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The Posology of Dupilumab in Pediatric 
Patients With Atopic Dermatitis
Mohamed A. Kamal1,*, Pavel Kovalenko1, Matthew P. Kosloski1, Kamal Srinivasan1, Yi Zhang1, 
Manoj Rajadhyaksha1, Ching- Ha Lai1, Vanaja Kanamaluru2, Christine Xu2, Xian Sun1, Eric L. Simpson3, 
Amy S. Paller4,5, Elaine C. Siegfried6,7, Brad Shumel1, Ashish Bansal1, Nidal Al- Huniti1 and John D. Davis1

Dupilumab demonstrated efficacy with an acceptable safety profile in two randomized, double- blind, placebo- 
controlled, parallel- group, phase III trials in adolescents (12– 17 years; LIBERTY AD ADOL) and children (6– 11 years; 
LIBERTY AD PEDS) with atopic dermatitis (AD) treated for 16 weeks. Here, we present the pharmacokinetic profiles 
and exposure- response (E- R) relationships of dupilumab that guided the posology in these populations. A total of 251 
adolescent patients with moderate- to- severe AD were randomized to subcutaneous dupilumab monotherapy every 
2 weeks (q2w; 200 mg q2w, baseline weight < 60 kg; 300 mg q2w, ≥ 60 kg), dupilumab 300 mg every 4 weeks 
(q4w; non- weight tiered), or placebo; 367 children with severe AD were randomized to dupilumab q2w (100 mg q2w, 
baseline weight < 30 kg; 200 mg q2w, ≥ 30 kg), dupilumab 300 mg q4w, or placebo. Children received concomitant 
topical corticosteroids in addition to dupilumab, and loading doses were administered at the start of therapy. Mean 
dupilumab trough concentrations at week 16 for weight subcategories in each dosing regimen were compared with 
adult exposures for the approved dupilumab 300 mg q2w regimen. Positive E- R relationships were demonstrated 
between dupilumab trough concentrations and AD outcome measures across patient populations and regimens; no 
relationship was observed with treatment- emergent conjunctivitis. Based on these analyses, a weight- tiered posology 
was proposed for adolescents (200/300 mg q2w in patients 30– < 60 kg/≥ 60 kg) and children (300 mg q4w in 
patients 15– < 30 kg, 200 mg q2w in patients 30– < 60 kg) with moderate- to- severe AD.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Dupilumab was efficacious with an acceptable safety profile 
in phase III trials of adolescents and children 6– 11 years with 
atopic dermatitis (AD), but the pharmacokinetic (PK) and 
exposure- response profiles used to guide dose selection in these 
populations have not yet been presented.
WHAT QUESTION DID THIS STUDY ADDRESS?
 This study reports the PK profile and dose selection of 
dupilumab in the first large confirmatory trials of a systemic 
treatment for adolescents with moderate- to- severe AD and 
children with severe AD.
WHAT DOES THIS STUDY ADD TO OUR KNOW-   
LEDGE?
 The recommended posology (200 mg q2w in adolescents 
<  60  kg and 300  mg q2w in adolescents ≥  60  kg; 300  mg 

q4w in children <  30  kg and 200  mg q2w in children 
≥ 30 kg) achieved trough concentrations similar or greater 
than adults receiving 300 mg q2w. Exposure- response rela-
tionships showed higher efficacy with increasing dupilumab 
concentrations. Logistic regression analysis showed no in-
crease of probability of developing conjunctivitis with in-
creasing exposure.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 These analyses supported two- tiered, weight- based dosing of 
dupilumab in adolescents and children with AD.
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Among children and adolescents, the worldwide prevalence of 
atopic dermatitis (AD) is estimated to be 10– 24%.1– 3 Topical 
treatment with corticosteroids supplemented with calcineurin in-
hibitors is considered standard- of- care for moderate- to- severe AD 
in pediatric patients,4– 6 but this approach may not be sufficient 
for certain patients.7 Until recently, corticosteroids have been the 
only systemic agents approved for the treatment of AD in chil-
dren, despite guidelines that discourage this approach.8 Other sys-
temic agents have safety concerns that limit their long- term use in 
pediatric patients with AD.9,10

