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Objective: This meta-analysis evaluated the efficacy and safety of DEXTENZA, an intracanalicular dexamethasone insert, for the 
treatment of seasonal/perennial allergic conjunctivitis.
Methods: Multiple databases, including PubMed, the Cochrane Central Register of Controlled Trials (CENTRAL), ClinicalTrials.gov, 
the Directory of Open Access Journals, and Scopus, were searched for randomized controlled trials (RCTs) comparing the efficacy of 
DEXTENZA with a placebo. The primary efficacy endpoint was the change in the conjunctival allergen challenge (CAC) model. The 
GRADE approach was used to assess the certainty of evidence, and the revised Cochrane risk of bias tool for randomized trials was 
employed to assess bias.
Results: Four RCTs involving 323 participants met the eligibility criteria, and all had a low risk of bias. A meta-analysis revealed 
a statistically significant increase in the mean CAC change for conjunctival itching, with low heterogeneity among measurements at 3 
minutes (P < 0.00001, I2 = 47%), 5 minutes (P < 0.00001, I2 = 46%), and 7 minutes (P < 0.00001, I2 = 41%). Additionally, the meta- 
analysis found a statistically significant increase in the mean CAC change for conjunctival redness with low heterogeneity 
(P < 0.00001, I2 = 15%). The pooled analysis showed no significant difference (P = 0.57, I2 = 0%) between the DEXTENZA and 
placebo groups in the frequency of adverse events.
Conclusion: DEXTENZA has emerged as a promising and viable treatment option for patients with seasonal/perennial allergic 
conjunctivitis and is an effective alternative to current therapeutic modalities.
Keywords: conjunctivitis, allergic conjunctivitis, dexamethasone insert, DEXTENZA

Introduction
In recent decades, there has been a gradual increase in the global incidence of allergic diseases, including allergic 
conjunctivitis.1 Allergic conjunctivitis is an inflammatory disorder affecting the conjunctiva, a thin mucous membrane 
that covers the sclera and lines the inner surface of the eyelids.2 Allergic conjunctivitis can be classified into two main 
categories based on the underlying immune mechanisms. Seasonal and perennial allergic conjunctivitis are IgE-mediated, 
meaning they are triggered by exposure to specific allergens. In contrast, vernal keratoconjunctivitis (VKC) and atopic 
keratoconjunctivitis (AKC) have a more complex etiology, involving a mixed IgE and non-IgE mediated process, where 
they can be triggered not just by allergens but also by nonspecific irritants.3 The prevalence of allergic conjunctivitis at 
the population level was determined through the implementation of the National Health and Nutrition Examination 
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Survey III from 1988 to 1994. This extensive survey aimed to collect comprehensive data on the health status, 
socioeconomic, and demographic characteristics of individuals. A total of 33,994 participants were interviewed, reveal-
ing that approximately 40% of individuals aged 17 years and older had symptoms meeting the criteria for allergic 
conjunctivitis.4,5 Allergic conjunctivitis has several subtypes, including atopic, vernal, seasonal/perennial, and giant 
papillary conjunctivitis. These classifications delineate distinct clinical presentations and underlying pathophysiological 
mechanisms.2 Common clinical manifestations of allergic conjunctivitis include pruritus (itchiness), lacrimation (exces-
sive tearing), photophobia (sensitivity to light), and ocular pain.6

The management of allergic conjunctivitis necessitates a multifaceted approach involving both pharmacological and 
non-pharmacological interventions. Initial measures focus on the avoidance of environmental irritants to minimize 
exposure and subsequent allergic reactions. Pharmacological management includes both prophylactic and therapeutic 
medications, administered via topical ocular drops or systemic routes.7 Prophylactic drugs, such as sodium cromoglycate 
and nedocromil, function as mast cell stabilizers, exerting their effect by blocking the release of inflammatory mediators 
and thereby preventing the onset of symptoms.7,8 Symptomatic relief is achieved through the use of decongestants, 
including astringents (eg, silver nitrate or zinc sulfate), vessel vasoconstrictors (alpha and beta sympathomimetics), or 
antihistamines (eg, astemizole or cetirizine). These medications work by a reduction in conjunctival congestion, 
constriction of blood vessels, and inhibition of histamine-mediated allergic responses.7,8 Furthermore, anti- 
inflammatory drugs such as NSAIDs and corticosteroids play a key role in reducing inflammation and suppressing 
immune-mediated responses. These agents act by inhibiting the production of pro-inflammatory mediators and modulat-
ing the immune response, thereby alleviating symptoms and promoting ocular comfort.7,8

