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Age-related Macular Degeneration
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Abstract
Ranibizumab is an antibody fragment (Fab) that binds and inhibits all isoforms of vascular endothelial growth factor (VEGF), which is 

considered the main target in neovascular age-related macular degeneration (naMd). Based on scientific evidence of the anti-VEGF 

antibody for the Treatment of Predominantly classic choroidal Neovascularization in aMd (aNchoR)/Minimally classic/occult Trial of 

the anti-VEGF antibody Ranibizumab in the Treatment of Neovascular aMd (MaRiNa) studies, intravitreal ranibizumab is indicated in all 

typical types of naMd. Nevertheless, specific forms such as retinal angiomatous proliferation (RaP), polypoidal choroidal vasculopathy 

(PcV) and bad or non-responders may need combination therapies to increase the efficacy and reduce the number of injections. due 

to the frequent office visits and injections required with a monthly ranibizumab therapy, several dosing strategies have been evaluated 

to maintain optimal efficacy while reducing the number of injections and visits in the clinical practice. Pro re nata (PRN) and ‘Treat and 

Extend’ are the most popular individualised therapeutic regimens. Few studies address long-term results of ranibizumab. it remains 

controversial whether initial good results can be maintained over time. aMd is a chronic disease and a significant proportion of patients 

require continued treatment.
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Pharmacokinetics and Safety
Ranibizumab is an antibody fragment (Fab) that binds and inhibits 

all isoforms of vascular endothelial growth factor (VEGF). VEGF 

induces neovascularisation and vascular leakage in the retina, and 

it is considered the main target in neovascular age-related macular 

degeneration (naMd). however, VEGF is also a multifunctional cytokine 

that regulates antiapoptotic pathways of endothelial cells in adult 

vasculature. Plasma VEGF acts as a vascular protective factor and is 

essential for maintaining the integrity, as well as antithrombogenic and 

anti-inflammatory properties of the endothelium.1,2

Ranibizumab was the first uS Food and drug administration (Fda)-

approved therapy for naMd to result in improvement in visual acuity 

(Va). Ranibizumab was developed by alteration of bevacizumab, a 

humanised version of a murine monoclonal antibody.3 The VEGF binding 

affinity of ranibizumab is approximately 100 times that of bevacizumab.3

The pharmacokinetics of ranibizumab in animal models after intravitreal 

administration have shown that it is cleared from the vitreous with 

a half-life of approximately 3 days.4,5 The serum concentration of 

ranibizumab reaches a maximum at approximately 1 day, and then 

declines quickly.6,7

in human studies, ranibizumab monthly intravitreal administration 

reaches a maximum serum concentration that is thought to be below 

the concentrations necessary to inhibit VEGF-a-induced endothelial 

cell proliferation in vitro activity of VEGF by 50 % at all times.8

Nevertheless, bevacizumab is able to cross ocular barriers when 

administered through the intravitreal route and to generate plasma 

concentrations with an inhibitory effect on plasma VEGF.9 The fact 

that bevacizumab is a full-length immunoglobulin G (igG) explains this 

phenomenon through the participation of neonatal Fc receptor for igG 

(FcRn) receptors, whose binding implies their internalisation, transfer 

to the cell membrane and externalisation to the intracellular space and 

blood.9–11 The systemic half-life of a Fab molecule, such as ranibizumab, 

is a few hours for intravitreal injection (iVi), while that of a full-length igG 

is up to 3 weeks in general circulation.8,12 Therefore, systemic exposure 

to an anti-VEGF agent is strikingly minimised by using a Fab. 

