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ABSTRACT

Introduction: Etrolizumab is a novel, dual-
action anti-b7 integrin antibody studied in
phase 3 trials in patients with inflammatory
bowel disease. An autoinjector (AI) is being
developed in parallel to complement the prefilled
syringe with needle safety device (PFS-NSD) for
subcutaneous (SC) administration in these trials.
Here we demonstrate the comparable pharma-
cokinetics, tolerability, and safety of bothdevices.
Methods: This randomized, open-label, two-
part study in healthy participants evaluated the
comparability of etrolizumab exposure between
the AI and the PFS-NSD. Part 1 (pilot) involved a
small number of participants, and initial results
were used to finalize the design of the larger
part 2 (pivotal) study. In both parts, participants
were randomly assigned to receive a single SC
dose of etrolizumab 105 mg by AI or PFS-NSD.
Randomization was stratified by body weight.
Primary pharmacokinetic outcomes were Cmax,
AUClast, and AUC0–inf.

Results: One hundred and eighty healthy par-
ticipants (part 1, n = 30; part 2, n = 150)
received a single SC dose of etrolizumab by AI or
PFS-NSD. Primary pharmacokinetic results from
part 1 supported modification of the part 2
study design. Results from part 2 demonstrated
that etrolizumab exposure was equivalent
between devices, with geometric mean ratios
(GMRs) between AI and PFS-NSD of 102% (90%
confidence interval [CI] 94.2–111) for Cmax,
98.0% (90% CI 89.3–107) for AUClast, and
97.6% (90% CI 88.6–107) for AUC0–inf. Median
tmax and mean terminal t1/2 were also similar
between devices. GMRs and 90% CIs of all pri-
mary pharmacokinetic parameters were fully
contained within the predefined equivalence
limits (80–125%).
Conclusion: This pharmacokinetic study demo-
nstrated that single SC injections of etrolizumab
105 mg using an AI or a PFS-NSD resulted in
equivalent etrolizumab exposure and similar
safety and tolerability in healthy participants.
Taken together, these results support the use of
an AI for etrolizumab administration.
Trial Registration: NCT02996019.
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Key Summary Points

Why carry out this study?

Etrolizumab is a novel, subcutaneously
administered, dual-action anti-b7 integrin
antibody in development for patients
with inflammatory bowel disease.

An autoinjector (AI) is being developed to
complement the prefilled syringe with
needle safety device (PFS-NSD).

This open-label study assessed the
pharmacokinetics, safety, and tolerability
of etrolizumab delivered by PFS-NSD or AI
in 180 healthy volunteers.

What was learned from the study?

Single injections of etrolizumab 105 mg
using an AI or a PFS-NSD resulted in
equivalent etrolizumab exposure and
similar safety and tolerability in healthy
volunteers.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.13799711.

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic
gastrointestinal disease that can dramatically
affect quality of life and often necessitates
invasive surgery [1–3]. The two major forms of
IBD are ulcerative colitis (UC) and Crohn’s dis-
ease, two distinct conditions with partially
overlapping symptoms and etiologies [4]. Cur-
rent pharmacologic therapies for IBD are not
curative, may lose efficacy over time, and can
result in systemic side effects [4–6].

Etrolizumab is a novel, humanized, anti-b7
integrin antibody in development for patients
with UC and Crohn’s disease. Etrolizumab
selectively inhibits both a4b7:MAdCAM-1-
mediated lymphocyte trafficking to the gut
mucosa and aEb7:E-cadherin-mediated lym-
phocyte retention in the intraepithelial space,
thereby reducing consequent inflammatory
effects on the gut lining [7–9]. The safety and
efficacy of etrolizumab in patients with UC were
demonstrated in the phase 2 study EUCA-
LYPTUS [10]. Etrolizumab is under development
for Crohn’s disease [11]; phase 3 studies in
patients with moderately to severely active UC
have demonstrated that etrolizumab is well
tolerated. In most of these clinical trials, etroli-
zumab is administered as a 105-mg dose given
once per month by subcutaneous (SC) injection
using a prefilled syringe with needle safety
device (PFS-NSD).

Several studies have confirmed that many
patients and caregivers prefer prefilled autoin-
jectors (AIs) to other types of self-administra-
tion devices. Patients report increased
convenience and ease of use, reduced risk for
dosage error, reduction in injection-associated
pain, and increased compliance with AIs
[12–15]. This may be especially true in patients
with needle or injection anxiety who may prefer
a device that consistently keeps the needle out
of sight. Recently, a randomized crossover study
demonstrated that more than 70% of the stud-
ied patients with UC receiving golimumab
(Simponi; Janssen Biotech) preferred treatment
administration using an AI over a PFS, reporting
that the AI device was easier to use [15].

