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Abstract

Background

Immune-mediated conjunctivitis is a prevalent ocular ailment characterized by inflammation
and immune reactions in the conjunctiva. However, the precise causes and therapeutic
approaches for this condition remain the main focus for numerous ophthalmological special-
ists. Recently, accumulating evidence from human and mouse experiments has demon-
strated the critical involvement of the NLRP3 inflammasome, IL-18, and IL-18 in the
development of allergic diseases. Targeting specific NLRP3 inflammasome and its related
inhibitors may hold potential as therapeutic agents for immunologic conjunctivitis. Despite
this, there has been no systematic review specifically addressing the treatment of immuno-
logic conjunctivitis related to NLRP3. Therefore, this study aims to conduct a systematic
review and meta-analysis of currently published randomized controlled trials (RCTs) on
NLRP3-related treatments for immunologic conjunctivitis patients, with the goal of evaluat-
ing their efficacy and safety.

Methods

We will conduct a comprehensive search for relevant studies on NLRP3 inflammasome
inhibitors or NLRP3-related treatments for immunologic conjunctivitis in various databases
including PubMed, EMBASE, Cochrane Library, China National Knowledge Infrastructure
(CNKI), VIP, and Wanfang. The search will encompass studies from their respective incep-
tion dates to July 2023. A meta-analysis will be performed using data extracted from eligible
randomized controlled trials (RCTs), focusing on the clinical manifestations of immunologic
conjunctivitis, levels of NLRP3-related factors in serum or tear samples, quality of life out-
comes, and adverse events. Review Manager 5.4.1 software will be employed for the meta-
analysis, and the results will be analyzed using either random-effects or fixed-effects mod-
els, depending on the presence of heterogeneity. The reliability and quality of evidence will
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be evaluated using the Grading of Recommendations, Development, and Evaluation
(GRADE) system.

Results

The findings of this study will yield robust and high-quality evidence regarding the efficacy
and safety of NLRP3-related treatments for immunologic conjunctivitis. This evidence will
contribute significantly to our understanding of the potential benefits and risks associated
with such treatments and will assist healthcare professionals in making informed decisions
regarding the management of immunologic conjunctivitis.

Conclusion

This study represents the first comprehensive meta-analysis aiming to evaluate the efficacy
and safety of NLRP3-related treatments for immunologic conjunctivitis. The findings from
this study will provide valuable evidence to guide clinical management strategies for this dis-
ease. The results are anticipated to significantly contribute to the understanding of the thera-
peutic potential and safety profile of NLRP3-related treatments, offering valuable insights for
healthcare professionals involved in the care of patients with immunologic conjunctivitis.

Trial registration

Systematic review registration: PROSPERO with registration number
CRD42023437076.

Introduction

Allergic diseases, including asthma, rhinitis, dermatitis, conjunctivitis, and anaphylaxis, have a
significant impact on global health, affecting approximately one-third of the general popula-
tion. These conditions present major challenges in modern medicine [1, 2]. Immunologic con-
junctivitis, also known as allergic conjunctivitis, is characterized by a hypersensitive immune
response of the conjunctiva to external allergens [1-4]. It encompasses various forms such as
spring keratoconjunctivitis, allergic conjunctivitis, seasonal allergic conjunctivitis, perennial
allergic conjunctivitis, giant papillary conjunctivitis, and others [5, 6]. Statistics reveal that
approximately 15-20% of the population in Europe and the United States suffers from immu-
nologic conjunctivitis annually, with allergic reactions affecting 20%-30% of the U.S. popula-
tion, half of which can be attributed to immunologic conjunctivitis [1-4]. In China, the central
region has the highest prevalence of immunologic conjunctivitis, reaching up to 45.1% [5].
Therefore, it is essential to conduct in-depth research on the pathogenesis of immunologic
conjunctivitis and establish effective preventive and treatment strategies.

