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IMPORTANCE Adolescents with atopic dermatitis (AD) have high disease burden negatively

affecting quality of life, with limited treatment options. The efficacy and safety of dupilumab,

a monoclonal antibody, approved for treatment in adolescent patients with inadequately

controlled AD, remain unknown in this patient population.

OBJECTIVE To assess the efficacy and safety of dupilumabmonotherapy in adolescents with

moderate to severe inadequately controlled AD.

DESIGN, SETTING, AND PARTICIPANTS A randomized, double-blind, parallel-group, phase 3

clinical trial was conducted at 45 US and Canadian centers betweenMarch 21, 2017, and

June 5, 2018. A total of 251 adolescents with moderate to severe AD inadequately controlled

by topical medications or for whom topical therapy was inadvisable were included.

INTERVENTIONS Patients were randomized (1:1:1; interactive-response system; stratified by

severity and body weight) to 16-week treatment with dupilumab, 200mg (n = 43; baseline

weight <60 kg), or dupilumab, 300mg (n = 39; baseline weight �60 kg), every 2 weeks;

dupilumab, 300mg, every 4 weeks (n = 84); or placebo (n = 85).

MAIN OUTCOMES ANDMEASURES Proportion of patients with 75% ormore improvement from

baseline in Eczema Area and Severity Index (EASI-75) (scores range from0 to 72, with higher

scores indicating greater severity) and Investigator’s Global Assessment (IGA) 0 or 1 on a

5-point scale (scores range from0 to 4, with higher scores indicating greater severity) at

week 16.

RESULTS A total of 251 patients were randomized (mean [SD] age, 14.5 [1.7] years; 148

[59.0%]male). Of 250 patients with data available on concurrent allergic conditions, most

had comorbid type 2 diseases (asthma, 134 [53.6%]; food allergies, 60.8%; allergic rhinitis,

65.6%). A total of 240 patients (95.6%) completed the study. Dupilumab achieved both

coprimary end points at week 16. The proportion of patients with EASI-75 improvement from

baseline increased (every 2 weeks, 41.5%; every 4 weeks, 38.1%; placebo, 8.2%) with

differences vs placebo of 33.2% (95% CI, 21.1%-45.4%) for every 2 weeks and 29.9% (95%

CI, 17.9%-41.8%) for every 4 weeks (P < .001). Efficacy of the every-2-week regimen was

generally superior to the every-4-week regimen. Patients in the dupilumab arms had higher

percentage values of conjunctivitis (every 2 weeks, 9.8%; every 4 weeks, 10.8%; placebo,

4.7%) and injection-site reactions (every 2 weeks, 8.5%; every 4 weeks, 6.0%; placebo,

3.5%), and lower nonherpetic skin infections (every 2 weeks, 9.8%; every 4 weeks, 9.6%;

placebo, 18.8%).

CONCLUSIONS AND RELEVANCE In this study, dupilumab significantly improved AD signs,

symptoms, and quality of life in adolescents with moderate to severe AD, with an acceptable

safety profile. Placebo-corrected efficacy and safety of dupilumab were similar in adolescents

and adults.
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A
topic dermatitis (AD) is a chronic, predominantly type

