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Abstract: Background The evolution of treatment patterns in neovascular age-related macular
degeneration (nAMD) warrants investigation into the impact of patients” adherence to anti-vascular
endothelial growth factor (VEGF) treatment on visual outcomes. This retrospective, non-
randomized, non-comparative study aimed to investigate real-world adherence to anti-VEGF
treatment. Methods Patients (eyes) (= 50 years) with a diagnosis of nAMD who had a first injection
of aflibercept or ranibizumab between January 2016 and December 2018 and 12 months of follow-
up were included. Visual acuity (VA; logarithm of the minimum angle of resolution letters) and
duration of injection intervals were recorded. Adherence was defined as < 20% of visits deviating
from the schedule by > 14 days. Results Overall, 133 patient eyes were included: 129 adherent, 4
non-adherent. Mean (+ standard deviation) baseline VA was 57.0 (+ 23.6) and 53.8 (+ 35.3) letters in
adherent and non-adherent patient eyes, respectively. Mean change in VA by month 12 was higher
in adherent (6.3 letters) than non-adherent patient eyes (-11 letters). In non-adherent patient eyes,
no improvement in VA was recorded following completion of the loading period (month 3).
Compared with the previous visit, adherent visits were associated with a mean increase in VA of
0.67 letters and non-adherent visits with a decrease of 2.30 letters. Conclusions These results
emphasize the importance of adherence to appropriate dosing regimens to optimize visual
outcomes in patients with nAMD.
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Background

Age-related macular degeneration (AMD) is a chronic degenerative disorder of the retina that
leads to the progressive loss of central vision (1). Neovascular AMD (nAMD), otherwise known as
wet or exudative AMD, is characterized by aberrant angiogenesis originating from the choroidal or
retinal circulation (2). nAMD accounts for 7% of blindness worldwide (3) and is responsible for more
than 80% of AMD-related vision loss, despite only accounting for approximately 15% of all AMD
cases (4). As such, early diagnosis and treatment of nAMD are essential to prevent permanent vision
loss in the affected eye (5).

Intravitreal anti-vascular endothelial growth factor (VEGF) therapies, such as ranibizumab,
aflibercept and unlicensed bevacizumab, are considered the gold standard for the treatment of
nAMD, slowing the pathophysiological progression and reducing the severity of vision loss (6-8).
Frequent and continuous treatment with anti-VEGFs has been shown to be critical in maintaining
visual acuity (VA) and preventing vision loss in patients with nAMD; however, the burden of regular
clinic visits on patients and their caregivers is substantial (9, 10). Regular visits are crucial in
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maintaining vision gained during the loading phase of treatment; however, these visits increase the
treatment burden for patients, who tend to be elderly and have mobility issues or other comorbidities.
It is also known that in chronic diseases the absence of persons, such as family members or nursing
staff, accompanying patients to medical appointments adversely affects patients” adherence (11, 12).
Variation in adherence to anti-VEGF treatment has previously been reported, and although there are
reports of its association with functional outcomes (13-17), there remains a need for a better
understanding of the impact of patients” adherence to treatment on visual outcomes in real-world
clinical practice in some countries.

The aim of this retrospective, single centre cohort study was to investigate the impact of patient
adherence to anti-VEGF treatment on visual outcomes in a real-world setting in Switzerland.

Methods

Patients and procedures

This retrospective, non-interventional, non-randomized, non-comparative study was designed
to assess adherence to anti-VEGFs in treatment-naive patients with nAMD who received their first
ranibizumab or aflibercept injection between 1 January 2016 and 31 December 2018 (index period).

The study was conducted using data obtained from the Department of Ophthalmology at
University Hospital Zurich, Zurich, Switzerland, which contributes data to the Fight Retinal
Blindness (FRB!) International Registry. The FRB! Registry uses an electronic case report form to
collect health-related data from patients receiving treatment for nAMD); treating institutions assign
each patient a unique identifier code, which allows all patient data to be anonymized and encrypted
(18). All patients included in the study gave consent to be included in the registry. Ethical approval
for the study was obtained from the Cantonal Ethics Committee, Zurich.

To be eligible for inclusion, patients (eyes) from the FRB! database with a diagnosis of nAMD
were required to be 50 years of age or older on the date of their first injection (index date). Patients
were excluded from the study if they had received any anti-VEGF other than ranibizumab or
aflibercept prior to their index date.