The prevalent ocular condition of immunologic conjunctivitis is characterized by inflam-
mation and immune reactions in the delicate and transparent conjunctiva, which plays a cru-
cial role in protecting the ocular surface from external irritants. However, when the immune
system dysfunctions, the conjunctiva becomes susceptible, leading to inflammation and dis-
comfort. The conjunctiva is regularly exposed to environmental allergens such as pollen, dust
mites, animal dander, and is also susceptible to bacterial or other microbial infections. It can
also exhibit allergic reactions to medications and food [1, 6, 7]. While immunologic conjuncti-
vitis is generally a benign condition, severe cases can cause visual impairment and significantly
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impact the patient’s quality of life. Common symptoms include intense itching, tearing, and
photophobia, accompanied by signs such as eyelid conjunctiva papillary hypertrophy, con-
junctiva congestion, edema, and increased secretion. It is a frequently encountered eye disor-
der with seasonal and periodic occurrences, often observed in spring and summer, as well as
during seasonal transitions in summer and autumn. Recurrence rates are high, and treatment
can be challenging [2, 6].

In recent years, significant advancements have been made in understanding immune-medi-
ated conjunctivitis and its diagnostic approaches [1, 8]. However, the precise causes and thera-
peutic approaches for this condition remain areas of focus for numerous ophthalmological
specialists. In terms of treatment, the management of immune-mediated conjunctivitis aims to
reduce inflammation, alleviate symptoms, and minimize side effects. Current therapeutic
options include the use of topical corticosteroids, immunomodulatory agents, and targeted
biologic therapies [8]. Nonetheless, optimizing treatment strategies and achieving long-term
remission in refractory cases continue to present ongoing challenges.

The NLRP3 inflammasome has been extensively studied for its activation pathways and
pathogenic mechanisms in recent publications in Nature and Science, as it plays a pivotal role
in pathogen infections, autoimmune inflammatory reactions, neurodegenerative diseases, can-
cer, type 2 diabetes, and other conditions [9-11]. Recently, accumulating evidence from
human and mouse experiments has demonstrated the outstanding potential of NLRP3-related
treatments, including NLRP3 inflammasome inhibitors, Interleukin-1 beta, Interleukin-18,
and Caspase-1, in treating immunologic conjunctivitis [12-19]. Specific NLRP3 inflamma-
some and its related inhibitors may serve as potential therapeutic agents for immunologic con-
junctivitis [12-19]. Therefore, in this study, we aim to collect clinical evidence of
NLRP3-related treatments for immunologic conjunctivitis and conduct a systematic review
and meta-analysis to evaluate their efficacy and safety. By integrating the results from various
randomized clinical trials (RCTs), this study will provide valuable insights for clinical deci-
sion-making in the treatment of immunologic conjunctivitis.

Methods
Study registration and ethics

A protocol, incorporating a detailed search strategy and data analysis method, has been regis-
tered with the International Prospective Register of Systematic Reviews (PROSPERO) under
the registration number CRD42023437076. The conduct and reporting of this protocol will
adhere to the guidelines outlined in the Cochrane Handbook for Systematic Reviews of Inter-
ventions and the Preferred Reporting Items for Systematic Review and Meta-Analysis (The
PRISMA 2020 statement) checklist [20]. The data for this study will be obtained from pub-
lished literature, and ethical approval is not required for this systematic review.

Inclusion and exclusion criteria

Types of studies. We will include randomized controlled trials (RCTs) investigating
NLRP3-related treatments for immunologic conjunctivitis. Non-clinical trials, non-case-con-
trol studies, non-RCTs, and quasi-RCT's will be excluded from the analysis.

Participants. We will include studies involving patients diagnosed with immunologic
conjunctivitis based on recognized diagnostic criteria. Specifically, as outlined in the "Expert
Consensus on the Clinical Diagnosis and Treatment of Immunologic Conjunctivitis" [21, 22]
and the "8th Edition of Ophthalmology" [23], immunologic conjunctivitis can be diagnosed
when patients present with itching or a foreign body sensation, in conjunction with any one or
a combination of the following five criteria: increased papillae and follicles on the conjunctiva,
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conjunctival congestion, chemosis of the bulbar conjunctiva or eyelid swelling, increased con-
junctival sac secretions or meibomian gland orifice secretions, and specific corneal changes.
There will be no restrictions on age, race, sex, or profession of the included patients.

Interventions. The development stage and specific formulations of interventions target-
ing NLRP3-related treatments can vary significantly, and there may be distinct considerations
associated with each stage such as Clinical Trials, and Approved Treatments. Currently, there
is no standardized protocol for dosage, form, or frequency. As a result, this study’s interven-
tion will encompass NLRP3-related treatments without imposing specific restrictions on dos-
age, form, or frequency.

