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BACKGROUND: The primary aim was to investigate outcome of the decision making on duration of injection intervals between
injection visits over the first 2 years of a treat and extend regimen.
METHOD: Consecutive patients receiving Aflibercept for treatment naïve neovascular age-related macular degeneration between
01.01.2016 and 15.07.2017 were identified from our departmental register. Retrospective data collected on all visits over 24 months
were classified into three groups: (A) Without Interval Decision Events (IDE)” Injection only” (B) IDE resulting in injection intervals of
<5 weeks and (C) IDE resulting in intervals of >5 weeks. The primary outcome was number of successful IDE relative to the total
visits in Group C. Successful decision making was defined as absence of worsening of visual acuity (>5 L) or central retinal thickness
(>50 microns) at the subsequent visit. Secondary visual and anatomical outcomes at 24 months were also evaluated.
RESULTS: Data from 56 eyes of 50 patients were included in the study. Visual acuity improved by +7.11 L at 24 months. Forty
one patients with unilateral therapy made 721 visits: 280 visits (38.8%) were group A; 164 visits (22.8%) were group B and
277 visits (38.4%) were group C. Average interval in Group C was 8.9 weeks (range 5–15). The success rate of extension was 95.31%
(264/277 visits).
CONCLUSION: These metrics for evaluating the decision making aspect of disease activity monitoring may be useful for monitoring
performance and have given us a more realistic view and expectations of what can be achieved using this regime to optimise the
timing of injections.
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INTRODUCTION
Intravitreal injection of anti-vascular endothelial growth factor
(VEGF) agents is the therapy of choice for patients with
neovascular age related macular degeneration (nAMD) [1–3]. In
recent years, repeated intravitreal injections administered on a
‘treat and extend’ (TREX) regimen have gained more popularity
[4–7]. Unlike the pro-re-nata approach, the TREX regimen involves
administering injections at every visit but the interval until the
next injection is extended or reduced depending on disease
activity [8, 9]. This ‘titration’ of injection frequency therefore has
the effect of optimising the dosing frequency so that patients who
are more stable can have fewer injections over time [10, 11].
Disease activity monitoring is usually performed on the same

day as the injection visit based on a combination of factors
including visual acuity, biomicroscopy findings and OCT scan
findings. Even within the definition of TREX there is variation in the
way it is administered and the strictness with which treatment
decisions are made. Some clinicians advocate a return to 4 weekly
intervals after failing to achieve extension a certain number of
times [12]. Others suggest a reduction in treatment interval when
an extension has failed [13, 14]. Previous studies have focussed on
conventional outcome measures such as visual acuity gain or

number of injections given and reported some excellent results
both in clinical trial and real-world settings [15, 16] but the
variable and subjective nature of decision making on disease
activity especially in a large department can potentially lead to
suboptimal therapy and outcomes.
The purpose of this study was to evaluate, in a representative

cohort of patients, the proportion of their visits where a decision
was made on the interval until the next injection and how
frequently there was a worsening of disease activity whenever the
interval decision event (IDE) resulted in an interval of more than
5 weeks. These two aspects of the TREX regimen are probably the
most relevant to patients as they determine how likely they are to
enjoy injection free intervals of more than 5 weeks and how likely
these longer intervals will result in recurrence of disease activity.
They may also be useful tools for providing a standard approach
for comparing performance, for instance, before and after an
implemented systematic change in the disease activity definition
or protocol for retreatment. These metrics may also provide an
additional insight into the burden of implementing a treat and
extend regimen and provide novel benchmarks on the perfor-
mance of a departmental team in making decisions about
treatment intervals.
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METHOD
Consecutive patients who were commenced on aflibercept on a treat and
extend regimen between 1st January 2016 and 15th July 2017 for treatment
naïve nAMD in one or both eyes were identified from our hospital
electronic database. This study entry period was selected because, by that
time, there was a well-established, senior nurse and optometrist-led,
decision making process for patients undergoing intravitreal therapy for
nAMD using the treat and extend (TREX) regimen in our hospital
department. The time scale also provided sufficient sample size of patients
who would have completed at least 24 months of follow up. In our
departmental nAMD service, disease activity assessment and decision
making on the interval between injections would have been made by
allied health professional staff. An IDE would normally involve considera-
tion of several factors including habitual visual acuity on ETDRS chart (VA),
lesion appearance of OCT scan and other factors such as fellow eye status
or patients’ social circumstances. Case notes were reviewed on our hospital
portal system and those patients who did not meet the inclusion criteria
were excluded and the reasons logged. Data on VA, central retinal
thickness (CRT), and presence of any co-existing sight affecting pathology
at every visit were collected from hospital records on all remaining eligible
patients between July 2019 and November 2019. The proportion of visits
that resulted in an injection event was also used to evaluate how strictly
the TREX regimen was adhered to. The departmental policy would have
been to administer injections every month until dryness or stability was
achieved on OCT scan. At any visit after the loading phase, a decision
should have been made on whether to extend the interval by increments
of 2 weeks at a time if there was stable or no disease activity in accordance
with the drug label. Any visit with a decision of persistent or recurrence
activity would have triggered a reduction in interval of 4 or 5 weeks. Any
visit with a decision of stability would have triggered an extended interval
of more than 4 or 5 weeks. Our main interest was to evaluate the success
of decision making which involved those extended intervals longer than
5 weeks. To do this, visits were classified into: (A) without an IDE (injection
only); (B) with an IDE resulting in an interval of <5 weeks and (C), with an
IDE resulting in an interval of ≥5 weeks.
The primary analysis was on visits and the secondary analysis was on

