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Abstract

The pharmacokinetics (PKs) and exposure-efficacy of dupilumab have not been
fully described for adults with atopic dermatitis (AD). Our objectives were to ana-
lyze the PKs and exposure—efficacy of dupilumab in adults with AD and compare
the results of Japanese and overall populations. Adults with moderate-to-severe
AD were randomly assigned to dupilumab (300 mg weekly [qw] or every 2weeks
[q2w], 200mg q2w, 300 mg every 4weeks [g4w], or 100mg g4w) or placebo for
16 weeks in a randomized, double-blind, placebo-controlled, dose-ranging phase
IIb trial (NCT01859988). This analysis included 379 patients (58 Japanese).
Functional dupilumab concentrations increased in a dose-dependent manner; at
lower concentrations, increases were greater than dose-proportional because of
nonlinear, target-mediated clearance. Dupilumab pharmacokinetics were com-
parable in Japanese and non-Japanese patients with similar body weights. Week
16 efficacy parameters, including Investigator’s Global Assessment score 0/1,
greater than or equal to 75% reduction from baseline in the Eczema Area and
Severity Index (EASI), and percentage change from baseline in EASI and pruritus
Numerical Rating Scale, generally increased with week 16 trough concentration;
the plateau of these exposure-efficacy relationships occurred for most patients
at exposures associated with the 300 mg q2w and 300 mg qw regimens. Japanese
ethnicity did not remain in the population PK model as covariate with or without
accounting for body weight differences. In Japanese and non-Japanese patients,
efficacy responses increased with week 16 dupilumab trough concentrations in
a similar manner. Dupilumab 300 mg qw and g2w regimens were recommended
for further evaluation in larger phase III studies.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Dupilumab, which blocks the shared receptor subunit for IL-4 and IL-13, has
shown efficacy with acceptable safety in type 2 immune diseases, such as atopic
dermatitis (AD). However, the pharmacokinetics (PKs) and exposure-efficacy of
dupilumab have not been fully described in adults with AD.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study aims to analyze dupilumab PKs and exposure-efficacy in adults
with AD and to compare the results in the Japanese population with the overall
population.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study is the first to characterize dupilumab exposure-response relationships
on efficacy end points in adult patients with AD. No statistically significant or
clinically relevant differences were observed in the central volume and elimina-
tion rate of dupilumab between Japanese and non-Japanese populations with and
without adjustments for weight. At week 16, efficacy responses increased asymp-
totically with increasing trough concentrations in Japanese and non-Japanese
patients.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

This study provides a more complete picture of the PK and exposure-efficacy
profile of dupilumab in adults with AD and confirms comparability between

INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory sys-
temic disease characterized by intense pruritus (itch)
and eczematous lesions.! AD is one of the most prevalent
chronic skin diseases, affecting up to 20% of people in de-
veloped countries at some point during their lives,' with
evidence of increasing prevalence.” The burden of AD is
considerable for patients and society; severe AD can lead
to substantial anxiety, depression, sleep loss, and impaired
quality of life for patients,” ultimately translating into a
high socioeconomic burden.?

Dupilumab, a fully human VelocImmune®-derived*’
monoclonal antibody, blocks the shared receptor subunit
for IL-4 and IL-13, thus inhibiting signaling of both IL-4
and IL-13. Dupilumab has shown efficacy with accept-
able safety in type 2 immune diseases, such as AD,% 10
asthma,'' "3 chronic rhinosinusitis with nasal polyposis,,14
and eosinophilic esophagitis.'””> The exposure-response
relationships of dupilumab have not been previously de-
scribed in the literature for adults with AD, the first type 2
disease indication for dupilumab.

