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Abstract

Background Laboratory testing is typically required for patients with atopic dermatitis (AD) treated with systemic immuno-
suppressants. A previous analysis of laboratory outcomes in randomized, double-blinded, placebo-controlled clinical trials
of dupilumab in adults with moderate-to-severe AD found no clinically important changes in hematologic, serum chemistry,
and urinalysis parameters, supporting the use of dupilumab without routine laboratory monitoring.

Objective The aim was to assess laboratory results in adolescents with moderate-to-severe AD treated with dupilumab in a
phase 3, randomized, double-blind, placebo-controlled trial.

Methods Adolescents aged > 12 to < 18 years with moderate-to-severe AD were randomized 1:1:1 to subcutaneous
dupilumab 200/300 mg every 2 weeks (q2w) (200 mg for patients < 60 kg at baseline; 300 mg for patients > 60 kg at base-
line); dupilumab 300 mg every 4 weeks (q4w); or placebo for 16 weeks. Laboratory evaluations included hematology, serum
chemistry, and urinalysis parameters.

Results Of 251 patients enrolled in the study, 250 received treatment and were included in the analysis. 4.7%, 2.4%, and 4.8%
of patients receiving placebo, dupilumab 200/300 mg q2w, and dupilumab 300 mg g4w, respectively, had laboratory abnor-
malities reported as treatment-emergent adverse events, none of which prompted discontinuation of study treatment or study
withdrawal. Mean eosinophil counts were elevated at baseline in all treatment groups. Patients in both dupilumab regimens,
but not the placebo group, showed mild transient increases in mean eosinophil counts above baseline that returned to near-
baseline values by week 16. Mean levels of lactate dehydrogenase trended towards the upper limit of normal at baseline and
decreased with treatment; greater decreases were seen in dupilumab-treated patients than placebo-treated patients. There were
no meaningful changes in other laboratory parameters, and none of the laboratory abnormalities were clinically significant.
Conclusion No clinically meaningful changes in laboratory parameters were seen in adolescents, similar to that observed in
adults. The findings of this study indicate no routine laboratory monitoring is required in this population prior to or during
dupilumab treatment.

Trial Registration ClinicalTrials.gov: NCT03054428.
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Systemic immunosuppressant medications used for
atopic dermatitis (AD), such as cyclosporine, methotrex-
ate, and other immunosuppressants, require baseline and
serial blood tests.

Previous analyses from randomized, double-blinded, pla-
cebo-controlled trials in adults with moderate-to-severe
AD have shown that dupilumab (a monoclonal antibody
that specifically blocks the shared receptor component
for interleukin-4 and interleukin-13) did not result in any
clinically meaningful changes in laboratory parameters
for hematology, serum chemistry, and urinalysis.

An analysis of laboratory parameters from a similar
randomized, double-blinded, placebo-controlled trial of
dupilumab in adolescents with moderate-to-severe AD
identified only clinically insignificant transient eosino-
philia and decreases in lactate dehydrogenase, support-
ing use of dupilumab in this age group without routine
laboratory monitoring for hematology, serum chemistry,
and urinalysis.

1 Introduction

The only systemic immunosuppressant treatments approved
for use in atopic dermatitis (AD) are corticosteroids in the
USA and cyclosporine in Europe, although these and other
systemic immunosuppressants have been used off-label for
severe AD refractory to topical therapy [1-3]. Treatment
with these drugs requires baseline and serial laboratory
monitoring [4, 5], which increases the treatment burden and
may reduce compliance.

Dupilumab is a targeted fully human VelocImmune®-
derived [6, 7] monoclonal antibody that specifically blocks
the shared receptor component for interleukin (IL)-4 and
IL-13, thus inhibiting signaling of both IL-4 and IL-13,
which are key and central drivers of type 2 inflammation
in multiple diseases [8, 9]. In randomized phase 3 trials
in adults and adolescents with moderate-to-severe AD,
dupilumab with or without topical corticosteroids improved
AD signs, symptoms, and patient quality of life with an
acceptable safety profile [10-15].

In a previous analysis of laboratory outcomes in clini-
cal trials of dupilumab in adults with moderate-to-severe
AD, there were no clinically significant changes in labora-
tory parameters, supporting the use of dupilumab in this
age group without routine laboratory monitoring [16]. We
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now report laboratory outcomes from a phase 3, randomized,
double-blind, placebo-controlled trial in adolescents with
moderate-to-severe AD.

