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Abstract: This paper describes the current literature on the molecular pathophysiology of interleukin-
6 (IL-6) in the genesis of macular edema and on the outcomes with IL-6 inhibitors in the treatment
of non-infectious macular edema. The role of IL-6 in the development of macular edema has been
well elucidated. IL-6 is produced by multiple cells of the innate immune system and leads to a
higher likelihood of developing autoimmune inflammatory diseases, such as non-infectious uveitis,
through a variety of mechanisms. These include increasing the helper T-cell population over the
regulatory T-cell population and leading to the increased expression of inflammatory cytokines, such
as tumor necrosis factor-alpha. In addition to being key in the generation of uveitis and subsequent
macular edema through these inflammatory pathways, IL-6 also can lead to the development of
macular edema through other pathways. IL-6 induces the production of vascular endothelial growth
factor (VEGF) and facilitates vascular leakage by downregulating tight junction proteins in retinal
endothelial cells. Clinically, the use of IL-6 inhibitors has been found to be efficacious primarily in
the context of treatment-resistant non-infectious uveitis and secondary macular edema. IL-6 is a key
cytokine in retinal inflammation and macular edema. It is thus not surprising that the use of IL-6
inhibitors in treatment-resistant macular edema in the setting of non-infectious uveitis has been well
documented as an effective treatment option. The use of IL-6 inhibitors in macular edema secondary
to non-uveitic processes has only begun to be explored.
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1. Introduction

Interleukin-6 (IL-6) is a proinflammatory cytokine and a key player in multiple inflam-
matory cascades. It is produced systemically and intraocularly by monocytes, macrophages,
and T cells and binds to a number of soluble and membrane-bound receptors [1–3] The
effects of IL-6 include inducing the differentiation of CD-4-positive T-helper cells, augment-
ing the effect of transforming growth factor-beta, and inducing the production of vascular
endothelial growth factor (VEGF) [1–3].

There are currently four different IL-6 inhibitors available from two different classes of
medication: monoclonal receptor antibodies and monoclonal antibodies [1–3]. Monoclonal
antibodies are antibodies produced by a single clone of B cells, resulting in monospecific
and homogenous antibodies that allow targeted and therapeutic binding to a soluble
antigen, such as IL-6. In contrast, monoclonal receptor antibodies are targeted antibodies
to a specific receptor, such as the IL-6 receptor (IL-6R). Monoclonal receptor antibodies
include tocilizumab, sarilumab, and satralizumab, while siltuximab is currently the only
IL-6 monoclonal antibody biological drug available [1]. Tocilizumab is approved by the
Federal Drug Administration (FDA) for use in treating uveitis in the setting of juvenile
idiopathic arthritis (JIA), giant cell arteritis (GCA), rheumatoid arthritis (RA), and cytokine
release syndrome [1,4]. Sarilumab is approved by the FDA for use in treatment-resistant
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RA [1,5]. However, in the setting of ocular disease, both tocilizumab and sarilumab are used
off-label for treatment-resistant macular edema in the setting of uveitic and non-uveitic
pathologies [2]. In particular, IL-6 inhibitors have been reserved for use in treatment-
resistant macular edema unresponsive to traditional therapies such as steroids, tumor
necrosis factor alpha (TNF-alpha) inhibitors, or anti-VEGF inhibitors [1,6].

The aim of this study is to provide a literature review on the current knowledge of
IL-6 in the molecular pathophysiology of macular edema, as well as to summarize the
results for IL-6 inhibitors in the treatment of macular edema in the setting of non-infectious
uveitis (NIU) and non-uveitic diseases. A comprehensive literature search using PubMed
and Google Scholar for studies published between 1990 and 2022 was performed using
‘tocilizumab’; ‘sarilumab’; or ‘interleukin-6′ and one of the following search terms: ‘macular
edema’, ‘diabetic retinopathy’, ‘uveitis’, ‘macular degeneration’, ‘autoimmune retinopathy’,
and ‘retinal vein occlusion’. These initial search criteria yielded 120 articles. Of these
articles, 108 articles were excluded due to a lack of detailed information reporting treatment
response specifically of macula edema, resulting in 12 selected articles. Based on the initial
search queries, additional articles deemed relevant were also included in the literature
review, including ‘pseudophakic edema’ and ‘acute retinal necrosis’, yielding one article
on pseudophakic macular edema and two articles on acute retinal necrosis. All of these
articles were included in the review. Basic science papers, case series, and clinical trials
were all reviewed to find eligible papers that aligned with the goals of this study. Papers
that elucidated the molecular pathophysiology of IL-6 in the genesis of macular edema
were included. Studies that included analyses on the clinical effects of IL-6 inhibitors on
cystoid macular edema (CME) as a primary or secondary endpoint were included. Studies
that did not directly comment on the effect of IL-6 inhibitors on CME were excluded.

