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ABSTRACT

Despite significant progress in retaining vision
for neovascular age-related macular degenera-
tion patients in the era of treatment with
intravitreal anti-VEGF agents, there is no uni-
versally accepted treatment regimen that
defines the frequency of treatment needed to
achieve the optimal visual outcomes while
simultaneously balancing the burden of long-
term, frequent and high-cost treatment. Treat
and extend has recently and consistently been
used by retina specialists to minimise the
financial and psychological costs of the need for
frequent treatment with anti-VEGF injections.
This is a systematic review that presents evi-
dence from clinical trials and the real world on
the utilisation of treat and extend with anti-
VEGF intravitreal injections in neovascular
age-related macular degeneration, and discusses
the experience gained thus far from the utilisa-
tion of such regimens to preserve vision when
treating patients over the long-term.

Keywords: Age-related macular degeneration;
Anti-vascular endothelial growth factor
intravitreal injections; Systematic review

INTRODUCTION

Seeking ways to minimise the frequency of
treatment for neovascular age-related macular
degeneration (nAMD) patients on anti-vascular
endothelial growth factor (VEGF) intravitreal
injections essentially means addressing the
need to individualise treatment without com-
promising visual outcomes.

The PIER, EXCITE and SUSTAIN studies were
the first randomised controlled trials (RCTs)
where less-frequent treatment was attempted
with ranibizumab [1–3]. The first two failed to
achieve equal vision outcomes with quarterly
injections compared to monthly injections, and
the latter was only successful in the PRN (pro re
nata or ‘as needed’) phase. In fact, even before
phase III trials verified the optimal outcomes of
treatment with ranibizumab, there was an
attempt to achieve similar outcomes with
as-needed injections: the amended open-label
extension of phase I/II studies with ranibizumab
and a long-term follow-up [4, 5].

The above led to the design of the prospec-
tive ProNTO (Prospective Optical Coherence
Tomography Imaging of Patients With Neovas-
cular AMD Treated With Intraocular
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Ranibizumab) study, in which 1- and 2-year
visual acuity (VA) outcomes were achieved with
fewer injections [6, 7], but there were signifi-
cantly fewer patients compared to ANCHOR
and MARINA [8, 9], there was no control group,
and monthly visits were a requirement.

Reports from three studies with more than
2000 participants (CATT, HARBOR, IVAN)
[10–12] were included in a meta-analysis per-
formed by Schmucker et al. [13] which found
that the patients on PRN treatment had slightly
but statistically significantly worse BCVA and
an increased risk of systemic adverse events
compared to those given monthly injections.
On the other hand, as Spaide justifiably noted:
‘returning every month for injection and fol-
low-up, is a cost, but also is an emotional and
psychological burden for the patient, family,
and even the doctor’ [14].

The aim of this article is to offer a systematic
review of publications related to studies of the
effectiveness and safety of the treat and extend
regimen of anti-VEGF intravitreal treatment in
nAMD.

TREAT AND EXTEND TREATMENT
PROTOCOLS USING DIFFERENT
ANTI-VEGF AGENTS

Three types of anti-VEGF medications are cur-
rently used to treat nAMD: bevacizumab, rani-
bizumab and (more recently) aflibercept. As
opposed to off-label bevacizumab, which is a
VEGF-specific full-length antibody, ranibizu-
mab is a VEGF-specific antibody fragment and
aflibercept is a fusion protein that—aside from
binding all VEGF-A isoforms—binds VEGF-B
and placental growth factor (PIGF). The higher
binding affinity of aflibercept may account for
its longer duration of action and therefore the
need for less-frequent treatment [15]. The
VIEW1 and VIEW2 [Intravitreal Aflibercept
(VEGF Trap-Eye) in Wet Age-Related Macular
Degeneration] trials proved the safety and effi-
cacy of bimonthly intravitreal injections of
aflibercept to treat nAMD, and the less-fre-
quently injected aflibercept showed similar
functional outcomes to monthly ranibizumab
injections [15].

SEARCH STRATEGY/METHODS

We searched PubMed and the Cochrane Data-
base of Systematic Reviews from inception to
February 2017 for clinical trials, prospective and
retrospective studies, systematic reviews and
meta-analyses linked to the treat and extend
treatment regimen with anti-VEGF agents in
neovascular age-related macular degeneration.
We manually searched the references of the
retrieved articles as well. Our aim was to at least
include those with the largest numbers of par-
ticipants and the longest follow-up periods.
Unpublished data and relevant articles accord-
ing to expert consensus were not included. Our
search was limited to full text articles available
in English.

