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ABSTRACT

Introduction: To explore the impact of coron-
avirus disease 2019 (COVID-19) on the stability
of patients with neovascular age-related macu-
lar degeneration (nAMD) receiving the treat and
extend (T&E) or the pro re nata (PRN) treatment
regimen and to identify indicators that may
predict the disease stability of nAMD.
Methods: This is a retrospective study of
patients with nAMD treated at the Second
Affiliated Hospital of Harbin Medical University
whose treatment schedule was interrupted at
least once between 1 February and 31 May 2020.
The demographic and clinical characteristics,
including the best corrected visual acuity
(BCVA), optical coherence tomography (OCT)
features, subfoveal choroidal thickness (SFCT),
interval between the last injection and the
beginning of the pandemic, and the number of
anti-vascular endothelial growth factor (VEGF)
injections, were analyzed.
Results: A total of 209 stable patients with
nAMD (122 eyes received the T&E regimen; 87

eyes received the PRN regimen) were identified.
Compared to those who received the PRN regi-
men, the patients who received the T&E regi-
men were more stable during the first visit after
COVID-19 (53.3% vs. 33.3%, P = 0.004), the
BCVA was significantly better (58.5 letters vs. 56
letters, P = 0.006), and the CRT fluctuated only
slightly (15 lm vs. 35 lm, P = 0.001). Further-
more, a multivariate logistic regression analysis
showed that stable patients with nAMD with
type 1 choroidal neovascularization (CNV) (OR
2.493 [95% CI 1.179–5.272], compared with
type 2 CNV; P = 0.017; OR 2.912 [95% CI
1.133–7.485], compared with retinal angioma-
tous proliferation; P = 0.026) or with pigment
epithelial detachment (PED) were more likely to
remain stable when treatment was interrupted
(OR 0.392 [95% CI 0.181–0.852], compared
with no PED; P = 0.018).
Conclusion: Compared to patients who
received the PRN treatment regimen, stable pa-
tients with nAMD who received the T&E treat-
ment regimen could better maintain stability
when the treatments were suddenly interrupted
by the COVID-19 pandemic. In addition,
patients with type 1 CNV or patients with PED
were more likely to remain stable. At present,
the COVID-19 pandemic is becoming increas-
ingly normalized, and the T&E regimen can
become a more advanced treatment option for
patients undergoing therapy.
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Key Summary Points

Why carry out this study?

The outbreak of COVID-19 caused the
interruption of anti-vascular endothelial
growth factor (VEGF) treatment in
patients with Neovascular age-related
macular degeneration (nAMD), even
resulting in the deterioration of previously
stable patients. Therefore, we need to
explore a regimen that is more beneficial
to maintain the stability of patients.

What was learned from the study?

The treat and extend (T&E) regimen can
better maintain the stability of the
treatment effect seen in patients with
nAMD. After the COVID-19 interruption,
the patients’ visual acuities decreased less,
the patients’ lesions reactivated less, and
the treatment was more regular. The
COVID-19 pandemic is becoming
increasingly normalized, and the T&E
regimen should be a more advanced
treatment option in the clinic.

INTRODUCTION

Neovascular age-related macular degeneration
(nAMD) is a major cause of visual impairment
in elderly people worldwide [1–3]. Anti-vascular
endothelial growth factor (VEGF) therapy has
been used as the gold standard treatment
method for nAMD to prevent disease progres-
sion and to provide functional and anatomical
improvement [4–7]. However, timely adminis-
tration of the intravitreal injections at appro-
priate intervals and regular follow-up of the
patients are crucial for the success of the treat-
ment. Most randomized controlled trials use a

fixed dosing of anti-VEGF agents, which
requires monthly or bimonthly injections [8, 9].
Although the fixed-dosing regimen has great
potential to improve and maintain vision, the
frequency of treatment requires a high level of
patient adherence. Moreover, increasing the
treatment burden on doctors and patients
might cause more difficulty with their compli-
ance. Additionally, it brings high economic
costs to patients, which could be an obstacle in
clinical practice [10]. The pro re nata (PRN)
regimen is a treatment regimen widely used in
the clinic at present. The frequency of the
injections during treatment is determined on
the basis of the activity of the disease when the
patients have symptoms of visual impairment
or on the basis of the activity indicators during
follow-up [11]. Although the PRN regimen
reduces the frequency of treatment, patients
still need to be monitored every month, and the
compliance requirements of the patients are
still high.