in a recent study in patients with diabetic macular oedema (dMo) as 

well as in those with naMd, bevacizumab significantly reduced the 

level of VEGF in blood plasma for up to 1 month. No significant systemic 

effects of intravitreal ranibizumab on plasma VEGF could be observed.13

Prolonged suppression of plasma VEGF levels resulting from serial 
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intravitreal anti-vEGF injections might, therefore, raise concern for 

unwanted systemic effects. Despite the widespread use of bevacizumab 

in clinical practice, a systematic review reported many methodological 

limitations in terms of safety concerns of bevacizumab studies.14 pooled 

analysis from head-to-head trials, such as comparison of age-related 

macular Degeneration treatments trials (catt) and inhibition of vEGF 

in age-related choroidal neovascularisation (ivan), seems to confirm 

an increased risk of patients with at least one serious adverse event 

with bevacizumab, which was first reported in catt.15,16 however, the 

interpretation of that higher adverse effects is uncertain due to the lack 

of specificity of the studies design to evaluate safety.15–17

however, a recent study has shown that the rapid uptake of vEGF 

inhibitors for namD has not been associated with a change in the rate of 

hospitalisation for stroke among senior canadians with retinal disease.18 

Furthermore, stroke rates in the bevacizumab and  ranibizumab  cases 

were not different.18 therefore, clinicians and patients should continue to 

carefully weigh up the benefits and harms when choosing between the 

two treatment options. it is important to have studies that are powered to 

assess safety outcomes based on the data detected in current literature.19

Clinical Trials with Ranibizumab
in two pivotal large, randomised, controlled phase iii trials, anti-

vEGF antibody for the treatment of predominantly classic choroidal 

neovascularization in amD (anchor)/minimally classic/occult trial of 

the anti-vEGF antibody ranibizumab in the treatment of neovascular 

amD (marina), the benefit of ranibizumab for the treatment of both 

forms of neovascularisation (‘classic’ and ‘occult’) was evaluated.20,21

in the marina study, investigators compared monthly intraocular 

injections of ranibizumab with placebo in patients who had amD with 

the predominantly occult type of choroidal neovascularisation (cnv). 

at 1 year, only 5 % of patients who were treated with either 0.3 mg or 

0.5 mg of ranibizumab had lost 15 letters of vision compared with 38 % 

of control subjects. of the patients who were treated with ranibizumab, 

34 % of those receiving the 0.5 mg dose and 25 % of those receiving 

the 0.3 mg dose gained 15 letters of vision compared with only 5 % of 

control subjects.20

in the anchor study, investigators compared monthly intraocular 

injections of ranibizumab with photodynamic therapy (pDt) in 

patients who had namD with the predominantly classic type of 

neovascularisation. only 4 % of patients who were treated with 0.5 mg 

of ranibizumab and 5  % of those treated with 0.3  mg lost 15 letters 

of vision at 1 year compared with 36 % of patients who were treated 

with pDt with verteporfin. among patients who were treated with 

ranibizumab, 40 % of those receiving the 0.5 mg dose and 36 % of those 

receiving the 0.3 mg dose gained 15 letters of vision compared with only 

6 % in the verteporfin group.21 So, the benefit of intravitreal ranibizumab 

applied to all typical types of namD and across all lesion sizes.

Following these trials, several studies looked how to reduce the 

treatment burden while maintaining similar visual gains. these trials 

included a Study of rhuFaB v2 (ranibizumab) in Subjects with Subfoveal 

choroidal neovascularization Secondary to age-related macular 

Degeneration (piEr), prospective optical coherence tomography 

imaging of patients with neovascular amD treated with intra-ocular 

ranibizumab (lucentis) (pronto), an Extension Study to Evaluate 

the Safety and tolerability of ranibizumab in Subjects with choroidal 

neovascularization Secondary to amD or macular Edema Secondary 

to rvo (horiZon), a Study to Evaluate ranibizumab in Subjects with 

choroidal neovascularization (cnv) Secondary to age-related macular 

Degeneration (Sailor), Efficacy and Safety of ranibizumab in patients 

with Subfoveal choroidal neovascularization Secondary to age-

related macular Degeneration (EXcitE) and the Study of ranibizumab 

in patients with Subfoveal choroidal neovascularization Secondary 

to age-related macular Degeneration (SuStain) and catt.15,22–27 Fixed 

monthly dosing regimens were compared with quarterly dosing 

regimens in the piEr19,20 and EXcitE studies21 and supported the 

superiority of fixed monthly dosing. in the pronto study, the use of an 

optical coherence tomography (oct)-guided variable-dosing regimen 

with ranibizumab resulted in va outcomes similar to results from the 

marina and anchor studies while averaging 59 % less ivis (9.9 versus 

24) over 2 years.25 the use of ranibizumab ‘as needed’ or pro re nata 

(prn) emerged as an attractive individualised protocol.