Compliance with Ethics Guidelines

The work described here was based on previ-
ously conducted studies and does not involve
any new studies of human or animal subjects
performed by any of the authors.

PROSPECTIVE STUDIES/CLINICAL
TRIALS

Toalster et al. conducted a 12-month, open-
label, nonrandomised, multicentre prospective
trial using ranibizumab to access an inject and
extend regimen using the same entry exclusion
criteria as in the PrONTO trial [16]. Intervals
between appointments were extended by
2 weeks when no activity was present and were
shortened when the disease was active. Activity
was defined exactly as in the PrONTO study: (1)
visual acuity loss of at least five letters with OCT
evidence of fluid in the macula, (2) an increase
in OCT central retinal thickness of at least
100 lm, (3) new macular haemorrhage, (4) a
new area of classic CNV, or (5) evidence of
persistent fluid on OCT at least 1 month after
the previous injection [6]. If one or more of the
above were met, the disease was considered
active and treatment was administered. VA was
improved by 1.3 lines compared with baseline
at 12 months, which was comparable to the
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PrONTO study results: a 9.3-letter improvement
at 12 months. The average number of injections
given by 12 months was 8, and most of the
patients had the minimum number of 7 injec-
tions, although this was still higher than the 5.6
injections that were required in the PrONTO
study.

Abedi et al. published data from a prospec-
tive, single-arm study that used a treat and
extend regimen with ranibizumab or beva-
cizumab applied in nAMD patients over a 24-
month period [17]. Treatment included 0.5 mg
of ranibizumab or 1.25 mg of bevacizumab.
After the loading dose of 3 monthly injections,
treatment and visit intervals were based on
disease activity, i.e. visual acuity of [5 letters
from the previous monthly visit, persistent or
new haemorrhage on dilated fundus examina-
tion, or subretinal or intraretinal fluid on OCT.
In the case of active CNV, follow-up visits and
anti-VEGF treatments continued every 4 weeks.
In the case of no CNV activity, an injection was
administered, and the interval to the next visit
was extended by 2 weeks up to a maximum of
12 weeks. In the case of reactivation, the inter-
val was shortened by 2 weeks. In a total of 120
patients, 95% of 101 patients who completed
24 months of follow-up lost fewer than 15 let-
ters and almost 30% gained more than 15 let-
ters, which the authors found to be comparable
to those of the ANCHOR and MARINA studies.
Better baseline vision also meant an increased
likelihood of visual loss, and this was the only
variable significantly associated with VA
change. On the contrary, patients who started
off with a low baseline VA were more likely to
improve with treatment. On average, only 8.6
and 5.7 injections in the first and second years,
compared with 13 and 12 injections for the
MARINA patients, were required to achieve a
similar VA outcome.

The Lucentis (ranibizumab) Compared to
Avastin (bevacizumab) Study (LUCAS) was the
first randomised multicentre trial to use a treat
and extend protocol [18]. 441 Patients with
nAMD at 10 ophthalmological centres in Nor-
way were randomised to receive intravitreal
injections of ranibizumab 0.5 mg or beva-
cizumab 1.25 mg in a 1:1 ratio. Patients were
examined and injected every 4 weeks until no

signs of active AMD were found. Activity was
based on imaging and dilated biomicroscopy.
Any fluid on OCT, leakage on FFA or increased
lesion size on FFA was defined as active disease.
In the case of inactive CNV, a new injection was
given and the period to the next treatment was
extended by 2 weeks at a time up to a maximum
of 12 weeks. In the case of reactivation, the
interval was shortened by 2 weeks at a time
until the disease was considered to be inactive.
The maximum final interval was 2 weeks less
than the period when the previous recurrence
was observed. At 1 year, bevacizumab and rani-
bizumab were equivalent when using a treat
and extend protocol, and BCVA increased sig-
nificantly in both groups: the proportion of
patients who gained more than 15 letters was
similar in both groups. However, among the
secondary outcomes, the investigators found a
significant difference in interval length between
the two drugs: patients on treatment with
bevacizumab were more likely to require injec-
tions every 4 weeks whereas patients treated
with ranibizumab were more likely to be treated
every 12 weeks. Additionally, at the end of the
1-year follow-up, it was more likely for patients
treated with bevacizumab to have fluid on OCT
imaging. The overall improvement in VA was
found to be comparable with the CATT study
results at 1 year for both types of anti-VEGF
with less-frequent treatment.