Dupilumab is a fully human VelocImmune®- derived monoclo-
nal antibody11,12 directed against interleukin- 4 receptor alpha 
(IL- 4Rα) that inhibits signaling of IL- 4 and IL- 13, cytokines that 
are key drivers of diseases with underlying type 2 inflammation. 
Dupilumab is approved across a spectrum of type 2 inflammatory 
diseases, specifically AD, asthma, and chronic rhinosinusitis with 
nasal polyposis.13,14 In multiple phase III trials, dupilumab admin-
istered at doses of 300 mg subcutaneously every 2 weeks (q2w) or 
every week (qw) significantly improved signs, symptoms, and qual-
ity of life in adult patients with moderate- to- severe AD with an 
acceptable safety profile.15– 17

In randomized, double- blind, placebo- controlled, phase III 
trials in adolescents (12– 17  years) with moderate- to- severe AD 
and in children (6– 11 years) with severe AD, dupilumab showed 
clinically meaningful and statistically significant improvements 
compared with placebo in AD signs, symptoms, and quality of 
life.18,19 To our knowledge, these studies are the largest to date of a 
systemic treatment for pediatric AD, and the first confirmatory tri-
als showing an acceptable safety profile of a monoclonal antibody 
in children and adolescents with AD. The primary results of these 
pivotal phase III trials led to the approval of dupilumab in both 
adolescents and children (ages 6– 11) in the United States and the 
European Union.

Here, we present the pharmacokinetics (PKs), exposure- response 
(E- R; efficacy), and exposure- safety relationships of dupilumab in 
adolescents and children aged 6– 11 years. These analyses support 
the posology of dupilumab for treatment of AD in these pediatric 
populations. The goal was to identify pediatric dose regimens that 
achieved exposures associated with the highest observed efficacy 
and that matched or exceeded the exposure in adults at the ap-
proved dose of 300 mg q2w, while remaining below the maximum 
observed exposure in adults (300 mg qw) in phase III studies.15– 17

METHODS
Study design, patients, and treatments
R668- AD- 1526 LIBERTY AD ADOL and R668- AD- 1652 LIBERTY 
AD PEDS (ClinicalTrials.gov Identifiers: NCT03054428 and 
NCT03345914) were randomized, double- blind, placebo- controlled, 
parallel- group, phase III trials. Detailed information on the study meth-
ods was previously reported.18,19

LIBERTY AD ADOL consisted of the following 3 periods: screen-
ing of up to 5  weeks, a treatment period of 16  weeks, and a follow- up 
of 12  weeks (for patients not entering the open- label extension study). 
Patients were 12– 17  years old and had moderate- to- severe AD inade-
quately controlled by topical therapies, as well as Investigator’s Global 
Assessment (IGA) scores ≥  3, Eczema Area and Severity Index (EASI) 
scores ≥  16, Peak Pruritus Numerical Rating Scale (NRS) scores ≥  4, 

body surface area (BSA) involvement of AD ≥ 10%, and weight ≥ 30 kg. 
Patients were randomized 1:1:1 (stratified by baseline weight and baseline 
disease severity) to subcutaneous dupilumab q2w (200 mg with 400 mg 
loading dose for baseline weight < 60 kg, 300 mg with 600 mg loading 
dose for patients ≥ 60 kg), 300 mg dupilumab every 4 weeks (q4w; regard-
less of baseline body weight) with 600 mg loading dose, or placebo q2w. 
To maintain blinding, all patients received a subcutaneous injection q2w 
with placebo in the weeks that dupilumab was not given. Systemic non-
steroidal immunosuppressants, systemic corticosteroids, topical cortico-
steroids (TCS), or topical calcineurin inhibitors could not be used during 
the study, except as rescue treatment.

LIBERTY AD PEDS consisted of an up to 9- week screening period, 
TCS standardization of 2  weeks followed by 16- week treatment, and 
12- week follow- up (for patients not entering the open- label extension). 
Patients were 6– 11 years old and had severe AD inadequately controlled 
by topical therapies, IGA scores of 4, EASI scores ≥ 21, BSA involvement 
of AD ≥ 15%, Peak Pruritus NRS ≥ 4, and weight ≥ 15 kg. Patients were 
randomized 1:1:1 (stratified by baseline weight and region) to dupilumab 
q2w (100 mg with 200 mg loading dose for baseline weight < 30 kg, or 
200 mg with 400 mg loading dose for baseline weight ≥ 30 kg), 300 mg 
dupilumab q4w with 600 mg loading dose (regardless of baseline weight), 
or placebo. All patients received concomitant medium potency TCS.9 
High- potency TCSs were permitted as rescue medication.

