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Purpose: Dupilumab-associated ocular surface disease (DAOSD) is a reported side effect with several manifestations and uncertain
risk factors. This study uses objective assessments and a patient-reported questionnaire to evaluate ocular surface disease (OSD) in
Dupilumab-treated patients.

Methods: A case-control study at Sdo Jodo Local Health Unit (ULS Sao Jodo), Porto, Portugal, included 58 Dupilumab-treated adults
categorized by the DAOSD Questionnaire. Cases (Group A, n=40) had >3 symptoms or >1 severe symptom, while controls (Group B,
n=18) had <3 symptoms without daily impact. Ocular surface parameters were assessed, including eye redness score, non-invasive
break-up time (NIBUT), tear meniscus thickness, tear film stability evaluation (TFSE®), and tear osmolarity. The Ocular Surface
Disease Index (OSDI) classified symptom severity.

Results: Group A had significantly higher tear osmolarity (303.43+7.61 vs 293.31+5.11 mOsm/L, p<0.001) and eye redness (2.00 (1.00) vs
1.00 (1.00) points, p=0.036). TFSE values were higher (252.76+3.30 vs 138.7443.43 points, p=0.094), while NIBUT was lower (1.00 (4.00)
vs 6.50 (10.00) s, p=0.078). Conjunctivitis was more frequent in Group A (57.50% vs 33.33%, p=0.089), followed by posterior blepharitis
(40.00% vs 5.56%, p=0.008). OSDI scores had significantly different mean in Group A (27.32420.24 vs 2.11+3.24 points, p<0.001), with
37.5% exhibiting severe disease classification.

Conclusion: DAOSD is associated with increased symptom burden. The DAOSD questionnaire correlated with OSDI scores and
ocular surface changes, supporting its role in early detection and referral for ophthalmological management.
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Introduction
Dupilumab (Dupixent®) is a human monoclonal IgG4-based antibody that acts as an antagonist of the interleukin-4 (IL-4)
receptor alpha chain (IL-4Ra), thereby inhibiting IL-4 and IL-13 signaling-key drivers of type 2 inflammation.'” It is
approved for treating moderate-to-severe atopic dermatitis (AD), severe asthma (SA) with type 2 inflammation, chronic
rhinosinusitis with nasal polyps (CRSwNP), nodular prurigo (NP), and eosinophilic esophagitis (EoE) in different age
groups.”

Ocular symptoms such as redness, pruritus, tearing, dryness, irritation, discharge, photosensitivity, blurred vision,
a foreign body sensation, and pain are commonly reported in patients treated with Dupilumab. These symptoms are now
collectively recognized as Dupilumab-Associated Ocular Surface Disease (DAOSD)."* This condition includes different
inflammatory ocular manifestations, such as severe follicular conjunctivitis, limbal nodules, cicatricial ectropion,
keratitis, dry eye disease, and blepharoconjunctivitis.’

Each Dupilumab indication may influence the risk of DAOSD among users. Notably, DAOSD has been predomi-
nantly reported in clinical trials involving AD patients, with little to no cases documented in non-AD trials. Its incidence
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appears to be higher in this population, reaching 25.1% in prospective studies and 20.6% in real-life retrospective
studies.®’

The pathophysiology of DAOSD remains unclear, with several hypotheses proposed.® The blocking effect of
Dupilumab on IL-4 and IL-13 leads to impaired function of conjunctival goblet cells (GCs) in Mucin 5AC
(MUC5AC) production, further increasing the risk of ocular surface inflammation.” Supporting this, a study showed
that tear production, assessed by the Schirmer test, remained stable or even increased in AD patients treated with
Dupilumab. Specifically, the median Schirmer value increased from 15 mm (interquartile range (IQR):12-21) at baseline
to 18 mm (IQR: 11-27) after 28 weeks of Dupilumab treatment. In contrast, tear break-up time (TBUT) slightly
decreased during treatment, with median TBUT reducing from 8 seconds (IQR: 5-10) at baseline to 7 seconds (IQR:
4-10) after 28 weeks. Therefore, it is hypothesized that the dry eye sensation, a hallmark symptom of DAOSD, is not due
to insufficient tear production but rather to reduced mucus secretion by GCs and/or Meibomian gland dysfunction.'®

DAOSD can trigger a vicious cycle in which chronic inflammation accelerates severe ocular complications, including
corneal scarring, corneal neovascularization, and recurrent corneal erosion syndrome. In those cases, corneal transplanta-
tion may be necessary to prevent irreversible vision loss.® Approximately 4.5% of patients with DAOSD discontinued
Dupilumab treatment.” Despite its significance in enhancing patients’ quality of life by controlling the primary disease,
Dupilumab’s association with DAOSD underscores the importance of early recognition and management of these ocular
manifestations. In this context, the use of a patient-reported questionnaire is particularly relevant, as there remains a gap
in simple, validated tools for early detection. Incorporating patient perspectives supports a multidisciplinary approach to
care.

