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ABSTRACT

Introduction: Nemolizumab, a new mono-
clonal antibody that targets the receptor alpha
of the neuroimmune cytokine interleukin-31
(IL-31), has shown efficacy in atopic dermatitis
(AD) in adults. This study evaluated the phar-
macokinetics (PK) and safety of nemolizumab
in adolescents with moderate to severe AD as
well as the relationship between nemolizumab
concentrations and clinical efficacy and the
effect of nemolizumab on protein biomarkers.
Methods: Open-label, 16-week study of nemo-
lizumab in patients aged 12–17 years with
moderate to severe AD (baseline EASI C 16,
IGA C 3, and BSA C 10%) and associated pruri-
tus with baseline average daily peak pruritus

numeric rating scale (PP-NRS) intensity of at
least 4. Nemolizumab was administered subcu-
taneously as a loading dose of 60 mg at baseline,
followed by 30 mg every 4 weeks until week 12
with background topical corticosteroids (TCS)
or calcineurin inhibitors (TCI). Subsequently
patients were followed for 8 weeks more. Stra-
tum corneum (SC) and plasma samples were
collected for biomarker assessments.
Results: Twenty patients participated, with a
mean age of 14.8 ± 1.6 years. The PK of nemo-
lizumab was described by a one-compartment
model with linear elimination, a first-order
absorption, and a mean half-life of
16.7 ± 4.1 days. Mean trough concentrations
ranged from 2935 ± 1029 ng/mL to
3292 ± 2018 ng/mL over the 16-week treat-
ment period. There was a marked improvement
in rash, itch, and sleep with a decrease from
baseline to week 16 in EASI by 66.5 ± 32.5%, in
PP-NRS by 43.2 ± 37%, and in sleep disturbance
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numeric rating scale by 53.5 ± 47.8%. The
popPK and PK/PD analyses confirmed that
model-predicted exposure and efficacy of
nemolizumab were similar in adolescents com-
pared to adults receiving the same dosing regi-
mens. Age did not impact PK parameters, while
the main source of PK variability was body
weight. Analyses of SC samples identified a
panel of AD-related pro-inflammatory
biomarkers that were upregulated in lesional
skin (compared to non-lesional skin) and cor-
respondingly downregulated in clinical respon-
ders to nemolizumab (based on EASI75 and PP-
NRS C 4). Four biomarkers (CCL20, CCL22,
CCL27, and VEGF) had changes that were
1.9–3.5-fold higher in EASI responders than in
EASI non-responders (all p\0.05). Analysis
showed no significant correlation between
plasma biomarkers and clinical scores. Adverse
events were experienced by 33.3% of subjects
(n = 6) and were primarily mild or moderate in
severity.
Conclusions: Nemolizumab PK and safety pro-
files in adolescents with moderate to severe AD
are consistent with previous nemolizumab
studies in adults. PK/PD models demonstrate
similar exposure–response profiles in 12- to
17-year-old adolescents and adults for three
clinical endpoints (EASI, IGA, and PP-NRS).
Nemolizumab treatment reversed AD-related
pro-inflammatory biomarkers in skin, indicat-
ing that the neuroimmune cytokine IL-31 is an
important mediator of multiple pathways in
AD.
Clinical Trial Registration: Clinicaltrials.gov
NCT03921411.
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Key Summary Points

Nemolizumab, a monoclonal antibody
that targets the receptor alpha of the
neuroimmune cytokine IL-31, has shown
efficacy in atopic dermatitis (AD) in
adults.

This study evaluated the
pharmacokinetics (PK) and safety of
nemolizumab in adolescents with AD and
the effect of nemolizumab on protein
biomarkers.

Nemolizumab PK and safety profiles in
adolescents with moderate to severe AD
are consistent with previous nemolizumab
studies in adults and nemolizumab
treatment reversed AD-related pro-
inflammatory biomarkers in skin,
indicating that the neuroimmune
cytokine IL-31 is an important mediator of
multiple pathways in AD.

