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Abstract
Background  This study aimed to elucidate visual 
benefits of ranibizumab in patients with neovascular age-
related macular degeneration (nAMD) compared with 
control arms and identify factors affecting response.
Methods  This is a post-hoc pooled analysis of two 
phase III studies, ANCHOR and MARINA, of ranibizumab 
for the treatment of nAMD. ANCHOR included 83 
international sites. MARINA included 96 sites in the USA. 
Analysis included patients (control, n=323; ranibizumab, 
n=332) with nAMD and a baseline best-corrected visual 
acuity (BCVA) of ≥35–<85 letters.
Results  Patients receiving ranibizumab achieved an 
adjusted mean BCVA superiority of 18.9 and 21.2 
letters over 12 and 24 months, respectively, compared 
with control. Ranibizumab treatment, higher baseline 
BCVA, lower age and smaller lesion size were positively 
associated with the ability to achieve BCVA >69 letters. 
Patients with the highest baseline BCVA had lowest 
BCVA gains. Ranibizumab treatment, lower baseline 
BCVA, lower age and smaller lesion size were identified 
as significant predictors of BCVA gain from baseline 
at month 24 (all p<0.0001). However, the difference 
in mean BCVA gains at month 24 between treatment 
and control groups was similar for all baseline BCVA 
subgroups (≥35–<55 letters, 21.9 letters; ≥55–<70 
letters, 25.2 letters; ≥70–<85 letters, 19.3 letters).
Conclusions  Higher baseline BCVA is associated with 
lower BCVA gains but a greater likelihood of achieving 
good final BCVA >69 letters due to smaller gains 
needed to achieve response. Visual benefits, including 
maintenance of visual acuity (VA), final VA achieved and 
relative gain compared with natural disease progression, 
should be considered when assessing treatment 
response in nAMD.

Introduction
Intravitreal injection of ranibizumab is a first-line 
therapy for the treatment of patients with neovas-
cular age-related macular degeneration (nAMD).1–3 
The efficacy and safety of ranibizumab in patients 
with nAMD was first demonstrated in the pivotal 
ANCHOR4 5 and MARINA6 studies. Subsequently, 
the efficacy and safety of ranibizumab has been 
examined in numerous clinical studies, with a 
majority of patients retaining baseline vision and 
a significant proportion of patients achieving an 
improvement.7–10 With years of clinical experience, 

ranibizumab continues to be evaluated in real-life 
clinical settings.11

Baseline best-corrected visual acuity (BCVA) is 
an important predictor of treatment response in 
patients with nAMD, as demonstrated through 
subanalyses of data from pivotal clinical studies 
wherein monthly ranibizumab treatment was eval-
uated.12 13 Lower baseline BCVA is associated with 
greater visual acuity (VA) gains on ranibizumab 
treatment.12 13 Conversely, higher baseline BCVA 
results in greater VA loss in the absence of treat-
ment.12 13 Monthly treatment has been increasingly 
replaced in clinical practice by flexible retreatment 
regimens, guided by individual functional and/
or anatomical criteria.14 Retrospective analyses of 
patients treated according to individualised treat-
ment regimens suggest that the effects of baseline 
BCVA on VA outcomes are in line with monthly 
treatment.2 11 15 Retrospective patient care anal-
yses indicate that in patients with higher baseline 
BCVA, ranibizumab treatment generally results in 
the highest VA scores at the study endpoint despite 
the lower relative VA gains compared with patients 
with lower baseline BCVA.11 15

These data suggest that although the improve-
ment in BCVA from baseline (visual gain) is widely 
used as a measure of drug efficacy, it may not be the 
best measure of visual benefit to the patient. The 
benefit of treatment relative to the control arm for a 
given starting baseline VA at a given time point has 
not been analysed previously, and thus, the question 
whether the difference between treated and control 
patients at a given time point is independent of 
baseline BCVA remains to be answered.

The present study reports the results of a post 
hoc subgroup analysis of pooled data from the 
ANCHOR and MARINA studies.4–6 Patient 
subgroups were defined by baseline BCVA and 
other covariates including choroidal neovascular-
isation (CNV), lesion size, presence of blood or 
vitreous detachment at baseline and age. Patients 
treated with 0.5 mg ranibizumab were compared 
with the study control arms to elucidate visual bene-
fits from the treatment and how they were related 
to the aforementioned covariates in the treated and 
control arms.