Presentation of AD can vary in people of different racial
or ethnic origins. Filaggrin mutations, which are impli-
cated in disease severity, have been reported as being more
common in patients of Western origin compared with
patients from Japan.'®'” In addition, a more “psoriatic”

Japanese and non-Japanese populations.

phenotype of AD characterized by T-helper (Th) 17 and
Th22 activation, and a strong Th2 component is reported
more often in Asian patients with AD compared with pa-
tients of Western origin.'® Although the estimated prev-
alence of AD in Japanese adults ranges from 2% to 10%,
which is similar to that in most Western countries,'® 2>
it remains unknown whether critical differences exist in
the pathophysiology of AD in Japanese versus patients of
Western origin. Nevertheless, Japanese adults with AD ex-
perience substantial disease burden similar to adults with
AD in US and European countries compared with the gen-
eral population.*™

A subgroup analysis of clinical trial data in Japanese
patients with moderate-to-severe AD showed that dupi-
lumab improved signs and symptoms of AD with accept-
able safety, similar to the overall patient population.?
Because ethnic differences among populations may im-
pact the safety, efficacy, dose, and dosage of a medicine,
there is a need to assess potential pharmacokinetic (PK)
and exposure—-efficacy differences among specific ethnic
populations.?” For example, an assessment of PK differ-
ences of selected monoclonal antibodies in Japanese and
non-Japanese healthy volunteers found that most, but
not all, antibodies exhibited comparable behavior regard-
less of ethnicity.”®° Nevertheless, given the broad use of
dupilumab in treatment of type 2 inflammatory diseases
in Japanese and non-Japanese patients, the hypothesis of
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lack of a difference in the PKs, and exposure—efficacy of
dupilumab should be corroborated.

Here we analyze the PKs, pharmacodynamics (PDs),
and exposure-efficacy relationships of dupilumab
across multiple efficacy end points of AD from a multi-
center, randomized, double-blinded, placebo-controlled,
parallel-group, dose-ranging phase IIb study of adults
with moderate-to-severe AD (NCT01859988).* This study
was well suited for the primary objective of identifying
exposure—efficacy relationships, regardless of ethnicity,
as it used a wide range of dose levels resulting in a broad
range of dupilumab exposure across adult patients with
AD. As a secondary objective, we compared the PK and
exposure-efficacy relationships of the Japanese popula-
tion with the overall population.

METHODS
Study design

The design and patient population of the multicenter,
randomized, placebo-controlled, double-blinded, parallel
group, dose-ranging phase IIb study (NCT01859988) have
been previously described in detail.* Briefly, the study in-
cluded 380 patients aged greater than or equal to 18years
with moderate-to-severe AD that could not be adequately
controlled by topical medications or for whom topical
treatment was inadvisable. Among other inclusion cri-
teria, all patients were required to have an Investigator’s
Global Assessment (IGA) score of 3 or 4 at screening and
baseline visits.

Patients were randomly assigned (1:1:1:1:1:1) to receive
subcutaneous dupilumab 300mg weekly (qw), 300mg
every 2weeks (q2w), 200mg q2w, 300mg every 4weeks
(g4w), 100mg g4w, or placebo qw for 16 weeks, with a
subsequent 16-week follow-up period. On day 1, patients
assigned to receive the 100, 200, or 300mg dose of dup-
ilumab received a loading dose of 400, 400, or 600 mg,
respectively. To maintain blinding, patients assigned to
receive dupilumab q2w or g4w received volume-matched
placebo in the weeks that dupilumab was not adminis-
tered. Randomization was stratified by severity of AD
(moderate or severe) and region (Japan or the rest of the
world). Following the completion of the 16-week treat-
ment period, some patients enrolled in a subsequent open-
label extension study of dupilumab, starting at week 20.

The study was conducted in accordance with the
Declaration of Helsinki, the International Council for
Harmonization Good Clinical Practice guideline, and ap-
plicable regulatory requirements. An independent data
and safety monitoring committee conducted blinded
monitoring of patient safety data. The local institutional

review board or ethics committee at each study center
oversaw trial conduct and documentation. All patients
provided written informed consent before participating in
the trial.

PK assessment

The PK study population consisted of all patients who re-
ceived the study drug or placebo (safety population) and
who had at least one (nonmissing) postbaseline meas-
urement of functional dupilumab available for statistical
analysis. Predose blood samples were taken at baseline
and at study weeks 1, 2, 3,4, 6, 8, 10,12, 14, 15, and 16 (end
of the treatment period), then during the follow-up period
at weeks 18, 20, 22, 24, 26, 28, 30, and 32 (end of study), or
at the time of early termination if the patient discontinued
the study, or at unscheduled visits.

