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ABSTRACT
Purpose Most of the publications on modern therapy
of neovascular age-related macular degeneration focus
on the effect of the treatment. The purpose of this study
is to determine the frequency of non-responders to
anti-vascular endothelial growth factor (anti-VEGF)
treatment and find possible reasons for their failure to
respond.
Methods The records of patients treated until the end
of 2008 the first time with either bevacizumab or
ranibizumab were reviewed. Based on the availability of
measurable results and according to prior publications
showing the effect of the therapy, loss of three lines of
distance acuity, increase of retinal thickness or lesion
size were identified as indicators of non-responders.
Two of these three signs had to be present.
Results 334 eyes of 283 patients were included;
74.55% received bevacizumab and 25.45% received
ranibizumab. Overall 14.37% of the eyes were identified
as non-responders (14.06% in the bevacizumab group
and 15.29% in the ranibizumab group). Baseline
distance acuity and vitreo-retinal adhesions were
significantly correlated with non-responders. Correlations
with age, gender, lesion type, other morphologic
features, and the kind of anti-VEGF agent failed to be
significant. 10.4% of the non-responders showed a
delayed but good response to anti-VEGF treatment.
Conclusions About 15% did not sufficiently respond
to anti-VEGF treatment. Vitreo-retinal adherences were
the only ophthalmologic factor which could be identified
to be significantly correlated with insufficient response.

INTRODUCTION
Intravitreal injections with antibodies of the vascular
endothelial growth factor (anti-VEGF) have been
established for the treatment of neovascular
age-related macular degeneration (AMD) around
the world. Today the most frequently applied sub-
stances are ranibizumab (Lucentis, Novartis, Basel,
Switzerland; approved for the therapy of AMD) and
bevacizumab (Avastin, Genentech, San Francisco,
USA; used off label for intravitreal injection).
Results are available from large multicentre trials
focusing on the effect of ranibizumab treatment,1 2

or comparing the efficacy of both substances.3–5

However, publications concerning the insufficient
response to anti-VEGF treatment are rare and
clearly defined criteria to identify non-responders
have not yet been published. The aim of this study
was to define criteria to identify non-responders, to
examine the incidence, and to evaluate possible pre-
dictive factors in patients treated with the most

frequently applied anti-VEGF agents ranibizumab
and bevacizumab.

METHODS
The records of all patients with active neovascular
AMD, who received their first injection with either
ranibizumab or bevacizumab between January 2006
and December 2008, were retrospectively reviewed.
The data from the baseline examination, and the
month 3 and month 12 examinations were evalu-
ated. The results of the month 3 examination were
examined to identify non-responders, and the
results of the month 12 examination to assess
delayed response.
Bevacizumab 1.25 mg was applied in our depart-

ment until the approval of ranibizumab in the
European Union in January 2007. Thereafter, rani-
bizumab 0.5 mg was commonly used but bevacizu-
mab was also available. The treating physician
decided which substance should be used. Patients
were also informed about the off label use and
received ranibizumab when they insisted on receiv-
ing it. The patients were re-treated monthly follow-
ing a flexible as needed regimen based on optical
coherence tomography (OCT) and best corrected
visual acuity (BCVA). Presence (increase or persist-
ence) of intra- or subretinal fluid in the macula or
loss of more than five letters of BCVA, or signs of
activity in biomicroscopy (like new choroidal neo-
vascularisation (CNV) or blood) were the
re-treatment criteria. Usually follow-up examina-
tions were performed monthly as long as treatment
was required, and thereafter at the discretion of the
examiner and at month 12.
BCVA was tested with ETDRS (Early Treatment

