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SIGNIFICANCE
Dupilumab-associated ocular surface disease is the most 
frequently reported side-effect during dupilumab treat-
ment in patients with atopic dermatitis. Although risk fac-
tors have been studied, there is a lack of data from large 
prospective daily practice studies. This study found a signi-
ficant association between the development of dupilumab-
associated ocular surface disease and a history of any eye 
disease (history of self-reported episodic acute allergic con-
junctivitis excluded) combined with the use of ophthalmic 
medication at the start of dupilumab treatment. Informa-
tion about previous eye diseases and current ophthalmic 
medication can be helpful to assess the risk of the deve-
lopment of dupilumab-associated ocular surface disease.

This study identified risk factors for the development 
of dupilumab-associated ocular surface disease in pa-
tients with moderate-to-severe atopic dermatitis in a 
large prospective daily practice cohort. Data from the 
Dutch BioDay Registry were used to assess the risk of 
developing dupilumab-associated ocular surface di-
sease, by performing univariate and multivariate lo-
gistic regression analyses. A total of 469 patients were 
included, of which 152/469 (32.4%) developed dupi-
lumab-associated ocular surface disease. Multivariate 
analysis showed a statistically significant association 
of the development of dupilumab-associated ocular 
surface disease with a history of any eye disease (his-
tory of self-reported episodic acute allergic conjun-
ctivitis excluded) combined with the use of ophthal-
mic medication at the start of dupilumab (odds ratio 
5.16, 95% confidence interval 2.30–11.56, p < 0.001). 
In conclusion, a history of any eye disease (history of 
self-reported episodic acute allergic conjunctivitis ex-
cluded) combined with the use of ophthalmic medica-
tion at baseline was associated with the development 
of dupilumab-associated ocular surface disease in pa-
tients with atopic dermatitis.

Key words: conjunctivitis; dupilumab; dupilumab-associated 
ocular surface disease; DAOSD.
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Dupilumab, a monoclonal antibody directed against 
the interleukin (IL)-4-receptor alpha subunit inhibi-

ting both IL-4 and IL-13 signalling, is the first biologic 
agent for the treatment of patients with moderate-to-
severe atopic dermatitis (AD). In multiple clinical trials 
and daily practice studies, dupilumab has proven to be 
effective with limited side-effects (1–6). Dupilumab 
significantly improves signs and symptoms of AD and in-
creases the quality of life in patients with difficult-to-treat 
AD. Nevertheless, dupilumab-associated ocular surface 
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disease (DAOSD), including conjunctivitis, eye pruritus, 
limbal nodules, and blepharoconjunctivitis developing 
during dupilumab treatment (7, 8), is the most frequently 
reported side-effect in patients with dupilumab-treated 
AD, and is reported in 9–34% in both clinical trials and 
daily practice studies (5, 9, 10). Remarkably, increased 
rates of DAOSD were not reported in dupilumab trials 
in other type-2 inflammatory diseases, such as asthma 
and chronic rhino sinusitis with nasal polyposis, sug-
gesting that patients with AD may have a predisposition 
to develop DAOSD (9).

Currently, the pathomechanism of the development of 
DAOSD in patients with AD remains unclear. DAOSD 
and associated risk factors have been studied only in 
small cohorts and data from clinical trials (5, 9, 11–14). 
These studies suggested that the increased rates of 
DAOSD in patients with AD are associated with more 
severe AD at baseline, prior history of conjunctivitis, pre-
sence of other atopic comorbidities, eyelid involvement 
in AD, high levels of thymus and activation-regulated 
chemokine (TARC), high levels of serum IgE, and peri
pheral blood eosinophilia. However, prospective studies 
on risk factors for the development of DAOSD in patients 
with AD in daily practice are scarce.

Therefore, a prospective cohort study was conducted 
to identify risk factors for the development of DAOSD 
in a large group of patients with AD in daily practice.

https://creativecommons.org/licenses/by-nc/4.0/
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MATERIALS AND METHODS

Study design and patients

This prospective multi-centre observational cohort study included 
patients with moderate-to-severe AD treated with dupilumab bet-
ween October 2017 and February 2020 and registered in the Dutch 
prospective BioDay registry (5, 10). Patients were included from 
8 different hospitals, including 3 academic hospitals. Included 
patients were aged ≥18 years and had a follow-up period for at 
least 16 weeks. This time-point was chosen, since most patients 
develop DAOSD within the first 16 weeks of dupilumab treatment 
(7, 9, 15). Patients who discontinued dupilumab within the first 16 
weeks, but continued their follow-up for at least 16 weeks, were 
still included in the analyses.