The studies were conducted in accordance with the provisions of the 
Declaration of Helsinki, International Conference on Harmonization 
Good Clinical Practice guideline, and applicable regulatory requirements. 
The protocols were reviewed and approved by institutional review boards/
ethics committees at all study sites. For all patients, written informed con-
sent was obtained from a parent or legal guardian, and written assent was 
obtained from the patient.

Endpoints
A full list of prespecified study endpoints was previously reported.18,19 
Here, we assessed PK endpoints from baseline through week 16, includ-
ing concentrations of functional dupilumab in serum (by treatment group 
over time/by body weight and treatment group); E- R relationships with 
categorical endpoints (the proportions of patients achieving IGA 0 or 1 
[the primary endpoint] and ≥ 75% improvement from baseline in EASI 
[EASI- 75]); and continuous efficacy endpoints (percentage change from 
baseline in EASI and Peak Pruritus NRS). IGA is a physician assessment 
for evaluating AD severity and is scored using a 5- point scale: 0 = clear, 
1 = almost clear, 2 = mild, 3 = moderate, and 4 = severe.20 IGA 0 or 1 
is a binary response measure with a positive response defined as clear or 
almost clear and absence of response as mild, moderate, or severe. EASI 
is scored on a scale from 0 to 72 (with higher scores indicating greater se-
verity), and comprises measures of regional BSA with key signs of inflam-
mation, including erythema, induration/papulation/edema, excoriation, 
and lichenification.21 For Peak Pruritus NRS, patients reported pruritus 
intensity daily (for adolescents) or twice daily (for children) using a scale 
from 0 to 10 (with higher values indicating worse itch), and weekly scores 
were calculated based on an average of the daily scores.22

Exposure- safety analyses were also performed on events of conjunctivi-
tis (defined as all adverse events that were encoded as a Medical Dictionary 
for Regulatory Activities Preferred Term: atopic keratoconjunctivitis, con-
junctivitis, conjunctivitis allergic, conjunctivitis bacterial, and conjunctivi-
tis viral). Safety was reported in all patients who received at least one dose, 
and efficacy was reported in all enrolled patients.

PK assessment
Dupilumab concentrations were measured in serum samples collected at 
baseline and weeks 2 (adolescents only), 4, 8, 12, and 16, prior to study 
drug administration on dosing days. Additional samples were collected 
for PK during the follow- up period between weeks 16 and 28 for pa-
tients who did not participate in the open- label extension study. Here, 
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we present PK data through week 16. Functional dupilumab concentra-
tions, which represent dupilumab molecules with either one or two bind-
ing sites available, were determined from serum samples using a validated 
enzyme- linked immunosorbent assay, as previously described.23 In this 
functional PK assay, dupilumab is used as the assay standard, and human 
IL- 4Rα served as the capture reagent. The lower limit of quantitation 
(LLOQ) of functional dupilumab is 0.0078 mg/L in undiluted human 
serum. The PK analysis set included all treated patients who received any 
amount of study drug and had at least one nonmissing functional dupi-
lumab measurement following the first dose of study drug.

Population PK analysis
To determine how exposures of dupilumab at steady- state in adolescents 
and children receiving weight- tiered dose regimens compared with those 
achieved in adults with the approved 300 mg q2w regimen,15– 17 we con-
ducted separate population PK analyses of dupilumab for these patient 
groups using the model structure previously reported for adult patients 
with moderate- to- severe AD who received dupilumab (Supplementary 
Material).24– 26

Exposure- response analysis
Exposure- response relationships were investigated using scatter plots of 
dupilumab exposure vs. drug effect for continuous efficacy endpoints 
(percentage change from baseline in EASI and Peak Pruritus NRS) or 
logistic regression for binary efficacy endpoints (probability of achiev-
ing IGA 0 or 1 and EASI- 75). Logistic regression analysis is used to ex-
plain a relationship between one dependent binary (yes/no) variable and 
one or more continuous or categorical independent variable (predictor). 
Logistic regression predicts the relative frequency of a binary endpoint 
(e.g., IGA 0 [clear] or 1 (almost clear)), enabling the visualization of a 
binary dependent variable as probability vs. an independent variable (e.g., 
drug concentration). Observed dupilumab trough concentration at week 