Materials and methods
This was a post hoc pooled analysis of patient-level 
data from the ANCHOR (NCT00061594) and 
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Table 1  Association of baseline factors with the change in absolute 
BCVA between baseline and month 12 or month 24

Parameter Estimate SE P value

Month 12

 � Intercept 16.4984 3.0543 <0.0001

 � Baseline (letters) 0.8549 0.0186 <0.0001

 � Age (years) −0.0939 0.0337 0.0053

 � Lesion size (DA) −0.4527 0.0934 <0.0001

 � Treatment (ranibizumab vs control) 4.0367 0.5003 <0.0001

 � Time (months) 1.5749 0.5605 0.0050

 � Time (months)*Baseline (letters) −0.0201 0.0033 <0.0001

 � Time (months)*Age (years) −0.0183 0.0063 0.0037

 � Time (months)*Treatment (ranibizumab vs control) 1.4735 0.0895 <0.0001

 � Time (months)*Lesion size (DA) −0.0407 0.0175 0.0201

Month 24

 � Intercept 18.6623 3.6461 <0.0001

 � Baseline (letters) 0.8184 0.0219 <0.0001

 � Age (years) −0.1217 0.0410 0.0030

 � Lesion size (DA) −0.5110 0.1263 <0.0001

 � Treatment (ranibizumab vs control) 7.6340 0.6259 <0.0001

 � Time (months) 1.1429 0.2783 <0.0001

 � Time (months)*Baseline (letters) −0.0129 0.0018 <0.0001

 � Time (months)*Age (years) −0.0130 0.0032 <0.0001

 � Time (months)*Treatment (ranibizumab vs control) 0.7610 0.0494 <0.0001

 � Time (months)*Lesion size (DA) −0.0270 0.0102 0.0082

* in the table indicates the interaction between two terms in the analysis model
BCVA, best-corrected visual acuity; DA, disc area.

MARINA (NCT00056836) phase III studies of ranibizumab 
in patients with nAMD.4 6 The ANCHOR study enrolled 423 
patients with predominantly classic lesions associated with 
nAMD, while the MARINA study enrolled 716 patients with 
minimally classic or occult CNV associated with AMD and with 
no classic CNV.4 6 Patients in both studies were ≥50 years of age 
with BCVA of 20/40 to 20/230 (Snellen equivalent assessed using 
an ETDRS chart) at baseline; other inclusion criteria have been 
reported previously.4 6 Neither study excluded patients based 
on pre-existing cardiovascular, cerebrovascular or peripheral 
vascular conditions.4 6 Before initiation of each study, approval 
was obtained from institutional review boards or ethics commit-
tees at all clinical centres. Patients in each study provided written 
informed consent.

Treatment
In ANCHOR, patients were randomised 1:1:1 to receive 
monthly intravitreal injections of 0.3 mg or 0.5 mg ranibizumab 
plus sham verteporfin therapy followed by laser irradiation of 
the macula, or sham intravitreal injections plus active verte-
porfin therapy followed by laser irradiation of the macula.4 In 
MARINA, patients were randomised 1:1:1 to receive monthly 
intravitreal injections of 0.3 mg or 0.5 mg ranibizumab or sham; 
verteporfin therapy was permitted if CNV in the study eye 
became predominantly classic.6

Endpoints and post hoc pooled analysis
This post hoc analysis evaluated patient-level data from patients 
enrolled in the ANCHOR and MARINA studies who received 
either 0.5 mg ranibizumab or control (sham or active), and had 
a BCVA at baseline of ≥35 to <85 letters (≥20/200 to <20/20 
Snellen). Analyses confirmed that benefits of ranibizumab over 
the controlled arms in each of the studies were similar, and 
therefore, the control arms were pooled for subsequent anal-
yses presented herein. Visual benefits were defined as differ-
ence between the BCVA achieved in the pooled treatment arm 
and the BCVA achieved in the pooled control arm at each time 
point. Analysis of efficacy outcomes was performed using the 
last observation carried forward method for missing data.

