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Preface 

Ocular immunology and uveitis stand as one of the most innovative and devel-
oped subspecialties in ophthalmology. Improvements in our understanding of the 
pathogenic mechanisms, development of more accurate diagnostic tools, and better 
treatment alternatives for patients with uveitis comes from the continuous efforts of 
researchers from all over the world who are committed to improving the standard 
of care of patients suffering from these potentially blinding diseases. 

This book focuses on the most recent advances in diagnostic techniques for primary 
and systemic-associated autoimmune and infectious uveitis, as well as new thera-
peutic strategies that have significantly reduced the rate of ocular complications and 
improved the visual outcome of patients suffering from these devastating disorders. 

In the introductory chapter, we give an overview of the current diagnostic tech-
niques and therapeutic strategies for uveitis, as well as future trends. 

Three sections comprise the book content. The noninfectious uveitis section 
includes the introductory chapter and two of the most severe forms of chronic 
panuveitis: Vogt–Koyanagi–Harada (VKH) disease and Behçet’s disease. On the one 
hand, VKH is a common autoimmune disease with a high prevalence among certain 
ethnic groups, including Hispanics, Asians, and Native Americans; and Behçet’s 
disease is another form of autoimmune vasculitis mainly affecting Asians and 
Europeans from the Mediterranean basin countries. Both disorders have a pro-
longed and recurrent clinical course and nowadays continue to represent a vision 
threat and a therapeutic challenge. 

The infectious uveitis section is composed of a chapter on viral retinitis, particu-
larly related to the herpesviruses, one of the most rapidly destructive forms of 
posterior uveitis. In this chapter, the authors discuss in detail the recent diagnostic 
tests used for each type of herpesvirus and the specific anti-viral regimens currently 
used to treat this severe condition. The other chapter from this section focuses on 
the importance of tuberculosis screening tests to avoid reactivation of latent tuber-
culosis (TB) related to immunosuppression, particularly with anti-TNFα biologics 
for patients with different forms of autoimmune uveitis. 

The final section of the book focuses on advances in therapeutic strategies for 
uveitis, covering the therapeutic indications and future perspectives of biologic 
agents for the management of ocular inflammation. Also, it includes a chapter on an 
innovative noninvasive intraocular drug delivery system using iontophoresis. 

In the future, innovation and development of better diagnostic tools will allow us to 
increase our diagnostic capability and will reveal many unknown causes of uveitis, 
closing the gap with the present idiopathic cases. On the other hand, therapeutic 
strategies should be more specifically targeted and hence more efficient, safer, and 
better tolerated than present modalities. 



 
 

We want to thank all the authors involved in this project for their commitment and 
for sharing their knowledge and expertise in this challenging field that represents 
uveitis. 
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Monterrey, Mexico 
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Massachusetts Eye Research and Surgery Institute, 
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Chapter 1

Introductory Chapter: Current and 
Future Trends in the Diagnosis
and Management of Uveitis
Alejandro Rodriguez-Garcia and C. Stephen Foster

1. Introduction

Uveitis represents a significant burden of visual loss causing around 10–15% of
all cases of blindness in the United States, and it is the fifth cause of visual loss in
the developed world, accounting for up to 20% of legal blindness [1]. Visual loss
due to uveitis currently has a significant impact on the productivity and quality of
life of many patients worldwide. Therefore, advances in research and development
of diagnostic techniques and therapeutic strategies are crucial for patients suffering 
from many forms of infectious and autoimmune intraocular inflammation.

One of the main obstacles that ophthalmologists face on diagnosis and treatment
of eye disease is the unique complexity of the physical and physiological barriers, as
well as the delicate anatomical structures of the human eye. This biologic scenario, 
particularly in highly destructive tissue disorders like infectious and autoimmune
uveitis, represents a challenge for early and accurate diagnosis and effective therapy. 
Even today, with all possible diagnostic resources available in tertiary eye care
facilities, more than 30% of patients suffering from uveitis do not have a definitive
etiologic diagnosis [2]. The same is true for current therapeutic methods which
suffer from lack of specificity, and are limited to availability at the site of inflam-
mation due to the complex anatomical and physiological characteristics of the eye
[3]. Therefore, the development of improved diagnostic methods and therapeutic
modalities for inflammatory ocular disorders has recently received special and 
intense attention by the uveitis research community.

2. Advances in diagnosis of uveitis

In the past decades, scientific research at the molecular level and technologi-
cal development have revolutionized medicine like never before. Such advances, 
particularly those related to detection technology are significant since early, and 
accurate diagnosis allows prompt and adequate treatment. Molecular biology has
revolutionized medicine with the promise of improving our understanding of the
pathogenic mechanisms that produce disease. The human plasma proteome has
become the primary target for molecular analysis directed to improve the diagnosis
and monitor the therapeutic response of many systemic and ocular disorders. 
There are at least eight different classes of plasma proteins classified by designed 
and functional basis. Two such groups are: the “tissue leakage products,” which are
intracellular proteins that are released into the plasma due to cell damage or death; 
and the “foreign proteins,” which come from infectious microorganisms or parasites

  
  

  
  

 
 

  

 
 

 
        

 
 

  

 
 

  
  

 
 

  

  



  
  

  
  

 
 

  

 
 

 
        

 
 

  

 
 

  
  

 
 

  

  

Chapter 1 

Introductory Chapter: Current and 
Future Trends in the Diagnosis 
and Management of Uveitis 
Alejandro Rodriguez-Garcia and C. Stephen Foster 

1. Introduction

Uveitis represents a significant burden of visual loss causing around 10–15% of
all cases of blindness in the United States, and it is the fifth cause of visual loss in 
the developed world, accounting for up to 20% of legal blindness [1]. Visual loss 
due to uveitis currently has a significant impact on the productivity and quality of 
life of many patients worldwide. Therefore, advances in research and development 
of diagnostic techniques and therapeutic strategies are crucial for patients suffering 
from many forms of infectious and autoimmune intraocular inflammation. 

One of the main obstacles that ophthalmologists face on diagnosis and treatment 
of eye disease is the unique complexity of the physical and physiological barriers, as 
well as the delicate anatomical structures of the human eye. This biologic scenario, 
particularly in highly destructive tissue disorders like infectious and autoimmune 
uveitis, represents a challenge for early and accurate diagnosis and effective therapy. 
Even today, with all possible diagnostic resources available in tertiary eye care 
facilities, more than 30% of patients suffering from uveitis do not have a definitive 
etiologic diagnosis [2]. The same is true for current therapeutic methods which 
suffer from lack of specificity, and are limited to availability at the site of inflam-
mation due to the complex anatomical and physiological characteristics of the eye 
[3]. Therefore, the development of improved diagnostic methods and therapeutic 
modalities for inflammatory ocular disorders has recently received special and 
intense attention by the uveitis research community. 

2. Advances in diagnosis of uveitis

In the past decades, scientific research at the molecular level and technologi-
cal development have revolutionized medicine like never before. Such advances, 
particularly those related to detection technology are significant since early, and 
accurate diagnosis allows prompt and adequate treatment. Molecular biology has 
revolutionized medicine with the promise of improving our understanding of the 
pathogenic mechanisms that produce disease. The human plasma proteome has 
become the primary target for molecular analysis directed to improve the diagnosis 
and monitor the therapeutic response of many systemic and ocular disorders. 
There are at least eight different classes of plasma proteins classified by designed 
and functional basis. Two such groups are: the “tissue leakage products,” which are 
intracellular proteins that are released into the plasma due to cell damage or death; 
and the “foreign proteins,” which come from infectious microorganisms or parasites 
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Advances in the Diagnosis and Management of Uveitis 

and are released or exposed to the plasma are the main, but not the only source for 
diagnostic assays. The plasma proteome has been typically analyzed by electro-
phoresis combined with chromatography and mass spectrometry [4]. However, 
many new diagnostic methods have emerged, like DNA microarrays, which may be 
used for disease diagnosis by detecting biomarkers (genotyping, post-translational 
modifications, multi-SNPs marker screening, and determination of disease-rele-
vant genes); detecting infectious agents (bacteria, virus, and fungal detection); and 
genetic disorders (detection of chromosome abnormalities, mutation analysis, and 
screening of SNPs) [5]. This methodology may interact with other molecular detec-
tion methods to study different disease biomarkers from blood, saliva, and other 
body tissues and fluids like aqueous and vitreous humors. For example, the ability 
to measure a wide range of molecular components in saliva and compare them to 
the plasma proteome has become a feasible way to study immunologic markers 
and microbes for autoimmune and infectious diseases, respectively [6]. Another 
application of molecular tools like polymerase chain reaction (PCR) has improved 
the timing for confirmatory diagnosis of infectious uveitis and endophthalmitis [7]. 
However, the number and type of microorganisms that may be studied in a given 
sample is limited due to differences in amplification techniques, as well as primers 
and fluorescent labels availability on multiplex detection systems. More recently, 
the use of next-generation sequencing (NGS) has proven to be a promising diagnos-
tic strategy for multiple detections of common and rare microorganisms, including 
virus associated with infectious uveitis and endophthalmitis present in single vitre-
ous samples. An important contribution of NGS so far is related to the improvement 
of pathogen detection in cases of negative culture endophthalmitis [8]. 

Despite these promising advances, the development and implementation of 
many new diagnostic techniques still need to be assessed for their effectiveness 
regarding precision and accuracy; sensitivity and specificity; predictive value, 
and cost-benefit balance convenience to be standardized and used widely on a 
clinical basis. 

Imaging diagnostic methods have also suffered significant improvement. The 
development of the ocular coherence tomography (OCT) which provides non-
contact, in vivo, cross-sectional, high-speed, and high-resolution images of dif-
ferent ocular structures including the cornea, anterior segment, retina, and optic 
nerve has evolved from low resolution time-domain image acquisition technology, 
to spectral domain and swept-source high-definition OCT with en-face, more 
in-depth, and extended image acquisition modalities [9]. Another significant 
advancement in diagnostic imaging technology is the development of multimodal 
devices, which allow the use of different complementary imaging techniques like 
fluorescein and indocyanine green digital angiography, wide-field angiography, 
autofluorescence, OCT, and OCT-Angiography all-in-one single machine [10]. Such 
multimodal equipment has permitted saving costs, time, office space, and less 
personal rotation when performing multiple studies to a single patient. 

Another innovative and very exciting development in ocular image analysis 
has to do with artificial intelligence (AI), a new field of computer science research 
that will dramatically change the diagnostic and therapeutic pathways of many 
chronic degenerative ocular conditions including uveitis. Artificial intelligence 
already permits early identification of diabetic retinopathy, glaucoma, age-related 
macular degeneration, retinopathy of prematurity, refractive errors, and cardio-
vascular risk factors based on color fundus photographs through deep learning 
algorithms [11]. Very soon, patients will routinely be taken a non-mydriatic 
fundus photograph at the pre-exam room by an ophthalmic technician allowing 
the accurate recognition of many systemic associated and primary ocular dis-
orders. Image pattern recognition is the basis of this technology, which requires 
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a large number of fundus photographs to learn from (training dataset) as well 
as a separate database for validation (validation dataset) [12]. This technology 
may be coupled with imaging diagnostic devices, such as a fundus camera with 
fluorescein, indocyanine green, and autofluorescence capabilities; SD-OCT, 
swept soured OCT, OCT-A, corneal topography, visual system aberrometry and 
wavefront imaging, anterior segment tomography, and ultrasound, among others, 
for the detection of specific diagnoses. Soon, this technology will be applied to 
patients with different forms of uveitis with specific and characteristic clinical 
appearance analyzed by different image diagnostic devices that will permit the 
accurate computerized diagnosis in a routine exam. 

3. Advances in therapy of uveitis 

Topical therapy with eye drops makes up more than 90% of ophthalmic 
formulations including different corticosteroids and non-steroidal anti-inflam-
matory eye drops. However, their intraocular bioavailability is limited by tear 
clearance, nasolacrimal drainage, and limited penetration related to the anterior 
biological barriers including the corneal epithelium and the hemato-aqueous 
barrier. Moreover, protein binding and enzymatic degradation also account for 
the limited absorption into target tissues [13]. Many different drug delivery strat-
egies, including prodrugs, chemical permeability enhancers, stimuli-responsive 
in situ gels, and drug delivery carriers like liposomes are being developed to 
counter the elimination mechanisms mentioned before [14]. The emergence of 
nanotechnology has impulse the development of such therapeutic strategies for 
many ocular diseases including uveitis. Different active drugs have been coupled 
with nanocarriers to overcome the ocular anatomic barriers for direct interaction 
with specific intraocular tissues, increasing their therapeutic efficiency. Drugs 
loaded into nanoparticles improve their pharmacodynamics and pharmacoki-
netics and at the same time, reduce their immunogenicity, biorecognition, and 
toxicity [15]. One of the most developed fields in ophthalmic pharmacology is 
the sustained-release intraocular drug delivery devices. Polymeric-controlled 
release microparticle injections and implants, cyclodextrin-based nanospheres, 
nanocapsules, microencapsulated cells, liposomes, nano-micelles, and den-
drimers are among the most used methods to deliver anti-inflammatory and 
immunomodulatory drugs into the eye [15, 16]. Such strategies are intended to 
avoid the side effects of prolonged systemic corticosteroids and immunosup-
pressive chemotherapy. An intraocular injection may provide a high-dose of 
medication directly into the site of inflammation with few or no systemic side 
effects. However, this therapeutic approach is not exempt from potential serious 
complications like endophthalmitis, vitreous hemorrhage, and retinal detach-
ment, particularly when the administration needs to be repeated several times 
to achieve their purpose [17]. So far, several polymeric implants are already 
being used for the control of intraocular inflammation, including corticosteroid 
formulations [18]. Many other nanotechnology carriers mentioned before may 
be coupled with different drugs like cyclosporine-A, ganciclovir, non-steroidal 
anti-inflammatory drugs, anti-angiogenic, and anti-glaucoma medications to be 
delivered intraocularly. However, because nanoparticles are recently developed, 
they face several challenges including the need for extensive in vivo studies in 
animal models and then in humans to validate their efficacy and safety. Another 
essential task is the identification of specific ocular disease-related biomarkers 
and their cellular and molecular function to develop target-specific drugs that 
block the biomarker function. 
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More recently, transscleral iontophoresis has been employed to deliver sufficient 
dose medications into the eye in a non-invasive way, avoiding injections or the 
implantation of sustained-release drug devices with minimal side effects [19]. 

On the other hand, many specific, target-directed biologic molecules manu-
factured by recombinant DNA technology are used for treating joint systemic 
and ocular autoimmune inflammation. Such molecules consist of monoclonal 
antibodies, soluble receptors, cytokines, natural cytokine antagonists, and acces-
sory molecules in antigen presentation. They play critical roles in the pathogenesis 
of inflammatory uveitis, like TNF-α, IL-1, IL-6; IL-17, T, and B-lymphocytes; and 
adhesion molecules like LFA-1 and ICAM-1 [20]. 

Future therapeutic strategies that may be exploited include immune tolerance, 
inducers of apoptosis, neuroprotective agents, gene therapy, gene transcription 
factors, and other modulating molecules that permit reprogramming of cells in vivo. 
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Chapter 2 

Vogt-Koyanagi-Harada Disease 
Cristhian A. Urzua 

Abstract 

Vogt-Koyanagi-Harada (VKH) disease is an autoimmune disorder characterized 
by bilateral intraocular inflammation, exudative retinal detachments, and extra-
ocular manifestations in the auditory, integumentary, and central nervous systems 
(CNS). This condition is driven by T-cell-mediated autoimmunity directed against 
melanocytes present in the uveal tissue, in a specific genetic context. The diagnosis is 
based on clinical presentation, accounting with a set of standardized diagnostic cri-
teria. Studies have reported that patients who have a significant delay in the diagnosis 
and/or clinical signs of the chronic stage of the disorder have a poorer prognosis and 
thus special efforts have to be performed in order to have an early diagnosis, together 
with an appropriate treatment. In that sense, the development of tools that allow us 
to detect this disease and its degree of severity is extremely important. In this line, 
novel candidate biomarkers—such as quantification of mRNA levels of NOD and 
glucocorticoid receptor—have been recently reported, and they represent significant 
advances that can help the clinician to improve patient categorization and outcomes. 

Keywords: Vogt-Koyanagi-Harada disease, VKH, vitiligo, treatment response, 
biomarkers 

1. Introduction

Vogt-Koyanagi-Harada (VKH) disease is an inflammatory and autoimmune
condition characterized by intraocular inflammation, serous retinal detachments, 
and extraocular manifestations at the level of the auditory, integumentary, and 
central nervous systems (CNS) [1–3]. 

No epidemiological studies have been carried out on this condition. However, it 
has been related to certain geographical areas, such as Latin America and Asia, with 
a significant contribution of native origin. In this regard, its frequency has been 
reported up to 22.4% of uveitis causes in referral centers around the world [4–8]. 

Recently, significant advances have been reported regarding treatment options 
and novel approaches to evaluate and categorize this group of patients, in order 
to personalize follow-up and management in each subject and thus achieve better 
functional and anatomic outcomes [9]. 

2. Pathogenesis

The main disease mechanism would be driven by cell-mediated autoimmunity
directed against melanocyte-related proteins, which are located mainly in the uveal 
tissue, skin, and CNS. A significant body of evidence has been published regarding 
the role of genetic associations. The human leukocyte antigen (HLA) appears as a 

9 



  
  

 
   

  

 
 

 
  

 
 

 
 

 

 
 

  

 

   

          
 

 

Advances in the Diagnosis and Management of Uveitis 

risk factor for VKH, and particularly HLA-DR alleles have shown more consistent 
data [10, 11]. Moreover, several associations with certain polymorphisms have 
been reported in Chinese population. In this regard, important advances regarding 
the role of genetic background in VKH have been introduced by Yang et al. This 
group has been extensively studying different polymorphisms in VKH in Chinese 
population [12]. 

Regarding the role of the immune system in VKH pathogenesis, CD4 + lympho-
cytes and key cytokines—such as interleukin-2 and interferon gamma—appear 
to play central roles in the development of autoimmunity against melanocyte-
associated proteins [13–15]. 

3. Clinical findings 

A prodromal stage may precede the ocular involvement. This stage is character-
ized by tinnitus and meningismus, which may include nausea, vomiting, stiffness 
of the neck and back, as well as headache as a frequent symptom. However, despite 
its high frequency, headache cannot be considered as a sufficient criterion for the 
definition of meningismus. By this stage, if lumbar puncture is performed, it may 
be returned with pleocytosis [3, 16]. 

After this prodromal phase of neurological findings, the disease continues 
toward ocular involvement, presenting bilateral acute panuveitis, with a low grade 
of anterior chamber cells and vitreous haze, and diffuse choroiditis, associated with 
exudative retinal detachments and optic disc swelling [1, 16–18] (Figure 1). 

Following this initial uveitic phase, a significant group of patients may develop 
chronic granulomatous inflammation, and progressive depigmentation of the 
fundus resulting in “sunset glow fundus” appearance and/or chorioretinal atrophy 
(Figure 2). These clinical findings frequently result from insufficiently treated 
or from a late diagnosis, and they have been associated with poorer functional 
outcomes [19–21]. 

Experimental studies have reported choroidal infiltration of activated lympho-
cytes in patients with “sunset glow fundus,” suggesting a persistent low grade of 
subclinical inflammation, which may be implicated in the mechanism of autoim-
mune-mediated ocular depigmentation and atrophy [22, 23]. 

In addition, integumentary findings may be seen in some patients. In this regard, 
alopecia, poliosis, and vitiligo are classic signs related to pathological autoimmune 
response directed to pigmented tissues (Figure 3). 

Figure 1. 
Color fundus photo showing extensive areas of subretinal fluid and bullous serous retinal detachment in a 
37-year-old female with VKH. 
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Figure 2. 
Extensive fundus depigmentation in a VKH patient after 1 year of disease onset. Note the characteristic “sunset 
glow” appearance of the fundus. 

Figure 3. 
Integumentary findings in VKH patients. (A) Areas of vitiligo in the perioral area and (B) poliosis in two 
adult patients with VKH. 

4. Diagnosis 

Diagnosis of VKH involves a comprehensive ophthalmic evaluation, in order to 
confirm the presentation of characteristic findings described above. Importantly, 
the bilateral nature of the condition and the presence of panuveitis, with areas of 
subretinal fluid and/or retinal detachments, as well as the inexistence of evidence 
of alternative diseases are hallmarks of the set of standardized diagnostic criteria 
previously published (Table 1) [3, 9, 24]. In that sense, the presence of integu-
mentary and/or neurological findings defines the category of diagnosis (probable 

1. No previous history of penetrating ocular trauma or surgery 

2. No clinical/laboratory evidence suggestive of another ocular condition 

3. Ocular findings: bilateral ocular involvement (a or b must be present): 

a. Early manifestations: 

a.1. Diffuse choroiditis, which may manifest as one of the following: focal areas of subretinal fluid and 
bullous serous retinal detachment 

a.2. With equivocal fundus findings, both of the following must be present: characteristic fluorescein retinal 
angiogram findings (focal areas of delay on choroidal perfusion, multifocal areas of pinpoint leakage, large 
placoid areas of hyperfluorescence, pooling within subretinal fluid, optic nerve staining) and diffuse 
choroidal thickening without evidence of posterior scleritis on ultrasonography 
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b. Late manifestations: 

b.1. History suggestive of prior presence of early manifestations and either both b.2 and b.3 findings or 
multiple signs from b.3 

b.2. Ocular depigmentation (either of the following is sufficient): sunset glow fundus or Sugiura sign 

b.3. Other ocular signs: nummular chorioretinal scars, retinal pigment epithelium clumping and/or 
migration, or recurrent/chronic anterior uveitis 

4. Neurological/auditory findings: 

a. Meningismus 

b. Tinnitus 

c. Pleocytosis on cerebrospinal fluid 

5. Integumentary findings (not preceding ocular and neurological involvement): 

a. Alopecia 

b. Poliosis 

c. Vitiligo 

Diagnostic categories (criteria 1 and 2 must be always present): 

1. Complete: ocular plus neurological/auditory plus integumentary findings 

2. Incomplete: ocular plus either neurological/auditory or integumentary findings 

3. Probable: only ocular findings 

*Modified from Read et al. [3]. 

Table 1. 
Revised diagnostic criteria for Vogt-Koyanagi-Harada disease*. 

if only ocular findings are found, incomplete if at least an extraocular criteria is 
documented, and complete if all the extraocular criteria may be found) [3, 4, 25]. 

Despite these previously published diagnostic criteria, a moderate agreement 
among uveitis experts has been recently reported for the diagnosis of VKH, with a 
calculated kappa coefficient of 0.4 [25]. 

5. Treatment 

The cornerstone of the therapy corresponds to the use of systemic corticoste-
roids (CS), based on the following principles: early treatment initiation, intensive 
(initial dose of prednisolone/prednisone of 1 mg/kg/day, with a maximum dose of 
80 mg/day), and prolonged (at least 6 months) [27, 28]. 

Despite this aggressive therapy with systemic CS, a significant proportion of 
VKH patients present refractoriness, remaining with active inflammation and thus 
requiring immunomodulatory therapy (IMT) [9]. This subset of refractory patients 
has better functional outcomes if an earlier IMT is indicated [9]. 

Therefore, an early CS-response categorization should be carried out, in order 
to distinguish and to separate subjects with a potential benefit of early IMT initia-
tion. In that sense, some clinical predictive factors of GC refractoriness have been 
described, such as baseline VA ≤ 20/200, fundus depigmentation at diagnosis, and 
chronic disease, which are important facts to be considered in the context of an 
appropriate VKH initial evaluation [9]. 

Currently, a trend to the use of IMT, as first-line therapy, has been observed, 
with no preference in terms of a specific immunosuppressant [29]. 
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6. Novel biomarkers of treatment response and disease activity 

As stated above, systemic CS play a significant role for the management of VKH 
patients. CS have been broadly used for autoimmune and inflammatory diseases. 
It is a family of lipophilic medications that has its main mechanism of action at 
the level of the cellular nucleus, interacting directly with the DNA, enhancing or 
repressing gene expression [30]. 

Some significant developments have been published regarding potential bio-
markers of treatment response based on the glucocorticoid receptor (GR), which 
is a ligand-dependent transcriptional factor [30]. Urzua et al. have found a distinct 
expression profile of GR isoforms that allows to categorize GC response as early as 
2 weeks [26]. This laboratory-based approach is based on the quantification of mRNA 
levels of GR isoforms in two time points and a ratio calculation between both mea-
surements. Furthermore, an in vitro assay has been developed, using a similar strategy 
based on GR expression measurements after in vitro manipulation of immune cells of 
VKH patients. In that sense, a single blood sample is required, and patient compliance 
is not mandatory since sampling for a second time or a CS systemic therapy is not 
required to perform the experiments (Urzua et al., data not published). 

As previously described VKH may present with episodes of subclinical inflam-
mation in which, despite clinical examination may appear with no disease activ-
ity, there is evidence of inflammatory foci at the level of choroid, using ancillary 
testing [17]. Although there have been efforts to standardize clinical examination 
in patients with uveitis, some issues remain, mainly related to the accuracy of 
measurements and subjectivity, especially with the clinical quantification of flare 
and vitreous inflammation [31, 32]. In that sense, a novel laboratory-based tool to 
categorize disease activity in VKH patients has been recently initiated. Following 
previous reports regarding the utility of GR quantification to evaluate treatment 
response in VKH, a protein implicated in this pathway has been studied as a candi-
date biomarker. A phosphatase of the MAPK pathway has been evaluated in differ-
ent in vitro experimental conditions, and it has been found to have an association 
between its expression profile and disease activity in VKH patients (Urzua et al., 
data not published). 

Significant evidence has been published regarding potential biomarkers for 
disease activity. In that sense, Yang et al. have reported a higher expression of 
NOD1/NOD2 and osteopontin (a matricellular protein) in patients with active VKH 
in comparison with healthy controls and inactive VKH [33, 34]. 

These promising biomarkers may help clinicians to make decisions in an inflam-
matory condition, which can present with significant choroidal inflammation with 
the absence of clinical evidence of active inflammation, with a resulting worsening 
in prognosis, in terms of sunset glow fundus and visual outcomes [21]. 
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Chapter 3

Behcet’s Disease
Karina Julian and Bahram Bodaghi

Abstract

Defined as a systemic vasculitis developing in a particular genetic back-
ground, uveitis is one of the hallmarks to diagnose Behcet’s disease and also one
of the important clinical criteria to start systemic treatment. Isolated anterior
non granulomatous uveitis with hypopyon, even though a classic clinical picture,
actually develops in a minority of cases. In most patients, uveitis is posterior,
associated to small vessel occlusive retinal vasculitis, carrying a high risk of per-
manent retinal damage and subsequent severe visual loss. The guarded natural
prognosis of the disease has positively changed in the last decennials with the
introduction of biologic immunosuppressant agents in the field of uveitis. Vision
can be preserved in most cases provided a prompt early diagnosis and adequate
therapy. The potential role of oral bacteria as a triggering factor for autoinflam-
mation in predisposed hosts is interesting, opening the door to prevention in this
still not well-understood severe uveitis.

Keywords: hypopyon uveitis, occlusive vasculitis, retinitis, retinal atrophy,
immunosuppressants

1. Introduction

Named after the Turkish ophthalmologist, Hulusi Behcet (who described in 1937 
the classic triad of oral aphthosis, genital ulcers, and hypopyon uveitis) [1], Behcet’s
disease (BD) is a systemic relapsing obliterative vasculitis, affecting arteries, veins, 
and mainly capillaries. Even though almost all organs can eventually be involved, 
the compromise of the central nervous system (CNS) and eye makes the disease’s
prognosis guarded and usually urges to start proper treatment.