Corticosteroids are effective for allergic reactions by inhibiting the production of inflammatory substances such as 
prostaglandins and leukotrienes, reducing inflammatory cells, and suppressing mast cell proliferation. These pleiotropic 
actions make corticosteroids effective in both the early and late stages of the allergic response.9 Consequently, patients 
who are more prone to experiencing the late-phase inflammatory response, eg, those with moderate to severe symptoms, 
prolonged or recurrent allergen exposure, or inadequate symptom management with antihistamines and mast cell 
stabilizers, often receive topical corticosteroid treatment.9,10 It is important to note, however, that prolonged use of 
corticosteroids may cause significant adverse effects, including increased intraocular pressure and the development of 
glaucoma, cataracts, and an elevated risk of infection.11 Despite the frequent use of topical therapies for allergic 
conjunctivitis, there are still several needs unmet by the current treatment options. These inadequacies include incon-
sistent efficacy, short duration of action, delayed onset of action, and safety concerns associated with side effects, 
particularly those induced by steroids and preservatives. Consequently, there remains a demand for long-acting therapies 
that consistently demonstrate efficacy, require lower dosages, and effectively inhibit the late-phase inflammatory 
response without major adverse effects.11

The introduction of an intracanalicular dexamethasone insert, commercially known as DEXTENZA (dexamethasone 
ophthalmic insert, 0.4 mg), developed by Ocular Therapeutix, Inc., in Bedford, Massachusetts, USA, has provided 
a means of harnessing the benefits of corticosteroids while mitigating the risk of severe side effects. The insert 
encompasses a biodegradable, crosslinked, synthetic, hydrophilic, polyethylene glycol–based hydrogel that has been 
specifically engineered to serve as a drug delivery system for the controlled release of preservative-free dexamethasone to 
the ocular surface.12 This hydrogel-based dexamethasone implant eliminates the need for conventional eye drops 
containing preservatives by replacing them with a sustained-release delivery system. To ensure ease and visual 
confirmation of insertion, the implant is conjugated with fluorescein. It is inserted into the canaliculus of the eyelid 
through the lacrimal punctum, where it remains for up to thirty days, gradually releasing 0.4 milligrams of dexametha-
sone onto the ocular surface.13 If necessary, the insert can be removed, but it is designed to be resorbable, thus obviating 
the need for a physician to manually extract it. Instead, it is naturally cleared through the nasolacrimal duct.14

The objective of the present study was to conduct a systematic review and meta-analysis of published trials to 
evaluate the clinical efficacy and safety of utilizing the dexamethasone intracanalicular insert in patients diagnosed with 
seasonal/perennial allergic conjunctivitis.
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Methods
This systematic review and meta-analysis followed the guidelines outlined by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) to ensure transparency and rigor in reporting. The study was also 
registered in the PROSPERO registry, with a unique identification number (CRD42023456862); this entry can be 
referenced for further details.

Search Strategy
A comprehensive and rigorous search strategy was implemented across multiple databases, including the Cochrane Central 
Register of Controlled Trials (CENTRAL), Midline, Scopus, the Directory of Open Access Journals, and ClinicalTrials.gov. 
The aim was to identify relevant studies meeting predefined inclusion criteria of randomized controlled trials (RCTs) 
evaluating the use of DEXTENZA in patients with seasonal/perennial allergic conjunctivitis. The search encompassed the 
entire lifespans of the databases, from inception to August 2023, and excluded non-English studies and those employing 
different study designs. The search terms employed were carefully selected, including keywords related to allergic con-
junctivitis and intracanalicular dexamethasone insert, along with relevant synonyms and variations (Supplementary file).

Study Selection
The studies and clinical trials identified through the comprehensive search strategy underwent a meticulous selection 
process, adhering to the predefined inclusion and exclusion criteria. Two independent reviewers screened the titles, 
abstracts, and full texts of the identified publications to evaluate their eligibility for inclusion in the systematic review and 
meta-analysis. Any discrepancies between the reviewers were resolved through extensive discussion and consensus, 
ensuring a comprehensive and unbiased selection of studies. The primary endpoints of this systematic review and meta- 
analysis were assessments of the change in the mean score of the modified conjunctival allergen challenge (CAC) test at 
different follow-up intervals. The CAC test measures the ocular allergic response after controlled exposure to a relevant 
allergen, with outcomes typically including ocular signs and symptoms such as redness, itching, and tearing.15 This 
objective measure serves as an indicator of the clinical efficacy of DEXTENZA in managing seasonal/perennial allergic 
conjunctivitis. Secondary endpoints included the safety profile of DEXTENZA, providing valuable insights into the 
adverse events and potential risks associated with its use.

