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Purpose: To detect the impact of intravitreal injection (IVI) therapy with sole anti-vascular-endothelial-growth-factor (VEGF) or
combined with steroids treating diabetic macular edema (DME) on activity of proliferative diabetic retinopathy (PDR) based on total
number of panretinal photocoagulation (PRP) spots needed within 2 years.

Patients and Methods: A retrospective study of 102 eyes with primary-onset PDR and minimum follow-up of 24 months divided
into 2 groups: Group 1 (G1) 40 eyes received only PRP and did not develop DME. Group 2 (G2) 62 eyes received additional IVI-
therapy due to concomitant DME, with anti-VEGF only (subgroup 2a, G2a) or in combination with steroids (subgroup 2b, G2b). Main
outcomes: central macular thickness (CMT, pm), best-corrected visual acuity (BCVA, LogMAR) and total number of needed PRP
spots and IVI after 24 months.

Results: CMT was significantly higher in G2 compared to Gl1, initially (p < 0.01) and after 24 months (p = 0.01). CMT was
significantly higher in G2b compared to G2a, both initially (p = 0.01) and after 24 months (p < 0.01). BCVA was significantly higher in
G1 compared to G2, initially and after 24 months (p = 0.01). BCVA was not significantly different between the two subgroups, initially
(p = 0.54) and after 24 months (p = 0.29). The total number of PRP spots was significantly higher in G1 compared to G2 (p < 0.01) but
not significantly different between the subgroups (p = 0.8).

Conclusion: Regardless of severity of concomitant DME, IVI with sole anti-VEGF or combined with steroids reduced the total
number of PRP spots needed within 2 years significantly indicating a favorable effect on activity of PDR.

Keywords: proliferative diabetic retinopathy, diabetic macular edema, intravitreal injection, panretinal photocoagulation, anti-VEGF,
steroids

Introduction
Diabetic retinopathy is the most common complication of diabetes, which advances from non-proliferative- (NPDR) to
proliferative diabetic retinopathy (PDR). Diabetic macular edema (DME) is a complication independent from DR and occurs
in approximately 6.8% of DM patients. PDR and the DME are the leading causes of vision loss in patients with DM."™
Several clinical and preclinical studies indicate that the increased vascular endothelial growth factor (VEGF) is a key
mediator in the development of retinal neovascularization (NV) in PDR.>" Moreover, many features of inflammation
were pathologically elevated in PDR and DME.* 2
The panretinal photocoagulation (PRP) is still the method of choice for the treatment of PDR. It leads to a reduction
of the VEGF production and the oxygen need and thus reduced the activity of PDR. However, PRP could lead to
worsening of the preexisting DME. The Diabetic Retinopathy Clinical Research Network (DRCR.net) Protocol S has
shown that intravitreal injection of ranibizumab is also an effective method to reduce the activity of PDR and non-inferior
to PRP."”
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Clinicians nowadays are lost somewhat in the optimal treatment of PDR with or without DME: the old trend is to do
PRP and the new school do injections. In this study, we tried to evaluate a possible midway solution, ie, to ascertain
whether a combination could lead to less laser spots and hence less damage or less destruction of the retina.

Materials and Methods

Patients and Materials

Retrospectively, we analyzed the data of all patients with primary onset PDR, who presented at our department between
01.01.2016 and 31.12.2018, and included 102 eyes who met our below-mentioned inclusion/exclusion criteria. The eyes
were divided into 2 main groups according to the presence of a concomitant DME at baseline. The observation period
started at the diagnosis of PDR and ended after 24 months. DME was defined as the presence of any retinal thickening or
hard exudates at the posterior pole.

e Group 1 (GIl: eyes without DME, treated only with PRP).
e Group 2 (G2: eyes with concomitant DME at baseline, treated with PRP and IVI).

PDR was classified according to The Early Treatment Diabetic Retinopathy Study Research Group (ETDRS) classifica-
tion using findings of fundus- and fluorescein angiography (FAG) into 2 forms: early- and high-risk PDR. High-risk
characteristics are defined as the following: neovascularization of the optic disc (NVD) greater than 1/3 to 1/4 of the optic
disc diameter, NVD less than 1/3 to 1/4 of the optic disc diameter with vitreous or preretinal hemorrhage, neovascular-
ization elsewhere (NVE) with vitreous or preretinal hemorrhage. If none of the above mentioned criteria are present, the
PDR is defined as an early PDR. The PDR is defined as advanced in case of a retinal detachment, persistent vitreous
hemorrhage or NVG.'* Furthermore, PDR was classified as active when NV was detected in FAG and inactive when no
signs of NV were detected."
Patients in G2 were further divided into 2 subgroups according to the applied IVI agent:

e Subgroup 2a (G2a: eyes treated with sole IVI therapy with anti-VEGF agents during the observation period).
e Subgroup 2b (G2b: eyes treated initially with anti-VEGF agents and then switched to steroids).

