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Uveitis, or inflammation of the uveal tissues (iris, ciliary body and the choroid), and its
contiguous structures, can lead to severe visual impairment and is among the leading causes
of vision impairment worldwide (1). In clinical practice, specialists in uveitis and ocular
immunology are called upon to manage a range of uveitis syndromes—infectious disease,
noninfectious autoimmune conditions, and masquerade syndromes such as lymphoma.
Moreover, ophthalmologists of all subspecialties (i.e., medical and surgical retina, corneal
surgeons, orbital/oculoplastic surgeons, and comprehensive ophthalmologists) are called
upon to manage uveitis syndromes, emphasizing clear importance to understanding common
uveitis syndromes, diagnostic workups, and the state-of-the-art in uveitis and ocular
inflammation care.

Recent advances in uveitis disease nomenclature for classification, clinical trials, drug
delivery systems, multimodality diagnostic imaging, and laboratory testing involving
“omics” technology have provided insight into disease pathogenesis, as well as opportunities
for understanding new etiologies of uveitis and therapeutic targets. In this special series

of the Annals of Eye Science entitled “Innovations in the Diagnosis and Management of
Uveitis”, we highlight recent advances in the diagnosis and treatment of uveitis, including
both infectious and noninfectious entities, molecular diagnostic techniques, key relationships
between gut microbiome and the pathogenesis of uveitis (2). In addition, we also synthesize
the literature related to multimodality diagnostic imaging and novel therapies for adults

and children with complex inflammatory eye disease. Our recent understanding of uveitis
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associated with checkpoint inhibitor therapy is further discussed, given their increasing use
for the benefit for patients with hematologic conditions and cutaneous malignancy, as well
as their potential insight into uveitis pathology (3).

In consideration of these key areas of discovery and growth of the field of uveitis, we
highlight subject matter for clinicians and clinician-investigators interested in ongoing
ophthalmic research, which will address unmet patient care needs.

Diagnostic imaging in uveitis

In clinical practice, diagnostic imaging continues to play a continued role in defining

the local of disease pathologies, particularly subclinical disease. While optical coherence
tomography (OCT) is a mainstay of detecting and monitoring macular edema due to
noninfectious uveitis, the leading cause of vision impairment in uveitis, multimodality
imaging can be extremely helpful for the detection of posterior segment disease [e.g.,
indocyanine green angiography (ICGA) in birdshot retinochoroidopathy] and following
disease activity in other posterior segment conditions (e.g., fundus autofluorescence for
serpiginous choroidopathy).

Zheng and Sharma describe an array of imaging modalities used in the clinic and

the laboratory for the objective assessment of anterior uveitis, intermediate uveitis and
scleritis (4). Established guidance for the assessment of uveitis most commonly employs
Standardization of Uveitis Nomenclature criteria for the assessment of anterior chamber
(AC) cell, AC flare, and vitreous haze (5). Yet, recent work by Zheng and Sharma (4) has
demonstrated strong correlation between AC inflammation and volumetric analysis of AC
inflammation using anterior segment OCT (AS-OCT). Swept-source AS-OCT is currently
under investigation for the assessment of AC flare in addition to cell and may provide
another modality for objective measures for uveitis patients during clinical follow-up, as
well as for research purposes.

Another unique application of AS-OCT discussed by Zheng and Sharma involves its use

for scleritis and episcleritis. Findings identified in scleritis patients by AS-OCT include
nodular densities, deep hyporeflective cavities that correspond to dilated vessels, which
show interval resolution with anti-inflammatory therapy. Through continued work in these
areas, it is likely that these objective measures would also be applicable to broader use in the
future, particularly with a growing body of evidence correlating clinically active episcleritis
and scleritis with AS-OCT and over longitudinal follow-up.

