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Abstract
Background: Dupilumab-associated ocular surface disease (DAOSD) is frequently re-
ported as side effect in atopic dermatitis (AD) patients. Therefore, the aim of this 
study was to investigate the frequency and severity of DAOSD, ophthalmic treatment 
response and to learn more about the effect of dupilumab on conjunctival goblet cells 
(GC).
Methods: This prospective study included dupilumab-treated AD patients between 
February 2020 and June 2022 from the University Medical Centre Utrecht. Patients 
were examined by an ophthalmologist and a dermatologist before start (baseline), and 
after 4 and 28 weeks of dupilumab treatment. Ophthalmological examination was as-
sessed by the Utrecht Ophthalmic Inflammatory and Allergic disease (UTOPIA) score. 
DAOSD was defined as an increase in UTOPIA score of ≥3 points from baseline. To 
quantify conjunctival GCs and to investigate the percentage of Cytokeratin 19 (CK19)-
CD45-Mucin 5 AC (MUC5AC)+ cells, conjunctival impression cytology samples were 
analysed.
Results: Ocular surface disease (OSD) was present in 91.3% (n = 63/69) patients at 
baseline. DAOSD was observed in 28.9% (n = 20/69) patients, in whom GC numbers 
remained stable and the percentage of CK19-CD45-MUC5AC+ cells decreased at 
onset of DAOSD compared with baseline. After 28 weeks of dupilumab treatment, 
DAOSD was seen in 14.5% (n = 10/69) patients. Of the 85.5% (n = 59/69) patients 
without DAOSD or with controlled DAOSD at Week 28, 40.7% (n = 24/59) patients 
received anti-inflammatory ophthalmic drugs.
Conclusions: Ocular surface disease is common in moderate-to-severe AD patients 
before starting dupilumab. During treatment with dupilumab DAOSD severity 
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1  |  INTRODUC TION

Dupilumab, the first biologic treatment for moderate-to-severe 
atopic dermatitis (AD) patients, is directed against the interleukin 
(IL)-4 receptor alpha (IL-4Rα), inhibiting the signalling of IL-4 and IL-
13.1 It has proven its effectiveness and safety in both clinical trials 
and daily practice studies.1–3 Dupilumab-associated ocular surface 
disease (DAOSD) is the most frequently reported adverse event 
in dupilumab-treated AD patients.2–5 Remarkably, high rates of 
DAOSD have not been reported in patients treated with dupilumab 
for other diseases like asthma, suggesting that AD patients may have 
a predisposition to develop DAOSD.4 DAOSD in AD patients can be 
severe and persistent, with potentially irreversible consequences 
in case of chronic limbal inflammation and may lead to discontin-
uation of treatment with dupilumab.5,6 Several treatment options 
for DAOSD have been described in small case reports and case se-
ries, including artificial tears, antihistaminic eye drops, tacrolimus 
skin ointment and corticosteroid eye drops.7–9 However, there is no 

official guideline for the treatment of DAOSD, and knowledge about 
the effect of ophthalmic treatment is needed.8,9

We previously examined conjunctival biopsies of AD patients 
with DAOSD and found focal scarcity of intraepithelial goblet 
cells (GCs).10 However, in a recent study, we found that 90% of the 
moderate-to-severe AD patients already had signs of ocular surface 
disease (OSD) accompanied with low conjunctival GCs before the 
start of dupilumab.11 In addition, more severe AD and high AD-
related severity tear fluid biomarkers were reported in moderate-
to-severe AD patients with moderate-to-severe OSD.11,12 Taken 
together, this suggests that AD patients indicated for dupilumab 
have a relative high risk for AD-related OSD prior to the initiation 
of treatment. It has been hypothesized that the blocking effect of 
dupilumab on IL-13 reduces GC proliferation and mucin production, 
thereby further increasing the risk of ocular surface inflammation.10 
Additionally, Barnett et al.13 reported a relative deficiency of Mucin 
5 AC (MUC5AC), which is the main mucin produced by the con-
junctival GCs, in tear fluid of dupilumab-treated AD patients with 

improves with early ophthalmic treatment. The decrease in percentage of CK19-
CD45-MUC5AC+ cells during dupilumab treatment suggests an impairment of the 
GC function due to dupilumab treatment.

