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Patterns of treatment discontinuation in patients receiving anti-vascular
endothelial growth factor for neovascular age-related macular degeneration

Narendra Dhingra, Deepa Upasani, Faruque D Ghanchi’

Purpose: To report the reasons for treatment discontinuation within 5 years in patients receiving
intravitreal anti-vascular endothelial growth factor (anti-VEGF) therapy for neovascular age-related
macular degeneration (nAMD). Methods: A retrospective case-notes review of patients commenced
on anti-VEGF for nAMD who failed to complete 5 years of follow-up was undertaken. The reasons for
treatment discontinuation, baseline age, baseline visual acuity (VA) in Early Treatment Diabetic Retinopathy
Study (ETDRS) letters, and the VA change at the last follow-up were recorded. Age-specific all-cause
mortality was calculated for deceased patients. Results: Of the 1177 patients, 551 patients (46.8%) failed to
complete the 5-year follow-up. The reasons for treatment discontinuation were death (251), early discharge
due to stable disease (110), further treatment deemed futile (100), failure to attend (15), ill health (14),
patient choice (7), and transfer of care (1). In 53 patients, no reason was documented. The mean baseline
age of those who completed the 5-year follow-up (77.4 + 7.8 years, 95% confidence interval (CI): 76.8-77.9)
was significantly lower than those who discontinued the treatment for any reason (82 + 7.7 years, 95%
CI: 81.4-82.6) (P < 0.0001). Survival analysis showed that baseline VA was not a factor in treatment
discontinuation; however, visual stability (+5 letters from baseline) was associated with treatment
continuation. The age-specific all-cause mortality in deceased patients was lower than that in the general
population. Conclusion: At 5 years, only 53% of patients remained in active care, and death was the most
common reason for treatment discontinuation. Lower baseline age and VA stability during therapy were
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Neovascular age-related macular degeneration (nAMD) is
the most common cause of visual impairment in people over
the age of 55 years.!! Untreated, it causes irreversible central
visual loss in 76% of patients within 3 years."?! Intravitreal
anti-vascular endothelial growth factor (anti-VEGF) therapy
has decreased the rate of legal blindness in over 50% of such
patients.®! Despite the initial visual acuity (VA) gain with
monthly injections, around 10% of eyes lose 15 letters of vision
within 2 years, as seen in various studies.[*®! Visual decline of
8-14 letters has been reported on exit from clinical trials.”*!

Real-world evidence suggests that the visual gains seen
in trials cannot be matched by pro-re-nata (PRN) or treat and
extend (TAE) regimens, possibly due to non-adherence or
non-persistence with the treatment.””’ Given the chronicity of
the disease, treatment discontinuation is a significant concern.
Literature shows that two-thirds of patients complete 5 years of
continuous follow-up, which drops to one-third by 10 years.'*1?

Reporting on patients in whom treatment is discontinued for
clinical reasons or who are lost-to-follow-up (LTFU) is important.
Many retrospective studies reporting 5-year outcomes have not
provided this vital information.'*'¢! A 5-year study from the
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UK reported a completion rate of 66%, with death as the most
common reason for LTFU.[" The Fight for Retinal Blindness (FRB)
registry study reported a treatment discontinuation rate of
42% over 6 years.""l Higher LTFU rate has been reported with
older age, African American and Asian ethnicity, lower gross
income, lower baseline VA, unfavorable VA outcome, greater
distance to clinic, and in patients with unilateral eye disease.'*2"!
Non-adherence and non-persistence with intravitreal treatment
have led to inferior clinical outcomes; thus, knowledge of
contributing factors is important to combat this.

