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Abstract

Background Atopic dermatitis is a chronic inflammatory condition with substantial burden and limited treatment options
for adolescents with moderate-to-severe disease. Significantly more patients treated with dupilumab vs. placebo achieved
Investigator’s Global Assessment 0/1 at week 16.

Objective The objective of this study was to assess the impact of dupilumab treatment vs. placebo on the achievement of
clinically meaningful improvements in atopic dermatitis signs, symptoms and quality of life.

Methods R668-AD-1526 LIBERTY AD ADOL was a randomized, double-blinded, parallel-group, phase III clinical trial.
Two hundred and fifty-one adolescents with moderate-to-severe atopic dermatitis received dupilumab 300 mg every 4 weeks
(qg4w; n=284), dupilumab 200 or 300 mg every 2 weeks (q2w; n=_82), or placebo (n=85). A post-hoc subgroup analysis
was performed on 214 patients with Investigator’s Global Assessment > 1 at week 16. Measures of atopic dermatitis signs,
symptoms, and quality of life were assessed. Clinically meaningful improvement in one or more of three domains of signs,
symptoms, and quality of life was defined as an improvement of >50% in Eczema Area and Severity Index, >3 points in
Peak Pruritus Numerical Rating Scale, or > 6 points in the Children’s Dermatology Life Quality Index from baseline.
Results Of patients receiving dupilumab q2w, 80.5% [66/82] experienced clinically meaningful improvements in atopic
dermatitis signs, symptoms, or quality of life at week 16 (vs. placebo, 20/85 [23.5%], difference 57.0% [95% confidence
interval 44.5-69.4]; g4w vs. placebo, 53/84 [63.1%], difference 39.6% [95% confidence interval 25.9-53.3]; both p <0.0001).
Results were similar in adolescents with Investigator’s Global Assessment > 1 at week 16 (q2w, 46/62 [74.2%] vs. placebo,
18/83 [21.7%], difference 52.5% [95% confidence interval 38.5-66.6]; q4w, 38/69 [55.1%] vs. placebo, difference 33.4%
[95% confidence interval 18.7—48.1]; both p <0.0001).

Conclusions Dupilumab provided clinically meaningful improvements in signs, symptoms, and quality of life in adolescents
with moderate-to-severe atopic dermatitis among patients with Investigator’s Global Assessment > 1 at week 16. Treatment
responses should be interpreted in the context of such clinically relevant patient-reported outcome measures.

Trial Registration ClinicalTrials.gov; NCT03054428.

Laurent Eckert and Abhijit Gadkari co-last authors.

1 Introduction
Enhanced Digital Features To view enhanced digital features for
this article go to https://doi.org/10.6084/m9.figshare.11309645. Atopic dermatitis (AD) is a chronic inflammatory skin dis-

ease characterized by eczematous lesions and often intense
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pruritus and atopic and non-atopic comorbidities [1-4]. The
burden of moderate-to-severe AD on adolescents and their
caregivers is substantial, particularly pruritus associated
with chronic sleep disturbance, which can profoundly affect
daily functioning, quality of life (QoL), social interactions,
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In a randomized, placebo-controlled, phase III clini-

cal trial, adolescents with moderate-to-severe atopic
dermatitis (AD) receiving dupilumab showed significant
improvements in clinical signs as demonstrated by Inves-
tigator’s Global Assessment (IGA) score reflecting clear
(0)/almost clear (1) skin at week 16; however, the IGA
may not comprehensively capture the impact of AD,
including patient-reported symptoms and health-related
quality of life.

The majority of adolescents treated with dupilumab
showed statistically significant and clinically meaning-
ful improvements in AD signs, symptoms (including
pruritus, sleep loss), and quality of life compared with
placebo-treated patients, even among those not achieving
IGA 0/1.

The IGA response should be interpreted within the
context of additional outcome measures that more com-
prehensively characterize changes with treatment in AD
signs, symptoms, and quality of life in adolescents with
moderate-to-severe disease.

and psychosocial health [5-11]. Adolescents commonly
have persistent disease that extends into adulthood [12],
indicating that the underlying pathophysiology and clinical
manifestations of AD are similar in adolescents and adults
[13].

Until recently, the only approved treatment options for
adolescents with moderate-to-severe AD were topical agents
and systemic corticosteroids, treatments recommended by
clinical practice guidelines only in limited circumstances
[14, 15]. Most treatments for adolescents are used off label,
including systemic immunosuppressants such as methotrex-
ate and cyclosporine, with unclear long-term risks and ben-
efits [16-18].

Dupilumab, a fully human VelocImmune®-derived [19,
20] monoclonal antibody, blocks the shared receptor unit
for interleukin-4 and interleukin-13, thus inhibiting signal-
ing of both cytokines. In clinical trials, dupilumab demon-
strated significant efficacy in improving signs and symp-
toms of AD, symptoms of anxiety/depression, and QoL in
adults with moderate-to-severe AD, with a favorable safety
profile [21-24]. Dupilumab is approved for subcutaneous
administration for the treatment of patients aged > 12 years
in the USA with moderate-to-severe AD inadequately con-
trolled with topical prescription therapies or when those
therapies are not advisable [25], for the treatment of adult
patients with AD not adequately controlled with existing
therapies in Japan, and for use in patients aged > 12 years
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with moderate-to-severe AD who are candidates for systemic
therapy in the European Union [26]. Dupilumab is also
approved by the US Food and Drug Administration [25] as
an add-on maintenance treatment in patients aged > 12 years
with moderate-to-severe asthma and an eosinophilic pheno-
type or with oral corticosteroid-dependent asthma regardless
of eosinophilic phenotype [27-29].

