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Marlous R. Dillingh’, Joannes A. A. Reijers’, Karen E. Malone?', Jacobus Burggraaf’,
Kenneth Bahrt3, Liz Yamashita®, Claudia Rehrig® and Matthijs Moerland™*

! Centre for Human Drug Research, Leiden, Netherlands, 2 Good Biomarker Sciences, Leiden, Netherlands, ¢ Oncobiologics
Inc., Cranbury, NJ, USA

ONS-3010 is being developed by Oncobiologics Inc. (Cranbury, NJ, USA) as a biosimilar
of Humira®. This randomized, double blind, single-center phase | study (EudraCT
registration # 2013-003551-38) was performed to demonstrate pharmacokinetic (PK)
biosimilarity between two reference products (Humira® EU and US) and ONS-3010 in
healthy volunteers, and to compare the safety and immunogenicity profiles. In addition,
the intended pharmacological activity was assessed and compared by application of a
whole blood challenge. Hundred ninety-eight healthy volunteers received a single 40 mg
subcutaneous dose of ONS-3010, Humira® EU, or US. The pharmacodynamic effects
were assessed by lipopolysaccharide (LPS)/aluminum hydroxide whole blood challenges
(n = 36; n = 12 per treatment arm; male:female, 1:1). Equivalence was demonstrated
on the PK endpoints (AUCo.int, Crmax, and AUC-.st) based on bounds of 80-125% for the
ratio of the geometric means (ONS-3010/Humira®). The immunogenicity profiles were
comparable between treatment groups, and there were no indications for differences in
routine safety parameters. Administration of adalimumab resulted in the observation of
dramatically reduced tumor necrosis factor-a (TNFa) levels upon stimulation with LPS/
aluminum hydroxide (>99%), with no differences between the three treatment groups
in terms of magnitude or duration. Adalimumab also resulted in a reduction of LPS/alu-
minum hydroxide-induced interleukin (IL)-8 release (maximally 30%), suggested to have
a causal relationship with the anti-TNFa treatment. LPS/aluminum hydroxide-induced
release of IL-1p and IL-6 was not inhibited by anti-TNFa treatment. Taken together, these

Abbreviations: ANOVA, analysis of variance; AUC, area under the curve; AUC, s, AUC zero to last measurement point;
AUCq.in5, AUC zero to infinity; BLOQ, below the limit of quantification; CI, confidence interval; Cp., maximum concentration;
ECs, half maximal effect concentration; ELISA, enzyme-linked immunosorbent assay; EMA, European Medicines Agency;
Enmas, maximal effect; FDA, Food and Drug Administration; IFNy, interferon-y; IL-1p, interleukin-1p; IL-6, interleukin-6;
IL-8, interleukin-8; IL-12, interleukin-12; IL-18, interleukin-18; Ka, elimination rate constant; LPS, lipopolysaccharide; MSD,
Meso Scale Discovery; NALP3, NACHT, LRR, and PYD domains-containing protein 3; NLRP3, NACHT, LRR, and PYD
domains-containing protein 3 encoding gene; NFkB, nuclear factor k-B; NK, natural killer; PD, pharmacodynamics; PK,
pharmacokinetics; ¢, terminal half-life; TLR4, toll-like receptor-4; Ty, time at observed maximum concentration; TNFa,
tumor necrosis factor-a; TNFR1, TNF receptor type 1; TNFR2, TNF receptor type 2.
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Clinical Evaluation of Humira® Biosimilar ONS-3010 in Healthy Volunteers

data are promising for the further clinical development of ONS-3010, demonstrate the
relevance of the LPS/aluminum challenge to monitor Humira® effects, and emphasize
the value of whole blood challenges for monitoring of proximal drug effects in healthy
volunteers, and potentially in the target population.

Keywords: tumor necrosis

bioequivalence

INTRODUCTION

Biotherapeutic adalimumab (Humira®, AbbVie Inc., North
Chicago, IL, USA) is a recombinant human IgGl monoclonal
antibody binding tumor necrosis factor-a (TNFa), which is one
of the earliest and most potent cytokines mediating inflamma-
tory responses (1). TNFa is produced primarily by activated
macrophages but also by CD4+ lymphocytes, natural killer (NK)
cells, neutrophils, mast cells, eosinophils, and neurons. Binding
of TNFa to its receptor, TNF receptor type 1 (TNFR1) or TNF
receptor type 2 (TNFR2), results in downstream activation of
caspase, nuclear factor k-B (NFkB), JNK, or MAPK pathways
(2). TNFa is an autocrine stimulator as well as a potent paracrine
inducer of interleukin (IL)-1, IL-6, IL-8, and other inflammatory
cytokines (3). Blockage of TNFa therefore not only results in
inhibition of direct TNF effects but also has a more general effect
on inflammation (3, 4). Inactivation of TNFa has proven to be
important in downregulating the inflammatory and immune
reactions associated with rheumatoid arthritis and other autoim-
mune conditions (3, 5-10). Adalimumab binds specifically to
TNFa, blocks its interaction with TNFR1 and TNFR2, and lyses
surface TNFa-expressing cells in vitro in the presence of comple-
ment. Adalimumab also modulates biological responses induced
or regulated by TNFq, including changes in the levels of adhesion
molecules responsible for leukocyte migration (11).

The development of products that are designed as a biosimilar
of the original licensed product has gained interest over recent
years because of expiring patents of originator’s biotherapeutic
products. This is also the case for Humira®: the patent is expected
to expire in December 2016 in the US and in April 2018 in the
EU. Per FDA and EMA guidelines, demonstration of biosimilar-
ity between test and reference biotherapeutics comprises quality
characteristics, pharmacokinetic (PK) properties, biological
activity, safety, and efficacy (12-16). Although the FDA and EMA
recommend to include pharmacodynamic (PD) endpoints in
biosimilarity studies whenever feasible, no guidance is provided
on the clinical development phase in which PD endpoints may be
included. Assessing PD effects only in advanced phases of clinical
development bears the risk of late discovery of non-biosimilarity,
as was the case for Alpheon, recombinant human IFNa-2a (17).
The addition of PD endpoints in early biosimilarity studies could
add valuable information for the evaluation of overall compara-
bility of products.