Vogt-Koyanagi-Harada syndrome (VKH) and uveitis associated with

checkpoint inhibitors: balancing autoimmunity and tumor immunity in the

context of melanocytic antigen targeting

Prior elegant studies have reported the pathogenesis of VKH, namely T-cell targeting
of melanocyte antigen including MART-1 and gp100 antigens in patients with VKH
and sympathetic ophthalmia, which bears similarities in T-cell targeting (6). These
interplay between T-cells and melanocytic antigen has also been observed in melanoma
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immunotherapy, in which disruption of T-cell regulation leads to immune-related adverse
events (irAEs) including uveitis, papillitis, vitiligo, and poliosis in addition to other
documented irAEs (7-9). Timely reviews related to VKH and checkpoint inhibitor uveitis
highlight the parallels between these topics (3,10).

VKH is a rare but severe autoimmune disease presenting as a bilateral granulomatous
panuveitis. The pathogenesis involves CD4" T-cells that attack melanocytes in various organ
systems, which can also lead to extraocular complications such as meningismus, vitiligo,
and poliosis. Our understanding of the clinical manifestations and proper treatment for this
disease has continued to evolve over the years. O’Keefe summarizes recent advancements in
the diagnosis and treatment of VKH (10).

Specifically, there are a number of well-studied findings on OCT that are diagnostically
predictive of VKH including retinal detachment, subretinal hyperreflective dots, subretinal
membranous structures, and retinal pigment epithelium (RPE) folds (11,12). Optical
coherence tomography angiography (OCTA) has emerged as a new technique that could
potentially serve as an alternative to ICGA in VKH diagnosis (13). It was found to
successfully differentiate between patients with VKH and those with central serous
chorioretinopathy (CSR). The main limitation of OCTA’s utility is its smaller field of
view than fluorescein angiography at this time. Enhanced depth imaging (EDI) OCT is
another imaging technique that has also demonstrated utility in differentiating choroidal
granulomas of VKH from those seen in other inflammatory uveitis such as sarcoidosis
and tuberculosis (14). As such, the application of OCTA and EDI-OCT in VKH diagnosis
remains a promising area to be studied.

While systemic corticosteroids remain the mainstay of VKH treatment, recent studies

have revealed possible alternative or adjunctive forms of treatment. In patients without
systemic signs, subtenon triamcinolone injections may be used as a primary treatment

for VKH, although their long-term use and application require further investigation (15).
Paredes et al. observed improved visual outcomes when comparing prompt initiation of
immunomodulatory therapy (IMT) when compared to steroid monotherapy or delayed IMT
initiation (16). Urzua et al. noted that a subset of patients with corticosteroid-refractory
disease could benefit the most from early IMT initiation (17). Additional research is needed
on the benefit of prompt IMT therapy. Biological response modifiers (BRMs), such as
adalimumab, rituximab, and infliximab, have also demonstrated utility in treating VKH
refractory to conventional immunosuppression (18-26). Of note, VKH is understood to be
primarily T-cell mediated, but rituximab, a monoclonal antibody that targets CD20, has been
observed to show promising efficacy signals as well, underscoring the need to understand
the role of B-cells in VKH and potential targeting by BRMs.

Uveitis associated with checkpoint inhibitor therapy

The use of immune checkpoint inhibitors and targeted therapy in cancer treatment has
become increasingly widespread. These drugs have targets such as CTLA-4 (ipilimumab),
PD-1 (pembrolizumab, nivolumab), and PD-L1 (atezolizumab, avelumab, durvalumab). By
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binding to these receptors or ligands, these drugs can stimulate T-cell activity, subsequently
enhancing the detection and destruction of malignant cells (7,27). Targeted therapy drugs
work to curb mutations leading to uncontrolled proliferation of cancer cells, including those
that affect the mitogen-activated protein kinase pathway (trametinib) and BRAF enzyme
(dabrafenib, vemurafenib) (28-30). They have proven efficacy in treatment of metastatic
melanoma, squamous cell carcinoma, and non-small cell lung cancer, to name a few.
However, they have also been found to cause ocular complications on rare occasions.
These include cases of uveitis, ranging from isolated anterior uveitis to panuveitis, and
occasionally VKH-like syndromes with systemic symptoms. While these are scarcely
observed compared to more common side effects such as fatigue and skin rash, the
consequences can be devastating (27). Arepalli and Venkat delineate the documented
adverse effects from these drugs in their review (3,7).