In contrast to prior uncontrolled analyses of
treat and extend regimens, the Treat-and-Ex-
tend Protocol in Patients with Wet Age-Related
Macular Degeneration (TREX-AMD) [19] was a
direct prospective comparison of monthly and
treat and extend dosing. This was a phase IIIb,
multicentre, randomised, controlled clinical
trial where 60 treatment-naı̈ve nAMD patients
were randomised 1:2 to the monthly or TREX
cohort at enrolment. All patients received a
loading dose of three four-weekly ranibizumab
injections and were then treated, according to
randomisation, with either monthly ranibizu-
mab or TREX ranibizumab. In the TREX cohort,
intervals varied from 4 to 12 weeks. There were
one- and two-week increments in the interval
between visits (and treatments) depending on
the resolution of intraretinal or subretinal fluid
on SD OCT and on the resolution of subretinal
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or intraretinal haemorrhage. Three episodes of
recurrent disease activity at a given interval
meant that treatment was continued at the next
shortest interval for three consecutive visits,
and then the TREX protocol was re-initiated.
One-year post hoc analysis of TREX-AMD indi-
cated a difference in means between cohorts of
1.3 ETDRS letters and standard deviations of 6.1
and 10.9 ETDRS letters for the monthly and
TREX cohorts, respectively. Mean BCVA gains
were similar between cohorts: at month 12,
15% and 25% had gained 15 ETDRS letters or
more in the monthly and TREX cohorts,
respectively. No patient in the monthly cohort
lost more than 5 ETDRS letters, and 8% in the
TREX cohort lost 10 letters (3% lost 37 letters
because of progressive macular atrophy). At
month 12, the mean number of treatments
administered was 13.0 and 10.1 for the monthly
and TREX cohorts, respectively (p\0.0001).
Mean VA gains in the monthly and TREX
cohorts at month 12 were consistent with gains
in the ANCHOR, MARINA, VIEW1 and VIEW2
trials as well as with outcomes in the study by
Abedi et al. described above. The two-year out-
comes of the study were recently published, and
findings were similar for the monthly and the
T&E cohorts regarding VA gains [20]. Apart
from the presence of a control group which
consisted of patients treated monthly, this
study had another obvious strength: the con-
sideration of a longitudinally dynamic maxi-
mum extension of intervals between
treatments. The investigators tried to find out
whether the previous maximum interval could
be further lengthened instead of using the static
two-week interval used in all previous studies.
As the authors commented, interval duration
may be related to the wide range of individual
VEGF suppression times and subsequently to an
individual’s maximum tolerated dosing inter-
val. In addition, they noted that both experi-
mental and clinical data showed that the need
for anti-VEGF retreatment was reproducible for
one individual [21, 22]. In the Long-term Fol-
low-Up of Intravitreal Aflibercept Injection (IAI)
for Neovascular Age-Related Macular Degener-
ation (nAMD) in an Open-Label Extension of
the VIEW1 Study, in which 323 patients were
enrolled, the mean range of injections between