K E Y W O R D S
atopic dermatitis, dupilumab, dupilumab-associated ocular surface disease, goblet cell

G R A P H I C A L  A B S T R A C T
We investigated the frequency and severity of DAOSD, ophthalmic treatment response, and the effect of dupilumab on conjunctival GCs 
in 69 moderate-to-severe AD patients. Many AD patients had OSD before starting dupilumab, and 59.4% started ophthalmic treatment, 
resulting in less severe (DA)OSD. 28.9% (n = 20/69) patients developed DAOSD, with stable but low GC numbers and reduced GC function 
compared to baseline.  
Abbreviations: AD, atopic dermatitis; DAOSD, dupilumab-associated ocular surface disease; GC, goblet cell; MUC5AC, mucin 5AC; OSD, 
ocular surface disease; UTOPIA, Utrecht Ophthalmic Inflammatory and Allergic disease
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DAOSD. However, the exact patho-mechanism of DAOSD remains 
unclear.

To better understand DAOSD and its patho-mechanism in AD 
patients, the aim of this study was to investigate the frequency and 
severity of OSD in dupilumab-treated AD patients before start and 
during dupilumab treatment, the effect of ophthalmic treatment on 
(DA)OSD, and to learn more about the effect of dupilumab on the 
number of GCs and its function.

2  |  METHODS

2.1  |  Study design and patients

Between February 2020 and June 2022, adult moderate-to-severe 
AD patients eligible for treatment with dupilumab were included 
in this prospective, monocentre, observational cohort study at the 
University Medical Centre Utrecht in the Netherlands. Included pa-
tients were not using systemic immunosuppressive therapies for at 
least two weeks prior to the start of dupilumab, and dupilumab was 
dosed according to the label (300 mg every two weeks) for at least 
28 weeks. Written informed consent was provided by all patients, 
and this study was considered as non-interventional by the Medical 
Research Ethics Committee.

2.2  |  Data collection

Patients were seen by both a dermatologist and an ophthalmologist 
prior to the start of dupilumab, and after 4 and 28 weeks of treat-
ment with dupilumab. An additional ophthalmic visit was performed 
if patients reported OSD symptoms and/or if ophthalmic medication 
was required due to worsening of OSD during dupilumab treatment. 
The study design is shown in Figure 1.

Atopic dermatitis (AD) severity was assessed by the Eczema Area 
and Severity Index (EASI) and the Investigator's Global Assessment 
(IGA). Additionally, data regarding other atopic comorbidities, eye-
lid eczema or facial eczema in the past year and laboratory results 
including peripheral blood eosinophils and thymus and activation-
regulated chemokine (TARC) were collected.

The ophthalmological examination was based on the Utrecht 
Ophthalmic Inflammatory and Allergic disease (UTOPIA) score, which 
assesses the severity of inflammation of the eyelids, conjunctiva (both 
bulbar and tarsal) and the limbus.5 The overall severity of each eye 
was classified as no (UTOPIA score 0), mild (UTOPIA score 1–4), mod-
erate (UTOPIA score 5–8) or severe OSD (UTOPIA score ≥9), following 
the severity ranges of the UTOPIA score.5 In case of different severity 
between the eyes of a single patient, data were analysed based on the 
classification of the most severe eye. DAOSD was defined as the first 
visit at which an increase in UTOPIA score of ≥3 points was observed 

F I G U R E  1  Study design of the prospective study. (A) Aim of the study. (B) Time points of the different visits and the conducted 
investigations. (C) Additional analysis to the clinical ophthalmological examination. AD, atopic dermatitis; BL, baseline; IL, interleukin; OSD, 
ocular surface disease; wk, week. Figure created in Biorender.