16 was selected as the primary exposure metric. Nonlinear logistic re-
gression analysis of efficacy endpoints used a nonlinear maximum effect 
(Emax; maximal response) function to characterize the E- R curve as well 
as to allow for a physiologically meaningful dose- response relationship 
(i.e., the sigmoid curve with a placebo response above zero probability 
and a plateau below a probability of 1 at high trough concentration). The 
NLMIXED procedure of Statistical Analysis Software (SAS) version 9.4 
was used to fit nonlinear logistic regression models. The binomial dis-
tribution was specified and the logit link function was used. The logit 
function converts a probability ranging between 0 and 1 into a continu-
ous logit space ranging from minus to plus infinity. The logistic (inverse- 
logit) transformation converts predictions in the logit space back to 
the probability space. A nonlinear function E0  +  (Emax –   E0) *Ctrough/
(EC50 + Ctrough) was used to characterize the response in the logit space 
at concentrations below the LLOQ, in the nonlinear region of the E- R 
curve, as well as at the plateau. The probability of response at concentra-
tions below the LLOQ is an inverse logit transformation of E0 and the 
plateau is an inverse logit function of Emax. The values and confidence 
intervals of E0 and Emax were provided in the probability domain.

An exposure- safety analysis was also conducted using nonlinear logis-
tic regression relating probability of conjunctivitis during the treatment 
period and week 16 dupilumab trough concentration. As the number of 
subjects with conjunctivitis was too low to utilize the Emax function, a lin-
ear logistic regression model was used. Placebo effect was accounted for as 
an additive effect in the active treatment group.

RESULTS
Patient disposition
In LIBERTY AD ADOL, 251 adolescents were randomized to 
16 weeks’ treatment with dupilumab q2w (weight- tiered: 200 mg 
for baseline weight <  60  kg, n  =  43; 300  mg, baseline weight 

Figure 1 Mean (±SD) concentration- time course of dupilumab by treatment- weight group in (a) adolescents aged 12– 17 and (b) children aged 
6– 11 years (PKAS). *US Food and Drug Administration approved doses. BLQs were set to 0. Nominal time points until week 16 were used for 
analysis. BLQ, below limit of quantification; PK, pharmacokinetics; PKAS, PK analysis set; q2w, every 2 weeks; q4w, every 4 weeks.
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≥  60  kg, n  =  39); dupilumab q4w (non- weight tiered: 300  mg, 
n = 84); or placebo (n = 85). In LIBERTY AD PEDS, 367 chil-
dren aged 6– 11  years were randomized to 16  weeks’ treatment 
with dupilumab q2w (100 mg for baseline weight < 30 kg, n = 63; 
200  mg for baseline weight ≥  30  kg, n  =  59); dupilumab q4w 
(300 mg, n = 122); or placebo (n = 123).

Efficacy and safety overview
In both studies, baseline demographics and characteristics were 
balanced between the treatment groups within each weight group 
(Table 1). A higher proportion of dupilumab- treated patients (all 
regimens across both studies) met the co- primary endpoints (IGA 
score of 0 or 1 at week 16 and EASI- 75 at week 16) compared with 
the respective placebo regimens (Table 2). Dupilumab- treated pa-
tients also achieved greater improvement in Peak Pruritus NRS 
scores than placebo- treated patients. The most common adverse 
events reported in placebo- treated patients were exacerbations of 
AD and skin infections, and in dupilumab- treated patients, con-
junctivitis and injection- site reactions were most common. For 
conjunctivitis, most cases were mild or moderate in severity and 
most recovered with treatment during study drug treatment. One 
patient in LIBERTY AD PEDS receiving 200 mg q2w + TCS dis-
continued treatment because of bacterial conjunctivitis of moder-
ate severity.

Observed dupilumab concentrations
Reportable concentrations of functional dupilumab in serum were 
available for 164 dupilumab- treated adolescent patients and 241 
dupilumab- treated children aged 6– 11 years. In adolescents, the 
mean concentration- time profile of dupilumab in patients < 60 kg 
receiving 200 mg q2w was comparable to that of patients ≥ 60 kg 
receiving 300 mg q2w (Figure 1a). Concentrations of both q2w 
regimens were higher than concentrations of 300 mg q4w at all 
time points except week 2 in patients < 60 kg or ≥ 60 kg. In chil-
dren, mean concentration time profiles of dupilumab were gener-
ally similar for patients ≥ 30 kg receiving 200 mg q2w and patients 
< 30 kg receiving 300 mg q4w, and both regimens exhibited higher 
exposure than patients < 30 kg receiving 100 mg q2w or patients 
≥ 30 kg receiving 300 mg q4w (Figure 1b). Steady- state trough 
concentrations were reached by week 12 for both the q4w and q2w 
regimens in adolescents and children.