ONS-3010isbeing developed by Oncobiologics Inc. (Cranbury,
NJ, USA) as a biosimilar of Humira®. A phase I clinical study
was performed to demonstrate PK biosimilarity between two
reference products (the EU and US approved forms of Humira®)
and ONS-3010 in healthy volunteers, and to compare the safety

factor-alpha,

lipopolysaccharide, pharmacodynamics, pharmacokinetics,

and immunogenicity profile of ONS-3010 with the two registered
forms of Humira®. In addition, the intended pharmacological
activity of the three products was assessed and compared by
application of a whole blood challenge. In this model, robust
activation of toll-like receptor (TLR)4-driven NFkB signaling
and the NALP3/NLRP3 inflammasome pathway is induced in
circulating immune cells by incubation of freshly isolated whole
blood with lipopolysaccharide (LPS) and aluminum hydroxide
(18-22). NFkB signaling generates an inflammatory response
characterized by TNFa, IL-6, IL-8, IL-1f, and IFNYy release (23),
whereas inflammasome activation results in further enhancement
of IL-1p responses and secretion of IL-18 and IL-33 (21, 24, 25).
TLR4 and inflammasome pathways are implicated in the patho-
genesis of autoimmune diseases such as rheumatoid arthritis
(26-28), and TNFa blockade specifically alters these responses by
its effect on NFkB, playing a key role in NLRP3 priming (26, 29).
Application of LPS/aluminum hydroxide whole blood challenges
in this healthy volunteer trial not only allowed early assessment
of the intended PD activity of ONS-3010 in comparison with the
two reference products but also provided mechanistic insight into
the secondary effects of TNFa blockade.

MATERIALS AND METHODS
Study Design

The bioequivalence study was a randomized, double blind,
single-center phase I study with three treatment arms: ONS-
3010 (Oncobiologics Inc., Cranbury, NJ, USA) and reference
products Humira® EU (AbbVie, Berkshire, UK) and Humira®
US (AbbVie, North Chicago, IL, USA, EudraCT registration #
2013-003551-38). The study was performed in a total number of
198 volunteers, who were deemed healthy and screened negative
for (latent) tuberculosis, acute infectious disease, malignancy,
and autoimmune disorders. All women of child bearing potential
and all males had to practice effective contraception during the
study and had to be willing and able to continue contraception
for at least 5 months after dose administration of study treatment
to be able to participate in the study. In addition, the subjects had
to have a negative screening result for Hepatitis B/C and HIV,
and smoking was prohibited during the complete study period.
Sixty-six subjects per treatment arm received a single subcutane-
ous dose of 40 mg TNFa antibody according to a randomization
schedule, which was stratified for gender. PK, immunogenicity,
and safety analyses were conducted for all 198 study participants.
The PD effects of these three TNFa blockers were assessed by
LPS/aluminum hydroxide whole blood challenges, for which 36
subjects were randomly selected from the 3 treatment arms (6
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male and 6 female subjects per arm). Before the LPS/aluminum
hydroxide whole blood challenges were implemented as a PD
bioassay in the clinical study, the effect of TNFa blockade on the
LPS/aluminum hydroxide-induced inflammatory response was
explored in an in vitro experiment (see below).

The phase I clinical trial was conducted in accordance with
the Declaration of Helsinki and Guideline for Good Clinical
Practice and was approved by the Independent Ethics Committee
of the Foundation “Evaluation of Ethics in Biomedical Research,”
Assen, The Netherlands.

Pharmacokinetic Analysis

Plasma concentrations of adalimumab (ONS-3010, Humira®
EU, or Humira® US) following a single 40 mg subcutaneous
dose administration were assessed in blood samples col-
lected in 4 mL SST™ Gel and Clot Activator tubes (Becton
Dickinson), from day 1 (pre-dose) up to day 71 (post-dose). An
electrochemiluminescence assay (Meso Scale Discovery, MSD)
was developed and validated to measure the concentration
of adalimumab in human serum. Data values below the limit
of quantification (BLOQ, 250 ng/mL) were set to 125 ng/mL
(50% of the limit of quantification, LOQ) for summarizing and
graphical purposes. If more than one-third of all values were
BLOQ for a specific time point/treatment combination, the data
point was not included in the summary/graph. For PK analysis,
BLOQ data points were set to zero when not embedded between
two measurable data points (i.e., >BLOQ) and occurring prior
t0 Tmax. BLOQ data points were excluded from PK analysis when
not embedded between two measurable data points and occur-
ring after Thay, or when embedded between two measurable data
points.

LPS/Aluminum Hydroxide
Whole Blood Challenge

Preceding the phase I clinical trial, the effect of in vitro TNFa
blockade on LPS/aluminum hydroxide-induced cytokine
release in whole blood samples was explored. Blood specimens
were obtained from four healthy male volunteers in sodium
heparin tubes (Becton Dickinson). Fresh whole blood was
(pre-)incubated in 96-well plates with Humira® EU at 37°C at
5% CO,. The Humira® concentration ranged from 0.3125 to
10 pg/mL, which was based on the expected maximum concen-
trations of 4.7 + 1.6 pg/mL, observed after a single administra-
tion of 40 mg (11). After 90 min, 2 ng/mL LPS (Sigma-Aldrich,
St Louis, MO, USA) and 100 pg/mL Alhydrogel 85 (aluminum
hydroxide, Brenntag, Frederikssund, Denmark) were added
to the samples followed by an additional incubation period
of 20 h. In the clinical study, LPS/aluminum hydroxide whole
blood challenges were performed in a subset of study partici-
pants, pre-dose (day 1) and on day 5, day 15, day 29, and day
64. Conditions for the whole blood challenges were similar as
for the in vitro experiment above, except for the fact that the
incubations were performed in a larger volume (2 mL), and
no pre-incubation with Humira® EU was performed. Cytokine
release was measured in the culture supernatants by an elec-
trochemiluminescence assay (MSD, V-plex; TNFa, IL-1p, IL-6,

IL-8, and IFNy, intra- and inter-assay variation: <10%) or
ELISA (R&D Systems; IL-18).

