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Abstract: Background: Sjogren’s syndrome (SS) is a systemic autoimmune condition
marked by significant dry eye disease (DED), leading to considerable corneal changes.
These modifications, encompassing punctate epithelial erosions, chronic epithelial abnor-
malities, and corneal ulcers, significantly impact eyesight and quality of life. Progress in
comprehending the corneal pathophysiology associated with SS has prompted innovative
diagnostic and treatment approaches. Aim: This narrative review aims to examine develop-
ing trends in the pathogenesis, diagnostic methods, and treatment strategies for Sjogren’s

check for syndrome-associated corneal changes. Methods: The study was based on a narrative review
updates of the current literature available on PubMed and Cochrane from Jan 2000 to December 2024.
Academic Editor: Gang Wei Results: Corneal changes associated with Sjogren’s syndrome result from a multifactorial
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proteomics, provide earlier and more accurate identification of subclinical alterations in
the corneal epithelium and stroma. Therapeutic developments concentrate on meeting the
specific requirements of SS-related DED. Biological treatments, especially tailored inhibitors

Management for Sjbgren of interleukin-6 and tumor necrosis factor-alpha, show potential in mitigating inflammation
Syndrome-Related Dry Eye Corneal and facilitating epithelial repair. Moreover, regenerative approaches, such as autologous
Alterations. Appl. Sci. 2025, 15, 5076. serum tears and mesenchymal stem cell therapies, provide innovative methods to repair oc-
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eye drops, enhance bioavailability and therapeutic efficacy. Conclusion: Recent develop-
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approach to precision medicine. The combination of improved diagnostics and innovative
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o therapy approaches offers potential for reducing disease progression, maintaining corneal
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SS-related corneal illness, providing hope for improved care and higher quality of life for
those affected.

Keywords: Sjogren’s syndrome; autoimmune eye diseases; dry eye disease;
keratoconjunctivitis sicca; ocular surface; cornea; corneal pathologies; corneal medical and
surgical therapies

1. Introduction

Sjogren’s syndrome (SS) is a complex chronic progressive multisystem inflammatory
autoimmune disorder of unknown pathogenesis for which a curative therapy does not
exist [1]. It is characterized by an autoimmune attack and destruction of the exocrine glands
of the body, especially salivary and lacrimal glands, so xerostomia and dry eye represent
its hallmark clinical signs [1]. Furthermore, SS may affect several other extraglandular
organs, causing heterogeneous clinical manifestations and multiple organ damage, and it is
associated with increased risk of malignancies [1-3]. SS may be present alone as primary
SS (pSS) (30% of cases), or it can coexist with other systemic autoimmune (Al) disorders, a
condition called secondary SS (sSS) or Sjogren’s syndrome with overlap [1,4]. Furthermore,
SS is classified as one of the Al connective tissue diseases (CTDs), i.e., severe multisystem
Al disorders of still uncertain origin that affect the connective tissue proteins, also including
rheumatoid arthritis (RA), systemic sclerosis, systemic lupus erythematosus (SLE), and
inflammatory myopathies [5].

The cornea is an ocular structure of fundamental importance, with an essential role
in refracting light and protecting the internal ocular structures. For still unclear reasons,
the cornea is frequently affected in SS [6-10] and in other systemic Al diseases [5,11], with
clinical manifestations ranging from benign conditions, like mild eye dryness, to sight-
threatening corneal complications, such as sterile corneal melting and peripheral ulcerative
keratitis (PUK), that require intensive monitoring and treatments in order to prevent severe
loss of visual acuity and eye globe integrity [8-13].

The present manuscript aims to summarize the most recent developments in compre-
hending SS-related corneal changes, including new, improved diagnostics and innovative
therapy approaches that may offer the potential to maintain corneal health, reduce disease
progression, and enhance patient outcomes.

2. Sjogren’s Syndrome Clinical Manifestations and Ocular Involvement

Primary SS has an estimated worldwide prevalence ranging between 0.01 and 4.8% [14]
and a strong female predominance [15], and although it may affect individuals across the
age spectrum, it shows a peak of incidence between 50 and 60 years [14,15].

The pSS clinical manifestations may be classified into glandular and extraglandular
forms [1-3]. Glandular forms represent the original disease targeting the exocrine glands.
Their clinical features include dry eye and/or xerostomia, noted by more than 90% of pSS
patients and considered to be the clinical hallmarks of the disease; bilateral salivary glands
swelling, present in one-third of cases; and dryness of skin and/or various mucosal surfaces,
caused by the involvement of other exocrine glands (20% of cases) [1-3]. Extraglandular
forms, present in 30-90% of pSS patients, are thought to be related to a more complex
systemic immunological dysregulation, and although any organ of the body may be
virtually affected, the most frequent targets include the musculoskeletal apparatus (75%
of cases), visual system (25-60% of cases), hematological system (33% of cases), nervous
system (15-55% of cases), and respiratory tract (10-25% of cases) [1-3]. The most severe
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PSS extraglandular systemic complications are represented by interstitial lung disease (15—
20% of cases) and non-Hodgkin lymphoma (5% of cases) [1-3]. Extraglandular systemic
manifestations are associated with a worse prognosis and a higher risk of mortality [1-3].

Moreover, 70-80% of pSS patients complain of systemic non-organ-specific symp-
toms, including persistent fatigue, anxiety, depression, sleep disorders, mild cognitive
impairment, Raynaud phenomenon, chronic diffuse and migrant musculoskeletal pain,
etc. [1-3]. Eye and oral dryness, musculoskeletal pain, and fatigue indeed represent the
classic symptomatologic triad of pSS [1-3].

Considering that eye and mouth dryness are experienced by 30-35% and 20-30% of the
general population, respectively, mainly by females older than 50 years [16], a differential
diagnosis between SS-related and non-SS dry eye and/or xerostomia is mandatory. The
most frequent causes of eye and mouth dryness are represented by aging and drug assump-
tions, especially anti-cholinergic and/or sympathomimetic medications, although several
other variables can be involved [16]. Additionally, it has been estimated that nearly 50% of
patients requiring an ophthalmological examination for symptoms related to eye dryness
are affected by an occult Al disease, mainly Al thyroiditis or SS, and that approximately
10% of patients affected by clinically significant dry eye have an underlying undiagnosed
pSS [17].

SS diagnosis requires the identification of an autoimmune process targeting the sali-
vary or lacrimal glands [1]. The latest proposed pSS diagnostic criteria are the revised 2016
classification criteria of the American College of Rheumatology (ACR)-European League
Against Rheumatism (EULAR) [18], which define the Sjogren’s syndrome with a weighted
score of at least of 4 points, and it assigns 3 points each for salivary gland biopsy positive for
the presence of lymphocytic infiltration (>50 lymphocytes/4mm?) [19] and the presence of
serum SSA /Ro autoantibodies (titers > 1:320) [20] and 1 point each for unstimulated whole
salivary flow < 0.1 mL/min [1], with Schirmer’s test results < 5 mm/5 min indicating a
pathologically reduced aqueous tear production rate [21] and ocular staining score > 5
indicating a severe ocular surface damage [22].

The SS ocular involvement may also be divided into glandular and extraglandular
forms. Ocular glandular forms are caused by the destruction of the lacrimal glands, which
represent the first and principal target of the SS and are characterized by eye dryness [6,7].
Dry eye is a disturbance of the lacrimal functional unit, composed of the lacrimal glands,
ocular surface (cornea, conjunctiva, and Meibomian glands), lids, and nerves [23]. The
damage of any component may disrupt the homeostasis of the whole unit, leading to a
clinical entity known as dry eye disease (DED) or keratoconjunctivitis sicca (KCS) [17].
According to the Tear Film and Ocular Surface Society Dry Eye Workshops (FTOS DEWS)
II, DED is defined as a multifactorial condition of the ocular surface marked by a disruption
of tear film homeostasis and associated ocular symptoms, wherein tear film instability,
hyperosmolarity, ocular surface inflammation, and damage along with neurosensory abnor-
malities contribute to its etiology [23]. DED may be classified into two forms: the aqueous
deficient dry eye (ADDE), caused by reduced tear production and representing 5 to 50%
of the DED forms, and the evaporative dry eye, related to excessive tear evaporation [23].
ADDE can be subdivided into SS-related and non-SS-related forms [23], and SS represents
one of the most important causes of severe ADDE [1,23].

Extraglandular ocular manifestations include ocular disorders other than DED, such
as papillary, follicular, or cicatrizing conjunctivitis as well as recurrent infectious keratitis,
sterile corneal haze, scarring, ulcer, melt, perforation, PUK, uveitis, scleritis, episcleritis,
optic neuritis, retinal vasculitis, and orbital inflammation [6-9,12,13]. Extraglandular
ocular forms affect a percentage of pSS patients ranging between 25% and 60%. Vision-
threatening ocular complications with severe visual impairment, including corneal melting,
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PUK, necrotizing scleritis, and retinal vasculitis, occur in approximately 10-15% of pSS
cases and 15-20% of sSS patients, especially patients affected by rheumatoid arthritis.
Severe extraglandular ocular manifestations have a higher prevalence in men and a strong
association with life-threatening systemic complications [6-9,12,13].

3. Glandular Ocular Involvement: Dry Eye Disease (DED) or
Keratoconjunctivitis Sicca (KCS)

3.1. Histology, Biochemistry, Anatomy, and Physiology

Several studies performed using different methods have demonstrated that patients
affected by SS-related DED or KCS show various abnormalities of all ocular surface compo-
nents (Table 1). The results of these studies are frequently non-univocal because of the lack
of a clear distinction between pSS and sSS patients, the inclusion of patients with different
disease severity degrees, and the comparison against different control groups (healthy
subjects or other non-SS dry eye patients). However, they may still help in understanding
the pathogenesis and clinical manifestations of the SS.

Table 1. Ocular surface histological, anatomical, and physiological features in Sjogren’s syndrome-
related dry eye disease.

Tissue/Organ

Diagnostic Method Findings

Salivary and lacrimal
glands

Infiltration of lymphocytes CD4+ T helper cells (Th1 and Th17), CD8+ T
Histology [24-26] cytotoxic cells, B lymphocytes, plasma cells, macrophages, fibroblasts,
and dendritic and mast cells; reduced levels of T regulatory cells

Destruction of the gland tubuloacinar architecture and atrophy in late
stages

High levels of pro-inflammatory cytokines, especially interferon (IFN)-y
and interleukin (IL)-17

Presence of autoantibodies, such as anti-SSA /Ro and anti-SSB/La

Presence of Epstein—Barr virus antigens

Ectopic lymphoid germinal center-like structures containing autoreactive
B lymphocytes

Tear film

Chemical and biochemical

analyses [27] Tear film hyperosmolarity

Enhanced levels of proinflammatory cytokines (e.g., IL-1x, IL-133, IL-6,
IL-8, IL-10, IL-17, IL-33, TNF-«, and IFN-y), matrix metalloproteinase
(MMP-9), and defensins

Over-expression of HLA-DR antigens

Decreased levels of lysozyme, lactoferrin, and IgA

Presence of autoantibodies, including anti-Ro/SSA, anti-La/SSB, ANA,
and rheumatoid factor

Decreased levels of epidermal growth factor secreted by the lacrimal
gland

Decreased levels of nerve growth factor secreted by the ocular surface
nerves

Decreased levels of a mucin and transforming growth factor (TGF)-3
produced by the conjunctival goblet cells

Upregulation of several proteins related to the oxidative stress, such as
the APEX1 and S100

Microbiological analyses  Tear film microbiome alterations, with predominant pro-inflammatory

[28] bacteria
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Table 1. Cont.

