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R E S E A R C H  L E T T E R

Biomarkers in tear fluid of dupilumab-treated 
moderate-to-severe atopic dermatitis patients

To the Editor,
Atopic dermatitis (AD) patients treated with dupilumab, a biologic 
therapy targeting the shared receptor component for interleukin 
(IL)-4 and IL-13, frequently reported dupilumab-associated ocular 
surface disease (DAOSD) as a side effect.1 Additionally, the major-
ity of AD patients have ocular surface disease (OSD) before start-
ing dupilumab, suggesting that AD patients may be predisposed to 
develop DAOSD.2 The exact pathomechanism of DAOSD remains 
unclear, and little information is available regarding conjunctival 
inflammation. Therefore, our aim was to characterize conjunctival 
inflammation by measuring tear fluid biomarker levels and relate 
this to OSD severity before and during dupilumab treatment in AD 
patients.

This prospective study included moderate-to-severe AD 
adult patients between February 2020 and March 2021 from the 
University Medical Center Utrecht, the Netherlands. Dupilumab was 
dosed according to the label (300 mg every 2 weeks). Examination 
was performed by a dermatologist and an ophthalmologist at the 
start of dupilumab (baseline) and after 4 and 28 weeks of dupilumab 
treatment. An additional ophthalmological examination was per-
formed in patients who developed DAOSD. During dupilumab treat-
ment, the ophthalmologist could start OSD treatment and selected 
therapy depended on OSD severity. Written informed consent was 
provided, and the study was approved by the Institutional Review 
Board.

Data regarding AD severity and atopic comorbidities were 
collected. Additionally, the standardized Utrecht Ophthalmic 
Inflammatory and Allergic disease (UTOPIA) score was performed, 
providing an overall severity classification of no, mild, moderate 
or severe OSD, based on the eye with the highest severity within 
a patient.3 Tear fluid was collected by using Schirmer's strips that 
were air-dried for ≥1 hour and stored at −80°C. Schirmer's strips 
were eluted to obtain tear fluid for biomarker measurements, and 
tear fluid from both eyes was combined. Biomarker levels (IL-22, 
pulmonary and activation-regulated chemokine (PARC), periostin, 
thymus and activation-regulated chemokine (TARC), granzyme 
B, IL-6, interferon gamma (IFN-γ), CXCL10, IL-12, tumour necro-
sis factor alpha (TNF-α), IL-17, IL-23, IL-4, IL-5 and IL-13) in tear 

fluid were measured by multiplex technology (xMAP; Luminex)4 at 
baseline and after 4 and 28 weeks of dupilumab treatment. Eight 
healthy controls (non-atopic, no use of ophthalmic medication) 
were included. Samples above or below the assay limits of detec-
tion were given values equivalent to the lower limit of quantifi-
cation divided by 2 or the upper limit of quantification multiplied 
by 2.4 No samples were above the assay limits of detection in our 
study. Statistical analyses were conducted with SPSS Statistics 
version 26.0.0.1 (IBM Corp., IBM SPSS Statistics for Windows). 
Correlations were analysed using the Spearman's test. A heat 
map and correlation matrix were created using R version 4.0.3. 
Figures were created by Prism (version 9.3.0 GraphPad Software). 
Supplemental materials (Appendix  S1) including Spearman's cor-
relations, tear fluid biomarkers per severity and a heat map in-
cluding baseline tear fluid biomarkers are available at https://doi.
org/10.5281/zenodo.7445605. 

Sixteen patients (median baseline Eczema Area and Severity 
Index (EASI) score 16.5 (IQR 13.9–24.5)) were included (Table 1). At 
baseline, no, mild, moderate and severe OSD were reported in 3/16 
(18.8%), 7/16 (43.8%), 3/16 (18.8%) and 3/16 (18.8%) patients, re-
spectively. Significantly higher PARC and periostin tear fluid levels 
were found in moderate-to-severe AD patients (n = 16) compared 
with healthy controls (n = 8) at baseline (Figure 1A). Additionally, sig-
nificantly higher baseline IL-22, TARC and periostin tear fluid levels 
were measured in patients with moderate-to-severe OSD compared 
to patients with no or mild OSD (Figure 1B). At baseline, both TARC 
and IL-22 tear fluid levels were significantly correlated with EASI 
scores (both total EASI and head neck EASI), and head neck EASI 
scores significantly correlated with UTOPIA scores. In conclusion, 
AD-related severity tear fluid baseline biomarkers were significantly 
higher in patients with moderate-to-severe OSD compared to pa-
tients with no or mild OSD.

