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Abstract
Background Management of moderate-to-severe atopic dermatitis (AD) frequently requires treatment with systemic

therapies. Dupilumab is the first biological agent approved for treatment of moderate-to-severe AD. Although promising

results have appeared in clinical trials, real-life data on efficacy and safety are lacking.

Objectives To assess effectiveness and safety of treatment with dupilumab in the real-life clinical setting at a Danish

tertiary referral centre.

Methods All patients with AD treated with dupilumab from October 2017 to October 2018 at Bispebjerg Hospital, Den-

mark, were included in the study. Patients were evaluated three times: at treatment initiation and at 1 and 3 months after

first dupilumab injection. At each visit, disease activity was assessed by severity score (Eczema Area and Severity Index,

EASI), patient-reported outcomes (Dermatology Life Quality Index, DLQI, pruritus and sleep score) and serological mark-

ers [immunoglobulin (Ig)E, eosinophil count and lactate dehydrogenase (LDH)].

Results A total of 43 patients were included in the study. The mean reduction in EASI score from baseline was 19.6

points (72.4%) at 1-month and 22.6 points (76.7%) at 3-month follow-up. EASI, DLQI, pruritus score, sleep score, IgE

and LDH were all statistically significantly reduced between baseline and 1- and 3-month follow-up. Mean reductions in

EASI score and LDH at 3-month follow-up were significantly correlated (P = 0.003). One patient (2.3%) discontinued

treatment due to side-effects, and seven patients (18.4%) developed conjunctivitis during the study period.

Conclusion The effectiveness and safety of dupilumab treatment in a real-life clinical setting are comparable to that of

phase 3 clinical trials. LDH is suggested as a potential serological marker predictive of treatment response.
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Introduction
Atopic dermatitis (AD) is a common chronic inflammatory skin

disease affecting approximately 20% of children and 7–10% of

adults in western countries.1 AD is characterized by dry skin and

recurrent flares of pruritic, eczematous skin lesions with great

variability in the clinical presentation.2 Treatment with emollients

and topical anti-inflammatory agents comprises the cornerstone

in the management of mild AD, while systemic treatment with

immunosuppressive drugs (i.e. methotrexate, ciclosporin and aza-

thioprine) is frequently required to ensure adequate disease con-

trol in patients with moderate-to-severe AD, although these drugs

are not always effective and associated with frequent side-effects.3

Accordingly, the management of recalcitrant AD poses a challenge

to dermatologists. The increasing understanding of the

immunopathology underlying AD has formed the basis for devel-

opment of biological agents specifically targeting key inflamma-

tory mediators involved in the pathophysiology of AD.4,5

Dupilumab, a fully human monoclonal antibody targeting inter-

leukin (IL)-4 and IL-13, is the first biological agent approved by

the FDA and EMA for treatment of moderate-to-severe AD.6,7

With the recent approval of dupilumab in Europe (2018), reports

on real-life clinical experiences with dupilumab are scarce. In this

study, we present real-life data from consecutive AD patients trea-

ted with dupilumab at a Danish tertiary referral centre.
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Materials and methods

Study population and data collection
All patients starting treatment with Dupixent (Sanofi Genzyme,