At baseline, all patients received a 600 mg loading dose of 
dupilumab, followed by 300 mg injections every other week. 
Physicians diagnosed and reported the development of DAOSD by 
asking patients if they experienced symptoms of DAOSD, such as 
tearing, pruritus, or pain. In cooperation with the ophthalmologist, 
protocols were developed regarding the diagnosis and treatment 
of the DAOSD. There was no ophthalmological examination prior 
to the initiation of dupilumab. Only patients with difficult-to-treat 
DAOSD that could not be controlled with lubricant eye drops 
and/or tacrolimus skin ointment (1 mg/g) for the external eyelids, 
which was started after the onset of DAOSD, were referred to an 
ophthalmologist. The Medical Research Ethics Committee con-
firmed that this study did not fall under the scope of the Medical 
Research Involving Human Subjects act (METC 18/239). The 
study was performed according to the principles of the Declara-
tion of Helsinki. All patients provided written informed consent.

Data collection

All data were extracted from the BioDay registry. Data col-
lected at baseline included demographic information, medical 
history, physical examination, laboratory screening, and drug 
use (including previous and current ophthalmic drug use). Clini-
cians reported the medical history of any eye disease by asking 
patients about their general medical history and checking the 
electronical patient file. The medical history of any eye disease 
was divided into a medical history of allergic eye disease, and a 
medical history of non-allergic eye disease. A medical history of 
atopic keratoconjunctivitis, vernal keratoconjunctivitis, or giant 
papillary conjunctivitis was classified as a medical history of al-
lergic eye disease. The medical history of non-allergic eye disease 
included keratoconus, pellucid marginal degeneration, keratitis, 
uveitis, herpetic keratitis, blepharitis, glaucoma, cataract, macula 
oedema, amblyopia, meibomitis, and retinal ablation. A history of 
self-reported episodic acute allergic conjunctivitis was reported 
separately, as this is usually not confirmed by an ophthalmologist. 
The severity of AD was assessed by the Eczema Area and Severity 
Index (EASI) and the Investigator’s Global Assessment (IGA). 
According to the Harmonising Outcome Measures for Eczema 
(HOME), EASI scores were classified as mild (0–5.9), moderate 
(6.0–22.9) and severe AD (23.0–72.0) (16). Patients being treated 
with oral immunosuppressive drugs at the time of initiation of 
dupilumab treatment were also classified as severe AD. EASI and 
laboratory results were collected at baseline, after 4 weeks, and 
after 16 weeks of treatment. 

Statistical analyses

Patient characteristics were described using absolute numbers (N) 
and percentages for categorical variables, median with interquartile 
ranges (IQR) for non-normally distributed continuous variables, 
and mean with standard deviations (SD) for normally distributed 
continuous variables. 

Univariate and multivariate logistic regression analyses were 
used to assess the contribution of potential risk factors to the 
development of DAOSD. Potential risk factors were selected 
based on (1) knowledge from previous literature, and (2) clinical 
experience. Risk factors based on knowledge from previous 
literature included severity of AD, eosinophils levels at baseline, 
presence of eyelid eczema, presence of other atopic conditions, 
and prior history of conjunctivitis (5, 9, 11–14). Since Thyssen 
(17) hypothesized that the development of DAOSD is related to 
the Demodex mites, which are elevated in rosacea, a history of 
rosacea was included as a variable. Another study by Thyssen et 
al. (18) concluded that the number of prescriptions of ophthalmic 
medication per person was higher in patients with AD compared 
with control subjects. In addition, Simonetti et al. (19) suggested 
that the use of moisturizing eye drops could be considered as a 
preventive resource for the development of DAOSD. For these 
reasons, the use of ophthalmic medication at baseline was included 
as a variable in our analyses.

