
RESEARCH ARTICLE

Real-world outcomes with ranibizumab in

branch retinal vein occlusion: The prospective,

global, LUMINOUS study

Ian Pearce1,2, Andreas ClemensID
3,4☯*, Michael H. Brent5, Lin Lu6, Roberto Gallego-

Pinazo7, Angelo Maria Minnella8, Catherine Creuzot-GarcherID
9, Georg Spital10,

Taiji Sakamoto11, Cornelia Dunger-Baldauf3, Ian L. McAllister12,13,14☯, on behalf of all the

LUMINOUS™ study investigators¶

1 St Paul’s Eye Unit, Royal Liverpool University Hospital, Liverpool, England, United Kingdom, 2 Department

of Eye and Vision Science, University of Liverpool, Liverpool, England, United Kingdom, 3 Novartis Pharma

AG, Basel, Switzerland, 4 Department of Cardiology and Angiology I, Heart Center Freiburg University,

Faculty of Medicine, University of Freiburg, Freiburg im Breisgau, Germany, 5 Department of Ophthalmology

and Vision Sciences, Faculty of Medicine, University of Toronto, Ontario, Canada, 6 State Key Laboratory of

Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, China, 7 Unit of

Macula, Oftalvist Clinic, Valencia, Spain, 8 Department of Ophthalmology, Catholic University of Sacred

Heart - Foundation "Policlinico Universitario A. Gemelli"- IRCCS, Rome, Italy, 9 Department of

Ophthalmology, Centre Hospitalier Universitaire, Dijon, France, 10 Department of Ophthalmology at

St. Franziskus Hospital, Münster, Germany, 11 Department of Ophthalmology, Kagoshima University,

Kagoshima, Japan, 12 Centre for Ophthalmology and Visual Science, The University of Western Australia,

Perth, Australia, 13 Lions Eye Institute, The University of Western Australia, Perth, Australia, 14 Department

of Ophthalmology, Royal Perth Hospital, Perth, Australia

☯ These authors contributed equally to this work.

¶ The list of LUMINOUS™ study principal investigators and complete membership of the author group is

provided in the Acknowledgments.

* andreas.clemens@novartis.com

Abstract

Objective

To evaluate the effectiveness, safety, and treatment patterns of ranibizumab 0.5 mg in

treatment-naïve patients with branch retinal vein occlusion (BRVO) enrolled in the LUMI-

NOUS™ study.

Study design

A 5-year, global, prospective, multicenter, observational, open-label study conducted in a

clinical practice (real-world) setting at outpatient ophthalmology clinics that recruited 30,138

consenting adult patients from all approved indications for ranibizumab across 42 countries.

Patients with BRVO were treated according to the local ranibizumab label of the participat-

ing countries. Mean change in visual acuity (VA) in Early Treatment Diabetic Retinopathy

Study letters from baseline to Year 1, treatment exposure during Year 1, and adverse events

(AEs) over 5 years were assessed.

Results

Of the 1366 recruited BRVO patients, 405 were treatment-naïve at baseline with a mean

(standard deviation [SD]) age of 67.9 (12.5) years, 57.5% were female, and 71.8% were
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White. At Year 1 (n = 189), the mean (SD) VA gain was 11.9 (17.66) letters from a baseline

of 49.2 (±20.32) letters with a mean (SD) of 5.0 (2.34) injections. VA gains were higher in

patients (n = 83) who received 6–9 injections (13.6 [20.16] letters) than in those who

received 2–5 injections (n = 92, 11.7 [15.43] letters), or 1 injection (n = 14, 3.6 [13.72] let-

ters). Patients with baseline VA <23 letters had numerically highest VA gains (n = 20, 31.1

[24.48] letters). Over 5 years, the rate of ocular/non-ocular AEs was 7.4%/9.1% and serious

AEs was 0.3%/4.4% in treatment-naïve BRVO patients (n = 405).

