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ABSTRACT

Background: Allergic conjunctivitis (AC) is a prevalent ocular inflammatory disorder triggered by hypersensitivity reactions to
environmental allergens. Topical immunomodulators such as cyclosporine and tacrolimus have emerged as promising alternatives
to conventional antihistamines and corticosteroids due to their ability to modulate T-cell activity and suppress inflammation with
minimal systemic absorption. However, their comparative efficacy, safety, and impact on visual acuity remain subjects of debate.

Objective: This review provides a comparative analysis of topical cyclosporine and tacrolimus in the management of allergic
conjunctivitis, focusing on their effects on visual acuity, systemic safety, and allergen associations.

Methods: A systematic review of randomized controlled trials (RCTs), observational studies, and clinical reports was conducted
to assess the efficacy, safety, and immunological responses associated with these agents. Literature from indexed databases
(PubMed, Scopus, Web of Science) was analyzed to compare their pharmacodynamics, clinical outcomes, and adverse effect
profiles.

Results: Both cyclosporine and tacrolimus demonstrated significant efficacy in reducing ocular symptoms (itching, redness,
tearing) with prolonged relief compared to antihistamines. Cyclosporine (0.05%—0.1%) exhibited moderate anti-inflammatory
effects, improving tear film stability with minimal irritation. Tacrolimus (0.03%-0.1%) displayed higher immunosuppressive
potency, providing faster symptom relief but with a slightly increased risk of local burning and transient blurred vision. Neither
drug significantly impaired long-term visual acuity, though tacrolimus showed a higher potential for transient visual disturbances
due to ocular surface irritation. Systemic absorption was negligible in both agents, though tacrolimus posed a higher risk of
immunosuppression in prolonged use. Allergen response modulation differed, with cyclosporine exhibiting broader mast cell
stabilization, whereas tacrolimus inhibited T-cell activation more efficiently.

Conclusion: Both agents offer effective, long-term symptom control in allergic conjunctivitis, but their risk-benefit profiles vary.
Cyclosporine may be preferable for mild-to-moderate cases with tear film instability, whereas tacrolimus is more effective in
severe, refractory cases. Future research should explore optimized formulations and combination therapies to enhance tolerability
and patient compliance.
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INTRODUCTION

Allergic conjunctivitis (AC) is a common hypersensitivity disorder affecting the ocular surface, with an estimated 20%-40%
prevalence worldwide [1]. It is triggered by immunoglobulin E (IgE)-mediated mast cell activation, leading to itching, redness,
tearing, and photophobia, which significantly impacts the quality of life [2]. Depending on severity, AC is classified into seasonal
(SAC), perennial (PAC), vernal (VKC), atopic (AKC), and giant papillary conjunctivitis (GPC), each requiring different
therapeutic approaches. Current management strategies primarily involve antihistamines, mast cell stabilizers, and
corticosteroids. However, prolonged corticosteroid use increases the risk of cataract formation, glaucoma, and ocular surface
toxicity [3]. This has led to increased interest in topical immunomodulators, particularly cyclosporine A (CsA) and tacrolimus
(TAC), both belonging to the calcineurin inhibitor (CNI) class. These agents suppress T-cell activation and cytokine release (IL-
2, IL-4, and TNF-a), reducing inflammation without the severe adverse effects of corticosteroids [4]. Cyclosporine (0.05%-0.1%)
has been widely studied for chronic dry eye disease and allergic keratoconjunctivitis, showing good efficacy with minimal
systemic absorption [5]. Tacrolimus (0.03%-0.1%) has a higher immunosuppressive potency and is often used in severe allergic
conjunctivitis and refractory cases, but its potential impact on ocular surface stability and systemic absorption remains a concern
[6]. Despite their increasing use, direct comparative studies between these agents in allergic conjunctivitis remain limited,
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particularly regarding their impact on visual acuity, systemic safety, and allergen-specific immune responses [7]. This review
aims to provide a comparative analysis of topical cyclosporine and tacrolimus in allergic conjunctivitis, focusing on their clinical
efficacy, safety profiles, impact on visual acuity, and allergen interactions [8]. By systematically evaluating recent literature,
clinical trials, and patient-reported outcomes, this study seeks to determine the most effective and safe therapeutic option for
allergic conjunctivitis management [9].

