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DRUG PROFILE

Dupilumab in the treatment of moderate-to-severe atopic dermatitis
Magdalena Kraft and Margitta Worm

Department of Dermatology and Allergology, Allergy-Center-Charité, Charité – Universitätsmedizin Berlin, Berlin, Germany

ABSTRACT
Introduction: Atopic dermatitis is a common inflammatory skin disease with an increasing prevalence.
Treatment of patients suffering from mild or moderate disease includes the use of emollients and
topical glucocorticoids or topical calcineurin inhibitors. Patients with chronic and severe atopic derma-
titis where topical therapy is usually insufficient require the use of systemic immunosuppressive drugs,
which is often limited due to toxicity and severe adverse effects.
Areas covered: This review summarizes the literature on the mechanism of action, clinical efficacy and
safety of dupilumab, a monoclonal antibody that targets the α-subunit of the interleukin-4 receptor (IL-
4Rα) leading to the inhibition of both the IL-4 and IL-13 pathways. A literature search was performed on
Pubmed and ClinicalTrials.gov using key words ‘dupilumab’, ‘REGN668’, ‘IL-4’/‘IL-13’ and ‘atopic
dermatitis’.
Expert commentary: Dupilumab offers an innovative therapeutic approach for moderate-to-severe
atopic dermatitis. It is not approved for clinical use in any country yet; however, due to its excellent
clinical efficacy and a favorable safety profile, dupilumab may revolutionize the treatment of moderate-
to-severe atopic dermatitis in the next upcoming years.
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1. Introduction

Atopic dermatitis is a common inflammatory skin disease. The
prevalence rates worldwide are up to 2–5% for adults [1–3]
and up to 10–20% for children [4–6]. Typically, the disease
occurs for the first time in early childhood, but also an adult
onset of atopic dermatitis (AD) is not uncommon [7]. Most of
the children presenting with AD outgrow the disease; how-
ever, approximately one in four (or even more) of them con-
tinues to suffer from AD during adulthood [8,9]. Atopic
dermatitis is often the beginning of the atopic march – mean-
ing children with AD are much more likely to develop food
allergies, asthma, and allergic rhinitis [10]. Atopic dermatitis
seems to be more common in well-developed countries
(including the USA and Europe) than in the developing ones
[4,11]. Longitudinal data suggest that the prevalence of AD
over the last decades has been increasing [11–13].

The pathogenesis of AD is multifactorial and is not com-
pletely understood. However, in the last years, enormous
efforts have been made to explore the underlying mechan-
isms of the disease, which has led to deeper insights into its
pathophysiology and development of new treatment
approaches. The abnormalities in the skin of AD patients
include an activation of the immune system (especially the
Th2-pathway) without an adequate stimulus, epithelial barrier
dysfunction (often associated with a mutation of filaggrin
gene), and an imbalance in the skin microbiota composition
[14–18]. The strong activation of Th2 cells with overexpression
of the cytokines interleukin (IL)-4, IL-5, IL-13, and IL-31 is a
hallmark of AD [19,20]. However, the activation of other T-cells

pathways (Th17, Th22, and Th1 in a chronic disease) has been
observed in lesional skin as well [15,19].

Clinical manifestations of AD include erythema, edema,
oozing, and papulation in the early stages and excoriations,
crusting, lichenification, and rhagades in subchronic and
chronic skin lesions [21]. Patients suffer from pruritus, fre-
quently leading to sleeping disturbances and an impairment
of concentration. Moreover, AD patients tend to develop more
frequently severe skin infections by Staphylococcus aureus or
herpes viruses than individuals with healthy skin [16].

The standard treatment for AD consists of emollients to
improve the impaired skin barrier combined with topical
immunosuppressive substances, such as glucocorticoids or
calcineurin inhibitors, in mild-to-moderate cases and systemic
immunosuppression in severe cases.

According to the guidelines of the American Academy of
Dermatology, and also the European guidelines, the use of
moisturizers as a fundamental part of therapy for all AD
patients is highly recommended [22]. The use of wet-wrap
therapy can be recommended for moderate-to-severe AD.
Topical glucocorticoids and calcineurin inhibitors (pimecroli-
mus and tacrolimus) should be used when emollients therapy
is insufficient to control the disease. A proactive therapy with
these agents (applied 1–3 times per week) reduces the fre-
quency of flares. No topical antimicrobials and antiseptics are
recommended (except for bleach baths and intranasal mupir-
ocin in patients with clinical symptoms of secondary bacterial
infection) [22]. A second-line treatment for patients with the
disease not being adequately controlled by topical agents
includes phototherapy, cyclosporine, azathioprine,
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methotrexate, or in certain cases, mycophenolate mofetil or
interferon gamma; all of these drugs are off-label treatment
options in the United States. Cyclosporine is the only licensed
systemic drug for the treatment of severe AD in some
European countries and Japan [23–25]. Systemic glucocorti-
coids should be used only as a short-time therapy for acute,
severe exacerbations or as a bridge therapy to other systemic
treatment [23]. Adjuvant therapy in form of educational and/
or psychological interventions has been shown to be benefi-
cial for patients with AD [26].

The European Guidelines for the treatment of atopic eczema
are similar in most aspects to the American ones and differ
only in some minor recommendations [24,27].