Absolute BCVA at each time point from baseline to months 
12 and 24 was analysed using a generalised estimating equation 
model with compound symmetry covariance structure. Param-
eters associated with p<0.05 were kept in the final analysis. 
VA gains from baseline were analysed using additional baseline 
factors: baseline BCVA, presence of subretinal blood (absent or 
present/questionable), vitreous detachment (yes or no), lesion 
size (disc area (DA)) and patient age (years). VA gains were 
not analysed by optical coherence tomography (OCT) param-
eters and pigment epithelial detachment status as they were not 
collected for the study, baseline subfoveal fibrosis was an exclu-
sion criteria and also could not be investigated. Lesion type was 
analysed however as it was highly correlated to the study, differ-
ences in outcomes could not be differentiated from study effects.

Logistic regression analysis using a backward elimination 
model was performed to assess if treatment arm (0.5 mg ranibi-
zumab vs control), baseline BCVA, age and lesion size were 
predictive of patients achieving BCVA >69 letters over 12 and 
24 months (p<0.05).

Pearson’s correlation coefficient (95% CI) analysis was 
performed for evaluating VA gains from baseline stratified by 
baseline BCVA (≥35 to <55 letters (20/200 to 20/80 Snellen), 
≥55 to <70 letters (20/80 to 20/40 Snellen) and ≥70 to <85 
letters (20/40 to 20/20 Snellen)).

Analysis of variance or linear regression was performed on 
each of the baseline covariates to assess suitability for inclusion 
in a multiple regression model (p<0.20). Selected covariates 
were included in a backward elimination model with treat-
ment arm (0.5 mg ranibizumab, control), baseline BCVA and 
study (ANCHOR, MARINA). Multiple regression analysis was 
performed separately for change in BCVA from baseline to 
months 12 and 24. Lesion size, age and baseline BCVA were 
analysed as continuous variables, whereas treatment (0.5 mg 
ranibizumab, control) and study (ANCHOR, MARINA) were 
analysed as categorical variables.

Results
From the multiple regression analysis of patient-level data of 
ANCHOR and MARINA, patients receiving ranibizumab had an 
adjusted mean BCVA superiority of 18.9 letters over 12 months 
and 21.2 letters over 24 months, compared with the control arm.

Parameters to assess effects on absolute BCVA over time
The analysis of absolute BCVA over time from baseline to month 
12 showed that vitreous detachment or presence of subretinal 
blood did not impact BCVA over time once adjustment for base-
line BCVA, age, baseline lesion size and treatment had been 
performed. Patients who were older gained approximately 0.31 
fewer letter per year of age over 12 months (table 1). Patients 
presenting with larger lesions had a lower BCVA of at least 
0.45 fewer letter for each DA increase in lesion size over 12 
months, which also led to lesser gains of approximately 0.04 
fewer letter per month per lesion DA (table 1). Over 12 months, 
visual benefits were observed in patients receiving 0.5 mg ranibi-
zumab, with gains increasing by approximately 1.5 letters more 
per month compared with the control arm (table  1). Baseline 
BCVA was inversely associated with increased BCVA overtime 
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Table 2  Logistic regression analysis to identify parameters to 
predict an outcome of BCVA >69 letters at months 12 and 24

Parameter Estimate OR 95% CI P value

Month 12

 � Intercept −3.876  �

 � Treatment 
(0.5 mg vs 
control)

1.240 11.951 7.044 to 20.275 <0.0001

 � Lesion size 
(DA)

−0.168 0.845 0.770 to 0.928 0.0004

 � Age (years) −0.036 0.965 0.938 to 0.992 0.0110

 � Baseline 
BCVA 
(letters)

0.098 1.103 1.079 to 1.127 <0.0001

Month 24

 � Intercept −3.111  �

 � Treatment 
(0.5 mg vs 
control)

1.346 14.767 8.461 to 25.776 <0.0001

 � Lesion size 
(DA)

−0.166 0.847 0.773 to 0.929 0.0004

 � Age (years) −0.033 0.968 0.942 to 0.995 0.0189

 � Baseline 
BCVA 
(letters)

0.079 1.082 1.061 to 1.103 <0.0001

BCVA, best-corrected visual acuity; DA, disc area.