MECHANISM OF ACTION

2.1 Cyclosporine

Cyclosporine A (CsA) is a calcineurin inhibitor that exerts its therapeutic effects by suppressing T-cell activation. In allergic
conjunctivitis, Figure 1 T-cells play a pivotal role in the inflammatory response by releasing cytokines and recruiting immune
cells to the ocular surface [10]. Cyclosporine binds to cyclophilin, a cytosolic protein, forming a complex that inhibits calcineurin,
a calcium/calmodulin-dependent phosphatase. This inhibition prevents the dephosphorylation of nuclear factor of activated T-
cells (NFAT), a transcription factor essential for the production of pro-inflammatory cytokines, including IL-2 and TNF-a. The
suppression of these cytokines reduces the recruitment and activation of T-cells, thereby decreasing inflammatory responses in
the conjunctiva and improving symptoms of allergic conjunctivitis [11]. Moreover, cyclosporine demonstrates additional anti-
inflammatory properties by stabilizing mast cells, which are key effector cells in allergic reactions. Through the inhibition of mast
cell degranulation, cyclosporine further mitigates the release of histamine and other pro-inflammatory mediators that contribute
to the typical symptoms of allergic conjunctivitis, such as itching and redness. These actions combine to offer a steroid-sparing,
long-term management option, particularly for patients with chronic or moderate forms of AC [12]. Table 1 summarizes the key
pharmacological differences between cyclosporine and tacrolimus, highlighting the differences in their mechanism of action,
potency, ocular penetration, systemic absorption, and side effects [13].

2.2 Tacrolimus

Tacrolimus (TAC) is also a calcineurin inhibitor but with a greater potency compared to cyclosporine. Like cyclosporine, Figure
1 tacrolimus binds to the immunophilin FKBP12 and forms a complex that inhibits calcineurin. However, tacrolimus exerts a
more pronounced suppression of IL-2 production and inhibits the activation of T-cells at lower concentrations than cyclosporine,
leading to greater immunosuppressive effects [14]. This higher potency makes tacrolimus particularly effective in severe or
refractory cases of allergic conjunctivitis, where rapid and sustained immune suppression is needed to control the inflammation.
Tacrolimus also acts on other immune pathways, including the inhibition of IL-4, a cytokine involved in the differentiation of T-
helper cells. The net result is a reduced inflammatory response, with a decrease in the release of a broad range of inflammatory
mediators such as prostaglandins and leukotrienes, which contribute to the chronic inflammatory state in AC [15]. However, its
higher immunosuppressive nature also results in an increased risk of side effects, including local ocular irritation and, potentially,
systemic absorption, especially with long-term use [16].

2.3 Comparative Pharmacology

Although both cyclosporine and tacrolimus are calcineurin inhibitors, their pharmacokinetics and pharmacodynamics differ in

several important ways [17].

2.3.1  Affinity for Calcineurin and T-cell Activation: Tacrolimus demonstrates a higher affinity for FKBP12 than
cyclosporine for cyclophilin, which translates into greater potency at inhibiting T-cell activation, particularly in higher
concentrations [5]. This higher affinity allows tacrolimus to exert stronger immune suppression with lower doses
compared to cyclosporine, making it effective in refractory cases of allergic conjunctivitis [18].

2.3.2 Ocular Penetration and Tissue Distribution: Cyclosporine and tacrolimus both exhibit poor systemic absorption when
used topically, making them safe for localized treatment. However, tacrolimus shows greater penetration into ocular
tissues, especially when applied to the conjunctiva. This characteristic is advantageous for deep tissue inflammation but
can also increase the potential for local side effects, such as ocular irritation and temporary visual disturbances [19].

2.3.3  Stability in Ocular Tissues: Cyclosporine tends to have greater stability in ocular tissues due to its lower lipophilicity
compared to tacrolimus, which is more lipophilic and may lead to greater retention in ocular tissues [20]. This difference
influences the duration of therapeutic action, with cyclosporine potentially providing prolonged relief with fewer
applications, while tacrolimus may require more frequent dosing [21].