weeks 96 and 192 was 9.6. The proportions of
patients who gained C0 and C15 letters from
the VIEW1 baseline were 83% and 37%,
respectively, at week 96, and 72% and 30%,
respectively, at week 192. The most common
serious ocular adverse events were retinal
haemorrhage (0.6%) and reduced visual acuity
(0.6%). Visual benefits achieved with anti-VEGF
therapy during 2 years of VIEW1 were main-
tained by continued treatment with aflibercept
over a period of two years in the extension
study [23]. De Croos et al. presented the out-
comes of the Aflibercept Treat and Extend
Therapy for Neovascular Age-Related Macular
Degeneration (ATLAS) study [24].
Forty eyes of 40 treatment-naı̈ve partici-
pants with nAMD entered this multicen-
tre, prospective, open-label study. Patients were
treated every 4 weeks until no signs of macu-
lar exudation were present, based on clinical
examination and OCT. The treatment exten-
sion interval was 2 weeks up to a maximum of
16 weeks. A median BCVA improvement of 11
letters (p\0.001) was recorded during the first
year with an average of 8 injections. A BCVA
improvement of 11 letters was sustained during
the second year (p\0.001) with an average of
5.9 injections. A 12-week interval was achieved
in 35% of the patients during the first year and
in 41% of the patients during the second year.
In a prospective database observational trial
conducted in Australia, Essex et al. analysed
longitudinal data obtained from routine clinical
practices in order to describe clinical outcomes
during the maintenance phase of treat and
extend management of nAMD [25]. They
defined the maintenance phase as ‘the period
after the first clinician-reported grading of
inactivity’. All clinicians agreed to declare
lesions as active if there were features such as
sub- or intraretinal fluid or new haemorrhage
based on fundoscopy, optical coherence
tomography and (less frequently) fluorescein
angiography. Only practices that exclusively
used a treat and extend protocol were eligible
for inclusion in the study. There was also a
requirement for at least 12 months of follow-up
from the first grading of inactivity. The number
of injections required to inactivate the lesion
was recorded prior to study entry. They
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classified VA change at each visit as a loss of[0
letters or 15 letters from the previous visit. 2096
eyes were included in the analysis. The mean
follow-up after a lesion was first found to be
inactive was approximately 40 months. 50%
reactivated within the first year of the mainte-
nance phase and 36% reactivated more than
once. The most common reactivation interval
was 8 weeks and the risk of reactivation at each
visit rose with increasing interval; substantially
so beyond 12 weeks. There was double the risk
of VA loss as the treatment interval increased,
especially beyond 16 weeks. As in the LUCAS
study, investigators noted that in this study
there was no consistent association between the
first failing treatment interval and future VA.
Therefore, shortening the treatment interval
was not associated with poorer VA. One of the
main conclusions of this study was that there
was still some improvement in visual acuity, at
least during the first few months of what was
considered to be the maintenance phase. One of
the pitfalls of this study, as in most real-world
data studies, was that a large proportion of the
patients were lost to follow-up (30% were lost at
24 months and 55% at 36 months), which
should be taken into account when interpreting
the results. The authors finally suggested there
was general agreement on the best manage-
ment—monthly injections until inactivation—
and that further management was subject to
‘innumerable subtle variations in the approach
that clinicians use’. The above studies retrieved
from the literature as described in our search
strategy are summarised in Table 1, as are some
of their important findings.

RETROSPECTIVE/REAL-WORLD
STUDIES

Arnold et al. analysed anonymised data from
the Fight Retinal Blindness (FRB) registry, which
were captured during routine clinical practice
[26]. 1198 Treatment-naı̈ve nAMD eyes inclu-
ded in this observational study had been treated
with intravitreal injections by 19 ophthalmol-
ogists throughout Australia and New Zealand
using a T&E protocol, and had a follow-up of at
least 24 months. All three drugs (bevacizumab,

ranibizumab and aflibercept) were used either as
monotherapy or as a combination of at least
two anti-VEGF agents, apart from aflibercept,
which was never used as monotherapy in the
eyes included in this study. Ranibizumab was
the predominant drug during the studied per-
iod. There was a mean of 7.5 injections per eye
in the first year and 5.5 in the second, giving a
mean of 13.0 injections per eye over 24 months.
The mean number of visits was only slightly
greater than the number of injections: 7.9 in the
first year and 6.7 in the second year.

To account for an effect of patients lost to
follow-up on outcomes, the investigators com-
pared the change in mean VA in the study
cohort with that for eyes that had\24 months
of follow-up but otherwise met the study
inclusion criteria. They found that mean initial
VA of the 1198 eyes that completed the 24-
month follow-up was significantly better than
that of the eyes with\24 months of follow-up
(p = 0.001), while there was no difference
between the lesion types for eyes with
24 months of follow-up and those with shorter
follow-up periods. The interval between treat-
ments was classified as 4, 5–6, 7–8, 9–15, or
16 weeks. Eyes were not treated at every visit in
this study, as might be expected in a strict T&E
protocol. Vision of 20/40 was achieved by 27%
at baseline, increasing to 45% at 2 years post
treatment initiation. Moderate (15-letter) loss of
vision was avoided by 90% in this study. The
investigators commented on the 35% of eyes
that were lost to follow-up, had a worse baseline
VA, and were not included in the main analysis:
they suggested that, with experience, practi-
tioners learned to distinguish between eyes for
which treatment was worth pursuing and eyes
for which further treatment was futile based on
the initial response. They also noted that the
majority of patients were lost to follow-up in
the second year and not earlier. The mean VA
improvement for those eyes was similar to that
for the group that continued for 2 years. The
authors of the relevant paper concluded that—
unlike in clinical trials—their patient study
group was unselected, and that real-world data
demonstrated that a T&E regimen can produce
good results with fewer visits than other
regimens.
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Mrejen et al. published the outcomes of a
retrospective study of a consecutive series of 374
treatment-naı̈ve patients with nAMD in one or
both eyes who were treated with an anti-VEGF
treat and extend regimen with a maximum fol-
low-up of 72 months [27]. Among other
parameters, they recorded the type of anti-VEGF
agent and the retention rate, which refers to the
proportion of patients who were not lost to fol-
low-up or who switched to another treatment
strategy before final data collection. They clas-
sified neovascular lesions according to fluores-
cein findings, but they also used the anatomical
classification based on FA and OCT: type 1,
sub-RPE; type 2, subretinal; type 3, intraretinal;
type 4, mixed lesions. Eyes with polypoidal
choroidal vasculopathy (PCV) were considered
to be a form of type 1 CNV. Cases with multiple
lesion types were identified as mixed CNV, and
each component was recorded. Readers graded
the location and overall size of each lesion.

