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ABSTRACT

Introduction:  Dry eye disease (DED) is a multi‑
factorial inflammatory disorder characterized by 
tear-film hyperosmolarity, immune activation, 

and neurosensory dysfunction, which contrib‑
ute to sustained ocular surface damage. Severe 
DED is common in autoimmune diseases, espe‑
cially Sjögren syndrome (SS) and rheumatoid 
arthritis (RA), and is often refractory to first-line 
treatments.
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Methods:  Current evidence on anti-inflamma‑
tory therapies was summarized by experts, and 
the management of challenging cases of autoim‑
mune-related DED followed in different tertiary 
centers was presented.
Results:  Short courses of topical corticoster‑
oids rapidly suppress disease flares and improve 
clinical signs, including breakup time and ocu‑
lar surface staining. However, careful steward‑
ship is required, as prolonged use may elevate 
intraocular pressure, induce cataract formation, 
and increase infectious risk. For long-term con‑
trol, immunomodulators such as cyclosporine 
A (CsA), lifitegrast, and tacrolimus attenuate 
T-cell–mediated inflammation, promote goblet 
cell recovery, and stabilize the tear film. Newer 
CsA formulations have further improved bio‑
availability and tolerability. Five challenging 
cases including DED associated with SS or RA, 
refractory keratopathy, and corneal epithelial 
defect were described. Management included 
biological tears, lid-based care, and punctal 
plugs combined with once-daily CsA, leading to 
re-epithelialization, symptom relief, and visual 
stabilization. Adjunctive measures included oral 
doxycycline to improve meibomian gland func‑
tion and reduce inflammation. Regular follow-
up optimized treatment tapering, safety moni‑
toring, and patient adherence. In two cases, 
urgent surgical intervention (conjunctival flap, 
amniotic membrane transplantation, and pen‑
etrating keratoplasty) was required.
Conclusions:  Autoimmune-related DED 
requires a stepwise treatment regimen for the 
stabilization of the ocular surface and the pre‑
vention of irreversible damage. This approach 
involves an initial short course of corticoster‑
oids, followed by sustained immunomodula‑
tion (with CsA as the cornerstone), and sup‑
plemented by adjunctive therapies targeting 
meibomian glands and ocular surface epithe‑
lium. Multidisciplinary coordination and regular 
monitoring are essential for maintaining long-
term ocular surface homeostasis and satisfactory 
quality of life and visual function.

Keywords:  Ocular surface; Dry eye disease; 
DED; Inflammation; Corticosteroids; 
Cyclosporine; Sjögren syndrome

Key Summary Points 

Severe dry eye disease (DED) associated with 
autoimmune conditions is primarily an 
inflammation-driven disorder, in which tear 
hyperosmolarity and immune activation con‑
tribute to a self-perpetuating cycle of ocular 
surface damage.

Short, carefully monitored courses of topical 
corticosteroids are effective for rapid con‑
trol of inflammatory flares; however, they 
should be used with caution due to the risks 
of intraocular pressure elevation, cataract 
formation, and ocular infection.

Sustained immunomodulation (primarily 
with cyclosporine A [CsA], and lifitegrast or 
tacrolimus as alternatives) restores tear film 
homeostasis by attenuating T-cell–mediated 
inflammation and promoting goblet cell 
recovery.

Adjunctive therapies targeting evapora‑
tive and epithelial components (such as 
lid hygiene and warming, preservative-free 
tear substitutes, punctal occlusion, doxycy‑
cline for meibomian gland dysfunction, and 
light- or heat-based instrumental treatments) 
enhance ocular surface stability and reduce 
symptoms.

A multidisciplinary, stepwise approach with 
regular follow-up, combining long-term 
immunomodulatory therapy (often includ‑
ing CsA) with surgical intervention (when 
necessary), helps prevent irreversible compli‑
cations and can improve visual function and 
quality of life in patients with severe autoim‑
mune-related DED.
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INTRODUCTION

Severe Dry Eye Disease as a Multifactorial 
Inflammatory Condition

Dry eye disease (DED) is a prevalent, multifacto‑
rial disorder of the ocular surface system, char‑
acterized primarily by tear film instability and 
altered tear composition, leading to tear hyper‑
osmolarity, chronic inflammation, and neuro‑
sensory dysfunction [1, 2]. These pathophysio‑
logical changes contribute to a self-perpetuating 
cycle of tear film disruption and ocular surface 
damage. In advanced cases, DED can result in 
persistent ocular discomfort progressing to pain, 
and severe visual disturbances due to corneal 
damage [3].

The global prevalence of DED varies signifi‑
cantly, ranging from 5% to 30%, depending 
on diagnostic criteria, geographic region, and 
demographic factors [4]. Older adults are dis‑
proportionately affected by the condition, with 
particularly high prevalence among postmeno‑
pausal women [5]. The disease burden is further 
influenced by race (higher prevalence among 
Asian populations), hormonal changes such as 
androgen deficiency, and the presence of auto‑
immune comorbidities [4, 6, 7]. Environmen‑
tal factors, such as low humidity, wind, and air 
pollution, as well as lifestyle factors, including 
prolonged digital screen use and contact lens 
wearing, also contribute to the onset or exacer‑
bation of DED [8]. Certain medications, such as 
antihistamines and antidepressants, have been 
implicated as additional extrinsic risk factors [4]. 
DED is frequently associated with systemic auto‑
immune disorders, notably Sjögren syndrome 
(SS), rheumatoid arthritis (RA), and systemic 
lupus erythematosus (SLE). These conditions 
contribute to immune-mediated lacrimal gland 
dysfunction, exacerbating tear deficiency and 
ocular surface inflammation [6, 7].

DED has historically been classified into two 
distinct subtypes: aqueous-deficient dry eye 
(ADDE), caused by reduced tear production, and 
evaporative dry eye (EDE), often secondary to 
meibomian gland dysfunction (MGD) [9, 10]. 
However, most patients present with overlap‑
ping features of both types (mixed DED), and 

effective diagnosis and treatment require consid‑
eration of both tear production and evaporation 
[9, 11]. Regardless of the underlying cause, the 
vicious cycle of DED is perpetuated by a com‑
mon pathway involving tear film hyperosmolar‑
ity and epithelial stress. These changes induce 
an innate immune response, activating resident 
immune cells and promoting the release of pro-
inflammatory cytokines such as interleukin 
(IL)-1 and tumor necrosis factor-alpha (TNF-α), 
as well as matrix metalloproteinases (MMPs) [2, 
12]. These inflammatory mediators induce apop‑
tosis and damage of conjunctival and corneal 
epithelial cells, reduce goblet cell density and 
mucin production, and impair lacrimal gland 
function, resulting in tear deficiency [2, 10, 
12]. Chronic inflammation also affects corneal 
nerves, leading to neurosensory abnormalities 
that may persist even when clinical signs are 
mild or absent, complicating both diagnosis and 
disease monitoring [13]. Over time, the adaptive 
immune system becomes involved, particularly 
through CD4+ T-cell responses, further sustain‑
ing inflammation and ocular surface damage 
[14, 15].

