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Objective: To evaluate the safety and efficacy of individualized ranibizumab treatment in patients with
neovascular age-related macular degeneration.

Design: Twelve-month, phase III, multicenter, open-label, single-arm study.
Participants: A total of 513 ranibizumab-naïve SUSTAIN patients.
Intervention: Three initial monthly injections of ranibizumab (0.3 mg) and thereafter pro re nata (PRN)

retreatment for 9 months based on prespecified retreatment criteria. Patients switched to 0.5 mg ranibizumab
after approval in Europe.

Main Outcome Measures: Frequency of adverse events (AEs), monthly change of best-corrected visual
acuity (BCVA) and central retinal thickness (CRT) from baseline, the time to first re-treatment, and the number of
treatments were assessed.

Results: A total of 249 patients (48.5%) reported ocular AEs, and 8 (1.5%) deaths, 5 (1.2%) patients with
ocular serious AEs of the study eye (retinal hemorrhage, cataract, retinal pigment epithelial tear, reduced visual
acuity [VA], vitreous hemorrhage), and 19 (3.7%) patients with arteriothromboembolic events were observed.
Most frequent AEs in the study eye were reduced VA (18.5%), retinal hemorrhage (7.2%), increased intraocular
pressure (7.0%), and conjunctival hemorrhage (5.5%). The average number of re-treatments from months 3 to 11
was 2.7. Mean best-corrected visual acuity increased steadily from baseline to month 3 to reach !5.8 letters,
decreased slightly from month 3 to 6, and remained stable from month 6 to 12, reaching !3.6 at month 12. Mean
change in CRT was "101.1 !m from baseline to month 3 and "91.5 !m from baseline to month 12.

Conclusions: The safety results are comparable to the favorable tolerability profile of ranibizumab observed
in previous pivotal clinical studies; individualized treatment with less than monthly re-treatments shows a similar
safety profile as observed in previous randomized clinical trials with monthly ranibizumab treatment. Efficacy
outcomes were achieved with a low average number of re-treatments. Visual acuity in SUSTAIN patients with
individualized re-treatment based on VA/optical coherence tomography assessment reached on average a
maximum after the first 3 monthly injections, decreased slightly under PRN during the next 2 to 3 months, and
was then sustained throughout the treatment period.
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Age-related macular degeneration (AMD) is a progressive,
degenerative disease of the central retina culminating in severe
visual loss.1 In the developed world, AMD is the leading cause
of blindness in people aged #50 years.2–4 In the advanced
stage of neovascular (“wet”) AMD, abnormal growth of cho-
roidal vessels in the macular area results in hemorrhage, fluid
leakage, scarring, and fibrosis, and leads to loss of central
vision and ultimately to legal blindness if left untreated.1,5

Because the population is rapidly aging, the number of affected
individuals with AMD is predicted to increase by 50% to 2.95
million in the United States alone by 2020.1

Until recently, the only pharmacologic interventions for
neovascular AMD were verteporfin photodynamic therapy
(PDT),6,7 which occludes the subretinal vessels, and pegap-
tanib sodium (Macugen, Pfizer Inc., New York, NY),8

which specifically inhibits VEGF 165, an isoform of vas-
cular endothelial growth factor (VEGF). Both treatments
have proven efficacy in slowing the progression of vision
loss; however, neither is associated with clinically signifi-
cant improvements in visual acuity (VA).

Ranibizumab (Lucentis, Novartis, Pharma AG, Switzer-
land, and Genentech Inc.), a humanized monoclonal anti-
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body fragment targeting multiple isoforms of human
VEGF-A, has revolutionized the treatment for neovascular
AMD.9,10 Vascular endothelial growth factor-A has been
found to be a key regulator of ocular angiogenesis and
vascular permeability and is involved in the pathogenesis of
several ocular diseases, such as choroidal neovasculariza-
tion (CNV) secondary to AMD, diabetic macular edema,
and proliferative diabetic retinopathy.11 Efficacy and safety
of ranibizumab have been demonstrated in 4 major phase
III trials in more than 5000 patients. Minimally Classic/
Occult Trial of the Anti-VEGF Antibody Ranibizumab in
the Treatment of Neovascular Age-Related Macular De-
generation (MARINA),12 Anti-VEGF Antibody for the
Treatment of Predominantly Classic Choroidal Neovascular-
ization in Age-Related Macular Degeneration (ANCHOR),13

Phase IIIb, Multicenter, Randomized, Double Masked,
Sham Injection Controlled Study of the Efficacy and Safety
of Ranibizumab (PIER),14 and EXCITE.15 Subsequent to
the encouraging 1-year data from the ANCHOR and PIER
trials and positive 2-year data from the MARINA trial,
ranibizumab received approval for the treatment of all an-
giographic subtypes of CNV secondary to AMD from the
United States Food and Drug Administration, European
Medicines Agency, and Australian Therapeutic Goods Ad-
ministration in June 2006, January 2007, and March 2007,
respectively.

The pivotal MARINA and ANCHOR trials have shown
that monthly intravitreal injections of ranibizumab not only
maintain but also improve VA and function in patients with
neovascular AMD.12,13 In the PIER trial, quarterly treat-
ment scheduling was better than sham treatment, but it did
not maintain any visual improvement.14 The recently com-
pleted randomized, double-masked, active control, multi-
center phase III trial EXCITE,15 wherein participants also
received quarterly injections after 3 loading doses, showed
improved vision but not to the level achieved by the
monthly regimen. These trials found that intravitreal
doses of ranibizumab given quarterly were clearly supe-
rior than treatment with sham (MARINA) or verteporfin
PDT (ANCHOR) in patients with CNV secondary to
AMD but were unable to deliver the same improvement
in vision as the monthly treatment.

