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Abstract
Purpose: “Observe and Plan” (O&P) is a novel treatment regimen for neovascular AMD (nAMD). It aims to optimise the intravitreal anti-VEGF injection frequency 
whilst dramatically reducing the number of clinical reviews (compared to PRN/ treat and extend). However, there has been no head-to-head comparison of O&P 
versus the other regimens: We aim to establish whether O&P is non-inferior to PRN and whether there is an economic advantage. 

Methods: Prospective interventional cohort study: Patients undergoing treatment with PRN aflibercept for nAMD were enrolled. All were switched to O&P 
aflibercept for one year. Best corrected visual acuity (BCVA) and central macular thickness (CMT) were recorded in addition to the number of clinic visits and 
intravitreal injections. Their results were compared in a paired analysis to their own data whilst on PRN treatment the preceding year. 

Results: 25 patients were enrolled. 17 completed one year of treatment, one of whom was subsequently excluded (confounding pathology). Analysis of area under the 
curve for BCVA and CMT found O&P to be non-inferior to PRN p=0.03, p<0.01. 

The mean number of clinical reviews was significantly reduced under O&P (1.80 (SD 0.68) vs. 8.66 (SD 0.72) visits per year; P=<0.01) with an improvement in 
injection to visit ratio (1.01 vs. 1.67 vists/injection), equating to an estimated saving of £1,228 per patient per year. 

Conclusion: The O&P regimen for treatment of nAMD was clinically non-inferior to PRN. The O&P regimen was superior to PRN in terms of reducing the health 
economic burden and treatment burden of nAMD.

Introduction
In 2014, data were published supporting a new regimen, “observe 

and plan” (O&P), which aims to optimise the interval between 
injections individually to each patient whilst also significantly reducing 
the frequency of clinical reviews [1]. The O&P regimen was designed 
based on the observation by Mantel et al in 2013 that patients with 
neovascular age related macular degeneration (nAMD) tend to exhibit 
a highly predictable and regular need for re-treatment [2]. In the 
O&P regimen, injections are planned ahead in groups of several at a 
time; patients are reviewed clinically after every set of injections and 
a decision is then taken to increase, decrease or maintain the injection 
frequency as appropriate for the next series of injections. As in the 
“treat and extend” (T&E) regimen, the interval is extended up to a 
maximum of 12 weeks if the macula is free of intraretinal or subretinal 
fluid, however if there is a recurrence of oedema then the interval is 
shortened to a minimum of 4 weeks [3,4].

Currently there is evidence from two non-controlled interventional 
case series that O&P is a safe and effective regimen for ranibizumab and 
aflibercept injections in the first two years from the time of diagnosis 
[3,4]. Given the promising recent results of studies investigating 
O&P when initiated for newly diagnosed patients, the question of 
switching the vast numbers of patients currently in AMD clinics on 
pro re nata (PRN)/ T&E/ fixed interval regimens to O&P arises. There 
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is however no comparative evidence for the non-inferiority of O&P 
when nAMD patients are switched from another regimen after several 
years of treatment. In this work, we aim to establish whether O&P is 
non-inferior to PRN when patients undergoing treatment with PRN 
aflibercept are switched to O&P.

Methods
Study design

This prospective interventional cohort study was conducted by the 
medical retina department at our centre. All patients provided informed 
consent prior to enrolment. Functional and anatomical outcomes in 
patients undergoing treatment on the O&P regimen were recorded 
over approximately 12 months, as well as the number of clinical 
visits and injections required. In order to assess for non-inferiority 
and cost-effectiveness of the O&P treatment regimen, a retrospective 
case-control comparison was then performed; each patient’s data were 
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matched against their results recorded in preceding 12-month period, 
whilst on PRN treatment. 

Inclusion & exclusion criteria

Patients greater than or equal of 50 years of age, with an established 
diagnosis of nAMD on fundus fluorescein angiogram, who had 
received PRN anti-VEGF injections of aflibercept (Eylea) for nAMD for 
18 months or more, were eligible for inclusion. Patients were required 
to have a baseline best corrected visual acuity higher than logMAR 1.3 
and have had no change to their regimen within the last 6 months. 

