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Abstract

Anti-vascular endothelial growth factor (anti-VEGF) 
treatment is the gold standard of care for neovascular 
age-related macular degeneration (nAMD). To strike 
a balance between treatment burden and vision 
improvement, a treat-and-extend (T&E) regimen is the 
preferred approach to administer anti-VEGF treatment.

To facilitate implementation of the T&E regimen 
for nAMD in Hong Kong, a panel of retinal experts, 
with the support of Bayer Healthcare, held an online 
meeting on 15 September 2020 to discuss the latest 
published evidence and clinical experiences regarding 
the suitability and safety of anti-VEGF agents in the 
T&E regimen, patient selection, retreatment criteria, 
considerations for treatment discontinuation, and 

barriers to implementing the T&E regimen.

Compared with the 2019 recommendations, this 2020 
version contains several major updates including 
differentiation of fluid compartments in retreatment 
criteria, additional considerations for patient selection, 
streamlined criteria for treatment cessation, and 
applicability of the T&E regimen in patients with 
polypoidal choroidal vasculopathy (PCV). 

These updated recommendations are expected to 
facilitate implementation of the T&E regimen for 
nAMD including PCV in Hong Kong, with the aims 
of improving patient visual acuity, lowering treatment 
burden, and facilitating service capacity planning over 
the long term. 

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
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At the same time, patients can receive more timely 
treatment, with the potential to reduce time for clinic 
visits and treatment cost in the long run, compared with a 
fixed-dosing regimen. Nonetheless, financial constraints, 
psychological unpreparedness, and fatigue from receiving 
a series of injections may refrain patients from choosing 
the T&E regimen. To facilitate implementation of the T&E 
regimen, clear recommendations on a treatment pathway 
with clinical and logistical details should be established.

On 15 September 2020, with the support of Bayer Healthcare, 
an expert panel of ophthalmologists from public, private, and 
academic institutions in Hong Kong held an online meeting 
to discuss the suitability and safety of anti-VEGF agents in 
the T&E regimen, retreatment criteria, surrogate markers 
for treatment decision-making, roles of fluid compartments, 
considerations for treatment discontinuation, and obstacles 
to the implementation of the T&E regimen. Based on the 
latest published evidence and expert opinions, the 2020 
updated recommendations for practicing the T&E regimen 
for nAMD including polypoidal choroidal vasculopathy 
(PCV) was established, based on the recommendations in 
2019.24

Recommendations 

Logistics of a T&E clinic 
The logistics of a T&E clinic include: (1) checking for 
visual acuity, (2) performing an OCT test, (3) reviewing the 
patient condition by an ophthalmologist, (4) administering 
an injection, and (5) deciding on the next appointment 
for treatment, with the interval reduced, maintained, or 
extended.

Updates to previous recommendations
Items in the 2019 recommendations that are kept include 
the three initial monthly injections in the loading phase, the 
maximum injection interval of 16 weeks, and one of the 
criteria for extending the treatment interval (ie, no loss of ≥5 
letters of the Early Treatment Diabetic Retinopathy Study 
[ETDRS]).

The T&E pathway is revised to illustrate more clearly 
whether to extend, maintain, or shorten the treatment 
interval as per visual acuity and anatomical criteria, which 
are modified based on the latest studies.25,26 In particular, this 
update allows the possibility to extend the treatment interval 
with some tolerance of stable subretinal fluid (SRF) if there 
is ongoing anti-VEGF therapy. The minimum injection 
interval is changed from 4 weeks to 8 weeks, and treatment 
interval adjustment is recommended at 2-/4-week interval, 
instead of 1/2/4 weeks in the previous recommendation.24 

Regarding considerations for treatment cessation, the 
previous recommendations suggested the need for 2 to 3 
years of treatment and indefinite monitoring after treatment 
discontinuation.24 The 2020 update recommends that 
treatment cessation can be considered in patients who are 
stable on anti-VEGF therapy every 16 weeks (q16w) for 