Furthermore, this study includes various forms and routes of administration for NLRP3-re-
lated treatments, such as oral medications, injections, transdermal patches, and other adminis-
tration methods. NLRP3-related treatments encompass a range of options, including NLRP3
or NLRP3 inflammasome inhibitors (such as small molecules like MCC950), Interleukin-1
beta (IL-1B) treatment (involving anti-IL-1f medications like Anakinra or Canakinumab),
Interleukin-18 (IL-18) treatments (involving anti-IL-18 medications), and Caspase-1 treat-
ments (utilizing Caspase-1 inhibitors).

Regarding control treatments, any intervention can be considered, except for NLRP3-re-
lated treatments. If a placebo control is employed, it will involve a substance or intervention
that is not known to have immunologic effects on conjunctivitis. In cases where a no-treat-
ment control is used, ethical justifiability will be taken into account, as well as the nature and
severity of the condition.

Outcome indicators. The primary outcomes of this study will encompass the overall
effectiveness of treatment, indicated by the total effective rate post-treatment, as well as the lev-
els of NLRP3-related factors in the serum or tears of patients with immunologic conjunctivitis
before and after treatment. An effectiveness rate of 60% or higher is deemed effective, 80% or
higher is considered highly effective, while rates below 60% are regarded as ineffective. Second-
ary outcome measures will involve clinical indicators of immunologic conjunctivitis, including
papillary and follicular changes, degree of itching, and recurrence rate. Moreover, self-report
health-related quality of life questionnaires will be utilized as tertiary outcome measures.
Patients recorded their symptoms daily on a scale from 0 to 3, where 0 indicated the absence of
symptoms, 1 represented the presence of symptoms without discomfort, 2 signified some dis-
comfort, and 3 denoted marked discomfort. This scoring system was employed to assess dis-
comforted symptoms of immunologic conjunctivitis such as eyelid swelling, itchy eyes, and
overall symptoms. The self-report health-related quality of life questionnaires can provide
insight into patients’ subjective experiences when evaluating immunologic conjunctivitis [15,
24, 25]. The study will also encompass safety assessments, including the monitoring of adverse
events and treatment-related complications, to evaluate the safety profile of the interventions
under investigation.

Study selection. We will conduct a comprehensive search for pertinent studies on NLRP3
inflammasome inhibitors or NLRP3-related treatments for immunologic conjunctivitis across
various databases, including PubMed, EMBASE, CENTRAL, China National Knowledge
Infrastructure (CNKI), VIP, and Wanfang. Our search will encompass studies published from
the inception dates of these databases up to July 2023, and no language restrictions will be
imposed during the search. Translation services and bilingual reviewers will be employed as
needed. Two independent reviewers will be responsible for performing the search and meticu-
lously screening all citations in accordance with predetermined search strategies. The detailed
search strategies employed for the CENTRAL database can be found in Table 1, and these
identical strategies will be applied to the other databases. Additionally, screening of the refer-
ence lists in the identified studies will be carried out to ensure that no relevant studies were
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Table 1. Search strategy for CENTRAL database.

Number Search terms
1 Mesh descriptor: (Immunologic Conjunctivitis*) explode all trees
2 ((Immunologic Conjunctivitis*) or (Vernal keratoconjunctivitis*) or (VKC*) or (Allergic

Conjunctivitis*) or (Spring Allergic Conjunctivitis*) or (SAC*) or (Conjunctivitis*)):tl, ab, kw
3 Or:1-2

4 Mesh descriptor: (NLRP3*) explode all trees

5 ((NLRP3*) or (NLRP3 inflammasome*) or (NLRP3 inflammasome inhibitors) or (IL-18*) or
(Interleukin-1 beta*) or (IL-18*) or (Interleukin-18*) or (Caspase-1*)):tl,ab,kw

6 Or:4-5

7 Mesh descriptor: (randomized controlled trial)explode all trees

8 ((clinical study™) or (clinical trial*) or (controlled clinical trial*) or (randomized controlled trial®) or
(RCT¥) or (random*) or (randomly™) or (trial®)): to,ab,kw

9 Or 7-8

10 3and 6and 9

https://doi.org/10.1371/journal.pone.0296994.t001

inadvertently overlooked during the initial database search. Table 1 provides an illustration of
the selection process.