Patients unable or unwilling to provide informed consent were 
excluded. Patients with co-existing macular pathology or co-existing 
best corrected visual acuity (BCVA)-affecting ocular pathology were 
excluded. Those with cataract were excluded only if severe enough to 
prevent sufficient quality of retinal images and OCT scanning of the 
macula. Patients with choroidal neovascularisiation not resulting from 
nAMD, or a history of uveitis in the study eye, prior vitrectomy or 
aphakia, were also excluded. 

Patients were withdrawn from the study if an unexpected 
progression of nAMD required a deviation from the injection protocol 
in the “observe and plan” regimen. Such examples may include a clinical 
decision to cease anti-VEGF treatment due to futility or the need for 
more frequent injections than specified by the protocol. Patients could 
also be withdrawn following development of co-existing macular or 
other vision limiting pathology, if there was a 2 line change in their 
visual acuity following cataract extraction or following removal of 
patient consent. 

Observe and plan regimen

Patients enrolling in the trial received a new integrated care 
pathway added to their notes specifically for “observe and plan” and 
were treated with O&P aflibercept (Eylea). The O&P protocol has 
previously been described in the literature [1] and is summarised in 
Figure 1 and below. 

In order to determine the treatment interval, the number of weeks 
between the patients’ most recent two injections on the PRN regimen 
was calculated. If there was no oedema prior to the last injection, this 
became the patient’s injection interval for the next four injections. If 
there was oedema prior to the last injection, the shortest interval 
between injections in the last six months that resulted in exudation 
was calculated and two weeks subtracted to determine the patient’s 
injection interval. Injection interval could be set at a minimum of 4 and 
maximum of 12 weeks. Patients received a clinical review at the time 
of the fourth injection. If the macula was dry, the injection interval was 
extended by 2 weeks. In the presence of macular oedema, the injection 
interval was reduced by two weeks. This was repeated cyclically for a 
total of one year. 

Clinical investigations

The enrolment visit and all clinical reviews included a patient 
consult, best corrected visual acuity (BCVA) using the Early Treatment 
of Diabetic Study (ETDRS) chart, IOP (iCare TA01i model), slit lamp 
examination, and spectral domain optical coherence tomography 
(OCT) scan of the macula (Topcon – Tokyo, Japan). Each injection visit 
consisted of an intravitreal injection of aflibercept, in accordance with 
RCOphth guidelines. BCVA and an OCT scan of the macula were also 
recorded. 

Patient safety

To reduce any risk to vision, all patients received a BCVA/ OCT 
review at each injection visit and clinical review. These would not 
ordinarily be required as part of the O&P regimen and only results 
obtained during a “clinic visit” were used to inform the treatment 
interval. A change in BCVA of 2 lines of greater, an increase in macular 
oedema on OCT, or any nursing or patient concerns prompted review 
by an ophthalmologist, who could instigate a change to the injection 
interval if necessary. If the injection interval was changed the patient 
was withdrawn from the trial at that stage.

Statistical analysis 

Our aim was to establish whether O&P is non-inferior to PRN 
when patients are switched from PRN to O&P by monitoring the visual 
acuity, central macular thickness, presence of macular intraretinal/ 
subretinal fluid and subretinal fibrosis. In addition we performed an 
economic analysis by studying the patients’ injection interval and 
number of clinical reviews required. O&P was the intervention group 
and a control group were established by performing a retrospective 
paired analysis, comparing each patient’s outcomes to their own results 
whilst they were on the PRN regimen over the preceding year. 

Data was collated from each monitoring and injection visit. The 
primary outcomes assessed were BCVA and central retinal thickness 
within the central 1mm subfield over 12 months. For the purpose of the 
non-inferiority test, clinically significant worsening of vision was set at 
one line and clinically significant worsening of macular oedema was set 
at 50 micrometers. The secondary outcomes were as follows: Clinical; 
proportion of eyes suffering a visual acuity loss of 15 letters or greater, 
proportion of eyes with macular oedema at injection visits, proportion 

Figure 1. Observe and Plan injection and review protocol
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of eyes that had developed subretinal fibrosis. Economic; total number 
of injections, average injection interval, number of clinical reviews. 

Statistical analysis was conducted using R studio. Parametric 
continuous data was expressed as the mean (+/- standard deviation), 
non-parametric continuous as median (range) and categorical data as 
number (percentage). 

