
REVIEW

A Review of Phase 3 Trials of Dupilumab
for the Treatment of Atopic Dermatitis in Adults,
Adolescents, and Children Aged 6 and Up

Jennifer Cather . Melodie Young . Douglas C. DiRuggiero .

Susan Tofte . Linda Williams . Tayler Gonzalez

Received: June 1, 2022 / Accepted: July 12, 2022 / Published online: August 26, 2022
� The Author(s) 2022

ABSTRACT

Atopic dermatitis (AD) is a chronic pruritic skin
disease that can have a profound negative
impact on patients’ quality of life, especially in
cases of inadequate disease control. Dupilumab,
a dual inhibitor of IL-4 and IL-13 signaling, is
approved in the United States for the treatment
of moderate-to-severe AD in adults (C 18 years
old) and in children (C 6 years old). In this
review, we present results from phase 3 trials
evaluating dupilumab’s efficacy and safety in
adults, adolescents, and children. These trials

demonstrate that dupilumab provides rapid
improvements (in as little as 1 week) and sus-
tained efficacy (up to 4 years) when used as a
treatment for moderate-to-severe AD. Dupilu-
mab not only improves skin signs and symp-
toms, but also provides multiple health benefits
beyond the skin, including improvements in
quality of life, itch, sleep disturbances, and
pain/discomfort. Dupilumab is generally well
tolerated, has a favorable safety profile in adults,
adolescents, and children, has no serious
drug–drug interactions, does not require routine
laboratory testing, and is not an immunosup-
pressant. Taken together, phase 3 trials
demonstrate that dupilumab provides rapid and
sustained efficacy and is generally well tolerated
for the treatment of moderate-to-severe AD
across age groups.
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Key Summary Points

Dupilumab is a fully human monoclonal
antibody that blocks the shared receptor
component for interleukin-4 and
interleukin-13, key and central drivers of
type 2 inflammation in multiple diseases;
it is the first biologic approved for
multiple type 2 inflammatory diseases,
including atopic dermatitis (AD), asthma,
and chronic rhinosinusitis with nasal
polyposis.

Dupilumab provides multidimensional
improvements in AD signs and symptoms
and offers health benefits beyond the skin
in patients aged 6 years and older with
moderate-to-severe AD.

Dupilumab provides rapid and sustained
benefits, with improvements occurring as
early as 1 to 2 weeks following the start of
treatment.

Dupilumab is well tolerated with a
favorable safety profile in adults,
adolescents, and children.

Results from phase 3 trials of dupilumab
for the treatment of atopic dermatitis
demonstrate that IL-4 and IL-13 are key
drivers of type 2 inflammation in AD
across all ages.

INTRODUCTION

Atopic dermatitis (AD) is a chronic type 2
inflammatory skin disease that affects people of
all ages and can place a significant burden on
patients and their families [17, 39, 47, 49].
Moderate-to-severe AD is associated with
intense itch and eczematous lesions, which can
lead to sleep impairment, elevated psychosocial
stress, and chronic absenteeism from work and/
or school, and can have an overall profound
negative impact on quality of life [20]. Patients
with AD also have an elevated risk of

developing allergic comorbidities such as
asthma, food allergy, allergic rhinitis, and eosi-
nophilic esophagitis, which can further increase
overall disease burden [27, 42]. Given that AD is
a chronic, relapsing disease, it is important to
consider long-term efficacy and safety when
making treatment decisions. Topical corticos-
teroids (TCS) are typically the first-line treat-
ment for AD [21]; however, moderate-to-severe
AD is often inadequately controlled with topical
therapies and requires the use of systemic
agents for effective disease control [46]. While
oral corticosteroids, such as prednisolone, are
approved by the United States Food and Drug
Administration, they are only recommended for
short-term use and in specific circumstances,
limiting their utility as a long-term treatment
option for AD [18]. Similarly, systemic
immunosuppressants are only recommended
for short-term use due to long-term safety con-
cerns and the need for routine laboratory
monitoring [43].

Dupilumab, a fully human VelocImmune�-
derived [19, 28, 30] monoclonal antibody, is the
first biologic approved for several type 2
inflammatory diseases, including AD, asthma,
and chronic rhinosinusitis with nasal polyps
(CRSwNP). Dupilumab blocks the shared
receptor subunit for interleukin (IL)-4 and IL-
13, two cytokines that play a central role in
driving type 2 inflammation [24]. Dupilumab is
approved in the United States for the treatment
of moderate-to-severe AD in adults, adolescents,
and children. It is also approved as an add-on
maintenance treatment for moderate-to-severe
asthma in adults and adolescents, and as an
add-on maintenance treatment for CRSwNP in
adults (dupilumab PI).

In the following article, we discuss the results
of phase 3 clinical trials of dupilumab for the
treatment of moderate-to-severe AD in adults
([18 years old) and adolescents (12–17 years
old) and severe AD in children (C 6 to\11 years
old). We review dupilumab efficacy (with or
without concomitant TCS) across multiple
measures of AD severity, including the Investi-
gator’s Global Assessment (IGA), the Eczema
Area and Severity Index (EASI), the Peak Pruritus
Numerical Rating Scale (NRS), the Dermatology
Life Quality Index (DLQI; C 16 years of age),



and the Children’s Dermatology Life Quality
Index (CDLQI; C 4 years to\ 16 years of age).
We also report long-term safety results up to
4 years. This review article summarizes previ-
ously conducted studies and does not involve
any new studies with human participants or
animals performed by any of the authors. The
focus of this review article is on dupilumab doses
approved by the FDA in the United States. The
FDA-approved doses are as follows: adults:
300 mg q2w; adolescents and children: 300 mg
q4w (baseline weight C 15 to\ 30 kg), 200 mg
q2w (baseline weight C 30 to\ 60 kg), 300 mg
q2w (baseline weight C 60 kg). Efficacy data are
presented for approved doses only, while safety
data are presented for all doses included in the
clinical trials.