Adolescents with moderate-to-severe AD treated with
dupilumab showed significant improvements in a randomized,
placebo-controlled, phase III clinical trial (R668-AD-1526
LIBERTY AD ADOL, NCT03054428) [30]. Both co-primary
endpoints of the trial were achieved in more patients receiving
dupilumab than in those who received placebo. Those end-
points were a score of 0 (clear skin) or 1 (almost clear skin)
and >2 points improvement from baseline in Investigator’s
Global Assessment (IGA) score (p <0.0001) and at least 75%
improvement in the Eczema Area and Severity Index (EASI-
75; p<0.0001) at week 16.

The IGA is useful because of its simplicity, prec-
edence, and endorsement by regulatory authorities, but
is limited strictly to cutaneous signs and does not assess
the body surface area (BSA) affected or patient-reported
symptoms, which have the greatest impact on QoL. Cor-
relations between investigator- and patient-reported out-
come measures of disease severity are weak to moderate
[31, 32]. For these reasons, a comprehensive evaluation of
the effectiveness of AD treatment combines clinician- and
patient-reported measures to more broadly assess AD signs,
symptoms (e.g., pruritus, sleeplessness), and health-related
QoL. Such a definition of treatment response would be more
relevant for clinical decision making than one based on IGA
alone. Therefore, clinically meaningful improvements are
defined here as improvements from baseline of >50% in
EASI [26, 33], >3 points in the Peak Pruritus Numerical
Rating Scale (NRS) score [34, 35], or > 6 points in the Chil-
dren’s Dermatology Life Quality Index (CDLQI) [36], val-
ues based on published thresholds of clinically meaningful
improvements.

To more thoroughly evaluate the clinical benefit of
dupilumab, we report here post-hoc analyses of the propor-
tions of adolescents with moderate-to-severe AD who had
clinically relevant responses to dupilumab vs. placebo in the
LIBERTY AD ADOL trial. We also evaluate the relation-
ship between dupilumab exposure and achievement of these
clinically relevant endpoints.

2 Patients and Methods
2.1 Study Design

The design and primary results from the LIBERTY AD
ADOL study have been reported previously and are briefly
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summarized here [30]. LIBERTY AD ADOL was a mul-
ticenter, randomized, placebo-controlled, double-blinded,
parallel-group, phase III study conducted in accordance
with the ethical standards of the responsible committees
and the Declaration of Helsinki and with the International
Conference on Harmonization guidelines for Good Clinical
Practice. The protocol is available in the Electronic Supple-
mentary Material (ESM). The trial was overseen by an inde-
pendent data and safety monitoring board. Written informed
consent was obtained from all patients or their proxies.

2.2 Patients, Randomization, and Masking

Patients aged > 12 to < 18 years with moderate-to-severe
AD not adequately controlled by topical medications or for
whom topical therapy was not advisable were eligible to
participate. At screening and baseline visits, eligible patients
had an IGA score >3 (out of 4), EASI > 16 (out of 72),
Peak Pruritus NRS score >4 (out of 10), and BSA affected
by AD >10%. Patients were randomly selected to receive
dupilumab every 2 weeks (q2w; 200 mg if baseline weight
was <60 kg or 300 mg if baseline weight was > 60 kg) or
every 4 weeks (q4w; 300 mg) or placebo q2w for 16 weeks.
To maintain blinding, patients in the qg4w group received
injections q2w, alternating placebo with active treatment.
Topical or systemic medications such as non-steroidal
immunosuppressants, corticosteroids, or calcineurin inhibi-
tors were prohibited unless required for rescue treatment for
intolerable symptoms.

2.3 Study Outcomes

The co-primary endpoints of this trial were the proportions
of patients achieving an IGA score of O or 1 (and > 2-point
improvement in IGA score) and EASI-75 at week 16 [30].
Here, we report secondary outcomes and post-hoc analy-
ses performed on the full analysis set (FAS) of randomized
patients and on a subgroup of patients who did not achieve
an IGA score of 0 or 1 at week 16 (IGA > 1 subgroup).

Clinician- and patient-reported outcomes included
changes from baseline to week 16 in EASI, SCORing Atopic
Dermatitis (SCORAD) total score, BSA affected, Peak Pru-
ritus NRS score, SCORAD pruritus and sleep visual analog
scale (VAS) score, Patient-Oriented Eczema Measure
(POEM) score, CDLQI, and Hospital Anxiety and Depres-
sion Scale (HADS) total score and scores on the anxiety
(HADS-A) and depression (HADS-D) domains.

We compared the proportions of patients who achieved
the clinical response thresholds of EASI-50, EASI-75, >3-
or 4-point improvement in the Peak Pruritus NRS score, or
> 6-point improvement in the POEM score or CDLQI and
of those in each response category of the Patient Global
Assessment of Disease Severity (“no symptoms,” “mild
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symptoms,” “moderate symptoms,” or “severe symptoms’).
Clinically meaningful improvement in at least one of the
three domains of signs, symptoms, and QoL was defined
as EASI-50, > 3-point improvement in Peak Pruritus NRS
score from baseline, > 6-point improvement in POEM score
from baseline, or > 6-point improvement in CDLQI from
baseline at week 16. Improvement thresholds for EASI [26,
33], Peak Pruritus NRS score [34, 35], POEM score [33, 36],
and CDLQI [36] were based on the published minimal clini-
cally important differences in the population of adolescents
with AD. We also assessed the proportions of patients with
EASI <7 at week 16, a category that corresponds to mild
AD [37], and with CDLQI <6, a category indicating no or
a small impact on QoL [38].

Concentrations of dupilumab at week 16 in the FAS were
compared in those who achieved EASI-50 or Peak Pruri-
tus NRS > 3-point improvement from baseline or CDLQI
> 6-point improvement from baseline at week 16 and in
those who did not. Serum samples for quantification of
functional dupilumab concentrations were analyzed using a
validated enzyme-linked immunosorbent assay.