Analysis of change over time in BCVA and central macular 
thickness (CMT) were conducted by analysing the area under the 
curve standardised to 1 year. Area under the curve was calculated 
using the trapezoidal rule for each change in BCVA and CMT from 
baseline. The baseline measurements for O&P were determined at the 
enrolment visit. The baseline measurements for PRN were considered 
to be those taken at the patient’s clinic visit one year prior to enrolment. 
A Shapiro-Wilk test for normality was performed on the resulting 
data in order to determine the appropriateness of parametric/ non-
parametric hypothesis testing. Non-inferiority testing was conducted 
with paired t-tests and paired Wilcoxon signed rank tests. Comparison 
of proportional data, (i.e. visual loss above threshold), was conducted 
with Fisher’s exact test. Cost analysis, standardised to 1 year, was 
conducted utilising local trust costing for each clinical encounter, and 
pharmaceutical cost of the anti-VEGF agents.

Ethical approval
The study conformed to the Helsinki Declaration of 1975 (revised 

1983) and underwent institutional board review and approval. 

Results
A total of 25 patients were enrolled. All patients were being treated 

with PRN aflibercept at the time of enrolment and were switched onto 
O&P aflibercept. 17 patients (72%) completed one year of treatment 
on the O&P regimen with aflibercept (Eylea); one of whom was 
subsequently excluded from further analysis due to cataract surgery 
confounding visual acuity measurement. The remaining 16 patients 
were included in the analysis. A matched historical control group was 
formed using results from the same 16 patients whilst on the PRN 
regimen the preceding year.

Eight patients did not complete one year on the O&P regimen and 
were withdrawn from the study. Reasons for withdrawal were as follows: 
Three patients were unable to attend their scheduled appointments 
resulting in a deviation from the protocol. One patient withdrew 
consent. One patient underwent a change in their antiVEGF treatment 
as a result of an ischaemic stroke and was therefore withdrawn. One 
patient passed away as a result of an unrelated malignancy. One patient 
was treated more frequently than permitted by the protocol as a result 
of macular haemorrhage and increasing metamorphopsia despite no 
increase in macular oedema. One patient developed a cataract that 
precluded OCT scanning of the retina. 

Patient demographics and baseline characteristics

The mean age of patients at enrolment was 83.0 years old (SD 
6.3, range 73 – 94). 69% of patients were female. Mean visual acuity 
at baseline was 0.51 (logMAR), (SD 0.23, range 0.04 – 0.92). 88% of 
patients were pseudophakic at enrolment. Median time since diagnosis 
of wet age related macular degeneration was 5 years and 1 month 
(range:2 years and 1 month - 8 years and 5 months). In the control 
group mean visual acuity at baseline was 0.50 (logMAR) (SD 0.33, 
range:0.10 – 1.30). 

Clinical outcomes

Visual acuity: The mean best corrected visual acuity (BCVA) in the 
O&P group fell from 0.51 to 0.59 logMAR during the course of the 
study. In the preceding year the same patients had a mean BCVA drop 
from 0.50 to 0.51 logMAR whilst on the PRN regimen (Figure 2). 

The area under the curve (AUC) for BCVA in the O&P group 
(standardised to 1 year of follow-up) was 0.225 (change in Baseline VA, 
logMar), with an average change in VA (AUC) per patient of 0.0141. 
Under PRN in the preceding year, the same patients had an AUC 
(standardised to 1 year of follow-up) of 0.035 (change in Baseline VA, 
logMar), with an average change in VA (AUC) per patient of 0.00218. 
A paired t-test to assess for non-inferiority of O&P compared to PRN 
was conducted with a clinically significant threshold for loss of visual 
acuity set at 1 line of vision. O&P was found to be non-inferior to PRN 
(p=0.03). An additional Wilcoxon signed rank test for inferiority was 
performed and confirmed the t-test result to be robust (p=0.005). The 
average visit-to-visit fluctuation in visual acuity was 0.08 under O&P 
and 0.09 under PRN. A two-sided t-test did not find any statistically 
significant difference between the groups. 

Overall, 3/16 (18.8%) patients lost 15 letters or more in the O&P 
group compared to 1/16 (6.3%) in the PRN group. Fisher’s exact test 
did not find any statistically significant difference between these values 
(p=0.30).