 13989995, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.15717 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [18/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  2269ACHTEN et al.

during dupilumab treatment compared to baseline. In addition, pa-
tients were asked about the presence or absence of OSD symptoms 
(red eyes, watery eyes, pruritus, pain, photophobia and burning sensa-
tion), and the past or current use of ophthalmic medication. Tear fluid 
production from both eyes was measured by Schirmer's test.14 Tear 
film stability was examined by the tear break-up time.15

Conjunctival impression cytology (CIC) was performed to inves-
tigate the number of conjunctival GCs and its main secretory mucin, 
MUC5AC. CIC samples of controls (non-atopic, no use of ophthalmic 
medication, no contact lens wearer) were included as well. The CIC of 
the left eye was stained with Periodic Acid-Schiff and haematoxylin to 
visualize the GCs, as described previously.11 Subsequently, GCs per mil-
limetre squared (mm2) were calculated. In a random selected subgroup 
of patients (flow cytometry cohort total n = 49, n = 48 at baseline, n = 30 
at Week 4, n = 47 at Week 28), the CIC of the right eye was analysed by 
flow cytometry to learn more about the function of the GCs, by investi-
gating the percentage of cytokeratin 19 (CK19) CD45- MUC5AC+ cells, 
as described previously (gating strategy shown in Figure S1).11

2.3  |  Treatment of OSD

Ophthalmological treatment was started in patients with signs and 
symptoms of OSD. Treatment included tacrolimus skin ointment 
for the eyelids, eye drops (including lubricants, antihistaminic and 
steroidal and non-steroidal anti-inflammatory eye drops (e.g. hydro-
cortisone, cyclosporine and dexamethasone)) or eye ointment (in-
cluding lubricants and steroidal and non-steroidal anti-inflammatory 
eye ointment (e.g. oxytetracycline/hydrocortisone)). OSD treatment 
depended on the severity of OSD and could also consist of a combi-
nation of different ophthalmic drugs.

2.4  |  Statistical analysis

Differences between time points during treatment with dupilumab 
were calculated using the Wilcoxon signed-rank test and the 
McNemar test. Sub analysis including patients with DAOSD (UTOPIA 
≥3 points increase from baseline) were analysed by comparing their 
baseline values with their values at the onset of DAOSD. A p-value of 
less than .05 was considered statistically significant. Statistical analy-
ses were conducted with SPSS Statistics version 26.0.0.1 (IBM Corp. 
Released 2017. IBM SPSS Statistics for Windows). Figures were cre-
ated by using Prism (version 9.3.0 GraphPad Software) and Biorender.

3  |  RESULTS

3.1  |  Patient characteristics at baseline

A total of 69 moderate-to-severe AD patients with a median age of 
38 years (interquartile range (IQR) 27–52 years) were included, of 
which 47.8% (n = 33/69) were men. At the start of dupilumab (i.e. 

baseline), median EASI was 14.7 (IQR 10.8–18.0). Most patients had 
facial involvement of AD in the past year (n = 63/69, 91.3%) and a 
history of self-reported episodic acute allergic conjunctivitis was re-
ported in 71.0% (n = 49/69) of the patients. All other patient charac-
teristics (from both the total cohort and the flow cytometry cohort) 
are shown in Table 1.

3.2  |  Clinical ophthalmological characteristics

At baseline, 91.3% (n = 63/69) of the patients had ophthalmological 
characteristics of OSD. In 38/64 (59.4%) of the patients, ophthalmic 
treatment was started at baseline and was still ongoing at Week 4 of 
dupilumab treatment (5 missing cases due to COVID-19 at Week 4). 
The median UTOPIA score was 4.0 (IQR 2.0–5.0) at baseline, which 
decreased non-significantly to 3.0 (IQR 3.0–5.0) at 4 weeks and 
stayed stable at 3.0 (IQR 2.0–5.0) at 28 weeks of dupilumab treat-
ment (Figure 2A and Table S1). DAOSD (UTOPIA ≥3 points increase 
from baseline) was observed in 28.9% (n = 20/69) of the patients, 
which developed after a median of 12.5 weeks (IQR 4.3–30.8 weeks) 
of dupilumab treatment. These patients showed a significant in-
crease in their UTOPIA score at the onset of DAOSD compared with 
baseline (6.0 (5.0–9.0) vs. 2.0 (IQR 0.5–3.0), p < .001, respectively; 
Figure 2B and Table S2).

The individual items of the UTOPIA score remained similar during 
treatment with dupilumab in the total cohort (Table S1). However, all 
individual items of the UTOPIA score were significantly more fre-
quently present in patients with DAOSD at the onset of DAOSD 
compared with baseline, and limbitis was present in 25.0% (n = 5/20) 
at the onset of DAOSD (Table S2).