INTRODUCTION

Atopic dermatitis (AD) is a common inflamma-
tory skin disease, affecting 10–20% of the pop-
ulation and as many as 25% of children [1–3].
Chronic pruritus can be considered a disease-
defining symptom of AD; additional character-
istic signs and symptoms include xerosis, and
eczematous lesions that may manifest as ery-
thema, infiltration/papulation, oozing/crusting,
excoriations, and lichenification [3, 4]. Notably,
approximately 30% of children and 50% of
adult patients with AD have moderate to severe
disease [5–7]. Topical treatment with corticos-
teroids or calcineurin inhibitors can be effica-
cious, especially in milder AD [4]; proactive
therapy with topical corticosteroid (TCS) and
tacrolimus is recommended by recent guideli-
nes for therapy of AD [8]. However, topical
therapy may not always be sufficient to control
moderate to severe AD [9]. Systemic immuno-
suppressive treatments such as cyclosporine,
methotrexate, mycophenylate or azathioprine
are more efficacious, but are often accompanied
by adverse effects [4]. In recent years, knowl-
edge of the pathophysiologic factors in AD has
increased, and a variety of new treatments have
either received regulatory approval or are
undergoing clinical evaluation for efficacy and
safety, including nemolizumab [4]. The first
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drug approved by the US Food and Drug
Administration (FDA) for treatment of moder-
ate to severe AD was dupilumab in December
2020. Dupilumab is approved for adolescents
with moderate to severe AD eligible for systemic
therapy and can currently be considered as a
first-choice systemic treatment in this popula-
tion [10, 11].

Nemolizumab, a new monoclonal antibody
that targets the receptor alpha of the neuroim-
mune cytokine interleukin-31 (IL-31), has
shown efficacy in AD in adults [12–14]. In
phase 2 studies of adults with moderate to sev-
ere AD, nemolizumab improved AD lesions and
pruritus with a favorable safety profile [15–17].
AD is most common in childhood but there are
limited data with nemolizumab in patients aged
younger than 18. The primary objective of this
study was to evaluate the pharmacokinetics (PK)
and safety of nemolizumab in adolescents with
moderate to severe AD. Secondary objectives
were to evaluate the relationship between
nemolizumab systemic exposure and clinical
efficacy endpoints (pharmacokinetic/pharma-
codynamic relationship) and the effect of
nemolizumab therapy on protein biomarkers as
an exploratory endpoint.

METHODS

This was an open-label, 16-week study of
nemolizumab in patients aged 12–17 years with
moderate to severe AD and associated pruritus
not adequately controlled with topical therapy.
Nemolizumab was administered subcuta-
neously as a loading dose of 60 mg at baseline,
followed by 30 mg every 4 weeks until week 12
with background TCS treatment; the treatment
period ended at week 16 and patients were fol-
lowed for an additional 8 weeks. Additional
details on the study methodology are provided
in the Supplementary Material.

Ethics Approval

Ethics committee approval was provided by
ADVARRA, 6940 Columbia Gateway Drive
Suite#110, Columbia, MD 21046 USA. This
study was conducted in accordance with the

accepted version of the Declaration of Helsinki
and all relevant federal regulations as set forth
in Parts 50, 56, 312, Subpart D, of Title 21 of the
US Code of Federal Regulations, in compliance
with International Council for Harmonization
(ICH) Good Clinical Practice (GCP) guidelines,
and according to the appropriate regulatory
requirements in the countries where the study
was conducted. Before any study procedures
were performed, each subject (or their legally
acceptable representative[s] if applicable) vol-
untarily signed and dated the informed consent
form (ICF, or assent form, as applicable).

Study Participants

In addition to inadequate response to topical
AD medications, the following disease-severity
criteria were required for eligibility: baseline
Eczema Area and Severity Index (EASI) score
C 16, Investigator Global Assessment (IGA)
score of 3 or higher, and AD body surface area
(BSA) involvement of at least 10%; AD-associ-
ated pruritus was indicated by a baseline aver-
age daily peak pruritus numeric rating scale (PP-
NRS) intensity of at least 4. The primary exclu-
sion criteria were body weight\30 kg, poorly
controlled asthma or current history of chronic
obstructive pulmonary disease and/or chronic
bronchitis, and history of failure on another
biologic or JAK inhibitor.

