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ABSTRACT

Introduction: Choroidal thickness (CT) plays
an important role in the pathogenesis of various
ocular diseases, including neovascular age-re-
lated macular degeneration (nAMD). Previous
studies evaluated the CT variations after anti-
vascular endothelial growth factor (VEGF)
injections in patients with nAMD, but the
results are still controversial. The present study
aimed to evaluate the CT at different times (15,
30, 60, 90, and 365 days) after intravitreal
aflibercept injections and its correlation with
the baseline CT in treatment-naı̈ve patients
with nAMD. Secondly, the study evaluated the

correlation between CT variation at 365 days
and the number of intravitreal injections
received.
Methods: This was a prospective, open-label,
single-arm pilot study. Twenty-one treatment-
naı̈ve nAMD eyes were enrolled. The study
population underwent three monthly afliber-
cept injections (loading phase) and additional
injections as needed (pro re nata regimen). A
complete ophthalmological examination,
including optical coherence tomography (OCT)
was performed at each visit. CT was measured
manually by two independent observers. All
patients were evaluated at baseline and at 15,
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Università Politecnica delle Marche, Ancona, Italy
e-mail: cent.chiara@gmail.com

Adv Ther (2022) 39:3248–3261

https://doi.org/10.1007/s12325-022-02129-x

http://orcid.org/0000-0002-8355-1611
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-022-02129-x&amp;domain=pdf
https://doi.org/10.1007/s12325-022-02129-x


30, 60, 90, and 365 days after the first intravit-
real injection.
Results: CT showed a statistically significant
reduction at days 15, 90, and 365 in comparison
to baseline. However, the major reduction of CT
was observed at day 15 and in eyes with a
thicker choroid at baseline. No significant cor-
relation between CT variation and the number
of injections performed was found.
Conclusion: Our findings contribute to clarify-
ing the role of aflibercept injections in chor-
oidal vasculature, confirming its effect after the
first 2 weeks. Moreover, CT can be considered as
a potential biomarker, as it reflects the phar-
macological effect of anti-VEGF drugs.

Keywords: Aflibercept; Anti-VEGF; Choroid;
Choroidal thickness; Macular
neovascularization (MNV); Neovascular age-
related macular degeneration; Optical
coherence tomography (OCT)

Key Summary Points

Why carry out this study?

Age-related macular degeneration (AMD)
is the major cause of vision impairment
and loss in elderly people, but thanks to
anti-vascular endothelial growth factor
(VEGF) therapy, blindness associated with
neovascular AMD has been markedly
decreased.

Choroidal thickness is a valid parameter to
assess during anti-VEGF therapy
administration since it shows variations in
relation to anti-VEGF injections.
However, the results on this topic are still
controversial.

We evaluated choroidal thickness in
treatment-naı̈ve patients with nAMD
receiving aflibercept injections in order to
better investigate its effect on the
choroidal vasculature.

What was learned from the study?

Choroidal thickness showed a reduction
in comparison to baseline at 15, 90, and
365 days after the first injection in
treatment-naı̈ve patients with nAMD
receiving three monthly aflibercept
injections followed by a pro re nata
regimen.

The major reduction was observed at
15 days from the first injection. Similarly,
literature data suggest a maximum
reduction of the macular
neovascularization (MNV) 2 weeks after
the anti-VEGF injection.

This finding might be attributable to a
reduction of the choroidal vascular
permeability and, thus, to a decrease in
MNV activity. Moreover, a greater
reduction was found in patients with a
thicker choroid at baseline.

Our results confirm the effect of
aflibercept on eye vasculature after the
first weeks and open up new horizons to
tailored treatments for nAMD based on
choroidal thickness assessment.

INTRODUCTION

As a result of longer life expectancy and general
ageing of populations, age-related macular
degeneration (AMD) is a major cause of vision
impairment and blindness in elderly people and
its prevalence has markedly increased within
the past 2 decades [1]. Although the dry form is
more common among the patients affected, the
neovascular form has a more rapid and aggres-
sive development, with a significant impact on
quality of life.