the SuStain trial showed a rapid increase in va in the first 3 months 

when monthly injections were performed (loading dose), which 

deteriorates slightly over the 9 months of prn dosing.26 the catt 

trial revealed that bevacizumab was not inferior to ranibizumab when 

dosed monthly. prn treatment regimens of ranibizumab were also 

found to be non-inferior to monthly ranibizumab after 1 year of follow 

up.27 however, catt results over a 2-year period showed that prn 

treatment resulted in less gain in va, whether instituted at enrollment 

or after 1 year of monthly treatment.15

the phase iii, double-masked, multicenter, randomized, active 

treatment-controlled study of the efficacy and safety of 0.5  mg and 

2.0 mg ranibizumab administered monthly or on an as-needed Basis 

(prn) in patients with subfoveal neovascular age-related macular 

degeneration (harBor) study was designed to evaluate the efficacy 

and safety of intravitreal ranibizumab 0.5 mg and 2.0 mg administered 

on a monthly or prn basis after 3-monthly loading injections. at two 

years, the mean change from baseline in best-corrected visual acuity 

(Bcva) was +9.1 letters with 0.5  mg monthly, +7.9 with 0.5  mg prn, 

+8.0 with 2.0 mg monthly and +7.6 with 2.0 mg prn. the mean number 

of injections over 2 years was 13.3 in the 0.5 mg prn group and 11.3 

with 2.0 mg prn. no new safety events were identified.28

Indications and Combination Therapies.
Based on clinical trials with high level of evidence,20,29–34 intravitreal 

ranibizumab was established as ‘first-line’ treatment for ‘classic’, 

predominantly ‘classic’ and ‘occult’ neovascular lesions related to amD. 

nevertheless cnv is a multifactorial disease in which angiogenesis, 

inflammation and other factors are involved. as the pathogenesis of cnv 

due to amD is not completely known, it is likely that a monotherapeutic 

approach may not be fully effective. combined approaches may not 

only increase overall efficacy but may also reduce the potential side 

effects by allowing relatively low doses of drugs needed. moreover, 

combination therapies can reduce the risk of compensatory rebound 

stimulation of non-inhibited pathological pathways when addressing 

therapy to a single target.35

the verteporfin plus ranibizumab for choroidal neovascularization 

in amD (mont Blanc) study36 compared the efficacy of a prn 

combination of pDt and 0.5 mg of ranibizumab versus prn ranibizumab 

monotherapy (both groups received a loading dose of three consecutive 

monthly injections). at 12 months, vision improved by 4,4 letters in the 

monotherapy group and 2,5 in the combination group. the combination 

of pDt and ranibizumab did not imply a reduction of injections needed. 
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therefore ranibizumab monotherapy is still the first-line treatment in 

namD leaving the combination only for special cases. 

combined therapies have also been used for specific forms of namD, 

such as retinal angiomatous retinal proliferation (rap) and polypoidal 

choroidal vasculopathy (pcv), as they are recognised entities that 

respond differently from the typical cnv seen in namD.

Angiomatous Retinal Proliferation
the results obtained in the treatment of rap with laser photocoagulation, 

transpupilar thermotherapy and pDt did not show improvements in the 

disease and therefore their use were not further recommended.37–40

 

although there are some interventional cohort studies with a reduced 

number of patients,41–45 no large randomised and controlled clinical 

trials had been performed in the treatment of rap lesions with 

antiangiogenic drugs. the findings suggest that the outcome is better 

in patients with early lesions (mean gains in va of +8 letters)46 versus a 

limited response in advanced stages, mainly in those associated with 

pigment epithelial detachment (pED).47

the combination of pDt and anti-vEGF in rap has been also pointed 

out. the synergies with both types of treatment could benefit the 

patient outcomes as pDt would act on mature choroidal new vessels 

while the anti-vEGF drugs would inhibit the retinal neovascularisation. 