There is no specific test to diagnose Behcet’s disease: by definition, its diag-
nosis is a clinical one. In 1990, the International Study Group for Behcet’s disease
established a set of diagnostic criteria in an attempt to unify the five different ones
used by that time [2]. They required the presence of oral ulcerations plus any two
of genital ulcerations, typical defined eye lesions, typical defined skin lesions or a
positive pathergy test.

Far from being solved, the debate on the diagnostic criteria is still active, and 
many other sets have been proposed. Among them, the Behcet’s Disease Research
Committee of Japan defines the diagnosis as complete or incomplete upon the pres-
ence of major and minor symptoms (Table 1) [3]. The Dilsen criteria (revised in
2000) seems more suitable to the European patients suffering from Behcet’s disease
(Table 2) [4, 5].
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many other sets have been proposed. Among them, the Behcet’s Disease Research 
Committee of Japan defines the diagnosis as complete or incomplete upon the pres-
ence of major and minor symptoms (Table 1) [3]. The Dilsen criteria (revised in 
2000) seems more suitable to the European patients suffering from Behcet’s disease 
(Table 2) [4, 5]. 
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1. Major symptoms 

(a) Recurrent aphthous oral ulcers 

(b) Skin lesions: erythema nodosum-like lesions, thrombophlebitis, folliculitis, and cutaneous hypersensitivity 

(c) Ocular symptoms: iridocyclitis, retinitis, and sequelae of uveitis 

(d) Genital ulcers 

2. Minor symptoms 

(a) Arthritis 

(b) Intestinal Behcet’s disease 

(c) Epididymitis 

(d) Vascular lesions 

(e) Neurologic lesions 

3. Examination 

Pathergy test 

4. Diagnosis 

A. Complete type: all four major symptoms present 

B. Incomplete type: 

• Three major symptoms present 

• Two major and two minor symptoms present 

• Ocular symptoms and one other major symptom present 

• Ocular symptoms and two minor symptoms present 

Table 1. 
Behcet’s Disease Research Committee of Japan: diagnostic criteria. 

Three out of the five following criteria are required to diagnose Behcet’s disease 

1. Recurrent oral ulcers 

2. Recurrent genital ulcers 

3. Skin lesions 

4. Eye lesions 

5. Thrombophlebitis 

(+) Skin pathergy test 

Always exclude other causative factors 

Table 2. 
Behcet’s disease: the Dilsen criteria. 

2. Clinical picture 

2.1 Non-ocular disease 

Almost every organ and system can eventually be affected by this severe vascu-
litis. Painful, recurrent oral and genital ulcers are so frequent that their presence is 
part of the diagnostic criteria [6]. Other skin manifestations are papulopustules, 
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acneiform dermatitis, and erythema nodosum [7]. Arthritis is also a common mani-
festation of the disease [8]. Gastrointestinal involvement affects around 3–30% of 
cases with symptoms overlapping inflammatory bowel disease [9]. Central nervous 
system (CNS) involvement can touch almost 31% of patients and makes the progno-
sis guarded [10]. Venous thrombosis and arterial aneurysms are present in around 
25% of cases [11]. 

2.2 Ocular disease 

The classic clinical picture is the one of recurrent, bilateral, non-granulomatous 
posterior or panuveitis with retinal vasculitis. This is the case for almost 80% of 
patients, while in around 10% disease manifests as anterior, non-granulomatous 
uveitis with hypopyon and eventually synechiae (Figure 1) [12]. 

Disease seems to be more severe in males, and ocular pain, redness, photopho-
bia, and blurred vision are almost always present. 

Retinitis is also a classic and sight-threatening manifestation of posterior seg-
ment involvement, leading most of the time to retinal atrophy. Indeed, Behcet’s 
disease is one of the differential diagnoses of macular atrophy related to uveitis 
(Figure 2) [13]. 

Retinal vasculitis is the hallmark of the disease, it is obliterative in nature, it 
affects both arteries and veins, and, most importantly, it involves the capillaries [14]. 

Behcet’s disease is mainly a capillaropathy, being fluorescein angiography (FA) 
essential to its proper diagnosis and management. FA will better delineate areas of 
non-perfusion (Figure 3), capillary leakage (Figure 4), and vascular remodeling. 
The “fern-leaf”-shaped leakage pattern from capillaries, even though not pathogno-
monic, is highly evocative of BD (Figure 5). 

Given the highly vascularized nature of choroidal tissue, it is not surprising to 
see choroidal involvement during active disease. Indocyanine green angiography 
(ICGA) shows irregular filling of the choriocapillaris, choroidal filling defects, and 
dye leakage from choroidal vessels [15]. Enhanced depth imaging optical coherence 
tomography (EDI-OCT) shows increased subfoveal choroidal thickness even in eyes 
without evident uveitis activity, making this finding a possible indicator of subclini-
cal ocular inflammation in patients with BD [16]. 

Optic neuropathy (ON), although considered a rare manifestation of Behcet´s 
disease, might actually be overshadowed by uveitis’ complications. It can appear 
during the course of already known BD (and should be considered as part of the 
neuro-BD disease spectrum), or it can even be the first manifestation of the disease 
(BD should then be kept in mind as a differential diagnosis of optic neuropathy 

Figure 1. 
Hypopyon and nasal synechiae in the left eye of a young patient suffering from acute reactivation of anterior 
uveitis related to Behcet’s disease. 
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Figure 2. 
Horizontal OCT scan from the right eye of a patient with advanced Behcet’s disease posterior uveitis. 
Generalized retinal atrophy and retinal pigment hypertrophy are seen. 

Figure 3. 
Late-frame fluorescein angiography showing extensive peripheral areas of retinal non-perfusion affecting the 
inferior temporal area of the right eye. 

Figure 4. 
Early frame fluorescein angiography of the right eye of a patient suffering from Behcet’s disease 
retinal vasculitis. Areas of capillary leakage are present as well as peripheral ischemia and optic disc 
hyperfluorescence. 
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Figure 5. 
Late-frame fluorescein angiography of the right and left eye from a patient suffering from Behcet’s disease 
associated with retinal vasculitis. Typical “fern-leaf” pattern of capillary leakage is present. 

in regions where its prevalence is high) [17]. The prognosis of BD-associated ON 
seems not to be as poor as the one of BD uveitis, with excellent response to the 
combination of corticosteroids and immunosuppressants and recovery as the rule 
[18, 19]. However, the use of cyclosporine should be avoided in these cases since it 
could promote the development of neurologic involvement [20]. 

3. Etiology and pathogenesis 

Despite years of research, BD remains idiopathic. Even though there are sporadic 
cases all around the world, disease is more prevalent along the ancient silk route and 
in countries located between 30 and 45 north latitude through the Mediterranean 
Basin, the Middle East, and Far East regions such as China and Japan [21]. This 
particular geographic distribution points toward a genetic predisposing factor. The 
high frequency of HLA-B51 among a wide range of affected ethnic populations 
highlights the importance of a special genetic background: even though not consid-
ered as part of the diagnostic criteria, the positivity of HLA-B51 increases the risk of 
BD in around six times [22]. 

Besides the classic and well-known predisposition to BD associated with HLA-
B51 positivity, new insights on disease’s pathogenesis came out from genome-wide 
association studies (GWAS). The disruption of different biological pathways 
might determine the intrinsic biological process in multifactorial diseases, as 
BD. Six biologic pathways have been recently identified as possible mechanisms 
in the pathogenesis of BD:focal adhesion pathway, MAPK (mitogen-activated 
protein kinase) signaling, TGF (transforming growth factor) beta signaling, 
ECM-receptor interaction, complement and coagulation cascades and proteasome 
pathways [23]. 

Then, on this special genetic background, environmental factors might play a 
role as triggers for disease development. Infectious agents have been postulated 
as these triggering factors. Recently, a relationship between periodontal disease 
and specific polymorphisms of interleukin (IL)-1alpha and (IL)-1beta in Turkish 
patients with BD was reported, making periodontitis-induced autoinflammatory 
response a candidate for the development or severity of BD via IL-1 gene alteration 
[24]. Improvement of oral health among this high-risk population might affect BD 
course, leading to a better prognosis [25]. 
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Neutrophils’ activation plays a predominant role in BD; this is evidenced 
through the positivity of pathergy test, one of the diagnostic criteria for the disease 
[2, 26]. The activation of the innate immune system against environmental and/ 
or autoantigens in this particular genetic background is then perpetuated by the 
adaptive immune system [27]. 

4. Diagnosis and differential diagnosis 

As it was already stated, diagnosis is clinical and based on the presence of differ-
ent combinations of symptoms and signs. In the acute attack, patients usually show 
raised inflammatory acute reactants (sedimentation rate and C-reactive protein) 
and high levels of white blood cells, mainly neutrophils [28, 29]. 

HLA-B51 is positive in around 50–70% of cases even though not necessary for 
the diagnosis [22, 30]. 

Differential diagnosis of hypopyon uveitis encompasses HLA-B27 associated, 
endogenous/exogenous endophthalmitis, toxic anterior segment syndrome (TASS) 
after cataract surgery, and masquerade syndromes [31–35]. BD-associated retinal 
vasculitis is unique in its predilection for capillaries but a similar picture can even-
tually be found in cases of HLA-B27 posterior uveitis with retinal vasculitis [36–39]. 

5. Treatment 

Topical treatment is reserved for the minority of cases in which anterior uveitis 
is the only ocular disease manifestation. Prednisolone acetate with or without 
cyclopentolate is usually enough to stop episodes of anterior non-granulomatous 
uveitis. However, if these attacks are frequent or inflammatory quiescence requires 
more than three drops per day of prednisolone acetate for long periods, systemic 
treatment should be initiated. 

The majority of cases presenting with posterior uveitis will require systemic 
treatment to control the sight-threatening manifestations of the disease. 

High-dose systemic corticosteroids (1 g intravenous of Solu-Medrol or 1 mg/kg/ 
day of oral prednisone) are useful in severe acute inflammatory attacks. However, 
they should not be administered alone given the high risk of flare up while tapering 
and the side effect profile of high doses [40]. 

Azathioprine and cyclosporine have both shown to be effective in BD’s uveitis 
in two different randomized clinical trials (RCT) [41–43]. In many cases, a single 
agent is not enough to control uveitis, and a combination of them is administered. 
Drugs are usually well tolerated in long term, providing the proper check of their 
own side effects’ profile is performed (liver toxicity for azathioprine, renal toxic-
ity for cyclosporine). The likelihood of patients on cyclosporine to develop CNS 
complications should be kept in mind, and the drug is not recommended in the 
management of BD’s associated optic neuropathy [44]. 

High levels of tumor necrosis factor (TNF) alpha are present in BD’s uveitis [45]. 
The blockage of this inflammatory pathway is therefore a very effective approach 
to disease control. Infliximab (a chimeric monoclonal antibody against TNF alpha) 
and adalimumab (a fully humanized monoclonal antibody) are both widely used 
in the treatment of BD-associated posterior uveitis with high rates of success [46]. 
Adalimumab has the advantage of subcutaneous administration, theoretically 
improving patients’ quality of life [47]. 

Other anti-TNF alpha molecules, such as certolizumab pegol and golimumab, 
have also shown positive results in small case series of BD’s uveitis [48, 49]. 
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Interferon alpha-2ª is a very effective biologic treatment for BD’s associated 
posterior uveitis [50]. Subcutaneously administered, it has rapid positive effect 
and also long relapse-free period making prophylactic maintenance treatment 
unnecessary [51, 52]. Drug is administered as a monotherapy after discontinuation 
of all previous immunosuppressive drugs (including corticosteroids). However, the 
associated flu-like syndrome limits the use of this important agent in the manage-
ment of BD’s uveitis. 

Cytotoxic agents (chlorambucil and cyclophosphamide) were in the past the 
drug of choice for this severe form of uveitis [53, 54]. Nowadays, however, given the 
more specific and less toxic agents available, they are only used in those settings 

Intravitreal steroids (either triamcinolone acetonide, fluocinolone, or dexameth-
asone implant) are adjuvant rescue treatment in recalcitrant cases not responding 
to systemic medication or whenever systemic medication is contraindicated [55]. 
Their effect is always transitory and associated with the risk of local complications 
(mainly cataract and glaucoma). 

6. Prognosis 

Visual prognosis is directly related to anatomical location of inflammation and 
rapid introduction of proper treatment. The minority of cases manifesting only by 
anterior uveitis usually shows excellent visual prognosis. Posterior uveitis, however, 
might be sight-threatening even if only one acute attack involves the macula. The 
development of modern biologic agents has positively changed the natural guarded 
prognosis of this disease even though there is still a low proportion of cases that will 
not respond to different combinations of treatment. 
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Chapter 4

Viral Retinitis: Diagnosis and 
Management Update
Abhinav Dhami and Ravinder Kaur Malhi

Abstract

Cytomegalovirus, herpes simplex, and herpes zoster are responsible for the
majority of cases of viral retinitis and can occur in both healthy and immunocom-
promised or immunodeficient individuals. Herpes zoster has been strongly incrimi-
nated as a causal agent in acute retinal necrosis in immunocompetent patients. 
Epstein Barr virus has been described in various ocular inflammatory diseases
including multifocal choroiditis in healthy patients. In immunocompromised or
immunodeficient patients, various opportunistic viral infections can occur; the
most common being cytomegalovirus (CMV) infection. Other less common viruses
causing retinal infections include herpes simplex virus (HSV) and varicella zoster
virus (VZV). The vision-threatening complications associated with infectious viral 
disease are disastrous in nature due to rapid progression. The inability to control 
this viral retinitis requires early detection by the clinician with prompt and aggres-
sive initiation of the drug therapy to prevent complications.

Keywords: acute retinal necrosis, herpes zoster, herpes simplex, cytomegalovirus

1. Introduction

Viral retinitis is an important vision threatening infectious disease of the retina
which can occur in both immunocompetent and immunocompromised or immu-
nodeficient acquired immunodeficiency syndrome (AIDS) individuals. In immu-
nocompetent patients, acute retinal necrosis (ARN) has been recognized as a vision
threatening inflammation caused primarily by herpes group of viruses while Epstein
Barr virus (EBV) is associated with various ocular inflammatory diseases including
multifocal choroiditis in healthy patients [1]. The immunocompromised or immuno-
deficient patients are predisposed to a higher risk for viral infections with the most
common being cytomegalovirus (CMV) infection and the less commonly affecting
viruses include herpes simplex virus (HSV) and varicella zoster virus (VZV) [1].

2. Acute retinal necrosis

It is characterized by the initial onset of episcleritis or scleritis, periorbital pain,
and anterior uveitis, which may be granulomatous or stellate in appearance and lead to
decreased vision resulting from vitreous opacification (Figure 1a), necrotizing retinitis,
and, in some cases, optic neuritis or neuropathy. The American Uveitis Society released
its criteria for diagnosis of acute retinal necrosis syndrome in 1994 (Table 1) [2]. Takase
et al. [3] described a newer diagnostic criteria which includes: six ocular findings in the
early stage, five clinical courses, and the virologic tests of intraocular fluids.
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nocompetent patients, acute retinal necrosis (ARN) has been recognized as a vision 
threatening inflammation caused primarily by herpes group of viruses while Epstein 
Barr virus (EBV) is associated with various ocular inflammatory diseases including 
multifocal choroiditis in healthy patients [1]. The immunocompromised or immuno-
deficient patients are predisposed to a higher risk for viral infections with the most 
common being cytomegalovirus (CMV) infection and the less commonly affecting 
viruses include herpes simplex virus (HSV) and varicella zoster virus (VZV) [1]. 

2. Acute retinal necrosis

It is characterized by the initial onset of episcleritis or scleritis, periorbital pain, 
and anterior uveitis, which may be granulomatous or stellate in appearance and lead to 
decreased vision resulting from vitreous opacification (Figure 1a), necrotizing retinitis, 
and, in some cases, optic neuritis or neuropathy. The American Uveitis Society released 
its criteria for diagnosis of acute retinal necrosis syndrome in 1994 (Table 1) [2]. Takase 
et al. [3] described a newer diagnostic criteria which includes: six ocular findings in the 
early stage, five clinical courses, and the virologic tests of intraocular fluids. 
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Figure 1. 
(a) Fundus photo of left eye showing media haze with vitritis, (b) herpes zoster lesions on the scalp, (c) 
peripheral fundus pictures showing deep yellowish white patches, in the peripheral retina and spreading 
concentrically with adjoining active vasculitis, and (d) resolution of the whitish lesion with valacyclovir 1 g 
TDS after 6 weeks. 

Required clinical criteria Supporting clinical criteria 

One or more foci of retinal necrosis with discrete borders, 
located in peripheral retina 

Optic neuropathy/atrophy 

Rapid progression of disease in the absence of therapy Scleritis 

Circumferential spread of disease Pain 

Evidence of occlusive vasculopathy and arteriolar 
involvement 

A prominent inflammatory reaction in the vitreous and 
anterior chamber 

Table 1. 
American uveitis society criteria for diagnosis of acute retinal necrosis. 

2.1 The six ocular findings include 

(1a) Presence of anterior chamber cells or mutton-fat keratic precipitates. 

(1b) Presence of yellow-white lesion in the peripheral retina (granular or patchy 
in the early stage, then gradually merging. 

(1c) Associated retinal arteritis. 

(1d) Presence of hyperemic optic disc. 
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(1e) Presence of inflammatory vitreous opacities. 

(1f) Associated elevated intraocular pressure (IOP). 

2.2 The five clinical courses include 

(2a) Rapid expansion of retinal lesion circumferentially. 

(2b) Development of retinal breaks or retinal detachment. 

(2c) Associated retinal vascular occlusion. 

(2d) Associated optic atrophy. 

(2e) Response to antiviral agents. 

2.3 Virologic testing 

It consists of the intraocular fluid analysis by using PCR or the Goldmann-
Witmer (GW) coefficient for HSV-1, HSV-2, or VZV. A “virus-confirmed ARN” was 
defined as the presence of ocular findings in stage 1a and 1b, the presence of any one 
of the five clinical courses, and a positive virologic test result. A “virus-unconfirmed 
ARN” was defined by them as the presence of four of six early stage ocular find-
ings including 1a and 1b, presence of any two of the five clinical courses, a negative 
virologic test result, or when virologic testing had not been performed [3]. 

Clinical appearance of retinitis is deep yellowish white patches, typically begin-
ning in the peripheral retina and spreading concentrically and towards the posterior 
pole (Figure 1c and d). An active vasculitis (Figure 1a) is present, with perivascular 
hemorrhages, sheathing, and terminal obliteration of arterioles by thrombi lasting 
about 4–6 weeks [4, 5]. 

Frequently the necrotic and normal retinal edge acts a site for developing fresh 
retinal breaks, with a 75% risk for developing rhegmatogenous retinal detachment 
(RRD) in untreated eyes [6]. Systemically these patients have a risk for developing 
meningoencephalitis and a neurologic symptoms should be borne in mid while 
treating such patients [7, 8]. 

3. Etiology 

Considerable evidence points to multiple members of the herpesvirus family in 
the etiology of ARN syndrome with VZV (Figure 1b) [7] being the leading cause 
followed HSV [9] and rarely by CMV and EBV [10]. 

3.1 Histopathology 

Studies of blind eyes enucleated early in the course of ARN have demonstrated 
retinal necrosis with eosinophilic intranuclear inclusions within cells of all layers of 
retina and retinal pigment epithelium. Immune complex deposition for VZV and 
HSV antigen can be noted in the retinal vessels [11]. 

The differential diagnosis that need to be rules out include CMV retinopathy, 
syphilitic retinitis, toxoplasmosis, large cell lymphoma, hemorrhagic vasculitis and 
Progressive outer retinal necrosis [10]. 
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ARN is a syndrome whose clinical diagnosis is established on the basis of the 
evolving signs and symptoms, which may be pathognomonic in many cases, but in 
atypical cases ancillary clinical history or laboratory tests help in supporting and 
identifying the diagnosis [1, 2]. The patient’s level of immunocompetence has to 
be determined, as this adds knowledge of the seropositivity to HIV and syphilis 
and may help to establish an appropriate and specific diagnosis. The most sensi-
tive and specific method for the detection of herpes viruses in vitreous specimens 
is the polymerase chain reaction (PCR) [3–7]. Genomic DNA of human herpes 
virus (HHV), toxoplasma, bacteria, and fungi can be measured in the aqueous 
humor and vitreous fluids using of two independent PCR assays either a qualitative 
multiplex PCR or a quantitative real-time PCR and secondly a broad-range real-
time PCR. The multiplex PCR can qualitatively measures the genomic DNA of eight 
different types of HHVs: (HSV) type 1 (HHV-1), HSV-2 (HHV-2), (VZV; HHV-3), 
Epstein-Barr virus (EBV; HHV-4), CMV (HHV-5), HHV-6, HHV-7, HHV-8, and 
toxoplasma [3]. PCR is now capable of detecting a single varicella zoster with a 
positivity of 86.4% and it was noted that aqueous sample yields a lesser chance for 
detection of virion in comparison to vitreous biopsy [12, 13]. 

Takase et al. [3] observed the overall rate of positive results of PCR for HSV-1, 
HSV-2, or VZV was 95% for ARN and 8% for control uveitis, a difference that 
was statistically significant [3]. In cases in which PCR is negative but a high clini-
cal suspicion, endoretinal biopsy and a central spinal fluid tap has been deemed 
more appropriate. Taking the biopsy from the transition zone between normal and 
necrotic retina during the acute phase of the disease greatly increases its diagnostic 
yield [12]. Another method for detection of intraocular viral infection can be 
achieved by measuring the viral antibody titers (FA) in serum and intraocular fluids 
and then calculating the quotient ratio (Q value or Goldmann-Witmer coefficient). 
If the Goldmann-Witmer coefficient of 1 or above is obtained, it is establishes proof 
of intraocular specific antibody production, hence intraocular infection should be 
suspected. However, the positivity of the Goldmann-Witmer coefficient can vary 
with time and from onset of ARN syndrome [3, 14]. 

4. Prognosis and treatment 

Literature states that a generally poor prognosis in untreated eyes is expected in 
eyes with classic ARN syndrome and only 28% of affected eyes end up obtaining a 
final vision better than 20/200 as there are coexistent risks of RRD (75% of affected 
eyes), optic nerve dysfunction, or macular abnormality [6]. 

In the recent era of antiviral therapy and vitrectomy techniques have enabled 
in decreasing the level of vision loss associated with ARN to less than one-third of 
cases in recent years [15]. However, the use of prophylactic laser photocoagulation 
has become more controversial than it was in the past [16]. The comparison of 
lasered and non-lasered eyes as analyzed by Roy et al. [17], concluded that many 
eyes with severe ARN with the presence of vitreous inflammatory opacifica-
tion usually preclude the application of laser, whereas eyes with mild ARN with 
relatively clear media allows the application of laser. They noted that prophylactic 
laser retinopexy failed to prevent secondary RD and found no protective role in 
preventing RRD’s even after laser retinopexy, because the involved retinal area 
continues to extend posteriorly beyond the demarcation of the laser burns. It 
was concluded that eyes in which laser treatment was possible, obviously had 
less retinitis and hence vitritis, which ultimately gave them a better final visual 
prognosis [17]. 
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5. Treatment 

(1g)Acyclovir is given intravenously for 5–10 days of 1500 mg/m2/day in three 
divided does with normal renal function tests. This is followed by oral acyclovir 
dose 800 mg (orally) 5 times daily for 6 weeks. The side-effects which close 
monitoring include decreased renal function, gastrointestinal irritation, phlebitis, 
central nervous system dysfunction, and hypersensitivity reactions. The most 
potent antiviral action is against VZV, HSV types 1 and 2, EBV, but a low activity has 
been noted in various studies against CMV [17]. 

(1h) Valacyclovir [l-valyl ester of acyclovir], has better bioavailability and is 
used in the doses of 1 g three times a day for 6–8 weeks. Treatment algorithms as 
cited in literature used oral valacyclovir 1 g 3 times daily, oral famciclovir 500 mg 
3 times daily, or valganciclovir 450–900 mg 2 times daily until complete resolution of 
retinitis was observed [17, 18]. Renal function need to be monitored for all antivirals 
are administered on a long-term basis, especially in extremes of age. 

(1i) Adjunctive role for intravitreal antiviral medication in the treatment of ARN 
syndrome has been explored in early remission of the retinitis. The original dose 
of ganciclovir used was 200 or 400 mcg in 0.1 ml, but nowadays the dose is 2 mg 
in 0.05–0.1 ml. The injections are given on a weekly basis. Intravitreal foscarnet in 
humans at a dose of 2.4 mg in 0.1 ml has also been reported to be safe and effective in 
treating retinitis caused by cytomegalovirus followed with a maintenance dose once 
a week, with a close monitoring for optic and retinal toxicity. Intravitreal therapy 
forms a part of palliation therapy for patients who are unable to tolerate or refuse 
systemic treatment, or as an adjunct in severe disease. However, studies have demon-
strated efficacy as good as or better than intravenous treatment [18, 19]. 

(1j) Systemic corticosteroids also may limit intraocular inflammation and the 
vitreous reaction, but are generally begun only after 24–48 h of intravenous acyclo-
vir/oral valacyclovir [20]. 

(1k) The combination of systemic and intravitreal therapy has been reported as 
new a treatment paradigm for patients with ARN. Flaxel et al. conducted a com-
parative case series and analyzed in 24 patients with ARN treated over a 20-year 
period. They had 12 patients in the study who received combination systemic and 
intravitreal antiviral therapy while 12 patients received only systemic therapy alone. 
Patients receiving combination therapy showed a higher incidence of two-line-or-
greater visual acuity and decreased incidence of RD and severe visual acuity loss 
to 20/200 or poorer when compared to patients who received systemic antiviral 
alone and similar results were obtained by Wong et al. and Megphara et al. They 
concluded that patients that with moderate disease (i.e., 25–50% retina involved) 
usually showed better results. However, Tibbetts et al. found no statistically sig-
nificant difference in the visual acuity and prevalence of retinal detachment with 
combination therapy [21]. 

In recent years the use of adjunctive intravitreal antivirals has increased as it 
enables a high concentration of antiviral agent to reach where it is needed most. 
Intravitreal foscarnet was used in 46.7% of patients by TF Cochrane et al. in their 
study and linked its use with a no specific reduction in the rate of retinal detach-
ment versus eyes treated without intravitreal therapy. No specific guidelines have 
been outlined with the use and number of injections required for controlling the 
viral retinitis [13, 17, 18]. 
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Kawaguchi et al. described an algorithm where they used combination of 
antiviral, anti-inflammatory and antithrombotic treatment depending on virus 
isolated. They suggested that higher doses of systemic acyclovir (10 vs. 15 mg/kg), 
oral prednisolone (30 vs. 40–60 mg/d) and aspirin (100 vs. 200–300 mg/d) should 
be given to those with VZV ARN [13]. Till date no specific trial has validated the 
efficacy of virus specific. 

Treatment and all current treatment options available for ARN are based on 
anecdotal evidence. 

Before the antiviral management the reported incidence of second eye involve-
ment was 36% in ARN patients, usually within 6 weeks. However with better 
management, most of the recent studies conclude a fellow-eye involvement rate 
of around 3% with appropriate antiviral treatment [6, 18]. The duration for which 
the systemic treatment should be continued to prevent fellow-eye involvement is 
not well established in literature. The risk is believed to be decrease if therapy is 
continued for 6–12 weeks. The incidence of bilateral ARN reported in literature has 
been as late as 34 years after the first eye became affected [18]. The syndrome of 
ARN is a potentially visually devastating disorder with multifactorial pathogenesis. 
Its successful management depends on further advances in antiviral chemotherapy, 
control of the ischemic vasculopathy, and prevention of proliferative vitreoreti-
nopathy [1, 5, 22]. 