Table 1: Comparative Pharmacological Properties of Topical Cyclosporine A and Tacrolimus in Allergic Conjunctivitis

Parameter Cyclosporine A (CsA) Tacrolimus (TAC)

Mechanism  of | Inhibits calcineurin, suppresses T-cell | Inhibits calcineurin with higher affinity for | [22]

Action activation and cytokine production (IL-2, | FKBP12, stronger suppression of IL-2 and broader
TNF-a) immune modulation

Potency Moderate immunosuppressive effect Higher potency, more effective in severe cases [23]

Ocular Moderate ocular penetration Higher ocular penetration, more effective for deep | [24]

Penetration tissue inflammation

Systemic Minimal systemic absorption when applied | Minimal systemic absorption but higher potential | [25]

Absorption topically for irritation

Stability in | More stable in ocular tissues Less stable, more retention in ocular tissues [26]

Ocular Tissues

Risk of Side | Lower risk of ocular irritation and systemic | Higher risk of ocular irritation, transient visual | [27]

Effects effects disturbances
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Figure 1. T-Cell Suppression by Cyclosporine and Tacrolimus

CLINICAL EFFICACY AND IMPACT ON VISUAL ACUITY

3.1 Improvement in Signs and Symptoms

The clinical efficacy of topical cyclosporine and tacrolimus in allergic conjunctivitis (AC) is often measured by the improvement
in key signs and symptoms such as itching, redness, and tearing, which are the hallmark manifestations of the disease.
Cyclosporine has been shown to significantly reduce symptoms in patients with moderate to severe AC, with clinical studies
demonstrating reductions in both ocular itching and redness following long-term topical application. In one multicenter trial,
cyclosporine demonstrated a dose-dependent improvement in conjunctival redness and itching, providing relief to patients who
experienced chronic, steroid-refractory symptoms [29]. Similarly, cyclosporine has shown significant reductions in ocular tearing,
indicating its efficacy in controlling the inflammatory cascade that drives symptom progression in AC [30]. The anti-
inflammatory effects of cyclosporine contribute to a stabilization of the conjunctival epithelium, which reduces the activation of
sensory nerve fibers responsible for itching and tearing.

Tacrolimus, due to its higher potency, has also demonstrated substantial improvements in clinical symptoms, especially in patients
with refractory allergic conjunctivitis. Clinical trials have reported that tacrolimus can rapidly reduce inflammation, with
particularly strong effects on itching and redness. Patients who received tacrolimus treatment in studies showed rapid symptom
relief within weeks of initiating therapy, especially when compared to patients receiving placebo or standard antihistamine
treatments [31]. Tacrolimus’ ability to more effectively suppress the release of pro-inflammatory cytokines (such as IL-4 and
TNF-0) contributes to its superior symptomatic control in cases of persistent or chronic allergic conjunctivitis.

3.2 Effect on Visual Acuity

While topical cyclosporine and tacrolimus are generally well tolerated, long-term use raises concerns about their potential impact
on visual acuity. Both drugs are intended for localized application, minimizing systemic side effects; however, the potential
effects on ocular clarity, particularly with prolonged use, warrant careful consideration. Cyclosporine, when used topically, has
generally been shown to have minimal adverse effects on visual acuity. Studies evaluating long-term use have not reported any
significant decline in vision clarity or other visual disturbances in patients with allergic conjunctivitis [32]. The primary
mechanism of cyclosporine involves reducing inflammation in the conjunctiva and preserving epithelial integrity, which might
contribute to a protective effect on ocular surface health, potentially preventing issues like dry eye or corneal damage, which
could affect vision. Additionally, cyclosporine's long-term use in managing chronic allergic conjunctivitis may lead to improved
visual acuity by reducing ocular inflammation that can cause blurring due to tear film instability. Tacrolimus, while similarly well
tolerated, may have a slightly higher risk of causing ocular irritation or visual disturbances, especially with prolonged use.
However, clinical trials focusing on the safety and efficacy of tacrolimus in allergic conjunctivitis have not observed significant
effects on visual acuity [33]. The use of tacrolimus, particularly in the form of topical preparations, is generally considered to
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have a low risk of adverse effects on visual function, though temporary blurring due to ocular irritation may be more pronounced
in some patients. In the context of severe, refractory allergic conjunctivitis, the benefits of tacrolimus in reducing inflammation
may outweigh these transient effects [34].

