to 
fixate for a prolonged time, making Doppler analysis unreliable. Eleven patients were evaluated 
in the final analysis; baseline characteristics and examination outcomes are reported in Table 1. 
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TABLE 1. Demographic Characteristics and Examination Outcomes of the Patients Diagnosed With Retinal  
Angiomatous Proliferation That Were Imaged With Phase-resolved Doppler Optical Coherence Tomography

In 10 out of 11 patients focal intraretinal hemorrhages were seen on fundus examination, suggestive 
of an RAP lesion. All patients showed characteristics of RAP, with either classic- or occult-type lesions 
on fluorescein angiography, and in 10 out of 11 patients a mid- to end-phase hyperfluorescent hot 
spot was seen on indocyanine green angiography.

In 9 out of 11 patients we found abnormal intraretinal blood flow on phase-resolved Doppler 
OCT. In 3 patients this was found to be connected to subretinal pigment epithelial blood flow in a 
pigment epithelial detachment and in 4 patients it was connected to the choroid, considered to be a 
retinal choroidal anastomosis. In 2 out of 11 patients flow was limited to the subretinal or subretinal 
pigment epithelial space. Below, the imaging in all 11 patients is described in more detail.

In 2 patients (Patients 5 and 12) abnormal intraretinal blood flow was detected by phase-resolved 
Doppler OCT in the absence of a clear retinal choroidal anastomosis (Figure 1). In both patients 
a small intraretinal hemorrhage was seen on fundus examination (Figure 1, Column 1) and a 
hyperfluorescent hot spot on late-phase indocyanine green angiography at the same location 
(Figure 1, Column 2). Poorly defined hyperfluorescent areas were found on early-phase fluorescein 
angiography near the foveal avascular zone in both patients (Figure 1, Column 3).

The Doppler en face image of Patient 5 showed enhanced blood flow at the ending of a capillary 
at the margin of the foveal avascular zone (Figure 1, Column 4, top row; red circle). The Doppler 
tomogram clearly reveals the depth-resolved location of an IRN, by showing abnormal intraretinal 
blood flow (Figure 1, Column 5, top row). A connection of this intraretinal blood flow to the choroid 
was not detected (Supplementary Video 1, available at AJO.com).

The Doppler en face image of Patient 12 depicted a tortuous capillary near the foveal avascular 
zone (Figure 1, Column 4, bottom row; red circle). The Doppler tomogram (Figure 1, Column 5, 
bottom row) through the ending of this capillary confirmed abnormal blood flow confined to the 
intraretinal structures, considered to be an IRN.
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ARMD = age-related macular degeneration; AVN = abnormal vascular network; CNV = choroidal neovascularization; FA = fluorescein 
angiography; FE = fundus examination; IRF = intraretinal fluid; IRH = intraretinal hemorrhage; IRN = intraretinal neovascularization; IRNP = 
intraretinal neovascularization with pigment epithelial detachment; logMAR = logarithm of minimal angle of resolution; n/a = not applicable; 
PED = pigment epithelial detachment; PRD OCT = phase-resolved Doppler optical coherence tomography; RAP = retinal angiomatous pro-
liferation; RCA = retinal choroidal anastomosis; RPE = retinal pigment epithelium; SD OCT = spectral-domain optical coherence tomography; 
SRF = subretinal fluid; VA = visual acuity. Italics indicates exclusion from final analysis.

Dry ARMD
Dry ARMD
Neovascular ARMD
Dry ARMD
Neovascular ARMD
Neovascular ARMD
Neovascular glaucoma
Dry ARMD
Dry ARMD
Dry ARMD
Dry ARMD
Dry ARMD

RCA
IRNP
AVN, subretinal
AVN, sub-RPE
IRN
n/a
RCA
RCA
RCA
IRNP
IRNP
IRNP
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The location of abnormal intraretinal blood flow seen on phase-resolved Doppler OCT corresponded 
to the location of the small intraretinal hemorrhage(s) seen on fundus examination, as well as to the 
hyperfluorescent hot spot on late-phase indocyanine green angiography and the hyper- fluorescent 
areas indicated on early fluorescein angiography. In 3 patients (Patients 2, 10, and 11) the phase-
resolved Doppler OCT images detected abnormal intraretinal blood flow connected to subretinal 
pigment epithelial blood flow in a pigment epithelial detachment (Figure 2).

Intraretinal hemorrhages were seen on fundus examination in all patients (Figure 2, Column 1) 
and were consistent with the location of the hyperfluorescent hot spot depicted on late-phase 
indocyanine green angiography (Figure 2, Column 2). In Patient 11 the hyperfluorescent hot spot 
on indocyanine green angiography was found at the border of a pigment epithelial detachment 
(Figure 2, Column 2, bottom row). Early fluorescein angiography showed hyperfluorescent vascular 
networks in Patients 2 and 11 (Figure 2, Column 3, top row and bottom row) and increasing leakage 
in the late-phase fluorescein angiography in all 3 patients (data not shown).

The Doppler en face image of Patient 2 showed 2 connecting vessels in an area of enhanced blood 
flow at the border of the foveal avascular zone (Figure 2, Column 4, top row; red circle). The Doppler 
tomogram clearly revealed the depth-resolved information locating abnormal blood flow in the 
retina (IRN) and in the subretinal pigment epithelial space (Figure 2, Column 5, top row).
The Doppler en face image of Patient 10 depicted an abnormally curved vessel near the fovea 
(Figure 2, Column 4, middle row; red circle). The Doppler tomogram (Figure 2, Column 5, middle 
row) demonstrates dissecting this vessel twice at different depth locations (indicated by ‘‘IRN’’ in the 
figure) and it showed it could be traced from the inner retinal layers to the area under the detached 
retinal pigment epithelium.