In an attempt to achieve optimal VA results with less than
monthly injections, a customized/individualized pro re nata
(PRN, as needed) dosing regimen of ranibizumab was inves-
tigated. With this approach in mind, optical coherence tomog-
raphy (OCT), widely used in clinical practice for diagnosis,
analysis, and monitoring of macular edema,16 was used in the
clinical assessment of the eye to determine the need for re-
treatment. Results from the Prospective OCT Imaging of Pa-
tients with Neovascular AMD Treated with intraOcular
Ranibizumab (PrONTO) study suggest that a flexible dosing
regimen with the OCT-measured central retinal thickness
(CRT) and VA being used as guiding criteria for re-treatment
may be as effective as monthly treatment.17 Optical coherence
tomography-measured CRT may fulfill the need of a surrogate
marker for assessing a fairly accurate re-treatment time when
following the PRN treatment schedule.

The present study was designed to further evaluate the
safety, tolerability, and efficacy of an OCT/VA-guided,

individualized, flexible PRN dosing regimen for ranibi-
zumab. This would in turn determine if such a regimen was
better than the less frequent alternate treatment regimen in a
large cohort of patients with neovascular AMD.

Materials and Methods

Study Design and Treatment
SUSTAIN was a 12-month, phase III, multicenter, single-arm,
open-label trial conducted in 10 European countries and Australia
to evaluate the safety and efficacy of ranibizumab in treating
subfoveal CNV secondary to AMD. There was no central reading
center in this study. Patients were identified and examined by
medical retina specialists experienced in the management of AMD.
Certified VA examiners made the appropriate assessments of re-
fraction and VA at each visit.

After the screening phase wherein the patients were assessed
for study eligibility on the basis of inclusion/exclusion criteria, VA
screening, ophthalmic examination, fluorescein angiography (FA),
and fundus photography (FP), they were assigned to treatment
(study design; Fig 1). Fluorescein angiography and FP confirmed
patient eligibility based on lesion characteristics.

The study population comprised ranibizumab treatment-naïve
patients (SUSTAIN patients) and a smaller group of 18 patients
who had previously participated in the ANCHOR Phase III study
and who opted to continue ranibizumab treatment by enrolling in
the SUSTAIN study (ANCHOR-extended SUSTAIN patients).
Because of differences in treatment history, these populations were
not deemed appropriate for comparison with each other. The safety
and efficacy results of the 18 ANCHOR patients were excluded
from this report to focus on the assessment of a homogenous
population of ranibizumab-naïve patients.

The study comprised 2 phases: the loading phase, followed by
a PRN phase. In the loading phase the patients received 3 consec-
utive monthly injections of ranibizumab (months 0–2), followed
by a PRN phase wherein further treatment was given between and
including months 3 and 11 according to the re-treatment criteria
(Fig 1).

At the start of the study, patients received ranibizumab at a dose
of 0.3 mg. Subsequent to European Medicines Agency approval of
a 0.5 mg dose in January 2007, the protocol was amended and
ranibizumab 0.5 mg was administered to patients in the study after
this date; thus, patients who had earlier started on 0.3 mg were
switched to 0.5 mg for further treatments.

Patients entered the loading phase on administration of the first
intravitreal injection of ranibizumab at the baseline visit and were
advised to return 1 week later to undergo safety assessments,
including VA measurements, ophthalmic examinations, and eval-
uations of adverse events (AEs) and vital signs (Fig 1). The
patients returned after a period of 30$15 days for month 1 and 2
treatments. Thereafter, the patients were required to come monthly
for assessment, but the decision to re-treat was based on the
investigators’ assessment of disease progression from months 3 to
11, which in turn, was based on the re-treatment criteria.

According to the re-treatment criteria in the PRN phase
(months 3–11), ranibizumab needed to be given at the monthly
return visits if any of the following criteria were met: a loss of VA
of #5 letters or an increase of #100 !m in CRT. However, an
option of not treating with ranibizumab was available if the VA
was "79 letters or the CRT was #225 !m.

Patients were contacted by the site personnel 2$1 days after
each study treatment to elicit reports of any decrease in vision,
eye pain, unusual redness, or any other new ocular symptoms or
deteriorations in the study eye. After each ranibizumab injec-
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tion, patients self-administered antimicrobial eye drops for 3
days posttreatment.

The study was conducted in accordance with the Declaration of
Helsinki and International Conference on Harmonization Good
Clinical Practice guidelines. Approval was obtained from the eth-
ics committee or institutional review board at each contributing
center. Patients provided written informed consent before entering
into the study.

Patients
Male or female patients aged "50 years were included. They had
to meet the following criteria: (i) diagnosis of active primary or
recurrent subfoveal CNV secondary to AMD, including predom-
inantly classic, minimally classic, or occult lesions with no classic
component; (ii) the total area of CNV (including both classic and
occult components) encompassed within the lesion to be "50% of
the total lesion area; (iii) the total lesion area to be #12 optic disc
areas; and (iv) best-corrected visual acuity (BCVA) score between
73 and 24 letters, inclusively (%20/40–20/320 Snellen equivalent,
based on the lowest line on the Early Treatment Diabetic Retinop-
athy Study [ETDRS] chart that the patient could read, with "4
letters correct), in the study eye based on the ability to read
ETDRS charts at an initial distance of 4 meters.