Patients with DED commonly report symp‑
toms such as dryness, burning, gritty or foreign 
body sensation, photophobia, and fluctuating 
vision [16, 17]. The severity of these subjective 
symptoms often does not correlate with objec‑
tive clinical signs, posing a diagnostic challenge. 
Common diagnostic exams include tear breakup 
time (TBUT), Schirmer test, ocular surface stain‑
ing, and analysis of tear biomarkers [18].

DED significantly impairs quality of life 
by interfering with routine activities such as 
reading, driving, and prolonged use of digital 
devices. Chronic ocular discomfort and visual 
disturbances are also associated with psycho‑
logical distress, including anxiety and depres‑
sion [19, 20]. In the workplace, reduced visual 
function and persistent ocular discomfort can 
contribute to decreased productivity and overall 
performance.

The purpose of the present article was to con‑
duct an expert-driven review of the currently 
available evidence on treatment strategies for 
autoimmune-related DED and to further pro‑
vide original insights derived from experts’ 
clinical experience based on the description of 
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representative challenging cases. This hybrid 
approach was aimed at providing a comprehen‑
sive overview of existing evidence while offer‑
ing a practical perspective on its application in 
everyday clinical practice.

METHODS

The present study is an expert-driven narrative 
review of the literature focused on treatment 
strategies for the management of autoimmune 
DED. Articles identified through PubMed and 
Scopus searches conducted in August 2025 
using terms related to autoimmune-related 
DED and its treatment (including “dry eye 
disease,” “keratoconjunctivitis sicca,” “ocu‑
lar surface inflammation,” “topical corticos‑
teroid,” “loteprednol,” “fluorometholone,” 
“prednisolone,” “dexamethasone,” “diflupred‑
nate,” “cyclosporine,” “ciclosporin,” “Ikervis,” 
“Restasis,” “Cequa,” “lifitegrast,” “tacrolimus,” 
“meibomian gland dysfunction,” “Sjögren,” 
“rheumatoid arthritis,” “systemic lupus erythe‑
matosus”) were reviewed. Systematic reviews, 
randomized controlled trials, and high-quality 
observational studies relevant to severe and 
autoimmune-associated DED were selected. 
Due to the narrative nature of this review, no 
meta-analysis was performed, and no attempt 
to exhaustively capture all eligible studies 
was made; instead, evidence was organized 
by therapeutic class and clinical applicability. 
Additionally, original insights obtained by the 
description of representative challenging cases 
of severe autoimmune DED followed in differ‑
ent tertiary referral centers for ocular surface 
diseases were provided to illustrate the clinical 
relevance and the impact of immunomodula‑
tory therapy in everyday clinical practice.

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors. Written informed con‑
sent to publish the clinical details and any 
accompanying images was obtained from all 
patients, and all data have been anonymized 
to protect patient confidentiality.

RESULTS

Treatment Strategies for Ocular 
Inflammation in Severe DED

The primary therapeutic goal in DED is to 
restore ocular surface homeostasis by interrupt‑
ing the inflammatory cycle and preventing its 
recurrence [21]. To achieve this task, personal‑
ized treatment strategies tailored to the DED 
subtype and individual clinical presentation are 
required [22, 23]. Customizing therapy is cru‑
cial for effective symptom control and long-term 
disease management. Conventional first-line 
treatments include tear substitutes to alleviate 
symptoms and maintain tear film and ocular 
surface epithelia integrity. In patients with EDE, 
lid hygiene and warming can be necessary to 
improve the status of meibomian glands. In 
patients with ADDE, additional interventions 
may include tear stimulants and punctal plugs 
to maintain existing tears [22, 23]. However, 
most patients with moderate-to-severe disease 
do not achieve sustained relief with these meas‑
ures, highlighting the need for therapies that 
target the immune and neuroepithelial compo‑
nents of the disease [24].

Corticosteroids

Inflammation is central to the pathogenesis of 
DED, regardless of the underlying etiology [23]. 
Consequently, anti-inflammatory treatments 
have become a critical component of the thera‑
peutic regimen [22]. Among these, topical cor‑
ticosteroids play a crucial role in the manage‑
ment of DED, particularly in patients who do 
not respond adequately to first-line treatments 
or in moderate-to-severe cases during acute exac‑
erbations, as short-term induction before longer-
acting immunomodulators [22, 25]. Their pri‑
mary therapeutic action is the rapid suppression 
of ocular surface inflammation, which contrib‑
utes to improved tear film stability and produc‑
tion as well as to symptom relief [22, 26]. Topical 
corticosteroids are effective in rapidly alleviat‑
ing ocular surface inflammation and associated 
symptoms in DED [27–29]. Mechanistically, 
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corticosteroids broadly suppress inflammatory 
mediator production and immune cell recruit‑
ment at the ocular surface, supporting epithelial 
recovery and tear film stability [21, 26, 30, 31]. 
Evidence from both animal and human studies 
supports their efficacy in reducing tear cytokine 
levels, preserving corneal epithelial integrity, 
and restoring tear secretion [32–34]. Corticos‑
teroids have also proven effective as induction 
therapy prior to initiating longer-acting immu‑
nomodulatory agents, such as cyclosporine A 
(CsA) or lifitegrast, which are characterized by 
a delayed onset of action [26, 35, 36]. Systemic 
corticosteroid administration may be indicated 
in patients with concomitant autoimmune 
disease(s) [37].

The pharmacologic activity of corticosteroids 
is influenced by their structural characteristics. 
Modifications to the steroid molecule can alter 
both potency and safety profiles (Table 1) [38]. 
Commonly used agents include loteprednol 
etabonate (topical ophthalmic suspension/gel, 
0.2%, 0.38%, 0.5%, or 1%), fluorometholone 
(topical ophthalmic suspension/ointment, 
0.1% or 0.25%), rimexolone (1%), predniso‑
lone acetate (moderate-potency drug, topical 
ophthalmic suspension, 1%), dexamethasone 
(moderate-potency drug; topical ophthalmic 
solution/suspension, 0.1%), and difluprednate 
(most potent topical corticosteroid; topical oph‑
thalmic emulsion, 0.05%). Prednisolone acetate 
has higher corneal penetration than predni‑
solone phosphate due to greater lipophilicity 
[39]. Differences in clinical effect reflect intrin‑
sic potency, concentration, formulation vehicle, 
half-life, and ocular penetration [30, 40–42].

Clinical trials have consistently demonstrated 
the efficacy of corticosteroids in improving both 
signs and symptoms of DED, such as TBUT, 
conjunctival and corneal staining, and ocular 
hyperemia [26, 55–58]. Loteprednol etabonate 
0.5% demonstrated effectiveness in reducing 
inflammation without significantly elevating 
intraocular pressure (IOP) [29, 43, 46], while 
fluorometholone 0.1% outperformed placebo in 
improving ocular surface health in moderate-to-
severe DED [58]. In patients with SS-associated 
DED, prednisolone 0.1% significantly decreased 
ocular discomfort and epithelial damage [56]. 
Loteprednol etabonate 0.25% ophthalmic 

suspension, formulated using mucus-penetrat‑
ing particle technology to improve drug delivery 
to the ocular surface, has been approved by the 
US Food and Drug Administration (FDA) for the 
short-term treatment of the signs and symptoms 
of DED and demonstrates a favorable safety and 
tolerability profile [29, 59].