the results of those studies showed different va gains, which varies 

from stabilisation to gains of +15 letters.48–50

in summary, anti-vEGF therapy can maintain and improve vision in 

early stages of rap, but requires an important number of retreatments 

and, lesions generally show a persistent activity despite treatments. it 

should be noted as a limitation that the studies include small number of 

patients and most of them have short term follow up. the combination 

of anti-vEGF drugs with pDt may reduce the number of treatments, 

stabilising vision in most cases and offering va gains in some patients. 

Polypoidal Choroidal Vasculopathy
the efficacy of photocoagulation has been evaluated in non-

randomised, non-controlled, interventional studies where laser leads 

to an absorption of exudates and blood, maintaining and/or improving 

vision. photocoagulation should only be used if all polypoidal lesions  

are suitable to be treated (away from central fovea). ivi of anti-vEGF 

reduces retinal fluid, but polypoidal lesions are resistant to anti-vEGF 

treatment,51 suggesting that vessels are not as much related to vEGF as 

in typical namD.

recent studies indicate that pDt combined with intravitreal ranibizumab 

may improve treatment outcomes in pcv while minimising ocular and 

systemic complications of treatment.51–54 as intravitreal administration 

of ranibizumab could control the increase of vEGF due to pDt, this 

combination of treatments seems to be the best option.52–55

Other Combined Therapies
while antiangiogenic therapy is the standard of care in namD, a combined 

therapy may be also a good option in case of bad or non-responders to 

antiangiogenic therapy. although there is not a clear criteria about who 

can be considered bad or non-responders, a monitoring visit 2 weeks 

after the last injection should be programmed in those patients to 

identify whether the patient is a non-responder or a case of an early 

recurrence.56 in those cases the combination therapy could reduce 

the need of retreatment by combining antiangiogenics with pDt at 

standard or reduced fluence,57,58 intravitreal corticoids,59 with intravitreal 

stroncium-90 brachytherapy60 or with X-ray stereotactic radiotherapy.61

the results of the 2-year cnv secondary to amD treated with beta 

radiation epiretinal therapy (caBErnEt) study60 do not support the use 

of brachytherapy for the treatment of namD despite its safety profile. 

in the Stereotactic radiotherapy for namD (intrEpiD) study61 only one 

radiotherapy dose reduced the need of retreatments with ranibizumab 

in naïve namD. 

Generally the results of the studies conducted with combined therapy 

obtain a reduction of the number of ivis, although functional outcomes 

do not exceed those of ranibizumab monotherapy.

 

Current Use of Ranibizumab in Neovascular 
Age-related Macular Degeneration
in two phase iii trials (anchor and marina), monthly ivi injections of 

ranibizumab not only significantly reduced the risk of visual loss when 

compared with sham or verteporfin therapy, but also increased the 

chance of moderate visual gain.20,21,62–65

Based on the results of these studies, experts in namD considered 

fixed monthly injections the ‘gold standard’ for treating this disease. 

however, the frequent office visits and injections required with a 

monthly ranibizumab therapy are expensive and place a significant 

burden on patients, their families and physicians. also such a regimen 

may potentially result in overtreatment in some patients.66 as a monthly 

treatment is often not feasible, it is necessary to look for individualised 

treatments. in this sense, several ranibizumab-dosing strategies have 

been evaluated to maintain optimal efficacy while reducing the number 

of injections and visits in the clinical practice.

according to previous studies already mentioned,20–26,62 the largest va 

gain occurred after the first injection and, most va improvement was 

seen during the initial 3-month period. another important feature is that 

va at month 3 appears to be a strong predictor of visual outcome at 

month 12.67,68 Based on these results, the European label recommends 

treatment initiation with a loading dose of three initial consecutive 

monthly injections of 0.5  mg of ranibizumab before establishing 

individualised therapeutic strategies during the maintenance phase.69

Current Therapeutic Strategies in  
Clinical Practice
the two more popular regimens of treatment are prn and a extended 

maintenance regimen known as ‘treat and Extend’. Both of them have 

an initial loading phase of three monthly injections.