Immunogenicity

Blood samples for analysis of adalimumab-associated antibodies
against ONS-3010 and Humira® were collected in 4 mL SST™
Gel and Clot Activator tubes (Becton Dickinson). A bridging
ELISA assay was used to measure anti-adalimumab antibodies in
serum samples by electrochemiluminescence. Positive immuno-
genicity samples were further investigated to confirm the speci-
ficity of binding. If a sample was confirmed positive for specific
anti-adalimumab antibodies, the neutralizing capacity of these
antibodies was investigated. Binding specificity was determined
by competitive inhibition with 5 mg/mL of unlabeled ONS-3010;
samples with an inhibition >20.7% were confirmed positive for
anti-drug antibody. Assay sensitivity was 2.463 ng/mL and inter-
run assay precision 5.143-11.354%.

Routine Safety Assessments

Pre-dose (day 1) and on day 2 (hematology only), day 4, day 8,
day 36, and day 72, blood and urine samples were collected for
routine hematology, biochemistry, and urinalysis safety param-
eter assessments. In addition, general safety measures such as
vital signs, electrocardiography, and symptoms were assessed
throughout the study.

Data Analysis

Demographic and PD data were summarized and presented by
graphical and tabular presentations. For the inhibition of TNFa
and IFNYy release after incubation with LPS/aluminum hydroxide
and increasing adalimumab concentrations in vitro, a model
was fitted to the data in R (v2.15.2, R Foundation for Statistical
Computing, Vienna, Austria, 2012) and described by a maximal
effect (Emay) and half maximal effect concentrations (ECs).

A non-compartmental analysis was performed to describe the
PK of the antibodies using SOFTWARE. The area under the curve
(AUC) was computed from zero to the last measurement point
(AUCust). If the terminal phase was sufficiently well character-
ized (at least three data points after T, and a linear regression
r* >0.5), the terminal half-life (t,,,) and the AUC zero to infinity
(AUCo.inr) were estimated. PK profiles of the investigational
product (ONS-3010) and the reference products (Humira® EU
and Humira® US) were compared using general linear model
procedures in SAS®. An analysis of variance (ANOVA) was
performed on the untransformed elimination rate constant (Ka),
apparent terminal elimination half-life (t,a), and In-transformed
AUC1asty AUCo.ing, and Ciax. The ANOVA model included treat-
ment as a fixed effect. The ratio of means with the 90% geometric
confidence interval (CI) was calculated for AUCq sty AUCoiing,
and Cpa. Bioequivalence was evaluated in accordance with
EMA and FDA guidelines on the investigation of bioequivalence
(30, 31). The hypothesis of bioequivalence for the PK parameters
AUCotast, AUCoing, and Crnax was supported with 90% CI for the
relative geometric means ratio fully enclosed in the equivalence
bounds of 80-125%.
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RESULTS LPS/Aluminum Hydroxide Whole Blood

. Challenge
Demographics In a separate experiment preceding the clinical study, the effect

A total number of 90 male and 108 female subjects aged between
18 and 55 years, with a BMI of 19-29 kg/m* and a body weight
>50 kg were enrolled in the clinical trial with both sexes equally
divided over the three treatment groups (ONS-3010 and Humira®
EU/US, Figure 1; Table 1).

Pharmacokinetic Analysis

Five subjects (four Humira® US; one Humira® EU) had an
incomplete PK profile as a result of early study termination, and
therefore PK parameters could not be determined accurately.
These participants were excluded from the statistical analysis on
total exposure parameters (e.g., AUCo..st). Two of these subjects
had a PK profile up to 7 and 8 days, based on which Ci.x and
Tmax could be determined, and these data were included in the
statistical analysis (Table 2).

Subcutaneous administration of adalimumab resulted in a
steadyincrease in plasma concentrations starting at approximately
36 h post-dose to reach a maximum concentration after 6-7 days,
followed by a log-linear decrease and a non-linear decrease once
the plasma concentration reached lower levels, similar to other
monoclonal antibodies (Figure 2). Large variability in antibody
concentration was observed between subjects during the elimina-
tion phase, with some subjects having adalimumab plasma con-
centration levels BLOQ (<250 ng/mL) 5 weeks after dosing, while
others continued to have measurable levels up to the last study
visit (day 71). On the primary PK endpoints, AUCo_inf and Crnax,
equivalence was demonstrated based on bounds of 80-125% for
the ratio of the geometric means (ONS-3010/Humira®; Table 3).
Equivalence was also demonstrated for secondary PK endpoint
AUCO—lasb

of in vitro TNFa blockade on LPS/aluminum hydroxide-induced
cytokine release in whole blood samples was explored. Addition
of adalimumab to the LPS/aluminum hydroxide-triggered
whole blood samples resulted in dramatically reduced TNFa
levels measured in the culture supernatant. An average reduction

TABLE 1 | Demographics and baseline characteristics.

Humira® EU Humira® US ONS-3010
Age (years)
N 66 66 66
Mean (SD) 25.4 (8.4) 25.6 (9.0) 25.9 (9.3
Height (cm)
N 66 65 66
Mean (SD) 175.8 (8.6) 176.8 (9.5) 177.3 (8.4)
Weight (kg)
N 66 66 66
Mean (SD) 72.0(11.1) 72.4 (11.5) 71.5(9.4)
BMI (kg/m?)
N 66 66 66
Mean (SD) 23.2 (2.6) 23.1(2.6) 22.7 (2.2)
Sex
Female 36 (65%) 36 (55%) 36 (55%)
Male 30 (45%) 30 (45%) 30 (45%)
Race
Asian 2 (3%) 0 (0%) 1(2%)
Black or African American 7 (11%) 1(2%) 5 (8%)
Hispanic or Latino 0 (0%) 2 (3%) 0 (0%)
White 50 (76%) 56 (85%) 58 (88%)
Mixed 6 (9%) 7 (11%) 2 (3%)
Other 1(2%) 0 (0%) 0 (0%)

‘ Assessed for eligibility (n=328) ‘

ONS-3010 (n=66)

!