In parallel with the etrolizumab phase 3
studies, an AI is being developed with the goal
of improving the overall self-injection experi-
ence for patients receiving etrolizumab once
regulatory approval is received (Fig. 1). The
etrolizumab AI automatically inserts the needle
on contact with skin, keeping the needle out of
view at all times. Audio and visual features are
included to signal the completion of the injec-
tion and to assist users with self-injection.

The tolerability, usage, and performance of
the AI were first evaluated in a first-in-human
phase 1 study (NCT02629744). Results of this
study are published elsewhere (Tyrrell et al., Adv
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Ther 2021 (accepted)); in brief, the first-in-hu-
man study demonstrated that single SC injec-
tions of etrolizumab 105 mg using the AI were
well tolerated, associated with only mild pain,
and not associated with significant usage errors
(i.e., errors related to tasks required to perform
the injection and where the error could have a
reasonable likelihood of potentially negative
clinical consequences) in healthy participants.

The pharmacokinetic (PK) comparability
study (NCT02996019) presented here aimed to
demonstrate the comparability of etrolizumab
exposure following SC administration using the
AI and the PFS-NSD and to evaluate the safety
and tolerability of etrolizumab following SC
injection using both devices. Part 1 of the study
was an exploratory pilot cohort used to evaluate
the geometric mean ratio (GMR) and variability
of PK parameters for etrolizumab administra-
tion with the AI versus the PFS-NSD. Those
results informed the study design, including
sample size and study duration for part 2 (the

pivotal cohort). In part 2, the study aimed to
demonstrate exposure comparability between a
single dose of etrolizumab administered SC by
AI or PFS-NSD.

METHODS

Study Design and Procedures

This was a randomized, multicenter, open-label,
parallel-group study conducted in healthy par-
ticipants at three clinical sites within the USA
(Fig. 2). The design of this study was based on
US Food and Drug Administration (FDA) guid-
ance for bioavailability studies [16], and con-
sisted of a pilot cohort (part 1) and a pivotal
cohort (part 2) with a sample size sufficient for
80% power to detect the exposure difference (if
any) between the two device groups. In both
parts, healthy participants were randomly
assigned 1:1 to receive a single dose of

Fig. 1 Prefilled etrolizumab autoinjector
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etrolizumab 105 mg SC by either AI (test device)
or PFS-NSD (reference device). Etrolizumab was
administered by a health care professional into
the participant’s abdomen. Randomization in
both cohorts was stratified by body weight
(B 79.9 vs C 80 kg).

All procedures performed in studies involv-
ing human participants were in accordance
with the ethical standards of the institutional
and/or national research committee and with
the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all par-
ticipants included in the study. Study protocol,
informed consent forms, information given to
participants, participant recruitment materials,
and all relevant supporting information were
approved by the institutional review board
(Midlands Independent Review Board, Overland
Park, KS, USA) before study initiation.

Participants

Eligible healthy participants were men and
women between 18 and 55 years of age with a

body mass index (BMI) between 18.0 and
30.0 kg/m2. Volunteers with prior exposure to
etrolizumab or other anti-integrin agents (e.g.,
natalizumab, vedolizumab, efalizumab), anti-
mucosal vascular addressin cell adhesion
molecule 1 (MAdCAM-1) agents, immunosup-
pressive agents (e.g., methotrexate, azathio-
prine, mercaptopurine), or rituximab were not
eligible for inclusion. Volunteers were also
ineligible for inclusion if they had a history of
moderate or severe allergic or anaphylactic/
anaphylactoid reactions to chimeric, human, or
humanized antibodies; fusion or murine pro-
teins; or hypersensitivity to etrolizumab (active
drug substance) or any of the excipients (L-his-
tidine, L-arginine, succinic acid, polysorbate
20).

On the basis of results from the pilot cohort,
participants in the pivotal cohort also had to
have a body weight between 60 and 100 kg
(inclusive) at the time of study entry. Partici-
pants had to be in good health (no clinically
significant findings from medical history,
physical examination, 12-lead electrocardiog-
raphy, or vital signs).

Fig. 2 Participant disposition. AI autoinjector, AUC area
under the curve, PFS-NSD prefilled syringe with needle
safety device, PK pharmacokinetic, SC subcutaneous.

aExcluded because of eligibility criteria (weight restriction).
Participants were excluded from specific PK analyses
because of insufficient PK data for calculations
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Assessments and Outcome Measures

Blood samples for determination of etrolizumab
serum concentrations in parts 1 and 2 were
collected predose and 6 h postdose on day 1,
then on days 2, 4, 6, 8, 11, 15, 29, 43, 57, and 71
(study completion). The GMR and variability of
the maximum etrolizumab concentration
(Cmax), area under the concentration–time
curve from the time of drug administration to
the time of last measurable concentration
(AUClast), AUC extrapolated to infinity
(AUC0–inf), and ratio of AUClast to AUC0–inf

(AUCR) of etrolizumab were measured in part 1.
For part 2, Cmax, AUClast, and AUC0–inf were
measured as primary endpoints. Secondary PK
parameters included the time to maximum
concentration of etrolizumab (tmax), the termi-
nal elimination half-life (t1/2), and AUCR.

