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Purpose: To evaluate the effectiveness, safety, and treatment patterns of ranibizumab
0.5 mg in treatment-naive patients with neovascular age-related macular degeneration
enrolled in LUMINOUS study.

Methods: This 5-year, prospective, multicenter, observational study recruited 30,138
adult patients (treatment-naive or previously treated with ranibizumab or other ocular
treatments) who were treated according to the local ranibizumab label.

Results: Six thousand two hundred and forty-one treatment-naive neovascular age-
related macular degeneration patients were recruited. Baseline (BL) demographics were,
mean (SD) age 75.0 (10.2) years, 54.9% females, and 66.5% Caucasian. The mean (SD)
visual acuity (VA; letters) gain at 1 year was 3.1 (16.51) (n = 3,379; BLVA, 51.9 letters
[Snellen: 20/92]) with a mean (SD) of 5.0 (2.7) injections and 8.8 (3.3) monitoring visits.
Presented by injection frequencies <3 (n = 537), 3 to 6 (n = 1,924), and >6 (n = 918), visual
acuity gains were 1.6 (14.93), 3.3 (16.57), and 3.7 (17.21) letters, respectively. Stratified by
BLVA <23 (n = 382), 23 to <39 (n = 559), 39 to <60 (n = 929), 60 to <74 (n = 994), and =74
(n = 515), visual acuity change was 12.6 (20.63), 6.7 (17.88), 3.6 (16.41), 0.3 (13.83), and
—3.0 (11.82) letters, respectively. The incidence of ocular/nonocular adverse events was

8.2%/12.8% and serious adverse events were 0.9%/7.4%, respectively.
Conclusion: These results demonstrate the effectiveness and safety of ranibizumab in
treatment-naive neovascular age-related macular degeneration patients.
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eovascular age-related macular degeneration

(nAMD) is the leading cause of legal blindness
in developed countries, particularly in the elderly pop-
ulation.!=3 Overall, it accounts for 8.7% of total blind-
ness worldwide.!~7 During the past decade, there have
been significant advances in the management of
nAMD with the introduction of anti—vascular endo-
thelial growth factor (anti-VEGF) therapy, the current
standard of care for nAMD.>-8-

Ranibizumab (Lucentis; Novartis Pharma AG,
Basel, Switzerland, and Genentech, Inc, South San
Francisco, CA), an anti-VEGF agent, is approved for
the treatment of patients with nAMD, and visual

1673

impairment because of diabetic macular edema, mac-
ular edema secondary to retinal vein occlusion (RVO;
branch RVO and central RVO), and choroidal neo-
vascularization (CNV) secondary to pathologic myo-
pia choroidal neovascularization in the European
Union (EU), the United States, and many other
countries worldwide.®1%!! Recently, it was also
approved in the EU for its use in adults with visual
impairment because of CNV associated with causes
other than nAMD or myopia choroidal neovasculari-
zation.® The efficacy and safety profile of ranibizumab
is well-established across all approved indications
based on data from several randomized clinical trials
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(RCTs) and is further supported by over 3.7 million
patient-treatment years of exposure.310-12-22 ikewise,
the effectiveness of ranibizumab in real-world settings
has also been demonstrated, but these data have been
limited to either specific regions, countries, or small
patient populations.?3-3> Hence, in this 1-year report,
we have summarized our observations/findings from
the large patient population both at global level and at
country level and correlated these findings with the
established efficacy and safety profile of ranibizumab
in the treatment of patients with nAMD.

LUMINOUS (NCTO01318941) was a large, prospec-
tive, observational trial designed to evaluate the long-
term effectiveness, safety, and treatment pattern out-
comes with intravitreal ranibizumab treatment in rou-
tine clinical practice across five approved indications
(nAMD, diabetic macular edema, branch RVO, central
RVO, and myopic CNV) over 5 years.3¢ Here, we pres-
ent global and country-specific 1-year efficacy data for
the treatment-naive patients with nAMD enrolled in this
study.

Methods

Study Design

LUMINOUS was a 5-year, prospective, observa-
tional, multicenter, open-label, single-arm, global
study. The period between study start and completion
was predefined as 5 years in the protocol. The study
was conducted from March 2011 to April 2016 at 488
clinical sites across 42 countries.3®

Patients with any of the approved indications as per
the ranibizumab label were enrolled. They were treated
with intravitreal ranibizumab 0.5 mg according to the
local product label at outpatient ophthalmology clin-
ics. Novartis did not supply ranibizumab 0.5 mg to the
patients who were enrolled. The enrolled patients were
not compensated for their participation in the study
visits. However, patients were reimbursed based on
their reimbursement policy in the country they lived.
As patients were recruited over time and the calendar
time point of study completion was preset, follow-up
time varied according to the entry dates. The minimum
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potential follow-up for each patient was defined as 1
year in the protocol. Visits took place at a frequency
determined by the investigator. Data from all visits
were documented in the electronic case report form.
However, it was recommended to capture data in
electronic case report form at every visit or at
a minimum of every 3 months. Physicians were
encouraged to follow-up with patients who had not
been seen in the clinic for at least 6 months since the
last visit, to capture data. Patients not seen at least once
per year or who were switched to another anti-VEGF
therapy were discontinued from the study.

The first eye treated during the study was considered
the primary treated eye. If both eyes were first treated
on the same date, or if both eyes were pretreated, the
eye with the earliest diagnosis date was considered the
primary treated eye. If both eyes had the same
diagnosis date, one eye was chosen randomly as the
primary treated eye.