All patients responded to dupilumab treatment (median EASI 
6.8 (IQR 3.1–9.8) and 2.3 (IQR 1.5–4.4) at weeks 4 and 28, re-
spectively). During dupilumab treatment, median UTOPIA scores 
slightly increased (non-significantly) from 2.5 (IQR 1.0–6.8) at 
baseline, to 3.0 (IQR 2.0–5.8) and 4.0 (IQR 2.0–7.8) at weeks 4 and 
28, respectively. After 4 weeks (n = 12, 4 missing due to COVID-19 
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pandemic) and 28 weeks (n  =  16) of dupilumab treatment, tear 
fluid levels of TARC and periostin decreased compared with base-
line (Figure  1A). Although not all statistically significant, IL-22, 
TARC and periostin tear fluid levels remained higher in patients 
with moderate-to-severe OSD compared to patients with no or 
mild OSD during dupilumab treatment (Figure 1B). Both TARC and 
IL-22 tear fluid levels significantly correlated with EASI scores at 
week 4, but not at week 28 of dupilumab treatment. Head neck 
EASI scores correlated significantly with IL-22 tear fluid levels at 
week 4, but not correlated with UTOPIA scores at weeks 4 and 
28. Levels of Th1- and Th17-related tear fluid cytokines (IL-6, 
IFN-γ, CXCL10, IL-12, TNF-α, IL-17 and IL-23) and Th2-related tear 
fluid cytokines (IL-4, IL-5, IL-13) remained stable during dupilumab 

Key messages

•	 This study, funded by dupilumab's manufacturer, meas-
ured tear fluid biomarker levels from dupilumab-treated 
atopic dermatitis (AD) patients.

•	 Patients with more severe ocular surface disease before 
the start of dupilumab treatment had increased AD-
related severity tear fluid biomarkers.

•	 No differences in Th1- or Th17-associated tear fluid 
biomarker levels were observed during dupilumab 
treatment.

Total cohort 
(n = 16)

Age (years), median (IQR) 36 (26–46)

Men, n (%) 8 (50.0)

Age of onset of AD, n (%)

Childhood 15 (93.8)

Adolescence 0 (0)

Adult 1 (6.3)

History of self-reported episodic acute allergic conjunctivitis, n (%) 14 (87.5)

Allergic asthma, n (%) 8 (50.0)

Allergic rhinitis, n (%) 13 (81.3)

Food allergy, n (%) 5 (31.3)

History of rosacea, n (%) 0 (0)

EASI score, median (IQR) 16.5 (13.9–24.5)

IGA score, median (IQR) 3 (3–4)

AD eyelid involvement in the past year, n (%) 8 (50.0)

AD facial involvement in the past year, n (%) 14 (87.5)

TARC (pg/ml), median (IQR) 1954 (1111–3607)

Peripheral blood eosinophils (×109/L), median (IQR) 0.37 (0.16–0.52)

Eosinophilia (≥0.45 × 109/L), n (%) 6 (37.5)

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

No OSD 3 (18.8)

Mild OSD 7 (43.8)

Moderate OSD 3 (18.8)

Severe OSD 3 (18.8)

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 the eye with the highest severity within a patient.

TA B L E  1  Patient characteristics at 
baseline

F I G U R E  1  Biomarkers measured in tear fluid of moderate-to-severe AD patients before and during dupilumab treatment. Boxplots 
with median and interquartile ranges (healthy controls (n = 8) in grey). Whisker plots display the minimum and maximum. Differences were 
calculated with Mann–Whitney U tests. (A) Biomarkers measured in the total cohort before the start of dupilumab (n = 16) and after 4 weeks 
(n = 12) and 28 weeks (n = 16) of dupilumab treatment. (B) TARC, IL-22 and periostin measured in tear fluid of moderate-to-severe AD 
patients before the start of dupilumab (n = 16) and after 4 weeks (n = 12) and 28 weeks (n = 16) of dupilumab treatment per OSD severity. 
Severity of OSD is based on the eye with the highest severity within a patient at the selected time point. GranB, granzyme B; HC, healthy 
control; IL, interleukin; IFN-γ, interferon gamma; PARC, pulmonary and activation-regulated chemokine; TARC, thymus and activation-
regulated chemokine; TNF-α, tumour necrosis factor alpha. *Statistical significance
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treatment, and no differences were found in these cytokines be-
tween patients with no or mild OSD and patients with moderate-
to-severe OSD.