Among these 374 patients, 185 patients (210
eyes) met the eligibility criteria. The mean fol-
low-up was 42 months and the retention rate for
the entire cohort was 63% over the 6-year time
period. The retention rate was 100% at 1 year,
83% at 2 years, 61% at 3 years, 42% at 4 years,
26% at 5 years and 13% at 6 years. They found
that visual benefits obtained at 6 months were
largely maintained long-term at 3, 4 and 6 years.
At 5 years, they observed that there was a decline
inmean VA such that it approached the baseline
VA, which appeared to be inconsistent with the
rest of the curve. They also noted one isolated
point at 6 years that showed a mean visual gain
of 0.1626, which was again inconsistent with
the rest of the curve. The authors explained
these inconsistencies by invoking the small
number of patients with a long-term follow-up
and the biased retention of patients with better
VA outcomes. Baseline and 6-month VA were
positively correlated with VA at all time points.
Number of injections and anatomic classifica-
tion were consistently and independently cor-
related with visual acuity at all time points. Eyes
with type 1 CNV started with a better baseline
VA, followed by types 3, 2 and 4 (mixed) CNV,
and this sequence remained true at 1, 2, 3 and
4 years. The visual results by neovascular lesion
type at 5 and 6 years were not detailed due to the

small number of patients in each subgroup.
Subfoveal neovascular lesions were more likely
to show visual improvement than extrafoveal
lesions. On average, patients in this study
received injections every 6.3 weeks (8.3 injec-
tions per year). The number of intravitreal
anti-VEGF injections was positively correlated
with visual outcome. Changes in the treatments
available during the long-term follow-up period
account for one of the limitations of this study.
The authors of the relevant paper commented
that choice of drug may not have been inde-
pendent of baseline characteristics and may
have contributed to the final visual outcome.
However, there were no sound statistically sig-
nificant conclusions regarding the type of
anti-VEGF. Overall, they suggested that the
anatomic classification of neovascular lesions
based on multimodal imaging AMD was the
most clinically meaningful and useful for guid-
ing individualised therapeutic dosing strategies
including T&E.

A total of 212 eyes from 189 consecutive
patients with treatment-naı̈ve nAMD were ret-
rospectively included in a study by Rayess et al.
that evaluated the outcome of treat and extend
anti-VEGF for up to 3 years of follow-up [28].
Patients were treated with monthly (4–5 weeks)
intravitreal injections of either bevacizumab or
ranibizumab until no signs of CNV activity were
detected on slit-lamp biomicroscopy and spec-
tral domain OCT. Beyond this point, patient
visits and treatments were extended by 2 weeks
or were shortened by 2 weeks if signs of CNV
activity reappeared. The mean follow-up period
was 1.88 years. The minimum follow-up for all
eyes included was 1 year, with 57% and 28% of
eyes completing 2 and 3 years of follow-up,
respectively. At 1 year of follow-up, 95% of
patients had lost\3 BCVA lines, whereas 96%
and 92% of patients lost\3 BCVA lines at 2 and
3 years of follow-up, respectively. 36%, 31% and
36% gained[3 BCVA lines following 1, 2 and
3 years of treatment, respectively. At year 1,
52% of patients had persistent CNV activity
based on spectral-domain OCT findings. Fol-
lowing 2 and 3 years of treatment, 52% and
53% of patients (respectively) were CNV active.
In this study, on average, patients received 7.6
injections in the first year, 5.7 injections in the
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second year, and 5.8 injections in the third year.
It was shown that, overall, a significant gain in
visual acuity was achieved with fewer visits and
injections. Among the weaknesses of this study
was the large difference between the number of
patients who completed 1 year of follow-up and
the number of patients who completed 2 or
3 years of follow-up.