The study protocol was reviewed and approved by
an Independent Ethics Committee or Institutional
Review Board for each center. The study was
conducted in accordance with the Guidelines for Good
Pharmacoepidemiology Practices issued by the Inter-
national Society for Pharmacoepidemiology, with any
applicable national guidelines, and ethical principles
laid down in the Declaration of Helsinki. Patients
provided written informed consent. The study is
registered with clinicaltrials.gov as NCT01318941.3¢

Study Population

Consenting adult (age =18 years) patients, who
were either treatment-naive or previously treated with
ranibizumab or another ocular therapy for any of the
approved indications included in the local product
label, were enrolled. Patients were excluded if they
were participating in other investigational studies or
if they had received systemic or ocular anti-VEGF
therapy other than ranibizumab 90 days or 30 days
before enrollment, respectively.

Assessments

Demographic and baseline characteristics were
collected at baseline, including ocular and nonocular
medical history, primary indication for initiation of
ranibizumab treatment, and previous ocular treat-
ments/therapies. Baseline lesion characteristics for
the patients with nAMD were optional and collected
if available. These were presented using standard
descriptive statistics and were presented by pretreat-
ment status, indication, and period.

Effectiveness assessments included visual acuity
(preferably best-corrected visual acuity) evaluation

by each participating physician as a part of routine
care practice using Early Treatment Diabetic Retinop-
athy Study letters or Snellen charts or equivalent. To
facilitate data analysis, Snellen fractions and decimals
were converted to the Early Treatment Diabetic
Retinopathy Study equivalent letter scores. It was
recommended that the same method of visual acuity
assessment be used throughout the study wherever
possible. All adverse events (AEs), including serious
AEs (SAEs), irrespective of suspected causal associ-
ation that occurred during the study were collected.

Other assessments such as optical coherence tomog-
raphy (central retinal thickness) and ocular examina-
tion (preinjection intraocular pressure [IOP]) were
optional but included if the data were available.

The number of ranibizumab injections administered
overall, over time, and the average time interval (in
weeks) between consecutive injections, visit fre-
quency, treatment patterns, unilateral (involving single
eye)/bilateral (involving both eyes) treatments, and
proportion of patients receiving ocular and nonocular
concomitant medications were recorded.

Statistical Analysis

Because of the design of the study, 1-year data were
available potentially for all patients, while the avail-
ability of data for subsequent years depended on the
patient’s study entry date. The effectiveness data are
therefore presented here for the period up to 1 year.
Effectiveness data after more than 1 year of ranibizu-
mab treatment in patients with nAMD will be
described in a separate publication.

All effectiveness and safety data were summarized
descriptively. The enrolled set included all patients
who signed the informed consent and had at least
a baseline assessment. The safety set comprised
patients in the enrolled set who were treated with at
least one dose of ranibizumab during the study or
before the start of the study and had at least one safety
assessment after the first treatment. The primary
treated eye set included all primary treated eyes in
patients from the safety set and was the primary
analysis set for effectiveness.

For treatment-naive eyes, the date of first on-study
injection with ranibizumab was considered the base-
line date (study Day 1). The primary effectiveness
variable was the mean change in visual acuity Early
Treatment Diabetic Retinopathy Study letter score
from baseline presented by quarterly and yearly
periods for the primary treated eye set. Effectiveness
data are presented for patients in the primary treated
eye set who provided baseline and Year 1 data. The
mean change in visual acuity from baseline at Year 1
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was presented by injection frequency during Year 1
(<3, 3-6, and >6), loading (at least three ranibizumab
injections up to Day 100)/nonloading dose and base-
line visual acuity category. Further visual acuity eval-
uations include the proportion of patients maintaining
baseline visual acuity of =73 letters (good starting
vision, or Snellen equivalent 20/40) at Year 1 and
those achieving visual acuity of =73 from a baseline
visual acuity of <73 letters (poor starting vision) at
Year 1; and the proportions of patients with a visual
acuity loss (defined as =0 letter change from baseline)
or gain (defined as >0 letter change from baseline) of
>0 to <5 letters, 5 to <10 letters, 10 to <15 letters,
and =15 letters at Year 1. The number of injections
and monitoring visits up to 1 year were summarized
for patients with at least 365 days of participation in
the study. Safety was assessed based on the incidence
proportion, relationship, and severity of treatment-
emergent ocular and nonocular AEs. Ocular AEs were
assessed for the primary treated eye set and nonocular
AEs were assessed for the safety set over 5 years.

Results

Study Enrollment, Patient Demographics, and
Baseline Ocular Characteristics

The number of patients recruited and treated with
ranibizumab (safety set) in the LUMINOUS study was
30,138 for all approved indications (nAMD, diabetic
macular edema, branch RVO, central RVO, and
myopic CNV) worldwide. This represented a more
diverse study population than those normally enrolled
in RCTs. Overall, 75.4% (n = 22,717) of the patients
in the safety set had nAMD, of whom 6,241 were
treatment-naive. At 1 year, 4,768 treatment-naive pa-
tients with nAMD remained in the LUMINOUS study.
The most frequent reasons for study discontinuation
were loss to follow-up (11.5%), followed by switch
to another anti-VEGF (5.9%) (Table 1). The reasons
for switching were not recorded. However, the authors
also expected other factors to affect discontinuation
like travel distances, the upcoming availability of fur-
ther treatment options, and possibly varying follow-up
practices. Not every patient remaining in the study at 1
year had a 1-year visual acuity value recorded (a value
recorded within a 1.5-month window around 12
months); as per design of the study, visits were sched-
uled at the discretion of the investigator and could fall
outside the 12-month window. In the primary treated
eye set, 3,379 treatment-naive patients with nAMD
provided baseline and 1-year visual acuity data. The
safety set included 6,241 treatment-naive patients with
nAMD.