Univariate analysis was performed on the variables as register
ed. In the multivariate analysis, some variables were combined, 
whilst others were either categorized or excluded. History of any 
eye disease was combined with the use of ophthalmic medication 
at baseline. AD severity categories based on EASI scores were 
included in the multivariate analyses, as these are widely used to 
define AD severity and have validated severity-ranges (16). In ad-
dition, AD eyelid involvement in the past year was excluded from 
the multivariate analyses due to a high number of missing values. 
No selection of risk factors was performed based on p-values from 
the univariate analyses. 

The assumption of a linear association of continuous risk factors 
and the outcome was assessed with restricted cubic spline (20). 
Results were reported as odds ratio’s (OR) with 95% confidence 
intervals (95% CI) and p-values. p-values were adjusted for mul-
tiple testing using the Benjamini-Hochberg procedure (21), which 
controls false discovery rate (FDR). FDR adjusted p-values < 0.05 
were considered statistically significant.

To investigate the possible association between clinical effectiv
ness of dupilumab and the occurrence of DAOSD, changes in 
EASI scores were calculated between baseline and after 4 weeks of 
dupilumab treatment, and between baseline and after 16 weeks of 
dupilumab treatment. In addition, association between dupilumab-
induced blood eosinophilia and the occurrence of DAOSD was 
studied. Comparison of the DAOSD group with the non-DAOSD 
group was conducted using the non-parametric Mann–Whitney 
U test. Changes in EASI scores and blood eosinophilia were not 
included in multivariate analyses, since these values reflect ef-
fectiveness of the treatment of dupilumab, and this study focussed 
on factors that may be assessed prior to start of the dupilumab.

Statistical analyses were conducted with SPSS Statistics version 
25.0.0.2 (IBM Corp. Released 2017. IBM SPSS Statistics for 
Windows) and the rms library package in R (R Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS

Patient and baseline characteristics 

A total of 469 dupilumab-treated patients with AD were 
included at baseline with a median EASI score of 16.8 
(IQR 10.9–26.1) and a median IGA score of 3 (IQR 3–4), 
shown in Table I. A medical history of any eye disease 
(excluding a history of self-reported episodic acute al-
lergic conjunctivitis) was reported in 68/469 (14.5%) 
patients, and 81/469 (17.3%) patients were using 
ophthalmic drugs at the initiation of dupilumab treat

http://medicaljournalssweden.se/actadv
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ment. A history of self-reported episodic acute allergic 
conjunctivitis was found in 274/469 (59.8%) patients. 
Within the first 16 weeks of dupilumab treatment, 11/469 
(2.3%) patients discontinued their treatment. Three of 
these patients experienced ocular side-effects (2 patients 
with DAOSD and one patient with a cornea perfora-
tion). The other 8 patients stopped with dupilumab due 
to other reasons. All other baseline characteristics are 
shown in Table I. 

Development of dupilumab-associated ocular surface 
disease and univariate logistic regression odds ratios
Of all included patients, 152/469 (32.4%) developed 
DAOSD, as shown in Table I. Of these patients, 93/152 

(61.2%) patients were referred to an ophthalmologist. 
Of all patients who developed DAOSD, 37/152 (24.3%) 
had a history of any eye disease, which was significantly 
higher compared with the patients who did not develop 
DAOSD (n = 31/317 (9.8%), OR 2.97, 95% CI 1.76–5.01, 
p < 0.001, Fig. 1, see Table SI). The number of patients 
who were using ophthalmic medication at baseline was 
significantly higher in the DAOSD group compared with 
the non-DAOSD group (OR 5.16, 95% CI 3.11–8.58, 
p < 0.001). Moreover, the number of patients with a his-
tory of any eye disease combined with the use of opht-
halmic medication at baseline was significantly higher 
in the DAOSD group compared with the non-DAOSD 
group (OR 5.72 (95% CI 2.64–12.40, p < 0.001).

