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Abstract

Purpose The purpose of this study is to

define which visual acuity (VA)

measurements are the best indicators of high-

quality care for patients receiving intravitreal

ranibizumab for neovascular age-related

macular degeneration (nAMD).

Methods Analysis of prospectively collected

data recorded within an electronic medical

record system on treatment-naive, first-

eligible eyes with nAMD, treated with

ranibizumab using an as-needed treatment

regimen with a minimum follow-up of

1 year. Data collection included the

following: age, gender, laterality, type of

nAMD, VA, central 1 mm OCT retinal

thickness, number of intravitreal injections,

and number of follow-up assessments.

Results Data were available on the first-

treated eye from 406 patients with at least 1

year follow-up; of these, 198 had data at 2

years. The mean baseline VA of 54.4 Early

Treatment Diabetic Retinopathy Study letters

improved to 58.5 letters at 12 months and to

56.8 letters at 24 months. The mean VA

changes from baseline to 1 year were þ 6.5,

þ 7.5, þ 1.7, and � 1.5 letters, respectively, for

baseline VA categories of 23–35, 36–55, 56–70,

and 470 letters. Change in mean VA from

the end of the loading phase to year 1 ranged

from � 2.9 to þ 1.4 letters for the different

baseline VA categories. The mean number of

injections were similar across baseline VA

categories ranging from 5.7 to 6.0 injections in

year 1 and from 3.3 to 3.8 in year 2.

Conclusions This large, real-world series

demonstrates that mean change in VA is

largely a function of selection criteria and

baseline VA. The quality of a service is

therefore better judged by actual VA

outcomes and maintenance of vision after the

loading phase.
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Introduction

Age-related macular degeneration (AMD) is the

leading cause of visual loss in the developed

world in the adult population.1 The advent of

anti-vascular endothelial growth factor (anti-

VEGF) drugs has revolutionised treatment for

neovascular AMD (nAMD).

The landmark randomised controlled

clinical trials, MARINA2 and ANCHOR,3,4

defined the gold standard for visual acuity

(VA) outcomes for selected patient populations

with nAMD, which can be achieved with

monthly injections for 24 months. MARINA

(minimally classic/occult lesions)

demonstrated a mean improvement of þ 7.2

letters on the Early Treatment Diabetic

Retinopathy Study (ETDRS) chart in

ranibizumab-treated eyes (0.5 mg group) at 12

months and of þ 6.6 letters at 24 months.
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ANCHOR (predominantly classic lesions)

demonstrated a gain of þ 11.3 letters in 0.5 mg

ranibizumab-treated eyes at 12 months3 and of þ 10.7

letters at 24 months, compared with a mean decline

of � 9.8 letters in the control group of photodynamic

therapy-treated eyes at 24 months.4

The monthly administration schedule used in the

landmark trials when translated into clinical practice

places a substantial burden on patients, retinal services,

and entities that fund health care. Less frequent dosing

regimens have therefore been investigated.

The PRONTO study,5 a small case series using an as-

needed dosing regimen with intravitreal ranibizumab

after an initial induction phase of three consecutive

monthly injections, demonstrated comparable results to

ANCHOR and MARINA, with a mean of 5.5 injections in

the first year and 4.4 injections in the second year. This

protocol has been widely adopted in an attempt to

deliver the clinical outcome benefits seen in the landmark

trials at lower cost.

There are few studies of clinical outcomes of treatment

for nAMD with ranibizumab in the routine clinical

setting.6–16

The aims of this paper are to establish VA outcomes

and number of injections required each year for eyes with

different baseline VA in a large cohort of treatment-naive

patients in a real-world clinical setting. In addition, we

wish to establish which measures of VA are the best

measures of the quality of a service.

Materials and methods

Study population

Treatment-naive first-eligible eyes with nAMD and a

presenting VA of 23 or more letters treated within a large

public hospital serving a geographically defined area of

the United Kingdom.

Study design

Data were prospectively collected in an electronic

medical record system (EMR; Medisoft Ophthalmology,

Leeds, UK).

