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Abstract

Purpose

To study the regional detailed visual outcome and treatment discontinuation of neovascular age-

related macular degeneration (nAMD).

Methods

Clinical records of 110 patients treated for NAMD at the sole referral center in the Helsinki region

were analysed retrospectively. The follow-up was up to the fourth year.

Results

The mean visual acuity (VA) at baseline was 56.3 (SD 16.2) letters. The mean last VA at the first year
was 59.7 (20.2), and the corresponding values for the second, third and fourth years were 60.8
(20.6), 60.0 (19.0) and 59.7 (19.3). The mean difference from baseline was +3.39 (SD 14.6), +3.59
(17.6), +0.08 (18.9) and +3.08 (14.3). The number of patients declined each year, with only 51 % of
the patients being in treatment until the fourth year. The patients with shorter duration of follow-
up tended to have a lower baseline VA, lesser gains and an earlier decline in VA. The VA levels at the
last visit were poorer in the shorter follow group. The initial VA response predicted later VA, whereas
VA at baseline, age or sex had no effect. However, the effect vanished with a longer time in

treatment.
Conclusions

Long-term VA stabilization was obtained in a regional material. Patients with neovascular AMD
consists of cohorts with varying visual outcome and treatment time. Many of the patients benefit
from the treatment for some time, however. When comparing real-world results, the outcome of
the different follow-up time cohorts should be considered. This calls for new methods for analysing

real world nAMD treatment results.

Key words: neovascular age-related macular degeneration, anti-VEGF treatment, visual acuity, real-
world studies
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INTRODUCTION

The use of anti-VEGF agents has revolutionized the visual prognosis of neovascular age-related
macular degeneration (nAMD). The efficacy of anti-VEGF agents was initially proven in registration
studies with strict inclusion criteria, and a rigid protocol of frequent intravitreal injections and
follow-up visits [1, 2]. These studies generally lasted for one to two years, after which the
continuation studies were generally performed according to a more flexible regimen. In these
continuation studies the visual results tended to deteriorate from those obtained in the original
studies [3]. Similarly, data from the results of real-world treatments for NAMD generally show visual
results that are inferior to those of the registration studies [4], albeit clearly better than the natural
history of nAMD [5]. The reason for this difference has been suggested to be due to a larger

spectrum of AMD lesion types and sizes included and undertreatment [6].

Observational studies are especially important for the comparison of different treatment protocols
and organizations, and for resource allocation. However, the evaluation of real world studies is
made complicated by several issues. These include the amount of data recorded, the validity of the
data, the representativeness of the study sample and the impact and statistical handling of patients

lost to follow-up [7].

In this manuscript, we describe the outcome of a cohort of patients with the first anti-VEGF injection
given in the year 2012, with a follow-up for up to 4 years. Since our hospital is the only organization
giving public treatments for nAMD and long-term private treatments are rare in our region, we feel

that this report reasonably reflects the regional outcome of NAMD treatment.

In this report we paid special attention to the course of treatment outcome in the patients dropping

out before the end of the follow-up.
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MATERIALS AND METHODS
Study design

We analysed patients with nAMD with a treatment naive eye given the first injection at the Helsinki
University Central Hospital between 1.1.2012 — 31.12.2012. One hundred ninety-six eyes of 196
patients were identified from the electronic medical records using the ICD10-code H35.31 for
WAMD. Altogether 86 eyes were excluded. The main reasons for exclusion were the anti-VEGF
injection given elsewhere (41 eyes), unconfirmed diagnosis (11 eyes) and prior vitreoretinal surgery
(9 eyes) (Table 1). In patients, who had nAMD diagnosis of both eyes, the first treated eye was

included, or if the treatment was initiated in both eyes at the same time, the right eye was chosen.

