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Abstract

Dupilumab is a fully human monoclonal antibody directed against the interleukin (IL)-4 receptor α subunit (IL-4Rα) of
IL-4 heterodimeric type I and type II receptors that mediate IL-4/IL-13 signaling through this pathway. Blockade of these
receptors broadly suppresses type 2 inflammation associated with atopic/allergic diseases, including atopic dermatitis and
asthma. Six phase 1 studies investigated the pharmacokinetics, pharmacodynamics, safety, and tolerability of dupilumab
in healthy subjects. Two randomized, double-blind, placebo-controlled, sequential studies assessed safety and tolerability
of single escalating dupilumab doses administered intravenously or subcutaneously (one included various racial groups,
and one included exclusively Japanese subjects); 3 randomized, parallel-group, single-dose studies compared the phar-
macokinetic profiles of different dupilumab products and formulations after single subcutaneous doses; and one study
assessed dupilumab administered as fast versus slow subcutaneous injections.Dupilumab concentrations in serum were
measured in all studies, and total immunoglobulin E (IgE) and thymus- and activation-regulated chemokine (TARC) con-
centrations were measured in 2 studies as pharmacodynamic markers. Across the phase 1 studies, dupilumab exhibited
target-mediated pharmacokinetics consisting of parallel linear and nonlinear elimination,with the target-mediated phase
highly dominated by nonlinearity at lower drug concentrations. Systemic exposure and tolerability of dupilumab were
consistent irrespective of differences in product, formulation, or racial background. Dupilumab reduced circulating con-
centrations of total IgE and TARC, indicating blockade of IL-4Rα–mediated signaling. Dupilumab had a favorable safety
profile across the wide range of doses administered. Together, these findings support the continued development and
use of dupilumab in treatment of type 2 diseases.
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The prevalence of type 2 inflammatory diseases (pri-
marily atopic or allergic diseases such as asthma,
atopic dermatitis [AD], and eosinophilic esophagitis) is
increasing worldwide.1,2 Asthma affects approximately
300 million people worldwide,3 and the prevalence of
AD has tripled in industrialized countries during the
past 3 decades, with up to 30% of children and 10% of
adults being affected.4 Similarly, chronic rhinosinusitis
has been reported to affect approximately 15% of the
general population, of whom 20% to 40% have con-
comitant nasal polyposis,5 and eosinophilic esophagitis
has a prevalence of 13-49 per 100 000 and an incidence
of new cases up to 20 per 100 000 per year.6 In addition
to causing significant health problems for sufferers,
type 2 diseases are associated with significant social
and economic burdens.3,7-9 Furthermore, patients
are often affected by more than 1 of these diseases,
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which exhibit an increased incidence of atopy/allergy
and/or eosinophilia, suggesting a shared underlying
mechanism.10,11 It is now recognized that interleukin
(IL)-4 and IL-13 are among the central drivers in the
pathophysiology of type 2 inflammatory diseases, in-
cluding asthma, AD, nasal polyposis, and eosinophilic
esophagitis.1,11 This has focused attention on the use
of inhibitors of these pathways in the management of
these diseases.

Dupilumab is a fully human VelocImmune-derived
monoclonal antibody obtained frommice in which pre-
cise large-scale in situ replacements of the immunoglob-
ulin variable regions of mouse heavy and light chains
were performed on a human IgG4 backbone12,13 and di-
rected against the IL-4 receptor α (IL-4Rα) subunit of
IL-4 heterodimeric type I and type II receptors. These
receptors mediate IL-4 signaling (both type I and type
II) and IL-13 signaling (type II). As a dual antagonist
of both IL-4 and IL-13 signaling through this pathway,
dupilumab broadly suppresses type 2 inflammation.
Dupilumab is approved for patients aged �12 years in
the United States with moderate to severe AD inade-
quately controlled with topical prescription therapies
or, when those therapies are not advisable, for the treat-
ment of adult AD patients not adequately controlled
with existing therapies in Japan and for use in patients
aged �12 years with moderate to severe AD who are
candidates for systemic therapy in the EuropeanUnion.
Dupilumab is approved for patients aged �12 years in
the United States as an add-on maintenance treatment
formoderate to severe asthmawith an eosinophilic phe-
notype or with oral corticosteroid-dependent asthma;
in Japan for severe or refractory asthma where symp-
toms are inadequately controlled with existing ther-
apy; and in the European Union as add-on main-
tenance treatment for severe asthma with type 2 in-
flammation characterized by raised blood eosinophils
and/or raised fractional exhaled nitric oxide and in-
adequately controlled with high-dose inhaled corticos-
teroids plus another medicinal product for mainte-
nance treatment. Dupilumab is also approved in the
United States as an add-on treatment in patients aged
�18 years with inadequately controlled chronic rhinos-
inusitis with nasal polyps. Clinical trials in adults14-18

and adolescent populations19,20 with moderate to se-
vere AD, as well as in adult patients with asthma21-24

and chronic rhinosinusitis with nasal polyps,25,26 or
eosinophilic esophagitis,27 have demonstrated improve-
ments in disease outcomes during dupilumab treat-
ment, with an acceptable safety profile.