Week 16 trough concentrations were compared across all age 
groups by regimen and by weight category, and benchmarked to 
exposures in the phase III studies for adults at the approved 300 mg 
q2w regimen25 (Figure 2). In adolescents, mean trough concentra-
tions for 200 mg q2w in patients < 60 kg (51.3 mg/L) and 300 mg 
q2w in patients ≥  60  kg (57.9  mg/L) were lower than in adults 
(74.6  mg/L). Mean trough concentrations in adolescent patients 
receiving 300 mg q4w with a body weight < 60 kg (27.2 mg/L) or 

Figure 2 Concentrations of functional dupilumab in serum at week 16 by body weight group and dose group in adults, adolescents aged 
12– 17 years, and children aged 6– 11 years. Mean values: adults 300 mg q2w, 74.6 mg/L; adolescents 200 mg q2w < 60 kg, 51.3 mg/L; 
300 mg q2w ≥ 60 kg, 57.9 mg/L; 300 mg q4w < 60 kg, 27.2 mg/L; 300 mg q4w ≥ 60 kg, 12.7 mg/L; children 100 mg q2w < 30 kg, 
62.6 mg/L; 200 mg q2w ≥ 30 kg, 86.0 mg/L; 300 mg q4w < 30 kg, 98.7 mg/L; 300 mg q4w ≥ 30 kg, 53.9 mg/L. All dose regimens were 
compared to adults. *US Food and Drug Administration approved doses. Diamonds signify mean values; vertical lines extending from top to 
bottom are the maximum value below upper fence and minimum value above lower fence, respectively; circles are outliers defined by the “1.5 
rule”, namely, when less than (Q1 –  1.5*IQR) or greater than (Q3 + 1.5*IQR), with IQR = Q3– Q1. Outliers above a concentration of 165 mg/L 
were removed from analysis to enable data visualization and comparison of dose regimens. BLQs were set to 0. Adults are patients in studies 
R668- AD- 1334 and R668- AD- 1416; adolescents are patients in study R668- AD- 1526; and children (6– 11 years) are patients in study R668- 
AD- 1652. BLQ, below limit of quantification; IQR, interquartile range; 2qw, every 2 weeks; q4w, every 4 weeks.
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≥ 60 kg (12.7 mg/L) were ~ 37% and ~ 17% of mean trough con-
centrations in adults, respectively. With the 300 mg q4w regimen, 
a greater proportion of adolescents had a week 16 trough concen-
tration at or near the LLOQ (0.0780 mg/L in undiluted human 
serum) compared with the 200/300 mg q2w regimen (Figure S1). 
In children, week 16 trough concentrations for 300 mg q4w in pa-
tients < 30 kg (98.7 mg/L) and 200 mg q2w in patients ≥ 30 kg 
(86.0  mg/L) both exceeded that of the adult 300  mg q2w regi-
men, whereas mean trough concentrations in children < 30 kg on 
100 mg q2w (62.6 mg/L) and ≥ 30 kg on 300 mg q4w (53.9 mg/L) 
were lower but within a similar range as q2w regimens in adult and 
adolescent patients (Figure 2).

Population PK
The population PK model structure adequately described the 
observed dupilumab concentrations in adolescents and children 
aged 6– 11  years. Simulated exposure metrics at steady- state by 
age group and dosing regimen are shown in Table 3. The model- 
based analysis shows that in adolescents, exposures are slightly 
lower overall than in adults and children aged 6– 11 years, and in 
children aged 6– 11  years receiving 200  mg q2w at body weight 
≥ 30 kg and 300 mg q4w at body weight < 30 kg, the 5th percen-
tile of trough concentration at steady- state is similar to or greater 
than that of adults receiving 300 mg q2w. Although exposures of 
the selected regimens in children are generally higher than those 
in adults receiving 300 mg q2w, the 95th percentile of maximum 
concentration at steady- state is lower in children aged 6– 11 years 
receiving 200 mg q2w at body weight ≥ 30 kg and 300 mg q4w at 
body weight < 30 kg compared with adults receiving 300 mg qw 
(the maximum exposure tested in adults).

Exposure- efficacy analyses
A total of 245 adolescents and 360 children (6– 11 years) had PK 
and time- matched efficacy data as measured by EASI, IGA, and 
Peak Pruritus NRS at week 16.