Despite their clinical benefits, corticosteroids 
are associated with significant side effects. Long-
term use, particularly at higher doses, can result 
in complications such as increased IOP, cataract 
formation, and increased susceptibility to ocular 
infections [22, 29, 37, 60]. Approximately 33% 
of individuals are moderate steroid respond‑
ers, with a further 5% being severe respond‑
ers, experiencing an IOP increase greater than 
15 mmHg after 4 to 6 weeks of topical use [61]. 
Younger patients appear to be more susceptible 
to steroid-induced IOP elevation [62, 63]. The 
risk of cataract formation is thought to arise 
from corticosteroid-induced alterations in gene 
transcription within lens epithelial cells [64]. 
Loteprednol etabonate is an ester corticosteroid 
lacking the C-20 ketone present in many other 
ophthalmic steroids, and thus is considered less 
likely to induce steroid-related cataractogenesis 
than ketone corticosteroids [38, 65]. Prolonged 
corticosteroid use may impair local immune 
function, increasing the risk of infectious kerati‑
tis, particularly herpes simplex keratitis [26, 66]. 
Furthermore, corticosteroids have demonstrated 
limited efficacy in reducing mature corneal neo‑
vascularization [67]. Given these risks, they are 
generally recommended for short-term use in 
the management of DED [22, 29, 30, 60].

Treatment strategies for DED often begin with 
a higher-potency corticosteroid (e.g., predniso‑
lone or difluprednate), followed by tapering or 
switching to a lower-potency agent (e.g., fluo‑
rometholone or loteprednol) as symptoms and 
signs improve [30]. Alternatively, prolonged use 
of low-potency corticosteroids may be consid‑
ered due to their more favorable safety profile 
[68]. In Europe, low-concentration formula‑
tions, such as preservative-free hydrocortisone 
0.335%, are commonly used and offer a bal‑
anced efficacy-to-safety ratio [69]. Steroid stew‑
ardship is essential to minimizing harm and 
optimizing therapeutic outcomes [70]. Gluco‑
corticoid therapy should be individualized to 
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use the lowest effective dose for the shortest 
duration necessary, with close monitoring for 
potential adverse events. Prolonged systemic 
corticosteroid exposure can suppress the hypo‑
thalamic–pituitary–adrenal axis, and abrupt 
discontinuation can precipitate adrenal insuf‑
ficiency or adrenal crisis [70, 71]. Additionally, 
discontinuation can lead to reactivation of the 
underlying condition for which glucocorticoids 
were prescribed. Although tapering is commonly 
practiced to mitigate these risks, there is a lack 
of evidence-based guidelines on how to taper 
systemic glucocorticoids effectively and safely 
[72]. Morning administration of short- or inter‑
mediate-acting corticosteroids such as hydro‑
cortisone or prednisolone is preferred to mimic 
endogenous cortisol secretion. In high-risk 
patients or those exhibiting symptoms of adre‑
nal insufficiency during tapering, evaluation of 
the hypothalamic–pituitary–adrenal axis func‑
tion using basal and/or stimulated serum corti‑
sol may guide further management [72]. While 
topical corticosteroids provide rapid and effec‑
tive symptom relief in DED, especially in severe 
or refractory cases, their potential for adverse 
effects necessitates cautious and individualized 
use. Short-term treatment, preference for low-
potency formulations, and implementation of 
appropriate tapering strategies are essential for 
balancing therapeutic efficacy with safety.

Nonsteroidal Anti‑Inflammatory Drugs

In addition to corticosteroids, other classes of 
anti-inflammatory agents include nonsteroi‑
dal anti-inflammatory drugs (NSAIDs), such as 
ketorolac, nepafenac, diclofenac, and brom‑
fenac [9]. Compared to corticosteroids, NSAIDs 
avoid steroid-associated IOP elevation, but their 
immunomodulatory effect is generally weaker 
than corticosteroids in inflammatory DED, 
and adverse corneal events (including delayed 
epithelial healing and rare corneal melt) have 
been reported in susceptible patients [21, 22, 
73]. Agents such as ketorolac tromethamine 
exert their effect by inhibiting cyclooxyge‑
nase enzymes, thereby suppressing prostaglan‑
din synthesis. This mechanism helps limit the 
migration and phagocytic activity of granu‑
locytes and monocytes, contributing to the Ta
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control of inflammation on the ocular surface 
[74]. However, in cases of DED associated with 
autoimmune conditions (e.g., SS or RA), NSAIDs 
demonstrate significantly weaker immunomod‑
ulatory activity than corticosteroids. Addition‑
ally, they have been linked to delayed corneal 
epithelial healing and reduced corneal sensitiv‑
ity. These adverse effects, particularly in patients 
undergoing ocular surgery or in those with auto‑
immune-related DED, have resulted in rare but 
severe complications such as corneal melting 
and even perforation [75].

Immunomodulators

Immunomodulators that target T-cell activa‑
tion—such as CsA and tacrolimus, both cal‑
cineurin inhibitors, and lifitegrast, a lymphocyte 
function-associated antigen-1 (LFA-1) antago‑
nist—play a crucial role in the long-term control 
of inflammation in DED [9, 22].

Cyclosporine A
CsA is a well-established calcineurin inhibitor 

that modulates T-cell–mediated inflammation 
by suppressing the transcription of pro-inflam‑
matory cytokines such as IL-2 and interferon-
gamma (IFN-γ) [76][29, 77]. In the context of 
DED, CsA reduces ocular surface lymphocyte 
activation, promotes goblet cell recovery, and 
helps restore tear film and conjunctival epithe‑
lial homeostasis [76] [77]. CsA inhibits calcineu‑
rin-dependent T-cell activation, thereby reduc‑
ing IL-2–driven inflammatory signaling and 
downstream ocular surface inflammation [76] 
[29]. CsA also decreases IL-6 levels and reduces 
the expression of both inflammatory and apop‑
totic markers [76].

The efficacy of topical CsA in DED has been 
demonstrated in randomized controlled trials 
and meta-analyses. In multicenter randomized 
studies evaluating CsA ophthalmic emulsion in 
moderate-to-severe DED, treatment improved 
objective parameters such as corneal staining 
and Schirmer test outcomes, with symptom 
improvement in a subset of patients over time 
[78]. Multiple reports of clinical evidence sup‑
port improvements in corneal staining, tear 
production measures, and symptoms in subsets 
of patients over time [76, 79, 80]. Newer formu‑
lations, including CsA 0.1% cationic emulsion 