To conclude ARN is a rare but potentially visually devastating condition 
and both qualitative and quantitative real-time PCR testing may be used both 
to ascertain the etiology of ARN and to assess the response to therapy. During 
the last few years the first-line of therapy has been the use of oral prodrugs 
valacyclovir, famciclovir and valganciclovir which has gained popularity because 
the patients do not have to be hospitalized with oral therapy in contrast to intra-
venous therapy and thus preventing the devastating complications. It is still a 
matter of debate from most of the studies whether and where all prophylactic 
laser is deemed beneficial in preventing RRD. Intravitreal antiviral therapy acts 
in supportive role in combination with the oral antiviral therapy for better visual 
outcomes. 

6. Cytomegalovirus retinitis 

CMV is ubiquitous entity and its seroprevalence rises from nearly 60% in patients 
6 years or older to greater than 90% in individuals more than 80 year of age [23]. 

In immunocompetent individuals the initial infection with CMV causes 
minimal symptoms, although an associated mononucleosis-like syndrome can be 
a presentation. Cell-mediated immunity helps to control the virus and prevents 
specific organ disease in all, but may affect a few patients [24]. However, in 
the presence of advanced immunosuppression, such as AIDS, history of organ 
transplantation with iatrogenic immunosuppression, autoimmune disease, or 
malignancy are a higher risk of developing specific end-organ CMV disease (e.g., 
encephalitis, esophagitis, colitis, and retinitis), thus increasing the risk of morbid-
ity and mortality [23–25]. 

7. Ophthalmoscopic findings 

The diagnosis of CMV is based on clinical appearance and correlating it with 
a supportive history of an immunocompromised state. The retinal lesions appear 
peripherally in a perivascular distribution as a creamy white infiltrate and associated 
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Figure 2. 
(a) Fundus picture of right eye of a female patient presented with diminution of vision after renal transplant, 
with posterior active vasculitis with presence of hemorrhages, (b) (superior retina just above the arcade) 
a mid-peripheral perivascular vitritis with a creamy white infiltrate, with a more granular border, (c) the 
area of resolution of the whitish lesion after treatment with 450 mg B.D of valganciclovir after 3 months, (d) 
recurrence at the edge of the lesion 2 months post tapering dose of valganciclovir, (e) resolution of the recurrence 
at the edge with initiation of 450 mg B.D of valganciclovir, and (f) an wide field image at last follow where 
patient underwent intravitreal ganciclovir injection 2 mg/0.5 ml with oral valganciclovir, showing resolution of 
the retinitis with peripheral scarring and gliosis. 

granular borders surrounded with smaller satellite lesions (Figure 2a and b). There 
is a space of “clear” retina separating in between the granular foci. Progression of 
active retinitis causes scarring (Figure 2c), suggesting the virus involvement from 
the beginning. The active border progresses posteriorly, at a rate of 250–350 μm/ 
week, causing scarring and adjoining necrosis of retina (Figure 2f) with mottled 
pigmentation of the RPE. The term “pizza pie” appearance is associated with CMV if 
the retinitis lesions are presenting more posteriorly thus involving the retinal vessels 
and causing retinal hemorrhages (Figure 2a) [25, 26]. 

A second pattern of CMV retinitis has as describes includes a “granular” or 
“brushfire border.” The focal granular infiltrates enlarge slowly and advancement 
is associated with destruction of the retina and leaving a atrophic retinal pigment 
epithelium behind. Hemorrhages and vitreous cells are less prominent seen. This 
is attributed to be direct cell-to cell transfer of infected virions in this pattern of 
infection. The brushfire border is commonly seen in the anterior to the equator 
[24–27]. 

The clinical appearance of newly diagnosed CMV retinitis has not altered 
appreciably from the pre-highly antiretroviral therapy (HAART) era to the HAART 
era [26]. A delay in diagnosis increases the risk of vision loss either due to fulminant 
retinitis (foveal or optic nerve involvement), or it may induce immune recovery 
uveitis (IRU) and its associated sequelae increase with the severity of CMV retinitis 
in elderly, healthy patients with CMV retinitis. The delayed diagnosis causes retinal 
arteriolar occlusions, with poor visual outcomes [27]. 

Histopathologically there is presence of extensive areas of necrosis with diffuse 
or full thickness retinal involvement. In the areas of necrosis intracytoplasmic as 
well intranuclear inclusions resembling ‘Owl eyes’ can be noted. The majority of the 
enlarged cells are in the range of 20–30 μm with intranuclear basophilic inclusion 
and numerous eosinophilic intracytoplasmic inclusions [28]. 
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8. Clinical findings of CMV retinitis in non-HIV-positive patients 

In elderly immune-competent patients (other than the natural waning of immu-
nity and increased prevalence of typical comorbidities that come with age), CMV 
retinitis tends to have an increased association with retinal arteriolar occlusions, 
even with minimal retinitis. In patients with limited immune dysfunction (due to 
old age, diabetes, or noncytotoxic immunosuppression), CMV retinitis can present 
with typical peripheral, granular, and slowly progressive retinitis and an atypical 
panretinal occlusive vasculitis, mimicking ARN [29]. 

8.1 Biochemical testing 

In cases of diagnostic dilemma, especially in the absence of an identifiable 
source of host immunosuppression, polymerase chain reaction (PCR) of aqueous or 
vitreous samples can amplify CMV DNA and secure a diagnosis. Recently, a loop-
mediated isothermal amplification (LAMP) assay has demonstrated 100% concor-
dance with PCR in detecting CMV DNA in vitreous samples of patients suspected 
or diagnosed as CMV retinitis at a fraction of the cost, potentially increasing the 
diagnostic capabilities of clinicians in [30, 31]. 

8.2 Screening 

All HIV individuals with CD4+ T cell counts <50 cells/μL, need a screening by a 
uveitis or retinal specialist using dilated fundus exams every 3 months [27]. 

In patients undergoing allogenic hematopoietic stem cell transplanta-
tion (HSCT) after conditioning with an alemtuzumab (Campath, Genzyme, 
Cambridge, MA)-based regimen, the frequency of CMV retinitis can approach 24% 
and similarly, post-HSCT patients with a significant CMV viral load (peak CMV 
DNA level >7.64 × 104 copies/mL) are at increased risk of developing CMV retinitis 
and require periodic screening for ruling out retinitis [32]. 

8.3 Management 

Because no currently available agent is virucidal, the goal of therapy is to arrest 
viral replication/assembly until the host’s immune system has recovered sufficiently 
to assume this function. Factors to be considered in selecting the mode of therapy 
include the patient’s potential for immunologic improvement, the location and 
severity of CMV retinitis, and the risks, costs, and convenience associated with 
various therapies [32]. 

In the setting of HIV/AIDS, initiation of HAART is the most critical step in plan-
ning for long-term suppression of CMV retinitis. In the event that immune system 
recovery is unexpected (i.e., transplant recipients requiring lifelong immunosup-
pression), the physician should provide indefinite virostatic treatment [32]. 

The treatment for CMV retinitis includes three intravenous drugs: oral or 
intravenous ganciclovir, intravenous foscarnet and intravenous cidofovir. The role 
of systemic therapy is by starting at a higher induction dose for 2–3 weeks, followed 
by lower maintenance doses as it helps in preventing relapses of the retinitis. 
The purposed mechanism of action is specific selective inhibition of viral DNA 
polymerase [32]. 

The treatment of choice includes intravenous ganciclovir in in two divided doses 
for 2 weeks of initial induction therapy (5–7 mg/kg/day), followed by a once-daily 
maintenance dose. It is continued until the lesions begin to resolve and the patient’s 
immune status shows improvement. Oral valganciclovir 900 mg twice daily as 
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induction therapy followed by 900 mg once daily as maintenance dose as it serves 
an additional advantage of being a non-parenteral mode of treatment and avoiding 
complications relating to indwelling catheters, especially in immunocompromised 
patients. Foscarnet is administered as 90 mg/kg, twice daily for 14–21 days, as 
induction therapy, followed by once-daily administration as maintenance therapy. 
It is the preferred treatment of choice in Ganciclovir resistant cases [19, 32–34]. 

Recently the use of oral valganciclovir (Valcyte, Roche), an l-valyl ester prodrug 
of ganciclovir, is preferred as it obviates the risks due to intravenous therapy, but the 
cost of therapy and its related myelosuppression remain an issue. The bioavailability 
of 60% is obtained by the drug, which is comparable to intravenous ganciclovir and 
far greater than with oral ganciclovir (5%). Several newer antiviral agents are in 
various stages of preclinical experiments to phase 2 clinical trials include: Cidofovir, 
Maribavir (GlaxoSmithKline, Philadelphia, PA), BAY 38-4766 (Bayer, Pittsburgh, 
PA), and AIC246 (AiCuris, Wuppertal, Germany), inhibit viral activity through 
pathways other than the inhibition of viral DNA polymerase [33]. 

8.4 Intravitreal therapy 

The preferred intravitreal injections consist of either ganciclovir or foscar-
net, with or without systemic medication, to control sight-threatening retinitis. 
Induction dosing with intravitreal medications requires injections two to three 
times weekly, while once weekly generally is sufficient for maintenance. 

1. Ganciclovir: the original dose used was 200 or 400 mcg in 0.1 ml, but almost 
all injections given today are 2 mg in 0.05–0.1 ml. The injections are given 
on a weekly basis. It is also available as an intraocular ganciclovir implant 
(Vitrasert, Bausch + Lomb, Rochester, NY) and demonstrated superiority over 
intravenous ganciclovir in terms of median time to the progression of retinitis 
(221 days for the 1 μg/h implant vs. 71 days for intravenous ganciclovir). 
Complication rates associated with the ganciclovir implant, most commonly 
for cataract, vitreous hemorrhage, and retinal detachment [20]. 

2. Foscarnet: it is used in the dose of 2.4 mg per 0.1 ml. It is used as twice weekly 
injections for induction period and once a week for maintenance therapy. They 
may be more effective in cases of resistant CMV disease. Combinations of 
high-dose intravitreal ganciclovir (3.0 mg twice a week) and foscarnet (2.4 mg 
twice a week) may be effective in patients who fail to respond or are intolerant 
to conventional therapy for ARN and HSV-1 retinitis. The most commonly 
reported complications include cataract, vitreous hemorrhage, and retinal 
detachment [34] 

3. Cidofovir: the long half-life and potent anti-CMV activity of Cidofovir make it 
an attractive candidate for intravitreal injection. Studies in rabbits suggested 
that 100 mcg was a safe dose. Increased proteinuria and elevations in serum 
creatinine are the major dose limiting toxicities [19, 34, 35]. 

4. Fomivirsen: Vitravene, (Isis Pharmaceuticals Inc., Carlsbad, CA, USA) has also 
been studied for intravitreal use in patients with CMV retinitis, especially in 
situations where conventional therapy such as systemic and intravitreal gan-
ciclovir, foscarnet, or cidofovir have failed or are contraindicated. Induction 
doses of fomivirsen are administered intravitreally at a dose of 330 mcg once 
every 2 weeks for 2 doses followed by maintenance therapy at same dose every 
4 weeks [19, 34]. 
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9. Treatment options in resistance 

The treatment of CMV retinitis in the setting of drug resistance remains a 
particular challenge as newer antivirals take time to reach the level of commercial 
availability. Oral leflunomide (Arava, Sanofi-Aventis, Bridgewater, NJ), an immu-
nosuppressive agent with anti-CMV activity, has demonstrated efficacy in trans-
plant patients with systemic CMV infection and also in multi-drug-resistant CMV 
retinitis [36]. 

10. Conclusion 

The evident benefits of HAART have helped in decreasing incidence and 
severity in immune compromised patients but still CMV retinitis remains the most 
common ocular opportunistic infection. Patients with a CD4+ T cell count <50 are 
at increased risk of CMV retinitis, and frequent screening of these patients is the 
need of the hour to detect the disease before it becomes sight-threatening [36]. 

10.1 Progressive outer retinal necrosis 

Progressive outer retinal necrosis (PORN, also known as VZV retinitis or rapidly 
progressive herpetic retinal necrosis) was described and cited most by Engstrom 
and colleagues in 1994. They established about its devastating nature, in which 
two-thirds of eyes progressed to no light perception (NLP) within 4 weeks of onset. 
They concluded that most patients with this syndrome have had low CD4 cell 
counts (i.e., below 50/ml). It is mostly found in immunocompromised patients and 
diagnosis is based on the presence of: 

1. Multifocal lesions with deep retinal opacification without granular borders 
with some areas of confluent opacification. 

2. Peripheral retina location, with or without macular involvement. 

3. Rapid progression. 

4. Absence of vascular inflammation. 

5. Minimal or no intraocular inflammation. 

6. Perivascular clearing of the retinal opacification (hallmark of PORN 
syndrome). 

7. Immunocompromised or patients with immunosuppression [37, 38]. 

Therapy of PORN often requires immediate high-dose anti-zoster or -HSV 
therapy. The earliest reports of treatment of PORN with single intravenous anti-
virals, primarily acyclovir, showed poor visual results. Recently the studies have 
shown an improvement in the visual outcomes with the combination use of intrave-
nous and intravitreal antiviral treatment [38]. 

Scott et al. have reported that final vision of 20/80 or better in 5 of 11 eyes 
(45%) and only two of 11 eyes (18%) progressing to NLP vision. This was achieved 
utilizing a regimen of intravitreal ganciclovir and foscarnet plus IV foscarnet and 
IV ganciclovir or oral valganciclovir [39]. 
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Gore et al. have the largest published series of patients with PORN treated with 
intravitreal ganciclovir antiviral therapy, found an improvement in final vision, 
with only 9 (13%) eyes losing perception of light. They observed that the retinas 
in patients receiving HAART when first evaluated were significantly less likely to 
detach and had a bimodal distribution to retinal detachment, the vast majority of 
retinas detaching within the first few weeks (i.e., during the active necrotic phase) 
and a few detaching many months later (i.e., during the inactive phase). The early 
group can be explained by full-thickness necrosis, leading to holes though both the 
inner and outer retina, as a prelude to RRD. For delayed RRD’s they proposed that 
some retina’s are associated with one or more sieve-like holes that can occasionally 
self-seal with the ensuing scarring process, allowing a functioning retinal pigment 
epithelium to pump the detachment flat [39]. 

Despite some patients being able to retain workable good vision, the overall 
functional outcomes remain alarming as a result of the catastrophic loss of vision 
PORN can lead to. The most encouraging results are achieved with improved visual 
outcomes when associated with early response to intravitreal ganciclovir injections. 
The best outcomes are limited to be seen in patients who begin intravitreal (and 
systemic) therapy within a few days of symptom onset, before macular involvement 
is apparent [39]. 
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Chapter 5 

Tuberculosis and 
Immunosuppressive Treatment in 
Uveitis Patients 
François Willermain, Laure Caspers, Weber Celia 
and Dorine Makhoul 

Abstract 

Uveitis is reported to be related to tuberculosis in 0.2–20% of cases. This large 
range reflects prevalence variations of tuberculosis around the globe as well as dif-
ferences in diagnostic criteria. In addition, patients with noninfectious uveitis are 
frequently treated by immunomodulatory drugs and are thus at risk of TB reactiva-
tion. Search for tuberculosis infection is thus an important aspect in the work-up of 
patients with uveitis, even in low prevalence area. In the work up of such patients, 
the first question to ask is whether the patient has been infected by mycobacterium 
tuberculosis or not. The second question is to determine whether the uveitis is due 
or linked to this mycobacterial infection or not. Classical tuberculosis screening 
tools are used to answer the first question (TST, IGRA and chest X ray). The answer 
to the second question is much more challenging and will require the exclusion of 
other causes, to consider epidemiological data and clinical signs, polymerase chain 
reaction (PCR) on ocular fluids and therapeutically treatment trial. Disease preva-
lence will greatly influence all proposed tests and the final diagnosis. Tuberculosis 
prevalence in Western countries has progressively decreased during the twentieth 
century but remains elevated in cities with large migrating populations and drug 
addicts, with an increase of ultra-resistant cases. All those data must be carefully 
analyzed in order to collect enough evidences supporting tuberculosis uveitis before 
the initiation of a treatment with potential serious side and adapt the treatment to 
the increasing resistance. 

Keywords: tuberculosis, uveitis, immunosuppressive agents, immunomodulatory 
agents 

1. Introduction

Tuberculosis (TB) is a worldwide problem and a main concern for the World
Health Organization. Nowadays, 30% of the human population is infected with 
the Koch bacillus and tuberculosis remains one of the major health problems on 
earth [1–4]. In 2014 alone, 9.6 million people were thought to be infected with 
Mycobacterium tuberculosis (Mtb) globally, in the vast majority of cases, infec-
tion leads to a latent form of tuberculosis, active disease being found in only 10% 
[1]. Latent tuberculosis (LTBI) occurs when individuals have been exposed to TB 
but remained systemically healthy. This latency relies on the presence of an active 
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immune response against Mtb. All those people are thus at risk of TB reactivation 
in case of immunodepression. With area of globalization, all countries are affected 
with varying rates of infection, with high endemic countries from where migrant 
groups settle. 

Uveitis is reported to be related to tuberculosis in 0.2–20% of cases [5]. This 
large range reflects prevalence variations of tuberculosis around the globe as well as 
differences in diagnostic criteria. The etiological relationship between tuberculosis 
and ocular inflammation is complex. Hence, direct demonstration of the presence 
of Mtb inside the eye is fairly rare because of the pauci-bacillary nature of the infec-
tion. If the patient has the evidence of systemic active TB infection, the uveitis may 
indicate direct ocular involvement by Mtb. However, in most cases, a diagnosis of 
presumed ocular tuberculosis will be made on the basis of the presence of compat-
ible ophthalmological signs in the setting of a systemic (usually latent) infection 
[6–8]. In this context, recent studies suggest that in patients with vision-threatening 
uveitis with no identifiable cause who have LTBI, the recurrence rate of uveitis is 
greatly reduced with concomitant anti-tubercular therapy (ATT) and immunosup-
pressive treatment [9–11]. Another important issue, reopened with the introduction 
of biologics, is obviously the risk of inducing tuberculosis reactivation in patients 
with severe vision- threatening non-infectious uveitis where systemic corticoste-
roids and steroid-sparing agents are required. Search for tuberculosis infection 
is thus an important aspect in the work-up of patients with uveitis, even in low 
prevalence area in order to prevent reactivation of LTBI [10]. In this chapter, we will 
review those important aspects of the relation between TB and immunosuppressive 
(IS) drugs/immunomodulatory treatment (IMT) in uveitis patients. 

2. Screening in non-infectious uveitis patients for LTBI infection before 
starting IS or IMT 

The mainstay therapy of sight-threatening noninfectious uveitis is based on 
corticosteroids and immunosuppressive drugs administration. IS drugs are usually 
restricted to refractory cases and to patients requiring high doses of steroids, in 
which visual prognosis depends on more aggressive therapeutic approaches. Their 
long-term use is limited by ocular and systemic side effects. 

The introduction of biological agents such as anti- tumor necrosis factor (anti 
TNF-α), which is a key cytokine in host defense against intracellular infection as 
Mtb, by regulating the integrity of granuloma where TB is contained, led to the 
upsurge of TB reactivation [12]. In contrast, none anti-TNF-α targeted biologics 
like IL-6 inhibitor tocilizumab (TCZ), anti-CD20 rituximab (RTX) and more are 
not likely associated to any increase risk [13]. To date available TNF alpha booking 
agents are: infliximab (IFX), adalidumab (ADA), golimumab (GOL), certolizumab 
peg (CZP) which are monoclonal antibodies directed against TNF alpha, and 
etanercept (ETN) which is a soluble receptor blocking agent. Several publications 
reported the effectiveness of anti TNF- drugs in the treatment of uveitis [14, 15]. 
Anti-TNF treatment had a profound effect on the management of autoimmune 
vision threatening uveitis with known etiology. ADA is the first licensed anti-TNF 
treatment for uveitis patients. It is important to emphasize that anti-TNFα agents 
(infliximab, adalimumab, golimumab) may be more efficient than soluble receptors 
of TNFα (etanercept) in decreasing the risk of uveitis [16]. But also paradoxi-
cal reactions during treatment with a biologic agent, like palmoplantar pustular 
and psoriasiform reactions, psoriatic arthritis, hidradenitis, inflammatory bowel 
disease, pyoderma gangrenosum, granulomatous reactions, and vasculitis have 
subsequently been reported through anecdotal cases, cohort studies, and analysis of 
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drug event databases, showing also that uveitis can flare during anti-TNF-α therapy 
especially with etanercept [17]. 

Because of the risk of developing active systemic TB, screening strategies 
for LTBI detection and preventive therapy for patients undergoing therapy with 
biological agents have been developed. LTBI is detected either by tuberculin skin 
test (TST), also named Mantoux test, or by blood-based interferon-gamma release 
assay (IGRA) including QuantiFERON TB Gold in Tube (QFT). Based on the WHO 
recommendations, either TST or IGRA are acceptable for LTBI screening [18]. 
Clinicians may consider, before starting IS, to use IGRA in persons with a history of 
BCG, but if the index of suspicion of LTBI is high, independently of BCG vaccina-
tion, both IGRA and TST may be done, especially prior to initiating anti TNF-α 
therapy [19]. Recent studies have evaluated the effectiveness of QFT and TST in 
the screening of arthritis patients and patients with inflammatory bowel disease 
[20, 21]. Concordance between the two tests was moderate, and it appears lower 
with immunosuppression. QFT alone may be appropriate in immunosuppressant-
naïve patients but both tests should be considered in immunosuppressed patients. 
In guidelines pertaining to medical immunosuppression, the recommendations 
for screening varied considerably between the use of TST and IGRA. Concurrent 
testing with both TST and IGRA was supported by many guidelines [19–23]. Lu 
et al. conducted a systematic review and meta-analysis to compare the accuracy of 
IGRAs and TST for the diagnosis of Mtb [24]. IGRAs showed better performance 
than TST for the diagnosis of the tuberculosis. Data on comparative and cumulative 
sensitivity and specificity indexes for both tests are detailed in Table 1. Cotter and 
Rosa et al. reported an interesting approach to choose the eligibility for treatment 
of LTBI after screening with TST and IGRA in immunosuppressed and immuno-
competent patients suffering from inflammatory bowel disease, based on a very 
practical algorithm adapted from Duarte et al. to trace the routes to be followed to 
decide which patients has LTBI and need tuberculosis treatment according to IGRA 
and TST [25]. We think that this algorithm can be extrapolated to all patients with 
inflammatory diseases like uveitis (Table 2). Patients with inflammatory diseases 
who require long-term maintenance medical immunosuppression with a negative 
screening TST or IGRA may not need further evaluation in the absence of risk 
factors and/or absence of clinical suspicion for TB in low TB risk countries [19, 21]. 
Annual evaluation is highly recommended if they live, travel, or work in situations 
where TB exposure is likely while they continue treatment with biologic agents [23]. 
It is important to decrease false-positive LTBI testing that may lead to potential 
toxic antibiotic treatment and result in the unnecessary interruption of biologic 
therapy. After screening, if either test is positive (TST or IGRA), a chest CT- Scan is 
mandatory to exclude active pulmonary TB. 

LTBI can progress to active TB in 5–10% in subjects who are at higher risk like 
recent contact, people leaving with HIV, children below 5 years, also an age > 65, 
immigrants from high TB prevalence countries and candidates of biological 

Table 1. 
Data on comparative and cumulative sensitivity and specificity indexes of IGRAs and TST for the diagnosis of 
tuberculosis. 
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Table 2. 
Algorithm for treatment of latent tuberculosis infection in uveitis patients adapted from Duarte et al. 

treatment [18]. When the patient is evaluated, clinicians should also take in account 
other variables including the host-related TB risk based on age, socioeconomic 
status, lifestyle, malnutrition, immune-suppression conditions and co-morbidities. 
The underlying disease itself is also associated with a higher TB risk, with a peak 
ranging from 2.0 to 8.9 in rheumatoid arthritis patients not receiving biologic 
therapies, and a lower risk in those with ankylosing spondylitis (AS), psoriatic 
arthritis (PsA), and psoriasis (Pso) [21–23, 26]. Systemic TB reactivation has rarely 
been reported as side effect related to Anti-TNF-α therapy in patients with refrac-
tory relapsing chronic posterior uveitis [14, 15]. A review of the US Food and Drug 
Administration (FDA) Adverse Event Reporting System data revealed 70 cases of 
active TB in 147,000 patients receiving IFX worldwide [22]. Of these, 47 occurred 
in patients with RA, 18 in those with Crohn’s disease, and 5 in people with other 
types of arthritis, with a median interval of 12 weeks from starting the biologic 
therapy. The incidence rate of TB was 4 times higher in IFX-treated patients with 
RA than the estimated incidence in people with RA not receiving biologic therapy. 
As mentioned, there is an evidence of single biological-related risk as reported 
by Cantini et al. [10]. The risk is at least 3–4 times higher in patients exposed to 
monoclonal antibodies IFX and ADA than in those receiving the soluble receptor 
ETN. Subsequent studies aimed to establish the relative risk (RR) of TB in patients 
using TNF-α inhibitors (and other biologics) compared to that in the general 
population. Registries for patients on biologics have provided a valuable resource 
for studies that aimed to determine the risk of TB associated with these therapies. A 
French study using the RATIO registry found age- and sex-standardized incidence 
ratios (SIR) for infliximab, adalimumab, and etanercept of 18.6 (95% CI, 13.4–25.8), 
29.3 (95% CI, 20.3–42.4), and 1.8 (95% CI, 0.7–4.3), respectively, compared to that 
in the general population [27]. 

Of note, the combined use of anti-TNF agents and traditional DMARDs exposes 
to a higher risk of TB reactivation in subjects with LTBI compared to patients 
treated with anti-TNF-α monotherapy. But practicians need to be aware that 
patients with inflammatory diseases, for which biologics are prescribed, already 
have an increased risk of TB associated with their immunosuppressed disease state 
and often also have co-morbidities and additional medications that themselves have 
an increased risk of TB compared to that of the general population [28]. The risk 
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of TB reactivation in inflammatory patients treated with non-anti-TNF-α target 
biologics like IL-6 inhibitor tocilizumab (TCZ), anti-CD20 rituximab (RTX) and 
IL-1 inhibitor anakinra (ANK) and more are not likely associated to any increase 
risk [13, 29, 30]. 

Recommendations state that in the case of a diagnosis of LTBI (positive score 
to an immune diagnostic test (TST or IGRA) and a chest radiograph negative for 
active TB lesions), active TB prevention with a 6–9-month course of isoniazid is 
recommended associated to pyridoxine supplementation (vitamin B6), with an 
average protective effect against TB of 60% during the observation period [31]. 
There is no clear evidence in the literature concerning the optimal interval between 
the beginning of the preventive therapy for TB reactivation and biologic therapy 
[23]. Biologic therapy is suggested to be postponed for at least 1 month thereafter. 
Therefore, the decision to treat an individual must balance the potential personal 
benefits against the risk of drug hepatotoxicity and neurotoxicity which is higher in 
chronic alcoholics, malnourished persons, and pregnant women or healthy indi-
viduals (0.2%) due to the inhibitory effect of isoniazid on the function of pyridox-
ine metabolites. Daily rifampicin alone for 3–4 months compared to placebo has 
shown a 59% reduction of incident TB [32]. A multi-center clinical trial comparing 
4 months of self-administered rifampicin to 9 months of daily isoniazid therapy 
has been recently completed in 2017. Daily therapy with isoniazid plus rifampicin 
for 3 months and standard therapy with isoniazid for 6–12 months were equivalent 
in terms of efficacy and as expected, given the shorter regimen and direct observa-
tion, treatment completion was significantly higher in the combination therapy 
group (82.1% vs. 69.0%). Toxicity was also less reported in the shorter regimen, 
with fewer individuals taking rifampicin/isoniazid developing drug-related hepato-
toxicity [33]. 