The Inclusion Criteria
e Participants were of both genders, aged 18 years or above and had either insulin-dependent diabetes mellitus
(IDDM) or non-insulin-dependent diabetes mellitus (NIDDM).
e Primary onset PDR.
e Minimum follow-up of 24 months.

The Exclusion Criteria

e History of DR treatments, including PRP or any previous intravitreal injection.

e Eyes with concomitant retinal pathologies leading to cystoid macular edema, increased retinal thickness or retinal
neovascularization (eg, eyes with vascular occlusion, history of uveitis or postoperative macular edema, age-related
macular degeneration) were excluded.

e Eyes in G1 which had developed a DME during the observation period.

e Advanced PDR at baseline.

e Patients with vitreomacular traction (VMT) or proliferative vitreoretinopathy (PVR) in macula area.

e Pregnancy.

Primary Outcome Measures
e The central macular thickness (CMT, in um, as measured by Spectral Domain Optical Coherence Tomography
(Spectralis SD-OCT; Heidelberg Engineering, Heidelberg, Germany)).
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¢ The best-corrected visual acuity (BCVA, initially recorded in decimal and converted to LogMAR before performing
the statistics).
e The total number of the applied PRP spots at the end of the observation period.

Treatment
PRP:

The PRP was done in all eyes of both groups using a conventional argon laser (wave-length 532 nm, VISULAS, 532
s, Carl Zeiss Meditec AG, Jena, Germany; laser settings: pulse energy: 150-400 mW, pulse duration 150 ms, spot size
400 pm) and a Goldman-SuperQuad 160 contact lens (double magnification) around arcade towards equator.

IVIL:

¢ All injections were carried out in a designated intravitreal injection center in our Department of Ophthalmology at
the Saarland University Medical Center.'®

¢ The initial IVI therapy in all eyes of group 2 was with anti-VEGF [Bevacizumab (Avastin 1.25mg/0.05mL; Roche,
Grenzach, Germany), Ranibizumab (Lucentis 0.5mg/0.05mL; Novartis, Nuremberg, Germany) and Aflibercept
(Eylea 2mg/0.05mL; Bayer Healthcare Pharmaceuticals, Berlin, Germany)] and was applied according to the
regime described below.

e Patients in G2b were switched to steroids [Dexamethasone (Ozurdex 0.7mg; Allergan, Inc., Frankfurt, Germany) or
Fluocinolone (Iluvien 190pug; Alimera Sciences, Berlin, Germany)].

The IVI-Regime used in all eyes of both subgroups:

(I) Upload phase with 4x IVI with anti-VEGF agents in monthly intervals.
(II) the further treatment took place after the upload phase as long as:
¢ none of the following discontinuation criteria were present:
— BCVA (in LogMAR) >1.3 (except in case of media opacity) without prospect of improvement.
— No further improvement was morphologically suggested (atrophy, ischemia).

In this case therapy was discontinued or the drug was switched.

e none of the following success criteria were present:
— BCVA (in LogMAR) <0.
— Foveal edema was no longer present.

In this case the therapy was paused.

e one of the efficacy criteria was still fulfilled:
— Further improvement of visual acuity (>5 letters in the last 3 months).
— Decrease of edema (>10% in the last 3 months).

(I) Re-treatment in case of renewed morphological or functional reactivity:
e With 2x upload (2-24 months after last injection).
e With 4x upload (>24 months after last injection).

The Statistical Analysis
Data were collected with Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA) and analyzed with SPSS version
27 (SPSS Inc, Chicago, IL).
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We used Mann—Whitney U-Test for not normally distributed variables and f-test for normally distributed, and to
compare frequencies we used the Chi-square (xz) test. P values <0.05 were considered statistically significant.

Main Limitations of This Study
The main potential limitations of our study were the retrospective nature of the work, a relatively small population from
a single medical center, and the use of decimal visual acuity as opposed to ETDRS vision charts. However, to obtain
more reliable values to describe BCVA improvement, decimal values were converted to LogMAR equivalents before
running the statistics.

In this study, the Fluorescence angiography was performed with the Heidelberg Retina Angiograph (HRA 2), which
does not provide ultra-widefield images, which could make the accurate calculation of the total retinal area. Thus, the

ischemia index would have been technically inaccurate and was not included in the present study.