Tissue/Organ

Diagnostic Method

Findings

Meibomian glands
and eyelids

Slit lamp, keratography [29]

Anterior blepharitis

Meibomian gland dysfunction, with reduced number of Meibomian
glands, increased number of gland orifices occlusion, and metaplasia

Decreased thickness and stability of the tear film lipid layer and
increased tears evaporability

Conjunctiva

In vivo confocal scanning
laser microscopy,
impression cytology [30,31]

Conjunctival epithelial cells decreased density and morphological
alterations, with microcystic degeneration

Significant reduction in goblet cell density and decreased tear film
mucous layer (xerophthalmia);

Infiltration of lymphocytes CD4+ T helper cells (Th1 and Th17), CD8+ T
cytotoxic cells, B lymphocytes, plasma cells, macrophages, fibroblasts,
and dendritic and mast cells; reduced levels of T regulatory cells

Presence of autoantibodies, including anti-Ro/SSA, anti-La/SSB, ANA,
and rheumatoid factor

Increased levels of proinflammatory cytokine (e.g., IL-1, IL-6, and IFN-y)

Over-expression of human leukocytes antigen (HLA)-DR and HLA-DQ
and CD40 antigens on both lymphocytes and conjunctival epithelial cells

Over-expression of antigen intercellular adhesion molecule (ICAM)-1,
which may induce apoptosis of the epithelial cells

Conjunctival epithelial squamous metaplasia or keratinization (rare)

Cicatrizing conjunctivitis (rare)

Cornea

In vivo confocal scanning
laser microscopy [32-34]

Morphological alteration of all epithelial layers

Decreased cell density of superficial epithelium and outer and inner
layers of the wing cells

Reduced or increased basal epithelial cell density

Squamous metaplasia or keratinization of the superficial epithelium
(rare)

Decreased or increased stromal keratocyte density

Increased stromal dendritic cell density and activation

Increased Bowman’s and stromal collagen degradation and stromal
thinning

Sub-basal nerve plexus morphological abnormalities (increased nerve
reflectivity, width, and tortuosity)

Sub-basal nerve plexus reduced density and length

Ocular Response Analyzer
[35]

Reduced corneal stiffness

The most important findings include those discussed below.

3.1.1. Salivary and Lachrymal Glands

Histological studies have shown salivary and lacrimal gland infiltration by T and B

lymphocytes, which represents the histological hallmark of the pSS [24,25] and one of the

most important diagnostic features [18]. Considering this, in pSS patients, lacrimal gland

damage has been demonstrated to develop earlier than that of the salivary glands [24], and

eye dryness may represent the earlier phase of the disease. Ectopic lymphoid germinal
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center-like structures containing recirculating autoreactive B cells are present in the salivary
glands of 25% of pSS patients and have been associated with an increased risk of B-cell
lymphoma development [26].

3.1.2. Tear Film

Chemical and microbiological analyses of tear film composition in SS patients have
shown abnormal levels of several molecules involved in host defense, immune response,
inflammation, cellular apoptosis, cell signaling, and adhesion [27]. Features that pSS pa-
tients share with other non-SS DED subjects include tear hyperosmolarity, increased levels
of several proinflammatory cytokines, decreased levels of mucin [27], and tear film micro-
biome dysbiosis, with predominance of proinflammatory bacteria [28]. Conversely, possible
tear film SS diagnostic biomarkers include the presence of anti-Ro/SSA and anti-La/SSB
antibodies; upregulation of proinflammatory molecules such as interleukin (IL)-17 and
IL-8; upregulation of the human leukocyte antigen (HLA)-DR antigen, which seems to
be involved in the self-antigens presentation to autoreactive T cells; downregulation of
molecules with antimicrobial properties, including lysozyme and lactoferrin, secreted by
the lacrimal glands, and IgA, produced by the lymphocytes; decreased levels of epidermal
growth factor secreted by the lachrymal gland, of nerve growth factor produced by the ocu-
lar surface nerves, and of transforming growth factor (TGF)- produced by the conjunctival
goblet cells [27].

3.1.3. Meibomian Glands

Slit lamp evaluation or new non-invasive instruments, such as keratography [29], have
shown that approximately 20% of SS patients have associated anterior blepharitis, and
45-60% are affected by a Meibomian gland dysfunction (MGD), i.e., a chronic alteration of
the specialized sebaceous glands producing the lipid layer of the tears.

3.1.4. Conjunctiva

In vivo confocal scanning laser microscopy [30] and impression cytology studies [31]
conducted in SS patients have shown several conjunctival abnormalities, including de-
creased density and morphological alterations of epithelial and goblet cells; the infiltration
of T and B lymphocytes and several other inflammatory cells; the presence of autoantibodies
such as anti-SSA /Ro and anti-SSB/La; and the over-expression of several proinflammatory
molecules and specific HLA antigens.

3.1.5. Cornea

In vivo confocal scanning laser microscopy studies have found that, as compared with
healthy or non-SS DED subjects, SS patients show many corneal alterations, including
epithelial cells” decreased density and morphological abnormalities [32]; superficial ep-
ithelium squamous metaplasia or keratinization (rare) [32]; reduced density of the stromal
keratocytes and stromal thinning [32]; upregulation of the stromal dendritic cells, whose
density and size seem to be linked to systemic disease severity (assessed using salivary
gland biopsy and serum autoantibodies) and to the ocular surface damage [33]; and de-
creased density and morphological abnormalities of the sub-basal nerve plexus [32,34]. In
particular, corneal nerve density and length have been demonstrated to be inversely related
to systemic SS disease activity and the degree of eye dryness severity [34]. Moreover, stud-
ies investigating corneal biomechanics have demonstrated significantly reduced corneal
stiffness in SS-related DED patients as compared with healthy subjects [35].
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3.2. Clinical Characteristics

Clinical signs of DED or KCS are present in almost all SS patients [6,7,17]. SS-related
DED is characterized by moderate-to-severe eye dryness, ocular surface fluorosis and
damage of various degrees of severity, neurotrophic features, and increased ocular surface
susceptibility to infections [6,7,17]. Eye dryness represents the first and most common
sign and symptom of pSS, objectively present in 97-100% of cases and reported by 80-92%
of pSS patients [6,7,12,17]. SS-related DED may have a wide clinical spectrum, ranging
from mild eye dryness and clear ocular surface to severe dry eye with filamentary keratitis.
Typical SS-related DED clinical signs at the slit lamp include lacrimal meniscus height
reduction; conjunctival and perihepatic hyperemia; punctate superficial keratopathy, mild
in 100% of cases and moderate-to-severe in more than 50% of cases; recurrent epithelial
erosions/scarring (20%); nonhealing corneal ulcers (1-2% of cases); xerophthalmia (20—
35% of cases); filamentary keratitis characterized by debris of damaged epithelium and
mucous filaments, present in 20-35% of cases; corneal or conjunctival keratinization (1-2%
of cases) [6,7,12,17]; seborrheic anterior blepharitis (20% of cases); or posterior blepharitis
or MGD (45-60% of cases) [12,29]. Real cicatrizing conjunctivitis is infrequently associated
with S5 [6,7,12] and most frequently found in Graft versus host disease or Stevens—Johnson
syndrome, so its presence therefore requires investigations to exclude other causes of severe
dry eye [16].

The clinical severity of the KCS, as evaluated using the Schirmer’s test and the ocular
surface staining score, is significantly linked to visual performance [12] and, in pSS (not in
sSS patients), appears associated with the systemic disease activity as evaluated using the
serum anti-La/SSB and anti-Ro/SSA antibodies and tear IL-17 levels [36]. Characteristic
SS-related DED symptoms include eye dryness, discomfort, irritation or pain, photosen-
sitivity, reduced or increased tearing, itching, burning, soreness, grittiness, scratchiness,
foreign body sensation, blurred vision, decreased visual acuity, significant vision fluctua-
tion with transient improvement after blinking or artificial tears instillation, blinking, and
eye fatigue [6,7,17]. Clinical symptoms of SS-related DED are generally worsened by heat,
wind, dust, smoke, air dryness, and activities related to a low blinking rate, such as reading,
using a computer, driving, or watching television [6,7,17]. SS-related DED symptoms
typically progressively increase in duration and intensity and, in late stages, may become
severe pain and chronic visual impairment that significantly reduce the quality of life of SS
patients [6,7,17,37].

Eye dryness has been demonstrated to be the single most disturbing symptom in
pSS. Together with chronic fatigue, it has the greatest impact on pSS patients’ quality of
life. Patients perceive it as more burdensome than other systemic manifestations of the
disease, and it is the most complained-about symptom when pSS patients require a medical
check-up [37].

As compared to non-SS DED, SS-related DED is characterized by several hallmarks,
including the following:

- More severe eye dryness developing at a younger age and progressing more severely
and rapidly [38]. It has been estimated that 70-85% of SS patients show a Schirmer’s
test <5 mm/5 min, indicating a severe eye dryness degree [12];

- More complex eye dryness (aqueous deficient + evaporative): Although SS-related
DED is classified as a form of ADDE [23], an associated damage of conjunctival goblet
cells and Meibomian glands may be present in 45-60% of cases [12,29]. SS-related DED
should thus be regarded as a more complex and severe dry eye involving all tear film
components, where the aqueous-deficient DED, considered the hallmark of the disease,
is complicated by mucous and lipid layers instability and tears evaporation [39];
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More severe ocular surface inflammation and damage: as compared with other DED
forms, the SS-related DED is characterized by significantly higher levels of inflam-
matory biomarkers on the ocular surface [27] and by more severe ocular surface
inflammation and damage and visual difficulties [6,7,12,17,38];

Neurotrophic component and typical discordance between clinical signs and symp-
toms: Patients with pSS are frequently affected by functional corneal nerves abnor-
malities. SS-related DED seems to be associated with less severe symptoms of ocular
discomfort than non-SS DED forms or similar symptoms in the presence of signifi-
cantly worse signs in SS patients [38], probably because of the higher degree of corneal
nerves dysfunction found in SS patients, especially in more severe and long-lasting
cases [40]. Conversely, other SS patients, especially women, may show corneal hy-
persensitivity, with neuropathic pain and light sensitivity, which may be caused by
neuroinflammation [40]. The structural [32,34] and functional [40] corneal nerves
abnormalities found in SS patients suggest that the SS-related dry eye disease may be
regarded as a form of neurotrophic keratopathy [40];

Higher risk of corneal and other vision-threatening complications [8,9];

Higher infective risk: pSS patients show an increased risk of bacterial and fungal
infections of the ocular surface [41]. The incidence of the infectious keratitis in the USA
general population ranges between 0.0025% to 0.28%, whereas it is approximately 2%
in SS patients, with a recurrence in 17% of cases [41];

The need for more aggressive therapy in order to improve clinical signs and symp-
toms [17,42-44].