2 Methods
2.1 Study Design, Patients, and Treatment

LIBERTY AD ADOL (NCT03054428) was a randomized,
placebo-controlled, double-blind, parallel-group, phase 3
trial [13]. The full study design, patient population, efficacy,
and safety outcomes have been previously reported [13]. In
brief, patients aged > 12 to < 18 years with moderate-to-
severe AD whose disease was inadequately controlled with
topical treatment or for whom topical treatment was inadvis-
able were randomized 1:1:1 to 16-week treatment with pla-
cebo every 2 weeks (q2w); dupilumab q2w (400-mg loading
dose followed by 200 mg q2w for patients with a baseline
weight < 60 kg; 600-mg loading dose followed by 300 mg
for patients with a baseline weight > 60 kg); or dupilumab
300 mg every 4 weeks (q4w) (600-mg loading dose). Topi-
cal corticosteroids and topical calcineurin inhibitors as well
as systemic medication for AD were prohibited except for
use as rescue medication for intolerable AD symptoms.
Specific exclusion criteria related to laboratory abnormali-
ties included platelets < 100 x 10°/L, neutrophils < 1.5 X
10%/L, creatine phosphokinase > 5 X upper limit of normal
(ULN), serum creatinine > 1.5 X ULN, or evidence of liver
disease indicated by persistent (confirmed by repeated tests
> 2 weeks apart) alanine aminotransferase (ALT) and/or
aspartate aminotransferase (AST) > 3 X ULN during the
screening period [13].

2.2 Ethics

The study was conducted following the ethical principles
derived from the Declaration of Helsinki, the International
Conference on Harmonisation guidelines, Good Clinical
Practice, and local applicable regulatory requirements. Writ-
ten informed consent was obtained from all patients and the
patients’ parents/guardians prior to commencement of any
study treatment.

2.3 Laboratory Measurements

Blood and urine were collected for laboratory monitoring at
baseline and weeks 4, 8, and 16. Hematology including red
blood cell, white blood cell, and platelet parameters; serum
chemistry including renal function, liver function, electro-
lytes, metabolic function, and lipids; and urinalysis assess-
ments (Table 1) were analyzed by a central laboratory (PPD
Global Central Labs LLC, Highland Heights, KY, USA).
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Investigators were instructed to report laboratory abnor-
malities as adverse events if one or more of the following
occurred:

e The test result was associated with accompanying symp-
toms.

e The test result required additional diagnostic testing or
medical/surgical intervention.

e The test result prompted dose adjustment (outside of
those stipulated by the protocol) and/or discontinuation
from the study.

e Management of the event required significant additional
concomitant drug treatment or other therapy.

The study drug was to be permanently discontinued in the

case of severe laboratory abnormalities, including:

e Neutrophils < 0.5 x 10°/L, platelets < 50 x 10°/L

e ALT and/or AST > 3 x ULN with total bilirubin
> 2 X ULN (unless the elevated bilirubin levels were
related to confirmed Gilbert’s syndrome)

e Confirmed AST and/or ALT > 5 X ULN persisting
> 2 weeks

If the laboratory abnormality was not suspected to be
related to the study drug, treatment was resumed when the
abnormality normalized; otherwise, the study drug was to
be permanently discontinued if the laboratory abnormality
was deemed drug related.

2.4 Statistical Analysis

This analysis used the safety analysis set, which included
all randomized patients who received one or more doses
of study drug. All statistics are descriptive, using an all-
observed values method without any imputation for missing
values; all statistics were computed based on the number of
available samples at each time point. Analyses included val-
ues at baseline and change from baseline by visit as means
with standard deviation (SD) or medians (min, max, inter-
quartile range); proportions of patients whose laboratory
values shifted between low, normal, or high by visit; and
a post hoc analysis of proportions of patients with grades
1, 2, 3, or 4 changes in key variables, i.e., red blood cell
parameters, platelets, eosinophils, neutrophils, alkaline
phosphatase (ALP), bilirubin, ALT, AST, creatinine, and
potassium. Unless otherwise indicated, grades are defined
as per Common Terminology Criteria for Adverse Events
Version 5.0 [17], where grade 1 is defined as mild, grade 2
as moderate, grade 3 as severe or medically significant but
not immediately life-threatening, and grade 4 as potentially
life-threatening. For eosinophilia, grades were defined as
per the Nordic MPN Study group recommendation, where

Table1 Laboratory parameters investigated in the
ADOL trial

LIBERTY AD

Parameters investigated

Reported units

Hematology

Red blood cell
Mean corpuscular hemoglobin concentration
Mean corpuscular hemoglobin
Mean corpuscular volume
Erythrocytes
Hematocrit
Hemoglobin

Platelets
Platelets

White blood cells
Basophils
Basophils/leukocytes
Eosinophils
Eosinophils/leukocytes
Leukocytes
Lymphocytes
Lymphocytes/leukocytes
Monocytes
Monocytes/leukocytes
Neutrophils
Neutrophils/leukocytes