The objective of this study was to evaluate the reasons for
treatment discontinuation over 5 years in the UK, where cost
is funded by National Health Service (NHS). The age, baseline
VA, and VA change in patients who completed 5 years of
follow-up (“completers”) were compared to those in patients
who discontinued treatment (“non-completers”) for any reason.
Additionally, the age-specific all-cause mortality rate was
calculated for the deceased patients and compared to that for
the general population.
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Methods

In this single-center retrospective study, data were extracted
for treatment-naive eyes that were initiated on intravitreal
anti-VEGF therapy for nAMD between January 2009 and
December 2014 from electronic records (Medisoft®). Only
patients who had three loading injections of anti-VEGF
therapy were included, and the results were recorded for
5 years. All patients had clinical signs of active nAMD with
VA between 24 and 74 letters [number of Early Treatment of
Diabetes Retinopathy Study (ETDRS) letters on a logarithm of
the minimum angle of resolution (LogMAR) chart]. Further
information collected included patient demographics; VA at
baseline, 4 months (4 weeks after the three loading injections),
and last follow-up; reason for treatment discontinuation;
anti-VEGF agent used; and number of injections. The VA was
recorded in a clinic setting by using the patient’s own spectacle
correction and VA of “counting fingers” or worse was given
a value of 0 letters.

In eyes where further therapy was deemed futile due
to permanent macular damage (secondary to macular
atrophy/scarring), baseline color fundus photographs (CFP) were
reviewed. Additionally, optical coherence tomography (OCT,
spectral-domain Spectralis, Heidelberg Engineering, Germany)
findings at the last follow-up were revisited to confirm the reason
for treatment withdrawal. On CFP, macular atrophy (MA) was
recorded to be present when a discrete area of hypopigmentation
or depigmentation of retinal pigment epithelium (RPE)
within the vascular arcade, causing increased visibility of
choroidal vessels, was seen. Presence of a well-defined area of
yellowish-white tissue was recorded as macular fibrosis. On
OCT images, MA was recorded to be present in eyes that showed
a zone of choroidal hypertransmission with absence of RPE
homogenous band, while macular fibrosis was recorded in eyes
that showed a hyper-reflective sheet-like material above or below
the RPE. All the images were reported by the treating clinician.

Treatment protocol

All eyes commencing treatment between 2009 and 2013
received intravitreal ranibizumab with three monthly loading
injections. In eyes that received intravitreal aflibercept, from
2014 onwards, the treatment regimen included three loading
injections followed by fixed bimonthly dosing in the first year.
The treatment was given on PRN basis until 2016, after which
TAE became the preferred regimen.

The study adhered to the tenets of the Declaration of
Helsinki and was registered as a clinical audit with the hospital
quality improvement team.

Outcome measures

The outcome measures were the number of patients
discontinuing treatment, reasons for discontinuation, and
patient factors that may have contributed to discontinuation.
Additionally, where the decision to discontinue further
treatment was made on clinical grounds (due to disease
stability or deemed futility of further treatment), the reasons
were compared in patients where treatment was stopped
early (within 2 years) to those where treatment was stopped
late (between 4™ and 5" year). In addition to these results, the
outcome measures in patients aged >90 years at treatment
initiation were reported separately. Finally, the age-specific
all-cause mortality rate was calculated for the deceased patients
and compared with the rate in the general population.

Statistical analysis

The data were entered into an Excel sheet and analyzed
using GraphPad Prism 6.0. The data were not found to be
normally distributed (D" Agostino and Pearson omnibus test).
Descriptive data included mean, standard deviation, standard
error, median, range, and percentages. The Mann-Whitney
test was used to compare the mean parameters of completers
with all non-completers and with each of the non-completer
categories. Time to treatment discontinuation (“dropout”) based
on age, baseline VA, and change in VA was analyzed using
Kaplan-Meier survival, and curves were compared using the
Mantel-Cox test. P <0.05 was considered statistically significant.