2. The Role of Interleukin-6 in Ocular Pathology

IL-6 is a protein encoded by a gene in chromosome 7p21 and functions via signal trans-
duction after binding IL-6R [1–3]. The two major forms of IL-6R are the transmembrane
receptor protein (IL-6R) and the soluble receptor (sIL-6R) [1–3]. In the classic pathway,
the binding of IL-6 and IL-6R along with a transmembrane glycoprotein gp130 leads to
intracellular signal transduction via activation of the Janus kinase, signal transducer, and
activator of transcription 3 (STAT3) and JAK-SHP2-Ras-mitogen activated protein kinase
(MAPK) pathways [1–3] (Figure 1). The pleiotropic effect of IL-6 is largely due to the range
of cells expressing gp130, which allows pleiotropic and redundant signaling [1–3]. IL-6
has been shown to be a key player in protecting the host against environmental hazards
by causing a signal cascade as a warning signal, with an acute increase in the IL-6 levels
occurring immediately at the onset of an acute inflammatory event [1–3]. Due to its involve-
ment in the protective response, IL-6 is produced by multiple cells of the innate immune
system as part of the integrated defense system. Pathogenic stimulation via pathogen-
associated molecular patterns (PAMPs) or non-infectious inflammatory stimulation via
damage-associated molecular patterns (DAMPs) from injured cells leads to the activation
of Toll-like receptors (TLR). The activation of TLR leads to the expression of inflammatory
cytokines, including IL-6, TNF-alpha, and IL-1 beta (Figure 2) [1–3]. TNF-alpha and IL-1
beta may trigger a positive feedback loop with the additional expression of IL-6, allowing
for a rapid increase in the IL-6 levels. Liver hepatocytes respond to IL-6 by producing
acute-phase proteins, including C-reactive protein, serum amyloid A, haptoglobin, and
fibrinogen, which are responsible for acute and chronic inflammatory processes [1–3]. IL-6
also induces B-cell and T-cell differentiation. IL-6 induces helper T-cell differentiation and
suppresses regulatory T-cell differentiation [1–3]. By increasing the helper T-cell population
over the regulatory T-cell population, IL-6 stimulation lowers the immunologic tolerance,
resulting in a higher likelihood of developing autoimmune inflammatory disease [1–3].
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(TLR), nuclear factor kappa B (NF-kB), tumor necrosis factor (TNF), interleukin-1b (IL-1b), interleu-
kin-6 (IL-6), vascular endothelial growth factor (VEGF), intracellular adhesion molecule 1 (ICAM-
1), vascular cell adhesion protein 1 (VCAM-1),signal transducer, and activator of transcription 3 
(STAT-3). 
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interleukin-6 (IL-6), interleukin-6 receptor (IL-6R), glycoprotein 130 (gp130), Janus activated kinase
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Figure 2. Diagram of IL-6 downstream signaling pathways. Abbreviations: pathogen-associated
molecular patterns (PAMPs), damage-associated molecular patterns (DAMPs), Toll-like receptors (TLR),
nuclear factor kappa B (NF-kB), tumor necrosis factor (TNF), interleukin-1b (IL-1b), interleukin-6 (IL-6),
vascular endothelial growth factor (VEGF), intracellular adhesion molecule 1 (ICAM-1), vascular cell
adhesion protein 1 (VCAM-1), signal transducer, and activator of transcription 3 (STAT-3).
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IL-6 plays a role in immunogenicity and inflammation in both systemic and ocular
immune-mediated diseases, including juvenile idiopathic arthritis and NIU. Several studies
have measured elevated IL-6 levels in ocular fluids, including aqueous fluid or vitreous in
patients with NIU [1,6].

Outside of uveitis, elevated levels of IL-6 have also been found in multiple ocular
diseases, including central vein occlusion [1,6]. In addition to its role in inflammation,
IL-6 also plays a role in the production VEGF, which results in angiogenesis and vascular
permeability [1,6]. Two of the major causes of VEGF induction include IL-6 and hypoxia,
both of which are present in ocular pathologies such as retinal vein occlusions [1,6]. Vitreous
levels of IL-6 and VEGF have been correlated with the severity of ischemia in patients with
ischemic central retinal vein occlusion (CRVO) and correlated with disease severity [1,6]. In
a systematic review published by Minaker et al., multiple studies have shown a significant
elevation of IL-6, IL-8, IL-10, and VEGF in aqueous and vitreous samples of patients with
RVO compared to healthy controls [7].

In diabetic retinopathy, the significant elucidation of IL-6′s role has occurred. Long-
term hyperglycemia-related oxidative stress and inflammation lead to diabetic retinal
changes by increasing the vascular permeability and allowing fluid leakage into the retinal
interstitium [8,9]. This blood–retinal barrier dysfunction and breakdown is a key part of
pathogenesis in retinal deterioration, macular edema, and progressive vision loss [8,9]. IL-6
has been shown to play a role in decreasing the barrier function in retinal endothelial cells,
allowing vascular leakage by downregulating tight junction proteins [8,9]. IL-6 normally
mediates the recruitment of leukocytes by increasing Intercellular Adhesion Molecule 1
(ICAM-1) and Vascular Cell Adhesion Molecule 1 (VCAM-1) to assist adhesion to the
vascular endothelium. In patients with diabetic retinopathy, elevated levels of ICAM-1 and
VCAM-1 have been detected, likely due to increased IL-6 activation [8,9]. ICAM-1 and
VCAM-1 are transmembrane proteins involved in the adhesion and migration of leukocytes
and endothelial cells. In diabetic patients, increased ICAM-1 expression has been correlated
to an increase in migrating neutrophils, allowing increased migration and perivascular
infiltration, leading to inflammation and retinal edema [8,9]. In addition, elevated IL-6 and
other cytokines have been demonstrated in proliferative diabetic retinopathy (PDR) and are
associated with a stimulation of matrix metalloproteinase (MMP) production [1,6]. MMP
are a family of proteinases that regulate tissue remodeling, inflammation, and injury [7] In
particular, MMPs regulate the integrity of the blood–retinal barrier, activate inflammatory
mediators, and assist in angiogenesis and neovascularization [10]. In a mouse model, the
inhibition of IL-6 signaling was shown to reduce the diabetes-induced oxidative damage
both systemically and within the retina [8,9].

Neovascular age-related macular degeneration (AMD) is a common cause of progres-
sive vision loss in older patients. As with diabetic retinopathy, there is also significant
evidence from in vitro and animal studies that IL-6 could play a significant role in the
disease. There have been in vitro and in vivo studies published exploring the possible
role of IL-6 in neovascular AMD disease. In an in vivo assay, elevated levels of IL-6 were
found in mice after laser injury, with the main expression from macrophages, resulting
in choroidal neovascularization and angiogenesis [11]. However, in IL-6 knockout mice,
there was decreased choroidal neovascularization compared to the wild-type mice, indicat-
ing the role of IL-6 in stimulating choroidal angiogenesis [11]. Lastly, macrophages were
found as the major IL-6R-positive cells present in the eye. An analysis of IL-6R-positive
macrophages after laser injury revealed a transcriptional profile consistent with Signal
Transducer and Activator of Transcription (STAT3) activation and angiogenesis, therefore
confirming the relationship between IL-6 and STAT3 [12]. STAT3 activation has been shown
to aid in immune cell recruitment and the promotion of choroidal neovascularization [12].
In a systematic review analyzing 16 studies on IL-6 levels in AMD patients, systemically
elevated IL-6 levels have been correlated with late-stage neovascular AMD [12]. In addi-
tion, several studies have been published on aqueous humor cytokine levels in eyes with
neovascular AMD compared to normal eyes after traumatic procedures such as intravitreal
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injection or cataract surgery [12]. Although these studies have found an increase in IL-6
levels in patients with neovascular AMD, the results were not statistically significant, and
conclusions must be treated cautiously due to small sample sizes and imperfect control
groups that also received injection or surgery [12]. As with the pathogenesis of diabetic
retinopathy, the role of IL-6 in AMD is closely tied to the dysfunction of the endothelium,
increased oxidative damage, and increased expression of VEGF, leading to angiogenesis
and vascular proliferation [12].