prn was initially evaluated in the SuStain study.26,70 after the initial 

loading phase, patients were observed monthly and treated according 

to va, biomicroscopic macular examination and oct findings (‘treat 

and observe’). in the absence of visual loss, blood or increasing 

macular thickness, patients are not treated and instructed to return 

for a new exam 4 weeks later. more recent prn studies such as catt 

or harBor,15,28 which compared monthly with prn regimen, showed 

similar functional and anatomical outcomes with both regimens.

prn is an individualised reactive regimen in which namD is treated when 

there are signs of activity (exudation or recurrence). in that sense this 

therapeutic approach goes behind the disease (patient is treated when 
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it worsens). Besides the disease might be undertreated, this therapeutic 

regimen may reduce the number of injections, but not the burden care.

in spite of the fact that a strict prn ranibizumab strategy led to less va 

gain and reduction of retinal thickness compared with fixed monthly 

treatments, both treatments have been considered as equivalents. 

at 1  year, ranibizumab given as needed with monthly evaluation 

had effects on vision that were equivalent to those of ranibizumab 

administered monthly.27 nevertheless, at year 2, treatment as needed 

resulted in less gain in va, whether instituted at enrollment or after 1 

year of monthly treatment.15

‘treat and Extend’44,71–74 involves continuous maintenance treatment, 

but at less than monthly intervals. patients are treated monthly with 

ranibizumab until no signs of activity based on va and morphological 

criteria (slit lamp biomicroscopy, intraretinal or subretinal fluid on oct). 

then treatment intervals are sequentially lenghtened by 2 weeks at each 

visit if there were no signs of recurrent exudation. therefore, patients 

receive an ivi at each visit despite the disease evolution, and signs  

of activity are only used to schedule visits. if evidence of new disease 

activity is detected, the interval is shortened back to every 4 weeks until 

a dry macula was found.

this individualised therapeutic strategy may be considered as a 

proactive regimen. Since namD is a chronic and degenerative 

disease, it is assumed that should be treated chronically. therefore, 

the philosophy of this treatment is to diminish recurrences using less 

injections and visits. on the other hand, there is a potential risk to 

overtreat some patients.64,65

Other Therapeutic Regimens
in the ‘wait and Extend’ regimen,75 after a initial loading phase, during 

the maintenance phase a flexible regimen of retreatment was applied 

upon the evolution of the disease. Follow-up visits are lengthened until 

a maximum of 8 weeks in the absence of neovascular activity. in case 

of active cnv, patients were treated and followed up every 4 weeks 

until no activity was evidenced.

although the results of this regimen are promising in terms of reducing 

the number of injections and follow-up visits, there is a risk to leave a 

patient without treatment coverage for periods up to 3 to 4 months. 

Extended follow-up results can delay the detection of a reactivation 

with subsequent visual loss that cannot be retrieved.

the ‘Quarterly capped prn’76 is a variant of a prn in which after the 

loading phase all patients had monthly visits and at least a quarterly 

injection. in case of activity, a new loading phase of three injections was 

triggered after which patients returned to quarterly injections in case 

activity was stopped.

the ‘FuSion’ regimen77 includes three steps: a loading phase of three 

injections which can be reduced to two if no active lesion is seen 

after the first follow up visit. after that, a prn regimen is established 

on demand. once there is cessation of activitiy, patients receive an 

additional injection followed by fixed bimonthly injections for two 

courses (follow up every 4 weeks) and injections every 3 months for 

two courses (follow up every 6 weeks).

with the exception of the prn regimen, no other individualised 

therapeutic regimens have been studied on a prospective, multicentric 

and randomised basis to compare their efficacy and safety. in that 

sense, there are some ongoing trials focused on whether these 

individualised strategies can be applied successfully. 

meanwhile, at the present time, clinicians should view the current data 

regarding different regimens critically when deciding which dosing 

strategy is best for each individual patient.