The treat and extend (T&E) protocol is a
personalized active treatment regimen [12]. It
mandates that at least three consecutive
monthly injections continue until the patient
develops a stable state that is determined when
the retina is dry and when there are no other
signs of disease activity, after which the interval
between visits and the injections can be exten-
ded or shortened on the basis of the clinician’s
assessment of the patient’s disease activity [13].
Compared with the monthly and PRN regi-
mens, the T&E regimen can significantly reduce
the number of follow-up visits and injections
and can ease the treatment burden of patients.
The T&E regimen has been proven to achieve a
comparable efficacy to the traditional fixed
dosing and the PRN regimens [14–16].

Coronavirus disease 2019 (COVID-19) is an
infectious disease that has rapidly spread
worldwide and poses a serious threat to public
health and safety [17, 18]. As a result of the
sudden epidemic, many medical institutions
had to stop clinical work, and the routine
treatment of many patients was interrupted,
including those receiving anti-VEGF treatment.
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Untreated disease or delayed treatment with
anti-VEGF will result in patients with severe
visual impairment during the initial diagnosis
of nAMD, and for patients with nAMD who
have already begun to receive anti-VEGF treat-
ment, a sudden interruption or delay in treat-
ment secondary to interruptions by the COVID-
19 pandemic can also result in decreased visual
acuity and a recurrence of the lesions [19, 20].
However, it is not clear whether patients with
nAMD who have reached a stable state after a
course of anti-VEGF treatment will be affected
by the COVID-19 pandemic. It is also unclear
whether patients with nAMD who achieve a
stable state with different treatment regimens
can maintain the stable state if treatment is
stopped or delayed during an interrupted
treatment due to COVID-19. At present, the
COVID-19 pandemic is still prevalent world-
wide, and many countries still restrict public
activities [21]. This unprecedented situation
gives us an unprecedented opportunity to ana-
lyze the impact of a sudden interruption of anti-
VEGF treatment on the stability of patients with
nAMD. This study aimed to compare the T&E
and PRN treatment regimens, which are more
conducive to the stability of patients with
nAMD. Second, we analyzed the changes in the
visual acuity and OCT indicators in stable pa-
tients with nAMD who had a sudden interrup-
tion of anti-VEGF treatment to identify
indicators that may predict the disease stability
of nAMD, which will be helpful for choosing
treatment schemes in the future.

METHODS

This comparative study of the curative effects
using a routine clinical database (single-center
retrospective consecutive case series) was car-
ried out in the ophthalmology clinic at the
Second Affiliated Hospital of Harbin Medical
University, Harbin, China. The study protocol
followed the Declaration of Helsinki and was
approved by the Institutional Research Board of
the hospital (KY2020-261).

Study Population

Data of the patients with nAMD in our hospital
since June 2018 were extracted from the elec-
tronic patient records database. The inclusion
criteria were as follows: (a) patients with a
diagnosis of nAMD that was confirmed by the
presence of active leakage of choroidal neovas-
cularization (CNV) detected by fluorescein
angiography (FA) or optical coherence tomog-
raphy angiography (OCTA); (b) patients with
nAMD who had treatment before the outbreak
of COVID-19 and were followed up at the
Ophthalmology Department of the Second
Affiliated Hospital of Harbin Medical University
during the research period; (c) patients treated
with aflibercept (2 mg/0.05 mL, Eylea, Regen-
eron Pharmaceuticals Inc.) who received a T&E
or PRN therapeutic regimen and who had
already reached a stable state; (d) patients with
detailed medical records who underwent a
complete ophthalmological examination,
including the evaluation of at least the best
corrected visual acuity (BCVA), intraocular
pressure (IOP), slit-lamp examination, optical
coherence tomography (OCT), and OCTA. The
exclusion criteria were as follows: (a) patients
with the presence of CNV related to other eti-
ologies, such as myopia, uveitis, or central ser-
ous chorioretinopathy; (b) patients with
coexisting ocular disorders, such as retinal vas-
cular occlusion, diabetic retinopathy, retinal
vasculitis, or neovascular glaucoma; and (c) pa-
tients with incomplete medical records, such as
patients who were mainly treated and followed
up at other hospitals. Patients whose measure-
ment of OCT and detailed medical records were