The goal of these E- R analyses was to identify the dosing regi-
mens for which the distribution of trough concentrations resulted 
in exposures associated with maximal efficacy response (the pla-
teau region of the E- R curves). In Figure  3a, nonlinear logistic 
regression analysis, which incorporates a hill function, describes 
the E- R relationships of the probability of achieving IGA scores 
of 0 or 1 (clear and almost clear, respectively) vs. trough concen-
tration (mg/L) at week 16 by age group. Parameter estimates of the 
nonlinear hill function including Emax and half- maximal effective 
concentration (EC50) are provided in Supplementary Table  S1. 
The median trough concentration exposure achieved by the 
300 mg q4w regimen in children < 30 kg (87.7 mg/L) lies closer to 
the peak of the E- R relationship compared with the 100 mg q2w 
regimen, which achieves a lower median trough concentration at 
steady state (62.8 mg/L; Table 3). Similarly, in children ≥ 30 kg, 
the median trough concentration exposure achieved by the 200 mg 
q2w regimen (98.5  mg/L) was higher than for the 300  mg q4w 
regimen (65.3 mg/L) and was closer to the plateau of the E- R re-
lationship (Table 3). This analysis also confirms that the weight- 
tiered dosing regimen of 200/300 mg q2w in adolescents achieves 
a predicted steady- state trough concentration approaching the Ta
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plateau of their respective E- R curve of achieving IGA scores of 0 
or 1. Similar results were observed across age groups at week 16 for 
the E- R relationships of EASI- 75 (Figure 3b), percentage change 
from baseline in EASI (Figure 3c), and percentage change from 
baseline in Peak Pruritus NRS (Figure 3d).

Exposure- safety analysis
As dupilumab- treated patients had higher incidences of conjunc-
tivitis than placebo- treated patients in the phase III adult27 and 
adolescent18 AD trials, potential relationships between trough 
concentrations and the probability of developing conjunctivitis 
were evaluated in adolescents and children. Linear logistic regres-
sion analysis showed no association between incidence of conjunc-
tivitis and concentration of dupilumab for either adolescents or 
children (Figure 4).

DISCUSSION
In the pediatric dupilumab development program, randomized, 
placebo- controlled, phase III trials assessing efficacy and safety 
were conducted in adolescents and children aged 6– 11 years with 
AD. These trials included multiple treatment regimens within 

each age group. All studied regimens met primary and secondary 
endpoints in the primary statistical comparison with placebo, but 
these studies were not powered for performing efficacy compari-
sons between the dupilumab treatment groups.18,19

Although PK comparison to adults was performed in the cur-
rent analysis, it was an important, but not sufficient, criterion for 
dupilumab dose selection in these pediatric populations, unlike 
the case in a full extrapolation.28 Adult PK served as an import-
ant reference for dupilumab, but as it is the first systemic therapy 
with a novel mechanism of action in adolescents and children with 
AD, it was necessary to evaluate the totality of the data. Efficacy, 
safety, PK, and E- R were therefore evaluated when selecting the 
optimal posology of dupilumab in these pediatric populations, and 
the following criteria were considered: (1) large numerical differ-
ences in efficacy outcomes (Table 2); (2) absence of dose- limiting 
adverse events and assessment of exposure- safety relationships; (3) 
E- R relationships, specifically where exposures for the majority of 
patients receiving a given dose regimen were associated with max-
imal efficacy; and (4) comparable distribution of exposure metrics 
in pediatric patients relative to adults, especially the lower extreme 
of steady- state trough concentrations.