Diabetic Retinopathy Study) charts at 2 m distance
before treatment and monthly thereafter. The
pupils were dilated and the OCT examinations
were performed with the Stratus OCT until 2007
and thereafter with the Cirrus OCT (both instru-
ments Zeiss, Dublin, USA). When Stratus OCTwas
initially used in a patient it was also used at the
follow-up visits even when the Cirrus OCT was
available. The retinal thickness programme of
Stratus OCT and the cube 512×128 programme of
Cirrus OCTwere applied. To assess the activity of a
lesion the OCT scans were explored, and increased
activity in the OCT scans and automatically
recorded central retinal thickness (CRT) were used
to identify non-responders. CRT values of Stratus
OCT were converted to Cirrus OCT levels to
provide comparable data.6 The fluorescein angio-
grams were performed with the Heidelberger
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Retina Angiograph (Heidelberg engineering, Heidelberg,
Germany) at baseline and thereafter at the discretion of the
examiner (in cases of new blood or new choroidal neovasculari-
sation, and loss of distance acuity).

Evaluation of the morphologic changes in the OCT and fluor-
escein angiography (FA) examinations, retinal thickness meas-
urement, and assessment of BCVA were performed by different
independent examiners. Besides the type of the lesion, special
morphologies were assessed possibly influencing the response:
haemorrhage or fibroses of more than one disk area and vitreo-
macular adhesions surrounded by shallow detachment of the
posterior vitreous.

To identify eyes not sufficiently responding to treatment, exami-
nations providing measurable data were chosen: BCVA, CRT, and
lesion size. A loss of BCVA of at least three lines (in accordance
with prior studies1 2), absence of a decrease of CRT, and an
increase in lesion size were the criteria. Because of the possible
variability of these values, which might not be pathology related, it
was decided that two of these parameters had to be present.

Statistical method
The primary end point of the study was the dichotomous vari-
able non-responder (yes vs no). Univariate generalised mixed
models with patient number as the random factor and the
primary end point as the dependent variable were calculated to
analyse the effect of the independent variables of type of treat-
ment (bevacizumab/ranibizumab), sex, age, type of lesion,
special morphology (haemorrhage, fibrosis, and adherences of
the posterior vitreous), BCVA, CRT, and lesion size, at baseline
respectively. In case of a significant result, the independent vari-
able was included in a multiple generalised mixed model. The
independent variable haemorrhage was analysed by a logistic
regression model with Firth correction, as the mixed model did
not converge due to complete separation.

To analyse the differences between the treatment groups in
the change of BCVA after 3 or 12 months, respectively, com-
pared to baseline, we calculated linear mixed models with
BCVA at 3 or 12 months, respectively, as the dependent variable,
the BCVA at baseline, the type of treatment (bevacizumab/rani-
bizumab), sex, age and number of injections as the independent
variables, and patient number as random effect. A similar ana-
lysis was conducted with CRTat 3 or 12 months, respectively, as
the dependent variable.

Descriptive statistics are reported as mean±SD for continuous
variables and as percentages for categorical data.

Statistical analyses were carried out with the statistics pro-
gramme SAS V.9.2. For all analyses, the significance level was set
to 0.05.

The data collection was conducted in compliance with the
tenets of the Declaration of Helsinki.

RESULTS
Three hundred and thirty-four eyes of 283 patients received the
first anti-VEGF injection in the given period and were therefore
selected; 100% completed month 3 and 97% month 12 exam-
ination. The mean age of patients was 76.29±8.9 years; 37.8%
were male, 62.2% female; 74.55% received primary bevacizu-
mab, and 25.45% ranibizumab. There were mean 4.8±2.1
injections administered per eye up to month 12, mean 4.7±2.1
of bevacizumab and mean 5.3±2.0 of ranibizumab, respectively.
Overall 14.37% of the eyes were identified as non-responders,
14.06% in the bevacizumab group and 15.29% in the ranibizu-
mab group. Activity of the lesion was identified in 64.7% of the
eyes at month 3 indicating the need for re-treatment. In 100%
of the eyes presenting with increased CRT there was increased
activity compared to baseline. Distribution of sex, age, different
types of lesion (occult, occult with detachment of the retinal
pigment epithelium, classic, and retinal angiomatous prolifer-
ation (RAP)), and special morphology (haemorrhage, fibrosis,
adherences of the posterior vitreous) in the study eye are pre-
sented in table 1.