Conclusions

One year results from the LUMINOUS real-world study showed a clinically meaningful VA

improvement with ranibizumab in treatment-naïve patients with BRVO; numerically higher

VA gains were achieved in patients who received more injections and those with poor base-

line VA. No new safety signals were observed.

Introduction

Branch retinal vein occlusion (BRVO) is one of the most common retinal vascular abnormality

in adults and a frequent cause of vision loss [1]. The global prevalence of BRVO is ~0.64% [2].

Management with anti-vascular endothelial growth factor (anti-VEGF) agent therapy has

become the current standard of care for most patients with BRVO [3, 4].

Ranibizumab (Lucentis1; Novartis Pharma AG, Basel, Switzerland, and Genentech Inc.,

South San Francisco, CA, USA), an anti-VEGF agent, is approved for the treatment of patients

with macular edema secondary to retinal vein occlusion (RVO; BRVO and central retinal vein

occlusion [CRVO]) in the European Union (EU), the United States (US), and many other

countries worldwide [5, 6]. A wealth of scientific evidence from randomized clinical trials

(RCTs) [4, 7–12] have proven the efficacy and safety of ranibizumab in the treatment of

BRVO. These studies also indicated that early, intensive, and individualized treatment with

ranibizumab provides visual acuity (VA) gains that are sustained over time with reduced treat-

ment burden. Further, with over 5.5 million patient-treatment years of exposure [13] the effi-

cacy and safety of ranibziumab is well-established across all approved indications [14–17].

However, real-world studies with ranibizumab in BRVO patients are mostly limited to either

specific regions, countries or small patient populations [18–22]. Further, real-world evidence

data coming from a more heterogenous patient population will help gain better insights on

treatment patterns, outcomes, access to treatment, and management of BRVO patients with

ranibizumab.

LUMINOUS (NCT01318941), the largest prospective observational trial in the field of med-

ical retina, was conducted to evaluate the long-term effectiveness, safety, and treatment pat-

terns with ranibizumab in routine clinical practice across five approved indications

(neovascular age-related macular degeneration [nAMD], diabetic macular edema [DME],

BRVO, CRVO, and myopic choroidal neovascularization [mCNV]) [23]. Here we report the

1-year VA outcomes, treatment patterns over one year, and overall safety over 5 years with

ranibizumab in treatment-naïve patients with BRVO.
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Methods

Study design

LUMINOUS was a 5-year, prospective, observational, global study of ranibizumab in patients

with nAMD, DME, BRVO, CRVO, or mCNV. The study was conducted from March 2011 to

April 2016 at 488 clinical sites across 42 countries [23]. Patients with BRVO were enrolled

from 26 countries (S2 Table).

BRVO patients were treated with intravitreal ranibizumab 0.5 mg according to the local

product label at outpatient ophthalmology clinics. As patients were recruited over time and

the calendar time point of study completion was pre-set, follow-up time varied according to

entry date. The minimum potential follow-up for each patient was defined as 1 year in the pro-

tocol. Visits took place at a frequency determined by the investigator; it was recommended to

capture data 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. Patients not

seen at least once per year or who were switched to another anti-VEGF therapy were discon-

tinued from the study.

The first eye treated during the study was considered as the primary treated eye (study eye).

If both eyes were first treated on the same date, or if both eyes were pre-treated, 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 (IEC)

or Institutional Review Board (IRB) for each center. The complete list IEC or IRB by study

center are available in S1 Table. The study was conducted in accordance with the Guidelines

for Good Pharmacoepidemiology Practices issued by the International Society for Pharmacoe-

pidemiology, 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 [23].

Key eligibility criteria

Consenting adult patients (�18 years of age) enrolled were either treatment-naïve or previ-

ously treated with ranibizumab or another ocular therapy for any of the approved indications

included in the local product label. Patients were excluded if they were participating in other

investigational studies or if they received systemic or ocular anti-VEGF therapy other than

ranibizumab 90 days or 30 days prior to enrollment, respectively.