Data collection

Treatment decisions had been made by clinicians in routine practice, mostly using a PRN type of
protocol, in which an injection was given only when signs of neovascular activity (intra- or subretinal
fluid or bleeding) were present at a follow-up visit. Typically, the visit interval was 4 to 5 weeks.
Patients received either bevacizumab (Avastin, F Hoffmann-La Roche Ltd Switzerland), ranibizumab
(Lucentis, Novartis Pharma GmbH Niirnberg Germany) or aflibercept (Eylea, Bayer AG, Berlin,
Germany). Baseline data included date, patient age, sex, visual acuity, ETDRS score and AMD status
of the fellow eye. Fluorescein and indocyanine green angiographies were taken at baseline at
discretion of the treating ophthalmologist in 59% of the cases especially if the diagnosis of WAMD
was to be confirmed. Since almost half of the patients had not angiographies taken, and the
selection for angiography was not random, we did not analyse the outcomes in relation to
angiography results. At follow-up visits, we recorded the date, visual acuity, the drug injected,
possible complication of intravitreal injection, and the cause for ending the follow-up at the last
visit. Part of follow-up visits were conducted in an outsourced unit using Snellen tables, converted

to ETDRS scores for analysis. Data were collected until March 2016.

The study was approved by the local ethics committee and adhered to the tenets of the Helsinki

declaration.



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

Running head: Analyzing subgroups and treatment discontinuation in a Finnish AMD cohort

Outcome measures

The main outcome measure was the change of visual acuity from baseline. Other measures included
the number of injections with respect to completed years of follow-up, stability of visual acuity with
respect to baseline visual acuity, proportion of patients with different visual thresholds at the end
of follow-up in different follow-up groups; timing and severity of permanent visual loss below
baseline level; and timing and causes of treatment drop-out. VA at the different corresponding time
points were analysed in groups, based on the eventual total treatment time of a patient, grouped
as follows: G1: dropout during the first year, G2: dropout during the second year, G3: dropout
during the third year and G4: dropout or study end during the fourth year. We also measured
annually the change in central foveal thickness from baseline and the presence of subretinal fluid

(SRF), intraretinal fluid (IRF) and pigment epithelial detachment (PED) at baseline and at last follow-

up.

Statistical methods
Visual acuity between groups were analyses using ANOVA with post hoc tests.

For the analysis of the visual outcome and the role of the initial VA response, all patients at a time
point were analysed, or patients were divided into the 4 groups (G1 to G4) based on their follow-up
periods for analysis. The initial VA response was taken from the closest VA value available within 6
months from the initial injection. The actual median interval from the first injection to the initial VA
response time point was 22.7 weeks (5.8months), range 10.0 to 25.9 weeks. The median number
of injections before the timepoint was 5 (range 2 to 7). The early and late VA responses were saved
as a binary variable with 1 indicating improvement over the baseline measurement and 0 indicating
VA value of equal to or worse than baseline VA. The late VA response was computed similarly at the
end of each year for patients in each follow-up group. Logistic regression was performed with late
VA response as dependent variable and baseline age, gender, baseline VA measurement and early
VA response as covariates. Point estimates and confidence intervals of all covariates were reported

for each follow-up group for every year.

Since the sample size is small with 110 patients divided into 4 groups and 4 years, there was a
possibility of small sample bias while performing logistic regression. In case of small-sample bias,

log-likelihood may become infinite, and estimate may not exist. Various penalties or corrections to
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likelihood and score functions are suggested in literature to handle small sample bias. We used
maximum penalized likelihood with powers of the Jeffreys prior as penalty to overcome the problem
of infinite log-likelihood [9]. R function ‘glm’ was used for performing logistic regression and the R
package ‘brglm?2’ was used for applying maximum penalized likelihood when ‘glm’ leads to infinite

loglikelihood due to small sample bias.

RESULTS
Baseline characteristics

At baseline, 110 eyes of 110 patients were included in the study. 71 patients (65%) were female.
Median age at baseline was 80.4 years (SD 8.60). The proportion of right and left eyes as the study
eye was equal, 55/55. Thirty-five patients (32%) were non-smokers, 9 patients (8%) currently

smoked and 33 (30%) were ex-smokers. Data could not be obtained from 33 patients (30%).

Mean baseline ETDRS score was 56 (SD + 16). Baseline EDTRS level was <40, 40-54, 55-70 and >70
in 22 (20%), 26 (24%), 37 (34%) and 25 (23%) patients, respectively (Fig 1).