Introduction

Neovascular age-related macular degeneration (nAMD) 
develops when chronic degenerative and hypoxic retina 
releases cytokines including vascular endothelial growth 
factor (VEGF) and placental growth factor (PGF), which act 
on VEGF receptors-1 and -2 to trigger downstream effects 
such as inflammation, vascular leakage, and pathological 
neovascularization.1 Current evidence suggests that 
choroidal ischemia may play a role in the pathogenesis of 
nAMD.2 Age-related macular degeneration is the leading 
cause of legal blindness in adults aged >60 years, affecting 
around 196 million people worldwide.3 In 2010, it was 
estimated that about 3000 new cases of nAMD develop in 
Hong Kong each year.4 This number is expected to increase 
with an aging population.

The gold standard in nAMD management is intravitreal 
anti-VEGF injection, which used to be in a monthly fixed-
dosing injection interval.5-7 With the chronic progressive 
nature of nAMD, persistent monthly intravitreal injections 
pose a heavy treatment burden on both ophthalmologists and 
patients.8 The PrONTO study was conducted to investigate 
an alternative reactive as-needed (pro re nata) regimen, in 
which injections are given in response to disease worsening 
based on regular monthly monitoring for predetermined 
visual acuity and/or anatomical criteria.9 The results shed 
light on the possibility of lowering treatment burden.9

The subsequent SUSTAIN, CATT, and IVAN studies re-
evaluated the pro re nata regimen but failed to replicate the 
positive outcomes of the PrONTO study.10-12 In view of the 
mixed results, a proactive individualized treat-and-extend 
(T&E) regimen was proposed, with the aim of achieving 
similar visual acuity gain with fewer clinic visits, compared 
with regular monthly dosing.13 The principle of the T&E 
regimen is to administer injections at individualized 
intervals based on visual acuity and/or anatomical response, 
with no monitoring visits required.13

Patients with nAMD require constant treatment to maintain 
vision outcomes, as treatment discontinuation is associated 
with lesion reactivation and visual acuity loss in the long 
term.14,15 Maintenance of vision gains in treated patients 
is poor over time, and may be worsened with fewer anti-
VEGF injections administered.16 The pro re nata regimen is 
associated with undertreatment and poorer visual outcomes, 
compared with a fixed-dosing regimen.17,18 To strike a 
balance between treatment burden and vision improvement, 
the T&E regimen requires fewer injections but with no 
signs of undertreatment (compared with a fixed-dosing 
regimen)19-22 and improves visual outcomes with fewer 
clinic visits (compared with a pro re nata regimen).23

The T&E regimen allows for predictable and reduced 
numbers and frequency of clinic visits and facilitates 
service allocation (eg, arrangement of optical coherence 
tomography [OCT]) and reduces workload of healthcare 
professionals, particularly during the COVID-19 pandemic. 
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1 year (ie, three injections), with 1-year post-cessation 
observation, which is in line with the recommendations by 
a UK expert panel.27

For patient selection, the 2020 update recommends that, in 
addition to single-eye patients, the T&E regimen should 
be considered in patients who have good visual acuity 
outcomes after three loading doses.

Three new sections are added. One discusses the relationships 
between molecular properties of an anti-VEGF agent and its 
duration of action, which is an important factor in choosing 

Figure. Proposed treat-and-extend regimen using intravitreal anti-vascular endothelial growth factor (anti-VEGF) therapy for the 
treatment of neovascular age-related macular degeneration and polypoidal choroidal vasculopathy.

a suitable agent for use in the T&E regimen. Another new 
section reviews safety profiles of anti-VEGF agents based 
on data from clinical studies and post-marketing experience. 
The third new section explains the applicability of the T&E 
regimen in patients with PCV.

With respect to the limitations of the T&E regimen, the 
practical issues on the implementation of the regimen in 
routine clinical practice (including financial considerations, 
resource limitations, and patient psychology) are discussed, 
as are strategies to boost the acceptance of the T&E regimen 
among patients.