3.3 Comparative Analysis of Clinical Trials and Patient-Reported Outcomes

A comparison of clinical trials and patient-reported outcomes (PROs) provides further insight into the relative efficacy of
cyclosporine and tacrolimus in managing allergic conjunctivitis. Both drugs have been evaluated in multiple randomized
controlled trials (RCTs) and real-world studies. For cyclosporine, RCTs have demonstrated significant improvements in both
signs and symptoms of allergic conjunctivitis. In one large trial, patients using topical cyclosporine showed greater improvement
in itching, redness, and tear production compared to those receiving placebo or standard antihistamine treatment [35].
Furthermore, PROs from these studies indicated high levels of patient satisfaction, with many reporting fewer recurrences of
symptoms over time and a greater sense of symptom control. For tacrolimus, clinical trials have also highlighted its superior
efficacy in controlling refractory allergic conjunctivitis. PROs from these studies often report more rapid relief of symptoms,
particularly itching and redness, compared to other treatments, though some patients reported mild irritation upon initial
application [36]. RCTs comparing tacrolimus to placebo have consistently shown a significant reduction in ocular inflammation,
with fewer flare-ups over a longer period of treatment. When comparing the two drugs, tacrolimus tends to show faster
symptomatic relief, making it suitable for acute or severe cases, while cyclosporine offers a more sustained and long-term
management strategy for chronic or moderate cases [37]. Both drugs have been well tolerated overall, with few serious adverse
effects reported in clinical trials. Comparative Clinical Efficacy and Impact on Visual Acuity of Topical Cyclosporine and
Tacrolimus in Allergic Conjunctivitis Table 2.

Table 2: Comparative Clinical Efficacy and Impact on Visual Acuity of Topical Cyclosporine and Tacrolimus in
Allergic Conjunctivitis [38]

Parameter

Cyclosporine

Tacrolimus

Symptom Improvement

Significant reduction in itching, redness,
and tearing in chronic cases

Rapid improvement in itching, redness, and

tearing, especially in refractory cases

Effect on Visual Acuity

Minimal or no impact on visual acuity;
improves symptoms over time.

Rare instances of temporary blurring due to ocular
irritation but no long-term effect on vision

Long-Term Use

Well tolerated; no significant impact on
visual clarity with chronic use

Well tolerated; no significant long-term effect,
though may cause transient irritation

Clinical Trial Findings

Effective in reducing ocular
inflammation and improving symptoms

Fast relief in acute or refractory cases; may cause
mild irritation.

Patient-Reported
Outcomes (PROs)

High patient satisfaction, fewer
recurrences over time.

Faster symptom relief, though mild irritation
reported in some patients.

SYSTEMIC SAFETY AND ADVERSE EFFECTS

4.1 Local vs. Systemic Absorption and Side Effects

Both Cyclosporine and Tacrolimus are topical immunomodulatory agents primarily used to treat allergic conjunctivitis, offering
significant therapeutic benefits. These agents act by modulating the immune response at the ocular surface, which limits systemic
exposure and side effects. However, both drugs exhibit distinct profiles in terms of ocular penetration, local irritation, and the
potential for systemic absorption, especially with prolonged use or improper application. Cyclosporine is known for its minimal
systemic absorption when applied topically. Most of the drug remains confined to the ocular surface, where it exerts its effects
by inhibiting T-cell activation, a key step in the inflammatory cascade. Although systemic absorption is rare, studies have reported
minimal levels of cyclosporine in the bloodstream, typically in cases where the ocular barrier is compromised, or the medication
is overused. However, these occurrences do not result in clinically significant systemic effects and remain relatively rare in the
general population [39]. Tacrolimus, on the other hand, is more lipophilic and has a greater potential for systemic absorption
compared to cyclosporine. Due to its higher binding affinity for FKBP12, tacrolimus exhibits increased penetration into ocular
tissues, which can sometimes result in detectable levels in the bloodstream, particularly with long-term use or improper
application. Although systemic toxicity remains uncommon with topical tacrolimus, its higher potential for systemic absorption
means that patients need careful monitoring, particularly for signs of immunosuppression [40]. To visualize these differences,
Figure 2 compares the local versus systemic absorption profiles for both drugs, illustrating how cyclosporine generally stays
localized in the ocular tissue, while tacrolimus has a higher likelihood of entering the systemic circulation over time. Table 3
provides a side-by-side comparison of the systemic safety and adverse effects of topical cyclosporine and tacrolimus. This table
highlights key differences in terms of local side effects, systemic absorption, secondary infection risks, and immunosuppressive
effects [41].
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Figure 2: compares the local versus systemic absorption profiles for both drugs