Patients were excluded on the basis of the following criteria:
use of systemic anti-VEGF agents, other anti-angiogenic drugs,
previous treatment with verteporfin PDT, bevacizumab, pegap-
tanib, intravitreal steroids, laser photocoagulation in the preceding
1 month, external-beam radiation therapy, vitrectomy, or transpu-
pillary thermotherapy in the study eye; concomitant use of sys-
temic medications known to be toxic to the lens, retina, or optic
nerve; surgical intervention in the study eye in the preceding 2
months; and hypersensitivity to fluorescein. Patients who had
ocular disorders in the study eye, which may confound interpre-
tation of the study results, including vitreous hemorrhage, retinal
detachment, or macular hole (stage 3 or 4); active intraocular
inflammation (grade trace or above) or persistent macular edema
due to uveitis; or other inflammatory diseases and conditions that
could compromise VA or required medical or surgical intervention

during 12 months of study were also excluded. A history of
uncontrolled glaucoma, cataract surgery within 2 months, or apha-
kia led to exclusion. Study eyes with refractive error ""8 diopters
of myopia, angioid streaks, or precursors of CNV in either eye due
to other causes, subretinal hemorrhage involving the center of the
fovea (hemorrhage "50% of the total lesion area or "1 disc area
in size), subfoveal fibrosis, or atrophy were also excluded from the
study. Legally blind patients (i.e., with bilateral vision &20/200 or
BCVA of &34 letters) were not included.

Only 1 eye per person (the study eye) received the study treatment.
If both eyes were eligible, the eye with better VA was selected for
study treatment unless the investigator deemed otherwise, based on
medical reasons. If the other eye required treatment for active wet
AMD, such treatment was administered at a separate visit.

Assessments and End Points
Safety was assessed by recording AEs at all study visits. Vital
signs measurements, standard ophthalmic examination, and
tonometry were done at screening, baseline, day 8, months 1, 2,
3, and 12, and optionally from months 4 to 11. Fluorescein
angiography and color FP were done at screening and months 3
and 12, and were optional at reassessment/control visits at months
6 and 9. All patients were assessed 2 ($1) days after each injection
to observe any vision reduction, ocular pain, unusual redness, or
any other new ocular symptoms in the study eye and to enquire
about compliance with self-administration of postinjection antimi-
crobial drugs. Patients were also assessed 7 days after their first
study injection. Intraocular pressure measurement (before and
60$10 minutes after each study treatment) and indirect ophthal-
moscopy and slit-lamp examination (before each study treatment)
were performed.

Efficacy was evaluated by BCVA measurements (using
ETDRS-like charts at an initial distance of 4 m and using a
standardized refraction and testing protocol) and by FA for CNV
lesion characteristics. Mean change in retinal thickening was as-
sessed with OCT at baseline, months 1, 2, 3, and 12, and at all
other visits (months 4–11), if needed, according to the investiga-
tors’ assessment to ascertain time for re-treatment. The impact of

Figure 1. Study design and retreatment criteria. BSL ' baseline; CRT ' central retinal thickness; d ' days; OCT ' optical coherence tomography;
PRN ' pro re nata/as needed; VA ' visual acuity.
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duration of VA deterioration in the re-treatment phase on the
patients’ response to a single ranibizumab injection was assessed
in a subgroup analysis. A 1-month outcome of 1016 ranibizumab
injections in the PRN phase was observed in 349 patients, with 1 to
9 injections per patient. Among these, 651 ranibizumab injections
(64%) occurred after episodes of #5 letters loss from highest BCVA
value after the last prior injection. These 651 injections were catego-
rized by the duration (month) of the #5 letters loss episodes. The
mean BCVA loss was calculated for each category. One-month re-
sponse to these single injections was described overall and stratified
by the corresponding mean change in VA and CRT.

The primary end point (safety) was the incidence and severity
of ocular AEs over 12 months. Key secondary end points (efficacy)
were (i) mean changes from baseline to months 3 and 12 in BCVA
and CRT, (ii) time taken to require first re-treatment in the PRN
phase, and (iii) total number of treatments required. Other efficacy
end points included proportion of patients with resolution of leak-
age at months 3 and 12 as assessed with FA and proportion of
patients without need for re-treatment after month 2. A subgroup
analysis on the responder types depending on the BCVA profiles
was also carried out.

Statistical Analysis
The sample size calculation was based on safety results from
previous clinical trials of ranibizumab in AMD. A total sample size
of 500 patients qualifying for safety analysis was considered to be
sufficient because it allowed for an assessment of previously
observed incidence rates of 1% for ocular serious AEs (SAEs)
related to a 1-year treatment period with ranibizumab. Further-
more, a sample size of 500 intent-to-treat patients was selected that
allowed a precision of $1.5 letters with a 2-sided confidence level
of 95% for a standard deviation of 17 letters in the absolute change
in VA from baseline to month 3. This extrapolation provided
valuable information on the sensitivity of the efficacy evaluation in
this study. Interim results based on 12-month data from 75 patients
have been reported (Holz FG. Flexibly dosed ranibizumab in
patients with neovascular age-related macular degeneration: 12-
month interim results of the SUSTAIN Trial. Abstract presented
at: American Academy of Ophthalmology/European Society of
Ophthalmology Joint Annual Meeting, November 8–11, 2008;
Atlanta, GA).

Safety analyses performed using descriptive statistics and in-
cluding all treated subjects. Efficacy analyses were performed on
the intent-to-treat population. Missing data were imputed using the
last observation carried forward method and compared for consis-
tency with those obtained using observed data. Efficacy was
evaluated on the basis of absolute or relative changes from
baseline. Variables were summarized descriptively. Changes
from baseline were compared between groups using analysis of
variance/analysis of covariance models (baseline BCVA and
baseline CRT as covariates) or stratified/unstratified Cochran–
Mantel–Haenszel tests (stratification based on categories of baseline
BCVA and baseline CRT). Time to the first re-treatment was ana-
lyzed using Kaplan–Meier estimates. For the changes from baseline
and responder rates, 90% confidence interval (CI) was calculated.