Serum samples for evaluation of functional dupilumab
were analyzed using a validated enzyme-linked immuno-
sorbent assay, as previously described.*® In this functional
assay, dupilumab was used as the assay standard and re-
combinant human IL-4Ra protein served as the capture
reagent. Dupilumab concentrations were measured of
dupilumab with either one or two unoccupied binding
sites (functional drug). The assay did not detect dupi-
lumab when both binding sites were occupied by soluble
IL-4Ro or when at least one site was presumably bound to
the membrane-bound IL-4Ra not present in serum. The
lower limit of quantitation of functional dupilumab is
0.078 mg/L in undiluted human serum.

Population PK analysis

A population PK analysis was performed using data from
the phase IIb dose-ranging study. The model and method-
ology have been described previously.* In this analysis,
Japanese ethnicity was tested as an additional covariate in
the model. As the new covariate was explored, all covari-
ates were reassessed. Covariate inclusion and exclusion
criteria were the same as those described previously (i.e., a
parameter remained in the model when the addition of the
covariate resulted in @ < 0.01 and removal of the covariate
resulted in a > 0.001).* As a steep target-mediated phase
caused an increased variability of the objective function
value (OFV) whereas the model remained stable,>*** the
Wald test was utilized to select covariates. The Wald test
performed well based on comparison to log-likelihood**
and on stability of Wald p values evaluated by changing
initial values of parameters.

In the population PK analysis, 296 of 318 patients on
active drug were included in the primary analysis dataset.
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Nine patients were excluded due to nonphysiological pro-
files (i.e., profiles look physiologically impossible due to
multiple outliers), eight patients were excluded because
they had moderate or high anti-drug antibody (ADA) titers
(6 of these 8 patients were non-Japanese), and five patients
were excluded because they had less than two observations
above the lower limit of quantification (LLOQ) level; pa-
tients with low ADA titers remained in the analysis. Overall,
5056 of 5657 dupilumab concentrations were used in the
analysis. Outliers and samples collected before the first dose
were excluded from the analysis. The same patients and
samples from the phase IIb study were used in the analysis,
as in the previously published model of integrated data.*
Visual predictive checks and standard model diagnostics,
including plots of observed versus predicted concentrations
and residual plots, were provided to demonstrate the mod-
el’s goodness-of-fit. The same data points and subjects were
excluded from the phase IIb data of the integrated analysis
used for regulatory submissions® and from the analysis of
phase IIb data in this paper. A sensitivity analysis with all
observations included in the dataset was performed for both
the cited and current analyses to confirm that the exclusion
of outliers and subjects who developed ADA did not impact
the primary results. The central volume and elimination rate
were response variables in the analysis of covariates.

Forward inclusion and backward elimination were ap-
plied to build both the base and covariate models. A pa-
rameter remained in the model when the addition of the
covariate resulted in a less than or equal to 0.01 and removal
of the covariate resulted in « less than or equal to 0.001.

Efficacy end points

The following efficacy end points were analyzed over
time through end of treatment (week 16) and end of
study (week 32) for the overall population to assess both
dose response and dissipation of effect: percentage of pa-
tients achieving IGA score 0 or 1 (0, clear, and 1, almost
clear) from baseline, percentage of patients achieving
greater than or equal to 75% improvement from baseline
in Eczema Area and Severity Index (EASI-75), mean per-
centage change from baseline in EASI, and mean percent-
age change from baseline in peak weekly average pruritus
Numerical Rating Scale (NRS) score. These end points
were analyzed only at week 16 in the Japanese population
due to the small sample size.