Serum chemistry parameters

Renal function
Blood urea nitrogen
Creatinine
Urate

Liver function
ALT
ALP
AST
Bilirubin
Direct bilirubin
Indirect bilirubin
LDH

Electrolytes
Bicarbonate
Calcium
Chloride
Potassium
Sodium

Metabolic function
Albumin
CPK
Glucose
Protein

Lipids
Cholesterol
HDL

g/dL

pg

fL.

x 1012/L
%

g/L

x 10°/L

x 10°/L
%
x 10°/L
%
x 10°/L
x 10°/L
%
x 10°/L
%
x 10°/L
%

mmol/L
pmol/L
pmol/L

U/L
U/L
U/L
pmol/L
pmol/L
pmol/L
U/L

mmol/L
mmol/L
mmol/L
mmol/L
mmol/L

g/l
U/L
mmol/L
g/l

mmol/L
mmol/L
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Table 1 (continued)

Parameters investigated Reported units

LDL mmol/L
Triglycerides mmol/L
Urinalysis
Specific gravity n/a
Urine pH n/a

ALT alanine aminotransferase, ALP alkaline phosphatase, AST aspar-
tate aminotransferase, CPK creatinine kinase, HDL high-density lipo-
protein, LDH lactate dehydrogenase, LDL low-density lipoprotein,
n/a not applicable

grade 1 is defined as mild (> 0.5 to < 1.5 x 10%/L), grade
2 as moderate (> 1.5 to < 5.0 x 10°/L), and grade 3 as
severe (> 5.0 x 10%/L) [18]. A post hoc analysis evaluated
the correlation (r) of the maximum increase in eosinophil
counts across all visits versus baseline eosinophils, in log-
scale, with baseline in log-scale as a covariate; for maximum
post-baseline data that are less than or equal to the baseline
value, the log (analysis value/baseline) was set to 0. Sum-
mary statistics are provided for all variables in the electronic
supplementary material (ESM).

3 Results
3.1 Patients

A total of 251 patients were randomized, and 250 were
included in the laboratory safety analysis. One patient ran-
domized to the dupilumab g4w group who did not receive
study treatment was excluded. Baseline demographics
were similar across treatment groups (ESM Table S1), and
have been previously reported [13]. A total of 240 patients
(95.6%) completed the study. Ten patients had laboratory
abnormalities reported as treatment-emergent adverse events
(TEAES) (Table 2), none of which led to treatment or study
withdrawal.

3.2 Clinical Laboratory Parameters Reported
During the Treatment Period

3.2.1 Hematology

3.2.1.1 Red Blood Cells and Platelets Red blood cell
parameters were similar between treatment groups at base-
line (ESM Table S2a). There were no clinically meaningful
trends or differences between treatment groups in mean or
median changes from baseline in red blood cell parameters
(Fig. 1a; ESM Table S2a) and there were no clinically mean-
ingful differences between treatment groups in shifts from
baseline in any red blood cell parameter (data not shown)
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nor in the proportion of patients with grades 1-3 anemia
(ESM Table S2b) during the treatment period.

Platelet counts were similar among treatment groups at
baseline (ESM Table S2a). Total platelet count decreased
slightly over time, with mean changes of — 8.1, — 17.6, and
— 15.4 x 10°/L for the placebo, dupilumab 200/300-mg q2w,
and dupilumab 300-mg q4w groups, respectively (Fig. 1b;
ESM Table S2a). A higher proportion of patients in the
dupilumab groups than in the placebo group shifted from
a high count at baseline to normal by week 16; otherwise,
there were no clinically meaningful differences between
treatment groups in shifts from baseline in platelet counts
during the treatment period (ESM Table S2c). No patients
had grade 2 or higher changes from baseline (Table 3). None
of these changes were reported as TEAEs, and none were
associated with clinical events such as bleeding. Overall,
none of the patients had red blood cell or platelet laboratory
test abnormalities that led to treatment discontinuation.

3.2.1.2 White Blood Cells For all white blood cell param-
eters, counts were similar among treatment groups at base-
line (ESM Table S3a). There were no meaningful trends or
differences among treatment groups in leukocytes (Fig. 1c;
ESM Table S3a).