This case-control study aims to characterize the affected population based on clinical presentation and to assess its
impact on noninvasive ocular surface parameters. Additionally, it explores the feasibility and relevance of implementing
specific guidelines at Sdo Jodo Local Health Unit (ULS Sdo Jodo) and potentially in other health units to mitigate
DAOSD’s impact and minimize disruptions associated with Dupilumab therapy.

Materials and Methods
A case-control study was conducted at the Ophthalmology Department of ULS Sdo Jodo, Porto, Portugal.

Adult patients (aged >18 years) who were receiving or had previously received Dupilumab were identified through
pharmacy records at ULS Sdo Jodo. A questionnaire (Appendix 1), adapted from the DAOSD Activity Assessment
Questionnaire, was administered via telephone to select patients for a noninvasive ocular surface evaluation based on
predefined inclusion and exclusion criteria. Patients who had discontinued Dupilumab treatment or declined ophthalmol-
ogy assessment were excluded. Based on the questionnaire’s scoring system, patients were then categorized into case and
control groups (Figure 1). Cases (Group A) included patients reporting three or more ocular symptoms, regardless of
their impact on daily life, or at least one symptom with a severity score of five or higher. Controls (Group B) comprised
patients reporting fewer than three ocular symptoms and no impact on daily life (severity score of zero).

The ophthalmological examination included best-corrected visual acuity (BCVA), tear osmolarity using the
ScoutPro®™, biomicroscopy, and the use of the TearCheck™ device (ESW Vision, Linz, Austria), for assessment of the
eye redness score, non-invasive break-up time (NIBUT), tear meniscus thickness (TMT) and tear film stability evaluation
(TFSE®™). BCVA was measured using Snellen charts and converted to decimal notation for analysis. The most sympto-
matic eye was selected for assessment. In cases where both eyes exhibit identical symptomatology, the right eye is
systematically chosen as the default for examination. Investigators were blinded to the participant’s group allocation to
ensure unbiased classification. Additionally, patients were instructed to discontinue the use of contact lenses and ocular
topical medications at least one week before the examination.

Eye redness was classified using a scale from 1 to 4 based on reference images provided by the device. NIBUT was
measured on a scale ranging from 2 to 10 seconds. Investigators predefined that values below this range would be
recorded as 1 second, while values above 10 seconds would be classified as 11 seconds. The device measures both the
thickest point and the thickness below the iris center. For this study, only the thickest point was considered since the
thickness below the iris was not always available. The tear film instability, assessed by TFSE, reflects the micro-
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Patients registered in the Pharmacy Records
of ULS d
received Dupilumab treatment (N = 286)

Sio Jodo (september,2024), who

_.I Patients aged <18 years (N = 52)

Identification

Patients contacted by telephone for the
questionnaire (N = 234)

Did not respond (N=44) Head and neck dermatitis (N=1)
Refused to participate (N=18) Arthritis (N=3)
1 Deceased (N=1) Severe conjunctivitis (N=4)
Stopped Du (N=32) Th tic failure (N=15)
Missed the appointments (N=5)
No information (N=3)
Patients included into this study Pregnancy (N=1)
(N=139)

Declined to further participate in the study (N=14)
Patients reported fewer than three ocular
symptoms, with a daily life impact rated between
one and four (N=16)

Inclusion 1 l

Patients with three or more ocular symptoms,

5 ] Patients reported fewer than three ocular
regardless of their impact on daily life, or one )
symptoms and experienced no impact on

daily life (rated zero) (N = 36)

or more symptoms with an impact on daily
life rated five or higher (N =73)

Stopped Dupilumab treatment (N=2) Stopped Dupilumab treatment (N=1)
Unable to schedule an ophthalmological Unable to schedule an ophthalmological
consultation (N=16) fe— — consultation (N=12)
Did not respond (N=12) Did not respond (N=2)
Missed the appointment (N=3) Missed the appointment (N=3)
. 5 Group A patients included into this study Group B patients included into this study
Study Groups . :
(N=40) (N=18)

Figure | Flowchart of the study design.

deformations occurring on the ocular surface over a 10-second interval, with higher scores indicating greater instability.
Cases in which dots were detected outside the ocular surface were excluded from the analysis.'!