In the instance of bilateral disease, both eyes were included in the analysis; therefore, “patient
eye” is the unit of analysis. A patient eye was considered adherent if fewer than 20% of actual visits
deviated from the dates of the scheduled visits by 14 days or more. Visits that deviated by more than
14 days from their scheduled date are described as “non-adherent visits” herein.

A minimum follow-up period of 12 months was required for all eyes. The 12-month study period
was divided into the following time periods: 0-3 months (0-90 days); > 3 to 6 months (91-180 days);
and > 6 to 12 months (181420 days). Treatment intervals were categorized as either
< 4 weeks (0-24 days), 4 to < 6 weeks (25-38 days), 6 to < 8 weeks (39-52 days), 8 to < 10 weeks (53—
66 days), 10 to < 12 weeks (67-80 days) or = 12 weeks (= 81 days).

Study objectives and endpoints

The primary objective of the study was to describe the real-world (non-)adherence rate to
licensed anti-VEGEF treatments in patients with nAMD during the first year of treatment; the primary
endpoint was the rate of (non-)adherence. The secondary objectives of the study were to characterize
the association between (non-)adherence and visual outcomes and look at treatment patterns.
Secondary endpoints included: the number of days delay between scheduled and actual visits in
(non-)adherent patient eyes during the first year of treatment; the proportion of treatment intervals
that were < 4 weeks, 4 to < 6 weeks, 6 to < 8 weeks, 8 to < 10 weeks, 10 to < 12 weeks or > 12 weeks
(adherent vs non-adherent); the change in VA from baseline to months 3, 6, 9 and 12; and the number
of injections, number of non-injection visits and total number of visits. VA was measured by the
number of letters read on a logarithm of the minimum angle of resolution (logMAR) chart.
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Statistical analyses

All analyses were conducted in R Version 3.6.2 (The R Project for Statistical Computing, Vienna,
Austria). This was an exploratory study, and therefore no comparative analysis was carried out
between adherent and non-adherent patient eyes. Continuous variables, including the number of
injections, number of non-injection visits and total number of visits, were summarized using
descriptive statistics, including means, medians, standard deviations (SDs), first and third quartiles,
and two-sided 95% confidence intervals (Cls). Counts and proportions were provided for categorical
variables with missing data considered as a separate category. No missing value imputation or
sensitivity analyses were performed.

Results

Overall, 109 patients were included in the study (Figure 1), 24 of whom had bilateral disease.
Hence, 133 patient eyes were included; 129 (97.0%) were adherent and 4 (3.0%) were non-adherent.
Allnon-adherent patients had unilateral disease. Baseline characteristics of patients are given in Table
1. The mean age in the overall cohort was 80.1 years and 63.9% were women.

Data from single centre
N = 1129 eyes

I

Treatment-naive
n=1033 eyes

|

At least 50 years old
n =954 eyes

I

Initiated aflibercept or ranibizumab
n = 804 eyes

|

Baseline between 1 January 2016
and 31 December 2018
n =133 eyes

Figure 1. Study inclusion flow diagram showing the number of eyes and the selection criteria.

Table 1. Demographics and baseline characteristics of adherent and non-adherent patient eyes.

Parameter Overall Adherent Non-adherent
Patients 109 105 4
Eyes 133 129 4

Sex (% women) 63.9 63.8 50

doi:10.20944/preprints202311.0396.v1
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Age (mean * SD) 80.1+8.1 79.9+8.1 86.8+5.7

LogMAR VA (mean + SD) 56.9 £23.8 57.0+23.6 53.8 £35.3
< 35 letters (%) 25 (18.8) 24 (18.6) 1(25.0)
36-69 letters (%) 59 (44.4) 57 (44.2) 2 (50.0)
> 70 letters (%) 49 (36.8) 48 (37.2) 1(25.0)

Angiographic lesion type (%)

Type 1 77 (57.9) 74 (57 4) 3 (75.0)
Type 2 32 (24.1) 31 (24.0) 1(25.0)
Type 3 4 (3.0 4(3.1) 0(0.0)
Other 12 (9.0) 12 (9.3) 0(0.0)
Unknown 8 (6.0) 8 (6.2) 0 (0.0)

logMAR, logarithm of the minimum angle of resolution; SD, standard deviation; VA, visual acuity.