On the Doppler en face image of Patient 11 an abnormal vascular network was seen (Figure 2, 
Column 4, bottom row; red circle). The Doppler tomogram showed an area of abnormal blood flow 
in the retina continuous to the subretinal pigment epithelial region, just at the top of the pigment 
epithelial detachment (Figure 2, Column 5, bottom row), without any vessels in the pigment epithelial 
detachment or along the retinal pigment epithelium connecting to the choroid (Supplementary 
Video 2, available at AJO.com).

In all 3 patients the consecutive cross-sectional phase-resolved Doppler OCT tomograms showed 
signs of transretinal flow; however, that flow could not be followed to the choroid on consecutive 
cross-sectional phase-resolved Doppler OCT tomograms. Therefore blood flow is considered 
confined to the retina alone. There was a direct correlation with the location of the IRN on phase-
resolved Doppler OCT tomogram and the location of the small intraretinal hemorrhages seen on 
fundus examination and with the hyperfluorescent hot spots on late-phase indocyanine green 
angiography in all patients.

In 4 patients (Patients 1, 7, 8 and 9) transretinal blood flow was detected with phase-resolved 
Doppler OCT, traceable from an intraretinal location to the choroid in consecutive frames, 
considered to be a retinal choroidal anastomosis (Figure 3). In all 4 patients intraretinal hemorrhages 
were seen on fundus examination (Figure 3, Column 1), which corresponded to the location of the 
hyperfluorescent hot spots found on late-phase indocyanine green angiography (Figure 3, Column 
2) in Patients 1, 8 and 9. Indocyanine green angiography did not reveal a hot spot in Patient 7, 
although the hemorrhage seen on fundus examination was suggestive for RAP. Early fluorescein 
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angiography showed abnormal hyperfluorescent vascular networks in Patients 1, 7, and 8 (Figure 3, 
Column 3) with increasing leakage in the late phase (not shown).

On the Doppler en face image of Patient 1 a mesh-like vascular network is shown extending to 
the margin of the foveal avascular zone (Figure 3, Column 4, top row; red circle). On the Doppler 
tomogram an intraretinal vessel connects to blood flow detected in the subretinal pigment 
epithelial space (indicated as ‘‘RCA’’ in Figure 3, Column 5, top row).

The Doppler en face image of Patient 7 depicted 2 vessels (Figure 3, Column 4, second row; red circle) 
extending to region of the hemorrhage seen on fundus examination (Figure 3, Column 1, second 
row). These vessels were surrounded by several abnormal vascular networks (Figure 3, Column 4, 
second row; red asterisks). The Doppler tomogram (Figure 3, Column 5, second row) demonstrated 
the cross-sectional representation of transretinal blood flow (retinal choroidal anastomosis) and 
flow extending from or to the choroid. Figure 3 (third row) shows a sequence of consecutive frames 
through the retinal choroidal anastomosis illustrating the progression of the blood flow detectable 
from its intraretinal location to the subretinal pigment epithelial space (Supplementary Video 3A 
and B, available at AJO.com).
The Doppler en face image of Patient 8 showed 2 vessels connecting to an area of blood flow located 
in the foveal avascular zone (Figure 3, Column 4, fourth row; red circle). The Doppler tomogram 
showed subretinal blood flow connecting to an intraretinal vessel, considered a retinal choroidal 
anastomosis (Figure 3, Column 5, fourth row).

The Doppler en face image of Patient 9 depicted a vascular network (Figure 3, Column 4, bottom 
row; red circle) near the foveal avascular zone. On the Doppler tomogram a vessel is displayed in the 
area of a local break in the retinal pigment epithelium, on top of the pigment epithelial detachment 
(indicated as ‘‘RCA’’ in Figure 3, Column 5, bottom row). In the surrounding frames it becomes visible 
that this vessel forms an anastomosis with vessels located within the pigment epithelial detachment 
and with intraretinal vessels (Supplementary Video 4, available at AJO.com).
The location of the retinal choroidal anastomosis seen on phase-resolved Doppler OCT was 
consistent with the location of the intraretinal hemorrhages seen on fundus examination in all 
patients, and also with the late-phase hot spots on indocyanine green angiography in Patients 1, 8 
and 9 and the early hyperfluorescent vascular networks seen on fluorescein angiography in Patients 
1, 7 and 8.

In 2 patients (Patients 3 and 4) there was no discernible abnormal blood flow either intraretinally 
or transretinally (Figure 4). Patient 3 showed an intraretinal hemorrhage on fundus examination, 
while in Patient 4 only hyperpigmentation was seen (Figure 4, Column 1). Both patients revealed 
a late-phase hyperfluorescent hot spot on indocyanine green angiography (Figure 4, Column 2). 
Fluorescein angiography showed a mixed/classic CNV in Patient 3 and an occult CNV in Patient 4 
(Figure 4, Column 3). On the Doppler en face image an abnormal vascular network was seen at the 
border of the foveal avascular zone in both patients (Figure 4, Column 4; red circles). The Doppler 
tomogram of Patient 3 showed abnormal blood flow confined to the subretinal space (Figure 4, 
Column 5, top row) and subretinal pigment epithelial space (shown in Supplementary Video 5, 
available at AJO.com), while in Patient 4 (Figure 4, Column 5, bottom) it was limited to the subretinal 
pigment epithelial space alone. These findings corresponded to the mixed/classic-type and occult 
CNV that was seen on fluorescein angiography, respectively Figure 5 shows the most representative 
images from the head-to-head comparison of the spectral-domain OCT scan with phase-resolved 
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Doppler OCT tomograms for each of the 4 subcategories described above. For each of the 11 
patients a spectral-domain OCT scan was chosen that resembled the location of the phase-resolved 
Doppler OCT as closely as possible. In all images the main overall structures were comparable. 
Smaller details, for example small intraretinal cysts, seemed slightly better defined on the phase-
resolved-intensity OCT images. The region of abnormal blood flow localized on the phase-resolved 
Doppler OCT tomograms corresponded to a high reflective area within or under the retinal tissue on 
the spectral- domain OCT. Patients 8 and 11 are the best examples of this finding.