A population pharmacokinetics (PK) analysis in
healthy volunteers and patients with moderate to se-
vere AD showed that a target-mediated 2-compartment
model with parallel linear and Michaelis-Menten elim-
ination from the central compartment adequately de-

scribed the concentration-time profile of dupilumab.28

Dupilumab has a low volume of distribution and slow
rate of elimination, which are characteristic of IgG
antibodies in general. In addition to a nonspecific
high-capacity mechanism for pinocytosis and prote-
olytic degradation, monoclonal antibodies are subject
to target-mediated clearance involving specific interac-
tion with the target receptor29 (including, in the case of
dupilumab, those on the surface of circulatingmononu-
clear blood cells30) and are characterized by nonlinear
PK and acceleration of the elimination rate as anti-
body levels decline in the blood.29 The metabolic path-
way of dupilumab, on the other hand, has not been
characterized. However, because dupilumab is a mono-
clonal IgG4 antibody, degradation into small peptides
and amino acids via catabolic pathways similar to those
of endogenous IgG would be expected.31 Furthermore,
drug-drug interaction assessments between dupilumab
and cytochrome P450 (CYP) substrates (including sub-
strates of CYP3A, CYP2C19, CYP2C9, CYP1A2, and
CYP2D6) revealed no significant impact of dupilumab
on enzyme activities in patients with moderate to severe
AD.32

This article describes 6 phase 1 studies of dupilumab
in healthy adult subjects. The aims of these studies
were to assess the safety, tolerability, and PK profiles
of dupilumab in healthy adult subjects after single in-
travenous (IV) or subcutaneous (SC) doses; to exam-
ine the influence of body weight and race/ethnicity
(Japanese versus non-Japanese populations) on PK in
the absence of disease; to confirm the consistency of
systemic dupilumab exposure for products derived from
various manufacturing and formulation processes; and
to describe the pharmacodynamic (PD) responses of
biomarkers known to be dependent on IL-4 and IL-13
signaling, including total immunoglobulin E (IgE) and
thymus- and activation-regulated chemokine (TARC).

Methods
Details of the clinical trials presented here are sum-
marized in Table 1. All trials were conducted in accor-
dance with Good Clinical Practice Guidelines and the
Declaration of Helsinki. Investigational review boards
(IRBs) and ethics committees at each site approved the
study protocols and procedures (details of IRBs and
ethics committees are reported in Table S1). All subjects
provided written informed consent before their enroll-
ment into the studies.

Study Populations
The subjects were men and women aged 18-65
years, all of whom were healthy, as determined
by medical history, physical examination, and
clinical laboratory investigations. Use of effective



744 Clinical Pharmacology in Drug Development 2020, 9(6)

Table 1. Dupilumab Single-Dose Studies in Young Healthy Adults

Study Design and End Points
Dupilumab Product and

Dose Groups

R668-AS-0907
(NCT01015027)

� Randomized, double-blind,
placebo-controlled, ascending single IV and
SC dose

� Safety, tolerability, PK, serum total IgE,
serum TARC

� C1P1 product
� Single IV infusions at 1, 3, 8, and 12 mg/kg
� Single SC injections of 150 or 300 mg
� 6 subjects on dupilumab and 2 on placebo
per treatment group

TDU12265
(NCT01537653)

� Randomized, double-blind,
placebo-controlled, ascending single SC
dose in Japanese subjects

� Safety, tolerability, PK, serum total IgE,
serum TARC

� C2P1 product
� Single SC injections of 75 mg in 1 mL,
150 mg in 1 mL, 300 mg in 2 mL (2 × 1-mL
injections of 150 mg/mL) and 600 mg in
8 mL (4 × 2-mL injections)

� 6 subjects on dupilumab and 2 on placebo
per treatment group

PKM12350
(NCT01537640)

� Randomized, open-label, parallel group
comparison of 2 different dupilumab drug
products at 300 mg

� Safety, tolerability, PK

� Group A: C2P1 product at 300 mg
dupilumab in 2 mL SC (test)

� Group B: C1P2 product at 300 mg
dupilumab in 2 mL SC (reference)

� 15 subjects per treatment group

PKM14161 � Randomized, open-label, parallel group
comparison of 2 different dupilumab
products at 300 mg

� Safety, tolerability, PK

� Group A: C2P1 product at 300 mg
dupilumab in 2 mL from vials SC (reference
formulation and presentation)

� Group B: C2P1 product at 300 mg
dupilumab in 2 mL in prefilled syringes SC
(new formulation and presentation)

� 19 subjects per treatment group

PKM14271 � Randomized, open-label, parallel group
comparison of 2 different dupilumab
products at 200 mg

� Safety, tolerability, PK

� Group A: C2P1 product at 200 mg
dupilumab in 1.14 mL from vials SC
(reference formulation and presentation)