Loading phase: three 4-weekly injections (check for visual acuity 
and/or optical coherence tomography)

Subsequent injections (check for visual acuity and optical 
coherence tomography criteria)

Subsequent injections (check for visual acuity and optical 
coherence tomography criteria)

Shorten treatment interval by 
2 to 4 weeks (min. 4 weeks)

Maintain treatment interval
Extend treatment interval by  
2 to 4 weeks (max. 16 weeks)

Maintain treatment interval at 4 weeks Extend treatment interval to 6 or 8 weeks

Criteria for shortening (any of the 
following is met)

Criteria for maintenance Criteria for extension (all of the 
following is met)

•	 Loss of ≥5 letters of Early Treatment 
Diabetic Retinopathy Study (ETDRS) or 
1 Snellen line

•	 New intraretinal fluid or subretinal fluid
•	 Increased intraretinal fluid or subretinal 

fluid
•	 Persistent intraretinal fluid
•	 Residual subretinal fluid >200 μm
•	 New macular hemorrhage
•	 New neovascularization

•	 Residual but decreased intraretinal fluid
•	 No loss of ≥5 ETDRS letters
•	 Stable residual subretinal fluid ≤200 μm
•	 No new macular hemorrhage
•	 No new neovascularization

•	 No loss of ≥5 ETDRS letters (1 Snellen 
line)

•	 Absence of intraretinal fluid
•	 Stable residual subretinal fluid ≤200 μm
•	 No new macular hemorrhage
•	 No new neovascularization
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Loading phase
Consistent with the previous recommendations, the 
expert panel recommends using three monthly injections 
in the loading phase.24 The first injection is preferably 
administered on the day of OCT assessment. In the two 
subsequent visits, visual acuity and clinical status should be 
assessed, and OCT may not be required, because imaging 
results are not expected to change the treatment plan during 
the loading phase. Refraining from OCT may help to reserve 
service capacity and reduce patients’ waiting time.

Four to eight weeks after the last loading dose, another 
injection can be administered depending on the patients’ 
clinical performance, based on the set of extension/
maintenance/shortening criteria. Both visual acuity and 
OCT should be checked to determine the next treatment 
interval.

Extension of treatment interval
At every subsequent visit, both visual acuity and OCT should 
be checked to determine whether the treatment interval 
should be extended, maintained, or shortened. Intraretinal 
fluid (IRF), visual acuity (in terms of ETDRS letters), new 
onset of macular hemorrhage, and neovascularization are 
the criteria for guiding the treatment interval, based on 
evidence from the FLUID and ALTAIR trials.25,26 

Compared with visual acuity, intraretinal fluid is a more 
important surrogate marker for treatment decision-making 
because accumulation of fluid often occurs before visual 
acuity loss. In post hoc analyses of the CATT, IVAN, 
HAWK, and HARRIER trials, higher fluctuation of central 
subfield thickness is associated with more losses in visual 
acuity.11,12,28 However, most panelists note that greater 
overall fluid resolution does not directly translate to better 
visual outcomes in nAMD. They recognize the significance 
of differentiating fluid compartments and suggest that 
IRF, rather than SRF, has a direct impact on visual acuity 
outcomes. A completely dry retina may not be necessary 
in nAMD management because the presence of IRF is 
associated with worse visual acuity over time, and residual 
SRF appears to have neutral or even protective effects on 
visual outcomes.11,25,29-31 Although the exact mechanism is 
unclear, the presence of SRF is hypothesized to reduce the 
risk of vision-threatening macular atrophy.11 Nonetheless, 
eyes with residual SRF are still receiving ongoing anti-
VEGF therapy, and treatment should be continued in nAMD 
eyes with SRF.