In addition, all patients completed a second questionnaire (Appendix 2) covering Dupilumab treatment, past or
current ophthalmological conditions, use of ophthalmic medication, and the presence or absence of symptoms, assessed
using the Portuguese-validated Ocular Surface Disease Index (OSDI).'? The OSDI questionnaire consists of 12 items
divided into three subscales: ocular symptoms, vision-related function, and environmental triggers. Each item is rated on
a five-point scale, ranging from “none of the time” (0 points) to “all the time” (4 points). If a question does not apply to
the patient, the “N/A” option can be selected. The global score is calculated by summing the points for all responses,
multiplying the total by 25, and dividing by the number of valid answers. This results in a score ranging from 0 to 100
points, which is then used to classify patients as having a normal ocular surface (0—12 points), mild disease (13-22
points), moderate disease (23—32 points), or severe disease (33—100 points)."*

Clinical characteristics were collected from the questionnaire and electronic health records. We also collected
demographic data, including gender, age, indication, the average duration of treatment with Dupilumab, and the use of
ophthalmologic treatment. No a priori sample size calculation was conducted, as the study cohort was defined by the
availability and consecutive inclusion of all eligible individuals seen during the study period.

The study was approved by the Ethics Committee of ULS Sao Jodo (project no. 325/2024) and was conducted under
the principles of the Helsinki Declaration. All patients provided informed consent for the analysis and publication of the
collected data.

Statistical analysis was performed using IBM SPSS Statistics software, version 29 (IBM®, Chicago, IL). Different
statistical tests were performed to compare differences between groups: Chi-square tests for categorical variables,

Student’s ¢-test for parametric continuous variables, and Mann—Whitney U-tests for non-parametric continuous variables.
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When chi-square tests involved multiple comparisons, p-values were adjusted using the Bonferroni correction.
Frequencies and percentages were used to describe qualitative variables. In contrast, quantitative variables were
presented as mean (standard deviation) when normally distributed or median with IQR for non-normally distributed
continuous variables. A p-value < 0.05 was considered statistically significant.

Results
Patients were divided into case (Group A) and control (Group B) groups based on a score sheet adapted from the
DAOSD Activity Assessment Questionnaire. The questionnaire results, detailed in Table 1, showed a statistically
significant difference between the groups across all answers.

A total of 58 patients were included: 40 in Group A and 18 in Group B. The mean age was 45.3 + 14.8 years in Group
A and 49.6 £ 16.7 years in Group B. Group A included 21 males and 19 females, while Group B had 11 males and 7
females. The primary indication for Dupilumab was moderate-to-severe AD in 55.0% of Group A and 27.8% of Group
B. SA accounted for 20.0% of Group A and 11.1% in Group B, while CRSwWNP accounted for 20.0% in Group A and
50.0% in Group B. NP was the indication in 5.0% of Group A and 5.6% of Group B, whereas EoE was reported in 5.6%
of Group B. The mean treatment duration was 777.4 + 1.6 days in Group A and 659.6 + 1.7 days in Group B. No
significant differences were observed between the groups regarding age, gender, treatment indication, or mean
Dupilumab treatment duration. No chronic ocular diseases were reported in either group, and most patients only
mentioned the use of glasses. However, regarding recent ophthalmic treatments, self-reported use of artificial tears
during the week preceding the ophthalmological examination was 35.0% in Group A, while the use of topical
corticosteroids was reported by 17.5% of Group A and 5.6% of Group B. These differences were statistically significant
(p = 0.011), as shown in Table 2.