The proportions of patients needing rescue medication
were evaluated. Safety outcomes from the LIBERTY AD
ADOL trial have been reported previously for the overall
population and are summarized here for the safety analysis
set and the IGA > 1 post-hoc analysis subgroup [30].

2.4 Statistical Analysis

Statistical methods for the LIBERTY AD ADOL study have
been reported previously [30]. The statistical analysis plan is
available in the ESM. Binary endpoints were analyzed using
the Cochran—-Mantel-Haenszel test with adjustment for ran-
domization strata (baseline disease severity and weight).
Patients with missing values at week 16 or who used rescue
medication before week 16 were considered “non-respond-
ers” and their data were imputed. Continuous outcomes were
analyzed using multiple imputation and analysis of covari-
ance with treatment, with randomization strata and relevant
baseline values included in the model. Data from patients
using rescue medication were considered “missing” from the
time of use and imputed by multiple imputation. Descrip-
tive statistics were used to assess demographic and clinical
characteristics. Least-squares mean (with standard error) and
percent change from baseline were reported for EASI, SCO-
RAD total and SCORAD pruritus and sleep VAS scores,
BSA, Peak Pruritus NRS score, POEM score, CDLQI, and
HADS total and HADS-A and HADS-D domain scores. The
proportions of patients meeting pre-specified thresholds for
other outcomes were reported as number and percentage
of total. Patients who withdrew or received rescue medi-
cation were counted as “non-responders” from the time of
withdrawal or of use of rescue medication. Patients with
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missing values at week 16 were considered “non-respond-
ers” and were combined with patients who did not achieve
IGA score 0 or 1 at week 16, to comprise the week 16 IGA
> 1 subgroup.

For the comparison of dupilumab concentrations at week
16, logistic regression analysis was conducted when the
probability of achieving IGA 0 or 1 was related to the expo-
sure metric, observed Ci,,qh- All analyses were performed
using SAS statistical software (version 9.2 or higher; SAS
Institute, Inc., Cary, NC, USA).

3 Results
3.1 Patients

A total of 251 patients in the FAS were randomly selected to
receive dupilumab 300 mg g4w (n =84), dupilumab 200 or
300 mg q2w (n=282), or placebo q2w (n=2_85) (Fig. S1 of the
ESM). The IGA > 1 subgroup (patients who did not achieve
IGA 0 or 1 at week 16) consisted of 214 patients of whom
69 received dupilumab 300 mg q4w, 62 dupilumab 200 or
300 mg q2w, and 83 placebo (Fig. S1 of the ESM). Baseline
demographic and clinical characteristics of patients in the
FAS and the IGA > 1 subgroup (Table 1) were generally sim-
ilar across treatment groups. Compared with the overall FAS
population, the IGA > 1 subgroup had a greater proportion of
patients with indicators of more severe disease at baseline as
reflected by IGA score, EASI, SCORAD, BSA affected by
AD, and CDLQI. Nearly all patients across treatment groups
had at least one comorbid allergic condition (FAS: placebo
78/85 [92%], dupilumab q4w 74/84 [88%], and q2w 79/82
[96%]; IGA > 1 subgroup: placebo 76/83 [92%], dupilumab
q4w 61/69 [88%], and q2w 61/62 [98%]), mostly asthma,
allergic rhinitis, and/or food allergy.

3.2 Clinician- and Patient-Reported Outcomes
3.2.1 Full Analysis Set of Randomized Patients

A significantly greater proportion of patients receiving
dupilumab achieved the co-primary endpoints of IGA score
0 or 1 (and >2 points improvement) and EASI-75 at week
16, compared with those receiving placebo, as reported pre-
viously [30]. Patients receiving dupilumab had statistically
significant improvements from baseline to week 16, vs. pla-
cebo, in EASI, SCORAD total score, Peak Pruritus NRS
score, SCORAD pruritus VAS score, SCORAD sleep VAS
score, POEM score, and CDLQI (Table 2) and significantly
more of them also achieved EASI <7 or CDLQI <6 by week
16 (Table 2).

More dupilumab- than placebo-treated patients achieved
clinically meaningful improvements in at least one of the
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three domains of signs (EASI-50), symptoms (Peak Pruri-
tus NRS > 3-point improvement from baseline), and QoL
(CDLQI > 6-point improvement from baseline) throughout
the study (Fig. 1). More patients receiving dupilumab expe-
rienced clinically meaningful improvements from baseline in
AD signs, symptoms, or QoL at week 16, with 2w numeri-
cally superior to q4w (placebo 20/85 [23.5%], dupilumab
qdw 53/84 [63.1%], difference 39.6% [95% confidence inter-
val 25.9-53.3]; q2w 66/82 [80.5%], difference 57.0% [95%
confidence interval 44.5-69.4]; both p <0.0001) (Fig. 1d).
Clinically meaningful improvement in all three domains
at week 16 was achieved in 24% of the dupilumab q2w
group and in 29% of the dupilumab q4w group; 33% of the
dupilumab q2w and 23% of the dupilumab g4w group had
improvement in two of the three domains (Fig. 2 and Fig.
S2 of the ESM). Dupilumab-treated patients had achieved
clinically meaningful response thresholds by the earliest
measured time point for EASI-50 (week 1) and CDLQI >6
(week 2) and by week 3 in the q2w group for Peak Pruritus
NRS score >3 (Fig. 1). The q2w regimen was numerically
superior to the qg4w regimen for individual EASI-50 and Peak
Pruritus NRS responses; CDLQI responses were similar with
the two regimens. Mean percentage changes from baseline
across outcomes for signs, symptoms, and QoL at each study
visit, as well as the number of patients achieving > 6-points
improvement in POEM score, are provided in Fig. S3 of the
ESM [30]. Baseline and week 16 photographs of two patients
provide a visual representation of the clinical changes in AD
that can be achieved with dupilumab treatment despite not
reaching an IGA score of O or 1 (Fig. S4 of the ESM).
Median dupilumab concentrations at week 16 were
higher by a factor of 3 in patients who achieved EASI-50 or
Peak Pruritus NRS > 3-point improvement from baseline or
CDLQI > 6-point improvement from baseline at week 16 than
in those who did not (approximately 40 mg/L vs. 15 mg/L)
(Fig. S5 of the ESM). In patients who received dupilumab
200 or 300 mg q2w, median dupilumab concentrations were
similar regardless of whether at least one clinically mean-
ingful response was achieved at week 16. In patients who
received the 300 mg q4w regimen, median dupilumab con-
centrations were lower in those without at least one clini-
cally meaningful response at week 16 (Fig. S5b of the EMS).
Logistic regression showed a monotonically increasing rela-
tionship between the probability of achieving at least one
clinically meaningful response at week 16 and dupilumab
trough concentration at week 16 (Fig. S5c of the ESM).