3.3. Pathogenesis

In general, the etiopathogenesis of the pSS is not yet completely elucidated and is be-

lieved to be complex and multifactorial [45,46]. Considering specifically the SS-related DED,

many scientific data support the existence of a strong interaction amongst ocular surface

components and immune and nervous systems in its onset and development [45-47]. A cen-

tral factor seems to be the loss of the so-called “immune tolerance” or “immune-privilege”

of the ocular surface, i.e., its ability to activate specific immunoregulatory mechanisms that

prevent continuous and unnecessary inflammatory /immune responses and consequent

tissue damage despite the constant exposure to various environmental stimuli [48].

Possible mechanisms involved in the SS-related KCS pathogenesis include the following:

Environmental factors-triggered autoimmune attack against the lachrymal glands [49],
which represent the first and most important pSS target [24,25], leading to reduced
aqueous tear film and epithelial growth factors secretion and tear film hyperosmolarity;
Autoimmune attack against the ocular surface epithelium, conjunctival goblet cells,
and Meibomian glands, with reduction in all tear film components, as well as epithelial
cells autoantigens expression and proinflammatory molecules release [50];
Amplification of the inflammatory response by innate and adaptive immune systems
with the release of proinflammatory cytokine and chemokines [33,51];
Neuroinflammation and neurodegeneration [32,34], with reduced tear reflex and
NGFs production [40];

Decreased levels of growth factors on the ocular surface, including epidermal growth
factor secreted by the lachrymal gland, nerve growth factors (NGFs) released by
the corneal nerves, and transforming growth factor produced by the conjunctival
goblet cells [27], with impairment of the epithelial cell proliferation, differentiation,
and migration;

Dysbiosis of the ocular surface, which may trigger an autoimmune attack via
autoantigens-mimicry mechanisms and may increase infection susceptibility [28];
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- Damage/apoptosis of epithelial cells, corneal dendritic cells, keratocytes, conjunctival
goblet cells, and ocular surface nerves involved in the “immune-tolerance” of the
ocular surface [48], which may favor autoantigens’ presentation of T and B lympho-
cytes [45,46];

- Genetic and epigenetic factors may favor a dysregulated inflammatory/immune
response in predisposed subjects [52,53].

A vicious circle of autoimmune and inflammatory responses, reduction in tear film
production, ocular surface damage, and denervation is thought to lead to a chronic, auto-
maintaining, and progressive disease [45-47]. Furthermore, it is still unclear if the ocular
surface inflammation and damage are primary, i.e., related to the direct autoimmune attack
of the ocular surface epithelium [50], or secondary, i.e., induced by the lacrimal gland
dysfunction and the consequent eye dryness [47,54]. Tear hyperosmolarity has been indeed
demonstrated to cause upregulation of the inflammatory and innate immune response and
damage and dysfunction of the ocular surface epithelial and goblet cells [47,54].

Moreover, the significantly higher incidence of the infectious keratitis found in SS
subjects, prevalently bacterial [41], may be related to several predisposing factors, including
decreased tears flux, which reduces the ocular surface wash [6,7]; lower levels of antimicro-
bial tear molecules, such as lactoferrin, lysozyme, and IgA [27]; corneal and conjunctival
epithelial defects [12]; ocular surface microbiome dysbiosis, with decreased microbial di-
versity that may favor the development of atypical ocular infections [28]; and side effects of
various different therapeutic approaches, such as contact lens wear or topical and systemic
drugs [6,7].

3.4. Treatment Strategies

In general, the optimal therapeutic approach to SS patients is still unknown, and
although some treatments may improve symptoms and prevent complications, there is
currently no cure for SS [3,45,46]. Several guidelines for the management of SS-related dry
eye disease have been released in recent years [42-44,55,56]. The aim of the SS-related DED
treatment should be to conserve, stimulate, and replace the tear secretion; to prevent or treat
ocular surface inflammation and damage; to reduce eye symptoms; and to identify and
grade the presence of an underlying systemic disease activity [42—44,55,56]. Furthermore,
the paucity of RCTs supporting therapy recommendations in SS patients [57,58] leads
to an extremely heterogeneous approach. Treatments are chosen on an individual basis,
depending on the presence and severity of the different clinical manifestations.

SS-related DED therapeutic approach should be based on three cornerstones:

- Comprehensive ophthalmological examination by a corneal specialist: it should be
focused on the determination of the relative contribution of aqueous-deficient and
evaporative dry eye and the severity level of the ocular surface damage and visual
disturbance [55,56];

- Multidisciplinary care team: The involvement of other specialists, such as odontostom-
atologists, rheumatologists, and immunologists, is of fundamental importance in order
to establish glandular and extraglandular systemic involvement and disease activity.
The presence of severe vision-threatening ocular complications or systemic manifesta-
tion requires a prompt multidisciplinary approach and systemic immunosuppressive
therapy prescribed by a rheumatologist/immunologist [42-44,55,56];

- Stepwise approach: the treatment should start with the patient’s education about
useful lifestyle modifications (Table 2) and with the prescription of artificial tear substi-
tutes (eyedrops, gels, or ointments), which remain the first-line therapy in patients with
DED of any cause [59] (Table 3). Other topical (Table 3), mechanical (Table 3), systemic,
or surgical therapies should be recommended as second-line approaches depending
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on the ocular and systemic associated complications [42—44,55,56]. The treatment of
the SS-related KCS is generally limited to topical or mechanical approaches (Table 3).
In a subset of SS patients, DED is unresponsive to common treatment, resulting in
severe clinical manifestations, including recurrent corneal infections and persistent

corneal abrasion or scarring, which may require more complex treatments.

Table 2. Lifestyle habits modifications effective in reducing signs and symptoms of dry eye disease
[42-44,55,56].

Maintaining good ocular hygiene

Wearing protective glasses

Avoiding smoking

Avoiding dry or windy environments

Limiting activities associated with reduced blink rate, such as reading or using computer

Limiting medications that may decrease tears production, including anti-cholinergic drugs (antidepressant,
anxiolytics, and anti-psychotics), muscarinic antagonists (e.g., tamsulosin and ipratropium), anti-histamines,
opiates, anti-hypertensives (e.g., beta-blockers and ACE inhibitors), proton pump inhibitors (e.g., omeprazole),

etc.

Table 3. Topical and mechanical approaches to the Sjogren’s syndrome-related corneal manifestations.

Guidelines
Efficacy in Efficacyin SS  Recommenda-
Therapeutic Active Components Therapeutic Drawbacks and DED Patients Patients tion in
Option P Effects Side Effects (Level of (Level of SS-Related
Evidence) Evidence) DED
[42-44,55,56]
Hyaluronic acid, Lack of tear
hydroxypropyl components
Y essential for
methylcellulose, Reduction in ocular surface
Artificial tear carboxy . . . .
friction homeostasis First-line
eye drops, methylcellulose, between ocular (e rowth therapy in
lubricating polyvinyl alcohol, . &8 Moderate to Low Py
surface and lids factors, . preservative-
gels, and carbopol, and increase in vitamins, and high [59,61] [62] free
ointments polyvinylpyrroli- . ! ) .
ocular surface immunoglobu formulations
[59] done, polyethylene . .
regularity lins) and
glycol, dextran, and .
1 li id preservative-
potyactyfic act related toxicit
liquid polyols y
[60]
Blood serum
containing
anti-infective agents
(lysozyme, Ocular surface Risk of
lactoferrin, and IgA), hvdration and infections,
anti-inflammatory ynu trition input of proin-
molecules (cytokines, . L flammatory
Autologous . . stimulation of .
or interleukin receptor epithelial cells cytokines in
antagonists, and P cases of severe Low to Suggested in
homologous . and nerves .
serum matrix regeneration SS systemic Low [64] moderate cases of severe
metalloproteinase 8 . disease (prefer [65,66] DED
prepared as . and anti- .
inhibitors), . allogenic
eyedrops [63] I . inflammatory
epitheliotrophic and serum), and
substances anti-infective high
(fibronectin, vitamin actions [63] preparation
A, epidermal growth costs [63]

factor, and
transforming growth
factor-p) [63].
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Table 3. Cont.
Guidelines
Efficacy in Efficacyin SS  Recommenda-
Therapeutic Active Components Therapeutic Drawbacks and DED Patients Patients tion in
Option P Effects Side Effects (Level of (Level of SS-Related
Evidence) Evidence) DED
[42-44,55,56]
Corneal
sensitivity
decrease,
Non- . epithelium Low to Low to
. Diclofenac, . . .
steroidal . healing delay moderate in moderate in
. bromfenac, Anti- . .
anti- . . [68], and reducing reducing
. flurbiprofen, inflammatory L . .
inflammatory . . . association with ocular ocular Better to avoid
indomethacin, and analgesic . .
drugs corneal melt- discomfort discomfort
ketorolac, and effects . .
(NSAIDs) nepafenac ing/perforations and some dry and some dry
eyedrops [67] p in general eye signs [67]  eye signs [67]
population [68]
and SS patients
[69,70]
Glaucoma,
cataract, herpes High in
51mp1.ex virus Low to reducing
reactivation, . ocular surface
i moderatein | . Suggested for
epithelial . . inflammation
. improving short-term or
Dexamethasone, . healing delay, and
. . . Anti- DED . . pulse therapy
Corticosteroids methylprednisolone, . stromal improving .
inflammatory symptoms; (2—4 weeks) in
eyedrops [71]  fluorometholone, and collagen - DED .
) effects . low in patients who do
hydrocortisone production . - symptoms;
s T improving . not respond to
inhibition, and . moderate in .
. . DED signs . . other therapies
increased risk [71] improving
of DED signs
corneal /scleral [72-74]
perforation [71]
Downregulation Controversial: Suceested in
Immuno- of proinflamma- Burning high [76] or Controversial fagses of
suppressant . tory cytokines, sensation after poor [77]; evidence:
Cyclosporine A [75] S o X ) moderate-to-
agents T-cells instillation (60%  moderate in high [76] or
. severe DED and
eyedrops recruitment, of cases) treatment of  moderate [78] MGD
and apoptosis MGD [75]
Integrin High in
antagonist improving
inhibiting signs and Approved b
antigen- symptoms in tﬁg FDA toy
. . presenting cells, non-SS DED
Biologic . reduce ocular
- CD4+ T cells patients [79]
agent Lifitegrast [79,80] L. . None surface
activation and and in . .
eyedrops . . . . inflammation in
migration, and improving DED patients
intracellular clinical DED [;)9]
adhesion signs in pSS ’
molecule-1 animal

(ICAM-1)

models [80]
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Table 3. Cont.
Guidelines
Efficacy in Efficacyin SS  Recommenda-
Therapeutic Active Components Therapeutic Drawbacks and DED Patients Patients tion in
Option P Effects Side Effects (Level of (Level of SS-Related
Evidence) Evidence) DED
[42-44,55,56]
Increased risk
of infections
Temporary or Tear deflux and Suggested in
porary . accumulation of ~ Controversial: . 88
permanent reduction, tear . High [62] or cases of
. pro- high [62] or
punctal plugs meniscus . moderate [82] moderate-to-
. inflammatory poor [81]
[81] increase . severe DED
cytokines on
the ocular
surface
Ocular surface
protection from
eyelids and
environment, Mechanical
increased damage of the Suggested in
permanence of surface, cases of
Therapeutic artificial tears epithelial moderate-to-
. Moderate to .
contact lenses or drugs on the swelling, : Limited [84] severe DED or
. high [83] .
[83] ocular surface, hypoxic, and in presence of
desiccation infective and eyelids
reduction, inflammatory abnormalities
corneal healing  complications

promotion, and
discomfort
relieve

Artificial tear drops, lubricating gels, and ointments [59] have traditionally been
considered the first-line therapy in patients with DED of any cause [55,56]. General rules
for their use in DED patients include preferring viscous preparations that last longer
and should be instilled less frequently, using artificial tears with lipid components in the
presence of the MGD, and preferring preservative-free preparations to avoid local toxicity,
which is of crucial importance in SS-related KCS patients that are more prone to developing
ocular surface damage [55,56,59]. The most common preservative, benzalkonium chloride,
has been indeed demonstrated to be toxic for the epithelium and the goblet cells and to
cause tear film instability, ocular surface damage, epithelial apoptosis, conjunctival flogosis,
and subconjunctival fibrosis [60]. Although several studies have demonstrated that tear
substitutes may improve ocular symptoms and some ocular tests in DED patients [59], only
a few studies have specifically included pSS patients [62]. Tear substitutes have varied
formulations that differ in composition, viscosity, lipid content, and level of hydration.
Moreover, the comparison of efficacy and safety of different artificial tear types has provided
poor and inconclusive results, so none of the tear substitutes has been shown to be clearly
superior in treating DED, specifically SS-related DED [61].