With the introduction of anti-vascular
endothelial growth factor (VEGF) therapy in
2006, the proportion of visually impaired eyes
with neovascular AMD (nAMD) dropped and
recent population-based data have suggested
that legal AMD-related blindness has been
reduced by 50% in some countries [1].
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Medications such as aflibercept represent the
most effective treatment for acute nAMD and
help to prevent the abnormal growth of new
immature blood vessels, which often leads to
leakage of fluid and/or blood into the subretinal
space, the neural retina itself, or the subretinal
pigment epithelium (RPE) space.

Accordingly with these advances in the
management, AMD imaging has encountered
an important evolution with optical coherence
tomography (OCT) and, more recently, with
OCT-angiography (OCT-A). OCT-A is a non-in-
vasive technique able to detect macular neo-
vascularization (MNV) with the same sensitivity
of dye angiography.

Regarding the choroid, evidence in the lit-
erature suggests that choroidal thickness plays
an important role in the physiology of the eye
and in the pathogenesis of various ocular dis-
eases, including AMD. Previous studies evalu-
ated variations in the choroidal thickness after
the loading phase (three monthly injections)
and after 1 year, or even more, of individualized
regimens (treat and extend, T&E; pro re nata,
PRN) in treatment-naı̈ve patients with nAMD,
but results are still controversial and potential
changes at 15 days from the first aflibercept
injection have not been previously investigated.
Considering that several OCT-A studies [2–4]
have reported a maximum reduction of the
MNV flow area and vessel density 2 weeks after
the anti-VEGF injection, we hypothesized a
similar behavior also for the choroid. Thus, we
analyzed choroidal thickness at 15, 30, 60, 90,
and 365 days from the first aflibercept injection,
in order to investigate the effect of aflibercept
on choroidal vasculature.

METHODS

The current study was approved by the Ethics
Committee/Institutional Review Board of the
Catholic University under protocol number
1189 with the acronym TWINS PLUS. The study
was designed as a prospective, open-label, pilot,
single-arm study. Twenty-one eyes of 21 Cau-
casian patients [female (F)/male (M) 10:11]
affected by nAMD and naı̈ve to treatment were
enrolled. The mean age was 82.1 years ± 5.9.

The inclusion criteria were the following:

1. Male or female over 50 years old, who has
signed informed consent before any treat-
ment was performed.

2. Clinical and instrumental diagnosis of neo-
vascular AMD with active MNV.

3. Eyes affected by nAMD with no history of
intravitreal injections prior to the study
(treatment-nai‹ ve).

4. MNV or related sequelae (i.e., pigment
epithelial detachment (PED), subretinal or
subretinal pigment epithelial hemorrhage,
blockade of fluorescence, macular edema,
subretinal or sub-RPE or intraretinal fluid)
which involves the center of the fovea.

The exclusion criteria were the following:

1. Any concomitant ocular disorders in the
studied eye that might have confounded
the interpretation of the results.

2. Compromised visual acuity (VA) or condi-
tions requiring medical or surgical inter-
ventions, including cataracts, retinal
vascular occlusion, retinal detachment,
macular holes, and MNV due to any cause
other than AMD (e.g., ocular histoplasmosis
and pathologic myopia).

3. Any use of eye drops, such as anti-glauco-
matous or anti-inflammatory drugs, for
ocular diseases; any intraocular surgery in
the studied eye within 3 months prior to
enrollment; previous vitrectomy.

4. History of current myocardial infarction or
cerebral vascular diseases, any drugs that
possibly interfered with choroidal thick-
ness, such as sildenafil and acetazolamide.

5. The inability to comply with study
procedures.

The primary endpoint was to evaluate the
choroidal thicknesses at different times (15, 30,
60, 90, and 365 days) following intravitreal
aflibercept injections and their correlation with
the baseline choroidal thickness in patients
with nAMD naı̈ve to treatment.

The secondary endpoint was to evaluate the
correlation between choroidal thickness varia-
tion at 365 days and the number of intravitreal
injections received.
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Before starting the anti-VEGF treatment, a
baseline visit was performed to select the eligi-
ble patients. All the included patients were
treated with three monthly consecutive
aflibercept injections (loading phase) and addi-
tional intravitreal injections, given reactively in
an OCT-guided PRN protocol. Choroidal thick-
ness evaluations were assessed at baseline and at
15, 30, 60, 90, and 356 days after the first
aflibercept injection. In consideration of the
choroidal circadian rhythm, we chose to per-
form the OCT assessment between 10 and
12 a.m. for each patient. The aflibercept injec-
tions were performed immediately after the
OCT scans at baseline and at 30 and 60 days.
The OCT device was a Spectralis HRA ? OCT
(Heidelberg Engineering, Heidelberg, Germany)
with enhanced depth imaging (EDI).