3.2.2 Evaluation of Clinically Meaningful Improvements
in the Investigator’s Global Assessment > 1
Subgroup: A Post-hoc Analysis

As with the FAS, patients in the IGA > 1 subgroup receiv-
ing dupilumab showed significant improvements from
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Table 1 Demographic and clinical characteristics of patients in the full analysis set and Investigator’s Global Assessment (IGA)> 1 subgroup

Full analysis set (n=251)

IGA > 1 subgroup (n=214)

Placebo (n=85)  Dupilumab Dupilumab Placebo (n=83)  Dupilumab Dupilumab
300 mg g4w 200 or 300 mg q2w 300 mg g4w 200 or 300 mg q2w
(n=84) (n=282) (n=69) (n=62)
Age, mean (SD), 14.5 (1.8) 14.4 (1.6) 14.5 (1.7) 14.4 (1.8) 14.3 (1.5) 14.6 (1.7)
years
Male, n (%) 53 (62) 52 (62) 43 (52) 51(61) 44 (64) 30 (48)
Weight, mean (SD), 64.4 (21.5) 65.8 (20.1) 65.6 (24.5) 64.0 (21.1) 66.3 (20.5) 65.9 (20.6)
kg
BMI, mean (SD), 23.9 (6.0) 24.1(5.9) 24.9 (7.9) 23.9 (6.1) 24.1(5.9) 24.9 (6.2)
kg/m?
Race, n (%)
White 48 (56) 55 (65) 54 (66) 47 (57) 44 (64) 41 (66)
Black or African 15 (18) 8 (10) 709) 14 (17) 6(9) 3(5)
American
Asian 13 (15) 13 (15) 12 (15) 13 (16) 11 (16) 10 (16)
American Indian 0 2(2) 0 0 23) 0
or Alaska Native
Native Hawaiian 0 1(1) 2(2) 0 1(1) 1(2)
or other Pacific
Islander
Other 6(7) 5(6) 5(6) 6 (7) 5() 5(8)
Not reported 34) 0 2(2) 34) 0 2(3)
Ethnicity, n (%)
Hispanic or Latino 13 (15) 20 (24) 13 (16) 13 (16) 14 (20) 11 (18)
Duration of AD, 12.3 (3.4) 11.9 (3.2) 12.5 (3.0) 12.2 (3.5) 12.1 (3.1) 12.5 (3.0)
mean (SD), years
History of atopic comorbidities, n (%)
Patients with>1 78 (92) 74 (88) 79 (96) 76 (92) 61 (88) 61 (98)
concurrent aller-
gic condition
excluding AD
Allergic conjuncti- 16 (19) 21 (25) 20 (24) 15 (18) 20 (29) 15 (24)
vitis (keratocon-
junctivitis)
Allergic rhinitis 57 (67) 49 (58) 59 (72) 55 (66) 38 (55) 44 (71)
Asthma 46 (54) 43 (51 46 (56) 44 (53) 37 (54) 34 (55)
Chronic rhino- 7(8) 6(7) 6(7) 7(8) 5() 4 (6)
sinusitis
Eosinophilic 0 0 1(1) 0 0 0
esophagitis
Food allergy 48 (57) 53 (63) 52 (63) 46 (55) 43 (62) 42 (68)
Hives 22 (26) 28 (33) 22 (27) 22 (27) 23 (33) 20 (32)
Nasal polyps 2(12) 1(1) 2(12) 2(2) 0 23)
Other allergies® 62 (73) 54 (64) 58 (71) 61 (73) 49 (71) 46 (74)
Patients receiving 33 (39) 38 (45) 35(43) 32 (39) 31 (45) 27 (44)
prior systemic
medications for
AD, n (%)
Systemic cortico- 21 (25) 27 (32) 21 (26) 20 (24) 20 (29) 15 (24)
steroids
Systemic non- 17 (20) 15 (18) 20 (24) 17 (20) 15 (22) 16 (26)
steroidal immu-
nosuppressants
Azathioprine 1(1) 1(1) 0 1(1) (D) 0
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Table 1 (continued)
Full analysis set (n=251) IGA > 1 subgroup (n=214)
Placebo (n=85)  Dupilumab Dupilumab Placebo (n=83)  Dupilumab Dupilumab
300 mg g4w 200 or 300 mg q2w 300 mg g4w 200 or 300 mg q2w
(n=284) (n=82) (n=69) (n=62)
Cyclosporine 12 (14) 6(7) 14 (17) 12 (14) 6(9) 13 (21)
Methotrexate 6(7) 10 (12) 10 (12) 6 (7) 10 (14) 7(11)
Mycophenolate 0 1(1) 2(2) 0 1(1) 1(2)
Biomarkers, mean (SD)
Lactate dehydro-  286.0 (99.1) 300.9 (101.6) 295.4 (102.5) 286.4 (100.2) 315.3 (101.8) 311.3 (109.0)
genase, U/L
Total IgE, kU/L 9378.9 (13,797.2) 7032.1 (9215.0) 7254.5 (9457.1) 9427.7 (13,929.7) 7787.8 (9625.9) 8371.3 (9967.8)
TARC, pg/mL 6565.8 (11,296.5) 5781.9 (8369.0) 6102.3 (9159.6) 6676.7 (11,410.6) 6349.4 (8796.9) 7272.2 (10,097.1)
Disease severity, mean (SD) unless otherwise noted
IGA score 4, n (%) 46 (54) 46 (55) 43 (52) 45 (54) 44 (64) 35 (56)
EASI (0-72) 35.5(14.0) 35.8 (14.8) 35.3(13.8) 35.4 (13.9) 37.8 (14.7) 37.5(14.4)
SCORAD total 70.4 (13.3) 69.8 (14.1) 70.6 (13.9) 70.3 (13.3) 71.7 (14.0) 72.5 (14.0)
score (0-103)
BSA affected by  56.4 (24.1) 56.9 (23.5) 56.0 (21.4) 56.4 (24.4) 58.6 (23.5) 59.4 (22.4)
AD (%)
Peak Pruritus NRS 7.7 (1.6) 7.5 (1.8) 7.5 (1.5) 7.7 (1.6) 7.8 (1.7) 7.6 (1.4)
score (0-10)
SCORAD—Pru- 7.7 (1.8) 7.9 (1.9) 7.9 (1.7) 7.7(1.8) 7.9 (1.9) 8.0 (1.5)
ritus VAS score
(0-10)
SCORAD—Sleep 5.6 (3.1) 59@3.2) 54 3.3) 5.6 (3.1) 6.3 (3.1) 5.8(3.4)
VAS score
(0-10)
POEM score 21.1(54) 21.1(5.5) 21.0 (5.0) 21.0(5.4) 21.6 (5.6) 21.5(5.1)
(0-28)
CDLQI (0-30) 13.1 (6.7) 14.8 (7.4) 13.0 (6.2) 13.0 (6.7) 15.4 (7.5) 14.3 (6.1)
HADS total score  11.6 (7.8) 13.3(8.2) 12.6 (8.0) 11.7 (7.8) 13.5(8.2) 12.9 (8.5)
(0-42)
HADS-A score 74 (4.4) 8.0(4.9) 8.1 (4.6) 74 (4.4) 8.1(4.9) 8.2 (4.8)
(0-21)
HADS-D score 43 (3.9 52 4.2) 4.44.2) 4.3(3.9) 5.34.2) 4.7 (4.4)
(0-21)
PGADS “no” or 10 (12) 5(6) 8 (10) 10 (12) 2(3) 4(6)
“mild” symp-
toms, n (%)
PGADS “moder- 20 (23.5) 32 (38) 22 (27) 20 (24) 23 (33) 16 (26)
ate” symptoms,
n (%)
PGADS “severe” 30 (35) 26 (31) 32 (39) 28 (34) 23 (33) 27 (44)
symptoms, n (%)
PGADS “very 25 (29) 21 (25) 20 (24) 25 (30) 21 (30) 15 (24)
severe” symp-
toms, n (%)