Table | Comparison of Ocular Symptoms Prevalence and Their Impact on Daily Life Between Group A and Group B

Parameter Group A Group B p-value
Stinging sensation and/or dry eye sensation in one or both eyes? (yes/no), | 23 (57.50) / 17 (42.50) | 0 (0.00) / 18 (100.00) <0.001
n (%)

Redness in one or both eyes? (yes/no), n (%) 27 (67.50) / 13 (32.50) | 2 (11.11)/ 16 (88.89) | <0.001I
Itching in one or both eyes? (yes/no), n (%) 35 (87.50) / 5 (12.50) | 2 (I1.11)/ 16 (88.89) <0.001
Discharge in one or both eyes? (yes/no), n (%) 27 (67.50) / 13 (32.50) | 2 (I1.11)/ 16 (88.89) <0.001
Change in vision (such as blurring or reduced vision) in one or both eyes? | 32 (80.00) / 8 (20.00) | 2 (I1.11)/ 16 (88.89) <0.001
(yes/no), n (%)

Sensitivity to light in one or both eyes? (yes/no), n (%) 24 (60.00) / 16 (40.00) | 4 (22.22) / 14 (77.78) 0.008
From 0 to 10, how would you rate your eye discomfort in your daily life?, 5.00 (3.00) 0.00 (0.00) <0.001
median (IQR)

Notes: Data are presented as n (%) or median (IQR).
Abbreviations: n, number; %, percentage; IQR, interquartile range.

Table 2 Comparison of Age (Years), Gender, Indication, Average Duration of Treatment with Dupilumab and Ophthalmologic

Treatment Between Group A and Group B

Parameter Group A Group B p-value

Age (years), mean + SD 45.34 + 14.76 49.63  16.74 0.681

Gender (male/female), n (%) 21 (52.50) / 19 (47.50) | 11 (61.11)/7 (38.89) | 0.542
(Continued)
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Table 2 (Continued).

Parameter Group A Group B p-value
Indication, n (%)
Moderate-severe atopic dermatitis 22 (55.00) 5(27.78) 0.072
Severe asthma 8 (20.00) 2 (11.11)
Chronic rhinosinusitis with nasal polyps 8 (20.00) 9 (50.00)
Nodular prurigo 2 (5.00) 1 (5.56)
Eosinophilic esophagitis 0 (0.00) 1 (5.56)
Average duration of treatment with Dupilumab (days), mean + SD 77744 + 1.60 659.63 = 1.71 0.368
Ophthalmologic treatment, n (%)
Artificial tears 14 (35.00) 0 (0.00) 0.004%*
Topical corticosteroids 7 (17.50) 1 (5.56)
None 20 (50.00) 17 (94.44)

Notes: Data are presented as mean + SD or n (%). *p-values were adjusted using the Bonferroni post hoc test.
Abbreviations: SD, standard deviation; n, number; %, percentage.

Regarding ocular surface parameters (Table 3), tear osmolarity (p < 0.001) and eye redness (p = 0.036) were
significantly different in Group A than in Group B. The mean tear osmolarity was higher in Group A (303.43 + 7.61
mOsm/L) compared to Group B (293.31 = 5.11 mOsm/L). Similarly, the median eye redness score was higher in Group
A (2.00 (1.00) points) than in Group B (1.00 (1.00) points). TMT showed no significant difference between groups, with
mean values of 0.74 + 0.24 mm in Group A and 0.78 + 0.22 mm in Group B (p = 0.538). NIBUT was lower in Group A,
with a median of 1.00 (4.00) seconds, compared to 6.50 (10.00) seconds in Group B; however, this difference was not
statistically significant (p = 0.078). Similarly, TFSE was higher in Group A, with a mean of 252.8 + 3.3 points compared
to 138.7 £ 3.4 points in Group B; however, this difference did not reach statistical significance (p = 0.094). Figures 2, 3
and 4 show examples of the eye redness scale, TMT, NIBUT, and TFSE measurements.