Mean eosinophil counts were elevated at baseline (0.8-0.9
x 10°/L; normal range 0-0.5 x 10%/L) in all treatment groups
(Fig. 1d; ESM Table S3a). Both dupilumab treatment groups
showed transient increases from baseline in mean eosinophil
counts, returning to near baseline values by the end of the
treatment period, whereas mean eosinophil counts decreased
from baseline in the placebo group (Fig. 1d). This pattern
was not observed for median change in eosinophil counts
(Fig. le, f), suggesting that the changes in the means were
driven by a minority of patients. These transient increases
in eosinophils had no clinical consequences. The propor-
tion of patients with shifts from normal eosinophil counts
at baseline to high eosinophil counts at week 16 was similar
among treatment groups (25.8%, 22.6%, and 21.4% for pla-
cebo, dupilumab q2w, and dupilumab q4w groups, respec-
tively) (ESM Table S3b). No patients had low eosinophil
counts (ESM Table S3b). Overall, the proportions of patients
with grades 1-3 eosinophilia were generally similar across
treatment groups (Table 4). At baseline, the proportions of
patients in the placebo, dupilumab q2w, and dupilumab q4w
groups with grade 1 eosinophilia were 45.9%, 47.6%, and
54.2%, respectively; proportions with grade 2 eosinophilia
were 15.3%, 12.2%, and 10.8%, respectively; and no patients
had grade 3 eosinophilia at baseline. At week 4, one patient
in the dupilumab 2w group had grade 3 (severe) eosino-
philia, and at week 8, one patient each in the dupilumab
g2w and gq4w groups had grade 3 eosinophilia (Table 4). By
week 16, the proportions of patients with grade 1 eosino-
philia in the dupilumab groups decreased to levels lower
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Table 2 Laboratory abnormalities reported as TEAEs

Primary system organ class TEAE by MedDRA PT Placebo (n = 85) Dupilumab 200/300 mg q2w  Dupilumab 300

(n=282) mg qdw (n =
83)
Number of patients with > 1 laboratory abnormalities reported 4 (4.7) 2(2.4) 4(4.8)
as TEAEs, n (%)
Blood and lymphatic system disorders, n (%) 1(1.2) 0 0
Anemia 1(1.2)% 0 0
Investigations, n (%) 2(124) 2(24) 3(3.6)
Blood creatine phosphokinase increased 1(1.2) 1(1.2) 224
Eosinophil count increased 0 0 1(1.2)°
Transaminases increased 1(1.2)° 1(1.2)¢4 0
Liver function test increased 1(1.2)°¢ 0 0
Metabolism and nutrition disorders, n (%) 0 0 1(1.2)
Hyperuricemia 0 0 1(1.2)f
Renal and urinary disorders, n (%) 1(1.2) 0 0
Proteinuria 1(1.2)2 0 0

ALT alanine aminotransferase, AST aspartate aminotransferase, MedDRA PT Medical Dictionary for Regulatory Activities Preferred Term, g2w
every 2 weeks, g4w every 4 weeks, TEAFE treatment-emergent adverse event, encoded according to MedDRA PT

#The patient had a normal hemoglobin level at baseline (10.6 g/dL, normal range 10.6-13.2 g/dL); the hemoglobin level was 9.3 g/dL at week
16. This TEAE was classified as mild in intensity and did not require any treatment or withdrawal of study drug

"The patient had an elevated baseline eosinophil count (2.940 x 10%/L, normal range < 0.5 X 10%/L) that further increased at week 8 (3.38 X
10°/L). Eosinophil counts decreased with continued treatment at week 12 (1.88 X 10%/L) and week 16 (2.09 x 10%L). This TEAE was classified
as mild in intensity and did not require any treatment or withdrawal of study drug

“The patient had an isolated elevated ALT level at baseline (118 IU/L, age-adjusted normal range 10—41 IU/L) that normalized by week 8 and
no other hepatic function abnormalities. This TEAE was classified as mild in intensity and did not require treatment or withdrawal of study drug
4The patient had normal baseline AST levels (29 IU/L, normal range 11-41 TU/L) and elevated baseline ALT (60 IU/L, age-adjusted normal
range 10—41 IU/L). Both ALT and AST levels increased at week 8 (ALT 118 IU/L, age-adjusted normal range 10—41 IU/L; AST 60 IU/L, age-
adjusted normal range 11-41 IU/L), which then normalized by week 16. This TEAE was classified as moderate in intensity and did not require
any treatment or withdrawal of study drug

®The patient had a normal AST level at baseline (16 ITU/L, normal range 11-41 IU/L) that increased to 258 IU/L at week 12 (age-adjusted nor-
mal range 1041 IU/L); AST level was 110 IU/L at week 16. This TEAE was classified as mild in intensity and did not require any treatment;
study drug was discontinued temporarily due to this TEAE

The patient had an elevated urate level at baseline (8.3 mg/dL, normal range 2.4—7.8 mg/dL) that increased to 9.1 mg/dL at week 8; the urate
level was 8.1 mg/dL at week 16. This TEAE was classified as mild in intensity and did not require any treatment or withdrawal of study drug