dupilumab) at Bispebjerg Hospital, Denmark, from October

2017 to October 2018 were included in the study. Patients were

evaluated three times: at initiation of dupilumab treatment and 1

and 3 months after treatment initiation (scheduled appoint-

ments for all patients in dupilumab treatment). Patients filled in

an extensive questionnaire, exploring demographics and disease

characteristics including personal and family history of AD, age

at onset of AD, comorbidities including allergic symptoms from

eyes and nose (allergic rhinoconjunctivitis) and airways

(asthma). Questions were adopted from the ISAAC (The Interna-

tional Study of Asthma and Allergies in Childhood) and ECRHS

(European Community Respiratory Health Survey) studies.8,9

At each visit, disease severity was assessed by the physician

using the Eczema Area and Severity Index (EASI)-,10 and quality

of life (QoL) was assessed using the Danish version of the Der-

matology Life Quality Index (DLQI) questionnaire.11 In addi-

tion, a visual analogue scale (VAS) of 0–10 points was used to

assess itch intensity and impact on sleep from AD. All patients

had moderate-to-severe AD. To be considered for dupilumab

treatment, patients had to meet the following criteria: age

≥18 years, EASI score > 16, DLQI > 10 and failure on previous

treatment with two or more traditional systemic immunosup-

pressive therapies. Patients transferred to dupilumab directly

from another systemic immunosuppressive therapy could

receive dupilumab despite EASI < 16 and DLQI < 10.

Blood samples were taken at each visit, comprising total

serum immunoglobulin E (IgE) (9103 IU/L), serum lactate

dehydrogenase (LDH) (U/L) and eosinophil count

(count 9 109/L). Genomic DNA from whole blood was geno-

typed for the three most common loss-of-function mutations/

deletion in the filaggrin gene (FLG): R2447X, R501X and

2282del4.12 Additional information was extracted from the

patients’ files.

Statistical analyses
Wilcoxon matched-pairs signed rank test was used to test differ-

ences in EASI score, DLQI score, VAS itch, VAS sleep, total

serum IgE, LDH and eosinophil count between baseline and fol-

low-ups. When calculating the difference in EASI score between

baseline and follow-ups, patients with an EASI score <16 were

included (comprise patients transferred directly from a tradi-

tional systemic immunosuppressive treatment), although only a

minor reduction in EASI score was expected for these patients.

Spearman’s r correlation was used to measure the association

between baseline EASI score, baseline serum LDH and baseline

total serum IgE, respectively, and to assess the associations

between the reduction in EASI score and the reductions in serum

LDH and total serum IgE from baseline to 3-month follow-up.

Information on age, EASI score, total serum IgE and serum

LDH was used to characterize patients at baseline. For each of

these variables, patients were dichotomized into two groups:

patients above and patients below the median. Fisher’s exact test

was used to test for difference in treatment response (assessed by

EASI-75, equivalent to patients experiencing at least at 75%

reduction in mean EASI score) at 1- and 3-month follow-up in

relation to age, sex, FLG mutation status, asthma, hay fever,

body mass index (BMI) baseline EASI score, baseline total serum

IgE and baseline serum LDH.

All statistical analyses were performed using IBM SPSS statis-

tics 22 (SPSS, Inc., Chicago, IL, USA).

Ethical considerations
Data for this study were primarily obtained from a clinical data-

base of patients with AD, which have been approved by the local

ethics committee and the Danish Data Protection Agency. All

patients received oral information, and written consent to

extract relevant data from patient records was obtained.

Results
A total of 43 patients with AD, 15 women and 28 men, initiated

treatment with dupilumab and were included in the study

(Table 1). Four patients had participated in a phase 3 clinical

trial of dupilumab and continued treatment after the trial (post-

trial access). These patients were included in the study with

respect to adverse events and treatment continuation; however,

data on severity, self-reported outcomes and serological markers

from these four patients were not obtained. Another three

patients had initiated treatment in the autumn 2017 in an early

access programme. For these patients, consecutive data on sever-

ity, self-reported outcomes and serological markers were

obtained at baseline and both follow-ups and included in the

study. A total of 41 patients were treated with 300 mg dupilu-

mab every second week following a loading dose of 600 mg at

treatment initiation (label use). Two patients received reduced

dose of dupilumab (300 mg every third week), one due to

Table 1 Characteristics of 43 patients with AD initiating treatment
with dupilumab

Age at onset of AD, years, median (min–max) 1.25 (0.0–40.0)

Age at dupilumab initiation, years, median (min–max) 42 (18–78)

Women, % (n/ntotal) 35% (15/43)

BMI, median (min–max) 24.9 (16.9–36.2)

First degree relative with AD, % (n/ntotal) 59% (16/27)

FLG mutation carrier, % (n/ntotal) 33% (8/24)

History of asthma, % (n/ntotal) 65% (21/32)

History hay fever, % (n/ntotal) 77% (23/30)

History of conjunctivitis, % (n/ntotal) 29% (11/38)

Age at onset of AD, n = 18; age at dupilumab initiation, n = 43; BMI, n = 21.
AD, atopic dermatitis; BMI, body mass index (weight in kg/height in metres
squared); FLG, filaggrin gene.
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bodyweight <50 kg, and one patient was reduced in dosage from

week 5 to week 10 due to development of tics. Full dose was

resumed when tics disappeared.

