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This study aims to clarify the clinical significance of dupilumab-induced elevation of blood eosinophil 
in Japanese patients with atopic dermatitis (AD). Eosinophil elevation was defined as ≥ 5% increase 
of eosinophil percentage within one year after dupilumab initiation. Seven patients (15.7%) were 
shown to have eosinophil elevation, six of whom developed dupilumab-associated conjunctivitis 
(DAC) and were accompanied with DAC more frequently than those without eosinophil elevation, 
with statistically significant difference. Eosinophil percentage resolved spontaneously in all seven 
patients, including the one without DAC, despite the continuation of dupilumab treatment. None 
of the patients with eosinophil elevation had cardiac or pulmonary complications attributable to the 
hypereosinophilia. The patients with eosinophil elevation were all male. Furthermore, none of four 
patients in whom efficacy of dupilumab was < 25% showed eosinophil elevation. Childhood onset 
tended to be more common in patients with the elevation of eosinophil. This study suggests that most 
eosinophil elevation is associated with DAC, and that the eosinophil ratio is a biomarker for DAC.

1. Introduction

Dupilumab is a fully human monoclonal antibody 
against the α subunit of the IL-4 receptor (IL-
4Rα), which inhibits the IL-4/13 signaling pathway. 
This pathway is involved in various pathological 
conditions of atopic dermatitis (AD) including B-cell 
differentiation, IgE production, activation of eosinophils, 
basophils, or mast cells, Th2 immune response, goblet 
cell metaplasia and proliferation, epidermal barrier 
dysfunction, and inhibition of the production of anti-
microbial peptides (1,2).
 Biologic therapies such as dupilumab inhibit specific 
cytokine pathways and suppress inflammation in 
target organs, but sometimes paradoxically induce or 
increase inflammation in other organs, which are called 
paradoxical reactions (3). Blood eosinophil elevation is 
a known adverse effect of dupilumab in patients with 
AD, but it has not yet been the focus of any studies. 
This study aims to compare the clinical characteristics 
of patients with AD with and without the eosinophil 
elevation, and to clarify its clinical significance.

2. Methods

2.1. Patients

This study was approved by the Wakayama Medical 
University Institutional Review Board (No.3423), and 
written informed consent was obtained before patients 
were entered into this study, in accordance with the 
Declaration of Helsinki.
 Medical information was collected from 46 patients 
with AD (thirty-four males and twelve females) who 
were treated with dupilumab between May 2018 and 
February 2022 at our institute. Their clinical features are 
shown in Table 1.

2.2. Clinical assessment

Patients who met the previously described diagnostic 
criteria (4) and who showed the characteristic features 
(pruritus, eczema with typical morphology and age-
specific patterns and chronic or relapsing history, xerosis, 
atopic predisposition such as elevated IgE, medical 
history of allergic diseases, and family history) were 
defined as having typical AD.
 As in a previous study (5), moderate, severe, and very 
severe AD before dupilumab were defined by Eczema 
Area and Severity Index (EASI) score ≥ 7, ≥ 21.1 and ≥ 
50.1, respectively. In this study, efficacy of dupilumab 
was evaluated by the percentage improvement in EASI 
scores after the treatment compared to those before the 
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treatment. Blood eosinophil elevation was defined as ≥ 
5% increase of eosinophil percentage within one year 
after initiation of dupilumab without any other causes.
 The diagnosis and severity of conjunctivitis 
was evaluated based on clinical manifestation and 
ophthalmologic examination.

2.3. Statistical analysis

Statistical analysis was carried out with Fisher's exact 
probability test (2 × 2-table) and Pearson's chi-square 
tests (m × n-table) to compare percentages. Mann-
Whitney tests were used to compare medians between 
the two groups. p < 0.05 was considered statistically 
significant.

3. Results

3.1. Clinical characteristics of patients with AD in the 
present study

Forty-six patients (34 males and 12 females, average 
age of 51.3 years), were diagnosed with AD based 
on previously published guidelines (4) (Table 1). 
Approximately 70% of them showed typical clinical 
manifestation with erythema, papules,  scales, 
lichenification-based eczema lesions, characteristic 
rash distribution, atopic predisposition such as elevated 
IgE, medical history of allergic diseases, and family 
history. The past history of other allergic diseases was 
seen in 34.8% of the patients, among which allergic 
rhinitis (19.6%) and asthma (23.9%) were the most 
frequent. The childhood onset was in 13.0% of our 
patients, although the onset was not recorded for 24% 
patients. In terms of severity of AD before dupilumab 
initiation, 30.4% were moderate, 54.4% were severe, 
and 15.2% were very severe. More than 25% efficacy 
of dupilumab treatment was seen in nearly 90% of the 
patients. These results are consistent with previous large 
studies published in 2021(6) except for the percentage 
of childhood onset (13.0% vs. 37-39% respectively).