Results

Of the 1177 patients (1322 eyes) commenced on anti-VEGF
therapy for nAMD, 626 patients (687 eyes) completed the
5 years follow-up and were still in active care. Of the 551
non-completers, 251 patients (45.6%) deceased over 5 years.
The reasons for treatment discontinuation in the remaining
300 patients (353 eyes) were early discharge due to stable
disease (110, 20.0%), further treatment deemed futile
(100, 18.1%), non-attendance (15, 2.7%), ill health (14, 2.5%),
patient choice (7, 1.3%), and care transferred elsewhere
(1,0.2%). In 53 patients (9.6%), there was no documented reason
for treatment discontinuation.

Age

The mean baseline age of completers (77.4 + 7.8 years, 95%
confidence interval Cl: 76.8-77.9) was significantly lower than that
of non-completers (82 +7.7 years, 95% CI: 81.4-82.6) (P <0.0001).
The mean baseline age of deceased patients (84.3 + 6.3 years,
95% CI: 83.5-85) was significantly higher than that of the
completers (P < 0.0001), as was the age of patients in whom
further treatment was deemed futile (81.1 + 7.6 years, 95%
CI: 79.7-82.6) (P < 0.001). The mean baseline age of patients
in whom treatment was terminated early due to stable
disease (78.7 + 8.6 years, 95% CI: 54-90) was not significantly
different from that of the completers (P = 0.3). Survival analysis
showed a significantly higher discontinuation rate with
increasing age at treatment initiation (P < 0.0001) [Graph 1a].

Visual acuity

Fig. 1 shows the baseline and final VA of all the completers
and non-completers. A mean decline of 1.7 letters (95% CI:
-3.1to—0.3, P=0.19) was seen in the completers (baseline VA:
52.4+13.5 letters, VA at 5 years: 50.6 +20.8 letters). The baseline
VA of non-completers was significantly lower than that of the
completers (49.0 + 15.4 letters, P < 0.0001). Comparing with
completers, eyes where further treatment was deemed futile
had significantly worse baseline VA (40.2 + 15 letters, P <0.0001);
however, no significant difference was seen when comparing
completers with eyes where treatment was terminated early
due to stable disease (baseline VA 54.4+14.4, P=0.12). Patients
who were less than 70 years of age at treatment initiation had
significantly better VA (53.4 + 14.1 letters) than patients greater
than 80 years (49.4 + 13.7 letters, P = 0.02).

Table 1 compares the baseline VA, final VA, and VA change
between the completers and all the categories of non-completers.
Eyes in the treatment futile group lost more vision and had a
significantly higher proportion reaching the blind registration
level (VA <35 letters). Survival analysis showed a significantly
reduced rate of treatment discontinuation in eyes that
experienced VA stability (change +5 letters) over the study
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Graph 1: Kaplan—-Meier survival plot for time to dropout according to
age in years (a), change in visual acuity in letters (b), and baseline
visual acuity in letters (c)

period compared to eyes that experienced gain or loss in VA
[Graph 1b], while there was no difference in drop-out rate when
comparing the baseline VA [Graph 1c].

Central foveal thickness (CFT)

The mean CFT of all the eyes that completed the 5-year
follow-up was 390.7 + 100.8 p and was not statistically
different to those where treatment was stopped early due to
stable disease (mean CFT: 397.4 + 110.4, P = 0.97). However,
eyes in which further treatment was considered futile had a
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Figure 1: Bar graph showing baseline and final visual acuity (ETDRS
letters) in completers and various categories of non-completers

VA (letters)

significantly higher mean CFT (451.5 + 153.8 u, P = 0.01) than
completers.

Monitoring visits and clinic delays

The number of monitoring visits reduced significantly after the
3 year of follow-up. The mean number of clinic visits for all
the patients was 10, 6.8, 6.6, 5.5, and 4.6 in the 1*, 2", 3, 4 and
5% year of follow-up, respectively. Only 40% of patients were
seen within 7 days of their scheduled follow-up time, and in
30% of patients, the delay was more than 14 days.