‘ Randomized (n=198) ‘

| Humira® EU (n=66) ‘

| Humira® US (n=66) |

Completed study (n=65)

Discontinued (n=1)
Adverse events (n=0)
Withdrew consent (n=0)
Lost to follow-up (n=0)
Other (n=1)

Completed study (n=63)

Discontinued (n=3)
Adverse events (n=0)
Withdrew consent (n=1)
Lost to follow-up (n=0)
Other (n=2)

Completed study (n=59)

Discontinued (n=7)
Adverse events (n=0)
Withdrew consent (n=4)
Lost to follow-up (n=0)
Other (n=3)

FIGURE 1 | Subject disposition.
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TABLE 2 | Non-compartmental pharmacokinetic analysis.

ONS-3010 (n = 66)

Humira® EU (n = 66) Humira® US (n = 66)

AUCo-rt (ng x h/mL)
AUCo-st (ng x h/mL)

2,680,234 (995,883)
2,325,364 (870,647)

2,631,077 (1,077,199)
2,376,523 (891,150)

2,577,967 (1,112,632)
2,304,145 (941,728)

Crrax (Ng/mL) 3869 (842) 3898 (987) 3692 (1030)
Tmax () 146 (59) 134 (70) 152 (82)
tie (h) 317 (191) 307 (178) 318 (194)
Mean (SD).
Administration of adalimumab resulted in a reduction of LPS/
100004 aluminum hydroxide-induced IL-8 release (Figure 4D). Minor
-~ ONS-3010 diff b db ith .
& Humira US ifferences were observed between treatment groups, with maxi-
s Humira EU mal reductions observed on day 5 [ONS-3010, —24% (CV 56%)]

Adalimumab (ng/mL)
=
o
T

1 OO T T T T 1
0 10 20 30 40 50

Time (days)

FIGURE 2 | Adalimumab concentration-time profile for ONS-3010,
Humira® EU, and Humira® US with SD; vertical line at day 1 denotes
dosing.

in TNFa level of 97 + 0.6% was observed already at the low-
est adalimumab concentration evaluated (0.3125 pg/mL), as
compared to the LPS/aluminum hydroxide only samples. With
increasing concentrations of adalimumab, further reductions
in TNFa levels were measured, up to 99 + 0.1%. In addition,
TNFa blockade affected the LPS/aluminum hydroxide-induced
release of IFNy with a maximal reduction of 93 + 4% observed
at an adalimumab concentration of 10 pg/mL. The adalimumab
concentration-effect curves for TNFa and IFNYy are presented in
Figure 3, with an E.. of 99 and 97% and an ECs of 0.006 and
0.6 pg/mL for TNFa and IFNY, respectively. Increasing concen-
trations of adalimumab did not affect the release of IL-6, IL-1p,
and IL-18 following LPS/aluminum hydroxide stimulation of
whole blood (data not shown).

In the clinical study, adalimumab treatment resulted in a more
than 99% reduction in measurable TNFa levels in LPS/aluminum
hydroxide-triggered whole blood samples (Figure 4A). This
effect was maximal at the first time point investigated (day 5) and
lasted until at least 3 weeks post-dose. Thereafter, TNFa levels
started to return to baseline with individual time courses depend-
ing on the adalimumab plasma concentration. On average, TNFa
levels were still approximately 85% reduced at the last time point
investigated (day 64). The reduction in TNFa levels did not differ
between the three treatment groups.

Lipopolysaccharide/aluminum hydroxide-induced release
of IL-1f8 and IL-6 was not inhibited by TNFoa blockade
(Figures 4B,C). For all treatment groups, a slight increase
over baseline cytokine levels was observed on day 29, both for
IL-1B (50, 25, and 17% for treatment ONS-3010, Humira® EU,
and Humira® US, respectively) and IL-6 (25, 29, and 19%).

and day 15 [Humira® EU, —29% (CV 28%); Humira® US, —30%
(CV 44%)], and a return to baseline levels between day 29 and day
64. Whereas adalimumab inhibited LPS/aluminum hydroxide-
induced IFNY release in the preclinical in vitro experiment, this
effect could not be confirmed in the clinical study. IFNy release
was highly variable between subjects and BLOQ (<114 pg/mL) in
the baseline samples of 21 out of the total number of 36 partici-
pants. IFNYy release strongly differed between males and females
with mean baseline values of 1308 + 1803 and 144 + 278 pg/mL,
respectively. Also, for the other cytokines (TNFa, IL-1p, IL-6,
and IL-8) sex differences were observed, but to a lesser extent
(cytokine release on average 1.6-fold higher in the male subjects,
data not shown).

Immunogenicity and Immune Cell Counts
The immunogenicity profiles were well comparable between the
ONS-3010, Humira® EU, and Humira® US treatment groups for
the confirmed and neutralizing antibodies (Table 4).

Adalimumab administration resulted in a mild decrease
in neutrophil count, amounting maximally 15-20% at day 8,
and returning to baseline levels after 5 weeks (Figure 5A).
Furthermore, adalimumab administration induced a mild
increase in lymphocyte count, peaking 3 days after dose admin-
istration (Figure 5B). There were no indications for differences
between treatment groups in neutrophil and lymphocyte cell
counts over time.