The follow-up and injections

Mean total follow-up time per patient was 32.1 months (SD 14.1). Mean visit interval was 40.0 days
(SD 12.4). Proportion of patients remaining was 91% (n=100) at 12 months, 69% (n=76) at 24 months
and 49% (n= 54) at 36 months. Eleven percent (n=12) of the patients were treated during the 4t
year. Thus, the cumulative percentages of patients lost to follow-up were 9% at 1 year, 31% at 2

years and 51% at 3 years.

Causes for discontinuing treatment were lack of response to treatment (n=18), inactive disease for
12 months (n=15), other serious medical condition (n=9), not appearing at follow-up visits (n=3),
death (n=7) or patient willing to give up treatment (n=4). In the patients discontinued for lack of
response, the median baseline VA was 39 letters (range 19 to 68), and the corresponding values at
the last follow-up were 21 (0 to 46) All of these patients were treated with bevacizumab. Aflibercept

was not widely available at that time.
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The mean number of injections (corrected to a full year value for the last year of follow-up) given
was 7.7 (2.5 (SD)), 4.8 (3.8), 6.0 (3.4) and 7.5 (3.6) during the first, second, third and fourth years
(Table 2). The proportion of anti-VEGF agents injected were: 82.5% bevacizumab, 3.5% ranibizumab
and 14.0% aflibercept. The proportion of patients who had an injection with the respective anti-
VEGF agents at least once were 97.0 %, 5.5 % and 30.0% for bevacizumab, ranibizumab and
aflibercept. This distribution of anti-VEGF agents reflects the practice still used in Finland with
bevacizumab being the primary agent and aflibercept being used if a satisfactory response is not
obtained with bevacizumab. Ranibizumab is generally used in patients developing uveitis or
intolerance to the two other compounds [8]. There were no cases of endophthalmitis, traumatic
cataract or retinal detachment. In two injections, there was a temporary intraocular pressure
elevation above 40 mmHg, with pain or acute visual decline. In both cases, the intraocular pressure

elevation resolved with topical hypotensive medications.

The mean central foveal thickness (CFT) was 443 (SD 218) p at baseline. During follow-up the
difference of CFT to baseline was -130 (174) p at one year and -146 (188) W, -138 (160) p and -154
(180)  at the second, third and fourth years, respectively. At baseline 82/107 (78%) patients had
subretinal fluid (SRF), 55/107 (51%) had intraretinal fluid (IRF) and 97/108 (86%) had a pigment
epithelial detachment (PED, including all elevations of the pigment epithelium, with or without
fluid). At the last follow-up the corresponding proportions were 25/107 (23%) for SRF, 42/107 (39%)
for IRF and 93/108 (86%) for PED.

Visual outcome

The mean visual acuity of all patients at baseline was 56.3 (SD 16.2, n=110) letters. The mean last
VA of the first year was 59.7 (20.2, 110). The corresponding values for the second, third and fourth
years were 60.8 (20.6, 99), 60.0 (19.0, 72) and 59.7 (19.3, 54).

The mean difference between the baseline VA and the last VA measurement of each year was +3.39
(SD 14.6) in the first year, +3.59 (17.6) in the second year, +0.08 (18.9) in the third year and +3.08
(14.3) in the fourth year.

We also calculated the difference to baseline VA from the individual mean of all VA measured during
each year. The letters gained were +4.14 (SD 11.0) the first year, +3.92 (15.1) the second year, +2.29
(15.7) the 3rd year and +3.01 (14.3) the fourth year.
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The visual acuity changes at the different corresponding time points were also analysed in the
follow-up time cohorts G1 to G4. The difference (mean) of the last VA measurement compared to
baseline was -8.1 letters (SD 10.7) in G1, -1.22 letters (18.8) in G2, -7.2 letters (20.9) in G3 and +3.0
letters (14.3) in G4. Although the G4 tended to have a better VA value, the differences were not
statistically significant (ANOVA). It should be noted that all the values for G1 to G3 were those

obtained at dropout, whereas G4 included also values obtained at study end.

When the difference to baseline was calculated from the mean of all VA: s measured each year the
difference was -6.9 (SD=10.2) in G1, +0.18 (16.3) in G2 -4.85 (18.2) treated in G3 and +3.3 (14.4) in
G4.