The choroidal thickness was manually mea-
sured with the caliper function on horizontal
B-scans at seven points from the posterior edge
of the RPE to the choroid–sclera junction at
500-lm intervals up to 1.500 lm temporal and
nasal to the fovea, according to the technique of
Coscas et al. [5]. An example of the measure-
ment technique is illustrated in Fig. 1.

Standard dilated ophthalmic examinations
of both eyes were performed at each visit using a
slit lamp and indirect stereo-ophthalmoscope.
The pupils were dilated with eye drops (e.g.,
tropicamide) as necessary.

The measurements were performed twice by
two independent observers trained in retinal-

imaging analysis, and the average was used as a
single entry for the statistical analysis.

Statistical Analysis

The statistical analysis was performed using the
software package R (4.0.3 release). Choroidal
thicknesses at different times were analyzed
through a visual inspection of the qq-plot, fol-
lowed by a Shapiro–Wilk test. Choroidal thick-
nesses were measured by two distinct operators
and their results were first compared using a
Wilcoxon test for paired samples, then the
agreement between the two operators was
investigated by using a Bland–Altman analysis
and a Passing–Blablok regression. Subsequent
analysis was carried out using the average
between the two operators.

The variations in choroidal thickness at
baseline and 15, 30, 60, 90, and 365 days were
analyzed with a repeated-measures analysis of
variance (ANOVA) test, followed by post hoc
analysis with a Bonferroni test. Choroidal
thickness change as a function of the intravit-
real injections performed was investigated with
a one-way ANOVA test.

The relationship between continuous vari-
ables was investigated using a simple linear
model. The normality of the residues was
checked with a Shapiro–Wilk test and through a
visual inspection of the residue plot. The best
regression line was reported together with 95%
confidence and prediction bands. Correlation

Fig. 1 Example of choroidal thickness assessment at seven points on EDI-OCT
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between continuous variables was assessed
using Pearson’s coefficient r. The ggplot2 pack-
age was used to visualize data. Linear regres-
sions with the corresponding confidence bands
and ANOVA analysis were performed with the R
function lm and aov, respectively.

RESULTS

Demographic data and mean choroidal thick-
nesses at baseline are summarized in Table 1.

The first independent observer measured the
following mean choroidal thicknesses: 190.51,

167.88, 173.13, 171.08, 171.21, and 165.56 lm
at baseline and at 15, 30, 60, 90, and 365 days
after the first intravitreal injection, respectively.
The second independent observer measured the
following mean choroidal thicknesses: 181.15,
159.54, 169.17, 170.51, 163.14, and 161.93 lm
at the same timepoints.

The agreement between the measurements
performed by the two operators was investi-
gated by the Bland–Altman analysis and the
Passing–Blablok regression. The Bland–Altman
analysis suggested the presence of a positive and
statistically significant bias of 5.65 lm (95% CI
1.81–9.49) between the two operators. The