PHASE 3 TRIALS OF DUPILUMAB
FOR THE TREATMENT
OF MODERATE-TO-SEVERE AD

Phase 3 Trials of Dupilumab in Adults
with Moderate-to-Severe AD

Four major phase 3 clinical trials (LIBERTY AD
SOLO 1, LIBERTY AD SOLO 2, LIBERTY AD
SOLO-CONTINUE, and LIBERTY AD
CHRONOS) were conducted worldwide in
adults with moderate-to-severe AD
[10, 41, 48, 52, 59]. Since SOLO 1 and SOLO 2
had an identical study design, data from these
studies were pooled and referred to as SOLO-
pooled throughout. Patients who received
dupilumab treatment and achieved an IGA
score of 0 or 1 or a 75% improvement in the
EASI-75 at week 16 in SOLO 1 or 2 were reran-
domized in SOLO-CONTINUE to continue their
original regimen of dupilumab (300 mg dupi-
lumab qw or q2w) or to receive dupilumab
300 mg every 4 weeks (q4w) or 8 weeks (q8w) or
placebo for 36 weeks. An additional ongoing
open-label extension (OLE) study, LIBERTY AD
OLE (NCT01949311), was conducted to exam-
ine dupilumab’s long-term efficacy and safety
[6, 7]. The doses included in each study are
shown in Table 1. Baseline patient demograph-
ics were similar across treatment groups and

trials (Table 1). Detailed efficacy and safety
analyses have been reported previously
[4, 6, 10, 22, 23, 32, 41, 47–49, 51, 51, 52,
52–59].

Phase 3 Trials of Dupilumab
in Adolescents and Children
with Moderate-to-Severe AD

Two major phase 3 clinical trials, LIBERTY AD
ADOL (NCT03054428) and LIBERTY AD PEDS
(NCT03345914), were conducted to determine
the efficacy and safety of dupilumab in adoles-
cents (12–17 years old) and children (6–11 years
old) with moderate-to-severe AD [35, 50]. To
examine dupilumab’s long-term efficacy and
safety in adolescents and children, data from an
ongoing phase 3 OLE, LIBERTY AD PED-OLE
(NCT02612454), were reported by Cork et al.
[13, 14]. The doses included in each study are
shown in Table 2. Baseline patient demograph-
ics were similar across treatment groups and
trials (Table 2). Detailed efficacy and safety
analyses have been reported previously
[13, 14, 33, 50]. A history of atopic comorbidi-
ties at study baseline was common across all
studies; the most common comorbidities (C 5%
incidence) included asthma, allergies (other
than food allergies), allergic rhinitis, food
allergies, allergic conjunctivitis, hives, and
chronic rhinosinusitis.

DUPILUMAB EFFICACY

Adult Efficacy

The primary endpoint in SOLO-pooled was the
proportion of patients who achieved an IGA
score of 0 or 1 (score range: 0 [clear] to 4 [sev-
ere]) and at least a 2-point reduction from
baseline at week 16; a key secondary endpoint
was the proportion of patients who achieved at
least a 75% improvement (i.e., reduction) from
baseline in the EASI (EASI-75; score range: 0
[clear] to 72 [severe]) at week 16. Coprimary
endpoints for SOLO-CONTINUE were the per-
cent change in EASI score from the SOLO-
CONTINUE baseline and the proportion of
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patients with EASI-75 at week 36 among
patients with EASI-75 at the SOLO-CONTINUE
baseline; a key secondary endpoint was the
proportion of patients with an IGA of 0 or 1
(and a C 2-point reduction) at week 36. Copri-
mary endpoints in CHRONOS were the pro-
portion of patients with an IGA of 0 or 1 (and
a C 2-point reduction) and EASI-75 at week 16
and week 52.

SOLO-pooled, SOLO-CONTINUE, and CHRO-
NOS all demonstrated improvements in AD
signs and symptoms for patients receiving
dupilumab compared with placebo (Table 3). At
week 16 in SOLO-pooled, 37.0% of patients
receiving dupilumab 300 mg q2w achieved an
IGA of 0 or 1 (and a C 2-point reduction),
compared with 9.3% receiving placebo, and
47.7% of patients receiving dupilumab achieved
EASI-75, compared with 13.3% receiving pla-
cebo. At week 36 in SOLO-CONTINUE, 54.0% of
patients receiving dupilumab 300 mg q2w or qw
maintained an IGA of of 0 or 1 (and a C 2-point
reduction), compared with 14.3% receiving
placebo, and 71.6% of patients receiving dupi-
lumab maintained EASI-75, compared with
30.4% receiving placebo. At week 16 in
CHRONOS, 39% of patients receiving dupilu-
mab 300 mg q2w ? TCS achieved an IGA of 0 or
1 (and a C 2-point reduction), compared with
12% receiving placebo, and 69% of patients
receiving dupilumab achieved EASI-75, com-
pared with 23% receiving placebo. At week 52
in CHRONOS, 36% of patients receiving dupi-
lumab 300 mg q2w ? TCS achieved an IGA of 0
or 1 (and a C 2-point reduction), compared
with 13% receiving placebo, and 65% of
patients receiving dupilumab achieved EASI-75,
compared with 22% receiving placebo. While
EASI scores improved for the duration of the
treatment in both the dupilumab and placebo
groups in all trials, scores improved more
greatly in the dupilumab groups compared with
placebo (Figs. 1 and 2).

In addition to improving IGA and EASI,
dupilumab improved a number of secondary
endpoints, including the Patient-Oriented
Eczema Measure (POEM), the Dermatology Life
Quality Index (DLQI), and the Peak Pruritus
Numerical Rating Scale (NRS, Figs. 3, 4, 5, 6). At
week 16 in SOLO-pooled and CHRONOS,

dupilumab treatment was associated with a
significantly greater least squares (LS) mean
change in POEM, DLQI, and Peak Pruritus NRS
compared with placebo. This effect was also
seen in CHRONOS through week 52. Improve-
ments in Peak Pruritus NRS were seen as early as
2 days following treatment initiation among
patients receiving dupilumab compared with
placebo in SOLO-pooled and CHRONOS, sug-
gesting that dupilumab treatment has a rapid
effect [44]. Rapid improvements in sleep quality
were observed in SOLO-pooled and CHRONOS,
with significant reductions in sleep disturbances
occurring as early as week 1 of dupilumab
treatment compared with placebo [6]. Statisti-
cally significant clinical benefits were also
observed among patients who did not achieve
an IGA of 0 or 1. In patients with an IGA[1 at
week 16, dupilumab significantly improved
several outcome measures compared with pla-
cebo: EASI (- 48.9% vs. - 11.3%, P\0.001),
pruritus NRS (- 35.2% vs. - 9.1%, P\0.001),
affected BSA (- 23.1% vs. - 4.5%, P\0.001),
POEM score C 4-point improvement (57.4% vs.
21.0%, P\ 0.001), and DLQI C 4-point
improvement (59.3% vs. 24.4%, P\ 0.001) [41].