Long-term Results of Intravitreal Ranibizumab 
Treatment for Neovascular Age-related 
Macular Degeneration
Few published papers address long-term results of ranibizumab 

therapy in the ‘real world’, out of the context of clinical trials. it remains 

controversial whether initial good results can be maintained over time.

the catt trial15 has shown that patients receiving monthly injections 

either with ranibizumab or bevacizumab during the first year and  

re-randomised to prn treatment during the second year obtained 

similar va results to patients treated with a prn regimen from the start. 

the horiZon study78 was an open-label, multicentre, extension study 

that included patients who completed 2 years of follow up in the 

marina, anchor and the twenty-four-monthly intravitreal injections 

of ranibizumab with pDt therapy as needed, versus pDt monotherapy 

in namD (FocuS) trials. analyses were performed in three groups: 

1) patients treated with ranibizumab in the initial study (ranibizumab 

treated-initial; n=600); 2) patients randomised to control who crossed 

over to receive ranibizumab (ranibizumab treated-Xo; n=190); and 

3) ranibizumab-naïve patients (ranibizumab untreated; n=63). at 

month 48, the mean change in Bcva (EtDrS letters) relative to the 

initial study baseline was 2.0 in the ranibizumab treated-initial group 

versus –11.8 in the pooled ranibizumab treated-Xo and ranibizumab 

untreated groups. the mean number of injections was 27.8 (4.4 in the 

horiZon extension) in the ranibizumab treated-initial group, 5.4 (4.8 

in the horiZon extension) in the ranibizumab treated-Xo group and 0 

(0 in the horiZon extension) in the ranibizumab untreated group. one 

endophthalmitis was reported per 3,552 injections in the extension 

study. the proportion of patients with arterial thromboembolic events 

was 5.3 % in the ranibizumab treated-initial and ranibizumab treated-

Xo groups, and 3.2 % in the ranibizumab untreated group.

likewise, the long-term Safety of ranibizumab 0.5 mg in namD (SEcurE) 

study79 was a 2-year, open-label, multicentre, extension study that 

included 234 patients previously treated with ranibizumab for 12 months 

in the EXcitE and SuStain trials. at month 24, mean Bcva declined by 4.3 

letters from the SEcurE baseline with a mean number of 6.1 injections. 

arterial thromboembolic events were reported in 5.6 % of the patients.

recently, the Seven-Year outcomes in ranibizumab-treated patients in 

anchor, marina, and horiZon: a multicenter cohort Study (SEvEn-

up) study80 has assessed 7-year outcomes in 65 ranibizumab-treated 

patients in anchor, marina and horiZon. thirty-seven per cent of 

eyes demonstrated good visual outcomes (Bcva of 20/70 or better) 

with 23 % achieving a Bcva of 20/40 or better. on the other hand, 37 % 

of eyes had Bcva of 20/200 or worse. Since baseline at entry into the 

anchor or marina trials 7 years previously, there was a mean loss of 

8.6 letters. Since exit from the horiZon study, eyes received a mean 

of 6.8 injections during the mean 3.4-year interval. importantly, active 

exudative disease was detected by spectral-domain oct in 68  % of 

eyes, and 46 % were receiving ongoing ocular anti-vEGF treatments. 
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macular atrophy was detected by fundus autofluorescence in 98  % 

of eyes, with a mean area of 9.4 mm2; the area of atrophy correlated 

significantly with poor visual outcome. Besides clinical trials, several 

prospective or retrospective studies have explored long-term results 

of ranibizumab therapy. 

lala et al.76 treated 316 patients with ranibizumab according to a 

disease activity-guided algorithm with monthly monitoring. oct and 

fluorescein angiography were routinely used to assess disease activity. 