Assessments

Effectiveness assessments included VA (preferably best-corrected VA) evaluation by each par-

ticipating physician as part of a routine care practice using Early Treatment Diabetic Retinopa-

thy Study (ETDRS) letters, Snellen charts, or equivalent. To facilitate data analysis, Snellen

fractions and decimals were converted to the ETDRS equivalent letter scores. It was recom-

mended that the same method of corrected VA assessment be used throughout the study

wherever possible. Other assessments, such as optical coherence tomography (i.e. central reti-

nal thickness) and ocular examination (pre-injection intraocular pressure), were optional but

included if the data were available. The number of ranibizumab injections administered over-

all, over time, and the average time interval (in weeks) between consecutive injections, visit fre-

quency, treatment patterns, and proportion of patients receiving ocular and non-ocular

concomitant medications were recorded. All adverse events (AEs), including serious AEs
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(SAEs), irrespective of suspected causal association that occurred during the study were

collected.

Statistical analysis

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 who were treated with at least 1 dose of ranibizumab during the study

or prior to the start of the study and had at least 1 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 Year 1 analysis, patients from the pri-

mary treated eye set who had both baseline and Year 1 data and had remained in the study for

at least 365 days were considered. For treatment-naïve eyes, the date of first on-study injection

with ranibizumab was considered the baseline date (study Day 1).

The primary effectiveness variable was the mean change in VA ETDRS letter score from

baseline to Year 1. Additional effectiveness variables not prespecified in the protocol but

included in the statistical analysis plan are: (1) The mean change in VA from baseline at Year 1

by (a) injection frequency during Year 1 (1, 2–5, 6–9 injections); (b) patients who received a

loading dose (at least 3 ranibizumab injections up to Day 100) versus those who did not; (c)

baseline VA category; (d) baseline VA of</�73 letters (good starting vision, or Snellen equiv-

alent 20/40) at Year 1; (2) the proportion of patients with VA 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 visits up to 1

year were summarized for patients with at least 365 days participation in the study. Safety over

the 5-year period was assessed based on the incidence, proportion, relationship, and severity of

treatment-emergent ocular and non-ocular AEs. Ocular AEs were assessed for the primary

treated eye set and non-ocular AEs were assessed for the safety set.

Results

Patient disposition and baseline characteristics

Overall 30,138 patients across all 5 indications were enrolled worldwide. Of these, 1366 (4.5%)

were patients with BRVO, of whom 405 were treatment-naïve. Overall, 247 (61%) patients

completed the 5-year study period, with the most frequent reason for study discontinuation

being loss to follow-up (S3 Table). Of the 158 (39.01%) patients who discontinued the study at

Year 5, only 19 (4.691%) patients switched to other anti-VEGF (S3 Table). Patients were

recruited in 26 countries and most of the treatment-naïve patients with BRVO were recruited

from the following 6 countries: the UK (n = 104), Canada (n = 68), Russia (n = 44), Germany

(n = 38), India (28), and Spain (n = 21).

At 1 year, 326 (80.7%) treatment-naïve patients with BRVO remained in the LUMINOUS

study. The most frequent reasons for study discontinuation in 78 (19.3%) patients were loss to

follow-up (37 [9.16%]), followed by switching to an anti-VEGF other than ranibizumab (11

[2.72%)](S3 Table). As visits were scheduled at the discretion of the investigator, 1 Year data

were available only for a proportion of the 326 patients. The primary treated eye set at Year 1

included 189 (46.7%) patients (qualified having both baseline and Year 1 data and remained in

the study for at least 365 days) and the 5 year safety set included 405 patients.

Overall, the mean (standard deviation [SD]) age of patients was 67.9 (12.5) years at baseline;

most were White (71.8%) and female (57.5%, Table 1). The proportion of patients with pre-

and post-baseline laser therapy was 3.2% and 3.7%, respectively. The baseline patient and ocu-

lar characteristics of patients from each of these countries are described in S1 Fig. Country-
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level mean ages ranged from 58.1 (India) to 74.4 years (Canada). The country-level mean base-

line VA ranges differed between countries and there was a large variation in median time from

diagnosis to first treatment among countries, ranging from 1 (Canada) to 41 days (Russia).

