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Clinical science
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ABSTRACT

Purpose To explore the factors and frequency of
interruptions in intravitreal treatment for patients with
neovascular age-related macular degeneration (AMD)
and to evaluate the demographic and clinical factors
linked to the reasons for discontinuation.

Methods In this multicentre study, patients who
began anti-vascular endothelial growth factor (VEGF)
treatment between January 2019 and December

2021 for treatment-naive neovascular exudative AMD
were retrospectively analysed. The overall incidence

of treatment discontinuation, along with the rates for
each specific cause, was calculated. The probability of
each cause of discontinuation over time from the start
of treatment, as well as the risk factors associated with
each case, was also determined.

Results 655 individuals (28.5%) discontinued
intravitreal anti-VEGF therapy. Among the five main
categories of causes for discontinuation (patient’s
decision against clinician’s advice, continuation of
therapy at another clinic, clinical decision, systemic
diseases or death), clinical decision emerged as the
most common reason for interruption. The qualitative
evaluation of the Kaplan—Meier curves suggests a
higher frequency of the clinical decision as a cause of
discontinuation within the initial 2 years of treatment.
Worse visual acuity increased the risk of discontinuation
due to clinical decisions. Younger patients were more
likely to stop anti-VEGF therapy by choice. Better visual
acuity and longer distance from the clinic increased the
likelihood of patients continuing treatment elsewhere.
Conclusions The discontinuation of anti-VEGF
treatment is common among individuals with
neovascular AMD. Causes of discontinuation include
not only clinician decisions but also those related to the
patient’s health and personal choices.

INTRODUCTION
Neovascular exudative age-related macular degen-
eration (AMD) is a major cause of vision impair-
ment in people aged 50 years and older.'™

The introduction of intravitreal anti-vascular
endothelial growth factor (VEGF) therapy has
significantly improved outcomes for patients with
exudative neovascular AMD. Pivotal clinical trials

> Michele Reibaldi @ "2

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Neovascular age-related macular degeneration
(AMD) requires regular and timely intravitreal
injections of anti-vascular endothelial growth
factor (VEGF) for effective management.
However, discontinuation of this treatment is
common, leading to discrepancies in outcomes
between clinical trials and real-world scenarios.

WHAT THIS STUDY ADDS

= In this multi-centre study, which evaluated
data from 2302 patients, 655 individuals
(28.5%) discontinued intravitreal anti-
VEGF therapy. The most frequent reason for
discontinuation was the clinical decision, while
other common causes included the patient’s
decision. Demographic and clinical factors were
significant determinants of the reasons for
discontinuation.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Understanding the reasons behind treatment
interruption is crucial as it may lead to
improved treatment adherence.

(ie, the ANCHOR and MARINA trials) evalu-
ated the use of ranibizumab in these patients and
demonstrated its effectiveness, with many patients
showing improved visual acuity at 12 and 24
months.*® These initial findings marked a critical
moment in the treatment of neovascular exuda-
tive AMD, demonstrating the effectiveness of anti-
VEGF therapy.

However, real-world studies based on chart
reviews, electronic medical records or claims
analyses have reported less favourable visual
outcomes. The reasons for the discrepancies
between real-world neovascular AMD studies and
randomised controlled trials (RCTs) are unclear,
but possible factors include undertreatment.”2° A
common reason for undertreatment is treatment
discontinuation.

In the current study, we examined the factors and
frequency of suspension of intravitreal treatment
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in AMD patients within a large cohort (2302 individuals) who
began treatment between January 2019 and December 2021 for
treatment-naive neovascular exudative AMD at three referral
centres in Italy. More importantly, we investigated the demo-
graphic and clinical factors associated with the reasons behind
discontinuation.