Blood samples for determination of antidrug
antibodies (ADAs) in parts 1 and 2 were col-
lected before dosing on day 1 and again on days
29, 57, and 71. Data from all ADA-positive
participants were included in the final PK sta-
tistical analysis unless the participant met the
predefined exclusion criteria for PK analysis.

Safety and tolerability assessments included
the incidence, nature, and severity of adverse
events (AEs), graded according to National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.03. The incidence
of injection site reactions, changes in vital
signs, physical examination findings, clinical
laboratory results, and ADAs were also assessed.

Bioanalytical Methods

Etrolizumab concentrations were measured
using a validated fluorescence immunoassay
(Gyrolab; Gyros Protein Technologies) that used
a minimum required dilution (MRD) of 1/100,
with a minimum quantifiable concentration of
80 ng/mL etrolizumab in sera from patients
with UC or Crohn’s disease and from healthy
volunteers.

Anti-etrolizumab antibodies in serum were
detected using a validated assay. This colorimet-
ric enzyme-linked immunosorbent assay used a
1/20 MRD and a monoclonal anti-etrolizumab

control antibody. Relative sensitivity of the
method was determined to be 12.0 ng/mL in the
sera of healthy volunteers. Drug tolerance of the
assay was established: 28 ng/mL of the positive
control ADA could be detected in the presence of
50 lg/mL etrolizumab.

Sample analyses for etrolizumab concentra-
tions and ADA levels were performed at ICON
(Whitesboro, NY).

Sample Size Determination

Enrollment of up to 30 healthy participants in
part 1 was planned to ensure at least 12 partic-
ipants in each arm (24 total) had evaluable PK
profiles to enable estimation of the GMR and
coefficient of variation (CV%) for PK parameters
(Cmax, AUClast, and AUC0–inf). Part 2 planned for
enrollment of 146 participants. Assuming a
dropout rate or unevaluable PK profiles from
approximately 10% of participants through
day 71, approximately 131 healthy participants
with evaluable full PK profiles were expected to
provide at least 80% power to demonstrate
exposure comparability for Cmax, AUClast, and
AUC0–inf based on the GMR and PK variability
outcomes from the part 1 pilot cohort.

Pharmacokinetic Analysis

PK parameters were determined from the serum
etrolizumab concentrations using noncompart-
mental methods and were performed using
Phoenix WinNonlin (version 6.4; Centara USA,
Inc.).

Statistical Analysis

The analysis population consisted of all partic-
ipants who received an SC injection of etroli-
zumab and who had an evaluable PK profile,
defined as sufficient samples available to accu-
rately determine key PK parameters. In partic-
ular, participants who discontinued the study
early, on or before day 15, were considered not
to have an evaluable PK profile. Participants
without an available sample to determine the
concentration of day 71 were excluded from
statistical analysis of AUClast; participants with
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fewer than three available samples among days
28, 43, 57, and 71 were excluded from statistical
analysis of AUC0–inf.

Descriptive, exploratory analysis of PK
parameters was carried out with data from
part 1 (pilot), with a focus on evaluating GMR,
CV%, and distribution of AUCR to inform the
part 2 (pivotal) sample size and final study
design. Only data from the pivotal cohort
(part 2) were included in the comparability sta-
tistical analysis. In part 2, an analysis of vari-
ance, including treatment as the fixed effect,
was performed to assess comparability of Cmax,
AUClast, and AUC0–inf between the AI and PFS-
NSD groups. Data for Cmax, AUClast, and
AUC0–inf were natural log (ln)-transformed
before analysis, and the 90% CIs of the GMRs
for the AI group compared with those from the
PFS-NSD group were calculated by taking the
antilog of the corresponding 90% CIs for the
differences between the means (log scale).
Exposure between the AI and PFS-NSD groups
met PK comparability criteria if the 90% CIs of
the GMRs for Cmax, AUClast, and AUC0–inf were
all within the prespecified limits of 80–125%.
These limits and the overall approach of evalu-
ating PK comparability via 90% CIs of GMRs for
selected PK parameters were adopted in accor-
dance to guidance from the FDA for bioequiv-
alence studies [16, 17].

RESULTS

Pharmacokinetics: Pilot Study (Part 1)

All 30 participants enrolled and randomly
assigned in part 1 received a single 105-mg SC
dose of etrolizumab by AI (n = 15) or PFS-NSD
(n = 15). Twenty-seven participants completed
the study; two participants (one in each arm)
discontinued earlier because of loss of follow-up
and one (PFS-NSD arm) discontinued because of
a serious AE (seizure) 32 days after receiving
etrolizumab; this AE was not reported by the
investigator as related to etrolizumab treatment.
Participant characteristics are shown in Table 1.
In the overall cohort, most participants were
male (63.3%) and white (70.0%). The body
weight and age of participants differed between

treatment arms; the mean body weight was
79.7 kg in the AI arm and 74.3 kg in the PFS-
NSD arm, and the mean age was 42 years in the
AI arm and 34 years in the PFS-NSD arm.