Efficacy outcomes

Overall, for 189 treatment-naïve BRVO patients the mean (SD) VA at baseline was 49.2

(20.32) letters and the mean (SD) VA gain at Year 1 was 11.9 (17.7) letters in the primary

treated eye set (Fig 1). The mean VA gain at Year 1 and the mean number of ranibizumab

injections varied across the highest enrolling countries (Fig 1).

Treatment exposure, visits, and VA gains

The mean (SD) number of ranibizumab injections administered up to Year 1 was 5.0 (2.34),

and the mean number of visits was 8.4 (2.91). Overall, 43.9% of patients received 6 or more

injections in the first year (Fig 2). Further, it is interesting to note that only 2 patients (1.1%)

had received 10 injections and only 1 patient (0.5%) received 11 injections (Fig 2). We consider

these patients as extreme outliers.

The VA gains at Year 1 were greater with increasing treatment frequency. VA gains in

patients who received 6–11 injections (n = 83) were 13.6 [20.16] letters, (baseline: 49.0

[21.31]), in those who received 2–5 injections (n = 92) were 11.7 [15.43] letters, (baseline: 49.9

[19.72]) or 1 injection (n = 14) were 3.6 [13.72] letters, (baseline: 45.6 [19.19]) (Fig 3A).

Maximum VA gains (31.1 letters) from baseline at Year 1 were observed in patients with

poor baseline VA (<23 ETDRS letters), but the actual VA at Year 1 was higher in patients with

higher baseline VA (Fig 3B). All patients (n = 20) with baseline VA�74 letters maintained

Table 1. Baseline demographic and ocular characteristics (safety set).

Characteristics Treatment-naïve patients with BRVO N = 405

Mean (SD) age, years 67.9 (12.5)

Gender, (%)

Male 42.5

Female 57.5

Race, (%)

White 71.8

Asian 12.6

Native American 1.5

Black 1.0

Other 5.4

VA

n� 362

Mean (SD) VA, ETDRS letters 52.0 (19.5)

CRT

n� 278

Mean (SD) CRT, μm 457.1 (159.3)

Median time from diagnosis to first treatment, days 18.0

�patients with evaluable data at baseline is shown

BRVO, branch retinal vein occlusion; CRT, central retinal thickness; EDTRS, Early Treatment Diabetic Retinopathy

Study; N, total number of patients; n, number of patients; SD, standard deviation; VA, visual acuity

https://doi.org/10.1371/journal.pone.0234739.t001
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their vision (mean VA [SD] at Year 1 = 75.3 [7.57]) after 1 year of treatment with a mean num-

ber of 4.9 injections. The mean number of injections was broadly comparable across the base-

line VA categories and ranged from 4.7 to 5.1 (Fig 3B). Patients who received the loading dose

of 3 initial consecutive monthly ranibizumab injections (n = 122; 14.4 letters) had numerically

higher VA gains than those who did not receive the loading dose (n = 67; 7.3 letters) (Fig 3C).

The mean number of injections in patients who received the loading dose of 3 initial conse-

cutive monthly ranibizumab injections was numerically higher than in patients who did not.

Furthermore, patients with baseline VA of�73 letters maintained their vision at or close to

their starting levels, while patients with baseline VA<73 letters showed VA gains; the number

of injections was comparable between the 2 groups (S2 Fig).