Table I. Baseline characteristics

Total cohort
(n =469)

DAOSD diagnosed by physician

Yes (n =152) No (n =317)

Age at baseline (years), median (IQR) 42.0 (28.0–54.0) 45.5 (29.0–54.0) 41.0 (28.0–54.0)
Age at baseline(square), median (IQR) 1,764.0 (784.0–2,916.0) 2,070.5 (841.0–2,916.0) 1,681.0 (784.0–2,916.0)
Men, n (%) 284 (60.6) 95 (62.5) 189 (59.6)
History of any eye disease, n (%)a,b 68 (14.5) 37 (24.3) 31 (9.8)
  History of allergic eye diseasea 32 (6.8) 18 (11.8) 14 (4.4)
  History of non-allergic eye diseaseb 54 (11.5) 30 (19.7) 24 (7.6)
Use of ophthalmic drugs at baselinec 81 (17.3) 52 (34.2) 29 (9.1)
No history of any eye disease and no ophthalmic drugs at baseline reference, n (%) 401 (85.5) 115 (75.7) 286 (90.2)
History of any eye disease and no ophthalmic drugs at baseline, n (%) 35 (7.5) 14 (9.2) 21 (6.6)
History of any eye disease and ophthalmic drugs at baseline, n (%) 33 (7.0) 23 (15.1) 10 (3.2)
History of self-reported episodic acute allergic conjunctivitis, n (%) 
  Yes 274 (59.8) 101 (67.8) 173 (56.0)
  No 184 (40.2) 48 (32.2) 136 (44.0)
  Missing 11 (2.3) 3 (2.0) 9 (2.8)
Allergic asthma, n (%) 
  Yes 269 (58.2) 93 (61.6) 176 (56.6)
  No 193 (41.8) 58 (38.4) 135 (43.4)
  Missing 7 (1.5) 1 (0.7) 6 (1.9)
Allergic rhinitis, n (%)
  Yes 308 (66.7) 107 (71.3) 201 (64.4)
  No 154 (33.3) 43 (28.7) 111 (35.6)
  Missing 7 (1.5) 2 (1.3) 5 (1.6)
Food allergy, n (%)
  Yes 214 (46.6) 82 (54.7) 132 (42.7)
  No 245 (53.4) 68 (45.3) 177 (57.3)
  Missing 10 (2.1) 2 (1.3) 8 (2.5)
History of rosacea, n (%) 5 (1.1) 1 (0.7) 4 (1.3)
EASI score at baseline, median (IQR) 16.8 (10.9–26.1) 19.3 (12.7–27.8) 15.2 (10.2–24.8)
EASI score at baseline, per severity category, n (%)
  Mild atopic dermatitis (EASI 0.1–5.9). reference 31 (6.7) 8 (5.3) 23 (7.5)
  Moderate atopic dermatitis (EASI 6.0–22.9) 270 (58.7) 81 (53.3) 189 (61.4)
  Severe atopic dermatitis (EASI 23.0–72.0) 159 (34.6) 63 (41.4) 96 (31.2)
  Missing 9 (1.9) 0 (0) 9 (2.8)
IGA score at baseline, median (IQR) 3 (3–4) 3 (3–4) 3 (3–4)
  Missing, n (%) 12 (2.6) 2 (1.3) 10 (3.2)
Atopic dermatitis eyelid involvement in the past year, n (%)
  Yes 131 (65.5) 47 (83.9) 84 (58.3)
  No 69 (34.5) 9 (16.1) 60 (41.7)
  Missing 269 (57.4) 96 (63.2) 173 (54.6)
Eosinophilia (≥0.45×109/l) at baseline, n (%)
  Yes 168 (37.9) 61 (42.1) 107 (35.9)
  No 275 (62.1) 84 (57.9) 191 (64.1)
  Missing 26 (5.5) 7 (4.6) 19 (6.0)

aAtopic keratoconjunctivitis; vernal keratoconjunctivitis; giant papillary conjunctivitis. bKeratoconus; pellucid marginal degeneration; keratitis; uveitis; herpetic keratitis; 
blepharitis; glaucoma; cataract; macula oedema; amblyopia; meibomitis; retinal ablation. cKetotifen; cromoglicic acid; levocabastine; dextran/hypromellose; sodium 
hyaluronate/carbomer; other lubricant eyedrops; oxytetracycline/hydrocortisone; dexamethasone; fluormetholone liquifilm; cyclosporine; tobramycin/dexamethasone; 
prednisolone; hydrocortisone; tacrolimus eye ointment; pimecrolimus skin ointment; chloramphenicol; prostaglandin f-analogue; beta-blocker eyedrops; other ophthalmic 
drugs.
EASI: Eczema Area and Severity Index; DAOSD: dupilumab-associated ocular surface disease; IGA scale: Investigator’s Global Assessment Scale; IQR: interquartile 
range; SD: standard deviation.

http://medicaljournalssweden.se/actadv
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Furthermore, a history of self-reported episodic acute 
allergic conjunctivitis (OR 1.65, 95% CI 1.10–2.49, 
p = 0.039) and food allergy (OR 1.62, 95% CI 1.09–2.39, 
p = 0.039) were found to be significantly associated with 
the development of DAOSD. 