Given that body weight appears to impact
etrolizumab exposure, especially AUC0–inf

(Fig. 3), the imbalance in body weight between
treatment arms could potentially bias assess-
ment of GMR values of primary PK parameters
and PK variability. Therefore, participants in the
pilot cohort with a body weight lower than
60 kg (n = 4) or higher than 100 kg (n = 1) were
excluded from the exploratory analysis, with
the aim to evaluate GMR and CV% of PK
parameters used to guide the determination of
final sample size for pivotal study (part 2). The
PK-evaluable population meeting the body
weight restriction of 60–100 kg in part 1 inclu-
ded 14 participants in the AI arm and 11 par-
ticipants in the PFS-NSD arm. As expected,
when body weight range between the two arms
was balanced, GMR (CV) values of the AI versus
PFS-NSD groups were 0.96 (29.9), 1.02 (33.4),
and 1.02 (34.2) for Cmax, AUClast, and AUC0–inf,
respectively (Table 2). Hence, the sample size for
the pivotal cohort was calculated on the basis of
these GMR and CV% values, and a body weight
restriction was added for the part 2 study as an
inclusion criterion. Furthermore, all partici-
pants had AUCR values greater than 80% (data
not shown), which met the requirement for a
bioequivalence study as stated in the FDA
guideline [17], and hence resulted in modifica-
tion of the last day of the pivotal study from
day 85 (the originally planned date) to day 71.

Pharmacokinetics: Pivotal Study (Part 2)

In the pivotal cohort, 150 (100%) of the enrol-
led and randomly assigned participants received
a single SC 105-mg dose of etrolizumab by AI
(n = 74) or PFS-NSD (n = 76). Eight participants
discontinued the study, five because of loss of
follow-up (three in the AI arm, two in the PFS-
NSD arm), one because of the protocol violation
of not meeting body weight criteria (PFS-NSD
arm), and two (one in each arm) because they
withdrew. In part 2 (including both arms),
53.3% of participants were male, 60.7% were
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white, and 36.0% were African American.
Treatment arms were well balanced for body
weight and age; mean body weight was 76.2 kg
in the AI arm and 76.3 kg in the PFS-NSD arm,
and mean age was 35 years in the AI arm and
37 years in the PFS-NSD arm (Table 1).

Etrolizumab serum concentrations over time
for the AI and PFS-NSD groups are shown in
Fig. 4; PK parameters are summarized in Table 3.
GMRs between the AI and PFS-NSD groups were
102% (90% CI 94.2–111) for Cmax, 98.0% (90%
CI 89.3–107) for AUClast, and 97.6% (90% CI
88.6–107) for AUC0–inf (Table 4). The 90% CIs of
the GMRs for each of these primary PK param-
eters were within the predefined equivalence
limits of 80–125%, which meets the predefined
comparability criteria and supports equivalent
exposure of etrolizumab between two device
groups. The results also demonstrated compa-
rable median time to maximum observed con-
centration (tmax, 5.04 vs 6.97 days) and mean

terminal elimination half-life (t1/2, 11.8 vs
12.2 days) between AI and PFS-NSD groups. PK
profiles of ADA-positive participants appear to
be similar to those of ADA-negative participants
(Fig. 5).

Safety

Twenty-nine participants from the pilot cohort
(15 in AI group, 14 in PFS-NSD group) and 148
participants in the pivotal cohort (73 in AI
group, 75 in PFS-NSD group) were evaluable for
the postbaseline ADA assessment. At baseline,
no patients in the pilot cohort and 5.3% of
patients in the pivotal cohort (8/150; five in AI
group, three in PFS-NSD group) had a positive
ADA test result. The overall incidence of treat-
ment-emergent ADAs among evaluable partici-
pants after baseline was 20.7% (6/29
participants) in the pilot cohort and 29.7%
(44/148 participants) in the pivotal cohort and

Table 1 Participant characteristics

Pilot cohort (part 1) Pivotal cohort (part 2)

AI
(n = 15)

PFS-NSD
(n = 15)

AI
(n = 74)

PFS-NSD
(n = 76)

Mean age (min, max), years 42 (28, 54) 34 (20, 53) 35 (21, 55) 37 (19, 55)

Mean weight (min, max), kg 79.7 (65.1, 108.8) 74.3 (50.8, 92.1) 76.2 (61.0, 99.4) 76.3 (55.90, 97.5)

Mean height (min, max), cm 172 (154, 191) 174 (155, 195) 170 (151, 193) 171 (152, 189)

Mean BMI (min, max), kg/m2 26.8 (23.2, 29.9) 24.5 (20.6, 29.2) 26.3 (20.4, 30.0) 26.2 (19.2, 29.9)

Sex, n (%)

Male 9 (60.0) 10 (66.7) 40 (54.1) 40 (52.6)