Although rare, these instances represent additional challenges towards the patient’s cancer
treatment. The Common Terminology Criteria for Adverse Events (CTCAE) recommends
that for ocular irAEs categorized as a grade 3 or 4 uveitis, cancer therapy should be withheld
entirely (31). However, multiple documented cases have been successfully treated with local
steroid therapy alone without requiring cancer therapy cessation or initiation of systemic
corticosteroids (7). Nevertheless, these decisions should be made on a case-by-case basis
with oncology to determine what is the optimal treatment choice for the patient. In instances
of systemic irAEs, abrupt discontinuation of cancer therapy and systemic steroids may be
necessary. Further research is necessary to explain the mechanism behind these adverse
effects as well as the appropriate treatment.

Uveitis and the intestinal microbiota: potential therapeutic benefit from a
gut check

While the majority of medications for noninfectious uveitis have included systemic and local
corticosteroid, as well as steroid sparing disease modifying anti-rheumatic drugs (DMARDS)
or BRMs, there has been growing interest in the scientific community involved in the study
of autoimmunity focusing on non-pharmacologic measures include the role of diet and stress
in preventing or treating inflammatory eye conditions.

Gut microorganisms previously thought to be commensal bacteria, viruses, and fungi (i.e.,
commonly thought to be passive bystanders) actively contribute to mucosal and systemic
homeostasis. Pathologic disruption of this homeostasis, termed intestinal dysbiosis, has been
associated with autoimmune diseases including ankylosing spondylitis, multiple sclerosis,
and rheumatoid arthritis and is currently the subject of rigorous investigation by Lin et al.,
summarized in their recent review in this special series of the Annals of Eye Science (2).

Their recent investigation has shown that diets rich in fermentable fibers give rise

to increased intestinal bacterial production of short chain fatty acids, which may be
protective against uveitis through an increase in regulatory T-cells and decreased intestinal
permeability, which is illustrated in their article. Further understanding of bacterial
promotion of potentially key mediators in immune regulation may open up therapeutic
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opportunities through antibiotic regimens, probiotics and supplementation of bacterial
metabolites, and studies in this area are ongoing.

Assessing pediatric uveitis patients and targeting therapy

With additional systemic immunomodulatory BRM therapies and local therapies on the
horizon, our field’s ability to effectively treat intraocular inflammation and macular edema,
leading to visual acuity improvement, has continued to improve and evolve. Yet, patient
reported outcomes measures remain central to our understanding of how therapies precisely
impact individuals and improve quality-of-life. These challenges are particularly notable

in pediatric uveitis, notably juvenile idiopathic arthritis (JIA), where the impact of vision
disability, chronic disease, and medication use can be a lifelong journey that requires long-
term care with a holistic approach to the patient, family and the patient’s support network.

Most pediatric uveitis cases are due to a non-infectious etiology, and JIA is the most
common systemic association. While pediatric uveitis only accounts for 5-10% of all
uveitis cases, it poses unique diagnostic and therapeutic challenges (32). Asymptomatic
presentation can lead to delayed diagnosis with an increased disease burden into adulthood.
The review by McDonald ef a/. analyzed the current methods for understanding outcomes
in pediatric uveitis patients (33). Previously, ophthalmic examination and general quality of
life (QOL) measures have been utilized. While ophthalmic exam does evaluate for important
visual outcomes, it does not take into consideration QOL measures. On the other hand,
general health QOL questionnaires may not fully assess the visual impact of uveitis. Even
the emergence of health-related QOL measures in children such as the Pediatric Quality

of Life Inventory (PedsQL), Child Health Questionnaire (CHQ) and Childhood Health
Assessment Questionnaire (CHAQ) has not fully assessed health outcomes in terms of
impact on vision health and treatment.