Of the patients who developed DAOSD, more had AD 
on their eyelids in the past year, leading to a statistically 
significant association between eyelid involvement in AD 
in the past year and the development of DAOSD (OR 
3.73, 95% CI 1.70–8.19, p = 0.004). Since this variable 
contained more than 100 missing values, it was excluded 
from the multivariate analyses.

EASI score at baseline showed 
no statistically significant associa-
tion with the development of DA-
OSD (OR 1.02, 95% CI 1.00–1.03, 
p = 0.079). 

Multivariate logistic regression 
odds ratios
Multivariate analysis showed a 
statistically significant associa-
tion between having a history of 
any eye disease combined with 
the use of ophthalmic medication 
at baseline and the development 
of DAOSD (OR 5.16, 95% CI 
2.30–11.56, p < 0.001, Fig. 1). No 
significant association was found 
between a history of self-reported 
episodic acute allergic conjun-
ctivitis and the development of 
DAOSD in multivariate analysis 
(OR 1.33, 95% CI 0.77–2.29, 
p = 0.438). 

With the exception of age, conti-
nuous risk factors showed a linear 
association with DAOSD develop-
ment. Analysis with restricted cu-
bic splines showed an association 
similar to a quadratic effect. For 
ease of interpretation, age and age-
square were included in univariate 
and multivariate analysis. 

Effectiveness of dupilumab and 
the development of dupilumab-
associated ocular surface disease
After 4 weeks of treatment with 
dupilumab, the decrease in EASI 
score from baseline was signi-
ficantly higher in the DAOSD 
group, compared with the non- 
DAOSD group (p = 0.016, Table II). 
The significant difference in de-

crease continued during 16 weeks of treatment 
(p = 0.007). 

Changes in peripheral blood eosinophils during 
dupilumab treatment 
A significantly higher increase in peripheral blood eo-
sinophils was found in the DAOSD group compared 
with the non-DAOSD group after comparing baseline 
values with values after 16 weeks of dupilumab treat-
ment (0.16×109/l (IQR –0.05–0.53) and 0.04×109/l (IQR 
–0.08–0.26), respectively, p = 0.001, Table II). 

Fig. 1. Univariate and multivariate odds ratios (OR) with 95% confidence interval of risk 
factors for the development of dupilumab-associated ocular surface disease in patients 
with atopic dermatitis (AD). BL: baseline; EASI: Eczema Area and Severity Index; IGA scale: 
Investigator’s Global Assessment Scale.

http://medicaljournalssweden.se/actadv
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DISCUSSION

In this large prospective cohort study, 32.4% of patients 
with AD developed DAOSD. We found that a history 
of any eye disease, other than a history of self-reported 
episodic acute allergic conjunctivitis, combined with the 
use of ophthalmic medication indicating current disease 
at baseline, was associated with the development of 
DAOSD. In addition, the development of DAOSD was 
associated with higher clinical effectiveness of dupilu-
mab at 4 and 16 weeks, and a stronger increase in blood 
eosinophils at 16 weeks of treatment compared with the 
non-DAOSD group.