Following these recommendations, the therapy of patients
with mild AD usually causes no difficulties. However, treat-
ment of patients with moderate-to-severe disease still remains
challenging. All systemic drugs listed above suppress the
immune system in an unselective/broad way and their use is
limited due to their toxicity and sometimes serious side
effects. The high prevalence of AD and the absence of satisfy-
ing therapeutic options for its severe forms cause an enor-
mous unmet medical need in the disease treatment.

Due to novel findings on the pathophysiology of the
disease, many new therapeutic approaches have been
developed in the last years. Currently, there are numerous
ongoing trials studying various substances in AD patients,
including several biologics (targeting, for instance IL4Rα, IL-
5, IL-13, IL-17, IL-22, IL-12/IL-23p40, IL-31R, IL-31, and TSLP),
histamine-4 receptor inhibitors, CRTh2 antagonists, phos-
phodiesterase (PDE)-4 inhibitors, and Janus kinase (JAK)
inhibitors [28,29]. Based on the currently published studies,
the most promising substance among these is the IL-4–13R
antibody dupilumab (also known as REGN668), which has
the potential to revolutionize the therapy of moderate-to-
severe AD in the next few years.

2. Biological properties, mechanism of action, and
pharmacokinetics of dupilumab

Dupilumab is a fully humanmonoclonal IgG4 antibody targeting
the α-subunit of the interleukin-4 receptor (IL-4Rα) [30,31]. IL-4Rα
is a part of type I and type II IL-4 receptors and the IL-13 receptor;
therefore, blocking it inhibits the downstream signaling of IL-4
and IL-13 [31]. IL-4 and IL-13, both crucial cytokines of the Th2
pathway, have partly overlapping effects and are essential for the
IgE production [32]. Besides that key function, they exhibit multi-
ple inflammatory immune reactions like the recruitment of eosi-
nophils [20] into inflamed tissues. IL 4 also plays an essential role
in the differentiation of Th2 cells [33]. Moreover, both cytokines
disturb the skin barrier, for example, by suppressing the expres-
sion of barrier proteins (involucrin, loricrin, and filaggrin) and
antimicrobial peptides [34–39]. Figure 1 summarizes the most
important mechanisms of action of IL-4/IL-13 in AD.

Patients treated with dupilumab show significant dose-
dependent changes in gene expression of lesional skin. The
differences in the transcriptome between lesional and non-
lesional skin of patients with AD diminished after 4 weeks of
therapy with 150 or 300 mg of dupilumab; this effect was not
present in the placebo-treated group [30,40]. The reduction of
expression of genes associated with hyperplasia (keratin 16,
MK167), Th2-related chemokines (CCL13, CCL17, CCL18, and
CCL26), and many others immune markers was described [40].
Also, an upregulation of genes related to lipid metabolism and
barrier function in the skin samples from dupilumab-treated
patients has been reported [40]. However, there were no
significant changes of mRNA expression regarding the major
Th2 cytokines (IL-4, IL-5, IL-13, and IL-31), Th1 cytokines, IL-
17A, or IL-22, although many IL17/IL22-modulated genes were
suppressed as well [40]. The decrease of mRNA expression of
CCL26, CCL13, and keratin 16 correlated with the improve-
ment of the clinical score EASI [40].

Figure 1. Overview of the most important mechanisms of action of IL-4/IL-13 in atopic dermatitis.
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Dupilumab therapy also has an effect on blood biomarkers
associated with the Th2 pathway. The levels of TARC (also
known as CCL17) started to drop after the first injection of
dupilumab and after 12 weeks of therapy with 300 mg, an
83% reduction, compared with the baseline, was observed.
Also, 4 weeks of treatment was sufficient to reduce in a
dose-dependent manner the levels of TARC (by 67–76% for
the 300-mg dose, approximately 48% for the 150-mg dose,
and with no effect for the 75-mg dose) [30]. The IgE reduction
occurred delayed so that after 4 weeks, roughly no difference
between patients administered placebo or dupilumab could
be observed; however, after 12 weeks of treatment with
300 mg of dupilumab, 39% less IgE, compared with the base-
line, was measured [30].

Elimination of dupilumab seems to occur (in a similar way to
that of other human monoclonal antibodies) mostly due to bind-
ing to its target, followed by complex internalization [31]. There
has been only one publication describing pharmacokinetics of
dupilumab. The presented estimations of parameters were
based on 2518 serum samples form 197 participants (healthy
volunteers and AD patients) from six phase 1 and phase 2 clinical
trials [31]. To describe the pharmacokinetics of dupilumab, the
authors estimated ‘a two-compartment model with parallel linear
and Michaelis-Menten elimination from the central compartment’
[31]. No differences in pharmacokinetics of dupilumab according
to gender or patients with AD versus healthy volunteers were
noted. The weight affected the central volume; this, however,
does not seem to be relevant in the clinical practice [31].