Unlike in the landmark trials, eyes with a long

duration of symptoms were included, as were eyes with

some permanent structural changes at the fovea and eyes

having VA of better than 70 ETDRS letters (6/12 Snellen

equivalent) at baseline. Exclusion criteria for this study of

NHS care included the following: prior treatment with

ranibizumab or bevacizumab privately, and prior or

concurrent photodynamic therapy, thermal laser therapy,

or gas injections for nAMD, peripapillary lesions,

extrafoveal lesions, or baseline VA of o23 ETDRS

letters, the lower limit for NHS funding for ranibizumab.

We also excluded patients with follow-up of less

than 1 year.

Data collection for each patient included the following:

age at presentation, gender, type of nAMD lesion, VA

letter score at presentation and at every follow-up visit,

OCT central 1 mm retinal thickness measurements at

baseline and each follow-up assessment, the number of

intravitreal injections, and follow-up examinations in

each year of follow-up.

Service design and treatment protocol

The diagnosis of nAMD was confirmed by fundus

fluorescein angiography before initiating treatment.

Indocyanine green angiography was only available at one

of the two main sites, and, therefore, eyes with idiopathic

polypoidal choroidal vasculopathy or retinal angiomatous

proliferation were not consistently identified and were

included within the occult CNV category for analysis in

this study. After a loading phase of three consecutive

monthly injections, re-treatment with ranibizumab was

performed if any of the following criteria was fulfilled at

subsequent monthly assessments: 420% increase in

central 1 mm retinal thickness since last visit on OCT,

presence or qualitative increase in the amount of

intraretinal/subretinal fluid on OCT, or appearance of

new macular haemorrhage on fundal examination with or

without a decrease in VA. If the intraretinal fluid or

subretinal fluid persisted despite numerous injections,

then treatment was stopped but was restarted if there was

a qualitative deterioration.

Refraction and VA

A subjective refraction was performed before the first

injection and this refraction was used in trial frames for

all subsequent VA measurements if it was different to the

patient’s glasses prescription. All VA values were

recorded in ETDRS letter score notation using 4 m ETDRS

charts at 2 m.

Statistical analysis

Analysis was restricted to the first-eligible treated eye if

both eyes were treated. VA groups were categorised as:

23–35, 36–55, 56–70, and 470 letters at baseline, 1, and

2 years. The end of years 1 and 2 were defined as data

available at 12±1 month and 24±1 month, respectively,

from the first injection. All analyses was performed using

STATA version-11 (StataCorp, College Station, TX,

USA).17
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Results

Study population and analytical samples

Data on 700 eyes (629 patients) treated in the

Gloucestershire Hospitals NHS Foundation Trust for

nAMD, with their first anti-VEGF injection from

December 2007 to May 2010, were anonymised and

extracted from the EMR. Of these, 294 eyes (223 patients)

did not meet the inclusion criteria.

The reasons for exclusion were: 160 eyes treated

privately (88 with bevacizumab, 72 with ranibizumab),

almost all before ranibizumab being funded by the NHS;

24 eyes had baseline best-corrected VA below 23 ETDRS

letters; 15 eyes were treated for peripapillary lesions; 6

had received other prior or concurrent non-anti-VEGF

treatments for nAMD in the presenting eye (4

photodynamic therapy, 1 thermal laser, 1 gas injection);

in 4 eyes there was a trial of treatment with no intent to

give the full loading course of injections; and 38 eyes

because they were the second eligible treated eye. In

addition, 47 eyes from 47 patients were excluded because

of lack of 1 year follow-up data; 27 of these were

permanently no longer attending the clinic by the end of

year 1 (20 had died, 5 had left the area, and 2 had been

discharged with VA consistently below the level eligible

for NHS ranibizumab treatment o23 ETDRS letters), and

20 patients had no end of year 1 VA recorded. Baseline

characteristics were similar between these 47 eyes and

the eligible analysed cohort for gender, mean baseline

OCT thickness, and nAMD diagnosis; however, these

patients were slightly older and had a lower baseline VA

in the affected eye.

