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Recurrence of neovascular age-
related macular degeneration after
discontinuation of modified treat
and extend treatment

Junwoo Lee?, Jaehwan Choi?, Seung-Young Yu? & Kiyoung Kim?**

We evaluated the incidence and risk factors for recurrence in patients with neovascular age-related
macular degeneration (nAMD) who discontinued anti-vascular endothelial growth factor (VEGF)
therapy under a modified treat-and-extend (TAE) protocol. A retrospective analysis of 68 patients
was conducted. Therapy was discontinued after extending the treatment interval to = 5 months and
maintaining disease stability for 6 months. The modified TAE protocol included three phases: loading,
observation, and TAE, with initial treatment intervals determined by the first recurrence interval.
Recurrence rates were 22.2%, 42.2%, and 54.4% at 1-, 2-, and 3-year follow-ups, respectively. The
median time to recurrence was 16 months, with patients receiving an average of 7.7 injections before
discontinuation. Intraretinal cysts were significantly more prevalent in patients with recurrence.
Rapid early response to treatment was associated with a lower risk of exudative recurrence. Vision
loss of two or more lines occurred in five patients despite treatment resumption; all exhibited
subretinal hemorrhages on baseline imaging. The modified TAE protocol allows for successful therapy
discontinuation with fewer injections and reduced recurrence rates. Patients with a favorable early
response to anti-VEGF therapy had a lower risk of recurrence.

Keywords Age-related macular degeneration, Choroidal neovascularization, Treat-and-extend regimen,
Anti-vascular endothelial growth factor

Age-related macular degeneration (AMD) is a leading cause of visual impairment and blindness among older
individuals. Choroidal neovascularization (CNV) associated with AMD leads to fluid leakage, hemorrhage,
fibrosis, and scarring, resulting in progressive visual dysfunction. Intravitreal injections of anti-vascular
endothelial growth factor (anti-VEGF) agents have become the standard first-line therapy, significantly
improving visual outcomes in patients with neovascular AMD'. Among various treatment regimens, the treat-
and-extend (TAE) strategy—where injection intervals are adjusted based on disease activity—is widely adopted
in clinical practice. Clinical trials have demonstrated that the TAE regimen maintains favorable visual outcomes
while reducing the patient burden by decreasing injection frequency?.

However, the current TAE regimen lacks standardized guidelines regarding maximum treatment intervals
or criteria for treatment cessation. Maximum treatment intervals are generally considered to be 12 or 16 weeks,
requiring patients to receive maintenance injections at these intervals, even with stable disease activity. This
practice imposes a considerable burden on older patients and healthcare systems’. Furthermore, frequent
anti-VEGF injections may increase the risks of endophthalmitis and macular atrophy®. In a real-world study
of aflibercept using a TAE regimen, patients received an average of 5.4 injections during the fourth year of
treatment, with maximum treatment intervals extending to 16-20 weeks>®. Conversely, in cases where disease
inactivity was observed over at least three consecutive visits, monitoring without treatment was implemented,
resulting in an average of 2.79 injections in year 4, with 37% of eyes requiring no injections during that period’.

The current TAE regimen may lead to overtreatment in patients showing no recurrence following the initial
loading dose. Monitoring patients for exudative activity post-loading, rather than initiating routine treatment,
could help reduce overtreatment. Additionally, a recent study demonstrated that the interval between the initial
loading phase and the first retreatment with ranibizumab was a strong predictor of subsequent treatment
intervals®. Based on these findings, a modified TAE regimen has been proposed, incorporating an observation
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phase after the loading phase to establish the initial treatment interval for the TAE phase’. In this modified
regimen, treatment is initiated after recurrence, with treatment intervals determined based on the disease
recurrence interval. This approach may reduce overtreatment and lessen the treatment burden, emphasizing the
importance of identifying patients who require retreatment shortly after the initial phase to avoid overtreatment.
Previous studies have indicated that a modified TAE regimen for nAMD can achieve favorable functional
outcomes over 12 months with fewer injections than the standard regimen®'°.

Since the timing of treatment cessation in clinical practice may vary depending on the clinical course, several
studies have explored TAE regimen cessation and the incidence of recurrences following different predetermined
disease-free intervals. These TAE algorithms with exit strategies have generally shown favorable outcomes with a
manageable treatment burden!!"1”. However, the optimal treatment protocol remains a topic of ongoing debate.
To address this issue, this study investigated the incidence and risk factors for recurrence in patients with nAMD
treated with a modified TAE regimen following treatment discontinuation.