Figure 1  Assessment of visual acuity outcomes over the 24-month 
study period: patients stratified by baseline BCVA (pooled, LOCF). 
Pooled data from patients receiving 0.5 mg ranibizumab or from the 
control arms (control) were analysed according to baseline BCVA 
and assigned to one of these three groups: BCVA ≥35–<55 letters 
(20/200–20/80 Snellen; ranibizumab, n=165; control, n=146), BCVA 
≥55–<70 letters (20/80–20/40 Snellen; ranibizumab, n=137; control, 
n=155) or BCVA ≥70–<85 letters (20/40–20/20 Snellen; ranibizumab, 
n=30; control, n=22). Visual outcomes were assessed by (A) mean BCVA 
change from baseline; (B) mean BCVA change over time; and (C) visual 
benefits over time (difference between mean BCVA in pooled 0.5 mg 
ranibizumab treatment arms (n=332) vs control arms (n=323)). BCVA, 
best-corrected visual acuity; LOCF, last observation carried forward; N, 
number of patients; VA, visual acuity.

since per one letter higher BCVA recorded at baseline, a patient 
gained an average of 0.02 letter less per month (table 1); this 
equates to approximately 2.4 letters less gain over 12 months for 
every 10 letters higher at baseline. Similar results were observed 
when absolute BCVA was analysed from baseline to month 24 
(table 1).

Parameters to predict outcome of BCVA >69 letters (20/40 
Snellen)
Investigation of parameters that were predictive of BCVA >69 
letters at 12 and 24 months showed that patients in the 0.5 mg 
ranibizumab arm were 12 times more likely than those in the 
control arm to achieve this at 12 months (p<0.0001; table 2); 
at month 24, this ratio increased by approximately 15 times 
(p<0.0001). Baseline BCVA was positively associated with the 
ability to achieve BCVA >69 letters; for every letter increase 
in baseline BCVA, a patient was 110% more likely to achieve 
BCVA >69 letters at 12 or 24 months (p<0.0001; table 2). This 
differs from the BCVA gain analysis, as the higher the BCVA 
at baseline, the smaller the gain needed to achieve a BCVA of 
>69 letters. Lesion size was negatively associated with the ability 
to achieve BCVA >69 letters. Each DA increase in lesion size 
corresponded to the patient being 15.0% less likely (OR=0.85) 
to achieve BCVA >69 letters at 12 and 24 months (p=0.0004; 
table  2). For example, compared with a patient with lesion 
size of 1 DA, a patient with lesion size of 6 DA was 57.0% less 
likely to achieve BCVA >69 letters (20/40 Snellen) at month 
12 and month 24. Age was also slightly negatively associated 
with the ability to achieve BCVA >69 letters (20/40 Snellen). 
For every year increase in age, the patient was 3.0% less likely 
(OR=0.97) to achieve BCVA >69 letters at both 12 (p=0.0110) 
and 24 months (p=0.0189; table 2). Thus, when compared with 
patients of 60 years old, a patient of 80 years old was 51.0% less 
likely to achieve BCVA 69 letters (20/40 Snellen) at month 12 
and month 24.

Va gain stratified by baseline BCVA
Treatment arms
Overall, change in BCVA from baseline to month 24 was depen-
dent on baseline BCVA (figure  1A). Pearson’s correlation coeffi-
cient (95% CI) was r=−0.21 (−0.31,–0.11) for patients receiving 
0.5 mg ranibizumab, r=−0.44 (−0.52,–0.35) for those in the 
pooled control arm, and r=−0.27 (−0.34,–0.21) for all patients. 
In patients who received 0.5 mg ranibizumab over the 24-month 
study period, gains in BCVA from baseline were observed in the 
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Figure 2  Proportion of patients gaining ≥15 letters by baseline BCVA 
category at month 12. BCVA, best-corrected visual acuity.