Table 1. Patient Disposition for Treatment-Naive Patients
With nAMD

Treatment-Naive Patients
With nAMD, N = 6,234

5,502 (88.3)

Disposition, n (%)

Patients with one eye
treated in the study
(primary treated eye)
Patients ongoing in the
study at Year 1
Patients who discontinued
the study
Reason for discontinuation
AE 10 (0.2)
Abnormal laboratory 0
value

Abnormal test procedure 0
result

Unsatisfactory
therapeutic effect

Subject’s condition no
longer requires study
drug

Subject withdrew
consent

Loss to follow-up 71

Administrative problems 3

Death 4

Pregnancy 0

Switched to anti-VEGF 369 (
other than ranibizumab

Protocol deviation

4,768 (76.5)
1,466 (23.5)

Safety set.

Data collected until the last recorded follow-up date were used
to perform the analyses (i.e., data for 5-year duration of the
study).

For treatment-naive eyes, the date of first on-study injection
with ranibizumab was considered the baseline date.

*Patients with a baseline visit on or before March 2015 are
included. Data for seven patients are missing from the total 6,241
enrolled treatment-naive patients with nAMD.

AE, adverse event; nAMD, neovascular age-related macular
degeneration; VEGF, vascular endothelial growth factor.

At baseline, the mean (SD) age of patients was 75.0
(10.2) years, most were Caucasian and the majority
were female (Table 2). More than 40% of all lesions
were graded as predominantly classic, and over 60% of
all lesions had a disc area size of >1 (Table 2). Pigment
epithelial detachment was the most common nAMD
subphenotype, followed by polypoidal choroidal vascul-
opathy, and retinal angiomatous proliferation (Table 2).

Patients had a broad range of comorbidities with
hypertension, hypercholesterolemia, and diabetes
being the most frequent (see Table, Supplemental
Digital Content 1, http://links.Iww.com/IAE/B112).
Ocular concomitant medications and significant non-
drug therapies were reported for 22.2% of patients in
the primary treated eye set and nonocular concomitant
medications and significant nondrug therapies were
reported for 53.7% of patients in the safety set.
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Table 2. Baseline Demographic, and Ocular
Characteristics for Treatment-Naive Patients With nAMD

Treatment-Naive Patients

Characteristics With nAMD, N = 6,241*

Patient demographics

Mean (SD) age, years 75.0 (10.17)
Gender, n (%)
Male 2,813 (45.1)
Female 3,428 (54.9)
Race, n (%)
Caucasian 4,152 (66.5)
Asian 1,827 (29.3)
Native American 11 (0.2)
Pacific Islander 5(0.1)
Black 8 (0.1)
Other 193 (3.1)
Baseline lesion
characteristics
Lesion type, %
Predominantly classic 2,723 (43.6)
All others 3,455 (55.4)
Lesion size, %
=1 DA 2,362 (37.9)
>1 DA 3,761 (60.3)
PED, % 2,665 (42.7)
PCV, % 572 (9.2)
RAP, % 246 (3.9)
Ocular characteristics
VA
nt 5,797
Mean (SD) VA, ETDRS 49.7 (21.92)
letters
Snellen VA 20/102
CRT
nt 4,599
Mean (SD) CRT, um 365.7 (142.50)
IOP
nt 4,539
Mean (SD), mmHg 15.4 (3.6)
Median time from 12.0

diagnosis to first
treatment, days

Safety set.

For treatment-naive eyes, the date of first on-study injection
with ranibizumab was considered the baseline date.

Data collected until the last recorded follow-up date was
used to perform the analyses (i.e., data for 5-year duration of
the study).

For 3,379 patients with baseline and 1 year data, the mean (SD)
VA at baseline was 51.9 (21.0) letters.

*Number of patients at enrollment.

TNumber of evaluable baseline patients.

CRT, central retinal thickness; DA, disc area; ETDRS, Early
Treatment Diabetic Retinopathy Study; PCV, polypoidal choroi-
dal vasculopathy; PED, pigment epithelial detachment; RAP,
retinal angiomatous proliferation; SD, standard deviation; VA,
visual acuity.

Over 85% of treatment-naive patients with nAMD were
recruited from 10 countries (see Table, Supplemental Digital
Content 2, http:/links.Iww.com/IAE/B113). These were the
United Kingdom (18.4%), Japan (12.7%), China (11.6%),

Poland (9.4%), Russia (9.1%), Canada (8.8%), Slovakia
(5.4%), Australia (4.0%), Germany (3.3%), and South
Korea (2.4%; Figure 1). At the end of the LUMINOUS
study, the highest discontinuation rates were observed in
South Korea (81.60%), China (81.47%), Japan (60.51%),
United Kingdom (60.44%), and Australia (50.20%). The
main reasons in most of the cases were “lost to follow-
up.” The highest rates of discontinuation owing to “lost to
follow-up” were observed in China (70.3%) and South
Korea (48.7%). ‘“Patient switched to anti-VEGF other
than ranibizumab” was the most frequent discontinuation
reason in United Kingdom (30.0%), Japan (24.3%), and
Australia (15.7%). Any patient who switched to another
treatment was required to leave the study.