Female 6 (40.0) 5 (33.3) 34 (45.9) 36 (47.4)

Race, n (%)

Asian 0 0 2 (2.7) 1 (1.3)

Black/African American 5 (33.3) 4 (26.7) 31 (41.9) 23 (30.3)

White 10 (66.7) 11 (73.3) 40 (54.1) 51 (67.1)

Unknown 0 0 1 (1.4) 1 (1.3)

Ethnicity, n (%)

Hispanic or Latino 6 (40.0) 3 (20.0) 14 (18.9) 14 (18.4)

Not Hispanic or Latino 9 (60.0) 12 (80.0) 60 (81.1) 62 (81.6)

AI autoinjector, BMI body mass index, PFS-NSD prefilled syringe with needle safety device
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was similar between both groups in the pilot
cohort (3/15 [20%] vs 3/14 [21.4%] participants)
and the pivotal cohort (20/73 [27.4%] vs 24/75
[32.0%] participants).

Treatment-emergent adverse events (TEAEs)
were experienced by 53.3% of participants in
the pilot cohort and 32.7% in the pivotal
cohort, and most were mild (Table 5). One

Fig. 3 Impact of body weight on etrolizumab a Cmax and
b AUC0–inf. AI autoinjector, AUC area under the curve,
AUC0–infAUC extrapolated to infinity, Cmax maximum

concentration, PFS-NSD prefilled syringe with needle
safety device, SC subcutaneous
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participant in the PFS-NSD arm of the pilot
cohort had a serious AE (grade 3 seizure)
approximately 32 days after injection that led to
study discontinuation. This patient reported a
previous history of seizure, and this AE was
reported by the investigator as not related to
etrolizumab. Ten participants (5.6%) had TEAEs
related to injection site reactions (ISRs) during
the study. Nine participants in the pilot cohort
(five [33.3%] with AI and four [26.7%] with PFS-
NSD) and one participant in the pivotal cohort
(1.4% in the AI arm) had ISRs that were reported
as TEAEs. Most TEAEs related to ISRs occurred
on day 1 and were assessed by the investigators
as mild. More ISRs were reported in the pilot
cohort, but this likely represented a reporting
bias because the injection sites were closely
monitored at predefined time points during this
part of the study. Six participants (40.0%) in the
AI arm and three (20.0%) in the PFS-NSD arm of
the pilot cohort and seven participants (9.5%)
in the AI arm and ten (13.2%) in the PFS-NSD
arm of the pivotal cohort experienced TEAES
thought by the investigator to be related to
etrolizumab.

DISCUSSION

The pivotal cohort in this study confirmed
comparable etrolizumab exposure between the
AI and PFS-NSD groups after a single SC dose of

etrolizumab in healthy participants. The GMRs
observed with each of the primary PK parame-
ters were between 98% and 102%, with 90% CIs
within the prespecified equivalence limits.
These GMRs for all primary exposure parame-
ters are impressive, given the GMRs obtained
when comparing other AIs and PFS-NSDs in
healthy participants. For example, two recent
studies used healthy volunteers to compare AI
and PFS devices delivering a biosimilar of adal-
imumab, an antitumor necrosis factor inhibitor
indicated for the treatment of UC and Crohn’s
disease. The first study compared AI and PFS
devices for the SC administration of the adali-
mumab biosimilar SB5 and demonstrated GMRs
of 102%, 107%, and 110% for Cmax, AUClast,
and AUC0–inf, respectively, with 90% CIs within
equivalence limits of 80–125% [18]. In a similar
study of the adalimumab biosimilar BI 695501,
GMRs between AI and PFS devices were 100%
(90% CI 82.1–122.3) for AUC0–inf and 110%
(90% CI 96.8–125.4) for Cmax, the latter of
which was above the upper 90% CI equivalence
limit of 125% (Voltaire�-AI study) [19].

The pilot cohort was valuable for informing
the final design of the pivotal cohort. The pilot
cohort primarily evaluated GMRs and the vari-
ability of PK parameters, which are the key
assumptions used in the sample size estimation.
Preliminary results from the first-in-human
etrolizumab AI study raised uncertainty regard-
ing etrolizumab exposure with AI

Table 2 Summary of PK parameters in cohort 1 participants meeting the body weight restriction of 60 to 100 kg

Parameter AI
(test)

PFS-NSD
(reference)