Results

Study population

A total of 78 patients initially met the inclusion criteria and successfully discontinued TAE injection treatment.
However, eight patients were excluded due to loss to follow-up within 36 months after the final injection. An
additional two patients were excluded due to the presence of macular edema and vitreous hemorrhage associated
with diabetic retinopathy, baseline foveal scarring, or atrophy.

Baseline characteristics and treatment course of patients
At baseline, the mean age of the patients was 71.2 + 8.7 years, with 60.3% of the cohort being men. The mean
follow-up period before treatment cessation was 17.7 + 6.6 months, and the mean number of injections
administered before treatment cessation was 7.7 + 2.0. Table 1 summarizes the demographic and baseline
characteristics of the study participants.

Significant differences in baseline characteristics were observed between the groups with (n = 37) and without
(n = 31) exudative recurrence (Table 1). The proportion of rapid responders was substantially higher in the non-
recurrence group compared to the recurrence group (71.0% vs. 37.8%; P = 0.006). Baseline intraretinal cysts
(IRC) were more prevalent in eyes with recurrence compared to those without recurrence (75.7% vs. 25.8%; P
= 0.008). Although the number of type 3 macular neovascularization cases in the recurrence group was twice
that in the non-recurrence group, the difference between the groups was not statistically significant. No notable
differences were observed between the two groups in terms of age, sex, mean baseline best-corrected visual
acuity (BCVA), mean central subfoveal thickness, pigment epithelial detachment (PED) height, or mean number
of injections before treatment cessation.

Time and proportion of recurrence

Figure 1 displays the Kaplan-Meier survival curves for the time to and proportion of overall recurrence.
Exudative recurrence of nAMD following treatment discontinuation was observed in 15 of 68 patients (22.2%)
at 12 months, 29 patients (42.6%) at 24 months, and 37 patients (54.4%) at 36 months of follow-up. The mean

All (n=68) | Non-recurrent (n=31) | Recurrent (n=37) | Pvalue
Age, yrs 712+87 69.3 £ 8.6 73.5+8.1 0.055
Sex, M/F 1.52 1.62 1.42 0.501
AMD subtype, n (%) 0.712%
Type 1 25(39.7%) | 13 (41.9%) 14 (37.8%)
Type 2 12 (19.0%) | 5(16.1%) 8(21.6%)
Type 3 10 (15.9%) | 4 (12.9%) 8(21.6%)
PCV 16 (25.4%) | 9 (29.0%) 7 (19.0%)
Rapid responder, n (%) 36 (57.1%) | 22 (71.0%) 14 (37.8%) 0.006*
Treatment period before cessation, mo | 17.7 + 6.6 169 +6.2 18.6 £ 6.8 0.309
Total injection before cessation, n 7.7+2.0 73+1.7 8.1+22 0.144
BCVA at baseline 0.41+0.3 0.46+0.3 0.37£0.29 0.210
BCVA at recurrence 0.36 £0.28
BCVA at final 047 +0.29 |0.54+0.29 0.39+£0.27 0.312
PED at baseline, n (%) 49 (77.8%) |24 (77.4%) 28 (75.7%) 0.769
PED height, pm 272 125 275+ 116 257 £ 138 0.597
CST at baseline, pm 440 + 144 423 + 114 461 + 171 0.306
IRC at baseline, n (%) 30 (47.6%) | 8 (25.8%) 28 (75.7%) 0.008*

Table 1. Characteristics of patients with neovascular age-related macular degeneration with and without

recurrence after cessation of treatment. AMD, age-related macular degeneration; BCVA, best-corrected visual
acuity; CST, central subfoveal thickness; IRC, intraretinal cyst; PCV, polypoidal choroidal vasculopathy; PED,
pigment epithelial detachment. *Analysis of variance, followed by Tukey’s post-hoc analysis, +Chi-square test.
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Fig. 1. Kaplan—Meier survival curves of recurrence after the cessation of treatment in patients with age-related
macular degeneration. The estimated recurrence rate was 22% at 12 months, 42.2% at 24 months, and 54.4% at
36 months. The median time to recurrence was 16 months (range: 7-34 months).