2 inflammatory skin disease characterized by intense

pruritus and often associated with atopic and nona-

topic comorbidities,1-3 reflecting thesystemicnatureof thedis-

ease.Contrary to thecommonmisperception thatAD is amild,

spontaneously resolving childhooddisease, theprevalenceof

AD in adolescents (age, 13-17 years) is estimated to range from

0.2%to24.6%worldwideand from7.0%to8.6% in theUnited

States.4,5Uptoone-thirdof thesepatientsareestimatedtohave

moderate to severe disease,6 alongwith ahigher risk of atopic

comorbidities and a higher disease burden.7 Itching, associ-

ated sleep loss, and the chronic, relapsing nature of AD nega-

tively affect quality of life (QoL) of patients and family

members.8,9Atopicdermatitis inadolescents isassociatedwith

poorer performance in school, difficulties in forming social re-

lationships and participating in sports, and increased rates of

anxiety, depression, and suicidal ideation.9-11

Topical therapies adequately treat mild AD, but moder-

ate to severe AD often requires systemic treatment. Until re-

cently, theonly systemicmedicationsapprovedby theUSFood

and Drug Administration to treat pediatric AD were systemic

corticosteroids.Moreover, available guidelinesdiscourageuse

of systemic corticosteroids.12,13 Systemic immunosuppres-

sants, such as cyclosporine, have been used off-label, re-

stricted by long-term adverse effects.14

Dupilumab is a fullyhumanVelocImmune-derivedmono-

clonal antibody (Regeneron Pharmaceuticals Inc)15,16 that re-

duces type2 inflammationbyblocking thesharedreceptor sub-

unit for interleukin (IL)-4 and IL-13, thus inhibiting signaling

of both cytokines.17,18The IL-4/IL-13 cytokines are keymedia-

tors of type2diseases, includingADandassociatedatopicdis-

eases (eg,asthma,allergic rhinitis, foodallergies, chronic rhino-

sinusitiswithnasal polyps, andeosinophilic esophagitis).17 In

phase 3 trials, dupilumab significantly improvedADsigns and

symptoms, including pruritus, anxiety and depression, and

QoL in adultswithmoderate to severeAD,with an acceptable

safetyprofile.19-21Dupilumab isapproved for subcutaneousad-

ministration for the treatmentofpatients aged12yearsorolder

witha400-mg loadingdose followedby200mgevery2weeks

inadolescents (age,≥12 to<18years)withbaselinebodyweight

less than 60 kg or a 600-mg loading dose followed by 300mg

every 2 weeks in adolescents weighing 60 kg or more in the

United States with moderate to severe AD inadequately con-

trolledwith topicalprescription therapiesorwhenthose thera-

pies are not advisable.22 In addition, dupilumab is approved

for use in patients aged 12 years or older withmoderate to se-

vere ADwho are candidates for systemic therapy in the Euro-

pean Union and for certain patients with other type 2 inflam-

matorydiseases, including asthmaand chronic rhinosinusitis

with nasal polyps, in multiple countries.19-28 Dupilumab has

also shown efficacy and safety in other type 2 immune dis-

eases, such as eosinophilic esophagitis,29 and is being inves-

tigated as a potential novel treatment in adolescents with eo-

sinophilic esophagitis30 and in younger children with AD,31

asthma,32 and food allergy.33We report results fromaphase 3

trial on the efficacy and safety of dupilumabmonotherapy in

adolescents with moderate to severe AD inadequately con-

trolledby topical therapies.Theprimary results fromthephase

3 trial reportedherein led toFDAapproval ofdupilumab in this

patient population.22

Methods

Study Design andOversight

This randomized, double-blind, placebo-controlled, parallel-

group, phase 3 trial (R668-AD-1526, LIBERTY AD ADOL) was

conducted between March 21, 2017, and June 5, 2018, in 45

study centers (hospitals, clinics, andacademic institutions) in

the United States and Canada. The trial protocol is available

in Supplement 1. The trial was conducted in accordance with

theDeclarationofHelsinki,34 InternationalConferenceonHar-

monization Good Clinical Practice guidelines, and applicable

regulatory requirements. The protocol was reviewed and ap-

provedby institutional reviewboards/ethics committees at all

centers. An independent data and safetymonitoring commit-

teemonitoredpatient safety (unblinded) and integrityof study

results. For all patients, at least 1 parent or legal guardian pro-

vided written informed consent, and patients provided writ-

ten informed assent. Participants were reimbursed for travel

expenses.

Patients

Eligiblepatientswere 12yearsorolder toyounger than 18years

with moderate to severe AD inadequately controlled by topi-

cal treatmentor forwhomtopical treatmentwasmedically in-

advisable. Patients had chronic AD, as per American Acad-

emy of Dermatology criteria35 for 1 year or more before

screening (detailed inclusion and exclusion criteria are given

in the eMethods in Supplement 2). Patient eligibility was as-

sessed during a 35-day screening period that involved wash-

out of prior medications.

Randomization and Blinding

Eligiblepatientswere randomized (1:1:1) byan interactivevoice

responsesystemandstratifiedbybaseline Investigator’sGlobal

Assessment (IGA) score (3vs4) andbodyweight (<60kgvs≥60

kg) to 16-week treatment with subcutaneous dupilumab ev-

ery2or every4weeksorplaceboevery2weeks (Figure 1). This

regimenwasbasedondata fromaphase2bdose-rangingstudy

and2phase3 studies in adults19,36anda study inpatients aged

Key Points

Question What is the efficacy and safety of dupilumab
monotherapy in adolescents with moderate to severe
inadequately controlled atopic dermatitis?

Findings In this randomized phase 3 clinical trial including 251
adolescents with moderate to severe atopic dermatitis, dupilumab
200 or 300mg every 2 weeks and 300mg every 4 weeks
resulted in a significant treatment response vs placebo following
16-week treatment, with an acceptable safety profile.

Meaning The findings appear to support the use of dupilumab for
the treatment of adolescents with moderate to severe atopic
dermatitis.
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6 toyounger than 18years.37Toaccount fordifferences inbody

size from adults, a tiered weight-based regimenwas studied.

In the dupilumab every-2-week group, patientsweighing less

than 60 kg received 200 mg after a 400-mg loading dose on

day 1; patients weighing 60 kg ormore received 300mg after

a 600-mg loading dose on day 1. In the dupilumab every-4-

weekgroup, all patients received300mgafter a600-mg load-

ing dose. To maintain blinding, all patients received injec-

tionsevery2weeks (dupilumaborplacebo) fromday1;patients

in thedupilumabevery-4-week group receivedplacebo in the

weeks thatdupilumabwasnotgiven (eMethods inSupplement

2 gives additional information on the blinding procedure).

Procedures

Patients appliedmoisturizers twicedaily for 7ormoredaysbe-

fore randomizationandthroughout thestudy.A35-dayscreen-

ing period preceded initiation of the study drug. Systemic

nonsteroidal immunosuppressants, systemic or topical corti-

costeroids, topical calcineurin inhibitors, and topical crisab-

orole could be used only as rescue treatment by patients with

intolerable AD symptoms at the discretion of the investigator

(additionaldetails ineMethods inSupplement2). Patientswho

completed the 16-week treatment period were eligible to par-

ticipate in an open-label extension study (R668-AD-1434,

LIBERTY AD PED-OLE, NCT02612454); patients not enrolling

in the open-label extension study were followed up for 12 ad-

ditional weeks.

