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Aim: Evaluate long-term real-world treatment patterns and associated effectiveness and
safety outcomes in patients with diabetic macular edema (DME) treated >36 months with
0.5mg ranibizumab.

Methods: Open-label observational effectiveness study in 9 Belgian clinics. Included were
primary treated eyes of 55 DME patients between August 2014 and March 2015 and
followed for 3.5+1.8 years. Eyes were 21.8% treatment (TX)-naive, 9.1% non-naive with
exclusive prior anti-VEGF treatment (PRIOR-anti-VEGF), and 63.6% non-naive with other
prior treatments (PRIOR-other). Intravitreal injections with ranibizumab were administered
per ophthalmologists’ best clinical judgment. Trend testing of changes in best-corrected
visual acuity (BCVA) and central retinal thickness (CRT) over time occurred using mixed
regression analysis.

Results: The mean+SD number of treatments in the first year was 5.1£3.0 (TX-naive), 4.5
+2.7 (PRIOR-anti-VEGF) and 5.6+3.1 (PRIOR-other). At 12 months, BCVA increased by
8.9+16.4 letters from 59.7+9.3 at baseline in TX-naive (p<0.0001), by 11.8+9.9 from 61.6
+8.5 in PRIOR-anti-VEGF (p=0.03), and by 4.2+10.6 from 58.2+14.6 in PRIOR-other
groups (p=0.0002). BCVA remained stable for the remainder of follow-up in all groups.
CRT decreased over the first 2 months by monthly rates of —43.8um in TX-naive (p=0.04),
=75.7um in PRIOR-anti-VEGF (p=0.02), and —65.8um in PRIOR-other eyes (p=0.0003),
showing stability afterwards. No unknown adverse events were recorded; a painful eye
following injection was registered with a possible relationship to the treatment.
Conclusion: This real-world study confirms the effectiveness of ranibizumab in preventing
a decline in BCVA and demonstrated initial improvement and subsequent retention of BCVA in
DME patients >36 months. Ranibizumab initially reduced and then maintained CRT. However,
these data reveal that treatment intensity and BCVA and CRT outcomes are lower than those
found in early efficacy trials. Under-treatment likely accounts for this efficacy-effectiveness
gap. Yet, intravitreal ranibizumab is an effective and safe long-term treatment for DME under
conditions of significant heterogeneity in patients and treatment patterns.

Keywords: diabetic macular edema, ranibizumab, best-corrected visual acuity, central

retinal thickness, long-term effectiveness

Introduction

Diabetic macular edema (DME) is a microvascular complication and one of the
major vision-threatening causes in the working-age population affecting approxi-
mately 7% of patients with diabetes worldwide.! Although, the pathogenesis of
DME has not been fully elucidated yet, vascular endothelial growth factor (VEGF)
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has been identified as one of the main factors contributing
in the breakdown of the
Ranibizumab (Lucentis®, Novartis, Basel, Switzerland
and Genentech Inc., South San Francisco, CA, USA)
represents a standard first-line therapy for several retinal

blood-retinal barrier.>?

diseases, including DME. Its efficacy and safety in patients
with DME were evaluated in several trials.*® They
demonstrated that the efficacy of ranibizumab in the
first year is associated with injection frequency, but also
noted that visual outcomes were maintained in later years
despite less frequent injections.

The critical importance of the frequency of injections
in patients with DME was underscored in the Protocol
I and Protocol T trials by the Diabetic Retinopathy
Clinical Research Network (DRCR.net). The Protocol
I study, a randomized controlled trial of ranibizumab plus
prompt or deferred laser therapy, showed that first-year
treatment with a median of 8 injections in the prompt
laser group and 9 in the deferred laser group resulted in
a mean overall +9.0 letter advantage in both groups.'® The
five-year results from this study revealed that long-term
outcomes (mean letter gain of +7.2 in the prompt laser
group and +9.8 in the deferred group) were achieved with
diminished median number of injections in subsequent
years (13 total injections over 5 years in the prompt laser
group and 17 in the deferred group).'' The Protocol
T study, a comparative effectiveness trial of the three
VEGEF inhibitors aflibercept, bevacizumab, or ranibizumab
likewise showed that the first year mean improvement of
+11.2 letters following treatment with a median of 10
injections in the ranibizumab arm'? was maintained at
the end of year 2 with a median of 6 additional
injections.?

Randomized controlled clinical trials have provided
a strong evidence base of ranibizumab regimens in the
treatment of DME, with especially the DRCR.net
Protocol I and Protocol T studies'®'® demonstrating the
association between frequency of injections and short- and
long-term outcomes. However, there are only limited data
on actual treatment patterns and outcomes in daily clinical
practice. Real-world data are essential in understanding
how treatments, previously shown to be efficacious in
pivotal studies characterized by significant homogeneity
in patients, settings, and regimens, perform under condi-
tions of greater heterogeneity. The VISION study therefore
aimed to assess the long-term (36 months) treatment pat-
terns and associated effectiveness and safety outcomes of

ranibizumab in patients with DME in real-world clinical
practice.