clinical outcomes. Firstly, the proportion of visits that had an IDE resulting
in an interval of >5weeks (Group C) was calculated. Then, the success rate
of decision making at these visits was evaluated by looking at VA and CRT
parameters at the subsequent visit. An unsuccessful decision was defined
as a worsening of VA by >5 letters, or a worsening of CRT by >50 microns
at the subsequent visit. Analysis was performed based on each of these
criteria separately and then with the VA and CRT criteria combined in case
VA reduction occurred due to other conditions such as cataract or macular
atrophy. For this primary outcome analysis to evaluate the success of
decision making when intervals were longer than 5 weeks, we only used
patients who had unilateral injections to avoid the confounding effect of
the common practice of slightly lengthening or shortening an interval with
the specific intention to synchronise both eyes for injection on the same
visit in patients undergoing bilateral injections. For the same reason, the
number of injections (min, max, arithmetic mean) over the two-year period
was also calculated from patients who had unilateral treatment.
However, for secondary outcome analysis of visual and anatomical

performance of the TREX regimen that was achieved in our department,
we used the data set from unilaterally and bilaterally treated patients over
24 months.

RESULTS
A total of 76 patients were commenced on treatment for treatment-
naïve nAMD during the study entry period. Twenty-six patients
(31 eyes) were excluded from primary and secondary analyses
because of the following reasons: conversion to PRN regimen before
month 24 (9 eyes), treated with ranibizumab (4 eyes), receiving
injections prior to study entry period (3 eyes) and insufficient follow-
up (15 eyes). The reasons for the 15 eyes of 15 patients with
insufficient follow up were: death before 24 months (9 patients),
patients stopped attending (4 patients), stopping treatment at
month 15 due to futility (1 patient), and early discontinuation due to
bilateral geographic atrophy (1 patient).
Of the remaining 50 patients, 60% were female (n= 30) and

40% were male (n= 20). The mean age of patient was 78.36 years
(range 63–93 years). The 56 eyes of these 50 patients had

predominantly occult lesions in 25 eyes (44.6%), retinal angioma-
tous proliferation (RAP) lesions in 16 eyes (28.6%), classic lesions in
8 eyes (14.3%) and uncertain lesion type in 1 eye (1.8%). Out of
these 50 patients, 41 patients had unilateral and complete treat
and extend regimen without compromise. Data from this
subgroup of 41 patients were therefore used for the primary
outcome analysis to evaluate the success rate of decision making.
For the secondary anatomical outcome, we used data from all 50
patients of whom 9 had bilateral injections (56 eyes in total). One
of these 56 eyes had visual loss due to severe cataract and another
due to advanced geographic atrophy. Secondary visual outcome
was therefore analysed on 55 eyes of 50 patients (see Fig. 1).
These 50 patients made 18.02 visits on average over the 2 years
follow up period, with a range of 11 to 25 visits and received
between 8 to 25 (mean 17.02) injections over the 2-year period.
Over the two-year period, 24 eyes (42.9%) received 20 to
25 injections, 16 eyes (28.6%) received 14 to 19 injections, and
16 eyes (28.6%) received 8 to 13 injections. In keeping with the
one-stop, treat and extend regimen, patients in the primary
outcome group (n= 41) made 721 visits in total and received
injections in 95.70% of all visits.
Only 4.3% of visits involved two stop injections. This would have