� Group B: C2P1 product at 200 mg
dupilumab in 1.14 mL in prefilled syringes
SC (new formulation and presentation)

� 19 subjects per treatment group

R668-HV-1108
(NCT01484600)

� Randomized, open-label study of dupilumab
given at 2 different rates of SC injection

� Safety, tolerability, PK

� A: C1P2 fast injection: 300 mg in 2 mL SC
during 30 seconds

� B: C1P2 slow injection: 300 mg in 2 mL SC
during 10 minutes

� 18 subjects per treatment group

CxPy indicates cell line x, process y; IgE, immunoglobulin E; IV, intravenous; PK, pharmacokinetics; SC, subcutaneous; TARC, thymus- and activation-
regulated chemokine.

contraception was mandatory in women of childbear-
ing potential. Selected inclusion and exclusion criteria
are listed in Table S2 in the online supplementary
material.

Study Design, End Points, and Statistical Analyses
All studies were conducted according to the following
scheme: prescreening of subjects from day −21 to day
−2, enrollment of suitable subjects on day −1, admin-

istration of dupilumab on day 1, and monitoring of
subjects for a period ranging from 57 to 85 days for
the different studies. Dupilumab injections were usually
given before 9 AM on day 1, after subjects had fasted for
�10 hours. Unless stated otherwise, all SC injections
were delivered in periumbilical quadrants at injection
rates comfortable to the subjects (20-30 seconds for a
2-mL injection); IV infusions were administered over a
2-hour period.
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In each study all randomized subjects were included
in the safety population, and all randomized subjects
without any major protocol deviations related to
administration of the investigational medicinal prod-
uct, for whom the primary PK data were considered
sufficient and interpretable, were included in the PK
population. Descriptive statistics were generated for
all measurements and derived PK parameters. PD
responses of biomarkers total IgE and TARC in serum
were assessed in the R668-AS-0907 and TDU12265
studies only; these biomarker data were not adjusted for
multiplicity, and thus, nominal P values are provided.
Where applicable, statistical analyses were performed
using SAS version 9 or higher (SAS Institute, Cary,
North Carolina).
R668-AS-0907 and TDU12265 Studies. These were

randomized, double-blind, placebo-controlled, sequen-
tial, ascending single-dose studies to assess the safety,
tolerability, and PK of single escalating doses of
dupilumab in healthy subjects (of various racial back-
grounds in R668-AS-0907 and exclusively Japanese in
TDU12265). In R668-AS-0907, dupilumab was formu-
lated as a lyophilized powder, which was then reconsti-
tuted to give a concentration of 50 mg/mL for IV or SC
injection; in TDU12265, dupilumab was formulated as
a 75 mg/mL or 150 mg/mL solution for SC injection.
Dupilumab doses in R668-AS-0907 were 1, 3, 8, and
12mg/kg IV and 150mg and 300mg SC; in TDU12265,
the doses were 75, 150, 300, and 600 mg SC.
PKM12350, PKM14161, and PKM14271 Studies. The

primary objectives of these 3 randomized, parallel-
group, single-dose studies were to determine and com-
pare the PK profiles of different dupilumab products
after a single SC dose. The secondary objectives were
to determine and/or compare the safety and tolerabil-
ity of the dupilumab products. PKM12350 compared
the SC PK of dupilumab from drug products derived
from 2 cell lines and purification processes (designated
C1P2 and C2P1; Table 1). The formulations for single
SC injection contained dupilumab at a concentration of
150 mg/mL in vials. PKM14161 and PKM14271 com-
pared the SC PK of dupilumab in 2 different formula-
tions (formulation I in the vial and formulation II in the
prefilled syringe) and presentations (vial and syringe).
In PKM14161 the dose delivered was 300 mg SC (2 mL
of 150 mg/mL dupilumab), and in PKM14271 the dose
of each product was 200 mg.
Study R668-HV-1108. The primary objectives of this

study were to assess the comparative safety and tol-
erability of dupilumab administered as fast or slow
SC injections. In the fast-injection group, subjects re-
ceived 300 mg/2 mL over 30 seconds via manual in-
jection, whereas in the slow-injection group, subjects
received the same dose over 10 minutes by syringe
pump. The secondary objective of this study was to

assess the comparative PK profiles of dupilumab after
fast or slow injection.

PK Analysis
Blood samples were collected at various time points
over 57 days (64 days in R668-HV-1108) to measure
concentrations of functional dupilumab in serum.
Serum concentrations of functional dupilumab (which
represent antibody molecules with at least 1 available
binding site, that is, the sum of free dupilumab [2
available binding sites] and dupilumab present in a 1:1
human IL-4Rα/dupilumab complex) were determined
using a validated ELISA method (Regeneron Pharma-
ceuticals, Inc., Tarrytown, New York).28,32,33 The lower
limit of quantification was 0.078 mg/L. The following
PK parameters were determined using noncompart-
mental methods: arithmetic mean of peak concentra-
tion (Cmax), median time to Cmax (tmax), and arithmetic
mean (±SD) of area under the concentration-time
curve to time of last measurable concentration
(AUClast, calculated using actual times). Noncompart-
mental analyses were performed using WinNonLin
software (WinNonLin Professional, version 5.2.1; Cer-
tara, Princeton, New Jersey) to derive PK parameters.
Postdose samples were ascribed a 0 when concentra-
tions were less than the lower limit of quantification.