All patients had a history of treatment with at least two tradi-

tional systemic immunosuppressive therapies which were

discontinued due to insufficient disease control or side-effects.

Most patients had received treatment with methotrexate and aza-

thioprine, and a few patients had been treated with ciclosporin

prior to the dupilumab treatment. Two patients received over-

lapping systemic immunosuppressive therapy during the study

period: One patient continued treatment with azathioprine dur-

ing the first month of dupilumab treatment, and another patient

received prednisolone for 2 weeks during the study period. All

patients used concomitant moisturizers, and as all the patients

had severe chronic disease, they self-administered topical corti-

costeroids at start-up and in the study period during flares.

Data on EASI score, DLQI, VAS itch, VAS sleep, total serum

IgE, serum LDH and eosinophil count at baseline and at 1- and

3-month follow-up are presented in Table 2. At baseline, the

median EASI score was 24.5 points, and the mean reduction in

EASI score was 19.6 points (72.4%) at 1-month and 22.6 points

(76.7%) at 1-month follow-up (Fig. 1). At 1-month follow-up, a

total of 82.4% of the patients had experienced at least a 50%

reduction in EASI score from baseline (EASI-50), whereas at 3-

month follow-up 90.0% of the patients had achieved EASI-50.

At 1-month follow-up, 58.8% of the patients had achieved

EASI-75, and at 3-month follow-up, 63.3% of the patients had

achieved EASI-75.

There was a significant reduction in EASI score, DLQI, VAS

itch, VAS sleep, total serum IgE and serum LDH between base-

line and 1-month follow-up, and baseline and 3-month follow-

up. The decrease was most pronounced from baseline to

Table 2 Patient characteristics at baseline and follow-up after 1 and 3 months†

Baseline One-month follow-up P-value* Three-month follow-up P-value** P-value***

Days from baseline, median (min–max) – 31 (15–90) – 96 (55–171) – –

EASI score
Median (min–max)
Mean (SD)

(n = 38)
24.5 (6.4–71.4)
27.3 (13.9)

(n = 34)
4.2 (0–25.6)
7.7 (7.6)

<0.001 (n = 30)
4.1 (0–19.7)
5.9 (5.7)

<0.001 0.112

Change in EASI score from
baseline, mean (SD)

– 19.6 (13.0) – 22.6 (15.4) – –

Percentage change in EASI score
from baseline, % (SD)

– 72.4 (22.4) – 76.7 (21.8) – –

EASI-50, % (n/ntotal) – 82.4 (28/34) – 90.0 (27/30) – –

EASI-75, % (n/ntotal) – 58.8 (20/34) – 63.3 (19/30) – –

EASI-90, % (n/ntotal) – 23.5 (8/34) – 33.3 (10/30) – –

Itch (VAS)
Median (min–max)
Mean (SD)

(n = 35)
8.0 (2–10)
7.3 (2.3)

(n = 30)
2.0 (0–7)
2.4 (2.3)

<0.001 (n = 26)
2.0 (0–9)
2.4 (2.5)

<0.001 0.836

Sleep (VAS)
Median (min–max)
Mean (SD)

(n = 35)
7.0 (0–10)
5.7 (3.2)

(n = 30)
0 (0–7)
1.2 (2.0)

<0.001 (n = 25)
0 (0–7)
1.2 (2.2)

<0.001 0.606

DLQI
Median (min–max)
Mean (SD)

(n = 18)
11.5 (2–21)
12.9 (5.0)

(n = 19)
4 (0–23)
5.5 (6.0)