Materials and Methods
Design, Sample and Setting

VISION was an open-label, observational, multicenter study
conducted in nine Belgian outpatient ophthalmology clinics in
patients with visual impairment due to DME treated with
intravitreal ranibizumab (0.5 mg) per their ophthalmologist’s
best clinical judgment. Being an observational study, there
were no fixed time points for follow-up visits or required
treatments. Follow-up intervals and treatment decisions,
including retreatment, were at the discretion of the ophthal-
mologist. The study included, retrospectively, DME patients
treated with ranibizumab in a compassionate care program
prior to reimbursement approval and subsequently followed
prospectively, as well as patients in whom treatment was
initiated after reimbursement approval. Excluded were
patients treated with a VEGF inhibitor other than ranibizumab
in the 90 days prior to study enrollment, and those concur-
rently using other investigational drugs. Eligible patients were
included in the study after providing written informed consent,
or, if incapable of doing so, after such consent had been
provided by a legal representative of the patient.

Data Collection

All data were collected as available from routine clinical
practice. There were no mandatory assessments and tests.
For retrospective data, patients’ medical records were the
source and data were entered into an electronic case report
form. Prospective data collection was performed by the
treating physician after each visit, and entered into the
electronic case report form.

Variables included at baseline were: age, gender, comor-
bidities, smoking history, ocular history, prior treatments, time
since diagnosis, baseline effectiveness parameters of the pri-
mary eye (i.e. best-corrected visual acuity [BCVA] via Early
Treatment Diabetic Retinopathy Study (ETDRS) letters or
equivalent, and central retinal thickness [CRT] by optical
coherence tomography), and initial ranibizumab treatment.
The primary eye was defined as the first eye treated; or in
case of concurrent treatment initiation, the eye with lowest
visual acuity (VA); or, if VA was equal, a randomly chosen
eye. The primary eye was classified into 1 of 3 groups based
on pre-treatment status: 1) Treatment-naive eyes (TX-naive),
which had not been pre-treated with any intravitreal medica-
tion (ranibizumab/other VEGF inhibitor/corticosteroid) or
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laser; 2) Eyes previously treated with VEGF inhibitors only
(PRIOR-anti-VEGF), which had been treated with at least 1
treatment of ranibizumab or other VEGF inhibitor(s); and 3)
Eyes previously treated with other treatments (PRIOR-other),
which had been pre-treated with at least one ocular treatment
other than VEGF inhibitors, regardless whether this treatment
also included VEGF inhibition.

Data recorded during follow-up were: administration
date of ranibizumab, relevant concomitant ocular thera-
pies, (serious) adverse events ([S]AE), reasons for discon-
tinuation, and effectiveness parameters. We calculated the
number of ranibizumab injections per year, omitting the
last uncompleted calendar year to prevent underreporting.
Safety evaluations comprised the monitoring and assess-
ment of occurrence, relationship, and severity of non-
ocular and ocular (S)AEs during the study period.

Note that some patients may have had DME in both eyes.
Only data on the primary eye are included in the analyses.

Effectiveness Measures

The primary effectiveness parameter used for long-term
evaluation was change in BCVA since baseline, expressed
in ETDRS letters gained. If the VA was recorded using
Snellen fractions, conversion to an approximate letters
score was accomplished using the formula [85 + (50 *
log,o Snellen fraction)] rounded to the nearest integer.'®
The secondary effectiveness endpoint was change in CRT
since baseline, expressed in pm.

As available and per clinical schedule, effectiveness
parameters were recorded monthly for the first three
months within a time window of £0.5 month and subse-
quently semi-annually within a time window of £2.5
months. These time windows allowed capturing the visit
closest to the selected time point provided it fell within 0.5
or 2.5 months at either sides of that point. The data
recorded closest to the start of treatment were considered
the baseline data. BCVA change from baseline to the last
measurement was expressed nominally as letters recorded,
but also classified into the following categories: gains of
15 or more letters, 10—14 letters, 5-9 letters, or 1-4 letters;
or losses of 0-9 letters, 10—14 letters, or 15 or more letters.

Statistical Analysis

Patient demographics, medical history, ocular disease history,
prior treatments, and other baseline characteristics were ana-
lyzed using standard descriptive statistics under consideration
of applicable levels of measurement. Testing for significance
of change over time in BCVA and CRT was done using linear

mixed regression analysis, employing random intercepts to
separate within-center from between-center and within-
patient from between-patient variability. Evaluation of change
over time between the TX-naive, PRIOR-anti-VEGF, and
PRIOR-other treatment subgroups was achieved by entering
an interaction of subgroup and time variables and specifying
contrasts for specific hypotheses to be tested, e.g. omnibus or
pairwise comparisons. The level of statistical significance was
set at 0.05. All statistical analyses were performed using the
SAS® v.9.4 statistical software package (SAS Institute Inc.,
Cary, NC, USA).

Compliance

VISION was designed, implemented, and reported in
with  the Good
Pharmacoepidemiology Practices of the International
STROBE
(Strengthening the Reporting of Observational Studies in

accordance Guidelines for

Society for Pharmacoepidemiology, the
Epidemiology) guideline, and with the ethical principles
laid down in the Declaration of Helsinki. The protocol and
proposed informed consent form were reviewed and
approved by a properly constituted Independent Ethics
Committee of the University Hospital KU Leuven,
Belgium (BE322201421737, July 16, 2014) before study
initiation. All study subjects or their legally authorized
proxy provided written informed consent.