However, 7/16 (44%) patients showed ≥3 points increase in 
UTOPIA score during dupilumab treatment (i.e.DAOSD onset) com-
pared with baseline. At DAOSD onset, the median UTOPIA score 
was significantly higher compared with baseline (6.0 (IQR 3.0–8.0) 
vs. 2.0 (IQR 0.0–2.0), p  = .017, respectively (n  =  7)). Significantly 
higher granzyme B and lower periostin tear fluid levels were found at 
DAOSD onset compared with baseline (127.3 pg/ml (IQR 97.1–195.1) 
vs. 48.8 pg/ml (IQR 43.2–77.2), p = .028, and 1038 pg/ml (781–3967) 
vs. 2344 pg/ml (IQR 1265–10,071), p = .028, respectively). This sug-
gests a role for T cell cytotoxicity in OSD worsening during dup-
ilumab treatment. At week 28 of dupilumab treatment, only 4/16 
(25%) patients had ≥3 points increase in UTOPIA score compared 
with baseline, suggesting that early OSD treatment may be effective 
in reducing DAOSD severity.

Before starting dupilumab, 81.2% of the patients had OSD, and 
patients with moderate-to-severe OSD had increased tear fluid lev-
els of IL-22, TARC and periostin compared to patients with no or 
mild OSD. The increased periostin might contribute to the patho-
genesis of ocular allergic diseases.5 Furthermore, baseline TARC 
and IL-22 tear fluid levels were significantly correlated with baseline 
EASI scores. Interestingly, TARC and IL-22 are known biomarkers for 
the clinical severity of AD, and more severe AD is found in patients 
with more severe OSD.2,6 This suggests that high tear fluid baseline 
levels of TARC and IL-22 in patients with moderate-to-severe OSD 
are related to AD severity. Due to the impaired epithelial barrier 
function in eyes of AD patients, as suggested by Yokoi et al.,7 the 
AD-related severity tear fluid biomarkers might be increased in AD 
patients with more severe OSD and play a role in the local barrier 
disruption. Furthermore, the head neck EASI score significantly cor-
related with the UTOPIA score at baseline, suggesting more severe 
OSD in patients with more severe head neck AD at baseline. Dogru 
et al.8 previously reported significantly more severe metaplasia of 
the ocular surface in patients with facial atopy. For that reason, the 
local barrier disruption of the eyes might not be the only explanation 
for the higher biomarker levels since these cytokines may also be 
locally produced by activated conjunctival epithelial cells. Taken to-
gether, moderate-to-severe AD patients may be predisposed having 
AD-related OSD prior to dupilumab treatment.

During dupilumab treatment, no specific differences in Th1- or 
Th17-associated biomarker tear fluid levels were found, comparable 
with previous literature.9 However, granzyme B tear fluid levels were 
significantly higher at DAOSD onset compared with baseline (n = 7 
of which 6 available samples). Increased granzyme B, indicating cy-
totoxic T cell activity, is previously observed in conjunctival biopsies 
of DAOSD patients and comparable with our results.1

AD-related severity tear fluid biomarkers decreased after 4 and 
28 weeks of dupilumab treatment, while the UTOPIA score slightly 
increased. However, moderate-to-severe OSD patients remained 
to have slightly higher tear fluid levels of TARC, IL-22 and periostin 
compared to patients with no or mild OSD. No correlation was found 

between these markers and EASI scores at week 28, and between 
EASI scores (both total EASI score and head neck EASI score) and 
UTOPIA scores, indicating that OSD severity is not related to AD 
severity during dupilumab treatment. These data suggest that dup-
ilumab may play a dual generally protective and locally aggravating 
role in OSD. The question remains what the pathomechanism is of 
DAOSD in AD patients. Scarcity of conjunctival goblet cells due to 
dupilumab treatment has been hypothesized to induce local inflam-
mation and DAOSD.1,3 Prospective studies are needed to learn more 
about the pathomechanism of DAOSD.

A limitation of our study is that only tear fluid biomarkers were 
measured and therefore cannot be compared with serum levels. 
Second, some patients received treatment for their OSD, potentially 
leading to less severe OSD. However, OSD severity was based on 
the ophthalmological examination, which was conducted every visit, 
and was independent of ophthalmological treatment.

In conclusion, OSD is associated with increased tear fluid levels 
of AD-related severity biomarkers in patients with moderate-to-
severe OSD before starting dupilumab. These biomarkers decreased 
during dupilumab treatment but remained slightly higher in patients 
with moderate-to-severe OSD. No specific differences in Th1- or 
Th17-associated biomarkers were found in tear fluid during dup-
ilumab treatment, despite the slightly (not significantly) increasing 
UTOPIA score. Further research in larger cohorts is needed to verify 
our results.
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