FAS data also reported by Simpson et al. (2019) [30]

AD atopic dermatitis, BMI body mass index (calculated as weight in kilograms divided by height in meters squared), BSA body surface area,
CDLQI Children’s Dermatology Life Quality Index, EASI Eczema Area and Severity Index, FAS full analysis set, HADS Hospital Anxiety and
Depression Scale, HADS-A Hospital Anxiety and Depression Scale—Anxiety, HADS-D Hospital Anxiety and Depression Scale—Depression,
IgE immunoglobulin E, NRS Numerical Rating Scale, PGADS Patient Global Assessment of Disease Severity, POEM Patient-Oriented Eczema
Measure, g2w every 2 weeks, g4w every 4 weeks, SCORAD SCORing Atopic Dermatitis, SD standard deviation, TARC thymus and activation-
regulated chemokine, VAS visual analog scale

#Includes allergies to medications, animals, plants, mold, and dust mites
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Table 2 Efficacy outcomes at week 16 in patients in the full analysis set and Investigator’s Global Assessment (IGA)> 1 subgroup

Full analysis set (n=251) IGA > 1 subgroup (n=214)

Placebo (n=85) Dupilumab  Dupilumab 200 Placebo (n=83) Dupilumab 300 mg qg4w Dupilumab 200
300 mg g4w or 300 mg q2w (n=69) or 300 mg q2w
(n=284) (n=82) (n=62)

EASI LS mean change  —9.2 (1.8) -22.6(1.5) -222(1.3) —8.8(1.9) -219@1.7) —19.7 (1.6)
from baseline (SE) p<0.0001  p<0.0001 p<0.0001 p<0.0001

EASILS mean percent  —23.6 (5.5) —-64.8(4.5) —659(4.0) —20.7 (5.6) —58.4(5.5) -55.0(4.9)
change from baseline p<0.0001 p<0.0001 p<0.0001 p<0.0001
(SE)

EASI-50, 1 (%) 11 (13) 46 (55) 50 (61) 9(11) 31 (45) 30 (48)

p<0.0001  p<0.0001 p<0.0001 p<0.0001

EASI-75, n (%) 7(8) 32 (38) 34 (41) 5(6) 17 (25) 14 (23)

p<0.0001  p<0.0001 p=0.0013 p=0.0047

EASI<7 at week 16, 7(8) 28 (33) 34 (41) 5(6) 13 (19) 14 (23)

n (%) p<0.0001 p<0.0001 p=0.0049 p=0.0034
SCORAD total score -13.2(2.5) -332(22) -358(2.2) -12.4(2.4) —29.0(2.3) -299(24)
LS mean change from p<0.0001 p<0.0001 p<0.0001 p<0.0001

baseline (SE)