Fig. 1 Follow-up of patients with nAMD before and after
COVID-19 pandemic. The last pre-epidemic visit was
recorded as V0, the T&E regime patients received the last
injection at V0, and the PRN regime patients assessed
whether to receive injection according to stable criteria at
V0. The first follow-up after the pandemic was recorded as
V1, and the patients were assessed as stable or not at V1 on
the basis of the evaluation criteria of stable nAMD
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not available, and patients whose BCVA, IOP,
OCT, or OCTA data could not be obtained and
analyzed for any reason were also excluded.

Study Design

This study analyzed the patients from the
aforementioned database whose treatment
schedules were interrupted at least once
between 1 February and 31 May 2020 (the per-
iod during which the outpatient services and
operations were restricted because of the
COVID-19 pandemic). The last pre-pandemic
visit was recorded as V0, and the first follow-up
after the pandemic was recorded as V1. The
inclusion of those patients was evaluated inde-
pendently by two experienced researchers (BJ,
LG) on the basis of the aforementioned criteria.
Disagreements were adjudicated by a discussion
with the senior author (DWS). Cases in which
the diagnosis could not be made with certainty
were also excluded from this study.

Patients received a strict T&E protocol.
Patients received three consecutive injections
every 4 weeks. If a patient was stable after the
third visit, the interval was extended by
2 weeks, and the fourth injection was adminis-
tered after 6 weeks. However, if the patient was
unstable, the injection interval was shortened
by 2 weeks. The minimum interval was not less
than 4 weeks. If a patient’s two consecutive
follow-up visits with an interval of 12 weeks
were stable, it was regarded as the end of treat-
ment (Fig. 2). Stable nAMD was defined as

follows: (1) Compared with the previous follow-
up visit, the best-corrected visual acuity (BCVA)
deteriorated by no more than five letters. (2)
Compared with the last follow-up, the increase
in central retinal thickness (CRT) was no more
than 10% on the OCT images. (3) There was no
new subretinal fluid (SRF) or/and intraretinal
fluid (IRF) on the OCT images. (4) No new
hemorrhage or CNV was detected in the OCT or
fundic photos. Patients with the PRN thera-
peutic regimen were followed up once a month
after three consecutive injections. On the basis
of the results of each monthly examination, the
injections were continued if the patient was in
an unstable state. For patients with bilateral
nAMD requiring treatment, the data of the first
eye were selected to be used for the analysis.

The patients had to have the same (true-track
based) enhanced depth optical coherence
tomography (EDI-OCT) and horizontal single
line scan (Heidelberg Engineering, Heidelberg,
Germany) encompassing the fovea at each visit.
OCT angiography (OCTA, Carl Zeiss Meditec
Inc., CA, USA) and fundus fluorescein angiog-
raphy (FFA, Heidelberg Retina Angiograph 2,
Heidelberg Engineering, Heidelberg, Germany)
were used to obtain the images. Parameters such
as the CRT and the subfoveal choroidal thick-
ness (SFCT) were manually measured by the
same doctor (LG). If new CNV or hemorrhage
occurred, then FFA was performed. Demo-
graphic characteristics (age, sex, and eye) were
recorded. Additionally, the BCVA, CRT, SFCT,
type of CNV, OCT features for all visits, number

Fig. 2 Outline of the treat and extend regimen for
patients with nAMD. Three consecutive injections were
administered every 4 weeks; if the patients were stable after
the third injection, the interval was extended by 2 weeks,
and the fourth injection was administered after 6 weeks.
However, if the patients were unstable, the injection

interval was shortened by 2 weeks. The minimum interval
was never less than 4 weeks. When a patient was
stable with a 12-week treatment interval, two consecutive
follow-up visits were conducted to determine the end of
treatment
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of injections, and the interval between the last
injection and the beginning of the pandemic
were evaluated.