Figure 5. Head-to-head comparison of spectral-domain and phase-resolved Doppler optical coherence tomography 
(OCT) images. The most representative cases for each of the subtypes of abnormal blood flow detected based on 
phase-resolved Doppler OCT are shown: Patients 5 (Row 1), 8 (Row 2), 11 (Row 3), and 4 (Row 4), respectively. The 
left images are the phase-resolved Doppler OCT tomograms and the right images are corresponding spectral-do-
main OCT images. IRN=intraretinal neovascularization; PED =pigment epithelial detachment; RCA= retinal choroidal 
anastomosis; RPE= retinal pigment epithelium.
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Discussion

In this case series of treatment-naïve RAP patients phase-resolved Doppler OCT was able to 
detect and localize the presence of abnormal intra- and transretinal blood flow. Abnormal intra- 
or transretinal blood flow was detected in 9 out of 11 patients. This abnormal blood flow can be 
divided into 3 major variations: first as merely intraretinal (2 patients), second as an intraretinal 
neovascularization connected to a pigment epithelial detachment (3 patients), and third as 
transretinal flow illustrative of a retinal choroidal anastomosis (4 patients). In 2 patients, blood 
flow was confined to the subretinal pigment epithelial or subretinal space (1 patient each), which 
seemed more illustrative of typical occult and classic CNV, respectively. The region of the abnormal 
blood flow on phase-resolved Doppler B-scan tomograms could be correlated to hyperreflective 
structural changes in the corresponding spectral-domain OCT scans.

RAP is considered predominantly an intraretinal neovascularization that responds better to 
combination treatment including photodynamic therapy than to anti-VEGF mono-therapy. 
Conventional imaging for ARMD does not discriminate accurately between intraretinal and 
subretinal blood flow. While fluorescein angiography is adequate to use in the diagnosis of classic 
or occult CNV, additional indocyanine green angiography imaging is preferred to make a diagnosis 
of RAP. Given the limited access to indocyanine green angiography in general, the diagnosis of 
RAP may be underreported. Doppler signals combined with structural data provided by cross-
sectional tomograms visualize the depth localization of retinal blood flow. This enables accurate 
differentiation between normal and abnormally located blood flow, and between intra- and 
subretinal or subretinal pigment epithelial neovascularization.

Our head-to-head comparison of indocyanine green angiography with phase-resolved Doppler 
OCT showed very accurate correspondence in localizing the RAP lesion. In 10 out of 11 patients 
indocyanine green angiography showed a hot spot in mid to end phase that in all cases 
corresponded to abnormal blood flow seen in the same area on the Doppler en face image. 
However, phase-resolved Doppler OCT showed abnormal transretinal blood flow corresponding 
to a retinal choroidal anastomosis in 1 patient (Patient 7, Figure 3) who did not show a clear hot 
spot on indocyanine green angiography. The hot spot is possibly indiscernible from the underlying 
occult CNV on indocyanine green angiography. In Patients 3 and 4 the hot spot on indocyanine 
green angiography did not correlate to abnormal intraretinal blood flow seen on phase-resolved 
Doppler OCT, but to blood flow confined to the subretinal and subretinal pigment epithelial space, 
respectively, which is more illustrative of classic or occult CNV27.It has also been suggested before 
that a small subretinal neovascularization cannot be ruled out when a late-phase hot spot is seen 
on indocyanine green angiography3,6.

Besides accurately determining the depth of abnormal blood flow, and providing highly detailed 
visualization of the retinal vasculature in the Doppler en face images, phase-resolved Doppler OCT 
has distinct advantages over fluorescein and indocyanine green angiography, as it is noninvasive, 
is easy to perform, and has a short measurement time (6 seconds in this study). These advantages 
allow for repetitive measurements in a safe and more comfortable manner, which is preferable when 
intensive treatment follow-up is necessary. With the addition of phase-resolved Doppler OCT to the 
current spectral- domain OCT diagnostic evaluation, ARMD patients could also benefit from an early 
and accurate diagnosis of the different subtypes of exudative ARMD without resorting to invasive 
techniques, and which would entail better optimization of treatment management decisions early 
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in the disease.
It is hypothesized that late-stage RAP shows a distinct retinal choroidal anastomosis, while 
early stages of RAP could be either intraretinal or choroidal in origin6. In our study we probably 
included patients with late-stage RAP. Four patients presented with a developed retinal choroidal 
anastomosis (Figure 3) of which it cannot be determined in hindsight whether the origin was 
retinal or choroidal. In the 3 patients with intraretinal blood flow connecting to subretinal pigment 
epithelial flow in a pigment epithelial detachment, it is likely to hypothesize that these originated 
intraretinally. With progression of the intraretinal neovascularization it penetrated through the 
retinal pigment epithelium and formed a pigment epithelial detachment without any connection 
to the choroid. On the other hand, it can also be argued that the process started in the choroid. 
After the formation of a retinal choroidal anastomosis, flow and leakage increase locally, causing 
a pigment epithelial detachment to emerge (comparable to the features seen in Patient 9, Figure 
3, Column 5, bottom row). Growth of the pigment epithelial detachment could in turn cause a 
disruption or break of the retinal choroidal anastomosis, resulting in even more leakage into the 
pigment epithelial detachment (as displayed in Figure 2, Column 5) but also a disconnection with 
the choroidal vasculature. In 2 patients in whom we detected an intraretinal neovascularization 
confined to the intraretinal layers, Patient 12, in our opinion, strongly supports the hypothesis that 
a purely intraretinal lesion can occur (Figure 1, Column 5, bottom row). A larger cohort of patients 
with different stages of RAP is needed to establish the Doppler OCT features further and to clarify 
the pathophysiology of RAP.

With the current setup of the phase-resolved Doppler OCT system, adequate images were obtained 
in 11 out of 12 patients. One patient was unable to fixate properly and had an increased instance of 
movement artifacts. But even in the presence of poor fixation in most ARMD patients, the system 
was able to obtain good-quality images for analysis. The addition of retinal tracking will improve 
image acquisition, quality, and interpretation28,29.