A recent electronic case review of consecu-
tive treatment-naive nAMD patients treated
with aflibercept over 2 years using a treat and
extend approach in year 2 with a maximum
treatment-interval extension of 3 months was
conducted by Eleftheriadou et al. in the UK [29].
This was the first real-world study to evaluate
long-term VA- and OCT-based retinal mor-
phology outcomes of this anti-VEGF agent for
treating nAMD in a clinical setting in treat-
ment-naı̈ve eyes. Although there was variability
in the treatment pattern due to the involve-
ment of a large number of clinicians, there was a
secondary analysis of outcomes for the sub-
group of eyes that had received treatment as per
the VIEW trial treatment paradigm for year 1
followed by a treat and extend approach to
treatment in year 2, in which there were no VA
or type of CNV related exclusion criteria. 94
eyes were included in the 2-year follow-up
outcome analysis; almost 10% had lost 15
ETDRS letters by the end of the follow-up period
and 22% had gained 15 letters or more. The
investigators attributed the visual loss of 15
letters or more to the presence of foveal atro-
phy, subretinal fibrosis or retinal pigment
epithelial tears. There was a subgroup analysis
of visual acuity change at 1 and 2 years, with a
mean gain of VA 7.3 letters (p\0.001) at 1 year
and 7.1 letters from baseline at 2 years
(p\0.001). The mean number of Eylea injec-
tions during 2 years was 13.5. They also found
no significant differences when they compared
functional and anatomical outcomes of eyes
with residual fluid to those of eyes with no fluid
at the end of the first year and the end of the
second year of follow-up. Overall, they found
their results to be comparable to those for the
VIEW trial, and they concluded that imple-
menting aflibercept treatment with fixed dosing
in year 1 followed by a treat and extend treat-
ment paradigm as standard care in clinical

practice results in excellent visual acuity and
retinal morphologic outcomes over 2 years.

Barthelmes et al. recently reported the 24-
month outcomes of a real-world retrospective
study of patients receiving aflibercept as the
only anti-VEGF treatment in a T&E regimen for
212 treatment-naive eyes with nAMD, of which
136 eyes completed the 24-month follow-up, 60
eyes did not complete the 24-month follow-up,
and 16 eyes switched to ranibizumab prior to
the completion of the 24 months [30]. The
proportion of eyes with good vision (C20/40)
was higher among the completers, and there
was no difference in the size or the type of the
CNV lesion between the completer and the
noncompleter groups. A mean of 7.8 injections
were received in the first year, which dropped to
5.7 injections in the second year for completers.
98% of the eyes which initially had a visual
acuity of 70 ETDRS letters maintained this
acuity 24 months after initiating treatment, and
a loss of 15 letters was avoided by 93% of the
eyes that completed follow-up. An interesting
finding was that eyes for which treatment had
been switched had a higher baseline visual
acuity and a higher proportion with good
vision. The mean visual acuity change for eyes
lost to follow-up was ?3.9 letters, which did not
differ between completers and noncompleters.
As the authors suggested, dropping out did not
seem to be due to poor visual outcomes. They
commented on differences in treatment interval
between aflibercept and ranibizumab, especially
during the second year of treatment, in which
intervals appeared to be longer when treating
with aflibercept in their study as opposed to
previous studies where ranibizumab was pre-
dominantly used for treatment. However, such
comparisons may not be valid due to the dif-
ferent time periods that drove patients to cer-
tain anti-VEGF choices, but also because direct
comparison between the two anti-VEGF agents
has not been attempted.

SMALLER SCALE REAL-WORLD
STUDIES

Smaller scale retrospective studies in terms of
number of participants and/or length of
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follow-up have been also published. Investiga-
tors have analysed the clinical and economic
impacts of treat and extend regimens with
anti-VEGF in nAMD and concluded that sig-
nificant visual acuity gains could be achieved
using this regime, along with fewer visits and
treatments and a significantly lower annual
medical cost, without incurring alarming ocular
or systemic adverse events [31–33]. Some of
them have also addressed the impacts of dif-
ferent lesion types on the outcome of the T&E
regime and the impacts of specific anti-VEGF
agents [33–35].