In both clinical trial populations and data from small 
daily practice studies, a prior history of allergic con-
junctivitis is a frequently reported risk factor for the 
development of DAOSD (9, 12–14). However, in most 
studies, the definition of allergic conjunctivitis is very 
broad. The current study used a more refined classifica-
tion of allergic conjunctivitis and separated a history of 
self-reported episodic acute allergic conjunctivitis from 
a history of more chronic allergic eye disease, such as 
atopic keratoconjunctivitis and vernal keratoconjuncti-
vitis (mostly confirmed by an ophthalmologist). In the 
current study, only univariate analysis showed a statis-
tically significant association between the development 
of DAOSD and a history of self-reported episodic acute 
allergic conjunctivitis. This association was not signifi-
cant in the multivariate analysis, possibly due to correc-
tion for confounding in the multivariate analysis, like 
other atopic diseases or more severe ophthalmological 
pathology. Multivariate analyses showed a significant 
association between the development of DAOSD and 
a history of any eye disease (history of self-reported 
episodic acute allergic conjunctivitis excluded) combi-
ned with use of ophthalmic drugs at baseline. Ongoing 
ophthalmic treatment for previous eye disease might 
indicate ongoing ophthalmic pathology, leading to a 
higher risk of development of DAOSD. It is not known 
why patients with allergic and non-allergic eye disease 
combined with ophthalmic drugs are at risk of DAOSD. 
However, it is known that preservatives in eye drops 
cause conjunctival allergy and irritation (22). Whether 
this hypersensitivity is related to DAOSD development 
is unclear, since no information is available about the 
presence of preservatives in eye drops in the current 

study series. In addition, some of the eye diseases clas-
sified as non-allergic might indirectly be related to AD 
or its treatment, such as cataract and glaucoma (23, 24) 

Another frequently reported associated risk factor with 
the development of DAOSD in patients with AD is AD 
severity at baseline. Akinlade et al. (9) performed a post 
hoc analysis of published clinical trial data on dupilumab 
treatment in AD regarding the development of DAOSD. 
The conclusion of this post hoc analysis was that a higher 
incidence of DAOSD in patients with AD was associated 
with higher baseline AD severity. However, Akinlade 
et al. (9) used different and inconsistent banding of the 
EASI scores, making the comparison of these results 
with the current study difficult. In the current study, 
EASI scores were classified according to the validated 
HOME criteria (16), and no relationship was found bet-
ween the baseline severity of AD and the development of 
DAOSD. In addition, there is an important difference in 
patient population between the studies; Akinlade et al. (9) 
included participants of clinical trials, while the current 
study included patients in daily practice, representing a 
more diverse population regarding baseline AD severity. 

Ariens et al. (5) also found that development of 
DAOSD was significantly associated with higher EASI 
scores at baseline. Despite the fact that these patients also 
participated in the BioDay registry, the results are not 
comparable with our current study. The selected cohort 
of Ariens et al. (5) is smaller and the patients were partici-
pating in an Early Access programme, which allowed the 
patients with most severe AD to start dupilumab ahead of 
market access. Therefore, these patients had high EASI 
scores at baseline, comparable with the clinical trial 
population, while the current cohort was more diverse. 

Although baseline AD severity was not significantly 
associated with the development of DAOSD in the cur-
rent study, patients showing a larger decrease in EASI 
score at 4 weeks and 16 weeks of treatment more often 
developed DAOSD. This might indicate that higher 
clinical effectiveness of dupilumab in AD is associated 
with higher risk of developing DAOSD. We previously 
investigated the long-term follow-up of DAOSD and 
found improvement in DAOSD after prolongation of 
the dosing interval of dupilumab to 300 mg every three 
to 5 weeks (15). Since dose reduction improved signs 
and symptoms of the DAOSD, and EASI reduced signi-
ficantly more in the group of dupilumab treated patients 

Table II. Peripheral blood eosinophils and Eczema Area and Severity Index (EASI) at baseline compared with 4 and 16 weeks after 
dupilumab treatment

Week 4 Week 16

DAOSD (n = 152) No DAOSD (n = 317) p-value DAOSD (n = 152) No DAOSD (n = 317) p-value

∆ Eosinophils from baseline, ×109/l, median (IQR) 0.07 (–0.08–0.32) 0.03 (–0.07–0.21) 0.125 0.16 (–0.05–0.53) 0.04 (–0.08–0.26) 0.001
  Missing, n 11 33 – 15 43 –
∆ EASI from baseline, median (IQR) –10.2 (–16.3 to –5.05) –7.6 (–13.6 to –3.6) 0.016 –14.4 (–21.8– 7.7) –10.8 (–17.6 to –6.1) 0.007
  Missing, n 1 16 – 6 24 –

DAOSD: dupilumab-associated ocular surface disease; IQR: interquartile range.
Data were analysed using the Mann–Whitney U test. Bold values indicate statistical significance.

http://medicaljournalssweden.se/actadv
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that developed DAOSD, it might be possible that these 
patients have higher serum levels of dupilumab, and are 
thus relatively overdosed. 