In depicting and interpreting phase-resolved Doppler OCT images, it is important to realize that 
transretinal blood flow is not a pure vertical or horizontal flow. The cross-sectional tomograms in 
this paper illustrate the most representative images for the series of retinal choroidal anastomosis 
or intraretinal neovascularization. Consecutive tomograms from the same area, as shown in Figure 
3 (third row), show the course and extent of a small vascular mesh-work better than one single 
tomogram. Combining multiple tomogram images into a 3-dimensional layout of the vascular 
network will provide easier interpretation of similar data sets, showing both the normal and 
abnormal regions.

Fluorescein angiography is currently the standard in the evaluation of neovasculair ARMD. The 
most important observed features are a hyperfluorescent area in the early phase, leakage in the 
late phase, and pooling of dye in a pigment epithelial detachment. Although our phase-resolved 
Doppler OCT system is able to detect the low flow velocities of <1 mm/s in retinal capillaries21, it is 
not able to detect leakage from neovascularization in the Doppler en face images. In fact, any setup 
for OCT angiography will not be able to detect leakage, pooling, or staining as seen on fluorescein 
and indocyanine green angiography, and this should be taken into account when translating OCT 
angiography from a research setting to clinical practice. Another limitation of our phase-resolved 
Doppler OCT system is the current field of view of 10 degrees compared to the 30–50 degree field 
of view used in fluorescein and indocyanine green angiography. The field of view could be enlarged 
by implementing a retinal tracker allowing for a compilation of several smaller B-scan grids. Another 
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possibility to improve the field of view is to increase the current A-scan rate of 100 kHz. Faster swept-
source lasers have been demonstrated with imaging speeds up to 3 MHz. Blatter and associates30, 
using a 1.68 MHz swept- source laser, demonstrated OCT angiography with a field of view of 50 
degrees based on an intensity variance algorithm. 

Jia and associates25 demonstrated blood flow quantification in neovascular ARMD patients based 
on speckle decorrelation angiography. Future developments may also include detecting absolute 
blood flow velocities and blood flow directions, which is only possible using phase-based Doppler 
OCT. Flow velocities could be of importance in patients with, for instance, retinal vein obstructions, 
where absolute flow velocities could be compared to the arm-to-retina circulation time measured 
by fluorescein angiography. Flow directions may also provide more information about the 
hemodynamic situation in retinal vascular disorders such as RAP.

In conclusion, we have demonstrated with this small case series that phase-resolved Doppler OCT 
can pinpoint abnormal intra- and transretinal blood flow in the majority of patients diagnosed with 
RAP lesions via conventional imaging techniques. The potential of angiography of phase-resolved 
Doppler OCT is to accurately distinguish between normal and pathologic blood flow and vascular 
structures comparable to conventional imaging techniques, but it also provides structural OCT data 
offering specific depth location of the abnormal blood flow structures without invasive procedures. 
This will help to further elucidate both retinal and choroidal vascular pathologies such as RAP.
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Long-Term outcomes of treatment

The treatment of CNV in ARMD with anti-VEGF has been shown to provide great visual and anatomi-
cal improvement in the majority of patients1-3. Beyond the initial registration trials, we have seen a 
several great investigator-initiated trials that compared the different versions of anti-VEGF drugs4-6; 
also, more real-life data study data have become available6,7. Whilst the initial response to anti-VEGF 
in patients is very important, it has become clear that nARMD is a long-term disease that needs tre-
atment far beyond the 1-to-2-year standard range of most initial clinical trials. The question arises if 
these visual gains continue on for years, or are unsustainable. 
One of the first major studies to report long term data was the SEVEN-UP study8. It reported the 
seven-year outcomes in ranibizumab treated patients that participated in the major clinical trials 
ANCHOR, MARINA and HORIZON. This study showed a decline of 15 letters or more in one third of 
patients compared to baseline. Approximately, half of patients were stable compared to baseline. 
Mean visual gain seen after 1-year treatment had disappeared 4 years after baseline. Similarly, the 
CATT study showed at 5 years mean visual acuity had declined to 3 letters worse than baseline9. At 
first glance these results would appear negative, but considering the natural progression of CNV in 
ARMD without treatment, the delay and prevention of end stage ARMD endpoint for half of these 
patient is a positive result10. 
In our initial prospective randomized study we compared continuous fixed dose therapy every 4, 6 
or 8 weeks for one year11. Recently we decided to try and obtain 10-year visual acuity of these initial 
191 patients, as well as their treatment record.

Patients and Methods

157 patients of the 191 patients that participated in the one year fixed-dose trial comparing 4, 6 
and 8 weekly therapy of intravitreal bevacizumab in nARMD finished the one year therapy16. These 
157 patients went back to regular medical retina care in the Rotterdam Eye Hospital. Follow-up 
data for these patients were acquired from patient records for up to 10 years after inclusion in the 
original study. Patients lost to follow-up without any clear reason, were contacted to ascertain the 
reason for follow-up loss. 

Figure 1 shows the datarecovery rate of patients per year.
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Figure 1: fl ow diagram of retrospective data recovery. At 10 years, data of 36 percent of the original baseline cohort 
could be obtained.

Results 
At 10 years, 88 patients were lost to follow-up. The main reason for this was death (46%). In 16 
patients we were not able to ascertain the exact reason for lost to follow-up. Table 1 shows the 
overview for lost to follow-up causes.

Table. 1 Lost to follow-up

Long-Term outcomes of treatment

N patients

Reason unknown 16

End stage ARMD or inactive CNV 14

Deceased 40

Health or patient initiated reason 9

Transferred care to other Hospital 9

Total 88
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Visual Acuity
At 1 year visual acuity in all 3 groups increased compared to baseline. In the 4 weekly group mean 
visual acuity increased from 0.37 ± 0.23 to 0.30 ± 0.27, in the 6 weekly group from 0.38 ± 0.24 to 0.33 
± 0.35, and in the 8 weekly group from 0.44 ± 0.28 0.35 ± 0.32. The mean visual acuity increase seen 
after continuous therapy at 1 year decreased rapidly under clinical care within 2 years after baseline, 
as shown in fi gure 2. Between group comparison with ANOVA did not show a statistically signifi cant 
diff erence in mean visual acuity per year after baseline. At 6 years mean visual acuity in logMAR 
was lowest at respectively 0.69 ± 0.66 in the previously 4 weekly treated group, 0.72 ± 0.68 in the 6 
weekly group, and 0.77 ± 0.76 in the 8 weekly group. Nor did mean visual acuity change statistically 
signifi cantly between 6 years to 10 years follow-up (Figure 2 and 3).