Rescue Therapy

Rescue therapy could be prescribed to subjects
at any time during the study (except the run-in
period) as deemed necessary by the investigator.
As a general guideline, rescue therapy was not
prescribed within the first 2 weeks after baseline
to allow assessment of study drug exposure.
Rescue therapy was directed at AD, and inclu-
ded topical calcineurin inhibitors, higher
potency TCS, oral corticosteroids, biologics,
phototherapy, or systemic nonsteroidal
immunosuppressants/immunomodulators. If
rescue therapy was topical or phototherapy,
study drug administration continued; study
drug was permanently discontinued if systemic
rescue was required.
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Efficacy and Safety Assessments

The primary objective of the study was to eval-
uate the safety and pharmacokinetics of nemo-
lizumab; however, efficacy assessments were
performed including EASI scoring, IGA scores
(0 = none to 4 = severe, with treatment success
defined as a score of 0/1 or clear/almost clear),
BSA, and the SCORing Atopic Dermatitis
(SCORAD) measure. Changes in itch and sleep
were also captured, using the PP-NRS and a
sleep disturbance NRS (SD-NRS), both scales
from 0 = none to 10 = worst imaginable. Safety
evaluations were conducted at every visit and
included collection of adverse events, physical
examination, and laboratory assessments.

Pharmacokinetic Assessments

Blood samples to determine the PK profile of
nemolizumab were collected. Serum concen-
tration was assessed at baseline, weeks 1–2, 4, 8,
12, 16, and 24, and determined using a vali-
dated enzyme-linked immunosorbent assay
(ELISA) method with a quantification limit of
100 ng/mL (Shin Nippon Biomedical Laborato-
ries, Japan).

A first-order absorption and one-compart-
ment distribution population PK (popPK)
model was initially developed using nemolizu-
mab serum concentrations from three clinical
studies conducted in 407 adults. The studies
assessed nemolizumab administered subcuta-
neously over the dose range of 0.1–3 mg/kg and
10–90 mg for weight-based and flat dosing,
respectively. The effect of several covariates
including age, body weight, serum creatinine,
estimated glomerular filtration rate, bilirubin,
serum albumin, total protein, IgE, sex, and
clinical study was explored. The final model
identified in the adult population was used to
derive individual empirical Bayes estimates of
model-derived PK parameters in the adolescent
population, including maximum/trough con-
centrations (Cmax, Ctrough), area under the curve
(AUC), volume of distribution (Vd/F), oral
clearance (CL/F), and absorption rate (ka).

Three pharmacokinetic/pharmacodynamic
(PK/PD) models were developed to correlate the

concentration of nemolizumab to clinical effi-
cacy. The PK/PD models were applied to the
following PD endpoints: EASI, IGA, and weekly
average PP-NRS.

Immunogenicity Assessment

Serum samples to assess anti-drug antibodies
(ADA) were assessed at baseline, weeks 4, 8, 12,
16, and 24, and determined using a validated
electrochemiluminescence immunoassay
(ECLIA) method (LSI Medience Corporation,
Japan).

Biomarker Assessments

The effect of nemolizumab was investigated on
30 selected biomarkers relevant to AD on both
plasma and stratum corneum (SC) samples [15].
Plasma samples were collected at baseline and
weeks 8 and 16. Samples of the SC were col-
lected at baseline and week 16 via tape strips (D-
Squame). Two lesional and two non-lesional
areas were identified at baseline and four tape
strips were collected from each area (16 total).
At week 16, samples were collected only from
the two lesional areas identified at baseline
(eight strips in total). Levels of proteins were
associated with clinical parameters (75%
response on EASI [EASI75], IGA B 1, PP-NRS
decrease by at least 4 points).