Efficacy in Adolescents and Children

In both ADOL and PEDS, the coprimary end-
points were the proportion of patients achiev-
ing an IGA of 0 or 1 and the proportion of
patients achieving EASI-75 at week 16. Consis-
tent with results from adult clinical trials, ADOL
and PEDS demonstrated marked improvements
in AD measures in patients receiving dupilumab
compared with placebo in adolescents with
moderate-to-severe AD and in children with
severe AD (Table 4). In ADOL, at week 16, 24.4%
of patients receiving dupilumab 200/300 mg
q2w achieved an IGA of 0 or 1, compared with
2.4% of patients receiving placebo, and 41.5%
of patients receiving dupilumab 200/300 mg
q2w achieved EASI-75, compared with 8.2% of
patients receiving placebo. In PEDS, at week 16,
29.5% of patients receiving dupilumab 300 mg
q4w ? TCS (weight\ 30 kg) achieved an IGA of
0 or 1 compared with 13.1% receiving placebo,
while 39% of patients receiving dupilumab
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200 mg q2w ? TCS (weight C 30 kg) achieved
an IGA of 0 or 1, compared with 9.7% receiving
placebo. In addition, 75.4% of patients receiv-
ing dupilumab 300 mg q4w ? TCS
(weight\ 30 kg) achieved EASI-75, compared
with 27.9% of patients receiving placebo, and
74.6% of patients receiving dupilumab 200 mg
q2w ? TCS (weight C 30 kg) achieved EASI-75
compared with 25.8% receiving placebo. EASI
scores improved in adolescents and children
across the 16-week treatment period in both the
dupilumab and placebo groups in both trials,
with significantly lower scores in the dupilumab
groups compared with placebo (Figs. 1 and 2).

Like in adults, dupilumab also improved a
number of AD signs and symptoms beyond IGA
and EASI in adolescents and children (Figs. 2, 3).
Specifically, at week 16 in ADOL and PEDS,
dupilumab treatment was associated with sig-
nificantly greater LS mean changes in POEM,
CDLQI, and Peak Pruritus NRS compared with
placebo.

DUPILUMAB SAFETY

Adult Safety

The overall rate of treatment-emergent adverse
events (TEAEs) in phase 3 clinical trials of
dupilumab in adults was similar in patients
treated with dupilumab and in those treated
with placebo (Table 5). Most TEAEs were mild or
moderate and TEAEs leading to drug discon-
tinuation were rare. Common TEAEs ([ 5%
incidence) included nasopharyngitis, exacerba-
tion of AD, upper respiratory tract infections,
headaches, conjunctivitis, injection-site reac-
tions, herpes viral infections, and non-herpetic
skin infections. Although rare (preva-
lence\ 1%), hypersensitivity reactions were
reported during dupilumab clinical trials. These
reactions include generalized urticaria rash,
erythema nodosum, and serum sickness or
serum sickness-like reactions (dupilumab PI).
Some cases of eosinophilia were reported during
clinical trials of dupilumab for the treatment of
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Fig. 1 Proportions of patients achieving EASI-50, EASI-
75, and EASI-90 over time. EASI Eczema Area and
Severity Index; EASI-50 C 50% reduction in EASI from
baseline; EASI-75 C 75% reduction in EASI from

baseline; EASI-90 C 90% reduction in EASI from
baseline; q2w every 2 weeks; q4w every 4 weeks; TCS
topical corticosteroids
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asthma; however, eosinophilia was less frequent
in trials of dupilumab for AD [6, 12, 37, 55, 56]

One adverse event of particular interest in
dupilumab clinical trials is conjunctivitis.
Patients with AD are at a heightened risk of
ocular disorders, including conjunctivitis. In
the trials of dupilumab for the treatment of
moderate-to-severe AD in adults, a higher inci-
dence of conjunctivitis was observed among
patients taking dupilumab compared with pla-
cebo [1]. However, the majority of conjunctivi-
tis cases in dupilumab clinical trials were mild
to moderate in severity, and treatment

discontinuation resulting from conjunctivitis
was infrequent. Moreover, the exposure-ad-
justed incidence rate for conjunctivitis in OLE
was lower at 4 years (15.66 events [nE]/100
patient-years [PY]) compared with 3 years
(16.14 nE/100 PY) and 76 weeks (20.8 nE/100
PY), and compared with week 52 in CHRONOS
(30.60 nE/100 PY), suggesting that conjunc-
tivitis may improve with continued dupilumab
treatment (Table 5) [4, 7, 8, 10]. The heightened
incidence of conjunctivitis with dupilumab also
appears to be specific to AD, as clinical trials of
dupilumab for other allergic diseases, such as
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Fig. 2 LS mean percent change in EASI and mean EASI over time. EASI Eczema Area and Severity Index; LS least squares;
q2w every 2 weeks; q4w every 4 weeks; TCS topical corticosteroids
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asthma and CRSwNP, did not reveal higher rates
of conjunctivitis among patients treated with
dupilumab compared with placebo [1].