Univariate analyses revealed a significant effect of adherences
of the posterior vitreous (p=0.0075) and baseline BCVA
(0.0065) (table 2). The risk of being a non-responder was lower
for patients without adherences of the posterior vitreous and
worse BCVA. Including these two variables in a multivariate
model, the vitreous adherences (OR 0.405, 95% CI 0.190 to
0.862, p=0.020) and baseline BCVA (OR 1.014, 95% CI 1.003
to 1.025, p=0.013) remained significant.

For the dependent variable BCVA at 3 or 12 months, respect-
ively, a significant effect of BCVA at baseline (3 months: estimate
0.84, 95% CI 0.77 to 0.90, p<0.0001; 12 months: 0.83, 95%
CI 0.75 to 0.91, p<0.0001), but no significant effect of treat-
ment (3 months: p=0.75; 12 months: p=0.15), age (3 months:
p=0.30; 12 months: p=0.57), sex (3 months: p=0.69;
12 months: p=0.96) or number of injections (3 months:
p=0.75; 12 months: p=0.26) was observed.

The linear mixed model with CRT at 3 or 12 months, respect-
ively, as dependent variable revealed a significant effect of CRT at
baseline (3 months: estimate 0.58, 95% CI 0.50 to 0.66,

Table 1 Distribution of characteristics of the study eyes

Responder (n=286) Non-responder (n=48)

Age 76.5±8.9 74.7±8.7
Sex male, n (%) 109 (38.1%) 15 (31.3%)
BCVA baseline 48±31 62±30
CRT baseline 342.3±100.7 330.4±88.7
Occult lesion/PED/classic/RAP, n (%) 103 (36.14%)/117 (41.05%)/22 (7.72%)/43 (15.09%) 14 (29.17%)/17 (35.42%)/5 (10.42%)/12 (25%)
Vitreous adherences yes, n (%) 37 (12.94%) 14 (29.17%)
Haemorrhage yes, n (%) 7 (2.45%) 0 (0%)
Fibrosis yes, n (%) 48 (16.78%) 11 (22.92%)
Bevacizumab/ranibizumab, n (%) 214 (74.83%)/72 (25.17%) 35 (72.92%)/13 (27.08%)
Number of injections 4.8±2.1 5.3±2.2
Lesion size 3.5±1.7 (n=283) 3.6±1.4 (n=48)

BCVA, best corrected visual acuity; CRT, central retinal thickness; PED, pigment epithelial detachment; RAP, retinal angiomatous proliferation.
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p<0.0001; 12 months: estimate 0.38, 95% CI 0.28 to 0.47,
p<0.0001), but no significant effect of treatment (3 months:
p=0.16; 12 months: p=0.97), age (3 months, p=0.12;
12 months: p=0.75), sex (3 months: p=0.15; 12 months:
p=0.53) or number of injections (3 months: p=0.19; 12 months:
p=0.99).

Regarding the 51 patients who were treated in both eyes, 65%
were responders in both eyes, 4% non-responders in both eyes,
and in 31% the patients showed a different response in both eyes.

Seventy-seven per cent of the non-responders were identified
by a loss of more than 15 letters and an increase of retinal thick-
ness and/or of lesion size. Twenty-three per cent presented an
increase of retinal thickness and lesion size and a decrease of
distance acuity of less than 15 letters. A delayed but good
response reaching at least the baseline distance acuity values
showed 7.7% of the eyes identified as non-responders at month
6 and 10.8% at month 12. One patient showed an increase of
distance acuity after the detachment of the posterior vitreous. In
16.6% of patients the anti-VEGF treatment was discontinued
after they were identified as non-responders, according to their
wishes; the remaining eyes received further intravitreal injec-
tions. In 29.2% of the non-responders bevacizumab was
replaced by ranibizumab, and only one eye showed an increase
of distance acuity thereafter; 2.1% received additional reduced
fluence photodynamic therapy (PDT), and 2.1% received a com-
bined intravitreal injection of 4 mg triamcinolone acetonide and
bevacizumab. After the PDT the retinal thickness decreased but
the distance acuity did not improve, and the eye receiving add-
itional triamcinolone acetonide remained unchanged; 14.6%
showed a slight recovery of distance acuity of no more than five
letters, and 7.2% of the responders exhibited a vision loss of
more than 15 letters up to month 12.