Results

Patient Disposition
Of the 513 ranibizumab-naive patients enrolled in the SUSTAIN
group, 455 (88.7%) completed 12 months of treatment. Table 1
shows the patient disposition. The major reasons for discontinua-
tions were AEs (30; 5.8%), withdrawal of consent (10; 1.9%), and

death (6; 1.2%). Baseline demographic and ocular characteristics
are presented in Table 2. All enrolled patients of the SUSTAIN
study received three 0.3 mg ranibizumab loading doses. Between
months 3 and 11, one third of these patients (n ' 174) had
switched to the 0.5 mg dose. The time at which the switch occurred
and the percentage of patients who switched per visit are shown in
Table 3 (available at http://aaojournal.org). Overall, the proportion
of 0.5 mg injections was 12.1%.

Safety
The AEs seen in the study were as expected for this elderly
population and this class of drug. The AEs were mostly mild and
transient. A total of 249 patients (48.5%) experienced at least 1
ocular AE. The most frequent ocular AEs ("2% of patients), listed in
Table 4 (available at http://aaojournal.org), were reduced VA
(18.5%), retinal hemorrhage (7.2%), increased intraocular pressure
(7.0%), and conjunctival hemorrhage (5.5%). Fifteen patients (2.9%)
experienced targeted AEs of the study eye classified as grade 3, events
being considered as a sign of AMD disease progression or as risks
commonly associated with ranibizumab injections. The most frequent
non-ocular AEs were nasopharyngitis (3.1%), hypertension (2.9%),
back pain (2.7%), headache (2.5%), and influenza (2.5%) (Table 4,
available at http://aaojournal.org). Overall, 43.1% of the patients
experienced at least 1 non-ocular AE.

Table 5 presents the incidence rates of AEs potentially related
to systemic VEGF inhibition. Arterial thromboembolic events
occurred in 3.7% of patients, with 1.0% experiencing a cerebro-
vascular AE (i.e., transient ischemic attack, cerebral infarction or
cerebrovascular accident).

At month 12, 5 of 513 patients (1.0%) reported 6 ocular SAEs
(retinal hemorrhage [n ' 2; 0.4%], vitreous hemorrhage [n ' 1;
0.2%], cataract [n ' 1; 0.2%], retinal pigment epithelial tear [n '
1; 0.2%], and reduced VA [n ' 1; 0.2%]). None of the reported
ocular SAEs in the study eye were suspected to be related to the
study medication. Two SAEs were suspected to be related to the
treatment procedure (worsening of the underlying cataract and
vitreous hemorrhage). Non-ocular SAEs occurred in 73 of 513
patients (14.2%). The most common non-ocular SAEs were car-
diac failure (n ' 6, 1.2%) and myocardial infarction (n ' 5, 1.0%).
Seven SAEs were suspected to be related to the study medication
(myocardial infarction [n ' 3; 0.6%], arrhythmias [n ' 1; 0.2%],
cerebral infarction [n ' 1; 0.2%], myelodysplastic syndrome [n '

Table 1. Patient Disposition

SUSTAIN Patients
0.3 mg/0.5 mg

N ! 513; n (%)

Completed month 12 455 (88.7)
Discontinued 58 (11.3)
Reason for discontinuation

Adverse event(s) 30 (5.8)
Unsatisfactory therapeutic effect 4 (0.8)
Protocol violation 3 (0.6)
Subject withdrew consent 10 (1.9)
Lost to follow-up 4 (0.8)
Administrative problems 1 (0.2)
Death 6 (1.2)*

*Two additional deaths were reported: One patient died 1 month after the
first study drug injection due to acute coronary syndrome and intracardiac
thrombus and the second patient died 5.5 months after his last study visit
due to metastatic prostate cancer.

Ophthalmology Volume 118, Number 4, April 2011

666

http://aaojournal.org
http://aaojournal.org
http://aaojournal.org


1; 0.2%], and pain in the extremities [n ' 1; 0.2%]). Of the eight
deaths reported in this group 7 were due to aortic aneurysm
rupture, bronchopneumonia, cardiogenic shock, cerebrovascular
accident, acute coronary syndrome, lung disorder, and metastatic
prostate cancer, and 1 death was of unknown cause. One patient
died for whom the events of acute myocardial infarction and
cardiogenic shock were classified by the investigator as being
suspected to be related to ranibizumab.

Efficacy

Best-Corrected Visual Acuity. The mean changes from baseline
in BCVA during the 12-month study period are shown in Figure 2.
The mean change in BCVA from baseline to month 3 and month
12 was !5.8 and !3.6 letters, respectively. On the basis of
observed data, the BCVA gain from baseline at months 3 and 12
was 6.3 and 4.4 letters, respectively. Although BCVA increased
steadily from baseline to month 3 by !4.1, !4.8, and !5.8 letters,
it decreased slightly from month 3 to 6 and remained stable from

month 6 to 12, reaching !3.6 at month 12. At months 3 and 12,
96.7% and 92.5% of patients, respectively, had lost &15 letters
from baseline, indicating the overall efficacy of ranibizumab treat-
ment. At months 3 and 12, 72.1% and 63.7% of patients, respec-
tively, had a VA gain of "1 letters from baseline. At both months
3 and 12, 19.3% of patients had a VA gain of "15 letters. The key
VA outcomes relative to baseline in the study eye at month 12 are
shown in Table 6 (available at http://aaojournal.org). At month 12,
6.1% of patients had a VA Snellen equivalent of #20/200.