GMR (%) Pooled CV%

na Geometric meanb na Geometric meanb

Cmax (lg/mL) 14 10.6 10 11.0 0.959 29.9

AUClast (day�lg/mL) 13 272.2 9 268.0 1.016 33.4

AUC0–inf (day�lg/mL) 13 284.4 10 278.1 1.023 34.2

AI autoinjector, ANOVA analysis of variance, AUC0–inf AUC extrapolated to infinity, AUClast area under the concen-
tration–time curve from the time of drug administration to the last measurable concentration (tlast is day 71 for all available
data), Cmax maximum concentration, CV coefficient of variation, GMR geometric mean ratio, PFS-NSD prefilled syringe
with needle safety device
a Number of observations in each treatment eligible for analysis
b Geometric means are based on the least-squares means for Cmax and AUC parameters from ANOVA, calculated by
transforming the natural log means back to the linear scale
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administration (Tyrrell et al., Adv Ther 2021
(accepted)). To minimize the risk for under-
powering the pivotal PK comparability study, a
small pilot cohort was added to the original
study protocol with the intent of gaining cer-
tainty around GMR values of the primary PK
parameters and PK variability after the admin-
istration of etrolizumab by AI or PFS-NSD. GMR
and PK variability values obtained from the
pilot cohort (see Table 2) provided added

confidence in estimating the sample size for the
pivotal cohort.

Although body weight was stratified at ran-
domization, the final body weight distribution
range was still imbalanced in the pilot cohort,
which might have biased the final GMR out-
come of the pilot cohort. To minimize such
bias, only data from participants with a body
weight from 60 to 100 kg (a common body
weight range for both arms within the pilot
cohort) were used for the estimation of GMR

Fig. 4 Etrolizumab serum concentrations (arithmetic
mean ± standard deviation) over time with AI and PFS-
NSD on a linear scale (a) and a semilogarithmic scale

(b) in the pivotal study. AI autoinjector, PFS-NSD
prefilled syringe with needle safety device
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Table 3 Summary of PK parameters for etrolizumab in the pivotal study

Parameter n AI
(n = 76)

n PFS-NSD
(n = 74)

Cmax (lg/mL) 73 12.5 (32.0) 73 12.2 (28.3)

tmax,
a (day) 73 5.04 (2.98, 14.0) 73 6.97 (3.00, 14.0)

AUClast (day�lg/mL) 69 319 (35.3) 72 325 (33.1)

AUC0–inf (day�lg/mL) 69 329 (36.0) 72 337 (35.2)

t1/2
b (day) 69 11.8 (3.85) 72 12.2 (4.39)

CL/F (L/day) 69 0.319 (36.0) 72 0.311 (35.2)

AUCR, n (%) 67 0.966 (3.4) 72 0.964 (3.7)

B 80% 0 1 (1)

[ 80% 67 (100) 71 (99)

AI autoinjector, AUC0–inf AUC extrapolated to infinity, AUClast area under the concentration–time curve from the time of
drug administration to the last measurable concentration, AUCR ratio of AUClast to AUC0–inf, Cmax maximum concen-
tration, PFS-NSD prefilled syringe with needle safety device, PK pharmacokinetic, t1/2 terminal elimination half-life,
tmax time to maximum concentration
Geometric mean (geometric CV%) data are presented unless otherwise indicated
a Median (min, max) presented for tmax
b Arithmetic mean (SD) presented for t1/2

Table 4 Outcomes of ANOVA to assess comparability of PK parameters for AI versus PFS-NSD (pivotal cohort)

Parameter AI
(test)

PFS-NSD
(reference)

GMRc

(%)
GMR 90% CId

(%)

na Geometric meanb na Geometric meanb

Cmax (lg/mL) 73 12.5 73 12.2 102 94.2–111

AUClast (day�lg/mL) 69 319 72 325 98.0 89.3–107

AUC0–inf (day�lg/mL) 69 329 72 337 97.6 88.6–107

AI autoinjector, ANOVA analysis of variance, AUC0–inf AUC extrapolated to infinity, AUClast area under the concen-
tration–time curve from the time of drug administration to the last measurable concentration, Cmax maximum concen-
tration, GMR geometric mean ratio, PFS-NSD prefilled syringe with needle safety device
a Number of observations in each treatment eligible for analysis
b Geometric means are based on the least-squares means for Cmax and AUC parameters from ANOVA, calculated by
transforming the natural log means back to the linear scale
c Geometric mean ratio for test/reference ratio of parameter means for natural log-transformed parameter (expressed as a
percentage). Natural log-transformed ratios transformed back to the linear scale
d 90% CI for ratio of parameter means of natural log-transformed parameter (expressed as a percentage). Natural log-
transformed CIs transformed back to the linear scale
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and PK variabilities. This body weight restric-
tion was implemented in the pivotal cohort as
an inclusion criterion. The pilot cohort also
evaluated a study duration of 10 weeks
(70 days), 2 weeks shorter than the planned
duration of the original study, as suggested by
the FDA. As expected, all evaluable participants
in the pilot cohort had AUCR values greater
than 80%, the value required by the FDA
guideline for PK comparability studies [17]. This
result suggested that the 10-week study dura-
tion was long enough to capture more than
80% of AUC0–inf and, hence, the duration of the
pivotal study could be shortened from 12 to
10 weeks without the risk of not meeting the
requirement of less than 20% extrapolated AUC
for the calculated AUC0–inf.