Table 1 Demographic and clinical data at baseline

Patients Gender Age (years) Baseline MCT (lm) Tomographic findings

1 F 85 191 PED, MNV, intraretinal fluid

2 M 75 105 MNV, intraretinal fluid

3 M 89 150 PED, MNV, subretinal fluid

4 M 81 218 MNV, macular edema with intraretinal fluid

5 M 81 143 MNV, macular edema with intraretinal fluid

6 F 69 154 MNV, macular edema with subretinal fluid

7 F 85 209 MNV, intraretinal fluid

8 M 79 254 MNV, macular edema with subretinal and intraretinal fluid

9 F 93 82 MNV, macular edema with subretinal and intraretinal fluid

10 M 88 148 MNV, macular edema with intraretinal fluid

11 F 84 276 MNV, intraretinal and subretinal fluid

12 F 84 96 PED, MNV, intraretinal fluid

13 M 80 280 MNV, intraretinal fluid

14 M 80 232 MNV, intraretinal fluid

15 F 70 171 MNV, intraretinal and subretinal fluid

16 F 85 294 PED, MNV, subretinal and intraretinal fluid

17 M 83 127 MNV, intraretinal fluid

18 F 79 198 MNV, macular edema with intraretinal fluid

19 M 85 125 MNV, macular edema with subretinal and intraretinal fluid

20 M 81 255 MNV, macular edema with subretinal fluid

21 F 89 193 MNV, intraretinal fluid

MCT mean choroidal thicknesses, PED pigment epithelial detachment, MNV macular neovascularization
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Passing–Blablok regression provided a partial
confirmation of Bland–Altman results regarding
the existence of a positive bias, but the analysis
showed that its extent is not clinically relevant
in the thickness range considered. Therefore,
the two operators can be considered equivalent.
For this reason, we chose to conduct the anal-
ysis with the choroidal thickness values
obtained from the mean measurements of the
two operators.

A quantitative comparison of the results at
different times was performed using the one-
way ANOVA test for repeated measures which
considers that the measurements were regis-
tered on the same set of patients. The current
analysis suggested the presence of statistically
significant differences between choroidal
thicknesses at different times (p = 0.00051),
although the percentage of variance explained
by the time variable was only a few percentage
units. A post hoc analysis carried out with the
Bonferroni correction highlighted the presence
of statistically significant differences between
baseline and 15 days, between baseline and
90 days, and finally between baseline and
365 days. Figure 2 displays the mean choroidal

thickness for each patient at different times
(baseline, 15, 30, 60, 90, and 365 days). At all
timepoints, data appear strongly scattered as a
result of the inter-individual variability among
the subjects recruited. Although the analysis is
not conclusive, it suggests that aflibercept
treatment may result in choroidal thickness
reduction, as shown in Fig. 3.

Data also indicated a correlation between
choroidal thickness decrease at 15 days and
choroidal thickness prior to the treatment
(Pearson correlation r = 0.445, p = 0.046). Data
were analyzed using a linear regression model
and the regression line [y = (- 5.4 ± 13.6)
ns ? (0.15 ± 0.07) x] is shown in Fig. 4 with
confidence and prediction bands. According to
the results of Pearson correlation, the regression
line shows a positive and significant slope,
meaning that thicker choroids at baseline were
characterized by a greater reduction at 15 days.
Thus, a thicker choroid may be predictive of a
greater response to aflibercept. Although the
regression analysis can be considered reliable
(residuals distribution does not show significant
deviations from normality), the prediction
bands (dashed curves) are extremely large and

Fig. 2 Choroidal thickness at different times (baseline, 15, 30, 60, 90, and 365 days). The trend of the average is overlaid on
the diagram (circles and red dotted line)
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therefore it is not possible to predict an out-
come following the treatment.

The mean number of intravitreal injections
performed over 365 days was 5 ± 1.4 and data
showed no statistically significant correlation
between choroidal thickness variation within
the follow-up period and the number of injec-
tions performed.

Our results in terms of mean choroidal
thickness at different times and number of
injections for each patient of the study are
summarized in Table 2.

All the eyes showed a reduction of the MNV
activity by reduction in intraretinal cystic
spaces and/or decrease in intraretinal

hemorrhage after intravitreal injections. During
the entire study, no signs or symptoms related
to safety were detected, and all changes in
concomitantly used medications were recorded.
During the study period, no serious adverse
events or adverse events related to the study
treatments occurred.

DISCUSSION

As one of the most highly vascular tissues in the
body, the choroid is fundamental to maintain
normal visual function and it also plays a key
role in the pathophysiology of common

Fig. 3 Example of choroidal thickness variations after aflibercept injections at baseline and at 15, 30, 60, 90, and 365 days
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chorioretinal diseases such as AMD [6, 7]. As the
macular region has the highest metabolic
activity of the retina, the underlying choroid
has the greatest volume [8] and reflects the
vascular status of the whole choroid. Thus,
subfoveal choroidal thickness represents a valid
parameter to assess choroidal health, especially
in patients with nAMD during anti-VEGF ther-
apy administration. Indeed, in these patients
excessive choroidal thinning may be an unde-
sired effect which can also lead to deterioration
in the choriocapillaris–RPE complex and devel-
opment of macular atrophy (MA) [9].

