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ABSTRACT

Introduction: The aim of the study was to
demonstrate the bioequivalence, and compare
the safety and tolerability of MSB11022, a pro-
posed biosimilar of adalimumab, when deliv-
ered by either an autoinjector (AI) or a pre-filled
syringe (PFS).
Methods: In this pharmacokinetic (PK), parallel
group, open-label study, 216 healthy volunteers
were randomised 1:1 to receive a single subcu-
taneous injection of a 40 mg/0.8 mL dose of
MSB11022 administered via AI or PFS. Copri-
mary PK endpoints were maximum observed
concentration (Cmax), area under the concen-
tration–time curve (AUC) from time 0 to the last
quantifiable concentration (AUC0–t), and AUC
from time 0 extrapolated to infinity (AUC0–inf).
PK equivalence between the AI and PFS
administration methods was declared if the
90% confidence intervals (CIs) for the ratio of

geometric least square means was entirely con-
tained within the 80–125% equivalence margin
for all coprimary endpoints. Safety and tolera-
bility were also evaluated.
Results: The 90% CI for the three coprimary PK
endpoints (Cmax, AUC0–t and AUC0–inf) were
entirely contained within the predefined
equivalence margins of 80–125%. Mean serum
concentration–time profiles were similar fol-
lowing injection via AI or PFS. Treatment-
emergent adverse events (TEAEs) were compa-
rable across both treatment groups. Study
device-related TEAEs were reported by 11.3%
and 13.1% of subjects in the AI and PFS treat-
ment groups, respectively. Study drug-related
TEAEs were reported by 28.3% and 34.6% of
subjects in the AI and PFS treatment groups,
respectively. Few subjects experienced injec-
tion-site reactions, mainly pain and erythema,
regardless of the administration method.
Conclusion: Delivery of MSB11022 via an AI is
bioequivalent to delivery via a PFS. The safety
and tolerability profile of MSB11022 was com-
parable across administration methods. The
development of an AI for MSB11022 provides a
choice of self-injection devices available to
patients, potentially improving treatment
compliance.
Trial Registration: ClinicalTrials.gov trial iden-
tifier: NCT04018599.
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Key Summary Points

Why carry out this study?

Self-injection can be challenging for
patients who require treatment with
biologics for chronic immune-mediated
inflammatory diseases.

Offering a choice of devices, including pre-
filled syringes (PFS) or autoinjectors (AIs),
can address patient needs and potentially
improve adherence to therapy.

When transitioning from a PFS to an AI,
some regulatory authorities require a
pharmacokinetic bridging study to
demonstrate similar delivery of the drug
product to the same biospace.

What was learned from the study?

Bioequivalence and comparable safety and
tolerability were demonstrated for
delivery of MSB11022 with an AI versus
delivery with a PFS.

Administration of the proposed
adalimumab biosimilar, MSB11022, via an
AI represents an alternative delivery
option to a PFS in clinical practice.

INTRODUCTION

Adalimumab (Humira�; AbbVie Inc., North
Chicago, IL, USA), an anti-tumour necrosis fac-
tor alpha (TNFa) monoclonal antibody, is indi-
cated for the treatment of rheumatoid arthritis
(RA), ankylosing spondylitis, psoriasis, Crohn’s
disease, ulcerative colitis, psoriatic arthritis,
juvenile idiopathic arthritis, uveitis and
hidradenitis suppurativa [1, 2]. MSB11022
(Idacio�; Fresenius Kabi, Runcorn, UK), a pro-
posed biosimilar of adalimumab, is currently
available in Europe in three different presenta-
tions (pre-filled syringes PFS], vial and