Figure 2. Trend of mean BCVA (logMAR) shown at 4 week intervals over the course of the 
study under both the PRN and O&P regimes

Figure 3. Trend of mean CMT (microns) shown at 4 week intervals over the course of the 
study under both the PRN and O&P regimes
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Macular oedema: The mean CMT in the O&P group was 254 
micrometres at enrolment decreasing to 246 micrometres over the 
course of the study. The mean CMT in the PRN group was 261 
micrometres at enrolment decreasing to 254 micrometres over the 
course of the study (Figure 3). 

The AUC of the CMT in the O&P group (standardised to 1 year of 
follow-up) was -313 (change from baseline CMT, micrometres), with 
an average change per patient of -19.56. Under PRN in the preceding 
year, the same patients had an AUC (standardised to 1 year of follow-
up) of -424 (change from baseline CMT, micrometres), with an average 
change per patient of -26.5. A paired t-test to assess for non-inferiority 
of O&P compared to PRN was conducted with a clinically significant 
threshold for worsening of macular oedema set at 50 micrometres. 
O&P was found to be non-inferior to PRN (p <0.01).

The presence or absence of intraretinal or subretinal fluid was 
recorded prior to each injection. Oedema was found at 99% of visits 
under the PRN regimen and 76% of visits under O&P (Figure 4).  
Fisher’s exact test found a statistically significant difference between 
these values (p<0.01), with macular oedema significantly less likely to 
be present in O&P patients. 

Subretinal fibrosis: All patients had subretinal fibrosis at enrolment 
therefore no further analysis was performed on the development of 
subretinal fibrosis during treatment with the O&P or PRN regimens. 

Economic analysis

Number of clinical reviews: The mean number of clinical reviews 
(including an OCT scan, examination by doctor and decision regarding 
the intravitreal injection treatment interval) was 1.80 (SD 0.68) per year 
under the O&P regimen and 8.66 (SD 0.72) per year under PRN. A 
paired t-test demonstrated that significantly fewer clinical reviews were 
required under O&P than under PRN (p<0.01).  Based on a cost of £117 
for an OCT scan and £62 for a follow-up consultation at our trust, this 
equates to a saving of £1,228 per patient per year. 

Number of injections: The mean number of injections required per 
year was 5.6 (SD 0.95) in the O&P group and 5.19 (SD 1.01) in the 
PRN group. A paired t-test found no statistically significant difference 
between these values (p=0.52). The mean number of visits required per 
injection under O&P was 1.01. The mean number of visits required per 
injections under PRN was 1.67 (figure 5). A paired t-test confirmed 
that there is a statistically significant difference between these values 
(p<0.01). 

Discussion 
The number of patients with neovascular age related macular 

degeneration undergoing regular treatment with anti-VEGF injections 
is rising rapidly [5]. The capacity of health care services to service the 
demand is being stretched [6]. Anti-VEGF injections are well established 
as the most effective therapy for nAMD [7] however determining the 
optimal injection frequency has proved to be a challenge; each patient 
can tolerate a different maximal interval between injections and the 
optimal interval can change throughout the course of the patient’s 
disease [8]. The key regimens in use are T&E, PRN and fixed interval 
dosing [9-11].

Regular injections and clinical reviews (monitoring the patient with 
a visual acuity test, OCT scan and clinical examination) at each visit 
represent a growing and unsustainable financial burden for healthcare 
systems around the world [5,6]. In addition, regular visits to the eye 
clinic are disruptive for patients. Each visit can require the patient 
to wait several hours for a clinical assessment followed by a possible 
injection. The number of injections received on the fixed interval 
regimen is likely to be significantly superfluous to requirements for 
most patients and has therefore largely been abandoned after one year 
of treatment in the UK. PRN also requires regular attendance at the 
eye clinic 4 or 6 weekly (for Ranibizumab and Aflibercept respectively) 
for clinical review and the Treat and Extend regimen requires a clinical 
review after every injection (at 4 or 6 weekly intervals for ranibizumab/ 
aflibercept respectively up to a maximum interval of 12 weekly).  

Our study is the first controlled interventional cohort study to 
investigate the safety and economic benefits of switching longstanding 
nAMD patients from the PRN regimen to O&P in a real world setting. 
It also provides the first head to head comparison of O&P against any 
other established treatment regimen. Despite reducing the number 
of clinical reviews five-fold, patient’s average visual acuity, chance of 
significant vision loss (>15 letter loss) and central macular thickness 
were equivalent (non-inferior) under the O&P regimen when compared 
to PRN. Patients were significantly less likely to have recurrences of 
macular oedema on O&P as compared to PRN.  The annual number 
of injections patients received (and therefore the average treatment 
interval) remained the same under O&P as it was under PRN.