Statistical Analysis

This study was a real-world retrospective anal-
ysis. The sample size depended mainly on the
number of patients with nAMD who had
reached stable status and who had their treat-
ment interrupted during the COVID-19 pan-
demic. The Snellen BCVA was converted to the
Early Treatment Diabetic Retinopathy Study
(ETDRS) equivalent for the statistical analysis
[22, 23]. The Shapiro–Wilk method was used to
test the normality of the measurement data.
The data that were normally distributed are
expressed as the mean ± standard deviation.
The t test was used to analyze the difference
between the two groups. The measurement data
that were not normally distributed were repre-
sented by the median (minimum, maximum)
and were analyzed using the Mann–Whitney
U test. Categorical variables are expressed as
n (%), and the difference between the two
groups was analyzed using the chi-square test. A
binary logistic regression analysis was used for
the univariate analysis to determine the risk
factors for patients with stable nAMD, and a
P\ 0.1 was used to screen the possible risk
factors. All baseline factors were included in the
model in the multivariate analysis, and inde-
pendent variables were screened by the input
method. The difference was statistically signifi-
cant when P\0.05. The SPSS 22.0 package
program was used for the statistical analysis of
the data (IBM, Armonk, New York, USA).

RESULTS

Demographics and Patient Characteristics

This study retrospectively analyzed the data of
755 patients with nAMD who received regular
treatment with intravitreal injections of
aflibercept in June 2018. Of these patients, 209
reached a stable state at the last visit prior to the
pandemic outbreak (1 February to 31 May 2020)
and after at least 16 weeks of interrupted treat-
ment/follow-up visits (Fig. 3).

The average age of the patients was
69.5 ± 10.9 years (92 male, 44.0%; 117 female,
56.0%). CNV was type 1 in 98 patients, type 2 in
80 patients, and retinal angiomatous prolifera-
tion (RAP) in 31 patients. The CRT was
326.70 ± 97.57 lm, and the BCVA was
62.54 ± 9.72 letters at the initial treatment. The
patient demographics and characteristics are
summarized in Table 1. The patients in the T&E
regimen group were older [analysis of variance
(ANOVA), P = 0.01], and there were no signifi-
cant differences in the other factors between the
groups.

Stability of Patients During the COVID-19
Interruption

With the T&E regimen, the number of injec-
tions given to patients from the initial treat-
ment to V0 was greater than with the PRN
regimen (P = 0.001), and the interval between
V0 and the break of the pandemic was shorter
(P = 0.031). No significant difference was found
in the OCT parameters, including the BCVA,
CRT, SFCT, fluid in the retina, and pigment
epithelial detachment (PED), at V0 between the
two groups (P[0.05, all) (Table 2).

Fig. 3 Consort-style diagram showing the number of eyes in the study and the number and the reason for inclusion
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The patients were assessed on the basis of the
criteria of stable nAMD. In the T&E regimen
group, patients were more stable than the

patients in the PRN regimen group (53.3% vs.
33.3%, P = 0.004); the BCVA was significantly
better than the PRN group (58.5 letters vs. 56

Table 1 Demographics and characteristics of stable patients with nAMD

Characteristics T&E regimen PRN regimen P value
n = 122 n = 87

Age (years) 72.5 (41, 90) 65 (37, 90) 0.001

Male, n (%) 51 (41.8) 41 (47.1) 0.445

Study eye OD, n (%) 65 (53.3) 39 (44.8) 0.228

Initial CNV type

Type 1 55 (45.1) 43 (49.4) 0.708

Type 2 47 (38.5) 33 (37.9)

RAP 20 (16.4) 11 (12.6)

Initial BCVA (letters) 55.32 ± 9.36 55.26 ± 9.85 0.967

Initial CRT (lm) 437.57 ± 135.81 428.14 ± 115.74 0.600

Data are presented as number (range) or mean ± SD
CNV choroidal neovascularization, BCVA best-corrected visual acuity, CRT central retinal thickness

Table 2 Characteristics of stable patients with nAMD at last pre-epidemic visit (V0)