3. Clinical efficacy of dupilumab

3.1. Clinical trials overview

Accessing the clinical efficacy of dupilumab for the treatment
of AD started with two small phase 1 studies comparing
different dosages of dupilumab with placebo, followed by
three phase 2 trials [30,41–43]. In the phase 2 trials, a total
number of 520 patients were recruited. Two phase 3 studies

with the same design enrolled 1379 patients [44]. All partici-
pants were adults with moderate or severe AD (defined as
score 3 or 4 on the Investigator’s Global Assessment [IGA]
scale). In almost all trials (with the exception of one small
phase 2a study), dupilumab was used as a monotherapy. No
data comparing the efficacy of dupilumab in patients with
intrinsic versus extrinsic phenotype of AD have been pub-
lished. The longest course of treatment for which the data
have been published is 16 weeks.

There have also been two trials investigating the efficacy
of dupilumab for the treatment of asthma [45,46] and one for
the treatment of nasal polyposis [47], published in the last
years. Many other studies are being conducted currently to
access the efficacy and safety of dupilumab for treating
children, long-time therapy regimes, and combinations with
other drugs in AD. There is also growing interest in applying
dupilumab in the therapy of asthma, nasal polyposis, and
eosinophilic esophagitis. Table 1 provides an overview of
published phase 2 and 3 trials and Table 2 of ongoing
dupilumab trials in patients with AD; Table 3 presents all
studies for other indications.

3.2. Phase 1 and 2 studies

The aim of phase 1 trials was mainly to assess the safety of
dupilumab treatment in patients with AD. In the M4A study
(ClinicalTrials.gov number NCT01259323), 30 adults from the
United States were randomized to four groups and were
administered 75, 150, 300 mg of dupilumab or a placebo. In
the multinational M4B study (ClinicalTrials.gov number
NCT01385657), 37 patients received 150 or 300 mg of dupilu-
mab, or a placebo. In both studies, the inclusion criteria were
moderate-to-severe AD not sufficiently controlled by topical
immunosuppressive therapy. The drug or placebo was admi-
nistered sc once a week during the 4-week period of time [30].

In the combined analysis of both trials, a dose-dependent
reduction of the symptoms within 1 month of dupilumab

Table 1. Overview of completed and published dupilumab phase 2 and 3 trials in patients with atopic dermatitis [30,41,44].

Trial Phase Population Design Outcome

M12
NCT01548404

2a Adults with moderate-to-
severe AD from Europe
N = 109

Randomized, double-blind, placebo-controlled,
multicenter trial; patients received 300 mg of
dupilumab or a placebo once a week for 12 weeks

Patients receiving dupilumab had a 74% reduction
of EASI score versus a 23% reduction in the
placebo group (P < 0.001)

C4
NCT01639040

2a Adults with moderate-to-
severe AD from Europe
N = 31

Randomized, double-blind, placebo-controlled,
multicenter trial; patients received 300 mg of
dupilumab or a placebo once a week combined
with a standardized regimen of topical
glucocorticoids treatment (duration: 4 weeks)

No safety concerns.
Patients receiving dupilumab and topical

glucocorticoids had a 76% reduction of EASI score
versus a 53% reduction in the group treated with
a placebo and topical glucocorticoids

NCT01859988 2b Adults with moderate-to-
severe AD from North
America, Europe, and
Japan N = 380

Randomized, double-blind, placebo-controlled,
multicenter trial; patients received 300 mg of
dupilumab every week or every other week,
200 mg every other week or every 4 weeks,
100 mg every 4 weeks or a placebo for 16 weeks

Patients treated with dupilumab achieved a
significantly better reduction of EASI score than
the placebo group (−74% for 300 mg of
dupilumab every week, −45% for 100 mg every
4 weeks versus −18% for placebo; P < 0.0001 for
all dupilumab groups)

SOLO 1
NCT02277743

3 Adults with moderate-to-
severe AD from North
America, Europe, and
Asia N = 671

Randomized, double-blind, placebo-controlled
multicenter trial; patients received 300 mg of
dupilumab every week or every other week or a
placebo for 16 weeks

Score 0 or 1 on IGA scale was achieved by 37% of
patients receiving dupilumab every week, 38%
patients receiving dupilumab every other week,
and 10% patients in the placebo group
(P < 0.001)

SOLO 2
NCT02277769

3 Adults with moderate-to-
severe AD from North
America, Europe, and
Asia N = 708

Score 0 or 1 on IGA scale was achieved by 36% of
patients receiving dupilumab every week and
every other week and 8% patients in the placebo
group (P < 0.001)
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treatment was shown. EASI-50 (50% reduction of the score on
Eczema Area and Severity Index) occurred in more than 70% of
patients who received 300 mg of dupilumab, and in approxi-
mately 55% of patients who received 150 mg of dupilumab, this
being highly significant compared with only 19% of patients in
the placebo group. No safety concerns were raised [30].

Two phase 2a trials (M12 ClinicalTrials.gov number
NCT01548404 and C4 ClinicalTrials.gov number NCT01639040),
both conducted in Europe, and one multinational phase 2b trial
(ClinicalTrials.gov number NCT01859988) recruited a total num-
ber of 520 patients with moderate-to-severe AD.