£The patient presented proteinuria level 1+ at baseline (30 mg/dL, normal level: negative). Proteinuria data at end of treatment were not avail-
able. This TEAE was classified as mild in intensity and did not require any treatment or withdrawal of study drug

than baseline—proportions were 50.0%, 43.2%, and 38.5%
in the placebo, dupilumab q2w, and dupilumab g4w groups,
respectively; proportions with grade 2 eosinophilia were
6.9%, 13.5%, and 12.8%, respectively; and one patient in the
dupilumab 2w group had grade 3 eosinophilia (Table 4).
One patient had a TEAE of eosinophilia, but no eosinophil
abnormalities were associated with clinically symptomatic
events or treatment discontinuation. Baseline eosinophil lev-
els were inversely correlated with the maximum increase in
eosinophil levels during the treatment period; this effect was
significant in the placebo group (R = —0.347 [95% confi-
dence interval {CI} — 0.428 to — 0.267]; p < 0.0001) and the
dupilumab 200/300-mg q2w group (R = — 0.156 [95% CI
— 0.280 to — 0.033]; p = 0.0138), but not in the dupilumab
300-mg g4w group (R = — 0.096 [95% CI — 0.244 to 0.052];
p = 0.2014). Patients with the lowest eosinophil counts at

baseline experienced the greatest increase during the treat-
ment period.

Neutrophil counts decreased slightly over time in all
groups, with mean changes from baseline of — 0.2, — 0.1,
and — 0.3 x 10°/L for the placebo, dupilumab 200/300-
mg q2w, and dupilumab 300-mg q4w groups, respectively
(Fig. 1g; ESM Table S3a). Neutrophils (ESM Table S3b) and
other white blood cell parameters (data not shown) showed
no clinically meaningful differences between treatment
groups in shifts from baseline during the treatment period.
Only one to two patients in each treatment group showed
transient grades 1-2 changes at any time point; one patient in
the dupilumab g4w group showed a transient grade 3 change
at week 8; no patients showed grade 4 changes (Table 5).

Overall, no patients had white blood cell laboratory test
abnormalities that led to treatment discontinuation, and there
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«Fig. 1 Hematology. a Mean change from baseline over time in eryth-
rocytes. b Mean change from baseline over time in platelets. ¢ Mean
change from baseline over time in leukocytes. d Mean change from
baseline over time in eosinophils. e Median change from baseline
over time in eosinophils. f Box plots of absolute eosinophil count
over time. Horizontal lines represent medians and X represent means.
Error bars show minimum and maximum values. The expanded inset
on the right shows a zoom in between 0.0 and 1.4. The dashed red
line represents the upper limit of normal. g Mean change from base-
line over time in neutrophils. /QR interquartile range, g2w every 2
weeks, g4w every 4 weeks, SD standard deviation

were no clinically meaningful trends or differences between
treatment groups in other white blood cell parameters during
the treatment period (ESM Tables S3a and S3b).

3.2.2 Serum Chemistry

There were no clinically meaningful trends or differences
between treatment groups in mean or median changes from
baseline or in serum chemistry parameters during the treat-
ment period (Fig. 2a—c; ESM Table S4a—e). Small, clinically
irrelevant variations were observed over time in all treat-
ment groups in serum creatinine, serum urate, creatinine
phosphokinase, serum potassium, serum bilirubin, serum
triglycerides, and total cholesterol (ESM Table S4a—e).

Mean levels of lactate dehydrogenase (LDH) trended
towards ULN at baseline and decreased from baseline
over time, with more pronounced decreases seen in the
dupilumab arms (Fig. 2a; ESM Table S5). A higher propor-
tion of patients in the dupilumab groups shifted from high
to normal values in LDH at week 16 (100% and 88.9% for
g4w and q2w, respectively) than the placebo group (75%;
ESM Table S5). Serum ALP levels were within normal
range at baseline and increased from baseline over time in
the dupilumab arms, whereas levels decreased in the placebo
arm (Fig. 2b; ESM Table S4d). For the other serum chemis-
try parameters, the proportion of patients who shifted from
normal to high in the treatment period was similar between
dupilumab and placebo treatment groups.