Statistical Methods

All efficacy analyses used the intent-to-treat
(ITT) population which included all enrolled
subjects who signed a consent form; all safety
data were summarized using the safety popula-
tion which included all subjects who were
administered at least one dose of study medi-
cation; all pharmacokinetic analyses were per-
formed using the PK population including all
subjects who provided at least one post-baseline
evaluable drug concentration value. Subject
disposition, demographics, baseline character-
istics, previous therapies, and concomitant
therapies were summarized by descriptive
statistics. Efficacy variables were summarized by
analysis visit from baseline unless specified
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otherwise. Efficacy analyses were performed
using last observation carried forward (LOCF) or
non-responder imputation. Efficacy data after
use of rescue medication were treated as treat-
ment failure and were set to missing for analy-
sis. Adverse events were summarized using the
number and percentage of subjects reporting
each system organ class and preferred term.
Changes in physical examination were sum-
marized by body system and visit from baseline.
Changes in laboratory assessments were sum-
marized by descriptive statistics by visit.

Nemolizumab serum concentration data (in
nanograms per milliliter) were summarized by
visit from baseline to week 24 using the fol-
lowing statistics: n, arithmetic mean, standard
deviation, %CV, geometric mean, %CV geo-
metric mean, median, minimum, maximum,
95% CI of mean and number of BLQs (below
limit of quantification). Estimates of popPK
parameters (Cl/F, Vd/F, ka), including inter-in-
dividual variability, IIV), covariate effects,
residual error and their relative standard error
(RSE) were presented. Individual derived PK
parameters at steady state were summarized
using the following statistics: n, arithmetic
mean, SD, geometric mean, %CV, median,
minimum, maximum and 95% CI. All pharma-
cokinetic analyses were based on the observed
cases, and no missing data were imputed.

Primary inference for all biomarker analyses
was based on the observed cases. All biomarker
variables (e.g., absolute and change from base-
line) were summarized descriptively at each
time point. In addition, a box plot was pro-
duced at each time point. If the variable did not
have a Gaussian distribution, it was log
transformed.

RESULTS

Subject Disposition and Demographics

A total of 20 subjects were enrolled (ITT popu-
lation), of which 18 subjects were treated at
least once and were included in the safety and
PK populations. Two subjects who did not meet
inclusion criteria and were enrolled in error
received no doses of nemolizumab. Thirteen

subjects received all treatment doses (com-
pleters), and five subjects discontinued early
(three because of adverse events and two
because of protocol deviations).

Demographic and disease characteristic
information are presented in Table 1. Subjects
in the ITT population had a mean age of
14.8 ± 1.6 years and body weights ranging from
49 to 112 kg. Ten subjects (50.0%) had a medi-
cal history of stable asthma at baseline.

Pharmacokinetics

Peak nemolizumab serum concentrations were
observed either at week 1 or week 2 visits after

Table 1 Demographic information and baseline disease
characteristics

Nemolizumab 30 mg (ITT
population, N = 20)

Gender (n, %)

Male 8 (40%)

Female 12 (60%)

Race

Asian 2 (10%)

Black/African American 10 (50%)

Caucasian 7 (35%)

Other 1 (5%)

Weight

Mean ± SD 69.1 ± 17.5

Disease characteristics

EASI score (mean ± SD) 25.2 ± 7.2

IGA 3 (n, %) 15, 75%

IGA 4 (n, %) 5, 25%

Mean BSA affected (%) 41.3%

PP-NRS (mean ± SD) 6.9 ± 1.7

SD-NRS (mean ± SD) 5.6 ± 2.3

SCORAD (mean ± SD) 63.0 ± 11.3

SD standard deviation
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the 60-mg loading dose. Maximum observed
concentrations ranged from 2550 to 11,100 ng/
mL, with a mean value of 6533 ± 2330 ng/mL.
Steady state concentrations were achieved by
week 4, with mean observed trough concentra-
tions ranging from 2935 ± 1029 ng/mL to
3292 ± 2018 ng/mL over the 16-week treat-
ment period. At the end of the treatment period
(week 16), nemolizumab was eliminated from
the serum with an average half-life of
16.7 ± 4.1 days. As shown in Fig. 1, average
nemolizumab observed exposures in adoles-
cents were comparable to those in adults
receiving the same dosing regimens.