Data extraction

Selection of studies. Two independent reviewers will conduct an initial screening to iden-
tify potentially eligible studies. The retrieved literature will then be imported into literature
management software, such as EndNote X9, to facilitate the removal of duplicate studies. Sub-
sequently, the two reviewers will independently evaluate the titles and abstracts of the remain-
ing studies based on the predefined inclusion and exclusion criteria, removing any irrelevant
studies. Finally, the full-text articles of the remaining studies will be thoroughly read and
assessed for eligibility. In the case of any disagreements, discussions will be held between the
reviewers. If a consensus cannot be reached, a third reviewer with expertise in the field of
immunology and conjunctivitis research will be consulted to resolve the issue, ensuring an
unbiased assessment. The selection process will be presented in a flowchart, adhering to the
PRISMA guidelines. Fig 1 provides an illustration of the selection process.

Data extraction and management. Two investigators will independently perform data
extraction and complete pre-designed forms specific to this study. In the event of any disagree-
ments, a third investigator will be consulted to resolve them. The following specific informa-
tion will be included in the data extraction process: first author, publication date, study
location, study setting, diagnostic criteria, eligibility criteria, funding sources, conflicts of inter-
est, and demographic information such as age, sex, and race, as well as the number of patients
in each group. Additional details will be collected regarding the randomization method, con-
cealment, blinding, intervention details including medication, dosage, frequency, and dura-
tion, and all outcome measures and adverse events. To provide a comprehensive overview, we
will also include a table summarizing the excluded studies and the reasons for their exclusion.

Risk of bias assessment. The risk of bias in all the included randomized controlled trials
(RCTs) will be evaluated by two reviewers utilizing the RoB 2 Version 2 of the Cochrane risk-
of-bias tool for randomized trials. This updated tool for assessing bias risk in randomized trials
encompasses multiple domains, including random sequence generation (selection bias), allo-
cation concealment (selection bias), blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition
bias), selective outcome reporting (reporting bias), and potential sources of other biases. It
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Fig 1. The flow chart of study selection process. RCT = randomized controlled trial.
https://doi.org/10.1371/journal.pone.0296994.9001

offers a systematic framework for appraising the internal validity of individual RCTs, aiding
reviewers and researchers in making informed judgments regarding the dependability of trial
outcomes [26].

To report the results of the bias risk assessment, we will generate either a summary table or
a risk of bias graph. Each criterion will be categorized as "Low risk," "High risk," or "Unclear
risk" [26]. In cases of discrepancies between the reviewers, they will be resolved through dis-
cussion. If a consensus cannot be reached, a third reviewer will be consulted for arbitration. In
the context of a systematic review using RoB 2 (the Cochrane risk-of-bias tool); studies with a
high risk of bias will be assessed separately in sensitivity analyses to evaluate their potential
impact on the overall findings.

Treatment effect measurement. For dichotomous variables, the rate ratio (RR) will be
reported. For continuous variables, either the mean difference (MD) or standardized mean dif-
ference (SMD) will be presented. Confidence intervals (CIs) of 95% will be applied to both
dichotomous and continuous variables.

Dealing with missing data. In cases where the required data are insufficient, missing, or
unclear, we will make efforts to contact the corresponding authors via email. If the authors
cannot be reached or are unable to provide the missing data, we will analyze the available data
and acknowledge this limitation in our discussion.

Assessment of heterogeneity. Statistical heterogeneity among the included studies will be
assessed using the y” test and quantified with I* values. The choice to employ a fixed or ran-
dom-effects model should not only on the results of a statistical test but also depend on
whether the studies exhibit a common effect size. While a P-value greater than 0.1 and an I?
value less than 50% may suggest no significant heterogeneity, and would favor the use of a
fixed-effect model for the meta-analysis, but the test for heterogeneity can have limited power.
The decision to use a random-effects model will consider not only the statistical thresholds but
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also the clinical and methodological differences among the studies. The I* and y* thresholds
are not definitive rules but general guidelines. Additionally, sensitivity analysis and subgroup
analysis will be conducted to explore potential reasons for heterogeneity and provide a more
nuanced understanding of the study results.

