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Abstract

Purpose The purpose of this study was to

report the 2-year outcome of an individually

tailored ‘observe-and-plan’ treatment regimen

for neovascular age-related macular

degeneration (nAMD), and to investigate its

clinical value in terms of functional outcome.

This regimen aimed to reduce the clinical

burden (visits) by employing individually

fixed injection intervals, based on the

predictability of an individual’s need for

retreatment.

Methods This prospective case series

included 104 patients (115 eyes) with nAMD.

Following three loading doses of

ranibizumab, the disease recurrence interval

was determined in monthly observation

visits. Retreatment was applied in a series of

three injections with individually fixed

intervals (2 weeks shorter than the recurrence

interval), combined with periodic adjustment

of the intervals. The allowed injection

intervals in treatment plans ranged from 1 to

3 months. If there was no recurrence at 3

months, the patient could change to

monitoring alone.

Results Mean visual acuity (VA) improved

by 8.7, 9.7, and 9.2 letters at months 3, 12, and

24, respectively. The mean number of

injections was 7.8 and 5.8 during years 1 and

2, respectively, whereas the mean number of

ophthalmic examinations was 4.0 and 2.9,

respectively. The mean treatment interval

(after the loading doses) was 2.0 months

during year 1, and 2.2 months during year 2.

Conclusion The observe-and-plan regimen

significantly improved and maintained VA

over the course of 2 years. This favourable

functional outcome was achieved with fewer

clinic visits compared with other regimens.

Therefore, this observe-and-plan regimen has

the potential to alleviate the clinical burden

of nAMD treatment.
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Introduction

Age-related macular degeneration (AMD) is a

frequent macular pathology. Its natural course

was once the main cause of irreversible vision

loss in individuals aged Z50 years in

industrialized countries.1 Since the introduction

of intravitreal anti-vascular endothelial growth

factor (anti-VEGF) treatment (first

ranibizumab2–4 and later aflibercept5,6) as a new

gold standard for the neovascular form of AMD

(nAMD), the proportion of legally blind eyes

has significantly decreased.7 However, because

monthly retreatment2–4 places a heavy burden

on the health-care system and on patients,5

alternative treatment regimens have been

explored. Simply reducing the intravitreal
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injections to a fixed retreatment every 3 months was

significantly inferior to monthly injections and resulted

in the loss of initial visual acuity (VA) improvement.8–10

Although the individually adjusted pro re nata (PRN)

retreatment regimen was able to reduce the number of

retreatments with (near) noninferiority of visual results

as compared with monthly retreatment,11,12 this regimen

still requires monthly monitoring visits to detect disease

recurrence and determine the need for retreatment. In a

context of chronic care management and indefinite

treatment duration, monthly monitoring visits place a

heavy burden on ophthalmic institutions, with new

patients being regularly added because of the high

incidence of nAMD.13

We recently reported the 1-year results of an ‘observe-

and-plan’ retreatment regimen designed to alleviate the

clinical burden of nAMD.14 Based on the previously

reported predictability of the need for retreatment,15 we

developed this retreatment algorithm to allow us to

predict and apply the number of retreatments that were

individually adequate while reducing the number of

assessment visits. VA outcome served as validation of the

regimen. The first-year results of this study showed good

visual results at 12 months, in combination with fewer

assessment visits. We now report the results after 2 years

of continuous treatment with the ‘observe-and-plan’

regimen.

Materials and methods

This prospective study was undertaken in the medical

retina department of a single tertiary referral centre

(University Eye Hospital Jules Gonin in Lausanne,

Switzerland). The study was approved by the local ethics

committee and adhered to the tenets of the Declaration of

Helsinki. All patients gave written informed consent. All

applicable institutional and governmental regulations

concerning the ethical use of human volunteers were

followed during this research.

Patient selection

Details about the patient selection were described in our

previous report of the 1-year results.14 In summary,

inclusion criteria were treatment-naive nAMD with

active subfoveal choroidal neovascularization (CNV),

best corrected visual acuity (BCVA) from 20/25 to 20/

400, a maximum lesion size of 12 disc areas, and

informed consent. Patients presenting with subfoveal

atrophy or fibrosis in the centre of the macula were

excluded, as well as those with any confounding other

macular pathology, or the inability to obtain retinal

imaging of sufficient quality.