Exposure-efficacy analysis

Relationships between functional dupilumab exposure
and PD measures (treatment response) were assessed for

ASCPT

each treatment group. Dupilumab blocks signaling by
binding to target receptors, and its efficacy is related to
steady-state trough concentrations (Cyy4ugp); therefore, ob-
served dupilumab Cy,, at week 16 was selected as the
primary exposure metric. Exposure—efficacy relationships
were investigated using scatter plots of dupilumab expo-
sure versus drug effect for continuous efficacy end points
(percentage change from baseline in EASI and percent-
age change from baseline in peak weekly average pruri-
tus NRS score) or logistic regression (linear or nonlinear)
for binary efficacy end points (probability of achieving
IGA score of <1 and probability of achieving EASI-75).
Logistic regression converts a categorical binary end
point (e.g., IGA <1) into the probability—which is bound
and continuous—of achieving the categorical end point,
thereby enabling visualization of a continuous represen-
tation of a binary dependent variable versus a continuous
independent variable (e.g., drug concentration). In ad-
dition, logistic regression analysis allows for determina-
tion of the statistical significance of hypotheses that no
relationships exist between the binary response variable
and independent continuous or categorical independent
variables. Nonlinear logistic regression analysis of efficacy
end points used a nonlinear maximum effect (E,,,,) func-
tion (EO+E,,concentration)/(EC50+ concentration)
to characterize the exposure—-efficacy curve as well as to
allow for the placebo response above a probability of zero
and plateau below a probability of 1.

Statistical analysis

Efficacy outcomes included all observed values with
censoring after rescue medication use and missing val-
ues treated as nonresponders; by contrast, the published
primary analysis used the method of last observation
carried forward to account for data recorded after rescue-
treatment use for continuous end points.>’ Analyses
were performed using Statistical Analysis Software ver-
sion 9.4 (SAS Institute, Cary, NC) and R version 3.5.1
(R Foundation, Vienna, Austria).

RESULTS
Patients

Baseline demographics, efficacy, and safety results from
this study have been previously reported.** This PK and
exposure—efficacy analysis included 379 patients as-
signed to receive 16 weeks of treatment with dupilumab
and a Japanese subpopulation of 58 patients (Table 1).
All Japanese patients were enrolled at sites in Japan.
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Of note, mean weight and body mass index (BMI) were
lower in the Japanese population (mean weight range:
56.4-72.88kg; mean BMI range: 21.5-25.47kg/m?) com-
pared with the overall population (mean weight range:
74.0-80.6 kg; mean BMI range: 25.42-27.34kg/m? Table 1).

Dupilumab concentrations

Median concentrations of functional dupilumab in serum
are presented for all treatment groups by time point in
Figure 1a. In general, dupilumab exposure increased with
dose. At lower concentrations, the increases were greater
than dose proportional as a result of nonlinear, target-
mediated clearance; as the concentration increased and
became sufficient to saturate the target-mediated path-
way, concentrations increased in a dose-proportional
manner.

In patients receiving dupilumab g4w (100 or 300 mg),
the influence of loading dose on median concentration
rapidly declined and approached steady-state Cioyen
levels by week 8 (Figure 1a). In patients receiving dupi-
lumab 200 or 300 mg q2w, based on median concentration,
steady-state was achieved after the first dose (Figure 1a).
Patients receiving dupilumab 300mg qw after a 600 mg
loading dose achieved steady-state by week 14.

During the active treatment period (up to week 16),
the median exposure to functional dupilumab trended
numerically higher in Japanese than in non-Japanese pa-
tients, and Ci,gp levels were similar between the two pop-
ulations at the approved dose of 300mg q2w (Figure 1a).
Furthermore, Japanese and non-Japanese patients of a
similar body weight had comparable median Cy,g;, levels
of functional dupilumab at a given dose (Figure 1b). Week
16 Cirougn tended to be similar in Japanese and the overall
population (Table 2).

Population PK analysis

Due to the smaller sample size of this single study com-
pared with the sample size that was used to build the
original adult covariate model,*® race, EASI, and BMI did
not withstand the statistical inclusion or exclusion crite-
ria and did not appear in the list of the final covariates.
Weight, albumin, and ADA remained in the model. Based
on the inclusion/exclusion criteria,> Japanese ethnic-
ity did not remain in the model. The percent differences
in the population PK parameters (K., elimination rate;
V., central volume) between populations are presented
in Table S1. All percent differences were small and sta-
tistically insignificant with large relative standard error
expressed in percentage of the estimate (%RSE). These

findings were unchanged whether or not adjusted for the
other covariates, including weight, albumin, and ADA.