(Ikervis®) and CsA 0.09% nanomicellar solu‑
tion (Cequa®), provide enhanced ocular bio‑
availability and may offer faster or improved 
clinical efficacy [78, 81]. Because approved CsA 
products differ by concentration, formulation, 
and labeled dosing, dosing recommendations 
should be aligned with the specific formula‑
tion and regulatory label. In Europe, Ikervis® is 
labeled as one drop once daily at bedtime for 
adult patients with severe keratitis in DED not 
improving despite tear substitutes, with reas‑
sessment recommended at least every 6 months 
[79]. In the United States, Cequa® is labeled 
as one drop twice daily (approximately 12 h 
apart) into each eye and may be used con‑
comitantly with tear substitutes with a 15-min 
interval between the instillations of the prod‑
ucts [80]. Accordingly, in clinical practice, CsA 
dosing is most commonly once daily or twice 
daily depending on the formulation and label, 
while higher-frequency regimens are generally 
off-label strategies reserved for selected severe, 
refractory cases. Evidence suggests that off-label 
increased dosing frequency up to four times 
daily may accelerate symptom relief compared 
to standard twice-daily regimens, particularly 
during the induction phase or in patients 
unresponsive to standard regimens [82, 83]. 
Importantly, increasing dosing frequency does 
not significantly raise the risk of systemic side 
effects due to the minimal systemic absorption 
[84]. Conversely, higher CsA concentrations 
(e.g., > 0.1%) do not appear to offer additional 
therapeutic benefits and may increase adverse 
sensations, such as ocular stinging or burning 
[84]. Therefore, the optimal balance between 
efficacy and tolerability is generally achieved 
with CsA concentrations between 0.05% and 
0.1% [84]. Besides concentration, clinical differ‑
ences also depend on formulation, dosing, and 
the population studied. In the pivotal phase 3 
trials of twice-daily oil-in-water CsA emulsions, 
both CsA 0.05% and 0.1% improved objective 
signs (including corneal staining and catego‑
rized Schirmer outcomes) versus vehicle, with 
no clear dose–response relationship. CsA 0.05% 
also showed statistically significant improve‑
ment versus vehicle in several subjective out‑
comes [80]. Evidence directly comparing 0.05% 
and 0.1% in the same clinical context remains 
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limited. In a retrospective Sjögren’s syndrome 
cohort, CsA 0.1% was associated with greater 
improvements in multiple inflammatory DED 
parameters than CsA 0.05% over 1–3 months, 
but discontinuation was higher with 0.1%, con‑
sistent with a potential tolerability trade-off [85].

CsA typically has a delayed onset (often sev‑
eral weeks), and short-term corticosteroids are 
often used at initiation to provide more imme‑
diate symptom relief [80, 86, 87]. The most 
commonly reported side effects of CsA include 
burning or stinging sensations upon instillation, 
conjunctival hyperemia, foreign body sensation, 
visual disturbances, ocular discharge, eye pain, 
and itching [10, 29, 88]. These adverse effects 
may affect treatment adherence, particularly 
during the early stage of therapy. Although the 
systemic route is associated with carcinogenic 
risk in some contexts, available literature has 
not demonstrated evidence of an increased risk 
of ocular surface neoplasia with topical ocular 
cyclosporine, since published reports are rare 
and do not establish causality [89]. Continued 
clinical vigilance is reasonable, particularly in 
patients with additional ocular surface squa‑
mous neoplasia (OSSN) risk factors or prior ocu‑
lar surface dysplasia [89].

Tacrolimus
Tacrolimus, another calcineurin inhibitor, acts 

similarly to CsA by inhibiting calcineurin and 
downstream T-cell activation [29]. It is available 
in both eye drop and ointment formulations 
[29]. In DED, tacrolimus reduces T-cell–mediated 
ocular surface inflammation and may improve 
symptoms and tear parameters in severe/refrac‑
tory disease [9, 29, 90]. Its efficacy has been dem‑
onstrated in severe and refractory cases of DED, 
particularly in those associated with chronic 
ocular graft-versus-host disease (GVHD) [91] 
and SS [92]. Studies comparing tacrolimus 0.03% 
with CsA 0.05% eye drops have shown compa‑
rable efficacy in improving symptoms without 
significant differences between the two agents 
[92]. Tacrolimus eye drops are generally well tol‑
erated, although some patients report transient 
burning sensations, typically unrelated to effi‑
cacy [93]. Access is often through compounding 
preparations in some settings. Recently, devel‑
oped drug delivery systems, such as cationic 
liposomes and gellan gum nanoparticles, have 

improved ocular penetration and bioavailabil‑
ity, helping to overcome tacrolimus’ poor aque‑
ous solubility and limited ocular permeability 
[29, 94]. Similar to CsA, long-term use of topical 
tacrolimus may alter immune regulation on the 
ocular surface and, at least theoretically, attenu‑
ate antiviral and antitumor immune surveil‑
lance [29, 95]. However, evidence directly link‑
ing topical tacrolimus to OSSN is very limited 
and largely restricted to isolated case reports in 
patients with substantial baseline risk factors 
(e.g., severe atopic ocular disease and/or sys‑
temic immunosuppression) [29, 96, 97]. These 
concerns are therefore mostly theoretical and 
extrapolated from broader immunosuppression 
contexts and from regulatory cautions for topi‑
cal calcineurin inhibitors used in other indica‑
tions [98]. In clinical practice, expert reviews 
recommend regular follow-up during long-
term topical immunosuppressive therapy, with 
heightened vigilance in patients who already 
carry recognized OSSN risk factors, such as 
prior ocular surface dysplasia/OSSN, substantial 
ultraviolet exposure, or immunocompromised 
states [99]. In cases of suspected OSSN, immu‑
nosuppressive therapy should be discontinued 
promptly, and appropriate diagnostic investiga‑
tions should be initiated.

Lifitegrast
Lifitegrast is a novel immunomodulatory 

agent with a distinct mechanism of action. It 
targets LFA-1, inhibiting its binding to intercel‑
lular adhesion molecule-1 (ICAM-1) [29, 100, 
101]. By blocking LFA-1/ICAM-1 interaction, 
lifitegrast reduces T-cell–associated ocular surface 
inflammation [102, 103].

Several phase III trials and other clinical stud‑
ies have demonstrated that lifitegrast improves 
both subjective symptoms (e.g., ocular discom‑
fort, dryness, and foreign body sensation) and 
objective signs (e.g., corneal fluorescein staining, 
and TBUT) [29, 104, 105]. Lifitegrast is generally 
well tolerated [29]. The most common ocular 
side effects include transient mild-to-moderate 
irritation, blurred vision, and dysgeusia (altered 
taste), with the latter occurring in approximately 
12.9% of patients [29, 103, 105]. Compared to 
CsA, lifitegrast may offer a more favorable toler‑
ability profile, particularly in patients sensitive 
to burning or stinging sensations from other 
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medications [106]. No systemic toxicity or sec‑
ondary infections have been associated with 
lifitegrast use [9].