4.2 Cyclosporine-Related Adverse Effects

The local side effects associated with topical cyclosporine are typically mild and transient. The most common side effects include
stinging and burning sensations upon initial application, which usually resolve after a short period of use. These side effects are
generally well tolerated by most patients and do not significantly affect adherence to the treatment regimen. Ocular irritation can
also occur but is less frequent and often resolves with continued use. One concern, though rare, is the risk of secondary ocular
infections. Since cyclosporine suppresses the local immune response in the ocular tissue, there is a possibility of increased
susceptibility to infections, such as herpes simplex keratitis, particularly in individuals with pre-existing ocular surface damage
or compromised immune systems. However, these occurrences are uncommon and primarily seen in patients with high-risk
conditions [42]. In contrast, Tacrolimus, being a more potent immunosuppressive agent, is associated with a higher frequency of
ocular irritation (including burning, stinging, and foreign body sensations). These side effects tend to be more pronounced
compared to cyclosporine, which can affect treatment adherence. Furthermore, tacrolimus carries a higher risk of systemic
absorption, especially with long-term use, which can potentially lead to immunosuppressive effects. This increases the risk of
infections, including opportunistic infections that may not manifest with cyclosporine [43]. Given tacrolimus's higher potency,
prolonged use can also increase the risk of malignancies, a risk more commonly seen with its systemic use in organ transplant
patients.

Table 3: Comparison of Systemic Safety and Adverse Effects of Topical Cyclosporine and Tacrolimus [44]

Parameter

Cyclosporine

Tacrolimus

Local Side Effects

Mild irritation (stinging, burning);
transient

More pronounced irritation (burning, stinging,
foreign body sensation)

Systemic Absorption

Minimal absorption, rare systemic
effects

Higher potential for systemic absorption,
especially with long-term use

Risk of Secondary Infections | Low risk (e.g., herpes simplex | Higher risk with long-term use or improper
keratitis) application

Immunosuppressive Effects Generally mild, not significant | Higher risk of immunosuppression, increased
systemically susceptibility to infections

Safety in Pediatric Patients

Well tolerated, more prone to ocular
irritation

Safe, but caution with long-term use due to
potential for systemic absorption

Safety in Elderly Patients

Safe, but monitor for ocular irritation
and pre-existing conditions

Caution, increased sensitivity, higher risk of
infections

Safety in
Immunocompromised Patients

Generally safe, but may suppress local
immunity.

Higher immunosuppressive risk, increased risk
of infections or delayed wound healing

4.3 Tacrolimus-Related Adverse Effects

Tacrolimus, being a more potent immunosuppressive agent than cyclosporine, carries a higher risk of adverse effects, especially
in relation to its immunosuppressive properties. The most common local side effects include ocular irritation, such as burning,
stinging, and foreign body sensation, which may be more pronounced compared to cyclosporine due to the higher potency of
tacrolimus. These side effects are typically temporary and resolve after a short period of use, although patient discomfort may
affect treatment adherence in some individuals [45]. Given tacrolimus’s potent immunosuppressive activity, there is a potential
risk of systemic absorption, particularly in patients using the medication long-term or in high doses. While systemic absorption
is generally minimal with topical use, it may lead to immunosuppression at the systemic level, increasing the risk of infections,
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including opportunistic infections. Prolonged use of tacrolimus may also increase the risk of skin malignancies, as seen with its
systemic use in organ transplant patients [46].