Table 3  Multiple regression model for the association of baseline 
factors with gain in BCVA from baseline at months 12 and 24

Parameter Estimate P value

Month 12

 � Intercept 37.179 <0.0001

 � Treatment (0.5 mg vs 
control)

18.856 <0.0001

 � Study (ANCHOR vs 
MARINA)

−3.666 0.0059

 � Lesion size (DA) −1.207 <0.0001

 � Baseline BCVA (letters) −0.395 <0.0001

 � Age (years) −0.281 <0.0001

Month 24

 � Intercept 42.011 <0.0001

 � Treatment (0.5 mg vs 
control)

21.156 <0.0001

 � Lesion size (DA) −1.128 <0.0001

 � Baseline BCVA (letters) −0.456 <0.0001

 � Age (years) −0.363 <0.0001

BCVA, best-corrected visual acuity; DA, disc area

lowest two baseline BCVA subgroups (baseline BCVA: ≥35 to <55, 
+10.3 letters; baseline BCVA ≥55 to <70, +5.5 letters), and stabi-
lisation of BCVA was observed for patients in the baseline BCVA 
≥70 to <85 subgroups (+0.6 letter; figure 1A). The lowest gains 
in BCVA were observed in patients with the highest BCVA at base-
line; conversely, the highest gains in BCVA were observed in those 
with the lowest BCVA at baseline (figure 1A). The proportion of 
patients gaining ≥15 letters at month 12 was higher in lower base-
line BCVA subgroups compared with the higher baseline BCVA 
subgroup (figure  2). Mean BCVA at month 24 showed a strong 
positive correlation with baseline BCVA in patients treated with 
ranibizumab (r=0.52; 95% CI 0.44, 0.59). In the two lowest BCVA 
subgroups, a rapid gain in BCVA was observed during the first 
2–3 months, after which the average BCVA was maintained. This 
plateau in improved BCVA (defined as ‘ceiling effect’) was observed 
in all patient subgroups, the level of which depended on baseline 
BCVA (figure 1B). Thus, the three subgroups stratified by baseline 
BCVA plateaued at different levels at month 24 (figure 1B).

Control arms
Decline in BCVA from baseline was observed in all patient subgroups 
of the pooled study control arms over 24 months, and the greatest 
losses in BCVA were observed in patients with the highest BCVA 
at baseline; conversely, the smallest losses in BCVA were observed 
in patients with the lowest BCVA at baseline (baseline BCVA: 
≥35 to <55 letters, −11.2 letters; ≥55 to <70 letters, −19.4 
letters; ≥70 to <85 letters, −20.5 letters; figure 1A). Similar to the 
patient subgroups receiving ranibizumab 0.5 mg, BCVA at month 
24 showed a positive correlation (r=0.35; 95% CI 0.25, 0.43) with 
baseline BCVA: baseline BCVA ≥35 to <55 letters, 33.9 letters; 
baseline BCVA ≥55 to <70 letters, 41.9 letters; baseline BCVA 
≥70 to <85 letters, 53.2 letters (figure 1B). This analysis shows 
the actual change in BCVA by baseline VA category in the treat-
ment and control arms and is not a regression to the mean effect 
of 0.5 mg ranibizumab treatment arm versus control arm. Greater 
decline in BCVA from baseline over 24 months was observed in 
the control arms in all baseline VA categories compared with the 
ranibizumab treatment arms; however, the rate of BCVA decline in 
the control arms diminished over time.

Treatment arm relative to control arm
In all baseline BCVA subgroups, visual benefit of ranibizumab 
versus control was ≥19 letters at 24 months: baseline BCVA 
≥35 to <55 letters, 21.9 letters; baseline BCVA ≥55 to <70 
letters, 25.2 letters; and baseline BCVA ≥70 to <85 letters, 19.3 
letters (figure  1C). The increase in visual benefit observed over 
time was more rapid in the two subgroups with the lower base-
line BCVA than in subgroup with higher starting baseline BCVA; 
however, all three subgroups showed an increasing visual benefits 

that were sustained in the long term. Additionally, the change in 
mean VA between treatment and control groups was comparable 
for all baseline BCVA subgroups at month 24 (figure 1C).

Multivariate analysis
Presence of subretinal blood and vitreous detachment were not 
included in the final multivariate analysis model to identify predic-
tors of BCVA change from baseline due to lack of evidence from 
the univariate analysis model (p≥0.20). Significant predictors of 
the change in BCVA from baseline to month 12 were treatment 
arm, study, lesion size, baseline BCV and patient age (all p<0.0001 
except for study; table  3). Treatment arm, lesion size, baseline 
BCVA and age (but not study) were also identified as significant 
predictors of the change in BCVA from baseline to month 24 (all 
p<0.0001; table 3).