Concerning the ocular surface biomicroscopy findings observed during ophthalmological examination (Table 4),
posterior blepharitis and bulbar conjunctivitis were identified in 40.0% and 57.5% of patients in Group A, respectively,
compared to 5.56% and 33.3%, respectively, in Group B. Additionally, chalazion was identified in 2.5% in Group A and
5.56% in Group B. In Group A, limbal neovascularization was present in 10.0% of cases, while ectropion and madarosis

Table 3 Comparison of the Various Parameters Evaluated During the
Ophthalmological Examination Between Groups A and B

Parameter Group A Group B p-value
Tear osmolarity (mOsm/L), mean + SD | 303.43 (7.61) | 293.31 (5.11) | <0.001I
Eye redness (points), median (IQR) 2.00 (1.00) 1.00 (1.00) 0.036
TMT (mm), mean = SD 0.74 (0.24) 0.78 (0.22) 0.538
NIBUT (s), median (IQR) 1.00 (4.00) 6.50 (10.00) 0.078
TFSE® (points), mean + SD 252.76 (3.30) | 138.74 (3.43) | 0.094

Notes: Data are presented as mean + SD or median (IQR).
Abbreviations: SD, standard deviation; IQR, interquartile range; TMT, tear meniscus thickness; NIBUT,
non-invasive break-up time; TFSE®, tear film stability evaluation.
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CCLRU Score: 2

CCLRU Score: 3 CCLRU Score: 4

Figure 2 The degree of redness is determined by evaluating the visibility of small blood vessels on the ocular surface. Eyes were classified into four grades (| to 4) based on
increasing vessel prominence, respectively.

were observed in 5.0% and temporal episcleritis in 2.5%; none of these conditions were reported in Group B. Only
posterior blepharitis showed a significant difference between groups (p = 0.008). The median BCVA in the most
symptomatic eye was 0.9 (0.1) in Group A and 0.95 (0.1) in Group B, with no statistically significant difference (p =
0.315).

In assessing ocular symptoms, Group A had a significantly higher mean OSDI score than Group B (27.32 + 20.24 vs
2.11 £+ 3.24 points, p < 0.001). The severity of ocular symptoms in both groups, as determined by the OSDI score, is
detailed in Table 5. A significantly higher proportion (100%) of patients in Group B had a normal ocular surface
classification, whereas in Group A, 37.5% of patients exhibited severe ocular surface classification (p < 0.001).

After initiating Dupilumab treatment, 45.0% of patients in Group A sought emergency care for ocular symptoms,
whereas none in Group B did (p < 0.001). Among Group A patients, the time from treatment initiation to symptom onset
varied: 2.5% within 2—4 weeks, 10.0% within 1-3 months, 5% within 3—-6 months, 17.5% within 6—12 months, and
10.0% within 1-3 years. Furthermore, as indicated in Table 6, all symptomatic patients (45.0%) in Group A needed
ophthalmological care for ocular surface complaints; however, half of them reported that their symptoms persisted after
the recommended treatment.

Additionally, the reasons for discontinuing Dupilumab treatment during the identification phase of the study included
side effects in 25% of patients, with 12.5% reporting severe conjunctivitis, 9.4% having arthritis, and 3.1% having head
and neck dermatitis (Table 7).

Discussion
Dupilumab is a valuable treatment option for moderate-to-severe AD when topical treatments are insufficient or
unsuitable, as well as for SA with type 2 inflammation that remains uncontrolled despite high-dose inhaled
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Measurement below iris center: 0,60 mm

Thickest measurement: 0,83 mm

Figure 3 Example of tear meniscus thickness assessment: Defined as the height of the tear film at the midpoint of the lower eyelid. For analysis, only the thickest

measurement was considered, as values below the iris center were not always available.

Breakup Time: 3.5 s N
N
T T T T 7z
0 2 4 6 8 10
Score: 85

Figure 4 Examples of non-invasive breakup time (NIBUT) and tear film stability (TFSE®) assessment (left and right pictures, respectively). NIBUT identifies the location and
timing of tear film rupture, while TFSE® evaluates micro-deformations on the tear film surface, indicating instability. Based on these parameters, patients are classified into
four groups. This example represents the second group, characterized by a notable presence of micro-deformations, primarily occurring towards the end of the 10-second

acquisition period.
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Table 4 Comparison of Ocular Surface Biomicroscopy Findings

Observed During Ophthalmological Examination Between Groups

Aand B

Parameter Group A | Group B | p value

Biomicroscopy, n (%)
Posterior blepharitis 16 (40.00) I (5.56) 0.008
Limbal neovascularization 4 (10.00) 0 (0.00) 0.300
Bulbar conjunctivitis 23 (57.50) | 6(33.33) 0.089
Ectropion 2 (5.00) 0 (0.00) 0.344
Chalazion I (2.50) I (5.56) 0.310
Madarosis 2 (5.00) 0 (0.00) 0.344
Temporal episcleritis I (2.50) 0 (0.00) 0.499

BCVA, median (IQR) 0.9 (0.10) | 0.95(0.10) | 0.315

Notes: Data are presented as n (%) or median (IQR).
Abbreviations: n, number; %, percentage; IQR, interquartile range; BCVA, best-

corrected visual acuity.