Results

Sample

The VISION evaluable sample consisted of primary trea-
ted eyes of 55 patients with DME. Almost half of the
patients also developed DME in a secondary eye (49.1%;
n=27). The safety sample included both the primary and
secondary eyes (n=82).

The median duration of follow-up of primary eyes
was 42 months (interquartile range [IQR] 21-60) with
a meantSD of 41.6+21.3 months (Table 1). Study dis-
continuation was reported in a total of 26 (47.3%) DME
patients. Switch to other anti-angiogenic agents (n=8,
14.6%) or another treatment (n=4, 7.3%), death (n=6,
10.9%) and patient not seen in over one year (n=4,
7.3%) were the primary reasons for premature study
stop. Follow-up was discontinued at median of 25.5
months (IQR 12-39) for 26 (47.3%) eyes (mean 27.4
+17.6 months). At inclusion, patients were on average
67.3+8.6 years old and two-thirds were male (65.5%;
n=36), and 47 (85.5%) had type 2 diabetes. The majority
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Table | Patient Demographic and Clinical Characteristics at
Start of Ranibizumab Treatment (n=55)

Parameters Values
Median, MeantSD
or n (%)

Age (n=55) 66.0, 67.3+8.6

Gender

Male 36 (65.5)
Female 19 (34.6)

Comorbidities *

Diabetes 55 (100.0)

Type | 8 (14.6)

Type 2 47 (85.5)
Hypertension 39 (70.9)
Hypercholesterolemia 31 (56.4)
Myocardial infarction 5.1
Stroke 6 (10.9)
Thromboembolic event 2 (3.6)

Other 19 (34.6)

Smoking history

Non-smoker 13 (43.3)
Ex-smoker 12 (40.0)
Smoker 5(l6.7)

DME status

Primary eyes with DME 55 (100.0)
Secondary eyes with DME 27 (49.1)

Ocular history ?

Glaucoma 9 (l16.4)
Pseudophakic eyes 32 (58.2)
Vitrectomy 9 (16.4)

Prior treatments *

None 12 (21.8)
Only VEGF inhibitors 5(9.1)
Other (steroids, laser, VEGF inhibitors) | 35 (63.6)
of whom received prior laser therapy 33 (60.0)
Unknown 3 (5.5

Time (months) from diagnosis to

ranibizumab initiation

All patients (n=54) 8.5, 22.8+28.2

TX-naive (n=12) 0.0, 1.3£2.3
PRIOR-anti-VEGF (n=5) 8.0, 9.6+4.4
PRIOR-other (n=34) 30.5, 32.9£30.9

Follow up length (months)

All patients (n=55) 42.0, 41.6x21.3
Discontinued patients (n=26) 25.5,27.4%17.6
(Continued)

Table | (Continued).

Parameters Values

Median, Mean*SD

or n (%)
Ophthalmological parameters (median,
mean*SD)
Visual acuity (number of letters)

All patients (n=55) 59.0, 59.3+12.8
TX-naive (n=12) 62.0, 59.7£9.3
PRIOR-anti-VEGF (n=5) 59.0, 61.6%8.5
PRIOR-other (n=35) 59.0, 58.2+14.6

Central retinal thickness (um)
All patients (n=54)
TX-naive (n=12)
PRIOR-anti-VEGF (n=5)
PRIOR-other (n=34)

429.0, 453.1£119.9
469.0, 476.9£115.9
356.0, 403.6x114.1
427.5, 460.9£120.8

Note: * Categories not mutually exclusive (except for prior treatments “none”).
Abbreviations: DME, diabetic macular edema; PRIOR-anti-VEGF, non-naive eyes
with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive eyes with other
prior treatment(s); SD, standard deviation; TX-naive, treatment-naive eyes; VEGF,
vascular endothelial growth factor.

of patients also had hypertension (70.9%; n=39) and/or
hypercholesterolemia (56.4%; n=31). Over half had pseu-
dophakic implants (58.2%, n=32), 16.4% had undergone
vitrectomy (n=9) and 16.4% had glaucoma (n=9). In
terms of prior treatment experience, 21.8% were treat-
ment-naive (n=12), 9.1% had been previously treated
with anti-VEGF (n=5) and 63.6% were previously treated
with other treatments (n=35). At baseline, mean+SD
BCVA was 59.3£12.8 letters and CRT was 453.1
+119.9 pm.

Treatment Patterns

The average number of visits in the first year was 9.9+3.5
(Table 2). Ranibizumab was administered on average in
5.243.0 of these visits, without significant differences
between prior treatment subgroups (p=0.40), with admin-
istrations occurring on average 5.1£3.0 in the TX-naive,
4.5+£2.7 in the PRIOR-anti-VEGF, and 5.6+3.1 in the
PRIOR-other subgroups. Treatment frequency decreased
over time in the TX-naive (p=0.01) and PRIOR-other
(p<0.0001) but not in the PRIOR-anti-VEGF (p=0.51)
subgroups of eyes. Intervals between treatments in the
first year were on average 7.1+5.6 weeks apart for TX-
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Table 2 Ranibizumab Treatment Patterns (n=55)