Figure 2. Mean ETDRS letters

Figure 3. Mean Visual acuity change.

In fi gure 4 and 5 the visual acuity change in LogMAR en ETDRS mean change is shown solely for 
the 69 patients that have data from baseline up until 10 years. Visual acuity change in LogMAR was 
0.20 ± 0.51 LogMAR in the 4 weekly group versus 0.41 ± 0.63 in the 6 weekly group and 0.38 ± 0.52 
LogMAR in the 8 weekly group. Between group comparison with ANOVA did not show a statistically 
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signifi cant diff erence (p= 0.58) in mean visual acuity change at 10 years in this cohort of 69 patients.

Figure 4. Mean LogMAR visual acuity for 69 patients that have 10 year follow-up.

Figure 5. Mean ETDRS letters for the 69 patients that have 10 year follow-up.

At 10 years, 18.6% of patients have a stable (change ≤4 letters) visual acuity compared to baseline, 
whereas 42% of patients were deemed stable at 1 year (study end point). Figure 5 shows the letter 
change after baseline during the 10 years follow-up. 60% of patients have lost 5 or more letters com-
pared to baseline at 10 years, a considerable increase compared to only 14% at 1 year.

Long-Term outcomes of treatment
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Figure 6. ETDRS letters change compared to baseline. 

The above data show that with a recovery rate at 10 years of 56% of the original cohort of 157 
patients that 40% of patients were stable or better than at baseline (fi gure1).

10 year follow-up cohort
Table 2-4 show the baseline characteristics of the 69 patients of which we have 10 year data. 
Between group analysis for baseline CNV, Baseline treatment group, and Baseline fl uid type showed 
no signifi cant diff erences for visual acuity gain at 10 years. Correlation between end vision and 
baseline characteristics were undecisive due to the small groups. 

Table 2. Baseline Treatment Group     Table 3. Baseline Type of CNV

Chapter 8

Frequency Percent

4 weekly IVB 21 30.4

6 weekly IVB 26 37.7

8 weekly IVB 22 31.9

Total 69 100.0

Frequency Percent

Occult CNV 41 59.4

Minimally Classic 12 17.4

Predominantly CNV 4 5.8

Classic CNV 1 1.4

RAP 11 15.9

Total 69 100.0

22-135 PROEFSCHRIFT AMARAKOON_V09.indd   12222-135 PROEFSCHRIFT AMARAKOON_V09.indd   122 02-08-2022   11:1802-08-2022   11:18



123.

Intravitreal treatment
In the fi rst year patients were treated in fi xed dose schedule and received either 13, 9 or 7 injection 
in that year. However, in the subsequent years far less injections were scheduled, and mean 
injection rate was 5.5 or less per year. There is considerable drop in visual acuity after the fi rst year 
of treatment, which coincides with marked less treatments per year. It seems the 6 weekly group 
on average received less injections at 10 years (3.2) versus the 4 and 8 weekly groups (4.2 and 4.9) 
which might explain the worse visual acuity in that group at 10 years. 

Figure 7. Mean injections per year

Long-Term outcomes of treatment

Frequency Percent

Intraretinal fl uid 1 1.4

Subretinal fl uid 6 8.7

Sub-RPE fl uid 4 5.8

Intraretinal and subretinal fl uid 3 4.3

Intraretinal and sub-RPE fl uid 3 4.3

Subretinal and Sub-RPE fl uid 30 43.5

All types of fl uid 22 31.9

Total 69 100.0

Table 4. Baseline Fluid Type
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Discussion

Several long-term “real-life” studies reported better data results than the SEVEN-UP study. For 
instance, a retrospective review of 878 patients which focussed on 109 eyes that received continuous 
fixed dose anti-VEGF for 5-7 years and a minimum of 6 injections per year, showed that 93% had 
visual stabilisation or improvement compared to baseline at 7 years12. This result would suggest that 
in specific subsets of our patients, continuous fixed dose treatment may be of long-term benefit. 
Reports of increased risk of geographic atrophy, however, caution to take that route for all patients13. 

The long-term data of the Fight Retinal Blindness registry of treatment of 1212 treatment naïve eyes 
with nARMD seem to validate the above result as mean visual change did not drop below baseline 
after 5 years, which was mainly contributed to the higher number of yearly injections these patients 
received when compared to the SEVEN-UP study after its initial 2 years14. 
Most recently Gillies et all and Starr et al reported on the 10 year follow-up outcomes of neovascular 
age-related macular degeneration15,16. Starr et al, found a significant decline of visual acuity after 
year 3 in the 130 eyes of the study and the percentage of eyes with visual acuity of 20/2000 or 
worse increased from 15% at baseline to 38% at final visit. However, eyes that received at least one 
intravitreal anti-VEGF injection per year (40 eyes), maintained baseline vision at 10 years in contrast 
to eyes that did not have receive at least one intravitreal injection per year (90 eyes). Similarly, Gillies 
et al, saw mean vision loss of 0.9 letter in the 132 eyes from New Zealand cohort versus 14.9 letters 
mean loss in the 37 eyes from Switzerland cohort. This difference that was mainly contributed to 
the generally fewer treatments received in eyes from the Switzerland cohort compared to the New 
Zealand cohort. 