DISCUSSION

A phase I clinical study was performed to demonstrate bio-
similarity between ONS-3010 and two reference adalimumab
products (the EU and US approved forms of Humira®) in healthy
volunteers. For the PK endpoints (AUCo.iny, Cmax AUCo-1st)
equivalence was demonstrated between ONS-3010 and the
marketed products, based on bounds of 80-125% for the ratio of
the geometric means (ONS-3010/Humira®). The immunogenic-
ity profiles were comparable between treatment groups for the
confirmed and neutralizing antibodies, and there were no indica-
tions for differences between treatment groups in routine safety
parameters, including neutrophil and lymphocyte cell counts.
The adverse events (AEs), which were reported most frequently
(probably, possibly, or unlikely related to treatment) were a

Frontiers in Immunology | www.frontiersin.org

November 2016 | Volume 7 | Article 508


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive

Dillingh et al.

Clinical Evaluation of Humira® Biosimilar ONS-3010 in Healthy Volunteers

TABLE 3 | Non-compartmental pharmacokinetic analysis - contrasts of ANOVA.

Humira® EU vs. Humira® US

ONS-3010 vs. Humira® US

ONS-3010 vs. Humira® EU

Contrast 90% ClI p-value Contrast 90% CI p-value Contrast 90% CI p-value
AUCo. (ng x h/mL) 1.04 0.92-1.17 0.6365 1.06 0.94-1.20 0.4061 1.03 0.91-1.16 0.7141
AUC s (Ng x ML) 1.05 0.92-1.20 05118 1.01 0.89-1.15 0.8705 0.96 0.85-1.09 0.6160
Conax (Ng/mL) 1.07 0.99-1.15 0.1811 1.06 0.98-1.15 0.1899 1.00 0.92-1.08 0.9746
areduced production of IFNYy following the use of TNFa blockers.
Lo r,vm“v'""@ """""" . .t However, the underlying mechanism for the observed inhibition
00 4 ! is not fully elucidated (32-34). IFNy can be produced by a variety
| of cells including T- and B-lymphocytes, antigen-presenting cells,
80 and NK cells (35). NK cells are probably an important source
of IFNy in our model. IFNy production is NFxB-driven and
] supported by IL-12 and IL-18 (36-38). TNFa may act synergisti-
2 60 cally with these cytokines, explaining the reduced IFNY release
= observed in our experiment.
2 50 In contrast to the effect on IFNy release, in vitro TNFablockade
3 j;_ E\ﬁl‘l did not modulate the release of IL-1f, IL-6, and IL-18. Although
w40 ‘ TNFa-induced NFkB signaling drives transcription of various
30 - cytokines, the unaffected IL-1pB, IL-6, and IL-18 release upon
TNFa blockade suggests that primary LPS-driven responses are
20 sufficient to induce maximal cytokine release, and that secondary
signaling via LPS-induced TNFa does not augment the LPS-
L driven response.
0 - The adalimumab induced reduction in TNF levels upon stim-
T T T T T T T T T T ) ulation with LPS/aluminum hydroxide could be reproduced in
0 1 2 3 4 5 6 7 8 9 10 the clinical samples of ONS-3010 and Humira® treated subjects.
: Treatment resulted in a more than 99% reduction in detectable
[Adalimumab] (ug/mL) R
TNFa levels in the whole blood culture supernatant. The reduc-
. o . tion in TNF« levels did not differ between the three treatment
FIGURE 3 | Mean reduction of in vitro TNFa and IFNy release (%, with . . . L.
SD) after LPS/aluminum hydroxide stimulation and incubation with groups in terms Ofmagnltude or duration. Surprlsmgly, whereas
increasing concentrations of adalimumab; curve fit presented as adalimumab inhibited LPS/aluminum hydroxide—induced
dotted line. IFNY release in the preclinical in vitro experiment, this effect

burning sensation upon injection at injection site, headache, and
nasopharyngitis. In general, the AEs were evenly divided over
the treatments, mild in severity, and self-limiting. In addition to
PK, safety, and immunogenicity, the intended pharmacological
activity of the compounds was assessed in this study using whole
blood LPS/aluminum challenges. This PD endpoint was included
to reduce the risk of late discovery of bio-non-similarity for the
intended drug effect, even though this approach is rarely applied
in biosimilarity trials in healthy volunteers. An LPS/aluminum
challenge was used to induce TLR4-driven NFkB signaling and
NALP3/NLRP3 inflammasome activation. Both pathways are
implicated in the pathogenesis of autoimmune diseases for which
Humira® is being prescribed.

Preceding the clinical study, the effect of TNFa blockade on
LPS/aluminum hydroxide-induced cytokine release in whole
blood samples was verified in vitro. TNFa blockade resulted in
dramatically reduced TNFa levels (maximally 99%) measured in
the culture supernatant. IFNy release was also strongly affected,
with a maximal reduction of 93%. Previous studies also described

could not be confirmed in the clinical study. As described in the
Section “Results,” the inter-individual variability in IFNy levels
was substantial, and a large number of data points was BLOQ
(<114 pg/mL). Strikingly, a major difference in IFNy release
was observed between male and female subjects (baseline levels
1308 and 144 pg/mL, respectively). These data are in contrast
to studies reporting no significant differences in IFNy cytokine
levels between both sexes (39, 40), and we are not aware of
studies reporting the existence of sex-dependent IFNy release.
The different responsiveness in IFNy release observed in the
current study upon TLR4/inflammasome stimulation may
relate to sex differences in circulating cell populations produc-
ing IFNYy or hormonal influences that play a role in this specific
immune response (41). IL-1p, IL-6, and IL-8 responses were
comparable for the three treatment groups. In line with the
results from the preclinical in vitro experiment, LPS/aluminum
hydroxide-induced release of IL-1f and IL-6 was not inhibited
by anti-TNFa treatment in the clinical study. In contrast,
administration of adalimumab did result in a reduction of LPS/
aluminum hydroxide-induced IL-8 release. A maximal decrease
of approximately 30% was observed at day 15. Although this

Frontiers in Immunology | www.frontiersin.org

November 2016 | Volume 7 | Article 508


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive

Dillingh et al.