Outcomes

Coprimary end points per European Medicines Agency feed-

back were the proportion of patients with IGA scores of 0 or

1 (as in other dupilumab trials,19 scores range from 0 to 4,

with higher scores indicating greater severity; the clinically

meaningful within-person change or response definition for

this scale has not been determined) and 2 or more points

improvement from baseline or 75% or more improvement

from baseline in Eczema Area and Severity Index (EASI-75)

scale at week 16. Scores on the EASI range from 0 to 72, with

higher scores indicating greater severity, and a change of 6.6

has been estimated as the clinically meaningful within-

person change or response definition. The EASI-75 score

was a key secondary end point in the United States. Other

key secondary end points at week 16 were the percentage

changes from baseline in EASI and Peak Pruritus Numerical

Rating Scale (NRS), and proportion of patients with a

3-point or more or 4-point or more improvement from base-

line in Peak Pruritus NRS (assesses the maximum itch inten-

sity in the previous 24 hours on a scale ranging from 0 to 10,

with higher values indicating worse itching; clinically

meaningful within-person change or response definition is

4 points). Other secondary end points included 50% or

more or 90% or more improvement from baseline in EASI

(EASI-50/EASI-90) at week 16, percentage change in SCOR-

ing Atopic Dermatitis (combined score of investigator-

reported disease severity and affected body surface area

and patient-reported symptoms of itch and sleep loss;

scores range from 0 to 103, with higher scores indicating

greater severity; a change of 8.7 has been estimated as the

clinically meaningful within-person change or response

definition) and changes in Children’s Dermatology Life

Quality Index (scores range from 0 to 30, with higher scores

indicating greater effect on QoL; a clinically meaningful

within-person change or response definition is 6 points),

Patient-Oriented Eczema Measure (composite measure of

patient-reported symptoms including the effect of symp-

toms on sleep, evaluates frequency of symptoms, including

itch, and the effect of AD on sleep on a scale of 0 to 28, with

higher scores indicating greater severity; clinically meaning-

ful within-person change or response definition is 6 points),

and Hospital Anxiety and Depression Scale (HADS) scores

from baseline to week 16 (measures patient-reported symp-

toms of anxiety and depression on a scale from 0 to 42;

Figure 1. CONSORTDiagram

295 Patients screened

84 Dupilumab every 4 wka 82 Dupilumab every 2 wk

43 Received 200 mg

39 Received 300 mg

85 Placebo

80 Completed week 16 81 Completed week 16 79 Completed week 16

44 Excluded from study

42 Did not meet inclusion/
exclusion criteria

2 Withdrawal of consent

251 Patients randomized

3 Discontinued during
weeks 1-16

1 Lost to follow-up

2 Withdrawal of consent

69 OLE 16 Non-OLE 67 OLE 17 Non-OLE 65 OLE 17 Non-OLE

3 Discontinued during
weeks 1-16

1 Physician decision

2 Withdrawal of consent

5 Discontinued during
weeks 1-16

3 Lack of efficacy

2 Withdrawal of consent

OLE indicates open-label extension
trial (NCT02612454).
aOne patient in the every-4-week
dupilumab group whowas
randomized but did not receive
treatment was included in the
efficacy, but not the safety, analysis.
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scores on HADS-A [measuring anxiety] and HADS-D [mea-

suring depression] subscales range from 0 to 21, with higher

scores indicating a greater burden of anxiety or depression

symptoms; clinically meaningful within-person change or

response definition for this scale has not been determined;

recommended cutoff score for identifying patients with

anxiety or depression is 8) (eMethods in Supplement 2 gives

a full list of end points). Because adolescent patients with

AD have high rates of comorbid type 2 diseases, we also

explored the potential benefit of dupilumab in asthma,

allergic rhinitis, and food allergy in prespecified analyses.

The effect of dupilumab on asthma control in adolescent

patients with ongoing comorbid asthma was assessed by the

5-question version of the Juniper Asthma Control Question-

naire, whereas the effect of dupilumab on symptoms of

allergic rhinitis in adolescent patients with ongoing allergic

rhinitis was assessed by the Total Nasal Symptoms Score;

the summed Total Nasal Symptoms Score included the fol-

lowing 4 nasal symptoms: rhinorrhea, nasal congestion,

nasal itching, and sneezing, each rated on a 0 to 3 scale of

severity.

Serumwas collected for pharmacokinetic evaluation and

biomarker analyses at various times during treatment. Safety

assessments included evaluation of treatment-emergent ad-

verse events, laboratory test measurements, and vital signs.

Safety end points included incidences of serious treatment-

emergent adverse events and nonherpetic skin infection.

Statistical Analysis

Randomization of 240 patients was planned (eMethods in

Supplement2 indicatespowercalculations).Theefficacypopu-

lation includedall randomizedpatients.For thecoprimaryand

binary secondary end points, the Cochran-Mantel-Haenszel

test was used with adjustment for randomization strata (dis-

ease severity andweight group). Patientswhowithdrew from

the studyor received rescuemedication, aswell as thosewith

othermissingdata,were counted asnonresponders at all sub-

sequent times, includingweek 16. For continuous endpoints,

data collected after rescue medication use were set as miss-

ing; subsequent missing data were imputed by multiple im-

putation. Sensitivity analyses were conducted for both bi-

nary and continuous endpoints (eMethods in Supplement 2).

A multiplicity adjustment approach (hierarchical procedure;

eMethods inSupplement2)wasusedtocontrol theoverall type

I error rate at .05 for theprimary and secondary endpoints for

the2dupilumabregimensvsplacebo.Eachhypothesiswas for-

mally tested only if the preceding one was significant at the

2-sided .05 significance level.

The safety population was defined as all randomized pa-

tientswho received 1ormore injectionof the studydrug.Phar-

macokinetic analysis included descriptive statistics of func-

tional dupilumab serum concentration at eachmeasurement

point by dose. The association between functional dupil-

umabserumconcentrationandclinical response (IGAandEASI

scales) was assessed; eMethods in Supplement 2 gives addi-

tional details. All statistical testswere 2-tailedwith a 5% level

of statistical significance. All analyses were performed using

SAS, version 9.2 or higher (SAS Institute, Inc).