A population pharmacokinetic (popPK)
model developed from adult data was used to
describe the time course of nemolizumab
exposure and investigate sources of variability
in the PK profile of nemolizumab (details of the
model are provided in the Supplementary
Material). The pharmacokinetics of nemolizu-
mab were described by a one-compartment
model with linear elimination, a first-order
absorption, and a lag time. A moderate impact
of the dose was identified on the bioavailability
with an increase of bioavailability with
decreasing dose. Body weight was confirmed as
the main source of PK variability, impacting
both elimination (CL/F) and distribution (V/F),
with increasing body weight translating to
decreased systemic exposure. The albumin
plasma concentrations moderately impacted

CL/F. Estimates of the main population PK
parameters in adults are reported in Table 2.

The adult model was then used to predict the
nemolizumab individual PK profile in

Fig. 1 Average predicted and observed nemolizumab concentrations in adolescents and adults

Table 2 Nemolizumab serum pharmacokinetic parame-
ters estimated with popPK analysis (adolescent PK popu-
lation, N = 18)

Parameter Population
estimate in
adults

Mean (– SD) of
individual estimates in
adolescents

CL/

F (L/day)

0.324 0.325 (0.153)

Vd/F (L) 7.46 7.15 (2.24)

t1/2 (day) 16.0 16.7 (4.11)

ka (1/day) 0.592 0.402 (0.145)

Cmax (ng/

mL)

NC 5975.5 (2175.2)

AUCinf

(lg*day/

mL)

NC 111.4 (48.0)

NC not calculated, CL/F apparent clearance after
extravascular administration, Vd/F apparent volume of
distribution after extravascular administration, ka first-
order constant of absorption, t1/2 terminal half-life, Cmax

maximum drug concentration, AUCinf area under the
concentration–time curve to infinity
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adolescents using their baseline characteristics
(age, body weight, albumin levels) and dosing
history and then compared to the observed
data. As shown in Table 2 and Fig. 1, the popPK
model developed from adult data was able to
accurately predict nemolizumab PK in adoles-
cents. No impact of age was observed on esti-
mates for systemic clearance, volume of
distribution, constant of absorption, or terminal
half-life obtained with popPK modeling.

Immunogenicity

Overall incidence of ADA formation in the
adolescent population was limited, as only 1 of
18 subjects presented treatment-related ADA at
week 4. No ADA-positive sample had neutraliz-
ing antibodies. Importantly, serum nemolizu-
mab concentrations in ADA-positive subjects
were not different from those in ADA-negative
subjects.

Efficacy

There was an improvement in AD signs and
symptoms in subjects treated with nemolizu-
mab. The mean EASI score was reduced from
25.2 ± 7.2 at baseline to 8.0 ± 9.0 at week 16, a
66.5% (32.5) improvement (Fig. 2). In addition,
9/15 (60%) of subjects had a 75% response on
EASI (EASI75) score at week 16. Improvement in
the mean IGA was observed beginning at week 4
and continued to increase through week 16. By
week 16, seven subjects (35%) achieved IGA
success (0/1 or clear/almost clear plus C 2 grade

improvement). The mean SCORAD scores were
reduced from 63.0 at baseline to 30.0 at
week 16, a 50% reduction. Concomitantly,
there was a - 53% reduction in mean BSA
involvement from baseline to week 16, from
41.3% at baseline to 19.4% at week 16.

Improvements in pruritus were indicated by
PP-NRS and SD-NRS. There was an improve-
ment in PP-NRS by 43.2 ± 37% (from 6.9 at
baseline to 3.8 at week 16). By week 16, 5/10
(50%) of subjects were judged PP-NRS respon-
ders, defined as a weekly improvement in PP-
NRS score C 4 points. Better quality sleep was
demonstrated by a mean - 53.5% change from
baseline in SD-NRS.