Considering the most frequently used IS and IMT drugs for treatment of 
non-infectious uveitis, a few specific ophthalmologic reports aims to provide an 
overview on their use in patients with a recent or past history of systemic serious 
infection presumably unrelated to their inflammatory eye diseases (IED) [34]. 
Recently, an expert committee considered assessment and investigation of patients 
with severe IED initiating immunosuppressive and/or biologic therapy [35]. 
Infections that may be exacerbated or reactivated as a result of systemic immuno-
suppressive of biological therapy include: Tuberculosis, hepatitis B virus, hepatitis 
C virus, HIV and toxoplasmosis. These infection risks should be assessed or exclude 
before the initiation of such therapy. We keep our focus on risk of TB reactivation in 
IED patients. Studies regarding this issue are mainly focused on biological therapy, 
although some studies have indicate the potential risk for developing a TB when 
using traditional IS agents, particularly MTX [36]. But a significant relationship 
between the use of MTX and increased incidence of active TB was not established 
but should be still considered. 

While it has been described that If TB develops during anti-TNF-α treatment, 
it is more likely to be disseminated and extra- pulmonary than are other TB cases. 
Few reports addressed the occurrence of uveitis tuberculosis development during 
anti-TNF treatment. A French group reported the uveitis cases occurring in patients 
with chronic rheumatic diseases, chronic inflammatory intestinal diseases or con-
nective tissue diseases, while treated with disease-modifying anti-rheumatic drugs 
(DMARDs) and/or biologic therapies. A total of 32 cases of uveitis were reported, 
and 5 were of infectious origin, 2 toxoplasmosis, 2 herpes virus and 1 tuberculosis 
[37]. We faced one case of patient with SA and anterior uveitis treated with ADA for 
years, who developed a panuveitis with choroidal granulomas (Figure 1), associ-
ated with progressive cough, dyspnea, and pyrexia. A computed tomographic scan 
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Figure 1. 
Bilateral tuberculosis panuveitis developing in a SA patients while under ADA therapy. (A) Eye fundus 
of the right eye displayed mild vitritis with yellowish deep round infiltrate lesion with discrete subretinal 
hemorrhage; (B) fluorescein angiogram (FA) at early phase revealed some multifocal hypofluorescent 
areas, which were easily seen on early stage indocyanin green angiogram (ICG); (C) ICG revealed larger 
hypofluorescent areas, better delimitated with sharp edges, confirming the choroidal localization of these 
multiple lesions corresponding to tuberculous granulomas. 

revealed extensive thoracic lymphadenopathy and interstitial shadowing of the 
lungs. Culture and polymerase chain reaction (PCR) of a mediastinal lymph node 
biopsy specimen showed acid-fast bacilli. 

3. Ocular tuberculosis and IMT 

There is a great deal of ambiguity in establishing a firm relationship between 
tuberculosis and ocular inflammation. It’s not uncommon, when investigating 
patients with uveitis, that there is no identifiable systemic or ocular disease and 
that the only positive test is Mantoux test or QFT associated or not to abnormalities 
on the chest X-ray. In those patients classically classified as idiopathic uveitis, and 
treated by immunomodulation, the role of Mtb in disease development has been 
questioned. On the other hand, the role of immunomodulation in the treatment of 
well-established tubercular uveitis is also debated. 

Severe studies tried to establish a cause/effect relationship between TB and 
uveitis using some criteria for presumption of tubercular etiology including posi-
tive Mantoux test/QFR, healed lesions on the chest X-ray, no other etiology, and 
suggestive clinical presentation of uveitis [5, 6]. In such patients, the question arises 
as to whether the uveitis is related to TB or not, leading to the other question of 
establishing or not ATT. 

Intra-ocular TB accounts for 6.9–10.5% of uveitis cases without a known active 
systemic disease and 1.4–6.8% of patients with active pulmonary disease have con-
current ocular TB [38, 39]. In some patients there is a direct invasion by TB myco-
bacterium, into local ocular tissues, such as in choroidal granuloma, as evidenced 
by the histopathological examination of the biopsied involved ocular tissue, smears 
and cultures of the tissue fluid, and the polymerase chain reaction (PCR). In other 
patients, there is no clinical evidence to suggest active ocular TB infection. The 
pathogenesis of uveitis in these patients remains unclear. It is uncertain whether 
the uveitis is the result of reactivation of LTBI or a hypersensitivity response to Mtb 
[38, 40]. Bansal proposed guidelines for the diagnosis of intra-ocular TB includ-
ing a combination of clinical ocular findings, ocular and systemic investigations, 
exclusion of other etiology and response to ATT [41]. Based on these and their own 
results, Gupta et al. proposed to classify intra-ocular TB into confirmed, probable, 
and possible intra-ocular TB [11]. Recently The Collaborative Ocular Tuberculosis 
Study (COTS)-1 tried to clarify through a multinational retrospective review, 
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what are the suggestive clinical features and approach to diagnosis of patients with 
tubercular uveitis. The diagnostic criteria for tubercular uveitis used in COTS-1 are 
developed in Table 3 [42]. Based on those criteria, we propose a diagram explaining 
the diagnostic pathways for patients suspected of having TB (Table 4). In 2018, 
they provided in more details the different phenotypes of choroidal involvement 
in tubercular uveitis, also geographical variations in the phenotypic expression 
and treatment outcomes. The phenotypic variants reported were serpiginous-like 
choroiditis (SLC) in 46.1%, choroidal tuberculomas (CTC) in 13.5%, and multifo-
cal choroiditis (MFC) in 9.4%. Other rare phenotypic variants of choroiditis were 
observed including ampiginous choroiditis (APC) in 9.0% and acute posterior 
multifocal placoid pigment epitheliopathy (APMPPE) in 3.3% and other indeter-
minate type of choroiditis in 18.8%. Those varied clinical phenotypes are probably 
based on the interaction and activity of mycobacterium bacilli and immune system. 
While SLC was clearly the most prevalent phenotype in the Asia Pacific region, it 
was less prevalent in the West. Furthermore, APC is a phenotype of choroiditis that 
is infrequently reported in association with tubercular uveitis [43]. 

Because TB can be sometimes confined purely to the eye, and as a pauci-bacillary 
infection, there is a lack of agreed management guidelines among ophthalmolo-
gists in establishing the diagnosis of intra-ocular TB. Similarly, there is no agreed 
consensus between ophthalmologists and other physicians with regards to role of 
ATT and duration of treatment in cases of isolated intra-ocular TB. Bansal et al. 
assessed the long-term impact of adding anti-tubercular treatment to the standard 
anti-inflammatory therapy consisting mostly of corticosteroids in patients with 
uveitis and evidence of latent or manifest TB. The group speculated that if uveitis 
was related to hypersensitivity reaction to tubercular antigens attributable to latent 
TB, the elimination of LTBI would lead to elimination of future recurrences of uve-
itis in these patients. The administration of anti-tubercular therapy in these patients 

Table 3. 
(COTS)-1 clarify, through a multinational retrospective review, the suggestive clinical features and approach to 
diagnosis of patients with tubercular (TB) uveitis. 
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Table 4. 
Diagram explaining the diagnostic pathways for patients suspected of having TB. 

substantially reduces recurrences when given along with standard corticosteroid 
therapy. Corticosteroids may limit damage to ocular tissues caused from delayed 
type hypersensitivity [41]. The use of ATT to manage presumed ocular tuberculosis 
is regarded as an effective tool for tubercular uveitis and response to therapy can be 
a good surrogate for diagnosis of presumed ocular tuberculosis. 

A case control study conducted by Chee et al. on patients with uveitis with 
evidence of latent TB and no other underlying disease, who were treated with ATT 
for more than 9 months duration, were approximately 11 times less likely to develop 
recurrence of inflammation compared with patients who had not received ATT. This 
association was independent of potential confounders such as demographics, 
classification of uveitis and corticosteroid therapy. On the other hand, patients who 
were treated with ATT for <6 months or 6–9 months duration did have a reduction 
in recurrence, but this was not statistically significant [39]. The Collaborative Ocular 
Tuberculosis Study (COTS)-1 group also reported the role of ATT in the manage-
ment of patients with TB uveitis from a multinational cohort and explore potential 
correlations of clinical features with treatment response. A low treatment failure 
rate was reported in patients with TB uveitis treated with ATT. On multivariate 
regression analysis, they showed that the presence of choroidal involvement with 
vitreous haze and snowballs in patients with panuveitis was associated with a higher 
risk of recurrence. Concerning the addition of corticosteroids to ATT, their results 
suggests that patients treated with corticosteroids may have had poorer outcomes 
than those who were not [42]. Effectively, the possible beneficial effect of immu-
nomodulation in association of ATT in the management of tubercular uveitis is still 
debated. A recent meta analyze was conducted on 37 articles to assess the effect of 
ATT associated or not to IMT on ocular outcome of patients with presumed ocular 
TB. The meta-analysis revealed that 84% of the patients receiving ATT showed 
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non-recurrence of inflammation during the follow-up period. A successful out-
come was observed in 85% of patients treated with ATT alone; in 82% of patients 
treated with ATT and systemic steroids and in 85% of patients treated with ATT and 
systemic steroids and immunomodulators. It was not possible to conclude which 
regimen was the best to control ocular inflammation [44–46]. 

4. Conclusion 

The link between tuberculosis, uveitis and immunosuppression are important 
and complex. First, patients with inflammatory diseases treated with IMT agents, 
including noninfectious uveitis patients, are at risk to develop active tuberculosis, 
including ocular tuberculosis. Secondly, many data suggest that Mtb might play a 
role in disease development of idiopathic uveitis in LTBI patients and that ATT must 
be considered in such cases. Finally, inflammatory and immune reaction are likely to 
play a role during ocular tuberculosis and immunomodulation has a beneficial effect. 

In summary, we have to keep in mind that the main concern of TB screening for 
ophthalmologist is to avoid systemic TB reactivation in front of a sight threatening 
uveitis with known etiology destined to IS/IMT. But when facing an idiopathic 
uveitis under IS/IMT, there is another risks which has to be considered, the risk 
of ocular TB misdiagnosis with a non- or partial response to immunosuppressive 
treatment. Introduction of ATT in those cases will control inflammation, will help 
to discontinue most IMT and will prevent recurrences. 
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Chapter 6

A Novel Ocular Drug Delivery
System of Dexamethasone Sodium
Phosphate for Noninfectious
Uveitis Treatment
Kongnara Papangkorn, John W. Higuchi, Balbir Brar 
and William I. Higuchi

Abstract

Treatment of anterior uveitis commonly requires 6–8 times daily administration
of eye drops, which often leads to poor patient compliance. The treatment of inter-
mediate and posterior uveitis is restricted to either oral medications with significant
systemic side effects or local invasive methods, which are more expensive and asso-
ciated with the development of ocular complications. There is an unmet need for
a new drug delivery system that addresses these challenges. DSP-Visulex is a non-
invasive drug delivery system that administers dexamethasone sodium phosphate
by passive diffusion through the limbal sclera into the interior of the eye utilizing 
the transscleral pathway. Once-a-week administration of DSP-Visulex treatment
regimens (i.e., 1–5 doses per month) has shown to be safe and efficacious for nonin-
fectious uveitis in animal models including anterior uveitis, posterior uveitis, and/
or panuveitis. In a clinical study of anterior uveitis, the DSP-Visulex treatments also
have been shown to be safe and well tolerated and their efficacy (administered on
days 1, 3, 8, and 15 with an optional treatment on Day 22) was comparable to that of
the daily prednisolone acetate drops.

Keywords: noninvasive, ocular drug delivery, dexamethasone, safety and efficacy,
topical treatment, uveitis

1. Introduction

Uveitis represents a group of intraocular inflammatory disorders which may
result in significant visual loss and is responsible for approximately 10–15% of blind-
ness in the USA [1–4]. The annual prevalence of uveitis ranges from 58 to 115 cases
per 100,000 persons [4–6]. Anterior uveitis is the most common anatomic location
representing approximately 70% of all the uveitis cases in the USA [4–6]. Although
posterior and panuveitis are far less common, they owe a greater consequence in
blindness [7].

Dexamethasone sodium phosphate (DSP) is a highly water-soluble form of dexa-
methasone. DSP undergoes rapid hydrolysis to form dexamethasone (DEX) in plasma
[8] and ocular tissues [9]. Both DEX and DSP have been used for the treatment of a
wide variety of ocular inflammation conditions such as keratitis, blepharitis, iritis,

 
 

 
 

 

 

  

 

 

 

 
 

 

 

  
 

 
 
 

 

 
 

 
  



 
 

 
 

 

 

  

 

 

 

 
 

 

 

  
 

 
 
 

 

 
 

 
  

Chapter 6 

A Novel Ocular Drug Delivery 
System of Dexamethasone Sodium 
Phosphate for Noninfectious 
Uveitis Treatment 
Kongnara Papangkorn, John W. Higuchi, Balbir Brar 
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Abstract 

Treatment of anterior uveitis commonly requires 6–8 times daily administration 
of eye drops, which often leads to poor patient compliance. The treatment of inter-
mediate and posterior uveitis is restricted to either oral medications with significant 
systemic side effects or local invasive methods, which are more expensive and asso-
ciated with the development of ocular complications. There is an unmet need for 
a new drug delivery system that addresses these challenges. DSP-Visulex is a non-
invasive drug delivery system that administers dexamethasone sodium phosphate 
by passive diffusion through the limbal sclera into the interior of the eye utilizing 
the transscleral pathway. Once-a-week administration of DSP-Visulex treatment 
regimens (i.e., 1–5 doses per month) has shown to be safe and efficacious for nonin-
fectious uveitis in animal models including anterior uveitis, posterior uveitis, and/ 
or panuveitis. In a clinical study of anterior uveitis, the DSP-Visulex treatments also 
have been shown to be safe and well tolerated and their efficacy (administered on 
days 1, 3, 8, and 15 with an optional treatment on Day 22) was comparable to that of 
the daily prednisolone acetate drops. 

Keywords: noninvasive, ocular drug delivery, dexamethasone, safety and efficacy, 
topical treatment, uveitis 

1. Introduction

Uveitis represents a group of intraocular inflammatory disorders which may
result in significant visual loss and is responsible for approximately 10–15% of blind-
ness in the USA [1–4]. The annual prevalence of uveitis ranges from 58 to 115 cases 
per 100,000 persons [4–6]. Anterior uveitis is the most common anatomic location 
representing approximately 70% of all the uveitis cases in the USA [4–6]. Although 
posterior and panuveitis are far less common, they owe a greater consequence in 
blindness [7]. 

Dexamethasone sodium phosphate (DSP) is a highly water-soluble form of dexa-
methasone. DSP undergoes rapid hydrolysis to form dexamethasone (DEX) in plasma 
[8] and ocular tissues [9]. Both DEX and DSP have been used for the treatment of a 
wide variety of ocular inflammation conditions such as keratitis, blepharitis, iritis, 
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conjunctivitis, uveitis, macular edema, and post-operative eye surgery [10]. There are 
a number of dosage forms of DEX and DSP for ocular treatments including eye drops, 
ointments, oral tablets, intraocular injections, and intravitreal implants. Current topical 
methods, however, cannot deliver drugs to the posterior segment of the eye effectively 
and their practice has been limited to treating anterior eye conditions [11–13]. Eye 
drops often yield poor patient compliance due to the required adherence to frequent 
administration [14]. The posterior segment of the eye can be treated systemically but 
significant whole-body adverse effects are major concerns [12]. Invasive methods, such 
as periocular injections, intravitreal injections, or intravitreal implants (e.g., Ozurdex®, 
Retisert®, Iluvien®, etc.), are effective but the cost of administration is high. They also 
involve a number of potential serious risks including retinal detachment, endophthal-
mitis, increased intraocular pressure (IOP), and cataractogenesis [15–18]. There is an 
unmet need for a new drug delivery system that can address such challenges. 

Recent publications suggest that treating back-of-the-eye diseases using topical 
administration is feasible [19–24]. For topically administered drugs, the trans-
scleral pathway can be a route for a drug molecule to reach posterior eye tissues 
[25–31]. A fluorophotometry study in live rabbits suggests that once drug is placed 
intrasclerally, there is an active, convective flow carrying drug molecules through 
the suprachoroidal space to the retina-choroid region at the back of the eye [32]. 
To administer drug through this pathway effectively, a high drug concentration on 
the sclera is an ideal prerequisite. This is because drug diffuses across eye tissues by 
concentration gradients as described by Fick’s first law of diffusion: Flux = PA(C1 − 
C2). Flux is the amount of drug that passes through a membrane per period of time 
(mg/sec). P is the permeability coefficient of the permeant (cm/sec), A is the sur-
face area (cm2) over which diffusion is taking place, and (C1 − C2) is the difference 
in concentration (mg/mL) of the permeant across the membrane for the direction 
of flow from C1 to C2. Thus, a high concentration in the applicator (C1) may signifi-
cantly increase flux. However, the current topical ophthalmic products have failed 
to utilize this pathway effectively because of the short retention time at the site of 
application and the low drug concentration used in its formulation. 

2. Visulex-P, a novel ocular drug delivery system 

Visulex-P is a noninvasive ocular drug delivery system that can be used to 
administer drug topically through the limbal sclera into the interior of the eye 
utilizing the transscleral pathway [33, 34]. It is a passive diffusion-base technology 
developed by Aciont Inc. designed to facilitate the drug molecule entering primarily 
through the conjunctiva-scleral surface and minimize the drug clearance from tear-
ing and drainage into the nasolacrimal duct. In addition, Visulex-P enables an oph-
thalmic application of a high drug concentration, which may expedite the passive 
drug diffusion through the transscleral pathway without significant ocular toxicity 
[34]. DSP is suitable for Visulex-P because of its high water solubility, enabling a 
high drug-driving force, and its high potency with respect to prednisolone acetate 
on a molar basis. In this chapter, the combination of this high DSP-concentration 
solution instilled into the Visulex-P applicator is referred to as DSP-Visulex. 

3. DSP-Visulex administration 

DSP-Visulex may be administered to a patient in a general clinical set-
ting by a physician, nurse, or trained technician, and in some cases, it may be 
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Figure 1. 
(A) Dexamethasone sodium phosphate (DSP) solution is being loaded into Visulex applicator through a drug 
loader. (B) DSP-Visulex is being applied onto the eye. (C) DSP-Visulex is on the eye where the sponge is in 
contact with the eye on the sclera and the surface area of the sponge is approximately 150 mm2. 

self-administered at home. The Visulex applicator resembles the handling and 
feel of a scleral lens which is a type of contact lens worn throughout the day by the 
patient who is suffering from corneal shape disorders or injuries to the eye. The 
details and video of DSP-Visulex administration follow: 

There are a few steps in DSP-Visulex administration (Figure 1). Proparacaine 
(0.5%), a topical anesthetic agent, is first applied to the patient’s eye(s). The DSP 
solution (250 μL) is loaded into the Visulex-P applicator with the drug loader just 
prior to application. The drug-loaded applicator (DSP-Visulex) is removed carefully 
from the loader. The DSP-Visulex is then gently placed directly onto the sclera while 
the care giver holds the patient’s upper and lower eyelids open. The Visulex appli-
cator is checked to ensure that it remains centered on the eye and does not make 
contact with the cornea throughout the treatment duration. After the treatment 
duration (e.g., 5 minutes), the Visulex applicator is carefully removed by squeezing 
the entire bulb to release the vacuum while lifting the applicator up from the eye. 
The DSP-Visulex is discarded after this single administration and is not reused. The 
DSP-Visulex administration for animal studies was similar to that in the clinical 
study except each animal was placed in a restrainer to limit movement during the 
DSP-Visulex administration. 

4. Two main factors of DSP-Visulex affecting the amount of drug in the 
rabbit eye 

Both the DSP concentration and the treatment duration of DSP-Visulex correlate 
with the total amount of drug in the eye [35]. After single applications of DSP-
Visulex for 5, 10, or 20 minutes and for all DSP concentrations, significant amounts 
(i.e., 56–760 μg) of DSP were found in the eye (Figure 2). When qualitatively 
comparing both factors with respect to the whole eye, it appears that the relative 
increase in DSP-Visulex concentration affected the ocular tissue concentrations 
more than the treatment duration. 

For instance, in Figure 2 at the 5-minute application time, when the DSP con-
centration is increased from 4 to 15%, which is about a factor of 4, the total amount 
of the drug in the eye increased by about fivefold from 56 μg to 288 μg, but when 
the application time is increased from 5 to 20 minutes, which is also a factor of 4, 
the total amount of the drug in the eye increased by only twofold from 
56 μg to 104 μg. This relationship appears to hold for sclera, conjunctiva, cornea, 
and anterior chamber (AC), but is more subtle for vitreous, retina-choroid, and lens 
(discussed in a later section). 
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Figure 2. 
(A) Effect of drug concentration on total amount of drug in the eye. (B) Effect of drug concentration on total 
amount of drug in the eye. 

5. Drug distribution in the eye after DSP-Visulex application 

The ocular drug distribution study of DSP-Visulex in rabbit illustrates the 
potential for the noninvasive delivery of DSP into the eye tissues from anterior to 
posterior section [35]. After single applications of DSP-Visulex for 5, 10, or 20 min-
utes and for all DSP concentrations, significant amounts of DSP and some DEX 
were found in all eye tissues. A typical rank order of DSP amounts in the eye tissues 
is sclera, conjunctiva, cornea, retina-choroid, anterior chamber, vitreous, and lens. 
The total amount of drugs in each tissue except vitreous and lens appears to be cor-
related well with the DSP concentration and application time of DSP-Visulex. 

In Table 1, the concentration of DSP in each tissue is calculated in μg/g and sum-
marized for potential efficacy evaluation of DSP-Visulex and the concentration of 
1 μg/g or higher in the tissue is considered a potential therapeutic level [35]. After a 
single administration of DSP-Visulex, with exception of the lens, DSP found in most of 
the ocular tissues including cornea, sclera, conjunctiva, retina-choroid, and anterior 
chamber was significantly higher than the target level of 1 μg/g in all of the DSP-Visulex 
regimens tested in the study. DSP concentrations in the vitreous were around or slightly 
above 1 μg/g in most cases except for the 5-minute 4% DSP application. The typical 
order of concentration of DSP in ocular tissues, from high to low, was: cornea > sclera > 
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Table 1. 
Dexamethasone sodium phosphate-equivalent concentrations in ocular tissues. 

conjunctiva > retina-choroid > anterior chamber > lens > vitreous. The drug concentra-
tion in the ocular tissues (except lens and vitreous) correlated well with both increasing 
DSP concentration in the Visulex system and treatment duration. 

Although the dynamics of aqueous flow and clearance in the eye are complex, 
the ocular drug distribution results are in line with an anticipated concentration 
gradient pattern arising from the outer eye tissues like sclera and conjunctiva, 
which were adjacent to the DSP drug reservoir and received the most drug, to 
the innermost tissues like the vitreous humor and lens that received much lesser 
amounts. Additionally, it should be noted this study was limited only to one time 
point, which was immediately after the DSP-Visulex application. More study time 
points should yield further understanding of the pharmacokinetic profiles of DSP 
administered by the DSP-Visulex including drug distribution, onset, duration of 
action, and half-life of the drug in the eye tissues. 

Comparing the DSP-Visulex in rabbit to periocular injections and oral adminis-
tration in human [36], the DSP concentration in rabbit retina-choroid after a single 
administration of DSP-Visulex ranged from 18 to 351 μg/g whereas the estimated 
maximum DEX concentration in the subretinal fluid in patients after an oral dose 
of DEX (7.5 mg), a peribulbar injection (5 mg), and a subconjunctival injection 
(2.5 mg) was 12, 82, and 359 ng/mL, respectively [36]. When qualitatively compar-
ing DSP-Visulex application in rabbit to the topical DSP eye drop (i.e., 1 drop of 
0.1% DSP every 1.5 hours for a total of 10 or 11 drops) in human [37], the concen-
tration of DSP in the vitreous of rabbit from DSP-Visulex is much higher: the Cmax 
in human vitreous from the DSP eye drop was 1 ng/mL while most DSP-Visulex 
regimens yield ~1 μg/mL or more in the vitreous of rabbit. While such indirect 
comparisons of the DSP-Visulex data in rabbit with the pharmacokinetic studies in 
human may be unavailing, these at least illustrate the potential significance of the 
DSP-Visulex approach. 
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6. Systemic exposure after single application of DSP-Visulex 

A toxicokinetic study in rabbit suggests that DSP was rapidly absorbed into the 
systemic circulation after the DSP-Visulex application [35]. The plasma concentra-
tions of DSP and DEX after single applications of DSP-Visulex are shown in Figure 3. 
Tmax of DSP was reached at the first blood draw (5 minutes after DSP-Visulex applica-
tion), whereas Tmax of DEX was reached later at 30 minutes. The maximum plasma 
concentration (Cmax) of both DSP and DEX increased with increasing DSP concentra-
tion and with longer application time. Within 24 hours, the drug plasma concentra-
tions of all groups were approaching or under the lowest detection limit of 1 ng/mL. 

For the purpose of assessing the systemic exposure of total corticosteroid after 
DSP-Visulex application, the DSP and DEX plasma concentrations were combined 
and calculated as DSP equivalent. The DSP equivalent is defined as the sum of DSP 
and DEX in gram equivalents, with 392.5 g of DEX equivalent to 516.4 g of DSP. The 
key toxicokinetic parameters are presented in Table 2. The systemic half-life of 
the drug in the rabbit is approximately 2–3 hours. Cmax and AUC increased with 
increased concentration of DSP and increased application time. Similar to the eye 
results, the concentration seems to have more effect on the systemic exposure than 
application duration. For example, when the DSP concentration was increased from 
4 to 15%, which is about a factor of 4, the Cmax increased about eightfold from 148 μg 
to 1188 μg, but when the application time increased from 5 to 20 minutes, which 
is also a factor of 4, the total amount of the drug in the eye increased only fourfold 
from 148 μg to 795 μg. This was also the case with AUC. The increase in concentra-
tion from 4 to 15% increased the AUC by a factor of 4, whereas the increase in the 
application time from 5 to 20 minutes increased the AUC only by a factor of 2. 

