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Abstract

Background and Objectives YLB113 is being developed as a biosimilar of the antitumor necrosis factor-alpha antagonist
etanercept, which is approved for the treatment of moderate-to-severe rheumatoid arthritis (RA) and other chronic immune-
mediated inflammatory diseases. An open-label, crossover, pharmacokinetic study was conducted to compare the relative
bioavailability and safety of YLB113 and the etanercept reference product (RP) Enbrel®.

Methods Healthy male subjects aged 18-50 years were randomized to receive a single subcutaneous dose of YLB113 in
one period and the etanercept RP in another period. A washout period of 28 days separated the two treatment periods. Blood
samples were collected for pharmacokinetic analysis predose and until 480 h postdose during both periods.

Results Overall, 52 subjects were enrolled, including 51 subjects who completed the first period and 43 subjects who
completed the second period. The 90% confidence intervals for the least squares means derived from an analysis of the log-
transformed pharmacokinetic parameters maximum serum concentration (C,,,,), area under the serum concentration—time
curve (AUC) from O to the last measurable concentration (AUC, ) and AUC from 0 to infinity (AUCy ) for etanercept
were between the limits of 80 and 125%. Thus, YLB113 met the bioequivalence criterion. YLB113 and the etanercept RP
were well tolerated, with 24 subjects reporting 53 adverse events, including 42 mild and 11 moderate events. Treatment-
emergent adverse events were reported by 14 and 16 subjects following the administration of YLB113 and the etanercept
RP, respectively.

Conclusions A single dose of YLB113 exhibited pharmacokinetic and safety profiles comparable with those of the etaner-
cept RP in healthy adult male subjects. Therefore, YLB113 and the etanercept RP can be considered bioequivalent. These
findings support the continued development of YLB113 for use in patients with RA.

Jordan Food & Drug Administration unique trial number 31/Clinical/2018.

1 Introduction processes in the human body and are used to treat various

diseases ranging from cancer to rheumatoid arthritis (RA).
Etanercept was one of the first of a group of modern drugs RA is an autoimmune disease in which the body’s
called biologics or biologicals to be developed. Unlike syn- ~ immune system—which normally maintains health by

thetic drugs, biologics are complex molecules produced attacking foreign substances such as bacteria and viruses—
by living cells. Biologics are designed to mimic or change mistakenly attacks the joints, leading to pain and irreversible
deformation and destruction of the joints if not treated ade-
Electronic supplementary material The online version of this quately [1]. Approximately 1.5 milli9n people in the United
article (https://doi.org/10.1007/s13318-020-00613-9) contains States have RA. In European countries, between 20 and 50
supplementary material, which is available to authorized users. cases per 100,000 inhabitants are newly diagnosed each year
[1]. Worldwide, 0.24% of the adult population have RA.
Etanercept is a tumor necrosis factor-alpha (TNF-a)
antagonist used in the treatment of adult and juvenile RA,
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YLB113 is being developed as a biosimilar of the anti-
tumor necrosis factor-alpha antagonist etanercept, which
is approved for the treatment of moderate-to-severe
rheumatoid arthritis (RA) and other chronic immune-
mediated inflammatory diseases

Pharmacokinetic and safety data demonstrate the bio-
equivalence of YLB113 and the etanercept RP in healthy
adult male subjects, supporting the continued develop-
ment of YLB113 for use in patients with RA.

disease-modifying antirheumatic drugs has been inadequate
[2, 3]. It can be given as monotherapy in patients who cannot
tolerate methotrexate or when continued methotrexate treat-
ment is not appropriate. Etanercept is a recombinant, fully
human, soluble, TNF-a fusion protein consisting of two cop-
ies of the extracellular ligand-binding domain of the human
75-kDa TNF-a receptor linked to the Fc portion of human
immunoglobulin G1 [3]. The structure of etanercept makes
it 50- to 100-fold more potent at binding to TNF-« than the
endogenous unconjugated soluble TNF-a receptor [4].

