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SUMMARY

Aim: To determine the effect of repeated intravitreal injections of aflibercept on the corneal endothelium in patients with diabetic macular
edema (DME) and macular edema due to retinal vein occlusion (RVO).

Methods: In a prospective study conducted between January 2021 and November 2023, a total of 87 treatment-naive eyes with DME and RVO
were evaluated. The exclusion criteria were surgery or laser intervention during the follow-up period, contact lens wear, cataract surgery in
the last 6 months, dystrophy, or other corneal condition that may cause endothelial damage. In addition to routine examinations on the day
of application, we also measured the corneal endothelium using specular microscopy on the 1%, 4" and 8™ day of injection. We evaluated 4
parameters: endothelial cell density (CD), hexagonality (HEX), coefficient of variability (CV) and central corneal thickness (CCT). First of all, we
evaluated the entire cohort of eyes, and then divided it according to 2 criteria; the diagnosis into DME/RVO and according to the lens status
into phakic/pseudophakic eyes.

Results: A total of 87 eyes of 68 patients were evaluated. The average age of the patients at the time of diagnosis was 66.8 £9.3 years. Within
the cohort 51 (59%) eyes were phakic and 36 (41%) pseudophakic. A total of 61 (70%) eyes with a diagnosis of DME were treated, and 26 (30%)
with RVO. During the follow-up, there were no significant changes in the average values of CD, HEX, CV, CCT due to aflibercept treatment,
either in the whole group or in subgroups according to diagnosis or lens condition.

Conclusions: The results of this study suggest that intravitreal administration of aflibercept in patients with DME and RVO did not have an
impact on corneal endothelial parameters, including CCT, HEX, CD and CV. These parameters were measured using endothelial microscopy
during an 8-injection observation period.
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INTRODUCTION tion on the interface between the endothelium and
the anterior chamber fluid. This is achieved by white
light and a microscope with powerful enlargement.

The specular microscope measures corneal thickne-

The endothelium is one of 6 layers of the cornea,
and is formed by one layer of hexagonal shape cells

[1,2]. It ensures the active transport of water out of
the cornea, and is thereby responsible for the trans-
parency, constant hydration and stable optical power
of the cornea [3]. The density of the endothelial cells
decreases with age by approximately 0.6% per year,
from a number of 3400 cells/mm? at the age of 15 ye-
ars to approx. 2300 cells/mm? at the age of 85. The
physiological density of endothelial cells is stated as
the number of 2000-3000 cells/mm? [4]. The principle
of non-contact specular microscopy is to display the
corneal endothelium with the use of a mirror reflec-

ss, and automatically segments and counts the en-
dothelial cells. The instrument generates various in-
dexes, which assist in the diagnosis and treatment of
the cornea, for example cell density (CD), coefficient
of variability (CV), hexagonality (HEX) and central
corneal thickness (CCT) [5]. Studies have confirmed
the presence of vascular endothelial growth factors
(VEGF) and its receptors on the epithelium, stroma
and corneal endothelium [6-10].

Intravitreally applied pharmaceuticals are elimina-
ted from the eye by two paths: posteriorly via the blo-



od-retinal barrier, and anteriorly bv m=ans of cirainage
of the chamber fluid. However, several experimental
studies have demonstrated that antiVEGF molecu-
les are practically completely eliminated by the an-
terior pathway [11-13]. Aflibercept (Eylea®, Bayer) is
a fusion protein which contains fragments of doma-
ins of human VEGF receptors 1 and 2, bind-ing to the
Fc fragment of human IgG1. It functions as a soluble
substitute receptor, which binds VEGF-A and placental
growth factor (PIGF), and thereby inhibits their bin-
ding to the receptor [14]. The pharmacokinetic profile
of intravitreal application of 2.0 mg/0.05 ml aflibercept
in humans has not yet been definitively clarified, but
Do et al. have confirmed that the half-life of afliber-
ceptin the chamber fluid following a single intravitreal
application was 11 days in patients with age-related
macular degeneration (AMD) [15]. Bevacizumab was
detected in the anterior chamber even as long as one
month after intravitreal application [12]. Our objective
was to examine whether repeated intravitreal applica-
tions of aflibercept may adversely affect the endothe-
lium and corneal thickness in patients with diabetic
macular edema (DME) and macular edema upon a bac-
kground of retinal vein occlusion (RVO).