The proportions of patients showing grades 1-2 changes
were small and balanced across treatment groups in most
serum chemistry parameters, and no grade 3 or higher
abnormalities were reported for any serum chemistry param-
eters (ESM Table S6a—f). No grade 2 or higher abnormalities
were observed for serum ALP, and the proportion of patients
with grade 1 abnormalities for ALP at week 16 was low
and balanced across the dupilumab and placebo arms. There
were four TEAEs of blood creatine phosphokinase increased
(Medical Dictionary for Regulatory Activities Preferred
Term [MedDRA PT], one patient in the placebo group,
one in the dupilumab q2w group, and two in the dupilumab
g4w group); two TEAEs of transaminase increase (Med-
DRA PT; one patient each in the placebo and dupilumab

gq2w groups); one TEAE of liver function test increase
(MedDRA PT; placebo); and one TEAE of hyperuricemia
(MedDRA PT; dupilumab g4w) (Table 2). One patient in the
placebo group temporarily discontinued treatment due to a
transient increase in AST (Table 2); no patients treated with
dupilumab had relevant chemistry laboratory abnormalities
that led to treatment discontinuation.

3.2.3 Urinalysis

There were no clinically meaningful trends or differences
between treatment groups in mean or median changes from
baseline in urinalysis parameters during the treatment period
(ESM Table S7). A TEAE of mild proteinuria was reported
in one patient in the placebo group; this TEAE did not lead
to treatment discontinuation (Table 2).

4 Discussion

This analysis found no laboratory outcomes that were of
clinical concern and none that indicated a need for routine
laboratory monitoring of adolescent patients with moder-
ate-to-severe AD treated with dupilumab. Furthermore,
laboratory abnormalities reported as adverse events were
uncommon and did not lead to treatment withdrawal or study
withdrawal for any patient. In general, laboratory outcomes
in this adolescent patient population were similar to those
in adults [16].

Overall, there was a trend for a decrease in total platelet
count and total neutrophil count over time, similar to what
was previously reported in adults [16]. However, the median
values in each treatment group were within the normal refer-
ence range from baseline to week 16. There were no patients
who had grade 2 or higher decreases in platelet and neutro-
phil counts, and there were no clinically meaningful differ-
ences in the number of patients whose counts shifted from
normal to low in any of the treatment groups. Neutrophil and
platelet counts have been shown to be markers of inflamma-
tion in AD, and it is possible that the decrease in neutrophil
and platelet count over time was related to reduction in levels
of inflammation [19, 20].

Median eosinophil levels were higher at baseline (0.6-0.7
x 10%/L [above normal range of 0-0.5 x 109/L]) and other
time points in this study than median levels in the previous
analysis of studies in adults (0.3-0.4 X 10°/L) [16]. Eosino-
philia in blood and tissue is common in AD, and levels are
associated with AD severity [21-26]. A transient increase
in mean, but not median, eosinophil count was observed in
dupilumab-treated patients, which was not associated with
any clinically relevant consequences. The transient increases
in mean but not median eosinophil counts most likely reflect
a change in a minority of patients. The transient eosinophilia
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Table 3 Proportion of patients with grades 1-4 decreases in platelets, n1/N2 (%)

Time point Grade Placebo (n = 85) Dupilumab 200 mg/300  Dupilumab 300
mg q2w (n = 82) mg g4w (n =
83)
Baseline Grade 1 (mild): 75 x 10%L to < LLN 2/83 (2.4) 0/82 1/82 (1.2)
Grade 2 (moderate): 50 x 10%L to < 75 x 10°/L 0/83 0/82 0/82
Grade 3 (severe): 25 x 10%/L to < 50 x 10°/L 0/83 0/82 0/82
Grade 4 (potentially life-threatening): < 25 x 10%/L 0/83 0/82 0/82
Week 4 Grade 1 (mild): 75 x 10%/L to < LLN 1/75 (1.3) 0/78 1/78 (1.3)
Grade 2 (moderate): 50 x 10%/L to < 75 x 10°/L 0/75 0/78 0/78
Grade 3 (severe): 25 x 10%L to < 50 x 10°/L 0/75 0/78 0/78
Grade 4 (potentially life-threatening): < 25 X 10°/L 0/75 0/78 0/78
Week 8 Grade 1 (mild): 75 x 10%/L to < LLN 2/73 (2.7) 0/75 1/76 (1.3)
Grade 2 (moderate): 50 x 10%/L to < 75 x 10°/L 0/73 0/75 0/76
Grade 3 (severe): 25 x 10%L to < 50 x 10°/L 0/73 0/75 0/76
Grade 4 (potentially life-threatening): < 25 x 10%/L 0/73 0/75 0/76
Week 16 Grade 1 (mild): 75 x 10%/L to < LLN 1/69 (1.4) 1774 (1.4) 0/77
Grade 2 (moderate): 50 x 10%/L to < 75 x 10°/L 0/69 0/74 0/77
Grade 3 (severe): 25 X 10°/L to < 50 x 10°/L 0/69 0/74 0/77
Grade 4 (potentially life-threatening): < 25 x 10%/L 0/69 0/74 0777