Discussion
This post hoc subgroup analysis of pooled data from the 
ANCHOR and MARINA studies showed that ranibizumab 
treatment resulted in substantial vision improvement over 24 
months versus control, with treatment arm, baseline BCVA, 
age and lesion size being identified as significant predictors 
(all p<0.0001) of change in BCVA from baseline at month 24.

In the present analysis, baseline BCVA was inversely associated 
with change in BCVA over 24 months. The higher the baseline 
BCVA, the lesser was the VA gain per month over 24 months 
and vice versa, indicating that baseline BCVA is one of the strong 
predictors of VA gains. These results are consistent with the other 
long-term studies of ranibizumab.11 16–18 Ranibizumab treatment 
over 24 months has generally resulted in preservation of vision 
versus baseline in a majority of patients with nAMD, although 
decline of VA over time may be inevitable, reflecting natural 
progression of the disease.16–19 Thus, maintenance of good VA, 
rather than focusing only on VA gains over years of treatment, 
should be considered while examining the post-treatment visual 
status in patients with nAMD.18

By subdividing patient groups into three strata based on base-
line BCVA, this study has shown that VA gains relative to baseline 
BCVA in the ranibizumab arms of the ANCHOR and MARINA 
studies were higher in patients with lower baseline BCVA, while 
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smaller vision improvements were seen in patients with higher 
baseline BCVA (figure 1A). Additionally, an initial rapid VA gain 
was observed in all patient subgroups, which was maintained over 
24 months (figure 1B). This is clear evidence of a ‘ceiling effect’ 
observed in patients with nAMD, the extent of which depends 
on baseline BCVA. Similar effect with anti-vascular endothelial 
growth factor (anti-VEGF) therapy has been reported in a national 
nAMD database study from the UK (N=11 135),11 a retrospec-
tive study from Denmark (N=555)17 and the prospective MONT 
BLANC study (N=255).20 The present study has the added virtue 
of including data from control arms; therefore, it presents a much 
clearer picture of outcomes of anti-VEGF therapy in nAMD by 
showing that the relative benefit after 24 months of treatment is 
nearly the same (approximately 20 letters) and is independent of 
baseline BCVA (figure 1C). This also shows that the actual change 
in BCVA by baseline VA category is not just a regression to the 
mean effect of ranibizumab treatment arm versus control arm but 
the decline in BCVA from baseline over 24 months was higher 
in the control arms in all baseline VA categories; especially, the 
greatest losses in BCVA were observed in patients with the highest 
BCVA at baseline. Thus, patients with higher BCVA have shown a 
greater likelihood of visual loss over time, if left untreated.14 21 22 
In fact, timely initiation of ranibizumab treatment in patients with 
nAMD has proved to be beneficial in a substantial improvement 
in vision4 6 and has reported better VA outcomes in patients with 
good baseline VA than those with lower baseline VA.23 Of note, 
that ANCHOR had an active control arm that we know from the 
verteporfin photodynamic therapy (VPDT trials that vPDT treat-
ment slows down the mean decline in vision relative to a no-treat-
ment control group. Therefore, pooling the MARINA untreated 
control arm and the actively treated control arm with vPDT may 
underestimate the benefits of treatment versus the pooled control 
arm. These observations are important for the clinicians’ ability to 
interpret the course of disease progression and titrate retreatment 
of individual patients based on flexible treatment regimen, which 
has become the standard of care in several countries.

Studies have shown that the early treatment with anti-VEGF 
increases the possibility of improvement or preservation of vision 
over time in patients with nAMD.14 18 19 21 22 24 Better visual 
outcomes are usually associated with lower age of the patients at 
baseline.14 18 19 21 22 24 Consistent with findings from these studies, 
this analysis also emphasises the importance of early treatment after 
a confirmed diagnosis of nAMD; patient’s age was also inversely 
correlated with the ability to achieve BCVA >69 letters (table 2). 
Thus, younger patients with nAMD were more likely to achieve 
good visual outcomes.