METHODS
Study population
The institutional review board at the University of Turin was
notified about this retrospective cohort study (protocol number
0042011) that adhered to the 1964 Helsinki declaration and its
later amendments. Patients who participated gave their informed
consent for the retrospective use of their data. The data analysis
was conducted between January 2024 and June 2024.
Consecutive patients diagnosed with treatment-naive exuda-
tive neovascular AMD between January 2019 and December
2021 were identified from the electronic medical record data-
bases of three medical retina practices: Citta della Salute e della
Scienza Hospital (Turin, Italy), San Raffaele Scientific Institute
(Milan, Italy) and Policlinic of Bari (Bari, Italy). The eligibility
criteria for inclusion in the study were as follows: (i) treatment
with at least a loading dose of 3 monthly intravitreal injections
of anti-VEGF therapy and (ii) a minimum of 2 years of follow-up
after the initiation of treatment. Patients with COVID-19 infec-
tion resulting in death or severe systemic complications leading
to treatment discontinuation were excluded from the analysis.
Including these cases could have created an imbalance in the
reasons for discontinuation across the years examined. While
the deadline to include patients starting intravitreal anti-VEGF
therapy was 31 December 2021, data collection continued for at
least 2 more years beyond this date to account for any therapy
interruptions that might have occurred.

Interruption of treatment and its underlying causes

As previously mentioned, data on whether patients discon-
tinued anti-VEGF therapy were collected over a minimum of 2
years following the initiation of treatment and, in any case, up
until the end of the analysis. Patients were considered to have

definitively discontinued therapy if there were no anti-VEGF
therapy records at the treatment centre for at least 6 months
after their last injection. Said differently, to be included in the
study cohort of patients with treatment discontinuation, patients
needed to have no treatment records up to the end of the anal-
ysis, with a minimum 6 month interruption. A 6 month minimum
period for treatment interruption has been previously suggested
to consider treatment discontinuation,?! and the latter also based
on the assumption that interruptions longer than 6 months can
lead to permanent visual acuity loss, even if the treatment is later
resumed.”?* This assumption heightens our interest in under-
standing the causes of treatment interruptions.

Age, gender, the date of anti-VEGF therapy initiation, therapy
interruption dates, visual acuity at baseline and at the time of
discontinuation, distance of the patients’ homes from the clinic
(based on the patient’s residence) and the stated reasons for
those interruptions were collected. If both eyes were receiving
anti-VEGF treatment, only the first eye treated within 3 years
was included in the analysis, while the status of the other eye
was considered among the analysed criteria. The reasons for
anti-VEGF interruptions were obtained from a standardised
checklist completed by the treating clinicians for all patients.
Then, they entered the database as part of their termination
report. If the cause of the interruption was not readily identi-
fiable (ie, regardless of the outcome considered), the treating
physician was allowed to contact the patient by phone. This was
done whenever the physician had doubts about the cause of the
interruption.

We categorised the reasons for therapy interruptions into five
groups, and table 1 provides a complete list and description of
each reason.

Statistical analysis

Descriptive statistics included frequencies and proportions
for categorical variables, median, first and third quartiles for
continuous not normally distributed variables, otherwise the
mean+SD. Normality was tested by Jarque-Bera. The X* test
assessed the statistical significance in proportional differences,
and the Kruskal-Wallis and Mann—Whitney non-parametric tests

Table 1 Reasons for treatment discontinuation

Categories Definition

Clinical decision (n=371)
No signs of exudation (n=197)
Poor response or non-response (n=173)

Development of ocular complications (n=1)

The treating clinician decided to discontinue treatment.
The patient received treatment with a PRN or T&E dosing regimen, and discontinuation occurred because of the absence of exudation.
Despite treatment, the treating clinician deemed the patient’s response as poor or absent, leading to the decision to discontinue treatment.

Due to the occurrence of ocular complications possibly associated with the treatment, the treating clinician chose to stop the treatment.

These complications included ocular inflammation, endophthalmitis and retinal detachment.

Systemic disease preventing the patient from attending treatment (n=26) The patient was unable to continue treatment due to a disease that prevented them from attending. This condition may have restricted the
patient’s mobility at home or, alternatively, increased their hospital visits, thus preventing them from attending the ophthalmology clinic

as well.

Cardiovascular disease (n=5)

The disease causing the discontinuation of treatment involved the cardiovascular system, including coronary artery disease, heart failure,

arrhythmias, peripheral artery disease and uncontrolled hypertension.