Autologous or homologous serum can be prepared as eyedrops. Guidelines suggest
its use in cases of severe DED [63], although a Cochrane review investigating the use of
autologous serum in the dry eye found inconsistency in the benefits for both symptoms
and objective measures [64]. Several small studies [65,66] have demonstrated its efficacy
in helping the management of glandular and extraglandular corneal manifestations in
SS patients.
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Non-steroidal anti-inflammatory drugs (NSAIDs) eyedrops have been demonstrated
to reduce ocular discomfort and dry eye signs in SS patients [67] but may also decrease
corneal sensitivity and delay epithelium healing [68]. Moreover, some cases of corneal
melting /perforations have been associated with the use of topical NSAIDs [68] and also in
SS patients [69,70]. For these reasons, NSAID eye drops should be used with caution or are
better avoided in SS patients [42—44,55,56];

Although a 2022 Cochrane review of the outcomes of topical corticosteroids in DED
patients showed small to moderate degrees of DED symptom relief and poor evidence
of DED signs reduction [71], CS eyedrops have demonstrated their efficacy in reducing
ocular surface inflammation and improving symptoms and some objective parameters in
SS-related DED in two RCTs [72,73]. They may have many side effects, including glaucoma,
cataracts, herpes simplex virus reactivation [74], epithelial healing delay, and collagen
production downregulation, with increased risk of corneal and scleral perforation [69].
Topical CSs should be considered with caution, and guidelines suggest CSs short-term
or pulse topical therapy (two to four weeks) in patients who do not respond to other
therapies [42-44,55,56].

Cyclosporine A is an immunosuppressive agent [75]. Its topical use has been approved
for the treatment of moderate-to-severe DED and also in SS patients [55,56,75] based on
RCTs [76]. However, a Cochrane systematic review published in 2019 reported that its
efficacy in DED patients may not be better than placebo or artificial tears [77]. Small studies
have demonstrated that its use in SS patients may increase the total tear production, the
number of conjunctival goblet cells, and the corneal sub-basal nerve density [78]. Lifitegrast
is an integrin antagonist that inhibits activation and migration of the antigen-presenting
cells and the CD4+ T cells and downregulates the intracellular adhesion molecule-1 (ICAM-
1) [79]. It has been shown to improve both signs and symptoms of DED in large RCTs [79],
and its ophthalmic formulation was approved in 2016 for the treatment of DED-related
ocular surface inflammation by the U.S. Food and Drug Administration (FDA) [79]. Al-
though no specific data about pSS patients are currently available, topical lifitegrast has
been shown to improve clinical signs of KCS in pSS animal models [80].

The presence of persistent anterior blepharitis or Meibomian gland dysfunction re-
quires appropriate therapy with eyelid cleaning, warm compresses, and topical and oral
antibiotics. More specifically, doxycycline 50 mg per os/daily for 3 months or topical
azithromycin ophthalmic solution 1% twice daily for 2 days and once daily thereafter
for 28 days have been demonstrated to be effective in treating anterior blepharitis and
MGD [55,56].

RCTs [62] have demonstrated the efficacy of punctal plugs in reducing the signs and
symptoms of SS-related DED. Punctal plug inserts can be loaded with different therapeutic
agents. A recent Cochrane review, however, found very limited and inconclusive evidence
of their efficacy in DED patients [81]. Their use in SS patients has shown clinical efficacy
similar to or higher than that of artificial tears [62,82].

Therapeutic contact lenses, especially soft scleral lenses, and rigid gas-permeable
scleral contact lenses have been shown to reduce dry eye signs and symptoms in DED
patients [83]. However, studies investigating their specific efficacy and safety in SS patients
are still limited [84]. In severe cases, drug-loaded contact lenses or other inserts can be a
viable option [83,84].

4. Extraglandular Corneal Complications
4.1. Clinical Manifestations

The cornea is the ocular structure most frequently and severely involved in extra-
glandular ocular manifestations. Corneal extra glandular complications are the most
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commonly described vision-threatening SS-related disorders. They have a global prevalence
of 2.5-4% among SS patients, are present in 2.5% of cases at disease presentation, are more
frequently found in men (90% of cases) and in sS5-RA patients (up to 75% of cases), and are
typically associated with other extraglandular ocular complications, especially necrotizing
scleritis [2,6-9,12,13].

Moreover, severe extraglandular corneal complications are linked to higher levels of
systemic inflammatory markers (ESR erythrocyte sedimentation rate and CRP C-reactive
protein) and to other extraglandular severe systemic manifestations, especially peripheral
neuropathy, interstitial nephritis, and vasculitis as well as greater risk of mortality as
compared to the other SS patients [8].

These data suggest that extraglandular corneal complications may have a more com-
plex polyautoimmunitary pathogenesis [45,46] and that they may represent a barometer of
systemic disease activity, especially in pSS patients [8].

Corneal extraglandular manifestations include the following:

A. Sterile central or paracentral corneal scarringlulcer/melting or keratolysis: This is
a rare, potentially blinding condition that is occasionally recurrent and may lead to corneal
perforation. It can be associated with SS (2.5-3.6% of cases) [8-10,12,13,85,86] and with
other systemic Al diseases [11]. It is characterized by the development of epithelial defects
and progressive reduction in the stromal components in a non-inflamed eye, and it may
evolve into descemetocele formation and corneal perforation [10,13]. The sterile ulcer is
typically painless, but in 40% of cases, it may involve the visual axis, inducing blurred
vision and reduced visual acuity. The incidence of perforation in sterile ulcers of SS patients
is high, reaching 40% of cases, because these ulcers are often painless and have a delayed
diagnosis [10,13]. Several instances of sterile corneal ulcers/melting/impeding corneal
perforation or frank perforation associated with SS have been described in the literature,
especially in s55-Ra patients [13,85], but also as the initial presentation of an undiagnosed
PSS [13,86].

Moreover, several case reports of sterile central/paracentral corneal ulceration/melting/
perforation have been described in both pSS and sSS patients typically 2-8 weeks after
cataract extraction and associated with a post-operative topical therapy with corticos-
teroids (CSs) or non-steroidal anti-inflammatory drugs (NSAIDs) [69,70] and also as the
first presentation of an undiagnosed pSS [69,70]. Topical NSAID- and CS-induced corneal
melt/perforations were previously reported [68]. Topical corticosteroids are thought to im-
pair corneal wound healing processes by decreasing new corneal collagen synthesis [68]. On
the other hand, topical NSAIDs have been demonstrated to reduce corneal re-epithelization
and corneal ulcer healing with several mechanisms by stimulating the release of the neu-
trophil collagenases, i.e., the matrix metalloproteinases-8, which seem to play an important
role in keratolyisis; by decreasing corneal epithelium migration and keratocytes prolifera-
tion; and by reducing corneal sensitivity, with consequent neurotrophic epitheliopathy and
corneal re-epithelization impairment [68]. The combination of DED, Al disease, SS-related
corneal hyposensitivity with decreased blinking and tear reflex, cataract surgery-inducing
inflammation and corneal nerve fiber interruption, and therapy with CSs and NSAIDs
seems to be very dangerous for the cornea. It should be considered with extreme caution in
SS patients [69,70]. CSs and NSAIDs should thus be avoided in patients prone to corneal
epithelial breakdown, such as SS patients.

B. PUK (peripheral ulcerative keratitis): This is a rare disease, with an incidence of
0.2-3 cases/million subjects [87], but it represents the third most common ocular complica-
tion found in systemic Al diseases, following KCS and anterior uveitis [88], and is the most
severe ocular manifestation of systemic Al diseases, including SS [88]. It is characterized
by acute progressive peripheral epithelial defect and stromal thinning in an actively and
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severely inflamed eye that frequently evolves into a corneal perforation [87]. PUK may
be idiopathic (Mooren ulcer); it may be associated with several local and systemic infec-
tious (20% of cases); or it may be linked with several non-infectious conditions, including
dermatologic and neurologic diseases, systemic malignancy, ocular surgery, and Al dis-
eases [87]. Al diseases represent almost 50% of the non-infectious causes of PUK, and RA
is associated with approximately 33—40% of PUK cases, with bilateral involvement in 50%
of cases [88]. Several cases of PUK have been described in SS patients, almost exclusively
sSS-RA cases [8,85], where PUK presentation frequently occurs before the diagnosis of the
underlying Al disease or when the Al disease was in remission by immunosuppressive
agents [88].

PUK is associated with systemic vasculitis in more than 50% of cases and has a poor
visual and life prognosis [87]. Even if the ulceration may also occur in the central and
paracentral regions, the presence of the capillary network at the limbus makes the corneal
periphery the characteristic position of the ulcerative process. The clinical manifestations
of PUK include ocular pain, redness, photophobia, and the presence of a peripheric corneal
ulcer, often present adjacent scleritis, episcleritis, iritis, or conjunctivitis [87]. The presence
of an associated scleritis increases the likelihood of the presence of a systemic disorder [87].
A possible serious complication is a corneal perforation with vision loss [87], found in a
recent series of PUK patients with underlying SS and RA in more than 80% of cases [88].
Several conditions may mimic PUK and should be excluded, especially marginal keratitis
and Terrien marginal degeneration. Because of its association with severe systemic diseases,
PUK is not only a possible sight-threatening condition but also carries a high risk of systemic
morbidity and mortality when it is associated with other collagen vascular diseases [87].