To express the results of systemic DSP exposure in rabbit in human perspective, 
Cmax values of DSP in human were estimated and are presented in Table 2. The estima-
tions were based on Cmax data from intravenous (IV) injections in both rabbit [38] 
and human [39]: An IV injection of 1 mg DSP yields a Cmax of 786 ng/mL in rabbit and 
10.5 ng/mL in human. Accordingly, these results suggest that at a given dose of DSP, 

Figure 3. 
Mean plasma concentration of DSP (solid line) and DEX (dot line) following single administration of 
DSP-Visulex at predose, 5, 30, 60, 120, 240, and 360 minutes, and 24, 48, 72, and 168 hours. To reveal all 
pharmacokinetic data, all the graphs were not plotted in a linear time scale on the x-axis. 
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Table 2. 
Dexamethasone sodium phosphate-equivalent concentrations in plasma. 

the Cmax of DSP for rabbit is approximately 75 times higher than that for human. The 
estimated Cmax values in human of the lowest dose (4% DSP, 5 minutes) and the highest 
dose of DSP-Visulex (15% DSP, 20 minutes) are 2 and 25 ng/mL, respectively. In addi-
tion, the estimated Cmax values in human in the range of 2–25 ng/mL may be supported 
by an ocular iontophoretic delivery of dexamethasone phosphate (4%w/v) in uveitis 
patients, which showed the plasma Cmax of dexamethasone in the range of 2–10 ng/mL 
[40]. This is because the ocular iontophoresis delivered approximately the same order 
of magnitude of dexamethasone phosphate to the rabbit ocular tissues as DSP-Visulex 
[35], it is reasonable to speculate that the systemic drug exposure in human of DSP-
Visulex would be in the same order of magnitude as the ocular iontophoresis. 

When compared to the plasma Cmax from a single application of DSP-Visulex 
to the literature Cmax from a single IVT injection, a single topical eye drop, an oral 
tablet, a single peribulbar injection, and a single subconjunctival injection [41], it 
suggests that DSP-Visulex may have a higher systemic exposure than eye drops and 
IVT injections but less than oral and periocular injections (i.e., peribulbar injection 
and subconjunctival injection). 

7. Ocular toxicity of DSP-Visulex in animal 

A 12-week toxicity study of DSP-Visulex at 4, 8, 15, and 25% suggests that 
multiple treatments of DSP-Visulex are well tolerated [35]. The ocular findings 
observed in treated eyes from the study (i.e., 20-minute treatment duration of 
DSP-Visulex) were conjunctival injection, chemosis discharge, and corneal haze. 
These ocular findings were transient and mild in nature. No abnormalities or signs 
of ocular toxicity were observed in untreated eyes. The only frequent ocular adverse 
event was conjunctival injection, which appeared to resolve within a week. This sign 
of irritation correlates with increasing DSP concentration. Some accumulations of 
conjunctival injection were observed in the high concentration formulations (i.e., 
15 and 25% DSP) after 2 months into the weekly treatment regimen. The tonicity of 
the DSP formulation may have played a role in the conjunctival irritation. The per-
sistence and severity of the conjunctival irritation were found to be much lower in 
the 4 and 8% DSP formulations (i.e., isotonic formulation) compared to the 15 and 
25% formulation (i.e., hypertonic formulation). It may be noted that conjunctival 
injection, which is also known as conjunctival hyperemia or conjunctival erythema, 
is a common side effect found among FDA-approved corticosteroid ophthalmic 
solutions including prednisolone, dexamethasone, and difluprednate. A temporary 
corneal haze was found in one rabbit when the placement of DSP-Visulex is placed 
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off center. This is an adverse effect that can be avoided by checking whether the DSP 
reservoir has any direct contact with the cornea while in position during treatment. 

As for the histopathology after multiple treatments of DSP-Visulex for 12 weeks, 
all eyes were considered to be morphologically normal, except one treated eye in 
the 8% DSP group showed mild chronic inflammation at the limbus of the cornea. 
Besides this one eye, there were no significant findings with any ocular tissue exam-
ined: no edema or congestion of conjunctiva, ciliary body, or cornea was observed 
in any group; no neovascularization on the cornea was found; and no inflammation 
in conjunctiva, cornea, anterior chamber, trabecular meshwork, iris, ciliary body, 
vitreous, choroid, and retina tissues and no test article changes were identified. 

There were no significant weight changes in the 4 or 8% DSP-treated rabbits. 
However, the animals in the 15 and 25% DSP groups showed trends of decreasing 
body weight. Although only the 25% DSP group showed statistically significant 
reduction in body weight, the consistent decline in body weights of the animals in 
these two groups indicate that long-term exposure at these levels of DSP-Visulex 
dosing (i.e., 15 and 25% DSP for 20 minutes) may have significant systemic side 
effects on rabbit. Since all animals exhibited systemic exposure of both DSP and 
DEX after single administration of the DSP-Visulex (discussed above), this is an 
expected outcome after multiple treatments of DSP-Visulex for 3 months [42, 43]. It 
should be noted that the 20-minute treatment duration and 25% DSP tested in this 
study were an exaggerated wearing time and concentration to find the adverse effect 
(if any). The intended clinical use in the patient population would be 10 minutes or 
less and the DSP concentration would be 15% or less. 

In summary, repeated 20-minute weekly treatments of 4 and 8% DSP-Visulex 
are well tolerated over 3 months, whereas, respective 15 and 25% DSP-Visulex 
treatments potentially are limited to shorter periods of time, perhaps between 4 
and 8 weeks. The safety of DSP-Visulex with a shorter application time (i.e., 8 and 
15% DSP for 5 minutes) was evaluated in phase I/II clinical trial for the treatment of 
noninfectious anterior uveitis discussed in a later section. 

8. Efficacy of DSP-Visulex on an experimental uveitis rabbit model 

Experimental uveitis, also known as experimental autoimmune uveitis (EAU), 
has been a method for evaluation of various therapeutic agents as well as new drug 
delivery systems for intermediate, posterior, and panuveitis [44–50]. By preimmu-
nization and challenge of Mycobacterium tuberculosis H37Ra antigen, this induc-
tion causes a severe panuveitis in rabbit that lasts for more than 4 weeks [44–51]. 

Single application and multiple applications of DSP-Visulex (i.e., 8 and 15%) 
have been shown to be effective in treating the experimental uveitis over the course 
of a 29-day study [34]. In the study, rabbits were randomly assigned into six groups 
after uveitis induction. Rabbit eyes were examined by indirect ophthalmoscopy. A 
modified McDonald-Shadduck scale [52] was used for scoring inflammation. An 
average of all scores over the course of study is calculated for comparison. The eyes 
were collected at the end of the study on Day 29 for histopathology evaluation. 

All induced eyes showed signs of inflammation within a day after the uveitic induc-
tion. Overall, inflammation occurred more significantly in the posterior chamber than 
in the anterior chamber (Tables 3 and 4). The most apparent finding from the eye 
examination in assessing the severity of uveitis is inflammation in vitreous (Figure 4 and 
Table 3). All animals in the control group (untreated) reached a severe vitritis, which 
remained on average above a score of 3 through the end of study. The average inflamma-
tion score of vitreous for the control group was significantly higher than all the DSP-
Visulex treatment groups. The resolution speed of inflammation in the vitreous appears 
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*P < .05, **P < .01, and ***P < .001. 

Table 3. 
Inflammation scores from observations using indirect ophthalmoscope. 

to correlate with both the DSP concentration and frequency of DSP-Visulex treatment. 
The same correlation also corresponds to the inflammation score observed by histopa-
thology (Table 4). A complete resolution of the highest dosing regimen was observed at 
Day 10 and the lowest dosing regimen was observed at Day 22. 

Statistical differences in the average scores observed between the control group 
and each DSP-Visulex treatment group were assessed by the Wilcoxon rank-sum test 
with *P < .05, **P < .01, and ***P < .001. 

The signs of inflammation in the anterior section including the anterior chamber 
(AC) and conjunctiva were mild even with the control group. This made it difficult 
to see significant differences between the control and the low dosing regimens 
through the observations using indirect ophthalmoscope. The efficacy of the low 
dosing regimens for the anterior section was mainly supported by histopathology 
evaluation (Table 4). 

For histopathology evaluation, the average inflammation scores for both anterior 
and posterior sections are presented in Table 4. The total inflammatory scores 
of anterior section were high for the untreated eye; whereas for the DSP-Visulex 
treatment groups, they were significantly lower. The efficacy of DSP-Visulex 
treatment in the anterior section appears to be related to DSP concentrations. The 

*P < .05, **P < .01, and ***P < .001. 

Table 4. 
Inflammation scores and inflammatory cell infiltration score from histopathology examination. 
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Figure 4. 
Vitreous scores of various treatment groups tested in the experimental uveitis rabbit model. 

intermediate and posterior uveitis was persistent in the control group for 29 days, 
consistent with the ophthalmoscopic observations. The eyes from the highest dose 
regimen had almost no pathological signs of uveitis present and their posterior 
tissues appeared to be healthy with minimal inflammation while the untreated eyes 
appeared to be completely impaired (Figure 5). The overall inflammation scores of 
the posterior section suggest that all DSP-Visulex treatment regimens, except the 
lowest dosing regimen, were less inflamed in the posterior section than the controls. 

The successful treatment with a single-dose of DSP-Visulex was not anticipated 
in this uveitis model because the DSP was estimated to be cleared from the eye 
tissues and eventually from the body within 24 hours based on the pharmacokinet-
ics of dexamethasone sodium phosphate [38, 39]. Although the duration of action 
for dexamethasone can last up to 72 hours [53], it cannot explain the long anti-
inflammatory effect of the single dose of DSP-Visulex in this chronic uveitis model, 
unless a very high dose of DSP (similar to the 8 and 15% DSP-Visulex) can stop the 
inflammatory process in the uveitic eye without a repeat dose. More studies (e.g., a 
dose-ranging study of DSP IVT injection in experimental uveitis rabbit) need to be 
done to confirm this hypothesis. 

The uveitis model used in this DSP-Visulex study was similar to (if not the 
same as) the uveitis rabbit model used in the preclinical studies of intravitreal DEX 
implant [44, 46]. Considering a qualitative (DEX vs. DSP) and indirect comparison 

Figure 5. 
Comparative histopathologic presentation of the posterior section of the eyes at the end of study (Day 29). 
(A) Control (untreated eye): The inflammation is severe and the photoreceptor layer is completely damaged. 
(B) 15% DSP (15 minutes, 4 doses): Inflammation is minimal and the tissue structure is well preserved. 
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(nonhuman primate vs. rabbit) to intravitreal DEX implant (Ozurdex®) from 
a pharmacokinetic study in nonhuman primate [41], the Cmax of DEX from 
Ozurdex® was 1.1 μg/g in the retina at Day 60 and 0.2 μg/mL in the vitreous at Day 
60 whereas the concentration of DSP in the retina-choroid and vitreous from DSP-
Visulex was much higher immediately after a single administration (i.e., ≥18 μg/g in 
the retina-choroid and ≥ 1 μg/mL in vitreous)[35]. This may suggest a more rapid 
onset of the pharmacological action with DSP-Visulex compared to Ozurdex®. 
However, since Ozurdex®, which is a controlled release product, provides a much 
longer exposure of DEX in eyes compared to DSP-Visulex, the risks and benefits of 
the two products in the eye diseases will need to be further evaluated, particularly 
in well-controlled efficacy models. 

In summary, the ophthalmoscopic observations and histopathological examina-
tions strongly indicate that the DSP-Visulex treatment was safe and well tolerated in 
the rabbit uveitis model. Overall, all the 8 and 15% DSP-Visulex treatment regimens 
in this study can be considered for the treatment of anterior, intermediate, pos-
terior, and panuveitis. On the other hand, the 4% DSP-Visulex regimen may only 
be considered for the treatment of anterior and intermediate uveitis but not for 
posterior uveitis unless more frequent dosing is tested. 

9. Safety and efficacy of DSP-Visulex for noninfectious anterior uveitis: a 
randomized phase I/II clinical trial 

DSP-Visulex treatment regimens (two applications on the first week and then 
weekly after) were evaluated for safety and efficacy against daily prednisolone 
acetate eye drop (PA) for noninfectious anterior uveitis[54]. The study (called 
DSPV-201) was a phase I/II, multicenter, randomized, parallel group, double-
masked, active-controlled, and dose comparison study. 

A total of 44 patients were randomized in 1:1:1 ratio to the three treatment groups: 
14 patients to the 8% group (8% DSP-Visulex with placebo eye drops), 15 patients 
to the 15% group (15% DSP-Visulex with placebo eye drops), and 15 patients to the 
PA group (Vehicle-Visulex with 1% PA eye drops). All patients received the Visulex 
treatments (either DSP-Visulex or Vehicle-Visulex) at Visit 1 (Day 1), Visit 2 (Day 
3 ± 1), Visit 3 (Day 8 ± 1), and Visit 4 (Day 15 ± 1) with an optional Visulex treat-
ment at Visit 5 (Day 22 ± 1). The optional Visulex treatment was at the investigator’s 
discretion. Patients self-administered the study eye drops 6 times daily through Visit 
4, then tapered off. Both safety and efficacy assessments were made at all visits. 
Efficacy parameters included anterior chamber cell (ACC) count and anterior cham-
ber flare (ACF) grade, which were graded based on the Standardization of Uveitis 
Nomenclature (SUN) Working Group classification [55]. The safety parameters 
assessed were the incidence of treatment-emergent adverse events (AEs), best-
corrected visual acuity (BCVA), intraocular pressure (IOP), slit lamp biomicroscopy 
assessments, ophthalmoscopy assessments, and ocular pain. 

A total of 40 patients completed the study: 12 patients in the 8% group, 14 
patients in the 15% group, and 14 patients in the PA group. The patient characteris-
tics regarding age, gender, and race were comparable among the three groups [54]. 
The uveitis baseline of the three treatment groups including anterior chamber cell 
(ACC) grade, anterior chamber flare (ACF) grade, VAS for pain, visual acuity, and 
IOP were similar. Moreover, the baseline characteristics were also comparable to 
larger phase III studies [54, 56]. 

The percentages of patients with zero ACC count were comparable among all 
three treatment groups at the end of the study (Figure 6A). The profiles of ACC 
clearing over the course of the study are similar among the three treatment groups 
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Figure 6. 
(A) Percentage of patients with anterior chamber cell count of 0. (B) Anterior chamber cell count. 
(C) Anterior chamber flare grade based on SUN classification. (D) Ocular pain measured by a visual analog scale. 

(Figure 6B). All showed a rapid reduction of ACC counts to the average of 5 cells 
or lower within 14 days, then gradually approaching 0 cell subsequently. The same 
trends were also observed with respect to ACF. The 15% illustrated a trend for stron-
ger potency compared with the 8% on the basis of the percent of patients with ACC 
count of 0 at Visit 5 (Day 22) and the need for an optional dose at Visit 5. Based on 
the criteria of the SUN working group on the short-term evaluation of a new therapy 
(i.e., a two-grade decrease in ACC grade or decrease to grade 0 is considered suf-
ficient improvements) [55], weekly DSP-Visulex treatments are considered effective 
therapy for noninfectious anterior uveitis. Majority of patients in all groups showed 
similar improvement in visual acuity (i.e., the reductions of logMAR)[54]. 

The eye pain was measured by visual analog scale (VAS). The reduction in VAS 
pain scores throughout the study (Figure 6D), which coincided with the improve-
ment of other aspects of anterior uveitis, including ACC and ACF, demonstrated 
that while patients had moderate pain at enrollment, the patients experienced 
minimal or no pain by the conclusion of the study. These observations can be attrib-
utable to either an improvement in symptoms related to a treatment effect of the 
anterior segment inflammation and/or acquired tolerance to the treatment modality 
itself over time, the differential effects being difficult to clearly delineate. 

No safety concerns were identified in the study. Overall, 19 of 44 patients 
reported 58 AEs, of which 54 were ocular. The numbers of AE reports from each 
group were 10, 36, and 12 for the 8%, 15%, and PA groups, respectively. A summary 
of AEs is presented in Table 5. The higher ocular AEs reported with the 15% group 
are possibly due to the hypertonicity of the 15% DSP formulation compared with 
the isotonic formulations of 8% DSP and 1% prednisolone acetate, resulting in more 
ocular irritation. Most AEs were related to ocular surface phenomena. The most 
frequently reported AEs were corneal abrasion (n = 4), conjunctival staining (n = 4), 
and cornea staining (n = 4). These findings are consistent with preclinical studies 
[35] and such AEs are similar to those found with contact lens wearers [57–59]. 
The AEs are believed to be caused by physical/mechanical abrasion of the Visulex 
applicator on the corneal and conjunctival surface (i.e., epithelium). Two patients 
experienced a serious adverse event (SAE), including hospitalization for diabetic 
ketoacidosis and surgical treatment for unilateral retinal detachment. Both of these 
SAEs were identified as unrelated to the investigational product. Throughout the 
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Table 5. 
Adverse events. 

course of this study, no apparent corticosteroid-mediated AEs were observed and 
only four reported AEs were even considered as systemic AEs (three were from PA 
group and one, which was granulomatous dermatitis, was from the 8% group). 
None of the systemic AEs were considered treatment-related. These findings sug-
gest negligible systemic exposure of DSP-Visulex in human as discussed above. The 
safety outcomes of PA are consistent with expectations and the incidence of AEs are 
comparable to other clinical studies [56, 60]. This suggests that the Visulex applica-
tor by itself contributes minimally to any adverse effects and tolerability. 

The results of IOP elevation in the PA arm (Figure 7) are consistent with a phase 3 
study of PA in treating noninfectious anterior uveitis [56] and other local corticoste-
roid treatments including eye drops, intravitreal injection, periocular injections, and 
intravitreal implants [61]. With respect to the DSP-Visulex arms, no IOP elevation was 
observed after the first week of treatment. The IOP results from both DSP-Visulex 
groups are not congruent with those typically observed for topical steroid treatments. 
However, this outcome is consistent with the preclinical studies of DSP-Visulex in 
rabbits, in which IOP elevations are minimal and transient (unpublished data). We 
hypothesize that the length of steroid exposure to the eye, which is the main dif-
ference between the DSP-Visulex treatment and the other corticosteroid therapies, 
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Figure 7. 
Mean changes in intraocular pressure (IOP) from baseline. 

affects the IOP elevation. Frequent daily eye drops, sustained release implants, and 
IVT injections of corticosteroid suspensions represent constant drug exposure to eye 
tissues including trabecular meshwork. By contrast, the steroid exposure to the eye 
in the case of DSP-Visulex is intermittent (i.e., twice in the first week and then once 
a week thereafter). We speculate that this unique pulsatile treatment of DSP-Visulex 
optimizes the balance between the anti-inflammatory and IOP effects of steroid 
therapy. Furthermore, the delivery method of steroid into the AC with DSP-Visulex 
may be analogous to that of a micropulse of relatively high concentration of local 
steroid into the eye, and that frequent micropulse of steroid may be more efficacious 
from inflammatory perspective and not over expose trabecular meshwork to more 
sustained concentrations of steroid over a long period of time. Glaucoma, diabetic, 
or elderly patients who are more susceptible to the IOP increases could benefit 
from DSP-Visulex treatments. However, this plausible benefit of IOP along with the 
efficacy and safety must be confirmed in a pivotal study with a larger sample size. 

10. DSP-Visulex compared to an iontophoresis of dexamethasone 
phosphate 

It is of interest to compare two novel ocular drug delivery systems of dexametha-
sone phosphate: one employs electrical current (also known as iontophoresis) and 
another is based on passive diffusion (i.e., no electrical current). On a semi-quantita-
tive basis, the present DSP-Visulex results may be compared to the ocular iontopho-
resis results of 4% dexamethasone phosphate as reported by Güngör et al.[62]. The 
8% DSP-Visulex (5-minute application or longer) appears to deliver DSP to retina-
choroid tissues to the same extent as the iontophoresis results (5-minute application 
at 2, 4, and 6 mA) and the 15 and 25% DSP-Visulex appear to be somewhat better 
than the iontophoresis results. 

An iontophoresis of dexamethasone phosphate, known as EGP-437, is also 
being investigated in clinical studies for noninfectious anterior uveitis. While not 
directly comparable, in the phase 2 clinical trial of EGP-437 for noninfectious ante-
rior uveitis [40], the percentage of patients achieving the ACC score of zero were 
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48% at Day 14 and 60% at Day 28 for EGP-437, whereas, the respective percentage 
of DSP-Visulex patients in the present study achieving the ACC score of zero were 
approximately 41% at Day 15 and 89% at Day 29. In the phase 2 study of EGP-437, 
it appeared that the higher the electrical current used, the lesser the efficacy. While 
this was an unexpected outcome of the EGP-437 study, Pescina et al. [63] sug-
gested that under certain iontophoretic conditions used in the study of EGP-437, 
the electroosmotic flow occurring during iontophoresis may oppose the direction 
of drug transport into ocular tissues resulting in an inverse relationship of electri-
cal current and efficacy. As for safety comparisons, the number of ocular AEs 
produced from a single dose of EGP-437 is higher than those following multiple 
applications of DSP-Visulex. Although the comparative discussions of the two 
studies are qualitative, the results of the DSP-Visulex study may raise a question of 
the fundamental utility of iontophoresis in DSP administration for the treatment 
of noninfectious anterior uveitis. 

11. Conclusion 

DSP-Visulex may address problems of existing corticosteroid treatments for uveitis 
and other eye diseases. This includes eliminating the need for frequent dosing of eye 
drops (i.e., multiple drops 6–10 times/day), reducing side effects inherent with systemic 
drug therapies, and avoiding serious risks associated with intravitreal and periocular 
injections. Data suggest that DSP-Visulex has clinical potential for the noninvasive 
treatment of ocular diseases including uveitis, macular edema, postoperative inflam-
mation, diabetic retinopathy, and age-related macular degeneration. In the future, 
many other drug molecules can be incorporated into the Visulex-P platform for various 
ophthalmic applications. With the positive outcomes of DSP and other in-house-tested 
therapeutic molecules (e.g., mycophenolic acid, rapamycin, triamcinolone acetonide 
phosphate, and lipoic acid), we are optimistic that Visulex-P is a new ophthalmic drug 
delivery system that can benefit both anterior and posterior eye diseases. 
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Chapter 7 

Biological Therapies that Target 
Inflammatory Cytokines to Treat 
Uveitis 
Ashvini Reddy, Fauziyya Muhammad and Darren J. Lee 

Abstract 

Uveitis is a leading cause of blindness that presents a considerable challenge 
given that our understanding of the mechanisms of disease is still evolving. Both 
innate and adaptive immunity play a role in disease and mediators of these 
responses can serve as therapeutic targets. TNF-α and IL-1β inflammatory cytokines 
are central mediators of immunity and are involved in the dysregulated inflamma-
tory response during uveitis. Because toxicity limits the use of steroids and other 
steroid-sparing agents, biologics that target a specific cell type or pathway are being 
explored for the treatment of autoimmune uveitis. This chapter begins with a broad 
overview of the aberrant immune response resulting in uveitis, and highlights key 
mediators such as TNF-α, IL-1β, IL-6, and IL-17 and their potential use as thera-
peutic targets. Most biological agents discussed in this review have not been FDA-
approved for uveitis. However, favorable outcomes in early trials and FDA approval 
of these drugs for the treatment of other autoimmune diseases associated with 
uveitis support the potential for these biological agents in the management of 
uveitis. This review aims to provide an updated report on the efficacy of biologics 
that target TNF-α, IL-1β, IL-6, and IL-17 for the treatment of autoimmune uveitis. 

Keywords: uveitis, TNF-α, IL-1β, IL-6, IL-17, etanercept, adalimumab, infliximab, 
golimumab, certolizumab, anakinra, canakinumab, gevokizumab, rilonacept, 
tocilizumab, sarilumab, secukinumab 

1. Introduction 

Uveitis is the third leading cause of blindness in western countries and fourth 
worldwide [1, 2]. The ocular inflammation associated with uveitis can occur in 
every tissue within the eye so is frequently described according to the anatomical 
location of the inflammation [3, 4]. Anterior uveitis includes inflammation of the 
iris, ciliary body, and anterior chamber. Intermediate uveitis involves the vitreous 
and pars plana, while posterior uveitis describes inflammation of the retina and 
choroid [5, 6]. Sometimes, both anterior or intermediate and posterior uveitides can 
occur, which is referred to as panuveitis [5, 6]. Uveitis can be due to infectious or 
noninfectious causes; the latter is thought to be immune mediated and is commonly 
referred to as autoimmune uveitis (AU) [7, 8]. Both infectious and noninfectious 
uveitides lead to damaging inflammation, and undertreatment leads to destruction 
of ocular tissue which can result in vision loss [9, 10]. So, the goal of treatment is 
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to suppress the ocular inflammation to preserve vision [7]. Generally, uveitis of 
infectious origin is treated with systemic and/or local antibiotics, antivirals, or 
antifungals, and inflammation usually resolves once the pathogen is eliminated [7]. 
Because noninfectious uveitis is immune-mediated, suppression of the immune 
system is necessary [7, 11]. 

The current treatment paradigm for noninfectious uveitis is to treat with medi-
cations that suppress the immune system to drive the inflammatory response into 
remission [2, 7]. Corticosteroids can be given locally and/or systemically to rapidly 
suppress inflammation, but they are not a long-term treatment option due to their 
side effects [7, 12–14]. When the steroids are discontinued, there is a risk of 
recurrent disease [15]. Localized slow-releasing steroid implants have been deve-
loped and have shown some efficacy, but these can result in cataract and glaucoma 
[14, 16]. As such, immunomodulating or immunosuppressants are used concomi-
tantly to supplement or taper off the steroids in severe or chronic cases [7]. These 
immunosuppressive therapies, also called “steroid-sparing drugs,” include non-
steroidal anti-inflammatory drugs (NSAIDs); antimetabolites such as methotrexate, 
azathioprine, and mycophenolate; T-cell inhibitors such as tacrolimus; and 
cyclosporine and mTOR inhibitors such as rapamycin and derivatives of rapamycin 
[2, 7]. Also, DNA alkylating agents such as chlorambucil and cyclophosphamide can 
also be utilized. The steroid-sparing drugs have significantly improved the outcome 
of uveitis and provide additional more targeted treatment options [17]. However, as 
with steroids, these drugs may produce significant side effects, including an 
increased susceptibility to infection, and many still fail to provide lasting remission 
[2, 18]. It is conceivable that a targeted therapy that only suppresses one or two 
inflammatory pathways may offer a more favorable side effect profile than standard 
steroid-sparing agents [2]. Biologics are a relatively new class of medications that 
specifically target specific molecules involved in inflammation. The major hurdles 
to implement biological therapies include a large financial burden and questions 
about long-term efficacy. Therefore, in this report we discuss the outcomes of 
treating uveitis with biologics with a specific focus on inhibition of TNF-α, IL-1β, 
IL-6, and IL-17 inflammatory cytokines. 

1.1 Biologics in uveitis 

Progress in the field of ocular immunology has provided a basic understanding 
of the inflammatory mechanisms that contribute to the pathogenesis of 
noninfectious uveitis. This allows for a better understanding of the mechanism of 
action of many medications. Many of the current immunosuppressive therapies 
suppress inflammation via broad mechanisms of action. For example, 
mycophenolate inhibits expansion and survival of lymphocytes by limiting the 
transport of purines into the cell, thus preventing proliferation of T cells and B cells 
which are dependent on extracellular purines [19]. The disadvantage of this strategy 
is that differentiation of regulatory T cells (Tregs), a subset of T cells, that have 
been demonstrated to suppress autoimmune disease would also be inhibited 
[20, 21]. Rapamycin inhibition of mTOR is effective in suppressing rapidly dividing 
cells such as leukocytes, but the mTOR pathway is utilized by many cells in the 
body, so mTOR inhibitors are associated with a wide array of side effects [22]. 
Therefore, the effective treatment of autoimmune uveitis with a minimal side effect 
is dependent on the development of much more targeted treatments. 