Figure 3 Exposure- efficacy relationships. (a) Probability of response (proportions of patients with) for IGA 0 or 1 by week 16 dupilumab 
concentrations. (b) Probability of response (proportions of patients with) for EASI- 75 by week 16 concentrations. (c) Percentage change in EASI 
from baseline to week 16 vs. trough concentration (CRAS). (d) Percentage change in Peak Pruritus Numerical Rating Scale (NRS) from baseline 
to week 16 vs. Ctrough (CRAS). *US Food and Drug Administration approved doses. Outliers above concentrations of 165 mg/L were removed 
from analysis. BLQs were set to 0. BLQ, below limit of quantification; CRAS, concentration- response analysis set; Ctrough, trough concentration; 
EASI, Eczema Area and Severity Index; EASI- 75, ≥ 75% reduction from baseline in EASI; PK, pharmacokinetics; PKAS, PK analysis set; q2w, 
every 2 weeks; q4w, every 4 weeks. (a, b) Blue line = mean regression line, gray area = confidence area around regression line. (c, d) Blue 
line = locally estimated scatterplot smoothing (LOESS), gray area = 95% confidence interval.
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The longer q4w interval was considered for pediatric patients in 
order to provide a more convenient dosing frequency, particularly 
for younger children. However, in adolescents, the steady- state 
trough concentration exposure achieved with 300  mg q4w dos-
ing was lower than in adults receiving the approved 300 mg q2w 
regimen. Dupilumab exhibits nonlinear PK with a rapid, target- 
mediated elimination phase that is protracted at longer dosing in-
tervals. The nonlinear PK resulted in a greater proportion of week 
16 trough concentrations at or near the LLOQ among adolescents 
receiving the 300 mg q4w regimen, in particular, those of higher 
body weight, compared with those receiving the q2w regimen 
(Figure S1).24,25 In adolescents, the number of below the limit of 
quantifications was 2 (1.28%) in the 200/300 mg q2w treatment 
group vs. 7 (4.49%) in the 300 mg q4w treatment group. Trough 
concentration exposures associated with the 300 mg q4w regimen, 
unlike the weight- tiered regimen (200/300  mg q2w), were more 
likely to fall below the plateau of the E- R relationships to the prob-
ability of achieving efficacy as measured by IGA scores of 0 or 1, 
EASI- 75, and a percent change from baseline in EASI and Peak 
Pruritus NRS scores.

Although the 200/300  mg q2w regimen achieved slightly 
lower trough concentration exposures in adolescents compared 
with adults, these exposures were at or near the plateau of the E- R 

relationships (Figure 3). In the phase III trial, adolescents with a 
body weight < 60 kg receiving 200 mg q2w and those ≥ 60 kg re-
ceiving 300  mg q2w achieved steady- state trough concentrations 
with a similar central tendency and variance, indicating that dosing 
based on the 60 kg weight cutoff normalizes dupilumab exposure 
within the adolescent population. Finally, although the primary 
efficacy outcome with this weight- tiered regimen was slightly 
lower than in adults receiving 300 mg q2w, the placebo- adjusted 
responses between adolescents and adults were similar.15– 18 For 
these reasons, a weight- tiered posology was proposed for adoles-
cents (200/300 mg q2w in patients 30– < 60 kg/≥ 60 kg).

Dose selection in children aged 6– 11 years was less straightfor-
ward than in adolescents. Although a priori modeling suggested 
that the studied dose regimens would provide equivalent expo-
sure, the observed mean trough concentration at steady- state was 
lower for the 100 mg q2w regimen in children < 30 kg than for the 
200 mg q2w regimen in children ≥ 30 kg or the 300 mg q2w regi-
men in adults. This is consistent with fewer patients on the 100 mg 
q2w regimen achieving IGA scores of 0 or 1 (Table  2). Patients 
on the 100  mg q2w regimen also had an inexplicably higher in-
cidence of conjunctivitis compared with the other dosing regi-
mens studied, including placebo (Table 2). For these reasons, the 
300 mg q4w regimen was proposed for children < 30 kg. Although 

Figure 4 Logistic regression analysis between events of conjunctivitis and concentration of dupilumab. *US Food and Drug Administration 
approved doses. Outliers above concentrations of 165 mg/L were removed from analysis. BLQs were set to 0. Blue line = mean regression 
line, gray area = confidence area around regression line. BLQ, below limit of quantification; Ctrough, trough concentration; q2w, every 2 weeks; 
q4w, every 4 weeks.
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the 300 mg q4w regimen was administered irrespective of weight, 
study enrollment was stratified around a 30 kg body weight, and 
equivalent numbers of children were enrolled in the < 30 kg and 
≥ 30 kg subgroups (n = 57) (Figure 2). Among children receiving 
the 300 mg q4w regimen, the distribution of trough concentration 
in the heavier- weight tier (≥ 30 kg) was consistently lower than in 
the 300 mg q2w regimen in adults, whereas children in the lighter- 
weight tier (< 30 kg) achieved steady- state exposures similar to or 
greater than the approved adult regimen. These exposures were 
not associated with an increase in adverse events. Whereas further 
increases in exposure to small- molecule drugs may lead to higher 
rates of off- target adverse events, once antagonistic monoclonal 
antibodies, such as dupilumab, reach concentrations sufficient to 
saturate the target receptor, excess antibody is pharmacologically 
inert. In addition to PK, assessment of E- R relationships revealed 
that the selected regimens that achieved the highest trough con-
centrations in children (i.e., 300 mg q4w in children < 30 kg and 
200 mg q2w in children ≥ 30 kg) resulted in exposures for most 
patients associated with maximal response for multiple efficacy 
endpoints.