Two years after the first injection of ranibizumab,

198/205 (96.6%) patients who were potentially available

for follow-up had a VA value recorded (5 were still under

follow-up, but had no VA data recorded at that time

point; 1 patient was discharged before 2 years, as they

were deemed to have a stable scar; and 1 patient refused

further treatment). Nineteen patients died during the

second year of follow-up and were therefore not

available for follow-up. A total of 178 patients had not

reached 2 years after the first injection. This meant data

was available on the first-treated eye from 406 patients

with at least 1 year follow-up, and of these 198 had data

at 2 years.

Figure 1 illustrates a flow diagram to describe the

attrition of numbers over the 2 years.

Study population and baseline characteristics

In total, 137 patients were male (33.7%) and the median

age at the time of the first injection of ranibizumab was

82 years (range: 54–99 years). The baseline characteristics

are shown in Table 1.

The baseline mean VA was 54.4 ETDRS letters. Fifty-

four (13.3%) patients had a baseline VA of 23–35 letters,

Data extracted on 700
eyes from 629 patients

Baseline and end of year 1
406 eyes from 406 patients

End of year 2
198 eyes from 198 patients

Excluded (294 eyes from 223 patients)

Not meeting eligibility criteria (247 eyes from 176 patients)

In first year (47 eyes from 47 patients)

In second year (208 eyes from 208 patients)

160 eyes - patients treated privately
24 eyes - baseline VA <23 ETDRS letters
15 eyes - Peripapillary lesions
6 eyes - other or non concurrent non-anti-VEGF treatment
4 eyes - no intention to give loading dose
38 eyes - second eligible treated eye

20 eyes - from patients who died
5 eyes - from patients who left the area
2 eyes - from discharged patients
20 eyes - no year 1 visual acuity data

182 eyes - insufficient follow up

19 eyes - from patients who died
1 eye - discharged with a stable scar
1 eye - from a patient who refused further treatment
5 eye - no end of year 2 visual acuity data

Figure 1 Flow diagram to describe the attrition of numbers over 2 years.
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144 (35.5%) of 36–55 letters, 162 (39.9%) of 56–70 letters,

and 46 (11.3%) of 470 letters.

At baseline, 275/420 (67.7%) eyes had OCT thickness

data recorded on the EMR, and the mean central 1 mm

retinal thickness OCT measurement was 353 mm

(SD±102). It was not routine practice to repeat OCT

scans at months 1 and 2. For all other monthly

assessment, time periods between 93.3 and 97.3% of eyes

had OCT thickness data recorded on the EMR system.

Clinic visits and the number of injections

The mean number of clinic visits was 12.2 (range 7–14) in

year 1 and 10.6 (range 4–13) in those completing follow-

up in year 2. The mean number of injections

administered in year 1 was 5.9 (range 3–13) with 122

(30.5%) patients having an injection-free interval of 3

months and 76 (18.8%) having an injection-free interval

of 6 months at 1 year. The mean number of injections

administered in year 2 was 3.6 (range 0–10) with 34

(17.2%) patients having no injections in the second year

of treatment. The mean proportion of eyes injected at

each clinic visit after completion of the loading phase

was 32.9% (range 28.4–36.6%), and there was no

difference between the baseline VA categories for the

number of clinic visits or injections in years 1 or 2

(Table 2).

Visual acuity

At 1 year 366 (90.1%) eyes had lost fewer than 15 letters,

with 85 (20.9%) gaining 15 or more letters, and at 2 years

172 (86.7%) eyes had lost fewer than 15 letters, with 41

(20.7%) gaining 15 or more ETDRS letters in the treated

eye.

The mean VA score at 1 year was 58.5 letters (SD±17.7)

and the mean change in VA was þ 4.1 letters (SD±14.2).

At 2 years the mean VA score was 56.8 letters (SD±18.6)

and the mean change from baseline was þ 1.6 letters

(SD±17.6). At years 1 and 2 the range in the mean

change from baseline was large (Figures 2 and 3).