DISCUSSION
The definition of a sufficient response to treatment differs
according to the person doing the evaluating. The patients
measure the success of a treatment by their ability to perform
their daily tasks such as reading, driving a car, or recognising
faces. In contrast the treating physicians use quite different cri-
teria. We have chosen measurable data of examinations most

frequently performed in the follow-up of anti-VEGF treatment.
The loss of less than three lines of BCVA tested with ETDRS
charts was one of the major outcome measures in prior large
studies to verify stabilisation.1 2 Absence of this increase should
be a valuable indicator of an insufficient response. Furthermore,
this difference is not due to the variability of testing (95% CI of
repeatability was 17 letters).7 Recently, the decrease of retinal
thickness measured with OCT has gained importance for verify-
ing the effect of anti-VEGF treatment.3–5 8 An increase of lesion
size measured during FA is still an important and frequently
available parameter to indicate disease progression. Because of
the variability of all these data we decided that two of these
three parameters had to be present in order to identify a non-
responder. Because the maximum effect of treatment was
expected at month 3, we decided to use the results of the
month 3 examination to evaluate the response.

Overall 14.37% of the eyes were identified as non-responders
at month 3, with comparable values for bevacizumab (14.06%)
and ranibizumab (15.29%). According to the treatment protocol
all non-responders had received three anti-VEGF injections,
exhibiting vision loss and persistent or increased activity. The
incidence of non-responders exceeded the number of eyes
losing more than three lines in the MARINA and ANCHOR
study.1 2 This had to be expected when including cases that
were not selected. Although it seemed to be reasonable to use a
combination of functional and morphologic parameters to
clearly identify an insufficient response, BCVA was shown to be
the most important parameter. Seventy-seven per cent of the
non-responders presented a loss of more than three lines, and
83% an increase of CRT. Twenty-three per cent were identified
by OCT and fluorescein angiography only, but they also had a
loss of distance acuity of less than three lines.

It is not fully understood why some lesions do not show an
effect of anti-VEGF treatment. Although VEGF was identified as
playing a key role in the development of neovascular AMD,9 other
cytokines might play a more prominent role in lesions, revealing
less favourable results.10 Additionally, the complement system and
inflammatory processes contribute to the development of neovas-
cular AMD.11 Recently, genetic factors were identified as playing a
role in the response to ranibizumab treatment.12 However, in bilat-
eral neovascular AMD only 4% were non-responders in both eyes
and 31% showed a different response in both eyes. Therefore, a
local condition different in both eyes has to be suspected to be
responsible for the reduced effect of anti-VEGF. In accordance with
prior publications in the current study, better baseline distance
acuity values were also correlated with the number of non-
responders.13 This was expected, because eyes showing good dis-
tance acuity have a better chance to lose more than three lines than
those with already devastated function. In contrast with the find-
ings of Cohan et al, age and gender did not influence the response
to anti-VEGF.14 Concerning the lesion type, the percentage of non-
responders was higher in classic lesions and those with RAP.
However, the differences failed to be significant. The anti-VEGF
agent did not reveal an influence either on the percentage of non-
responders or the distance acuity or retinal thickness outcome at
months 3 and 12.