Data Extraction
Data extraction was performed by two independent reviewers using a standardized data extraction form to ensure consistency 
and accuracy. The reviewers extracted pertinent information from each included trial, including important aspects such as 
study characteristics (eg, author, publication year, study design, sample size, and follow-up duration), participant character-
istics (eg, demographics, disease severity, and inclusion/exclusion criteria), and outcome measures (specifically, changes in the 
modified CAC test results at different intervals and adverse events).To maintain consistency in the data extraction process, any 
discrepancies in extracted data between the reviewers were resolved through thorough discussion and consensus.

Risk of Bias Assessment
The Cochrane Risk of Bias 2 tool (RoB 2) was employed to assess potential bias in the studies included in the analysis.16 The 
assessment of the risk of bias of each study was conducted independently by two authors, namely, A.S. and R.Z. Any 
discrepancies in extracted data between the reviewers were resolved through discussion and consensus. To determine the 
quality of evidence for each outcome, the Grading of Recommendations, Assessment, Development, and Evaluation 
(GRADE) criteria were employed.17,18 The GRADE instrument, which is endorsed by the Cochrane Collaboration, enabled 
a comprehensive evaluation of the quality of evidence and strength of the recommendations of the studies included in the 
meta-analysis.17 This systematic evaluation considered various important factors, including research design, consistency, 
indirectness, heterogeneity, imprecision, publication bias, and other relevant characteristics discussed in the papers included in 
this systematic review. Subsequently, the quality of evidence was categorized into distinct levels—high, moderate, low, or 
very low—based on an overall assessment conducted in accordance with the GRADE framework.17,18
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Meta-Analysis
Data analysis was performed using Review Manager (RevMan), version 5.3 (Cochrane Collaboration). The meta-analysis was 
performed using a random-effects model. A 95% confidence level and P < 0.05 were selected to indicate statistical significance. 
Statistical heterogeneity was assessed using I2. We used mean change in ocular itching and conjunctival redness in the CAC score 
as continuous variables, and the standardized mean difference (SMD) was used as the effect measure. Dichotomous outcomes 
(adverse events) were represented as risk ratios (RRs) and pooled using inverse variance weighting. Subgroup analysis was 
conducted by evaluating the CAC scores at different time points (3, 5, 7, 15, and 20 minutes post-CAC).

Results
Following an extensive search of the aforementioned databases, a total of 1073 reports were initially retrieved. Among 
them, 1066 reports were deemed ineligible and subsequently excluded due to a lack of conformity with the predeter-
mined eligibility criteria. Moreover, three additional studies were excluded from the analysis due to inaccessibility or 
different study designs that did not align with the specific research objectives. Eventually, a rigorous selection process led 
to the inclusion of four reports derived from four RCTs in the final analysis (Figure 1).19–22

Figure 1 PRISMA flowchart. *Cochrane Central Register of Controlled Trials **Directory of Open Access Journals.
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Trial Characteristics
This meta-analysis comprised four clinical trials,19–22 encompassing a collective sample size of 323 patients. Among 
these participants, 162 were randomly assigned to a DEXTENZA group, whereas 161 were assigned to a placebo 
vehicle insertion group. The mean duration of participant follow-up in these studies was approximately 30 days. The 
range of follow-up, from initial intracanalicular insert placement to final study completion, was approximately 1 to 2 
months. Notably, the mean age of the participants across all trials was 41.8 years, with an age range spanning from 18 
to 71 years. Of the 323 patients in the aggregated trials, 168 (52%) were female and 155 (48%) were male 
(Supplementary Table 1).

Risk of Bias Assessment
Two independent reviewers (A.S. and R.Z). utilized RoB 214 to individually evaluate the risk of bias of the eligible RCTs. 
Subsequently, their assessments were combined to provide a comprehensive evaluation. Remarkably, all four trials 
included in this study demonstrated a low risk of bias, as illustrated in Figure 2 and Supplementary Figure 1.

Efficacy
Ocular Itching in the Conjunctival Allergen Challenge (CAC) Model
The four studies19–22 included in the analysis used ocular itching as the primary endpoint, with examinations 3, 5, and 7 
minutes post-CAC. The meta-analysis demonstrated a statistically significant increase in the mean change in CAC scores 
for conjunctival itching at each time point. The effect sizes, represented by the SMD, were measured at 3 minutes (SMD 
−0.74, 95% CI −1.05 to −0.44, P < 0.00001, I2 = 47%), 5 minutes (SMD −0.80, 95% CI −1.09 to −0.51, P < 0.00001, 
I2 = 46%), and 7 minutes (SMD −0.85, 95% CI −1.13 to −0.57, P < 0.00001, I2 = 41%). These findings indicate 
a significant improvement in conjunctival itching compared to the placebo across all examination durations. Moreover, 
a sensitivity analysis was performed to assess the impact of individual studies on heterogeneity. The analysis revealed 
that the significant improvement in conjunctival itching with DEXTENZA resulted in the omission of heterogeneity 
(I2 = 0%). This indicates that the observed heterogeneity in the initial analysis can be attributed to specific studies 
(Figure 3 and Supplementary Figure 2). The quality of evidence for this outcome was assessed using the GRADE 
framework and yielded high certainty of evidence (Table 1).