Best-Corrected Visual Acuity Responder Types Subgroup
Analysis. The “gain (defined as BCVA increase in study eye from
baseline to month 3) and maintain (defined as a loss of no more than
5 letters in mean BCVA of the study eye from month 4 to month 12
compared to month 3)” group consisted of 253 patients (53%). The
BCVA increased steadily with the 3 initial doses and was maintained
throughout the PRN phase with an average of 2.4 re-treatments. In the
“gain but not maintained” group, 100 patients (21%) showed an initial
gain with 3 monthly injections, but the gain could not be maintained
over the PRN phase with an average of 3.5 re-treatments. In the “no
initial gain” group, 124 patients (26%) showed no initial gain and no
gain during the PRN phase. Rather, a decrease in BCVA was ob-
served with an average of 3.2 re-treatments administered (Fig 3,
available at http://aaojournal.org).

Central Retinal Thickness. The mean changes from baseline
in CRT over 12 months are shown in Figure 4. The mean change
in CRT was "101.1 !m from baseline to month 3 and "91.5 !m

Table 5. Number (%) of Subjects with Adverse Events
Potentially Related to Systemic Vascular Endothelial Growth

Factor Inhibition by Category and Preferred Term

AE Category/Preferred
Term*

SUSTAIN Patients
0.3 mg/0.5 mg

N ! 513; n (%)

Any category
Total 41 (8.0)

Hypertension
Total 19 (3.7)
Hypertension 15 (2.9)
Blood pressure increased 4 (0.8)

Arterial thromboembolic
Total 19 (3.7)
MI 5 (1.0)
Angina pectoris 4 (0.8)
Transient ischemic attack 3 (0.6)
Cerebral infarction 2 (0.4)
Pulmonary embolism 2 (0.4)
Acute MI 1 (0.2)
Cerebrovascular accident 1 (0.2)
Acute coronary syndrome 1 (0.2)
Retinal artery embolism 1 (0.2)
Silent MI 1 (0.2)

Non-ocular hemorrhage
Total 4 (0.8)
Epistaxis 2 (0.4)
Gastric ulcer hemorrhage 1 (0.2)
Hematemesis 1 (0.2)
Periorbital hematoma 1 (0.2)

Other
Total 1 (0.2)
Impaired healing 1 (0.2)

AE ' adverse event; MI ' myocardial infarction.
*A subject with multiple occurrences of an AE in 1 group is counted only
once in the AE category for that group.

Table 2. Patient Demographics and Baseline Study
Eye Characteristics

Characteristics

SUSTAIN Patients
0.3 mg/0.5 mg

N ! 513; n (%)

Gender n (%)
Female 294 (57.3)
Male 219 (42.7)

Age (yrs)
Mean (SD) 75.1 (8.06)
Range 39–93

Age group, n (%)
&50 yrs 1 (0.2)
50–&65 yrs 49 (9.6)
65–&75 yrs 173 (33.7)
75–&85 yrs 230 (44.8)
"85 yrs 60 (11.7)

Race
Caucasians 508 (99.0)
Asians 2 (0.4)
Others 3 (0.6)

VA (letters); n ' 512
Mean (SD) 56.1 (12.19)

VA groups (letters)
&24 3 (0.6)
24–&39 44 (8.6)
39–&54 151 (29.4)
54–&74 297 (57.9)
"74 17 (3.3)

Central retinal thickness (!m); n ' 512
Mean (SD) 340.5 (113.19)
Range 128–1029

CNV classification; n ' 511
100% classic 78 (15.2)
Predominately classic 88 (17.2)
Minimally classic 129 (25.1)
Occult with no classic component 216 (42.1)
Missing 2 (0.4)

Size of lesion in mm2 n ' 511
Mean (SD) 9.05 (7.997)
Range 0.08–73.83

CNV ' choroidal neovascularization; SD ' standard deviation; VA '
visual acuity.
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from baseline to month 12. CRT &225 !m was considered as
normal CRT and was one of the discretionary “treatment holding”
criteria. It was observed that at baseline 10.6% patients had a CRT
&225 !m, and on treatment the proportion of patients with CRT
&225 !m was 53.0% at month 3 and 47.2% at month 12.

Choroidal Neovascularization Resolution of Leakage. An-
giographically, the reduction from baseline in the total lesion area
of the study eye observed at month 12, but this reduction was not
statistically significant. Overall, 34% and 41.2% of the patients had
full resolution of leakage at month 3 and 12, respectively (Table 7,
available at http://aaojournal.org).

Number of Treatments and Time to First Re-Treatment. The
mean number of ranibizumab injections over 12 months, including
the 3 initial injections, was 5.6 (range, 1–12) (Table 8, available at
http://aaojournal.org). After the initial 3 monthly injections, the
patients received an average of 2.7 additional injections (range,
0–9) from months 3 to 11. Among patients who switched to the 0.5
mg dose, the mean number of 0.5 mg injections was 0.7.

The mean time to first re-treatment after the initial 3 monthly
treatments is shown in Table 9 (available at http://aaojournal.org).
In regard to the number of re-treatments required, from month 0 to
2 (loading phase) 93.2% of the patients received all 3 consecutive
treatments. For months 3 to 11 (PRN phase) 20.5% of the patients
did not receive any additional dose, 33.2% of the patients received
1 to 2 treatments, and the rest received "3 treatments (Fig 5A,
available at http://aaojournal.org). The corresponding BCVA
change from baseline is shown in Figure 5B (available at http://
aaojournal.org). In the subgroup analysis of VA recovery after a
single ranibizumab re-treatment in patients of the SUSTAIN study
during PRN treatment, the overall mean loss in BCVA triggering
an injection was 9.2 letters. Mean increase in BCVA in response to
a single injection was 2.7 letters. Figure 6 (available at http://
aaojournal.org) shows the mean BCVA change in response to a
single treatment categorized by duration (month) of the #5 letters
loss episodes. The biggest treatment benefits were seen for acute
VA loss of #5 letters. In this study, patients on an average did not
completely recover from their prior VA loss with a single injec-
tion, whereas the magnitude of the response to this injection was
comparable to what was observed in response to the first initiation
injection at month 1. This may indicate that multiple injections
may be necessary, similar to the treatment initiation phase.