3. Interleukin-6 Blockage in Non-Infectious Uveitis and Its Associated Macular Edema
3.1. Randomized Clinical Trials

The utility of IL-6 inhibitors for macular edema secondary to NIU has been studied
for various forms of NIU. From our comprehensive literature search, twelve studies were
selected, highlighting the role of IL-6 inhibitors specifically on non-infectious uveitic
macular edema. Most of the studies were published focusing on the use of tocilizumab,
with only one study published on sarilumab. The details of the study characteristics are
summarized in Table 1.

TNF-alpha inhibitors are often regarded as first-line biologic therapy in NIU refractory
to steroids and conventional immunosuppressive medications such as methotrexate, my-
cophenolate, and cyclosporine [6] However, when first-line therapies fail, IL-6 inhibitors are
integral in treatment-resistant NIU, particularly in the setting of uveitis secondary to JIA.
As one of tocilizumab’s on-label uses, its use in treating uveitis related to JIA has been well
documented in multiple studies [2,13–16]. In the APTITUDE study, a multicenter phase
2 single-arm trial, 21 pediatric patients with JIA-associated uveitis previously refractory
to methotrexate, and TNF-alpha inhibitors were treated with subcutaneous tocilizumab
over six months [13]. Patients were dosed according to body weight, with patients over
30 kg receiving 162 mg every two weeks and patients under 30 kg given 162 mg every
three weeks [13]. In the APTITUDE trial, the primary endpoint, a two-step or more de-
crease in level inflammation based on the Standardization of Uveitis Nomenclature (SUN)
criteria, was not met, with only 34% of patients responding to treatment [13]. Despite the
overall low clinical response rate, tocilizumab proved effective in completely resolving
macular edema in three out of four patients (75%) [13]. The medication was well tolerated,
with minimal adverse effects in less than one-third of patients; these included injection
site reaction, arthralgia, and headache. Although tocilizumab treatment did not meet its
treatment efficacy endpoint this study, there is still evidence that it may be useful in treating
JIA-related uveitis refractory to prior immunomodulatory therapy or biologics, and it may
be particularly efficacious in the treatment of refractory macular edema from JIA uveitis, as
per the results of the APTITUDE study [13,15,17,18].

Another randomized clinical trial, the STOP-Uveitis trial, was published investigating
the safety and efficacy of tocilizumab in the treatment of NIU [19]. The study was conducted
over a period of six months in 37 patients treated with 4 mg/kg or 8 mg/kg monthly
intravenous infusions of tocilizumab [19]. A majority of patients had idiopathic panuveitis,
with a minority of patients diagnosed with sarcoidosis, Vogt-Koyanagi-Harada syndrome,
or punctate inner choroidopathy. At the baseline, 40.5% of patients were diagnosed with
macular edema, with an average central foveal thickness (CFT) of 497 µm. The mean
change in CFT after six months was −131.5 µm in the group treated with 4 mg/kg and
−39.92 µm in the group treated with 8 mg/kg without any statistically significant difference
between the two treatment groups. In addition to improvement in macular edema, patients
also demonstrated improvement in best corrected visual acuity (VA) and inflammation
measured as vitreous haze scores. No differences were found in treatment outcomes in the
two treatment doses, although no conclusions may be drawn about ideal dosage due to the
small sample size and exploratory nature of the trial.

Sarilumab is less commonly used in the treatment of ocular disease. Sarilumab is
a human anti-IL-6R monoclonal antibody blocking the same classic and trans-signaling
pathways as tocilizumab [6]. The SATURN study was published in 2018 investigating the
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effects of sarilumab in the treatment of NIU [20,21]. This randomized controlled study
recruited 58 eyes with NIU. Participants were divided into the treatment group, which
received biweekly subcutaneous sarilumab 200 mg over the course of four months, and
a group that received a placebo [20,21]. The trial showed a beneficial effect on macular
edema as measured by optical coherence tomography (OCT), with corresponding changes
in the CFT measured as −46.8 µm in the treatment group versus +2.6 µm in the placebo
group [20,21]. In a subgroup analysis of patients with baseline CFT greater than 300 µm, the
overall change was more dramatic, with −112.5 µm in the treatment group versus −1.8 µm
in the placebo group [20,21]. This difference in change of CFT was found to be statistically
significant in the cohort overall, although the difference was not significant in the subgroup
analysis, likely due to the small sample size. Overall, sarilumab treatment resulted in good
clinical response measured by a two or more step reduction in vitreous haze on the Miami
scale or reduction of the steroid usage, with a clinical response rate of 46% versus 30% in
the treatment and placebo groups, respectively [20,21]. Sarilumab was well tolerated with
minimal reported adverse events that were clinically insignificant compared to the placebo
group. This study demonstrates the utility of sarilumab in treatment of NIU, particularly
in uveitic macular edema, and warrants future studies with larger cohorts to corroborate
the results.

3.2. Comparative Retrospective Study

One multicenter retrospective observational study by Leclercq et al. sought to identify
differences in clinical response in refractory uveitic macular edema, comparing tocilizumab
versus anti-TNF-alpha treatment [22]. Two hundred and forty patients with prior treatment
failure with traditional immunomodulatory therapy were included in the study with the
biologic treatment chosen by the physician, resulting in 149 patients treated with infliximab
or adalimumab and 55 patients treated with tocilizumab [22]. An improvement in CME
was defined as any reduction in the baseline CFT with a lack of intraocular inflammation
and less than 10 mg of corticosteroids per day. A partial response was defined as any
improvement in CME, while a complete response was defined as the absence of cystic
spaces on imaging and CFT measuring less than 300 µm. Overall improvement in macular
edema was achieved in 46.2% of patients treated with anti-TNF alpha agents and 58.5% of
patients treated with tocilizumab [22]. Complete or partial responses of macular edema
were achieved in 21.8% of patients treated with anti-TNF alpha agents versus 35.8% of
patients treated with tocilizumab [22]. In addition, tocilizumab improved the odds of
a complete response of uveitic macular edema by more than two-fold in comparison to
anti-TNF alpha agents after six months [22]. While 82 patients also received concomitant
immunosuppressive therapy, there were no significant differences in type and distribution
of concomitant treatment across the two treatment groups [22]. This study concluded
that tocilizumab may be more effective than TNF-alpha inhibitors in treating treatment-
resistant uveitic macular edema, although the findings should be confirmed ideally in a
large prospective study.
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Table 1. Literature review of studies of patients with refractory uveitis-related cystoid macular edema treated with IL-6 inhibitors.