4.4 Safety in Pediatric, Elderly, and Immunocompromised Populations

Both drugs are considered generally safe in pediatric and elderly populations, although some differences are worth noting. In
pediatric patients, topical cyclosporine is well tolerated, though children may experience increased ocular irritation due to the
sensitivity of their ocular surfaces. Tacrolimus is used with caution in pediatric populations because of its higher lipophilicity and
potential for systemic absorption. This makes long-term use or high doses riskier in this group. For elderly patients, both drugs
should be used with caution due to potential age-related changes in the ocular surface and immune system. Cyclosporine is
generally safe, but older adults may be more prone to ocular irritation or pre-existing conditions that could complicate its use
[47]. Tacrolimus, with its higher potential for systemic absorption, requires closer monitoring, especially in elderly individuals
who may already have compromised immune systems. In immunocompromised patients, both cyclosporine and tacrolimus
warrant careful consideration. While cyclosporine has a relatively lower risk of systemic immunosuppression, its potential to
suppress the local ocular immune response may raise concerns in these individuals. Tacrolimus, due to its stronger
immunosuppressive effects, poses a higher risk for infections, delayed wound healing, and other complications. Special caution
is warranted when prescribing tacrolimus to immunocompromised patients, particularly in cases of long-term or high-dose use
[48].

ALLERGEN ASSOCIATIONS AND IMMUNOLOGICAL CONSIDERATIONS

Allergic conjunctivitis is primarily triggered by common environmental allergens, including pollen, dust mites, animal dander,
mold spores, and airborne pollutants. These allergens induce an IgE-mediated hypersensitivity reaction, leading to mast cell
degranulation, release of inflammatory mediators such as histamine, prostaglandins, and leukotrienes, and recruitment of
eosinophils and T-cells to the ocular surface [49]. This cascade results in the characteristic symptoms of itching, redness, tearing,
and conjunctival inflammation in Table 4 Common Allergens in Allergic Conjunctivitis and Drug-Specific Immune Modulation.

5.1 Interaction of Cyclosporine and Tacrolimus with Immune Response

Cyclosporine and tacrolimus, both calcineurin inhibitors, play a crucial role in modulating the immune response associated with

allergic conjunctivitis. Their mechanism involves the inhibition of T-cell activation, thereby reducing cytokine release and

subsequent inflammation. However, their specific effects on allergen-induced pathways differ [50]:

5.1.1 Cyclosporine: Primarily suppresses Th1 and Th2 responses, leading to reduced IL-2 and IFN-y production, which in
turn decreases T-cell proliferation and mast cell activation. This helps in dampening the allergic response without
directly affecting histamine-mediated reactions [51].

5.1.2  Tacrolimus: Exhibits a higher potency in suppressing T-cell activation and IL-2 synthesis, making it more effective in
cases of severe allergic conjunctivitis. However, its strong immunosuppressive effect raises concerns about local
immune suppression, which may predispose the ocular surface to secondary infections or delayed hypersensitivity
reactions [52].

5.2 Hypersensitivity Reactions and Paradoxical Worsening

While both drugs are well tolerated in most patients, there have been reports of hypersensitivity reactions and paradoxical

worsening of symptoms in certain individuals:

521 Cyclosporine Hypersensitivity: Some patients experience increased burning and irritation upon application, which may
be due to the preservatives in formulations rather than the drug itself. True hypersensitivity reactions to cyclosporine
are rare but have been reported in a small subset of patients with pre-existing ocular allergies [53].

5.2.2  Tacrolimus-Induced Paradoxical Worsening: In some cases, tacrolimus has been observed to cause a rebound
inflammatory response upon discontinuation, possibly due to the abrupt withdrawal of immune suppression.
Additionally, its strong immunosuppressive action can sometimes lead to increased susceptibility to opportunistic
infections, exacerbating ocular symptoms instead of alleviating them [54].

5.3 Clinical Implications

Understanding the interaction between allergens and immune modulation by cyclosporine and tacrolimus is critical in optimizing
treatment outcomes. Careful selection of patients, monitoring for hypersensitivity reactions, and considering individual allergen
exposure profiles can help maximize therapeutic benefits while minimizing adverse effects [55].