A better understanding of autoimmune diseases and specifically of ocular 
immunology now provides the possibility of specifically targeting important 
inflammatory pathways rather than broadly suppressing the immune response [14]. 
One such method to target specific inflammatory cytokines or receptors is with the 
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use of biologics [2, 14, 23]. The biological agents, also called “biological response 
modifiers” or “biologics,” are a broad group of molecules that have been utilized to 
interfere and alter inflammation during immune-mediated processes [2]. These 
agents include recombinant cytokines, monoclonal antibodies that target cell sur-
face proteins and receptors, specific antagonists of cytokines, and soluble receptors 
[14, 24]. These drugs function by specifically suppressing a single pathway through 
targeting of an effector molecule [14, 23]. As such, biological agents are being used 
as a treatment for refractory uveitis [25, 26]. Unfortunately, biologics are not always 
an option because of extremely high costs that limit approval for off-label use by 
insurance. The justification to insurance can be even more challenging because of 
the limited number of published reports documenting the effectiveness of biologics. 
As such, it is necessary to demonstrate that current biologics are effective in 
providing sustained remission. Therefore, the purpose of this review is to provide a 
summary of the literature of the outcomes and effectiveness of biologics that target 
the key inflammatory mediators especially TNF-α, IL-1β, IL-6, and IL-17. In 
addition, in order to provide a better understanding of the immunological function 
of these biologics, we will also provide a limited discussion of the immunological 
pathways that are targeted by TNF-α, IL-1β, IL-6, and IL-17. 

1.2 Basic immunology of uveitis 

Immune-mediated or autoimmune uveitis is a group of heterogeneous diseases 
that can be restricted to the eye, as in pars planitis or birdshot chorioretinopathy. 
The vast majority of uveitis patients experience localized inflammation. However, 
ocular inflammation can also be associated with systemic disease, such as in lupus, 
ankylosing spondylitis, and multiple sclerosis [27]. There are still many unknown 
aspects of the pathogenesis of autoimmune uveitis, but results from human and 
animal research supported potential mechanisms. One theory is the molecular 
mimicry model, in which the manifestation of autoimmune uveitis is thought to 
result from clearance of a pathogen with an antigen with a similar structure to a 
self-antigen in the eye [28–30]. However, the initiating antigens have not been 
isolated nor is it likely to be identified due to antigenic shift that occurs with chronic 
tissue inflammation [31]. In some cases, there is a genetic component, as evidenced 
with gene associations mapping to the HLA locus, such as HLA-B27, HLA-A29, and 
HLA-B51 [32–34]. HLA-B27 is associated with anterior uveitis, reactive/rheumatoid 
arthritis, and ankylosing spondylitis. HLA-A29 is associated with birdshot 
chorioretinopathy, and HLA-B51 is associated with Behcet’s disease [35–37]. 
Because there is not 100% penetrance with these HLA alleles, there is likely also an 
environmental trigger that is required as well. This demonstrates the heterogeneity 
associated with autoimmune uveitis and illustrates why a single therapy may not be 
effective for all uveitis patients. Thus, additional research is necessary to further our 
understanding of this disease. 

Innate and adaptive immune cells are intricately connected during a normal 
immune response and aberrant responses as in autoimmune uveitis [30, 38]. The 
trigger of immune activation during uveitis is not well understood, but it is specu-
lated that both environmental and genetic predispositions can initiate an inflam-
matory response that would eventually cause damage to the eye during uveitis 
[39, 40]. Innate immune cells such as monocytes, macrophages, and dendritic cells 
generally respond first to these inflammatory cues [41, 42]. These activated innate 
immune cells secrete proinflammatory cytokines such as TNF-α, IL-6, and IL-1β 
which serve as mediators of inflammation [34, 38, 43]. The role of innate immunity 
in the pathogenesis of uveitis is evident in both human and animal studies, where 
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markers of inflammatory monocytes are more abundant in uveitis patients than 
their healthy controls [44]. Likewise, high levels of these inflammatory cytokines 
have been shown to be elevated in the ocular fluids of uveitis patients [45]. Also, 
animal models of uveitis which recapitulate the pathologies seen in human uveitis 
require adjuvants in the induction of the T-cell-mediated uveitis [46]. These 
required adjuvants activate the pattern recognition receptors (PRR) on innate 
immune cells that result in the production of these TNF-α, IL-1β, and IL-6 [34, 38]. 
As such, inhibition of TNF-α, IL-1β, and IL-6 is effective in reducing the ocular 
inflammation observed in numerous mouse models of uveitis [47–49]. Activated 
innate immune cells can act as antigen-presenting cells (APCs) and/or cytokine-
secreting cells to provide signals that activate B and T cells [50]. In response to this 
activation, T cells differentiate into effector cells and largely produce inflammatory 
mediators such as cytokines that activate and recruit other immune cells that 
enhance ocular damage [34]. 

Several studies have highlighted the involvement of mediators and cellular 
responses that integrate both innate and adaptive immunities in the pathogenesis of 
uveitis [30, 41]. In this review, TNF-α, IL-17, IL-6, and IL-1β are the mediators of 
interest. While TNF-α, IL-6, and IL-1β are central mediators of inflammation that 
lead to activation of both innate and adaptive immunities, IL-17 is produced by a 
specific effector T cells (Th17 cells) that has a strong association with autoimmunity 
[51, 52]. Elevated levels of these cytokines are seen in the ocular fluids and plasma 
of uveitis patients [53–55]. 

Biological agents that specifically target these immune mediators or 
T-cell-activating molecules have gained wide recognition as effective therapy 
for immune-mediated diseases such as rheumatoid arthritis (RA), juvenile idio-
pathic arthritis (JIA), psoriasis, sarcoidosis, and organ rejection and are there-
fore being used for the treatment of uveitis [56]. Results from treatment of 
animal models and biological samples of uveitis patients with antagonists of the 
inflammatory mediators have demonstrated the involvement of these mediators 
with autoimmune uveitis [57, 58]. Currently, there are numerous clinical trials 
that are testing the efficacies of biological agents for the treatment of autoim-
mune uveitis. 

2. TNF-α inhibitors 

TNF-α inhibitors are biological agents that target tumor necrosis factor alpha 
(TNF-α) and its receptors. TNF-α was initially studied for its ability to stimulate 
necrosis of malignant tumors [59, 60]. An immunological role was later 
discovered as it is also an important inflammatory mediator [59, 60]. TNF-α is a 
proinflammatory cytokine that is secreted by many immune cells of the innate and 
adaptive arm of the immune response, including T cells, and macrophages, and 
nonimmune cells such as keratinocytes [60]. TNF-α binding to one of the two 
isoforms of its transmembrane receptor (TNFr1 and TNFr2) is the first step in 
triggering a response [59]. Binding of TNF ligand to its receptor activates down-
stream signals that lead to a cascade of cellular events that include cellular prolif-
eration, differentiation, apoptosis, survival, and regulation of inflammatory 
cytokine production [60]. Because these events lead to activation of inflammatory 
cells, TNF-α is considered a master regulator of inflammation [60, 61]. TNF-α has 
been implicated in the pathogenesis of autoimmune uveitis and other immune-
mediated diseases especially organ-specific diseases [62–64]. High levels of TNF-α 
have been reported in the aqueous humor and sera of uveitis patients compared to 
their healthy controls [65]. Also, elevated levels of this cytokine are observed in 
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the animal models of autoimmune uveitis, and inhibition of TNF-α activity results 
in disease remission in these animal models [47, 66]. Involvement of TNF-α in 
many autoimmune diseases has made it a therapeutic target [60]. Currently, there 
are numerous biologics that target TNF-α activity; these include infliximab, 
etanercept, adalimumab, golimumab, and certolizumab [67]. Biologics that target 
TNF-α and its interaction with its receptors were developed and approved for the 
treatment of autoimmune diseases such as RA, psoriasis, sarcoidosis, inflamma-
tory bowel disease, etc. [67]. The efficacy of TNF-α inhibitors in the treatment of 
these diseases has led to great interest in the use of these biological agents for the 
treatment of uveitis. 

2.1 Etanercept 

Etanercept is a recombinant fusion protein that contains the extracellular ligand-
binding portion of the human TNF receptor (TNFr2) and the Fc portion of human 
IgG1 [68]. Because the structure of etanercept contains no membrane-bound 
portion, it is essentially a soluble TNF receptor that binds the free form of all TNF 
isoforms (TNF-α, TNF-β, and TNF-γ) [68]. Because the soluble form of TNF and 
membrane-bound TNF have opposing immunological effects, it is of note that 
etanercept does not bind to the membrane-bound form [69]. 

For two decades, etanercept has been used to treat rheumatic diseases, and it is 
FDA approved for the treatment of JIA, RA, ankylosing spondylitis (AS), psoriatic 
arthritis (PA), and plaque psoriasis (PP) [68, 70]. Effectiveness of etanercept in the 
treatment of these diseases led to interest in the use of this drug for uveitis. 
Etanercept has been reported to be a treatment for refractory uveitis in pediatric 
patients [71]. In the prospective study, beneficial effects of etanercept were 
observed in at least 63% of the patients after 3 months of treatment [71]. Another 
prospective study of the efficacy of etanercept in patients with JIA-associated 
uveitis showed 73% of the patients had an initial response after 3 months of treat-
ment; however, only about half of the responders (39%) remained in remission 
after 1 year [72]. In addition, several prospective and retrospective studies of 
etanercept did not show treatment efficacy in uveitis associated with systemic 
diseases such as JIA [73], sarcoidosis [74], or chronic uveitis [75]. Some studies have 
shown an increased incidence of uveitis in patients treated with etanercept for 
ankylosing spondylitis [76–78]. In general, the efficacy of etanercept for uveitis is 
poor, and several studies have shown that other TNF inhibitors (adalimumab and 
infliximab) are more effective and preferred for the treatment of uveitis as 
discussed below [79, 80]. 

Administration and dosing: Enbrel (Immunex, Thousand Oaks, CA) is the brand 
name for etanercept, and it is typically administered subcutaneously at a dose of 
50 mg every 1–2 weeks or 0.8 mg/kg weekly. It was first approved by the FDA in 
1998 for the treatment of rheumatic diseases. 

Adverse effects: Side effects of etanercept can include localized effects such as 
pain and swelling at the injection site [81]. There are reported cases of an increased 
risk of fungal infection and TB reactivation [78, 82]. Some reports have shown 
exacerbation of uveitis or development of uveitis concurrent with etanercept treat-
ment [78, 82]. Other serious side effects include lupus-like disease due to autoanti-
bodies generated against etanercept, exacerbation of the central and peripheral 
nervous system demyelinating disorders, hematologic, and cardiovascular side 
effects [81, 83, 84]. Please see full prescribing information for complete list. 

Contraindications: Sepsis [85]. Tuberculosis reactivation or newly acquired 
tuberculosis has been reported to have an increased incidence in patients on TNF 
inhibitors [86, 87]; additional discussion is provided at the end of this section. 
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2.2 Adalimumab 

Adalimumab was the first fully human IgG1 monoclonal antibody to be approved 
by the FDA. It was approved as an antibody against TNF-α following the develop-
ment of infliximab and etanercept. Adalimumab inhibits TNF-α activity by directly 
binding TNF-α to prevent it from interacting with TNF receptors [88]. Adalimumab 
is FDA approved for the treatment of RA, inflammatory bowel disease, PA, JIA, and 
AS [89]. Several prospective and retrospective studies report the efficacy of 
adalimumab in the treatment of uveitis. In a prospective VISUAL I and VISUAL II 
study (2010 to 2015) of 217 and 226 adult patients with active and inactive uveitis, 
respectively, Sheppard et al. found significant improvement in clinical outcomes in 
patients treated with adalimumab compared to the placebo group [90]. Also, a 
prospective study from 2006 to 2011 showed that 17 out of 19 adult patients with 
refractory uveitis in Behcet’s disease achieved clinical improvement [91]. Similar 
results were observed in another prospective study with 72 adult patients conducted 
between 2006 and 2012 [92]. This study reported that adalimumab reduced the 
frequency of uveitis attacks in patients with AS by 72% [92]. Another prospective 
study with 31 refractory uveitis patients reported 68% of these patients showed 
resolution of ocular inflammation at 10 weeks of treatment and after 1 year 39% of 
these patients maintained remission [93]. Similarly, in a retrospective study, the 
efficacy and safety of adalimumab in Behcet’s disease-related uveitis were reported 
using records of 40 patients treated with adalimumab for up to 12 months [94]. The 
retrospective chart review showed remission was achieved in 95% of the patients 
[94]. The use of adalimumab in pediatric patients was reported in a prospective study 
with 18 young patients (2–19 years) with chronic anterior uveitis; 88% of the patients 
responded to the therapy [95]. Similar results were reported in another pediatric 
study including 90 children and adolescents; this study shows responsiveness to 
adalimumab and lower treatment failure compared to a placebo treatment [96]. 

In 2014, the executive committee of the American Uveitis Society recommended 
adalimumab as a first-line treatment for uveitis associated with Behcet’s disease 
when uncontrolled by standard immunomodulatory drugs [24]. Importantly, in 
2016, adalimumab became the first and the only drug to be FDA approved for the 
treatment of intermediate, posterior, and panuveitis [97]. 

Administration and dosing: Adalimumab is sold under the brand name Humira 
(AbbVie Inc., North Chicago, IL), and Amjevita is a biosimilar (Amgen, Inc., 
Thousand Oaks, CA), but Amjevita is not available in the USA due to patent issues, 
and it is typically given subcutaneously every 1–2 weeks at a dose of 40–80 mg or 
20 mg if the body weight is less than 30 kg. 

Adverse effects: In some of the studies mentioned above, adalimumab treatment 
for uveitis was associated with some severe side effects. These serious side effects 
include sarcoidosis, anaphylaxis, optic neuritis, Guillain-Barre syndrome, multiple 
sclerosis, adenoma, and melanoma [83, 91, 98–100]. Please see full prescribing 
information for complete list. 

Contraindications: None are listed with the FDA [101]. Tuberculosis reactivation 
or newly acquired tuberculosis has been reported to have an increased incidence in 
patients on TNF inhibitors [86, 87]; additional discussion is provided at the end of 
this section. 

2.3 Infliximab 

Infliximab is a chimeric IgG1 monoclonal antibody that contains the human 
constant region and murine variable regions, and it binds both membrane-bound 
and free TNF-α [102]. This drug was initially developed and approved by the FDA 
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in 1998 for the treatment of inflammatory bowel disease; subsequently, this drug 
was approved for the treatment of RA and other rheumatoid diseases [103, 104]. 
Clinical trials to assess the efficacy of infliximab as a treatment for uveitis demon-
strate that it is a potential treatment option. One prospective study reported a rapid 
response to infliximab in six adult patients that had uveitis associated with Behcet’s 
disease or sarcoidosis [105]. Similarly, in another prospective study, 9 out of 11 
patients with refractory posterior uveitis showed improvement of disease following 
treatment with infliximab [106]. Efficacy of infliximab in pediatric patients with 
uveitis has been demonstrated in retrospective studies of JIA patients [107, 108]. All 
17 patients in one study showed a rapid and well-tolerated response to infliximab 
[108]. Also, several studies have demonstrated the effectiveness of infliximab in 
localized uveitis as well as systemic autoimmune diseases associated with uveitis. 
One prospective study demonstrated effective suppression of uveitis in 18 out of 23 
patients at 10 weeks of treatment initiation, and clinical success was achieved in all 
patients at week 50 [109]. 

Numerous clinical trials have compared the efficacy between adalimumab and 
infliximab in the treatment of noninfectious uveitis; most of these studies 
concluded that, overall, both anti-TNF-α agents showed equivalent efficacies. In 
one study, 160 patients with refractory uveitis were treated with either infliximab 
or adalimumab, 93% of the patients achieved remission after 12 months of treat-
ment, and no significant difference in terms of occurrence of uveitis was seen 
between the two treatment groups [110]. Also, the expert panel from the American 
Uveitis Society recommends infliximab or adalimumab as the first-line treatment 
for uveitis in Behcet’s disease [24]. 

Administration and dosing: Infliximab is sold under the brand name Remicade 
(Janssen Biotech, Horsham, PA) and is typically given intravenously at a dose of 
3–5 mg/kg at weeks 0, 2, 6, and subsequently every 8 weeks [24]. 

Adverse effects: The most notable side effect of infliximab in some patients was 
generation of autoantibody against the non-humanized component of the drug 
[111]. Other serious side effects include an increased risk of lymphoma, reactivation 
of TB, and an increased risk of fungal infections [82]. Infliximab may also contri-
bute to the exacerbation of demyelinating diseases and is not preferred in patients 
with multiple sclerosis [112, 113]. Please see full prescribing information for 
complete list. 

Contraindications: Heart failure has been reported with doses greater than 5 mg/ 
kg. Severe hypersensitivity to Remicade or to inactive components of Remicade or 
to proteins of mouse origin has been reported [114]. Tuberculosis reactivation or 
newly acquired tuberculosis has been reported to have an increased incidence in 
patients on TNF inhibitors [86, 87]; additional discussion is provided at the end of 
this section. 

2.4 Golimumab 

Golimumab is a promising TNF-α inhibitor for the treatment of autoimmune 
uveitis. It is a fully humanized IgG1 monoclonal antibody that binds to both soluble 
and membrane-bound TNF-α. This antibody has greater TNF-α binding affinity 
than infliximab and adalimumab [115]. This drug was FDA approved for the treat-
ment of ulcerative colitis, RA, PA, and AS in 2013 [116]. The success of other TNF-α 
inhibitors (adalimumab and infliximab) in the treatment of uveitis paved way for 
the use of golimumab in uveitis [117]. Retrospective and prospective studies of 
golimumab in uveitis showed promising results of its effectiveness in maintaining 
remission. Retrospective analysis of the efficacy of golimumab in patients with 
recurrent uveitis between 2013 and 2015 showed remission achieved in 12 eyes 
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out of 15 after a median follow-up period of 11 months [118]. A prospective study 
of 15 patients with refractory uveitis related with spondyloarthritis demonstrated 
the effectiveness of golimumab in uveitis. The results from this study showed 
rapid improvement of intraocular inflammation in most of the patients with 
chronic or relapsing uveitis including patients that were refractory to other TNF-α 
inhibitors [119]. 

Administration and dosing: Golimumab is marketed under the brand name 
Simponi (Janssen Biotech, Horsham, PA) and is given subcutaneously at a dose of 
50 mg once a month or 200 mg then 100 mg at week 2 and 100 mg every 4 weeks 
for UC. It can be given intravenously at a dose of 2 mg/kg at week 0 and 4 and then 
every 8 weeks. 

Adverse effects: Golimumab as with other TNF-α inhibitors interferes with the 
inflammatory response, so the use of this drug is associated with side effects 
similar to those seen in other TNF-α, specifically increased risk of bacterial 
infections and reactivation of TB [120–122]. When golimumab is combined with 
antimetabolites such as azathioprine or 6-mercaptopurine, it can lead to an 
increased risk of malignancies [123]. Please see full prescribing information for 
complete list. 

Contraindications: None are listed with the FDA [124]. Tuberculosis reactivation 
or newly acquired tuberculosis has been reported to have an increased incidence in 
patients on TNF inhibitors [86, 87]; additional discussion is provided at the end of 
this section. 

2.5 Certolizumab 

Certolizumab is a member of the TNF-α inhibitors that was developed and 
approved by the FDA for the treatment of Crohn’s disease and RA in 2008 and 
2009, respectively [125]. Certolizumab pegol is a humanized antigen-binding 
fragment (Fab) of monoclonal antibody that targets TNF-α and lacks the Fc region. 
The Fab fragment is conjugated to polyethylene glycol to increase the half-life of 
certolizumab compared to other TNF inhibitors [2]. Interest in effectiveness of 
certolizumab in the treatment of uveitis occurred as an indirect consequence of 
treatment of systemic diseases associated with uveitis [126]. A retrospective study 
reported the effectiveness of certolizumab in uveitis, which highlighted the efficacy 
of certolizumab in five of seven patients with uveitis refractory to other anti-TNF-α 
agents [126]. Prospective studies are ongoing to test the efficacy of certolizumab in 
anterior uveitis (NCT03020992 clinicaltrials.gov). 

Administration and dosing: Certolizumab is marketed under the trade name 
Cimzia (UCB, Brussels, Belgium). It is administered subcutaneously at a dose of 
400 mg at weeks 0, 2, and 4 and then 200–400 mg every 4 weeks. 

Adverse effects: Studies of the effectiveness of certolizumab in the treatment of 
autoimmune diseases including uveitis have recorded serious side effects that 
include new-onset uveitis [127, 128]. Others have observed worsening of arthritis 
symptoms following treatment with certolizumab. Other serious side effects 
include increase risk of infection, lupus-like syndrome, and cancer [129]. Please see 
full prescribing information for complete list. 

Contraindications: Serious hypersensitivity reaction to certolizumab pegol or the 
inactive components has been reported [130]. Tuberculosis reactivation or newly 
acquired tuberculosis has been reported to have an increased incidence in patients 
on TNF inhibitors [86, 87]; additional discussion is provided at the end of this 
section. 

TNF inhibitors suppress the signals that occur early in the inflammatory 
cascade and with the exception of etanercept have produced remarkable 
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outcomes in uveitis. Currently, adalimumab and infliximab have been shown to 
be effective in the treatment of refractory uveitis especially in Behcet’s disease-
related uveitis or JIA. However, only adalimumab is approved by the FDA for 
the treatment of uveitis. Because uveitis has occurred in patients being treated 
with etanercept for autoimmune disease, it is not recommended for the treat-
ment of uveitis [127]. The reactivation of latent tuberculosis or newly acquired 
tuberculosis is not listed as a contraindication by the FDA, but there are multi-
ple reports that the incidence of tuberculosis reactivation or newly acquired 
infection is greater in patients on TNF inhibitor therapy [86, 87]. As such, 
tuberculosis screening before initiation of TNF inhibitor therapy and routine 
screening for tuberculosis are highly recommended. Additional clinical outcome 
data from large population studies will be required to demonstrate the safety 
and efficacy of golimumab and certolizumab. The effectiveness and utilization 
of TNF-α inhibitors in the treatment of uveitis are limited by the huge cost of 
these drugs, limited outcome data on clinical use of TNF-α inhibitors in some 
disease-specific uveitis, and severe side effects in some cases. 

3. IL-1 inhibitors 

The biological agents classified as IL-1 inhibitors target and inhibit the 
proinflammatory cytokine, IL-1β, and its receptor, IL-1R. IL-1 is a strong 
proinflammatory cytokine that plays a role in both local and systemic immune 
responses and is also involved in tissue damage during chronic inflammation 
[131, 132]. IL-1 mediates its inflammatory response through IL-1α and IL-1β. The 
latter has been reported to be a critical mediator of autoimmunity when compared 
with IL-1α [133]. IL-1β is secreted by innate immune cells such as macrophages, 
neutrophils, dendritic cells, and vascular endothelial cells [55]. IL-1β signals through 
the IL-1 receptor (IL-1R) to produce its inflammatory effects such as differentiation 
and expansion of antigen-specific T cells, cell maturation, and induction of acute-
phase reaction [134]. This cytokine signaling is known to play a role in autoimmune 
diseases as demonstrated clinically with significantly elevated levels of IL-1β in 
biological samples including tears of uveitis patients compared to healthy controls 
[135]. Also, high levels of this cytokine are implicated in some systemic autoim-
mune diseases including those associated with uveitis [131]. 

Studies have shown that loss of IL-1 signaling provides protection from uveitis 
in animal models of autoimmune uveitis [131]. Being a pleiotropic cytokine, IL-1 
activity is tightly regulated by a naturally occurring antagonist of IL-1 receptor 
(IL-1RA) which specifically inhibits the activities of IL-1 cytokines through 
blockade of IL-1 receptor. Under physiologic conditions, balance exists between 
the specific receptor antagonist and IL-1. However, imbalance in the levels of IL-
1 and/or IL-1 RA can increase the risk of developing immune-mediated diseases 
[136]. Also, exogenous administration of IL-1RA in animal models showed inhi-
bition of IL-1 signaling events [136]. Biological agents such as recombinant IL-1R 
antagonist (anakinra) which mimics the activity of IL-RA have been developed 
and have shown great success in the reduction of autoimmune diseases [137, 138]. 
Other biological agents such as soluble decoy IL-1 receptor (rilonacept) and 
neutralizing monoclonal antibodies (canakinumab and gevokizumab) that have 
specific inhibition of IL-1 activity have also been utilized in the treatment of 
autoimmune diseases. Suppression of ocular inflammation may be achieved due 
to the efficacy of IL-1β inhibitors in the control of inflammation in systemic 
autoimmune diseases that are associated with uveitis. Additional discussion of 
these inhibitors is provided below. 
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3.1 Anakinra 

Anakinra was first introduced in 1993 (Kineret, Amgen Inc., Thousand Oaks, 
California), and it is a recombinant non-glycosylated human IL-1RA. It was first 
approved for the treatment of RA and neonatal-onset multisystem inflammatory 
disease (NOMID) by the FDA in 2001 [139]. There is limited data on the use of 
anakinra in the treatment of uveitis; however, a few case studies have reported its 
effectiveness in uveitis. One study looked at its effect as a treatment for NOMID, 
which is associated with childhood uveitis; anakinra produced resolution of ocular 
symptoms in addition to the systemic disease improvement. In this case study, a 
4-year-old with chronic infantile neurological cutaneous articular (CINCA) 
syndrome that is associated with uveitis, who had a poor response to TNF-α inhibi-
tors, showed a significant sustained improvement with anakinra [140]. Another 
case series also demonstrated the effectiveness of anakinra in two patients with 
anterior uveitis due to exposure to etanercept or uveitis refractory to infliximab 
[141]. Also, a retrospective study of 19 patients with Behcet’s disease-related uveitis 
showed effective control of inflammation and improvement in ocular symptoms 
after 12 months of treatment with anakinra [142]. 

Administration and dosing: Anakinra is sold under the brand name Kineret 
(Swedish Orphan Biovitrum Stockholm, Sweden) and is given subcutaneously at a 
dose of 100 mg daily or up to 8 mg/kg a day. 

Adverse effects: Anakinra is associated with side effect that ranges from a local 
reaction at the injection site to more severe side effects such as hepatitis, neutrope-
nia, and increase risk of infection [143–145]. Another side effect that could occur is 
the generation of autoantibodies against anakinra [146]. Please see full prescribing 
information for complete list. 

Contraindications: Serious hypersensitivity reaction to E. coli-derived proteins, 
Kineret, or the inactive components [147]. 

3.2 Canakinumab 

Canakinumab is a human monoclonal antibody against IL-1β that was first 
approved by the FDA in 2009 for the treatment of cryopyrin-associated periodic 
syndromes (CAPS), and, subsequently, it was approved for the treatment of SJIA 
and JIA in 2013 [148, 149]. Canakinumab inhibits IL-1β by directly binding and 
neutralizing IL-1β signaling. The long-term effectiveness of canakinumab as a 
treatment for uveitis has not been studied. However, several case studies show 
canakinumab as a potential therapeutic for refractory uveitis. Successful resolution 
of inflammation with canakinumab treatment was seen in a case report of a 
64-year-old patient with CAPS-associated uveitis [150]. Another case series by 
Brambilla et al. (2016) showed successful treatment of refractory uveitis with 
canakinumab in two children. The first patient in this study was a 9-year-old with 
recurrent uveitis associated with JIA intolerant to TNF-α inhibitors and refractory 
to other immune modulatory drugs. Clinical improvement was achieved within 
12 months of initiating canakinumab [25]. The second patient, a 6-year-old boy 
with bilateral uveitis refractory to TNF-α inhibitors, showed a faster responsiveness 
with remarkable improvement to canakinumab within 2 months of treatment [25]. 
Another case study of a 16-year-old with severe Behcet’s disease associated refrac-
tory panuveitis, responded to a single dose of canakinumab with remission of 
uveitis for at least 8 weeks [151]. Overall, the case series provides evidence of the 
effectiveness of canakinumab for the treatment of uveitis. In addition, a retrospec-
tive study of 19 patients with BD-related uveitis showed an improvement of ocular 
symptoms after 12 months of treatment with canakinumab [142]. 
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Additional prospective and retrospective studies in large patient groups are 
needed to validate the effects of canakinumab in uveitis. 