First Author Medication
(Administration) Year Study Type Study Objective # Patients Type of Uveitis Follow up Time

(Months)
Primary Outcome

Measure
% of Primary

Efficacy

% of
Improvement

in ME *

Definition of
Improvement

in ME *

Leclercq [17] TCZ (IV) 2021 CS

Efficacy of TNF-alpha
agents or TCZ in

treating refractory
uveitic macular edema

204

Idiopathic (97), BD (35),
BCR (23), Sarcoidosis

(15), JIA (12), VKH (8),
spondyloarthritis (5),

other (9)

6

Composite clinical
response

(CFT < 300
micrometer, RSU)

36% 56% (31/55)
CFT < 300,

resolution of
cystic spaces

Ramanan [8] TCZ (SUBQ) 2020 SAT

Efficacy of TCZ in
treating JIA associated

NIU refractory to
TNF-alpha and MTX

21 JIA 9 IOI 34% 75% (3/4) N/A

Wennink [18] TCZ (IV) 2020 CS Efficacy of TCZ in
treating NIU 7 Idiopathic uveitis (5),

panuveitis (2) 18 CFT 100% 100% (7/7) N/A

Vegas-Revenga [6] TCZ (IV) 2019 CS
Efficacy of TCZ in
treating refractory

uveitic macular edema
25

JIA (9), BD (7), BCR (4),
idiopathic panuveitis

(4), sarcoidosis (1)
12 CFT 100% 100% (25/25)

CFT < 300,
resolution of
cystic spaces

Ozturk [19] CS (IV) 2018 CS Efficacy of TCZ in
refractory BD 5 BD 10 CFT 100% 80% (4/5) N/A

Heissigerova [16] SAR (SUBQ) 2018 RCT
Efficacy of SAR in

treating NIU
(SAR vs. placebo)

58
Intermediate uveitis

(12), posterior uveitis
(14), panuveitis (29)

4 RSU 46% 100% (58/58) 20% reduction of
CFT from baseline

Mesquida [20] TCZ (IV) 2018 CS
Efficacy of TCZ in
treating refractory

uveitic macular edema
12

JIA (6), BCR (2),
idiopathic panuveitis

(2), sympathetic
ophthalmia (1),

ankylosing
spondylitis (1)

24 CFT 100% 83% (10/12)
CFT < 350,

resolution of
cystic spaces

Sepah [14] TCZ (IV) 2017 RCT

Efficacy of two different
doses of TCZ in NIU

(4 mg/kg versus
8 mg/kg)

37

Idiopathic (28),
Sarcoidosis (2), VKH
(2), BCR (2), PIC (1),

BD (1), TINU (1)

6 IOI 44% 100% (15/15) N/A

Tappeiner [10] TCZ (IV) 2016 CS Efficacy of TCZ in
treating NIU 5 JIA 12 IOI 100% 100% (5/5) N/A

Deuter [21] TCZ (IV) 2016 CS
Efficacy of TCZ in
treating refractory

uveitic macular edema
5 JIA (2), AS (1), RA (2) 14 CFT 75% 100% (5/5) 25% reduction of

CFT from baseline
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Table 1. Cont.

First Author Medication
(Administration) Year Study Type Study Objective # Patients Type of Uveitis Follow up Time

(Months)
Primary Outcome

Measure
% of Primary

Efficacy

% of
Improvement

in ME *

Definition of
Improvement

in ME *

Mesquida [20] TCZ (IV) 2014 CS
Efficacy of TCZ in
treating refractory

uveitic macular edema
7

BCR (3), JIA (3),
idiopathic

panuveitis (1)
15 CFT 100% 71% (5/7) CFT < 350

Adan [12] TCZ (IV) 2013 CS
Efficacy of TCZ in
treating refractory

uveitic macular edema
5

BCR (3), JIA (1),
idiopathic

panuveitis (1)
8 CFT 100% 100% (5/5) CFT < 350

* Improvement in macular edema was defined according to the study guidelines, or if undefined, criteria of the final CFT less than 350 micrometers were imposed. Table abbreviations:
ankylosing spondylitis (AS), Bechet’s disease (BD), birdshot chorioretinopathy (BCR), central foveal thickness (CFT), case report (CR), case series (CS), intraocular inflammation (IOI),
juvenile idiopathic arthritis (JIA), macular edema (ME), non-infectious uveitis (NIU), punctate inner choroidopathy (PIC), randomized controlled trial (RCT), reduced steroid use (RSU),
single arm trial (SAT), tubulointerstitial nephritis and uveitis syndrome (TINU), Vogt-Koyanagi-Harada disease (VKH), subcutaneous drug administration (SUBQ), and intravenous
drug administration (IV).
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3.3. Retrospective Case Series

Multiple case series have been published documenting the use of tocilizumab in
treating NIU secondary to multiple etiologies, including JIA, birdshot chorioretinopathy,
Bechet’s disease, and idiopathic panuveitis. The measurement of a clinical response as a
primary endpoint varied by study, with most studies focusing on CFT or intraocular
inflammation (IOI) as a marker for improvement. For this review, both the primary
endpoint of the study and improvement in macular edema measured as a reduction in CFT
(even if it was not the primary endpoint of the study) were analyzed. The primary endpoint
was most commonly defined as improvement in macular edema measured by OCT features
and/or CFT measurement or improvement in IOI measured by VA or vitreous haze score,
as indicated in Table 1.

While the primary endpoint was not met in at least 50% of patients in one study,
the majority of patients demonstrated improvement in macular edema compared to the
baseline [22]. In the three studies that did not specify criteria for improvement in macular
edema, an average of 88% of patients demonstrated an objective decrease in macular
edema based on CFT measurements [15,23,24]. The remaining five studies with criteria for
improvement in macular edema had different definitions for this improvement. Leclercq
et al. and Vegas-Revenga et al. defined improvement as reduction of CFT to under 300 µm,
with 56% and 100% of patients demonstrating improved macular edema, respectively [6,22].
Mesquida et al. and Adán et al. defined improvement as reduction of CFT to under 350 µm,
with 100% of patients demonstrating improved macular edema in both studies [25]. Deuter
et al. defined improvement as a reduction of CFT of at least 25% of baseline thickness, with
100% of patients demonstrating improved macular edema [26]. Overall, these nine selected
retrospective case series demonstrated a positive response to tocilizumab treatment in
treatment-resistant uveitic macular edema.