Table 4: Common Allergens in Allergic Conjunctivitis and Drug-Specific Immune Modulation [56]

Allergen Pathophysiology in Allergic | Effect of Cyclosporine Effect of Tacrolimus

Type Conjunctivitis

Pollen Triggers IgE-mediated mast | Reduces  T-cell  activation, | Stronger T-cell suppression, may

(Seasonal cell  activation, histamine | lowers cytokine-driven | provide faster symptom relief

AC) release inflammation

Dust Mites Chronic Th2-dominant | Inhibits IL-2 and Th2 cytokines, | More potent inhibition of IL-2,
response, persistent | reducing chronic irritation effective in severe cases
inflammation

Animal Rapid hypersensitivity reaction, | Helps regulate T-cell-mediated | More immunosuppressive, may

Dander increased tear production immune response increase infection risk
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Mold Spores | Fungal proteins act as strong | Controls T-cell overactivation, | Stronger suppression, but prolonged
antigens, chronic conjunctivitis | reduces chronic inflammation use may affect local immunity
Airborne Induce oxidative stress, | Anti-inflammatory effect but | No direct effect on pollutants, but
Pollutants worsening allergic symptoms does not target oxidative stress | reduces inflammation indirectly
directly

COMPARATIVE COST, AVAILABILITY, AND PATIENT COMPLIANCE

The choice between topical cyclosporine and tacrolimus for allergic conjunctivitis is influenced not only by clinical efficacy but
also by factors such as market availability, cost-effectiveness, and patient adherence. These factors play a significant role in
determining treatment success, particularly for chronic cases requiring long-term therapy, Comparative Cost, Availability, and
Accessibility of Topical Cyclosporine and Tacrolimus are given in Table 5.

6.1 Market Availability and Prescription Trends

Topical cyclosporine has been widely available for ophthalmic use for over two decades, with formulations such as cyclosporine
0.05% and 0.1% ophthalmic emulsion being commonly prescribed. It is approved in multiple countries for chronic dry eye disease
and allergic conjunctivitis. In contrast, topical tacrolimus is primarily used for severe allergic conjunctivitis and atopic
keratoconjunctivitis, with lower availability in some regions due to regulatory restrictions [57]. Cyclosporine ophthalmic
formulations: Available as prescription-only drugs in most countries, commonly in emulsion form (0.05% and 0.1%) and
Tacrolimus ophthalmic formulations: Less commonly available in commercially approved ophthalmic drops but often used as
compounded ointments or eye drops in specialized centers. The 0.03% and 0.1% ointments (originally designed for
dermatological use) are often repurposed for off-label ophthalmic use [58].

6.2 Cost-Effectiveness and Accessibility

The cost of therapy is a crucial determinant of patient adherence, particularly for long-term treatment regimens. Cyclosporine is
generally more expensive than tacrolimus due to its formulation as an ophthalmic emulsion with specialized drug delivery
technology. Tacrolimus, though effective, is often less expensive, especially in regions where it is available in generic
formulations or as compounded preparations [59]. In Developed countries Higher cost of cyclosporine due to brand pricing, but
better insurance coverage and Tacrolimus may be more accessible due to generic availability, but ophthalmic formulations remain
limited.

Table 5: Comparative Cost, Availability, and Accessibility of Topical Cyclosporine and Tacrolimus

Drug Average Monthly Cost (USD) - | Generic Availability | Accessibility

Branded
Cyclosporine 0.05% $200-300 per month Limited generic | Widely available

options

Tacrolimus 0.03% | $50-100 per month Auvailable as a generic | Less available
Ointment ophthalmically
Tacrolimus 0.1% | $70-150 per month Generic versions exist | More common in
Ointment dermatology

Note: Prices vary by country, insurance coverage, and healthcare system policies.