Patients may have had a grade 1 change at more than one time point

LLN lower limit of normal, n//N2 number of patients with grade/number of patients assessed at that time point, g2w every 2 weeks, g4w every 4

weeks

Table 4 Proportion of patients with grades 1-3 eosinophilia, n1/N2 (%)

Time point Grade Placebo (n = 85) Dupilumab 200 mg/300  Dupilumab 300
mg q2w (n = 82) mg g4w (n =
83)

Baseline Grade 1 (mild): 0.50 x 10%/L to 1.50 x 10°/L 39/85 (45.9) 39/82 (47.6) 45/83 (54.2)
Grade 2 (moderate): > 1.50 x 10°/L to 5.00 x 10°/L 13/85 (15.3) 10/82 (12.2) 9/83 (10.8)
Grade 3 (severe): > 5.00 x 10%/L 0/85 0/82 0/83

Week 4 Grade 1 (mild): 0.50 x 10%/L to 1.50 x 10°/L 32/78 (41.0) 39/81 (48.1) 38/79 (48.1)
Grade 2 (moderate): > 1.50 x 10°/L to 5.00 x 10°/L 12/78 (15.4) 9/81 (11.1) 7/79 (8.9)
Grade 3 (severe): > 5.00 x 10°/L 0/78 1/81(1.2) 0/79

Week 8 Grade 1 (mild): 0.50 x 10%/L to 1.50 x 10°/L 35/76 (46.1) 34/76 (44.7) 29/78 (37.2)
Grade 2 (moderate): > 1.50 x 10°/L to 5.00 x 10°/L 9/76 (11.8) 15/76 (19.7) 15/78 (19.2)
Grade 3 (severe): > 5.00 x 10°/L 0/76 1/76 (1.3) 1/78 (1.3)

Week 16 Grade 1 (mild): 0.50 x 10%/L to 1.50 x 10°/L 36/72 (50.0) 32/74 (43.2) 30/78 (38.5)
Grade 2 (moderate): > 1.50 x 10°/L to 5.00 x 10°/L 5/72 (6.9) 10/74 (13.5) 10/78 (12.8)
Grade 3 (severe): > 5.00 x 10°/L 0/72 1/74 (1.4) 0/78

Grades cut-off values defined from Nordic MPN Study Group, 2012 [18]
Patients may have had grades 1-3 changes at more than one time point

nl/N2 number of patients with grade/number of patients assessed at that time point, g2w every 2 weeks, g4w every 4 weeks

observed is consistent with the hypothesis that dupilumab
blocks the migration of eosinophils into tissue by inhibit-
ing IL-4— and IL-13-mediated production of eotaxins but
not eosinophil production or egress from bone marrow. This
action results in a transient increase in circulating eosinophil
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counts—a finding consistent with other clinical studies of
dupilumab in AD [16], asthma [27, 28], and chronic rhi-
nosinusitis with nasal polyps (CRSwNP) [29]. In those tri-
als, most cases of eosinophilia had no associated clinical
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Table 5 Proportion of patients with grades 1-4 neutropenia, n1/N2 (%)

Time point Grade Placebo (n = 85) Dupilumab 200 mg/300  Dupilumab 300
mg q2w (n = 82) mg g4w (n =
83)
Baseline Grade 1 (mild): 1.5 x 10°/L to < LLN 1/85 (1.2) 1/82 (1.2) 0/83
Grade 2 (moderate): 1.0 x 10° to < 1.5 x 10°/L 0/85 1/82 (1.2) 0/83
Grade 3 (severe): 0.5 x 10°/L to < 1.0 x 10%/L 0/85 0/82 0/83
Grade 4 (potentially life-threatening): < 0.5 x 10°/L 0/85 0/82 0/83
Week 4 Grade 1 (mild): 1.5 x 10°/L to < LLN 2/78 (2.6) 1/81 (1.2) 1/79 (1.3)
Grade 2 (moderate): 1.0 x 10°/L to < 1.5 x 10%/L 0/78 0/81 0/79
Grade 3 (severe): 0.5 x 10°/L to < 1.0 x 10%/L 0/78 0/81 0/79
Grade 4 (potentially life-threatening): < 0.5 X 10°/L 0/78 0/81 0/79
Week 8 Grade 1 (mild): 1.5 x 10°/L to < LLN 0/76 1/76 (1.3) 0/78
Grade 2 (moderate): 1.0 x 10°/L to < 1.5 x 10%/L 1/76 (1.3) 2/76 (2.6) 0/78
Grade 3 (severe): 0.5 x 10°/L to < 1.0 x 10%/L 0/76 0/76 1/78 (1.3)
Grade 4 (potentially life-threatening): < 0.5 x 10°/L 0/76 0/76 0/78
Week 16 Grade 1 (mild): 1.5 x 10°/L to < LLN 1/72 (1.4) 0/74 0/78
Grade 2 (moderate): 1.0 x 10°/L to < 1.5 x 10°/L 0/72 0/74 1/78 (1.3)
Grade 3 (severe): 0.5 x 10°/L to < 1.0 x 10%/L 0/72 0/74 0/78
Grade 4 (potentially life-threatening): < 0.5 x 10°/L 0/72 0/74 0/78