Fig 1. Mean change in VA from baseline at Month 12. Primary treated eye set, defined as the number of evaluable

patients with baseline and Month 12 data who have been in the study for at least 365 days. Syringe symbol denotes

mean number of injections from baseline to Month 12. There were only 2 patients from India with baseline and Month

12 VA data who have been in the study for at least 365 days. Therefore the mean VA has not been shown for the

patients from India. ETDRS, Early treatment diabetic retinopathy study; VA, visual acuity.

https://doi.org/10.1371/journal.pone.0234739.g001

Fig 2. Number of injections over 1 year. Primary treated eye set, defined as number of evaluable patients with

baseline and Month 12 data who have been in the study for at least 365 days. Dashed line denotes mean number of

injections from baseline to Month 12 in the Global population (n = 189). VA, visual acuity.

https://doi.org/10.1371/journal.pone.0234739.g002
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At Year 1, of the 189 patients who completed the study, 42.9% (n = 81) of patients treated

with ranibizumab had a VA gain of�15 letters and VA was maintained at baseline levels in

14.3% (n = 27) of patients (S3 Fig). The proportion of patients with a VA loss of�15 letters

was low (4.2%; n = 8; S3 Fig).

Safety

Ocular AEs of the study eye were reported in 7.4% (n = 30) of patients, with cataract (n = 8,

2.0%) being the most common, followed by increased intraocular pressure (n = 3, 0.7%,

Table 2). Non-ocular AEs were reported in 9.1% (n = 37) of patients (Table 2). Overall, 5

(1.24%) ocular AEs and 1 (0.25%) non-ocular AE (headache) were suspected by the investiga-

tor to be related to the study treatment or ocular injections (S4 Table). There were no ocular

AEs or SAEs, 8 (1.98%) non-ocular AEs, and 8 (1.98%) non-ocular SAEs that led to the discon-

tinuation of study treatment.

Only 1 serious ocular AE (vitreous hemorrhage) was reported in 1 (0.3%) patient; it was

considered to be not related to ranibizumab treatment by the investigator. No cases of

endophthalmitis or retinal break/detachment were reported. The incidence of non-ocular

SAEs was 4.4% (n = 18); dehydration (0.5%) and sepsis (0.5%) were the most frequently

reported SAEs, and occurred in 2 patients each (S5 Table).

There were 8 deaths (1.98%) reported over the 5-year duration of the study. There were 6

deaths of unknown cause, and septicemia and blood sepsis were the reasons for deaths in 2

Fig 3. Mean change in VA from baseline at Year 1 by A. injection frequency, B. baseline VA category, and C. in patients

who received loading and those who did not. Primary treated eye set, defined as the number of evaluable patients with

baseline and Month 12 data who have been in the study for at least 365 days. Syringe symbol denotes mean number of

injections from Baseline to Month 12. Loading dose is defined as having 3 ranibizumab injections within the first 100 days

of the study. ETDRS, Early treatment diabetic retinopathy study; VA, visual acuity.

https://doi.org/10.1371/journal.pone.0234739.g003
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patients. At Year 1 in patients with evaluable baseline and Month 12 VA data available and

who had been in the study for at least 365 days (n = 189), the rate of ocular/non-ocular AEs

was 3.7% (n = 7)/ 3.2% (n = 6) and serious AEs was 0%/1.1% (n = 2), respectively.

Discussion

The LUMINOUS study results demonstrate that ranibizumab treatment for 1 year is effective

in improving VA outcomes in treatment-naïve patients with BRVO, globally and across differ-

ent countries. The VA outcomes were better in patients who received adequate treatment at

the start of therapy (loading dose) and those who received a higher number of ranibizumab

injections. The relative VA gain was higher in patients who had lower baseline VA. However,

patients with initially good vision (�73 letters) maintained their vision and was the group with

highest vision at Year 1.

The baseline VA of patients included in this study was a little lower (49.2 letters, primary

treated eye set) than the ranibizumab-treated arms of patients included in the randomized,

controlled BRAVO (53 letters, randomized set) and BRIGHTER studies (59.5 letters, random-

ized set) [4, 10]. Although the time from diagnosis to first treatment was a mean of 18 days in

this study, the precise information on the actual duration of BRVO prior to presentation is not

known in an observational study and suspected to be significantly longer than the BRAVO

Table 2. Incidence of AEs over 5-years (safety set).