The actual last VA: s and the change from baseline show a trend of VA values being lower in the

shorter follow-groups and tending to be worst at the time of the final VA assessment (Figure 1).

The last VA improved above baseline level in only 2.7% of patients with a baseline VA of <35 letters.
The corresponding percentages for patients with baseline visual acuity of <59, <70 and <80 were
17.3%, 22.7% and 10.9%, respectively. Most of the improvements occurred in the patients within

the longer follow-up groups (Table 3).

Length of follow-up seems to correlate with permanent visual acuity worsening. Patients with
shorter follow-up times had earlier drops under the thresholds (baseline, >5 letter loss and >15
letter loss). Vice versa, patients with >3 years’ follow-up time had smallest proportions in each

category, as shown in Figure 2.

When all patients were analysed, the early VA response was associated with later VA outcome
during the first 3 years (Table 4). Baseline VA, sex or patient age did not significantly predict the
outcome. A similar pattern was observed when the different follow-up groups were analysed

separately, but the effect attenuated during a longer follow-up (Figure 3).

DISCUSSION

The Helsinki-Uusimaa hospital district is the sole payor of publicly funded nAMD treatments in the

region. Comprehensive private health insurance is uncommon, and practically all nAMD patients
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ultimately enroll into our program. However, some patients are willing to take the first injection
privately in order to ensure an earlier start of the treatment regimen. Such patients contributed to
the 41 subjects excluded from the study due to having received anti-VEGF injections elsewhere. It
is possible that their treatment outcome was different to those of the included subjects. With this
reservation, we feel, however, that our material reasonably describes the nAMD treatment results

in our region.

The baseline mean visual acuity of 56.3 (16.2) letters was typical for real-world studies, although

also higher values have been described Gillies et al [10].

Our overall visual results of VA +3.39, +3.59, +0.08 and +3.08 letters above baseline at years 1, 2,3
and 4, respectively, are in the range reported earlier in studies on real-life AMD treatments. Kim et
al. [11] reported in @ meta-analysis a mean improvement of +5.0, +3.0 and +1.1 letters above
baseline after years 1,2 and 3, respectively. The large UK EMR users group study [4] reported a
change from a baseline +2, +1 and -2 at the same time-points, starting from a baseline value of 55
letters, close to our baseline value of 56 letters. A recent large Danish study by Brynskov et al [12]
reported VA improvement of +0.7, -1.0, -1.8 and -2.4 letters, at year 1, 2, 3 and 4, respectively, after
PRN treatment with ranibizumab or aflibercept. However, in the recent Moorfields cohort study, VA
improvement of +5.5, and +4.9 letters above baseline after the first and second years were
reported [15]. These differences may reflect baseline lesion variations, the drugs used or injection
protocols. We do not have representative data on angiographic types of choroidal
neovascularisation (CNV) in our patients. However, a previous study on Finnish AMD patients
showed a lesion type distribution similar to other reports on caucasian subjects (Seitsonen et al [13],

Invernizzi et al[14]).

We performed multiple logistic regressions to study the effect of initial VA response on later

response after 1, 2, 3 and 4 years.

We observed that patients with an early improvement of VA were more likely to retain a VA value
better than that before treatment, in agreement with earlier reports [16]. However, this effect
appeared to be attenuated during longer follow-up as shown by the coefficients of initial response

in the later logistic regressions. This fading of the initial response effect with the longer follow-up
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time may be due to late recoverers [17] or due to tissue changes such as atrophy or fibrosis

developing in a longer follow-up, and not directly related to excess VEGF.

During the four year follow-up, a significant number of patients dropped out of treatment, with the
cumulative percentage of patients terminating follow-up and treatment being 9% at 1 year, 31% at
2 years and 51% after three years, findings in agreement with the report by Brynskov et al [12]. In
previous studies, dropout rates from 17% up to 34% have been reported after 1 year [4, 18, 19], 16
% up to 47 % after 2 years [6, 20, 21], up to 47% after 4 years [22] and up to 54% after 5 years [10].
Twelve of our patients (15%) were not followed further after having an inactive lesion for 12
months. This in agreement with Amarakoon et al [23], who raported 19% of lesions to be inactivated
with one-year PRN treatment to keep inactive for at least 12 months. The extended course of these

patients in our material is not known.