PK/PD analyses showed that model-pre-
dicted efficacy (described by IGA, EASI, and PP-
NRS clinical assessments) was similar in ado-
lescents compared to adults (details of the
modeling are provided in the Supplementary
Material).

Biomarker Analyses

Supervised and unsupervised analyses (see Sup-
plemental Methods) on 30 AD-relevant
biomarkers were performed. In the supervised
analysis, six proteins were identified that were
significantly associated with EASI75 response:
CCL18, CCL20, CCL22, CCL27, IL1RA with
false discovery rate (FDR)\0.05, and VEGF-A
with FDR\ 0.10, where the FDR considered is
the minimum adjusted p value (interaction,
main effect). Four of these biomarkers (CCL20,
CCL22, CCL27, and VEGF) had changes that
were 1.9–3.5-fold higher in EASI responders

Fig. 2 Percentage change from baseline in EASI score at each study visit. ITT population
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than in EASI non-responders (all p\ 0.05,
Fig. 3). Although not significant from an FDR
criterion, CCL17 was also significantly different
between lesional and non-lesional skin in
EASI75 responders and was concomitantly
reduced post-treatment in week 16 lesional
skin. Further, CCL17 and CCL20 expression in
the SC were significantly associated with PP-
NRS (Fig. 4). Finally, unsupervised analysis
identified 15 proteins (including the six pro-
teins found by the supervised analyses) that
were significantly associated with EASI75
(p = 0.0041; Fig. 5). These included CCL18,

CCL20, CCL22, CCL27, CX3CL1, CXCL6,
CXCL8, CYSTATIN, FASL, GALECTIN, IL-11, IL-
21, IL-1RA, SPD, VEGF-A (Fig. 5). Biomarker
analysis showed no significant correlation
between the measured proteins in plasma and
clinical scores (data not shown).

Safety

Adverse events were experienced by 33.3% of
subjects (n = 6) and were primarily mild or
moderate in severity. There were no deaths and
three serious adverse events occurred in two

Fig. 3 Supervised analysis by mixed model repeated
measures (MMRM) of significantly regulated protein
biomarkers in stratum corneum with respect to EASI75.
The p value corresponds to the interaction between sample
type and EASI75 responders (Y; blue line) vs non
responders (N; red line). Least-square estimated means

(LS means) are shown with 95% confidence intervals for
each treatment in each skin condition (lesional/non
lesional baseline and week 16). For simplicity, only the
interaction p value is mentioned in the figure, but the
selection criterion is based on the minimum adjusted
p value (interaction, main effect)
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subjects (eczema, peripheral edema, and
staphylococcal skin infection); those two sub-
jects discontinued the study. There were four
adverse events of special interest, which were
experienced by two subjects and were infectious
eczematoid dermatitis, right leg edema,
staphylococcal skin infection, and bilateral leg
edema. None of the special interest adverse
events led to study discontinuation.

DISCUSSION

This was a phase 2, single-arm, open-label study
to evaluate the PK and safety of nemolizumab in
adolescents with moderate to severe AD and
severe pruritus. The PK results demonstrated in
this study are consistent with previous data
from studies of nemolizumab in adults with
moderate to severe AD and severe pruritus.

Fig. 4 Supervised analysis (MMRM) of the two signifi-
cantly regulated protein biomarkers CCL17 and CCL20,
in stratum corneum with respect to PP-NRS at week 12.
The p value corresponds to the interaction between sample
type and PP-NRS responders (Y; blue line) vs non
responders (N; red line). Least-square estimated means (LS

means) are shown with 95% confidence intervals for each
treatment in each skin condition (lesional/non-lesional
baseline and week 16). For simplicity, only the interaction
p value is mentioned in the figure, but the selection
criterion is based on the minimum adjusted p value
(interaction, main effect)