In the M12 study, the participants (N = 109) were randomly
assigned in a 1:1 ratio into two groups, one was administered
300 mg of dupilumab (N = 55) and one was administered a
placebo (N = 54) once per week. The patients were stratified

according to the baseline IgE (with levels below 150 kU/L stand-
ing for intrinsic and levels above 150 kU/L for extrinsic type of
AD). The clinical efficacy of dupilumab was assessed after
12 weeks of treatment. Compared with the 4-week data, further
reduction of the symptoms of AD could be shown. In the group
receiving 300mg of dupilumab for 12weeks, EASI-50 occurred in
85% of patients versus 35% of patients in the placebo group.
Forty percent of patients treated with dupilumab had, at the end
of the study, no or almost no disease activity (IGA 0 or 1). In the
placebo group, this outcome was achieved by only 7% of the
patients. The reduction in itching (measured as the difference in
the score on pruritus numerical-rating scale between the base-
line and week 12) was 56% in the dupilumab and 15% in the
placebo group [30]. No data regarding any differences between
patients with intrinsic versus extrinsic AD were provided.

Table 2. Overview of ongoing/unpublished dupilumab trials in patients with atopic dermatitis [48].

Trial Phase Population Description

NCT02407756 2a Adolescents ≥12–<18 years of age with moderate-to-
severe AD or children ≥6–<12 years of age with
severe AD

Non-randomized, open-label study to investigate the safety,
pharmacokinetics, and efficacy of dupilumab in children

NCT02612454 3 Non-randomized, open-label extension study to investigate the long-term
safety and efficacy of dupilumab in children

NCT02647086 1 Adult patients with moderate-to-severe AD Non-randomized, open-label study to investigate the effects of dupilumab
on the pharmacokinetics of some cytochrome P450 substrates
(midazolam, omeprazole, warfarin, caffeine, and metoprolol)

NCT02210780 2 Adult patients with moderate-to-severe AD Randomized, double-blind, placebo-controlled study assessing vaccination
responses under dupilumab treatment

LIBERTY AD
SOLO-CONTINUE
NCT02395133

3 Maintenance trial of SOLO 1 and SOLO 2 to access long-term safety and
efficacy of dupilumab (total duration: 36 weeks)

LIBERTY
AD MAINTAIN
NCT01949311

3 Open-label extension study for patients who participated in earlier
dupilumab AD trials

NCT02755649 3 Adult patients with severe AD with no response or
contraindications to oral cyclosporine A treatment

Randomized, double-blind, placebo-controlled trial investigating dupilumab
combined with standardized regimen of topical glucocorticoids treatment

NCT02260986 3 Adult patients with moderate-to-severe AD Randomized, double-blind, placebo-controlled study to investigate the
efficacy and long-term safety of dupilumab therapy in combination with
topical glucocorticoids

Table 3. Overview of dupilumab trials in patients with other conditions than atopic dermatitis [48].

Trial Condition Phase Population Outcome

NCT01312961 Asthma 2 Adults with persistent, moderate-to-severe
asthma

Significant reduction of the occurrence of asthma exacerbations
under withdrawal of long-acting beta-agonists and inhaled
glucocorticoids

NCT01854047 Asthma 2 Adults with uncontrolled asthma despite
use of inhaled glucocorticoids and a
long-acting β2 agonist

Increased lung function and reduced rate of severe exacerbations
under dupilumab therapy

NCT02573233 Asthma 2 Adults with persistent asthma Ongoing
LIBERTY
ASTHMA TRAVERSE
NCT02134028

Asthma 2/3 Adults and adolescents ≥12 who
participated in previous dupilumab
asthma studies

Ongoing

LIBERTY
ASTHMA QUEST
NCT02414854

Asthma 3 Adults and adolescents ≥12 with persistent
asthma

Ongoing

VENTURE
NCT02528214

Asthma 3 Adults and adolescents ≥12 with severe,
steroid-dependent asthma

Ongoing

LIBERTY
ASTHMA VOYAGE
NCT02948959

Asthma 3 Children ≥6–<12 with uncontrolled,
persistent asthma

Starts 2017

NCT02379052 Eosinophilic
esophagitis

2 Adults with active, moderate-to-severe
eosinophilic esophagitis

Ongoing

NCT01920893 Nasal polyposis 2 Adults with nasal polyposis and chronic
symptoms of sinusitis

Patients treated with dupilumab achieved significant reduction of
endoscopic nasal polyp score and disease symptoms compared
with the placebo group

NCT02898454 Nasal polyposis 3 Adults with nasal polyposis Ongoing
NCT02912468 Nasal polyposis 3 Adults with nasal polyposis Ongoing
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In the smaller C4 study, the efficacy of dupilumab with addi-
tional topical glucocorticoids treatments was assessed. The
patients were randomized 2:1; one group was administered
300 mg dupilumab (N = 21) and the other received a placebo
(N = 10) once weekly for 4 weeks. Additionally, both groups were
applying topical glucocorticoids according to a standardized
regimen. All of the patients receiving dupilumab and undergoing
treatment with topical glucocorticoids achieved EASI-50. In the
group treated only with topical glucocorticoids and a placebo,
the 50% reduction of the EASI score occurred only in one half of
the patients. Furthermore, the dupilumab group needed 50%
less topical glucocorticoids than the placebo group; however,
this difference was not statistically significant [30].