Results

Patients

Between April 7, 2017, and December 13, 2017, a total of 251

patients of 295 screenedwere randomized todupilumab, 200

or 300mg, every 2weeks (n = 82; 43 received 200mg and 39

received300mg);dupilumab, 300mg,every4weeks (n = 84);

or placebo (n = 85). A high proportion of these patients (240

[95.6%]) completed the study treatment (Figure 1). Treat-

ment groups had similar baseline characteristics that re-

flected a substantial disease burden (eg, influenceonQoLand

mental health) (Table 1). Overall, high proportions of 250 pa-

tientswith available data (230 [92.0%]) had 1 ormore comor-

bid type 2 diseases. Of the 250 individuals with data on spe-

cific conditions, 164 had allergic rhinitis (65.6%), 134 had

asthma (53.6%), 152had food allergy (60.8%), and 106had re-

ceived prior systemic therapy for AD (42.4%) (Table 1).

Coprimary Outcomes

Dupilumab achieved both coprimary end points. A signifi-

cantly higher proportion of patients reached EASI-75 at week

16 inboth theevery-2-week (34 [41.5%]) andevery-4-week (32

[38.1%]) groups vs placebo (7 [8.2%]). Differences vs placebo

were33.2%(95%CI,21.1%-45.4%) forevery2weeksand29.9%

(95% CI, 17.9%-41.8%) for every 4 weeks (both regimens,

P < .001) (Table 2, Figure 2A). The proportions of patients

reaching IGA0or 1atweek16wasalso significantlyhigherwith

every 2 weeks (20 [24.4%]) and every 4 weeks (15 [17.9%]) vs

placebo (2 [2.4%]). Differences vs placebo were 22.0% (95%

CI, 12.2%-31.9%) for every 2 weeks and 15.5% (95% CI, 6.7%-

24.3%) for every 4weeks (both P < .001) (Table 2, Figure 2B).

Key Secondary Outcomes

Bothdupilumab regimens significantly improved the first key

secondary end point: least-squares mean percentage change

frombaseline toweek 16 in EASI (every 2weeks, −65.9; every

4weeks, −64.8; placebo, −23.6). The least-squaresmean per-

centage differences vs placebo were −42.3 (95% CI, −55.6 to

−29.0) for every 2 weeks and −41.2 (95% CI, −54.4 to −28.0)

forevery4weeks (bothregimens,P < .001) (Table2,Figure3A).

Significant improvementwas also seen for the secondkey sec-

ondaryendpoint: least-squaresmeanpercentagechange from

baseline toweek 16 inPeakPruritusNRS (every2weeks,−47.9;

every4weeks, −45.5; placebo, −19.0). The least-squaresmean

percentage differences vs placebo were −29.0 (95% CI, −39.5

to −18.4) for every 2 weeks and −26.5 (95% CI, −37.5 to −15.6)

forevery4weeks (bothregimens,P < .001) (Table2,Figure3B).

The proportion of patients with 3 points or more or 4 points

ormore improvement frombaseline in PeakPruritusNRSwas

significantly higherwith dupilumab than placebo atweek 16.

Proportionsofpatientswithat least 3-point improvement from

baseline atweek 16were the following: every 2weeks, 48.8%;

every 4 weeks, 38.6%; and placebo, 9.4%. Proportions of

patients with at least 4-point improvement from baseline at

week 16 were the following: every 2 weeks, 36.6%; every

4 weeks, 26.5%; and placebo, 4.8% (Table 2, eFigure 1 in

Supplement 2).
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Table 2. Efficacy Outcomesa

Outcome
Placebo
(n = 85)

Dupilumab 300 mg
Every 4 wk (n = 84)

Dupilumab 200/300 mg
Every 2 wk (n = 82)

Patients with IGA 0 or 1 score at week 16, No. (%) 2 (2.4) 15 (17.9)b 20 (24.4)b

Difference vs placebo, % (95% CI) NA 15.5 (6.7-24.3) 22.0 (12.2-31.9)

Patients with EASI-75 score at week 16, No. (%) 7 (8.2) 32 (38.1)b 34 (41.5)b

Difference vs placebo, % (95% CI) NA 29.9 (17.9-41.8) 33.2 (21.1-45.4)

EASI score at baseline, mean (SD)c 35.5 (14.0) 35.8 (14.8) 35.3 (13.8)

EASI score at week 16, mean (SD)c 24.1 (15.5) 12.3 (11.1) 13.0 (12.6)

Percent change from baseline to week 16 in EASI score, LS mean (SE) −23.6 (5.5) −64.8 (4.5)b −65.9 (4.0)b

Percent difference vs placebo, LS mean (95% CI) NA −41.2 (−54.4 to −28.0) −42.3 (−55.6 to −29.0)

Weekly average of daily Peak Pruritus NRS score at baseline, mean (SD)c 7.7 (1.6) 7.5 (1.8) 7.5 (1.5)

Weekly average of daily Peak Pruritus NRS score at week 16, mean (SD)c 6.0 (2.3) 4.0 (2.7) 3.9 (2.2)

Percent change from baseline to week 16 in weekly average of daily Peak Pruritus
NRS score, LS mean (SE)

−19.0 (4.1) −45.5 (3.5)b −47.9 (3.4)b

Percent difference vs placebo, LS mean (95% CI) NA −26.5 (−37.5 to −15.6) −29.0 (−39.5 to −18.4)