3.2. Correlation between blood eosinophil elevation and 
dupilumab-associated conjunctivitis (DAC)

Clinical characteristics were compared between 
patients with and without blood eosinophil elevation 
by dupilumab treatment (Table 2). When eosinophil 
elevation was defined as ≥ 5% increase of eosinophil 
percentage within one year after dupilumab initiation, 
seven patients (15.7%) showed the eosinophil elevation. 
In these patients, there were no evidence of parasitic 
infections or other hematologic diseases that are known 
to cause eosinophil elevation.
 Six of these seven patients with eosinophil elevation 
developed DAC, while DAC was seen in only in seven 
of the 39 patients without eosinophil elevation. Patients 

with eosinophil elevation were therefore accompanied 
with DAC more frequently than those without, with 
statistically significant difference (p = 0.00106, by 
Fisher's exact test, Table 3). Only one patient with 
eosinophil elevation did not develop DAC; the patient 
received chemotherapy for cutaneous squamous cell 
carcinoma at the same time, but no causes of the 
eosinophil elevation other than dupilumab treatment 
could be identified.
 When blood eosinophil percentage was compared 
to severity of conjunctivitis, in three (cases 1, 5, and 6) 
out of the six patients, the peak of eosinophil percentage 
mostly coincided with the most serious DAC (Figure 1). 
In these three cases, the eosinophil percentage decreased 
and DAC improved at the same time.
 Eosinophil percentage resolved spontaneously 
in all seven patients, including one patient without 
DAC, despite the continuation of dupilumab treatment. 
None of the patients with eosinophil elevation had 
cardiac or pulmonary complications attributable to the 
hypereosinophilia.

3.3. Correlation of blood eosinophil elevation with other 
clinical features

There were no significant differences between AD 
patients with or without eosinophil elevation in mean 
age, clinical manifestation, past history of other allergies, 
severity before dupilumab initiation, or efficacy 
of dupilumab. Mean eosinophil percentage before 
dupilumab initiation was slightly higher in patients with 
eosinophil elevation than in patients without elevation.
 On the other hand, although not statistically 
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Table 1. Summary of clinical features in AD patients 
treated by dupilumab (n = 46)

Age at the time of dupilumab initiation (mean years)
Sex (male)
Clinical manifestation
     typical 
     atypical
Past history of other allergies
     bronchial asthma
     allergic rhinitis
Age of onset
     childhood
     adult
Severity before dupilumab initiation
     moderate
     severe
     very severe
Mean eosinophilic percentage before dupilumab initiation
Efficacy of dupilumab
     75-100% improvement
     25-75% improvement
       0-25% improvement
Adverse effects 
     elevation of eosinophil
     conjunctivitis

51.3
73.9

69.6
30.4
34.8
19.6
23.9

13.0
63.0

30.4
54.4
15.2

9.8

28.3
63.0

8.7
43.5
15.2
28.3

Unless indicated, values are percentages.
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elevation is unclear because there is no universally-
accepted definition of eosinophilia (7).
 As the mechanism, blockage of IL-4/13 signaling 
by the monoclonal antibody in mouse models prevents 
eosinophils from invading each organ, leading to 
accumulation of eosinophils in the bloodstream (8). 
Conversely, blood eosinophil elevation is not observed 
in all AD patients treated with dupilumab, so drug-
induced changes of blood eosinophil number may 
depend on the levels of chemokine suppression by 
dupilumab and the speed of eosinophil production in 
each patient (7).
 In the present study, clinical characteristics were 
compared between seven patients with (15.2%) and 39 
patients without (84.8%) elevation of blood eosinophil. 
The incidence of DAC was significantly higher in 
patients with elevation. DAC is one of the most well-
known adverse events of dupilumab. The high incidence 
of DAC by dupilumab is notably seen only in AD, and is 
less common in other allergic diseases, such as asthma 
or nasal polyps (9). The mechanism of DAC remains 
unclear, but suppression of goblet cell proliferation and 
mucin secretion by dupilumab may contribute to its 
development (10,11). Katsuta et al. (12) also compared 
the clinical features of AD patients with and those 
without DAC, and described that blood eosinophil 
number two month after the dupilumab therapy was 
significantly higher in those with DAC. Consistently, in 
the present study, four out of the six patients with DAC 
also had a peak of eosinophil elevation 2-4 months after 
administration, and in three out of the four patients, 
eosinophil percentage was proportional to the activity 