In the FLUID trial of ranibizumab,25 a T&E regimen that 
tolerated an SRF of ≤200 μm yielded non-inferior visual 
acuity outcomes, with fewer injections, compared with 
the more aggressive T&E regimen, which did not tolerate 
SRF. In the ARIES study that examined the early-start and 
late-start T&E regimen arms with aflibercept also showed 
that a treatment interval extension in eyes with an SRF of  
≤50 μm could maintain robust visual acuity gain, and 
thus a dry retina may not be necessary.32 The expert 
panel recommends that residual SRF can be tolerated and 

allowable for extending the treatment interval in a T&E 
regimen, with the aim of reducing treatment burden. 45.45% 
of panelists preferred to adopt a threshold of residual SRF of 
≤200 μm (whereas 36.36% preferred ≤100 μm and 18.18% 
preferred ≤50 μm), based on the FLUID trial that supports 
reducing injection numbers and the treatment burden for 
patients while maintaining visual acuity. Different from 
residual SRF, a new onset of or an increase in SRF can be 
a sign of disease recurrence, which warrants shortening the 
treatment interval. SRF tolerance is only applicable to a 
T&E regimen. In the pro re nata treatment, any fluid should 
be treated completely and should aim for complete dryness 
to prevent progressive damage.

In the ALTAIR study,26 aflibercept T&E regimens with 
2- and 4-week extensions yielded similar visual and 
anatomical outcomes. 66.7% of the panelists recommended 
extending the treatment interval by 2 weeks, which is a more 
conservative and appropriate approach because many Hong 
Kong patients on a T&E regimen have only one functional 
seeing eye based on the panelists’ clinical experiences. 
The remaining panelists suggested extending by 4 weeks 
(16.7%) or depending on clinical judgment (16.7%). The 
panel recommends extending the treatment interval by 
2 weeks (up to 16 weeks) when the following criteria are 
fulfilled as per OCT and visual acuity assessments: (1) no 
loss of ≥5 ETDRS letters (1 Snellen line), (2) no residual 
IRF, (3) stable residual SRF of ≤200 μm, (4) no new 
macular hemorrhage, and (5) no new neovascularization (as 
per OCT angiography). 

Reduction of treatment interval
In patients without any signs of disease recurrence (ie, loss 
of ≥5 ETDRS letters, new IRF or SRF, increased IRF or 
SRF, persistent IRF, residual SRF >200 μm, new macular 
hemorrhage, or new neovascularization), the treatment 
interval should be shortened by 2 weeks (the minimum 
injection interval is 4 weeks). In line with previous 
recommendations, no treatment is required for intraretinal 
cysts secondary to chronic multiple injections, which 
tend to be small on serial OCT scans compared with the 
development of IRF. An increase in fluid associated with 
pigment epithelial detachment may not necessarily lead to 
shortening of the treatment interval but should be monitored 
carefully.

Maintenance criteria
In patients with residual but decreased IRF and no other 
signs of disease reactivation (ie, no loss of ≥5 ETDRS letters, 
residual SRF ≤200 μm, no new macular hemorrhage, and no 
new neovascularization), the treatment interval should not 
be extended but can be maintained.

Cessation of treatment
Anti-VEGF therapy is associated with atrophy development, 
but it remains uncertain whether treatment burden or 
duration are causes.33-35 The expert panel recommends 
that treatment discontinuation should be considered in 
patients who are stable on 16-weekly anti-VEGF therapy 
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for 1 year (ie, three injections per year), with the aim to 
reduce treatment burden. In view of the risks of disease 
reactivation and vision loss with undertreatment,36 patients, 
especially those with a single functional eye, should be 
observed prudently for disease stability for 1 year after 
treatment discontinuation. Before deciding on cessation 
of treatment, clinicians should have a thorough discussion 
with patients on the risk-benefit balance. If patients refuse to 
stop treatment or encounter disease recurrence, 16-weekly 
anti-VEGF treatment should be maintained or initiated.