Another adverse event of particular interest
in dupilumab clinical trials is skin infections.
Patients with AD have a greater risk of devel-
oping viral and/or bacterial skin infections, and
some systemic treatments for AD increase
infection risk [2, 5, 25, 26, 31, 45, 53]. However,
phase 3 clinical trials of dupilumab in adults
showed that dupilumab reduced the rate of

serious or severe infections and also reduced the
rate of non-herpetic skin infections, but not
herpetic infections, compared with placebo
(Fig. 7; Table 5) [22, 32]

The long-term use of some AD treatments
can lead to treatment-associated changes in
laboratory parameters such as neutrophil, pla-
telet, and blood eosinophil counts, as well as
organ toxicity [29]. As a result, patients taking
these drugs require frequent and ongoing labo-
ratory testing, which can be burdensome for
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4 weeks; TCS topical corticosteroids
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patients. Phase 3 trials of dupilumab in adults,
however, revealed a favorable laboratory safety
profile up to 3 years [6, 57]. While transient
changes in neutrophils, platelets, and blood
eosinophils were observed in a small number of
patients taking dupilumab, these changes were
not related to any clinically important adverse
events (AEs). Moreover, no clinically meaning-
ful changes were observed in any other labora-
tory parameters. These results suggest that

routine laboratory monitoring is not necessary
for patients taking dupilumab.

Another potential concern with dupilumab
is drug–drug interactions. Some studies have
shown that certain cytokines can affect the
activity of cytochrome P450 (CYP450) enzymes,
the main metabolizing enzymes in the liver,
and in vitro studies have found that IL-4 and IL-
13 can influence CYP450 enzyme expression.
However, studies of drug–drug interactions in
patients treated with dupilumab show that

-4.3

-5.6

-9.3

-10.9

-14

-12

-10

-8

-6

-4

-2

0
SOLO-pooled - Week 16 CHRONOS - Week 52

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e

-7.2

-11.5

-5.6

-9.8

-14

-12

-10

-8

-6

-4

-2

0
PEDS - Week 16

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e

-5.1

-8.5

-14

-12

-10

-8

-6

-4

-2

0
ADOL - Week 16

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e

Placebo

Dupilumab 300 mg q2w

Placebo

Dupilumab 300 mg q2w

Placebo (< 30 kg)

Dupilumab 300 mg q4w (< 30 kg)

Placebo (≥ 30 kg)

Dupilumab 200 mg q2w (≥ 30 kg)

***

***

**

***

***

-5.9

-14

-4.7

-13.6

-16

-14

-12

-10

-8

-6

-4

-2

0
PEDS - Week 16

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e-4.2

-5.3

-10.9

-13.7

-16

-14

-12

-10

-8

-6

-4

-2

0
SOLO, Pooled - Week 16 CHRONOS - Week 52

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e -3.8

-10.1

-16

-14

-12

-10

-8

-6

-4

-2

0
ADOL - Week 16

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e

Placebo

Dupilumab 300 mg q2w

Placebo
Dupilumab 300 mg q2w Placebo (< 30 kg)

Dupilumab 300 mg q4w (< 30 kg)
Placebo (≥ 30 kg)
Dupilumab 200 mg q2w (≥ 30 kg)

***

***

**

*** ***

a

b

Fig. 6 A LS mean change in DLQI/CDLQI. B LS mean change in POEM. DLQI Dermatology Life Quality Index;
CDLQI Children’s Dermatology Life Quality Index; POEM Patient-Oriented Eczema Measure; qw every week; q2w every
2 weeks; q4w every 4 weeks
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Table 4 Efficacy results in adolescents with moderate-to-severe AD and children with severe AD

ADOL PEDSa

Placebo,
week 16
(N = 85)

200/300 mg
q2w, week
16 (N = 82)

Placebo 1 TCS
(< 30 kg), week
16 (N = 61)

300 mg
q4w 1 TCS
(< 30 kg), week
16 (N = 61)

Placebo 1 TCS
(‡ 30 kg), week
16 (N = 62)

200 mg
q2w 1 TCS
(‡ 30 kg),
week 16
(N = 59)

Proportion of patients
achieving IGA 0/1,
n (%)

2 (2.4) 20 (24.4) 8 (13.1) 18 (29.5) 6 (9.7) 23 (39.0)

% change in EASI, LS
mean (SE)

- 23.6 (5.5) - 65.9 (4.0) 49.1 (3.3) 84.3 (3.0) 48.3 (3.6) 80.4 (3.6)

Proportion of patients
achieving EASI-50,
n (%)

11 (12.9) 50 (61.0) 26 (42.6) 58 (95.1) 27 (43.5) 51 (86.4)

Proportion of patients
achieving EASI-75,
n (%)

7 (8.2) 34 (41.5) 17 (27.9) 46 (75.4) 16 (25.8) 44 (74.6)

Proportion of patients
achieving EASI-90,
n (%)

2 (2.4) 19 (23.2) 4 (6.6) 28 (45.9) 5 (8.1) 21 (35)

POEM, change from
baseline, LS mean (SE)

- 3.8 (1.0) - 10.1 (0.8) - 5.9 (1.0) - 14.0 (1.0) - 4.7 (0.9) - 13.6 (0.9)

Proportion of patients
with C 4-point
reduction in Peak
Pruritus NRS, n/N1
(%)

4/84 (4.8) 30/82 (36.6) 7/60 (11.7) 33/61 (54.1) 8/62 (12.9) 35/57 (61.4)

Proportion of patients
with C 3-point
reduction in Peak
Pruritus NRS, n/N2
(%)

8/85 (9.4) 40/82 (48.8) 11/61 (18.0) 38/61 (62.3) 15/62 (24.2) 38/57 (66.7)

CDLQI, change from
baseline, LS mean (SE)

- 5.1 (0.6) - 8.5 (0.5) - 7.2 (0.8) - 11.5 (0.7) - 5.6 (0.7) - 9.8 (0.6)

Peak Pruritus NRS,
change from baseline,
LS mean (SE)