autoinjector [AI] and administered in a citrate-
based formulation [3, 4]. The same formulation
has also been approved in other countries,
including Australia, New Zealand and Canada;
regulatory approvals in many other countries
are ongoing [5–7]. In a pre-clinical setting,
MSB11022 demonstrated physicochemical and
functional similarity to reference adalimumab
[8]. Subsequently, pharmacokinetic (PK) equiv-
alence was established for MSB11022 and ref-
erence adalimumab (both EU and US approved)
during a phase 1 trial [9]. Equivalent efficacy,
and comparable safety and immunogenicity
were observed between MSB11022 and refer-
ence adalimumab in AURIEL-PsO, a phase 3,
multicentre, randomised, equivalence trial in
patients with moderate-to-severe chronic
plaque-type psoriasis [10]. An acetate-buffered
formulation of MSB11022 was subsequently
developed and shown to be bioequivalent to
citrate-buffered MSB11022 with a comparable
safety and immunogenicity profile in a phase 1
study (unpublished data). In AURIEL-RA (a
phase 3, multicentre, randomised, descriptive
study), the safety, immunogenicity, and efficacy
profiles of acetate-buffered MSB11022 were
demonstrated to be comparable with that of
reference adalimumab in patients with moder-
ately-to-severely active RA [11]. Subsequently,
process changes were made to the acetate-buf-
fered MSB11022 and PK comparability was
demonstrated to citrate-buffered MSB11022 and
to reference adalimumab. All studies described
above were performed using PFS presentation of
MSB11022.

The therapeutic potential of biologics is not
always achieved in clinical practice and this is
often related to suboptimal treatment compli-
ance [12, 13]. Patient-reported factors can be
associated with treatment non-compliance and
these can include the type of medication
delivery device used [12]. Self-injection of bio-
logics via PFS and, more recently, AI devices
offer increased flexibility and independence for
patients, as well as reduced costs compared with
infusions [14]. However, self-injection via PFS
may be associated with challenges from a
patient’s perspective, including needle phobia,
concerns related to pain, risk of incorrect
treatment administration, as well as the
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potential difficulties associated with using a
self-injection device while suffering with
arthritic hand pain [12, 14].

Having a choice of self-injection devices can
help patients to select a device that addresses
their individual challenges and lifestyles, with
some patients preferring a PFS and others
electing to use an AI [12, 14]. This may increase
patient tolerance of self-injection and poten-
tially improve adherence to treatment [14].
Many patients have indicated a preference for
AIs over PFS, as they perceive AIs to offer
decreased injection-site pain, simplicity of use,
increased convenience, quicker administration,
increased portability, easier grip and an overall
improved treatment experience [12, 14–18].
Additionally, studies have demonstrated a
preference for an AI compared with a PFS for
patients in the advanced stages of RA and in
other patients who may lack dexterity of the
hand (e.g. those with psoriatic arthritis and
ankylosing spondylitis) [15–19].

To address some of the possible limitations
mentioned previously, and to increase the range
of self-injection devices available for patients, an
AI administration device for MSB11022 has been
developed. This study was undertaken to inves-
tigate the bioequivalence and compare the
safety and tolerability of a single subcutaneous
(s.c.) injection of 40 mg of MSB11022 when
delivered by either an AI or a PFS.

METHODS

Study Design

This was a phase 1, randomised, open-label,
two-arm, parallel-group, single-dose study con-
ducted at two sites in the US (ClinicalTrials.gov

trial identifier: NCT04018599). The study was
conducted in accordance with the International
Conference on Harmonisation Good Clinical
Practice Guidelines and the Declaration of Hel-
sinki, and the protocol was approved by an
institutional review board. Written informed
consent was required prior to the conduct of
any study procedures. Participants were
screened within 4 weeks prior to their dose of
MSB11022 and were resident in the research
centre from the day prior to dosing until 8 days
afterwards. Participants returned for outpatient
visits on days 9 and 11, followed by weekly
ambulatory visits up to day 43, a penultimate
visit on day 57 and an end-of-study visit on day
71 (Fig. 1).

Participants

The study enrolled healthy volunteers of either
non-childbearing potential or using adequate
contraception. Participants were eligible if they
were aged 18–55 years, weighed 50.0–100.0 kg
and had a body mass index of 18.5–30.0 kg/m2.
Exclusion criteria included prior exposure to
any TNFa inhibitor therapy (including adali-
mumab or adalimumab biosimilars) and receipt
of any medication (excluding paracetamol, and
for female participants, oral contraceptives and
hormone replacement therapy) within 2 weeks
(or longer if the medication had a long half-life)
prior to administration of the trial medication.