Number of injections

Of the 1322 eyes, 1276 eyes received intravitreal ranibizumab
(of which 8 switched to aflibercept) and 46 eyes had aflibercept
as the initial therapy. The cumulative mean number of injections
in completers by the end of 1%, 29, 34, 4™, and 5" year of therapy
was 6.1, 9.3, 12.2, 14.4, and 17.1 respectively, compared to 3.5,
5,5.8, 7.4, and 10 injections in non-completers.

Deceased patients

Of the 300 patients who died during the 5-year period, 5.9%
deceased in the first year after treatment initiation and 22.8%
in the 5™ year. The cause of death in these patients was
not recorded, but the age-specific all-cause mortality rate
(per 100,000) in every age category was lower than that in the
general population [Table 2] (Public Health England PHE)
records between 2009 and 2016).1?!

Early discontinuation due to treatment futility

Over 5 years, therapy was withdrawn in 100 patients
(113 eyes) because further treatment was deemed futile.
These patients suffered a significant visual loss (median
decline of 17 letters, interquartile range (IQR): —4 to — 32)
over the course of follow-up. Eyes where treatment was
withdrawn in the first 2 years (“early stoppers”; n = 46) were
compared with those where treatment was withdrawn in the
4™ and 5" years (“late stoppers”; n = 34) [Table 3]. There was
no difference in the baseline VA or overall visual decline;
however, VA change at 4 months (4 weeks after the three
loading injections) was a major factor determining the timing
of treatment withdrawal. At 4 months, a mean decline of 1
letter was seen in the early stoppers compared to a gain of 4
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Table 1: Proportion of change in visual acuity change (%) in completers and various categories of non-completers

VA gain =10 VAloss =10 VA changex5 VA =70 letters VA <35 letters
letters letters letters (baseline/final) (baseline/final)
All completers 30.5 30.8 23.4 10.7/19.9 13.9/25.4
All non-completers 21.4 29.4 32.5 7.5/14.9 22.3/36.6
Futile treatment 4.4 64.6 20.3 0/2.2 43.3/84.9
Deceased 22.8 23.9 145 7.2/113 19.5/25
Treatment cessation 31.8 14.4 32 13.6/32.8 9.6/16
Unknown cause 18.6 25.3 37.3 9.3/14.6 24/34.6

Table 2: Comparison of all-cause age-specific mortality
rate in this study with PHE data

Age range (years) Age-specific mortality rate (per 100,000)

National Present study
70-74 2000 1717
75-79 3000 2770
80-84 6000 4459
85-89 11,000 6718
=90 20,000 9800

Table 3: Comparison of “early” and “late” stoppers
in the treatment futile group, visual acuity in ETDRS
letters (standard deviation)

Parameter Treatment futile

Early (46) Late (34) P
Baseline VA 38.1(15.2) 41.1 (16.6) 0.4
Final VA 21.5(19) 20.4 (14.9) 0.7
Median VA change -1 4 0.01
at 4 months
VA =70 letters 0/6.5 0/0
(baselineffinal)%
VA <35 letters 47.8/82.6 44.1/85.3
(baselineffinal)%
Injections (mean) 4.8 (2.4) 9.1 (5.9) 0.0002

letters in the late stoppers. Additionally, at 4 months, the CFT
was less significantly reduced in the early stoppers (baseline:
432.3 + 188.8 u, at 4 months: 345.1 + 166 w; P = 0.01) than
in the late stoppers (baseline: 427.9 + 160.7 p, at 4 months:
266.2+97.8 u; P<0.0001). Baseline CFP revealed the presence
of macular atrophy/scarring in 20 eyes in the early stoppers
compared to five eyes in the late stoppers. At last follow-up,
CFP was not available, but OCT showed the presence of
these changes in 46 eyes in the early stoppers and 34 in the
late stoppers.