Number of Number of
Visits Injections

All patients n median, meanSD | median, mean+SD

Year | 46 | 9.5,9.9435 5.0, 5.2+3.0

Year 2 41 | 7.0, 7.41+4.6 3.0, 3.0+2.8

Year 3 37 | 6.0, 6.2+3.2 1.0, 2.2+2.6

Year 4 19 | 5.0, 49+3.0 0.0, 1.2£2.1

Year 5 12 | 4.0, 42429 0.0, 0.8+1.8

p? <0.0001
TX-naive n median, meanSD | median, mean+SD

Year | 11| 80,9.0£3.0 4.0, 5.1£3.0

Year 2 11| 6.0,58+3.0 1.0, 2.3+2.5

Year 3 9 7.0, 6.3+3.9 1.0, 2.2+3.2

Year 4 3 4.0, 4.7+4.0 0.0, 2.0£3.5

Year 5 2 1.0, 1.0£0.0 0.0, 0.0£0.0

p* 0.0103
PRIOR-anti- n median, mean+SD | median, mean*SD
VEGF

Year | 4 8.0, 7.843.0 4.0, 4.5+2.7

Year 2 4 8.0, 8.31+2.2 4.5, 4.3%1.0

Year 3 3 6.0, 6.7£1.2 4.0, 3.0+2.7

Year 4 | 6.0, 6.0 2.0, 2.0

Year 5 | 7.0,7.0 2.0, 2.0

p? 05117
PRIOR-other n median, mean+SD | median, mean*SD

Year | 29 | 11.0, 10.6%3.6 6.0, 5.6%3.1

Year 2 25 | 8.0, 8.2+5.3 3.0, 3.243.1

Year 3 24 | 6.0, 6.313.1 1.5,2.2+25

Year 4 14 | 5.0, 5.0£3.1 0.0, 1.0£2.0

Year 5 9 4.0, 4.61+2.8 0.0, 0.9£2.0

p? <0.0001

Note: * Test of trend over time.

Abbreviations: PRIOR-anti-VEGF, non-naive eyes with exclusive prior anti-VEGF
treatment; PRIOR-other, non-naive eyes with other prior treatment(s); SD, stan-
dard deviation; TX-naive, treatment-naive eyes; VEGF, vascular endothelial growth
factor.

naive, 9.948.9 weeks for PRIOR-anti-VEGF, and 7.3+6.0
weeks for the PRIOR-other eyes. Intervals generally
lengthened over time in accordance with the decrease in

treatment frequencies over time (Figure 1).

Visual Acuity

Figure 2 and Table 3 present the mean monthly changes in
ETDRS letters read from baseline by prior treatment
status. The overall trend line in Figure 2 shows an initial
increase in visual acuity during the first six months. At
one year, on average primary eyes of TX-naive patients
gained +8.9+16.4 letters (median=15), those of PRIOR-
anti-VEGF +11.849.9  letters

patients  gained

(median=11.3), and those of PRIOR-other patients gained
+4.2+10.6 letters (median=3) (Table 3). These first-year
improvements in visual were statistically significant at an
annual rate of p=13.01 (95% CI: 6.71, 19.32; p<0.0001)
for TX-naive, =8.46 (95% CI: 0.64, 16.28; p=0.03) for
PRIOR-anti-VEGF, and p=6.19 (95% CI: 2.93, 9.45;
p=0.0002) for PRIOR-other primary eyes. Visual acuity
remained stable beyond the first year, as indicated by the
subsequent statistically non-significant annual rates of f=
—0.47 (95% CI: —1.89, 0.95; p=0.52) for TX-naive,
B=0.24 (95% CI: —1.43, 1.92; p=0.76) for PRIOR-anti-
VEGF, and B=-0.23 (95% CI: —0.82, 0.36; p=0.45) for
PRIOR-other eyes. This is also illustrated by the fitted
trend line in Figure 2 that shows overall gains maintained
through study end. At the end of follow-up, 11/12 (92%)
of TX-naive eyes showed gains of at least +5 letters and
1/12 (8%) maintained VA with 0 letters gained/lost.
Similarly, in PRIOR-anti-VEGF eyes, 4/5 (80%) showed
gains of at least 1 letter and 1/5 (20%) maintained VA
with O letters gained/lost. By contrast, in PRIOR-other
eyes, only 16/35 (46%) showed gains of at least +1 letter,
7/35 (20%) maintained VA with 0 letters gained/lost,
while 12/35 (34%) had a loss of 1 or more letters
(Table 4).

Central Retinal Thickness

Table 3 and Figure 3 show the mean monthly changes in
CRT from baseline by prior treatment status. The overall
trend line in Figure 3 shows an initial decrease in CRT
during the first 2 months. CRT changed at statistically
significant monthly rates of —43.8 pm in TX-naive eyes
(95% CI: —86.1, —1.4; p=0.04), —=75.7 pm in PRIOR-anti-
VEGF eyes (95% CI: —183.0, —13.5; p=0.02), and —65.8
pm in PRIOR-other eyes (95% CI: —96.8, —34.;
p=0.0003) over these 2 months. Afterwards, CRT
remained stable long term for TX-naive (B= —0.2, 95%
CI: -0.9, 0.6; p=0.62) and PRIOR-anti-VEGF eyes (= —
0.4, 95% CI: —1.4, 0.6; p=0.61), and slightly decreased
further for PRIOR-other eyes (p=—1.15, 95% CI: —-1.50, —
0.79, p=<.0001). This is also illustrated by the fitted trend
line in Figure 3 that shows overall improvements in CRT
maintained through study end.