Table 5 Comparison of the OSDI Score and the Severity of Dry Eye

Symptoms Between Groups

Parameter Group A Group B | p value
OSDI total score, mean * SD 27.32 (20.24) | 2.11 (3.24) | <0.001
Missing, n (%) N/A 1 (2.50) N/A
Severity of dry eye symptoms, n (%)
Normal ocular surface 11 (27.50) 18 (100.00) | <0.001*
Mild ocular surface disease 6 (15.00) 0 (0.00)
Moderate ocular surface disease 7 (17.50) 0 (0.00)
Severe ocular surface disease 15 (37.50) 0 (0.00)

Notes: Data are presented as mean  SD or n (%). *p-values were adjusted using the Bonferroni
post hoc test.

Abbreviations: SD, standard deviation; n, number; %, percentage; N/A, not applicable; OSDI,
Ocular Surface Disease Index.

corticosteroids and another controller medication. Additionally, adults with CRSwWNP who have not achieved adequate
relief with systemic corticosteroids and/or surgery may also benefit from Dupilumab.'* Phase 3 clinical trials have
demonstrated that Dupilumab improved pruritus, feelings of anxiety and depression, and quality of life compared to
placebo. These benefits were not short-lived, as longer-term studies have shown that Dupilumab’s benefits are sustained
over time."”

The DAOSD Activity Assessment Questionnaire & Scoring Sheet was adapted to assess DAOSD and successfully
identified prevalent ocular symptoms. In agreement with the results of similar studies, the most common symptoms were
itching (87.50%) and blurry vision (80.00%).'"> The tool’s effectiveness in assessing DAOSD was manifested by
statistically significant differences between the case and control groups when all responses were compared.
Appropriate demographic and treatment-related variables, such as gender distribution, age, nature of indications for
treatment, and duration of Dupilumab therapy, did not significantly differ between groups. This suggests that variations in

https:
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Table 6 Comparison of Medical Visits Related to Ocular Symptoms Between Group A and Group B Following Dupilumab Treatment

Parameter Group A Group B p value
After starting treatment with Dupilumab, have you ever sought medical | 18 (45.00) / 22 (55.00) | 0 (0.00) / 18 (100.00) <0.001
services due to ocular symptoms? (yes/no), n (%)
If yes, how long has passed between the start of treatment and the appearance of the first symptoms?, n (%)
1-2 weeks 0 (0.00) N/A N/A
2-4 weeks 1 (2.50) N/A
1-3 months 4 (10.00) N/A
3-6 months 2 (5.00) N/A
6-12 months 7 (17.50) N/A
1-3 years 4 (10.00) N/A
More than 3 years 0 (0.00) N/A
If yes, did you need ophthalmological treatment? (yes/no), n (%) 18 (45.00) / 0 (0.00) N/A N/A
If yes, did the symptoms subside after the recommended treatment? | 9 (22.50) / 9 (22.50) N/A N/A
(yes/no), n (%)

Notes: Data are presented as n (%).
Abbreviation: N/A, not applicable.

Table 7 Reasons for Discontinuation of
Dupilumab Treatment During the ldentification

Phase
Head and neck dermatitis, n (%) 1 (3.13)
Arthritis, n (%) 3(9.39)
Severe conjunctivitis, n (%) 4 (12.50)
Therapeutic failure, n (%) 15 (46.88)

Missed the appointments, n (%) 5 (15.63)

No information, n (%) 3 (9.38)

Pregnancy, n (%) 1 (3.13)

Notes: Data are presented as n (%).
Abbreviations: n, number; %, percentage.

questionnaire responses are primarily due to the presence and severity of DAOSD, rather than confounding demographic
or clinical factors.