T&E regimen PRN regimen P
n = 122 n = 87

BCVA (letters) 62 (32–86) 62 (32–89) 0.665

CRT (lm) 306 (176–533) 322 (167–578) 0.107

SFCT (lm) 249.5 (173–381) 251 (180–358) 0.655

Injection numbers before V0 9 (4, 18) 7 (4, 15) 0.001

Interval between V0 and the break of pandemic (weeks) 4 (1, 11) 5 (1, 13) 0.031

Presence of fluid (%) 0.184

Fluid is present 54 (44.3) 48 (55.2)

Intraretinal fluid 19 (15.6) 11 (12.6)

Subretinal fluid 15 (12.3) 19 (21.8)

Both 20 (16.4) 18 (20.7)

No fluid is present 68 (55.7) 39 (44.8)

Presence of PED (%) 31 (25.4) 24 (27.6) 0.725

Data are presented as numbers (proportions) or the range
BCVA best-corrected visual acuity, CRT central retinal thickness, SFCT subfoveal choroidal thickness, PED pigment
epithelial detachment
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letters, P = 0.006); and the proportion of
patients with a BCVA loss of at least five letters
was significantly lower at V1 (27% vs. 54%,
P\ 0.001). Similarly, the CRT was increased
significantly (15 lm vs. 35 lm, P = 0.001); and
the proportion of patients with an increased
CRT over 10% was higher in the PRN group
(21.3% vs. 47.1%, P\ 0.001). The changes and
the average change in the SFCT were greater in
the PRN group than in the T&E group after the
COVID-19 interruption (237 lm vs. 257 lm,
P = 0.002; - 10 lm vs. 7 lm, P = 0.001). In the
PRN group, the proportion of patients with an
appearance of new fluid was higher at V1

(36.1% vs. 58.6%, P = 0.002); however, no sig-
nificant difference was found between the types
of fluid, the appearance of new CNV, or the
development of hemorrhage between the two
groups (P = 0.239, P = 0.861, P = 0.849)
(Table 3).

Factors Related to nAMD Disease Stability

The factors that might affect the stability of the
patients with nAMD are summarized in Table 4.
Factors that had significant statistical signifi-
cance during the univariate analysis (P\ 0.1)
and other key factors (including the BCVA,

Table 3 Stability of stable patients with nAMD after COVID-19 interruption

T&E regimen PRN regimen P
n = 122 n = 87

V1 status (%)

Stable 65 (53.3) 29 (33.3) 0.004

Unstable 57 (46.7) 58 (66.7)

V1 BCVA (letters) 58.5 (31,84) 56 (31,86) 0.006

BCVA change from V1 to V0 (letters) - 3 (- 20, 9) - 5 (- 17, 2) 0.001

BCVA decreased C 5 letters between V1 to V0 (%) 33 (27.0) 47 (54.0) \ 0.001

V1 CRT (lm) 327 (189–713) 379 (238–672) 0.001

CRT change between V1 to V0 (lm) 15 (- 188 to 295) 35 (- 20 to 226) 0.001

CRT increased C 10% between V1 to V0 (%) 26 (21.3) 41 (47.1) \ 0.001

V1 SFCT (lm) 237 (174–376) 257 (187–417) 0.002

SFCT change between V1 to V0 (lm) - 10 (- 95 to 58) 7 (- 52 to 69) 0.001

Appearance of new fluid (%) 44 (36.1) 51 (58.6) 0.002

Type of new fluid (%)

Intraretinal fluid 18 (14.8) 12 (13.8) 0.239

Both 33 (27) 33 (37.9)

Subretinal fluid 71 (58.2) 42 (48.3)

Appearance of new CNV (%) 5 (4.1) 4 (4.6) 0.861

Appearance of new hemorrhages (%) 13 (10.7) 10 (11.5) 0.849

Data are presented as number (proportion) or range
BCVA best-corrected visual acuity, CRT central retinal thickness, SFCT subfoveal choroidal thickness, PED pigment
epithelial detachment
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CRT, SFCT, and fluid) considered in clinical
practice that might affect the stability of nAMD
were included in the multivariate logistic
regression analysis model. The results showed
that stable patients with nAMD with type 1
CNV (OR 2.493 [95% CI 1.179–5.272], com-
pared with type 2 CNV; P = 0.017; OR 2.912
[95% CI 1.133–7.485], compared with RAP;
P = 0.026), with PED (OR 0.392 [95% CI
0.181–0.852], compared with absence;
P = 0.018) or T&E regimen (OR 0.437 [95% CI

0.228–0.840], compared with PRN regimen;
P = 0.013) were more likely to remain
stable when treatment was interrupted.