Antibiotics, omega-3 polyunsaturated fatty acids, 
and biological tear substitutes

The two primary classes of antibiotics used 
in the management of DED owing to MGD are 
tetracyclines and macrolides. These agents are 
employed not only for antimicrobial proper‑
ties but also for their immunomodulatory and 
meibum-modulating effects. Tetracyclines, 
especially the second-generation doxycycline, 
exhibit anti-inflammatory activity that makes 
them valuable adjuncts in the treatment of vari‑
ous types of ocular surface diseases. They inhibit 
MMPs, suppress pro-inflammatory cytokine 
release, and reduce both ocular surface inflam‑
mation and MGD [9]. Low-dose doxycycline 
(20–50 mg/day) is commonly prescribed for 
DED associated with ocular rosacea or posterior 
blepharitis [107, 108]. For MGD-related evapora‑
tive DED, systemic tetracyclines (especially dox‑
ycycline) are commonly used as adjunct therapy, 
largely for their anti-inflammatory and anti-
lipase effects rather than for antimicrobial activ‑
ity [109]. In randomized and comparative stud‑
ies, oral doxycycline has been administered for 
~4 weeks (e.g., 100 mg twice daily for 4 weeks) 
and for 6 weeks in moderate–severe or refractory 
MGD (e.g., 200 mg/day for 6 weeks) [110, 111]. 
Sub-antimicrobial dosing has also been evalu‑
ated in chronic/refractory MGD (e.g., doxycy‑
cline 20 mg twice daily for 1 month) [112]. Clin‑
ical studies have demonstrated improvements 
in tear film stability, lid margin inflammation, 
and subjective symptom scores following several 
weeks of therapy [109]. However, gastrointesti‑
nal side effects and photosensitivity may limit 
long-term use and tolerability, particularly at 
higher doses. Macrolides also exert significant 
immunomodulatory effects. Azithromycin has 
been shown to reduce ocular surface leukocyte 
infiltration and downregulate pro-inflammatory 
cytokine and MMP expression in the skin and 
tear film [113]. Azithromycin can be used both 
orally or topically, and the administration route 
should be specified because regimens differ sub‑
stantially. Concerning systemic therapy, rand‑
omized studies have evaluated short-course oral 
azithromycin (e.g., 500 mg on day 1 followed by 

250 mg/day for four additional days) compared 
to doxycycline 200 mg/day for 6 weeks in MGD, 
showing equivalent effects or even better results 
on signs for azithromycin [111, 114]. A recent 
meta-analysis comparing the pooled effects of 
systemic macrolides and tetracyclines on MGD- 
and DED-related signs and symptoms demon‑
strated the superior efficacy and safety profile of 
the former class [115]. Concerning topical ther‑
apy, a randomized trial compared azithromycin 
1.5% eye drops twice daily for 2 days followed 
by once daily up to 4 weeks to oral doxycycline 
for 4 weeks in moderate–severe MGD, showing 
similar results [110].

Omega-3 polyunsaturated fatty acids, par‑
ticularly eicosapentaenoic and docosahexaenoic 
acids, have been investigated for their potential 
anti-inflammatory effects in DED. These fatty 
acids may improve meibomian gland function 
and modulate inflammatory mediator produc‑
tion at the ocular surface [116]. Some rand‑
omized controlled trials have demonstrated 
benefits in symptom relief and tear film stabil‑
ity, while others, such as the large DREAM study, 
reported no significant advantage over placebo 
[117]. Despite controversial evidence, dietary 
supplementation with omega-3 polyunsaturated 
fatty acids remains a commonly recommended 
adjunctive therapy, particularly in patients with 
EDE.

Tear substitutes, while primarily providing 
symptomatic relief, play a supportive role in 
managing ocular surface inflammation. Preserv‑
ative-free formulations help dilute pro-inflam‑
matory cytokines and reduce tear film osmolar‑
ity, thereby indirectly mitigating epithelial stress 
[14]. Some newer tear substitutes are enriched 
with anti-inflammatory components such as 
desonide sodium phosphate 0.025%, hydrocor‑
tisone 0.001%, trehalose, and Aloe vera, which 
aid in restoring ocular surface homeostasis and 
reducing oxidative damage [118–121]. Although 
not curative, the regular use of appropriate tear 
substitutes improves ocular comfort, supports 
healing, and enhances the effectiveness of con‑
current pharmacologic treatments. In patients 
with severe DED and compromised ocular 
surface status, biological tear replacements, 
including autologous or allogeneic serum tears, 
autologous platelet lysate, platelet-rich plasma 
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(PRP), cord blood serum, and amniotic mem‑
brane extract eye drops, offer both regenerative 
and anti-inflammatory benefits. These prepara‑
tions contain growth factors, anti-inflammatory 
cytokines (e.g., IL-1Ra, soluble TNF receptors, 
MMP inhibitors), and other bioactive molecules 
that stimulate the healing of the epithelia and 
modulate the ocular surface immune response 
[9]. Their use is particularly beneficial in severe 
or refractory cases owing to ocular GVHD and 
autoimmune conditions (e.g., SS).

Expert Recommendations on Treatment 
Strategies Based on Challenging Cases

Long-term management of inflammation in 
severe DED requires a structured, stepwise 
approach guided by disease severity, underly‑
ing pathophysiology, and patient-specific fac‑
tors [2, 26]. While tear substitutes remain the 
mainstay of therapy, effective long-term control 
increasingly depends on targeting ocular surface 
inflammation and MGD [21]. First-line strate‑
gies, including patient education, environmen‑
tal modification, eyelid hygiene, and preserv‑
ative-free tear substitutes, are widely adopted 
globally [21, 122–126].

Anti-inflammatory and immunomodulatory 
therapies are crucial for long-term disease con‑
trol. Agents such as CsA, lifitegrast, and tacroli‑
mus are increasingly prescribed across diverse 
DED subtypes, reflecting clinician confidence 
in their safety and efficacy [127]. Among these, 
tacrolimus has seen greater global adoption, 
likely due to its favorable risk–benefit profile. 
Topical corticosteroids, such as loteprednol 
and fluorometholone, are used short-term for 
exacerbations, while Eysuvis®, the first FDA-
approved corticosteroid for DED, is indicated for 
intermittent use. Stronger corticosteroids such 
as dexamethasone require cautious application 
due to risks such as elevated IOP [29]. Systemic 
anti-inflammatory agents are indicated in cases 
of DED associated with autoimmune diseases. 
Immunosuppressants such as rituximab, metho‑
trexate, and mycophenolate mofetil help control 
systemic inflammation and often lead to ocular 
improvement [128]. Concurrently, local treat‑
ments, including tear substitutes and topical 

CsA, remain essential to supporting and main‑
taining ocular surface integrity.

A comprehensive treatment strategy that 
integrates both systemic and ocular approaches 
improves outcomes, reduces symptom burden, 
and enhances quality of life. Long-term man‑
agement should also include routine monitor‑
ing to detect adverse effects and guide therapy 
adjustments [129]. Treatment selection varies 
according to DED subtype: ADDE is more often 
treated with punctal occlusion, secretagogues, 
and therapeutic contact lenses, while EDE ben‑
efits from lipid-based products, lid hygiene, and 
warming therapies [127]. These interventions are 
aimed at restoring meibomian gland function, 
reducing ductal obstruction, and re-establishing 
lipid layer integrity to reduce tear evaporation 
[127]. The management of EDE also includes in-
office treatments such as intense pulsed light, 
low-level light therapy, and devices for inner lid 
warming and massage [130–133]. Systemic anti‑
biotics (e.g., doxycycline, azithromycin) are used 
for their anti-inflammatory effects, although 
concerns remain regarding resistance and long-
term benefits [29]. For advanced or refractory 
cases, additional options include biological tear 
substitutes (e.g., autologous serum, PRP), punc‑
tal occlusion, therapeutic contact lenses, and 
amniotic membrane extracts or grafts [21, 134]. 
Goblet cell dysfunction, a hallmark of severe 
DED, may be reversed with CsA, which has been 
shown to restore goblet cell density over 6 to 
12 weeks [135].