PD Analysis
Serum samples were assayed (by Quest Diagnostics, Se-
caucus, New Jersey) using the ImmunoCAP (Phadia,
Uppsala, Sweden) platform for the measurement of to-
tal IgE and a validated commercial ELISA (human
CCL17/TARCQuantikine ELISAKit #DDN00; R&D
Systems Inc, Minneapolis, Minnesota) for the analysis
of TARC according to manufacturer’s instructions.

Safety and Tolerability
Safety was monitored through the recording of adverse
events (AEs), physical examinations, clinical laboratory
tests (hematology, biochemistry, and urinalysis), vital
sign assessments, local injection-site symptoms, and
standard 12-lead ECG recordings. Treatment-emergent
AEs (TEAEs) reported by either subjects or investiga-
tors were coded according to Medical Dictionary for
Regulatory Authorities (MedDRA, version 12 and newer
versions).

Injection-site reactions (pain, erythema, edema)
following injections of up to 2 mL of dupilumab
were assessed in studies PKM12350, PKM14161,
PKM14271, and R668-HV-1108. Pain was measured
on a 100-mm visual analog scale (VAS) ranging from
0 (no pain) to 100 (worst possible pain).34,35 Erythema
was measured as the maximum diameter in PKM12350
or on a 0-4 scale (0, none; 4, severe erythema) in R668-
HV-1108. Edema was measured as the maximum
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diameter in PKM12350 or on a 0-4 scale (0, none; 4,
severe edema) in R668-HV-1108. In the latter study lo-
cal pruritus and tenderness were assessed on a 100-mm
VAS. In PKM14161 and PKM14271, injection-site
reactions (pain, erythema, edema, induration) were
assessed on the 4-point scale (mild, moderate, severe,
potentially life-threatening) recommended by the US
Food and Drug Administration for the evaluation of
vaccines.36

Results
Subject Demographics
The 6 studies enrolled a total of 222 healthy adult sub-
jects, of whom 134 (60.4%) were male; the male pro-
portion varied from 33.3% in study R668-HV-1108 to
100% in study TDU12265 (Table S1). Baseline demo-
graphics and characteristics of the subjects are shown
in Table S1. Within each study, baseline characteris-
tics were comparable across treatment groups. Mean
body weight, a factor that could potentially influence
exposure to dupilumab, varied among the studies, rang-
ing from slightly less than 65 kg in the Japanese study
(TDU12265) to approximately 80 kg in the R668-AS-
0907 study (enrolling subjects of various racial back-
grounds) and in the 3 product comparison studies in
primarily white subjects (PKM12350, PKM14161, and
PKM14271). In addition, compared with the other
studies that enrolled predominantly white subjects,
most subjects in the R668-AS-0907 study were black
(Table S1). Furthermore, there were no critical or major
deviations from the study protocols.

PK of Dupilumab
Dupilumab PK After IV Administration. Mean

concentration-time profiles following single IV ad-
ministration of dupilumab from the ascending-dose
first-in-human study (R668-AS-0907) are shown in Fig-
ure 1A. The concentration-time profile of dupilumab
was characterized by a short distribution phase, a linear
β phase (indicating saturation of the target-mediated
pathway), and a terminal nonlinear target-mediated
elimination phase.

The PK parameters of functional dupilumab follow-
ing IV infusion of different doses of dupilumab are
summarized in Table 2. AUClast increased in a greater
than dose-proportional manner at lower doses, with
a trend toward a dose-proportional increase at higher
doses. The mean AUClast/dose ratio increased from
104 day·kg/L at a dose of 1 mg/kg to 244, 358, and
447 day·kg/L at doses of 3, 8, and 12 mg/kg, respec-
tively (Table 2; Figure 1A inset left 1). In contrast, Cmax

increased in an approximately dose-proportional man-
ner, reflecting a similarly dose-independent initial vol-
ume of distribution (Table 2).

Dupilumab PK After SC Administration. Concentration–
time curves following administration of single SC
dupilumab doses from the single ascending dose
first-in-human study (R668-AS-0907) are shown in
Figure 1A. After SC dosing, peak drug concentra-
tions were achieved 3-7 days after injection. AUClast

increased in a greater-than-proportional manner with
increasing dose (Table 2); thus the mean AUClast/dose
ratiowas 1.1 at 150mg and 2.0 day/L at 300mg (Table 2;
Figure 1A inset 2). However, the Cmax/dose ratio follow-
ing SC dosing was similar for the 150 mg and 300 mg
dose groups (mean 0.09 and 0.11 1/L, respectively,
Table 2), indicating approximate dose proportionality.