Proportion of patients with ≥3-point improvement (reduction) from baseline to
week 16 in weekly average of daily Peak Pruritus NRS, No./No. available (%)

8/85 (9.4) 32/83 (38.6)b 40/82 (48.8)b

Difference vs placebo, % (95% CI) NA 29.1 (17.0-41.3) 39.4 (26.9-51.8)

Proportion of patients with ≥4-point improvement (reduction) from baseline to
week 16
in weekly average of daily Peak Pruritus NRS, No./No. available (%)

4/84 (4.8) 22/83 (26.5)b 30/82 (36.6)b

Difference vs placebo, % (95% CI) NA 21.7 (11.2-32.3) 31.8 (20.5-43.2)

Patients with EASI-50 score at week 16, No. (%) 11 (12.9) 46 (54.8)b 50 (61.0)b

Difference vs placebo (95% CI) NA 41.8 (29.0-54.6) 48.0 (35.3-60.8)

Patients with EASI-90 score at week 16, No. (%) 2 (2.4) 16 (19.0)b 19 (23.2)b

Difference vs placebo (95% CI) NA 16.7 (7.7-25.7) 20.8 (11.1-30.5)

Time to onset of end point

Peak Pruritus NRS score improvement ≥3 points NA

Median (95% CI), wk NC 6.0 (5-11)d 5.4 (4-8)b

Hazard ratio (95% CI) NA 1.9 (1.2-2.8) 2.2 (1.5-3.4)

Peak Pruritus NRS score improvement ≥4 points

Median (95% CI), wk NC 11.0 (6-NC) 11.4 (9-NC)

Hazard ratio (95% CI) NA 2.3 (1.4-3.9)e 2.40 (1.5-4.0)b

Percent BSA at baseline, mean (SD)c 56.4 (24.1) 56.9 (23.5) 56.0 (21.4)

Percent BSA at week 16, mean (SD)c 42.1 (25.4) 23.4 (19.9) 26.4 (25.4)

Change in percent BSA from baseline to week 16, LS mean (SE) −11.7 (2.7) −33.4 (2.3)b −30.1 (2.3)b

Difference vs placebo, LS mean (95% CI) NA −21.8 (−29.0 to −14.6) −18.4 (−25.1 to −11.8)

SCORAD at baseline, mean (SD)c 70.4 (13.2) 69.8 (14.1) 70.6 (13.9)

SCORAD at week 16, mean (SD)c 53.1 (19.7) 35.8 (17.8) 34.9 (18.6)

Percent change from baseline to week 16 in SCORAD score, LS mean (SE) −17.6 (3.8) −47.5 (3.2)b −51.6 (3.2)b

Percent difference vs placebo, LS mean (95% CI) NA −29.9 (−40.0 to −19.8) −34.0 (−43.4 to −24.6)

CDLQI score at baseline, mean (SD)c 13.1 (6.7) 14.8 (7.4) 13.0 (6.2)

CDLQI score at week 16, mean (SD)c 7.9 (6.5) 5.2 (5.1) 5.0 (4.1)

Change from baseline to week 16 in CDLQI score, LS mean (SE) −5.1 (0.6) −8.8 (0.5)b −8.5 (0.5)b

Difference vs placebo, LS mean (95% CI) NA −3.7 (−5.2 to −2.2) −3.4 (−5.0 to −1.8)

POEM score at baseline, mean (SD)c 21.1 (5.4) 21.1 (5.5) 21.0 (5.0)

POEM score at week 16, mean (SD)c 16.2 (8.3) 11.2 (7.4) 10.8 (6.9)

Change from baseline to week 16 in POEM score, LS mean (SE) −3.8 (1.0) −9.5 (0.9)b −10.1 (0.8)b

Difference vs placebo, LS mean (95% CI) NA −5.7 (−8.2 to −3.2) −6.3 (−8.6 to −4.0)

Change from baseline to week 16 in weekly average of daily Peak Pruritus
NRS score,
LS mean (SE)

−1.5 (0.3) −3.4 (0.3)b −3.7 (0.3)b

Difference vs placebo, LS mean (95% CI) NA −1.9 (−2.7 to −1.1) −2.2 (−2.9 to −1.4)

Percent change from baseline to week 4 in weekly average of daily Peak Pruritus
NRS score, LS mean (SE)

−12.5 (3.1) −33.1 (3.1)b −34.7 (3.0)b

Percent difference vs placebo, LS mean (95% CI) NA −20.6 (−29.1 to −12.1) −22.2 (−30.6 to −13.9)

Total HADS score at baseline, mean (SD)c 11.6 (7.8) 13.3 (8.2) 12.6 (8.0)

Total HADS score at week 16, mean (SD)c 8.4 (7.6) 7.6 (7.2) 8.5 (8.2)

(continued)
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For the primary and key secondary outcomes, sensitivity

analyses (last observation carried forward for imputation of

missing data, or all observed data regardless of rescue treat-

ment use)were consistentwith the primary analysis, demon-

strating that efficacy was robust irrespective of imputation

method used. For example, for patients receiving dupilumab

every 2 weeks, differences vs placebo for least-squaresmean

percentagechange frombaseline toweek16 inEASIwere−34.9

(95% CI, −44.8 to −25.1; P < .001) using all observed data re-

gardless of rescue treatment use, and −46.0 (95%CI, −56.8 to

−35.3; P < .001) using the last observation carried forward for

imputation of missing data (eFigure 2, eFigure 3, eTable 1 in

Supplement 2).