Sjögren Syndrome

SS is a chronic, systemic autoimmune disease 
that primarily targets the exocrine glands, lead‑
ing to reduced tear and saliva production. It 
affects approximately 60 per 100,000 people 
globally, with a strong female predominance 
[136–138]. Ocular involvement, particularly 
DED, is one of the hallmarks of SS and often 
presents more severely than in non-SS DED, 
typically involving both ADDE and EDE sub‑
types [137, 139]. Common symptoms include 
burning, irritation, foreign body sensation, 
photophobia, excessive tearing, and visual 
disturbances, particularly when triggered by 
environmental factors [140–142]. Patients 
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often demonstrate markedly low Schirmer test 
values, short TBUT, and positive fluorescein 
staining of the cornea. Additional findings 
include filamentary keratitis, mucous plaques, 
ocular hyperemia, and conjunctival folds. 
MGD is consistently observed, characterized 
by gland obstruction, dropout, and atrophy. 
In advanced stages, patients may develop seri‑
ous complications such as persistent epithelial 
defects and corneal ulceration, which may pro‑
gress to perforation requiring urgent surgical 
intervention.

SS-related DED is clinically complex, often 
refractory to conventional therapy, and can 
lead to vision-threatening complications if 
not managed through a multidisciplinary treat‑
ment strategy. The recommended treatment for 
SS-related DED involves a multifaceted, step‑
wise approach targeting both tear film insta‑
bility or deficiency and chronic ocular surface 
inflammation [29, 143, 144]. Core therapy 
includes frequent use of preservative-free tear 
substitutes and vitamin A ointment at night‑
time to promote epithelial healing and protect 
ocular surface. In moderate-to-severe cases, 
blood-derived eye drops (e.g., PRP) are recom‑
mended to support tissue repair. Topical CsA 
(e.g., Ikervis®) remains the cornerstone of long-
term anti-inflammatory therapy and should 
be administered once daily on a chronic basis. 
During acute exacerbations, short courses of 
topical corticosteroids (e.g., dexamethasone) 
may be added to rapidly reduce inflamma‑
tion. For patients with systemic involvement 
or insufficient response to topical therapy, sys‑
temic immunosuppressants such as azathio‑
prine may be prescribed in collaboration with 
a rheumatologist [29, 143, 144]. Management 
of MGD, which is frequently observed in SS, is 
also critical and includes daily eyelid hygiene 
and warm compresses at approximately 40 °C. 
In advanced cases involving corneal ulceration 
or perforation, surgical interventions such as 
amniotic membrane transplantation or, when 
necessary, penetrating keratoplasty are indi‑
cated. Active patient participation in self-care, 
alongside interdisciplinary collaboration, is 
essential for addressing both ocular and sys‑
temic manifestations of SS-related DED [145].

Other Autoimmune Diseases

DED is one of the most frequent ocular mani‑
festations associated with autoimmune dis‑
eases, including not only SS but also RA, SLE, 
and systemic sclerosis [146]. In RA, DED is the 
most common ocular complication, followed 
by episcleritis, scleritis, and peripheral ulcera‑
tive keratitis [147]. The severity of DED in the 
setting of RA correlates more closely with disease 
duration than with systemic disease activity, and 
may occur independently of joint involvement 
[148]. DED in RA can present with or without 
secondary SS and is significantly more common 
in women (female-to-male ratio of 9:1), typically 
manifesting as a mixed form of DED [145, 149]. 
In SLE, DED is also among the most prevalent 
ocular manifestation, with reported prevalence 
rates ranging from 13.4% to 39.5% [150, 151]. 
Ocular surface damage in SLE results from lac‑
rimal gland dysfunction, reduced corneal sen‑
sitivity, meibomian gland abnormalities, and 
increased Langerhans cells, leading to epithelial 
apoptosis and keratitis [146, 152]. In severe cases 
of SLE, complications such as neurotrophic kera‑
topathy and peripheral ulcerative keratitis may 
develop [153, 154]. Across these autoimmune 
diseases, the pathogenesis of DED involves both 
innate and adaptive immune responses. Key 
mechanisms include activation of Th1 and Th17 
lymphocytes, overproduction of IFN-γ leading to 
goblet cell loss, and infiltration of lacrimal and 
conjunctival tissues by T cells, causing glandular 
apoptosis, fibrosis, and reduced tear production 
[14, 155–157].

The recommended treatment regimen for 
autoimmune-related DED in the context of 
RA involves a structured, multistep approach 
aimed at reducing ocular surface inflammation, 
improving tear film quality, and restoring epi‑
thelial integrity. First-line therapy includes the 
frequent and regular use of preservative-free 
tear substitutes, along with warm compresses, 
eyelid hygiene, and bedtime application of vita‑
min A ointment to support epithelial healing 
and manage MGD. In RA patients, punctal plugs 
may be added to enhance tear retention. Insuf‑
ficient response to lubricants alone may require 
the addition of topical CsA 0.1% once daily as a 
long-term anti-inflammatory treatment.
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Case Presentation

In the following section, we describe five com‑
plex cases of autoimmune-related DED that 
illustrate the challenges associated with effective 
management for obtaining acceptable outcomes.

Case #1

A 56-year-old woman with severe DED second‑
ary to SS had been monitored semi-annually 
over 5  years. Her condition remained clini‑
cally stable, with bilateral MGD and punctate 
keratopathy, along with filamentary keratitis in 
the left eye (Fig. 1A). Symptoms were initially 
managed with preservative-free tear substitutes, 
heated eye mask at bedtime, and intermittent 
courses of corticosteroids to control inflam‑
matory flare-ups. At presentation, the patient 

reported severe ocular redness and decreased 
vision. Clinical examination revealed a large 
corneal epithelial defect measuring 7.5 × 7.5 mm 
(Fig. 1B), accompanied by significantly reduced 
corneal sensitivity, as measured by Cochet–Bon‑
net esthesiometry (10 mm). Despite conservative 
treatment, the condition progressed over the fol‑
lowing 2 weeks to a central corneal perforation 
(1.0 × 1.0 mm) with iris prolapse and surround‑
ing area of keratolysis measuring 2.5 × 2.5 mm 
(Fig. 1C). A Gundersen conjunctival autograft 
was performed to provide tectonic support 
(Fig. 1D). Postoperatively, preservative-free tear 
substitutes were maintained and topical CsA 
was initiated once daily for long-term control 
of ocular surface inflammation; an antibiotic-
corticosteroid combination was used four times 
for 7 days. At 4 months, ocular inflammation 
had improved sufficiently, and thus optical pen‑
etrating keratoplasty was performed. However, 

Fig. 1   Clinical pictures of the left eye of a 56-year-old 
woman with severe dry eye owing to Sjögren’s syndrome. 
Punctate keratopathy with abundant filamentary keratitis 
(A). Large corneal epithelial defect (7.5 × 7.5  mm) com-
plicated by reduced corneal sensitivity (B). Central cor-
neal perforation (1.0 × 1.0  mm) with iris prolapse and a 

surrounding area of keratolysis (2.5 × 2.5  mm) (C). Gun-
dersen conjunctival autograft performed for tectonic sup-
port (D). Clear penetrating keratoplasty graft; a mature 
cataract is visible (E). Six months postoperatively, the cor-
neal graft was clear and epithelized (F)
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postoperative visual recovery was limited by 
the presence of a mature cataract (Fig. 1E). By 
6 months postoperatively, the ocular surface 
remained stable and the corneal graft was clear 
and fully epithelized (Fig. 1F); the conditions of 
the fellow eye remained stable, with only mild 
punctate keratopathy.