Clinical investigations

Baseline examination and all subsequent follow-up visits

included measurement of BCVA on the Early Treatment

of Diabetic Retinopathy Study (ETDRS) chart, slit-lamp

examination, measurement of intraocular pressure (IOP),

dilated fundus examination, and spectral domain OCT

(SD-OCT; Cirrus, Carl Zeiss Meditec, Inc., Oberkochen,

Germany). The following additional examinations were

performed at baseline and after 3 months using the

Topcon TRC-50IX (Tokyo, Japan): fundus autofluorescence

imaging, fluorescein angiography, and indocyanine green

angiography (the latter at baseline only).

OCT analysis

A macular cube (512� 126) scan captured using an

SD-OCT Cirrus machine (Carl Zeiss Meditec, Inc.) was

used for baseline examination and all follow-up visits. The

macular thickness map was acquired with the Integrated

Software 6.0.0.599 that centred on the automatically

identified foveal pit and was manually corrected if

needed. Central retinal thickness (CRT) was measured in

the central 1 mm2 subfield. All OCT scans were

qualitatively evaluated for the presence or absence of

intra- or subretinal fluid.

Observe-and-plan regimen

The methodology of the ‘observe-and-plan’ regimen has

been described previously in detail.14 The key concept of

the observe-and-plan regimen was to evaluate the

individual need for retreatment (after three loading

doses), and then apply the optimal interval in a fixed

treatment plan of a series of injections. The interval was

regularly adjusted for the subsequent treatment plans.

A flowchart diagram of the regimen is available in the

previous publication regarding the 1-year results.14

In detail, three loading doses of 0.5 mg ranibizumab

(Lucentis, Novartis Pharma AG, Basel, Switzerland) were

followed by monthly evaluation visits with complete

ophthalmic examination as described above. (In case of

recurrence-free macula, the monthly rhythm of these visits

could be extended to 1.5 months after 3 months, and to

2 months after 6 months since last injection.) When on

examination exudative activity appeared on SD-OCT or

fundus examination, the interval from last injection was

shortened to the next shorter available treatment interval

ranging from 1 to 3 months. This interval was applied for

2–3 injections (treatment plan), followed by an assessment

visit after 3–6 months since last assessment. The available

choices of treatment plans were: 3 injections at 1-month,

1.5-month, or 2-month intervals; or 2 injections at 2.5-

month or 3-month intervals. At the assessment visits, the
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next treatment plan was adjusted by one step: the next

shorter interval if exudative signs were detected;

otherwise the next longer interval. If the macula was still

dry after a 3-month interval plan, the eye was monitored

every 1.5 months.

Per protocol, a variation of ±1 week was accepted for

visits and injections. However, some patients missed

their appointments for various reasons and needed to be

rescheduled. A delay of up to 3 weeks was accepted

without dropout of the study.

Clinical outcome analysis

The main outcome for clinical validation of the ‘observe-

and-plan’ regimen included: the mean BCVA change

over time with an end point at 12 and 24 months, the

proportion of eyes that lost 415 letters, and the

proportion of eyes that gained Z15 letters. Additional

parameters were mean CRT change, the treatment

intervals over time, the number of visits and injections

over 2 years, and the presence of fluid.

An economic assessment of this regimen in

comparison with other variable treatment protocols was

completed (See Supplementary Information).

Statistical evaluation

Patients were not seen for monthly visits on this

treatment plan, and hence the last available BCVA and

CRT measurements were carried forward to the last visit

to allow for statistical analysis. However, missing data

for patients that were lost to follow-up were taken into

account until their last visit only.

Apart from descriptive statistics, a paired t-test was used

to compare visual acuity at different time points. We also

used the McNemar test to analyse the individual interval

category during year 1 vs year 2. Categorical distribution

was analysed with w2 test. Statistical results were

considered significant at a level of significance of 0.05.