OR (95%) CI P value
Age, yrs 1.039 (0.956-1.128) | 0.696
Sex, M:F 1.290 (0.360-4.625) | 0.368
Rapid responder, n (%) 5.810 (1.439-23.452) | 0.006*
Treatment period before cessation, mo | 0.900 (0.774-1.047) | 0.172
Total injection before cessation, n 1.419 (0.901-2.238) | 0.131
BCVA at baseline 0.598 (0.074-4.845) | 0.630
IRC at baseline, n (%) 0.815 (0.176-3.777) | 0.794

Table 2. Cox regression analysis to identify the association between baseline characteristics and the absence of
exudative recurrence. BCVA, best-corrected visual acuity; CI, Confidence Interval; IRC, intraretinal cyst; OR,
odds ratio. *Adjustment for age, sex, diabetes duration, hypertension, and HbA1lc level.

time to recurrence after the final injection was 15.8 + 7.5 months (median: 16 months; range: 7-34 months).
Cox regression analysis results (Table 2) revealed that a higher proportion of rapid responders was significantly
associated with the absence of recurrence (odds ratio: 5.81; P = 0.006).

Changesin BCVA

The BCVA tended to be worse at both baseline and the final visit in the non-recurrence group, although the
difference was not statistically significant. In the recurrence group, the mean BCVA at recurrence and the 3-year
follow-up were 0.36 + 0.28 logMAR and 0.39 + 0.27 logMAR, respectively, with no statistically significant
difference. Five patients experienced a loss of more than 15 letters after treatment discontinuation. Among these,
four developed foveal fibrosis, and one exhibited geographic atrophy involving the fovea at the 3-year follow-
up. Notably, three of these patients experienced significant subretinal hemorrhages involving the fovea after
treatment cessation. Additionally, all five patients displayed evidence of subretinal hemorrhage in the baseline
color fundus photographs (Fig. 2).

Discussion
We investigated the incidence and risk factors for recurrence following the cessation of the TAE regimen in
patients with nAMD, where the treatment interval had been extended to > 24 weeks. Recurrence rates were
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Fig. 2. Baseline color fundus photographs and spectral-domain optical coherence tomography images of five
cases which experienced significant visual loss after treatment cessation. The left column displays the initial
color fundus photographs, all of which reveal the presence of subretinal hemorrhage.

22.2% and 54.4% at 12 and 36 months of follow-up, respectively. Despite recurrence, BCVA was maintained for
24 months after the resumption of anti-VEGF therapy, consistent with findings from earlier studies. Significant
factors associated with recurrence included the presence of baseline intraretinal cysts and a rapid responder
status.
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Anti-VEGF therapy is highly effective in managing nAMD; however, the need for monthly or bimonthly
injections imposes a considerable burden regarding treatment frequency, time commitment, and financial
costs. TAE regimens aim to treat patients just before the onset of disease activity or fluid accumulation by
adjusting treatment intervals based on exudative recurrence. This approach contrasts with the PRN regimen,
where treatment is administered only in response to clinical worsening!®. The TAE regimen has shown efficacy
comparable to fixed dosing while significantly reducing treatment burden!®. Approximately 33% of patients
had injection intervals of 8-12 weeks, while 22% had intervals exceeding 12 weeks2?. However, the standard
TAE regimen may lead to overtreatment, particularly in patients without signs of recurrence after the initial
loading dose, as recurrence intervals vary substantially among individuals. Mantel et al. reported favorable
outcomes with a modified TAE regimen that included an observation phase following the induction phase®. In
this approach, patients were observed without injections until exudative activity reappeared after the induction
phase, thereby minimizing overtreatment and enabling a more individualized treatment plan. Recent studies
have demonstrated that this modified TAE regimen achieves comparable visual outcomes with fewer injections
compared to the bimonthly regimen after three initial monthly doses from the VIEW study or the standard TAE
regimen®1°.

Treatment cessation after stabilization through continuous therapy may effectively reduce the treatment
burden on patients and improve medical resource allocation. Prolonged anti-VEGF injections for nAMD are
associated with various risks, including infectious endophthalmitis and complications such as retinal pigment
epithelium tears and geographic atrophy?!?2. Recent long-term real-world studies have reported successful
treatment cessation in 14.8-26.0% of patients following continuous treatment!***?*. Additionally, a 2023 study
from Korea found that anti-VEGF injections were discontinued in 66% of nAMD cases, with 67% of these
patients requiring retreatment®. Despite these findings, the optimal timing for treatment cessation after the TAE
regimen for nAMD remains unclear, and outcomes following the discontinuation of anti-VEGF therapy have
shown variable results. The decision regarding when and under what conditions treatment should be suspended
varies considerably among physicians. Hirata et al.'” discontinued the TAE regimen after extending the treatment
interval to > 12 weeks, reporting recurrence rates of 33% at 1 year and 48% at 2 years. Adrean et al.' proposed
an exit strategy where treatment was suspended if no CNV activity was detected at 12-week intervals for two
consecutive visits, resulting in a recurrence rate of 16% at 1 year. Similarly, Munk et al.? discontinued treatment
after three consecutive injections at 16-week intervals, observing a recurrence rate of 15% within 9 months.
Other studies have reported recurrence rates ranging from 38 to 53% within 1 year! 112152728,