3.4. Adverse Events

Overall, of the twelve highlighted studies, adverse events were reported in one study
on sarilumab and six studies on tocilizumab. Adverse effects with tocilizumab included
injection site reaction, arthralgia, headache, nausea, grade one leukopenia, and community
acquired pneumonia [6,13,19,22,24,25]. Adverse effects with sarilumab included worsening
uveitis and retinal infiltrates [21]. These two medications are generally well tolerated with
mild to moderate severity levels of adverse effects.

3.5. Limitations of Existing Data

While all the selected studies have shown positive treatment response to tocilizumab
in NIU-related macular edema, the findings are not directly comparable due to differences
in study design, primary outcome measurements, patient clinical history, and definitions
of improvement. Each study included different etiologies of NIU, and the distribution of
anatomic location and etiologies were not consistent. The differences in treatment response
may be due to differences in the various etiologies of NIU. The availability of detailed
data on the clinical response of macular edema is limited based on the primary outcome
of the study. In five studies, the primary patient population was focused on NIU with a
smaller subgroup of patients with NIU-related macular edema [13,19,22–24]. Therefore,
detailed information on defining improvement or resolution in macular edema based on
CFT measurement or OCT findings were limited. In addition, criteria for improvement in
macular edema varied by study including a maximum CFT threshold value regardless of
baseline CFT, a minimum percentage CFT reduction from baseline CFT, and resolution of
cystic spaces on OCT. As none of the studies defined criteria for macular edema at baseline,
it is difficult to discern and compare the scale of impact on reduction of macular edema
between studies.

Another thing to consider in generalizing study results includes prior or concomitant
immunomodulatory therapy. Many studies included patients who were receiving concomi-
tant immunomodulatory therapy during the study period with tocilizumab. Vegas-Revenga
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et al. evaluated treatment-resistant macular edema with 12 out of 25 patients receiving con-
comitant methotrexate or cyclosporine [6]. Mesquida et al. evaluated treatment-resistant
macular edema with eight out of twelve patients on concomitant oral prednisone, two
patients on concomitant cyclosporine and one patient on concomitant methotrexate [25].
Adán et al. evaluated treatment-resistant NIU with seven out of eight patients on concomi-
tant oral prednisone treatment [17]. Ozturk et al. evaluated treatment-resistant Bechet’s
disease with all five patients receiving different concomitant immunomodulatory thera-
pies [24]. Deuter et al. evaluated treatment-resistant macular edema with four out of five
patients continuing concomitant immunomodulatory therapy and all five patients continu-
ing oral prednisone during tocilizumab treatment [26]. Although all studies focused on
patients with NIU or NIU-related macular edema with prior treatment failure, differences
in concomitant therapy must be considered when evaluating the study results.

In conclusion, multiple studies have been published documenting the use of IL-6
inhibitors in treatment of both NIU and NIU-related macular edema. The twelve selected
studies exhibited positive treatment response in improvement or resolution of macular
edema. Of the twelve studies, all studies demonstrated multiple patients with a positive
clinical response in reduction or complete resolution of uveitic macular edema by the
end of the study period. Although not all patients responded to IL-6 therapy, a subset of
treatment-refractory patients may benefit from its use. Overall, IL-6 inhibitors should be
considered as a useful secondary therapy when traditional treatments are ineffective either
as monotherapy or in conjunction with concomitant immunomodulatory therapy in the
treatment of NIU and NIU-related macular edema. These results should be investigated in
larger studies and clinical trials.

4. Interleukin-6 Blockage in Other Etiologies of Macular Edema
4.1. In the Setting of Acute Retinal Necrosis

Acute retinal necrosis (ARN) is an ocular infection caused by herpetic viruses causing
complications, including retinal detachment, optic nerve atrophy, neovascularization, and
cystoid macular edema [27]. The pathogenesis of edema is thought to be the destruction
of the inner and outer blood–retinal barrier, leading to an accumulation of intraretinal
fluid [27]. Refractory macular edema after ARN may be treated with intravitreal anti-
VEGF injections or interferon alpha-2a [27]. However Bograd et al. presented a patient
with recurrent severe CME after acute retinal necrosis [27]. This pediatric patient initially
presented with painless blurry vision and redness of the right eye. Initial examination
revealed anterior chamber inflammation, vitreous haze, and multiple areas of necrotic
retinochoroiditis most consistent with ARN. There was no evidence of macular edema
at first presentation. The diagnosis was confirmed with positive serology and positive
anterior chamber tap for varicella zoster virus, and the patient was started on intravenous
acyclovir, oral prednisone and topical prednisolone drops. After three months, active
retinitis had subsided. However, the patient still had persistent inflammation on examina-
tion and newfound CME diagnosed on OCT. Despite treatment with oral prednisone and
multiple intravitreal ranibizumab injection, the cystoid macular edema would recur after
injections without complete resolution. After eleven months of treatment, the patient began
receiving intravenous tocilizumab 8 mg/kg every four weeks, as well as being switched to
aflibercept injections every four weeks [27]. After three months of treatment, the CME had
improved significantly. After two years of continuous therapy, no evidence of inflammation
was found [27]. By combining two treatments targeting different mediators of inflam-
matory CME secondary to ARN, this treatment-refractory patient demonstrated good
clinical response.

4.2. In the Setting of Non-Uveitic Macular Edema

IL-6 inhibitors have also demonstrated their use in treating treatment-refractory mac-
ular edema due to post-operative complications or retinal insults. Post-operative CME
is a common complication of cataract surgery due to the disruption of the blood–retinal
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barrier from inflammatory mediators due to surgical manipulation [28]. While most acute
cases resolve, chronic CME may lead to decreased vision and permanent distortion of
photoreceptor architecture. Pham et al. described a case of a patient with worsening vision
in the right eye for one month [28]. Past ocular history was significant for bilateral cataract
extraction and posterior chamber intraocular and YAG laser capsulotomy. Slit lamp exami-
nation was normal without evidence of inflammation. Fluorescein angiography revealed
perifoveal leakage without macular or retinal ischemia in the right eye, and OCT revealed
presence of intraretinal and subretinal fluid in the right eye with mild epiretinal mem-
branes in both eyes. Laboratory work-up for uveitis and malignancy was negative. The
patient was diagnosed with persistent CME and started on topical prednisolone 1% without
improvement and later started on oral prednisone. Despite systemic steroid treatment
and topical interferon alpha 2b treatment, the CME progressed over four months. After
receiving monthly infusions of 8 mg/kg tocilizumab for four months, OCT demonstrated
complete resolution of CME [28]. This case represents the benefits of IL-6 inhibitors in
treatment-resistant postoperative CME.