Results

Study population

Baseline characteristics were described in detail in our

report of the 1-year results.14 In summary, 115 eyes from

104 Caucasian patients (mean age, 79.5 years; 63.5%

women) were included. Mean baseline BCVA was 58.3

ETDRS letters (Snellen equivalent 20/80þ 3, SD 18.0).

Two patients (2 eyes) were lost during the first year,

and 7 patients (8 eyes) were lost to follow-up during the

second year.

Improvements in VA

Mean BCVA improved by 8.7 letters (Po0.0001, paired

t-test) at month 3 and this increase was maintained at

months 12 and 24 (þ 9.7 and þ 9.2 letters, respectively)

(Figure 1; upper graph). The proportion of eyes gaining

Z15 letters, gaining Z0 letters, and losing o15 letters

were 30%, 83%, and 97%, respectively, after 12 months,

and 33%, 80%, and 96%, respectively, after 24 months.

Figure 1 Mean change of best corrected visual acuity (BCVA; upper graph) and of central retinal thickness (CRT; lower graph)
measured using optical coherence tomography of all study eyes treated with ranibizumab for neovascular age-related macular
degeneration following an observe-and-plan regimen during the 24-month study period. Error bars represent SEM.
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Factors affecting clinical burden

The mean number of clinic visits with ophthalmic

examinations after baseline was 6.9 (SD 2.3) that divided

into 4.0 (SD 1.4) and 2.9 (SD 1.2) during the first and the

second year, respectively. The distribution of number of

visits and injections over the 2-year course of the study is

shown in Figure 2.

The mean number of injections was 13.6 (SD 6.1, range

3–25), including the first three loading doses. This divided

into 7.8 (SD 3.1, including three loading doses) and 5.8 (SD

3.4) in the first and second year, respectively. The mean

treatment interval after the loading doses was 2.0 months

(SD 3.1) in the first year and 2.2 months (SD 3.3) in the

second year that was not significantly different (P¼ 0.835).

Subgroups were analysed according to the treatment

interval (individual average) during the first and the

second year of follow-up, respectively: a short

retreatment interval of up to 1.5 months, an intermediate

interval longer than 1.5 but shorter than 3 months, or a

long retreatment interval of Z3 months. The comparison

revealed that 67.3% of patients remained in the same

category from year 1 to year 2, whereas 32.7% changed

their category form year 1 to year 2 (Table 1). Short

intervals in the first year (r1.5 months) had a 46.3%

chance of extending their interval beyond 1.5 months

during the second year. Overall, no significant change

was found (P¼ 0.074).

In addition, the very first measured interval (after the

loading doses) and the last interval at month 24 were

compared. These values were plotted against each other

to show the variability of evolution observed (Figure 3).

Inherent to the regimen, the treatment interval changes

by one step forward and backward, even in the case of

perfectly regular recurrences. Therefore, change by one

step was considered a stable interval, whereas changes

by two steps or more were defined as longer/shorter. We

found that 60 eyes were stable (57.1%) between their first

and last interval, 33 eyes (31.4%) showed longer intervals

(less treatment need) over time, and 12 eyes (11.4%)

needed shorter intervals (higher treatment need).

Ten patients had both eyes included into the study and

completed the 24 months. Four of them showed very

similar need of retreatment in both eyes, with 0–20%

Figure 2 Distribution of the number of ophthalmic assessment visits and injections during the 2-year course of the observe-and-plan
regimen.

Table 1 Treatment interval (individual average) during the first vs second year of the observe-and-plan regimen with ranibizumab for
neovascular age-related macular degeneration

Treatment interval year 2
Total

Treatment interval year 1 r1.5 Months 41.5 And o3 months Z3 Months

r1.5 Months
N (% within the first year category) 22 (53.7%) 17 (41.5%) 2 (4.9%) 41 (100.0%)
% Of all patients 20.0% 15.5% 1.8% 37.3%

41.5 And o3 months
N (% within the first year category) 5 (15.6%) 23 (71.9%) 4 (12.5%) 32 (100.0%)
% Of all patients 4.5% 20.9% 3.6% 29.1%

Z3 Months
N (% within the first year category) 2 (5.4%) 6 (16.2%) 29 (78.4%) 37 (100.0%)
% Of all patients 1.8% 5.5% 26.4% 33.6%
% Of all patients 26.4% 41.8% 31.8% 100.0%

Highlighted in bold are those groups with stable treatment need from Year 1 to Year 2.
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difference between the treatment interval means.