When PUK is associated with non-infectious necrotizing scleritis, the term necrotizing
corneoscleritis is used. Necrotizing scleritis is considered a vasculitis involving the limbal
vessels and represents the most severe and vision-threatening form of scleritis [89]. The
characteristic manifestations are a limbal corneoscleral melting in a deeply inflamed eye
that frequently rapidly evolves into a perforation, with pain, tearing, and decreased vi-
sion. Several systemic Al diseases and systemic vasculitis are associated with necrotizing
scleritis /sclerokeratitis, the most common being RA, followed by Wegener’s granulomato-
sis, SLE, polyarteritis nodosa, and inflammatory bowel diseases [89], so this pathology
is more frequently present in sSS patients, especially sSS-RA patients [85]. Necrotizing
keratoscleritis [90] and scleritis [91] have also been described in pSS.

4.2. Pathophysiological Mechanisms

A. A sterile corneal ulcer /melting or keratolysis typically develops in inflamed corneas
in the absence of limbal vessel fluorosis [8-10,12,13]. Possible mechanisms involved in their
pathogenesis include the following:

- High levels of proinflammatory cytokines, reduced levels of lacrimal gland-derived
factors such as the epidermal growth factor, and neurodegeneration with decreased
NGFs levels may impair the integrity, proliferation, differentiation, and migration
of the ocular surface epithelium, leading to punctata keratoconjunctivitis, corneal
erosion, and ulceration [45-47];

- Neuroinflammation, neurodegeneration, and consequently decreased levels of nerve
growth factors (NGFs) may lead to a neurotrophic keratopathy-like syndrome char-
acterized by corneal hypo-aesthesia and reduced lachrymal reflex with decreased
aqueous tear production, blinking impairment, and reduced trophism, apoptosis, and
impaired regeneration of epithelial cells and stromal keratocytes, which may lead to
corneal erosion/ulcer [45-47];
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The analysis of melted corneas from pSS patients has indeed shown the upregulation
of a wide range of proinflammatory molecules, such as IL-1, IL-17, and TNF-«, which may
increase epithelial and keratocyte apoptosis, and of the matrix metalloproteinase (MMP)-9,
which is related to increased proteolytic activity and may lead to corneal stroma thinning,
melting, and perforation [85,92].

B. PUK and necrotizing keratoscleritis develop in severely inflamed corneas, and
possible etiopathogenetic mechanisms include the following:

- autoimmune attack against connective tissue proteins: As part of the Al connective tis-
sue diseases (CTDs), SS represents a multisystem Al disorder affecting the connective
tissue proteins [5]. Both connective and sclera-corneal tissues contain collagen and
proteoglycans that may become the target of a cell-mediated and antibody-mediated
autoimmune attack inducing the destruction of the peripheral corneal stroma via
matrix metalloproteinases activation [88].

The limbal vessels” deposition of the autoimmune complex may result in an inflam-
matory cascade involving several proinflammatory cytokines and the recruitment of neu-
trophils and macrophages, which release collagenases and other proteases, causing rapid
keratolysis [88].

4.3. Therapeutic Interventions

A. General considerations: Severe ocular extraglandular manifestations, including
persistent sterile corneal abrasion/scarring/ulceration/melting, PUK, necrotizing sclero-
keratitis, and corneal/scleral perforation [2,6-9], require a complex approach integrating
local treatments, prompt and aggressive systemic immunomodulatory therapies managed
by the rheumatologist/immunologist, and sometimes surgical strategies [42-44]. Sys-
temic medications include oral or intravenous corticosteroids [74], oral pilocarpine [93,94],
hydroxychloroquine [95,96], and immunosuppressant agents [97-103] (Table 4).

Table 4. Systemic approaches to the Sjogren’s syndrome-related corneal manifestations.

Drug Class . Efficacy in SS Guidelines Rec-
.o, . Active . Drawbacks and . .
(Administration Component Therapeutic Effects Side Effects Patients (Level ommendations
Route) p of Evidence) [42-44,55,56]
Hypertension, First-line systemlc
. approach in cases
hyperglycemia, .
. ... of pSS patients
. Oral . weight gain, lipid .
Systemic . ) Anti-inflammatory . . with severe ocular
. . prednisolone; profile alteration, . .
corticosteroids . and . sight-threatening
. intravenous . osteoporosis and Poor [57,58] ..
(oral/intravenous) immunosuppressant . . conditions, such as
methylpred- Cushingoid .
[74] . effects corneal melting,
nisolone features, and ..
. . PUK, necrotizing
increased risk of L
. . scleritis, or
infections i
vasculitis
Pilocarpine Parasympathomimetic =~ Nausea, excessive High FDA-approved for
Parasym- (Cevimeline, not muscarinic receptor sweating, flushing, improvement of managing
pathomimetic commercially agonist stimulating increased mouth dryness;  moderate to severe;
agonists (oral) available in exocrine gland salivation, and low to moderate  not recommended
Europe) secretion urinary frequency in DED [93,94] for dry eye
Disease- Nausea, diarrhea, .
AP . None in cases of . .
modifying rash, hair changes, First choice to treat
. . Hydroxych- ST non-SS DED [95] - -
anti-rheumatic ] T-cell inhibition muscle weakness, fatigue and joint
loroquine : and SS-related .2 .
drugs anemia, and DED [96] pain in SS patients
(DMARDs)(oral) maculopathy
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Table 4. Cont.

Drug Class . Efficacy in SS Guidelines Rec-
.2, . Active . Drawbacks and . .
(Administration Component Therapeutic Effects Side Effects Patients (Level ommendations
Route) p of Evidence) [42-44,55,56]
First choice to treat
Gastrointestinal Some evidencein  joint disease in SS
. . intolerance, preventing patients;
Nucle1§ acid elevated liver ocular second choice
Methotrexate synthesis/ cell - -
. L enzymes, complications (after systemic CSs)
proliferation inhibition o . . .
stomatitis, dry eye, and treating PUK in sterile corneal
.. etc. in RA patients ulcer/melt and
Systemic immuno-
. PUK
suppressive
agents: Gastrointestinal
Antimetabolites Nucleic acid intolerance, bone Second choice
[103] Azathioprine synthesis/ cell marrow None (after systemic CSs)
proliferation inhibition suppression, in PUK treatment
hepatotoxicity, etc.
Some evidence in
Mvcophenolic Nucleic acid Gastrointestinal reducing
y aP;i d synthesis/ cell intolerance and symptoms (not None
proliferation inhibition hepatotoxicity signs) of DED in
PSS patients
Systemic immuno- High blood
suppressive pressure, inflamed None/possible use
. R None/very poor .
agents: T-cell Cyclosporine A T-cell inhibition gums, tremors, [57,58] in refractory
inhibitors (oral) nausea, diarrhea, ! SS-related DED
[103] headache, etc.
High systemic
Monaclonal antibody Infusion reactions cai\:e[so Sfe zaZignic dlseazic?tcigwty
. against the B-cell . . ’ y P
Belimumab activatine factor increased risk of extraglandular enlargement, lym-
(B AI§F) infections, etc. manifestation phadenopathies,
[100] and articular
manifestation
None in
SS-related DED
Systemic immuno- [97]; moderate as
suppressive adjuvant therapy Possible role in
agents: Biologic o Tumor necrosis factor Ir'lfusmn rea;tlons, in SS—related extraglandular
agents Infliximab oy increased risk of sterile corneal ocular
8 (TNF)-« inhibitor . . . . L
(intravenous) infections, etc. melting [102] manifestation in SS
[103,104] and in PUK, and RA patients
scleritis, and
vasculitis in RA
patients [103]
Possible role in
. . Moderate in case of
Infusion reactions, PUK, scleritis extraglandular
Adalimumab TNF-« inhibitor increased risk of ! o &
and vasculitis in ocular

infections, etc.

RA patients [103]

manifestation in
sSS patients




Appl. Sci. 2025, 15, 5076

18 of 34

Table 4. Cont.
Drlfg.Clas§ Active . Drawbacks and Efflcacy in SS Guldelmes.Rec-
(Administration Component Therapeutic Effects Side Effects Patients (Level ommendations
Route) p of Evidence) [42-44,55,56]
None in pSS
patients [1 0.1]; Possible role in
moderate in
. . case of DED and
e . Infusion reactions, glandular and
Selective inhibitor of T . . extraglandular
Abatacept increased risk of extraglandular
cells . . ocular
infections, etc. ocular . ..
. . . manifestation in
manifestations in <SS patients
sSS-RA patients p
[103].
Poor to moderate
in pSS-related
DED [98]; none
in pSS systemic
Monoclonal antibody ' . disease activity Possible role in
. . Infusion reactions, and pSS-related DED
o . directed against the . .
S o . Rituximab . increased risk of extraglandular and PUK and
ystemic immuno- protein CD20 . . . .
. infections, etc. systemic scleritis in RA
suppressive expressed on B cells . . .
s . manifestation patients
agents: Biologic
agents [99]; moderate
. for PUK and
(intravenous) e
scleritis in RA
[103,104] .
patients [103]
Promising results
in PUK and
Infusion reactions necrotizing Possible role in
. Interleukin(IL)-6 . . ! scleritis in PUK and scleritis
Tocilizumab s increased risk of . .
inhibitor . . systemic lupus in SLE and RA
infections, etc. R
erythematosus patients
(SLE) and RA
patients [103]
Anti-IL-1 (anakinra),
Anakinra, anti-IL6 (Foc1hzumab),
o anti-CD11 . .
tocilizumab, . Infusion reactions,
. (efalizumab), . .
efalizumab, . increased risk of None [99] None
anti-TNF-« . .
etanercept, and infections, etc.
baminercept (etanercept), and
anti-lymphotoxin B
receptor (baminercept)
Anhbl.Oth. e.f f.e ct an.d Headache, No.ne in pS5 Anterior
s gs . MMPs inhibition with i . patients [57]; .
Antibiotics (oral) Doxycycline . . vomiting, diarrhea, . . blepharitis or
anti-collagenolytic ot high to moderate MGD
effect ’ in MGD [57]

SS = Sjogren’s syndrome; pSS = primary Sjogren’s syndrome; sSS = secondary Sjogren’s syndrome; PUK = periph-
eral ulcerative keratitis; RA = rheumatoid arthritis; SLE = systemic lupus erythematosus; MGD = Meibomian
gland disease; TNF = tumor necrosis factor; IL = interleukin; MMP = matrix metalloproteinase.

Although not supported by strong scientific evidence [57,58], the clinical guidelines
suggest the systemic administration of CSs in pSS patients as a first-line systemic approach
in cases of severe ocular sight-threatening conditions such as corneal melting, PUK, necro-
tizing scleritis, or vasculitis [42—44]. Systemic CSs can be administered orally (prednisolone
1 mg/kg/day till disease control, followed by tapering in steps of 10 mg every week, with
a maintenance dose of 5-10 mg/day) or intravenously (methylprednisolone 1 gr/day for
three consecutive days, followed by oral CSs). Systemic CSs have several side effects,
including hypertension, hyperglycemia, weight gain, lipid profile alteration, osteoporosis,
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Cushingoid features, and increased risk of infections [74]. An incomplete or no response
after 2—4 weeks of systemic CSs therapy suggests the use of systemic immunosuppressant
agents [42—-44].