Case #2

A 66-year-old patient with DED secondary to 
RA and SS, on long-term systemic immunosup‑
pression (methylprednisolone and methotrex‑
ate), presented with chronic bilateral keratitis 
unresponsive to previous treatments. Clinical 
examination revealed severe ocular surface dis‑
ease with corneal epithelial defects and stromal 
infiltrates (Fig. 2A, B). Due to clinical suspicion 
of fungal keratitis, topical fluconazole 0.2% (six 
times daily) was initiated. Over the following 
weeks, inflammation subsided and corneal epi‑
thelialization was achieved, although peripheral 
opacities persisted (Fig. 2C, D). To obtain sus‑
tained inflammation control and improve tear 
film parameters (Schirmer test, 1 mm/5 min; 
TBUT, 2 s in both eyes), long-term topical ther‑
apy with CsA (Ikervis®) once daily and tear 

substitutes was initiated. During exacerbations, 
the patient received topical dexamethasone 
0.1% four times daily for 2 weeks followed by 
a 1-month course of topical prednisolone 1% 
tapered from twice daily to once daily. The 
patient tolerated CsA eye drops well, with nota‑
ble symptom relief. After 8 months of therapy, 
the ocular surface stabilized but lens opacifi‑
cation was present. Prior to cataract surgery, a 
3-week course of PRP eye drops was added. Post‑
operatively, both eyes developed ocular surface 
impairment with filamentary keratitis (Fig. 2E, 
F), which was managed with intensive lubrica‑
tion and extended corticosteroid therapy—ini‑
tially dexamethasone, followed by prednisolone. 
This regimen led to corneal re-epithelialization 
and reduced inflammation within 3 months 
after surgery. At the 2-year follow-up, the ocular 
surface remained stable under CsA treatment on 
a chronic basis (Fig. 2 G, H), with best-corrected 
visual acuity of 0.6 in the right eye and 0.2 in 
the left.

Case #3

A 68-year-old man with a history of SS-associ‑
ated DED and prior bilateral amniotic membrane 

Fig. 2   Clinical pictures of both eyes of a 66-year-old 
patient with dry eye owing to rheumatoid arthritis and 
secondary Sjögren’s syndrome, with chronic bilateral kera-
titis unresponsive to previous treatments. Severe ocular 
surface disease with corneal epithelial defects and stromal 
infiltrates (A, B). Corneal epithelialization was achieved, 

with the presence of peripheral opacities (C, D). After 
uneventful cataract surgery, ocular surface disease wors-
ened with the onset of filamentary keratitis (E, F). After 
2  years of topical treatment with cyclosporine A, progres-
sive improvement of the ocular surface status (G, H)
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transplantation presented urgently with acute 
vision loss and pain in the right eye. He had 
not used ophthalmic medications or attended 
follow-up appointments for several years. Clini‑
cal examination revealed a perforated corneal 
ulcer in the right eye, with iris prolapse, com‑
plete anterior chamber collapse, and a mature 
cataract (Fig. 3A). The contralateral eye exhib‑
ited signs of corneal thinning and vasculariza‑
tion. The patient was admitted, and systemic 
doxycycline, topical levofloxacin, and preserva‑
tive-free tear substitutes were prescribed. Due to 
the severity of the right eye’s condition, a staged 
surgical approach was adopted. Amniotic mem‑
brane transplantation was performed to stabilize 
the ocular surface while awaiting donor corneal 
tissue for definitive transplantation. Subse‑
quently, a triple procedure involving penetrating 

keratoplasty, cataract extraction, and intraocular 
lens implantation was successfully performed in 
the right eye (Fig. 3B). Postoperative treatment 
included topical moxifloxacin, dexamethasone, 
and tear substitutes, along with temporary 
punctal plugs. Ten days later, corneal perfora‑
tion occurred in the left eye (Fig. 3C). A localized 
amniotic membrane patch was applied using a 
multilayer “sandwich” technique (Fig. 3 D). The 
patient was discharged with systemic therapy 
comprising azathioprine, methylprednisolone, 
and doxycycline. Topical treatment included 
moxifloxacin four times daily for 7 days, CsA 
once daily, and tear substitutes six times daily in 
both eyes. Dexamethasone eye drops were pre‑
scribed only in the transplanted eye (four times 
daily). Systemic methylprednisolone, doxycy‑
cline, and topical dexamethasone were gradually 

Fig. 3   Clinical pictures of both eyes of a 68-year-old man 
with a history of SS–associated dry eye. Corneal perfo-
ration in the site of a sterile corneal ulceration with thin-
ning (right eye) (A). Postoperative appearance after triple 
procedure—penetrating keratoplasty with cataract surgery 

and intraocular lens implantation (B). Corneal perforation 
in the site of a sterile corneal ulceration with thinning (left 
eye) (C). Appearance of the corneal surface 1  week (D), 
1  month (E), and 3  months (F) after localized amniotic 
membrane patch and multilayer “sandwich” technique
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tapered, while azathioprine, topical CsA, and 
preservative-free tear substitutes were contin‑
ued as part of long-term maintenance therapy. 
Amniotic membrane transplantation success‑
fully restored corneal integrity, as confirmed 
at 1- and 3-month follow-up visits (Fig. 3 E, F). 
At the last follow-up, the patient was asymp‑
tomatic and tolerated the treatment well, and 
best-corrected visual acuity had improved to 0.2 
in both eyes.

Case #4

A 60-year-old woman with DED secondary to 
RA presented with progressive visual decline, 

dryness, irritation, and photophobia, unrelieved 
by the intense use of tear substitutes. Slit-lamp 
examination revealed severe DED with MGD, 
low tear production (Schirmer test, 1 mm/5 min 
bilaterally), positive corneal fluorescein staining, 
and conjunctival redness (Fig. 4A, B). A diag‑
nosis of secondary SS was confirmed by labo‑
ratory testing and salivary gland biopsy. Initial 
treatment included eyelid hygiene and topical 
therapy with tear substitutes, PRP eye drops five 
times daily, 1-week course of hydrocortisone 
four times, vitamin A ointment at bedtime, and 
CsA (Ikervis®) once daily. Systemic immunosup‑
pressive treatment was initiated in coordination 
with the rheumatologist. After 12 weeks, visual 

Fig. 4   Clinical pictures of both eyes of a 60-year-old 
woman affected by dry eye owing to rheumatoid arthritis. 
Slit-lamp examination results before the treatment. Diffuse 
punctate keratopathy at presentation (A, B). Significant 

decrease in corneal fluorescein staining after 12  weeks of 
treatment with platelet-rich plasma eye drops, vitamin A 
ointment, and cyclosporine A eye drops (C, D)
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acuity improved in both eyes, Schirmer values 
increased to 4 mm/5 min in the right eye and 
5 mm/5 min in the left, and corneal fluorescein 
staining decreased, particularly in the left eye 
(Fig. 4 C, D). The patient also reported signifi‑
cant symptomatic relief, and long-term topical 
therapy, including CsA, was continued without 
modification.