Randomisation and Treatment

Participants were randomised 1:1 to receive a
single s.c. injection of a 40 mg/0.8 mL dose of
MSB11022 (in acetate buffer) administered
either by BD PhysiojectTM AI (Fig. 2) or BD

Fig. 1 Study design. AI Autoinjector, EOS end of study, PFS pre-filled syringe, PK pharmacokinetic, R 1:1 randomisation

Rheumatol Ther (2022) 9:693–704 695



HypakTM PFS. The solution for injection in the
two devices is identical in terms of formulation
and manufacturing process. The injection depth
of the two devices is comparable, therefore the
delivered dose is expected to be similar, result-
ing in comparable PK exposure. Randomisation
was performed via an Interactive Web Response
System (IWRS) using a permuted block size and
was stratified by clinical site and body weight
categories (50.0 to B 80.0 kg and [80.0 to
B 100.0 kg) as assessed on day -1. The IWRS
assigned a kit number and injection site (lower
abdomen or thigh) to the participant, corre-
sponding to the treatment to be administered.
Injections via an AI or a PFS were administered
after breakfast in the morning to participants at
the designated injection site by a trained staff
member. Both the single-use, disposable, AI pen
and the standard PFS included a 1-mL syringe.

Study Assessments

The primary objective of the study was to
demonstrate PK equivalence of a single s.c.
injection of MSB11022 administered using
either an AI or a PFS. The secondary objectives
were to compare secondary PK parameters, and
overall safety and local tolerability of a single
s.c. injection of MSB11022 administered using
either an AI or a PFS. The three coprimary PK
endpoints were maximum observed concentra-
tion (Cmax), area under the concentration–time
curve (AUC) from time zero to last quantifiable
concentration (AUC0–t), and AUC from time
zero extrapolated to infinity (AUC0–inf). Sec-
ondary PK endpoints included time to Cmax

(tmax), terminal rate constant, terminal half-life
and apparent total clearance. Blood samples for
PK evaluation were obtained at 0 (pre-dose), 1,
4, 8, 12 and 24 h post-dose. Further samples

were obtained every 24 h thereafter until day 9,
then at all subsequent outpatient visits (days 11,
15, 22, 29, 36, 43, 57 and at the end-of-study
visit on day 71).

Serum concentrations of MSB11022 were
determined using a validated enzyme-linked
immunosorbent assay that employed a
TNFa coated plate, horseradish peroxidase-con-
jugated anti-human immunoglobulin antibody
to detect bound analyte and 3,30,5,50-tetram-
ethylbenzidine for colorimetric readout.
Colorimetric intensity was determined using a
plate reader at wavelengths of 450 nm (detec-
tion) and 630 nm (reference) wavelengths. The
method was selective, sensitive, precise and
accurate for the determination of MSB11022 in
serum, with a quantification range of
300–7000 ng/mL. Inter-assay precision and
accuracy were evaluated during the study in the
227-sample analysis runs, by including human
serum-quality control pools (QCs) at three
concentrations spanning the calibration range
(low-, mid- and high-QCs) in each plate. Bias at
all levels was within ± 3.47%, and the coeffi-
cient of variation (CV) at all levels was B 8.66%.
Incurred sample re-analysis (ISR) demonstrated
reproducible quantitation of the drug in study
samples. Overall, 95.4% of the re-analysed
samples met the ISR acceptance criteria.