Anyhow, it can be questioned, whether it is meaningful to consider the longer term annual VA
reports as a treatment outcome, since the population being treated e.g. at the first year is quite

different to that treated during the fifth year.

We analyzed our patients as subcohorts based on the eventual follow-up. We found the early and
late treatment responses to be generally worse in those dropping out, compared to patients treated
for more than three years, findings in agreement with the one and two year follow-up results of

Fasler et al [15].

In observational study materials the recorded VA seems to fluctuate from one visit to another. This
may be due to the patients’ state of alertness at the recording of the VA, and the time allowed for
the patient to recognize the letters. To evaluate the timing or significant changes in visual acuity we
also looked at the timing of permanent major changes in VA. The rate of permanent visual loss was
linear in all groups up to the last months before dropping out. The follow-ups seemed to terminate
in each group when 30 to 40 percent of subjects had reached a major visual acuity decline treshold.
We could also confirm the predictive value of early VA response to treatment on later course of

visual acuity, in accord with earlier studies [16].

Since the time-points of VA evaluation vary in real-life treatment, the time point chosen for analysis
also has significance. We chose the last value in the time interval to be reported, to get a value
closest to end of the period. Another possibility would have been to use annual means, which we

employed for comparison for some reporting, with possibly more stable values. It appeared
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especially in the groups dropping out early that the last value was much worse than the annual
mean. This phenomenon makes the overall results look worse and affects the whole follow-up

especially if ‘the last observation carried forward’-procedure is used in reporting.

The treatment protocol used in our patients was generally a modified PRN, widely used in our
country at the time of the study. The visit intervals were adjusted according to the previous interval
and response, in which an injection was given only when activity was present. It is conventional to
give loading dose of three monthly injections, but it is at the discretion of each clinician. Currently,
our center follows a modified treat-and extend strategy requiring somewhat less frequent patient
visits. It is difficult to tell whether the results would have been different had a more strict treat and
extend protocol been employed. Nevertheless, the injection protocol resembled those reported in

treat-and extend protocols.

CONCLUSIONS

Our results show that data from real world nAMD treatment consist of subpopulations with differing
visual courses and treatment times. This highlights the challenges in comparing different treatment
protocols, treatment centers and medications. The patients with shorter duration of follow-up had
lower baseline VA and earlier decline in VA. Final visual acuity scores were also lower in groups with
shorter follow-ups. The initial VA response predicted later VA. New methods, taking also into

account patients with interrupted treatment, need to be developed for these comparisons.
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LEGENDS TO FIGURES

Legend to Figure 1:

Shorter follow-up time seems to be associated with lower visual acuity at baseline and at follow-up
visits. Mean visual acuity calculated from the last year’s follow-up visits, appears lower than in the

preceding years.

ANOVA indicated a difference in year 1 (p = 0,002), year 2 (p = 0.01) and year 3 (p = 0.03) scores
compared to baseline. Post hoc analysis suggested a groupwise difference to baseline of the <1 year
and >3 years treated groups at the first year (p 0.005); and 2-3 years and >3 years treated groups at
the second (p 0.03) and third years (p 0.03).
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Red asterisk represents mean, black transversal line median and grey dots outliers.

Legend to Figure 2:

Patients in the longest follow-up group tend to have less permanent visual acuity loss in all
categories (visual acuity worsening below baseline level, at least five ETDRS letter loss, or least 15
ETDRS loss). Up to 30 % of patients followed up for > 3 years had permanent loss of visual acuity
below baseline level. Up to 20 % experienced loss of >5 letters and 15 % > 15 letters. The
proportions are higher in other groups, especially within patients of <1 year follow-up. Permanent
visual acuity loss is defined as ETDRS score permanent decrease below a threshold, and not

improving above the threshold during follow-up.

Legend to Figure 3:

Initial response to treatment shows correlation with better outcome. Sex or patient age seem not
to have strong effect on good outcome, which was here defined as patients with VA above baseline
at last visit. Initial VA response was defined as improvement of VA above baseline at six months.
The graphs present annual results of different follow-up groups. Interpretation; to the right of 0:
association with better results for females (sex) and associated with a better final VA (other

parameters).
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