However, the paired comparison of the treatment

interval means over 2 years for all 10 patients showed

a statistical trend toward a difference between the 2 eyes,

with a P-value of 0.063 (Wilcoxon signed-rank test).

Structural outcome

OCT measurements demonstrated that mean CRT

improved from 342mm (SD 85) at baseline to a mean of

� 97, � 99, and � 96mm at months 3, 12, and 24,

respectively (Figure 1; lower graph). The proportion of eyes

with presence of fluid (intraretinal or subretinal) on SD-

OCT was analysed for the last available visit before month

12 and month 24. This proportion was 46% and 43.8%,

respectively. The distribution between the groups with

short, intermediate, and long intervals was not significantly

different for the proportion of eyes with fluid at 1 year (w2

test 0.11), but showed a significantly higher proportion in

the short intervals at 2 years (w2 test o0.001; Table 2).

Safety

No severe ocular or systemic adverse events were

reported during the course of this study. In two

instances, the investigators decided to apply the protocol

option to shorten the interval more than normally

suggested. The reason for this was that recurrence was

considered more severe than expected. Both events

happened during the second year of ‘observe-and-plan’,

and both occurred after a treatment plan of two injections

at 3-month intervals that was preceded by a prolonged

phase of monitoring without signs of exudation and

without injections (7 and 10 months, respectively). At the

assessment visit at 3 months after the treatment plan, the

first patient had lost 5 lines of BCVA, and CRT on OCT

had increased by 214mm. Fluorescein angiography

revealed that the CNV lesion had grown by 1 disc area.

In the second patient, BCVA was stable, and CRT only

slightly increased by 34 mm, but routine fluorescein

angiography revealed a growing lesion. In both

instances, we decided to continue with a treatment plan

of monthly injections, followed by a progressive interval

extension according to the protocol. Within those patients

who underwent a 3-month treatment plan after

a previous prolonged recurrence interval (ranging from

4 to 16 months; n¼ 27), these two events represented

a small proportion (7.4%) as compared with 25 other eyes

(92.6%) that showed no severe worsening.

Discussion

In this study, we presented the 2-year outcome of the

‘observe-and-plan’ regimen that consists of an

individually tailored treatment plan with ranibizumab

for nAMD. The results demonstrated that good functional

outcomes may be obtained for up to 2 years with

administration of the appropriate number of injections,

yet with a dramatically reduced number of ophthalmic

examinations, by individual prediction of future treatment

needs for up to 6 months. The functional results of this

study, particularly the maintenance of the initial visual

improvement, may serve as clinical validation of the

regimen. The visual results of the ‘observe-and-plan’

regimen are comparable with those from other successful

regimens.2–4,12,16–18 Therefore, we suggest that the

individualized prediction of future treatment need, which

in this regimen was applied for a maximum of three

injections and combined with the dynamic feedback

mechanism (assessment visits), provides adequate

treatment for nAMD. Interestingly, the functional results

of this study were good, although visit delays up to 3

weeks were not excluded from the study. Therefore, the

regimen may be well suitable for real-life circumstances.

The ‘observe-and-plan’ regimen allows for elimination

of monthly repeated evaluation visits during the

treatment plans, thereby reducing the number of

ophthalmic assessments to one-third (33%) and

one-fourth (24%) during the first and second year,

respectively, as compared with the monthly visits

required in PRN regimens.11,12,16 Thus far, various

Figure 3 Distribution of the first measured interval after
loading doses (horizontal axis), plotted against the last applied
interval at month 24 (vertical axis), for all eyes that underwent
treatment with ranibizumab for neovascular age-related macular
degeneration according to the studied regimen ‘observe and
plan’. The term ‘observation’ is equivalent to any interval longer
than 3 months. These eyes were followed regularly without
planned injection.
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studies have concluded that strict monthly visits are

mandatory in a PRN regimen.17,19–21 Correspondingly,

it was found that less-than-monthly assessment visits in

PRN had a poorer outcome than strict monthly visits.22

However, in a real-life setting, monthly assessments are a

logistical problem,23 requiring human resources and time

investment from health-care providers as well as

patients.13 The treat-and-extend regimen slightly

decreased the number of assessment visits (8.4 visits and

injections during year 1 (70% of PRN)18) and, because of

the ease of planning future injections and visits, it has

been widely accepted in clinical routine practice

(American Society of Retina Specialists, Preferences and

Trends Survey, 2013, available at https://www.asrs.org/

content/documents/_2013asrspatsurveyresults.pdf).