Fig. 5 Unsupervised analysis by non-negative tensor
factorization (NTF) on stratum corneum samples showing
fitted values from the NTF model (red = high expression,
blue = low expression, X = missing value). Proteins that

show significant changes over time and skin condition
appear in the left part of the heatmap, in contrast to more
stable proteins that appear in the right part
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Nemolizumab 30 mg treatment in adolescents
was associated with Cmax at 1–2 weeks after
injection of the 60-mg loading dose, while
steady state occurred at week 4 with Ctrough

ranging from 2935 ± 1029 ng/mL to
3292 ± 2018 ng/mL over the treatment period
up to week 16. Nemolizumab observed expo-
sures in adolescents were comparable to those
in adults receiving the same dosing regimens.
The PK profile of nemolizumab in adolescents
was described by a one-compartment model
with linear elimination and first-order absorp-
tion with a lag time. The popPK analysis con-
firmed a similar PK profile in adults and
adolescents and predicted a mean half-life of
16.7 ± 4.1 days. As for adults, the main intrin-
sic source of PK variability on exposure in ado-
lescents was body weight, impacting both
elimination (CL/F) and distribution (V/F), while
albumin only slightly impacted CL/F. Incidence
of ADA formation in the adolescent population
was limited, and no ADA-positive sample had
neutralizing antibodies.

The secondary objective of the study was to
evaluate the efficacy of nemolizumab and to
further characterize the relationship between
nemolizumab systemic exposure and clinical
efficacy endpoints (PK/PD relationship).
Although this study had a small sample size and
was open-label, efficacy data suggest that
nemolizumab improved signs/symptoms of AD
in adolescents to a degree comparable to adults.
Silverberg et al. reported a reduction in EASI
score of 68.5% at week 16 in adults treated in
nemolizumab, which is quite similar to the
66.5% observed in this study [17]. PK/PD mod-
els developed in adults were able to describe
nemolizumab individual efficacy profiles in
adolescents for clinical endpoints, providing
more evidence for similarity of exposure–re-
sponse in adolescents and adults. AD is a
heterogenous disease and defining clear
biomarkers of responsiveness is critical towards
elucidating and comparing the mechanism of
action of specific therapies. Biomarker analysis
in this study clearly identified a panel of AD-
related pro-inflammatory biomarkers (including
CCL17, CCL20, CCL22, CCL27, VEGF, IL-1RA,
and CCL18) that are upregulated in lesional

skin (as compared to non-lesional skin) and are
correspondingly downregulated in clinical
responders (as defined by EASI75 and PP-NRS
C 4) of nemolizumab. These biomarkers have
been previously reported as clear indicators for
disease severity and are likely major players in
AD pathogenesis. A recent review on behalf of
the International Eczema Council (IEC) indi-
cated that data for CCL17 currently has the
strongest evidence for correlation with AD
severity, but the report also discusses the roles
of CCL22 and CCL27 [18]. Notably, IEC sug-
gested that CCL22 may be the best biomarker of
disease response according to studies using dif-
ferent treatment approaches including crisa-
borole, cyclosporine, and fezakinumab [18, 19].
Interestingly, while CCL17 and CCL2 and
CCL27 have been shown to attract type 2 cells
to inflammatory sites [18, 19], CCL27 has been
described to induce the migration of skin-asso-
ciated memory T cells into cutaneous sites
[18–20]. While evaluating changes in biomark-
ers in subjects with moderate to severe AD
before and after oral Janus kinase/SYK inhibi-
tion, Pavel et al. observed changes in CCL20
and CCL22, among other markers [21]. Addi-
tionally, decreases in CCL17 and CCL18 by
dupilumab treatment were associated with
clinical improvement [19–21].

Study limitations include a small sample
size, the lack of a placebo control, and the open-
label design.

CONCLUSIONS

Nemolizumab PK and safety profiles in adoles-
cents with moderate to severe AD study are
consistent with previous data from studies of
nemolizumab in adults with moderate to severe
AD. PK/PD models demonstrate similar expo-
sure–response profiles in 12- to 17-year-old
adolescents and adults for three clinical end-
points (EASI, IGA, and PP-NRS). Nemolizumab
treatment reversed AD-related pro-inflamma-
tory biomarkers in skin, indicating that the
neuroimmune cytokine IL-31 is the central
mediator of multiple pathways in AD.
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