High treatment costs restrict access to high-quality bio-
logical medicines. In the case of etanercept, biosimilar ver-
sions of this recombinant protein have been developed to
provide high-quality alternatives that are more economically
attractive than their present recombinant TNF-« fusion pro-
tein counterparts [4]. A biosimilar is a biological agent that
is highly similar but not identical to a reference product (RP)
and is considered for separate marketing approval after the
expiration of the RP’s patent [5]. Biosimilars meet high
standards for comparability to the reference product and are
approved for use in the same indications [4].

The current study was performed to examine the pharma-
cokinetic bioequivalence of a 50 mg solution of the etaner-
cept biosimilar YLB113 to a 50 mg solution of the marketed
product Enbrel® (the etanercept RP) after single subcutane-
ous (SC) administration in healthy adult male volunteers.
In addition, the safety profiles of YLB113 and the RP were
compared.

2 Methods

2.1 Study Design

This was an open-label, randomized, two-period, two-
treatment, two-sequence, crossover, balanced, single-dose,

comparative pharmacokinetic study (Jordan Food & Drug
Administration unique trial number: 31/Clinical/2018). The
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study protocol was prepared in line with the requirements
set in the European Medicines Agency (EMA) guidance for
conducting bioequivalence studies [6]. Subjects were rand-
omized to receive a single dose of YLB113 in one period
and the etanercept RP in the other period. A washout period
of 28 days separated the two doses. In sequence 1, subjects
received YLB113 or the etanercept RP followed by a 28-day
washout period. In sequence 2, subjects were crossed over
to either the etanercept RP or YLB113, depending on what
they received in sequence 1.

Each period consisted of 22 days, including the following:

e Day —1: admission of subjects to the clinical site
(approximately 24 h prior to study drug administration)

e Day 0: study drug administration, starting with dosing
at approximately 8 am and subsequent scheduled blood
sampling until the 12 h postdose sample

e Days 1-5 (confinement period): pharmacokinetic blood
sample collection and safety monitoring

e Days 6-20 (144480 h): pharmacokinetic blood sample
collection and safety monitoring.

2.2 Subjects

Subjects were healthy male adults selected from the Jorda-
nian population who were physically and mentally healthy,
aged 18-50 years, and had a body weight of at least 63 kg, a
body mass index (BMI) between 18.5 and 30 kg/mz, results
for all red blood cell indices and hemoglobin within the
normal ranges or+ 5% of the medical laboratory reference
ranges at screening, white blood cells within the medical lab-
oratory reference range at screening and admission to period
1, a normal electrocardiogram (ECG) at screening, kidney
and liver function tests within their medical laboratory ref-
erence ranges, and vital signs within the following ranges:
systolic blood pressure, 90-140 mm Hg; diastolic blood
pressure, 60—90 mm Hg; body temperature, 36.1-37.8 °C;
pulse, 60—100 beats per minute; and respiratory rate, 12—18
breaths per minute at screening and admission.

Subjects were excluded based on the identification of
significant diseases or clinically abnormal findings during
screening, skin abnormalities at the injection site, a history
of difficulty in donating blood, a known allergy to etanercept
or any of its ingredients, sensitivity to latex, a history of or a
current tuberculosis infection, major illness within 1 week of
the first dosing, a history of or current compulsive abuse of
alcohol, moderate smoking (> 10 cigarettes/day), a history of
hepatitis B, or a history of cancer. Subjects were also excluded
if they participated in a bioavailability/bioequivalence study
within 80 days of the first dosing, donated blood within
80 days of the first dosing, would have donated (through to
the completion of this study) > 900 mL of blood in 20 weeks,
or had a positive test for HIV I and II, hepatitis B, or hepatitis



Pharmacokinetic Bioequivalence of YLB113

469

C. Considering that there is no apparent etanercept-related
pharmacokinetic difference between male and female subjects
[7], only males were included in this study.

2.3 Treatment

Patients received 1 mL of a YLB113 50 mg solution (AY
Pharmaceuticals Co., Japan) or 1 mL of an Enbrel® 50 mg
solution (the etanercept RP; Pfizer Limited, UK).