<0.001 (n = 13)
9 (0–22)
8.8 (8.3)

<0.001 0.385

Serum total IgE
Median (min–max)
Mean (SD)

(n = 33)
2320 (17–35 800)
5798 (7746)

(n = 20)
2295 (37–16 700)
3959 (4324)

0.044 (n = 24)
2295 (13–28 200)
4588 (6437)

<0.001 0.001

Serum total IgE Percentage change
from baseline, % (SD)

– 11.06 (22.37) – 34.69 (16.62) – –

Eosinophil count
Median (min–max)
Mean (SD)

(n = 38)
0.43 (0.08–1.50)
0.55 (0.37)

(n = 25)
0.46 (0.05–6.10)
0.91 (1.3)

0.157 (n = 27)
0.42 (0–2)
0.59 (0.53)

0.131 0.525

Serum LDH
Median (min–max)
Mean (SD)

(n = 27)
235 (129–340)
226.5 (49.8)

(n = 19)
187 (59–239)
177.6 (40.7)

<0.001 (n = 21)
183 (2–239)
174.5 (48.2)

<0.002 0.507

Significant P-values are shown in bold.
*One-month follow-up compared with baseline, **three-month follow-up compared with baseline, ***three-month follow-up compared with 1-month follow-up,
conjunctivitis: diagnosed by doctor, AD, atopic dermatitis; BMI, body mass index (weight in kg/height in metres squared); EASI, Eczema Area and Severity
Index; EASI-50/75/90, percentage reduction from baseline EASI score; VAS, visual analogue scale (0–10 with 10 being most severe); DLQI, Dermatology Life
Quality Index; IgE, immunoglobulin E; LDH, lactate dehydrogenase.
†Missing data were excluded for each analysis.
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1 month, and no significant difference between 1-month and 3-

month follow-up was present for any of the variables, except for

serum IgE which continued to decrease significantly between 1-

and 3-month follow-up.

The mean percentage reduction in VAS itch from baseline

was 70.3% at 1-month follow-up and 67.5% at 3-month follow-

up. For VAS sleep, the mean percentage reduction from baseline

was 71.2% at 1-month follow-up and 66.6% at 3-month follow-

up.

Eosinophil count did not change significantly between base-

line and follow-ups. For seven patients, there was an increase in

eosinophil count at 1-month follow-up (to values >1.0 9 109/

L), and for two patients, eosinophil count was further increased

(to values ≥1.5 9 109/L) at 3-month follow-up.

A total of six patients had a baseline total serum IgE below

300 9 103 IU/L. These patients experienced a decrease in serum

IgE at both 1- and 3-month follow-up. Also, five out of six of

these patients achieved EASI-75 at 1-month follow-up, and the

mean percentage reduction in EASI score at 3-month follow-up

was 89.7%.

At baseline, we found a positive correlation between EASI

score and serum LDH (P = 0.026; Fig. 2), and at 3-month fol-

low-up, we found a positive correlation between reduction in

EASI score and reduction in serum LDH (P = 0.003; Fig. 3). No

significant correlations were present between EASI score and

total serum IgE at baseline (P = 0.08) and between reduction in

EASI score and reduction in total serum IgE (P = 0.34) at 3-

month follow-up.

Compared to men, women were significantly more likely to

achieve EASI-75 at 1-month as well as 3-month follow-up

(Table 3). Younger patients were significantly more likely to

achieve EASI-75 compared to older patients at 1-month follow-

up. Patients with high baseline EASI score were significantly less

likely to achieve EASI-75 compared to patients with low baseline

EASI at 1-month follow-up. Also, patients with a high baseline

IgE were significantly less likely to obtain EASI-75 at 1-month

follow-up compared to patients with a low baseline total serum

IgE. Age, baseline EASI score and baseline total serum IgE were

not significantly related to treatment response (assessed by

EASI-75) at 3-month follow-up.