Dupilumab regimens are intended to achieve concentrations suf-
ficient to saturate IL- 4 receptors throughout the dosing interval, 
and dupilumab efficacy is driven by trough concentrations at steady- 
state. Hence, the E- R analysis conducted used Ctrough at week 16 as 
the exposure metric, however, similar results are expected if the area 
under the curve (AUC) is used as the exposure metric because both 
parameters of exposure are highly correlated (Figure S2).

A loading dose reduces the time to reach saturating concentra-
tions and allows for a rapid onset of effect. Trough concentrations 
of dupilumab demonstrated modest accumulation after subse-
quent doses for q2w regimens in pediatric patients, but the highest 
exposures of q4w regimens were observed following the loading 
dose; for the 600 mg load/300 mg q4w regimen selected for chil-
dren < 30 kg, mean trough concentrations at week 4 were ~ 16% 
higher than at week 16. The safety profile of dupilumab in children 
was comparable across the q2w and q4w regimens. Although ini-
tial exposures in these children were higher than for the approved 
300  mg q2w regimen in adults, they remained within the range 
seen in adults with moderate- to- severe AD receiving 300 mg qw 
in phase III trials.15– 17

Last, exposure- safety analyses revealed that incidence of con-
junctivitis, which was identified as an adverse event of special inter-
est in phase III adult AD trials,27 was not associated with increasing 
dupilumab exposure in adolescents nor children.

Important differences between the adolescent and children 
6– 11  years of age study protocols likely impacted comparative 
E- R results. Adolescents had moderate or severe baseline IGA 
and received dupilumab monotherapy, whereas all children aged 
6– 11  years had severe baseline IGA and received concomitant 
TCS. Comparative E- R results suggest that more severe baseline 
disease and the addition of TCS resulted in a greater number of 
children achieving Emax compared with adolescents, as supported 
by a median probability of achieving EASI- 75 that approached an 
Emax of 0.8 for children aged 6– 11 years on the higher end of the 
exposure range, compared with 0.5 for adolescents (Figure  3b). 
The Emax for achieving IGA scores of 0 or 1 was also higher in 

children, albeit more subtly (Figure  3a). The randomized, con-
trolled trials in these pediatric populations were not designed as 
dose ranging studies; they studied regimens intended to provide 
optimal efficacy in these age groups, and lack of efficacy data at 
lower concentrations resulted in estimation of certain parameters 
(e.g., EC50) with wide confidence intervals (Table S1).

The analyses presented herein were performed sequentially, 
based on timing of data availability. An integrated E- R analysis 
using nonlinear, mixed- effects modeling in a pooled data set of 
adults, adolescents, and children, and utilizing the full time course 
of drug concentration and response, would enable a more robust 
investigation of the effect of these factors on E- R across age groups. 
This type of integrated analysis would also enable simulation of 
clinical scenarios not studied, such as the anticipated response to 
dupilumab in children with moderate AD or adolescents receiving 
concomitant TCS therapy.

CONCLUSIONS
These combined clinical pharmacology, primary efficacy, and 
safety data analyses support the following weight- tiered pediatric 
dosing regimens: in adolescents with moderate- severe AD weigh-
ing < 60 kg, a 400 mg loading dose followed by 200 mg q2w; for 
those ≥ 60 kg, a 600 mg loading dose followed by 300 mg q2w; 
in children aged 6– 11  years with severe AD weighing <  30  kg, 
a 600  mg loading dose followed by 300  mg q4w, and for those 
≥ 30 kg, a 400 mg loading dose followed by 200 mg q2w. Despite 
slight differences in exposure, these results confirm both within-  
and between- population normalization of dupilumab exposure as 
measured by steady- state trough concentration with weight- tiered 
regimens. Furthermore, E- R analyses demonstrated greater effi-
cacy with increasing dupilumab trough concentrations, and con-
junctivitis incidence was not associated with higher dupilumab 
exposure.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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