Previous non-controlled studies have investigated O&P for 
treatment naïve patients and have demonstrated good clinical efficacy 
with patients achieving an initial letter gain of 8.7 letters [3], similar 
to the results found in ANCHOR/ MARINA, which was maintained 
for at least two years. Our findings are in agreement with this previous 

Figure 4. Proportion of patient visits where subretinal/ intraretinal fluid was present under 
both the PRN and O&P regimes

Figure 5. Number of clinical reviews vs number of injections under the PRN and O&P 
regimes
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evidence and show that most patients were able to maintain their visual 
acuity over the course of their treatment on the O&P regimen. This 
is the first time that this has been demonstrated in established nAMD 
that has previously been treated with the PRN regime for many years: 
Many of our patients exhibited features of advanced age related macular 
degeneration. For example all had sub retinal fibrosis visible on the 
OCT scan at enrolment and 81% had a best corrected visual acuity 
below the driving standard. 

It is hypothesised that multiple recurrent episodes of exudation, 
as occur with long term treatment under the PRN regimen, can 
exacerbate subretinal fibrosis [12]. A theoretical clinical advantage of 
the O&P regimen over PRN when used for many years is a decrease in 
the rate of subretinal fibrosis as patients are treated pre-emptively with 
an interval short enough to prevent exudation rather than only after 
exudation has occurred. Whilst all of our patients already had at least 
some degree of subretinal fibrosis, we did demonstrate a statistically 
significant decrease in the percentage of patients with macular oedema. 

The key strength of the O&P regimen compared to PRN is in the 
number of clinical reviews required. Our findings within the PRN 
group corroborate previous work by demonstrating that the required 
treatment interval for patients with nAMD is relatively stable for each 
individual, whilst being highly variable between individuals [2]. This 
enables injections to be planned in groups based on an observation of 
the required treatment interval. In our study the benefit for patients was 
a reduction in the total number of visits to the eye clinic from 9.0 to 5.6 
per year and in addition the patient received an injection at every visit, 
therefore there were no visits that were superfluous to the treatment 
requirements of the patient. The economic advantage comes chiefly 
from the reduced number of clinical reviews (requiring an appointment 
with an ophthalmologist). A reduction from 9.0 per year under PRN 
to 1.80 per year under O&P was found, which equates to an economic 
saving of £1,228 per patient per year, or approximately 20% of the total 
cost of treatment. 

Treatment of neovascular age related macular degeneration now 
accounts for approximately 0.1% to 0.2% of the entire NHS budget [13]. 
As the population ages the number of patients requiring treatment will 
continue to rise steeply. It is therefore imperative to find innovative 
strategies to reduce the cost burden whilst maintaining the efficacy of 
the treatment. In order to facilitate a rapid change in practice to more 
cost efficient regiments, evidence of non-inferiority is not only required 
for treatment naïve patients, but crucially for the vast majority of 
patients who are already on treatment.  

A principal strength of this study is that it is the first head to head 
comparison of O&P versus an established treatment regimen. It is also 
a real world study and managed to recruit a very elderly population 
as compared to most clinical trials that tend to recruit a younger age 
group. This makes it more representative of patients seen in the clinic. 
In addition, the evidence for the effectiveness of observe and plan is 
extended to patients with longstanding, often advanced, nAMD who 
have previously been under the PRN regimen. Most patients were 
pseudophakic, removing media opacity as a confounding factor in the 
analysis. 

The weakness of the study is in its small sample size. Despite this, 
statistically significant non-inferiority of O&P as compared to PRN 
was still demonstrated. A larger study would be required to further 
investigate the safety profile of O&P compared to PRN and to look for 
potential superiority of O&P over PRN. In addition we analysed only 
patients undergoing treatment with aflibercept, rather than ranibizumab 
or avastin. Finally we did not compare O&P to T&E in this study. 

In conclusion, the O&P regimen for treatment of nAMD was 
clinically non-inferior to PRN. The O&P regimen was superior to PRN 
in terms of reducing the health economic burden and treatment burden 
of nAMD.
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