Data synthesis and analysis. Data analysis will be performed using Review Manager 5.4.1
software from the Cochrane Collaboration. We will select either a random-effects model or a
fixed-effects model for data synthesis based on the results of the heterogeneity test. If the I*
value is less than 50%, indicating low heterogeneity, the fixed-effects model will be used. Con-
versely, if the heterogeneity is significant with an I” value of 50% or higher, a random-effects
model will be employed. For dichotomous data, the Mantel-Haenszel (M-H) method will be
utilized to calculate the rate ratios (RRs) with a 95% confidence interval (CI). For continuous
data, the inverse variance (IV) method will be applied to calculate the mean difference (MD)
with a 95% CIL.

Subgroup analysis. If substantial heterogeneity is observed and the required data are
available, subgroup analyses will be conducted based on NLRP3-related factors, such as Inter-
leukin-1 beta, Interleukin-18, or Caspase-1.

Sensitivity analysis. Sensitivity analyses will be conducted to assess the robustness of key
decisions made during the review process and to evaluate the stability of our results. These
analyses will involve examining the impact of factors such as sample size, study quality, meth-
odological considerations, and missing data on the overall findings. For instance, sample size
will be assessed by excluding or weighting studies with small sample sizes. Study quality will be
evaluated by excluding studies with a high risk of bias. Methodological considerations will
involve exploring the impact of different inclusion/exclusion criteria or data analysis methods.
Missing data on the overall findings can be assessed by employing imputation methods or con-
ducting sensitivity analyses to evaluate its potential impact. These detailed assessments will
provide a comprehensive understanding of how variations in these factors might affect the
overall conclusions of the study.

Publication bias assessment. If the number of included studies is at least 10, a funnel plot
analysis will be conducted to assess publication bias [27]. In case visual examination of the fun-
nel plot indicates asymmetry, we will explore potential sources of bias and consider adjusting
for publication bias. This adjustment may involve using techniques such as trim and fill, or
applying statistical methods like the Egger’s test for further investigation [28].

Evidence quality evaluation. The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) system will be employed to assess the quality of evidence [29].
The GRADE system evaluates the quality of evidence based on several key components,
including study design, risk of bias, consistency, directness, and precision. These domains con-
tribute to the overall quality rating of the evidence. The quality of evidence will be categorized
as "high," "moderate," "low," or "very low" based on the following criteria:

High Quality: The evidence is derived from well-conducted studies with consistent results
and a low risk of bias. It provides a high degree of confidence in the findings.

Moderate Quality: The evidence is based on studies with some limitations but still provides
a reasonable level of confidence in the results.

Low Quality: The evidence has significant limitations, including methodological flaws or
inconsistency in results, leading to reduced confidence in the findings.

Very Low Quality: The evidence is characterized by serious limitations, high risk of bias,
inconsistency, or imprecision. Confidence in the results is very limited.

It’s important to note that the GRADE system acknowledges potential subjectivity and
biases in the process of evidence quality evaluation. Efforts will be made to minimize these lim-
itations by employing a systematic and transparent approach to evidence assessment.
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Discussion

Although several studies have demonstrated the efficacy and safety of NLRP3-related treat-
ments for immunologic conjunctivitis, a comprehensive systematic evaluation has not yet
been conducted. This study represents the first systematic review and meta-analysis protocol
aiming to assess the effectiveness and safety of NLRP3-related treatments for immunologic
conjunctivitis. The protocol includes a comprehensive search across various databases, without
any language restrictions. The results of this study will provide an updated and detailed sum-
mary of the available evidence concerning NLRP3-related treatments for patients with immu-
nologic conjunctivitis. This evidence will be valuable for clinical practitioners and health
policymakers in guiding the specific utilization of NLRP3-related treatments for patients with
immunologic conjunctivitis. It is important to note that due to the limited number and quality
of existing randomized controlled trials (RCTs) on NLRP3-related treatments for immuno-
logic conjunctivitis, further high-quality RCTs are needed to strengthen the clinical evidence
supporting NLRP3-related treatments as potential options for treating immunologic
conjunctivitis.
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