FLG mutation status (available in 24 patients), asthma, hay

fever, BMI and serum LDH were not related to response to treat-

ment, assessed by EASI-75, at 1-month follow-up. No multivari-

ate statistical model for calculating adjusted associations

between the variables and EASI-75 could be made due to small

number of patients in each group.

Side-effects
A total of seven patients (18.4%) developed conjunctivitis dur-

ing the 3-month follow-up period. Of these, three patients had a
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history of conjunctivitis before treatment with dupilumab. No

case of conjunctivitis resulted in discontinuation of treatment

within the study period. Two patients (4.7%) discontinued treat-

ment with dupilumab, one due to pregnancy, and one due to

development of acute onset of fever without any infectious

focus, interpreted as serum sickness, within the first weeks of

treatment.

Discussion
Dupilumab is the first biological agent approved for treatment

of moderate-to-severe AD and offers a new therapeutic approach

by specifically targeting key inflammatory pathways in the

pathophysiology underlying AD. Here we present real-life data

from the first 43 AD patients treated with dupilumab at a Danish

tertiary referral centre.

Overall, treatment with dupilumab improved signs and symp-

toms of AD with statistically significant reduction in EASI,

DLQI, pruritus and sleep score from baseline at 1- and 3-month

follow-up. No further significant differences in EASI, DLQI,

pruritus and sleep score were present between 1- and 3-month

follow-up, indicating that the main achievement takes place

within the first month of treatment, although a less dramatic

improvement continues. At 3-month follow-up, the overall per-

centage reduction in EASI score for all patients was 76.7%

(EASI-50: 90.0% and EASI-75: 63.3%). Although these results

also include some patients transferred from other systemic treat-

ments with initial EASI score values below 16, the results are in

accordance with the previously reported results on efficacy of

dupilumab in phase 3 clinical trials (SOLO 1, SOLO 2,

CHRONOS and CAF�E).13–15 In the present study, the effective-

ness of dupilumab evaluated by percentage reduction in EASI

score, EASI-50 and EASI-75 at week 12 was similar to results

obtained from clinical trials of dupilumab in combination with

topical corticosteroids (CAF�E, EASI-75: 62% and CHRONOS,

EASI-75: 69%)14,15 and was slightly higher than the efficacy in

trials with dupilumab as monotherapy (SOLO 1, EASI-75:

51.3% and SOLO 2, EASI-75: 44.2%).13 This was expected, as

concomitant treatment with topical anti-inflammatory agents is

Table 3 Association between baseline characteristics and change in disease activity (EASI75)

One-month
follow-up, n (%)

Achieved
EASI75, n (%)

P-value Three-month
follow-up, n (%)