Considering the retrospective nature of data and the inherit flaws, care must be taken to take the 
above data as the basis for hard conclusions. Nevertheless, the current literature presented above 
and our own data, support a positive take away message that at least a large part of our treatment 
cohort benefits from anti-VEGF treatment compared to the natural course of CNV. At least 40 percent 
of patient still under care are equal or better then at start of treatment. The other 10 year follow-
up studies and this one show that in “real life”, markedly less injections are given then in research 
protocols. This suggests that a part of the subsequent visual acuity loss during the years under real 
life conditions can be attributed to under treatment of our patients. Which is a factor we should take 
in to account when arranging our treatment protocols for the long-term benefit of patients. 
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General Discussion

In order to fully appreciate the current state of nARMD treatment it is important to realize that until 
around 2006 prognosis for nARMD patients was bleak. Neither laser photocoagulation nor PDT were 
satisfactory therapy options, and vision recovery seemed a distant dream. This all changed with 
the publications of the first registration trials for ranibizumab, and in its wake a gain of 3 Snellen 
visual acuity (VA) lines was marketed. Although this might not be true for every patient, we did 
see consistent VA gain in the average nARMD patient with anti-VEGF use. In the years following it 
became clear that anti-VEGF therapy for nARMD is a chronic long-term endeavor. Now more than 
10 years later, our treatment cohorts are getting bigger and bigger. With current life expectancy 
growing, it seems that we will inevitably reach a maximum to what is logistically possible with anti-
VEGF alone. 

Considering our limited resources, there are theoretically several solutions. The main categories 
would be:
  1. New radical future treatment
 2. Early detection of nARMD 
 3.  Choosing optimal evaluation strategies and decreasing  

the frequency of (needed) anti-VEGF treatments

1. A new treatment for nARMD that consists of a limited treatment, without compromising on 
efficacy (the 3-line miracle) would of course be the ideal solution. New anti-VEGF are coming to 
the market, with brolucizumab being the latest to be approved by the FDA and EMA. Furthermore, 
Abicpar, Faricimab, and Conbercept are examples of new anti-VEGFs that are expected to be 
approved for use in nARMD in the foreseeable future. However, all these new anti-VEGF options will 
need frequent regular treatment intervals. Although, there is definite promise of longer treatment 
intervals, a limited or one-time treatment is not possible with these drugs. The port delivery system 
with ranibizumab might extend treatment times even more, as it is a refillable eye implant that 
releases a continuous dose over the course of months, enrollment for a Phase III clinical trial is 
underway. 
Currently there are no new type of drug coming to the market soon that can outperform anti-VEGF 
and permanently effect the natural course of a CNV, thereby halting the need for chronic repeated 
treatment. While we are waiting for this miracle its pertinent to take a look at our current anti-VEGF 
treatment. 

2. As clinicians have realized, and several papers have pointed out, early detection of nARMD is a 
major modifiable factor for the eventually gained VA after anti-VEGF treatment.1-3 What has been 
lost, is hard to regain. A CNV will cause damage if given enough time, and this structural damage 
is not repaired by anti-VEGF. Early detection has several factors, first and foremost patient delay. 
Do patient recognize the signs of nARMD, and will they take action quickly? Secondly, the most 
important modifiable factor is doctor delay. How long after a first visit, will evaluation and first 
treatment take place? Based on the limits in any clinical setting this could take 1 day, but can take 
more than 2 weeks if not properly handled. This delay is time given to the CNV to wreak havoc. The 
advent of OCT for home use might bring big chances in our current treatment strategies, and allow 
earlier detection of fluid changes in the retina. 

3. After detection, an optimal evaluation strategy for nARMD is needed. Mainstay traditional 
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strategies are fixed dose or as-needed. Previous large trials, in particular the registration trials have 
centered around a 4 weekly fixed dose or as-needed. Fixed dose would be 13 anti-VEGF treatments 
in the first year. It is the most intensive and costly treatment modality possible that potentially also 
confers a risk of overtreatment. Whilst “as-needed” or “on Demand” would definitely reduce the 
number of given treatments, it adds a monthly diagnostic burden as well. The biggest drawback 
to “as-needed” or “on demand” therapy is the uncertain predictive value of a non-active evaluation 
during a clinical evaluation. In other words, does a non-active CNV based on VA, OCT findings 
and fundusscopy predict future (in)activity and for how long, which is doubtful at best. Waiting 
for obvious signs of recurrent activity subjects’ patients to under treatment, and theoretically 
permanent preventable visual loss. Treat and Extend solves several problems fixed-dose and “as-
needed” or “on demand” therapy have. It decreases the amount of anti-VEGF treatments compared 
to fixed dose and reduces the amount of evaluation visits compared to “as-needed” or “on-demand”. 
Whilst this thesis did not investigate treat and extend in detail it is definitely a viable treatment 
strategy as the LUCAS trail showed.

Continuous intravitreal bevacizumab
Our first objective in this thesis was to determine whether treatment for nARMD with bevacizumab 
was possible in lesser frequencies than the standard fixed dose 4 weekly. Based on several 
pharmokinetic studies, we theorized it would be possible to treat patients in a fixed dose schedule 
of every 6, or 8 weeks without compromising visual acuity gain, or anatomical improvement 
(reduction in CFT) compared to every 4 weeks therapy. Based on our study 6 weekly and 8 weekly 
fixed dose bevacizumab treatment were non-inferior to fixed dose every 4 weeks, for visual acuity 
change and CFT reduction at 1 year. The results show the viability of 6 or 8 weekly fixed dose therapy, 
although care should be taken in interpretation and extrapolation of these results to daily clinic. 
The study was powered to find statistically significant differences of >7 ETDRS letters. Given the 
restrictions and power of the study small differences could have been masked. Any change larger 
than 7 letters would have been apparent, and considering the normal variability in visual acuity 
measurements4 this study still offers a clinically relevant outcome. The average patient as this study 
describes is however not our individual patient. While the average patient reacted favorably, when 
focusing on individuals it can be argued that some patients would benefit from higher frequencies 
of bevacizumab or vice versa. With the current available literature, we are unfortunately not yet 
capable to identify these patients prior to therapy. The key information this study provides is that a 
4 weeks fixed dose mantra for all patients is not mandatory, and on an at least individual basis could 
be tailored up to 8 weeks fixed dose without compromising efficacy. 