The oral administration of pilocarpine, a parasympathomimetic muscarinic receptor
agonist, has been approved by the FDA for managing oral dryness [55,56]. Its off-label
use in DED patients has shown to be effective in reducing dry eye symptoms and, less
frequently, in improving objective signs, although it is often poorly tolerated [93,94].

Oral hydroxychloroquine is the first choice to treat fatigue and joint pain in SS patients,
but it did not show any efficacy in treating both non-SS-related DED [95] and SS-related
DED patients [96].

Although supported by several case reports and poor systematic scientific evidence [57,58],
methotrexate and azathioprine are considered second-choice therapies in the case of several
ocular extraglandular manifestations in order to spare or stop systemic CSs [103].

Although a suggested topical formulation, the systemic use of cyclosporine A is
not included in the EULAR recommendations [42] because of the lack of efficacy in SS
patients [57,58]; although several biologic agents have shown promising results in the
management of various Al diseases [103], their use in SS patients, especially in pSS, has
given conflicting results and is still under investigation [58,103,104]. Some agents have
been used successfully in the treatment of refractory PUK associated with RA, including
TNF inhibitors (etanercept, infliximab, adalimumab, golimumab, and certolizumab), B-cell
inhibitors (rituximab), T-cell inhibitors (abatacept), IL-1 receptor antagonist (anakinra),
and IL-6 receptor antagonist (tocilizumab) [58,88,103,104]. Infliximab and abatacept have
already shown some promising results in the treatment of severe extraglandular ocular com-
plications in SS patients, especially sSS [97,101]. Surgical approaches are generally reserved
for patients with stromal thinning, descemetocele, and impending or frank corneal/scleral
perforation [42-44]. Cyclosporine A 0.05% eyedrops are administered bi-daily, and corticos-
teroids, including dexamethasone 0.1%, are advised in pulse regimens lasting 2—4 weeks.
Lifitegrast 5% ophthalmic solution is administered bi-daily as sanctioned by the FDA for
the management of dry eye disease (DED).

The existence of chronic anterior blepharitis or Meibomian gland dysfunction neces-
sitates suitable treatment, including eyelid hygiene, warm compresses, and both topical
and systemic antibiotics. Doxycycline can be given orally at a dosage of 50 mg per day for
a duration of 3 months, while topical azithromycin 1% ophthalmic solution can be given
twice daily for 2 days, followed by once daily for 28 days.

B. Central and paracentral sterile corneal ulceration/melts require both local and
systemic treatments [8-10,12,13,42—44]. The local approach includes preservative-free
lubricants, CSs and cyclosporine A eyedrops, punctual occlusion, therapeutic contact
lenses, and tarsorraphy. The systemic immunosuppressive medications typically involve
the use of systemic CSs followed by antimetabolites, with methotrexate being the first-line
option [103]. Since upregulation of the MMPs of the corneal epithelium and stroma has
been demonstrated in these cases [92], the use of drugs with anti-MMP activity, such as
infliximab, tetracyclines, medroxyprogesterone, cysteine, is also recommended [92].

C. PUK and necrotizing keratoscleritis are typically associated with severe systemic
Al vasculitis and CTDs and require the prompt identification of possible underlying Al
diseases to start an appropriate aggressive systemic immunosuppressant therapy that
has proven to reduce patients” ocular morbidity and potential mortality [42-44,87,88].
Immunosuppression is mandatory in all cases associated with a detectable systemic disease;
when no systemic disease is detectable, immunosuppressant agents are used for one-eyed
patients in cases with bilateral involvement or with impending or frank perforations [103].
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In cases of PUK, local therapy typically includes local lubricants, antibiotics, cy-
closporine A, and collagenase inhibitors such as topical 20% acetylcysteine and 1% medrox-
yprogesterone and CSs [87,88]. Topical CSs should be considered with caution because
they may delay epithelial healing and inhibit collagen production, increasing the risk of
perforation [74]. Conjunctival resection of the inflamed area plus tissue adhesives can be
an option [87,88].

Systemic steroids, especially prednisolone + antimetabolites (Methotrexate or Aza-
thioprine), are the mainstay PUK systemic treatment and may be associated with colla-
genase inhibitors (acetylcysteine) and matrix metalloproteinase inhibitors (oral tetracy-
cline) [87,88,103]. In the presence of necrotizing scleritis, topical therapies are generally
ineffective, and systemic therapy with NSAIDs (flurbiprofen or indomethacin) is considered
the first-line therapy [89]. In severe (impending corneal or scleral perforation) or refractory
cases, systemic CSs, antimetabolites (methotrexate or azathioprine), and some biological
agents (i.e., infliximab, rituximab, or adalimumab) are currently recommended [89,103].

D. Severe corneal thinning and impending or frank corneallscleral perforation require
prompt surgical interventions (Table 5) to maintain globe integrity. The intervention choice
depends on the extent of the disease and the size of the perforation [13,85,87,88]. Available
surgical options include the following:

- Human amniotic membrane (AM) transplantation: AM implantation has shown
several therapeutic properties, including analgesic, re-epithelizing, anti-fibrotic, an-
timicrobial, anti-inflammatory, anti-angiogenic, and anti-adhesive effects, and it has
been successfully used as temporary biologic bandage in a wide range of the ocular
surface disorders [105], such as severe SS-related KCS refractory to standard therapies
or to promote healing of corneal ulceration/melting /perforations and PUKs [106,107];

- Cyanoacrylate tissue adhesive (CTA) application represents a routine approach to
corneal melts and small uncomplicated perforations (<2-3 mm in diameter) of dif-
ferent causes and also in pSS and sSS patients [108]. Although CTA application is
generally used as a temporizing measure to delay penetrating keratoplasty, in 20-45%
of cases, it provides satisfactory corneal healing, avoiding more invasive surgical
interventions [108];

- Conjunctival flap graft may be used to restore ocular surface integrity in different
diseases [109];

- Tarsorrhaphy is indicated in cases of severe ocular surface damage in order to retain
tears on the ocular surface for a longer time and to reduce surface exposure [110].
Some cases of tarsorrhaphy have been described in SS patients [110];

- Full-thickness or lamellar corneal/scleral patch grafting is indicated in cases of corneal
descemetocele, melting, perforation that cannot be closed with tissue adhesives or AM
transplantation, or in eyes with acute inflammation, in which a traditional PK may
be at high risk of rejection, aiming to postpone a larger refractive PK until systemic
therapy with immunosuppressive and anti-collagenolytic treatments is effective [111].
Several case reports of tectonic corneal/scleral patch grafting performed in SS patients
with descemetocele, melting, PUK, or perforation have been published [111,112];

- Tectonic lamellar or penetrating tectonic keratoplasty is generally required in SS ex-
traglandular ocular complications with large corneal perforations (>3 mm in diameter,
10% of cases) [113]. Tectonic lamellar or penetrating keratoplasty has been described
in SS patients [5,114,115];

- Keratoprosthesis implantation involves the implant of a synthetic structure that re-
places the central portion of a diseased cornea, which is indicated in cases with
end-stage corneal blindness and where a routine keratoplasty & limbal stem cells
transplantation and systemic immunosuppressant therapy may have a high risk of
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failure [116]. A total of 18 eyes affected by corneal melting /perforation in SS patients
have been described in the literature [116].

Table 5. Surgical approaches to the Sjogren’s syndrome-related corneal manifestations.

Human amniotic
membrane (AM)
transplantation

AM is a semi-transparent structure representing the deepest layer of the fetal membranes,
and it has shown several therapeutic properties, including analgesic, re-epithelizing,
anti-fibrotic, anti-microbial, anti-inflammatory, anti-angiogenic, and anti-adhesive effects.
AM transplantation has been successfully used as temporary biologic bandage in a wide
range of the ocular surface disorders, including chemical burns, persistent epithelial
defects, ocular pemphigoid, bullous keratopathy, corneal ulcer, melting, impeding or
full-thickness perforation, etc. [105]. The lack of immunogenicity avoids the need for
immunosuppressive therapy. AM can be transplanted with or without sutures, using
cyanoacrylate or fibrin glue and a therapeutic contact lens [105]. The benefits of its
transplantation are temporary, with a median transplant duration of 3—4 weeks, and most
patients complain of foreign body sensation and blurred vision during the AM implant
[105]. Single or multilayer AM transplantation has shown to be beneficial in SS patients
with severe KCS refractory to standard therapies and to promote healing of corneal
ulceration/melting /perforations and peripheral ulcerative keratitis (PUK) [106,107].

Cyanoacrylate tissue
adhesive (CTA)
application

This represents a routinely approach to severe corneal/scleral thinning, melts, and
impending or small uncomplicated corneal/scleral perforation (<2-3 mm in diameter) of
different causes, such as infectious keratitis, trauma, neurotrophic or exposure keratopathy,
and autoimmune diseases, including SS patients [108]. CTA application aims to
re-establish the globe integrity (90% of success rate), to inhibit inflammatory cells blocking
keratolysis worsening, and to contain infection due to its additional bacteriostatic effects
[108]. Although generally used as a temporizing measure to delay the PK, CTA application
can provide satisfactory corneal healing avoiding more invasive surgical interventions in
20-45% of cases [108].

Conjunctival flap graft

This may be used to restore ocular surface integrity in different chronic diseases, including
severe DED and neurotrophic or neuroparalytic or bullous keratopathy [109].

Tarsorrhaphy

This involves the temporary or permanent joining of part or all of the upper and lower
eyelids in order to partially or completely close the eye. It is indicated in cases of severe
ocular surface damage in order to retain tears for a longer time and to reduce surface
exposure [110]. Some cases of tarsorrhaphy have been described in SS patients [110].

Full-thickness or
lamellar corneal/scleral
patch grafting

This involves the placement of a donor corneal/scleral patch to reinforce weakened areas,
with the aim to restore globe integrity (tectonic use) [111]. It is indicated in cases of corneal
thinning, descemetocele, melting, and perforation that cannot be closed with tissue
adhesives or AM transplantation or in eyes with acute inflammation, in which a traditional
penetrating keratoplasty may be at high risk of rejection, aiming to postpone a larger
refractive PK until systemic immunosuppressive therapy is effective [111]. Advantages
over penetrating keratoplasty include lower risk of rejection, addition of tissue to the
cornea/sclera that reduce the risk of recurrent perforation, and removal of necrotic
epithelium and stroma that are sources of pro-inflammatory molecules that maintain the
keratolysis/sclerolysis [111]. The most common indications for the corneal/scleral patch
grafting are PUK, infectious keratitis, trauma, and limbal stem cell deficiency, with a
reported rate of success, defined as globe integrity achievement, of 60-90% [111]. Several
case reports of tectonic corneal/scleral patch grafting performed in SS patients with
descemetocele, melting, PUK, or perforation have been published [111,112].