Preferred term, n (%) Treatment-naïve patients with BRVO N = 405

Ocular AEs, total 30 (7.4)

Cataract 8 (2.0)

IOP increased 3 (0.7)

Conjunctivitis 2 (0.5)

Eye pain 2 (0.5)

VA reduced 2 (0.5)

Vitreous floaters 2 (0.5)

Vitreous hemorrhage 2 (0.5)

Conjunctival hemorrhage 2 (0.5)

Non-ocular AEs, total 37 (9.1)

Fall 2 (0.5)

Lower respiratory tract infection 2 (0.5)

Ear infection 2 (0.5)

Dehydration 2 (0.5)

Dizziness 2 (0.5)

Cough 2 (0.5)

Influenza 2 (0.5)

Sepsis 2 (0.5)

Ocular and non-ocular AEs�2 in number are shown

Indication and pre-treatment status refers to the primary treated eye. Only AEs occurring during the safety

observation period are included. Preferred terms are presented by descending order of frequency. A patient with

multiple occurrences of an AE was counted only once. A patient with multiple AEs is counted only once in the total

row. Patients with a baseline visit date present are included. Data collected until the last recorded follow-up date was

used to perform the analyses

AE, adverse event; BRVO, branch retinal vein occlusion; IOP, intraocular pressure; N, total number of patients; n,

number of patients; N, total number of patients; VA, visual acuity

https://doi.org/10.1371/journal.pone.0234739.t002
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and BRIGHTER studies. At Year 1, the mean VA gain of 11.9 letters in the LUMINOUS study

was lower than that reported in the BRAVO study (18.3 letters). This was expected considering

the lower mean number of injections (5.0) in the LUMINOUS study than those reported at 12

months in the BRAVO study (5.7 injections during the 6 month treatment period [Day 0 to

Month 5] and 2.7 injections during the 6 month observation period [Months 6–11]) [4]. In the

BRIGHTER study, that was conducted across 17 countries worldwide including 455 patients

with BRVO, the mean VA at baseline was 59.5 letters and the gain at 24 months was 15.5 letters

with a mean of 11.4 injections; VA remained stable between Months 12 and 24 [10].

An important predictor of VA gains with treatment is the patients’ baseline BCVA [21, 24].

In the BRAVO and BRIGHTER studies, it was observed that patients with poor baseline VA

had numerically higher VA gains at 12 and 24 months, respectively [4, 10]. Consistent with

these observations, numerically higher VA gains were observed in the LUMINOUS study in

patients with poor baseline VA BRVO patients with baseline VA of 39–<60 letters demon-

strated the best visual gains. However, patients with baseline VA of 60–<74 letters maintained

their VA at 12 months with adequate ranibizumab treatment. Furthermore, in the BRAVO

and BRIGHTER studies, as well as in the LUMINOUS study, the final VA at 12 or 24 months

was lower in patients with poor baseline VA, highlighting the need for early treatment initia-

tion [4, 10]. However, it is important to note that the injection frequency was uniform irre-

spective of the baseline VA in the LUMINOUS study. The BRIGHTER study also found that

disease duration was a factor affecting treatment outcomes; however, it was not possible to

confirm this in LUMINOUS [10].

Higher injection frequency in the LUMINOUS study was associated with greater VA gains

in the global population across all enrolling countries. The good mean letter gains observed at

Year 1 suggests that BRVO patients may not need as many ranibizumab injections as other ret-

inal diseases (such as nAMD and DME) to achieve good visual outcomes [25, 26]. However, it

does confirm that adequate dosing must be maintained to achieve optimal BCVA outcomes.