On-demand intravitreal bevacizumab
Our second aim was to evaluate if further reduction in intravitreal bevacizumab injections was 
possible via on-demand therapy. We therefore compared on-demand 4 weeks bevacizumab therapy 
with on-demand 8 weeks therapy. In our study we demonstrated on-demand 8 weekly therapy is 
non-inferior to on-demand every 8 weeks for visual acuity change and anatomical change (reduction 
in CFT) at 1 year. As in our fixed dose study, this study was powered to find statistically significant 
differences of >7 ETDRS letters. Given the restrictions and power of the study small differences 
could have been masked. From the start of the study, we realized that subjecting patients to on-
demand 8 weekly therapy has potential risk of under treatment and conveyed preventable visual 
acuity loss. We therefore tailored the reinjection criteria for all patients in the study to err on the safe 
side. On average patients in the 4weekly on-demand group received 8.7 injections (of a potential 
13 injections) and in the 8 weekly on demand group 5.9 injections (of a potential 7 injections) 

General Discussion

22-135 PROEFSCHRIFT AMARAKOON_V09.indd   13122-135 PROEFSCHRIFT AMARAKOON_V09.indd   131 02-08-2022   11:1802-08-2022   11:18



132.

intravitreal bevacizumab injections. There is definite potential in on-demand every 8 weeks for 
the average patient. On-demand 8 weeks would work great for patients that are among the highly 
reactive individuals to bevacizumab. However, given that a clinical visit determining therapy is not 
needed will lead to a window of 16 weeks without therapy, patient selection and education are key 
to successful therapy in this scenario. 

Therapy of best vs worst seeing eye
Safe reduction of the frequency of therapy for nARMD has a potential large financial impact. In 
economic evaluations of ARMD often the data from only one eye is used, the better seeing eye. The 
utility of visual acuity gain in the worst seeing is theorized as equal to zero until it improves beyond 
the best seeing eye.
When it concerns quality of life (QoL), therapy effect may not simply be linear to VA gain in the better 
eye. In our paper we used a generic quality of life instrument SF-6D to evaluate that assumption. 
We found that there is an effect of treating the worst seeing eye on quality of life and equating the 
utility to zero underestimates the cost effectiveness of nARMD treatment. We also show that the 
effect on quality of life from treating the best seeing eye is larger than treating the worse seeing eye. 
The implications of this study are that future economic analysis of nARMD should take into account 
the treatment results of both eyes, not just the better seeing eye.

Quality of life comparison of continuous intravitreal bevacizumab
In our second economic evaluation we looked at the QoL impact of different frequencies of 
bevacizumab using the data from the fixed dose bevacizumab study in which 4, 6, and 8 weeks was 
compared. The National Eye Institute Visual Functioning Questionnaire-39 (NEI VFQ-39) and Short 
Form-36 (SF-36) were used to assess QOL at baseline and at one year. Our studies were powered to 
find VA differences and not tailored for a robust QoL analysis. Within that confinement, we found 
non-inferiority on general and vision-related QOL in patients with nARMD for 6 and 8 weekly fixed 
dose compared to 4 weeks. Care must be taken when interpreting these findings, as only large 
differences would have been detected in the current setup of our study. One could hypothesize that 
patients would welcome less injections at the cost of some degree of loss of visual gain. We hope 
that in the future more data will be available.

Reactivation of nARMD
Both our fixed dose and on-demand therapy study concentrated on treatment results after 1 year 
therapy. Therapy for nARMD however is long term and chronic for most patients. Current evaluation 
modalities after diagnosis concentrate on visual acuity, OCT, and funduscopic findings. Determining 
if a patient has a non-active CNV based on these parameters has questionable prognostic value. It is 
uncertain what time it will take before a CNV reactivates. We therefore studied how our patients in 
the fixed dose study would fare after one year of intensive treatment in the study. The first striking 
fact was that 42% of patients treated for 1 year with fixed dose still had active CNV as confirmed 
by FA and ICG (at study end visit). There was no significant difference in active CNV between the 
treatment groups (4, 6 or 8 weekly) at that point. The remaining 91 patients were closely followed 
up with standard clinical care without anti-VEGF until active CNV was seen. 61 (67.0%) of these 91 
patients needed retreatment for active CNV within one year after their last bevacizumab treatment: 
32 (35.2%) patients within the first 3 months, 18 (19.8%) in the 3 months after that, and 11 (12.1%) 
during the final 6 months of the first year after bevacizumab discontinuation. 
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Sixteen percent (15,9%, 25 of 157 patient) had persistently inactive CNV even after 1 year without 
treatment. However, 20% of those patients had end stage ARMD and signs of CNV activity may not 
have led to further treatment. The Key point from this study is that even though a CNV is determined 
to be inactive it is highly likely that reactivation will take place within 6months, and clinical care 
should focus on minimizing the risk of treatment delay within that period. 

Diagnostic advances
The current golden standard for the diagnosis of nARMD is FA, preferably combined with ICG. The 
types of CNV are based on their characteristics during these evaluations. However, FA and ICG are 
invasive and offer limited information on the depth location of type 3 CNV (RAP). The advent of OCT 
imaging has not changed that so far. 

In our study we used the relatively novel technique of phase-resolved Doppler optical coherence 
tomography to evaluate RAP that was diagnosed with FA and ICG. The main advantages of this 
technique are that it is noninvasive (allowing repeated follow-up exams) and theoretically could 
provide more information of intraretinal structural changes in RAP. We were able to show, abnormal 
intra- and trans-retinal blood flow in patients with RAP, and distinguish between normal and 
pathological blood flow. Furthermore, the technique was able to offer data on depth location of 
the abnormal blood flow structures. While these findings are more of a proof of concept, it offers 
a glimpse into what will lead to more non-invasive techniques that could speed up diagnosis and 
treatment of nARMD.