Achieved EASI75, n (%) P-value

Sex

Women 12 (35.3) 11 (91.7) – 11 (36.7) 10 (90.9) –

Men 22 (64.7) 9 (40.9) 0.009 19 (63.3) 9 (47.4) 0.02

Age

>42 years 16 (47.0) 6 (37.5) – 13 (43.3) 7 (53.9) –

≤42 years 18 (53.0) 14 (77.8) 0.035 17 (56.7) 12 (70.6) 0.45

BMI

>24.9 10 7 (70.0) – 8 (47.1) 6 (75.0) –

≤24.9 9 3 (33.3) 0.19 9 (52.9) 4 (44.4) 0.33

Asthma

Yes 17 (65.4) 8 (47.1) – 14 (60.9) 7 (50.0) –

No 9 (34.6) 6 (66.7) 0.43 9 (39.1) 7 (77.8) 0.23

Hay fever

Yes 17 (70.8) 8 (47.1) – 16 (72.7) 9 (56.3) –

No 7 (29.2) 5 (71.4) 0.39 6 (27.3) 5 (83.3) 0.35

FLG mutation carrier

Yes 5 (31.2) 1 (20.0) – 4 (26.6) 2 (50.0) –

No 11 (68.8) 6 (54.6) 0.31 11 (73.3) 6 (54.6) 1.0

Baseline EASI score

>24.5 16 (47.0) 6 (37.5) – 15 (50.0) 8 (53.3) –

≤24.5 18 (53.0) 14 (77.8) 0.035 15 (50.0) 11 (73.3) 0.44

Baseline total serum IgE

>2320 9 103 IU/L 13 (46.4) 5 (38.4) – 13 (52.0) 8 (61.5) –

≤2320 9 103 IU/L 15 (53.6) 12 (80.0) 0.031 12 (48.0) 9 (75.0) 0.67

Baseline serum LDH

>235 U/L 9 (39.1) 7 (77.8) – 8 (42.1) 6 (75.0) –

≤235 U/L 14 (60.9) 7 (50.0) 0.22 11 (57.1) 6 (54.6) 0.63

Significant P-values are shown in bold.
BMI, body mass index (weight in kg/height in metres squared); EASI, Eczema Area and Severity Index; EASI-75, at least 75% reduction from baseline EASI
score; FLG, filaggrin gene; IgE, immunoglobulin E; LDH, lactate dehydrogenase.
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common practice in the clinical setting and to a major degree

self-administered in this group of chronic patients.

Pruritus, scratching and disturbed sleep are known to have

major impact on QoL in patients with AD.16 Hence, assessment

of these symptoms is important when evaluating treatment

response in the clinical setting. The finding that the median pru-

ritus score was reduced from 8 at baseline to 2 at 1- and 3-

month follow-up, and that median sleep score was reduced from

7 at baseline to 0 at 1- and 3-month follow-up, emphasizes how

treatment with dupilumab markedly improves key symptoms of

AD and positively influences patients’ daily living.

The improvement in signs and symptoms was accompanied

by changes in serological parameters. At baseline, median total

serum IgE and LDH were above the normal reference ranges.

Both total serum IgE and LDH decreased significantly. Reduc-

tion in total serum IgE following dupilumab treatment has been

reported before17 and is to be expected considering the mecha-

nism of action of dupilumab as IL-4 and IL-13 cause increased

production of IgE.18 LDH is an enzyme expressed in almost all

tissue, and during tissue damage, LDH is released to the blood

stream. Elevated serum LDH has been reported to be associated

with increased severity of AD reflecting increased cell turnover

in eczematous lesions.19 This is in accordance with our results

showing a significant correlation between baseline EASI score

and baseline serum LDH level. The finding that the reduction in

serum LDH significantly correlated with reduction in EASI score

suggests LDH as a possible serological marker for assessing treat-

ment response; however, results from larger cohorts are needed

to confirm this correlation.

High EASI and high serum IgE at baseline were predictors

for not achieving at least 75% reduction in EASI score at 1-

month follow-up but not at 3-month follow-up, suggesting

that longer duration of treatment may be required for the full

effect of dupilumab to occur in patients with more severe AD.

Patients with low IgE at baseline (<300 9 103 IU/L), repre-

senting patients with intrinsic AD,20 responded remarkably

well, indicating that both intrinsic and extrinsic types of AD

are candidates for dupilumab therapy. The finding that women

were significantly more likely to achieve EASI-75 at both one-

and 3-month follow-up compared to men has not previously

been reported. However, due to missing data and the relatively

small size of the cohort, bias cannot be excluded, and these ten-

dencies must be investigated in larger cohorts before any con-

clusion can be drawn.

The finding that 18.4% of the patients developed conjunctivi-

tis during the first 3 months of treatment is in accordance with

data from clinical trials demonstrating conjunctivitis to be one

of the most frequent adverse events related to dupilumab treat-

ment (combined incidence 8% in phase 2B and 3 clinical tri-

als).21 In addition, the proportion of patients who discontinued

treatment with dupilumab due to side-effects was comparable

with findings in phase 3 clinical trials (2% vs. 1–2%).4

We conclude that real-life data on treatment with dupilu-

mab show an effectiveness and tolerability profile comparable

to phase 3 clinical trials. Patients with high EASI score and

high IgE at baseline required a longer duration of treatment

for the full effect of dupilumab to occur. We found LDH to

be a potential biomarker for disease severity and response to

treatment.
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