Clinical Evaluation of Humira® Biosimilar ONS-3010 in Healthy Volunteers

04
--a-- Humira EU
207 -~ Humira US
~ 40 -~ ONS-3010
2 60
&L
£ -80-
-100-
0 10 20 30 40 5 60 70
Time (days)
Cc
120
--a-- Humira EU
~&- Humira US
-~ ONS-3010

-80 T T T T T T 1
0 10 20 30 40 50 60 70

Time (days)

clinical study participants [change from baseline (cfb) %, with SD].

B 1s50-
--a-- Humira EU
100 -&- Humira US
= i -~ ONS-3010
R 504
3
04
_50 T T & T T T 1
0 10 20 30 40 50 60 70
Time (days)
D
40+
--a-- Humira EU
& Humira US
-~ ONS-3010

80

Time (days)

FIGURE 4 | TNFa (A), IL-18 (B), IL-6 (C), and IL-8 (D) release after ex vivo LPS/aluminum hydroxide stimulation of blood samples collected from

TABLE 4 | Confirmed and neutralizing antibodies.

Confirmed antibodies

Neutralizing antibodies

ONS-3010 (n = 63)* Humira® EU (n = 62)?

Humira® US (n = 65)°

ONS-3010 (n =66) Humira® EU (n = 65)° Humira® US (n = 66)

Day 15 20 17 13
Day 43 31 28 25
Day 57 39 38 37

8 8 3
31 24 24
41 37 37

Samples with normalized inhibition <0.886 were deemed positive for neutralizing antibodies. Subjects with a positive result for confirmed () and neutralizing () antibodies pre-dose

were excluded.

effect size is limited and the inter-individual variability rela-
tively large, the timing of the IL-8 decrease suggests a causal
relationship with the anti-TNFa treatment. This observation
may be explained by the role of TNFa as an autocrine stimulator
and a potent paracrine inducer of inflammatory cytokines (3),
although the duration of the IL-8 reduction (i.e., shorter than
the TNFa reduction) and the absent effect on IL-6 release raises
questions about the responsible mechanism.

The advised Humira® dose for the treatment of rheumatoid
arthritis is 40 mg (11). Our data demonstrate that 40 mg
adalimumab results in maximally reduced TNF« levels in LPS-/
aluminum-exposed whole blood cultures, persisting for at least
a month (Figure 4A). During this period, the corresponding
adalimumab concentrations ranged from 3800 (Ti.x) to 1050 ng/
mL (day 36, Figure 2). A comparable adalimumab concentration
range also resulted in a maximal reduction of TNFa levels in our
preclinical in vitro experiment (Figure 3), which demonstrates

the excellent translatability between in vitro and ex vivo TNFa
blocking in an LPS/aluminum challenge model.

Importantly, our in vitro TNFa blockade experiment shows
that a dose of 40 mg Humira®, which is applied in clinical
practice, is a rational dose based on the observed PD effects in
this study: circulating adalimumab concentrations below 1 pg/
mL (Figure 2, after day 36) translated into a sub-maximal
reduction of LPS-/aluminum-induced TNFa levels (Figure 4).
Taken together, these data demonstrate the relevance of the LPS/
aluminum challenge to monitor Humira® effects and emphasize
the value of whole blood challenges for monitoring of proximal
drug effects in healthy volunteers, and potentially in the target
population.

In conclusion, this healthy volunteer study demonstrated
equivalence for PK endpoints and closely comparable PD bio-
marker profiles between ONS-3010 and the marketed Humira®.
The immunogenicity profiles were well comparable between
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FIGURE 5 | Neutrophil (A) and lymphocyte (B) count with SD; vertical line at day 1 denotes dosing.

treatment groups, and there were no indications for differences
in routine safety parameters. These data are promising for the
further clinical development of ONS-3010 and underline the
value of incorporation of PD measures in early clinical phase
biosimilar trials.

ETHICS STATEMENT

The study was approved by the Independent Ethics Committee
of the Foundation “Evaluation of Ethics in Biomedical Research,”
Assen, The Netherlands. Subjects were given oral and written
information about the study prior to medical screening. The
subjects were permitted to ask questions to qualified staff and
were given ample opportunity to carefully consider participation
in the trial. After they gave written acknowledgement of informed
consent to participate, a medical screening took place.

REFERENCES

1. Dillingh MR, van Poelgeest EP, Malone KE, Kemper EM, Stroes ESG,
Moerland M, et al. Characterization of inflammation and immune cell modu-
lation induced by low-dose LPS administration to healthy volunteers. ] Inflam
(2014) 11:28. d0i:10.1186/s12950-014-0028-1

AUTHOR CONTRIBUTIONS

Oncobiologics Inc. conceptualized the study. MM, JB, and LY
designed the study. KM was involved in the design of the labora-
tory methods and carried out the laboratory experiments. MM
and JB supervised the complete study. MD, JR, MM, and JB were
responsible for the clinical execution of the study and interpreta-
tion of the results. All the authors (MD, JR, KM, JB, KB, LY, CR,
and MM) were involved in writing the manuscript and approved
the final manuscript.

FUNDING

This study was funded by Oncobiologics Inc. All the authors
received clinical trial support from Oncobiologics, Inc. CR, KB,
and LY are employees of Oncobiologics Inc.

2. Faustman D, Davis M. TNF receptor 2 pathway: drug target for auto-
immune diseases. Nat Rev Drug Discov (2010) 9:482-93. doi:10.1038/
nrd3030

3. Choy EH, Panayi GS. Cytokine pathways and joint inflammation in
rheumatoid arthritis. N Engl JMed (2001) 344:907-16. doi:10.1056/
NEJM200103223441207

Frontiers in Immunology | www.frontiersin.org 8

November 2016 | Volume 7 | Article 508


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1186/s12950-014-0028-1
https://doi.org/10.1038/nrd3030
https://doi.org/10.1038/nrd3030
https://doi.org/10.1056/NEJM200103223441207
https://doi.org/10.1056/NEJM200103223441207

Dillingh et al.