- 1.5 (0.3) - 3.7 (0.3) N/A N/A N/A N/A

CDLQI Children’s Dermatology Life Quality Index; EASI Eczema Area and Severity Index; EASI-50 improvement from baseline of at
least 50% in EASI; EASI-75 improvement from baseline of at least 75% in EASI; EASI-90 improvement from baseline of at least 90% in
EASI; IGA Investigator’s Global Assessment; POEM Patient-Oriented Eczema Measure; N1 number of patients with baseline NRS
score C 4 and nonmissing values at each visit; N2 number of patients with baseline NRS score C 3 and nonmissing values at each visit;
N/A data not available/reported; NRS Numerical Rating Scale; q2w every 2 weeks; q4w every 4 weeks; TCS topical corticosteroids
aPEDS patients received concomitant TCS
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dupilumab does not have a meaningful effect
on CYP450 enzyme activity [15], suggesting

that dupilumab is unlikely to alter the meta-
bolism of concomitantly administered drugs.
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Safety in Adolescents and Children

Dupilumab safety in phase 3 trials in adoles-
cents and children was similar to that in phase 3
trials in adults (Table 6). The rate of TEAEs in
ADOL and PEDS was low, and most TEAEs were

mild to moderate in severity. Notably, serious
TEAEs and TEAEs leading to drug discontinua-
tion were rare, with a rate of less than 2% in all
treatment groups for both studies. TEAEs were
more common in PED-OLE, with nearly all
patients reporting at least one TEAE (100% and

bFig. 7 A Treatment-emergent (TE) adjudicated non-
herpetic skin Infections (nP/100PY). *Includes all adverse
events during the 36-week treatment period. **Nonadju-
dicated. ***CHRONOS data are from the final data cut; all
other CHRONOS data reported in tables and other
figures are derived from the primary manuscript. List of
non-herpetic skin infections (by PT): SOLO 1 & 2:
folliculitis, eczema impetiginous, impetigo, skin infection,
cellulitis, molluscum contagiosum, furuncle, otitis externa,
infected dermal cyst, staphylococcal skin infection, tinea
versicolour, abscess limb, abscess sweat gland, acne pustular,
body tinea, erysipelas, eyelid infection, otitis externa fungal,
rash pustular, staphylococcal impetigo, subcutaneous
abscess, wound infection, onychomycosis, paronychia, skin
bacterial infection, soft tissue infection, tinea manuum,
tinea pedis; skin and subcutaneous tissue disorder (SOC):
interigo. SOLO-CONTINUE: tinea versicolour, folliculi-
tis, impetigo, skin bacterial infection, skin infection, abscess
limb, localized infection, staphylococcal skin infection,
subcutaneous abscess, tinea cruris. CHRONOS: mollus-
cum contagiosum, folliculitis, impetigo, cellulitis, subcuta-
neous abscess, furuncle, staphylococcal skin infection, skin
bacterial infection, infected dermal cyst, otitis externa, skin
infection, infected cyst, tinea versicolour, nipple infection,
tinea pedis, superinfection bacterial, paronychia, abscess
limb, body tinea, bullous impetigo, dermatitis infected,
dermatophytosis, eczema impetiginous, eczema infected,
erysipelas, fungal skin infection, infection, staphylococcal
infection, tinea cruris, tinea infection, wound infection.
OLE: folliculitis, impetigo, tinea pedis, tinea versicolour,
cellulitis, furuncle, erysipelas, skin infection, subcutaneous
abscess, skin bacterial infection, otitis externa, paronychia,
localized infection, fungal skin infection, molluscum
contagiosum, staphylococcal skin infection, eczema
impetiginous, skin candida, superinfection bacterial, tinea
cruris, fungal infection, abscess limb, body tinea, staphy-
lococcal infection, rash pustular, post procedural infection,
abscess, pyoderma, infected dermal cyst, eczema infected,
infected bites, periorbital cellulitis, abscess sweat gland,
tinea capitis, perianal streptococcal infection, bacterial
infection, wound infection staphylococcal, groin abscess,
dermatitis infected, tinea infection. PEDS: molluscum
contagiosum, furuncle, folliculitis, impetigo, cutaneous

blastomycosis, eczema impetiginous, skin bacterial infec-
tion, staphylococcal infection, staphylococcal skin infec-
tion, cellulitis, dermatitis infected. ADOL: angular
cheilitis, hordeolum, dermatitis infected, molluscum con-
tagiosum, staphylococcal skin infection, tinea infection.
PED-OLE, PEDS: dermatitis infected, molluscum conta-
giosum, abscess limb, body tinea, hand-foot-and-mouth
disease, skin infection, subcutaneous abscess. PED-OLE,
ADOL: infections and infestations: angular cheilitis,
hordeolum, dermatitis infected, molluscum contagiosum,
staphylococcal skin infection, tinea infection. B Treat-
ment-emergent (TE) adjudicated herpes infections (nP/
100PY). HLT high-level term; nP/100 PY number of
patients per 100 patient-years; qw every week; q2w every
2 weeks; q4w every 4 weeks; q8w every 8 weeks; TE
treatment emergent. *Includes all adverse events during the
36-week treatment period. **Nonadjudicated.
***CHRONOS data are from the final data cut; all other
CHRONOS data reported in tables and other figures are
derived from the primary manuscript. List of herpes
infections (by PT, unless otherwise noted): SOLO 1 & 2:
oral herpes, eczema herpeticum, genital herpes, herpes
ophthalmic, herpes simplex, herpes simplex otitis externa,
herpes virus infection, herpes zoster. SOLO-CONTINUE:
herpes simplex, oral herpes, herpes ophthalmic, genital
herpes, herpes virus infection, herpes zoster, ophthalmic
herpes simplex, nasal herpes. CHRONOS (HLT): herpes
viral infections. OLE (HLT): oral herpes, herpes simplex,
herpes zoster, ophthalmic herpes simplex, eczema her-
peticum, nasal herpes, herpes virus infection, herpes
ophthalmic, genital herpes, ophthalmic herpes zoster,
herpes zoster oticus, herpes dermatitis, varicella, herpes
simplex otitis externa, herpes zoster disseminated. PEDS:
herpes simplex, herpes virus infection, eczema herpeticum,
herpes zoster, oral herpes, varicella. ADOL: herpes simplex,
oral herpes, eczema herpeticum. PED-OLE, PEDS (HLT):
herpes simplex, herpes zoster, nasal herpes, oral herpes,
varicella. PED-OLE, ADOL: oral herpes, herpes simplex,
nasal herpes