Orthopaedic disease (n=10)
injuries.
Oncologic disease (n=4)

Pneumological disease (n=0)
pneumonia.

Neurologic disease (n=3)

Others (n=4)
Death (n=86)
Patient'’s choice to cease anti-VEGF therapy (n=68)

The disease causing the discontinuation of treatment involved the musculoskeletal system, including osteoarthritis, fractures and ligament

The disease causing the discontinuation of treatment was cancer.

The disease causing the discontinuation of treatment involved the respiratory system, including chronic obstructive pulmonary disease and

The disease causing the discontinuation of treatment involved the neurologic system, including stroke, Parkinson’s disease, dementia and
peripheral neuropathy.

The clinician could not attribute the inability to attend to any of the aforementioned reasons.
The discontinuation of treatment was due to the patient’s death.

Despite the clinician’s recommendation to continue anti-VEGF treatment, the patient opted to discontinue therapy due to poor motivation

or a series of comorbidities, without a specific identifiable reason preventing attendance.

Patient’s decision to continue treatment at another clinic (n=104)

n, number of patients; PRN, pro re nata; T&E, treat and extend; VEGF, vascular endothelial growth factor.

The patient opted to transfer to another clinic to continue anti-VEGF therapy.
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2512 patients with treatment-naive exudative
neovascular AMD, who began anti-VEGF therapy
between January 2019 and December 2021

210 patients were excluded due to the following reasons:
> - No loading dose completed (N=93)
- COVID-19-related death or systemic disease (N=46)
- No complete patient's medical history (N=71)

v

2302 patients screened for
discontinuation of anti-VEGF therapy

A4

655 patients discontinued treatment
and were included in the analysis

Figure 1 Flowchart of patients with neovascular age-related macular
degeneration included in the final analysis.

were employed to compare groups for continuous variables.
Indeed, the Wilcoxon sum rank test was used to test differences
in paired samples. The Kaplan—-Meier curves were used to esti-
mate probability (SE=SE error) of each reason for therapy inter-
ruption compared with all the other reasons over time, starting
from the initiation of therapy. Multivariable logistic regression
models were conducted to explore the factors linked to specific
reasons for therapy discontinuation, and adjusted ORs with their
95% CI were calculated. All statistical tests were two-sided, with
the significance level set at p<0.05. Analyses were performed
using the R software environment for statistical computing
(version 4.2).

RESULTS

Study cohort characteristics

A total of 2302 patients with neovascular AMD were screened
for therapy interruptions (figure 1). Among them, 655 individ-
uals (28.5%) discontinued intravitreal anti-VEGF therapy for
various reasons. The mean age of those who discontinued treat-
ment was 80.6+8.2 years (ranging from 58 to 100 years), and
57.9% were women. All patients were Caucasians.

As previously mentioned, all patients received at least a
loading dose of 3 monthly anti-VEGF injections. Overall, the
median number of anti-VEGF injections before discontinuation
was 6.5+4.0 (ranging from 3 to 24). At baseline and the last
follow-up visit before discontinuation, visual acuity (LogMAR)
was in median 0.70 (0.30;1.00) (p=0.827). The best-corrected
visual acuity (BCVA) values for each group are provided in
table 2.

Incidence of treatment discontinuation across different years
The overall percentage of treatment discontinuation was calcu-
lated for each year of treatment initiation. The rates were similar
across the 3 years: 29% in 2019, 29% in 2020 and 27% in 2021.
This consistency in discontinuation rates indicated that the study
cohort was homogeneous and suitable for combined analysis.

Furthermore, the incidence was categorised based on each
reason for therapy interruption (online supplemental figure
1). Clinical decision emerged as the most common reason for
interruption across 3 years of therapy initiation, while systemic
disease was the least common reason.

Probability of each reason for therapy interruption over time
Kaplan—-Meier curves were used to illustrate the likelihood of
each cause to all other causes for therapy interruption over
time, starting from the initiation of therapy to the last follow-up
(figure 2).