Other Secondary Outcomes

The time to onset of improvement in Peak Pruritus NRS was

significantly shorter in the dupilumab than placebo groups

(Table2).The least-squaresmeanpercentagechangefrombase-

line to week 4 in Peak Pruritus NRS was significantly greater

with both dupilumab regimens vs placebo (every 2 weeks,

−34.7; every4weeks,−33.1;placebo,−12.5) (Table2,Figure3B),

and a greater proportion of dupilumab-treated patients than

placebo-treated patients had 4 points or more improvement

in Peak Pruritus NRS at week 4 (prespecified time point) (ev-

ery 2 weeks, 22.0%; every 4 weeks, 20.5%; placebo, 4.8%)

(Table 2, eFigure 1 in Supplement 2). Significantly higher pro-

portions of patients treated with both dupilumab regimens

reached EASI-50 and EASI-90 at week 16 (EASI-50: every 2

weeks, 61.0%; every 4 weeks, 54.8%; placebo, 12.9%; EASI-

90:every2weeks,23.2%;every4weeks, 19.0%;placebo,2.4%)

(Table 2). Both dupilumab regimens also significantly im-

provedSCORingAtopicDermatitis results atweek 16 (Table 2);

reduced frequencyof patient-reportedADsymptoms (includ-

ing itch and sleep loss) and improvedQoL significantly vs pla-

cebo measured by Patient-Oriented Eczema Measure (least-

squaresmeanchanges frombaseline toweek16:every2weeks,

−10.1; every 4weeks, −9.5; placebo, −3.8), andChildren’sDer-

matologyLifeQuality Indexscores (least-squaresmeanchanges

Table 2. Efficacy Outcomesa (continued)

Outcome
Placebo
(n = 85)

Dupilumab 300 mg
Every 4 wk (n = 84)

Dupilumab 200/300 mg
Every 2 wk (n = 82)

Change from baseline to week 16 in total HADS score, LS mean (SE) −2.5 (0.8) −5.2 (0.7)f −3.8 (0.7)g

Difference vs placebo, LS mean (95% CI) NA −2.7 (−4.8 to −0.6) −1.3 (−3.3 to 0.8)

Proportion of patients with reduction of weekly average of daily Peak Pruritus
NRS score ≥4 points from baseline at week 4, No./No. available, %

4/84 (4.8) 17/83 (20.5)h 18/82 (22.0)i

Difference vs placebo, LS mean (95% CI) NA 15.7 (5.9-25.5) 17.2 (7.1-27.2)

Abbreviations: BSA, body surface area; CDLQI, Children’s Dermatology Life
Quality Index; EASI, Eczema Area and Severity Index; EASI-50, 50%
improvement from baseline in EASI score; EASI-75, 75% improvement from
baseline in EASI score; EASI-90, 90% improvement from baseline in EASI score;
HADS, Hospital Anxiety and Depression Scale; IGA, Investigator’s Global
Assessment; LS, least squares; NA, not applicable; NC, not calculable;
NRS, Numerical Rating Scale; POEM, Patient-Oriented EczemaMeasure;
SCORAD, Scoring Atopic Dermatitis.
a Explanation of test scoring is given in Table 1 footnotes.
bP < .001.

c All observed data values regardless of rescue treatment use.
dP = .003.
e P = .001.
f Nominal P = .01.
gNominal P = .22.
hNominal P = .003.
i Nominal P < .001 vs placebo.

Figure 2. Proportion of Patients Achieving Coprimary End Points Over Time toWeek 16
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frombaseline toweek 16: every 2weeks, −8.5; every 4weeks,

−8.8; placebo, −5.1) (Table 2, Figure 1C,D). Improvements in

total HADS score were numerically greater with dupilumab

than placebo andwith every-4-week than every-2-week regi-

mens (every2weeks, −3.8; every4weeks, −5.2; placebo, −2.5)

(Table 2). In addition, theproportionof patients requiring res-

cuemedication was higher in the placebo group than the du-

pilumab groups (every 2weeks, 20.7%; every 4weeks, 32.1%;

placebo, 58.8% (eFigure 4 in Supplement 2).

Additional Efficacy Analyses

Because the dupilumab every-2-week dose was based on

body weight, efficacy was assessed by body weight sub-

group (<60 kg vs ≥60 kg). In both subgroups, dupilumab-

treated patients were more likely than placebo-treated

patients to have IGA 0 or 1, EASI-75, or 4-point or more

improvement in Peak Pruritus NRS at week 16 and to

achieve greater improvement in least-squares mean per-

centage change from baseline to week 16 in EASI. For

example , in pat ients rece iv ing dupi lumab every

2 weeks, the rates at week 16 for IGA 0 or 1 were 30.2% vs

2.3% for placebo in those weighing less than 60 kg, and

17.9% vs 2.4% in patients weighing 60 kg or more; for EASI-

75, rates were 46.5% vs 7.0% for placebo in patients weigh-

ing less than 60 kg, and 35.9% vs 9.5% for placebo in

patients weighing 60 kg or more (eFigure 5 in Supple-

ment 2). In both weight groups, the every-2-week regimens

generally provided numerically superior responses com-

pared with the every-4-week regimen on all prespecified

end points except EASI-75 and mean percentage change in

EASI, for which each dose regimen provided comparable

responses (eFigure 5 in Supplement 2).