Results
Baseline Characteristics (Tables | and 2)
The Central Macular Thickness (CMT, in uym): (Figure | A and B)
The CMT (in pm) at the first visit was 296.6+69.5 in G1 and 432.1£164.2 in G2 (p < 0.01). This was 308.9+£59.7 in G1
and 382.1+£143.8 in G2 at the end of the observation period (p = 0.01).

The CMT in G2a was significantly lower at the first and the last visit than in G2b: at the first visit: 385.1£128.9 vs
474.8+182.2 (p = 0.01), at the end of the observation period: 338.8+132.3 vs 425.0+144.0 (p < 0.01) in G2a vs G2b.

The Best-Corrected Visual Acuity (BCVA, in LogMAR): (Figure 2A and B)
The initial BCVA was 0.27+0.44 in G1 and 0.36+0.39 in G2 (p = 0.01). At the end of the observation period, the BCVA
was 0.28+0.31 in G1 and 0.46+0.45 in G2 (p = 0.01).

The initial BCVA was 0.31£0.40 in G2a and 0.41£0.37 in G2b (p = 0.54). At the end of the observation period, the
BCVA was 0.424+0.44 in G2a and 0.5+0.46 in G2b (p = 0.29).

The Number of the Applied PRP Spots

The total number of applied PRP spots at the end of the observation period was 2427.4+885.0 in G1 and 1528.8+468.6 in
G2 (p < 0.01). This was 1428+424.6 in G2a and 1552.8+512 in G2b (p = 0.6).

Table | Baseline Characteristics of the Two Main Groups

Baseline Characteristics in the Main Groups (MeanstSD)

Variable Gl (n = 40) G2 (n = 62) p-value
Patient age (years) at baseline 6017 61x14 0.98
Gender (male/female) 24/16 41/21 0.52
Type of DM (type l/type 2) 22/18 32/30 0.84
HbAlc at baseline 8.25+0.74% 8.44+0.86% 0.23
Duration of DM (years) at baseline 26.16x12.61 20.29+11.82 0.025*
Type of PDR (early/high-risk/advanced) 33/7/0 50/12/0 0.81

Notes: *Significant difference between the two groups using the Mann—Whitney U-test: P < 0.05; Group | (G1) eyes with only proliferative diabetic retinopathy (PDR),
treated only with panretinal photocoagulation (PRP). Group 2 (G2) eyes with PDR and concomitant diabetic macular edema (DME), treated with PRP and intravitreal
injection (IVI) therapy. Results are listed with mean * standard deviation; the p values refer to statistical differences between two groups.

Abbreviations: DM, Diabetes mellitus; Type |, insulin dependent diabetes mellitus; Type 2, non-insulin dependent diabetes mellitus; HbA ¢, glycated hemoglobin; PDR,
proliferative diabetic retinopathy.
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Table 2 Baseline Characteristics of the Two Subgroups (Eyes with Proliferative Diabetic Retinopathy (PDR) and Concomitant Diabetic
Macular Edema (DME), Treated with Panretinal Photocoagulation (PRP) and Intravitreal Injection (IVI) Therapy)

Baseline Characteristics in the Subgroups (MeanstSD)

Variable G2a (n = 30) G2b (n = 32) p-value
Patient age (years) at baseline 58+13 64+13 0.07
Gender (male/female) 21/9 20/12 0.53
Type of DM (type |/type 2) 15/15 17/15 0.80
HbAIc at baseline 8.62+0.79% 8.28+0.91 0.12
Duration of DM (years) at baseline 17.93+10.07 22.50+13.02 0.21
Type of PDR (early/high-risk/advanced) 26/4/0 24/8/0 0.245

Notes: Group 2a (G2a) eyes treated with PRP and a sole IVI therapy with anti-VEGF agents during the observation period. Group 2b (G2b) eyes treated with PRP and IVI
initially with anti-VEGF agents and then switched to steroids. Results are listed with mean * standard deviation; the p values refer to statistical differences between two
groups.

Abbreviations: DM, Diabetes mellitus; Type I, insulin dependent diabetes mellitus; Type 2, non-insulin dependent diabetes mellitus; HbAlc, glycated hemoglobin; PDR,
proliferative diabetic retinopathy.

The Number of IVI Injections

A detailed description of the performed IVI in G2 and both subgroups is shown in Figure 3. The total number of IVI
performed in G2 at the end of the observation period was 11+4. In detail, this was 10+4 in G2a (all of them were with
anti-VEGF agents) and 12+4 in G2b (8+4 of which with anti-VEGF agents and 4+2 with steroids) (p = 0.035). Switching
to steroids occurred in G2b after a mean of 9.9+4.7 months.