The Kaplan—-Meier curve regarding clinician decision indi-
cated a steep slope in the initial segment (ie, the first 24 months),
followed by a flatter slope in the second part of the curve, implying
a higher frequency of this cause within the initial 2 years of treat-
ment. Conversely, other curves representing alternative reasons
for discontinuation exhibited a consistent decline, suggesting a
comparable likelihood of encountering these causes throughout
the observed period. At 12 months, 43.4% (SE=0.022) of the
discontinuations were due to a clinical decision. At 24 months,
this proportion increased to 68.1% (SE=0.240).

At 36 months, it reached 85.6% (SE=0.023), and at =48
months, it was 94.0% (SE=0.020). This showed that clinical
decisions become a more prevalent reason for discontinuing
therapy.

Study cohort’s characteristics based on the reason for
discontinuation

Table 2 presents the clinical and demographic characteristics of
the study cohort categorised by the reason for discontinuation.

Multivariable logistic regression models were used to explore
factors influencing discontinuation for each cause (table 3).
Variables in each model were selected based on the analyses in
table 1 and clinical considerations. A worse BCVA at the time
of interruption was significantly associated with discontinuation
due to clinical decision interruption, with an OR of 2.96. The CI
(1.95 to 4.64) and a p value of <0.001 underscored the strength
and significance of this association.

Patients aged 80 years or younger had 66% lower odds of
death compared with those older than 80 years (OR=0.34; 95%
CI=0.20 to 0.56; p<0.001). Additionally, males had more than
twice the odds of death compared with females (OR=2.22; 95%
CI=1.39 to0 3.57; p=0.001).

The OR of 4.59 suggested that individuals aged 80 years or
younger have about 4.59 times the odds of choosing to discon-
tinue anti-VEGF treatment against clinical advice compared with
those older than 80 years.

Regarding the decision to continue treatment elsewhere,
patients residing =100 km away from the clinic were 6.42 times
more likely (95% CI=3.74 to 11.0, p<0.001) to continue treat-
ment at another clinic compared with those living closer.

Subgroup analysis among patients with treatment
discontinuation secondary to clinician decision

173, 197 and one single patient discontinued treatment for poor
response or non-response,” no signs of exudation in pro re nata
(PRN) or treat-and-extend (T&E) therapy and development of
ocular complications, respectively (online supplemental table 1,
figures 2 and 3). The percentage of patients discontinuing treat-
ment due to different sub-causes was similar at the different time
points (online supplemental figure 2).

There were demographic and clinical differences between
patients discontinuing treatment due to poor response or non-
response vs those with no signs of exudation (online supple-
mental table 1, figure 3). At the last visit before discontinuation,
BCVA was better in patients stopping due to no signs of exuda-
tion (median=0.45; LogMAR (0.18-0.90)) compared with
those discontinuing due to poor response or non-response
(median=1.00; LogMAR (0.90-1.60); p<0.001). The total
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Systemic disease preventing the

Clinical decision patient from attending treatment
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450 0 365 730 1095 1460

Patient's decision to continue
treatment at another clinic

Patient’s choice to cease anti-
VEGF therapy

Death

Figure 2 Kaplan-Meier curves showing the probability to interrupt for a cause vs all other causes over time. The horizontal axis (time) represents
time in days, and the vertical axis shows the probability of not being interrupted by the cause. The complement of the Kaplan—-Meier curve shows a

vertical drop in the presence of an event (interrupt for the cause).

treatment duration and the interval between the last two injec-
tions were longer for patients who stopped because of no signs of
exudation compared with those stopping due to poor response
or non-response.

DISCUSSION

In this study, we investigated the reasons for discontinuing anti-
VEGF therapy in a large real-world cohort of 2302 consecu-
tive patients with treatment-naive exudative neovascular AMD.
Our findings indicate that therapy discontinuation is relatively
common, with 28.5% of patients stopping treatment for any
reasons. While clinical decisions remain a primary reason for
discontinuation, other factors, such as patient health and
personal choices, also contribute to this outcome. More impor-
tantly, there are specific risk factors for each cause of discon-
tinuation that can be considered in our clinical practice to help
reduce the discontinuation rate. In the present study, the patient’s
decision to continue treatment at another clinic was considered a
reason for discontinuation, even though the patient did not actu-
ally stop treatment. This reason was included because the patient
effectively interrupted treatment at our centre, and we wanted
to understand the factors (eg, residence distance) impacting
this specific reason. Without including this reason, the overall
incidence of treatment discontinuation would have been 23.9%
instead of 28.5%.