In most of the above studies there was no
control group (i.e. there were no head to head
comparisons between different treatment regi-
mens or between all of the different types of
anti-VEGF agents), and the length of follow-up
is relatively short. The reasons for the loss of
patients to follow-up were not always thor-
oughly investigated, and the withdrawal of
nonresponders from treatment may have con-
tributed to outcomes that are biased towards
study groups who respond well to treatment,
especially in studies with long follow-up peri-
ods. On the other hand, aflibercept, the anti-
VEGF agent with perhaps the longest duration
of action, was not the anti-VEGF used by
physicians in most of the studies, as it became
available later. Long-term outcomes of a T&E
regimen using this agent are only now begin-
ning to get published.

The above studies retrieved from the litera-
ture as described in our search strategy and
some of their important findings are sum-
marised in Table 2.

FUTURE CONSIDERATIONS

There is no standard regimen regarding the
frequency of anti-VEGF injections for nAMD
after the loading dose of three injections.
However, there is a well-documented need to
address the risk of visual loss because of
undertreatment as well as the need to reduce
costs and the psychological/emotional burden
on patients and their families. The outcomes of
all the studies discussed in this article—in terms
of the benefits of treat and extend regimens—

are encouraging, as it seems that the number of
injections and visits can be reduced without
negatively affecting visual function. In addition
to designing future prospective RCT trials to
adequately evaluate the effectiveness and safety
of T&E regimens in nAMD, we need to keep up
to date with the outcomes of large real-world
series and current prospective trials such as the
VITAL study (Individualizing Therapy for Neo-
vascular Age-Related Macular Degeneration
with Aflibercept), a 24-month phase IV study
evaluating the outcomes of aflibercept therapy
using a capped treat and extend approach in
year 2 in eyes with active nAMD (Clinical Trials
gov. identifier NCT02441816).

There are questions that remain answered, in
addition to issues arising from the inherent
limitations of addressing just one aspect of a
complex disease (namely neovascularisation) in
which vision loss may arise due to the interplay
of a range of pathogenic factors. For example,
when is the right time to shorten intervals in
the context of a treat and extend treatment
plan? According to most of the studies discussed
above, the most common reason has been the
accumulation of new fluid or persistent fluid on
SD-OCT imaging that detects fluid accumula-
tion prior to the appearance of a new haemor-
rhage or a new CNV [16]. With the advent of
OCT angiography, the detection of vessel char-
acteristics of treated CNV based on the ability to
image blood flowmay add to our understanding
of the development and progress of neovascular
lesions treated with anti-VEGF. It may addi-
tionally elucidate the alterations in the mor-
phology of the remaining vascular bed that
Spaide noted when he described the signs of
vascular abnormalisation with antiangiogenic
therapy for CNV [36].

None of the studies described above
demonstrated a concerning increase in the fre-
quency of serious systemic adverse events (SAEs)
when using any anti-VEGF agent in the context
of a treat and extend regimen. However, as R.
Avery noted, because of the inclusion of the
outcomes of the LUCAS trial (as extracted from
a presentation in which it appeared that serious
cardiovascular effects were more frequent with
ranibizumab than with bevacizumab) in a
Cochrane meta-analysis, the previous belief that
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bevacizumab poses a significant risk of systemic
SAEs changed to a belief that the risk posed by
bevacizumab is nonsignificant [37]. However,
following the full publication of the LUCAS
outcomes, the risk shifted again from non-
significant to significant with bevacizumab. The
author of the correspondence suggested that
small numerical differences may easily alter the
significance of events. We therefore suggest
caution when interpreting the results using
statistics rather than by proving differences that
are relevant to different drug pharmacokinetic
profiles and when making serious assumptions
about the safety of anti-VEGF agents used in any
treatment regimen, including T&E.

Finally, as per recent articles on the risk of
‘geographic atrophy’ and its possible association
with anti-VEGF treatment [38, 39], T&Emay also
alleviate concerns about VA loss due to macular
atrophy arising from anti-VEGF overtreatment
compared with monthly injections. However,
given that PRN regimens may reduce the risk of
incident geographic atrophy compared to T&E
due to the lower number of injections involved,
the benefits of T&E should be carefully weighed
against possible adverse outcomes.
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