Subjects fasted overnight for at least 10 h and received
a standard breakfast 30 min before dosing (subjects started
their breakfast within 30 min prior to the administration of
the drug and ate their breakfast within 30 min). After the
subjects had finished breakfast and within 30 min of starting
the meal, the study drugs were administered slowly via the
SC route in the abdomen with the subjects adopting a supine
posture, according to the randomization schedule.

With a quick, short motion, the needle was pushed all the
way into the skin at an angle between 45° and 90° without
pushing the needle into the skin too slowly or with great
force. When the needle was completely inserted into the
skin, the skin was released with the free hand and the syringe
was held near to its base to stabilize it. The plunger was then
pushed to inject all the solution at a slow, steady rate. After
emptying the syringe, the needle was pulled out of the skin
at the same angle as when it was inserted. The subinvesti-
gators pressed a cotton ball or gauze over the injection site
for 10 s without rubbing the injection site. The 5-cm area
around the navel was avoided.

Subjects were confined to the clinical facility and activi-
ties were monitored by clinical staff for 120 h following
treatment. Subjects remained in a supine position for 30 min
after dosing, with only necessary movement allowed.

2.4 Sample Collection and Analysis

Blood samples (5 mL) were collected in each study period
at predose and at 2, 4, 12, 18, 24, 30, 36, 48, 60, 72, 96, 120,
144, 168, 216, 264, 312, 384, and 480 h postdosing. Subjects
remained at the clinical facility for 120 h postdosing and
returned to the clinical facility for subsequent collection of
ambulatory blood samples, compliance assessment, and to
have their vital signs and well-being assessed. After collec-
tion, whole blood samples were clotted at room tempera-
ture for 45 + 15 min and then spun at 1600 X g for 10 min at
10 °C. Each pharmacokinetic serum sample was separated
into two aliquots. Samples were stored at — 7020 °C until
shipment on dry ice to Lupin Bioresearch Center, Pune,
India, for analysis.

Temperature loggers were used during shipment to record
the internal temperature and ensure that the samples were
maintained in a frozen state. The samples were received in
good condition and in a frozen state with sufficient dry ice

in the package at the analytical site, so they were analyzed
for etanercept using a validated sandwich enzyme-linked
immunosorbent assay (ELISA) method.

A sensitive and selective method based on antigen—anti-
body complex formation using sandwich ELISA to quantify
etanercept in human serum over the concentration range of
75.000-1100.000 ng/mL was developed and validated at
Lupin Bioresearch Center, Pune, India (for further details,
see the Electronic supplementary material, ESM).

The serum sample/standard containing etanercept was
loaded onto an ELISA plate coated with human anti-etaner-
cept antibody and incubated for 12-72 h at 2-8 °C. Later,
a labeled detection antibody (anti-etanercept horseradish
peroxidase antibody) specific to etanercept was added and
incubated, which caused etanercept to become sandwiched
between the capture and detection antibody. This complex
was developed for colorimetric detection with tetrameth-
ylbenzidine substrate; the reaction was terminated by the
addition of stop solution and the endpoint was measured
at 450 nm and quantified with a known standard curve.
The main objective of the methodology was to evaluate the
etanercept that was captured and detected by the antibody
pair. The study sample analysis was performed on an ELISA
reader (Synergy™ H1 Microplate reader; BioTek Instru-
ments, Inc., Winooski, VT, USA) with absorbance mode
color detection (optical density), utilizing an endpoint of
430 nm and a reference of 630 nm.

Pharmacokinetic samples from the pivotal pharmacoki-
netic study were reanalyzed as part of the incurred sample
reproducibility assessment. The results of the incurred sam-
ple reanalysis met the acceptance criterion, demonstrating
satisfactory reproducibility of the pharmacokinetic assay
throughout the sample analysis period.

2.5 Adverse Events

All adverse events (AEs) were graded as follows: (1) mild—
causing no limitation of usual activities, the subject may
experience slight discomfort; (2) moderate—causing some
limitation of usual activities, the subject may experience
annoying discomfort; or (3) severe—causing inability to
carry out usual activities, the subject may experience intol-
erable discomfort or pain.