significant (p = 0.101 by Fisher's exact test), the patients 
with eosinophil elevation were all male, while male were 
only 69.2% of the patients without eosinophil elevation. 
Furthermore, although insignificant (p = 0.500), none of 
four patients in whom efficacy of dupilumab was < 25% 
showed eosinophil elevation.
 Additionally, among the patients with eosinophil 
elevation, the number of patients with childhood onset 
was five, and adult onset was one (Table 4). Among 
those without eosinophil elevation, however, 11 had 
childhood onset and 18 had adult onset. Childhood onset 
tended to be more common in patients with eosinophil 
elevation, although without significant difference (p = 
0.073).

4. Discussion

Blood eosinophil elevation has been previously reported 
in patients with AD treated with dupilumab, but the 
exact percentage of AD patients with the eosinophil 

Table 2. Correlation of clinical features and blood eosinophil elevation in AD patients treated by dupilumab (n = 46)

Items

Age at the time of dupilumab initiation
Sex (male) 
Clinical manifestation
     typical 
     atypical
Past history of other allergies
     bronchial asthma
     allergic rhinitis
Age of onset
     childhood
     adult
Severity before dupilumab initiation
     moderate
     severe
     very severe
Mean eosinophilic percentage before dupilumab initiation
Efficacy of dupilumab
     75-100% improvement
     25-75% improvement
       0-25% improvement
Adverse effects 
     conjunctivitis

Unless indicated, values are percentages.

Patients with elevated 
eosinophil (n = 7)

     53.3
100

     71.4
     28.6
     28.6

    0
     28.6

     71.4
     14.3

     42.8
     28.6
     28.6
     10.3

     42.9
     57.1

    0

     85.7

    p value

0.810
0.101
1.000

0.479

0.073

0.302

0.711
0.500

0.00106

Patients without elevated 
eosinophil (n = 39)

51.0
69.2

69.2
30.8
35.9
23.1
23.1

28.2
46.2

28.2
59.0
12.8
  9.7

25.6
64.1
10.3

17.9

Table 3. Comparison of prevalence of conjunctivitis 
between AD patients with and without blood eosinophil 
elevation

Items

Elevation (+)
Elevation (-)

Total

  7
39
46

Eosinophil elevation is defined as ≥ 5% increase of eosinophil 
percentage within one year after dupilumab initiation. *p < 0.05 using 
Fisher's exact probability test.

Conjunctivitis (+)

  6 
  7 
13

Conjunctivitis (-)

  1 
32 
33

p value

0.00106
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of DAC. In these three cases, maximum eosinophil 
percentage exceeded 20%, which was higher than the 
other three cases.
 Taken together, this is the first report to identify 
the clinical characteristics of patients with AD with 
eosinophil elevation, and the results suggest that most 
eosinophil elevation may be seen in association with 
DAC. Blood eosinophil percentage can therefore be 
considered to be a predictive marker for DAC. Moreover, 
eosinophil elevation by dupilumab does not seem to 
cause organ damage, and moreover spontaneously 
disappears, so it is perhaps unnecessary to discontinue 
dupilumab.

 In this study, although not significant, there were no 
patients showing low efficacy by dupilumab (0-25% 
improvement) in AD patients with blood eosinophil 
elevation, while such non-responder was seen only 
in those without eosinophil elevation. This may also 
be associated with the action of dupilumab to prevent 
migration of eosinophils from the bloodstream to 
the skin. We speculate, for example, that the lack of 
eosinophil influx into the skin tissue may attenuate the 
skin inflammation in patients with blood eosinophil 
elevation.
 Similarly, although insignificant, there were more 
patients with childhood onset among those with 
eosinophil elevation, perhaps suggesting that the disease 
duration of AD may correlate with action of dupilumab. 
Compared with patients with adult-onset, for example, 
those with childhood onset may tend to have a longer 
Th2 immune response and increased eosinophil 
production speed in the bone marrow, resulting in the 
blood eosinophil elevation after dupilumab therapy. 
Lack of information of disease duration of several 

Figure 1. Correlation between eosinophil percentage and severity of conjunctivitis. Vertical axis: severity of conjunctivitis and eosinophil 
percentage; horizontal axis: month after dupilumab treatment. The solid and dotted lines indicate the eosinophil percentage and the severity of 
conjunctivitis, respectively. The results were compared for each.