Mean (+ SD) baseline VA was similar in adherent and non-adherent patient eyes (57.0 [+ 23.6]
logMAR letters vs 53.8 [+ 35.3] letters, respectively; Table 2). The mean (range) change in VA by
month 12 of treatment was higher in adherent patient eyes (6.3 [-55-56] letters) than in non-adherent
patient eyes (=11 [-30-0] letters). Figure 2 shows VA over time in patient eyes. In all non-adherent
eyes, VA decreased from index date to month 12.

Table 2. Visual outcomes at 12 months in adherent and non-adherent patient eyes.

Adherent eyes = Non-adherent eyes

Parameter (= 129) (n=4)
Baseline logMAR VA (mean * SD) 57.0+23.6 53.8+35.3
Final logMAR VA (mean + SD) 63.3+23.3 42.8 +31.0
< 35 letters (%) 18 (14) 1(25)
3669 letters (%) 40 (31) 2 (50)
270 letters (%) 71 (55) 1(25)
Mean VA change from baseline (95% CI) 6.3 (3.7, 8.9) -11 (-31.8, 9.8)
Injections, median (Q1, Q3) 8 (7,10) 6 (5.8, 6.2)
Visits, median (Q1, Q3) 10 (9, 12) 7.5(7,8)
Non-injection visits, median (Q1, Q3) 1(0,2) 1.5(1,2)

CI, confidence interval; logMAR, logarithm of the minimum angle of resolution; Q, quartile; SD,
standard deviation; VA, visual acuity.
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CI, confidence interval; LOESS, locally estimated scatterplot smoothing; logMAR, logarithm of the

minimum angle of resolution; VA, visual acuity.

Figure 2. a Line plot of VA over time in non-adherent patient eyes (n = 4) and b LOESS curve of mean
(95% CI) VA in adherent patient eyes (1 = 129).

In total, there were 1403 adherent visits (98.4%) and 23 non-adherent visits (1.6%), with 19 eyes
having at least one non-adherent visit (Table 3). Most non-adherent visits (1 = 17/23; 73.9%) occurred
between the sixth and twelfth month of treatment. Adherent visits were associated with an overall
mean increase in VA of 0.67 logMAR letters at each visit; the greatest increase (2.43 letters) was seen
during the loading phase (months 0-3). On the contrary, non-adherence was associated with a mean
decrease of —2.30 letters at each visit, with no VA gains from the previous visit during the loading
phase and an overall decline in VA throughout months 3-12.

Table 3. Change in VA from previous visit for adherent and non-adherent patient eyes*

Time period Outcome Adherent visits Non-adherent visits
Number of eyes 133 19
Overall Number of visits 1403 23
Mean VA change (95% CI)  0.67 (0.32, 1.02) -2.30 (-5.01, 0.40)
0-3 months Number of eyes 132 2

Number of visits 435 2
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Mean VA change (95% CI) 243 (1.73,3.14) 0.00 (-9.04, 9.04)

Number of eyes 132 2

> 3 to 6 months Number of visits 304 4
Mean VA change (95% CI)  0.44 (-0.26, 1.14) -1.25 (-7.64, 5.14)

Number of eyes 130 15

>6to12 -

months Number of visits 664 17

Mean VA change (95% CI) -0.02 (-0.50, 0.45) -2.82 (-5.92, 0.28)

CI, confidence interval; VA, visual acuity. 2 the unit of analysis for this table is visits; therefore, eyes
that had both adherent and non-adherent visits appear in both groups.

During the first year of treatment, the median number of injections in adherent patient eyes was
8; the corresponding figure for non-adherent patient eyes was 6 (Table 2). Of the total 1426 visits, 1111
(77.9%) were associated with an injection. The median number of visits that did not result in an
injection was one per patient eye in adherent patient eyes and 1.5 per patient eye in non-adherent
patient eyes (Table 2).

Injection intervals in adherent patient eyes tended to be shorter than those in non-adherent
patient eyes. Most (78.2%) injection intervals for adherent visits were 4-8 weeks; however, for non-
adherent visits most (72.2%) were 8 weeks or longer (Figure 3).

N = 978 injections
<4 11%
0%
(N 52%
4t0<6 0%

27%

6to<8 28%

B Adherent visits
M Non-adherent visits:

8to <10

10to<12

Treatment interval (weeks)

28%

ol 33%

40 60 80 100
Proportion of visits (%)

Figure 3. Proportion of adherent (1 = 1403) and non-adherent (n = 23) visits at each treatment

interval.