In this study, an “exit strategy” was employed, wherein treatment was suspended only after a 24-week disease-
free interval. This approach resulted in a recurrence rate of 22.2% at 1 year. The lower recurrence rate observed,
compared to previous reports, may be attributable not only to differences in treatment discontinuation criteria
but also to the use of a modified TAE regimen during the initial treatment phase. Patients underwent treatment
for an average duration of 17.7 + 6.6 months and received an average of 7.7 + 2.0 injections before discontinuing
TAE. Consequently, it is likely that treatment for patients in this analysis was suspended earlier than in
previous studies. The key focus of our study is to identify patient criteria that enable safe treatment cessation
while maintaining favorable outcomes. Our modified T&E regimen determines treatment intervals based on
the duration of the first CNV recurrence interval and may have allowed patients with a lower propensity for
recurrence to meet the exit criteria more efficiently. A study conducted in Korea and Japan reported recurrence
rates of 85% and 74%, respectively, over 24 months following three monthly loading injections and a PRN
regimen?>. These rates are considerably higher than those observed in this study using the modified TAE
regimen. The lower 2-year recurrence rate in this study is attributed to the treatment protocol, which mandated a
minimum of six injections: the initial three loading doses followed by additional injections at 3, 4, and 5 months.

Among previously reported predictive factors, patients with a favorable early response to treatment
demonstrated a significantly lower risk of recurrence. In this study, 71% of rapid responders in the non-
recurrence group discontinued TAE treatment without recurrence following loading injections, compared to
57.1% in the recurrence group. This finding aligns with a recent report suggesting that the interval between
ranibizumab loading doses and the first retreatment is a reliable predictor of subsequent intervals®. Additionally,
early response to anti-VEGF therapy has been correlated with greater final visual acuity gains in several studies®!.
Patients with IRC at baseline were found to have a significantly higher risk of recurrence, whereas another
study identified baseline PED as a predictive factor for recurrence!?. IRC at baseline has also been reported
as a poor prognostic factor in terms of BCVA gain in AMD treatment™. Previous studies have suggested that
fewer injections and shorter treatment duration before cessation are associated with a higher risk of recurrence,
implying that premature treatment suspension may lead to poorer outcomes!”. However, in this study, no
significant differences in visual acuity, treatment duration, or the number of injections were observed between
the recurrence and non-recurrence groups. Cho et al. reported that younger age, man sex, and polypoidal
choroidal vasculopathy (PCV) were associated with retreatment in a real-world nAMD cohort?*. However,
no significant associations were found between demographic factors, AMD subtypes, and the risk of nAMD
reactivation in this study.

Our study demonstrated that CNV recurrence after treatment cessation is generally well controlled, with
vision maintained over three years, consistent with findings from previous studies!"!'>!¢!7. Among the 37 cases
with recurrences, five experienced a loss of more than 15 letters despite resuming treatment. Notably, all five
cases exhibited evidence of subretinal hemorrhage in the baseline color fundus photographs. These findings
suggest that while treatment cessation can be relatively safe with continuous monitoring and prompt retreatment,
baseline subretinal hemorrhage is a significant risk factor for vision loss. Therefore, subretinal hemorrhage
at the time of initial diagnosis should be considered a key predictor of poor outcomes following treatment
discontinuation, and treatment cessation should be approached with greater caution in patients with such risk
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factors. Further research is warranted to identify high-risk patients prior to treatment cessation to minimize the
risk of irreversible vision loss.

Our study has several limitations. These include its retrospective design and relatively small sample size.
Additionally, the study population may have been biased toward patients with favorable outcomes, as those
with poor prognoses were more likely to be lost to follow-up due to disqualification from government insurance
coverage, which made treatment prohibitively expensive. This includes cases in which patients developed
fibrosis, atrophy, or failed to meet the minimal BCVA criteria. Furthermore, patients unable to continue the TAE
regimen after the initial three monthly injections were excluded because they were disqualified from insurance
coverage upon review. This selection bias may limit the generalizability of our findings to the broader nAMD
population. Lastly, we acknowledge the concern that the type of anti-VEGF agent used may influence recurrence
risk. However, in our study, switching between ranibizumab and aflibercept was relatively common during the
T&E phase at the discretion of physicians, preventing us from including drug type as a variable in the regression
analysis. Further studies with larger cohorts are necessary to establish an optimal strategy for treatment cessation
that achieves favorable outcomes with fewer injections and clinic visits.