Interestingly, only half of the patients did report any ocu-
lar symptoms, both at baseline and during dupilumab treatment 
(n = 37/69 (53.6%) at baseline, n = 33/64 (51.6%) at Week 4, and 
n = 38/69 (55.1%) at Week 28, Figure 2C and Table S1). However, all 
patient with severe OSD reported symptoms both before and during 
dupilumab treatment (Figure 2C). In addition, 90% (n = 18/20) of the 
patients with DAOSD reported symptoms at the onset of DAOSD 
(Figure 2D and Table S2).

In the total cohort, a normal tear break-up time was observed 
at baseline, which decreased slightly during dupilumab treatment 
(Table  S1). In addition, tear production, which was measured by 
Schirmer's test, was normal at baseline and increased slightly 
during treatment with dupilumab (Table S1). Among patients with 
DAOSD, tear break-up time remained stable, and tear produc-
tion increased at the onset of DAOSD compared with baseline 
(Table S2).

3.3  |  Goblet cell numbers and mucin production

Conjunctival impression cytology was conducted to measure GC 
numbers per mm2 and to investigate the percentage of CK19-
CD45-MUC5AC+ cells to examine the functionality of the GCs. At 
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baseline, GC numbers were significantly lower in AD patients com-
pared with healthy controls (n = 12; Figure 3A). GC numbers showed 
a non-significant decrease during the first 4 weeks of dupilumab 
treatment. After 28 weeks of dupilumab treatment, significantly 
higher GC numbers were found compared to 4 weeks of treat-
ment but not compared to baseline (Figure 3A). At onset of DAOSD 
(n = 20/69, 28.9%), median GCs remained stable compared to base-
line (Figure 3B). Examination of GC numbers by severity category in 
the total cohort showed lower GC numbers in patients with more 
severe OSD at baseline and at Week 28 (Figure 3C). In addition, GC 
numbers were lower in patients with more severe DAOSD and at the 
onset of DAOSD (Figure 3D).

In the flow cytometry cohort (n  =  49), the percentage of 
CK19-CD45-MUC5AC+ cells significantly decreased after 4 
and 28 weeks of dupilumab treatment compared with base-
line (Figure  3E). Additionally, the percentage of CK19-CD45-
MUC5AC+ cells at baseline and at the onset of DAOSD was 
available from 7/20 patients of the flow cytometry cohort and 
showed a non-significant decrease during dupilumab treatment 
(Figure 3F and Table S2).

Together this indicates that the number of GCs is not decreased 
by dupilumab but that there is an impaired function of the conjunc-
tival GCs as a result of dupilumab treatment.

3.4  |  The effect of ophthalmic treatment

At baseline, only 5.8% (n  =  4/69) of the patients used ophthalmic 
medication, which increased during dupilumab treatment to 59.4% 
(n = 38/64) of the patients at Week 4 (which was initiated at base-
line) and 55.1% (n  =  38/69) of the patients at Week 28 (Figure  4A 
and Table S3). Tacrolimus skin ointment for the external eyelids was 
the most frequently used therapy (32.8% (n = 21/64) at Week 4 and 
26.1% (n = 18/69) at Week 28; Figure 4B and Table S3). The major-
ity of patients that were treated with anti-inflammatory ophthalmic 
medication (i.e. tacrolimus skin ointment for the external eyelids or 
anti-inflammatory eye drops or eye ointment) at Week 28 showed a 
tendency of lower UTOPIA scores compared with patients that were 
not treated or who received anti-histamine eye drops (Figure 4C and 
Figure S2).