The injection numbers and treatment regi-
mens were not mutually independent factors
due to the interruption caused by the outbreaks.
Therefore, a sensitivity analysis of the frequency
of injection at V0 (multivariate analysis with
the aforementioned factors) was conducted.
The results showed that the risk of disease
instability could be reduced by 11.6% for each

Table 4 Factors related to the stability of patients with nAMD during interruption

Univariate logistic regression
analysis

Multivariate logistic
regression analysis (plus the
factor of treatment regimen)

Multivariate logistic
regression analysis
(sensitivity analysis plus the
number of injections)

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.002 (0.976–1.028) 0.903

Sex (male vs. female) 0.952 (0.55–1.649) 0.862

Study eye (OD vs. OS) 1.284 (0.743–2.216) 0.37

Initial CNV type

Type 2 vs. type 1 1.963 (1.075–3.585) 0.028 2.493 (1.179–5.272) 0.017 2.500 (1.181–5.292) 0.017

RAP vs. type 1 2.141 (0.928–4.941) 0.074 2.912 (1.133–7.485) 0.026 2.803 (1.097–7.167) 0.031

V0 BCVA (letters) 0.984 (0.956–1.012) 0.265 1.001 (0.967–1.037) 0.937 1.004 (0.970–1.039) 0.821

V0 CRT (lm) 1 (0.997–1.003) 0.931 1.000 (0.994–1.005) 0.872 1.000 (0.994–1.005) 0.912

V0 SCT (lm) 1.003 (0.995–1.01) 0.477 1.002 (0.992–1.011) 0.744 1.001 (0.991–1.010) 0.892

Injection numbers

before V0

0.934 (0.857–1.018) 0.119 0.884 (0.800–0.977) 0.016

Interval between V0

and the break of

epidemic (weeks)

1.394 (1.215–1.599) \ 0.001 1.371 (1.182–1.591) \ 0.001 1.438 (1.238–1.671) \ 0.001

Presence of fluid (Y vs.

N)

0.990 (0.574–1.70) 0.972 0.718 (0.308–1.671) 0.442 0.847 (0.361–1.988) 0.703

Presence of PED (Y vs.

N)

0.556 (0.293–1.054) 0.072 0.392 (0.181–0.852) 0.018 0.419 (0.195–0.903) 0.026

Treatment regimen

(T&E vs. PRN)

0.438 (0.248–0.776) 0.005 0.437 (0.228–0.840) 0.013

CNV choroidal neovascularization, RAP retinal angiomatous proliferation, BCVA best-corrected visual acuity, CRT central
retinal thickness, SFCT subfoveal choroidal thickness, PED pigment epithelial detachment
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additional injection before the interruption of
the pandemic. Compared with type 1 CNV,
type 2 CNV increased the risk of disease insta-
bility by at least 17.9%, and RAP increased the
risk of disease instability by at least 13.3%. The
risk of disease instability increased by 37.1%
with the increase in the interval between the
last injection (V0) and the beginning of the
pandemic. Compared with patients without
PED, patients with PED at the last injection had
a 61.8% lower risk of disease instability on
average. Compared with the PRN group, the risk
of disease instability in the T&E group decreased
by 56.3%.

DISCUSSION

The effect of anti-VEGF therapy on patients
with nAMD has been widely recognized [4–6].
However, patients need regular visits and a long
treatment regime, which in reality increases the
difficulty of treatment [8, 9]. The types of
treatment schemes that easily achieve a
stable effect and the kinds of patients that can
have treatment stopped have been research
hotspots in recent years [24, 25]. The COVID-19
pandemic gives us such an unexpected oppor-
tunity to observe the stability of patients under
the condition of interrupted treatment. This
study assessed the status of stable patients with
nAMD before and after treatment interruption
and found that patients with the T&E regimen
were more resistant to any sudden interruptions
of treatment, with the CRT relative fluctuation
and the deterioration of vision. We are also
trying to explore the factors that may help to
identify or maintain stability in patients with
such treatment interruptions. Patients with
type 1 CNV or patients with PED were more
likely to remain stable when treatment was
interrupted.