In the phase 2b trial, 380 patients from Japan, Europe, and
North America were randomized 1:1:1:1:1:1 (stratified by score
on IGA and region Japan vs. North America/Europe) into six
groups and administered the following doses: 300 mg of dupi-
lumab once a week, 300 mg of dupilumab every other week,
200 mg of dupilumab every other week, 300 mg of dupilumab
every 4 weeks, 100 mg of dupilumab every 4 weeks, or a
placebo once a week for 16 weeks. On the first day of treat-
ment, all patients being randomized to one of the dupilumab
groups received a loading dose of 600 or 400 mg of dupilumab.
All participants were asked to use emollients twice a day.
Topical immunosuppressants and systemic drugs for the treat-
ment of AD (apart from antihistamines and antibiotics) were
not allowed. The primary end outcome was a percentage
reduction of EASI score between baseline and week 16 [41–43].

All groups treatedwith dupilumab achieved significantly better
reduction of the symptoms then the placebo group. The improve-
ment was dose-dependent; the greatest reduction of EASI (74%)
was attained by the treatment with 300 mg of dupilumab once a
week; the administration of 200 mg of dupilumab every other
week reduced EASI by 65% and a dose of 100 mg of dupilumab
every 4 weeks reduced EASI by 45%. In the placebo group, the
EASI reduction rate was at the level of 18%. All dupilumab regimes
apart from the 100-mg dose every 4 weeks were able to signifi-
cantly reduce itching (measured by the improvement in peak
weekly pruritus NRS score). The most effective here was also the
treatment with 300 mg of dupilumab every week (47% reduction)
or every other week (40% reduction) [41].

3.3. Phase 3 studies

Two randomized, placebo-controlled, double-blinded phase
3 studies with the same design, SOLO 1 (ClinicalTrials.gov
number NCT02277743) and SOLO 2 (ClinicalTrials.gov num-
ber NCT02277769), were recently published [44]. Both stu-
dies enrolled adult patients with moderate-to-severe (IGA 3
or 4), chronic (symptoms for at least 3 years before screen-
ing) AD not sufficiently controlled by topical immunosup-
pressive therapy. Patients (N = 671 in SOLO 1 and N = 708
in SOLO 2) were randomized 1:1:1 into three groups, one
was administered 300 mg of dupilumab every week, one
was administered 300 mg of dupilumab every other week,
and one was administered a placebo. Patients in both dupi-
lumab groups started with a single 600-mg loading dose on
the first day. Treatment continued for 16 weeks. In addition

to the injections, patients were asked to use emollients
twice a day. Topical or systemic immunosuppressive drugs
were principally forbidden and allowed only as rescue med-
ication [44].

The primary end point of both trials was an IGA score of 0
and 1 after 16 weeks of treatment and a reduction of at least
2 points on the IGA scale (range 0–4) comparing the baseline
with the 16-week time point. Key secondary end points were
the fraction of patients achieving EASI-75 (75% reduction of
score on Eczema Area and Severity Index; this was a coprim-
ary end point in the European Union and Japan), the
improvement of pruritus, defined as at least a 4-point reduc-
tion in the weekly average of peak pruritus scores measured
on the NRS (numerical rating scale; range 0–10) at weeks 2, 4,
and 16 or at least a 3 point reduction at week 16. Other
secondary end points included: EASI-50, EASI-90, mean per-
cent change on the pruritus numerical rating scale score,
mean percent change on the EASI score, the Scoring Atopic
Dermatitis score (SCORAD), the Global Individual Sign Score
(GISS), the score on the Patient-Oriented Eczema Measure
(POEM), the score on the Dermatology Life Quality Index
(DLQI), the total score on the Hospital Anxiety and
Depression Scale (HADS), and the mean percent change of
affected body-surface area. Both trials achieved all primary
and secondary end points [44].

The primary outcome (IGA of 0 or 1 at week 16 and
reduction of at least 2 points between baseline and week
16) was achieved in 37% (SOLO 1) and 36% (SOLO 2) of
patients administered 300 mg of dupilumab every week.
Patients receiving 300 mg of dupilumab every 2 weeks
responded similarly: 38% (SOLO 1) and 36% (SOLO 2) of
them had after 16 weeks of treatment no or almost no
disease activity (IGA of 0 or 1). The responder rates were
significantly lower (P < 0.001) in the placebo groups (10% in
SOLO 1 and 8% in SOLO 2).

The 75% improvement of the EASI score (comparing base-
line with week 16) occurred in 52% (SOLO 1)/48% (SOLO 2) of
the patients treated with dupilumab every week and in 51%
(SOLO 1)/44% (SOLO 2) of the patients treated with dupilumab
every 2 weeks versus in 15% (SOLO 1)/12% (SOLO 2) of the
patients in the placebo groups.

The improvement of the pruritus, defined as a reduction of
at least 3 points on the NRS between baseline and week 16,
was reported in significantly more patients, who were admi-
nistered dupilumab every week (52% SOLO 1/49% SOLO 2) or
every other week (47% SOLO 1/51% SOLO 2) than in the
placebo group (17% SOLO 1/13% SOLO 2).