MATERIAL AND METHOD

The prospective study conducted between Janu-
ary 2021 and November 2023 included a total of 87
eyes (68 patients) with a diagnosis of DME and RVO.
All the patients were treatment-naive, and had been
indicated for intravitreal treatment with aflibercept.
The exclusion criteria were other ocular surgical or

laser prozeaure during the follow-up period, contact
lens wear, dystrophy or other corneal condition that
may cause changes to the endothelium. The included
pseudophakic eyes were more than 6 months after ca-
taract surgery. On the day of application, we measu-
red as standard best corrected distance visual acuity
(BCVA) with the ETDRS optotype, intraocular pressure
using a non-contact tonometer, anterior and posteri-
or segment in mydriasis and central retinal thickness
(CRT) on the optical coherence tomography (OCT).
In addition to these routine examinations, on the day
of the 1%, 4" and 8™ injection we also ex-amined the
corneal endothelium (Fig. 1, 2). We performed endo-
thelial microscopy with Nidek CEM-530 (Tokyo, Ja-
pan). We scanned the central cornea a size of 0.55 x
0.25 mm with the instrument configured in an auto-
matic mode with auto-tracking. We conducted 5 me-
asure-ments and evaluated the best quality scan. We
evaluated 4 parameters: CD, HEX, CV and CCT. We then
injected 0.05 ml of aflibercept intravitreally into the
patient under sterile asep-tic conditions under topical
anesthesia. The results were statistically analysed with
the use of descriptive statistics, a Chi-squared test and
a t-test, the level of significance was set at p = 0.05.

RESULTS

Table 1 presents the basic demographic data.
A total of 87 treatment-naive eyes of 68 patients were
included in the evaluation. The average age of the
patients at the time of diagnosis was 66.8 £9.3 (33—
87) years. The ratio of men to women was 52 (60%):
35 (40%). Of the total number of 87 eyes, 51 (59%)

————————— 2468---————-—- mm—————-——2608-—-——————— B T L1 I
NAME M/F NAU NA_MF
NUM 100 | 152(cel |) NUM 101 | 125(cell) NUM 126 | 155(cell)

D 2505 |2689(cel|/mm?) CD 2630 |2598(cel|/mm?) CD 2387 |2614(cell/mm?)
AVG 399 | 372(um?) AVG 380 | 385(um?) AVG 419 | 383(um?)

3D 170 | 134(um?) SD 124 | 139(um?) - sD 138 | 119(um?)

v 45 | 38(%) cv 34 | 39(%) L ¢y 36 | 34(%)

MAX 906 |1129(um?) MAX 839 |1118(ym?) MAX 1435 |1405(um?)

1IN 76 | 124(um®) MIN 136 | 133(um?) MIN 131 | 135(zm?)

EX 65 | 66(%) HEX 59 | 68(%) HEX 62 | 69(%)

ST 583 | 594(um) CT 590 | 594(um) cT 588 | 603(um)

“IX c| c FIX C | FIX cul: G

<L>

NIDEK CEM-530

~ NIDEK CEM-530

~ NIDEK CEM-530

Figure 1. Corneal specular microscopy of 68-year-old pseudophakic patient with macular edema due to retinal
vein occlusion on left eye on day of 1%, 4t and 8™ application



were phakic and 36 (41%) pseudoghekic. A total of
61 (70%) were treated with a diagnosis of DME, and
26 (30%) with a diagnosis of RVO; of the latter group
15 (17%) patients had branch RVO and 11 (13%) cen-
tral RVO. The mean value of glycated hemoglobin in
patients with diabetes mellitus (DM) was 7.6 £0.7%
(5.9-9.9) DCCT, and 54 eyes (89%) had DME upon
a background of type 2 DM.