6.3 Patient Adherence and Ease of Use

Adherence to therapy depends on multiple factors, including side effects, frequency of administration, and patient-reported
satisfaction. Frequency of administration: Cyclosporine is usually applied twice daily (BID), whereas tacrolimus may require less
frequent application (once daily, QD, or BID) due to its higher potency [53]. Tolerability: Patients often report stinging and
burning with cyclosporine, which can lead to treatment discontinuation. Tacrolimus is generally better tolerated, though it carries
higher immunosuppressive risks and Ease of application: Cyclosporine (emulsion) can be more difficult to instill due to its thicker
consistency, whereas tacrolimus (ointment) may cause temporary blurred vision but is easier to apply in some cases [60].

6.4 Clinical Implications
Given the cost and adherence challenges, selecting the appropriate topical immunomodulator requires balancing clinical
efficacy with patient preferences. While cyclosporine remains the first-line therapy for many cases, tacrolimus may be a
preferred alternative in patients with cost constraints, severe cases, or those experiencing poor tolerability with cyclosporine
[61].

Table 4: Emerging Therapies for Allergic Conjunctivitis and Their Potential Advantages [61]

Therapy Type Example Agents | Mechanism of Action Potential Advantages | Current Status
Dupilumab (IL-4, | Blocks Th2 cytokines, | Targets underlying | Approved for atopic
IL-13 inhibitor) reducing inflammation immune response, | conditions,  being
Biologics long-lasting effect studied for ocular
(Monoclonal use
Antibodies) Tezepelumab Inhibits Th2 priming at | Prevents immune | Under clinical trials
(TSLP inhibitor) | early stage cascade initiation
LFA-1 Lifitegrast Blocks T-cell activation | Faster — onset than | Approved for dry
Antagonists & adhesion calcineurin inhibitors eye, potential use in
allergies
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JAK Inhibitors Ruxolitinib, Inhibits JAK-STAT | More localized | Under investigation
Tofacitinib pathway for immune | immune modulation, | for allergic
signaling avoids broad | conjunctivitis
suppression
Combination Cyclosporine + Blocks T-cell activation | Dual benefit of | Experimental phase
Therapy Antihistamine + immediate histamine | symptom relief & long-
relief term control
Advanced Nanoparticles, Improves ocular | Better drug absorption, | Preclinical & early
Drug Delivery Liposomes penetration, reduces | less frequent dosing clinical trials
irritation
Sustained- Cyclosporine/Tacr | Continuous drug | Reduces dosing | Early-stage
Release olimus implants | delivery over | burden, improves | development
Implants weeks/months compliance
CONCLUSION

Topical cyclosporine and tacrolimus are effective immunomodulatory agents for managing allergic conjunctivitis, each with
distinct pharmacokinetic and pharmacodynamic properties influencing their clinical use. Cyclosporine, with its well-established
ophthalmic formulations, is widely available and generally preferred for mild to moderate cases due to its proven safety profile
and regulatory approval for ocular use. However, its higher cost, slower onset of action, and frequent dosing regimen may reduce
patient adherence. Tacrolimus, with greater potency and less frequent administration, is particularly beneficial for severe or
refractory cases, yet concerns regarding higher systemic absorption, off-label ophthalmic use, and potential immunosuppressive
risks necessitate caution in long-term therapy, especially in pediatric, elderly, and immunocompromised patients. The safety
profile of both agents remains a key consideration, with localized adverse effects such as burning, irritation, and transient blurring
of vision, while systemic absorption remains higher with tacrolimus, requiring careful patient selection and monitoring. In terms
of accessibility, cyclosporine is widely available but costly, whereas tacrolimus is more affordable but less commonly formulated
for ophthalmic use, requiring compounding in many regions. Future therapeutic advancements, such as monoclonal antibodies
(e.g., dupilumab), JAK inhibitors, and LFA-1 antagonists, along with improved drug delivery systems like nanoparticles,
liposomes, and sustained-release implants, hold promise for enhancing efficacy, tolerability, and patient adherence. While both
agents remain essential in allergic conjunctivitis management, individualized therapy based on disease severity, patient-specific
risk factors, cost considerations, and drug tolerability should guide clinical decision-making. Future research should focus on
long-term comparative trials, optimizing dosing strategies, and integrating emerging biologic therapies to refine treatment
paradigms. A multidisciplinary approach involving ophthalmologists, allergists, and pharmacologists is crucial to advancing
patient care in this field.
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