The results of the LUMINOUS study are comparable with other observational studies of

ranibizumab in patients with BRVO [21, 27]. In a real-world cross-sectional study, BCVA

improved from 44±17.9 to 63±13.7 letters at Year 1, with a mean of 3 injections in the first 6

months and mean of 1 injection in the second half of the first year [27]. Treatment-naïve

patients with BRVO from LUMINOUS were treated with ranibizumab in real-world clinical

practice settings across various countries with different healthcare systems. In the country-spe-

cific analyses, the mean age of patients ranged from 58.1 years (India) to 74.4 years (Canada)

suggesting possible country-level differences in the age of disease onset. The mean baseline VA

varied among countries with the highest baseline VA observed in India (55.8 letters; n = 28)

followed by Spain (54.4 letters; n = 21) and the lowest baseline VA was observed in Canada

(49.8 letters; n = 68). Whilst there is no information on disease durations, there was a large var-

iation in median time from diagnosis to first treatment among countries, ranging from 1 and 8

days (Canada and Germany, respectively) to 41 days (Russia). This variation is presumably

reflective of differences among healthcare systems and access to treatment and probably also

reflects varying differences in disease duration prior to diagnosis in these countries, highlight-

ing the need for education and public awareness. Large gains in VA from baseline (mean VA

gains ranged from +9.7 letters in the UK to +15.8 letters in Germany) were observed across all

countries, including Russia (+11.1 letters), which had a low mean number of injections (2.6).

The low number of injections in Russia may reflect limited patient access to treatment. Despite

differences in baseline VA, the final 12-month VA for the UK, Germany, Canada, and Spain

were comparable with varying mean numbers of injections (4.4 to 6.6 injections). This obser-

vation does reflect a relative level of under treatment compared with the RCTs [10]. Further,

in this study, VA improvement in these countries varied from 9.7–15.8 letters. The differences
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in mean VA gains between Russia and Germany (despite similar mean baseline VA scores of

45.6 and 46.7 letters, respectively) may be due to the greater mean number of injections

received by German patients and may reflect differences in the healthcare systems and patient

access to treatment in these countries.

Across all treatment-naïve patients with BRVO, the frequency of ocular and non-ocular

SAEs and AEs at Year 1 and over 5 years was low. There were no ocular AEs or SAEs, which

led to discontinuation of ranibizumab in the study. Ocular and non-ocular AEs related to rani-

bizumab and/or injection were rare. Overall, the ocular AEs observed in LUMINOUS were

consistent with those observed in more restrictive RCT populations and consistent with the

well-established safety profile of ranibizumab [4, 5, 7, 10].

The strengths of the study are that it is the first large-scale, prospective, multi-indication,

observational, global, post-marketing study of an ocular anti-VEGF agent in a large patient

population. Being an observational study, patients included had diverse demographic and

baseline characteristics with varying degrees of healthcare access that were more representative

of real-world settings. This study provides long-term safety data (over 5 years) with ranibizu-

mab under real-world conditions in a large global population of treatment-naïve patients with

BRVO.

The limitations of the LUMINOUS study are similar to other real-world studies and are

greatly affected by factors, such as treatment costs, reimbursement policies, ease of access to

medicines, geographic availability of enrolled patients, wide demographic inclusion of

patients, and sub-optimal treatment due to less strict follow-up measures. Similarly, the varia-

tions in median time from diagnosis to first treatment across countries ranging from 1 day in

Canada to 41 days in Russia can be attributed to the global differences in access to patient care,

health care systems, approvals, reimbursements and administrative processes. In addition, the

study had no comparator arm, so the safety and effectiveness of ranibizumab cannot be

directly compared with any other intervention or to no intervention.

To conclude, the LUMINOUS study demonstrated clinically meaningful VA improvement

with ranibizumab in treatment-naïve patients with BRVO where patients receiving more injec-

tions and those with poor baseline VA had numerically higher VA gains. Overall, the safety

profile was consistent with what has been observed in previous ranibizumab studies in BRVO

and no new safety signals were identified. Results from this study confirms the effectiveness of

ranibizumab in BRVO patients in real-world practice, underscores the need for educating

patients on the importance of individualized treatment regimen, and may help guide physi-

cians in to effectively manage BRVO patients in clinical practice.
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