The ‘observe-and-plan’ regimen allows for a further

reduction in the number of assessment visits to 4.0 and

2.9 in the first and second year, respectively. These

examination visits are the time-consuming part of

patient care, and their number is determining for the

clinical burden. Thus, the ‘observe-and-plan’ regimen

improves an institution’s capacity to manage a high

number of patients with the given resources, or

available resources may be applied elsewhere.

‘Observe-and-plan’ regimen did not aim to further

reduce the number of injections, but was designed to

anticipate each individual’s need for treatment. The

number of injections was very similar between the

‘observe-and-plan’, PRN, and treat-and-extend

regimens. Although comparisons between studies are

problematic, the number of injections over 2 years was

slightly higher in this study (13.6) than in the PRN arms

of the CATT and the IVAN trials (12.6 and 13,

respectively). This minor difference may be because of

the three loading doses and the use of spectral domain

OCT with its high sensitivity to detect fluid. Anyhow,

several studies have shown that the mean number of

injections may not be too much reduced without loss of

efficacy.24–26 The main purpose of this study was to

describe a way to apply the individually needed

injections with reduced number of visits in order to

offer a regimen that would contribute to fight against

the real-life danger of undertreatment and visual loss.27

In the absence of monthly evaluation visits, one may be

concerned about potential undertreatment in the case of a

rapidly changing need for injections. In our 2-year results,

we identified one eye with vision loss because of severe

exudative recurrence, and another eye with lesion growth.

Lesion growth may occur even under monthly fixed

regimen.28 However, both events occurred after

a 3-month interval treatment plan that had followed

a prolonged observation period without treatment.

Therefore, we suggest that particular attention should be

paid to late recurrences. Delayed exudative recurrence

might sometimes—although infrequently (7.4%)—require

treatment intervals shorter than 3 months, similar to new

CNV development. In an effort to correctly adjust the

treatment interval for these rare but aggressive late

recurrences, it might be helpful to: (1) consider the severity

of the recurrence on OCT, (2) add a monitoring visit at 1.5

months (instead of 2� 3 months), and (3) encourage the

patient to come back early in case of any visual worsening.

However, our study showed that only 4% of eyes lost more

than three lines of BCVA after 24 months, and this is not

above the expected proportion in the reference trials

MARINA and ANCHOR (B10%),2,4 thereby suggesting

good safety of the regimen for visual outcome.

The mean interval increased only slightly from 2.0

months in the first year to 2.2 months in the second year.

However, the mean interval values do not take into

account the individual variation. For this reason, patients

were categorized into short, intermediate, and long

intervals in the first and second years (individual

average). Most patients remained in their category from

year 1 to year 2, and the statistical test showed that

overall there was no significant category change.

Similarly, the analysis of the first measured interval vs the

last applied interval showed that 57% of eyes remained

Table 2 Proportion of eyes with fluid present at the last available visit before month 12 and month 24, respectively, according to the
subgroups of short, intermediate, or long treatment intervals resulting from the observe-and-plan regimen with ranibizumab for
neovascular age-related macular degeneration

Treatment interval
Short¼r1.5

months
Intermediate¼41.5
and o3 months Long¼Z3 months X2 P-value Total Proportion

Month 12
Fluid present 20 10 22 52 0.460
Fluid absent 18 23 20 0.11 61 0.540
Total 38 33 42 113 1.0

Month 24
Fluid present 23 9 14 0.00009 46 0.438
Fluid absent 5 25 29 59 0.562
Total 28 34 43 105 1.0
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stable over the 2-year course, whereas 31% lengthened

their interval by Z2 steps, and 11% shortened their

intervals. The visual results of the study, and particularly

the low proportion of patients with visual loss, suggests

that the ‘observe-and-plan’ regimen was adequately

sensitive to capture this change of retreatment need and

to apply sufficient treatment. This is most important for

those with need for shorter intervals over time.