Tectonic lamellar or
penetrating
keratoplasty (PK)

This is indicated in cases of large central corneal perforations (>3 mm in diameter) of
different causes (tectonic keratoplasty). Large-diameter grafts (9-9.5 mm) may be indicated
to remove inflamed tissue but have a high risk of rejection due to the adjacent limbal
vasculature [113]. Small-diameter tectonic grafts, ranging from 3 to 5.5 mm in diameter, are
associate with poor visual outcome [113]. Keratoplasty requires a therapy with CSs,
cyclosporine, and other systemic immunosuppressives [113]. Tectonic lamellar or
penetrating keratoplasty have been described in SS patients [5,114,115].
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Keratoprosthesis
implantation

This involves the implant of a synthetic structure that replaces the central portion of a
diseased cornea. It is indicated in cases with end-stage corneal blindness and where a
routine keratoplasty &+ limbal stem cells transplantation and systemic immunosuppressant
therapy may have a high risk of failure [116]. Typical indications are severe dry eye with
coexisting chronic cicatrizing conjunctivitis, adnexal disorders, and limbal stem cell
deficiency such as chemical and thermal ocular burns, Stevens—Johnson syndrome, ocular
mucous membrane pemphigoid, and SS [116]. Keratoprosthesis has the advantages of a
relatively rapid visual recovery without requiring systemic immunosuppression [116]. A
total of 18 eyes affected by corneal melting /perforation in SS patients have been described
in the literature [116]

AM = amniotic membrane; PUK = peripheral ulcerative keratitis; CTA = cyanoacrylate tissue adhesive; PK = pen-
etrating keratoplasty.

Descemetocele or perforations smaller than 2-3 mm may be managed with conjunc-
tival flap graft, multilayer AM implantation, and/or the use of tissue adhesives, such as
cyanoacrylate, followed by the application of a contact lens, with a reported rate of success,
defined as achievement of the tectonic integrity, of 50-60% [13,85,87,88]. Melt areas measur-
ing more than 7 mm or perforations larger than 3 mm may require conjunctival, corneal, or
scleral patch graft; penetrating or lamellar keratoplasty; or keratoprosthesis [13,85,87,88].

E. New and promising therapeutic options

Several new and promising therapeutic approaches aiming to manage glandular and
extraglandular SS manifestations are actually under investigation in pSS animal models
and clinical trials [3,45,46,117-135] (Table 6). Topical therapies that have shown encourag-
ing results in improving signs and symptoms of SS-related DED include umbilical cord
serum eyedrops [65]; platelet-rich plasma eyedrops [66]; acetylcysteine 5-10% ophthalmic
solution, which has shown efficacy in treating keratitis filamentosa for its mucolytic action
and in cases of sterile corneal melt for its collagenase inhibition effect [121]; and 0.1%
tacrolimus, a new T-cell immunosuppressor that has shown efficacy comparable to that of
1% cyclosporine eyedrops [122], although it is frequently poorly tolerated [123].

Table 6. New and promising therapeutic approaches to the Sjogren’s syndrome-related corneal
manifestations.

Therapeutic Agent/Approach Therapeutic Effects Scientific Evidences

Umbilical cord serum eyedrops  Serum components intake

Promising results in reducing sign and symptoms of
SS-related DED [65]

Platelet-rich plasma eyedrops  Plasma components intake

Superior to autologous serum in improving dry eye
symptoms in pSS patients [66]

Acetylcysteine 5-10% eyedrops

Mucolytic effect and collagenase  Possible use in cases of keratitis filamentosa and corneal
inhibition melt [121]

Tacrolimus 0.1% eyedrops

Effective in improving signs and symptoms of DED in SS
patients [123], with efficacy comparable to topical

T-cell immunosuppression cyclosporine A [122]; burning after instillation (80% of cases)

Diquafosol
(3% eyedrops)

[123]

Controversial results: no differences against placebo in a
Antagonist of the P2Y2 large RCT of DED patients including a small percentage of
purinergic receptor increasing SS patients [124]; more effective than artificial tears in DED
tear and mucin production patients in a recent meta-analysis [125]; effective and safe to

treat SS-related DED in small cohort [126]
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Therapeutic Agent/Approach

Therapeutic Effects

Scientific Evidences

Regenerating agents (RGTA)
eye drops: Poly-carboxymethyl
glucose sulphate eyedrops

Drugs bioengineered to replace
the heparin sulphate molecules
of the corneal/scleral stroma,
with reparative and
regenerative effects

Effective as adjuvant therapy of corneal melting in pSS
patients [86].

Lacripep eyedrops

Amino acid fragment of lacritin,
a regulator of the ocular surface
homeostasis

Encouraging results in improving signs and symptoms of
DED in pSS [127]

Rapamycin eyedrops (pSS
animal models)

Immunosuppression

Improves tear secretion and reduces ocular surface damage
in pSS animal model [128]

Selective Bruton’s tyrosine

Effective in reducing systemic disease activity in SS patients

Remibrutinib kinase and B-cell inhibition (ocular manifestations not evaluated) [45,118-120]
CD40 ligand antagonist
Dazodalibe suppressing stimulatory signals  Effective in reducing systemic disease activity in SS patients
4 amongst T and B cells and [45,118-120]
antigen-presenting cells
Epratuzumab Humanizedanti-CD22 Effective in reducing systemic disease activity in pSS
P monoclonal antibody patients [45,118-120]
. . . Effective in reducing systemic disease activity in SS patients
Iguratimod Anti-rtheumatic agent [45,118-120]
Ianalumab Human monoclonal antibody Effective in reducing systemic disease activity in pSS

able to deplete B cells

patients [45,118-120]

Leflunomide combined with
hydroxychloroquine

Type I IFN-associated proteins
downregulation

Effective in reducing systemic disease activity in pSS
patients [45,118-120]

Iscalimab (CFZ533)

Anti-CD40 monoclonal
antibody

Effective in reducing systemic disease activity in pSS
patients [45,118-120]

Sequential administration of
Belimumab and Rituximab

Monoclonal antibody against
B-cell activating factor
(Belimumab); monoclonal
antibody against CD20 protein
of the B cells (Rituximab)

Effective in reducing systemic disease activity in pSS
patients [45,118-120]

Baricitinib

Janus kinase (JAK) inhibitor

Promising results in improving signs and symptoms of DED
in pSS; effective in reducing systemic disease activity in pSS
patients [45,118-120]

Interleukin 2

T-cell suppression when
administered in low doses

Effective in reducing systemic diseases activity in SS
patients [45,118-120]

Interferon o-2b

Immunomodulation

Effective in improving signs and symptoms of xerostomia in
SS patients at low dose; at high doses, used to treat hepatitis
C or multiple myeloma, it has been associated with the
development of dry eye and SS [45,118-120]

RO5459072

Cysteine protease
cathepsin/T-cell inhibitor

Promising results in reducing systemic diseases activity in
PSS patients [45,118-120]

Diet supplements
(omega-3 and omega-6 fatty
acids, oral hyaluronic acid,

astaxanthin, maquiberry
extract, 1and bilberry extract)

Anti-oxidant, anti-inflammatory,
anti-apoptotic, and
immunomodulatory effects

Poor-to-moderate efficacy in reducing DED signs and/or
symptoms [57,58,129,130]; no data on SS patients are
available so far

Microbiota transfer (pSS
animal models)

Microbiota dysbiosis treatment

Germ-free mice colonized with human intestinal microbiota
derived from pSS patients showed reduced
CD4+T-regulatory cells and greater tendency of corneal
barrier disruption when compared with germ-free mice
colonized with intestinal microbiota of healthy subjects [131]
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Therapeutic Agent/Approach

Therapeutic Effects Scientific Evidences

Stem cells transplantation (pSS

animal models)

Mesenchymal stem cells or allogenic multipotent
hematopoietic stem cells transplantation on the ocular
surface has shown promising results in increasing tear
secretion, tear film stability, and epithelial and goblet cells
regeneration and in reducing ocular surface flogosis [132].
The administration of mesenchymal stem cells by
intra-lacrimal gland and subconjunctival injections has
proven to inhibit epithelial cells autophagy, to reduce
lymphocytic infiltration, and to decrease the objective signs
of dry eye [133].

Trophic, regenerative, and
immunomodulatory effects
(possible graft rejection)

Gene transfer (animal models
and human clinical trials)

Adenoviral-mediated gene transfer or ultrasound assisted
non-viral gene transfer of the AQP1 gene into damaged
salivary glands are under investigation in several animal
models [134] and in few clinical trials [135] and have shown
promising preliminary results in increasing the parotid
salivary flow.

Genetic integrity restitution

SS = Sjogren’s syndrome; pSS = primary Sjogren’s syndrome; DED = dry eye disease; RCT = randomized controlled
trial; INF = interferon; AQP = aquaporin.

Diquafosol is a purinergic receptor antagonist able to stimulate tear and mucin pro-
duction, whose 3% ophthalmic solution has been tested in DED patients with contradictory
results [124,125] and in SS-related DED patients with encouraging outcomes [126]. Polycar-
boxymethylglucosesulphate is a bioengineered molecule with reparative and regenerative
properties, whose administration as eyedrops has shown to improve healing of SS-related
corneal melting [86]. Lacripep is a molecule with anti-inflammatory/immunoregulatory
effects on the ocular surface [127]; rapamycin is a new immunosuppressor whose topical
administration has improved tear secretion and ocular surface damage in a pSS animal
model [128].

Experimental therapeutic strategies to manage SS include various biological drugs
that target different inflammation signaling pathways related to the activation of Band T
cells and the regulation of several proinflammatory cytokine expressions. To date, several
biologic drugs have been shown to significantly improve clinical systemic manifestations
in pSS patients in randomized placebo-controlled clinical trials, including rem ibrutinib,
dazodalibep, epratuzumab, iguratimod, ianalumab, leflunomide associated with hydroxy-
chloroquine, iscalimab, sequential administration of belimumab and rituximab, baricitinib,
low doses of interleukin-2, interferon alfa-2b, and RO5459072 [45,118,120]. Unfortunately,
data about the efficacy of these drugs on the SS-related glandular and extraglandular ocular
manifestation are generally unavailable [118,120].

Diet supplements, including omega-3 and omega-6 fatty acids, oral hyaluronic acid,
astaxanthin, maquiberry extract, and bilberry extract, having well-known anti-oxidant, anti-
inflammatory, anti-apoptotic, and immunomodulatory effects, have shown poor-to-moderate
therapeutic efficacy in improving signs and/or symptoms in DED patients [57,58,129,130].
Their assumption as a supplementary therapy in DED patients is endorsed by recent investiga-
tions [130]. Nevertheless, no specific data on SS patients are currently available.

Microbiota transfer therapy has shown promising results in animal models. Germ-free
mice colonized with human intestinal microbiota derived from healthy subjects showed
higher levels of CD4+T-regulatory cells in the ocular draining cervical lymph nodes and a
lower tendency of corneal barrier disruption when compared with germ-free mice colonized
with intestinal microbiota of pSS patients [131].

The transplantation of allogenic mesenchymal stem cells or multipotent hematopoi-
etic stem cells, having trophic and immunomodulatory properties, is under examination
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because high rates of graft rejection counterbalance their promising results despite local
immunosuppression [120]. The implantation of mesenchymal stem cells on the ocular
surface and the mesenchymal stem cells extract-based therapy have shown the ability to
increase tear secretion, tear film stability, and epithelial and goblet cell regeneration and
reduce the ocular surface flogosis in animal models of pSS [132]. Moreover, the administra-
tion of mesenchymal stem cells by intra-lacrimal gland and subconjunctival injections in
a pSS animal model has proven to inhibit epithelial cell autophagy, reduce lymphocytic
infiltration, and decrease the objective signs of dry eye [133].