Table 4. Comparison of onset age between patients with 
and without eosinophil elevation

Items

Elevation (+)
Elevation (-)

Total

  6
29
35

Childhood

  5
11
16

Adult

  1
18
19

p value

0.07
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patients in medical records was a limitation of this 
comparison.
 In conclusion, seven patients (15.7%) among 46 
patients with AD were considered to have elevation of 
blood eosinophil. Those with eosinophil elevation were 
accompanied with DAC more frequently than those 
without, with significant difference. Most eosinophil 
elevation may therefore be seen in association with 
DAC, and blood eosinophil percentage seems to be a 
predictive marker for DAC, although further studies 
with a greater number of patients are required.

Acknowledgements

We acknowledge editing and proofreading by Benjamin 
Phillis from the Clinical Study Support Center at 
Wakayama Medical University.

Funding: None.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Iwaszko M, Biały S, Bogunia-Kubik K. Significance of 
interleukin (IL)-4 and IL-13 in inflammatory arthritis. 
Cells. 2021; 10:3000. 

2. Paul WE, Zhu J. How are T(H)2-type immune responses 
initiated and amplified? Nat Rev Immunol. 2010; 10:225-
235.

3. Ramos-Casals M, Roberto-Perez-Alvarez, Diaz-
Lagares C, Cuadrado MJ, Khamashta MA, Group BS. 
Autoimmune diseases induced by biological agents: a 
double-edged sword? Autoimmun Rev. 2010; 9:188-193.

4. Eichenfield LF, Tom WL, Chamlin SL, et al. Guidelines 
of care for the management of atopic dermatitis: section 
1. Diagnosis and assessment of atopic dermatitis. J Am 
Acad Dermatol. 2014; 70:338-351.

5. Leshem YA, Hajar T, Hanifin JM, Simpson EL. What the 
Eczema Area and Severity Index score tells us about the 
severity of atopic dermatitis: an interpretability study. Br 
J Dermatol. 2015; 172:1353-1357.

6. Strober B, Mallya UG, Yang M, Ganguli S, Gadkari A, 
Wang J, Sierka D, Delevry D, Kimball AB. Treatment 
outcomes associated with dupilumab use in patients with 
atopic dermatitis: 1-year results from the RELIEVE-AD 
study. JAMA Dermatol. 2022; 158:142-150.

7. Wollenberg A, Beck LA, Blauvelt A, et al. Laboratory 
safety of dupilumab in moderate-to-severe atopic 
dermatitis: results from three phase III trials (LIBERTY 
AD SOLO 1, LIBERTY AD SOLO 2, LIBERTY AD 
CHRONOS). Br J Dermatol. 2020; 182:1120-1135.

8. Webb DC, McKenzie AN, Koskinen AM, Yang M, 
Mattes J, Foster PS. Integrated signals between IL-13, IL-
4, and IL-5 regulate airways hyperreactivity. J Immunol. 
2000; 165:108-113.

9. Akinlade B, Guttman-Yassky E, de Bruin-Weller M, et al. 
Conjunctivitis in dupilumab clinical trials. Br J Dermatol. 
2019; 181:459-473.

10. Bakker DS, Ariens LFM, van Luijk C, van der Schaft J, 
Thijs JL, Schuttelaar MLA, van Wijk F, Knol EF, Balak 
DMW, van Dijk MR, de Bruin-Weller MS. Goblet cell 
scarcity and conjunctival inflammation during treatment 
with dupilumab in patients with atopic dermatitis. Br J 
Dermatol. 2019; 180:1248-1249.

11. Voorberg AN, den Dunnen WFA, Wijdh RHJ, de Bruin-
Weller MS, Schuttelaar MLA. Recurrence of conjunctival 
goblet cells after discontinuation of dupilumab in a 
patient with dupilumab-related conjunctivitis. J Eur Acad 
Dermatol Venereol. 2020; 34:e64-e66.

12. Katsuta M, Ishiuji Y, Matsuzaki H, Yasuda KI, Kharma B, 
Nobeyama Y, Hayashi T, Tokura Y, Asahina A. Transient 
increase in circulating basophils and eosinophils 
in dupilumab-associated conjunctivitis in patients 
with atopic dermatitis. Acta Derm Venereol. 2021; 
101:adv00483.

Received June 10, 2022; Revised July 28, 2022; Accepted 
August 16, 2022.

*Address correspondence to:
Yutaka Inaba, Department of Dermatology, Wakayama 
Medical University Graduate School of Medicine, 811-1 
Kimiidera, Wakayama, Wakayama, 641-0012, Japan.
E-mail: ptfjk298@wakayama-med.ac.jp

Released online in J-STAGE as advance publication August 
21, 2022.