Non-paraneoplastic autoimmune retinopathy (npAIR) is a poorly understood retinopa-
thy characterized by anti-retinal antibodies, visual field deficits, and global photoreceptor
dysfunction with progressive vision loss [29–31]. CME, a complication of npAIR, is treated
with topical steroids, topical non-steroidal anti-inflammatory drugs (NSAIDs), and intravit-
real steroid injections [29–31]. However, the persistence of CME leads to escalation of care
to immunomodulatory therapy and biologic drugs. There have been two published case
reports and one case series with eight patients on the use of IL-6 inhibitors in the setting
of treatment-resistant CME due to npAIR [29–31]. In all three studies, patients initially
presented with unexplained progressive vision loss either unilaterally or bilaterally, leading
to comprehensive multimodal imaging and anti-retinal antibody serology confirming the di-
agnosis of npAIR. Due to the initial presentation with CME diagnosed on OCT, all patients
were started on topical steroids and NSAIDs, with three patients escalated to intravitreal
steroid injections. Eight out of the ten patients later transitioned to immunosuppressive
therapy with mycophenolate mofetil or azathioprine. Due to the persistent macular edema,
two out of the ten patients began initial biologic therapy with rituximab or adalimumab
without improvement. Due to a persistent lack of treatment response, all patients were
initiated on intravenous tocilizumab or subcutaneous sarilumab monotherapy. Evidence
of improvement in cystoid macular edema was observed with complete resolution after
one to six months. One case report additionally demonstrated slight improvement in elec-
troretinography amplitudes and reduction of leakage on fluorescein angiography after six
months of sarilumab injections [30]. In the case series, all patients demonstrated ellipsoid
zone recovery over 18 months [29]. Although the treatment of npAIR is difficult without
clear guidelines, the utility of IL-6 inhibitors in treating refractory CME should be explored.

4.3. In the Setting of Retinal Vascular Pathology

Although the use of IL-6 inhibitors has been demonstrated in CME linked to inflam-
matory processes, both uveitic and non-uveitic, their use in retinal vascular pathologies
has yet to be clinically explored. In common retinal vascular diseases such as diabetic
retinopathy, neovascular AMD, CRVO, and branch retinal vein occlusion (BRVO), the
mainstay of treatment has been anti-VEGF injections [8,9]. However, some patients demon-
strate persistent macular edema despite anti-VEGF injections. IL-6 blockade could be an
additional treatment option in these patients.

Retinal vein occlusion (RVO) is the second-most common cause of vision loss from
retinal vascular disease [32,33]. Chronic complications include macular edema, neovas-
cularization, and macular ischemia. The pathogenesis of RVO is thought to be related to
venous obstruction, causing elevated venous pressure eventually contributing to overload-
ing the collateral drainage system [7,33]. Macular edema secondary to RVO arises from
efflux of fluid from the affected vessels due to Starling’s law due to elevated intravenous
pressure, leading to the breakdown of the blood–retinal barrier and secretion of VEGF [33].
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Currently, the management of RVO is focused on optimizing the systemic risk factors and
treating complications such as neovascularization and macular edema [32,33]. The role
of inflammatory markers such as VEGF and IL-6 has been explored in multiple studies.
However, no clinical studies of IL-6 inhibition in humans with RVO have been performed
to date.

The exact role that IL-6 plays in the treatment of diabetic retinopathy and diabetic mac-
ular edema still needs to be explored further in patients as well. A phase 2 clinical trial titled
READ-4 (Ranibizumab for Edema of the mAcula in Diabetes: Protocol 4 with Tocilizumab)
was proposed in 2017 to investigate the effects of tocilizumab intravenous infusions alone,
tocilizumab combined with intravitreal ranibizumab injections, and ranibizumab injections
alone on disease progression [34]. Unfortunately, the trial was discontinued in 2018 due to
lack of funding. Although there are no formally published case series or trials on the use of
IL-6 inhibitors in the treatment of diabetic retinopathy, this remains a promising area for
potential exploration.

Similar to RVO and diabetic retinopathy, there are no published trials of IL-6 inhibition
in the treatment of neovascular AMD. Human studies are needed to understand if anti-IL-6
treatment is a viable treatment option in AMD.

As described above, there are many similarities in the disease pathogenesis among
vascular retinal diseases, most notably the initiation of damage and inflammation, leading
to an inflammatory cascade activating IL-6 which results in the expression of VEGF and
ICAM1, among other molecules. Regardless of the etiology of vascular pathology, all three
disease entities (diabetic retinopathy, AMD, and RVO) share a common mechanism of
resulting subretinal or intraretinal fluid accumulation and angiogenesis. Although VEGF
has been identified as a key player and anti-VEGF injections are vital in the treatment, the
utility of IL-6 inhibitors could be investigated as an additional therapeutic target based on
the current understanding of the role of IL-6 in these diseases.

5. Conclusions

There is abundant experimental data that supports the vital role of IL-6 in the molecu-
lar pathophysiology of macular edema from a variety of etiologies. Patients with a long-
standing history of refractory uveitic CME unresponsive to multiple first-line immunomod-
ulatory therapies may benefit from the use of IL-6 inhibitors, including tocilizumab and
sarilumab. Although their utility has been most documented in the treatment of NIU
and NIU-related macular edema, the use of IL-6 inhibitors might be extended to inflam-
matory CME in the context of complications from cataract surgery, acute retinal necrosis,
and autoimmune retinopathy. IL-6 remains an important player in triggering the innate
inflammatory cascade and in activating VEGF. While there are no studies recorded on the
use of IL-6 inhibitors in treating CME from retinal vascular conditions, such as diabetic
retinopathy or RVO, IL-6 inhibitors may provide another treatment option due the role
of IL-6 in vascular inflammation and disruption of the blood–retina barrier. By reviewing
studies published on IL-6 and CME, we hope to highlight their role in treating resistant
NIU-related macular edema and beyond.