Dermatol Ther (Heidelb) (2022) 12:2013–2038 2031



T
ab
le

6
Sa
fe
ty

as
se
ss
m
en
t
in

ad
ol
es
ce
nt
s
w
it
h
m
od
er
at
e-
to
-s
ev
er
e
A
D

an
d
ch
ild
re
n
w
it
h
se
ve
re

A
D

A
D
O
L

P
E
D
Sa

,c
P
E
D
-O

L
E

(A
D
O
L
)b

P
E
D
-O

L
E
(P
E
D
S)

b

P
la
ce
bo

(N
=
85
)

30
0
m
g

q4
w

(N
=
83
)

20
0/

30
0
m
g

q2
w

(N
=
82
)

P
la
ce
bo

1
T
C
S

(N
=
12
0)

30
0
m
g

q4
w
1

T
C
S

(N
=
12
0)

10
0
m
g
or

20
0
m
g

q2
w
1

T
C
S

(N
=
12
2)

2
m
g/
kg

qw (N
=
17
)

4
m
g/
kg

qw (N
=
19
)

2
m
g/
kg

qw (N
=
17
)

4
m
g/
kg

qw (N
=
16
)

Sa
fe
ty

as
se
ss
m
en
ts
,

n
(%

)

T
E
A
E
s

59
(6
9.
4)

53
(6
3.
9)

59
(7
2.
0)

88
(7
3.
3)

78
(6
5.
0)

82
(6
7.
2)

17
(1
00
)

18
(9
5)

16
(9
4)

16
(1
00
)

Se
ri
ou
s
T
E
A
E
s

1
(1
.2
)

0
0

2
(1
.7
)

2
(1
.7
)

0
3
(1
8)

0
(0
)

2
(1
2)

3
(1
9)

Se
ve
re

T
E
A
E
s

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

T
E
A
E
s
le
ad
in
g

to
dr
ug

di
sc
on
ti
nu

at
io
n

1
(1
.2
)

0
0

2
(1
.7
)

0
2
(1
.6
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

Se
ri
ou
s
T
E
A
E
s

re
la
te
d
to

dr
ug

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

M
os
t
co
m
m
on

T
E
A
E
s
by

PT
d

N
as
op
ha
ry
ng
it
is

4
(4
.7
)

9
(1
0.
8)

3
(3
.7
)

8
(6
.7
)

15
(1
2.
5)

8
(6
.6
)

7
(4
1)

9
(4
7)

8
(4
7)

9
(5
6)

A
to
pi
c

de
rm

at
it
is

21
(2
4.
7)

15
(1
8.
1)

15
(1
8.
3)

17
(1
4.
2)

8
(6
.7
)

10
(8
.2
)

5
(2
9)

8
(4
2)

5
(2
9)

2
(1
3)

U
R
T
I

15
(1
7.
6)

6
(7
.2
)

10
(1
2.
2)

12
(1
0.
0)

13
(1
0.
8)

10
(8
.2
)

4
(2
4)

4
(2
1)

2
(1
2)

4
(2
5)

H
ea
da
ch
e

9
(1
0.
6)

4
(4
.8
)

9
(1
1.
0)

10
(8
.3
)

6
(5
.0
)

7
(5
.7
)

6
(3
5)

5
(2
6)

4
(2
4)

2
(1
3)

C
on
ju
nc
ti
vi
ti
se

4
(4
.7
)

9
(1
0.
8)

8
(9
.8
)

5
(4
.2
)

8
(6
.7
)

18
(1
4.
8)

3
(1
8)

3
(1
6)

2
(1
2)

5
(3
1)

In
je
ct
io
n-
si
te

re
ac
ti
on

f

3
(3
.5
)

5
(6
.0
)

7
(8
.5
)

7
(5
.8
)

12
(1
0.
0)

13
(1
0.
7)

3
(1
8)

2
(1
1)

2
(1
2)

1
(6
)

2032 Dermatol Ther (Heidelb) (2022) 12:2013–2038



T
a
b
le

6
co
n
ti
n
u
ed

A
D
O
L

P
E
D
Sa

,c
P
E
D
-O

L
E

(A
D
O
L
)b

P
E
D
-O

L
E
(P
E
D
S)

b

P
la
ce
bo

(N
=
85
)

30
0
m
g

q4
w

(N
=
83
)

20
0/

30
0
m
g

q2
w

(N
=
82
)

P
la
ce
bo

1
T
C
S

(N
=
12
0)

30
0
m
g

q4
w
1

T
C
S

(N
=
12
0)

10
0
m
g
or

20
0
m
g

q2
w
1

T
C
S

(N
=
12
2)

2
m
g/
kg

qw (N
=
17
)

4
m
g/
kg

qw (N
=
19
)

2
m
g/
kg

qw (N
=
17
)

4
m
g/
kg

qw (N
=
16
)

A
ny

he
rp
es
vi
ra
l

in
fe
ct
io
ng

3
(3
.5
)

4
(4
.8
)

1
(1
.2
)

6
(5
.0
)

2
(1
.7
)

4
(3
.3
)

3
(1
8)

4
(2
1)

2
(1
2)

4
(2
5)

Sk
in

in
fe
ct
io
nh

31
(3
6.
5)

19
(2
2.
9)

18
(2
2.
0)

16
(1
3.
3)

7
(5
.8
)

10
(8
.2
)

8
(4
7.
1)

12
(6
3.
2)

9
(5
2.
9)

9
(5
6.
3)

E
cz
em

a

he
rp
et
ic
um

(P
T
)

1
(1
.2
)

0
0

0
0

1
(0
.8
)