been due to lack of injectors on the day and a second visit had to
be arranged for the injection. This rescheduled injection visits
usually occurred within a one-week window. For this analysis, the
length of the interval was taken from the day the interval decision
event was made and for 95.7% of patients, this was the same day
as the injection.
Out of 721 visits: at 280 visits (38.8%), there was no decision

made whether to extend treatment (i.e. Group A visits when
patients were attending for injection only without reassessment);
at 164 visits (22.8%), there was a decision made either to not
extend the treatment interval beyond 5 weeks, maintain an
interval of <5 weeks or reduce the interval to <5 weeks and
therefore these visits were followed by an interval of <5 weeks
(Group B visits); at 277 visits (38.4%), there was a decision made
that resulted in an interval of >5 week (Group C visits). On average
Group C visits were followed by an interval of 8.9 weeks
(range 5–15 weeks). Of the 277 visits where a decision was made
for the treatment interval to be >5weeks, the interval was
5–7 weeks at 103 visits (short intervals), 8–10 weeks at 85 visits
(medium intervals) and more than 11 weeks at 89 visits (long
intervals) (Table 1).

Success of interval decision events
Firstly, using the definition of a successful decision based on
having a stable CRT only, 264 out of 277 (95.31%) visits were
successful. Success rates were similar regardless of the length of
intervals.
Secondly, using the definition of a successful decision based on

having a stable or improved CRT and stable or improved VA at
reassessment, 241 out of 277 visits (87.00%) were successful and
36 decisions were followed by a worsening of CRT by >50 microns
or worsening in VA of >5 letters. Of these 36 ‘failed’ decisions,
13 failed because CRT had worsened by >50 microns and 23 failed
because BCVA had worsened by >5 letters. Overall, success rate
was still high regardless of the length of the interval but slightly
lower in the longer interval groups. (Table 1)

Secondary outcomes
The mean baseline CRT was 402.25 microns (range of 205 to
694 microns). The mean CRT at 24 months was 279.59 microns
(range 165 to 423 microns). From baseline to 24 months, there
was an average reduction in CRT of 122.66 microns (range −398 to
+46 microns). Fifty two out of 56 eyes (92.9%) had improved or
stable CRT at 24 months compared to baseline. Four eyes (7.1%)
had increased CRT at 24 months compared to baseline. The mean
baseline VA was 57.27 letters (range 30 to 85 letters). The mean VA
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Fig. 1 Inclusion & Exclusion Criteria. Flow chart illustrating inclusion criteria (blue panel) and exclusion criteria (red panel).

Table 1. Success rates of decision to extend treatment interval by length of extension.

Treatment Interval Total Successful interval decision event (CRT stable or
improved at reassessment)

Successful interval decision event (CRT and VA stable
or improved at reassessment)

Short (5–7 weeks) 103 98 (95.1%) 90 (87.4%)

Medium (8–10 weeks) 85 81 (95.3%) 75 (88.2%)

Long (>11 weeks) 89 85 (95.5%) 76 (85.4%)
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at 24 months was 62.95 letters (range 0 to 85 letters). From
baseline to 24 months, eyes had an average improvement of
+7.11 letters (range −55 to +43 letters). Forty five out of 55 eyes
(81.8%) had improved or stable BCVA at 24 months, compared to
baseline. Ten eyes (18.2%) had at >5 letters loss at 24 months
compared to baseline. Of these 10, 6 eyes (10.9%) lost between
6 and 15 letters and 4 (7.3%) lost >15 letters. At baseline, 14.5% (n=
8) of eyes had more than 70 letters 81.8% (n= 44) of eyes had
between 35 and 70 letters and 3.6% (n= 2) had worse than
35 letters. At 24 months, 41.8% (n= 23) of eyes had more than
70 letters, 50.9% (n= 28) of eyes had between 35 and 70 letters and
7.3% (n= 4) had worse than 35 letters (Table 2).