Discussion

Several previous studies reported a positive impact of IVI therapy with anti-VEGF agents on PDR in terms of slowing
down the progression and severity of PDR.'”'? According to the PRIDE study, Ranibizumab monotherapy was more
effective than PRP in reducing activity of PDR in absence of DME between baseline and Month 12 in a total of 106
patients.'” Similarly, the CLARITY study reported a better visual acuity gain outcome at 1 year in patients with PDR
treated with intravitreal Aflibercept than in patients treated with PRP in the absence of DME too."'®
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Figure | (A) There was a statistically significant difference regarding CMT (um) between both main groups at baseline (p < 0.01) and after 24 months (p = 0.01). Group |
(GI) eyes with only proliferative diabetic retinopathy (PDR), treated only with panretinal photocoagulation (PRP). Group 2 (G2) eyes with PDR and concomitant diabetic
macular edema (DME), treated with PRP and intravitreal injection (IVI) therapy. The p values refer to statistical differences between two groups. (B) There was a statistically
significant difference regarding CMT (um) between both subgroups at baseline (p = 0.01) and after 24 months (p < 0.01). Group 2a (G2a) eyes treated only with PRP and
a sole IVI therapy with anti-VEGF agents during the observation period. Group 2b (G2b) eyes treated with PRP and IVI therapy initially with anti-VEGF agents and then
switched to steroids. The p values refer to statistical differences between two groups.

Clinical Ophthalmology 2022:16 heeps: 139

Dove:


https://www.dovepress.com
https://www.dovepress.com

Aljundi et al Dove
P=0.01 P=0.01
r L r 1 B — P=0.54 = — P=0.29 |

B Subgroup 2a z B Subgroup 2a

:1i Subgroup 2b = i2i Subgroup 2b
Ei
E 06
<
2
=

Mean best-corrected visual acuity (BCVA, in LogMAR) >

=
5
=

BCVA at baseline BCVA after 24 months “VA at baseline

A after 24 months

Best-corrected visual acuity (BCVA, in LogMAR) in G2a vs. G2b Best-corrected visual acuity (BCVA, in LogMAR) in G2a vs. G2b

Figure 2 (A) There was a statistically significant difference regarding BCVA (LogMAR) between both main groups at baseline and after 24 months (p = 0.01). Group | (GI)
eyes with only PDR, treated only with PRP. Group 2 (G2) eyes with PDR and concomitant DME, treated with PRP and IVI therapy. The p values refer to statistical differences
between two groups. (B) There was no statistically significant difference regarding BCVA (LogMAR) between both subgroups at baseline (p = 0.54) and after 24 months (p =
0.29). Group 2a (G2a) eyes treated only with PRP and a sole IVI therapy with anti-VEGF agents during the observation period. Group 2b (G2b) eyes treated with PRP and VI
therapy initially with anti-VEGF agents and then switched to steroids. The p values refer to statistical differences between two groups.
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Figure 3 A detailed description of the intravitreal therapy in both subgroups within the observation period (24 months). Group 2a (G2a) eyes treated only with PRP and

a sole VI therapy with anti-VEGF agents during the observation period. Group 2b (G2b) eyes treated with PRP and IVI therapy initially with anti-VEGF agents and then
switched to steroids.

Unlike previously published studies, the present study examined the impact of a sole IVI therapy with anti-VEGF
agents, as well as, in combination with steroids, used to treat DME on the activity of early- and high-risk PDR.

We found that the combined treatment in G2 with IVI and PRP therapy has a better outcome on the activity of PDR
compared to monotherapy with PRP in terms of a significantly lower number of needed PRP therapy after 24 months.
Furthermore, switching to steroids in G2b did not lead to a higher number of PRP spots required compared to eyes in
G2a, which received a sole IVI therapy with anti-VEGF agents alone. This may suggest that IVI therapy with steroids
could be a possible alternative to reduce the activity of PDR, too.
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The baseline characteristics were comparable in all groups and subgroups. There were no significant differences
regarding age and gender of the patients, also regarding DM type and glycated hemoglobin (HbAlc) at the first visit.
Since DME is a DM complication independent of DR, it was not surprising that DM duration differed between the two
main groups, which however did not differ significantly between the two subgroups with DME. Moreover, a similar non-
significantly different PDR level was present in all patients of the two main and subgroups, so that we could compare the
development of PDR between the two main and subgroups afterwards.