Administration and dosing: Canakinumab is marketed as Ilaris (Novartis, East 
Hanover, NJ) and given at a dose of 150–300 mg subcutaneously every 4 weeks or 
2–4 mg/kg every 4 weeks. 

Adverse effects: Side effects of this drug include an increased risk of infection 
[152, 153]. Please see full prescribing information for complete list. 

Contraindications: Serious hypersensitivity to Ilaris or the inactive 
components [154]. 

3.3 Gevokizumab 

Gevokizumab is a humanized recombinant IgG2 monoclonal antibody with high 
affinity for IL-1β. Its ability to bind strongly to IL-1β prompted interest in its use as 
a biological agent for autoimmune uveitis. A prospective study of eight patients 
with anterior scleritis showed improvement in symptoms in seven of the patients 
following treatment with 60 mg SC of gevokizumab every 4 weeks for 12 weeks and 
continued to show improvement for 36 more weeks [155]. 

Gul et al. conducted a prospective study to test the efficacy of gevokizumab in 
patients with acute exacerbation of resistant uveitis in Behcet’s disease. Seven 
adult patients were given a single intravenous gevokizumab infusion at a dose of 
0.3 mg/kg. All patients experienced a rapid clinical response and resolution of 
intraocular inflammation within a median duration of 14 days [156]. Gul et al. also 
conducted another prospective study to test the efficacy and safety of gevokizumab 
in 21 patients with Behcet’s disease-related uveitis; 3 patients were withdrawn from 
the study due to exacerbation of uveitis, but 14 patients showed responsiveness 
within 21 days [157]. These studies provide evidence of the effectiveness of 
gevokizumab in uveitis, especially the Behcet’s-related uveitis. However, the 
EYEGUARD clinical trials did not show efficacy of gevokizumab in the treatment of 
uveitis [158]. In the EYEGUARD study, 83 patients with Behcet’s disease-related 
uveitis were recruited into the study. Study groups were given 60 mg of 
gevokizumab every 4 weeks subcutaneously and were well tolerated. However, the 
results from this study did not show any treatment efficacy of gevokizumab 
compared to the placebo group [158]. The conflicting results from these two studies 
may be due to the route of administration with intravenous infusion being superior 
to subcutaneous administration. As such, further studies on the dosage, long-term 
efficacy, and safety of gevokizumab for uveitis treatment are necessary. 

Administration and dosing: XOMA 052 (XOMA Corporation, Berkeley, CA, USA) 
is the brand name of gevokizumab. It has not been FDA approved but in trials has 
been administered at a dose of 60 mg IV or SC every 4 weeks. 

Adverse effects: Gevokizumab is generally tolerated; however, it can result in mild 
side effects that include injection site reaction, neutropenia, and hypoglycemia 
[155, 159]. Please see full prescribing information for complete list. 

Contraindications: None are listed with the FDA because it is not yet FDA 
approved. 

3.4 Rilonacept 

Rilonacept is a fully humanized IL-1 fusion protein, and it consists of the ligand-
binding domain of the extracellular component of the IL-1 receptor and IL-1 
receptor accessory protein. Rilonacept binds to IL-1β to prevent it from interacting 
with IL-1 receptor, thus preventing IL-1 signaling. This drug is FDA approved for 
the treatment of autoinflammatory diseases such as familial cold autoinflammatory 
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syndrome (FCAS) and Muckle-Wells syndrome (MWS) [160]. However, there 
are no clinical data on the use of rilonacept in uveitis, but it is currently being 
evaluated as a treatment for uveitis [161]. 

Administration and dosing: Rilonacept is marketed as Arcalyst by Regeneron 
Pharmaceuticals, Tarrytown, New York. It is given subcutaneously at a dose of two 
160 mg injections at week 0 and then 160 mg/week. 

Adverse effects: Local and/or hypersensitivity reaction [162, 163]. Other side 
effects reported include gastrointestinal bleeding and an increased risk for Strepto-
coccus pneumoniae meningitis [160]. Please see full prescribing information for 
complete list. 

Some autoimmune diseases such as rheumatic diseases respond to IL-1β 
inhibitors. However, the effects of these biologics in uveitis are not conclusive. 
Some IL-1β inhibitors such as anakinra have demonstrated efficacy in Behcet’s 
disease-related uveitis and autoinflammatory diseases such as NOMID that could 
be associated with uveitis [139]. Additional large clinical studies are required to 
evaluate the efficacy of IL-1β as a therapy for autoimmune uveitis. 

Contraindications: None listed with the FDA [164]. 

4. IL-6 inhibitors 

IL-6 is a powerful proinflammatory cytokine that is secreted by both innate 
and adaptive immune cells (B and T cells). Due to its pleiotropic effects including 
T-cell activation, IL-6 is implicated in many T-cell-mediated diseases [7]. Biologi-
cal agents that inhibit IL-6 have been used as a treatment for autoimmune 
diseases such as RA and JIA. In spite of the proinflammatory effects, it has a role 
in tumor survival, so blockage of IL-6 is also effective as a cancer treatment, 
particularly large-cell lung cancer and ovarian cancer [165]. 

4.1 Tocilizumab 

Tocilizumab is a fully humanized monoclonal antibody against both soluble and 
membrane-bound IL-6 receptors. It is currently FDA approved for the treatment of 
SJIA and RA, and it has profoundly improved disease outcomes [166]. A study by 
Tappeiner et al. has reported that two out of three patients with JIA-related uveitis 
responded to tocilizumab that was refractory to anti-TNF-α therapy [167]. 
Furthermore, a retrospective study that analyzed disease outcomes in five patients 
with refractory uveitis showed sustained remission after a mean follow-up period of 
8.4 months [168]. A similar outcome was observed in another study testing the 
efficacy of tocilizumab to treat refractory uveitis with 10 out of 17 patients 
responding to IL-6 blockade [169]. A prospective STOP-UVEITIS study to test the 
safety, tolerability, and efficacy of tocilizumab in 37 patients with noninfectious 
uveitis was conducted by Quan et al. (2017); the result of this study shows tolerance 
at 6 months of drug initiation [170]. These studies and several case studies have 
reported that tocilizumab may be effective in the treatment of refractory uveitis 
[171, 172]. Also, Ruiz-Medrano et al. compiled data on the use of tocilizumab in 
the treatment of ocular conditions between 2011 and 2017. They found that 
tocilizumab is effective in the treatment of variety of ocular inflammatory condi-
tions including refractory uveitis [173]. 

Administration and dosing: Tocilizumab (Actemra, Genentech, South San 
Francisco, CA, USA) is typically administered at a dose of 4–12 mg/kg every 
2–4 weeks when given intravenously and 162 every 1–2 weeks when given 
subcutaneously. 
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Adverse effects: Side effects from Actemra include neutropenia with increased 
risk of fungal and bacterial infections and opportunistic infections [174]. Other side 
effects include hypersensitivity, increased risk of gastric perforation, and malig-
nancies [175–177]. Please see full prescribing information for complete list. 

Contraindications: Hypersensitivity to Actemra [178]. Tuberculosis reactivation 
has been reported in patients undergoing IL-6 inhibitor therapy [179], so patients 
should be initially tested for latent tuberculosis and should be routinely monitored 
for newly acquired tuberculosis. 

Table 1. 
List of biologics discussed in sections 3–6. 
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4.2 Sarilumab 

Sarilumab is another IL-6 receptor inhibitor, it is a fully humanized monoclonal 
antibody against the alpha subunit of the IL-6 receptor, and in 2017 it was FDA 
approved as a treatment for RA [180]. Sarilumab has shown some potential as an 
effective therapy for autoimmune uveitis in a prospective SATURN study [181]. In 
this randomized study, 57 patients with posterior uveitis on steroids with or without 
methotrexate were treated with 200 mg of sarilumab or placebo every 2 weeks. 
About 64% of the patients on sarilumab showed clinical improvement and steroid-
sparing effects at 16 weeks after treatment initiation [181]. 

Administration and dosing: Sarilumab is marketed as Kevzara (Regeneron/Sanofi 
Tarrytown, NY, USA), and in the treatment of RA, sarilumab is typically given at 
200 mg SC every 2 weeks. 

Adverse effects: Increased risk of GI perforation and hepatitis [182]. Please see full 
prescribing information for complete list. 

Contraindications: Hypersensitivity to Kevzara or the inactive ingredients [183]. 
Tuberculosis reactivation has been reported in patients undergoing IL-6 inhibitor 
therapy [179], so patients should be initially tested for latent tuberculosis and 
should be routinely monitored for newly acquired tuberculosis. 

Other IL-6 inhibitors: Olokizumab (UCB, Brussels, Belgium) and clazakizumab 
(Alder Biopharma, Bothell, WA, USA) are currently being evaluated in clinical 
trials for the treatment of autoimmune diseases (which can be associated with 
uveitis) such as RA. Siltuximab (Janssen, Horsham, PA, USA) has been FDA 
approved for the treatment of Castleman’s disease [184–187]. However, there are 
little or no data regarding the efficacy of these drugs in uveitis. See Table 1 for 
additional information regarding these drugs. 

5. IL-17 inhibitors 

IL-17 is a proinflammatory cytokine produced by Th17 cells, a subset of 
inflammatory T cells, involved in an inflammatory response to self and certain 
extracellular bacteria and fungi. While IL-17 can be produced by other cells, it is 
the characteristic cytokine produced by Th17 cells. IL-17 is involved in the recruit-
ment and activation of neutrophils [188, 189]. Animal and human studies have 
elucidated the critical role of IL-17 in the pathogenesis of autoimmune diseases 
including uveitis [190, 191]. Inhibitors of IL-17 have produced remarkable improve-
ment in the outcome of autoimmune diseases especially rheumatoid diseases [192]. 
IL-17 inhibitors such as secukinumab (AIN457), ixekizumab (Taltz), and 
brodalumab (AMG 827) are FDA approved for the treatment of severe psoriasis 
[193]. Knowledge of the efficacies of these biological agents in autoimmune diseases 
provides the potential for use in uveitis, especially uveitis that is refractory to con-
ventional drugs and other biologics. Blockade of IL-17 in animal models of autoim-
mune uveitis has produced significant improvement in uveitis symptoms [194]. 

5.1 Secukinumab 

Secukinumab is a fully humanized monoclonal antibody that neutralizes IL-17A. 
It is FDA approved for treatment of moderate to severe plaque psoriasis [195]. 
Hueber et al. tested the efficacy of AIN457 in a prospective study with 104 uveitis 
patients, RA or psoriasis. About 50% of the uveitis patients showed a rapid response 
within 2 weeks and by 8 weeks of drug initiation; 13 out of 16 patients responded to 
AIN457 [196]. In a prospective study of 118 patients with Behcet’s disease (SHIELD 
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study), the rate of recurrent ocular exacerbation of uveitis did not differ between 
the patients that received secukinumab or placebo. The study concluded that 
secukinumab did not demonstrate efficacy in the treatment of uveitis. Similar 
outcomes were concluded from the INSURE and ENDURE studies in which altering 
the dosing schedule of secukinumab did not improve the efficacy of secukinumab in 
uveitis patients [197, 198]. The outcome of these studies may have differed from the 
initial report by Hueber et al. because the differences were noted in the patient 
disease profile, concomitant immunosuppressive therapies, and route of adminis-
tration [197]. One prospective study demonstrated that intravenous secukinumab 
(10 mg/kg or 30 mg/kg) had better efficacy than subcutaneous secukinumab 
(300 mg). Therefore, these studies demonstrate that patients responded better to 
secukinumab when it was administered IV [198]. 

Administration and dosing: Secukinumab was initially named AIN 457 and has 
been renamed Cosentyx (Novartis). It is given subcutaneously for plaque psoriasis 
at a dose of 150–300 mg weekly for 4 weeks and then every 4 weeks. However, it 
has been suggested that it is more effective given IV at 30 mg/kg for the treatment 
of noninfectious uveitis [198]. 

Adverse effects: Cosentyx is associated with an increased risk of infection, hyper-
sensitivity reaction, and inflammatory bowel disease [199, 200]. Please see full 
prescribing information for complete list. 

Contraindications: Hypersensitivity to Cosentyx or any of the inactive ingredi-
ents [201]. Tuberculosis reactivation is listed as a warning by the FDA, but it has 
been reported in a multicenter retrospective study by Novartis [202] and in a 
review of the literature [203] that there is no increased risk of tuberculosis 
reactivation. 

Other IL-17 inhibitors: Additional biologics that target the IL-17 pathway include 
ixekizumab and brodalumab. Ixekizumab targets IL-17A and is FDA approved to 
treat plaque psoriasis and psoriatic arthritis. Brodalumab targets the IL-17 receptor 
and is FDA approved for the treatment of plaque psoriasis. At the time of this 
review, clinical trials for uveitis are underway, so there are no clinical reports 
regarding their efficacy in autoimmune uveitis. See Table 1 for additional informa-
tion regarding these drugs. 

6. Other biologics 

Biological agents that target and inhibit cytokines such as TNF-α and IL-1β have 
been extensively studied and have resulted in improving clinical outcomes in many 
autoimmune diseases including uveitis. We chose to include a more in-depth 
discussion of biologics that target IL-6 and IL-17 because IL-6 is such a central 
inflammatory cytokine that bridges both innate and adaptive immunities, and IL-17 
is the characteristic cytokine produced by Th17 T cells that are involved in autoim-
mune diseases. The efficacies of these biological agents have spurred the introduc-
tion of additional biologics that target other inflammatory mediators implicated in 
autoimmunity. Also, the heterogeneity of uveitis, non-responsiveness or adverse 
effects associated with the current biologics used for the treatment of uveitis, pro-
vides the need to examine the efficacy of other biological agents that target other 
mediators implicated in autoimmunity. Recombinant interferon and IVIG are bio-
logics used for the treatment of refractory autoimmune uveitis and other inflam-
matory conditions [204–206]. However, the precise mechanism of action for these 
medications is not well understood. Rituximab targets CD20 on B cells and is used 
for the treatment of ocular cicatricial pemphigoid, scleritis, and uveitis associated 
with granulomatosis with polyangiitis [207, 208]. There are also additional biologics 
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that target specific cytokines and cell surface proteins that are in development and 
undergoing clinical trials for autoimmune diseases that may include uveitis, rheu-
matoid arthritis, ulcerative colitis, psoriatic arthritis, and others. Since these other 
biologics are still in various phases of development, we will not go into the same 
level of detail as in the others discussed above. Because there are many medications 
that are not public knowledge, the following is not an exhaustive list. Some of the 
medications that may be available for the treatment of autoimmune uveitis in the 
near future target IL-15, IL-23 p40, interferon, and its receptors, CD52, CD4, 
VEGF, and VCAM. A fusion protein consisting of the B7-binding portion of CTLA4 
and IgG is also available and is being evaluated for the treatment of autoimmune 
uveitis. 

7. Switching biological therapies 

The development of multiple biologics that target specific inflammatory path-
ways has greatly increased the treatment options available for patients with auto-
immune uveitis. With so many options available, it is of interest to determine if 
there is an advantage to switching the biologic, either within the same class or to a 
different class. Large clinical studies have not been done with uveitis cohorts, but 
some have been done with rheumatoid arthritis patients. There is some evidence 
that switching biologics within the same class, specifically related to TNF-α inhibi-
tors, for reasons related to adverse reactions rather than efficacy may be beneficial 
[209]. A more recent study found that switching from TNF-α inhibitors to another 
biological class showed a significantly greater benefit than switching to another 
TNF-α inhibitor [210]. Therefore, it is still not clear which is the best biological 
treatment strategy for autoimmune uveitis patients, but there is some indication 
based on RA patients that switching to a different class of biologics may have 
significantly better outcomes than switching to another biological within the same 
class. 

8. Conclusions 

In this review, we focus on biologics that target TNF-α, IL-β, IL-6, and IL-17. 
The rationale for this is that TNF-α, IL-β, and IL-6 cytokines are involved in key 
inflammatory pathways that target both the innate and adaptive arms of the 
immune response. We also include a brief discussion of IL-17 because it is produced 
by a specific T-cell subset, and Th17 cells have been demonstrated to be involved in 
autoimmune diseases [190, 191]. There are other biologics that target other cyto-
kines and cell types, but these are in earlier phases of development and are not yet 
FDA approved. Additional options for therapy are constantly being studied. Bio-
logics are a newer class of therapeutics that have the advantage over other medica-
tions in that they are extremely specific for one target molecule. This specificity 
makes them attractive as therapeutics because specific pathways and/or cell types 
can be blocked. Inhibition of a specific pathway or cell type has the advantage over 
other immunosuppressive therapies that suppress all leukocytes and lymphocytes. 
A drawback to biologics is the high economic burden associated with these drugs. 
Because of the high cost associated with biologics, it can be difficult to obtain 
insurance coverage until multiple therapies have failed. As such, the cost to the 
patient could be a permanent loss of vision with repeated relapses and the use of 
corticosteroids while transitioning to a new therapy. Importantly, because these 
therapies have efficacy in treatment of systemic autoimmune diseases such as RA, 
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inflammatory bowel diseases, and Behcet s disease with a uveitis manifestation they 
may be effective for the majority of uveitis patients that only have ocular involve-
ment [2, 211]. Therefore, additional appropriately powered clinical studies are 
necessary to demonstrate the effectiveness of biologics for the treatment of chronic 
autoimmune uveitis. 
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Chapter 8 

Tumor Necrosis Factor-Alpha 
Inhibitory Therapy for Non-
Infectious Autoimmune Uveitis 
Judy L. Chen, Ann-Marie Lobo-Chan, 
Robison Vernon Paul Chan and Pooja Bhat 

Abstract 

Biologic agents represent a mainstay in the treatment of refractory non-infectious, 
immune-mediated uveitis. Tumor necrosis factor (TNF)-α inhibitors have 
demonstrated efficacy in inducing and sustaining disease remission in numerous 
systemic inflammatory disorders and their associated uveitic entities. In particular, 
studies have shown that infliximab and adalimumab can induce steroid-free disease 
remission in patients with Behçet’s disease and juvenile arthritis as treatments 
that are superior to conventional disease-modifying immunosuppressive agents. 
Patients receiving anti-TNF-α therapy may experience adverse events and should 
be closely monitored for the development of opportunistic infections, reactivation 
of tuberculosis and hepatitis, demyelinating disease and neuropathies, as well as 
malignancies. 

Keywords: TNF-alpha inhibitors, uveitis, ocular inflammation, etanercept, 
infliximab, adalimumab, golimumab, certolizumab 

1. Introduction and overview 

• Mechanism of action: TNF-α inhibitors suppress the robust systemic and ocular 
inflammatory response triggered by tumor necrosis factor. 

• Formulations & application to uveitis: the currently available agents include 
etanercept, a TNF receptor fusion protein that binds TNF-α and TNF-β, as well 
as monoclonal antibodies infliximab, adalimumab, golimumab, and certoli-
zumab that bind and neutralize soluble and transmembrane TNF. TNF-α 
inhibitors have been used efficaciously in uveitis associated with systemic 
disease, most notably Behçet’s disease and juvenile idiopathic arthritis, as well 
as idiopathic intermediate, posterior and panuveitis. 

• Adverse effects: important side effects of TNF-α inhibitors include malignancy 
(lymphomas, skin cancer), infections (reactivation of latent tuberculosis and 
hepatitis, fungal and various opportunistic infections), demyelinating dis-
ease, congestive heart failure, induction of auto-antibodies, and injection site 
reactions. 
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• Monitoring clinical response and serum anti-drug antibodies: a major concern 
in patients who demonstrate suboptimal response or fail anti-TNF-α therapy 
is the development of drug antibodies, which may warrant switching agents to 
either another TNF antagonist, or alternative immunosuppression. 

2. Mechanism of action 

2.1 Physiology of TNF 

Tumor necrosis factors are pro-inflammatory cytokines that play an integral 
role in innate and adaptive immunity. These factors exist in two forms as TNF-α and 
TNF-β (or lymphotoxin), and were named for in vitro observations of their induc-
tion of tumor cell lysis and necrosis [1]. Also referred to as sentinel cytokines or 
“the body’s fire alarm,” TNFs have since been discovered to initiate the host defense 
response to local injury and infections, notably those caused by mycobacterial, fun-
gal, and other opportunistic pathogens. TNFs are also responsible for formation of 
lymphoid tissue, as well as activation and recruitment of leukocytes, including neu-
trophils and macrophages for granuloma formation [2]. The physiologic functions 
of TNF explain many of the adverse effects associated with TNF blockade, including 
cytopenias; increased risk for infection, particularly reactivation of hepatitis and 
tuberculosis; as well as higher incidence of certain malignancies, discussed in more 
detail later in this chapter. Regulation of TNF is intricate, and encompasses a variety 

Figure 1. 
TNF production, receptor interaction, and signaling (taken with permission from Tracey et al. [2]). 
Stimulation of a TNF-producing cell (top) results in cell surface expression of tmTNF trimers and enzymatic 
cleavage by TACE to release sTNF. Both tmTNF and sTNF can bind to cell surface TNFR1 or TNFR2 on 
a TNF-responsive cell (bottom), initiating signaling pathways that lead to apoptosis or NF-κB activation 
and inflammatory gene activation. The induction of apoptosis by sTNF via TNFR1 involves internalization 
of the ligand-receptor complex and association of death domains (DD) in the cytoplasmic tail of TNFR1 
with adapter proteins and is normally blocked by FADD-like IL-1β–converting enzyme (FLICE). Reverse 
signaling can be initiated by TNFR2 or TNF antagonist binding to cell surface tmTNF, resulting in cytokine 
suppression or apoptosis. Soluble TNF receptors (sTNFR1 and sTNFR2) can be released from a TNF-responsive 
cell following enzymatic cleavage. TNF antagonists bind sTNF and tmTNF to neutralize their effects. 
TACE = tumor necrosis factor-alpha converting enzyme; NF-κβ = nuclear factor kappa β. 
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of stimuli, TNF-producing and responsive cells, and feedback loops. Numerous 
immune cells, including activated macrophages, T cells, mast cells, granulocytes, 
and natural killer cells, produce TNF in the form of transmembrane TNF (tmTNF) 
and soluble TNF (sTNF), which is cleaved from tmTNF (Figure 1). Initial produc-
tion of these factors may be triggered by a wide array of stimuli, including microbial 
pathogens, tumor cells, immune complexes, other cytokines, complement factors, 
irradiation, ischemia or hypoxia, and trauma [2]. 

Ultimately, both tmTNF and sTNF act upon TNF-responsive cells to trigger an 
inflammatory response via membrane-bound TNF receptors 1 and 2 (TNFR1 and 
TNFR2). TNFR1, also known as p55, is constitutively expressed on nearly all cell types 
except erythrocytes. Depending on the metabolic state of the cell, binding of TNFR1 
triggers one of two distinct signaling pathways: (1) activation of nuclear factor 
kappa-β, a family of transcription factors that controls many inflammatory genes, 
or (2) caspase-dependent apoptosis [2]. TNFR2, also known as p75, is preferentially 
expressed on endothelial and hematopoietic cells, and some tumor cells. The subse-
quent pathways at this time are not as well delineated as those for TNFR1, but ongoing 
studies suggest TNFR2 mediates the activity of regulatory and effector CD8+ T cells, 
as well as interleukin production by B cells [3, 4]. In the eye, pigment epithelial cells 
of the iris, the ciliary body, and retina locally express TNFR1 and TNFR2. 

Positive and negative feedback loops initiated by TNF-induced factors regulate 
TNF production. Proteolytic cleavage of the extracellular domain of membrane-
bound TNF receptors results in soluble TNF receptors, which bind and neutralize 

Figure 2. 
Downstream effects of TNF depicting the common cascades leading to immune regulation, apoptosis, and 
inflammation (center), as well as biologic activities specific to the pathophysiology of Crohn’s disease, 
rheumatoid arthritis, and psoriasis (taken with permission from Tracey et al. [2]). 
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TNF without inciting inflammation [5]. This maintains the amount of circulating 
TNF below pathologic limits, and thus healthy individuals do not typically express 
detectable serum levels of these factors. 

2.2 TNF blockade 

In immune-mediated disease, high concentrations of TNF induce excessive 
systemic inflammation and organ injury via direct pathogenic effects and produc-
tion of other inflammatory mediators, apoptosis, and tissue destruction (Figure 2). 
TNF-α has been implicated in the pathogenesis of not only uveitis, but also com-
monly associated complications of ocular inflammation, including cystoid macular 
edema and choroidal neovascularization. Increased expression and production of 
TNF-α has been found to be crucial in the induction phase of experimental autoim-
mune uveitis, and inhibition of TNF-α in these experimental models of uveitis 
reduces the incidence and severity of intraocular inflammation [6]. 

Given the key role of TNF as a mediator of inflammation, its potential as a 
pharmaceutical target for blockade has been recognized, and several agents that 
antagonize TNF and TNF receptors have been created. Etanercept, the sole inhibi-
tor in its class that is not a monoclonal antibody, is a soluble dimeric fusion protein 

Figure 3. 
Molecular structures of the available TNF inhibitors (taken with permission from Tracey et al. [2]). 
Infliximab is a mouse/human chimeric monoclonal anti-TNF antibody of IgG1 isotype. Adalimumab and 
golimumab are fully human IgG1 monoclonal anti-TNF antibodies. Etanercept is a fusion protein of TNFR2 
(p75) and the Fc region of human IgG1. Certolizumab is a PEGylated Fab’ fragment of a humanized IgG1 
monoclonal anti-TNF antibody. Fv = variable fragment domain; Fcγ1 = crystallizable fragment domain of 
IgG1; CDR = complementarity determining region. 
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that carries two copies of the ligand-binding portion of the TNF receptor p75 linked 
to the crystallizable fragment (Fc) region of human immunoglobulin G (IgG). This 
forms unstable complexes with and transiently neutralizes both TNF-α and TNF-β, 
in contrast to the other agents that bind only TNF-α. 

The remainder of this class comprises monoclonal antibodies that bind both 
sTNF and tmTNF, with certain structural variations between agents (Figure 3). 
Infliximab is a chimeric mouse-human monoclonal antibody, with murine fragment 
antigen-binding regions (Fab) that bind soluble and bound TNF-α to inactivate them. 
Adalimumab and golimumab, on the other hand, also bind soluble and transmem-
brane forms of TNF-α, but are fully human; the absence of non-human components 
renders them less immunogenic and, therefore, less subject to the formation of 
anti-drug antibodies as compared to infliximab. Similarly, certolizumab pegol is 
humanized, but is also distinct from the others in that this compound couples the Fab 
region to polyethylene glycol rather than the Fc region of human IgG. This reduces 
the antigenicity of this agent and increases the half-life of the drug [7]. The absence 
of the Fc portion of human IgG also precludes the typical antibody effector functions 
of complement activation, apoptosis induction, and neutrophil degranulation [2]. 
Further information regarding each of these agents is detailed in the section below. 