2.6 Statistical Analysis

Missing samples and samples with nonreportable concen-
trations were excluded during statistical and pharmacoki-
netic analysis. Concentrations below the lower limit of
quantification were considered to be zero during statisti-
cal and pharmacokinetic analyses. Analyses of variance
(ANOVAs) were performed on the untransformed phar-
macokinetic parameters. Log-transformed data were used
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for analysis. Untransformed and log-transformed pharma-
cokinetic parameters—the maximum serum concentration
(Cpay)» the area under the serum concentration—time curve
from O to the last measurable concentration (AUC,,,), and
the area under the serum concentration—time curve from 0
to infinity (AUC,, )—were analyzed using ANOVA. The
ANOVA model included sequence, formulation, and period
as fixed effects and subject (sequence) as a random effect.
Pharmacokinetic equivalence of the test product (A) with
the RP (B) for etanercept was demonstrated if the 90% confi-
dence interval (CI) of the ratio of the geometric least squares
means for each In-transformed pharmacokinetic parameter
Cpaxs AUC, and AUC,,_ fell within the acceptance range
of 80.00-125.00% [6].

Data from subjects who completed both study periods
were analyzed using Phoenix® WinNonlin® version 6.3
(Certara L.P., Princeton, NJ, USA) for pharmacokinetic anal-
ysis and SAS version 9.4 (SAS Institute, Cary, NC, USA)
for statistical analysis.

3 Results

A total of 52 healthy Caucasian male subjects aged
19-45 years were enrolled, with a mean age of 31 years.
One subject withdrew for personal reasons before dosing
in period 1. In period 1, 51 subjects with a mean BMI of
25.0 kg/m? were dosed and completed the period. In period
2, 43 subjects with a mean BMI of 24.6 kg/m? were dosed
and completed the period. Overall, 8 subjects withdrew
before period 2 (due to a medical reason, abnormal labo-
ratory results, or a positive result of a drug of abuse test).
Subject demographics are shown in Table 1.

Table 1 Subject demographics

Chracteristic N Mean SD Min. Max.

Demographic data for the 51 subjects who enrolled in the study,
dosed, and completed period 1

Age (years) 51 31 1.7 19 45
Height (m) 51 1.76 0.06 1.63 1.90
Weight (kg) 51 77 9.9 63 102
BMI (kg/m?) 51 25.0 2.82 18.8 29.4

Demographic data for the the 43 subjects who completed the
study®

Age (years) 43 31 8.0 19 45
Height (m) 43 1.76 0.06 1.63 1.90
Weight (kg) 43 77 10.0 63 102
BMI (kg/m?) 43 24.6 276 18.8 294

BMI body mass index, SD standard deviation

A total of 8 subjects withdrew after period 1 for the following rea-
sons: fluctuation in white blood cells (n=1), abnormal laboratory
results (n=5), and a positive result of a drug abuse test (n=2)
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Serum samples from 51 subjects were analyzed, with data
from 43 subjects included in the final etanercept pharma-
cokinetic analysis and statistical analysis. Mean and indi-
vidual etanercept concentration profiles are shown in Figs. 1
and 2.

Noncompartmental analysis was performed to derive the
primary (C,,.. AUC,_,, and AUC,, ) and secondary (time
to reach maximum serum concentration, T,,,,; the AUC
extrapolated from time 7 to infinity as a percentage of the
total AUC, AUCq;qrap ops: half-life, 75; elimination rate con-
stant, K,j; volume of distribution, V; and clearance, CL)
pharmacokinetic parameters (Table 2). The bioequivalence
criterion (i.e., the 90% CI of the ratio of the geometric means
of YLB113 and RP must be within 80.00—125.00%) was met
for C,,,, AUC,,, and AUC,, (Table 3).