Compared with the monthly continuous
treatment plan and the PRN regimen, the T&E
regimen is a positive treatment regimen because
it changes the injection interval. It avoids
individuation, over- or undertreatment, and the
activation of recurrent diseases, fluid accumu-
lation, and irreversible tissue damage caused by
the PRN treatment [12–15]. In some published

real-world studies, the T&E protocol still
demonstrated the effectiveness of treatment
and the stability caused by the treatment
[26, 27]. However, patients with nAMD who
need long-term follow-up and treatment, espe-
cially elderly patients, are more likely to stop
follow-up visits or treatment for any reason,
such as when these patients develop sudden
physical dysfunction or family issues. In this
study, patients with stable nAMD who received
the T&E treatment regimen were still in a
stable state (55.3%), although the situation of
the pandemic suddenly interrupted treatment
longer than the maximum treatment extension
time (16 weeks), and approximately 27% of the
patients had their vision decreased by more
than five letters. Although 33.3% of the patients
treated with the PRN regimen were stable after
treatment interruption, approximately 54% of
the patients had significantly decreased vision
by more than five letters (Fig. 4). A retrospective
analysis by Nguyen et al. found that 41% of eyes
showed reactivation within the first year after
treatment suspension, which increased to 79%
at 5 years [28]. Essex et al. presented a detailed
analysis of the observed treatment patterns and
visual results during the maintenance phase of
the treat and extend regimens for nAMD in a
real-world cohort of patients. The risk of reac-
tivation increased when the treatment interval
was increased, and the risk of reactivation
increased substantially when the treatment
interval extended beyond 12 weeks and reached
36.5% if the interval was 20 weeks or more from
the previous injection [29]. Even after com-
pleting the T&E protocol, 29.4% of patients
showed a recurrence of CNV [30].

Despite a relatively high frequency of T&E
injections (9 times on average, 4–18 times), the
results of this study were consistent with the
results of many studies because of the treatment
scheme itself [31]. Although the number of
injections was greater, we found that every
additional injection before the sudden inter-
ruption could reduce the risk of disease insta-
bility by 11.6%. Some studies have pointed out
that it is necessary to avoid an early termination
of treatment in order to avoid recurrence of the
disease because the vision gained during the
course of therapy could potentially be lost if the
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eyes develop a reactivation of the disease, and
the improvements made during treatment may
not be regained even if treatment is resumed
[30]. For patients with the T&E regimen, it was
not necessary to undergo follow-up every
month until the occurrence of instability, the
number of times they needed to come to the
hospital was less, and the timing of the next
treatment was predictable. During the outbreak
of COVID-19, some guidelines were issued to
help guide ophthalmologists in managing
patients with anti-VEGF therapy [17, 32, 33].
However, these guidelines are limited to the
protection of specific procedures such as out-
patient and surgical procedures, but few guide-
lines are available to select treatment regimens.
Therefore, in the case of major events or emer-
gencies, patients with the T&E regimen can
better plan their visits to the hospital, which
can reduce the risk of exposure to COVID-19.

Many studies have reported that in the ini-
tial treatment, some factors, such as age, visual
acuity, the CNV type, and CRT, could predict
the prognosis of patients with anti-VEGF treat-
ment [34–36]. In this study, we found that SFCT
was associated with significant reductions in the
T&E regimen compared with the PRN regimen.
Choroidal circulation is essential to maintain
normal visual function by providing nutrients
and removing metabolic wastes from the outer
retina and the retinal pigmented epithelium.
The choroid plays an important role in the
pathophysiology of common chorioretinal dis-
eases such as AMD [3]. Choroidal thickening
may, therefore, occur in the active phase of
nAMD because of the increased levels of VEGF
and other proinflammatory factors together
with hydrostatic variation in the blood flow
within the newly formed vessels [37]. Invernizzi
et al. found significant choroidal thickening in
all of the CNV types [38]. Koizumi et al., Kaya,