Author Contributions: Conception and design—J.Y.Y., D.G. and L.S. Acquisition of data—J.Y.Y.
Analysis and interpretation of data—J.Y.Y., D.G. and L.S. Drafting or revising the article—J.Y.Y., D.G.
and L.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Mass General Brigham
Institutional Review Board with a waiver of consent given the deidentified and retrospective nature
of the data. It adhered to the tenets of the Declaration of Helsinki.

Informed Consent Statement: Waiver of patient’s consent was granted by the Institutional Review
Board.



Int. J. Mol. Sci. 2023, 24, 4676 13 of 14

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, L.S., upon reasonable request.

Conflicts of Interest: The authors have no conflict of interest to disclose.

References
1. Mesquida, M.; Molins, B.; Llorenç, V.; de la Maza, M.S.; Adán, A. Targeting interleukin-6 in autoimmune uveitis. Autoimmun. Rev.

2017, 16, 1079–1089. [CrossRef]
2. Karkhur, S.; Hasanreisoglu, M.; Vigil, E.; Halim, M.S.; Hassan, M.; Plaza, C.; Nguyen, N.V.; Afridi, R.; Tran, A.T.; Do, D.V.; et al.

Interleukin-6 inhibition in the management of non-infectious uveitis and beyond. J. Ophthalmic Inflamm. Infect. 2019, 9, 17. [CrossRef]
3. Zahir-Jouzdani, F.; Atyabi, F.; Mojtabavi, N. Interleukin-6 participation in pathology of ocular diseases. Pathophysiology 2017, 24,

123–131. [CrossRef] [PubMed]
4. Genentech I. ACTEMRA (Tocilizumab) [Package Insert]. US Food and Drug Administration. Available online: https://www.

accessdata.fda.gov/drugsatfda_docs/label/2017/125276s114lbl.pdf (accessed on 15 November 2022).
5. LLC S-A. KEVZARA (Sarilumab) [Package Insert]. US Food and Drug Administration. Available online: https://www.accessdata.

fda.gov/drugsatfda_docs/label/2017/761037s000lbl.pdf (accessed on 15 November 2022).
6. Vegas-Revenga, N.; Calvo-Río, V.; Mesquida, M.; Adán, A.; Hernández, M.V.; Beltrán, E.; Pascual, E.V.; Díaz-Valle, D.; Díaz-

Cordovés, G.; Hernandez-Garfella, M.; et al. Anti-IL6-Receptor Tocilizumab in Refractory and Noninfectious Uveitic Cystoid
Macular Edema: Multicenter Study of 25 Patients. Am. J. Ophthalmol. 2019, 200, 85–94. [CrossRef] [PubMed]

7. Minaker, S.A.; Mason, R.H.; Luna, G.L.; Farahvash, A.; Garg, A.; Bhambra, N.; Bapat, P.; Muni, R.H. Changes in aqueous and
vitreous inflammatory cytokine levels in diabetic macular oedema: A systematic review and meta-analysis. Acta Ophthalmol.
2022, 100, e53–e70. [CrossRef]

8. Sharma, S. Interleukin-6 Trans-signaling: A Pathway with Therapeutic Potential for Diabetic Retinopathy. Front. Physiol. 2021,
12, 689429. [CrossRef] [PubMed]

9. Urias, E.A.; Urias, G.A.; Monickaraj, F.; McGuire, P.; Das, A. Novel therapeutic targets in diabetic macular edema: Beyond VEGF.
Vis. Res. 2017, 139, 221–227. [CrossRef] [PubMed]

10. Kowluru, R.A.; Zhong, Q.; Santos, J.M. Matrix metalloproteinases in diabetic retinopathy: Potential role of MMP-9. Expert Opin.
Investig. Drugs 2012, 21, 797–805. [CrossRef] [PubMed]

11. Droho, S.; Cuda, C.M.; Perlman, H.; Lavine, J.A. Macrophage-derived interleukin-6 is necessary and sufficient for choroidal
angiogenesis. Sci. Rep. 2021, 11, 18084. [CrossRef]

12. Nahavandipour, A.; Nielsen, M.K.; Sørensen, T.L.; Subhi, Y. Systemic levels of interleukin-6 in patients with age-related macular
degeneration: A systematic review and meta-analysis. Acta Ophthalmol. 2020, 98, 434–444. [CrossRef]

13. Ramanan, A.V.; Dick, A.D.; Guly, C.; McKay, A.; Jones, A.P.; Hardwick, B.; Lee, R.W.J.; Smyth, M.; Jaki, T.; Beresford, M.W.; et al.
Tocilizumab in patients with anti-TNF refractory juvenile idiopathic arthritis-associated uveitis (APTITUDE): A multicentre,
single-arm, phase 2 trial. Lancet Rheumatol. 2020, 2, e135–e141. [CrossRef] [PubMed]

14. Maccora, I.; Sen, E.S.; Ramanan, A.V. Update on noninfectious uveitis in children and its treatment. Curr. Opin. Rheumatol. 2020,
32, 395–402. [CrossRef] [PubMed]

15. Tappeiner, C.; Mesquida, M.; Adán, A.; Anton, J.; Ramanan, A.V.; Carreno, E.; Mackensen, F.; Kotaniemi, K.; de Boer, J.H.;
Bou, R.; et al. Evidence for Tocilizumab as a Treatment Option in Refractory Uveitis Associated with Juvenile Idiopathic Arthritis.
J. Rheumatol. 2016, 43, 2183–2188. [CrossRef] [PubMed]

16. Thomas, J.; Kuthyar, S.; Shantha, J.G.; Angeles-Han, S.T.; Yeh, S. Update on biologic therapies for juvenile idiopathic arthritis-
associated uveitis. Ann. Eye Sci. 2021, 6, 19. [CrossRef]

17. Adán, A.; Mesquida, M.; Llorenç, V.; Espinosa, G.; Molins, B.; Hernández, M.V.; Pelegrín, L. Tocilizumab treatment for refractory
uveitis-related cystoid macular edema. Graefe’s Arch. Clin. Exp. Ophthalmol. 2013, 251, 2627–2632. [CrossRef] [PubMed]