The mean duration of treatment-free interval after the initial
loading phase was 3.71 months (range, 0–9), and the maximum

duration of treatment-free interval was 4.35 months (range, 0–9)
(Table 10, available at http://aaojournal.org). Table 11 (available at
http://aaojournal.org) presents the reason of treatment or no treat-
ment by visit.

Discussion
The results of the SUSTAIN study indicate that a flexible dosing
regimen of ranibizumab (once monthly for 3 months and then PRN
administration), as recommended in the label in Europe, is well
tolerated and effective in patients with neovascular AMD. The
safety findings were comparable to those of previous pivotal
clinical trials with no new or unexpected observations.12,14,18

The most commonly reported ocular AEs with ranibizumab in
the present study were reduced VA, retinal hemorrhage, increase
in intraocular pressure, and conjunctival hemorrhage, and these
were comparable to those earlier observed in the other major trials,
namely, ANCHOR, MARINA, and PIER.12,14,18 Of these AEs, 6
were SAEs, such as retinal hemorrhage (0.4%), retinal pigment
epithelial tear (0.2%), vitreous hemorrhage (0.2%), reduced VA
(0.2%), and cataract (0.2%). An increased rate of cataract or lens
status change from phakic to aphakic has been observed with
ranibizumab 0.5 mg treatments in prior trials.12,14,18 On the basis
of the available results, cataract seems to be of less concern in the
present study. However, because lower numbers of treatments took
place with 0.5 mg ranibizumab, this may need further evaluation.
The percentages of ranibizumab-treated patients experiencing AEs
and -SAEs associated with systemic anti-VEGF therapy, such as
hypertension and arteriothromboembolic events, were low and
comparable to those in earlier trials and not above the rates
expected in an aged population.12,14,18 The rate of arterial throm-
boembolic events among patients in the MARINA trial was 4.6%
for both 0.3 and 0.5 mg compared with 3.8% in the sham group.
The rate of arterial thromboembolic events was 4.3% (0.5 mg)
among patients in the ANCHOR trial and 3.7% in the current study
for SUSTAIN patients. The analysis of the occurrence of ocular
AEs per injection rate in the study eye in the different dose groups
of ranibizumab (0.3 and 0.5 mg) did not provide any evidence for
a difference between the 2 dose strengths. These AE results con-
firm the current safety profile for ranibizumab.

In the present study, the mean BCVA improved by 3.6 letters
and the mean CRT decreased by 91.5 !m from baseline to month
12 with an average requirement of 5.6 injections. The initial gain

Figure 2. Mean change ($SE) from baseline in BCVA (letters) of study
eye by visit in SUSTAIN patients. BCVA ' best-corrected visual acuity;
SE ' standard error.

Figure 4. Mean change ($SE) from baseline in CRT (!m) of study eye
by visit in SUSTAIN patients. BCVA ' best-corrected visual acuity;
SE ' standard error.
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in mean BCVA was 5.8 letters after the loading phase, which was
followed by a decrease of 2.2 letters from month 3 to 12 (from
!5.8 to !3.6 letters). Previous trials show a slight increase in
mean BCVA between months 3 and 12, namely, 1.3 letters
(MARINA, !5.9 to !7.2 letters) and 1.3 letters (ANCHOR,
!10.0 to !11.3 letters) on monthly treatment with ranibizumab
0.5 mg and 1.4 letters (MARINA, !5.1 to !6.1 letters) and 1.7
letters (ANCHOR, !6.8 to !8.5) on monthly treatment with 0.3
mg.12,13 Moreover, in the ANCHOR and MARINA studies,
numerically lower BCVA values were observed at all monthly
time points in the 0.3 mg treatment group compared with the 0.5
mg treatment group. In this study, 20.1% and 19.3% of patients
had a VA gain "15 letters from baseline at months 3 and 12,
respectively, compared with ANCHOR wherein 35.7% (0.3 mg
ranibizumab) and 40.3% (0.5 mg ranibizumab) of patients reported
a VA gain of "15 letters from baseline to month 12. In MARINA,
24.8% (0.3 mg) and 33.8% (0.5 mg) patients experienced a VA
gain of "15 letters from baseline to month 12. This may indicate
that monthly treatment is more effective than the PRN regimen of
SUSTAIN. However, the fact that only 12% of patients were
actually treated with the 0.5 mg dose may be the reason for the
lower BCVA gain and lower proportion of BCVA gainers in
SUSTAIN. Overall, 88% of the ranibizumab injections were per-
formed with the 0.3 mg dose strength.

Overall, patients on an individualized PRN treatment regimen
with 0.3/0.5 mg ranibizumab, based on VA/OCT criteria as used in
the current study, reached on an average a maximum after the first
3 monthly injections, decreased slightly under PRN during the next
2 to 3 months, and were then sustained throughout the treatment
period. This regimen does not further increase BCVA as is ob-
served with monthly treatments in prior trials,12,13 but rather
results in a 2.2-letter loss from the levels achieved after the initial
3-month loading phase. However, it cannot be presumed that the
PRN regimen, per se, will not lead to any overall BCVA improve-
ment in some patients. In a subgroup analysis of responder types,
it was observed that patient subgroups behaved differently to PRN
treatment. Fifty-three percent of patients could maintain the initial
gain observed with the 3 monthly doses, 21% of patients did not
maintain this initial gain, and a further group of 26% of patients
did not experience any gain at all. The month 3–5 period is thus
critical to delineate these subgroups. Patients should be assessed
carefully within this time frame to ascertain if they require fre-
quent re-treatment or whether their clinical signs remain quiescent
enough to wait for a longer follow-up period. The SUSTAIN PRN
re-treatment criteria (loss of #5 letters or increase by #100 !m
CRT) may have had an impact on the likelihood of initiating
re-treatment; thus, this should also be considered when interpreting
these findings. This subgroup analysis further emphasizes the
critical importance of monthly monitoring of patients to rapidly
detect the early sign of disease progression. Re-defining the re-
treatment criteria by lowering the VA/CRT-thresholds may possi-
bly lead to even better efficacy outcomes.