Conjunctival Redness in the Conjunctival Allergen Challenge (CAC) Model
Two studies19,21 representing 132 subjects included conjunctival redness as their primary endpoint, with examinations 7, 
15, and 20 minutes post-CAC. The meta-analysis of these studies revealed a statistically significant increase in the mean 
change in conjunctival redness at each time point (7, 15, and 20 minutes). The effect size, as measured by the SMD, was 
−0.44 (95% CI −0.60 to −0.29, P < 0.00001, I2 = 15%), indicating an overall reduction in conjunctival redness with the 

Figure 2 Risk of bias graph.
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intervention. Furthermore, a subgroup analysis revealed significant reductions in conjunctival redness at each respective 
endpoint: 7 minutes (SMD −0.38, 95% CI −0.62 to −0.13, P < 0.003, I2 = 0%), 15 minutes (SMD −0.48, 95% CI −0.90 
to −0.06, P < 0.003, I2 = 64%), and 20 minutes (SMD −0.49, 95% CI −0.83 to −0.14, P < 0.005, I2 = 47%). These 
findings further support the effectiveness of the intervention in reducing conjunctival redness at different time intervals 
(Figure 4). The quality of evidence for this outcome was assessed using the GRADE framework and yielded high 
certainty of evidence (Table 1).

Safety Profile
Adverse Events
Four studies19–22 were included in the analysis to investigate the adverse events associated with the insertion of 
DEXTENZA in patients with seasonal/perennial allergic conjunctivitis. The pooled analysis of these studies revealed 
no statistically significant difference in the frequency of adverse events between the DEXTENZA and placebo groups 
(RR = 0.88, 95% CI 0.55–1.39, P = 0.57, I2 = 0%). This finding suggests that DEXTENZA has a favorable safety profile 
and can be used safely in this patient population (Supplementary Figure 3). The quality of evidence for this outcome was 
assessed using the GRADE framework and yielded high certainty of evidence (Table 1).

Figure 3 Forest plot of ocular itching in the conjunctival allergen challenge (CAC) model. 
Abbreviations: CI, confidence interval; SD, standard deviation.

Table 1 Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) Evidence Profile

Certainty Certainty Assessment

Other Considerations Imprecision Indirectness Inconsistency Risk of Bias Study Design Outcomes

High Very Strong Association Not Serious Not Serious Not Serious Not Serious Randomized Trials CAC Itching

High Very Strong Association Not Serious Not Serious Not Serious Not Serious Randomized Trials CAC Redness

High None Not Serious Not Serious Not Serious Not Serious Randomized Trials Adverse Events
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Discussion
DEXTENZA is an intracanalicular insert containing the corticosteroid dexamethasone and has been specifically for-
mulated to provide a sustained release of 0.4 mg of dexamethasone to the ocular surface. In recent studies, the use of 
DEXTENZA has been investigated in patients with seasonal/perennial allergic conjunctivitis aiming to alleviate the 
distressing symptoms of ocular itching and redness associated with this condition.19–22 However, to the best of our 
knowledge, no systematic review and meta-analysis has comprehensively evaluated the safety and efficacy of this novel 
drug delivery system in patients with seasonal/perennial allergic conjunctivitis. To address this research gap, we 
conducted a rigorous meta-analysis incorporating four RCTs involving a total of 323 patients with chronic seasonal/ 
perennial allergic conjunctivitis.19–22 The pooled results from these trials consistently demonstrated statistically sig-
nificant improvements in conjunctival itching and redness when using DEXTENZA compared to a placebo across all 
designated examination durations. Furthermore, the pooled analysis of the included trials revealed no statistically 
significant difference in the frequency of adverse events between the DEXTENZA and placebo groups, indicating 
a favorable safety profile of DEXTENZA when used in this patient population. Notably, DEXTENZA was exclusively 
utilized in patients diagnosed with seasonal/perennial allergic conjunctivitis who exhibited induced symptoms and signs 
of conjunctivitis through the modified CAC. Subsequent to the induction of such symptoms, DEXTENZA was inserted to 
systematically assess its efficacy and safety.19–22