Visual predictive checks are presented by ethnicity
(Japanese and non-Japanese; Figure S1) and by treatment
group (Figure S2). Observed versus predicted concentra-
tions of dupilumab by population and by treatment group
are presented in Figures S3 and S4, respectively. Individual
weighted residuals by ethnicity and by treatment are pre-
sented in Figures S5 and S6, respectively. The diagnostic
plots indicated that the population PK model adequately
described the observed data. The sensitivity analysis per-
formed with all observations in the data (including outli-
ers) confirmed the primary results.

Pharmacodynamic and exposure-efficacy
analysis

Efficacy responses at week 16 are shown in Table 2 (over-
all and Japanese populations) and over time up to week
32, including the 16-week follow-up period in Figure 2a-d
(overall population only due to the small number of
Japanese patients in each dose group).* In general, effi-
cacy responses at week 16 tended to increase with dose
(placebo < dupilumab 100 mg g4w < 300 mg q4w < 200 mg
2w <300mg q2w < 300 mg qw), as previously reported.31

At week 16, the PD effects appeared to reach steady-
state in the dupilumab 200mg gq2w, 300mg q2w, and
300mg qw treatment groups, and signs of reaching the
maximum PD effect were observed with the largest
monthly dose of 300mg qw (Figure 2a-d). This observa-
tion is consistent with the Cyg S€en in the 300 mg q2w
and 300mg qw treatment groups, resulting from satura-
tion of the target-mediated clearance.

The 100mg q4w regimen resulted in similar PD-time
profiles as the other treatment groups through approxi-
mately week 6, at which point responses began to diverge.
This finding is consistent with (a) the decreasing dupi-
lumab concentrations in the 100 mg q4w regimen after the
initial concentrations achieved with the loading dose; and
(b) the lag time observed between PK and PD responses.
At week 16, the pruritus NRS score generally demon-
strated a greater dose response than did the EASI score.
The maximum effect on the pruritus NRS score occurred
earlier and returned to baseline faster than did the maxi-
mum effect on the EASI score, suggesting that the pruri-
tus NRS score was more temporally responsive to change
in dupilumab concentration.

Following the end of dupilumab treatment at week 16,
a reduction of efficacy improvements was seen as early as
week 18 for most doses, and clinical benefits were lost over
the course of the follow-up period as efficacy responses
trended toward baseline values by week 32 (Figure 2a—d).



@ | 2347

ASCPT

DUPILUMARB PK, PD, AND EXPOSURE-EFFICACY IN ADULTS

‘UOIIBIASP PIBPUE)S ‘(S SYOoM { AT0AD ‘Mib ‘s3j0om ¢
K19A9 ‘m7b oom A19A3 ‘mb fore0s Suney [eorowny ‘SYN ‘dnoid 1ad syusnyed ssoueder jo requunu ‘TN ‘dnoid 1od syusned Jo roquuinu (810} ‘N XIpU] AILISAS PUE BAIY BUWIZOY ISV ‘ShiewIap o1doje ‘qV :SUONRIAIqQY