The only morphologic parameter that significantly correlated
with the number of non-responders was the presence of vitreo-
macular adhesion surrounded by a shallow detachment of the
posterior vitreous. As was reported in prior studies, vitreo-
macular adhesion is associated with neovascular AMD.15 16 In
studies including patients who had neovascular AMD in one eye
and dry AMD in the fellow eye to exclude genetic and environ-
ment factors, it has been shown that in neovascular AMD these

Table 2 Results of the univariate generalised mixed models with
non-responder (yes/no) as dependent variable

Variable OR (95% CI) p Value

Treatment (bevacizumab vs ranibizumab) 0.906 (0.445 to 1.845) 0.78
Vitreous adherences (no vs yes) 0.361 (0.173 to 0.752) 0.0075
Fibrosis (no vs yes) 0.680 (0.317 to 1.459) 0.32
Haemorrhage* (no vs yes) 2.599 (0.120 to 56.176) 0.54

Sex (male vs female) 0.740 (0.377 to 1.451) 0.37
Side (right vs left) 1.164 (0.620 to 2.187) 0.63
Age 0.978 (0.945 to 1.012) 0.19
Lesion (occult vs RAP) 0.485 (0.201 to 1.174) 0.11
Lesion (PED vs RAP) 0.520 (0.222 to 1.218) 0.13
Lesion (classic vs RAP) 0.818 (0.244 to 2.740) 0.74
BCVA baseline 1.015 (1.005 to 1.027) 0.0065
OCT baseline 0.999 (0.995 to 1.002) 0.44
Number of injections 1.140 (0.981 to 1.325) 0.087
Lesion size 1.043 (0.874 to 1.246) 0.63

*Univariate logistic regression with Firth correction.
BCVA, best corrected visual acuity; OCT, optical coherence tomography; PED, pigment
epithelial detachment; RAP, retinal angiomatous proliferation.
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adhesions are significantly more frequent.17 Ultrasound findings
were not available in the current study; therefore completely
detached or attached posterior vitreous could not be identified.
The favourable effect of vitrectomy or spontaneous posterior
vitreous detachment on the activity of the lesion provided
further evidence of the impact of vitreo-macular adhesions on
the effect of treatment.18 19 16

In most of the non-responders at month 3 the anti-VEGF
therapy was continued. The incidence of delayed but good
response up to month 12 to anti-VEGF treatment was 10.4%.
This low incidence of delayed response verifies the evaluation of
non-responders at month 3. A change of the anti-VEGF agent
from bevacizumab to ranibizumab did not usually improve the
results. In contrast to our non-responder cases, in eyes exhibiting
tachyphylaxis a change of the anti-VEGF agent was successful in
84%.20 21 Additional PDT immediately reduced intraretinal
fluid, but distance acuity was not improved. The combination of
anti-VEGF and triamcinolone acetonide was not successful in our
study.22 23 However, only single cases received combination
therapy. Furthermore, the effect of vitrectomy or pharmacologic
vitreolysis, especially in non-responders with vitreo-macular
adhesions, has not yet been sufficiently examined.24 25

The most important limiting factor of the study is its retro-
spective nature, although a large number of eyes/patients were
included. Different examiners decided which substance was
used and when re-treatment was necessary. However, this fact
did not influence the incidence of non-responders, because due
to the re-treatment criteria all of the non-responders had
received the maximum number of injections up to month
3. However, these facts and extension of the interval between
the scheduled visits after the inactivity was determined could
have influenced the effect of the therapy. Therefore we did not
present the treatment outcome data for either ranibizumab or
bevacizumab or a comparison between both substances.

In summary, about 14% of the eyes receiving ranibizumab or
bevacizumab intravitreal injections were non-responders. Loss of
distance acuity and increase of retinal thickness and lesion size
at month 3 are appropriate to identify non-responders. Besides
baseline distance acuity, the presence of vitreo-retinal adhesion
was the only parameter significantly correlated with non-
responders. Alternative therapies have to be developed for the
treatment of cases who do not respond sufficiently.
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