In a prior study, Obeid et al*® examined ‘loss to follow-up’
rates in neovascular AMD patients undergoing anti-VEGF injec-
tions, along with associated risk factors. Among 9007 patients
treated, 2003 (22.2%) were lost to follow-up, defined as not
attending a follow-up visit within 12 months after receiving
one or more injections. Factors including older age and greater
distance from the clinic were associated with ‘loss to follow-up’.
However, the latter term does not encompass patients who stop
treatment per clinical decision or against advice but still attend
regular clinic follow-ups.

A notable finding in our study was that clinical decisions were
a common cause of treatment discontinuation (ie, ~16% of the
entire cohort). Clinical decisions included no signs of exuda-
tion, poor response or non-response and development of ocular
complications. While ocular complications were a cause of treat-
ment discontinuation in only one patient (ie, specifically, due
to the development of retinal detachment), the absence of signs
of exudation in PRN or T&E therapy and poor response/non-
response was a common reason for discontinuation. It should
be noted that this type of discontinuation does not consider the
interruption of clinical visits that were still being conducted.

Patients with neovascular AMD may be treated with various
dosing regimens, including T&E (ie, proactive), fixed dosing
(monthly or bimonthly) and PRN (ie, as needed). In a recent

systematic review and meta-analysis, Nichani and colleagues*’
reported on the efficacy and/or safety outcomes of these dosing
regimens. Overall, all these regimens were similar in terms of
efficacy and safety. Given the increasing number of patients
needing intravitreal injections and the limited capacity of clinics,
many patients are treated with PRN or T&E regimens in real-
world settings. In our study cohort, approximately 53% (197
out of 371) of patients who discontinued treatment due to a
clinical decision did so because of an absence of exudation
after a period of treatment. The latter situation occurred due
to the absence of exudation relapses in a PRN regimen or after
a successful exit strategy in a T&E regimen.”® This corresponds
to an overall incidence of about 8.6% for this reason across the
entire study cohort, including those who did not discontinue
treatment. Patients who stopped treatment due to the absence of
exudation had a median visual acuity of 0.50 LogMAR. This is
comparable to patients who discontinued for other reasons but
significantly better than those who stopped due to poor or non-
response. However, it is important to note that some patients
who discontinued for the absence of exudation still had poor
visual acuity. This is evident from the wider IQR in visual acuity
for this group, indicating some patients had low visual acuity. The
absence of exudation is not always a positive clinical outcome, as
it can be associated with the development of macular fibrosis and
atrophy, which severely impact visual acuity.*’ *°

The remaining 47% of patients who discontinued treatment
due to a clinical decision did so because of poor response or
non-response (ie, 7.5% of the entire cohort). Poor or non-
response to anti-VEGF therapy can result from various clinical
factors, including suboptimal dosing, extended dosing intervals,
late initiation of treatment and macular complications affecting
visual acuity.”® ?° This finding highlights the need to improve
treatment strategies for neovascular AMD to reduce discontinu-
ation rates due to poor or non-response. The latter is defined by
an absent or unsatisfactory treatment outcome, even in patients
with initially good visual acuity.”> Our results confirm this, as
the median visual acuity of patients discontinuing due to poor
or non-response is worse compared with those discontinuing for
other reasons, although some still have good visual acuity, as
indicated by the IQR value.