Bilateral cases that completed this study were of

interest in terms of symmetry between the two eyes.

However, only 10 patients (20 eyes) were available for

this analysis. Although some showed highly symmetric

need for retreatment (4 out of 10), others were quite

different. The corresponding statistical test showed

a nonsignificant trend towards a difference between the

eyes (P¼ 0.063), suggesting that ocular factors may play

a more important role than systemic factors. However, no

firm conclusion can be drawn with these small numbers.

The evaluation of proportion of eyes with fluid needs

to take into account that the ‘observe-and-plan’ strategy

would lead to 50% presence of fluid (once in the

treatment plan phase), even in case of a perfectly stable

injection-recurrence interval. The finding of slightly

lower proportions for the last visit before month 12

(46.0%) and month 24 (43.8%) matches well with the

slight increase of the mean interval over time,

corresponding with a slight decrease of need for

retreatment. However, because of the inherent

characteristics of the ‘observe-and-plan’ regimen, these

numbers cannot be compared with those of a PRN

regimen such as the CATT trial, as the visits in this study

are planned close to the likely recurrence only and not at

a specific time point such as month 12.

The proportion of eyes with fluid present according to

the interval groups of short, intermediate, or long intervals

showed a statistically equal distribution at the visit before

month 12, but a significantly higher proportion with fluid

in the short intervals at month 24 (82.1%). This high

proportion might be dominated by refractory cases,

possibly because of a phenomenon of tachyphylaxia.

We acknowledge that the present study has several

weaknesses. It was a single-arm uncontrolled study. The

‘observe-and-plan’ regimen was validated only in that it

maintained the VA gain after month 3 through to month

24. The regimen is slightly more complex than the well-

known PRN or treat-and-extend regimen. However, in

our experience, the involved ophthalmologists were

rapidly familiar with the regimen and subjectively did

not consider it complex. Both doctor and patient easily

understood the regimen through the key concept.

In conclusion, the ‘observe-and-plan’ regimen

significantly improved VA and allowed for applying the

individually needed number of injections while

dramatically reducing the number of assessment visits.

Thereby, this regimen alleviates the burden of nAMD

management, allowing doctors and institutions to better

cope with the chronic care management of nAMD.

However, the regimen should ideally be investigated in

direct comparison with the gold standard of monthly

retreatment to confirm its value.

Summary

What was known before

K Intravitreal anti-VEGF treatment is the current gold
standard treatment for nAMD, based on large
randomized controlled trials. However, monthly
injections place a heavy burden on chronic care
management of these patients.

K Variable dosing regimens have shown that the number of
injections may be reduced without loss of visual treatment
benefit. However, monthly assessment visits are still needed
in the pro re nata regimen. Less frequent visits are possible in
the treat-and- extend regimen (more than 8 in 1 year).

K The assessment visits represent the time-consuming part
of the patient care. Because of the high incidence of
nAMD, and the indefinite duration of retreatment, the
clinical burden of nAMD is a major challenge for health-
care institutions.

What this study adds
K The evaluation of an ‘observe-and-plan’ regimen showed

that good VA results may be achieved up to 2 years with
dramatically fewer clinic visits as compared with other
regimens. This result was achieved by individual
prediction and application of the individually
appropriate number of injections.

K The ‘observe-and-plan’ regimen uses the injection-
recurrence interval as criteria for an individual fixed
treatment plan of several injections with slightly shorter
intervals for up to 6 months, combined with dynamic
feedback (assessment visits), allowing for adjustment of
the interval over time.

K In conclusion, the ‘observe-and-plan’ regimen
significantly improved VA and allowed for applying the
individually needed number of injections while
dramatically reducing the number of assessment visits.
Thereby, this regimen alleviates the burden of nAMD
management, allowing doctors and institutions to better
cope with the chronic care management of nAMD.
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