Clinical Evaluation of Humira® Biosimilar ONS-3010 in Healthy Volunteers

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Butler DM, Maini RN, Feldmann M, Brennan FM. Modulation of proin-
flammatory cytokine release in rheumatoid synovial membrane cell cultures.
Comparison of monoclonal anti TNF-alpha antibody with the interleukin-1
receptor antagonist. Eur Cytokine Netw (1995) 6:225-30.

Gall JS, Kalb RE. Infliximab for the treatment of plaque psoriasis. Biologics
(2008) 2:115-24. doi:10.2147/btt.s2116

Gottlieb AB. Infliximab for psoriasis. ] Am Acad Dermatol (2003) 49:S112-7.
doi:10.1016/S0190-9622(03)01143-5

Lipsky PE, van der Heijde DM, St Clair EW, Furst DE, Breedveld FC,
Kalden JR, et al. Infliximab and methotrexate in the treatment of rheumatoid
arthritis. Anti-Tumor Necrosis Factor Trial in Rheumatoid Arthritis with
Concomitant Therapy Study Group. N Engl ] Med (2000) 343:1594-602.
doi:10.1056/NEJM200011303432202

Punzi L, Podswiadek M, Sfriso P, Oliviero E, Fiocco U, Todesco S. Pathogenetic
and clinical rationale for TNF-blocking therapy in psoriatic arthritis.
Autoimmun Rev (2007) 6:524-8. doi:10.1016/j.autrev.2006.12.003

van Deventer SJ. Tumour necrosis factor and Crohn’s disease. Gut (1997)
40:443-8. doi:10.1136/gut.40.4.443

Weinblatt ME, Keystone EC, Furst DE, Moreland LW, Weisman MH,
Birbara CA, etal. Adalimumab, a fully human anti-tumor necrosis factor alpha
monoclonal antibody, for the treatment of rheumatoid arthritis in patients
taking concomitant methotrexate: the ARMADA trial. Arthritis Rheum (2003)
48:35-45. doi:10.1002/art.10697

FDA. Highlights of Prescribing Information Humira. US Food and Drug
Administration (2008).

EMA. Guideline on Similar Biological Medicinal Products Containing
Monoclonal  Antibodies; ~ EMA/CHMP/BMWP/403543/2010.  European
Medicines Agency (2012).

EMA. Guideline on Similar Biological Medicinal Products; CHMP/437/04 Rev
1. European Medicines Agency (2014).

EMA. Guideline on Similar Biological Medicinal Products Containing
Biotechnology-Derived ~ Proteins as Active Substance; EMEA/CHMP/
BMWP/42832/2005 Rev1. European Medicines Agency (2014).

FDA. Scientific Considerations in Demonstrating Biosimilarity to a Reference
Product - Guidance for Industry. US Food and Drug Administration (2015).
FDA. Quality Considerations in Demonstrating Biosimilarity of a Therapeutic
Protein Product to a Reference Product — Guidance for Industry. US Food and
Drug Administration (2015).

EMA. Questions and Answers on Recommendation for Refusal of Marketing
Application on Alpheon. European Medicines Agency (2006).

Eisenbarth SC, Colegio OR, O’Connor W, Sutterwala FS, Flavell RA.
Crucial role for the Nalp3 inflammasome in the immunostimulatory
properties of aluminium adjuvants. Nature (2008) 453:1122-6. doi:10.1038/
nature06939

Hoesel B, Schmid JA. The complexity of NF-kappaB signaling in inflammation
and cancer. Mol Cancer (2013) 12:86. doi:10.1186/1476-4598-12-86

Kawai T, Akira S. Signaling to NF-kappaB by toll-like receptors. Trends Mol
Med (2007) 13:460-9. d0i:10.1016/j.molmed.2007.09.002

Kool M, Fierens K, Lambrecht BN. Alum adjuvant: some of the tricks
of the oldest adjuvant. ] Med Microbiol (2012) 61:927-34. doi:10.1099/
jmm.0.038943-0

Li H, Nookala S, Re F. Aluminum hydroxide adjuvants activate caspase-1 and
induce IL-1beta and IL-18 release. ] Immunol (2007) 178:5271-6. d0i:10.4049/
jimmunol.178.8.5271

Li Q Verma IM. NF-kappaB regulation in the immune system. Nat Rev
Immunol (2002) 2:725-34. doi:10.1038/nri968

Li H, Willingham SB, Ting JP, Re E. Cutting edge: inflammasome activation
by alum and alum’s adjuvant effect are mediated by NLRP3. ] Immunol (2008)
181:17-21. doi:10.4049/jimmunol.181.1.17

Sutterwala FS, Ogura Y, Szczepanik M, Lara-Tejero M, Lichtenberger GS,
Grant EP, et al. Critical role for NALP3/CIAS1/Cryopyrin in innate and
adaptive immunity through its regulation of caspase-1. Immunity (2006)
24:317-27. doi:10.1016/j.immuni.2006.02.004

Guo H, Callaway JB, Ting JP. Inflammasomes: mechanism of action, role in
disease, and therapeutics. Nat Med (2015) 21:677-87. d0i:10.1038/nm.3893

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Liu Y, Yin H, Zhao M, Lu Q. TLR2 and TLR4 in autoimmune diseases: a com-
prehensive review. Clin Rev Allergy Immunol (2014) 47:136-47. doi:10.1007/
$12016-013-8402-y

Mathews RJ, Robinson JI, Battellino M, Wong C, Taylor JC, Eyre S, et al.
Evidence of NLRP3-inflammasome activation in rheumatoid arthritis (RA);
genetic variants within the NLRP3-inflammasome complex in relation to
susceptibility to RA and response to anti-TNF treatment. Ann Rheum Dis
(2014) 73:1202-10. doi:10.1136/annrheumdis-2013-203276

Bauernfeind FG, Horvath G, Stutz A, Alnemri ES, MacDonald K, Speert D,
et al. Cutting edge: NF-kappaB activating pattern recognition and cytokine
receptors license NLRP3 inflammasome activation by regulating NLRP3
expression. ] Immunol (2009) 183:787-91. doi:10.4049/jimmunol.0901363
FDA. Statistical Approaches to Establishing Bioequivalence — Guidance for
Industry. US Food and Drug Administration (2001).