*9SIMIDYIO PIJB)S SSA[UN ((JS) UBSW UT UIALS Te SIN[BA :9I0N

1) 8s (599 FD 8L Lnoo 0219 (81)6°S asaueder 51008
(SS9 (T2 L9 (€ 0L (61T)89 (6T1)L9 81 €9 [1e19A0 SUN smyunad a3e1ane A[yeam yead
(Ten) 6°ce (9en) 9Le s ey (Ler)seg Ty v9g (z81) 98¢ asoueder
(T1D) T0E (Sv1) 8°€€ (ss1)67CE (S'TD) ¥'6T (s€n)Tee (8€1) 6°CE [[e19A0 21028 [SVH
(6'9) €7C€ (L11) €82 (09) €'6C (T'TT) 692 (€6) 8°0¢ (6'L)sLe asoueder
(Ter) 8'se (S91) 982 (zen) 9'se (9T 1'LT (Lv1) 08 (Tyr)Tie 12ENNG) SIBd4 ‘(v JO uoneIng
(Le)sLee (8°€) 8€'ST Fe)L1TT (0'9) L¥'ST (D) L9TC (0°¢) 01T asaueder
(rs)eLse (09) ve'LT (09) z8'sT (Ts) st (T9)€Lse (sL)oeLe [Te12A0 /3 xoput ssew Apog
(T'IT) 09 (zo1)88°2L (08) 1129 (9°6T) S0'69 (S'1D) ¥°98 (0°TT) 6'6S asoueder
(08T) ¥'8L (T'61) 908 (6'L1) 0L (T'LD) 9L (6'12) 6°SL (8€2) 0'6L [Te19A0 3 JySrom
®LL)L (008) 8 (6'88) 8 (9°€9) L #9¢) ¥ (0sL)9 asoueder
(£'89) ¥ (Tv9) v (0'65) 9¢ (s'19) OF (€T9) ve (9°59) o [eI9A0 (%) u xos o[e N
SAlEN
URYSe[V/UBdLISWY
D1 (Te)e (6) € 0 (308 0 SAIEN/IOUIO
(9°02) €1 (r€0) ST (Le1) I (T€) st (s81) I (9t2) ST UBISY
URJLIOWY
(6'L)S (601) L (€e)c (6'91) TT (Te)e (86)9 UedLyV/oeld
(8'69) ¥ (S29) ot (TeL) v (0°09) 6€ (6'9L) 0S (9°59) oF AYM (%) u 208y
(99) gs¢ (#'8) 0'8€ (T9)T1E (€9)69¢ (L8)S¥e (T1D oL asaueder
(o) Tog (To'eT) v'6€ (6'1) 8°S€ (8°01) 8'9¢ (9'11) 99¢ (e cLe [eI9A0 s1eaf 03y
6=1IN/€9=N 0L = IN/¥9 = N 6=1IN/I9=N 1L = IN/S9 =N IL=1IN/S9 =N 8 =1IN/I9=N uonemdod JMSLIdIRIRYD
mb Surgog mzb Su gog mzb 8w goz mpb Swrgog mpb Swr o1 mb ogaserg

SOTSII9)ORIRYD TeOTUI[O pue soryderSowap aurfesed T ATIV.L



KAMAL ET AL.

(@)

200+

1804

160

Concentration (mg/L)

140

120

100

: End of treatment

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Week
Number of patients at each visit
—@— 100 mg q4w Japanese patients 11 10 10 10 9 9 8 8 8 8 8 9 9 9 9 9 9 9 9
- @ - 100 mg g4w non-Japanese patients 54 53 54 52 50 51 50 48 48 47 49 51 43 43 42 38 36 32 31
~@- 300 mg g4w Japanese patients 1119 111 " " " 10 10 10 10 10 10 9 9 9 9 9
- ® - 300 mg g4w non-Japanese patients 53 53 53 54 53 54 51 53 51 51 51 53 47 52 51 47 46 45 42
200 mg g2w Japanese patients 9 9 9 8 8 7 8 8 8 7 8 8 8 7 6 6 4 3 2
200 mg q2w non-Japanese patients 52 50 50 48 47 46 41 42 42 42 38 44 40 39 39 35 35 33 31
~@— 300 mg q2w Japanese patients 9 9 9 8 9 9 9 8 8 8 8 9 9 9 9 9 9 9 9
- @ - 300 mg q2w non-Japanese patients 53 53 53 53 53 52 52 51 52 50 48 52 52 50 49 47 43 44 41
~@— 300 mg qw Japanese patients 9 8 8 8 8 8 7 7 7 7 7 9 8 8 8 8 8 8 7
@® - 300 mg qw non-Japanese patients 53 53 53 53 51 51 51 50 53 51 51 53 49 48 49 48 49 45 42
(b)
Dupilumab 100 mg q4w
6 . L]
4 o .
L )
2 4
L]
0 e ®e ®wusencatme ®ouse o e e00 o wme o
Dupilumab 300 mg q4w
40 + °
o o®
304 , °© °® ° . °®
® . L] °
20 + .
®e e o %o L4
10 o %% ° o °
L] L]
0y © o
0+ . ® o e® o % o o° @ o
< Dupilumab 200 mg q2w
g 100 .
£ .
5 75 ° ° e,
= ° ® o
% 50 L . .0 ® o 0% °
° ° Y °
(9] E $ o
Q 25 o * Yo% ° 8 o0 °
c °
8 0+ . ° . . . . (Y
Dupilumab 300 mg q2w
125 LI . ¢
o8,
100 o °, * . ° o°
° e °
75 H :‘ 0 . o %o o .
50 - ° b o
) ° e o e °* °
25 ° L4 . .
. .
0+ ° . . ° . .
400
300
200
100
[ . . . .
T T T T T
50 75 100 125 150
Body weight (kg)