Efficacy Outcomes

The mean (SD) visual acuity gain from baseline at Year
1 for 3,379 treatment-naive patients with nAMD was 3.1
(16.5) letters from a baseline visual acuity letter score of
51.9 (21.0) (Snellen: 20/92). The mean visual acuity gain at
Year 1 increased with the number of ranibizumab
injections received during Year 1 in the study (Figure
2A). Similarly, the visual acuity gain was higher in patients
who received a loading dose of three initial consecutive
monthly ranibizumab injections (Figure 2B). The mean
number of injections in these patients was numerically
higher than the patients who did not receive a loading dose
(Figure 2B). Stratified by baseline visual acuity category,
vision was improved in patients in each baseline visual
acuity category except for baseline visual acuity category
of =74 letters (Snellen: 20/33) where there was a loss of
3.0 letters from baseline. Notably, visual acuity gains were
greater in patients with lower baseline visual acuity (Figure
2C), whereas patients with better vision at baseline main-
tained their vision at or close to their starting levels.

Overall, 15.6% (n = 527) of patients had a baseline
visual acuity of =73 letters (Snellen: 20/35), and 73.8%
(n = 389) of these patients maintained this good vision at
Year 1 (see Figure, Supplemental Digital Content 3,
http:/links.Iww.com/IAE/B114); of the 844% (m =
2,852) of patients with poorer baseline vision (visual acuity
<73 letters [Snellen: 20/35]), 18.1% (n = 515) achieved
visual acuity of =73 letters (Snellen: 20/35) at Year 1.
Thus, of the total 3,379 treatment-naive patients with
nAMD, 26.8% (n = 904) of patients had visual acuity of
=73 letters (Snellen: 20/35) at 1 year, regardless of their
baseline visual acuity. At Year 1, a majority of patients (52.
9%; n = 1786) treated with ranibizumab had visual acuity
gain (Figure 3). Visual acuity was maintained at baseline
levels (0 letters loss) in 14.9% (n = 504) of patients (Figure
3). Visual acuity loss of >0 to <15 letters from baseline
was reported in over one-fifth (20.8%; n = 701) of patients
treated with ranibizumab, whereas the proportion of
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Poland
588 (9.4%)

Russia
570 (9.1%)

UK Germany
1,145 (18.4%)

Canada
547 (8.8%)

Japan
790 (12.7%)

Slovakia
\/ 337 (5.4%)

S

{
B 2100 treatment-naive patients with -
nAMD recruited , Australia

South Korea
152 (2.4%)

China
723 (11.6%)

249 (4.0%)

m <100 treatment-naive patients with
nAMD recruited

Fig. 1. LUMINOUS study overview: Overall worldwide recruitment and countries enrolling the highest number of treatment-naive patients with
nAMD. The pop-out boxes display the number (%) of treatment-naive patients with nAMD in the top 10 enrolling countries for this cohort. nAMD,
neovascular age-related macular degeneration; UK, United Kingdom.

Global median time from diagnosis to first treatment=12 days Total 6-9 injections
(N=6,241%)
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(#50)] (£43) (Las)] (£51) [(£55] [(£49]

80 78.6 (20/27)
66.0 (20/48) - -3.0
— +0.3 75.6 (20/31)

601 55.0(20/80)

54.1 (20/83) 65.7 (20/49)
& +3.6
39.8 (20/160) 50.6 (20/98)
M +6.7

23.3(20/343) 33.1 (20/218)

a+3.1
40] 51.9 (20192)

Mean VA (ETDRS letters)

20+
t+1 2.6
0 10.7 (20/612)
Global <23 23-<39 39-<60 60-<74 274
(N=3,379%) (n=382%) (n=559°) (n=929%) (n=994%) (n=515%)
c Baseline VA category

Year 1 VA Baseline VA

Fig. 2. Mean change in visual acuity from baseline to Year 1 by (A) injection frequency, (B) loading and nonloading dose, and (C) baseline
visual acuity. Observed data set (primary treated eye set). Values in parentheses represent the Snellen visual acuity equivalent. *Total
number of patients at enrollment from global cohort. {Total number of patients with baseline and Year 1 data from global cohort. {Number
of evaluable patients with baseline and Year 1 data based on injection frequency category. **Number of evaluable patients with baseline and
Year 1 data for 6 to 9 injection stratum. #Final visual acuity at Year 1. $Number of evaluable patients with baseline and Year 1 data based on
the baseline visual acuity. Loading dose group is defined as the patients who received the three initial consecutive monthly ranibizumab
injections up to Day 100. For treatment-naive eyes, the date of first on-study injection with ranibizumab was considered the baseline date.
For the 1-year period, all patients with nonmissing baseline visual acuity and Year 1 visual acuity performed anywhere between Day 319 and
Day 409 but who had been in the study for at least 365 days from baseline to the last follow-up date were included in the analysis. ETDRS,
Early Treatment Diabetic Retinopathy Study.