EMA. Guideline on the Investigation of Bioequivalence; CPMP/EWP/
QWP/1401/98 Rev.1. European Medicines Agency (2010).

Harris ], Keane J.How tumour necrosis factor blockers
with tuberculosis immunity. Clin Exp Immunol (2010)
doi:10.1111/j.1365-2249.2010.04146.x

Popa C, Barrera P, Joosten LA, van Riel PL, Kullberg BJ, van der Meer JW, et al.
Cytokine production from stimulated whole blood cultures in rheumatoid
arthritis patients treated with various TNF blocking agents. Eur Cytokine Netw
(2009) 20:88-93. doi:10.1684/ecn.2009.0150

Wallis RS. Reactivation of latent tuberculosis by TNF blockade: the role
of interferon gamma. ] Investig Dermatol Symp Proc (2007) 12:16-21.
doi:10.1038/sj.jidsymp.5650031

Schroder K, Hertzog PJ, Ravasi T, Hume DA. Interferon-gamma: an over-
view of signals, mechanisms and functions. J Leukoc Biol (2004) 75:163-89.
doi:10.1189/j1b.0603252

Kojima H, Aizawa Y, Yanai Y, Nagaoka K, Takeuchi M, Ohta T, et al. An
essential role for NF-kappa B in IL-18-induced IFN-gamma expression in
KG-1 cells. ] Immunol (1999) 162:5063-9.

Matsumoto S, Tsuji-Takayama K, Aizawa Y, Koide K, Takeuchi M, Ohta
T, et al. Interleukin-18 activates NF-kappaB in murine T helper type
1 cells. Biochem Biophys Res Commun (1997) 234:454-7. doi:10.1006/
bbrc.1997.6665

Weinstock JV, Blum A, Metwali A, Elliott D, Arsenescu R. IL-18 and IL-12
signal through the NF-kappa B pathway to induce NK-IR expression on
T cells. ] Immunol (2003) 170:5003-7. doi:10.4049/jimmunol.170.10.5003
Biancotto A, Wank A, Perl S, Cook W, Olnes MJ, Dagur PK, et al. Baseline
levels and temporal stability of 27 multiplexed serum cytokine concentra-
tions in healthy subjects. PLoS One (2013) 8:€76091. doi:10.1371/journal.
pone.0076091

Eikelenboom MJ, Killestein J, Uitdehaag BM, Polman CH. Sex differences in
proinflammatory cytokine profiles of progressive patients in multiple sclero-
sis. Mult Scler (2005) 11:520-3. doi:10.1191/1352458505ms11950a

Verthelyi D, Klinman DM. Sex hormone levels correlate with the activity
of cytokine-secreting cells in vivo. Immunology (2000) 100:384-90.
doi:10.1046/j.1365-2567.2000.00047.x

interfere
161:1-9.

Conflict of Interest Statement: This study was funded by Oncobiologics, Inc.
CR, KB, and LY are employees of Oncobiologics Inc. All authors received clinical
trial support from Oncobiologics, Inc. MD, JR, JB, and MM are employees of the
Centre for Human Drug Research, responsible for the study conduct. KM was
employee of Good Biomarker Sciences and was responsible for the performance of
the laboratory experiments. They received no personal remuneration.

Copyright © 2016 Dillingh, Reijers, Malone, Burggraaf, Bahrt, Yamashita, Rehrig and
Moerland. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) or licensor are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Immunology | www.frontiersin.org

November 2016 | Volume 7 | Article 508


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.2147/btt.s2116
https://doi.org/10.1016/S0190-9622(03)01143-5
https://doi.org/10.1056/NEJM200011303432202
https://doi.org/10.1016/j.autrev.2006.12.003
https://doi.org/10.1136/gut.40.4.443
https://doi.org/10.1002/art.10697
https://doi.org/10.1038/nature06939
https://doi.org/10.1038/nature06939
https://doi.org/10.1186/1476-4598-12-86
https://doi.org/10.1016/j.molmed.2007.09.002
https://doi.org/10.1099/jmm.0.038943-0
https://doi.org/10.1099/jmm.0.038943-0
https://doi.org/10.4049/jimmunol.178.8.5271
https://doi.org/10.4049/jimmunol.178.8.5271
https://doi.org/10.1038/nri968
https://doi.org/10.4049/jimmunol.181.1.17
https://doi.org/10.1016/j.immuni.2006.02.004
https://doi.org/10.1038/nm.3893
https://doi.org/10.1007/s12016-013-8402-y
https://doi.org/10.1007/s12016-013-8402-y
https://doi.org/10.1136/annrheumdis-2013-203276
https://doi.org/10.4049/jimmunol.0901363
https://doi.org/10.1111/j.1365-2249.2010.04146.x
https://doi.org/10.1684/ecn.2009.0150
https://doi.org/10.1038/sj.jidsymp.5650031
https://doi.org/10.1189/jlb.0603252
https://doi.org/10.1006/bbrc.1997.6665
https://doi.org/10.1006/bbrc.1997.6665
https://doi.org/10.4049/jimmunol.170.10.5003
https://doi.org/10.1371/journal.pone.0076091
https://doi.org/10.1371/journal.pone.0076091
https://doi.org/10.1191/1352458505ms1195oa
https://doi.org/10.1046/j.1365-2567.2000.00047.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Clinical Evaluation of Humira® Biosimilar ONS-3010 in Healthy Volunteers: Focus on Pharmacokinetics and Pharmacodynamics
	Introduction
	Materials and Methods
	Study Design
	Pharmacokinetic Analysis
	LPS/Aluminum Hydroxide 
Whole Blood Challenge
	Immunogenicity
	Routine Safety Assessments
	Data Analysis

	Results
	Demographics
	Pharmacokinetic Analysis
	LPS/Aluminum Hydroxide Whole Blood Challenge
	Immunogenicity and Immune Cell Counts

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	References