At 1 year the mean VA change from baseline was þ 3.3

letters for eyes with minimally classic/occult CNV and

was þ 5.8 letters for eyes with classic no occult/

predominantly classic CNV with mean actual

acuities±SD of 58.6±17.3 and 57.7±18.9 letters,

respectively.

At 2 years the mean VA change from baseline was

� 0.2 letters for eyes with minimally classic/occult CNV

and þ 6.2 letters for those with classic no occult/

Table 1 Baseline and demographic information for all eligible patients

Variable (% within gender) Male (N¼ 137) Female (N¼ 269) Total (N¼ 406)

Left eyes 62 (45.3) 133 (49.4) 195 (48.0)
Right eyes 75 (54.7) 136 (50.6) 211 (52.0)

Age at first injection (years)
Median 80.8 83.0 82.3
Interquartile range 74.6–85.9 77.8–86.9 76.9–86.3
Range 56.8—94.3 54.2–99.5 54.2–99.5

Fluorescein/indocyanine green angiogram subtypes
Minimally classic/occult no classic CNV 92 (67.2) 196 (72.9) 288 (70.9)
Classic no occult/predominantly classic CNV 44 (32.1) 69 (25.7) 113 (27.8)
FFA unassessable/not performed 1 (0.7) 4 (1.5) 5 (1.2)

Baseline VA (number of ETDRS letters)
Mean 53.8 54.8 54.4
SD 12.9 14.9 14.2

VA category, N (%)
23–35 ETDRS letters 15 (10.9) 39 (14.5) 54 (13.3)
36–55 ETDRS letters 60 (43.8) 84 (31.2) 144 (35.5)
56–70 ETDRS letters 52 (38.0) 110 (40.9) 162 (39.9)
470 ETDRS letters 10 (7.3) 36 (13.4) 46 (11.3)

Baseline OCT (mm)
Mean 359.9 350.0 353.1
SD 101.1 102.4 101.9
Range 169–630 161–689 161–689
Missing, N (%) 50 (36.5) 81 (30.1) 131 (32.3)
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predominantly classic CNV, with mean actual acuities of

55.8 vs 59.4 ETDRS letters, respectively.

At 1 year those whose baseline VA was between 23–35,

36–55, and 56–70 ETDRS letters had a mean gain of þ 6.5,

þ 7.5, and þ 1.7 letters, respectively, and those whose

baseline VA was 470 letters had a mean loss of � 1.5

letters. At 2 years those whose baseline VA was between

23–35 or 36–55 ETDRS letters had a mean gain of þ 12.3

Table 2 Year 1 and 2 results by baseline VA categories

Baseline VA

23–35 36–55 56–70 470 Total

Year 1; N 54 144 162 46 406

Number of clinic visits
Mean 12.1 12.3 12.2 12.1 12.2
Range 8–14 7–14 8–14 9–14 7–14

Number of injections
Mean 5.8 6.0 6.0 5.7 5.9
Range 3–11 3–11 3–13 3–13 3–13

VA change from baseline
Mean þ 6.5 þ 7.5 þ 1.7 � 1.5 þ 4.1
SD 14.1 15.0 12.8 13.4 14.2
Range � 25 to þ 39 � 38 to þ 45 � 41 to þ 27 � 59 to þ 13 � 59– to 45

Year 2; N 19 76 78 25 198

Number of clinic visits
Mean 10.5 10.6 10.4 10.8 10.6
Range 5–13 6–13 4–13 7–13 4–13

Number of injections
Mean 3.3 3.7 3.8 3.3 3.6
Range 0–7 0–9 0–10 0–13 0–10

VA change from baseline
Mean þ 12.3 þ 5.3 � 2.3 � 5.7 þ 1.6
SD 19.0 15.8 16.6 18.9 17.6
Range � 9 to þ 54 � 39 to þ 42 � 50 to þ 29 � 65 to þ 13 � 65 to þ 54
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and þ 5.3 letters, respectively, and those whose baseline

VA was 56–70 or 470 letters had a mean loss of � 2.3 and

� 5.7 letters, respectively (Table 2).