Safety

In the safety sample of 82 primary and secondary eyes, 52
ocular and 55 non-ocular (107 total) AEs were registered
(Table 5) in 35 patients. Only one (non-serious) AE was
suspected to be treatment-related (painful eye some days

Clinical Ophthalmology 2020:14

submit your manuscript

4177

Dove


http://www.dovepress.com
http://www.dovepress.com

Van Aken et al

Dove

70
60.0
60
52.9
49.5
50
g"o 41.0 42.5
g 40
) 31.7 31.8
29.6 29.4 30.0
2 30 27.3 27.9
Q
[a
50 18.7 17.7
10.0
10
0
1 2 3 4 5
Year of follow up
0-4 weeks M 5-7 weeks 8+ weeks
Figure | Time intervals between injections.
25 )
0}
£ B0
2 A
e ;o
e A J
e e AR
s RV /N TR
o)) 5 f Y (/R :
c AN
© \ } t 0
o . 1 i
< Vi " '
= i \ \
g } |
Q |
= |
—15
T T T T T T
0O 3 6 9 12 B 18 219 24 27 30 33 36 39 42
Time in months
Tx-naive,n 12 7 5 5 2 5 5 7 4 3 6 1 3 2 1
RIOR-anti-VEGF, n 5 3 2 2 3 3 2 1 3 1 0o 2 1 5 1
PRIOR-other,n 35 14 12 16 10 12 11 13 12 8 10 10 10 12 9
——=TX-naive; ----- = PRIOR-anti-VEGF; = PRIOR-other; /\_ = Overall trend

Figure 2 Mean VA change (in ETDRS letters *standard errors) from baseline per month.
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; PRIOR-anti-VEGF, non-naive eyes with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive
eyes with other prior treatment(s); TX-naive, treatment-naive eyes; VA, visual acuity; VEGF, vascular endothelial growth factor.
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Table 3 Functional and Anatomical Outcomes Across Selected Time Points (n=55)

Month Visual acuity change (ETDRS letters) Central retinal thickness change (um)
n median, meanSD n median, meanSD
All patients
1+0.5 21 9.0, 8.1£9.2 19 -94.0, -120.4+156.3
2+0.5 19 0.0, 2.1+10.5 19 -25.0, -50.6+109.5
3+0.5 28 9.0, 6.9+10.7 30 -67.0, -87.2+109.4
6125 41 6.0,7.1£10.8 34 -80.0, -108.4+115.2
12+2.5 39 4.0, 5.3+12.2 35 -62.0, -95.0+118.1
18+2.5 36 9.0, 7.7x11.2 32 -68.0, -84.3x131.2
24+2.5 30 8.5, 89119 26 -111.0, -102.9+129.6
30£2.5 28 11.0, 8.7+12.0 26 -85.0, -122.7+109.2
3625 30 5.5, 5.8x13.7 29 -48.0, -73.6x106.2
42+2.5 22 2.0, 4.0%14.0 19 -52.0, -85.1+134.8
TX-naive
1£0.5 6 12.0, 11.2+4.6 7 -94.0, -105.3£105.2
2+0.5 6 7.5, 9.7+8.2 6 -63.0, -76.3+8I.1
3+0.5 5 15.0, 15.2+7.3 6 -88.0, -94.5+105.6
6%2.5 10 15.0, 13.5+8.3 9 -78.0, -90.9+103.2
12+£2.5 9 15.0, 8.9+16.4 9 -89.0, -75.2+69.0
18+2.5 9 12.0, 10.9+7.0 7 -85.0, -67.4+118.8
24+2.5 9 12.0, 13.9+7.8 8 -144.5, -122.5£101.3
30£2.5 7 13.0, 16.0+6.3 6 -82.0, -101.3+91.0
36+2.5 5 9.0,5.4%11.8 4 -15.0, 1.0+62.0
42+2.5 4 5.5,0.3+21.8 3 -15.0, -63.3+139.9
PRIOR-anti-VEGF
1+0.5 3 6.0, 4.0+12.1 3 -8.0, -151.7+325.2
2+0.5 2 -4.5, -4.5+6.4 2 22.5, 22.5+67.2
3+0.5 3 6.0, 6.3+6.5 3 -7.0, -23.0+73.3
6%2.5 4 5.0, 8.5+10.6 4 -99.0, -99.3+107.6
12425 4 1.5 11.8+9.9 4 -64.5, -83.5+123.3
18+2.5 4 8.0, 5.5+10.3 4 -74.5, -69.8+50.3
24+2.5 3 6.0, 1.3+9.0 3 -58.0, -82.7+83.8
30+2.5 3 11.0, 8.0+7.0 3 -74.0, -80.7+95.2
36+2.5 3 15.0, 12.3+7.4 3 -94.0, -103.7+81.9
42+2.5 | 4.0, 4.0 | -16.0, -16.0
PRIOR-other
1+0.5 I 7.0,7.6x10.9 8 -113.5, -136.1£142.6
2+0.5 I 0.0, -0.9+10.4 I -42.0, -49.9+128.0
3+0.5 18 7.0,5.1x11.0 19 -100.0, -104.5£116.2
6+2.5 25 3.0, 5.4+9.6 20 -95.5, -122.2+126.6
12425 23 3.0, 4.2+10.6 20 -58.5, -110.8+140.8
18+2.5 22 6.0, 6.5+12.9 20 -62.0, -95.5+151.0
24+2.5 18 6.0, 7.6x13.3 15 -125.0, -96.4+153.2
30+2.5 17 5.0, 5.6x13.7 16 -96.0, -144.1£119.8
3625 22 1.5, 5.0+14.8 21 -63.0, -85.5+114.3
42+2.5 17 0.0, 4.9+12.8 15 -54.0, -94.0x141.6

Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; PRIOR-anti-VEGF, non-naive eyes with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive
eyes with other prior treatment(s); SD, standard deviation; TX-naive, treatment-naive eyes; VEGF, vascular endothelial growth factor; ym, micrometers.
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Table 4 Categorized VA Change at End of Follow Up Relative to Baseline

All Patients (n=55) TX-naive (n=12) PRIOR-anti-VEGF (n=5) PRIOR-Other (n=35)
n (%) n (%) n (%) n (%)

Gain |5 letters or more 17 (30.9) 5 41.7) 2 (40.0) 9 (25.7)

Gain 10-14 letters 4 (7.3) 2 (l6.7) 0 (0.0 2(5.7)

Gain 5-9 letters 9 (l6.3) 4 (33.3) | (20.0) 4 (11.4)

Gain |4 letters 2 (3.7) 0 (0.0 | (20.0) 1(29)

Gain/Loss 0 letters 9 (l6.3) I (8.3) | (20.0) 7 (20.0)

Loss 1-9 letters 50.10) 0 (0.0 0 (0.0 5(143)

Loss 1014 letters 3(5.5) 0 (0.0 0 (0.0 2(5.7)

Loss 15 letters or more 6 (10.9) 0 (0.0) 0 (0.0) 5(14.3)

Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; PRIOR-anti-VEGF, non-naive eyes with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive
eyes with other prior treatment(s); TX-naive, treatment-naive eyes; VEGF, vascular endothelial growth factor.

after the injection). Of the 107 AEs, 3 resulted in treatment
discontinuation (Table 6). Thirty-five were considered ser-
ious AEs (Table 7), included 7 fatal or life-threatening, 25
requiring hospitalization or prolonging existing hospitali-
zation, and 3 classified as otherwise medically significant
events. Six patients died, however, none of these deaths
were suspected to be related to ranibizumab treatment
(Table 8).

Discussion

Observational studies of real-world effectiveness and
safety of treatments previously deemed efficacious and
(in as far as possible considering the typical sample sizes
in randomized controlled trials) safe have an important
role in understanding who is being treated in routine
clinical practice and how then patients respond to treat-
ment. This is certainly the case with biologicals such as
anti-VEGF agents as we, among others, have previously
shown for ranibizumab in the neovascular age-related
macular degeneration indication.'"> The VISION study
reported here is among the first studies aiming to evaluate
the long-term real-world effectiveness of ranibizumab
in DME.

Anti-VEGF considerably changed the treatment, man-
agement and prognosis of DME, with ranibizumab being
the first anti-VEGF agent approved for this indication.
Randomized controlled clinical trials have provided
a strong evidence base of ranibizumab regimens in the
treatment of DME; however, there are only limited data
on actual treatment patterns and outcomes in daily clinical

practice. Therefore, the VISION study provides valuable
data about the real-world long-term safety and efficacy
(median follow-up of 42 months, i.e., 3.5 years) in
a heterogeneous sample of Belgian DME patients treated
with ranibizumab.

Overall, in VISION, injections decreased from an aver-
age of 5.2 in year 1 to 0.8 in year 5. BCVA gains over
baseline included a mean of +5.3 letters at year 1, +8.9
at year 2 and +5.8 at year 3. The results for the three
(TX-naive; PRIOR-anti-VEGF;
PRIOR-other) suggest variation by treatment status,

subgroups of eyes
though caution is advised due to the limited sample sizes
in, especially, the TX-naive and PRIOR-anti-VEGF
groups. Eleven of the 12 TX-naive eyes administered
ranibizumab showed a gain in letters peaking at
a median +15 letters over baseline at 3, 6, and 9 months;
with decreases in CRT reaching a median of —144.50 um
over baseline at 24 months. This suggests that eyes not
previously treated may be more likely to show fast or
strong response to ranibizumab. Four of the 5 PRIOR-
anti-VEGF treated eyes evidenced a gain in letters as
high as a median +15 letters at 48 months, and a peak
decline in CRT by a median of —99 um at 6 months —
though with marked variation over time in both BCVA and
CRT. Representing only 5 eyes or 9% of the study sample
and lacking detailed information as to type and intensity of
prior anti-VEGF treatment permits at most a hypothesis of
cumulative and/or residual anti-VEGF effect in these few
patients. In the PRIOR-other subgroup, which included 35/

55 (63.6%) eyes, only 16/35 showed a gain in BCVA and 7
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Abbreviations: CRT, central retinal thickness; PRIOR-anti-VEGF, non-naive eyes with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive eyes with other prior
treatment(s); TX-naive, treatment-naive eyes; VEGF, vascular endothelial growth factor; ym, micrometers.

maintained BCVA while 12 evidenced a loss. BCVA
peaked at a median of +7 letters gained at 3 months,
while CRT declined by as much as a median of —125 um