Fig. 4 OCTA images of the patients with nAMD treated
with the T&E and PRN regimes interrupted by the
COVID-19 pandemic. The top line is the OCTA images
of a 65-year-old patient with nAMD who received the
PRN regime; after three consecutive injections every
4 weeks, there was no injection in the fourth follow-up,
but at the fifth follow-up, there was subretinal fluid (SRF)
recurrence, and the patient received an injection. During
the sixth follow-up period, the fluid was still not absorbed,
and the patient received an injection. It was stable at the

last follow-up (V0); however, after the outbreak, the lesion
became unstable again, and subretinal fluid and intraretinal
fluid (IRF) were observed on OCT images. The bottom
line is the OCTA images of a 73-year-old patient with
nAMD who received the T&E regime; this patient
received three consecutive injections every 4 weeks; the
patient was stable, and the interval was extended by
2 weeks at each visit; the seventh injection interval was
extended 12 weeks once (V0). After the outbreak, this
patient was still stable
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and Mazaraki et al. evaluated the changes in the
choroidal thickness following intravitreal
injections. They showed that treatment-naive
and pretreated eyes had significant reductions
in the choroidal thickness in all locations
[39–41]. At present, the analysis was lacking
with regard to the factors that were more likely
to obtain a stable treatment effect in patients
during the process of treatment. In this study,
we also analyzed the factors related to the sta-
bility of the patients whose treatment had
already reached a stable state even when the
planned treatment was not implemented
because of the impact of the pandemic and
when treatment was interrupted for at least
16 weeks. Patients receiving the T&E regimen
had a 56.3% reduced risk of disease instability
compared with those patients receiving the PRN
regimen. We found that among the types of
CNV at the time of initial treatment, the treat-
ment of patients with type 1 CNV could easily
achieve stability. Nakano et al. found that
type 1 CNVs show significantly lower vessel
junction densities than type 2 CNVs on OCTA,
suggesting that type 1 CNVs have more mature
vessels and that type 1 CNVs can persist in a
quiescent, noninfiltrative, trophic state below
the RPE after treatment [42]. Patients with PED
were also more likely to remain stable when
treatment was interrupted. Recently, Christen-
bury et al. found that macular atrophy pro-
gresses significantly slower in areas
corresponding to PED containing neovascular
type 1 CNV flow on OCTA [43], and the pres-
ence of PED may protect the macular area from
‘‘burnt out’’ [44]. Therefore, treatment in
patients with these characteristics could result
in a better stability, patients can maintain the
stability for a longer time, and the treatment
intervals could be gradually extended when
there are sudden interruptions. At present, no
standard protocol exists for when to stop anti-
VEGF treatment in patients with nAMD.
Therefore, we can conclude that patients do not
easily relapse at the end of treatment or after an
interruption, and this study is also an explo-
ration of end-of-treatment indicators.

This study had some limitations. First, the
results may not be extrapolated to other popu-
lations because this was a single-center study

with a relatively small sample size. Second, this
was a retrospective study. Because of the many
confounding factors, some bias might exist in
the results. However, randomized controlled
studies do not have the opportunity to investi-
gate a pool of patient data from patients who
have a sudden interruption of treatment.
Therefore, this study might have significance
during some exceptional situations, such as
during the COVID-19 pandemic. Finally, the
clinical application of aflibercept in patients
with nAMD receiving the T&E regimen has been
approved in China since 2018. To date, no real-
world evidence comparing the T&E and PRN
regimens to evaluate the effect of disease sta-
bility with the use of aflibercept in patients with
nAMD has been conducted in China. Real-
world studies with long-term follow-up to
evaluate the disease stability between the dif-
ferent regimens still need to be conducted.
Therefore, anti-VEGF therapy in the real world
in China will be the direction of research in the
future.

CONCLUSIONS

Compared to patients receiving the PRN treat-
ment regimen, the stable patients with nAMD
receiving the T&E treatment regimen could
maintain better stability when their treatments
were suddenly interrupted by the COVID-19
pandemic. In addition, patients with type 1
CNV or patients with PED are more likely to
remain stable. At present, the COVID-19 pan-
demic is becoming increasingly normalized,
and the T&E regimen can become a more
advanced treatment option for patients in
therapy, because the T&E regimen can not only
reduce the number of follow-ups and avoid
hospital infection but also effectively maintain
the level of anti-VEGF, reduce reactivation of
their lesions, and maintain stable vision.
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