EFFECTIVENESS OF RANIBIZUMAB IN nAMD ¢ HOLZ ET AL 1679

H No loss or gain in VA W Lossin VA Gain in VA
30 1
3
) 21.0
c
2 207
-4 149 15.7
s
g a5 11.5
2 104 - 8.7
§ 68 S
o . 47
* [ ]
0+ T T T T 1
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Fig. 3. Proportion of patients with loss or gain in visual acuity at Year 1. *Includes patients with O letters loss. Observed data set (primary treated eye
set). Data shown for 3,379 patients with baseline and Year 1 data from global cohort. For treatment-naive eyes, the date of first on-study injection with
ranibizumab was considered the baseline date. For the 1-year period, all patients with nonmissing baseline visual acuity and Year 1 visual acuity
performed anywhere between Day 319 and Day 409 but who had been in the study for at least 365 days from baseline to last follow-up date were
included in the analysis. ETDRS, Early Treatment Diabetic Retinopathy Study; nAMD, neovascular age-related macular degeneration.

patients with a visual acuity loss of =15 letters was 11.5% 72.9% of patients received six or fewer injections in the

(n = 388; Figure 3). first year and 35.5% of patients received three or fewer
(see Figure, Supplemental Digital content 4, http://
links.lww.com/[AE/B115).

Treatment Exposure and Visits

The mean (SD) number of ranibizumab injections up to
Year 1 was 5.0 (2.7), and the mean number of monitoring
visits was 8.8 (3.3). The mean number of injections was
comparable between each of the baseline visual acuity Similar to the global cohort, an improvement in
categories (range: 4.3-5.5 injections; Figure 2C). Overall, visual acuity at Year 1 was observed across the 10

Country-Specific Analysis of Ranibizumab
Treatment Patterns and Associated Outcomes

Time since
diagnosis to
treatment, days

12 10 49 1 1 7 8 10 35 4 15

(#50] (£29]) (£27]) (£40] (£75]) (£52]) (#87]) (£55]) (£56]) [£52]) (£40])

70 - Baseline VA M Change in VA at Year 1
5 60- e —— 60
g [T |~ o] m
o 501 wmr e
w — TR
X 40
[
w
= 3071 56.3 56.6 57.6
< 51.9 588 52.9 : 2 1
2 204 (2002) | 420 | 421 28?{?8 (23?1'38) (20/86) (20/88) (20/75) (2074) (3505 (20771)
§ (20/145) (20/144) ( )
= 101
0 ] ] T 1 T T ] T 1

Global China Russia  Poland Canada Germany Australia UK Slovakia S.Korea Japan
(N=3,379) (n=92) (n=382) (n=298) (n=376) (n=128) (n=158) (n=746) (n=293) (n=51) (n=406)

Fig. 4. Visual acuity outcomes at Year 1: country-specific analyses. Observed data set (primary treated eye set). Values in parentheses represent the
Snellen visual acuity equivalent. N = total number of patients with baseline and Year 1 data from global cohort; n = number of evaluable patients from
top 10 recruiting countries (treatment-naive nAMD) with highest evaluable baseline and Year 1 data. For treatment-naive eyes, the date of first on-study
injection with ranibizumab was considered the baseline date. For the 1-year period, all patients with nonmissing baseline visual acuity and Year 1 visual
acuity performed anywhere between Day 319 and Day 409 but who had been in the study for at least 365 days from baseline to the last follow-up date
were included in the analysis. ETDRS, Early Treatment Diabetic Retinopathy Study.
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countries that enrolled the greatest number of patients
(Figure 4). Highest visual acuity gains were seen in
patients from South Korea (9.8 letters) and Japan (6.0
letters), with a mean of 5.3 and 4.0 injections, respec-
tively, followed by Australia (4.5 letters) but with
a greater (8.7) mean number of injections in the first
year. Moderate gains (range: 2.3-3.0 letters) were seen
in patients from Western and European countries with
4.0 to 7.5 mean number of injections, whereas the
patients from China and Russia had much lower gains
with a low number of injections (China: 1.1 letters
with 2.9 injections; Russia: 1.6 letters with 2.7 injec-
tions). Countries whose patients had a higher baseline
visual acuity generally achieved a greater final visual
acuity at Year 1 (range: 4.0-8.7 injections), in contrast
to those with lower baseline, especially China and
Russia, where the patients received <3 mean injec-
tions (Figure 4). The median time from diagnosis of
nAMD to the first treatment was within 15 days in all
the highest recruiting countries except Russia and Slo-
vakia, where the median time was more than a month.

Safety Outcomes

Over 5 years, across all treatment-naive patients
with nAMD (n = 6,241), ocular AEs were reported in
8.24% (n = 514) of patients in the primary treated eye
set; the most common were cataract (1.81%; n = 113)
followed by increase in IOP (0.53%, n = 33) and
conjunctival hemorrhage (0.53%; n = 33; Table 3).
The ocular AEs suspected to be related to ranibizumab
and/or ocular injection were reported in 2.28% (n =
142) of eyes, of which 0.74% (n = 46) were reported to
be related to ranibizumab alone. In all, 4.95% (n =
309), 2.6% (n = 160), and 0.72% (n = 45) of patients
had mild, moderate, and severe ocular AEs, respec-
tively. Nonocular AEs were reported in 12.75% (n =
796) of patients in the safety set; the most common
were fall (0.71%; n = 44), urinary tract infection
(0.66%; n = 41), and lower respiratory tract infection
(0.64%; n = 40; Table 3). Incidence of nonocular AEs
suspected to be related to ranibizumab and/or ocular
injection was low (0.71%; n = 44), all of which were
reported to be related to ranibizumab alone. In all,
3.78% (n = 236), 3.81% (n = 238), and 5.16% (n =
322) of patients had mild, moderate, and severe non-
ocular AEs, respectively.