Aflibercept is designed to block both VEGF-A
and placental growth factor which are involved
in the development of MNV, but also in
important physiological functions such as
angiogenesis, microvascular permeability, and
survival of vascular endothelial cells. For this
reason, aflibercept may affect not only MNV but
also choroidal vessels.

In the last few years, choroidal thickness
changes during aflibercept administration have
been investigated. Several research groups
focused on short-term effects, reporting a sig-
nificant reduction at 30, 60, and 90 days

Fig. 4 Decrease in choroidal thickness at 15 days as a function of pre-treatment thickness
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following aflibercept in treatment-naı̈ve
patients with nAMD [10–12]. A decrease in
choroidal thickness was also found in pre-trea-
ted patients [13], but the effect was less marked
than in treatment-naı̈ve patients [11, 14].
Sariyeva Ismayılov et al. [14] suggested that this
result could be attributed to higher amounts of
VEGF and upregulated VEGF receptors in treat-
ment-naı̈ve patients.

Pellegrini et al. [15] found a significant
reduction both in choroidal thickness and in
choroidal vascularity index (CVI), calculated as

the ratio of luminal area to the total choroidal
area, after three monthly aflibercept injections
in treatment-naı̈ve nAMD. They proposed that
this finding may be a consequence of VEGF
suppression which leads to vasoconstriction
and to a reduction in the choriocapillaris
endothelial cell fenestrations. Another possi-
bility is that choroidal changes after anti-VEGF
treatment may be secondary to the suppression
of the MNV activity and leakage.

Long-term effects of aflibercept injections in
patients treated with individualized regimens

Table 2 Mean choroidal thickness at different times (15, 30, 60, 90, and 365 days) and number of intravitreal injections
received by each patient

Patients Injections (n) Mean choroidal thickness (lm)

15 days 30 days 60 days 90 days 365 days

1 3 160 158 170 157 145

2 6 92 97 105 88 94

3 3 126 107 124 130 107

4 5 162 176 168 164 170

5 3 133 135 147 121 149

6 5 142 166 163 169 139

7 5 181 221 190 180 190

8 6 243 242 261 243 247

9 3 80 87 87 82 99

10 5 132 138 139 113 128

11 7 253 272 274 286 291

12 4 96 90 97 97 111

13 5 191 202 196 271 202

14 6 207 220 199 197 184

15 7 138 158 148 135 122

16 5 278 258 286 269 232

17 6 127 122 111 115 151

18 3 192 226 218 203 186

19 7 103 101 101 102 105

20 6 255 257 254 245 209

21 4 149 161 152 145 178
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(T&E or PRN regimens) after a loading dose of
three monthly injections were described. Koi-
zumi et al. [16] measured subfoveal choroidal
thickness (SCT) variations at 3 and 12 months
and found a decrease at 3 months which
remained unchanged at 12 months, although
there was some fluctuation in between treat-
ments. Reductions in choroidal thickness at 12,
24, 36, and 48 months were assessed by other
research groups [17–21].

To the best of our knowledge, choroidal
thickness changes after 15 days from the first
aflibercept injection had not yet been investi-
gated. In the literature, there is evidence [2–4] of
a cyclic variation of MNV in response to anti-
VEGF therapy with a maximum reduction of
the MNV 2 weeks after the first injection.
Hypothesizing a parallel behavior between the
MNV and the choroid, we decided to investigate
choroidal thickness at 15 days from the afliber-
cept injection and we found that choroidal
thickness showed a major decrease at this time.
This reduction might be attributable to a
reduction in choroidal vascular permeability
and, thus, to a decrease in MNV activity.

In the subsequent measurements (30, 60, 90,
and 365 days), choroidal thickness showed a
statistically significant reduction at 90 and
365 days, albeit the reduction was not as sig-
nificant as at day 15. Indeed, the maximum
reduction of choroidal thickness was observed
at day 15, with a progressive return to values
closer to baseline (even if the pre-treatment
choroidal thickness was never reached). How-
ever, similarly to previous reports, we found a
slight fluctuation of choroidal thickness in
between treatments [16].