Vision-related QOL (VR-QOL) questionnaires have emerged to meet this need. The
National Eye Institute Visual Function Questionnaire (NEI VFQ-25) includes domains

of vision health, social functioning, and mental health (34). While this has validity and
reliability in adult patients, the NEI VFQ-25 is not a valid measure in children. Other
VR-QOL measures for children have also been developed including the Cardiff Visual
Ability Questionnaire for Children (CVAQC), Impact of Vision Impairment on Children
(IVI_C) and the Vision-related Quality of Life of Children and Young People (VQoL_CYP).
While these focus on both vision and QOL measures in children, they do not include uveitis
related ocular complications and do not fully capture the outcomes of pediatric uveitis.

With a need for a pediatric uveitis specific VR-QOL questionnaire, Angeles-Han et al.
developed the Effect of Youngsters” Eyesight on Quality of Life (EYE-Q). This has validity
and reliability as demonstrated by several single center cohort studies for use in patients
aged 5-18. EYE-Q more sensitively assesses visual function and better appreciates the
burden of treatment compared to the general pediatric VR-QOL measures (35,36). As the
EYE-Q contains school-specific items, it has not been validated for children below the age
of 5. Currently, no questionnaire exists for a uveitis specific QOL measure in non-school age
children, and this remains a vital area for further research.
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As pediatric uveitis is sight-threatening, treatment may be challenging yet critical for vision
preservation and long-term function, schooling, and activities of daily living. Children may
be more vulnerable to the side effects of mainstay therapies commonly utilized for adult
uveitis patients. Long-term corticosteroid therapy for pediatric uveitis can lead to increased
ocular hypertension and the development of cataracts in children compared to their adult
counterparts (37). Because of this, DMARDs and biologics are important therapies to
consider in pediatric uveitis. A review by Thomas et a/. outlined the efficacy of biologics
for pediatric uveitis (38). Tumor necrosis factor a. (TNF-a.) inhibitors such as adalimumab
have been shown to decrease risk of treatment failure compared to methotrexate alone (39).
In pediatric uveitis, tocilizumab, an interleukin 6 (IL-6) inhibitor, showed improvement of
disease and the allowance of corticosteroid drop tapering in patients who were refractory to
both TNF-a inhibitors and DMARDs (40).

While options for biologic therapies for pediatric uveitis are available, some patients are
unable to attain remission. JAK inhibitors are the emerging class of biologics for treatment
for these individuals. Evidence of the efficacy of JAK inhibitors is limited, but case studies
have shown improvement of uveitis in patients refractory to other therapies (41,42). In
addition, JAK-inhibitors did not show systemic side effects in the 7-month follow-up period.
Further investigation of the role of JAK inhibition for treatment is needed, and currently a
clinical trial studying the efficacy of baricitinib, a JAK inhibitor, in pediatric patients with
juvenile idiopathic arthritis-uveitis (JIA-U) is ongoing (43).

In summary, the field of uveitis remains promising with advances in diagnostic imaging

and further understanding of disease pathogenesis. While research related to diet and
microbiome are performed through extensive research in the laboratory and through clinical
translational work, understanding our colleagues’ work in cutaneous oncology, namely
melanoma, can also provide insight into diseases such as VKH. With these promising
therapeutics being developed, improving our objective metrics of inflammation should

be paralleled by patient-reported outcomes measures such that we can measure our

impact and refine our ability to relate to patients’ individual and collective experience.
Beyond infectious and noninfectious uveitis, research is also needed for uveitis masquerade
syndromes, including promising targeted and adjuvant therapies. We hope this special
edition of Annals of Eye Science will provide the reader with broad insight on the “State-of-
the-art” in uveitis and future directions to care for this complex array of ocular inflammatory
diseases.
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