The overall incidence of treatment-emergent
ADAs among postbaseline evaluable partici-
pants was similar when comparing the AI and
PFS-NSD groups in both the pilot cohorts as well
as the pivotal cohorts. This suggests that the
devices themselves are comparable in
immunogenicity risk. However, the rate of
ADAs was greater than 20% in both the pilot
and the pivotal cohorts of this study, compared
with 5% (2/38) of patients with UC who
received single or multiple etrolizumab doses in
a phase 1 trial and 5% (4/81) of patients with
UC who received multiple etrolizumab doses in
a randomized phase 2 trial [10, 20]. Potential
factors leading to the relatively higher ADA rate
in this PK comparability study may include (1)
healthy participants may have better overall
immune competence than patients with IBD;
(2) the lack of immunosuppressant use in this
study population may result in increased ADA
production; and (3) the single SC dose regimen
studied here differs from the intended clinical
use (i.e., repeated dosing once every 4 weeks).
Given these unique clinical settings, the ADA
response from the single SC dose regimen
evaluated here is likely not clinically relevant

with regard to the intended use of this molecule
in the treatment of IBD.

Regardless of the relatively high incidence of
ADAs after a single SC injection of etrolizumab
(greater than 20%) in this study, the impact of
ADA positivity on PK appears to be minimal
given that the PK profiles of ADA-positive par-
ticipants largely overlapped with those observed
in ADA-negative participants (Fig. 5a, b). More-
over, the variability (CV%) of AUC0–inf or
AUClast values ranged from 33% to 36% in the
overall pivotal part 2 study population, which
was in line with those observed for other mon-
oclonal antibodies [19, 21]. Such a small expo-
sure variability further confirms that the total
exposure (AUC0–inf) between ADA-positive and
ADA-negative participants was very similar.
Data from all evaluable participants, regardless
of their ADA status, were included in the com-
parability statistical assessment, and the final
outcome showed a high degree of exposure
similarity between groups.

The exposure comparability testing of the AI
and PFS-NSD groups and the sample size deter-
mination in the pivotal study design following
a single SC dose of etrolizumab were based on
data from a subset of participants within a body
weight range of 60–100 kg. Although our find-
ing of comparable etrolizumab exposure
between the AI and PFS-NSD was based on data
from participants within a defined body weight
range, it can be applied to anyone outside this
body weight range because the current study
identified no exposure difference attributed
solely to the drug delivery device. Furthermore,
a similar study for another therapeutic antibody
(biosimilar to adalimumab [BI 695501]) that did
not restrict by body weight suggests that this
may be a fair assumption [19]. In that study, a
similar relationship between drug exposure and
body weight was observed, but when comparing
AI and PFS-NSD devices for adalimumab SC
administration, exposure comparability was still
achieved regardless of body weight. Clearance
of etrolizumab is known to be significantly
impacted by body weight [22], a finding con-
firmed in the pilot cohort of this study.

In these healthy participants, a single SC
dose of etrolizumab was generally safe and well
tolerated when administered using an AI or a

bFig. 5 Etrolizumab serum concentrations over time by
ADA status with (a) AI and (b) PFS-NSD. ADA antidrug
antibody, AI autoinjector, PFS-NSD prefilled syringe with
needle safety device
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PFS-NSD. TEAE rates were comparable between
the AI and the PFS-NSD in the pivotal cohort
(9.5% vs 13.2%). Most TEAEs were mild or
moderate and usually resolved by the end of the
study. One serious AE (seizure) led to study

discontinuation in the PFS-NSD arm of the pilot
cohort; however, this was not considered rela-
ted to treatment with etrolizumab.

This study is not without limitations. Heal-
thy volunteers were used in this study to align

Table 5 Treatment-emergent adverse events

Pilot cohort (part 1) Pivotal cohort (part 2) Overall
(parts 1 and 2)
(n = 180)

AI
(n = 15)

PFS-NSD
(n = 15)

Total
(n = 30)

AI
(n = 74)

PFS-NSD
(n = 76)

Total
(n = 150)

Any TEAE 9 (60.0) 7 (46.7) 16 (53.3) 22 (29.7) 27 (35.5) 49 (32.7) 65 (36.1)

TEAEs, n 22 7 29 32 45 77 106

Any SAE 0 1 (6.7) 1 (3.3) 0 0 0 1 (0.6)

Any ISR-related TEAEa 5 (33.3) 4 (26.7) 9 (30.0) 1 (1.4) 0 1 (0.7) 10 (5.6)

Thought to be caused by

Study drug 6 (40.0) 3 (20.0) 9 (30.0) 7 (9.5) 10 (13.2) 17 (11.3) 26 (14.4)

Other causes 7 (46.7) 4 (26.7) 11 (36.7) 18 (24.3) 21 (27.6) 39 (26.0) 50 (27.8)

Concurrent illness 4 (26.7) 0 4 (13.3) 7 (9.5) 14 (18.4) 21 (14.0) 25 (13.9)