The MARINA and ANCHOR trials used the last

observation carried forward (LOCF) missing data

imputation method. When LOCF is applied to our

cohort, the overall mean (±SD) VA was 57.2 (1.0) EDTRS

letters compared with 57.6 (1.2) EDTRS letters when

LOCF was not used. The mean VA at each month was

consistent if LOCF was or was not used (Figure 3).

VA from the end of the loading phase (1 month after the

third ranibizumab injection)

The mean changes in VA from end of the loading phase

to year 1 and 2, respectively, were � 2.9 and þ 0.9 letters

for eyes in baseline VA category 23–35 ETDRS letters;

þ 1.4 and � 0.9 letters for baseline category 36–55 letters;

� 0.4 and � 3.2 letters for baseline category 56–70 letters;

and þ 0.6 and � 2.8 letters for baseline category 470

ETDRS letters (Figure 4).

OCT (Stratus, Cirrus HD, and Spectralis)

At 1 year the mean central 1 mm OCT (Stratus, Cirrus

HD (Zeiss, Dublin, CA, USA), Spectralis (Haag-Streit,

Koeniz, Switzerland)) retinal thickness was 257.1 mm

(SD±72.4) and the mean change in OCT from baseline

was a 97.7-mm decrease. At 2 years the mean OCT was

254.5mm (SD±70.5) and the mean change from baseline

was a 78.3- mm decrease. (Figure 5)

Complications and cataract surgery

In total, 3657 injections were administered to 406 eyes.

There were two cases of endophthalmitis during the

study period, a rate of 1 in every 1828 injections and of

1 in every 203 eyes. Cataract extractions were performed

on five eyes after ranibizumab treatment commenced (all

in the second year of treatment).

Discussion

This paper presents one of the largest series of eyes with

nAMD treated with ranibizumab in a routine clinical

setting. The routine use of an EMR system has allowed

close to clinical trial levels of data completeness as a

byproduct of routine clinical care. Within the current

literature, there is a paucity of ‘real-world’ data with

regard to outcomes of ranibizumab treatment for nAMD,

and previous reports are often on small cohorts of

patients despite originating from major institutions.6–16

Few centres have emulated the mean VA gains of the

ANCHOR and MARINA trials on unselected cohorts of

patients. Table 3 compares the results in this study with

that of the pivotal trials and pro re nata (PRN), and treat

and extend reports demonstrating comparative mean VA

at baseline and at 1 year.

Recently, a multicentre single-blind, non-inferiority

trial compared intravitreal injections of ranibizumab

with bevacizumab. Inclusion criteria included an age of

50 years or more, previously untreated active choroidal

neovascularisation secondary to nAMD, and VA between

80 letters (20/25) and 25 letters (20/320). This trial

concluded that at 1 year bevacizumab and ranibizumab

had equivalent effects on VA. Bevacizumab administered
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monthly was equivalent to ranibizumab administered