Total cohort 
(n = 69)

Flow cytometry cohort 
(n = 49)

Age (years), median (IQR) 38 (27–52) 38 (27–52)

Men, n (%) 33 (47.8) 23 (46.9)

Age of onset of AD, n (%)

Childhood 63 (91.3) 45 (91.8)

Adolescence 4 (5.8) 4 (8.2)

Adult 2 (2.9) 0 (0.0)

History of self-reported episodic acute 
allergic conjunctivitis, n (%)

49 (71.0) 33 (67.3)

Allergic asthma, n (%) 37 (53.6) 29 (59.2)

Allergic rhinitis, n (%) 50 (72.5) 35 (71.4)

Food allergy, n (%) 35 (50.7) 29 (59.2)

History of rosacea, n (%) 2 (2.9) 2 (4.1)

EASI score at baseline, median (IQR) 14.7 (10.8–18.0) 14.0 (10.8–17.0)

IGA score at baseline, median (IQR) 3 (3–3) 3 (2–3)

AD eyelid involvement in the past year, 
n (%)

47 (68.1) 38 (77.6)

AD facial involvement in the past year, 
n (%)

63 (91.3) 47 (95.9)

TARC (pg./ml), median (IQR) 1456 (810–2160) 1332 (787–1905)

Severity of OSD before the start of 
dupilumaba, n (%)

No OSD 6 (8.7) 2 (4.1)

Mild OSD 37 (53.6) 28 (57.1)

Moderate OSD 20 (29.0) 16 (32.7)

Severe OSD 6 (8.7) 3 (6.1)

Abbreviations: AD, atopic dermatitis; EASI, Eczema Area and Severity Index; IGA scale, 
Investigator's Global Assessment Scale; IQR, interquartile range; OSD, ocular surface disease; 
TARC, thymus and activation-regulated chemokine.
aSeverity of OSD is based on eye with the highest severity within a patient.

TA B L E  1  Patient characteristics at 
baseline.
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At the onset of DAOSD, 45.0% (n  =  9/20) of the patients 
were already treated with ophthalmic medications, of whom five 
patients were receiving anti-inflammatory treatment (n  =  4/5 
tacrolimus skin ointment for the external eyelids and n  =  1/5 
non-steroidal and steroidal anti-inflammatory eye drops or eye 
ointment; Figure  4A,B and Table  S3). At week 28 of dupilumab 
treatment, DAOSD was controlled (i.e. patients with a previous 
increase ≥3 points in UTOPIA score from baseline but no longer at 
Week 28) in 50% (n = 10/20) of the patients, of whom six patients 

were receiving anti-inflammatory ophthalmic drugs (n = 3 tacroli-
mus skin ointment for the external eyelids and n = 3 non-steroidal 
and steroidal anti-inflammatory eye drops or eye ointment). New-
onset DAOSD was seen in 25% (n = 5/20) of the DAOSD patients 
at week 28.

Among the 85.5% (n = 59/69) of the patients without DAOSD 
or with controlled DAOSD at Week 28, 55.9% (n  =  33/59) of the 
patients were using any ophthalmic medication, of whom 40.7% 
(n = 24/59) were treated with anti-inflammatory ophthalmic drugs 