Early discontinuation due to disease stability

In 110 patients (125 eyes), treatment was withdrawn because
the disease was considered clinically stable by the clinician,
based on stable VA, and absence of macular fluid on OCT on
multiple serial visits. The treatment cessation decision was
made in 35 eyes in the first 2 years (“early stoppers”) and in
58 eyes in the last 2 years (“late stoppers”). Early stoppers
showed a median visual gain of 4 letters (IQR: 0-12) at 4 months
compared to 8 (IQR: 0-14) letters in the late stoppers.

Patients aged 290 years

Of 108 patients (8.6% of the total cohort) who were >90 years
at treatment initiation, 54 deceased (50%) and only 18 (16.6%)
completed the 5-year follow-up. There were no patients with
bilateral disease. Mean VA change of + 0.4 letters was seen in the
completers. The reasons for treatment discontinuation were early
discharge due to disease stability (8), further treatment deemed
futile (11), non-attendance (5), and no documented reason (10).

Discussion

Neovascular age-related macular degeneration is a chronic
condition, the necessity for frequent clinic visits and injections
poses a significant burden on patients and clinicians. This
study looked at the reasons for treatment discontinuation
over 5 years in the NHS setting, where the cost of treatment is
not a factor. Patient death was the main reason for treatment
discontinuation. In the majority of surviving non-completers,
the decisions to terminate treatment early were based on clinical
judgment. The decision to discontinue treatment depended
not only on the visual gain or loss but also on the timing of
these gains/losses.

In eyes with stable disease, if a significant visual gain was
obtained in the first 2 years of treatment, a clinical decision
was made to discharge the patients by the 3 year, based on
the stable OCT changes and VA. It is important that some of
these patients were the first in our service to receive anti-VEGF
for nAMD and the chronic nature of the disease was unknown
then. Additionally, we did not review the number of patients
who returned with disease recurrence. Soares et al.® has
shown that patients who return to follow-up after being lost
to follow-up (LTFU) experience a significant visual decline
at the return visit, which persists despite normalization of
macular thickness.

The Royal College of Ophthalmologists guidelines
recommend permanent suspension of anti-VEGF treatment in
eyes where the absolute VA reduces below 15 letters on two
consecutive visits, where visual decline of >30 letters from
baseline is noted, or worsening of lesion morphology is seen
despite optimal anti-VEGF therapy.**

Sixty of the 113 eyes in the treatment futile group met these
criteria for treatment suspension. Poor response to treatment at
4 months was the primary driver for stopping treatment within
the first 2 years. Amoaku ef al.”™ defined eyes that lose more
than 5 letters from baseline at 4 months as “non-responsive.”
This criterion was met in 37% of eyes where the decision
was taken to withdraw treatment in the first 2 years. The
knowledge that response to anti-VEGF treatment for nAMD
is heterogeneous and that a subset of patients could show a
delayed response was unknown at the time.*! Additionally,
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the option of switching to a different anti-VEGF agent was not
available in the first 5 years of this study. Treatment futility in
the 4™ and 5" year was possibly due to permanent macular
damage, and given the PRN nature of disease monitoring, these
eyes were undertreated (as highlighted by the significantly
reduced number of injections in this group of patients).
Under-treatment with PRN monitoring has been reported
as the main reason for visual decline in various real-world
studies from the UK and other countries.””?*! A higher rate of
macular fibrosis (61%) and macular atrophy (98%) were seen
in the SEVEN-UP study!! compared to patients managed on
TAE in the FRB study. Recently, the Vision Academy Steering
Committee has published guidance on the management of
patients who show poor response to anti-VEGF and the various
factors to be considered in cases of treatment futility.!

Previous studies have reported that the mortality rate
among patients receiving anti-VEGF for nAMD is comparable
to the normal population, with a 5-year all-cause mortality of
30%.5* We noted an all-cause mortality of nearly 6% in the
1¢* year of treatment, which increased to nearly 23% by the
5% year. We did not compare the mortality among our patients
with a matched group; however, comparison with the PHE
averages showed that the age-specific all-cause mortality rate
was lower in these patients. Nevertheless, this could be due to
the low number of patients in our study in each age category.