monthly, with a mean of 8.0 and 8.5 letters gained,

respectively. In addition, bevacizumab administered as

needed was equivalent to ranibizumab as needed, with a

mean of 5.9 and 6.8 letters gained, respectively. The mean

number of injections in the ranibizumab as-needed group

was 6.9.18 The baseline mean VA in the ranibizumab as-

needed group was 61.5 ETDRS letters, which improved to

64.8 and 68.4 letters after the loading phase and at 1 year,

respectively. At 2 years, ranibizumab and bevacizumab

had similar effects on VA and treatment as needed

resulted in less gain in VA, whether instituted at

enrolment or after 1 year of monthly treatment.19

The IVAN trial is ongoing comparing the efficacy and

safety of ranibizumab and bevacizumab intravitreal

injections to treat nAMD at 2 years. Patients were

randomised to four groups: ranibizumab or bevacizumab,

given either every month (continuous) or as needed

(discontinuous), with monthly review. The mean baseline

and 1 year best-corrected VA in the ranibizumab group

was 61.8 and 69.0 ETDRS letters, respectively. The

comparison of VA at 1 year between bevacizumab and

ranibizumab was inconclusive, but VAs with continuous

and discontinuous treatment were equivalent.20

This study has demonstrated a mean VA at 1 year of

58.5 letters, which is comparable to the MARINA and

ANCHOR trials of 60.9 and 58.4 letters, respectively, but

lower than the PRN ranibizumab arms of the CATT trial

and both ranibizumab arms of the IVAN study of 68.4

and 69, respectively. This study also demonstrates similar

stability in acuity after the loading phase to the pivotal

trials. The majority of the difference between our study

and the clinical trials was a lack of improvement during

the loading phase during which identical treatment was

given. The possible explanations for the difference

include a different case mix in routine clinical practice or

the lack of repeat refractions between baseline and 1 year.

MARINA and ANCHOR demonstrated mean changes

in VA from baseline to month 3 of þ 5.9 and þ 10.0

letters, respectively, and a mean change in VA from

month 3 to 1 year of þ 1.3 letters in both trials. In our

study the mean change in VA from baseline to the end of

the loading phase was þ 4.1 letters and the mean change

from the end of the loading phase to year 1 was 0.0 letters.

The case mix in this study was substantially different

from clinical trials, as it included eyes with some

structural damage at the fovea, so long as this was

judged to be at least partially reversible; eyes with a long

history of visual deterioration, and 11.3% of eyes had a

baseline VA of 470 letters (Snellen equivalent of 6/12),

all of which would have been excluded from the pivotal

trials.

The proportion of eyes in each baseline VA category is

also a major determinant of improvement in vision. EyesT
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in the 23–23, 36–55, 56–70, and 470 ETDRS letter

baseline groups gained þ 9.4, þ 6.2, þ 2.1, and -2.0

letters, respectively, at 1 year, and the mean change in VA

from end of the loading phase to year 1 for each group

were � 2.9, þ 1.4, � 0.4, and þ 0.6 letters, respectively,

for each group. The majority of VA gains occurred at the

end of the loading phase with little further gain or loss

thereafter, and the greatest gains occurred in the groups

with lower baseline VA. This is consistent with other

studies in addition to ANCHOR and MARINA, which

have demonstrated that baseline vision was the most

important predictor of response to treatment.21,22

There is limited data on outcomes of eyes with baseline

VA better than 470 letters (Snellen 6/12). In a recent

study by Williams and Blyth,23 the eyes with baseline

vision better than 6/12 lost 0.5 letters at 1 year, similar to

our result of � 1.5 letters at 1 year for this subset of eyes.

Other studies have described the ceiling effect that limits

potential for improvement in eyes with good vision at

baseline.24

In conclusion, this study has demonstrated that in a

routine clinical setting, gain in VA largely occurs during

the loading phase of ranibizumab injections, but is of a

lower magnitude than was achieved in the pivotal trials

despite identical treatment. This is due to differences in

case selection and the proportions of eyes in each

baseline VA category. This suggests that reporting results

of ranibizumab treatment in terms of mean change in VA

from baseline at different time points is potentially

misleading, and that better markers of the quality of a

service are mean actual VAs at presentation, and

annually thereafter, and stability of vision after the

loading phase. Actual VA is the most important concern

for patients and best reflects the quality of the whole care

pathway of nAMD from referral to final follow-up.

Summary

What was known before
K The landmark randomised controlled clinical trials

defined the gold standard for VA outcomes for selected
patient populations with nAMD, that can be achieved
with monthly injections for 24 months.

What this study adds

K In a routine clinical setting, gain in VA largely occurs
during the loading phase of ranibizumab injections, but
is of a lower magnitude than was achieved in the pivotal
trials despite identical treatment. This is due to
differences in case selection and the proportions of eyes
in each baseline VA category.

K Mean change in VA is largely a function of selection
criteria and baseline VA.

K The quality of a service is better judged by actual VA
outcomes and maintenance of vision after the loading
phase.
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