SCORAD total score LS —17.6 (3.8) -475@32) -51.6(3.2) —-15.8(3.5) -394 (3.4) -41.3 (3.5)
mean percent change p<0.0001 p<0.0001 p<0.0001 p<0.0001
from baseline (SE)

BSA LS mean change -11.72.7) -33423) -30.12.3) -10.8 2.7 -31.32.7) —24.5(2.8)
from baseline (SE) p<0.0001  p<0.0001 p<0.0001 p=0.0002

Peak Pruritus NRS score —1.5 (0.3) -3403) -3.7(0.3) -1.5(0.3) -3.2(0.3) -3.5(0.3)
LS mean change from p<0.0001 p<0.0001 p<0.0001 p<0.0001
baseline (SE)

Peak Pruritus NRS —-19.0 4.1) —45.53.5) -47934) -17.4 (4.2) —-41.2 4.1) —-44.2 (4.0
score LS mean percent p<0.0001 p<0.0001 p<0.0001 p<0.0001
change from baseline
(SE)

Peak Pruritus 8/85 (9) 32/83 (39)  40/82 (49) 6/83 (7.2) 21/69 (30.4) 27/62 (43.5)
NRS > 3-point p<0.0001  p<0.0001 p=0.0001 p<0.0001
improvement from
baseline, n/N (%)

Peak Pruritus 4/84 (5) 22/83 (27)  30/82 (37) 3/82 (4) 13/69 (19) 21/62 (34)
NRS >4-point p=0.0001  p<0.0001 p=0.0025 p<0.0001
improvement from
baseline, n/N (%)

SCORAD—Pruritus -2.1(04) -4.0(0.3) -440.3) -2.0(04) -3.4(0.4) -3.8(04)
VAS score LS mean p=0.0002  p<0.0001 p=0.0124 p=0.0012
change from baseline
(SE)

SCORAD—Sleep VAS —1.1(0.4) -3.0(0.3) -3.6(0.3) -1.2(04) -2.7(0.4) -3.404)
score LS mean change p=0.0001 p<0.0001 p=0.0071 p<0.0001
from baseline (SE)

POEM score LS mean -3.8(1.0) -9.5(0.9  -10.1(0.8) -3.5(1.0) —8.4(1.0) -8.5(0.9)
change from baseline p<0.0001 p<0.0001 p=0.0005 p=0.0001
(SE)

POEM > 6-point 8/84 (10) 39/84 (46)  52/82 (63) 7/82(9) 27/69 (39) 33/62 (53)
improvement from p<0.0001 p<0.0001 p<0.0001 p<0.0001
baseline, n/N (%)

CDLQI LS mean change —5.1 (0.6) -8.8(0.5) —85(05) -5.6(0.7) —8.5(0.6) —8.4(0.6)
from baseline (SE) p<0.0001 p<0.0001 p=0.0022 p=0.0023

CDLQI > 6-point 15/76 (20) 42/71 (59)  43/71 (61) 14/74 (19) 30/59 (51) 32/56 (57)
improvement from p<0.0001 p<0.0001 p=0.0002 p<0.0001

baseline, n/N (%)
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Table 2 (continued)

Full analysis set (n=251)

IGA > 1 subgroup (n=214)

Placebo (n=85) Dupilumab  Dupilumab 200 Placebo (n=83) Dupilumab 300 mg g4w Dupilumab 200
300 mg g4w or 300 mg q2w (n=69) or 300 mg q2w
(n=284) (n=82) (n=62)

CDLQI<6 at week 16,  13/73 (18) 32/69 (46)  36/69 (52) 12/71 (17) 21/57 (37) 25/56 (45)
n/N (%) p=0.0003  p<0.0001 p=0.0104 p=0.0007

HADS total score LS —-2.5(0.8) -520.7) -3.8(0.7) -2.3(0.8) -4.2(0.8) —3.7(0.8)
mean change from p=0.0133 p=0.2203 p=0.0939 p=0.2076
baseline (SE)

HADS-A score LS mean —1.6 (0.5) -2.7(0.5) -23(04) —1.5(0.5) -1.9(0.5) -2.2(0.5)
change from baseline p=0.1229  p=0.2980 p=0.5757 p=0.3043
(SE)

HADS-D score LS mean —0.8 (0.4) -2404) -14(03) —0.7 (0.4) -2.2(04) —1.4(04)
change from baseline p=0.0016 p=0.1691 p=0.0076 p=0.1892
(SE)

PGADS “no” or “mild” 11 (13) 33 (39) 42 (51) 10 (12) 19 (28) 26 (42)
symptoms, 7 (%) p<0.0001 p<0.0001 p=0.0149 p<0.0001

PGADS “moderate” 9(11) 15 (18) 19 (23) 8 (10) 14 (20) 15 (24)
symptoms, 7 (%) p=0.1703  p=0.0304

PGADS “severe” symp- 10 (12) 6(7) 6(7) 10 (12) 6(9) 6 (10)
toms, n (%) p=03007  p=0.3070

PGADS “very severe” 55 (65) 30 (36) 15 (18) 55 (66) 30 (43) 15 (24)
symptoms, 7 (%)

Use of > 1 rescue medi- 50 (59) 27 (32) 17 (21) 50 (60) 27 (39) 17 (27)
cation, n (%)

Use of > 1 systemic res- 8 (9) 0 1(1) 8 (10) 0 2(3)

cue medication, n (%)