The incidence of ocular SAEs was 0.91% (n=57) in
the primary treated eye set; the most common ocular
SAE was endophthalmitis reported in 0.18% (n=11 or
1 case per 3,628 injections) of treatment-naive patients
with nAMD. Second most common ocular SAEs were
retinal hemorrhage and cataract (each 0.10%; n = 10;
Table 4). Ocular SAEs leading to discontinuation of

Table 3. Proportion of Patients With Ocular and
Nonocular Adverse Events for Total Treatment-Naive
Patients With nAMD

Treatment-Naive Patients With

Preferred Term, n (%) nAMD, N = 6,241*

Ocular AEs, total 514 (8.24)
Cataract 113 (1.81)
IOP increased 33 (0.53)
Conjunctival hemorrhage 33 (0.53)
Conjunctivitis 26 (0.42)
Eye pain 22 (0.35)
Visual acuity reduced 22 (0.35)
Dry eye 19 (0.30)
Retinal hemorrhage 19 (0.30)
Blepharitis 17 (0.27)
Posterior capsule 16 (0.26)

opacification
Glaucoma 15 (0.24)
Vitreous floaters 14 (0.22)
Ocular hypertension 14 (0.22)
Visual impairment 12 (0.19)
Vision blurred 11 (0.18)
Endophthalmitis 11 (0.18)
Corneal abrasion 10 (0.16)
Retinal pigment epithelial 10 (0.16)

tear

Nonocular AEs, total 796 (12.75)
Fall 44 (0.71)
Urinary tract infection 41 (0.66)
Lower respiratory tract 40 (0.64)

infection
Pneumonia 34 (0.55)
Cerebrovascular accident 28 (0.45)
Hypertension 23 (0.37)
Influenza 22 (0.35)
Atrial fibrillation 21 (0.34)
Bronchitis 20 (0.32)
Dyspnoea 19 (0.30)
Osteoarthritis 19 (0.30)
Nasopharyngitis 18 (0.29)
Myocardial infarction 17 (0.27)
Angina pectoris 17 (0.27)
Cough 16 (0.26)
Dizziness 15 (0.24)
Anaemia 14 (0.22)
Transient ischaemic attack 14 (0.22)
Headache 13 (0.21)
Basal cell carcinoma 13 (0.21)
Cardiac failure 12 (0.19)
Constipation 11 (0.18)
Lung neoplasm malignant 11 (0.18)
Back pain 10 (0.16)
Diarrhoea 10 (0.16)
Pain in extremity 10 (0.16)
Vomiting 10 (0.16)
Sciatica 10 (0.16)

Primary treated eye set for ocular AEs; Safety set for nonocular
AEs.

n = number of patients.

Ocular and nonocular AEs =10 in number are shown.

Safety set comprised patients in the enrolled set who were
treated with at least one dose of ranibizumab during this study or
before the start of the study and had at least one safety
assessment after the first treatment.

A patient with multiple occurrences of an AE is counted once
per preferred term.

Data collected until the last recorded follow-up date was used
to perform the analyses (i.e., data for overall duration of the
study).

For treatment-naive eyes, the date of first on-study injection
with ranibizumab was considered the baseline date.

*Number of patients at enroliment.
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Table 4. Proportion of Patients With Ocular and
Nonocular Serious Adverse Events for Total Treatment-
Naive Patients With nAMD

Treatment-Naive Patients

Preferred Term, n (%) With nAMD, N = 6,241*

Ocular SAEs, total 57 (0.91)
Endophthalmitis 11 (0.18)
Retinal hemorrhage 6 (0.10)
Cataract 6 (0.10)
Retinal pigment epithelial 5 (0.08)

tear
Macular hole 5 (0.08)
Retinal detachment 4 (0.06)
nAMD 4 (0.06)
Vitreous hemorrhage 2 (0.03)
Glaucoma 2 (0.03)
Iridocyclitis 2 (0.03)
Blindness 1 (0.02)
Open-angle glaucoma 1 (0.02)
IOP increased 1 (0.02)
Conjunctival hemorrhage 1 (0.02)
Macular fibrosis 1 (0.02)
Subretinal hematoma 1(0.02)
Dry age-related macular 1 (0.02)

degeneration
Eye hemorrhage 1 (0.02)
Retinal injury 1(0.02)
Retinal vein thrombosis 1 (0.02)
Vitritis 1 (0.02)

Nonocular SAEs, total 462 (7.4)
Pneumonia 29 (0.47)
Cerebrovascular accident 28 (0.45)
Myocardial infarction 17 (0.27)
Atrial fibrillation 16 (0.26)
Fall 15 (0.24)
Angina pectoris 12 (0.19)
Lung neoplasm 11 (0.18)

malignant
Cardiac failure 10 (0.16)
Transient ischemic attack 10 (0.16)
Dyspnea 10 (0.16)
Death 52 (0.83)

Primary treated eye set for ocular SAEs; safety set for
nonocular SAEs.

n = number of patients.

All ocular SAEs are shown. Nonocular SAEs =10 in number are
shown, except for death which is mentioned for all patients.

Safety set comprised patients in the enrolled set who were
treated with at least one dose of ranibizumab during this study or
before start of study and had at least one safety assessment after
the first treatment.