Selection of patients
Consistent with previous recommendations, the expert 
panel recommends using a T&E regimen in single-eye 
patients. A T&E regimen should be considered in patients 
who have good visual acuity outcomes after three loading 
doses, whereas patients with anti-VEGF-refractory 
nAMD (stationary or increased intraretinal or subretinal 
exudation despite more than three consecutive injections) 
or at younger ages (eg <70 years) may not be prioritized 
to receive a T&E regimen, because of a lack of relevant 
evidence, given that the mean ages of participants in 
the FLUID and ALTAIR studies were 79 and 74 years, 
respectively.25,26

Choice of anti-VEGF agents
The expert panel recommends that anatomical efficacy, 
visual efficacy, durability of action, and safety are factors 
that affect the uptake of an anti-VEGF agent in clinical 
decision-making. With respect to both anatomical and 
visual efficacy of an anti-VEGF agent, the binding affinity, 
potency, and intravitreal half-life are considered important 
contributors, as are the roles of molecular size and molar 
dose, as all molecular properties are closely related. The 
intravitreal half-life of an agent is the major determinant 
of its durability of action, while other molecular properties 
also play certain roles. 

In Hong Kong, current licensed anti-VEGF agents for 
nAMD include ranibizumab and aflibercept;37 brolucizumab 
may be approved in future as it has been approved in the 
USA and several developed countries.38 Aflibercept has 
distinct molecular properties. Compared with ranibizumab 
and brolucizumab, aflibercept has higher binding 
affinity,39,40 potency,41 and estimated intravitreal half-life,42-44 
contributing to a longer estimated VEGF suppression time 
(ie, 71 days).45-48

Safety of anti-VEGF agents
The most common adverse reactions with intravitreal 
anti-VEGF therapy include conjunctival hemorrhage, 
reduced visual acuity, eye pain, cataract, and increased 
intraocular pressure.20,26 Rates of serious adverse events 
such as intraocular inflammation and endophthalmitis are 
consistently low across a series of phase III trials of both 
aflibercept and ranibizumab.49 Around 30 million vials of 
aflibercept have been sold globally; rates of retinal artery 
occlusion and/or retinal vasculitis are very low.50 Such 
serious adverse events are rarely reported (0.1%) in patients 

treated with ranibizumab.51 Newer anti-VEGF agents 
such as abicipar pegol52 and brolucizumab53,54 might be 
associated with increased risks of intraocular inflammation, 
retinal artery occlusion, and retinal vasculitis. This indicates 
the heterogeneity in safety profiles among the drug class. 
Larger molecules with Fc fragments have a longer systemic 
half-life, which possibly leads to a lower serum VEGF 
concentration and higher risk of systemic adverse effects.55 
However, no data support a clinical correlation between 
the systemic half-life and the risk of VEGF-related adverse 
effects. A comprehensive review reported that rates of ocular 
and systemic adverse events with aflibercept were low and 
similar to those of the control arm.56

Applicability of a T&E regimen to PCV
PCV, a subtype of nAMD, is particularly common in 
Asians.57 The expert panel recommends that PCV can be 
treated with the T&E regimen. In the PLANET phase IIIb/IV 
trial, aflibercept monotherapy was noninferior to aflibercept 
plus photodynamic therapy in terms of improvements in 
visual acuity at weeks 52 and 96.58,59 The T&E regimens 
have similar efficacy for typical nAMD and PCV.60,61 
Clinical experiences have also demonstrated the efficacy 
and safety of T&E regimens of aflibercept in patients with 
PCV.62-64

Limitations of a T&E regimen
Because of manpower and resource limitations, most public 
hospitals in Hong Kong do not go directly for a T&E 
regimen after the loading phase. In clinical practice of most 
panelists, a T&E regimen is offered to as many patients 
with typical nAMD or PCV as possible, but only <30% of 
patients are actively treated with a T&E regimen, because 
of the inability to do the injection and follow-up visit on 
the same day and the high treatment cost. Most patients 
who are actively treated with a T&E regimen are eligible 
for free treatment (eg civil servants or participants of a 
Hospital Authority special program that targets low-income 
or single-eye patients). Non-adherence to a T&E regimen 
is due to financial constraints, fatigue, and psychological 
unpreparedness for chronic management.

Conclusion

We recommended a T&E regimen for nAMD including 
PCV based on the latest clinical evidence and shared 
experiences. Compared with the pro re nata approach, the 
T&E regimen is expected to improve visual acuity, lower 
treatment burden, and facilitate service capacity planning in 
the long run.
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