DISCUSSION
The TREX anti-VEGF regimen has gained popularity over recent
years for the management of nAMD and impressive visual
outcomes have been reported both in clinical trial settings and
in real world studies. Clinical reports and presentations of cases
showcasing the advantages of the TREX regimen tend to
exemplify patients that have frequent successful extensions in
their treatment intervals [17, 18]. In this study, we found that only
38.4% of all visits resulted in an IDE followed by an interval of
>5 weeks There are no published studies that have reported on
the proportion of visits that result in an extended interval as a
specific outcome, but a closely related metric is one that describes
proportion of patients who achieve an extended duration at least
once, at any point in the study. The ATLAS trial reported 37.5% of
patients were stable at all visits and 38% of all patients achieved
extensions up to 12 weeks or longer [18]. In the original VIEW
trials, a post hoc analysis revealed that up to 53.7% of patients
achieved a treatment interval of >12 weeks at some stage during
the study and maintained stable acuity and retinal thickness as a
group but the success or failure of these extended intervals was
not evaluated [19]. A recent prospective study of Japanese
patients, however reported that out of 97 eyes, 25 eyes had
maintained no disease activity immediately after the loading
phase and maintained successful extension to an injection interval
of 3 months [20]. In the real-world setting, the FRB study by Arnold
et al. using predominantly ranibizumab on a treat and extend
basis reported 21% to 29% of patients being treated every 9 to
15 weeks in the real world with 83% of visits associated with an
injection (i.e., quite a strict one-stop, TREX regimen) [21, 22].
Comparably, our study also had 95.7% of visits associated with
injections. Therefore, from our findings and indirect evidence from
published literature, it is reasonable to expect that less than 50%

of visits can be followed by an interval longer than 4 or 5 weeks in
the first two years of a TREX regimen for nAMD.
It was reassuring however to find that in those visits that

actually involved an IDE that resulted in an interval of >5 weeks
(Group C), we found a good success rate, either when we used
the definition based on OCT parameter only (95.31%) or using the
definition based on both OCT and VA parameters (87.0%). We
believe this was an important finding as good performance on this
metric provides evidence of sufficient decision making skills within
our department to interpret OCT scans and provide a reliable
disease activity monitoring service. It was also encouraging to see
that about one third of all visits involved longer intervals of at
least 11 weeks and the success rates of decision interval events
were very similar regardless of whether they were short, medium
or longer intervals. This provides further evidence that the same
criteria for decision making can be used successfully regardless of
the interval involved.
In this study we found a mean of 17 injections in 24 months.

This is similar to those prospective studies using retreatment
protocols which recommended a hard return to 4 weekly intervals
at the slightest sign of activity but other real-world studies which
did not mandate such a hard return to 4 weekly (reducing interval
by two weeks instead) have reported lower injection frequency
[23–26] Several factors may have contributed to our higher
frequency of injections. The high number of injections seen in our
study could be explained by, our then, low tolerance for residual
fluid and the tendency to repeat loading at ‘injection only’ visits. In
cases where it was felt that a patient was unlikely to stabilise
adequately to allow an extension at the next visit, they would be
listed for two or three injections in a loop, often at monthly
intervals in an attempt to ‘stabilise’ an unstable macula before
considering the next extension. Therefore, the low proportion of
visits that that led to an extended interval of >5 weeks (38.4%)
and the high proportion of ‘injection only’ visits (38.8%) found in
our study are both inter-related metrics that can be explained by
the effect of our tendency to perform repeated loading loops
which in turn resulted in fewer opportunities to make decisions to
extend visit intervals. In theory, within a 24-month period, there
should be 2 visits that did not need an IDE followed typically by
about 15 visits in which there is a decision made to extend or not
to extend/reduce the interval. Therefore, the benchmark value of
this metric should be in the region of 12%. Therefore, this metric
can only be improved by not attempting to do repeated loading
doses at fixed intervals of every 4 to 8 weeks but to perform OCT
scans at every visit and to make a decision on disease activity from
and including the third injection visit onwards. This however puts
a heavier burden on staff resources especially for performing and
interpreting OCT scans. It is because of this reason that we had
such a poor performance on this metric in our department.
Secondly, we only included patients who remained on TREX
regimen throughout the 24-month study period. Seven patients
were switched to PRN regimen at an early stage because of good
response after only a small number of initial injections. This would
have had the effect of selecting a group with more aggressive
nAMD that remained on TREX. This factor is often not considered
when we compare injection rates between various studies using
TREX regimen in the real world. Another factor that contributed to
a high frequency of injections was our tendency to retreat every
month to attempt to ‘dry up’ the neovascular lesion. Since this
study, we have implemented a more tolerant approach to
subretinal fluid. We have done this by highlighting to our staff
the finding of relevant studies that support tolerating some fluid
and also the results of the pivotal CATT study which showed that
51.5% of all patients had fluid on OCT after monthly injections of
ranibizumab for 24 months [27, 28].
Our visual acuity gain metric was +7.11 letters at 24 months.