Finally, gene transfer therapy (with adenoviral-mediated gene transfer or ultrasound-
assisted non-viral gene transfer) of the AQP1 gene into the damaged salivary glands is
under investigation in several animal models [134]. In a few clinical trials [135], promising
preliminary results have been shown in increasing the parotid salivary flow.

5. Conclusions and Future Directions

SS represents one of the systemic disorders that most frequently affects the cornea [10].
Several other systemic diseases, including endocrine, genetic, deposit disorders, virus
and bacterial infections, and autoimmune and inflammatory disorders, may have a great
impact on corneal health, although they often remain under-evaluated [10,11]. Corneal
manifestations may precede the onset of other extraocular features, therefore representing
the first sign of an undiagnosed systemic condition. In these cases, the identification of
the corneal involvement may provide insight into the pathogenesis of the underlying
systemic condition. It may help facilitate early diagnosis and prompt treatment, thus
limiting systemic disease progression [10,11].

Several studies in the literature have enhanced our comprehension of SS and its
intricate relationship with DED and corneal pathology. The TFOS DEWS II Definition
and Classification Report by Craig et al. (2017) [23] offers a thorough and standardized
definition of DED, highlighting its multifactorial characteristics and recognizing tear film
instability, hyperosmolarity, inflammation, and neurosensory abnormalities as primary
etiological factors. This concept has established the basis for much of the ensuing research
and clinical categorization of SS-related ocular involvement.

New insights onto the pathophysiological mechanisms underlying the SS-related
corneal involvement may be extremely relevant in understanding clinical disease manifes-
tations, helping in effective patient counseling and suggesting new customized therapeutic
strategies. For example, the corneal nerve abnormalities found in Sjogren’s syndrome
patients, characterized by diminished nerve density, heightened tortuosity, and atypical
reflectivity on in vivo confocal scanning laser microscopy [32,34], may elucidate the para-
dox often observed in SS patients, whereby considerable corneal staining and epithelial
injury coexist with low reported discomfort or where, conversely, neuropathic ocular pain,
burning, and photophobia are disproportionate to objective findings [38,40]. Since specific
corneal nerve abnormalities have been found to precede other SS clinical manifestations,
their detection may be useful in order to anticipate disease diagnosis [32,34]. Furthermore,
the comprehension of the role of neuro-inflammation and neuronal degeneration in SS-
related DED may direct research towards the use of neuroprotective or neuroregenerative
agents (e.g., nerve growth factor-based eyedrops).

The upregulation of pro-inflammatory cytokines, including IL-17, IL-8, IFN-y, and
TNF-«, is commonly detected in the tear film and ocular surface tissues of DED patients
but appears significantly more pronounced in Sjogren’s syndrome patients [27]. These
cytokines have been demonstrated to worsen lachrymal gland damage, epithelial barrier
disruption, goblet cells loss, and degeneration of corneal nerves, resulting in severe eye
dryness, persistent ocular surface staining, corneal and conjunctival scarring, and dimin-
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ished corneal sensitivity. The discovery of their upregulation in SS patients has suggested
the use of several topical and systemic anti-inflammatory molecules in the SS-related
DED, including steroids [71,74], cyclosporine A [75], lifitigrast [79,80], and many systemic
immunomodulatory agents [103,104].

Elevated IL-17 tears levels are associated with more severe corneal pathology and
reduced efficacy of standard lubricants, prompting doctors to contemplate the earlier use
of biologic medicines or serum eye drops in the treatment protocol [27].

The upregulation of the matrix metalloproteinase (MMP)-9 has been linked to the
increased proteolytic activity found in cases of sterile central corneal ulcer [85,92] and may
suggest the use collagenase inhibitors such as acetylcysteine [123] or doxycycline [57].

The frequent and sometimes severe corneal involvement in SS patients may have
several explanations. Chronic eye dryness and tear film hyperosmolarity, caused by the
autoimmune attack against the lachrymal gland, may lead to significant corneal epithelium
damage, with persistent abrasions, ulcers, and increased risk of corneal infections [10,45-47];
on the other hand, some evidence suggests that the corneal epithelium may be the direct tar-
get of the SS autoimmune attack [50]. The dysregulation of the inflammatory/immunitary
responses with loss of the ocular surface immune tolerance [33,51] may amplify the corneal
epithelial damage. The frequently associated corneal nerve alterations [32,34] may cause a
neurotrophic-like keratopathy with impaired tear reflex and decreased NGF secretion [40].

The downregulation of various growth factors released by damaged lachrymal glands,
corneal nerves, and conjunctival goblet cells may impair corneal epithelial cell proliferation,
differentiation, and migration [45-47]. The dysbiosis of the ocular surface may increase
corneal infection susceptibility and trigger an autoimmune attack against the corneal
epithelium via mimicry mechanisms [28]. Molecular mimicry denotes the occurrence
in which microbial antigens have a structural resemblance to host self-antigens, hence
eliciting an autoimmune response. In Sjogren’s syndrome, specific gut and ocular surface
bacteria produce proteins that resemble autoantigens, including Ro/SSA and La/SSB. This
mimicry activates autoreactive T and B cells, resulting in injury to the lacrimal glands and
inflammation of the ocular surface [28]. Finally, the histologic similarity between cornea
(and sclera) and connective tissue, both containing collagen and proteoglycans, can make
the cornea an important target of SS and all connective tissue diseases [5].

The clinical severity of the SS-related corneal involvement may be extremely variable,
ranging from mild eye dryness with clear ocular surface [6,7,17] to sight-threatening corneal
complications such as sterile cornel melt or PUK that may lead to corneal perforation and
vision loss [8,9,13,88]. A recent study [136] has presented a new perspective by establishing
a significant association between ocular surface signs and symptoms, systemic pain, and
oral dryness in patients with SS. This research substantiates the notion of the eye as a
diagnostic and prognostic indicator of systemic autoimmune activity, emphasizing the
clinical significance of comprehensive ocular evaluation in Sjogren’s syndrome beyond just
local illness management.

Severe corneal manifestations, typically found in RA- and systemic lupus erythe-
matosus (SLE)-related sSS patients, are thought to have a complex polyautoimmunitary
pathogenesis and are often linked to other severe extraglandular ocular and systemic com-
plications, high levels of systemic inflammatory markers, and great risk of mortality [8,9].
These data suggest that extraglandular corneal complications may represent a barometer
of systemic disease activity, especially in pSS patients [8,9]. They may require a complex
multidisciplinary approach to control the systemic inflammation and maintain the ocular
integrity [42—44].

Moreover, considering the well-known discordance between signs and symptoms in
SS patients, where severe DED may be associated with minimal subjective symptoms de-
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spite significant ocular surface damage [6,7,40], all patients evaluated by a rheumatologist
and suspected or diagnosed to be affected by a systemic rheumatologic, connective, or
autoimmune disease must undergo a regular comprehensive ophthalmologic evaluation,
even though they are asymptomatic, to ensure an early identification and treatment of
a possible ocular involvement [42—44]. The ocular surface assessment is of fundamental
importance. It requires objective measures, such as Schirmer’s test and ocular surface stain-
ing, which are necessary to prevent ocular complications and to give the rheumatologist
information about the disease activity in extraarticular organs.

On the other hand, patients evaluated by the ophthalmologist with a suspected or con-
firmed SS should be promptly referred to a dentist for oral disease prevention/management
and to a rheumatologist/immunologist for systemic evaluation and appropriate systemic
treatment. SS-related corneal involvement may require lifestyle habits modification (Ta-
ble 2) and topical (Table 3), mechanical (Table 3), systemic (Table 4), or surgical (Table 5)
treatments depending on the degree of severity.

In general, although current evidence supports the efficacy and safety of the main
topical therapeutic options, limited data are available from controlled trials on the systemic
treatments [57,58]. In particular, the effectiveness of topical preservative-free lubricants,
CSs, and cyclosporine and that of mechanical tear-conserving strategies have moderate
evidence in treating SS-related corneal manifestations [57,58]. Moreover, while artificial
tears have traditionally been regarded as the primary treatment for DED, recent therapeutic
innovations have relegated their function to adjunctive support rather than primary inter-
vention in DED patients, suggesting that targeted therapies that focus on the underlying
pathophysiology rather than merely alleviating symptoms may be regarded as first-line
approaches [130]. On the other hand, oral secretagogues (pilocarpine) have shown greater
efficacy for oral than for eye dryness [94]; oral hydroxychloroquine, commonly prescribed
in SS to reduce fatigue and joint pain, did not have significant efficacy in SS-related dry
eye [96]; the use of systemic corticosteroids, although considered as the first-line therapy
in cases of severe corneal complications, is not supported by strong scientific data [57,58].
Oral prednisolone is given at a dosage of 1 mg/kg/day until disease control is achieved,
followed by a reduction of 10 mg per week to reach a maintenance dose of 5-10 mg/day.
Methylprednisolone is delivered intravenously at a dosage of 1 g per day for three consecu-
tive days. Little evidence suggests the use of antimetabolites [103] and some new biological
agents [103,104] in cases of sterile corneal melting, PUK, and necrotizing keratoscleritis.

Both SS-related extraglandular systemic and ocular manifestations need adequate sys-
temic immunosuppressive therapy that is generally managed by the rheumatologist [42—44].
Furthermore, the presence of ocular complications is often underdiagnosed, and the use of
systemic immunosuppressive agents in cases of extraglandular ocular complications is poorly
recognized and applied [42—44]. Moreover, the efficacy of many new therapeutic agents on the
corneal involvement remains uncertain (Table 6).

Several new therapeutic approaches targeting different pathogenetic pathways have
recently been proposed [3,45,46,117-120] (Table 6). Some topical medications, including
umbilical cord serum [65], platelet-rich plasma [66], 0.1% tacrolimus eye drops [122],
diquafosol 3% ophthalmic solution [126], and topical regenerating agents [86], have shown
promising results in treating mild-to-moderate corneal involvement (Table 6).

Several new biologic agents, especially those targeting B cells, B-T cell—cell co-
stimulation, and the IFN pathway, have shown efficacy in improving the SS systemic
manifestation. However, poor data are available about their effects on corneal involve-
ment [45,118,120] (Table 6).

Diet supplements have shown some efficacy in improving DED clinical signs and /or
symptoms [57,58,129,130], although data on SS patients are still lacking.
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Microbiota transfer therapy [131], stem cell transplantation [132,133], and gene trans-
fer therapy [134,135] are still under investigation in many animal models and in a few
preliminary human studies and may hopefully reshape SS management.

In conclusion, further efforts are needed to improve SS patient management: more
systematic diagnostic approaches, stronger collaborations between ophthalmologists and
rheumatologists, higher awareness of the importance of the diagnosis and treatment of
SS-related ocular/corneal involvement, better comprehension of the SS pathogenesis, iden-
tification of biomarkers able to stratify patients and predict disease severity and response
to treatments, and investigation of the new specific therapies targeting the different patho-
genetic disease pathways with double-masked RCTs, large sample size, and strict selection
criteria. The combination of improved diagnostics and innovative therapy approaches
may offer the potential for reducing disease progression, maintaining corneal health, and
enhancing patient outcomes.
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