Studies PKM12350, PKM14161, and PKM14271
compared the PK profiles of different dupilumab
preparations (formulation and presentation). Func-
tional dupilumab exposure was similar for both the test
and reference dupilumab preparations in all 3 studies
(Table 3). For example, after a 300 mg SC dose in study
PKM12350, mean Cmax was 28.9 mg/L and 27.2 mg/L,
median tmax was 7.0 days and 7.0 days and AUClast

was 487.5 day·mg/mL and 500 day·mg/mL for the test
and reference dupilumab preparations, respectively (Ta-
ble 3). Studies PKM14161 and PKM14271 investigated
the PK of 300 mg and 200 mg dupilumab (the doses
used in phase 3 trials with dupilumab), respectively,
when reformulated to increase solubility and given SC
via prefilled syringes, versus the previous product pre-
sented in a vial/syringe. At both dose levels, the PK
parameters of the SC dupilumab product were simi-
lar for the 2 formulations in both studies. Furthermore,
AUClast and Cmax for the 300-mg dose were similar in
the PKM14161 and R668-AS-0907 studies despite a
change in manufacturing process and excipients in the
formulation (Tables 2 and 3).
Dupilumab PK Following Fast or Slow SC Injections.

Concentration-time profiles following dosing with
dupilumab 300 mg administered SC at fast (2 mL
in 30 seconds) or slow (2 mL in 10 min) injec-
tion rates in study R668-HV-1108 are shown in Fig-
ure 1B. Functional dupilumab exposure was similar for
dupilumab administered at both fast and slow injec-
tion rates, and the results were consistent with those
observed in the studies described above. The mean val-
ues with fast versus slow dupilumab injection rates were
34.4 mg/L versus 35.0 mg/L, respectively, for Cmax and
630 day·mg/L versus 530 day·mg/L, respectively, for
AUClast.Median tmax was 5.0 days (range 3.0-20.0 days)
after fast injection, and 6.9 days (range 2.9-7.2 days) af-
ter slow injection (Table 3).
Dupilumab PK in Japanese Subjects. Study TDU12265

investigated the PK of SC dupilumab in Japanese
subjects using an empirical power model. The
concentration-time profiles of the dupilumab 150-
and 300-mg SC doses (Figure 1C) were similar to
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Figure 1. Pharmacokinetics of single dupilumab doses.Mean concentration-time profiles following single IV and SC administration of
dupilumab in the ascending-dose first-in-human study (R668-AS-0907). Left inset shows the AUClast/dose ratio following IV dupilumab
administration, and right inset after SC dupilumab administration (A).Mean concentration-time profiles following fast or slow injection
of 300 mg SC dupilumab in the R668-HV-1108 study (B). Mean concentration-time profiles following ascending SC dupilumab doses
in the TDU12265 study in Japanese healthy subjects (C). The inset shows the AUClast/dose ratio following administration of the SC
dupilumab doses. Horizontal dashed lines represent the lower limit of quantification (LLOQ). Mean values below the LLOQ were
excluded. AUClast indicates area under the concentration-time curve to time of last measurable concentration; IV, intravenous; SC,
subcutaneous; SD, standard deviation.
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Figure 1. Continued.

those seen in study R668-AS-0907 (Figure 1A), with
peak drug concentrations being achieved on average
at 3-7 days after dosing. Elimination was dose and
concentration dependent. No functional dupilumab
was detectable in serum after 2 months.

The PK properties of dupilumab in Japanese sub-
jects following SC administration are consistent with
those expected from studies conducted outside of Japan
and are summarized in Table 2. Cmax and AUClast in-
creased 3.6-fold and 4.6-fold, respectively, with a 2-fold
increase in dose from 150 mg to 300 mg, whereas for an
8-fold increase in dose from 75 mg to 600 mg, Cmax and
AUClast increased 13.1-fold and 30.4-fold, respectively
(Table 2, Figure 1C inset).
Influence of Body Weight and Race/Ethnicity on the PK of

Dupilumab. Body weight and race/ethnicity are factors
that could potentially influence exposure to dupilumab.
Among the healthy subjects receiving dupilumab, body
weights ranged from 52.1 kg to 78.3 kg in the Japanese
study (TDU12265) and from 58.0 kg to 95.1 kg in
the R668-AS-0907 study, which enrolled subjects with
various racial backgrounds. A plot of dupilumab ex-
posure versus baseline body weight at 300 mg SC based
on data from the 2 phase 1 studies shows a trend of
decreasing exposure with increasing body weight (Fig-

ure 2A). However, when stratified between Japanese
and non-Japanese subjects, the exposure-to–body
weight relationship falls within the same continuum
as that observed for non-Japanese subjects. Plots of
the mean concentration-time profiles of functional
dupilumab following administration of 150-mg and
300-mg SC doses also show similar mean exposure
profiles in Japanese versus non-Japanese subjects in the
R668-AS-0907 and TDU12265 studies (Figure 2B).