Pharmacokinetic Analyses

Pharmacokinetic analysis was conducted on 249 patients. At

week 16, steady state mean trough concentrations of func-

Figure 3. Least-Squares (LS)Mean Percentage Changes and LSMean (SE) Changes FromBaseline toWeek 16
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tional dupilumab were approximately 3-fold higher in pa-

tients receivingdupilumab,200or300mg,every2weeks (54.5

mg/L) than those receivingdupilumab, 300mg, every4weeks

(19.8 mg/L) (eFigure 6A in Supplement 2). Many patients re-

ceiving theevery-4-weekregimen,particularly thoseofgreater

body weight, had trough concentrations at or near the lower

limit of quantification (eFigure 6B in Supplement 2). The du-

pilumab every-2-week regimen achieved similar exposure in

patientswithbodyweight less than60kg (200mg) (mean[SD],

51.3 [24.2] mg/mL); and 60 kg or more (300 mg) (mean [SD],

57.9 [30.0]mg/mL);with dupilumab, 300mg, every 4weeks,

trough concentrations were lower in patients weighing 60 kg

or more (mean [SD], 13.1 [11.9] mg/mL) than in those weigh-

ing less than60kg (mean [SD], 27.2 [16.1]mg/mL); and in those

in the upper weight ranges (eFigure 6B,C in Supplement 2).

Apositiveexposure-responseassociationwasobserved;higher

dupilumab trough concentrations were associated with a

higher proportion of patients having IGA 0 or 1 and a greater

percentage change from baseline in EASI (eFigure 7 in

Supplement 2).

Biomarker Analyses

Both dupilumab groups showed reductions from baseline in

blood eosinophil count and significant suppression of blood

lactate dehydrogenase level, serum thymus and activation-

regulated chemokine (TARC) (also knownasCCL17), and total

IgE concentrations compared with placebo. For example, for

the patients receiving dupilumab every 2 weeks, the differ-

ence inmedian change frombaseline to atweek 16 in total IgE

concentrations vsplacebowas−2524.0kU/L (95%CI, −3579.0

to −1783.6 kU/L) (eFigure 8, eTable 2 in Supplement 2).

Efficacy in Comorbid Conditions

Atweek 16, patientswith comorbid asthma or allergic rhinitis

showed numerically greater improvement in asthma control

(measuredby least-squaresmeanchanges frombaseline in the

Juniper Asthma Control Questionnaire) (for the patients re-

ceiving dupilumab every 2 weeks, least-squaresmean differ-

ence vs placebo atweek 16was −0.58; 95%CI, −1.07 to −0.10)

andnumerically greater reduction in symptomsof allergic rhi-

nitis (measured by least-squaresmean changes frombaseline

in the Total Nasal Symptom Score) with dupilumab vs pla-

cebo (for the patients receivingdupilumab every 2weeks, the

difference in least-squaresmeanchange frombaselineatweek

16 vs placebo was −0.81; 95% CI, −2.74 to 1.12) (eTable 3 in

Supplement 2). Dupilumab also significantly suppressed IgE

concentrations for specific food allergens (cow’s milk, egg

white,andpeanut)andaeroallergens (catdanderanddustmite)

at week 16. For example, for patients receiving dupilumab

every 2 weeks, the difference in median percentage change

from baseline at week 16 vs placebo for suppressed IgE con-

centrations for peanut allergenswas −53.9% (95%CI, −63.2%

to−41.5%)andforcatdanderwas−55.2 (95%CI,−66.8to−42.7)

(eTable 4 in Supplement 2).

Safety

The incidenceof treatment-emergentadverseeventswas simi-

lar across treatment groups (Table 3).38 One patient (placebo

group) discontinued treatment owing to an adverse event

(ADexacerbation)unrelated to the studydrug.One serious ad-

verse event (appendicitis) was reported in the placebo group.

Incidence of infections was similar across treatment groups;

nonherpetic skin infection rateswerenumerically lower in the

Table 3. Adverse Events During the Study Treatment Period

Adverse Events

No. (%)

Placebo (n = 85)
Dupilumab 300 mg
Every 4 wk (n = 83)

Dupilumab 200/300 mg
Every 2 wk (n = 82)

Patients with TEAE 59 (69.4) 53 (63.9) 59 (72.0)

Patients with TEAE leading to discontinuation of study drug permanently 1 (1.2) 0 0

Serious TEAE 1 (1.2) 0 0

Death 0 0 0

Most common TEAEsa

Dermatitis atopic (PT) 21 (24.7) 15 (18.1) 15 (18.3)

Skin infections (adjudicated) 17 (20.0) 11 (13.3) 9 (11.0)

Skin infections excluding herpetic skin infections (adjudicated) 16 (18.8) 8 (9.6) 8 (9.8)

Upper respiratory tract infection (PT) 15 (17.6) 6 (7.2) 10 (12.2)

Headache (PT) 9 (10.6) 4 (4.8) 9 (11.0)

Conjunctivitisb 4 (4.7) 9 (10.8) 8 (9.8)

Nasopharyngitis (PT) 4 (4.7) 9 (10.8) 3 (3.7)

Infections and infestations (SOC)c 37 (43.5) 38 (45.8) 34 (41.5)

Injection-site reactions (HLT) 3 (3.5) 5 (6.0) 7 (8.5)

Herpes viral infections (HLT) 3 (3.5) 4 (4.8) 1 (1.2)

Abbreviations: HLT, high-level term; PT, preferred term; SOC, system organ
class; TEAE, treatment-emergent adverse event.
a Adverse events reported according to theMedical Dictionary for Regulatory
Activities (MedDRA)38 preferred term occurring in 5% or more of patients in
any treatment group.

b Includes MedDRA PTs atopic keratoconjunctivitis, conjunctivitis, conjunctivitis
allergic, conjunctivitis bacterial, and conjunctivitis viral.

c The SOCs according to MedDRA.
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dupilumabvsplacebogroups (every2weeks,8patients [9.8%];

every 4 weeks, 8 [9.6%]; placebo, 16 [18.8%]) (Table 3). Inci-

dence of conjunctivitis was higher in the dupilumab vs pla-

cebo groups (every 2weeks, 8 patients [9.8%]; every 4weeks,

9 [10.8%];placebo,4 [4.7%]), aswell as injection-site reactions

(every2weeks, 7patients [8.5%]; every4weeks, 5 [6.0%]; pla-

cebo, 3 [3.5%]), with a dose-dependent increase in injection-

site reactions (Table3, eTable5 inSupplement2).Noneof these

events was serious or severe or led to treatment discontinua-

tion. No deaths occurred during the study.