Discussion

This non-interventional study found a high degree of adherence to treatment overall in a Swiss
cohort of patients with nAMD and showed that adherence to anti-VEGF treatments was associated
with favourable visual outcomes in real-world clinical practice.

Adherence to anti-VEGFs was found to be very high in the present study (97% of all patient
eyes). This finding is consistent with previous studies, which have reported that patients with nAMD
are more adherent to treatment than patients with other disorders of the macula, such as diabetic
macular oedema (19). Gillies et al. previously suggested that, owing to the paucity of other treatment
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options for patients with nAMD and the consequences of non-adherence, patients with nAMD may
be particularly motivated to be adherent to treatment (20).

Adherent patient eyes were shown to have a mean change in VA from baseline of 6.3 letters after
12 months of treatment — 17.3 letters more than non-adherent patient eyes. Eyes with adherent visits
gained vision during the loading phase, with stability or further gains in the months following the
loading phase. This is in contrast to patient eyes with non-adherent visits, in which overall there was
no vision gain during the loading phase, followed by vision loss between months 3 and 12. Successful
completion of a loading phase, as demonstrated here, has previously been shown to predict VA
outcomes after 12 months of treatment (21, 22). Together, these results demonstrate the positive
impact of adherence to treatment on patients’ visual outcomes.

The real-world treatment burden of nAMD on patients and their carers is substantial due to the
frequency of clinic visits; as such, real-world outcomes are rarely as favourable as those reported in
randomized clinical trials (23, 24). Nevertheless, the change in VA observed in adherent patients in
the present study is within the range of that reported in randomized controlled trials, and higher than
that often reported in real-world studies. The inclusion of the fellow eye, which typically has a higher
baseline VA than the first-treated eye, and therefore less opportunity to improve vision, further
highlights the noteworthiness of our results.

Overall, 78% of visits to the clinic were associated with an injection. The median number of visits
not associated with an injection was only one. The minimal deviation between the number of visits
and the number of injections suggests that, in the present study, physicians were successfully
administering a treat and extend (T&E) protocol similar to that used in randomized controlled trials
(7, 8). Our results are in line with current literature, which suggests that in real-world clinical practice
approximately 80% of visits are associated with an injection (25).

As expected, most (78%) injection intervals for adherent visits were 4-8 weeks, whereas most
(72%) were 8 weeks or longer for non-adherent visits. This suggests that an extended injection interval
for patients receiving aflibercept or ranibizumab might decrease their likelihood of good visual
outcomes. A recent study has similarly shown that delayed treatment has a detrimental effect on VA
(26), highlighting that with injection intervals of greater than 3 months, VA can be maintained only
in a small minority of patients receiving aflibercept or ranibizumab. Thus, there is an unmet need for
alternative treatment options that remain effective with longer injection intervals. This will in turn
reduce the treatment burden on patients and will allow fewer adherent patients to maintain their VA
gains following the loading phase. These findings emphasize that if patients are adherent to an
adequate dosing regimen (i.e., T&E) and come to the clinic within the critical timeframe, then it is
possible to achieve very good visual outcomes in real-world clinical practice. The consequences of
non-adherence should be included in patients’ counselling when treatment starts.

The relatively short follow-up period (12 months) may be a limitation of this study; by not
including patients with less than 12 months of follow-up, the likelihood of capturing the most
adherent patients was increased. Given that only 10% of patients were included after implementation
of the inclusion and exclusion criteria, the overall number of patients was low for a real-world study.
Furthermore, only four patients were non-adherent; hence, results in non-adherent patients should
be interpreted with caution. Finally, although there is the concern of limited generalizability of the
results due to the small sample size, especially in the group of non-adherent patients, and the
retrospective, single centre nature of the study, previous studies carried out in a single centre in
Switzerland have demonstrated similar outcomes (27).

Conclusions

The adherence rates to anti-VEGF treatment reported in this study were very high. Furthermore,
good adherence was associated with favourable visual outcomes, likely to be associated with the use
of a T&E protocol. These results demonstrate the importance of adhering to appropriate dosing
regimens, such as T&E, for the treatment of nAMD. Physicians should emphasize to patients the
importance of good adherence to treatment. Further studies are warranted on the effect of treatment
adherence on visual outcomes in a real-world clinical practice over a longer period.
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