Dupilumab PD
Total IgE Concentrations in Serum. Concentrations of

total IgE in serum were measured in studies R668-AS-
0907 and TDU12265. In both studies baseline total
IgE concentrations varied markedly between subjects
and treatment groups (Table S1). In R668-AS-0907,
median total IgE levels declined significantly in a
dose-dependent manner following dupilumab admin-
istration (nominal P = .005 for absolute change from
baseline, nominal P = .001 for percentage change from
baseline, Figure 3A). With the 2 highest IV doses, total
IgE continued to decline after the measurement at the
protocol-defined end-of-treatment visit, day 29. In
TDU12265, single SC doses of 75 mg or 150 mg had
no effect on the percentage change in total IgE from
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baseline, although there was a trend toward decreased
IgE levels following doses of 300 mg and 600 mg
(Figure 3B).
Concentrations of TARC in Serum. Concentrations of

TARC in serum were measured in studies R668-AS-
0907 and TDU12665. In both studies decreases in
TARC concentrations were observed following admin-
istration of dupilumab. In R668-AS-0907 both SC
doses resulted in a significant reduction in median
TARC concentrations, compared with placebo (nom-
inal P = .044 for 150 mg and nominal P = .047 for
300 mg). There was a marked reduction in TARC with
300 mg dupilumab at day 8 (nominal P = .052) and
day 29 (nominal P = .051) (Figure 3C). TARC mod-
ulation was significant, with 8 mg/kg at day 29 (nomi-
nal P = .029). In TDU12665 single SC doses between
75mg and 600mgwere associated with dose-dependent
reductions in median TARC concentrations compared
with placebo (Figure 3D).

Safety and Tolerability
In general, dupilumab was well tolerated and had a fa-
vorable safety profile across the wide range of doses ad-
ministered in the studies with healthy subjects, and the
majority of TEAEs were mild or moderate in severity.
Overall, themost commonly reported TEAEs (reported
asMedDRA preferred terms) were events of injection-
site reactions occurring in 0 to 66.7% of subjects receiv-
ing dupilumab across the studies and groups, as well
as headache (5.3% to 33.3%) (Table 4 and Table S3).
In the R668-HV-1108 study the incidence of injection-
site reactions was greater with slow injections than with
fast injections: injection-site induration in 66.7% versus
38.9% of subjects and erythema in 55.6% versus 16.7%
of subjects, respectively (Table 4 and Table S3). VAS
pain scores were low overall (a 20-mm shift on a 100-
mm scale being clinically relevant) and generally simi-
lar between the 2 groups. Additional AEs reported in
the studies are listed in Table S3.

Across all studies, there were no consistent clinically
relevant changes in physical examination findings, vital
signs, or clinical laboratory investigations.

Discussion
The 6 phase 1 studies were performed to character-
ize the PK, PD, safety, and tolerability of dupilumab
in healthy adult subjects after single-dose IV and SC
regimens and to assess the effects of manufacturing
and product changes on the PK of dupilumab. Total
IgE and TARC in serum, known to be dependent on
IL-4Rα–mediated signaling and to be associated with
type 2 inflammation,37,38 were measured as PD mark-
ers.We also preliminarily assessed the influence of body
weight and race/ethnicity on drug exposure.
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Table 3. Summary of the Pharmacokinetic Parameters of Functional Dupilumab Present With Different Dupilumab Preparations and
Rates of Injection

PKM12350 PKM14161 PKM14271 R668-HV-1108

Parameter
Unit of

Measurement

C2P1 300 mg Test
(Formulation I,
Ready to Use
Glass Vials)
(n = 15)

C1P2 300 mg
Reference

(Ready to Use
Glass Vials)
(n = 13)

C2P1 300 mg
Test

(Formulation II
in Prefilled
Syringe)
(n = 19)

C2P1 300 mg
Reference

(Formulation I
in Glass Vial)
(n = 19)

C2P1 200 mg
Test

(Formulation II
in Prefilled
Syringe)
(n = 19)

C2P1 200 mg
Reference

(Formulation I
in Glass Vial)
(n = 19)

C1P2 300 mg
Fast Injection
(Vial for SC
Use) (n = 18)

C1P2 300 mg
Slow Injection

(Vial for
Delivery via

Syringe Pump)
(n = 18)

Cmax, mean
± SD

mg/L 28.9 ± 9.1 27.2 ± 10.0 34.8 ± 17.5 34.3 ± 11.6 23.2 ± 7.8 22.8 ± 8.9 34.4 ± 10.3 35.0 ± 14.3

tmax, median
(min:max)

day 7.0 (3.0:10.0) 7.0 (2.0:10.0) 7.0 (3.0:14.0) 7.0 (3.0:10.0) 3.1 (2.9:10.0) 3.0 (1.0:7.2) 5.0 (3.0:20.0) 6.9 (2.9:7.2)

AUClast, mean
± SD

day·mg/L 487.5 ± 199.6 500 ± 179.2 587 ± 302 575 ± 235 339 ± 128 323 ± 132 630 ± 223 530 ± 233

AUClast indicates area under the concentration-time curve to time of last measurable concentration; Cmax, maximum concentration in serum; C1P2,
cell line 1, process 2 drug product; C2P1, cell line 2, process 1 drug product; IV, intravenous; SC, subcutaneous; and SD, standard deviation; tmax, time
to Cmax.