Overall, 53 AEs were reported in 24 subjects. Of these,
42 AEs were considered mild and 11 were considered mod-
erate. No AEs were serious. Among the AEs, 26 (49.06%)
and 27 (50.94%) were observed following the administra-
tion of YLB113 (Table 4) and the etanercept RP (Table 5),
respectively. Ten AEs were classified as not related to the
administered treatment, 36 were possibly related, 3 were
probably related, and 4 were definitely related. Following
YLB113 administration, 14 subjects experienced > 1 treat-
ment-emergent AEs (TEAEs), whereas 16 subjects experi-
enced > 1 TEAEs following etanercept RP administration.
Headache and sore throat were the most commonly reported
AEs (54.72% of the cases). More AEs were reported in
period 2 for both treatments. No clinically significant out-of-
range values were observed for vital signs or during physical
examinations performed throughout the study.

4 Discussion

The purpose of this study was to evaluate the relative bioa-
vailability, safety, and tolerability of YLB113 (an etanercept
biosimilar) 50 mg solution for injection and the etanercept
RP 50 mg solution for injection following a single SC dose
in healthy adult male subjects. Based on the similarity of
their pharmacokinetic parameters within the accepted range,
YLB113 and the etanercept RP can be considered bioequiva-
lent. Furthermore, based on the observed power and intras-
ubject coefficient of variation, the sample size selected is
sufficient to establish the bioequivalence between YLB113
and the etanercept RP.

The results of the current study indicate that a single dose
of YLB113 and the etanercept RP are bioequivalent based
on the systemic exposure demonstrated by AUC and C,,,,,.
In support of this key finding, no appreciable differences in
T oo L2 Keps Vo or CL for etanercept were detected as per

noncompartmental pharmacokinetic analysis. Based on the
ANOVA results, a significant period effect was observed
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Fig.1 Mean etanercept concentration—time profiles: arithmetic mean (a) and log transformed (b)

for the log-transformed pharmacokinetic parameters C,,,
and AUC at the 0.05 level of significance. This significant
period effect is caused by the plasma levels (and AUC)
being higher or lower in one period than in the other, which
could be attributable to various factors such as the postural
behavior of the subjects, the timing and degree of physi-
cal activity performed during the study, and interindividual
physiological differences. However, considering that all of
the abovementioned factors were the same in both periods,
the observed period effect has no significant influence on the
outcome of the study, because both treatments were given
in each period in a randomized manner to each of the study
participants in a crossover design. The crossover design was
planned such that each treatment was given the same number
of times in each period. This is most efficient and yields
unbiased estimates of treatment differences.

The pharmacokinetic ¢,,, of etanercept is approximately
102 + 30 h, with a clearance of 160+ 80 mL/h [8]. The EMA
recommends a minimum of five half-lives for 96.9% elimi-
nation of the initial dose. Two subjects were observed to
have predose concentrations; however, the concentration

in both cases was <5% C,,,,, so they were included in the
pharmacokinetic analysis set, which indicates that a washout
period of 28 days was adequate to avoid any carryover effect.

In terms of bioanalysis, the method was validated for
parameters such as selectivity, linearity, reproducibility, pre-
cision, accuracy, and stability. Incurred sample reanalysis
was also performed to demonstrate the reliability and repro-
ducibility of the analytical method employed during study
sample analysis. Long-term stability data were appropriately
generated to cover the duration needed for the clinical study.

A pharmacokinetic study in healthy volunteers is con-
sidered to be a particularly sensitive method of evaluating
the similarity of a biosimilar to its RP. A similar strategy
involving pharmacokinetic analysis in healthy subjects has
been used previously to evaluate other etanercept biosimilars
[9-11].