Concomitant medicationb 0 0 0 2 (2.7) 1 (1.3) 3 (2.0) 3 (1.7)

Procedures 3 (20.0) 1 (6.7) 4 (13.3) 0 1 (1.3) 1 (0.7) 5 (2.8)

Other 2 (13.3) 3 (20.0) 5 (16.7) 10 (13.5) 6 (7.9) 16 (10.7) 21 (11.7)

Missing 0 0 0 1 (1.4) 0 1 (0.7) 1 (0.6)

AE by most severe NCI CTCAE grade

Grade 1 8 (53.3) 4 (26.7) 12 (40.0) 19 (25.7) 27 (35.5) 46 (30.7) 58 (32.2)

Grade 2 1 (6.7) 2 (13.3) 3 (10.0) 3 (4.1) 0 3 (2.0) 6 (3.3)

Grade 3 0 1 (6.7) 1 (3.3) 0 0 0 1 (0.6)

Total 9 (60.0) 7 (46.7) 16 (53.3) 22 (29.7) 27 (35.5) 49 (32.7) 65 (36.1)

Data are reported as n (%) unless otherwise specified. No grade 4 or 5 adverse events or hospitalizations/deaths were
reported
AE adverse event, AI autoinjector, ISR injection site reaction, NCI CTCAE National Cancer Institute Common Termi-
nology Criteria for Adverse Events, PFS-NSD prefilled syringe with needle safety device, SAE serious adverse event,
TEAE treatment-emergent adverse event
a In the pilot cohort, the injection site was checked for the development of ISRs at 5 min, 60 min, and 4 h after injection
and on day 2. Photographs of the injection site were taken to document the appearance of the skin at these time points for
each participant who developed at least one ISR. Photographs of the injection site were not required for participants in the
pivotal cohort because ISRs were recorded as AEs or SAEs, without specific assessment time points and consistent with how
AEs were recorded for other body systems
b Concomitant medications included chronic nonsteroidal anti-inflammatory drug use or use of any prescription medi-
cations/products within 14 days prior to check-in (day -1) or use of any over-the-counter non-prescription medications
(including vitamins; minerals and herbal/plant-derived preparations) within 72 h prior to check-in (day -1)
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with the FDA guidance documents for deter-
mining bioavailability [16]. It is likely that cer-
tain characteristics of healthy volunteers within
the pivotal cohort (enrolled with defined body
weight restrictions) will differ from those of the
intended users (patients with IBD). However,
this should not impact the AI use in patients
owing to the comparable PK, safety, and toler-
ability between two devices.

CONCLUSION

Results from this PK comparability study
demonstrated that etrolizumab exposure was
similar when administered SC by either AI or
PFS-NSD, with 90% CI for exposure parameters
(AUClast, Cmax, AUC0–inf) contained within
equivalence limits (80–125%) between devices.
In addition, single SC doses of etrolizumab
administered by AI were generally well tolerated
in healthy participants and were not associated
with more AEs than doses administered by PFS-
NSD injection.

This study also highlights the value of a pilot
cohort in facilitating the design of a pivotal PK
comparability study because data from the pilot
cohort increased confidence in the study design
and minimized assumption bias.

ACKNOWLEDGEMENTS

The authors thank the study investigators,
study site personnel, and study participants for
their valuable contributions.

Funding. Sponsorship for this study,
including the journal’s Rapid Service and Open
Access fee, was funded by F. Hoffmann-La
Roche, Ltd., which funded this study, partici-
pated in data analysis and interpretation, and
reviewed and approved this manuscript for
publication. All authors had full access to all the
data in this study and take complete responsi-
bility for the integrity of the data and the
accuracy of the data analysis.

Editorial Assistance. Editorial assistance in
the preparation of this article was provided by

Stacie Dilks, PhD, of ApotheCom (San Diego,
CA). Support for this assistance was funded by F.
Hoffmann-La Roche, Ltd.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship of this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Disclosures. W. Zhang, H. T. Ding, M.
Abouhossein, and R. Ravanello are employees of
Genentech, Inc., and receive salary and stock
options. R. Erickson is a former employee of
Genentech, Inc., and received salary and stock
options during employment. H. Tyrrell and J.
Pulley are employees of Roche Products, Ltd.,
and receive salary and stock options. A. Boruvka
is an employee of Hoffmann-La Roche, Ltd.,
and receives salary and stock options. M. T.
Tang was an employee of Genentech, Inc.,
during the time of the study.

Compliance with Ethics Guidelines. All
procedures performed in studies involving
human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all participants
included in the study. Study protocol, informed
consent forms, information given to partici-
pants, participant recruitment materials, and all
relevant supporting information were approved
by the institutional review board (Midlands
Independent Review Board, Overland Park, KS,
USA) before study initiation.

Data Availability. Data generated during
this study are available from the corresponding
author upon reasonable request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit

2432 Adv Ther (2021) 38:2418–2434



to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES
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