Ocular adverse effects were reported in up to 22.1% of AD clinical trials, whereas incidence rates were lower in
asthma, CRSwNP, and EoE trials (1.7%).'® Consistent with our findings, AD patients in Group A had a higher incidence
of ocular symptoms (55.0%) compared to other conditions treated with Dupilumab. In contrast, CRSWNP was the most
prevalent condition in the control group (50.0%). Although the difference was not statistically significant, this trend
warrants further investigation into the potential risk of ocular adverse events in AD patients receiving Dupilumab. Future
studies with larger cohorts should also include subgroup analyses by underlying disease to determine whether specific
conditions confer a higher risk of DAOSD.
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Group A exhibited significantly higher tear osmolarity, ocular redness scores, and TFSE. In contrast, Group B showed
a trend toward higher tear meniscus thickness and NIBUT, though the differences were not statistically significant. These
findings align with the proposed pathophysiology of DAOSD. Tear osmolarity reflects the concentration of solutes in the
tear film and is an important biomarker for ocular surface damage, inflammation, and instability of the tear film in dry eye
disease (DED).!” In our study, tear osmolarity was significantly elevated in Group A (303.43 mOsm/L vs 293.31 mOsm/L,
p < 0.001), supporting the presence of tear film instability and ocular surface dysfunction in patients with DAOSD.

Three layers comprise the tear film: the GCs produce the mucus layer, the lacrimal gland produces the aqueous layer,
and the Meibomian glands provide the lipid layer.'® Although not statistically significant, the trend toward higher TMT
and NIBUT in Group B suggests that DAOSD is more likely related to meibomian gland dysfunction or decreased mucus
secretion by GC rather than insufficient aqueous tear production. Atchen et al'® reported that in patients who developed
DAOSD, the number of GCs remained stable compared to their baseline levels. However, flow cytometry analysis
revealed a significant reduction in CK19-CD45-MUCSAC+ cells after 4 and 28 weeks of Dupilumab treatment,
indicating a decline in functional GCs. Since CK19-CD45-MUCSAC+ cells are a marker of GC activity, these findings
suggest that Dupilumab impairs GC function rather than reducing their overall number. Serino et al'® observed reduced
NIBUT with preserved tear volume measured by the Schirmer test and TMT, reinforcing that DAOSD primarily reflects
ocular surface inflammation and tear film instability rather than aqueous deficiency. Elevated osmolarity and ocular
redness, both hallmarks of ocular surface inflammation, further support the model in which DAOSD primarily results
from GC dysfunction and meibomian gland involvement. Since tear film stabilization with artificial tears or lipid-based
formulations may be insufficient, treatment should focus on reducing ocular inflammation with topical corticosteroids or
cyclosporine in severe cases.'”

Injection site responses, head and neck dermatitis, hypereosinophilia, arthritis, and ocular complications — specifi-
cally, DAOSD, which includes blepharitis, conjunctivitis, keratoconjunctivitis, keratitis, or dry eye syndrome — are
typical side effects of Dupilumab treatment.”® Severe ocular adverse events are rare, but they have been reported,
especially in long-term Dupilumab users. For instance, after receiving Dupilumab for AD for 57 months, a healthy 56-
year-old man developed bilateral limbal stem cell deficiency and widespread diffuse symblepharon that affected his
extraocular movements.?' In our study, the most prevalent surface alterations observed in Groups A and B were posterior
blepharitis in 40.0% and 5.56% and bulbar conjunctivitis in 57.5% and 33.3%, respectively. Clinical trials have reported
conjunctivitis in 6-15% of adults treated with Dupilumab, compared to 0.9-10.9% in placebo groups. Real-world data
from 14 studies indicate a significantly higher incidence, with conjunctivitis occurring in 26.1% of 908 AD patients,
along with an increased prevalence of dry eye symptoms.>> While most studies did not specify conjunctivitis subtypes,
they generally described it as manageable and not requiring treatment discontinuation; however, 4.2% of patients
discontinued Dupilumab due to noninfectious ocular disease.”® In our study, 25% of patients discontinued treatment
due to adverse effects, with severe conjunctivitis accounting for half of these cases (12.5%). Despite its high prevalence,
predicting which patients will develop conjunctivitis during Dupilumab treatment remains challenging. A history of
allergic conjunctivitis appears to increase the risk.?* There were also reports of other ocular adverse effects. Keratitis was
reported in 6.2%, and blepharitis was reported in 9.6%.%