Mean BCVA of all the patients on the day of the 1% in-
jection was 53 +12 letters of ETDRS. A significant impro-
vement to 60 +12 took place on the day of the 4t applica-
tion, and again on the day of the 8™ application to 62 £12
letters of ETDRS, (p < 0.001 for both in comparison with
the 1% injection). Identically significant improvements
also took place upon the division of the eyes according to
diagnosis, in the group with DME (55 +11; 60 £11; 62+13)
and RVO (49 £13; 58 £13; 61 £12) letters of ETDRS.

Mean CRT measured on spectral OCT on the day of
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the istinjeccicn of aflibercept was 565 £15Tum. On the
day of the 4" application there was a significant redu-
ction to 347 +92 um and on the day of the 8" applica-
tion to 322 £95 um, (p < 0.001 for both in comparison
with the 1tinjection). Significantly significant impro-
vements were achieved also upon the division of the
eyes according to diagnosis, in the group with DME
(538 £127; 367 +£83; 324 +90) and RVO (629 £185; 300
+95; 319 £107) um.

We evaluated 4 parameters of the corneal endothelium
measured with the aid of endothelial microscopy: CD, CV,
CCT and HEX. First of all we evaluated the entire cohort of
eyes and subsequently divided it according to 2 criteria;
according to diagnosis into DME/RVO and according to
the condition of the lens into phakic/pseudophakic eyes
(Table 2).

Mean CD in all eyes on the day of the 1 application
was 2669 +£346 bb/mm?. On the day of the 4™ (2642 +369
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Figure 2. Corneal specular microscopy of 68-year-old phakic patient with diabetic macular edema due on right

eye on day of 1%, 4 and 8" application

Table 1. Demographic and clinical characteristics of study eyes

DME - diabetic macular edema, RVO - retinal vein occlusion

n=2387

n=61(70%)

n =26 (30%)
66.8 +9.3 (33-87)
52 (60%) / 35 (40%)
51 (59%) / 36 (41%)

40 (46%) / 47 (54%)



bb/mm?2) and 8" application (2671 1364 b'>/mm?) we did
not record a statistically significant difference in compa-
rison with the values of the 1t injection. However, we re-
corded a difference (p = 0.009) in the mean value of CD

on the 1 znd 8" day of application between the groups
with RVO (2541 +257; 2541 +238) and DME (2724 +365;
2732 +£399) bb/mm? An expected significant difference
was confirmed also in mean CD between the group of

Table 2. Morphometric analysis of parameters measured by specular endothelial microscopy on day of 15,4" and 8t aflibercept application

8t application

All eyes

2642 +369 (p = 0.279) 2671 £364 (p =0.159)

31 +4 (p = 0.444) 31 +4 (p = 0.876)
68 +4 (p = 0.672) 66 +7 (p = 0.058)
564 +33 (p = 0.155) 562 +28 (p = 0.329)

n=_384 n=>59

Phakic eyes

2730 +343 (p = 0.368) 2696 £363 (p = 0.820)

30 +4 (p = 0.658) 30 +5 (p = 0.595)
68 +4 (p = 0.120) 66 +6 (p = 0.063)
567 +32 (p = 0.630) 565 +27 (p = 0.652)

n =49 n=35

Pseudophakic eyes

Cell density (cells/mm?) 2669 +346
Coefficient of variability (%) 305
Hexagonality (%) 68 +4
Central corneal density (um) 564 +32
Eyes n =387
Cell density (cells/mm?) 2731 +£334
Coefficient of variability (%) 30 +5
Hexagonality (%) 68 +4
Central corneal thickness (um) 567 +33
Eyes n=>51
Cell density (cells/mm?) 2583 £348
Coefficient of variability (%) 314
Hexagonality (%) 67 £5
Central corneal thickness (um) 559 £31
Eyes n=36