The use of intracanalicular inserts, such as DEXTENZA, confers several advantages over traditional topical eye drops. 
Primarily, these inserts offer the benefit of sustained drug release, delivering a consistent dosage of 0.4 mg of dexametha-
sone. As a result, a continuous therapeutic effect is achieved, thereby reducing the need for frequent administration. This 
feature has the potential to enhance patient compliance23–26 and provide added convenience by mitigating the challenges 
associated with suboptimal administration techniques27,28 and the accidental injury29 commonly associated with conven-
tional corticosteroid eye drops. Additionally, intracanalicular inserts facilitate direct delivery of the medication to the ocular 
surface. This mode of administration bypasses potential barriers such as tear dilution and systemic absorption, which are 
commonly encountered with traditional eye drops. By precisely targeting the ocular surface, the inserts enhance the efficacy 
of the medication while concurrently reducing the likelihood of systemic side effects.23

Our meta-analysis yielded compelling findings regarding the impact of DEXTENZA insertion on ocular itching and 
ocular redness, with a statistically significant change observed in the mean CAC value. The evidence supporting this 

Figure 4 Forest plot of conjunctival redness in the conjunctival allergen challenge (CAC) model. 
Abbreviations: CI, confidence interval; SD, standard deviation.
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finding is of high certainty, and a strong association was established (P < 0.00001) for both ocular itching and redness. 
Notably, to the best of our knowledge, our study is the first meta-analysis to investigate the use of DEXTENZA in 
patients with seasonal/perennial allergic conjunctivitis; no previous studies have been conducted to assess the strength of 
its effects in this specific population. Nevertheless, our results align with previous investigations that have explored the 
efficacy and safety of DEXTENZA in treating pain and inflammation following cataract surgery.14,30,31 These previous 
studies14,30,31 consistently reported positive outcomes, highlighting the effectiveness and tolerability of DEXTENZA in 
mitigating post-surgical pain and inflammation.

Our comprehensive analysis yielded results indicating no statistically significant difference in the frequency of 
adverse events between the DEXTENZA and placebo groups, thereby suggesting a favorable safety profile for 
DEXTENZA in patients diagnosed with seasonal/perennial allergic conjunctivitis. The evidence supporting this finding 
is of high certainty, reinforcing the reliability of our conclusions. These findings align with previous investigations that 
have consistently demonstrated a favorable safety profile of DEXTENZA across various conditions].14,23,30,31 

Furthermore, a recent study outlined additional advantages of DEXTENZA, including improved patient satisfaction, 
enhanced convenience, and increased comfort compared to traditional corticosteroid eye drops.32 Moreover, the absence 
of preservatives, such as benzalkonium chloride (BAK) is an important advantage of DEXTENZA, as preservatives in 
topical ophthalmic medications can negatively impact ocular tissues.24 These findings collectively highlight the potential 
of DEXTENZA as a safe and promising treatment option for patients with seasonal/perennial allergic conjunctivitis.

It is crucial to note some limitations of our study. First, the number of included studies was relatively small, which 
may limit the generalizability of our findings. Second, the duration of the follow-up period varied among the included 
studies, and longer-term safety and efficacy data were not available. Future studies with longer follow-up periods are 
needed to assess the sustained effects and long-term safety of DEXTENZA. Further investigations, including larger-scale 
trials and long-term follow-up studies, are warranted to corroborate these findings and provide a more comprehensive 
understanding of the efficacy and safety of DEXTENZA use for the management of ocular conditions.

Conclusion
In conclusion, this systematic review and meta-analysis provides compelling evidence supporting the efficacy and safety 
of DEXTENZA as a potential therapeutic treatment for seasonal/perennial allergic conjunctivitis. The analysis of high- 
quality RCTs consistently demonstrated a significant and clinically meaningful improvement in conjunctival itching and 
redness. Importantly, the safety profile of DEXTENZA was favorable, with no observed correlation between 
DEXTENZA use and serious adverse events or mortality. The frequency of adverse events did not significantly differ 
between the DEXTENZA and placebo groups, suggesting good tolerability. The inclusion of high-quality RCTs 
strengthened the reliability and validity of these results. The high certainty of evidence supporting our findings further 
strengthened the validity of our conclusions. Further research, including long-term studies and comparative effectiveness 
trials, is warranted to evaluate the long-term efficacy, safety, and potential benefits of DEXTENZA for specific subtypes 
of allergic conjunctivitis and in different patient populations. Overall, DEXTENZA offers a viable solution to the unmet 
needs in the management of allergic conjunctivitis and has the potential to improve patient outcomes and quality of life.
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