The mean reduction in SCORAD (Scoring Atopic Dermatitis
Scale; range 0–103) between baseline and week 16 was 57%
(SOLO 1)/54% (SOLO 2) among patients who received dupilumab
every week, 58% (SOLO 1)/51% (SOLO 2) among patients who
received every other week, and 29% (SOLO 1)/20% (SOLO 2)
among patients receiving a placebo. Furthermore, the percent of
affected body-surface area, the score on theGISS, on the POEM, on
the DLQI, and the total score on the HADS improved significantly
more in the treatment versus in the placebo groups. In both trials,
more patients receiving placebo needed a rescue medication. The
all over rate of rescue medication used in patients treated with
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300 mg of dupilumab every week was 23% (SOLO 1)/21% (SOLO
2). In the placebo group, this was 51% (SOLO 1)/52% (SOLO 2) of
the patients. Participants treated with a placebo needed more
frequent systemic rescue treatment and it happened earlier in
the study course than in the dupilumab groups [44].

3.4. Other indications

The first published study investigating the efficacy of dupi-
lumab in the treatment of diseases other than AD was a
randomized, double-blinded, placebo-controlled trial, which
included 104 patients with moderate-to-severe asthma and
a at least 300 eosinophils/µL blood or an eosinophil level in
sputum of at least 3% (ClinicalTrials.gov number
NCT01312961). In this trial, the treatment with dupilumab
did reduce the onset of asthma exacerbations under with-
drawal of long-acting beta-agonists and inhaled glucocorti-
coids and improved the lung function of the asthma in
comparison to the patients receiving placebo [45].

In 2016, those results were confirmed by another larger
phase 2b study [46]. Patients with moderate-to-severe asthma
being treated with inhaled corticosteroids and long-acting
beta-agonists (N = 769) were randomized into five groups,
one of them received a placebo (N = 158) and the others,
different doses of dupilumab (N = 611; 200 or 300 mg every 2
or 4 weeks). The primary end point was improvement of
forced expiratory volume in 1 s (FEV1) after 12 weeks of
treatment in patients with at least 300 eosinophils/μL in the
blood.

This outcome was achieved for all treatment regimes
apart from the 200-mg dose every 4 weeks: the FEV1 of
patients with more than 300 eosionphils per µL improved
by 18–26% (0.26–0.43 L) in the dupilumab treatment
groups compared with 11% (0.18 L) in the placebo group.
This effect was stable after 24 weeks of treatment. In
patients with less than 300 eosinophils per μL, an improve-
ment of 11–14% (0.18–0.25 L) compared with 4.8% (0.1 L)
in the placebo group after 12 weeks of treatment was
observed. This difference was statistically significant for
treatment with 200 and 300 mg of dupilumab every
2 weeks. Dupilumab therapy also succeeded in reducing
the rate of patients suffering from at least one severe
exacerbation during the 24-week treatment period from
26% (placebo) to 11% (300 mg every other week), 9%
(200 mg every other week), or 15% (200 mg every
4 weeks) [46].

Another recently published study investigated the effi-
cacy of dupilumab in patients suffering from chronic sinu-
sitis and nasal polyposis. Sixty patients were randomized 1:1
into the dupilumab (300 mg every week following a 600-mg
loading dose) or placebo group. All patients were addition-
ally using a mometasone furoate nasal spray twice a day.
The dupilumab/placebo injections were continued for
16 weeks. After treatment, changes in the endoscopic
nasal polyp score, sense of smell score (measured by the
University of Pennsylvania Smell Identification Test), radiolo-
gical changes (in computed tomography), and many other
features of nasal function and quality of life parameters
were assessed. The mean nasal polyp score after 16 weeks

of therapy was reduced by −1.9 (on a scale with a range of
0–8) in the group administered dupilumab, which was
highly significant compared with the −0.3 reduction in the
placebo group. Positive, significant changes were also
noticed according to sense of smell, quality of life, radiolo-
gical measurements, and daily symptoms [47].

4. Safety and tolerability profile of dupilumab

Dupilumab was well tolerated in all clinical trials. Adverse
events occurred mostly similar frequent in patients adminis-
tered placebo or dupilumab and most of them were mild or
moderate and temporary.

In phases 1 and 2a studies, serious adverse events occurred
in less than 10% (N = 13) of the patients and were more
frequent in the placebo group (N = 9/80) than among dupilu-
mab-treated patients (N = 2/127) [30]. The most frequent
adverse events were headaches and nasopharyngitis (both
more frequent among patients treated with dupilumab than
the placebo group). Exacerbations of AD and skin infections
were more common in patients who received the placebo and
were responsible for the higher rate of serious adverse events
in this group [30].

In phase 2b trial, the most common adverse events were
nasopharyngitis, upper respiratory tract infections, exacerba-
tions of AD, and headache [41]. Respiratory infections
occurred similar frequent in all groups. Headaches were
more frequent in the dupilumab treatment groups (8–15%)
than in the placebo group (3%). Dupilumab-treated patients
had a higher rate of infections with herpes viruses (5–12%), all
of them being mild to moderate, as compared with the pla-
cebo group (2%). However, the total skin infection rate was
similar in patients administered placebo and those treated
with dupilumab. Patients receiving dupilumab experienced
conjunctivitis more often (2–11%) than those receiving the
placebo (3%). The total overall rate of serious adverse events
was, as in previous studies, higher in the placebo group (7%)
than in patients who received the trial drug (for all dupilumab
groups combined: 4%) [41].