Case #5

A 64-year-old woman with a long-standing his‑
tory of seropositive RA presented with wors‑
ening ocular symptoms, including irritation, 
burning, and foreign body sensation in both 
eyes, despite stable systemic treatment with 
methotrexate and low-dose prednisone. Slit-
lamp examination revealed significant corneal 
fluorescein staining and conjunctival hyper‑
emia in both eyes. Tear production was reduced 
(Schirmer test < 5  mm/5  min), and tear film 
instability was evident (average noninvasive 
BUT of 1.3 s) (Fig. 5A). Initial treatment included 
preservative-free tear substitutes containing hya‑
luronic acid (0.2%) and ectoine (2.0%), warm 
compresses, and punctal plugs. However, due to 
insufficient response, topical CsA 0.1% (Ikervis®) 
was initiated once daily to control ocular sur‑
face inflammation. At the 3-month follow-
up, the patient demonstrated notable clinical 

improvement, with reduced values of corneal 
fluorescein staining and conjunctival hypere‑
mia. Schirmer values improved to 8 mm/5 min, 
and average noninvasive BUT increased to 11.5 s 
(Fig. 5B). In parallel, the Ocular Surface Disease 
Index (OSDI) score decreased from 45 to 23. 
The patient tolerated CsA well and continued it 
chronically in combination with preservative-
free tear substitutes.

DISCUSSION

DED is a chronic inflammatory disorder of the 
ocular surface, with inflammation playing a 
central role in its pathogenesis, progression, 
and complications [14]. The cases presented in 
this article highlight the clinical relevance of 
persistent inflammation in autoimmune-asso‑
ciated DED and underscore the importance of 
targeted, sustained immunomodulatory therapy 
to achieve long-term disease control. Uncon‑
trolled ocular surface inflammation perpetu‑
ates a vicious cycle of tear film instability, epi‑
thelial cell damage, and goblet cell loss, which 
may ultimately lead to corneal neovasculariza‑
tion and opacity if not appropriately managed 
[68, 158]. In this context, long-term control of 
inflammation is not only symptom- but also 

Fig. 5   Graphical maps of average noninvasive breakup time test showing a significant improvement from the baseline value 
of 1.3 s (A) and the follow-up value of 11.5 s after 3 months of therapy with topical cyclosporine A 0.1% (B)
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disease-modifying, with the potential to halt or 
reverse the negative effects of chronic immune 
activation. As confirmed in the cases presented 
above, topical CsA is a well-studied option for 
sustained inflammatory control in DED and has 
been associated with improvements in ocular 
surface integrity and tear film-related metrics in 
appropriately selected patients [76, 135].

Clinical studies have confirmed the efficacy 
and safety of CsA formulations in the treatment 
of DED. Ikervis® (CsA 0.1% cationic emulsion) 
demonstrated significant improvements in cor‑
neal fluorescein staining and ocular surface 
inflammation compared to vehicle in a mul‑
ticenter, randomized phase III trial [159, 160]. 
These findings are supported by real-world data, 
which show sustained improvements in corneal 
damage, TBUT, and ocular redness starting from 
week 4 and maintained through 12 months of 
treatment [161]. The long-term safety and effi‑
cacy of CsA 0.1% cationic emulsion are further 
substantiated by a systematic review summariz‑
ing evidence from randomized controlled trials 
and real-life studies [162]. However, due to its 
delayed onset of action, typically 8–12 weeks, 
short-term corticosteroids are often recom‑
mended during the induction phase to manage 
acute symptoms and promote early treatment 
adherence [87].

Selecting and managing treatment in chronic 
DED requires a structured and patient-specific 
approach. Initial therapy often includes short-
term corticosteroids to rapidly suppress inflam‑
mation, followed by the introduction of CsA for 
long-term control [9]. Adjunctive therapies, such 
as preservative-free tear substitutes and consist‑
ent eyelid hygiene remain essential components 
of ongoing management [163]. In cases associ‑
ated with MGD, systemic tetracyclines, includ‑
ing doxycycline, or azithromycin may provide 
additional benefit by inhibiting MMPs and 
reducing glandular inflammation [163].

Long-term management also necessitates reg‑
ular monitoring, for both therapeutic efficacy 
and potential side effects, such as stinging or 
hyperemia, that may negatively affect patient 
adherence [99, 129]. Importantly, in contrast to 
corticosteroids, CsA is not associated with IOP 
elevation or cataract formation, which makes 
them a safer option for chronic use. Newer CsA 

formulations with improved tolerability (e.g., 
Cequa®, Ikervis®) have further improved patient 
adherence and clinical outcomes [78].

This work has several limitations that deserve 
mentioning. First, the clinical cases are hetero‑
geneous with respect to autoimmune diagnosis, 
baseline severity, prior ocular history (includ‑
ing prior surgeries), and follow-up duration. 
Second, the management was multimodal (e.g., 
lubrication, lid therapy, punctal occlusion, 
blood-derived tear substitutes, topical antibiot‑
ics/antifungals, topical corticosteroids, and topi‑
cal/systemic immunosuppression), precluding 
causal attribution of the improvement to any 
single agent. Third, prior treatments and delays 
in care may have influenced both baseline 
severity and subsequent clinical course. Conse‑
quently, the cases are best interpreted as real-
world illustrations of stepwise care rather than 
comparative effectiveness evidence that any sin‑
gle treatment was responsible for the observed 
outcomes.

CONCLUSIONS

All cases presented herein involved progressive 
signs and symptoms of DED associated with 
autoimmune diseases and complicated by severe 
ocular surface inflammation and/or structural 
corneal complications. At presentation, patients 
were often managed with lubrication and sup‑
portive measures, combined in some cases with 
systemic immunosuppression for their underly‑
ing disease, but sustained topical anti-inflamma‑
tory maintenance therapy (e.g., topical CsA) and 
structured follow-up were frequently absent or 
inconsistent. In each case, appropriate treatment 
was initiated with a critical focus on sustained 
inflammation control. After switching to multi‑
modal therapy focused on long-term ocular sur‑
face inflammation control (mainly based on CsA 
eye drops), lid-targeted measures, and systemic 
therapy (when indicated), ocular surface stabil‑
ity improved over the following months and was 
maintained for years. In some instances, urgent 
surgical intervention was required to preserve 
globe integrity.
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Taken together, these cases underscore the 
role of long-term immunomodulatory therapy, 
with CsA as a central component, within a 
broader, individualized and stepwise strategy for 
managing severe and chronic DED in the setting 
of autoimmunity. Sustained control of ocular 
surface inflammation can alleviate symptoms, 
reduce the risk of irreversible ocular surface dam‑
age and complications, and support satisfactory 
quality of life, provided it is coupled with early 
recognition of inflammatory subtypes, tailored 
pharmacologic regimens, and regular clinical 
monitoring.
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