18. Calvo-Río, V.; Santos-Gómez, M.; Calvo, I.; González-Fernández, M.I.; López-Montesinos, B.; Mesquida, M.; Adán, A.; Hernández,
M.V.; Maíz, O.; Atanes, A.; et al. Anti-Interleukin-6 Receptor Tocilizumab for Severe Juvenile Idiopathic Arthritis-Associated
Uveitis Refractory to Anti-Tumor Necrosis Factor Therapy: A Multicenter Study of Twenty-Five Patients. Arthritis Rheumatol.
2017, 69, 668–675. [CrossRef]

19. Sepah, Y.J.; Sadiq, M.A.; Chu, D.S.; Dacey, M.; Gallemore, R.; Dayani, P.; Hanout, M.; Hassan, M.; Afridi, R.; Agarwal, A.; et al.
Primary (Month-6) Outcomes of the STOP-Uveitis Study: Evaluating the Safety, Tolerability, and Efficacy of Tocilizumab in
Patients with Noninfectious Uveitis. Am. J. Ophthalmol. 2017, 183, 71–80. [CrossRef]

20. Gómez-Gómez, A.; Loza, E.; Rosario, M.P.; Espinosa, G.; de Morales, J.M.G.R.; Herrera, J.M.; Muñoz-Fernández, S.; Rodríguez-
Rodríguez, L.; Cordero-Coma, M. Efficacy and safety of immunomodulatory drugs in patients with non-infectious intermediate
and posterior uveitis, panuveitis and macular edema: A systematic literature review. Semin. Arthritis Rheum. 2020, 50, 1299–1306.
[CrossRef]

21. Heissigerová, J.; Callanan, D.; de Smet, M.D.; Srivastava, S.K.; Karkanová, M.; Garcia-Garcia, O.; Kadayifcilar, S.; Ozyazgan, Y.;
Vitti, R.; Erickson, K.; et al. Efficacy and Safety of Sarilumab for the Treatment of Posterior Segment Noninfectious Uveitis
(SARIL-NIU): The Phase 2 SATURN Study. Ophthalmology 2019, 126, 428–437. [CrossRef]

http://doi.org/10.1016/j.autrev.2017.08.002
http://doi.org/10.1186/s12348-019-0182-y
http://doi.org/10.1016/j.pathophys.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28629694
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125276s114lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125276s114lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761037s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761037s000lbl.pdf
http://doi.org/10.1016/j.ajo.2018.12.019
http://www.ncbi.nlm.nih.gov/pubmed/30660771
http://doi.org/10.1111/aos.14891
http://doi.org/10.3389/fphys.2021.689429
http://www.ncbi.nlm.nih.gov/pubmed/34093244
http://doi.org/10.1016/j.visres.2017.06.015
http://www.ncbi.nlm.nih.gov/pubmed/28993218
http://doi.org/10.1517/13543784.2012.681043
http://www.ncbi.nlm.nih.gov/pubmed/22519597
http://doi.org/10.1038/s41598-021-97522-x
http://doi.org/10.1111/aos.14402
http://doi.org/10.1016/S2665-9913(20)30008-4
http://www.ncbi.nlm.nih.gov/pubmed/32280950
http://doi.org/10.1097/BOR.0000000000000723
http://www.ncbi.nlm.nih.gov/pubmed/32675714
http://doi.org/10.3899/jrheum.160231
http://www.ncbi.nlm.nih.gov/pubmed/27633821
http://doi.org/10.21037/aes-2019-dmu-10
http://doi.org/10.1007/s00417-013-2436-y
http://www.ncbi.nlm.nih.gov/pubmed/23893042
http://doi.org/10.1002/art.39940
http://doi.org/10.1016/j.ajo.2017.08.019
http://doi.org/10.1016/j.semarthrit.2020.08.010
http://doi.org/10.1016/j.ophtha.2018.09.044


Int. J. Mol. Sci. 2023, 24, 4676 14 of 14

22. Leclercq, M.; Andrillon, A.; Maalouf, G.; Sève, P.; Bielefeld, P.; Gueudry, J.; Sené, T.; Moulinet, T.; Rouvière, B.; Sène, D.; et al.
Anti-Tumor Necrosis Factor alpha versus Tocilizumab in the Treatment of Refractory Uveitic Macular Edema: A Multicenter
Study from the French Uveitis Network. Ophthalmology 2022, 129, 520–529. [CrossRef]

23. Wennink, R.A.W.; Ayuso, V.K.; de Vries, L.A.; Vastert, S.J.; de Boer, J.H. Tocilizumab as an Effective Treatment Option in Children
with Refractory Intermediate and Panuveitis. Ocul. Immunol. Inflamm. 2021, 29, 21–25. [CrossRef] [PubMed]

24. Eser-Ozturk, H.; Oray, M.; Tugal-Tutkun, I. Tocilizumab for the Treatment of Behçet Uveitis that Failed Interferon Alpha and
Anti-Tumor Necrosis Factor-Alpha Therapy. Ocul. Immunol. Inflamm. 2018, 26, 1005–1014. [CrossRef] [PubMed]

25. Mesquida, M.; Molins, B.; Llorenç, V.; Hernández, M.V.; Espinosa, G.; De La Maza, M.S.; Adán, A. Twenty-Four Month Follow-up
of Tocilizumab Therapy for Refractory Uveitis-Related Macular Edema. Retina 2018, 38, 1361–1370. [CrossRef] [PubMed]

26. Deuter, C.M.E.; Zierhut, M.; Igney-Oertel, A.; Xenitidis, T.; Feidt, A.; Sobolewska, B.; Stuebiger, N.; Doycheva, D. Tocilizumab
in Uveitic Macular Edema Refractory to Previous Immunomodulatory Treatment. Ocul. Immunol. Inflamm. 2017, 25, 215–220.
[CrossRef]

27. Bograd, A.; Villiger, P.M.; Munk, M.R.; Bolt, I.; Tappeiner, C. Tocilizumab and Aflibercept as a Treatment Option for Refractory
Macular Edema after Acute Retinal Necrosis. Ocul. Immunol. Inflamm. 2022, 31, 242–245. [CrossRef] [PubMed]

28. Pham, B.; Hien, D.L.; Matsumiya, W.; Ngoc, T.T.T.; Doan, H.L.; Akhavanrezayat, A.; Yaşar, Ç.; Nguyen, H.V.; Halim, M.S.;
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