0
0

0
0

H
L
T
hi
gh
-le
ve
lt
er
m
;N

/A
da
ta
no
t
av
ai
la
bl
e/
re
po
rt
ed
;P

T
pr
ef
er
re
d
te
rm

;q
w
ev
er
y
w
ee
k;
q2
w
ev
er
y
2
w
ee
ks
;q
4w

ev
er
y
4
w
ee
ks
;q
8w

ev
er
y
8
w
ee
ks
;S
O
C
sy
st
em

or
ga
n
cl
as
s;
T
C
S
to
pi
ca
l
co
rt
ic
os
te
ro
id
s;
T
E
A
E
tr
ea
tm

en
t-
em

er
ge
nt

ad
ve
rs
e
ev
en
t;
U
R
T
I
up
pe
r
re
sp
ir
at
or
y
tr
ac
t
in
fe
ct
io
n

a P
E
D
S
pa
ti
en
ts
re
ce
iv
ed

co
nc
om

it
an
t
T
C
S

b D
at
a
fo
r
PE

D
-O

L
E
st
ud
ie
s
re
fle
ct

cu
rr
en
t
st
ud
y
(O

L
E
)
ba
se
lin

es
c N

um
be
r
of

pa
ti
en
ts
re
fle
ct
s
th
e
sa
fe
ty

an
al
ys
is
se
t
fo
r
PE

D
S

d
In
cl
ud
es
al
lM

ed
D
R
A
PT

so
cc
ur
ri
ng

in
C

5%
of

pa
ti
en
ts
in

an
y
tr
ea
tm

en
t
gr
ou
p
(A
D
O
L
an
d
PE

D
S)

an
d
C

20
%
of

pa
ti
en
ts
in

an
y
tr
ea
tm

en
t
gr
ou
p
(P
E
D
-O

L
E
)

e R
ep
or
te
d

as
M
ed
D
R
A

PT
fo
r
co
nj
un

ct
iv
it
is
,
w
hi
ch

in
cl
ud
es

co
nj
un

ct
iv
it
is
,
co
nj
un

ct
iv
it
is

al
le
rg
ic
,
co
nj
un

ct
iv
it
is

ba
ct
er
ia
l,
co
nj
un

ct
iv
it
is

vi
ra
l,
an
d
at
op
ic

ke
ra
to
co
nj
un

ct
iv
it
is

f R
ep
or
te
d
as
M
ed
D
R
A
H
L
T
(A
D
O
L
,P

E
D
S,
an
d
PE

D
-O

L
E
,C

6
to
\

12
ye
ar
s
of

ag
e)

or
M
ed
D
R
A
PT

(P
E
D
-O

L
E
,C

12
ye
ar
s
of

ag
e)
,w

hi
ch

in
cl
ud
es
ed
em

a,
he
m
or
rh
ag
e,
in
du
ra
ti
on
,i
rr
it
at
io
n,

m
as
s,
an
d
sw
el
lin

g
g R
ep
or
te
d
as

M
ed
D
R
A
H
L
T
fo
r
an
y
he
rp
es

vi
ra
l
in
fe
ct
io
n,

w
hi
ch

in
cl
ud
es

he
rp
es

si
m
pl
ex
,n

as
al
he
rp
es
,a
nd

or
al
he
rp
es

(a
s
de
fin

ed
in

PE
D
-O

L
E
,[

12
ye
ar
s
of

ag
e)

h
R
ep
or
te
d
as

M
ed
D
R
A

PT
fo
r
sk
in

in
fe
ct
io
n
(a
dj
ud
ic
at
ed
)
an
d
no
n-
he
rp
et
ic

sk
in

in
fe
ct
io
n
(a
dj
ud
ic
at
ed
)(
A
D
O
L
);
sk
in

in
fe
ct
io
n
(a
dj
ud
ic
at
ed
)
(P
E
D
S)
;
sk
in

in
fe
ct
io
n
(H

L
T
)
an
d
no
he
rp
et
ic
sk
in

in
fe
ct
io
n
(a
dj
ud
ic
at
ed
)(
PE

D
-O

L
E
,C

6
to
\

12
ye
ar
s
of

ag
e)
;s
ki
n
in
fe
ct
io
n
(P
E
D
-O

L
E
,[

12
ye
ar
s
of

ag
e)
,w

hi
ch

in
cl
ud
es

an
gu
la
r
ch
ei
lit
is
,b
ac
te
ri
al
di
se
as
e
ca
rr
ie
r,
de
rm

at
it
is
in
fe
ct
ed
,f
ol
lic
ul
it
is
,h
or
de
ol
um

,m
ol
lu
sc
um

co
nt
ag
io
su
m
,s
ki
n
ba
ct
er
ia
li
nf
ec
ti
on
,s
ta
ph
yl
oc
oc
ca
ls
ki
n
in
fe
ct
io
ns
,

an
d
ti
ne
a
in
fe
ct
io
ns

Dermatol Ther (Heidelb) (2022) 12:2013–2038 2033



95% of patients receiving dupilumab 2 mg/kg or
4 mg/kg in PED-OLE [ADOL] and 94% and
100% of patients receiving dupilumab 2 mg/kg
or 4 mg/kg in PED-OLE [PEDS], respectively).
However, most TEAEs were mild or moderate in
severity, and no patients in PED-OLE experi-
enced a TEAE leading to drug discontinuation.
Similar to adults, cases of conjunctivitis were
more common among adolescents taking
dupilumab compared with placebo, but these
cases were generally mild to moderate in
severity and most cases resolved during the
treatment period [3]. Laboratory safety results in
pediatric populations were also similar to
adults, with no clinically important changes
observed in hematologic, serum chemistry, or
urinalysis parameters among patients taking
dupilumab [34, 38]. Dupilumab was also asso-
ciated with a reduced rate of skin infections in
adolescents and children (Fig. 7, Table 6).

DISCUSSION

Phase 3 clinical trials demonstrate that treat-
ment with dupilumab for moderate-to-severe
AD results in rapid and sustained improvements
in AD signs and symptoms and is generally well
tolerated across age groups. Dupilumab is not
an immunosuppressant, does not require
ongoing laboratory testing, and is not likely to
affect the metabolism of concomitantly
administered drugs.