CONCLUSION

The current accepted standard of treatment of nARMD is anti-VEGF. At present time there are 4 
different mainstay versions of anti-VEGF. Bevacizumab has proven to be more cost effective than its 
on-label counterparts ranibizumab and aflibercept. In this thesis we have studied the possibilities 
of decreasing the frequency of needed therapy with bevacizumab. Both our fixed dose and on-
demand evaluations showed the feasibility of less frequent injections in nARMD patients without 
compromising efficacy. It is not our intention to use this thesis to advocate the use of 8 weekly 
fixed or on-demand therapy in every patient. However, the evidence in this thesis supports that 
clinicians can safely go towards 8 weekly therapy on an individual patient basis. Therefore, the exact 
identification of such patients would have immense logistical and financial potential. 
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CHAPTER 9

English Summary
This thesis describes the treatment of exudative ARMD with bevacizumab. Initial therapy of bevaci-
zumab for exudative ARMD has mimicked the registration trials of ranibizumab, which mainly con-
centrated on either continues or on-demand every 4 weeks therapy. The main object of the thesis 
was to evaluate the viability of less frequent bevacizumab dosage regiments. Furthermore, the re-
activation interval of CNV was observed, and we delved deeper into a specific kind of CNV and its 
characteristics using a novel diagnostic technique. 

Chapter 1, is general introduction to ARMD. It describes the function of the eye, the retina and, in 
particular the macula. The macula is the main location of the disease ARMD. ARMD can be broadly 
divided into dry ARMD and exudative ARMD. This thesis mainly concentrates on the disease pro-
cess of exudative ARMD. Current golden standard for diagnosing exudative ARMD is based on the 
clinical signs seen in fundoscopy, the OCT characteristics, and evaluation with FA/ICG. Intravitreal 
injections of anti-VEGF have taken a firm place in the therapy of exudative ARMD. While, there are 
several types of anti-VEGF variants available for the treatment of exudative ARMD, at present time 
the cheapest, and arguably most cost-effective option is bevacizumab. 

Chapter 2, describes our randomized controlled trial on the effect of bevacizumab injections every 
4 weeks, 6 weeks and 8 weeks for the treatment of exudative ARMD. Visual acuity gain and reduction 
in CFT at 1 year were comparable for all 3 treatment groups. This study showed the viability of trea-
ting patients with exudative ARMD, in less frequent fixed dose injection regimens than the standard 
fixed dose every 4 weeks.

Chapter 3, in this chapter we compare on-demand every 4 weeks to on-demand every 8 weeks 
therapy of bevacizumab for exudative ARMD. In chapter 2 the study concentrates on a continues 
schedule of bevacizumab wherein the time between injections was only varied. However, injections 
were obligatory in that study on either a 4 weekly, 6 weekly or 8 weekly frequency for 1 year. In this 
on-demand study, at each study visit it was evaluated if an injection was needed. Each study visit 
was either every 4 weeks or every 8 weeks. The results show that visual acuity gain and reduction in 
CFT at 1 year were comparable for either every 4 weeks or every 8 weeks on-demand. 

Chapter 4, in this study we evaluated the QoL in patients that participated in the study of chapter 
2. The generic quality of life instrument SF-6D was used. Usually in QoL evaluations in ophthalmic 
patient the utility of VA gain in the worst seeing eye is reported as negligible. However, in our study 
we found there is an effect in treating the worst seeing eye in exudative ARMD on the QoL. The 
implications of this study are that future economic analysis of exudative ARMD should take into 
account the treatment results of both eyes, not just the better seeing eye.

Chapter 5, looked at the impact of different therapy frequencies of bevacizumab for the treatment 
of exudative ARMD on the QoL. NEI VFQ-39 and SF-36 were used to assess QoL at baseline and at 
one year. We found non-inferiority on general and vision-related QoL in patients treated with every 
6 and 8 weekly fixed dose compared to 4 weeks. Whilst these results are very encouraging, the po-
wer of the study meant that only large differences would have been detected. 
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Chapter 6, an important conundrum in the therapy of exudative ARMD is tackled. What are the 
prospects when anti-VEGF therapy is halted? In this study all patients with inactive CNV at the end of 
the study that was described in chapter 3 were observed, to evaluate the reactivation interval after 
discontinuation with anti-VEGF. The result show that 67% of patient with inactive CNV have a re-
currence in the first year after discontinuation, and that most of these recurrences take place in the 
first 6 months. It is therefor, very important that even when discontinuing anti-VEGF in an inactive 
CNV that follow-up must be sufficient, and patients be made aware the recurrence are highly likely.

Chapter 7, delves deeper in type 3 CNV, also known as RAP. This type of exudative ARMD has been 
known to look and react differently to anti-VEGF than the other types of CNV. The study shows an 
overview of the features of RAP using Phase-resolved Doppler OCT. This novel technique was able to 
detect and localize abnormal intra- and transretinal blood flow. A comparison with the ICG findings 
in the same patients shows that Phase-resolved Doppler OCT is able to pinpoint the RAP lesion, as 
seen on ICG and provide additional information about the intra- and transretinal blood flow.

Chapter 8, we revisit our initial group of 191 patient that were treated with bevacizumab in a con-
tinuous frequency. Treatment frequency was far lower during clinical care, and the mean injection 
rates varied between 2.9 - 5.5 injection per year. At 10 years follow-up data was available for 69 pa-
tients. In 40% of these patient’s visual acuity was stable or better than baseline. We could not show 
any significant differences in visual acuity outcome at 10years between initial treatment group, ba-
seline vison, baseline fluid type, and CNV type. Which was expected considering the small left over 
follow-up group.

Chapter 9, pertains the general discussion of this thesis. A main goal of this thesis was to expand 
our knowledge of less frequent bevacizumab treatment. Our studies showed that treatment of exu-
dative ARMD with bevacizumab either fixed-dose or on-demand can be extended from 4 weeks to 
up to 8 weeks.

General Discussion
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