Patients may have had grades 1-2 changes at more than one time point

LLN lower limit of normal, n//N2 number of patients with grade/number of patients assessed at that time point, g2w every 2 weeks, g4w every 4

weeks

consequences, and did not result in treatment interruption
or discontinuation.

Approximately 20% of patients had high LDH values
at baseline; median values decreased to a greater extent in
the dupilumab groups than the placebo group during the
treatment period, suggesting normalization of LDH in
dupilumab-treated patients compared with placebo, a pattern
also reported in the analysis of LDH in adults in dupilumab
clinical trials [16]. LDH is considered a marker of tissue
damage, and is strongly correlated with disease severity in
AD, Staphylococcus aureus colonization, and transepider-
mal water loss, as well as inversely correlated with stratum
corneum hydration [30-33]. A decrease in LDH values has
been shown to correlate with clinical improvements [16],
suggesting that this may signify an improvement in skin bar-
rier in the patients in this analysis.

Serum ALP levels were within normal range at baseline,
but were increased in dupilumab groups by approximately
9% at week 16. The absence of any other abnormalities in
ALT, AST, and bilirubin and the lack of grade 2 or higher
increase in ALP levels suggest that the increase in ALP is
not due to liver damage. ALP is considered a marker of
growth/bone turnover, especially in children and adoles-
cents, in whom ALP is high during periods of increased
growth velocity [34]. Interestingly, data from a randomly
sampled population of 264,326 children showed that mod-
erate-to-severe AD was associated with significantly shorter

stature in children [35], especially when accompanied with
sleep disturbances, but not in adolescents or adults, sug-
gesting that impaired growth velocity may not have a long-
term impact. In the present study, the relative increases in
ALP among patients in the active treatment groups suggest
enhanced growth or increased physical activity, possibly
related to improved AD.

The lack of clinically relevant laboratory abnormalities
differentiates dupilumab, a targeted IL-4/IL-13 inhibitor,
from currently used systemic immunosuppressants, which
require baseline and serial blood tests, adding to treatment
costs and burden on patients [4]. Although none of the
commercially available JAK (Janus kinase) inhibitors are
approved in pediatric patients, treatment with JAK inhibitors
for all currently approved indications in adults (theumatoid
arthritis, psoriatic arthritis, ulcerative colitis, and psoriasis;
at the time of drafting of this manuscript, JAK inhibitors
were not approved for AD in any age group) also requires
dose adjustment and serial blood tests [36—38].

This randomized, placebo-controlled clinical trial
included frequent laboratory assessments using a central
laboratory with validated assays. One limitation of this
analysis is that patients with laboratory values showing
evidence of severe liver and renal impairment and abnor-
malities in certain other laboratory values (e.g., platelets,
neutrophils, creatine phosphokinase, or serum creatinine)
during the screening period were excluded from entering
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the study. Another limitation is the relatively short 16-week
period of data collection. However, an open-label extension
trial including pediatric patients from all dupilumab AD
trials in children and adolescents is ongoing and will pro-
vide longer term laboratory safety data for this age group.
Finally, investigation of other laboratory parameters such
as biomarkers for AD in this population (e.g., IgE, thymus
and activation-regulated chemokine) will be addressed in
future publications.

5 Conclusions

Treatment with dupilumab did not result in any clinically
meaningful change in laboratory parameters in adolescents
with moderate-to-severe AD. The laboratory profile in these
adolescent patients was generally comparable to that seen in
adults [16]. These findings support that dupilumab treatment
does not require baseline or follow-up laboratory monitoring
for adolescents or adults. Because patient exclusion criteria
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nine aminotransferase, LDH lactate dehydrogenase, g2w every 2
weeks, g4w every 4 weeks, SD standard deviation

in this dupilumab trial may have limited the variability of the
study population, real-world evidence, including long-term
data, will provide additional valuable information on the
role of laboratory monitoring in dupilumab-treated patients
with AD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40257-020-00583-3.
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