Safety assessments were conducted prior to
dosing and regularly until the participant’s final
visit. Assessments included adverse events
(AEs), predefined AEs of special interest (AESI),
clinical laboratory parameters, vital signs,
12-lead electrocardiogram and physical exami-
nations. In this study, AESIs were defined as
hypersensitivity reactions (National Cancer
Institute-Common Terminology Criteria for
Adverse Events [CTCAE] grade C 3 or reported
as serious events). Local tolerability assessments
at the injection site were conducted at screening
(for scars and tattoos potentially obscuring
future assessment of injection site) and at 5 min
after dosing, then at 4, 8 and 12 h post-dose on
day 1, then on days 2, 3, 5, 9, 11, and 15, fol-
lowed by weekly assessments up to day 43, and
final assessments on days 57 and 71. Injection-
site reactions (e.g. erythema, rash, tenderness,
swelling, itching, bruising or other

Fig. 2 Autoinjector presentation
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abnormalities) were assessed by the investigator
and graded according to the CTCAE.

Statistical Analyses

Sample size calculation was based on achieving
at least 80% power for the 90% confidence
interval (CI) for the ratio of geometric means
(GM; AI/PFS) to be within the range of
80–125%. The following assumptions were
used: a maximum difference of 5% between
MSB11022 delivered via an AI compared with a
PFS; a geometric CV no larger than 50%; and a
drop-out rate of approximately 10%. PK analy-
ses were conducted using the PK analysis set,
which consisted of all participants who received

MSB11022, had sufficient concentration–time
data to calculate at least one valid primary PK
parameter and had no major protocol deviation
or other events affecting PK assessment. Safety
analyses were conducted on the safety analysis
set, which consisted of all participants who
received at least one dose of MSB11022. Loga-
rithmically transformed PK parameters
(AUC0–inf, AUC0–t and Cmax) were compared
between treatment groups using an analysis of
covariance model with treatment as a fixed
effect, and baseline body weight category and
injection site as cofactors. The 90% CI for the
adjusted treatment GM ratio was derived for
each primary PK parameter by exponentiating
the 90% CI obtained for the difference between

Fig. 3 Participant disposition. AI autoinjector, Cmax
maximum observed concentration, PFS pre-filled syringe,
PK pharmacokinetic. aThree randomised participants did
not receive MSB11022 for the following reasons: infection
(AI group: n = 1); nausea and vomiting (AI group:
n = 1); and positive drug screen (PFS group: n = 1). bFive
treated participants were excluded from the PK analysis set

for the following reasons: insufficient concentration–time
data to derive at least one PK parameter (PFS group:
n = 2; AI group: n = 1); pre-dose serum concentra-
tion[ 5% of Cmax (PFS group: n = 1); and incomplete
dosing (AI group: n = 1). Cmax Maximum observed
concentration
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the treatments least squared means, resulting
from the analysis of the logarithmically trans-
formed PK parameters. PK equivalence between
the AI and PFS administration methods was
declared if the 90% CIs for the adjusted GM
ratios for Cmax, AUC0–inf and AUC0–t were

entirely contained within the 80–125% equiva-
lence margin. Secondary PK parameters, and
safety and local tolerability endpoints were
summarised using descriptive statistics. In
addition, PK parameters were summarised by
baseline body weight categories (50 to B 80 kg

Table 2 Primary PK evaluation (PK analysis set)

Parameter (units) MSB11022 N Geo-LS mean Geometric LS means (AI/PFS) ratio

Ratio estimate (%) 90% CI of ratio

Cmax (ng/mL) AI 104 3625.5 104.69 97.25–112.69

PFS 104 3463.2

AUC0–t (h*ng/mL) AI 101 1,877,680.6 104.48 92.89–117.52

PFS 103 1,797,107.4

AUC0–inf (h*ng/mL) AI 94 2,328,082.0 107.39 97.07–118.82

PFS 101 2,167,784.8

AI, autoinjector, AUC0–inf area under the concentration–time curve from time 0 extrapolated to infinity, AUC0–t area
under the concentration–time curve from time 0 to last assessment, CI confidence interval, Cmax maximum observed
concentration, LS least squares, PFS pre-filled syringe, PK pharmacokinetic

Table 1 Baseline demographics (safety analysis set)

Baseline demographics MSB11022 AI (N = 106) MSB11022 PFS (N = 107)

Male gender, n (%) 72 (67.9) 70 (65.4)