Discussion

In adolescents with moderate to severe AD, 16-week dupil-

umab monotherapy compared with placebo resulted in sta-

tistically significant and clinicallymeaningful improvements

insignsandsymptomsofAD, including itchandsleep,andQoL.

While the every-2-week and every-4-week regimens had

similar safety, the every-2-week regimenwasnumerically su-

perior in most categorical efficacy end points, including the

proportion of patients with IGA 0 or 1. Pharmacokinetic data

support the every-2-week dosing approval, as this dose pro-

vided higher dupilumab trough concentrations—a factor as-

sociatedwith greater efficacy. The tieredweight-based every-

2-week regimen normalized exposure in patients with body

weight less than60kgand60kgormore;dupilumabwasmore

effective than placebo in both subgroups, and results in pa-

tients weighing less than 60 kg were at least comparable to

those in patients weighing 60 kg or more in all key efficacy

measures. These data, therefore, support tiered weight-

based dosing.

Comparedwith theadultADpopulationof theLIBERTYAD

SOLO 1 and SOLO2phase 3 trials,19 this adolescent population

hadhigherbaselinedisease severity, ratesof atopic comorbidi-

ties, and median serum total IgE concentrations (eTable 6 in

Supplement 2). The placebo-adjusted response in the adoles-

centevery-2-weekgroupwasgreater thanorcomparable to that

in the adult every-2-week group for all primary and key sec-

ondary end points, except IGA 0 or 1, whichwas lower in ado-

lescents (eTable 7, eFigure 9 in Supplement 2). A higher pla-

cebo response was observed in adults compared with

adolescents (eTable 7, eFigure 9 in Supplement 2). The cumu-

lative proportion of patients needing rescue treatment in the

dupilumabevery-2-weekandplacebogroupswashigher inado-

lescents than in adults (eFigure 10 in Supplement 2). Safety re-

sults were generally similar in adolescents and adults; in both

groups, dupilumabwas associatedwith increases in injection-

site reaction and conjunctivitis, and with reductions in

nonherpetic skin infections (eTable 8 in Supplement 2).

Evaluation of dupilumab efficacy in adolescents with

AD, separately from adult patients, was necessary given the

possible mechanistic differences in disease mediators

between these patient populations. The efficacy and safety

results were consistent between the adolescent and adult

AD populations, in particular, the marked improvements in

mean percentage change in EASI, which is the most power-

ful continuous measure reflecting disease improvement.

Although the unadjusted response rates on categorical mea-

sures were lower in adolescents than adults, this difference

could be explained by the greater disease severity in adoles-

cents at baseline, which is also reflected in the lower pla-

cebo response rates for adolescents and the higher use of

rescue medication.

These results suggest that IL-4/IL-13 are fundamentalme-

diators of AD in both patient populations and further distin-

guish dupilumab as a targeted immunomodulator that lacks

broad immunosuppressive effects. This finding is further sup-

ported by the marked suppression by dupilumab observed

usingmeasuresofsystemic type2 inflammationthatareknown

to correlate with AD severity (eg, serum TARC, total IgE, and

LDH concentration39-42), as was seen in adults. Furthermore,

the dupilumab-mediated improvements observed in comor-

bid conditions, such as asthma and allergic rhinitis, support

the role of IL-4/IL-13 in these diseases. We also observed sig-

nificant suppressionof allergen-specific IgEconcentrations for

aeroallergies bydupilumab,whichwas consistentwith the re-

ported role of IL-4 in allergic asthma.43 The efficacy of dupi-

lumab on comorbid atopic conditionswill be reported in a fu-

ture study of the adult population with AD.

Limitations

This trial has limitations. These limitations include the rela-

tively short treatment period (16 weeks) and the fact that du-

pilumabwas not assessed in combinationwith othermedica-

tions (eg, topical corticosteroids), as was done in some of the

dupilumab trials in adults.20

Conclusions

Dupilumab monotherapy resulted in statistically significant

and clinicallymeaningful improvements in disease signs and

symptoms, includingpruritus andsleep loss, andapositive ef-

fect on QoL. The every-2-week regimen was numerically su-

perior to the every-4-week regimenoncategorical endpoints.

Dupilumab had an acceptable safety profile and the placebo-

adjusted efficacy and safety in adolescents with moderate to

severe AD were similar to those in adults. To our knowledge,

this trial is the largest to date of a systemic treatment for pe-

diatric AD and the first confirmatory trial showing a favor-

ablebenefit-to-riskprofileof amonoclonal antibody in thispa-

tient populationwith high unmetmedical need. The findings

provide evidence of the importance of targeted type 2 cyto-

kine blockade, in particular IL-4/IL-13, in reducing the clini-

cal severity andextensive effect ofAD inadolescents,with the

potential to simultaneously address the high burden of type

2 comorbidities.
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