Another interesting finding in our analysis was that the prob-
ability of discontinuing treatment due to a clinical decision was
higher within the first 2 years of treatment. This suggests that
the absence of exudation after treatment or evidence of poor
response or non-response may become apparent early in the
treatment course. Finally, based on the reasons mentioned above,
it is not surprising that the most significant factor associated with
a clinical decision to suspend treatment was poorer visual acuity
at the time of interruption.
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Among the causes of discontinuation not related to a clinical
= = decision, transferring to another clinic to continue treatment
2 S § 8 § § was the most common reason. Patients living farther from. the
-~ Il treatment centre were more likely to transfer to another clinic,
§§ R g3 E S as greater distance poses an increased burden for patients and
=3 Teeee caregivers.
'§ g S g ; 5 E E 3 2 Ini;:reasing age was linked to lower rates of patients discon-
EE Dl R i tinuing treatment against clinical advice. This observation
F g could be attributed to two factors. First, ol}cller hpatliehnts lmalg
§8le388%¢ more frequently interrupt treatment due to other health-relate
- i reasons, (rqesultizg in younger patients being more likely to ipter-
i rupt treatment by choice. More significantly, younger patients
%E E 2 are often more engaged in work and social activities that
- gl=° ° could be disrupted by ongoing anti-VEGF treatment, rp:flklng
g E’ ~ o them less motivated to continue the treatment. Ul}surp.rlsmgly,
52 = ~ death was a common reason for treatment discontinuation (the
% % é ; third most common after clinical decisions gnd trans.ferring to
$§|°° © another clinic), with age and male gender being two important
£ ; risk factors. Previous significant studies haV.e demonstrat_ed that
*&i% g B 2 @ 2 anti-VEGF therapy does not increase the risk of mort:ahty, and
N (< - i the number of injections is also not associated with an increased
risk.>! 3% Systemic disease preventing the patient from attending
& 5 &g 5 = treatment is the least common cause of discontinuatign. Ortho-
- il Bl e el el paedic disease was a common cause of discon;inuatlon d;e~t§
2l systemic disease, which is not surprising given the increased ris
g % Els(8 8|8 0}; falls and fractures in patients with AMD.*’
.g 2 .:9 E E ?9 E Our study has limitations that should be considered when
% § s &2 82 8 interpreting the results. The main hm}tgtlon is that part of the
2[5 - cohort began treatment in 2020, coinciding with the COVID-19
£ F g o pandemic, which affected access to treatment for r}eovascular
g Eg g § g8 5 3§ AMD patients.** ** This may have led to more patients expe-
g riencing poor or non-response to treatment due to delays in
= S = starting therapy, potentially increasing treatment discontinua-
5 s g tion. Furthermore, the COVID-19 pandemic may have affected
2 BN patients’ overall motivation to attend clinic V.iSitS and. receive
E 2|9 treatments. However, the rate of treatment interruption was
;- 2|8 similar across patie}rlltls wélg \l;;:]g)ari ;reatmeﬁt in 3 yearsta(rilal};siii
= S S ik suggesting that while -19 may have impacted vis
E aciigty fof patients starting treatment in 2019 or 2020, it did
3 § g & X g 2 not affect overall discontinuation rates. .Notably, we excluded
£| 9|°-< ~ °1° individuals whose treatment was discontinued due to COVID-
E ~ 12 o |~ 19-related death or severe complicatic?ns. Ir{cludi'ng these cas}i:s
= o g % § s could have skewgd the reasons fo.r dlscontlnuatl.on across the
8 years. Another limitation is that patients were considered to .have
ﬁ E E E 5 discontinued treatment i'f 'thel"e was no CV.ld'Cl’lCC of addmona}
5 s g8 8:¢& treatment after their last injection, Wzlfh a minimum follow-up o
g glc3233 6 months. This aligns with literature™ and recognises that Vlzszu;l
: é acuity can decl?ne Within 6n.10n.t}.13 of stopping theragy,
2 Elgnsszn < 8 making this p§r1od clinically significant. Emally, our study was
H bR unable to clarify the causes—such as fluid persistence or the
'Ci = development of macular complications—behind treatment inter-
L s ) ruptions due to poor response or non-response. .
_E g = In summary, the discontinugtlon of anti-VEGF treatment is
= s 7 & common among individuals with negvgs.cular AMD Causes of
2 s ‘§ = discontinuation include not only clinician dec151on.s but also
i.’, g |2 = 2 those related to the patient’s health and personal choices.
o 3 ®s8 E
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