Efficacy results from phase 3 trials highlight
dupilumab’s multidimensional impact on AD
signs and symptoms and suggest that IGA sig-
nificantly underestimates clinically relevant
dupilumab treatment effects. Beyond improv-
ing the skin, dupilumab improves patient-re-
ported outcomes, itch severity, and overall
quality of life. Additional benefits of dupilumab
have also been reported, including a reduction
in work/school absenteeism [16], improvements
in sleep [6], and improvements in symptoms of
anxiety and depression [44]. These improve-
ments are rapid, with significant improvements
in itch observed as early as 2 days following
treatment initiation and significant improve-
ments in sleep observed by week 1. Treatment
adherence with dupilumab is also high in

clinical trials and real-world settings, suggesting
high patient satisfaction [4, 40]. Dupilumab
may also reduce TCS use; in early-phase dupi-
lumab trials, patients receiving dupilumab plus
TCS had a 50% reduction in TCS use compared
with patients receiving placebo plus TCS [9].
Moreover, concomitant dupilumab with TCS
resulted in greater improvements in AD signs
and symptoms compared with dupilumab alone
[23].

Safety results from phase 3 trials of dupilu-
mab indicate that dupilumab is generally well
tolerated and has an acceptable safety profile.
Dupilumab is not an immunosuppressant and
does not alter correlates of vaccine-induced
immunity following vaccination with nonlive
vaccines, including T-cell-dependent vaccines
(i.e., tetanus toxoid with reduced diphtheria
toxoid and acellular pertussis vaccine) or T-cell-
independent vaccines (i.e., quadrivalent
meningococcal polysaccharide vaccine), or with
live-attenuated vaccines (i.e., yellow fever vac-
cine) [11, 54]. Dupilumab is also associated with
a reduced risk of serious or severe infections and
non-herpetic skin infections in adults and a
reduced risk of overall infections and total skin
infections (including non-herpetic and her-
pesvirus infections) in adolescents and children
[23, 32, 33]. Dupilumab does not alter hema-
tology, chemistry, or urinalysis laboratory
parameters, suggesting that patients taking
dupilumab do not require ongoing laboratory
monitoring [6, 34, 38, 57]. Although eosino-
philia has been reported in patients receiving
dupilumab for asthma, this is less common in
patients with AD [6, 12, 37, 55, 56]. Moreover,
no severe drug–drug interactions have been
reported [15].

Patients receiving dupilumab are at a greater
risk of certain adverse events. Conjunctivitis, for
example, is an inherent risk for patients with
AD and is commonly reported in patients taking
dupilumab. However, during phase 3 trials of
dupilumab for the treatment of moderate-to-
severe AD, cases of conjunctivitis were generally
mild or moderate in severity, and most cases
resolved with standard ophthalmic treatment
[4, 7]. Moreover, conjunctivitis rates were lower
at year 4 in OLE compared with week 76 in OLE
or week 52 in CHRONOS, suggesting that
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conjunctivitis may improve with continued
dupilumab treatment. Injection-site reactions
are also a concern with injectables, including
dupilumab. Similar to conjunctivitis incidence,
however, the incidence of injection-site reac-
tions decreased over time, with a lower inci-
dence at week 148 compared with 76 or
52 weeks [4, 7].

In summary, phase 3 clinical trials of dupi-
lumab demonstrate that dupilumab provides a
multidimensional benefit in patients ages
6 years and older with moderate-to-severe AD,
with rapid and sustained improvements in AD
signs and symptoms and an acceptable safety
profile. Dupilumab does not increase infection
risk, has no severe drug–drug interactions, and
does not require regular laboratory monitoring.
Overall, these results support dupilumab as a
safe and effective long-term treatment option
for patients with moderate-to-severe AD.
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53. Totté JE, Van Der Feltz WT, Hennekam M, et al.
Prevalence and odds of Staphylococcus aureus car-
riage in atopic dermatitis: a systematic review and
meta-analysis. Br J Dermatol. 2016;175:687–95.

54. Wechsler ME, Souza-Machado A, Xu C, et al. Pre-
clinical and clinical experience with dupilumab on
the correlates of live attenuated vaccines. J Allergy
Clin Immunol. 2022;1:9–15.

55. Wenzel S, Castro M, Corren J, et al. Dupilumab
efficacy and safety in adults with uncontrolled
persistent asthma despite use of medium-to-high-
dose inhaled corticosteroids plus a long-acting b2
agonist: a randomised double-blind placebo-con-
trolled pivotal phase 2b dose-ranging trial. Lancet.
2016;388:31–44.

56. Wenzel S, Ford L, Pearlman D, et al. Dupilumab in
persistent asthma with elevated eosinophil levels.
N Engl J Med. 2013;368:2455–66.

57. Wollenberg A, Beck LA, Blauvelt A, et al. Laboratory
safety of dupilumab in moderate-to-severe atopic
dermatitis: results from three phase III trials (LIB-
ERTY AD SOLO 1, LIBERTY AD SOLO 2, LIBERTY
AD CHRONOS). Br J Dermatol. 2020;182:1120–35.

58. Wollenberg A, Beck L, Blauvelt A, et al. Safety of
dupilumab in moderate-to-severe atopic dermatitis:
clinical laboratory results from the phase 3 clinical
trials (LIBERTY AD: SOLO 1, SOLO 2, and
CHRONOS). Presented at: 6th Annual Maui Derm
NP?PA Summer Meeting; 2018 Jun 20–23; Color-
ado Springs, CO, USA.

59. Worm M, Simpson EL, Thaçi D, et al. Efficacy and
safety of multiple dupilumab dose regimens after
initial successful treatment in patients with atopic
dermatitis: a randomized clinical trial. JAMA Der-
matol. 2020;156:131–43.

2038 Dermatol Ther (Heidelb) (2022) 12:2013–2038


	A Review of Phase 3 Trials of Dupilumab for the Treatment of Atopic Dermatitis in Adults, Adolescents, and Children Aged 6 and Up
	Abstract
	Introduction
	Phase 3 Trials of Dupilumab for the Treatment of Moderate-to-Severe AD
	Phase 3 Trials of Dupilumab in Adults with Moderate-to-Severe AD
	Phase 3 Trials of Dupilumab in Adolescents and Children with Moderate-to-Severe AD

	Dupilumab Efficacy
	Adult Efficacy
	Efficacy in Adolescents and Children

	Dupilumab Safety
	Adult Safety
	Safety in Adolescents and Children

	Discussion
	Acknowledgements
	References