F I G U R E  2  Clinical characteristics of ocular surface disease before and during dupilumab treatment. (A) Utrecht Ophthalmic Inflammatory 
and Allergic disease (UTOPIA) score of the total cohort before the start of dupilumab (baseline, n = 69), and after 4 (n = 64, 5 missing 
cases due to COVID19) and 28 weeks of dupilumab treatment (n = 69). (B) UTOPIA score of the patients who developed DAOSD (n = 20) 
at baseline and at the onset of DAOSDa. (C) Total group of 69 patients divided by number of patients with self-reported symptoms of OSD 
or who had no self-reported symptoms of OSD at baseline, and after 4 and 28 weeks of dupilumab treatment. (D) Patients who developed 
DAOSD (n = 20) divided by number of patients with self-reported symptoms of OSD or who had no self-reported symptoms of OSD at 
baseline and at the onset of DAOSDa. ns, non-significant; OSD, ocular surface disease; UTOPIA, Utrecht Ophthalmic Inflammatory and 
Allergic disease. *Indicates statistical significance. aIncrease in UTOPIA score of ≥3 points compared to baseline.
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F I G U R E  3  Results of conjunctival impression cytology from dupilumab-treated atopic dermatitis patients. The medians are displayed 
by the black and red lines. (A) Goblet cells (GCs) per squared millimetre (mm2) of the total cohort before the start of dupilumab (baseline, 
n = 67), and after 4 (n = 64) and 28 weeks (n = 69) of dupilumab treatment compared to healthy controls (HC, n = 12). (B) GCs per mm2 in 
patients who developed DAOSD (n = 20) before the start of dupilumab (baseline), at the onset of DAOSDa, and in HCs (n = 12). (C) GCs per 
mm2 per severity of OSD of the total cohort before the start of dupilumab (baseline), and after 4 and 28 weeks of dupilumab treatment. 
Only significant differences are shown (p < .05). (D) GCs per mm2 per severity of OSD in patients who developed DAOSD (n = 20) before 
the start of dupilumab (baseline) and at the onset of DAOSDa. Only significant differences are shown (p < .05). (E) Percentage of cytokeratin 
19 (CK19)- CD45- Mucin5AC (MUC5AC) + cells of the flow cytometry cohort before the start of dupilumab (baseline, n = 48), after 4 weeks 
(n = 30) and 28 weeks (n = 47) of dupilumab treatment, and in HCs (n = 12). (F) Percentage of CK19-CD45-MUC5AC+ cells in patients who 
developed DAOSD (n = 7/20 available samples from the flow cytometry cohort) before the start of dupilumab (baseline), at the onset of 
DAOSDa, and in HCs (n = 12). CK19, cytokeratin19; DAOSD, dupilumab-associated ocular surface disease; MUC5AC, mucin 5AC; ns, non-
significant; OSD, ocular surface disease; UTOPIA, Utrecht Ophthalmic Inflammatory and Allergic disease.*Indicates statistical significance. 
aIncrease in UTOPIA score of ≥3 points compared to baseline.
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(n  =  15/69 with tacrolimus skin ointment for the external eyelids 
and n = 9/69 with non-steroidal and steroidal anti-inflammatory eye 
drops or eye ointment).

Altogether, these results show that only 10/69 (14.5%) of the pa-
tients had persisting or new-onset DAOSD after 28 weeks of treatment 
with dupilumab, suggesting that early treatment, especially anti-
inflammatory ophthalmic medication, reduces the DAOSD severity.

4  |  DISCUSSION

This prospective study shows that OSD is very common in moderate-
to-severe AD patients before the start of dupilumab treatment. 

DAOSD (UTOPIA ≥3 points increase from baseline) was observed in 
28.9% (n = 20/69) of the dupilumab-treated AD patients, of whom 
5/20 (25%) patients also had limbal inflammation. A stable low 
number of GCs with a decrease in the percentage of CK19-CD45- 
MUC5AC+ cells were observed in DAOSD patients. After 28 weeks 
of treatment with dupilumab, only 50% (n = 10/20) of the patients 
with DAOSD had persisting or new-onset DAOSD, suggesting that 
early treatment reduces the severity of DAOSD.

Clinical trials and daily practice studies of dupilumab-treated 
AD patients reported DAOSD incidences of up to 34%, which is 
more or less comparable to our incidence.2–4 The most frequently 
observed ophthalmological characteristics were conjunctivitis (both 
bulbar and tarsal), blepharitis and Meibomian gland dysfunction, 