AD atopic dermatitis, BMI body mass index (calculated as weight in kilograms divided by height in meters squared), BSA body surface area,
CDLQI Children’s Dermatology Life Quality Index, EASI Eczema Area and Severity Index, FAS full analysis set, HADS Hospital Anxiety and
Depression Scale, HADS-A Hospital Anxiety and Depression Scale—Anxiety, HADS-D Hospital Anxiety and Depression Scale—Depression,
LS least-squares, N number of patients with baseline Peak Pruritus NRS score >3 or>4, POEM score > 6, or CDLQI > 6, NRS Numerical Rat-
ing Scale, PGADS Patient Global Assessment of Disease Severity, POEM Patient-Oriented Eczema Measure, g2w every 2 weeks, g4w every
4 weeks, SCORAD SCORing Atopic Dermatitis, SE standard error, TARC thymus and activation-regulated chemokine, VAS visual analog scale

FAS data of the pre-specified endpoints also reported by Simpson et al. (2019) [30]

For PGADS, values after the first rescue treatment were set to censor/missing, and all missing data were imputed to the worst category

baseline to week 16, vs. placebo, in EASI, SCORAD total
score, BSA, Peak Pruritus NRS score, SCORAD pruritus
VAS score, SCORAD sleep VAS score, POEM score, and
CDLQI (Table 2; Fig. 3, and Figs. S6 and S7 of the ESM).
A greater proportion of patients with IGA > 1 who received
dupilumab experienced clinically meaningful improvements
from baseline in AD signs, symptoms, or QoL at week 16;
g2w group improvements were numerically superior to those
in the g4w group (placebo 18/83 [21.7%], dupilumab g4w
38/69 [55.1%], difference 33.4% [95% confidence interval
18.7-48.1]; 2w 46/62 [74.2%], difference 52.5% [95% con-
fidence interval 38.5-66.6]; both p <0.0001) (Fig. 3d, Fig.
S8 of the ESM). As in the FAS, more dupilumab- than pla-
cebo-treated patients in the IGA > 1 subgroup achieved clini-
cal response thresholds by the earliest weekly time points
measured, for EASI-50 (week 1), CDLQI > 6-point improve-
ment (week 2), and Peak Pruritus NRS > 3-point improve-
ment (week 3) (Fig. 3). The q2w regimen was numerically
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superior to the g4w regimen for each of these individual
endpoints.

3.3 Rescue Medication Use and Adverse Events

Fewer patients receiving dupilumab needed rescue medica-
tion for intolerable symptoms than did those receiving pla-
cebo in both the FAS and the IGA > 1 subgroup (Table 2).
Corticosteroids (groups II-IV) were the most frequently
used rescue medication in all treatment groups. As reported,
dupilumab had an acceptable safety profile in this adolescent
patient population [30]. Safety outcomes in patients in the
IGA > 1 subgroup were comparable to those in the over-
all study population (Table S1 of the ESM). No new safety
signals were observed, and safety findings were similar to
those observed in dupilumab trials in adults with moderate-
to-severe AD [21, 22].
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Fig. 1 Proportions of patients in the full analysis set (FAS) who
achieved clinically meaningful improvements in signs, symptoms,
and quality of life as defined by a 50% improvement from baseline in
Eczema Area and Severity Index (EASI-50), b Peak Pruritus Numeri-
cal Rating Scale (NRS) > 3-point improvement from baseline, ¢ Chil-

4 Discussion

Adolescents with moderate-to-severe AD who received
dupilumab experienced significant and clinically mean-
ingful improvements in signs, symptoms, and QoL during
16 weeks of treatment, compared with those who received
placebo. Patients in the FAS and the IGA > 1 subgroup had
statistically significant improvements from baseline (nomi-
nal p <0.05) as early as 1-2 weeks in EASI, SCORAD
score, BSA affected, itch (Peak Pruritus NRS and SCORAD
pruritus VAS scores), SCORAD sleep VAS score, POEM
score, CDLQI, and the Patient Global Assessment of Dis-
ease Severity category; they also experienced less break-
through disease, as assessed by the use of rescue medica-
tion for intolerable symptoms, compared with patients who
received placebo. More dupilumab-treated patients in both
analysis populations had significant improvements in several
outcome measures with pre-specified thresholds for clini-
cal importance, including EASI-50 [26, 33] and EASI-75,
> 3-point improvement in Peak Pruritus NRS score [34,
35], and > 6-point improvement in both POEM score [33,
36] and CDLQI [36]. Significantly more dupilumab- than
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dren’s Dermatology Life Quality Index (CDLQI) > 6-point improve-
ment from baseline, and d EASI-50 or Peak Pruritus NRS > 3-point
improvement from baseline or CDLQI > 6-point improvement from
baseline. p<0.01 vs. placebo, ®p<0.05 vs. placebo, g2w every
2 weeks, g4w every 4 weeks

placebo-treated patients in the FAS and IGA > 1 subgroup
had an absolute EASI<7 or CDLQI <6 at week 16, indi-
cating that they had, at worst, mild disease by the end of
treatment [37, 38]. Together, these responses demonstrate
clinically meaningful improvements in signs, symptoms, and
QoL in adolescents with moderate-to-severe AD treated with
dupilumab vs. placebo. In the overall population and in the
IGA > 1 subgroup, the q2w regimen was numerically supe-
rior to the g4w regimen in proportions of patients achieving
EASI-50, Peak Pruritus NRS > 3-point improvement from
baseline, or CDLQI > 6-point improvement from baseline
at week 16. The q2w regimen was also numerically superior
for each of these individual endpoints, except for the CDLQI
response in the overall population, in which the responses
were similar for both regimens. For continuous endpoints,
the q2w and q4w regimens were similar.