A previous publication on patients aged >90 years showed
a high rate of treatment discontinuation due to patient death
or unacceptable treatment burden.”®! It has been suggested
that these patients may not seek help early in the course of the
disease and may accept age-related vision decline. This was not
true in our cohort, and the baseline VA in these patients was
similar to that in patients aged 80-89 years at treatment initiation.
The age-specific all-cause mortality in patients aged > 90 years
was 50% over 5 years. Only 18 patients (16.6%) completed the
5 years of follow-up, and the visual outcome in these eyes was
comparable to the outcomes in completers from other age
groups. Further, 40.7% (44 eyes) discontinued within the first
2 years as compared to 51% in the previously published study.”

Our study provides an insight into the early cohort of
patients who received anti-VEGF for nAMD in the first 5 years
after its introduction in the NHS. This study has several
limitations, including retrospective data collection, PRN
treatment strategy, treatment withdrawal decisions based
on subjective clinical discretion, no documented reason for
treatment discontinuation in a significant number of patients,
absence of CFP at the last follow-up, and that the study was
carried out in the UK, where patient affordability of the cost of
treatment is not a factor.” Additionally, this information has
to be used with caution in the current setting, where TAE is the
preferred disease monitoring regimen; however, it is helpful in
planning service delivery where PRN is still followed.

Our study has multiple strengths: It is the first study
reporting in detail on treatment discontinuation rates
over 5 years in the NHS, looking at factors associated with
early withdrawal of treatment, reporting visual results in the
very old (290 years of age), and providing all-cause age-specific
mortality data.

Conclusion

In conclusion, only 53% of patients remain in active care 5 years
after initiation of anti-VEGF therapy for nAMD, and death

was the most common reason for treatment discontinuation.
Lower baseline age and VA stability during therapy were
associated with treatment continuation while age >80 years
and early visual gain and loss were associated with treatment
discontinuation.

Financial support and sponsorship
Nil.

Conflicts of interest

ND- Travel grant and advisory board fees from Novartis, Bayer,
and Allergan. Lecture fees from Novartis.

FDG- Institutional research grants from: Allergan, Bayer,
Boehringer Ingleheim, Chengdu Pharma, Clearside, Novartis,
and Roche. Travel Grants from Allergan, Bayer, Novartis.
Lecture fees from: Allergan, Alimera, Bayer, Heidelberg,
Novartis, Roche, Advisory board/Consultancy for Allergan,
Alimera, Apellis, Bayer, Boehringer Ingleheim, Novartis, Roche.

References

1. GBD 2019 Blindness and Vision Impairment Collaborators;
Vision Loss Expert Group of the Global Burden of Disease Study.
Causes of blindness and vision impairment in 2020 and trends
over 30 years, and prevalence of avoidable blindness in relation to
VISION 2020: The right to sight: An analysis for the Global Burden
of disease study. Lancet Glob Health 2021;9:e144-60a.

2. Wong WL, Su X, Li X, Cheung CM, Klein R, Cheng CY, et al.
Global prevalence of age-related macular degeneration and disease
burden projection for 2020 and 2040: A systematic review and
meta-analysis. Lancet Glob Health 2014;2:e106-16.

3. Mitchell P, Bressler N, Doan QV, Dolan C, Ferreira A, Osborne A,
et al. Estimated cases of blindness and visual impairment from
neovascular age-related macular degeneration avoided in Australia
by ranibizumab treatment. PLoS One 2014;9:e101072.

4. Brown DM, Michels M, Kaiser PK, Heier ]S, Sy JP, Ianchulev T.
Ranibizumab versus verteporfin photodynamic therapy for
neovascular age-related macular degeneration: Two-year results
of the ANCHOR study. Ophthalmology 2009;116:57-65.€5.

5. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK,
Chung CY, et al. Ranibizumab for neovascular age-related macular
degeneration. N Engl ] Med 2006;355:1419-31.