F I G U R E  4  Use of ophthalmic medication during dupilumab treatment (with a minimum drug use of once every day). The most potent 
medication per patient is shown. (A) Number of patients treated with ophthalmic medication at baseline (n = 4/69, 5.8%), at Week 4 
(n = 38/64, 59.4%), at Week 28 (n = 38/69, 55.1%) during dupilumab treatment and at the onset of dupilumab-associated ocular surface 
disease (DAOSD; n = 9/20, 45.0%). (B) Number of patients treated with ophthalmic medication per medication group, at Week 4, 28 and 
at the onset of DAOSD during dupilumab treatment. (C) The severity of the ocular inflammation assessed by the Utrecht Ophthalmic and 
Inflammatory Allergic disease (UTOPIA) score at baseline, Week 4 and 28 per ophthalmic medication group. DAOSD, dupilumab-associated 
ocular surface disease; OSD, ocular surface disease; UTOPIA, Utrecht Ophthalmic and Inflammatory Allergic disease score. aIncrease in 
UTOPIA score of ≥3 points compared to baseline.
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both before and during dupilumab treatment, which is partly in 
line with previous literature.16–18 However, the majority of studies 
regarding DAOSD are not based on ophthalmological data, but on 
patient-reported diagnosis. Bortoluzzi et al.19 found no correlation 
between an OSD questionnaire focusing on OSD symptoms and 
the ophthalmological examination, indicating that patient-reported 
diagnosis is less reliable. This is consistent with our results, as about 
half of the patients with OSD did not report any symptoms, both 
before and during dupilumab treatment. Nevertheless, most pa-
tients did report OSD symptoms in case of severe OSD and at the 
onset of DAOSD. In addition, at the onset of DAOSD, both bleph-
aritis and tarsal inflammation were the most frequently observed 
ophthalmic characteristics, and limbitis was seen in 25% (n = 5/20) 
of the patients. Severe chronic OSD with involvement of the lim-
bus may lead to limbal stem cell deficiency with possible irreversible 
long-term effects and follow-up.6 In order to distinguish between 
DAOSD and AD-associated OSD during treatment with dupilumab, 
knowledge of OSD severity before the start of dupilumab is very 
important. Additionally, patients with more severe OSD before the 
start of dupilumab may require more potent ophthalmic medication, 
and ophthalmic examination is recommended to evaluate effective-
ness. Our results show that patients who received anti-inflammatory 
ophthalmic treatment (e.g. tacrolimus skin ointment for the external 
eyelids or anti-inflammatory eye drops or eye ointment) had less se-
vere OSD during dupilumab treatment, which is in line with previ-
ous studies.7,17 Furthermore, our results show that after 28 weeks 
of treatment with dupilumab, only 14.5% (n = 10/69) of the patients 
had a ≥ 3 points UTOPIA increase compared to baseline, suggesting 
that frequent ophthalmologic examinations and early treatment of 
(DA)OSD are effective in reducing the severity.

Currently, the exact patho-mechanism of DAOSD is still unclear. 
Previous case studies investigated conjunctival biopsies of AD pa-
tients with DAOSD and found GC scarcity in patients with DAOSD 
(n  =  6), and improvement of GC density after discontinuation of 
dupilumab (n  =  1).10,20 However, low GC numbers were already 
observed in moderate-to-severe AD patients before the start of 
dupilumab. During dupilumab treatment, our findings show low but 
stable GC numbers in dupilumab-treated AD patients, which seems 
to be related to the severity of OSD (both before and during dupi-
lumab treatment). In addition, a significant decrease in percentage of 
CK19-CD45-MUC5AC+ cells was observed during dupilumab treat-
ment, suggesting that the function of GCs may be affected by dupi-
lumab, but that the number of GCs is not reduced by dupilumab. GCs 
are specialized cells that secrete and produce mucins for the tear 
film, have protective and lubricant functions, and play an important 
role in the mucosal immune system by producing immune regulatory 
factors.21–23 The decrease that we observed in the percentage of 
CK19-CD45-MUC5AC+ cells accompanied with stable GC numbers 
during dupilumab treatment compared to baseline, indicates that 
the OSD observed during treatment with dupilumab differs from the 
(episodic) allergic conjunctivitis, in which GC hyperplasia and mucin 
hypersecretion are found.22 In other ocular diseases, such as kerato-
conjunctivitis sicca, the number of GCs is negatively correlated with 

the extent of inflammation.22 We also found less GCs in patients 
with more severe OSD, suggesting that this negative correlation may 
also be present in our patients. This negative correlation was ob-
served before the start of dupilumab, during dupilumab treatment, 
and at the onset of DAOSD, suggesting that the lower GC numbers 
in patients with more severe OSD may be severity related.

Recently, it was shown that IL4Rα, the target for dupilumab, is 
present on conjunctival GCs.24 Additionally, Barnett et al.13 found 
a relative deficiency of MUC5AC in tear fluid of AD patients with 
DAOSD, which is in line with our results. In our study, the number 
of GCs slightly increased over time, while the percentage of CK19-
CD45-MUC5AC+ cells decreased significantly, suggesting functional 
changes of GCs during treatment with dupilumab, possibly leading 
to DAOSD. In addition, the decrease in percentage of CK19-CD45-
MUC5AC+ cells might also lead to the dry eye sensation, which has 
been reported as sign of DAOSD.25 The tear film, which protects and 
lubricate the ocular surface, consists of three layers: a lipid layer pro-
duced by the Meibomian glands, an aqueous layer produced by the 
lacrimal gland, and a mucus layer produced by the GCs.26 Since the 
Schirmer's test remained stable, or even increased during dupilumab 
treatment, the dry eye sensation cannot be the consequence of in-
sufficient tear production, but seems to be attributed to less mucus 
production by GCs and/or dysfunction of the Meibomian glands. 
Due to the ocular inflammation, artificial tears may not be sufficient 
in treating DAOSD, and anti-inflammatory treatment is needed to 
control the (DA)OSD.