Table 5 Adverse Events: MedDRA Coded Organ Classes

n (%) *?
Ocular disorders 52 (48.6)
Administration disorders 1 (0.9)
Cardiac disorders 7 (6.5)
Endocrine disorders 2 (1.9)
Gastrointestinal disorders 54.7)
General disorder 54.7)
Infections and infestations 2 (1.9)
Injury 2 (1.9)
Musculoskeletal and connective tissue disorders 9 (8.4)
Neoplasms benign, malignant and unspecified 3(28)
Renal and urinary disorders 3(28)
Respiratory, thoracic and breast disorders 2 (1.9)
Skin and subcutaneous tissue disorders 2 (1.9)
Surgical and medical procedures 6 (5.6)
Vascular disorders 6 (5.6)

Note: * % based on the total number of adverse events.
Abbreviation: MedDRA: Medical Dictionary for Regulatory Activities.

at 24 months. In year 1 an average gain of +4.2 letters was
achieved with a mean number of 5.6 treatments.

These real-world effectiveness results diverge from the
efficacy findings of the initial randomized controlled trials,
which had higher treatment intensity, while aligning with
those with less frequent treatment. The initial Phase II and
III clinical studies indicated that a higher injection fre-
quency in the first year of treatment is associated with
better VA outcomes. This can be attributed to the intensity
of the initiation treatment, a strict re-treatment algorithm,
and close monitoring during the active treatment phase.
For instance, in RESOLVE an average of 10.2 injections
yielded a +10.3 letter benefit during the first year of
treatment;* in RISE and RIDE monthly injections for 24
months resulted in at least a +10.9 letter gain;’ a median of
8 (in the prompt laser group) or 9 injections (deferred laser
group) in the first year produced a mean overall +9.0 letter
advantage in both groups in the Protocol I study,'® and
a median of 10 injections in the first year of the Protocol
T study induced an overall mean improvement of +11.2
letters.'” In contrast, in RESTORE patients receiving 7
injections of ranibizumab in year 1 had a mean gain of
+6.1 letters.” Likewise, the lower visual acuity outcomes
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Table 6 Events Leading to Discontinuation

Prior Treatment | Reason for Discontinuation of Reason for Study Specification (Cause of Death or Adverse
Status Ranibizumab Discontinuation Event Specification)
TX-naive SAE SAE General deterioration
SAE death Hypoglycemia
PRIOR-other SAE death Metastatic oesophageal adenocarcinoma stage IV

Abbreviations: PRIOR-other, non-naive eyes with other prior treatment(s); SAE, serious adverse event; TX-naive, treatment-naive eyes.

Table 7 Classes of Serious Adverse Events per Prior Treatment Status *

Disposition TX- PRIOR-anti- PRIOR- Unknown
naive VEGF Other
n (%) °® n (%) °® n (%) °® n (%)
Fatal/life-threatening 2 (25.0) I (25.0) 4 (16.7) 0 (0.0
Required inpatient hospitalization or prolongation of existing hospitalization | 4 (75.0) 3 (75.0) 17 (70.8) 1 (100.0)
Medically significant 0 (0.0) 0 (0.0) 3 (12.5) 0 (0.0)

Notes: * Multiple adverse events per patient possible; ® % based on total SAE per prior treatment status.
Abbreviations: PRIOR-anti-VEGF, non-naive eyes with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive eyes with other prior treatment(s); SAE, serious
adverse event; TX-naive, treatment-naive eyes; VEGF, vascular endothelial growth factor.

Table 8 Causes of Death

Prior Treatment Death Cause

Status

TX-naive Hypoglycemia

Heart failure

PRIOR-anti-VEGF (Probable) myocardial infarction

PRIOR-other Metastatic oesophageal adenocarcinoma

stage IV

Acute pancreatitis and renal failure

Complications of bladder cancer — COPD —
diabetes

Abbreviations: COPD, chronic obstructive pulmonary disease; PRIOR-anti-VEGF,
non-naive eyes with exclusive prior anti-VEGF treatment; PRIOR-other, non-naive
eyes with other prior treatment(s); TX-naive, treatment-naive eyes; VEGF, vascular
endothelial growth factor.

in RELIGHT (+4.8 letters),'® REVEAL (+5.9 letters),"”
READ-2 (+6.6 letters),'® and RETAIN (+7.4 letters)"”
followed fewer first year injections than in the initial trials.

Importantly, several of the published studies with
higher intensity treatment in the first year and better cor-
responding outcomes also demonstrated sustained out-
comes in subsequent years but with less frequent
treatment in those following years.®*'"!'* This suggests

that number of injections alone does not determine

treatment outcome but that treatment intensity during the
initial treatment phase may be a critical factor. Timing of
treatment initiation may also play an important role as
Bressler and colleagues®® observed that eyes receiving
deferred ranibizumab did not achieve the same 5-year
improvement as did eyes treated first-line. In addition to
delaying ranibizumab therapy, such factors as chronic
DME recurrences and laser-related structural damage
may cause irreversible vision loss due to neural cell loss,
retinal atrophy, or other permanently induced changes.”®
In VISION, where treatment regimens were set per the
prescribing ophthalmologist’s best clinical judgment, the
number of treatments in year 1 and subsequent years was

4,7,10,12 and

lower than in the several randomized trials
more aligned with the randomized studies using a milder
initiation treatment and more moderate retreatment
criteria.>'®"'? This raises the question as to whether the
milder treatment patterns observed in VISION (as well as
those in the later randomized controlled trials) may have
been insufficient to maximize initial letter gains in eyes in
general and especially in eyes that were treatment-naive.
Additionally, at 59 letters the median baseline BCVA in
VISION was lower than what was observed in the large

prospective randomized DME trials,*>!1%:16:19:21

suggest-
ing delayed treatment initiation and, more generally,

a pattern of under-treatment. Conceivably, better outcomes
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could be achieved with greater treatment intensity and
greater sustained treatment in the longer term.