Mean age, years (SD) 31.0 (10.2) 31.9 (10.2)

Race, n (%)

White 81 (76.4) 80 (74.8)

Black or African American 16 (15.1) 15 (14.0)

Asian 1 (0.9) 2 (1.9)

American Indian or Alaskan native 4 (3.8) 4 (3.7)

Native Hawaiian/Other Pacific Islander 1 (0.9) 3 (2.8)

Multiple 3 (2.8) 3 (2.8)

Mean weight, kg (SD) 75.6 (10.7) 74.4 (11.8)

Weight category, n (%)

50.0 to B 80.0 kg 70 (66.0) 72 (67.3)

[ 80.0 to B 100.0 kg 36 (34.0) 35 (32.7)

Mean BMI, kg/m2 (SD) 24.9 (3.0) 24.6 (2.8)

AI Autoinjector, BMI body mass index, PFS pre-filled syringe, SD standard deviation
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and[ 80 to B 100 kg), study centres and injec-
tion sites (lower abdomen and thigh). Phoenix
WinNonlin version 8.1 was used for PK param-
eter derivation. SAS version 9.4 was used for
other statistical analyses.

RESULTS

Participant Demographics and Baseline
Characteristics

A total of 216 healthy volunteers were ran-
domised and followed up between 15 July 2019
and 17 March 2020. The safety analysis set
included 106 participants in the AI group and
107 in the PFS group; three participants (AI:
n = 1; PFS: n = 2) were randomised but did not
receive the study drug. The PK analysis set
included 104 participants in each group (Fig. 3).
Discontinuations post-dosing were similar
between the two groups (AI: n = 4; PFS: n = 3),
and none were due to AEs. The baseline demo-
graphic characteristics of the study population

were similar between the two treatment groups
(Table 1).

Pharmacokinetic Comparison

The adjusted GM ratio estimates and 90% CI for
the three coprimary PK endpoints (Cmax, AUC0–t

and AUC0–inf) were all within the predefined
bioequivalence margins of 80–125% (Table 2).
Other PK parameters were similar between the
two treatment groups (Table 3). Linear and
semi-logarithmic plots of the arithmetic mean
(standard deviation) serum concentration over
time following a single dose of MSB11022,
administered via an AI or via a PFS, are shown in
Fig. 4. A slight decrease in exposure to
MSB11022 was noted for the higher body-
weight category, but this was consistent for
both devices (Electronic Supplementary Mate-
rial [ESM] Table 1). PK results were consistent
between the two injection sites (ESM Table 2).
In the statistical model analysis results, the
effect of baseline body-weight category was
statistically significant for the three coprimary
PK parameters, whereas injection site was not

Table 3 Secondary PK parameters (PK analysis set)

Parameter (units) MSB11022 AI MSB11022 PFS

tmax (h)

N 104 104

Median (range) 144.1 (24.0, 343.4) 144.0 (12.0, 339.0)

t� (h)

N 94 101

Meana (SD) 361.6 (271.5) 308.8 (157.2)

Kz (/h)

N 94 101

Meana (SD) 0.0027 (0.0015) 0.0029 (0.0015)

CL/F (L/h)

N 94 101

Meana (SD) 0.0181 (0.0077) 0.0193 (0.0086)

Kz Terminal rate constant, CL/F apparent total clearance, h hours, PFS pre-filled syringe, PK pharmacokinetic, SD standard
deviation, t� terminal half-life, tmax time to maximal concentration
aData are arithmetic mean
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Fig. 4 Mean (SD) serum concentration of MSB11022 on
a linear scale (a) and a semi-logarithmic scale (b) following
a single 40 mg subcutaneous injection via an autoinjector
or a pre-filled syringe (PK analysis set). Data are arithmetic
mean. LLOQ = 300 ng/mL; samples below the LLOQ
before the last quantifiable data point were set to 0.

Concentrations below the LLOQ after the last quantifiable
data point were considered as missing. LLOQ Lower limit
of quantification, PK pharmacokinetic, SD standard
deviation
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associated with any statistically significant
effect.