Since early (anti-inflammatory) treatment was prescribed in pa-
tients with moderate-to-severe OSD and/or OSD symptoms, it re-
mains unknown what the effect of dupilumab on GCs would have 
been if these patients would not have received ophthalmic treat-
ment. The possible effect of anti-inflammatory ophthalmic treat-
ment on GCs makes it more difficult to examine the individual effect 
of dupilumab on GC numbers and on the percentage of CK19-CD45-
MUC5AC+ cells. For example, cyclosporine A eye drops, which is 
an anti-inflammatory treatment, have been shown to increase GC 
density in dry eye disease patients.27 Interestingly, oral cyclosporine 
A is one of the systemic treatment options for moderate-to-severe 
AD patients, which could explain the lower relative risk of develop-
ing or worsening of OSD in AD patients treated with conventional 
immunosuppressive systemic therapies (including cyclosporine A) 
compared to AD patients treated with dupilumab.28 Additionally, 
improvement of DAOSD was seen in an AD patient after switching 
from dupilumab treatment to upadacitinib, which is a Janus Kinase 
inhibitor with a broader mode of action.29–31

This study has some limitations. First, flow cytometry analy-
sis of the CK19-CD45-MUC5AC+ cells were conducted in a small 
cohort, and only few samples were available from patients with 
DAOSD. However, despite this, we did find significant differences 
in the total group, providing new insights in the patho-mechanism 
of DAOSD. Larger studies are needed to verify our results. Second, 
a substantial amount of patients were treated with ophthalmo-
logical treatment during dupilumab treatment, potentially lead-
ing to less severe DAOSD. As some patients started ophthalmic 
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treatment at baseline, this may have influenced the natural course 
of the development of DAOSD during dupilumab treatment, re-
sulting in an underestimation of the incidence of DAOSD in our 
study. However, DAOSD was assessed at the first visit that pa-
tients had an increase in their UTOPIA of ≥3 points from baseline, 
and only one of the patients with DAOSD used anti-inflammatory 
ophthalmic medication at onset of DAOSD. For that reason, the 
ophthalmological treatment did probably less influence our results 
of the DAOSD sub analyses.

Currently, we are not able to identify patients that are at risk of 
developing DAOSD. Our data suggest that patient-reported diagno-
sis is not always reliable. Ophthalmic examination before the start 
of dupilumab is recommended, since many moderate-to-severe AD 
patients have OSD before the start of dupilumab, and early treat-
ment and recognition of (DA)OSD reduces the severity of DAOSD. 
If not feasible, we recommend to start tacrolimus skin ointment 
(1 mg/g) for the external eyelids once daily in patients that report 
symptoms of OSD during dupilumab treatment, since patients who 
received this treatment showed a decrease in their ocular inflamma-
tion in this study. In addition, tacrolimus skin ointment can be safely 
used for prolonged time, whereas corticosteroid eye drops or eye 
ointment may affect intraocular pressure leading to a higher risk of 
glaucoma and cataract.17,32 If this treatment is not sufficient in treat-
ing DAOSD, low-threshold referral to an ophthalmologist is highly 
recommended.

In conclusion, OSD is common in moderate-to-severe AD pa-
tients before the start of dupilumab. The severity of DAOSD 
reduces with intensive ophthalmological follow-up and early treat-
ment. Lower numbers of GCs are seen in patients with more severe 
OSD before and during treatment with dupilumab. In addition, the 
percentage of CK19-CD45-MUC5AC+ cells decreased during dupi-
lumab treatment, suggesting a reduced function of the conjunctival 
GCs as a result of dupilumab treatment.
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