Another baseline characteristic that may be associated with 
visual outcomes is CNV lesion size. Consistent with previous clin-
ical findings, the present analysis also demonstrated that larger 
lesion size (CNV area) at baseline usually results in less improve-
ment in vision.14 18 22

Anti-VEGFs have been the standard of care for the treatment of 
nAMD since the approval of ranibizumab in 2006.1 2 Ranibizumab 
has robust clinical evidence demonstrating its efficacy and safety 
profile through numerous randomised controlled trials.4 6 25–27 
Monthly treatment with ranibizumab has resulted in the most 
favourable visual outcomes.4 6 28 29 However, due to variability in 
patients’ retreatment needs, flexible and/or tailored treatment regi-
mens are being extensively used by clinicians worldwide.17 19 30–33 
Reportedly, the successful maintenance of VA gains is partly 
correlated to the injection frequency19 34 35; and the possibility of 
undertreatment with the flexible approach cannot be ruled out.26 27 
The monthly treatment regimen allows unbiased evaluation of 
treatment outcomes, and hence, this pooled analysis evaluated the 

effects of baseline covariates in the monthly treatment arm versus 
the control arm to assess visual outcomes over 24 months from 
the ANCHOR and MARINA studies. Similar post hoc evaluation 
of clinical study findings and related drug efficacy can be helpful 
in future to make treatment decisions for patients with nAMD, 
in whom visual loss is primarily related to unavoidable disease 
progression.

This post hoc analysis was undertaken to address the idea that 
good and bad responses or even non-response to intravitreal anti-
VEGF therapy can be defined in clinical practice and retrospective 
analyses of non-randomised interventions.2 While differences in 
treatment outcome can be defined, the definition of good, bad or 
absent response is not meaningful without a control group. We 
therefore took recourse to an analysis of the best available clin-
ical data from studies (ANCHOR and MARINA) that included 
untreated controls or a vastly inferior alternative (verteporfin). 
While the analysis expanded the set of baseline predictors of treat-
ment outcome, it did not identify any way of prospectively defining 
a subgroup of patients with an unfavourable outcome. We conclude 
that a comparatively poor outcome cannot meaningfully be said to 
be a poor response to therapy because it should be compared with 
the poorest outcomes in the control group. While a poor outcome 
can be defined at the end of the course of treatment, the only 
potential use thereof is for decisions about future therapy. Such 
use is made difficult by a lack of studies that randomise patients to 
different treatment regimens from a time point after initial injection 
based on the individual patient’s summarised treatment response. 
There are studies, however, that have tested adaptive strategies, 
notably treat-and-extend-regimens, where the decision to reinject 
or not to reinject is based on disease activity on the very day of the 
visit. Such studies have shown non-inferior outcomes of individual-
ised treatment compared with fixed regimens,36 37 thus supporting 
that disease activity determines the course of disease, but that still 
does not enable assessment of response, that is, the extent to which 
a given patient did benefit from treatment compared with no treat-
ment. There is a fundamental difficulty in assessing the treatment 
response of a single patient, but even for groups it is difficult to 
assess the response to interventions such as drug switching without 
using a randomised study design.38

The study was limited by restricted anatomical data, lack of 
data on patients with baseline BCVA <35 letters and inclusion 
of treatment-naïve patients only. However, this post hoc analysis 
fulfilled a range of criteria for CNV activity to analyse ranibizumab 
treatment versus control by patient subgroups and other baseline 
covariates.

To conclude, baseline BCVA had the most significant effect on 
visual outcomes in our study. Patients with lower baseline BCVA 
achieved the maximum gains from baseline, but those with higher 
baseline BCVA achieved the highest final BCVA due to smaller 
gains needed to achieve this response. This analysis also indicated 
that ranibizumab treatment, higher baseline BCVA, lower age 
and smaller lesion size were positively correlated with the ability 
to achieve better visual outcomes. However, the VA superiority 
with ranibizumab treatment over natural disease progression was 
similar for each of the three starting VA groups by 24 months. 
Visual benefits, including maintenance of VA, final VA achieved 
and relative gain compared with natural disease progression or best 
care, should be considered when assessing treatment response in 
nAMD.
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