2520 £372 (p = 0.071) 2634 371 (p = 0.089)

31 +4 (p = 0.490) 31 +4 (p=0.772)
68 +4 (p = 0.326) 65 +7 (p = 0.395)
560 +34 (p = 0.085) 558 +29 (p = 0.186)

n=35 n=24

DME eyes

2684 £391 (p =0.174) 2732 +£399 (p = 0.068)

30 +4 (p = 0.522) 30 +4 (p = 0.821)
68 +4 (p=0.731) 65 +8 (p = 0.091)
565 +31 (p = 0.104) 561 +27 (p = 0.042)

n=58 n=40

RVO eyes

Cell density (cells/mm?) 2724 £365
Coefficient of variability (%) 30 +5
Hexagonality (%) 68 +5
Central corneal thickness (um) 564 +29
Eyes n==61
Cell density (cells/mm?) 2541 +£257
Coefficient of variability (%) 314
Hexagonality (%) 68 +4
Central corneal thickness (um) 562 +39
Eyes n=26

2549 £297 (p = 0.704) 2541 £238 (p=0.767)

31 %4 (p = 0.669) 32 +5 (p =0.343)
68 +4 (p = 0.784) 67%3 (p =0.222)
562 +37 (p =0.977) 564 £30 (p =0.671)

n=26 n=19

p-value indicated the statistical significance of the difference between the 1st application values, DME - diabetic macular edema, RVO - retinal vein occlusion



phakic (2731 £334; 2730 +343; 2696 +363) and pseudo-
phakic eyes (2583 +348; 2520 +372; 2634 £371) bb/mm?,
but no changes of endothelial cell density took place
at the time due to the influence of the injections in the
subgroups.

During the course of the follow-up period we did not
record any significant change of the mean value of CV in
all eyes (30 +5; 31 +4; 31 £4)%, or a change of HEX of the
endothelial cells (68 +4; 68 +4; 66 +7)% or a change of
mean CCT (564 +32; 564 +33; 562 +28) um. We also did
not confirm any mutual differences in HEX and CV betwe-
en the subgroups according to diagnosis or state of the
lens. The only significant change in CCT was recorded in
the group with DME, in terms of comparison of CCT on
the day of the 8™ application in comparison with the 1
application (from 564 to 561 um, p = 0.042).

Complete follow-up to 8" injection finish 59 (68%) of
the original 87 eyes; of which 19 (73%) RVO and 40 (66%)
DME eyes. Termination or suspension of treatment be-
fore the 8" injection took place due to improvement of
the finding (3), exit (1), high level of glycated hemoglobin
(10), non-responder with need to switch (9), necessity of
pars plana vitrectomy due to epiretinal membrane (2),
and for unknown reasons (3).

DISCUSSION

AntiVEGF treatment usually requires repeated intra-
vitreal applications. Studies have demonstrated that
VEGF and its receptors are exprimated on the corneal
endothelium [6-10]. Experimental animal models have
confirmed a certain concentration of antiVEGF molecu-
les in the anterior chamber following their intravitreal
application [16], and have also detected a reduction of
CD following intracameral application of ranibizumab
in rabbits [17]. Based on these facts also, the potential
cytotoxic effect of antiVEGF molecules on the corneal
epithelium is under investigation.

Papadakou observed the influence of DM alone on
the parameters of the corneal endothelium, coming
to the conclusion that CD was lower in patients with
DM in comparison with a healthy control group [18].
In our cohort we did not record a decrease of CD in
patients with DME (2724 +365; 2684 +391; 2732 +£399)
in comparison with RVO (2541 £257; 2499 +297; 2541
+238) bb/mm?2.
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