Another reported potential risk factor to develop 
DAOSD is the presence of eyelid eczema. Touhouche 
et al. (14) reported that this was significantly associated 
with the occurrence of DAOSD, with an OR of 8.7 (95% 
CI 1.8–40.6). This is in line with findings of the current 
univariate analysis, in which eyelid involvement in AD in 
the past year was statistically more present in the group 
of patients who developed DAOSD (OR 3.73; 95% CI 
1.70–8.19, p = 0.004). Dogru et al. (25) investigated 
ocular surface disorders in patients with severe AD. They 
described the presence of eyelid eczema, which was seen 
in 476/724 eyes (65.7%), as one of the most dominant 
ocular disease in patients with severe AD. Another study 
of Dogru et al. (26) investigated conjunctival impression 
cytology samples in patients with AD. They conclud
ed that patients with AD with facial eczema showed 
significantly higher grades of conjunctival squamous 
metaplasia.

In the current cohort, significantly more patients who 
developed DAOSD had eyelid eczema in the past year. 
This might indicate that these patients had (undiagnos
ed) ocular surface disease, which exacerbated during 
the use of dupilumab. For this reason, it is important 
to ask patients about presence of redness, tearing, itch, 
burning sense, photophobia, and painful eyes before 
the start of dupilumab. Low-threshold referral to the 
ophthalmologist is recommended, especially in patients 
with a history of any eye disease that are currently using 
ophthalmic treatment and patients having eyelid eczema 
in the past year. 

To the best of our knowledge, this is the first large pro-
spective daily practice cohort study that investigated risk 
factors associated with the development of DAOSD in 
patients with AD. Patients were seen by physicians aware 
of the ophthalmological comorbidity in AD, and stan-
dardized procedures were followed, leading to accurate 
data collection. We included many different variables, 
and the current prospective database provided informa-
tion about ophthalmic treatment at the start of dupilu-
mab. The current study has some limitations. Firstly, no 
ophthalmological slit lamp examination was performed 
before the start of dupilumab. Therefore, only patient-
reported information regarding the ophthalmological 
history was available, and pre-existing ophthalmological 
pathology, which can only be found during ophthalmic 
slit-lamp examination, could not be excluded. Secondly, 
the variable AD eyelid involvement in the past year had 
many missing values and was therefore not included in 
the multivariate logistic analyses. Sensitivity analyses 
evaluated the effect of the inclusion of eyelid invol-
vement in the past year. However, this showed minor 
differences (see Table SII). Thirdly, only the absence or 
presence of DAOSD was reported during an outpatient 

visit. As a result, the exact date of onset of DAOSD is 
missing. However, previous literature reported that most 
patients developed DAOSD within the first 16 weeks of 
treatment (7, 9, 15). All of our included patients had a 
follow-up duration of at least 16 weeks, and the absence 
or presence of DAOSD was reported, making the infor-
mation about the date of onset of DAOSD less relevant 
for the primary analyses. Fourthly, both a history of any 
eye disease and ocular medication are broad definitions. 
However, the subgroups of individual eye diseases and 
individual ocular medications were too small to analyse. 
Therefore, these subgroups were not included in the 
analysis. Lastly, for some variables, like a history of 
rosacea, no conclusions can be drawn due to the small 
number of patients. Larger cohorts or other comparable 
cohort studies are necessary to support the current results. 

In conclusion, this large prospective cohort study 
in which one-third of the patients with AD developed 
DAOSD, showed that a history of any eye disease, but 
not a history of self-reported episodic acute allergic 
conjunctivitis, combined with the use of ophthalmic 
medication at baseline, was associated with the deve-
lopment of DAOSD. In addition, high effectiveness of 
dupilumab appeared to be associated with development 
of DAOSD. Future studies are warranted to investi-
gate the association between specific ophthalmological 
characteristics at baseline and the development of DA-
OSD and to determine (preventive) treatment strategies.
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