Anatomic improvements, evidenced by changes in
CRT, were not as pronounced as those seen in the earlier
efficacy trials. In the sample at large, decreases in CRT
were —62 pm at 12 months compared to changes ranging
from —118.7 to —194.2 um in the randomized clinical
trials.*>*1%12 In VISION, declines in CRT peaked at
—111 pm at 24 months. As with the BCVA outcomes
seen in this VISION real-world study that fall short of
those of earlier efficacy trials, the smaller reductions in
CRT may be due to less frequent injection schedule.

Several real-world studies on ranibizumab in DME have
evaluated treatment patterns and outcomes over periods of 9 to
24 months.”* > Mean number of ranibizumab injections ran-
ged from 3.1 to 7.2. VA gains varied between +0.0 and +8.4
letters with CRT reductions ranging from —83.9 um to —164.6
um. Recently, Epstein and Amrén reported on a real-world
study in Sweden with 4 years of follow-up. Quite similarly to
our findings, an average of 4.7 injections resulted in a 12-
month +6.4 letter advantage, which was maintained over the
4 years of follow-up together with a decline in the number of
injections.*® Also in the LUMINOUS™ study, which repre-
sents the largest real-world study in medical retina across all
approved ranibizumab indications, preliminary results trend to
demonstrate similar effectiveness and treatment patterns in the
DME cohort.*® Overall, a gain of 3.5 letters obtained with an
average of 4.5 injections was observed in the first year. Despite
VA acuity being maintained at year 2, injection numbers varied
widely across regions and remained generally low.*> It is
evident that, as in our study, real-world clinical practice of
ranibizumab in DME is characterized by a degree of under-
treatment, including lower intensity (i.e., lower injection rates
and longer durations between treatments), relative to the treat-
ment regimens evaluated in major clinical trials.

Several factors may contribute to the lower injection rates
and lower treatment intensity and the associated outcomes
noticed in the everyday clinical practice. Comorbidities and
concomitantly or previously received treatments, in general
excluded in clinical trials, may limit the real-world effective-
ness outcomes obtained with ranibizumab. Patients in real-
world effectiveness studies are likely to be more diverse com-
pared to the defined patient populations enrolled in efficacy
trials in terms of stage of the disease, baseline characteristics,
adherence to appointments and treatments; comorbidities with
specific additional disease burdens; while clinical practice may
vary in terms of frequency of injections, frequency of monitor-
ing, and re-treatment criteria. Specific to Belgium, the VISION

study was initiated when the reactive (in response to outcomes)
as-needed dosing regimen prevailed and the pro-active perso-
nalized treat-and-extend-treatment approach was still novel.

Our study has limitations. As a real-world study, VISION
utilized a convenience sample which may introduce selection
bias. Likewise, attrition bias cannot be excluded due to the high
drop-out rate. Furthermore, as this was an observational study
on ranibizumab practice patterns and treatments, all patients
were treated with ranibizumab and there was no randomization
or comparator group of untreated patients or patients treated
exclusively with other therapies. Lastly, the limited number of
TX-naive and PRIOR-anti-VEGF eyes may limit the reliability
of the results particularly beyond 24 months. Taken together,
caution should be taken when interpreting the results beyond
the study sample. Future research could address some of these
issues by incorporating a larger sample, comparative groups (e.
g., with other pharmacotherapies and/or laser treatment), and
a longer follow-up duration. Also, missed follow-up visits
could be assessed to see if patient adherence to the scheduled
follow-up plan affects long-term outcomes.

Conclusion
VISION is among the first studies reporting long-term real-
world clinical data in DME patients treated with ranibizumab,
albeit in a small sample from a single country. These data
demonstrated significant improvements in visual acuity and
CRT in the majority of the DME patients in the first few months
after ranibizumab  treatment,

initiating followed by

a stabilization of these achieved improvements and
areduction of injections in the subsequent years. The incidence
of ocular and non-ocular AEs was low and no unknown safety
identified.  Findings the well-

characterized benefit profile of ranibizumab treatment in

signals were support
DME within a real-world clinical setting, though with
a pattern of relative under-treatment and lower treatment inten-

sity relative to previous randomized controlled clinical trials.

Abbreviations

BCVA, best-corrected visual acuity; CI, confidence inter-
val; COPD, chronic obstructive pulmonary disease; CRT,
central retinal thickness; DME, diabetic macular edema;
ETDRS, Early Treatment Diabetic Retinopathy Study;
IQR, interquartile range; PRIOR-anti-VEGF, eyes pre-
viously treated with VEGF inhibitors only; PRIOR-other,
eyes previously treated with other treatments; [S]AE, (ser-
ious) adverse events; SD, standard deviation; TX-naive,
treatment-naive eyes; VA, visual acuity; VEGF, vascular
endothelial growth factor.
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