The response to dupilumab treatment observed in adoles-
cents with AD is comparable to that observed in adults [21,
22, 30], a finding consistent with the type 2-driven patho-
physiology of AD at various ages [13] and clinical presenta-
tion of AD in young children and adults.
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Placebo (n = 85)

1% 5%

EASI-50 ' ’
O
NRS >3 () () CDLQI>6 %

Patients with, n (%) e

EASI-50 only 3 (4%)
EASI-50 and CDLQI > 6 4 (5%)
CDLQl > 6 only 5 (6%)
CDLAQI > 6 and Peak Pruritus NRS > 3 3 (4%)
Peak Pruritus NRS 2 3 only 1(1%)
Peak Pruritus NRS > 3 and EASI-50 1(1%)
EASI-50 and CDLQI > 6 and NRS > 3 3 (4%)

Fig.2 Proportions of patients in the full analysis set (FAS) who
achieved clinically relevant thresholds for improvements in signs,
symptoms, and/or quality of life (defined as 50% improvement from
baseline in Eczema Area and Severity Index [EASI-50] or>3-point

Because the signs and symptoms of AD are multidimen-
sional, no single instrument captures the full burden of dis-
ease and benefit of treatment. The IGA was used for the
primary endpoint of the LIBERTY AD ADOL trial because
it provides an easy and accepted means to score disease
severity; however, the IGA may not account for the multi-
dimensional impact of treatment on AD signs, symptoms,
and QoL in patients with moderate-to-severe AD. Therefore,
simply assessing the proportion of patients achieving an IGA
score of 0 or 1 after treatment may underestimate the holistic
benefits of systemic therapy for moderate-to-severe AD, as
recently demonstrated in adults [39]. As observed in this
study, patients receiving dupilumab monotherapy who did
not achieve an IGA score of 0 or 1 at week 16 nonetheless
experienced clinically meaningful improvements in signs,
symptoms, and QoL. Atopic dermatitis is a multidimen-
sional disease and patients may have a response in one or
more of these three domains, as demonstrated in Figs. 1 and
3 (percentages of patients having improvement in one or
more of these domains); note that most dupilumab-treated
patients had a response in at least one domain.

Generally, adolescents achieving EASI-50 or having a
Peak Pruritus NRS > 3-point improvement from baseline or
CDLQI > 6-point improvement from baseline at week 16
had higher median concentrations of dupilumab than did
those who did not achieve at least one clinically meaningful
response. However, when stratified by dosing regimen, the
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Dupilumab 300 mg g4w
(n=84)

Dupilumab 200 mg/300 mg g2w
(n=182)

6% 13% 12% 11%

V%V V%V

4% 10%

6 (7%) 11 (13%)
11 (13%) 9 (11%)
4 (5%) 6 (7%)
3 (4%) 8 (10%)
0 2 2%)

5 (6%) 10 (12%)

24 (29%) 20 (24%)

improvement from baseline in Peak Pruritus Numerical Rating Scale
(NRS) score or>6-point improvement from baseline in Children’s
Dermatology Life Quality Index [CDLQI]) at week 16. g2w every
2 weeks, g4w every 4 weeks

dupilumab concentration profile was similar in patients who
did and did not achieve at least one clinically meaningful
response to the dupilumab 200- or 300-mg q2w regimen.
These findings suggest that the lack of response was not
due to drug exposure but to pharmacodynamic or biologic
factors. With the 300-mg q4w regimen, median dupilumab
concentrations were lower in patients who did not achieve at
least one clinically meaningful response at week 16.

This report of secondary and post-hoc analyses has limi-
tations. Some outcomes reported here were not pre-speci-
fied (i.e., the analyses were not planned before initiation of
the study), including the proportion of patients achieving
a > 6-point improvement from baseline in POEM score or
CDLAQI and the proportions of patients with EASI<7 and
CDLQI <6. Changes from baseline to week 16 according
to SCORAD pruritus and sleep VAS scores and the HADS-
A and HADS-D domain scores were also not pre-specified
outcomes. Although not initially planned, post-hoc analyses,
along with the pre-specified endpoint analyses, provide a
more complete picture of the effect of dupilumab on signs,
symptoms, and QoL. The small number of patients available
in some analytic subsets (e.g., of the individual clinically
relevant endpoints) potentially limits the interpretability of
their findings. Finally, the ability of randomization to even
out inherent variability between groups was influenced by
the post-hoc subgroup analysis, and inherent variability can
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Fig.3 Proportions of patients in the Investigator’s Global Assessment
(IGA)>1 subgroup who achieved clinically meaningful improve-
ments in signs, symptoms, and quality of life as defined by a 50%
improvement from baseline in Eczema Area and Severity Index
(EASI-50), b Peak Pruritus Numerical Rating Scale (NRS)> 3-point

potentially compromise the comparability of treatment arms
and confound efficacy assessments.

5 Conclusions

Adolescents with moderate-to-severe AD treated with
dupilumab experienced statistically significant and clinically
meaningful improvements in AD signs, symptoms (includ-
ing pruritus, sleep loss), and QoL at week 16, compared
with placebo-treated patients. The 2w regimen was numeri-
cally superior to the g4w regimen in proportions of patients
achieving EASI-50 or having a Peak Pruritus NRS > 3-point
improvement from baseline or a CDLQI > 6-point improve-
ment from baseline at week 16. Findings were similar in the
subset of adolescents who did not achieve an IGA score of
0 or 1 at week 16, suggesting that the IGA response should
be interpreted within the context of other outcome measures
that more comprehensively characterize changes with treat-
ment in AD signs, symptoms, and QoL in adolescents with
moderate-to-severe disease.
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improvement from baseline, ¢ Children’s Dermatology Life Quality
Index (CDLQI)> 6-point improvement from baseline, and d EASI-
50 or Peak Pruritus NRS>3-point improvement from baseline or
CDLQI > 6-point improvement from baseline. *p <0.01 vs. placebo,
5 <0.05 vs. placebo, g2w every 2 weeks, g4w every 4 weeks
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