In phase 3 trials (SOLO 1 and SOLO 2), the overall incidence
of adverse events was similar in the treatment and placebo
groups. Serious adverse events were rare and occurred more
frequent in the placebo groups of both studies (mostly due to
severe exacerbations of AD). Exacerbations of AD, headache,
injection-site reactions, and nasopharyngitis were the most
frequent adverse events in these trials [44]. (Table 4 displays
an overview of frequent adverse events from both phase 3
trials.) Laboratory values did not differ among the groups
apart from a slight transient increase in the eosinophils level
during the first 12 weeks of dupilumab treatment [44].

The frequencies of all infectious adverse events were similar
between placebo and treatment groups. There was no differ-
ence according to the frequency of nasopharyngitis. Patients
administered dupilumab were slightly more likely to suffer from
upper respiratory tract infections (SOLO 1: dupilumab every
week 5%, dupilumab every other week 3% vs. placebo 2%;
SOLO 2: dupilumab every week 4%, dupilumab every other
week 3% vs. placebo 2%), infectious conjunctivitis and conjunc-
tivitis of unspecified cause (SOLO 1: dupilumab every week 3%,
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dupilumab every other week 5% vs. placebo 1%; SOLO 2:
dupilumab every week 4%, dupilumab every other week 4%
vs. placebo <1%), and herpes infections (SOLO 1: dupilumab
every week 4%, dupilumab every other week 7% vs. placebo
4%; SOLO 2: dupilumab every week 5%, dupilumab every other
week 4% vs. placebo 3%). Adjudicated skin infections occurred
more often in the placebo group (SOLO 1: dupilumab every
week 6%, dupilumab every other week 6% vs. placebo 8%;
SOLO 2: dupilumab every week 6%, dupilumab every other
week: 6% vs. placebo 11%) [44].

The rate of injection-site reactions was approximately twice as
much in the dupilumab treatment comparingwith placebo group,
most of them being mild or moderate. A more frequent occur-
rence of allergic conjunctivitis was observed in SOLO 1 (dupilumab
every week 3%, dupilumab every other week 5% vs. placebo 1%)
but not in the SOLO 2 trial (1% in all groups); however, in both
trials, more patients receiving dupilumab suffered form infectious
conjunctivitis and a conjunctivitis of an unspecified cause [44]. The
mechanism of this adverse events is unknown. It is a subject of
speculation whether the conjunctivitis is a part of the allergic
systemic disorder not being well targeted with dupilumab treat-
ment or if the blockade of IL-4/IL-13 causes the conjunctivitis e.g.
via impaired or aberrative tear production or immunosuppression.

The assessed safety profile of dupilumab in asthma and
nasal polyposis trials was similar to those established in AD
studies [45–47].

In conclusion, dupilumab has been shown to be a well-toler-
ated drug with an adverse event rate similar to that of placebo.
The combined analysis of phase 2b and both phase 3 AD trials for
300 mg dupilumab every week or every other week treatment
groups (including data from 1046 dupilumab-treated patients
and 521 patients who received placebo) shows that the dupilu-
mab seems to cause a significant increase in the incidence of
injection-site reactions (mostly mild or moderate; dupilumab
12.6% vs. placebo 5.8%), headache (dupilumab 8% vs. 5% pla-
cebo), and allergic and nonallergic conjunctivitis (dupilumab
6.6% vs. 1.7% placebo). The rate of upper respiratory tract infec-
tions (including nasopharyngitis) was very similar between
patients treated with 300 mg of dupilumab (16%) and the pla-
cebo group (14%). The difference in the occurrence of herpes
infections was small and statistically nonsignificant (5.2% vs.
3.5% in the placebo group; statistical significance was tested
with a chi-squared test). The incidence of serious herpes infec-
tions, such as eczema herpeticum, was comparably low (there
were only a few cases described); therefore, this drugmay also be
safely administered to patients with a history of eczema herpe-
ticum. However, one still must be careful using dupilumab in this
group of patients, as the data from long-term treatment

regimens are not yet published, and the number of patients
included in the completed trails may not be sufficient to evaluate
properly the risk of this rare condition.

5. Conclusions

The results from the dupilumab trials in almost 2000 patients
with moderate-to-severe AD have confirmed its clinical efficacy.
A vast majority of patients who received dupilumab benefited
from treatment. In approximately half of the patients studied, an
up to 75% improvement in skin condition, measured by EASI
score, was observed. Moreover, dupilumab treatment leads to a
significant and clinically relevant decrease of pruritus, a key
symptom being responsible for the significant reduction of the
quality of life in the vast majority of patients. In addition, com-
pared to other systemic therapies for AD, dupilumab has a
favorable safety profile with mostly mild or moderate adverse
reactions reported and an adverse event rate similar to placebo.
Furthermore, patients with asthma and nasal polyposis appear to
benefit from dupilumab therapy. The available data are based on
results from a treatment period of 16 weeks; long-term studies
are underway but the results have not yet been published [44].

6. Expert commentary

Dupilumab is not currently approved for use; however, the
Biologics License Application submitted by Regeneron
Pharmaceuticals and Sanofi for dupilumab was accepted for
priority review by the US FDA [49]. Based on the published
data from the phase 2 and phase 3 clinical trials, dupilumab
has a high potential to revolutionize the treatment of AD in
the upcoming coming years. It will most likely become the first
biological treatment for AD allowing a targeted treatment
approach as it has been introduced for psoriasis another
chronic inflammatory skin disease many years ago.