Regarding OSDI score, Group A patients had a significantly higher mean OSDI score than Group B patients (27.32 vs
2.11 points, p < 0.001), indicating more frequent and severe ocular discomfort, dryness, and visual disturbances. The
strong association between Dupilumab use and ocular surface disease (OSD) is evident, as 37.50% of Group A patients
had severe OSD. Furthermore, the presence of more severe symptoms correlates with a higher OSDI score and alterations
in ocular surface parameters. This suggests that validated questionnaires, such as the DAOSD Activity Assessment
Questionnaire & Scoring Sheet, are valuable screening tools for colleagues in other specialties who manage these
patients. Performing these assessments before starting Dupilumab treatment and during follow-ups can help identify
those who should be promptly referred to Ophthalmology. These results also reinforce that ocular surface disease in
DAOSD can progress to clinically relevant degrees if not managed earlier.

In our study, ocular symptoms led 45% of Group A patients to seek emergency care. Although severe ocular
complications often lead to Dupilumab discontinuation, many affected patients are not promptly referred to an ophthal-
mologist for evaluation and treatment. A study found that only 65% of the 20% of AD patients and none of the 17.6% of
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SA patients who discontinued Dupilumab due to ocular complications were referred for ophthalmologic evaluation.
Among AD patients who experienced adverse events but continued Dupilumab, 31% were referred to an ophthalmol-
ogist, and 86.3% of these received one or more ophthalmic treatments. Similarly, 82.4% of SA patients with ocular
adverse events continued Dupilumab, with 64.3% receiving ophthalmic treatment and only 28.6% being referred to an
ophthalmologist.® Given these findings, a multidisciplinary collaboration with ophthalmologists is crucial to improving
DAOSD management. A coordinated approach may help patients achieve better control of their primary systemic disease
while ensuring appropriate ocular care.

Although we report some interesting findings, it is essential to acknowledge that our study has limitations that should
be noted. Firstly, the limited sample size might have reduced the statistical power to detect significant differences for
some parameters and could limit the generalizability of our findings. Secondly, the composition of the control group,
which included dupilumab-treated patients with fewer than three ocular symptoms and no impact on daily life, rather
than patients with AD, SA, CRSwNP, NP, or EoE who were not receiving dupilumab therapy, limits causal conclusions.
This choice was made due to the high prevalence of these conditions and the availability of multiple treatment options.
Our results would be further strengthened by a prospective design with a control group and standardized, repeatable
techniques. Given the retrospective nature of the study, it is not possible to determine whether some patients had pre-
existing undiagnosed ocular surface disease or if dupilumab contributed to increased susceptibility to chronic inflamma-
tion. Thirdly, the exclusion criteria could have been more exhaustive. Even after controlling significant systemic and
ocular disorders, the study sample may have been further refined by excluding other factors such as the use of contact
lenses, topical lubricants, or other ocular treatments like prior corneal or refractive laser surgery. To minimize this
limitation and potential biases, we employed a randomized selection process and instructed patients to stop using contact
lenses or ocular topical medications at least one week before the examination. This measure reduces, though may not
fully eliminate, the possibility of residual effects on the ocular surface. Fourthly, additional investigative methods, such
as meibography, could have provided further insight into the structural changes of the meibomian glands. However, the
subjective nature of interpretation, the need for operator expertise, and the possibility of image quality variations limit its
application. Despite these challenges, meibography could be a valuable tool for identifying glandular alterations in
various ocular surface diseases, ultimately aiding in their management.

In conclusion, this case-control study shows that patients with a higher burden of symptoms present corresponding
ocular surface alterations during Dupilumab therapy, not only among those with AD but also in patients treated for other
indications. DAOSD can reduce quality of life and, in some cases, may necessitate treatment discontinuation. These
findings highlight the value of patient-reported questionnaires in complementing objective measures for the early detection
of DAOSD. Importantly, such questionnaires may also have applicability in non-ophthalmic settings, such as dermatology
and allergy clinics, where early symptom screening could facilitate timely referral for ophthalmologic assessment. This
approach may enable earlier diagnosis and intervention, thereby reducing the risk of treatment interruption.

Moreover, these results support the development of a practical algorithm based on ocular findings, which could
represent a major step forward in establishing a multidisciplinary approach, particularly involving ophthalmologists, to
ensure adequate ocular care while maintaining the systemic benefits of Dupilumab therapy.

Future prospective studies with larger cohorts are warranted to validate these findings and better characterize long-
term ocular outcomes in dupilumab-treated patients.
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