3. Formulations and their application to uveitis 

Currently, TNF inhibitors are approved by the United States Food and Drug 
Administration (FDA) for use in many immune-mediated conditions, including rheu-
matoid arthritis, juvenile arthritis, ankylosing spondylitis, inflammatory bowel disease, 
and psoriasis and psoriatic arthritis. Only adalimumab has been approved currently by 
the FDA for non-infectious intermediate, posterior and panuveitis in adults and children 
older than 2 years of age. Though their use for uveitis is considered off-label, the remain-
ing anti-TNF agents have been routinely used to control ocular inflammation associated 
with systemic disease. These medications have been found to be particularly effective in 
Behçet’s disease and juvenile idiopathic arthritis, as well as intermediate, posterior, and 
panuveitis of idiopathic and other causes. In general, initial response to TNF-α inhibitors 
is more rapid than other immunomodulatory agents, which can take several weeks to 
months to become therapeutic. Recommendations regarding administration and dosing 
of these agents are not specific to the treatment of uveitis, but are derived from rheuma-
tologic literature. Table 1 summarizes the available TNF antagonists. 

3.1 Etanercept 

Etanercept (Enbrel®, Amgen Wyeth, Immunex Corporation, Thousand Oaks, 
CA, USA) was the first anti-TNF-α agent to be approved by the FDA in 1998 for 
use in rheumatoid arthritis, polyarticular juvenile idiopathic arthritis, ankylosing 
spondylitis, psoriatic arthritis, and plaque psoriasis. The compound consists of a 
humanized, recombinant dimeric fusion of a human Fc molecule and two p75 TNF 
receptors. By binding circulating TNF-α and TNF-β, etanercept prevents binding 
of these factors to cell surface TNF receptors and the subsequent pro-inflammatory 
cascade. Of note, unlike other agents within its class, etanercept does not bind 
tmTNF, and thus does not induce lysis of TNF-producing cells. 

3.1.1 Administration 

Etanercept is administered as subcutaneous injections dosed 50 mg once weekly 
or 25 mg twice weekly. Higher doses may be used short term in some conditions. 
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Etanercept 
(Enbrel) 

Infliximab 
(Remicade) 

Adalimumab 
(Humira) 

Golimumab 
(Simponi, 
Simponi Aria) 

Certolizumab 
(Cimzia) 

Structure and 
mechanism of 
action 

Dimeric fusion 
protein of TNF 
receptors that 
binds TNF-α 

and TNF-β 

Chimeric 
mouse-human 
monoclonal 
antibody that 
binds TNF-α 

Fully 
humanized 
monoclonal 
antibody that 
binds TNF-α 

Fully 
humanized 
monoclonal 
antibody that 
binds TNF-α 

PEGylated 
antigen-
binding 
fragment that 
binds TNF-α 

Route of Subcutaneous Intravenous Subcutaneous Subcutaneous Subcutaneous 
administration 
and dosages 

injection (50 mg 
weekly or 25 mg 
twice weekly) 

infusion 
(loading: 3–5 
mg/kg at 0, 2, 
and 6 weeks; 
maintenance: 
3–10 mg/kg 
monthly every 
4–8 weeks, 
up to 20 mg/ 
kg monthly in 
children) 

injection 
(80 mg loading 
dose, followed 
by 40 mg every 
1–2 weeks) 

injection 
(50 mg 
monthly) or 
intravenous 
infusion 
(loading: 
2 mg/kg at 
weeks 0 and 4; 
maintenance: 
every 8 weeks) 

injection 
(loading: 
400 mg at 
weeks 0, 
2, and 4; 
maintenance: 
400 mg 
injections 
monthly, 
or 200 mg 
injections every 
other week) 

Approved 
indications 

Rheumatoid 
arthritis, 
juvenile 
idiopathic 
arthritis, 
psoriatic 
arthritis, 
ankylosing 
spondylitis 

Rheumatoid 
arthritis, 
ankylosing 
spondylitis, 
psoriatic 
arthritis, 
Crohn’s 
disease, 
ulcerative 
colitis 

Noninfectious 
intermediate, 
posterior and 
panuveitis; 
rheumatoid 
arthritis, 
juvenile 
idiopathic 
arthritis, 
psoriatic 
arthritis, 
ankylosing 
spondylitis, 
Crohn’s disease, 
ulcerative 
colitis 

Rheumatoid Rheumatoid 
arthritis, arthritis 
ankylosing 
spondylitis, 
psoriatic 
arthritis 

Adverse events Opportunistic and invasive fungal infections, reactivation of underlying hepatitis and 
tuberculosis infections, malignancies (lymphoma, skin cancers), demyelinating disease, 
congestive heart failure, induction of autoimmunity 

Table 1. 
Summary of the available TNF inhibitors, their structures and mechanisms of action, routes and dosages of 
administration, and adverse effects. 

3.1.2 Efficacy 

Etanercept appears to be inferior to infliximab and adalimumab for the control 
of ocular inflammation and is generally considered inadequate for the treatment 
of uveitis [8]. It should be noted that the present data are mostly small series, and 
no large, prospective head-to-head studies exist comparing effectiveness or safety 
across the TNF-α antagonists. However, use of etanercept has consistently shown 
decreased initial response, greater corticosteroid burden, and higher rates of 
disease recurrence than have been reported with the use of infliximab for uveitis 
[9]. Furthermore, etanercept has been associated with the paradoxical development 
of de novo uveitis and induction of uveitis flares in patients with spondyloarthropa-
thies, rheumatoid arthritis, juvenile idiopathic arthritis, and sarcoidosis [10]. The 
mechanism for this is unclear, but is thought to be related to pharmacokinetic 
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differences between etanercept and other TNF inhibitors, or differences in reverse 
signaling, such as cytokine modulation [2]. 

3.1.3 Safety 

A recent prospective analysis of etanercept, infliximab, and adalimumab 
found that the rate of infection requiring hospitalization, intravenous antibiotics, 
or life-threatening complications or disability is lower with etanercept than with 
infliximab or adalimumab [11]. 

3.2 Infliximab 

Infliximab (Remicade®, Janssen Biotech, Inc., Horsham, PA, USA) was the 
second anti-TNF-α agent to receive FDA approval in 1999 for treatment of rheuma-
toid arthritis, ulcerative colitis, Crohn’s disease, ankylosing spondylitis, psoriatic 
arthritis, and plaque psoriasis. This drug is a chimeric mouse-human monoclonal 
antibody that binds and neutralizes both circulating and membrane-bound TNF-α. 

3.2.1 Administration 

Infliximab is only available as an intravenous infusion. Typical loading regimens 
involve initial doses of 3–5 mg/kg at 0, 2, and 6 weeks, though the loading dos-
ages may vary based on disease etiology and severity. Once a steady state has been 
achieved following the loading period, patients undergo regular infusions approxi-
mately every 4–8 weeks. Maintenance doses may be safely increased to 5–10 mg/ 
kg monthly, though in JIA, children may require higher doses (up to 20 mg/kg) to 
successfully quell disease [12]. 

3.2.2 Efficacy 

Numerous studies have established the efficacy of infliximab in various etiolo-
gies of uveitis, with the most data supporting its use in Behçet’s disease and juvenile 
idiopathic arthritis. Consistently, infliximab is associated with a decrease in the 
mean corticosteroid dose and immunosuppression load required for management 
of ocular inflammation. Patients with Behçet’s disease-related uveitis and retinal 
vasculitis have been shown to achieve faster resolution of disease with infliximab 
than with local and systemic corticosteroid therapy, or other immunomodulatory 
agents [13, 14]. Markomichelakis et al. performed a prospective, observational 
study of patients with panuveitis secondary to Behçet’s disease who received a 
single dose of infliximab infusion of 5 mg/kg, high-dose methylprednisolone 1 g/ 
day for 3 days, or intravitreal triamcinolone; infliximab was found to be superior 
to other treatments in terms of decreasing ocular inflammation, and clearing 
retinal vasculitis, retinitis, and cystoid macular edema [13]. Many children with JIA 
and chronic refractory noninfectious uveitis also achieve improvement as well as 
quiescence of disease with the addition of infliximab to methotrexate [15]. A review 
of 16 children on concomitant infliximab (mean dose 8.2 mg/kg with a median 
interval of 5.6 weeks between infusions) and methotrexate therapy found that 
this regimen effectively controlled ocular inflammation over 1 year of follow-up, 
without recurrence of uveitis in 58% of patients [15]. Reports also suggest efficacy 
of infliximab in the treatment of uveitis related to many other conditions, including 
spondyloarthropathies, inflammatory bowel disease, psoriasis, Takayasu disease, 
pars planitis, multifocal choroiditis, birdshot chorioretinopathy, Vogt-Koyanagi-
Harada syndrome, sympathetic ophthalmia, and idiopathic uveitis. Infliximab use 
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has also shown benefit in recalcitrant uveitic cystoid macular edema and diffuse 
subretinal fibrosis [16, 17]. In a study of nine patients with uveitis-related cystoid 
macular edema refractory to conventional immunosuppressive therapy, Schaap-
Fogler et al. reported that after transitioning to infliximab (dosage of 5 mg/kg at 
0, 2, and 6 weeks, followed by administration every 6–8 weeks afterward) or adali-
mumab (dosage of 40 mg every 2 weeks), patients experienced improvement in 
central macular thickness and visual acuities comparable to those on conventional 
immunomodulatory therapy on follow-up at 3, 6, and 12 months [16]. 

In a small percentage of patients, the formation of human anti-chimeric anti-
bodies, or HACA, may neutralize infliximab and limit its duration of effect. Other 
immunomodulatory agents may be administered concurrently with infliximab to 
reduce the rate of HACA formation. Further discussion regarding the development 
of HACA and approach to patients who have failed therapy is detailed in the section 
“Adverse effects.” 

3.2.3 Safety 

Infliximab has been associated with significant adverse effects, including serious 
infections, congestive heart failure, pulmonary embolus, induction of autoantibod-
ies, as well as development of a rare lupus-like syndrome [11, 18]. 

3.3 Adalimumab 

Adalimumab (Humira®, AbbVie Inc., North Chicago, IL, USA) is a fully human-
ized monoclonal antibody against TNF-α. Since its approval by the FDA in 2002, 
it has been steadily gaining popularity for its efficacy and relative safety, and now 
serves as a preferred agent within its class. At this time, its approved indications 
include treatment of rheumatoid arthritis, ulcerative colitis, Crohn’s disease, 
psoriatic arthritis, plaque psoriasis, ankylosing spondylitis, and juvenile idiopathic 
arthritis. In 2016, it was approved by the FDA for treatment of non-infectious 
intermediate, posterior and panuveitis. 

3.3.1 Administration 

Adalimumab is delivered in the form of subcutaneous injections with a loading 
dose of 80 mg followed by 40 mg injections at weekly or biweekly intervals. 

3.3.2 Efficacy 

Numerous studies have shown adalimumab to be efficacious, particularly 
in uveitis associated with spondyloarthropathies, HLA-B27 positive status, and 
juvenile idiopathic arthritis. There also exists moderate-quality evidence for the 
efficacy of adalimumab in Behçet’s disease-associated uveitis, pars planitis, and 
idiopathic posterior uveitis. A multinational randomized controlled trial evaluating 
adalimumab for the treatment of active noninfectious intermediate, posterior, or 
panuveitis despite prednisone therapy revealed significant improvement in anterior 
and posterior chamber inflammation as well as visual acuity [19]. Compared to 
placebo, adalimumab achieved early and sustained disease control after discon-
tinuation of glucocorticoid treatment, with less chance of treatment failure and 
increased median time to treatment failure (24 weeks in adalimumab group versus 
13 weeks in placebo group) [19]. Like infliximab, adalimumab allows for a signifi-
cant reduction in the mean corticosteroid dose and mean immunosuppression load 
required in noninfectious uveitis. Furthermore, adalimumab has been associated 
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with improvement in uveitic macular edema in prospective trials, which may be 
related to a reduction in plasma anti-VEGF levels with therapy [20]. 

Though less immunogenic than infliximab, adalimumab may still induce the 
formation of anti-drug antibodies in some patients, which may neutralize and limit 
the efficacy of the drug over time. 

3.3.3 Safety 

Overall, adalimumab is relatively safe for patients, and it is uncommon that the 
drug induces adverse events necessitating its discontinuation. Rates of lupus-like 
syndromes, and demyelinating disease and neuropathies, including optic neuritis, 
have been reportedly lower as compared to infliximab and etanercept. However, use 
of adalimumab still carries the risk of potentially devastating infections, including 
respiratory tract infections and reactivation of tuberculosis. 

3.4 Golimumab 

Golimumab (Simponi® and Simponi Aria®, Janssen Biotech, Inc., Horsham, PA, 
USA) was approved by the FDA in 2009 for the treatment of moderate to severe 
active rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, and ulcer-
ative colitis. Like adalimumab, golimumab is a fully human monoclonal antibody. 

3.4.1 Administration 

Golimumab is delivered either as monthly subcutaneous injections of 50 mg 
each month or as intravenous infusions. Similar to infliximab, the intravenous form 
of golimumab is loaded at 2 mg/kg at weeks 0 and 4 and then maintained with 
infusions every 8 weeks. 

3.4.2 Efficacy 

A limited number of case series describe success in treating cases of uveitis 
associated with ankylosing spondylitis, HLA-B27 positive status, juvenile idio-
pathic arthritis, and Behçet’s disease after inadequate response to or intolerance of 
other TNF-α inhibitors [21, 22]. In a 2014 study by Miserocchi et al. of 17 affected 
patients, 14 patients experienced improvement in inflammation with golimumab 
therapy, with the majority achieving quiescence and corticosteroid-sparing effect 
over an average follow-up of 21.9 months [21]. Of note, the remaining three subjects 
were deemed non-responders. 

3.4.3 Safety 

Existing reports on the use of golimumab have not reported a significantly dif-
ferent rate of adverse events compared to that for other TNF inhibitors, though the 
evidence remains scant. Unlike the other TNF inhibitors, it has not been observed to 
cause a lupus-like syndrome. 

3.5 Certolizumab pegol 

Certolizumab pegol (Cimzia®, UCB, Inc., Smyrna, GA, USA) is approved for 
the treatment of moderate to severe rheumatoid arthritis, psoriatic arthritis, and 
Crohn’s disease. Unlike fellow anti-TNF monoclonal antibodies, this agent is a 
polyethylene glycolated Fab fragment. 
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3.5.1 Administration 

Certolizumab is initially administered as subcutaneous injections of 400 mg at 
weeks 0, 2, and 4, then continued as 400 mg injections monthly, or 200 mg injec-
tions every other week. 

3.5.2 Efficacy 

While certolizumab has shown efficacy in the management of systemic inflamma-
tion, limited data exist regarding its utility in uveitis at this time. A single retrospective 
case series of seven patients reports experience in the treatment of chronic immune-
mediated uveitis (Behçet’s disease, ankylosing spondylitis, psoriatic arthritis, and 
idiopathic retinal vasculitis) that had failed other TNF inhibitor therapy due to loss of 
efficacy or development of serious adverse effects. Over a mean follow-up period of 
10.4 months, five of these seven patients developed quiescence with improvement in 
visual acuity and central macular thickness, with benefit seen as early as 1 month after 
initiation of certolizumab [23]. Another study reports decreased incidence of uveitis 
flares with certolizumab comparable to rates reported for other anti-TNF-α agents, but 
did not have sufficient numbers to establish statistical significance [24]. 

3.5.3 Safety 

Existing reports on the use of certolizumab suggest risk for development of 
autoimmunity. It has been associated with a lupus-like syndrome, as well as bilateral 
panuveitis secondary to an ocular sarcoidosis-like reaction in a patient with rheu-
matoid arthritis and no prior history of sarcoidosis; signs and symptoms were noted 
to resolve following cessation of certolizumab in these cases [25, 26]. 

4. Adverse effects 

4.1 Infections 

TNF-α plays a crucial role in host immunity against infections, and correspondingly, 
blockade of TNF predisposes individuals to opportunistic infections, as well as reactiva-
tion of latent tuberculosis and hepatitis viruses. Patients on anti-TNF-α treatment also 
experience increased rates of invasive fungal infections, including histoplasmosis and 
coccidioidomycosis. Therefore, prior to initiating therapy, patients should be screened 
for active and latent tuberculosis with skin testing or an interferon gamma release assay, 
with a follow-up chest X-ray should these screening exams return positive. Patients who 
are diagnosed with tuberculosis should be treated for at least 1 month prior to initiat-
ing anti-TNF-α therapy. Hepatitis screening should also be performed before starting 
TNF inhibitors, with preceding hepatitis B vaccination for individuals not immune to 
hepatitis B, and concomitant prophylaxis against hepatitis virus reactivation during 
anti-TNF therapy for those with serologic evidence of hepatitis infection. Finally, pneu-
mococcal and influenza vaccinations should also be considered. Once TNF-α inhibitors 
are started, live vaccines and unpasteurized milk should be avoided to reduce the risk of 
disseminated infection. 

4.2 Malignancies 

There is conflicting evidence in the literature regarding the risk of new as well 
as recurrence of prior malignancies with TNF-α therapy. Some registries have noted 
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an increased incidence of lymphoma and melanoma in these patients, and the FDA 
issued a black box warning in 2008 regarding potential association between use 
of TNF inhibitors and development of these cancers in children and young adults. 
Other studies report that TNF inhibitors may accelerate diagnosis of cancer in the 
first year of treatment, but may not increase long-term cancer risk [27]. Evidence 
for this may be confounded by the number of underlying conditions and history of 
other immunosuppressant therapy that patients carry. Regardless, patients being 
considered for TNF-α blockade should be informed of this potential risk. 

4.3 Demyelinating disease and neuropathies 

TNF inhibitors have been associated with central and peripheral neuropathies, 
including demyelinating and vasculitic neuropathies, and the pathogenesis for this 
phenomenon is unknown. A number of series have reported the development of 
Guillain-Barre syndrome and demyelinating lesions in the central nervous system 
similar to those in multiple sclerosis following initiation of anti-TNF-α therapy [28, 
29]. For this reason, an MRI of the brain is recommended for patients with interme-
diate uveitis prior to starting TNF inhibitors to rule out underlying demyelinating 
disease, and these agents should not be prescribed to patients with evidence of 
demyelinating disease. If patients carry a positive family history, the risk of devel-
oping demyelinating disease should be discussed with them before proceeding with 
TNF-α blockers. 

4.4 Congestive heart failure 

Reports of atherosclerosis formation, promotion of plaque rupture, hypertrophy 
and heart failure from contractile myocardial dysfunction have been described 
with anti-TNF-α blockade. The New York Heart Association (NYHA) recommends 
against the use of TNF inhibitors in patients with NYHA class III or IV heart failure 
[30]. Those patients with compensated congestive heart failure (NYHA classes I 
or II) should undergo a baseline evaluation and be followed closely for any signs of 
worsening heart failure while on anti-TNF-α therapy. 

4.5 Induction of autoimmunity 

Anti-TNF-α agents may induce autoimmunity and formation of auto-antibodies, 
including antinuclear, anti-DNA, and anti-cardiolipin antibodies, among others. 
All of the TNF inhibitors, especially etanercept, have been associated with the onset 
of sarcoidosis [26, 31]. A rare lupus-like syndrome has been reported with all TNF 
antagonists with the exception of golimumab, and most commonly with etanercept 
and infliximab [32]. Other autoimmune diseases that have been reported include 
leukocytoclastic vasculitis, interstitial lung diseases, antiphospholipid syndrome-
related features, autoimmune hepatitis and uveitis [31]. 

4.6 Endogenous uveitis 

Paradoxically, there are reports associating TNF inhibitors with the onset or recur-
rence of uveitis, particularly with etanercept [33]. The mechanism is unclear, but one 
speculation is that as a soluble receptor, etanercept may prolong the half-life of TNF in 
the eye and potentiate uveitis if the receptor-ligand complex is not cleared promptly. 
Compared to infliximab, etanercept also has differential effects on T-lymphocytes 
and does not induce apoptosis. These differences may also contribute to observations 
of decreased efficacy of etanercept in certain inflammatory conditions [34]. 
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4.7 Infusion reactions 

The most common adverse effects of TNF inhibitor therapy are hypersensitiv-
ity reactions to the drug infusion, which are felt to be related to immune-complex 
formation and deposition. Most reactions are characterized by cutaneous, eczema-
like eruptions at the site of injection, but may also include fever, nausea and vomit-
ing, and arthralgia. These reactions may occur immediately after administration 
or in a delayed fashion up to 2 weeks after treatment. Of note, infliximab has been 
associated with a high rate of hypersensitivity reactions in up to 22% of patients 
undergoing infusion, and has been reported to cause angioedema and anaphylaxis 
[35]. Patients are hence often pre-medicated with Benadryl and acetaminophen to 
prevent these reactions. 

4.8 Pregnancy 

Pregnancy outcomes for women on infliximab have been reported through 
the Infliximab Safety Database and the Crohn’s Therapy, Resource, Evaluation 
and Assessment Tool (TREAT) registry, without evidence for an increased rate 
of miscarriages, birth complications, or fetal anomalies above that of the general 
pregnant population [36]. As an IgG antibody, infliximab does not cross the 
placenta during the first trimester, but readily crosses during the late second and 
third trimesters, and can subsequently persist in the infant for months after birth 
[37]. Therefore, based upon this and registry-reported outcomes, infliximab is 
generally considered safe during the first trimester and majority of the second 
trimester. However, it is advised that patients stop the drug during the late second 
or third trimester to minimize transfer to the fetus, and to avoid administering 
live vaccines to infants exposed to infliximab in utero given their increased risk for 
disseminated infection. 

As a pegylated Fc-free agent, certolizumab does not cross the placenta in signifi-
cant amounts, and is thus thought to be safer in pregnancy [38]. The largest pub-
lished database on certolizumab use in pregnant women to date examined outcomes 
of 1137 prospectively reported pregnancies, without finding increased risk for 
teratogenic effects or fetal death as compared to the general population [38]. 

5. Monitoring clinical response 

Once the decision has been made to proceed with TNF-α blockade, it is impor-
tant to closely monitor patients for clinical response, as well as unwanted secondary 
effects. General routine clinical evaluation for infections, cytopenias, demyelinat-
ing disease, cancer, and cardiovascular alterations is essential, and may need to 
be performed in conjunction with a multidisciplinary team of specialists. Patient 
should also undergo serologic testing with a complete blood count and compre-
hensive metabolic profile every month for the first 3 months and at least every 
2–4 months afterward. If testing results are abnormal, anti-TNF-α therapy should 
be deferred until these parameters have normalized. 

The rate of nonresponse has been reported to be approximately 20% for patients 
initiated on infliximab therapy for uveitis [39]. Treatment response may depend on 
various factors, including age, location and severity of uveitis, and type of TNF-α 
blocker used. Genetic polymorphisms in TNF receptors and promoter regions may 
also impact the response to anti-TNF treatment. 

Immunogenicity, in which an antigen induces an immune response after being 
recognized by a preexisting T-cell or B-cell receptor, may also occur and account for 
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suboptimal response or treatment failure. This may lead to drug trough levels that 
are lower than expected or the appearance of serum anti-drug antibodies, which 
lead to drug-antibody complex formation and consequent rapid clearance of the 
drug. Ocular and systemic inflammation may subsequently become resistant after 
several months of treatment. This phenomenon is most prevalent with infliximab, 
in which case these antibodies are referred to as human anti-chimeric antibodies 
(HACA), but also occurs with use of adalimumab. 

Cordero-Coma and colleagues have summarized a proposal for patients not 
responsive or poorly responsive to anti-TNF therapy based on other studies [40]. 
If a patient is deemed to have insufficient clinical response to anti-TNF-α therapy, 
work-up of these patients with serum drug trough and anti-drug antibody levels 
may be warranted to guide management. High serum drug levels correlate with 
clinical response and decreased risk for relapse, and dosing should be individually 
optimized to attain a therapeutic drug level [41]. In patients with low drug trough 
levels, one should consider intensifying therapy by either increasing the dosage of 
each treatment or the frequency of dosing (up to every 4–6 weeks for infliximab 
and every week for adalimumab). If patients have suboptimal clinical response 
despite sufficient drug trough concentration, an alternative immunosuppressant 
with different mode of action may be required to control disease activity. Regardless 
of serum drug concentration, if anti-drug antibody levels are high, one should 
consider either switching to an alternative TNF inhibitor and/or adding concomi-
tant steroids or other immunosuppression. Studies have shown that the traditional 
approach of intensifying therapy in antibody-positive patients is inferior to switch-
ing agents, with less treatment success and increased expense and risk of adverse 
effects [42]. 

There is not yet consensus regarding the preferred mode of assessing drug and 
antibody levels. Several assays are available, including enzyme-linked immuno-
sorbent assay (ELISA), radioimmunoassay, reporter gene assay, and homogeneous 
mobility shift assay, each with their own advantages and drawbacks. ELISA is the 
most readily accessible, but suffers from false-positive and false-negative results; 
the other modalities are more precise but logistically difficult to obtain [43]. 

6. Expert panel recommendations 

In 2014, an Expert panel comprising a subcommittee of the American Uveitis 
Society published recommendations regarding the evidence-based use of anti-
TNF-α agents [44]: 

• Infliximab and adalimumab can be considered in preference to etanercept, 
which is associated with lower rates of treatment success. 

• Infliximab and adalimumab can be considered first-line for treatment of ocular 
manifestations of Behçet’s disease. 

• Infliximab and adalimumab can be considered second-line for uveitis associ-
ated with juvenile arthritis. 

• Infliximab and adalimumab can be considered potential second-line treat-
ments for severe ocular inflammatory conditions, including posterior or 
panuveitis, severe uveitis associated with seronegative spondyloarthropathy, 
and scleritis in patients who have failed or are not candidates for antimetabo-
lites or calcineurin inhibitors. 
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7. Conclusions and future directions 

Tumor necrosis factor alpha inhibitors are mainstay treatments for several 
systemic immune-mediated conditions, including rheumatoid arthritis, juvenile 
arthritis, ankylosing spondylitis, inflammatory bowel disease, and psoriatic arthri-
tis, and serve as an important pillar of immunomodulatory therapy in the treatment 
of uveitis. Infliximab and adalimumab have both been shown to be successful at 
controlling ocular inflammation, particularly that related to Behçet’s disease and 
juvenile arthritis. However, serious potential side effects, such as risk for oppor-
tunistic infections, reactivation of latent tuberculosis, and malignancy, may limit 
their use in uveitis. Further studies of the newer agents, golimumab and certoli-
zumab, are warranted to establish their efficacy in uveitis, but early data regarding 
their safety have been promising, and they may represent future additional treat-
ment options within this class. 

Future directions for anti-TNF therapy include further studies of the signifi-
cance of intravitreal formulations, as well as the development of biosimilars that 
may represent comparable and more affordable options to the traditional TNF 
antagonists. Intravitreal therapy with anti-TNF agents has been utilized and evalu-
ated in very few studies with small sample sizes. The results have been variable 
and whether local therapy to the eye with these agents is safe and effective remains 
to be seen [45–48]. Biosimilars, defined by the World Health Organization as a 
biotherapeutic product which is similar in terms of quality, safety, and efficacy to 
an already licensed reference biotherapeutic product, provide potential economic 
alternatives to the current TNF-α agents. Despite the effectiveness and relatively 
rapid action of TNF inhibitors, the high cost may hinder accessibility to these drugs 
for some patients. A 2016 systematic review of 19 observational studies and clinical 
trials comparing biosimilar TNF-α inhibitors concluded that evidence supports the 
efficacy and safety of these agents [49]. The most notable existing biosimilar within 
this class is infliximab-dyyb, which exhibits similar qualities to the original product 
infliximab, and is currently available in many countries and was approved by the 
FDA in 2016. Several others are in development or already licensed for use outside 
the United States. As biosimilars become available, they may improve patient acces-
sibility to these drugs for disabling disease. 
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