© Non-Japanese

© Japanese

32

10

10
44

31

42

45

FIGURE 1 (a)Median concentrations of functional dupilumab in serum by dose regimen for each time point in the overall population
in Japanese and non-Japanese patients; (b) the effect of body weight on trough concentrations of functional dupilumab at week 16 in
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FIGURE 2 (a) Percentage of patients with IGA score of 0 or 1 from baseline through week 32; (b) percentage of patients achieving
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improvement from baseline in EASI; IGA, Investigator’s Global Assessment; NRS, Numerical Rating Scale; qw, every week; q2w, every 2

weeks; q4w, every 4 weeks.

The probabilities of achieving an IGA score 0 or 1
or of achieving EASI-75 by concentration are shown in
Figure 3a,b, respectively. The probability of achieving these
end points increased asymptotically with Cyug, and was
highest prior to reaching the mean concentration achieved
by patients receiving the 300mg q2w regimen, regardless
of Japanese versus non-Japanese ethnicity. The exposure-
efficacy relationships between percentage change in EASI
score and percentage change in pruritus NRS score and dup-
ilumab concentrations are presented in Figure 3c,d, respec-
tively, showing that, in general, improvement of efficacy
parameters was seen with increasing exposure and that the
plateau of response for most patients occurred at exposures
associated with the 300 mg q2w and 300mg qw regimens.

DISCUSSION

Dupilumab PK parameters were comparable in Japanese
and non-Japanese patients in that exposure generally

increased with dose, butlower concentrations were charac-
terized by nonlinear target-mediated clearance. Exposure
to functional dupilumab trended numerically higher in
Japanese compared with non-Japanese patients during
the treatment period. However, the 300mg q2w regi-
men provided similar Cy,gy levels of dupilumab in both
Japanese and non-Japanese patients. Japanese and non-
Japanese patients of a similar body weight had compara-
ble Cirougn levels of functional dupilumab at a given dose.
In general, week 16 efficacy responses to dupilumab in the
overall population correlated dose-dependently with total
monthly dose and mean concentrations of dupilumab,
and efficacy diminished over the follow-up period. The
probability of response was comparable between Japanese
and non-Japanese adults, with small differences attribut-
able to differences in body weight.

In the population PK analysis, Japanese ethnicity did
not remain as a covariate in the final model. This finding is
consistent with the current dupilumab dosing guidelines,
showing the same posology in Japanese and non-Japanese
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patients with AD. The finding that Japanese ethnicity did
not impact the PK profile of dupilumab is consistent with
other studies reported in the literature assessing the im-
pact of Japanese ethnicity on the PK profile of monoclonal
antibodies.”*

Based on these results and other safety and efficacy re-
sults from this phase IIb study, dupilumab 300 mg qw and
q2w were selected to be investigated in phase III studies
in moderate-to-severe AD. The findings of these phase III
studies supported approval of the 300 mg q2w dosing regi-
men for adults with moderate-to-severe AD.*>*

The PK properties of dupilumab are known to be
nonlinear and characterized by target-mediated drug

disposition, with dupilumab clearance rapidly increasing
at lower concentrations.* Conversely, as systemic concen-
trations of dupilumab increase with increasing dose and
become sufficient to saturate the target-mediated pathway,
the kinetics of dupilumab can be described as linear be-
cause concentration increases proportionally with dose at
these high concentrations. The time course of dupilumab
serum concentrations after subcutaneous administration
has been described by a two-compartment model with
parallel linear and Michaelis-Menten elimination from
the central compartment and with transit-compartment
model of absorption, based on a population PK model
derived from early-phase studies in healthy volunteers
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and patients with AD.** The PK analysis described here
showed that the serum PK properties of dupilumab are
consistent with those previously reported.’® The current
analysis expanded on these findings and explored the re-
lationship between PK and PD parameters by using vari-
ous dupilumab regimens, results of which informed dose
selection for the phase III program.