6. Heier JS, Brown DM, Chong V, Korobelnik JF, Kaiser PK,
Nguyen QD, et al. Intravitreal aflibercept (VEGF trap-eye)
in wet age-related macular degeneration. Ophthalmology
2012;119: 2537-48.

7. Rofagha§, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K. Seven-year
outcomes in ranibizumab-treated patients in ANCHOR, MARINA,
and HORIZON: A multicenter cohort study (SEVEN-UP).
Ophthalmology 2013;120:2292-9.

8. Evans RN, Reeves BC, Phillips D, Muldrew KA, Rogers C,
Harding SP, et al. IVAN Study Group. Long-term visual
outcomes after release from protocol in patients who
participated in the Inhibition of VEGF in age-related choroidal
neovascularisation (IVAN) trial. Ophthalmology 2020;127:1191-200.

9. Okada M, Mitchell P, Finger RP, Eldem B, Talks SJ, Hirst C, et al.
Nonadherence or nonpersistence to intravitreal injection therapy for
neovascular age-related macular degeneration: A mixed-methods
systematic review. Ophthalmology 2021;128:234-47.

10. Gillies M, Arnold ], Bhandari S, Essex RW, Young S, Squirrell D,
et al. Ten-year treatment outcomes of neovascular age-related
macular degeneration from two regions. Am ] Ophthalmol
2020;210:116-24.

11. ChandraS, Arpa C, Menon D, Khalid H, Hamilton R, Nicholson L,
et al. Ten-year outcomes of antivascular endothelial growth
factor therapy in neovascular age-related macular degeneration.
Eye (Lond) 2020;34:1888-96.

12. Wolff B, Macioce V, Vasseur V, Castelnovo L, Michel G, Nguyen V,



2070

INDIAN JOURNAL OF OPHTHALMOLOGY

Volume 70 Issue 6

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

et al. Ten-year outcomes of anti-vascular endothelial growth
factor treatment for neovascular age-related macular disease:
A single-centre French study. Clin Exp Ophthalmol 2020;48:636-43.

Pedrosa AC, Reis-Silva, Pinheiro-Costa ], Beato ], Freitas-da-Costa P,
Falcao MS, et al. Treatment of neovascular age-related macular
degeneration with anti-VEGF agents: Retrospective analysis of
5-year outcomes. Clin Ophthalmol 2016;10:541-6.

Kataja M, Hujanen P, Huhtala H, Kaarniranta K, Tuulonen A,
Uusitalo-Jarvinen H. Outcome of anti-vascular endothelial growth
factor therapy for neovascular age-related macular degeneration
in real-life setting. Br ] Ophthalmol 2018;102:959-65.

Jaki Mekjavic P, Zaletel Benda P. Outcome of 5-year treatment
of neovascular age-related macular degeneration with
intravitreal anti-VEGF using “Treat and Extend” regimen. Front
Med (Lausanne) 2018;5:125.

Cvetkova NP, Holldobler K, Prahs P, Radeck V, Helbig H, Marker
D. Ranibizumab in neovascular age-related macular degeneration:
A 5-year follow-up. Clin Ophthalmol 2016;10:1047-51.

Chandra S, Rasheed R, Menon D, Patrao N, Lamin A, Gurudas S,
et al. Impact of injection frequency on 5-year real-world visual
acuity outcomes of aflibercept therapy for neovascular age-related
macular degeneration. Eye (Lond) 2021;35:409-17.

Vaze A, Fraser-Bell S, Gillies M. Reasons for discontinuation
of intravitreal vascular endothelial growth factor inhibitors
in neovascular age-related macular degeneration. Retina
2014;34:1774-8.

Kruger Falk M, Kemp H, Sorensen TL. Four year treatment results
of neovascular age-related macular degeneration with ranibizumab
and causes for discontinuation of treatment. Am ] Ophthalmol
2013;155:89-95.