Safety

No serious AEs or AESIs were recorded during
the study in either treatment group. One severe
AE was recorded (left-hand fracture), which was
not considered by the study investigators to be
related to study treatment.

The most commonly reported TEAEs were
upper respiratory tract infection (20.7%) and
headache (16.4%) (Table 4). These events
occurred at a similar frequency between the two
study groups. TEAEs related to the study device
occurred in a similar proportion of subjects in
both study groups (AI: 11.3%; PFS: 13.1%) and
were exclusively injection-site reactions.

Similarly, the incidence of study drug-related
TEAEs was comparable between the study
groups (AI: 28.3%; PFS: 34.6%). Overall, injec-
tion-site reactions occurred in 13.2% and 17.8%
of the AI and PFS treatment groups, respec-
tively. Most of these were either injection-site
erythema, affecting 6.6% and 6.5% of the AI
and PFS treatment groups, respectively, or
injection-site pain, affecting 5.7% and 7.5% of
the AI and PFS treatment groups.

DISCUSSION

The most important finding of our study is that
it met the predefined criteria for bioequivalence
between the AI and PFS delivery methods of
MSB11022. A slight inverse relationship
between body weight and exposure was

Table 4 Summary of TEAEs (safety analysis set)

MSB11022 AI (N = 106) MSB11022 PFS (N = 107)

At least one TEAE, n (%) 66 (62.3) 66 (61.7)

Worst grade TEAE, n (%)

Mild 59 (55.7) 56 (52.3)

Moderate 6 (5.7) 10 (9.3)

Severe 1 (0.9) 0

Life-threatening 0 0

Death 0 0

At least one study drug-related TEAE, n (%) 30 (28.3) 37 (34.6)

At least one TEAE related to study device, n (%) 12 (11.3) 14 (13.1)

Most common TEAEsa

Upper respiratory tract infection 24 (22.6) 20 (18.7)

Headache 15 (14.2) 20 (18.7)

Injection-site erythema 7 (6.6) 7 (6.5)

Injection-site pain 6 (5.7) 8 (7.5)

Oropharyngeal pain 9 (8.5) 4 (3.7)

Abdominal pain 3 (2.8) 7 (6.5)

Nasal congestion 6 (5.7) 3 (2.8)

AI autoinjector, PFS pre-filled syringe, TEAE Treatment-emergent adverse event
aOccurring in[ 5% of participants in any treatment group
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observed; however, this was similar for both
devices and was as expected based on PK data
with the originator, Humira�, and other adali-
mumab biosimilars [1, 20, 21]. Injection loca-
tion (lower abdomen vs. thigh) did not appear
to have a significant impact on exposure to
MSB11022. The safety profile of the AI presen-
tation was comparable to that of the PFS pre-
sentation and as expected for a cohort of
healthy volunteers. Notably, few participants
experienced injection-site reactions regardless
of the mode of delivery.

A limitation of the present study is that the
mode of delivery could not be blinded, and this
may have theoretically affected participants’
perceptions and reporting of AEs, such as
injection-site pain. However, the primary
objective of the study was to compare PK
parameters, and these should not be impacted
by the open-label design. Although a double-
dummy design could have been utilised, this
would have increased the burden on the par-
ticipants and was not considered appropriate
for a study where determining bioequivalence
was the primary objective. In this PK study, the
treatments were given by trained staff to heal-
thy volunteers and therefore usability of the
device by patients with reduced hand function
was not intended to be assessed. However, the
BD PhysiojectTM AI has previously been studied
in a randomised trial in a population of patients
with RA, where a high level of patient accep-
tance was reported and patients with severe
hand disability were able to successfully use the
device [22].

CONCLUSIONS

The present study has demonstrated the bioe-
quivalence and comparable safety profile of
MSB11022 when administered by an AI or a PFS.
This confirms that administration of the pro-
posed adalimumab biosimilar, MSB11022, via
an AI represents an alternative delivery option
to a PFS in clinical practice, increasing the range
of self-injection devices available to patients.
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