Exposure-efficacy analysis of categorical efficacy
endpoints (IGA score 0 or 1 and EASI-75) as well as con-
tinuous end points (percentage change from baseline in
EASI and pruritis NRS scores) versus dupilumab Ciyyqp
at steady-state show that mean Cy;q,q €xposures associ-
ated with the 300 mg q2w regimen lie at or near the pla-
teau of these exposure-efficacy relationships. Moreover,
when analyzed by individual data, these analyses reveal
that both Japanese and non-Japanese patients receiv-
ing dupilumab 300mg q2w achieved maximal or near-
maximal response. Consistent with expectation, the
exposure-efficacy also shows that mean exposures as-
sociated with the 300 mg q2w regimen lie deeper in the
plateau of the exposure—efficacy relationship of the less
stringent efficacy end points (e.g., EASI-75) compared
with the more stringent endpoint of IGA score 0 or 1
(Figure 3a,b). Of note, variability in exposure explains
some, but not all, variability in response. Overall, these
exposure—efficacy analyses reveal that Japanese and
non-Japanese adults exhibit a similar exposure—efficacy
to dupilumab.

The purpose of the loading dose was to increase early
exposure of dupilumab in order to reduce the time to
achieve dupilumab concentrations sufficient to satu-
rate IL-4 receptors throughout the entirety of the dosing
interval, thereby achieving more rapid onset of effect.
Compared with the 200mg q2w, 100 mg q4w, and 300 mg
q4w regimens, the 300 mg qw and q2w regimens provided
optimal efficacy. These findings are based not only on ef-
ficacy endpoints but also on exposure—efficacy analyses.
The approved dupilumab dose coincides with the peak of
the exposure-efficacy curve in Japanese and non-Japanese
adults, showing that a certain amount of exposure to dupi-
lumab (Ciyoygn) s critical to effectively control AD in both
Japanese and non-Japanese adults.

Unlike prior analyses of this phase IIb trial,’! here, we
analyzed the efficacy results from the 16-week follow-up
period following the 16-week treatment period to assess
dissipation of effect. Reduced efficacy from week 16 (end
of treatment) to week 32 (end of study) occurred due to re-
duced mean concentration of dupilumab compared with
the peak of exposure, with the pruritus NRS score more
sensitive than the EASI score in reflecting reduced con-
centration based on data from the follow-up period. For
all but the highest monthly dose, dupilumab disappeared

from serum 6 weeks after discontinuation; therefore, regu-
lar dupilumab administration at the approved 300 mg q2w
regimen without treatment interruption is ideal to achieve
sustained efficacy.

This is the first report of the PK of dupilumab in
Japanese patients with moderate-to-severe AD. Exposure
was slightly higher in Japanese than in non-Japanese pa-
tients; however, this difference did not have clinical con-
sequences. Overall, the PK findings agree with published
results from healthy Japanese volunteers who received
dupilumab,’* whereas the safety and efficacy of dupi-
lumab in Japanese patients (included in this phase IIb
trial and phase III trials) were previously presented and
showed comparable data to the overall populations of the
trials.*

This analysis has some limitations. Although the data
support selection of the 300 mg q2w regimen, it is unclear
whether a subset of patients with higher body weight
and more severe baseline disease may benefit from more
frequent dosing. Furthermore, the sample size was rela-
tively small, especially in the Japanese subgroup. Finally,
some patients enrolled in a subsequent open-label exten-
sion study of dupilumab, starting at week 20, that may
have confounded efficacy outcomes during the follow-up
period.

In conclusion, this analysis showed that week 16 effi-
cacy parameters generally increased with week 16 trough
concentration; the plateau of these exposure—efficacy
relationships occurred for most patients at exposures as-
sociated with the 300mg q2w and 300 mg qw regimens,
regardless of ethnicity. Dupilumab 300mg qw and q2w
regimens were recommended for further evaluation in
larger phase III studies.
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