In the recent EXCITE study, BCVA gain was observed with
both a monthly and quarterly treatment schedule. However, the
initial gain after the loading phase could only be maintained with
the monthly dosing.15 In these patients, the mean BCVA increased
from baseline to 12 months by 4.9 and 3.8 letters in the 0.3 mg and
0.5 mg quarterly treated groups, respectively, and by 8.3 letters in
the 0.3 mg monthly treated groups. Monthly treatment resulted in
a significant increase in BCVA of 3.3 letters over the BCVA gain
in the quarterly treatment groups (pooled quarterly doses) at 12
months. This was because quarterly treatment could not maintain
the VA over a 12-month period. This is reflected as a mean BCVA
gain of !0.8 letters between 3 and 12 months on monthly treat-
ment and a loss of "0.18 and "2.8 letters for 0.3 and 0.5 mg
groups that were treated quarterly.

Earlier in the PIER trial, it was also evident that although the
quarterly regimen after initial 3-monthly injections maintained
BCVA compared with baseline, it was associated with an average
decline of 4.5 letters in the maximum BCVA benefit achieved by
month 12.14 This loss was associated with an increase in vascular
leakage on FA and increases in mean retinal thickness once the
quarterly dosing regimen began. It was inferred that at least some
of the subjects needed ranibizumab injections more frequently than
others to control the neovascular leakage.14 A further subgroup
analysis using the individual OCT responses was not possible
because of insufficient data to allow assessment of duration of
action of ranibizumab in individual subjects and its temporal
association with retinal thickness. Nevertheless, this need crystal-
lized into a PRN flexible dose regimen wherein both VA and OCT
were used as guiding tools for assessing needs for re-treatment. A
VA/OCT-guided administration of ranibizumab re-treatment
showed favorable results in a recently reported small, uncontrolled
study, PrONTO.17 In this study, 1-year results in 44 patients
showed that VA/OCT-guided, flexible-dosing regimen with ranibi-
zumab resulted in VA outcomes similar to the ANCHOR and
MARINA studies, with requirement of fewer intravitreal injec-
tions.17 Similar to the SUSTAIN study, these 44 patients received
ranibizumab once monthly for 3 months with subsequent monthly
assessments of VA and OCT. In contrast with SUSTAIN, the
ranibizumab re-treatment criteria in PrONTO included further
anatomic changes (presence of macular fluid, new onset of CNV,
macular hemorrhage, persistent macular fluid) and did not have the
option not to treat in case of good VA, a flat retina, or futility of
treatment. In the PrONTO study, the mean VA improved by 10.8
and 9.3 letters at 3 and 12 months, respectively. Best-corrected
visual acuity improved by "15 letters in 35% of patients. These
VA outcomes were achieved with an average of 5.6 injections over
12 months inclusive of the loading phase.16 In the present study,
the improvement in VA was 5.8 and 3.6 letters at 3 and 12 months,
respectively, with an average of 5.6 injections (including the 3
monthly initiation injections) and monthly monitoring for the
majority of visits. This slight reduction in BCVA observed in
SUSTAIN from 3 to 12 months (5.8 to 3.6) was also observed in
PrONTO (10.8 to 9.3). The BCVA improvement seems to corre-
late well with the decrease in mean CRT in PrONTO and the
SUSTAIN from the present study. At 3 and 12 months, mean
OCT-measured CRT decreased by 189.7 and 178 !m in PrONTO
and by 101.1 and 91.5 !m in SUSTAIN patients, respectively.
Because the patients in SUSTAIN (339.6 !m at baseline) had
thinner retinas than those in PrONTO patients (394 !m at base-
line), a similar decrease could not be expected during treatment.
Although an improvement in VA has been earlier associated with
a reduction in CRT, showing an inversely proportional relation-
ship, the exploratory analysis to evaluate possible interactions
between reduction in CRT and the change/status of VA did not
indicate a dependency between BCVA and CRT in terms of
absolute values at month 12 or in change from baseline to month
12. This may be due to the assumption that a delay may exist
between the structural change (CRT reduction) and the following
onset in functional improvement (VA gain). It may also be attrib-
uted to the fact that although treatment with ranibizumab may
induce a reduction in subretinal and intraretinal fluid, in some
cases the underlying CNV may have already destroyed the retinal
tissue and photoreceptors may not be able to recover functional-
ity.19 In addition, the presence of atrophy or fibrosis may have also
led to low VA and a decreased CRT. With these observations, it is
not clear how the CRT re-treatment criteria based on OCT assess-
ments may have contributed to the study outcome.