In conclusion, we investigated the incidence and clinical course of recurrence following the cessation of a
modified TAE treatment in patients with nAMD. Our results demonstrated that while over 50% of the patients
experienced reactivation within three years of cessation, overall visual acuity was well maintained with prompt
resumption of treatment. Recurrence was more frequent in patients with baseline IRC and less frequent in those
with a rapid response following initial treatment. For patients with nAMD and subretinal hemorrhage at the
time of initial diagnosis, it is important to consider the potential for vision loss after treatment discontinuation.

Methods

This was a single-center, retrospective study. The study design was approved by the Institutional Review Board
of Kyung Hee University Medical Center (No. 2025-01-015). Informed consent was obtained from all subjects
and/or their legal guardian and all the study procedures adhered to the principles of the Declaration of Helsinki.
Medical records of treatment-naive patients with nAMD who received an initial loading dose of three-monthly
intravitreal injections of ranibizumab or aflibercept under a modified TAE regimen between January 2015 and
December 2021 at Kyung Hee University Hospital were reviewed. We included patients with nAMD who met
the predefined criteria and were able to discontinue TAE injections. Additionally, all included eyes required a
minimum follow-up period of 36 months after treatment discontinuation to calculate the cumulative recurrence
rate.

At baseline, each participant underwent a complete ophthalmologic examination, including BCVA
measurement, intraocular pressure measurement, fundoscopy, color fundus photography, spectral-domain
optical coherence tomography (SD-OCT; Spectralis HRA + OCT, Heidelberg Engineering), and fluorescein and
indocyanine green angiography (FA, ICGA; HRA-2, Heidelberg Engineering). The subtypes of nAMD included
in this study were type 1, type 2, type 3, and PCV, classified based on OCT and ICGA findings.

Treatment protocol

The modified TAE regimen included an observation phase during which patients were monitored monthly for
signs of exudative activity following an initial loading dose of three-monthly injections. Recurrence was defined
as the presence of a new retinal hemorrhage, intraretinal and/or subretinal fluid, or enlargement of PED observed
on SD-OCT. In the subsequent TAE phase, the initial treatment interval was determined based on the interval
at which the first signs of recurrence occurred. If no recurrence was observed for 12 weeks or more after the
initial three injections, the first TAE interval was set to 12 weeks. The treatment interval was then extended by
2-4 weeks at a time, up to a maximum of 20 weeks. In cases of recurrence, the treatment interval was reduced by
2-4 weeks until a dry macula was achieved. Continuous injections were considered suspended if the treatment
interval reached > 24 weeks. Rapid responders were defined as patients who could successfully discontinue
TAE treatment without recurrence after the initial three injections. These patients received a minimum of six
injections, including the three loading doses and additional injections at 12, 16, and 20 weeks during the TAE
phase. After suspending anti-VEGF treatments, lesion status was monitored using OCT, fundus examinations,
and BCVA measurements at each follow-up visit, typically every 3-4 months. The first follow-up visit after
treatment suspension was at 3 months. In cases of recurrence, anti-VEGF injections were resumed.

Outcomes measures

The primary outcome measure was the incidence of reactivation after treatment discontinuation. Secondary
outcome measures included changes in BCVA, total treatment period, number of injections, last treatment
interval, OCT parameters before cessation, and the risk and timing of recurrence.

Statistical analysis

All statistical analyses were performed using SPSS software (Version 20.0 for Windows, IBM, Chicago,
Illinois). For continuous variables, significance was tested using the Mann-Whitney U test, and changes in
BCVA were assessed using Wilcoxon’s signed-rank test. Nominal variables were analyzed using the chi-squared
test. Correlations between various parameters were assessed using Spearmans rank correlation coefficients.
Cox proportional hazards regression analysis was applied to estimate hazard ratios for recurrence, using both
univariate and multivariate analyses and including variables. Variables selection was guided by univariate
analysis results and clinical considerations. Statistical significance was defined as P < 0.05. The proportion and
time to lesion reactivation were further analyzed using Kaplan-Meier survival analysis. Nested Cox proportional
hazards models were used to examine the effects of prior treatment, age, visual acuity at treatment suspension,
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lesion type, and treatment duration before suspension, with a nesting variable for patients within practices.
Paired t-tests were used to evaluate changes in vision at designated follow-up time points.

Data availability
The full raw data from this study cannot be publicly shared due to the potential risk of identifying or exposing
sensitive patient information. However, selected datasets used in the study may be available upon request from

the

corresponding author, subject to meeting the criteria for access to confidential data.
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