A patient with multiple occurrences of an SAE is counted once
per preferred term.

Data collected until the last recorded follow-up date were used
to perform the analyses (i.e., data for overall duration of the
study).

For treatment-naive eyes, the date of first on-study injection
with ranibizumab was considered the baseline date.

*Number of patients at enrollment.

ranibizumab treatment were reported in 0.1% (n = 9)
of patients. The incidence of nonocular SAEs was
7.4% (n = 462) in the safety set; pneumonia (0.47%;

n = 29) and cerebrovascular accidents (0.45%; n = 28)
were the most common nonocular SAEs followed by
myocardial infarction (0.27%; n = 17; Table 4). Non-
ocular SAEs leading to discontinuation of ranibizumab
treatment were reported in 2.8% (n = 174) of patients.
Death was reported in 0.83% (n = 52) of patients; none
were suspected to be related to the study treatment by
the investigator. No new safety signals in addition to
the well-characterized safety profile of ranibizumab
were identified in this population.

Ocular AE rates by country ranged from 2.1%
(Russia) to 17.5% (Slovakia and United Kingdom),
where cataract was observed most frequently. Slovakia
and United Kingdom were also the countries with the
highest rates of nonocular AEs (22.3% in Slovakia;
34.8% in United Kingdom), with no particular AEs
occurring more frequently than the others in Slovakia
and a slight predominance of fall in United Kingdom.
The lowest nonocular AE rate (1.7%) was reported in
China. The rates of ocular SAEs by country ranged
from 0% to 2.1% (United Kingdom).This may be
because of different reporting practices and the study
situation, where possibly more examinations were
performed than would have been done in a routine
clinical practice.

Discussion

LUMINOUS is the first large-scale, multi-indica-
tion, prospective, observational, postmarketing study
of ranibizumab, enrolling more than 30,000 patients
across 42 countries worldwide. The results from the
present analysis of the treatment-naive nAMD cohort
from this study demonstrate the effectiveness of
ranibizumab during the first year of treatment in these
patients, particularly in those who received a higher
number of ranibizumab injections and had adequate
treatment at the start of therapy (loading dose).
Patients with higher baseline visual acuity demon-
strated better visual outcomes at 1 year, although the
mean visual acuity gains were higher in those with
lower baseline visual acuity. These results are consis-
tent with previous real-world studies showing a “ceil-
ing effect” in visual acuity gains for patients with good
presenting vision?’-37-3% and further support the com-
mon observation that baseline visual acuity is a major
factor in predicting visual outcome.

In the LUMINOUS study, ranibizumab treatment
resulted in a mean visual acuity gain of 3.1 letters (n =
3,379) at 1 year with a mean of 5.0 injections in
treatment-naive patients with nAMD across all coun-
tries. These results are comparable with observational
studies of ranibizumab that reported mainly
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preservation of vision in nAMD patients in the real-
world after 1 year.23-25-27-34.35 In the LUMIERE study,
conducted in France, the mean visual acuity gain was
3.2 letters (N = 551) with a mean of 5.1 injections,
whereas in the German WAVE study, the mean visual
acuity change from baseline was 0.02 logMAR (N =
2,467) with a mean of 4.3 injections.?®33 In another
real-life retrospective, observational study (AURA), in
which nAMD patients from Canada, France, Germany,
Ireland, Italy, the Netherlands, the United Kingdom,
and Venezuela were assessed, the mean visual acuity
gains were 2.4 letters (N = 1,695) with a mean of 5.0
injections over 1 year.?>-3%

In an observational study from the Fight Retinal
Blindness! registry that captured data from 1,140
treatment-naive patients with nAMD from Australia
during routine clinical practice, the visual acuity gains
were comparatively higher (4.7 letters) with a mean of
7.0 injections.”

Injection frequencies in LUMINOUS and these
other real-world studies are lower than those seen in
prospective RCTs and lower than anticipated; as
according to the ranibizumab product label, even
under a treat and extend (T&E) regimen, nAMD pa-
tients would receive at least seven injections in the first
year if there was no disease activity after the first three
loading doses were administered.® The potential
undertreatment of patients with fewer injections in
routine clinical settings?3-23:27:34.35.37 ig particularly
apparent when comparing the robust visual improve-
ment seen in pivotal clinical trials such as ANCHOR
(11.3 letters) and MARINA (7.2 letters) in which
monthly ranibizumab treatment was administered!840
or when comparing the visual acuity outcomes re-
ported in several RCTs with an individualized treat-
ment approach (T&E and pro re nata [PRN]) of
ranibizumab.*!=#7 Thus, the suboptimal functional out-
comes with relatively low injection numbers suggest
that patient management would be likely to improve
substantially in real-world settings with more consis-
tent monitoring and more frequent treatment or pro-
active intervention. The variation in treatment
response in treatment-naive patients with nAMD from
LUMINOUS may also be attributed to the heteroge-
neous patient population, with diverse ocular and base-
line characteristics and the presence of sundry
comorbidities, many of which would have excluded
them from participation in RCTs.