It is interesting to note that at day 30 chor-
oidal thickness already showed higher values
compared to day 15. A similar trend was
observed in MNV vessels with a reproliferation
after 30 days from the injection[2–4] because of
arteriogenesis, which is not VEGF dependent
like angiogenesis [22].

The analysis of the results was probably
complicated by the non-homogeneous time
intervals of the measurements and by the dif-
ferent number of injections performed over
356 days. The non-homogeneous distribution
of the evaluations did not allow us to assess if a

transient effect of aflibercept exists. Indeed,
choroidal thickness could reduce immediately
after aflibercept injection and then return to
values previous to the treatment within, for
example, a month. This hypothesis would help
explain the heterogeneity of the results, as well
as the greater effect observed at 15 days. This
aspect could be particularly relevant and
deserves a study based on more frequent mon-
itoring in the interval between subsequent
treatments.

Regarding long-term effects (365 days), our
results are in agreement with the literature evi-
dence. However, previously published reports
analyzed the choroidal response to aflibercept
in the Asian population [17–21]. The current
study described the results in a sample of
Caucasians.

According to other research groups, the
effect of aflibercept on the choroid is contro-
versial. Barakat et al. [23] reported no significant
change in SCT at 12 and 24 months in treat-
ment-naı̈ve patients with nAMD. Similarly,
Kumar et al. [24] observed that choroidal
thickness did not change significantly with
aflibercept injections in treatment-naı̈ve
patients and that there was no relationship
between choroidal thickness and other OCT
biomarkers or VA.

Moreover, the response of the choroid could
be related to the type of anti-VEGF used. In a
previous study [25] we found no significant
reduction in choroidal thickness in treatment-
naı̈ve patients with nAMD receiving ranibizu-
mab. Other reports showed choroidal thickness
reductions in patients with nAMD treated with
ranibizumab [26–28], but according to some
authors [12, 13, 29] aflibercept seems to have a
more significant effect on choroidal thickness
compared to ranibizumab. Although there are
several reports regarding the effects of afliber-
cept and ranibizumab on the choroid, choroidal
thickness changes after intravitreal injection of
bevacizumab have not been studied to a great
extent. Sizmaz et al. [30] found that neither
ranibizumab nor bevacizumab caused signifi-
cant change in choroidal thickness at 1 month
post-injection, while Ünlü et al. [31] reported a
significant subfoveal choroidal thickness
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reduction after intravitreal injection of beva-
cizumab with a peak after the first week.

Since choroidal thinning could lead to MA,
these findings may raise some concern about
the possible increased risk of progression to MA
in patients treated with aflibercept rather than
with other anti-VEGF medications. However,
the RIVAL study did not show any statistically
significant differences between aflibercept and
ranibizumab in determining MA in patients
with nAMD treated over 24 months [32].
Although results in the literature are still
inconclusive, the risk of MA in patients with
nAMD treated with anti-VEGF therapies seems
to be associated with the specific features of the
MNV rather than with the treatment regimen or
the anti-VEGF medication [33–35]. On the basis
of the currently available data, what is certain is
that undertreatment rather than overtreatment
would be a greater risk for visual loss in patients
with MNV [33, 36–38].

CONCLUSION

The results of the current study increase our
understanding of the pharmacological effect of
aflibercept on the choroid, opening to the pos-
sibility of tailored treatments for patients with
nAMD. Early choroidal response to aflibercept
injections confirms its prompt efficacy on eye
vasculature already from the first weeks. More-
over, choroidal thickness could potentially
reflect disease activity, becoming a potentially
useful biomarker to monitor the disease and to
prevent disease recurrence. However, the cur-
rent study has several limitations, such as the
limited number of cases and the manual
assessment of choroidal thickness. Furthermore,
choroidal thickness evaluation could be sup-
ported by the evaluation of CVI, an emerging
imaging tool which provides additional insights
into choroidal angio-architecture with less
variability. Unfortunately, a complete and good
visualization of the entire choroid is necessary
for both automated and semiautomated CVI
analysis, hence artifacts due to OCT signal
attenuation and projection represent an
important limitation [39]. Further studies with
automated software could be useful to obtain a

more objective evaluation of the choroid and to
support our findings elucidating their clinical
significance.
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