Despite the preliminary findings on its safety and effi-
cacy, many questions about a dupilumab-based treatment
in AD remain. We do not yet have data on the long-term
efficacy, tolerability, and the safety profile of dupilumab.
Also, the mechanism of conjunctivitis, which was a surpris-
ingly frequent adverse event, even leading to discontinua-
tion of treatment, is unclear. The data analysis of different
phenotypes of AD (intrinsic vs. extrinsic) was not published;
therefore, we cannot be sure if the drug has the same
efficacy in both patient groups. Nevertheless, because AD
is even more common among children, the efficacy and
safety of dupilumab treatment in this patient group is of
high interest. Studies investigating these questions are

Table 4. Common adverse events in dupilumab phase 3 trials [44].

Adverse event

Placebo
SOLO 1/SOLO 2

Dupilumab 300 mg sc every other week
SOLO 1/SOLO 2

Dupilumab 300 mg sc every week
SOLO 1/SOLO 2

Percent of patients

Injection-site reactions 6/6 8/14 19/13
Nasopharyngitits and upper respiratory tract infections 10/11 13/11 16/12
Headache 6/5 9/8 5/9
Adjudicated skin infections 8/11 6/6 6/6
Any herpes viral infections 4/3 7/4 4/5
Allergic conjunctivitis 1/1 5/1 3/1
Infectious conjunctivitis and conjunctivitis of unspecified cause 1/<1 5/4 3/4
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ongoing and their results, combined with experience in
handling of dupilumab in everyday settings of clinical prac-
tice, will help determine its significance for the therapy of
AD. Whether and to what extend the treatment of AD
patients with dupilumab has a disease-modifying effect
will need to be studied as well as its efficacy in other
allergic conditions like allergic rhinitis or food allergy.

In phase 3 studies, little less than 40% patients achieved 0 or 1
on the IGA scale, meaning no or almost no disease activity;
therefore, 60% of patients continued to experience some symp-
toms under dupilumab therapy. This number can be probably
remarkably reduced with an additional treatment using topical
agents, whichmust be further assessed in clinical trials. However,
even when dupilumab is approved for use, the unmet need for
new therapeutic options for AD will remain.

7. Five-year view

The first revolution in the treatment of AD in clinical practice
will probably occur this year and the next with the approval of
dupilumab. Another new drug available for this condition is
crisaborole – a topical PDE-4 inhibitor that was approved by
FDA for the treatment of mild-to-moderate AD in adults and
children (from the age of 2 years) in December 2016 [50].
However, criasborole is much more likely to be an alternative
to topical steroids and topical calcineurin inhibitors than to
systemic therapy with dupilumab or cyclosporine A.

Numerous other topical and systemic drugs are currently
being tested in patients with AD. The majority of substances
meant to treat moderate-to-severe AD are biologics (i.e. against
IL-5, IL-13, IL-17, IL-22, IL-12/IL-23p40, IL-31R, IL-31, and TSLP), but
there are also ongoing trials with small molecules such as hista-
mine-4 receptor, PDE-4, or JAK inhibitors [28,48,51]. There are
numerous phase 3 clinical studies (some of them including
children from the age of 3 months) of topical products for the
treatment of AD; therefore, one may expect more alternatives to
topical glucocorticoids in the near future. However, all systemic
pharmaceutical approaches listed above are in phase 1 and/or 2
trials; therefore, we must wait to find out which of them may
have the potential to revolutionize the therapy of AD, similar to
that of dupilumab [48,51].

Key issues

● Atopic dermatitis is a common inflammatory skin disease
with the prevalence rates worldwide up to 2–5% for adults
and up to 10–20% for children.

● There is an immense unmet need for new therapy concepts
for moderate-to-severe atopic dermatitis.

● Due to better understanding of pathophysiology of the
disease multiple new therapeutic approaches were devel-
oped and are currently a subject of ongoing clinical trials.

● Dupilumab is a monoclonal antibody that targets the α-
subunit of the interleukin-4 receptor (IL-4Rα) leading to the
inhibition of the IL-4 and IL-13 pathways and offering a new
treatment possibility for patients with atopic dermatitis.

● Dupilumab showed in several clinical trials efficacy. In
phase 3 trails 40% patients treated with dupilumab

achieved 0 or 1 on the IGA scale, meaning no or almost
no disease activity. Approximately half of them had a 75%
improvement in skin condition, measured by EASI score.

● Dupilumab is a well tolerated drug with an adverse event
rate similar to that of the placebo. Most of adverse events
which occurred in the clinical trails were mild or moderate.
Injection-site reactions, allergic and nonallergic conjunctivi-
tis, headache, and perhaps upper respiratory tract infec-
tions (including nasopharyngitis) and herpes infections
appear to be the main averse reactions of the treatment.

● Conjunctivitis seems to be one of the major problems
occurring during dupilumab therapy. The pathogenic
mechanism of this adverse event is unclear and is a subject
of a new ongoing sub-trial.

● Long-term safety and efficacy of dupilumab, treatment of
children and its efficacy together with topical anti-inflam-
matory therapies have not yet been established.

● Other future promising indications for dupilumab in clinical
practice are allergic rhinitis and food allergy.
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