Visual acuity gains appear to be mostly related to
injection frequency as evident here from the pro-
gressive increase with increased number of injections
(Figure 2A). These findings support the need for suf-
ficient treatment (at least six injections on average) in
real-world clinical settings to achieve substantial gains

in visual acuity during the first year of treatment. Sim-
ilarly, the better visual outcomes in patients who
received an initial three consecutive monthly ranibizu-
mab injections (“loading”) reinforce the need for early
intense treatment to achieve the best possible visual
outcomes, as also observed in previous studies in
treatment-naive patients with nAMD.!3-1835.40

Studies have also shown that ranibizumab treatment
stabilizes vision in nAMD patients presenting with
relatively good visual acuity at baseline.?’-37-38 In
LUMINOUS, over 70% of patients with a baseline
vision of =73 letters (Snellen: 20/35) maintained the
good visual acuity levels after 1 year of ranibizumab
treatment. This result suggests that treatment with ra-
nibizumab over 1 year in real-world settings has the
potential to further increase the proportion of
treatment-naive nAMD patients maintaining good
visual acuity (e.g., =73 letters [Snellen: 20/35]) with
more rigorous treatment.

The treatment-naive patients with nAMD from
LUMINOUS were treated in real-world clinical prac-
tice settings across various countries with different
healthcare systems. Among the 10 countries enrolling
the most treatment-naive patients with nAMD, the
highest baseline visual acuity was observed in patients
from Japan and the lowest in patients from China and
Russia. The visual acuity gains in China and Russia
were also the lowest among these 10 countries, but this
may be attributed to a low mean number of injections
(<3 injections), lower baseline visual acuity, limita-
tions in patient access to treatment and the concomi-
tant inability to treat patients immediately after
diagnosis, and limited medical insurance because of
possible limitations of the healthcare system in these
countries.*® Highest visual acuity gains were observed
in South Korea and Japan with 4.0 to 5.0 mean injec-
tions, whereas in Australia, where a T&E regimen is
commonly used in clinical practice,*® better visual
acuity gains (4.5 letters) were achieved with 8.7 mean
injections. Many European countries (Poland, Ger-
many, United Kingdom, and Slovakia) had only mod-
est gains (2.3-3.0 letters) in vision with a comparable
mean number of injections (range: 4:0-5.6 injections).
The better visual outcomes in the Australian cohort
may be because of higher injection frequency after
the T&E regimen compared with the PRN regimen
extensively practiced in Europe, mainly until
2014.49-51 Canada, where individualized treatment
regimen such as T&E is largely used by practicing
physicians, also showed a moderate gain of 2.5 letters
with a higher mean number of injection (7.5 injec-
tions); incidentally, the baseline visual acuity of pa-
tients from Canada was lower compared with the other
countries (except for China, Russia, and Poland).>?
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These variations in visual outcomes between countries
reflect differences in the underlying healthcare systems
including reimbursement of treatment, limited medical
insurance coverage, and access to treatment and treat-
ment regimen used. Furthermore, undertreatment of
patients may be because of treatment cost, patient
compliance and follow-up, and the clinician’s decision
to treat in subsequent visits. Identifying such barriers
to the receipt of optimal or adequate therapy by clinics,
with action to address these, could help to achieve
improved outcomes.

A major challenge in routine clinical settings is the
provision of adequate individualized treatment and
monitoring to optimize patient visual outcomes. In
LUMINOUS globally, 72.9% of treatment-naive pa-
tients with nAMD (who received =6 injections) were
thus effectively undertreated in the first year of
treatment.

Across all treatment-naive patients with nAMD, the
frequency of ocular and nonocular SAEs and AEs over
5 years was low. Ocular SAEs and AEs leading to
discontinuation of ranibizumab, and ocular AEs related
to ranibizumab and/or injection were rare. Overall, the
ocular AEs observed in LUMINOUS were consistent
with those observed in the more restrictive RCT
populations and consistent with the well-established
safety profile of ranibizumab.813.18.24.40

The strength of the LUMINOUS study is its large
sample size including patients with diverse demo-
graphics and baseline characteristics, long-term dura-
tion, prospective nature, and its real-world assessment
of use of ranibizumab across multiple centers world-
wide. The study was limited by a number of factors:
first, the lack of a comparator arm; second, although
the study enrolled a large number of patients, nearly
24% discontinued the study and efficacy data were
available only for over 54% of the enrolled population
at Year 1; finally, the flexible inclusion criteria,
variable treatment schedules across regions, and
inclusion of difficult-to-treat patients that could have
resulted in unexplained variations in the outcomes.

To conclude, real-world evidence from the LUMI-
NOUS study confirms the benefits of ranibizumab in
treatment-naive patients with nAMD over 1 year.
Visual acuity gains observed at Year 1 were greater
in patients receiving a higher, more appropriate
number of injections including three doses within the
first 90 days of treatment (loading dose). Thus, prompt
initiation of treatment is critical in improving visual
outcomes. The baseline vision of =73 letters (Snellen:
20/35) was maintained in most of the patients after 1
year of ranibizumab treatment. LUMINOUS also
highlights the diversity in visual acuity outcomes
and treatment patterns in real-world clinical settings

among countries. Globally and across regions, base-
line visual acuity was an important predictor for over-
all visual acuity outcomes. There were no new safety
signals with ranibizumab identified in this study. Fur-
ther follow-up analyses of the LUMINOUS nAMD
cohort are expected to provide additional long-term
evidence on the benefit of ranibizumab treatment in
real-world clinical practice.

Key words: anti-VEGF therapy, LUMINOUS,
effectiveness, neovascular age-related macular degen-
eration, ranibizumab, observational study, real-world,
treatment-naive, visual acuity.
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