In the present trial, the BCVA gain was 3.6 letters compared
with baseline at 12 months in the ranibizumab-naïve SUSTAIN
group. This was after compensating for an average decline of 2.2
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letters that occurred from month 3 (5.8 letters) to month 12 (3.6
letters). On an average, this group received 5.6 injections com-
pared with 6 injections administered in the PIER and EXCITE
trials and 12 injections administered in ANCHOR and
MARINA.12–15,20 By excluding the 3 loading doses, the patients in
this study received a low average number of re-treatments (2.7
injections from month 3 to 11). Thus, their treatment frequency is
approximately two thirds lower when compared with a monthly
treatment regimen. The reduced treatment frequency, however,
translates into a VA improvement that is lower under PRN than
with a monthly treatment regimen but still provides an average of
%70% reduced number of injections in a PRN regimen with an
80% of the treatment effect as seen with monthly treatment can be
maintained. Although considered adequate at the time of the
SUSTAIN study, the re-treatment criteria defined in the study
protocol of a decrease of VA by #5 letters or an increase in CRT
by #100 !m compared with best value at any prior visit were
lacking sensitivity. There is room for further optimization of PRN
treatment regimen and currently a threshold of 50 !m would be
considered more appropriate. Thus, some patients in the SUSTAIN
study would have been treated sooner under current clinical prac-
tice. In this view, the average VA and anatomic improvements
observed in the SUSTAIN study can be further improved even in
a PRN setting when assuming that some patients may have been
undertreated in this study. However, it should be the subject of
future studies to find in the concept of an individualized treatment
the right balance between the specificity and the sensitivity of
re-treatment criteria, that is, the balance between overtreatment
and undertreatment. Still, the SUSTAIN study proved that PRN is
a valid treatment option.

The safety and tolerability of ranibizumab in this study were
consistent with the previous studies of ranibizumab in patients
with neovascular AMD with no new or unexpected observations.
The observed improvement of VA during the first 3 months of
treatment in this study with ranibizumab treatment was compara-
ble to that seen for monthly injections in the pivotal studies
ANCHOR and MARINA with 0.3 mg. In contrast with the further
slight increase in VA under monthly ranibizumab treatment
(ANCHOR, MARINA), VA in SUSTAIN patients reached on
average a maximum after the first 3 monthly injections (!5.8
letters), decreased slightly under PRN by 2.2 letters during the next
2 to 3 months, and was then sustained throughout the treatment
period. This observed slight decrease of mean VA after the loading
phase was attributable to the PRN regimen requiring a loss of VA
before allowing re-treatment and is in line with the prediction by
the drug and disease model for ranibizumab.21 Although more
randomized clinical studies with ranibizumab are needed to di-
rectly compare the treatment outcomes between different treatment
regimens, based on a successful bridging to the studies ANCHOR
and MARINA, the PRN regimen evaluated in the SUSTAIN study
can be considered a valid approach for ranibizumab in patients
with neovascular AMD.

Study Limitations
Limitations of the SUSTAIN study come especially from its
single-arm design, that is, the lack of internal validation. Still, the
design allows for a bridging approach to historical data providing
external validation. As in the ANCHOR and MARINA studies,
treatment in SUSTAIN was initiated with monthly injections (day
1, month 1, and month 2). Thus, the month 3 results of SUSTAIN
can be directly compared with the corresponding data of
ANCHOR and MARINA to assess to what extent between-study
comparisons can be supported. By taking into account that in
SUSTAIN approximately one third of the patients had lesion types
represented in the ANCHOR study (classic/predominant classic)

and two thirds of the patients had lesion types represented in the
MARINA study (minimally classic/occult), and the corresponding
3-month changes from baseline with 0.3 mg ranibizumab of !6.8
letters (ANCHOR) and !5.1 letters (MARINA), the predicted
SUSTAIN 3-month outcome would be !5.7 letters. This is almost
identical to what was observed in SUSTAIN (!5.8 letters) on a
profound data basis (n ' 513). On the basis of this bridging
argument, it seems appropriate to use the 12-month results of
ANCHOR/MARINA to assess the difference in VA outcome
between the monthly and the SUSTAIN PRN treatment. With the
12-month changes from baseline with 0.3 mg ranibizumab of !8.5
letters (ANCHOR) and !6.5 letters (MARINA), the observed
SUSTAIN 12-month gain of !3.6 letters is %3 to 4 letters below
what could have been expected with a monthly treatment, which
corresponds to what was predicted by the drug and disease model.
The treatment effect of 0.3 mg ranibizumab in comparison with
control was !18.1 letters in ANCHOR and !17.0 letters in
MARINA; thus, the 3 to 4 letter inferiority of the SUSTAIN PRN
regimen translates into an %80% efficacy compared with monthly
treatment. Also it is obvious that the PRN regimen will not
perform as well as monthly treatment. However, SUSTAIN dem-
onstrated that with an individualized treatment concept it is pos-
sible to, on average, stabilize VA, whereas this was not possible
with a fixed quarterly regimen as observed in the studies PIER and
EXCITE. Thus, when performing a benefit/risk/treatment burden
assessment between the monthly treatment and the SUSTAIN
PRN treatment, the key advantage would be an 80% efficacy with
an %70% reduction of re-treatments for the period after the
3-month treatment initiation. There is room for further optimiza-
tion of PRN re-treatment criteria. Also, compared with phase III
studies, there was no independent reading center assessment of
patient eligibility and re-treatment decision based on treatment
response (both were determined at the investigators’ discretion).
However, this represents the real-life situation in which decisions
for re-treatment would be made at the study centers and not at a
central reading center.

In conclusion, all of the above taken together indicate that
VA/OCT-guided assessments can be used to individualize ranibi-
zumab treatments. However, the optimum criteria require further
elucidation for patients who fail to sustain improvements in VA
that have been reported consistently with monthly treatment.
Whether PRN treatment is a successful alternative option for
ranibizumab treatment may be further evaluated in PRN extension
studies of randomized controlled clinical trials (HORIZON, SE-
CURE) that are under way and will provide more insights into the
long-term efficacy and safety outcome in patients with wet AMD
previously treated with different regimens of ranibizumab.
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