The first-in-human single-dose and multiple-
ascending-dose study R668-AS-0907 showed that the
concentration-time profile of functional dupilumab is
characterized by a short distribution phase followed
by a linear β phase and a terminal nonlinear elim-
ination phase. The slope of the elimination phase
of the dupilumab concentration-time curves was
steeper at the lower doses. Furthermore, as drug
concentrations declined, the slope of the elimination
curve became steeper; these changes in the slope
indicated a continuous increase in dupilumab clearance
as drug concentrations declined. This was reflected
in the mean AUClast, which increased in a greater
than dose-proportional manner with increasing dose,
indicating that the clearance is intrinsically greater at
lower plasma concentrations of dupilumab. Notably, in
the higher dose range, greater than dose-proportional
increases in AUClast were less evident, and the kinetics
of dupilumab appeared to approach linearity. All
of these observations are consistent with a saturable
target-mediated clearance pathway, which markedly
affects clearance at lower plasma concentrations but
not at concentrations sufficiently high to saturate that
pathway.39 It should also be noted that, based on
the AUC, the PK of dupilumab in monkeys, unlike
that in humans, is approximately dose proportional
(data on file, at Regeneron Pharmaceuticals, Inc., not
shown). Because dupilumab does not bind monkey
IL-R4α (data on file, Regeneron Pharmaceuticals,
Inc.), dupilumab elimination in monkeys is not subject
to target-mediated clearance, which is a reasonable
explanation for species differences in PK; this provides
additional evidence that the nonlinear PK profiles
observed in the healthy subjects (but not in monkeys)
are a result of binding to IL-4Rα.

With terminal target-mediated clearance of
dupilumab dominated by nonlinearity (ie, clearance
being highly concentration dependent), estimation

of the terminal elimination rate constant (and thus
the terminal elimination half-life) is dependent on
the concentration range studied and is therefore
not a constant value—except at concentrations high
enough to saturate the IL-4Rα, or extremely low
concentrations at which there is no target binding.29

Instead, such determination requires the application of
a PK model that describes the full concentration-time
profile over a range of doses and should be used to
predict these parameters of interest.40 Overall, the
PK profile for dupilumab resembles that of other
therapeutic monoclonal antibodies that display non-
linear target-mediated clearance, such as alirocumab41

or sarilumab.42 Our hypothesis before clinical stud-
ies in patients with moderate to severe AD15 and
patients with moderate to severe asthma22 was that
maximum efficacy would be observed at doses that
achieved dupilumab concentrations in serum sufficient
to achieve saturation of the IL-4Rα receptor, as
evidenced by linear/dose-proportional PK profiles.
In both diseases maximum efficacy was observed at
doses that yielded dose-proportional PK profiles,28,43

consistent with this hypothesis.
Furthermore, the PK of SC-administered

dupilumab remained uniformly similar across sev-
eral manufacturing-process and product changes as
the drug product evolved. This suggested that the
dupilumab concentration in the product, injection
volume, and formulation excipients had little or no
effect on absorption.

Consistent with the known effect of body weight
as a covariate influencing the exposure of mono-
clonal antibodies, the data presented here suggest a
diminished exposure with increasing body weight on
dupilumab PK. However, the effect of body weight
on exposure was modest within the range of adult
body weights in these studies. The enrolled Japanese
subjects had a lower body weight distribution and a



Li et al 751

Figure 2. Influence of body weight and ethnicity on pharmacokinetics of dupilumab:AUClast vs baseline body weight after administra-
tion of 300 mg SC dupilumab (A), and concentration-time profile of functional dupilumab after administration of 150 mg or 300 mg SC
dupilumaba (B) in Japanese and non-Japanese subjects in the TDU12265 and R668-AS-0907 studies.Horizontal dashed line represents
the lower limit of quantification (LLOQ). Mean values below the lower limit of quantitation were excluded. AUClast indicates area
under the concentration-time curve to time of last measurable concentration; SC, subcutaneous.
Standard error around the mean is presented.

lower mean body weight of 10 kg to 20 kg compared
with non-Japanese subjects in the data set described
here, consistent with body weight differences seen
in population studies.44 In consideration of possible
PK differences based on ethnicity, there were no
obvious differences in mean dupilumab concentra-
tions over time when stratified by Japanese versus

non-Japanese ethnicity. The distribution of individual
body weights versus exposure provides evidence that
Japanese and non-Japanese subjects of similar body
weight have similar exposure and PK to dupilumab;
thus, once corrected for body weight, no ethnicity-
related differences can be observed in the PK of
dupilumab.
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Figure 3. Total IgE and TARC levels in serum following dupilumab administration.Median percentage changes from baseline in total IgE
in R668-AS-0907 (A) and TDU12265 (B) and median percentage changes from baseline in TARC in R668-AS-0907 (C) and TDU12265
(D). IgE indicates immunoglobulin E; IV, intravenously; SC, subcutaneous; TARC, thymus- and activation-regulated chemokine.