This is comparable to other similar real-world studies [29, 30]. In a
retrospective study of 231 patients over 4 years, Traine et al. [30]

Table 2. Secondary visual and anatomical outcomes.

Type of secondary outcome Value

Mean VA at baseline, Letters 57.27 (30–85)

Mean VA at 24 months, Letters 62.95 (0 to 85)

Mean change in VA, Letters +7.11 (−55–+43)

Baseline VA > 70 letters, n (%) 8 (14.5%)

Baseline VA 35–70 letters, n (%) 44 (81.8%)

Baseline VA < 35 letters, n (%) 2 (3.6%)

24-month VA > 70 letters n (%) 23 (41.8%)

24-month VA 35–70 letters, n (%) 28 (50.9%)

24-month VA < 35 letters, n (%) 4 (7.3%)

Mean CRT at baseline, microns 402.25 (205–694)

Mean CRT at 24 months, microns 279.59 (165–423)

Mean Change in CRT, microns −122.66 (−398–+46)

CRT improved or stable, n (%) 52 (92.9%)

CRT worsened, n (%) 4 (7.1%)

B. McLeish et al.
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reported a visual gain of 5.7 letters at 24 months. Their attrition
rate of 25% over two years was similar to ours (20%). This also
highlights the issue of applicability of the TREX regimen. In
addition to natural attrition due to death, the futility factor, which
can cause a degree of attrition over time in any treated cohort, a
significant proportion of patients who do well can also be
switched to a PRN regiment. We found about 13% of patients
were switched to a less vigorous treatment regimen of PRN or
Monitor and Extend. This makes comparison of different TREX
studies difficult in terms of visual outcomes.
Another finding worth noting was our proportion of bilaterally

affected patients. We had a point prevalence of 11 out of
76 patients (14.5%) with bilateral injections during the study
period. As it is common practice to try and synchronise visits
for both eyes, we have excluded these patients from our analysis
of decision-making data. With such patients there is always a
balance and compromise between optimal dosing for each eye
with the logistics of unsynchronised and frequent visits for
unilateral injections versus the sub-optimal treatment of one eye
to reduce burden of visits. With numbers of patients requiring
injections for nAMD increasing every year, it is anticipated that the
numbers of patients requiring bilateral injections will also increase
proportionately and therefore the goal of optimising therapy for
each eye of every patient can be expected to become more
challenging.
In summary, we have performed a visit-by-visit analysis to

evaluate the frequency and success of decisions we made on the
duration of the injection free interval for a representative cohort of
patients undergoing the first two years of nAMD therapy. We
found that whenever decisions were made to give patients a
longer interval between injections, there was a very low risk of
worsening disease activity, but we also found that the frequency
of extended intervals was less than our preconceived expecta-
tions. In this report we have hypothesised the possible reasons
for these findings and provided opinions on how to improve on
these metrics. We believe these novel metrics for evaluating the
decision-making aspect of disease activity monitoring will be
especially useful for monitoring performance in future particularly
when there is a change in the criteria used for judging disease
activity. Finally, our findings have given us a more realistic view
and expectations of what can be achieved using the TREX regimen
in terms of the interval between injections and this will be useful
for us and other clinicians to improve how we counsel and
reassure patients.

SUMMARY TABLE

What is known about this topic:

● Treat and extend regime of anti VEGF therapy for neovascular
AMD has been accepted universally by treating physicians as a
menthod for optimising disease control and visual outcomes
for suitable patients.

● It has the potential for reducing burden of frequent visits and
injections both for the patients and the treating unit.

What this study adds:

● Classifying the injection visits into three categories based on
the type of desicion made on injection interval.

● Creating a novel metrics for measuring the success of the
desicion making to extend the injection interval beyond
5 weeks. The metrics may be a useful tool for providing a
standard approach for comparing performance and provide

an additional insight into the burden of implementing a treat
and extend regimen.
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