Qishi A, Mandai M, Nishida A, Hata M, Matsuki T, Kurimoto Y.
Remission and dropout rate of anti-VEGF therapy for age-related
macular degeneration. Eur ] Ophthalmol 2011;21:777-82.

Obeid A, Gao X, Ali FS, Aderman CM, Shahlaee A, Adam MK, et al.
Loss to follow-up among patients with neovascular age-related
macular degeneration who received intravitreal anti-vascular
endothelial growth factor injections. JAMA Ophthalmol
2018;136:1251-9.

PHE analysis of ONS Mortality data. Available from: www.gov.
uk/government/publications/health profile for England 2018/
chapter 2, trends in mortality.

Soares RR, Mellen P, Garrigan H, Obeid A, Wibbelsman TD,
Borkar D, et al. Outcomes of Eyes lost to follow-up with
neovascular age-related macular degeneration receiving
intravitreal anti-vascular endothelial growth factor. Ophthalmol
Retina 2020;4:134-40.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chakravarthy U, Williams M. AMD Guidelines Group (2013). The
Royal College of Ophthalmologists Guidelines on AMD: Executive
Summary. Eye (London, England), 27(12), 1429-31.

Amoaku WM, Chakravarthy U, Gale R, Gavin M, Ghanchi F,
Gibson ], et al. Defining response to anti-VEGF therapies in
neovascular AMD. Eye (Lond) 2015;29:721-31.

Gale R, Korobelnik JF, Yang Y, Wong TY. Characteristics and
predictors of early and delayed responders to ranibizumab
treatment in neovascular age-related macular degeneration:
A retrospective analysis from the ANCHOR, MARINA, HARBOR,
and CATT trials. Ophthalmologica 2016;236:193-200.

Mehta H, Kim LN, Mathis T, Zalmay P, Ghanchi F, Amoaku WM,
et al. Trends in real-world neovascular AMD treatment outcomes
in the UK. Clin Ophthalmol 2020;14:3331-42.

28. Monés J, Singh RP, Bandello F, Souied E, Liu X, Gale R.
Undertreatment of neovascular age-related macular degeneration
after 10 years of anti-vascular endothelial growth factor therapy in
the real world: The need for a change of mindset. Ophthalmologica
2020;243:1-8.

Gillies MC, Campain A, Barthelmes D, Simpson JM, Arnold JJ,
Guymer RH, et al. Fight Retinal Blindness Study Group. Long-term
outcomes of treatment of neovascular age-related macular
degeneration: Data from an observational study. Ophthalmology
2015;122:1837-45.

Wong D, Lambrou GN, Loewenstein A, Pearce I, Okada AA, on
behalf of the Vision Academy Steering Committee. Suspending
treatment of neovascular age-related macular degeneration in
cases of futility. Retina 2020;40:1010-20.

Yashkin AP, Hahn P, Sloan FA. Introduction of anti-VEGF
therapies for age-related macular degeneration did not raise
risk of myocardial infarction, stroke, and death. Ophthalmology
2016;123:2225-31.

Dalvin LA, Starr MR, AbouChehade JE, Damento GM, Garcia M,
Shah SM, et al. Association of intravitreal anti-vascular endothelial
growth factor therapy with risk of stroke, myocardial infarction,
and death in patients with exudative age-related macular
degeneration. JAMA Ophthalmol 2019;137:483-90.

Subhi Y, Sorensen TL. Neovascular age-related macular
degeneration in the very old (290 years): Epidemiology,
adherence to treatment, and comparison of efficacy. ] Ophthalmol
2017;2017:7194927.

Kelkar A, Webers C, Shetty R, Kelkar J, Labhsetwar N, Pandit A,
et al. Factors affecting compliance to intravitreal anti-vascular
endothelial growth factor therapy in Indian patients with retinal
vein occlusion, age-related macular degeneration, and diabetic
macular edema. Indian ] Ophthalmol 2020;68:2143-7.