active lesions were treated with a series of three monthly injections, 

whereas inactive lesions were treated with quarterly injections. mean 

Bcva improved from 52 EtDrS letters at baseline to 59 letters at 12 

months, 61 letters at 24 months and 60 letters at 36 months. the mean 

number of injections per year was 7.1, 5.0, and 5.2, respectively.

pushpoth et al.81 published a retrospective study including 1,086 eyes of 

1,017 patients with wet amD treated with ranibizumab with a minimum 

follow up of 2 years and a maximum follow-up of 4 years. one hundred 

and eighty-one patients had received previous treatment. the treatment 

strategy followed the pronto protocol, with an initial loading dose 

consisting of three consecutive monthly injections and monthly follow 

up visits thereafter. Further treatment was administered in the presence 

of disease activity defined as fluid on oct, retinal haemorrhages or 

reported distortion. it should be noted that if the profile of the fluid 

spaces was not altered for three visits in the second or more years of 

follow up, then treatment might be missed. in addition, follow-up visits 

were progressively extended to 2 or 3 months if the patient was stable. 

Data were not available in 12.2 % of patients at 12 months, 28.2 % at 

24 months, 35.8 % at 36 months and 49.3 % at 48 months. reasons for 

these missed data were transferred care to another hospitals, treatment 

discontinuation, declined treatment, deceased patients, discharged 

patients and lost to follow up. approximately 50 % of patients had va 

≥60 EtDrS letters (20/63 Snellen equivalent) throughout the follow-up 

period in the treated eye. in the group of patients previously treated, 

mean va changed from 50 letters at baseline to 53 letters at 12 months, 

51 letters at 24 months, 50 letters at 36 months and 53 letters at 48 

months. in the group of naïve patients, mean va changed from 54 

letters at baseline to 57 letters at 12 months, 56 letters at 24 months, 

54 letters at 36 months and 58 letters at 48 months. the mean number 

of injections was 5.7 at 12 months, 9.1 at 24 months, 11.2 at 36 

months and 13.7 at 48 months. importantly, 83 % and 65 % of patients 

needed further treatment in the third and fourth year of follow up. Four 

cases of presumed endophthalmitis were reported, two of them with  

positive culture.

Kruger et al.82 retrospectively studied 855 patients with neovascular 

amD receiving treatment with ranibizumab during a 4-year period. 

mean va significantly decreased from 53.2 EtDrS letters to 50.5 letters 

with a mean number of 8.7 injections. treatment was discontinued in 

399 patients (46 %): 181 patients (45 %) presented no signs of activity, 

36 patients (9  %) did not want to receive further injections and 113 

patients (28 %) were judged nontreatable.

rasmussen et al.68 retrospectively studied 600 eyes of 555 patients 

treated with ranibizumab for neovascular amD for 4 years. one 

hundred ninety-two eyes (32  %) were still receiving active treatment 

after 4 years. the mean Bcva in these 192 eyes was unchanged from 

the start (baseline 0.30; 4-year follow up, 0.32). interestingly, va after 

the loading dose was a better predictor than baseline va for the final 

outcome. the mean number of injections was 5.5 per year. For 408 eyes 

(68 %), discontinuation of treatment was motivated by lack of apparent 

treatment response (28 %), failure to appear at follow-up (11 %), death 

(9  %) and disease inactivity (20  %). one-third of fellow eyes started 

treatment during the 4 years. treatment was resumed in 18 % of patients 

discontinued because of inactivity, indicating that close follow up should 

be maintained in this group of patients. Endophthalmitis occurred in 2 

eyes of 7,584 injections. a total of 125 patients died; the mortality rate 

was below expected (75 % of the mean mortality in the community).

currently, one of the biggest challenges we face in the long-term 

management of namD with anti-vEGF therapy is to find a good 

treatment protocol suitable in daily clinical practice which can offer 

the best outcomes for this disease. Frequent follow-up visits and 

reinjections represent a huge burden for most of retinal practices. 

Flexible regimens have been adopted but extended follow-up visits 

can delay the detection of a reactivation with a subsequent visual loss 

that could not be recovered. amD is a chronic disease and a significant 

proportion of patients require continued treatment. n.
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