Our main purpose was to investigate the impact of IVI therapy performed in both subgroups on the needed PRP
therapy and consequently on the activity of PDR at the end of the 2 years. In this context, we found that the number of
PRP spots used at the end of the observation period was significantly higher in G1 compared to G2, which supports the
previous published studies concerning the positive effect of IVI therapy agents on the activity of PDR.'”'? Furthermore,
we found no significant difference in the total number of PRP spots at the end of the observation period between the two
subgroups, which suggests that switching to steroids may also have a non-inferior positive effect on the activity of PDR
compared to a sole IVI therapy with anti-VEGF agents.

The anti-inflammatory role of steroids has been studied widely for a long time. It is well known that steroids prevent
vasodilatation and increased vascular permeability, which occurs following an inflammatory event. They also reduce
leukocyte migration into inflamed areas, leading to a new protein synthesis.?® 2

It is a fact that inflammation plays a major role in the development of both PDR and DME. In patients with PDR,
increased vitreous concentrations of various inflammatory cytokines, neurotrophins and many other inflammatory
mediators along with other growth factors such as VEGF have been reported. Angiogenic response of endothelial cells
is regulated by these inflammatory mediators and growth factors as well, which leads to the development of new vessels
in PDR. The importance of inflammation in this context has been supported by the fact that blocking inflammation
reduces neovascularization.”®

These pathophysiological facts explain the long-standing use of steroids to treat DME and support our assumption
that steroids may play a further role in the treatment of PDR.

DME in G2b seemed to be more aggressive and severe than in G2a, which led to the significantly higher CMT both
initially and at the end of the 2 years follow up. Nevertheless, the number of used PRP spots was not significantly
different between the two subgroups at the end of the observation period, which implies that IVI therapy with sole anti-
VEGF agents or in combination with steroids could reduce the number of used PRP spots regardless of the severity
of DME.

This presumption that the IVI therapy performed due to DME had led to the reduction of used PRP spots, and
consequently to significantly fewer PRP procedures could be supported by our recent internal statistics, since we had
about 50% less number of PRP procedures and in contrast about 83% more IVIs in our department in the last four
years.'¢

On the other hand, and due to the existing DME, CMT was significantly higher in G2 compared to G1 at baseline and
at the end of the 2 years interval.

In contrast to previously published papers, such as the DRCR.net Protocol S study,13 BCVA did not represent an
important parameter in our study due to the presence of the DME in G2. The DRCR.net Protocol S showed that the visual
outcome was not worse under VI therapy with ranibizumab compared to a monotherapy with PRP for PDR patients in
absence of DME. As expected, BCVA was in our study significantly higher in G1 than in G2 both initially and at the end
of the 2 years interval due to the presence of the DME.

Our findings were supported by a recent 2020 paper that compared daily rates of PRP with those of IVI therapy in
3656 eyes with early-onset PDR between 2012 and 2019. This paper showed that the rate of PRP for the treatment of
PDR decreased significantly after the publication of Protocol S, while the rate of IVI with anti-VEGF increased
significantly.**

However, it should be considered that the injection temporarily reduces VEGF drive and minimal laser treatment does
not necessarily lead to well-controlled PDR in the long term with the risk of persistent NV activity and recurrence of
vitreous hemorrhage. This is especially true for patients who skip FAG follow-up. Thus, the finding that fewer lasers are
needed does not mean that PDR can be better controlled in the long term, but the contrary may be true.
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Based on the non-significant difference between anti-VEGF alone or combination with steroid therapy in reducing
PDR activity in our subgroups, and the current evidence of the inflammatory component of PDR, the question arises
whether steroid therapy may play a role in the treatment of PDR in the future. Here, future studies are of great
importance.

In summary, we report that regardless of severity of concomitant DME, IVI with sole anti-VEGF or after switching to
steroids led to significant reduction of supplemental PRP spots and indicating a favorable effect on the activity of PDR.
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IVI, Intravitreal Injection; VEGF, Vascular Endothelial Growth Factor; DME, Diabetic Macular Edema; PDR,
Proliferative Diabetic Retinopathy; PRP, Panretinal photocoagulation, CMT, Central Macular Thickness; BCVA, Best
Corrected Visual Acuity; DM, Diabetes Mellitus; NPDR, Non-Proliferative Diabetic Retinopathy; NV,
Neovascularization; NVG, Neovascular Glaucoma; DRCR, Diabetic Retinopathy Clinical Research Network; ETDRS,
Early Treatment Diabetic Retinopathy Study Research Group; FAG, Fluorescein Angiography; NVD, Neovascularization
of the optic Disc; NVE, Neovascularization Elsewhere; IDDM, Insulin Dependent diabetes mellitus; NIDDM, Non
Insulin Dependent diabetes mellitus; VMT, Vitreomacular Traction; PVR, Proliferative Vitreoretinopathy; SD-OCT,
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