Dupilumab was generally well tolerated with an
acceptable safety profile in healthy subjects; most
common TEAEs across the studies were events of
injection-site reactions and headache. In the R668-HV-
1108 study the slow injection (10 minutes) versus fast
injection (30 seconds) of dupilumab was associated
with higher rates of events of injection-site reactions
such as induration or erythema; however, there were
no significant differences in pain scores (measured on
a 100-mm VAS) between the groups. This is consistent
with findings reported by other studies, in which no sig-
nificant or clinicallymeaningful differences in perceived
pain of fast or slow SC injections of highly viscous
solutions were observed.45,46 This suggests that there is
no advantage in using slow injections to avoid potential
discomfort associated with SC administration.

Antagonism of IL-4 and IL-13 activity through the
IL-4Rα pathway with dupilumab resulted in decreases
in total IgE and TARC in serum in healthy subjects.
These data suggest that constitutive levels of these
biomarkers of type 2 inflammation are at least partially
dependent on IL-4Rα signaling, even in apparently
healthy populations. However, subjects were not
screened extensively for allergen sensitization or other
type 2-mediated inflammation before enrollment. A
standard reference range in healthy populations or a
clear clinical cutoff for TARC has not yet been well
established. In the R668-AS-0907 and TDU12265
studies, mean concentrations ranged from 206 pg/mL

to 638 pg/mL for TARC and 177 kU/L to 230 kU/L
for IgE, respectively.

Limitations of these studies include the fact that
comparisons between the studies involved small study
sizes and were not controlled for overall differences in
investigation sites or subject demographics. In addi-
tion, the observed changes in biomarkers may not be
entirely generalizable to patients with type 2 immune
disorders because they were conducted in healthy
subjects. However, the presence of unreported allergy
in the healthy subjects cannot be excluded, as a mild
allergic condition would not have precluded subjects
from participating in these trials. Furthermore, the
modest decreases in TARC and total IgE following
dupilumab treatment in healthy subjects do not reflect
the more robust suppression of these biomarkers
observed in patients in asthma,24 nasal polyposis,25,26

and AD14,47 trials, which have substantially higher
baseline concentrations of these markers (7722-11
360 pg/mL serum TARC; 3868-5641 IU/mL serum
total IgE).

Conclusions
Results from 6 phase 1 studies in normal, healthy,
human subjects showed that dupilumab was generally
well tolerated with an acceptable safety profile across
a wide range of doses administered via the SC or
IV route. Dupilumab exhibited target-mediated PK
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Table 4. Injection-Site Reactions Reported in Phase 1 Studies

HV1108 PKM12350 PKM14271

Eventsa

300 mg SC
Fast Injection
(n = 18)

300 mg SC
Slow Injection

(n = 18)

300 mg SC
C2P1

(n = 15)

300 mg SC
C1P2

(n = 15)

200 mg SC C2P1
(Formulation I)

(n = 19)

200 mg SC C2P1
(Formulation II)

(n = 19)

General disorders and
administration site
conditionsb

8 (44.4) 14 (77.8) 8 (53.3) 5 (33.3) 3 (15.8) 9 (47.4)

Injection-site
reactionc

... ... ... ... 3 (15.8) 8 (42.1)

Injection-site
erythemac

3 (16.7) 10 (55.6) 4 (26.7) 4 (26.7) ... ...

Injection-site
indurationc

7 (38.9) 12 (66.7) ... ... ... ...

Data reported as proportion of patients, n (%). C1P2 indicates cell line 1, process 2 drug product; C2P1, cell line 2, process 1 drug product;MedDRA,
Medical Dictionary for Regulatory Activities; SC, subcutaneous; TEAE, treatment-emergent adverse event.
aTEAEs reported occurred in �25% of patients in any treatment group in a study according to preferred term. TEAEs are summarized as MedDRA
system organ class and preferred term.
bSystem organ class.
cPreferred term.

consisting of parallel linear and nonlinear elimination
with a target-mediated phase highly dominated by
nonlinearity. There were no apparent differences in PK
and safety/tolerability profiles between Japanese and
non-Japanese populations. Dupilumab reduced con-
centrations of total IgE and TARC in serum, providing
a proof-of-mechanism of its action in early clinical
trials. Together, these results supported the continued
development and use of dupilumab for the treatment of
type 2 immune diseases such as asthma, AD, chronic si-
nusitis with nasal polyps, and eosinophilic esophagitis.
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