No significant safety issues were reported in the safety
assessment. No clinically relevant findings related to ECG,
vital signs assessment, physical examination, or laboratory
examination were observed. The AEs reflect the comparable
safety profiles of YLB113 and the etanercept RP.
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Fig. 2 Individual etanercept concentration—time profiles of YLB113 and the etanercept reference product (RP): arithmetic mean (a and b) and
log transformed (c and d)

4.1 Conclusions male subjects, and the products can therefore be considered
bioequivalent. These findings support the continued devel-

The results of the current study indicate that a single dose =~ opment of YLB113 for use in patients with RA.

of YLB113 exhibits pharmacokinetic and safety profiles

comparable to those of the etanercept RP in healthy adult
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Table 2 Pharmacokinetic
parameters of etanercept

Pharmacokinetic parameter Test product Reference product
N=43 N=43

Cpax (ng/mL) 3273.69+1565.03 3151.32+1261.68

AUC,, (ng-h/mL) 508301.69+205307.81 521664.67 +188285.10

AUC,_, (ng-h/mL) 531129.09 +215602.87 548684.56 +200975.41

t, (h) 9420+ 11.671 94.55+19.22

K,y (h™h 0.0075 +0.0009 0.0077 +0.0020

AUCyexirap ons (%) 446+1.77 4.84+2.18

V4 (mL) 15037.37 +7078.68 13705.60 +4755.42

CL (mL/h) 113.63+59.40 104.87 +43.50

Tax () 48.00 (18.00-96.00) 48.00 (18.00-120.00)

Values are presented as the mean + SD except for T,,,,, which is presented as median [range]

ax?
AUC,_,, area under the serum concentration—time curve from O to infinity, AUC,,, area under the serum
concentration-time curve from 0 to the last measurable concentration, AUCq,,,q, ops AUC extrapolated
from time ¢ to infinity as a percentage of the total AUC, CL clearance, C,,,, maximum serum concentration,
K, elimination rate constant, SD standard deviation, t;, elimination half-life, 7,,,, time to reach the maxi-

mum serum concentration, V, volume of distribution

ax

Table 3 Statistical comparisons of the pharmacokinetic parameters of etanercept

Primary pharmacoki-  Intrasubject vari- Geometric means Ratio (%) 90% confidence inter- Power
netic parameter ability CV (%) vals of the ratio
Test product (N=43) Reference product Lower Upper
(N=43)
Cnax (ng/mL) 24.38 2873.88 2884.39 99.64 91.31 108.72 99.021
AUC,,, (ng-h/mL) 20.46 463705.43 487979.40 95.03 88.29 102.27 98.716
AUC,_, (ng-h/mL) 19.99 485443.45 512892.18 94.65 88.08 101.70 98.702

AUC,_, area under the serum concentration—time curve from O to infinity, AUC,, area under the serum concentration—time curve from 0 to the
last measurable concentration, C, = maximum serum concentration, CV coefficient of variation

Table 4 Adverse events
reported following YLB113
administration

Adverse event N (%) Relation to treatment Severity Period
Headache 6 (12.77) Not related (n=1); possible (n=5) Mild (n=6) 1(n=2);2(n=4)
Sore throat 3(6.38) Possible (n=1); definite (n=2) Mild (n=2); 1(n=1);2n=2)
moderate
(n=1)
Rhinitis 1(2.13) Possible (n=1) Mild (n=1) 1 (n=0);2(n=1)
Earache 1(2.13) Possible (n=1) Mild (n=1) 1 (n=0);2(n=1)
Otitis media 1(2.13) Possible (n=1) Mild (n=1) 1 (n=0);2((m=1)
Blurred vision 1(2.13) Possible (n=1) Mild (n=1) 1 (n=1);2(n=0)
Burning in abdomen 1 (2.13) Not related (n=1) Mild (n=1) 1(n=0);2(m=1)
Toothache 2 (4.26) Not related (n=2) Mild (n=2) 1(n=2);2 (n=0)
Nausea 1(2.13) Possible (n=1) Mild (n=1) 1(n=0);2(n=1)
Knee pain 1(2.13) Possible (n=1) Moderate (n=1) 1 (n=0);2 (n=1)
Muscle spasm 1(2.13) Possible (n=1) Mild (n=1) 1 (n=0);2(n=1)
Dysuria 1(2.13) Probable (n=1) Mild (n=1) 1 (n=0);2(n=1)
Itching 1(2.13) Possible (n=1) Mild (n=1) 1(n=0);2(n=1)
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Table 5 Adverse events reported following etanercept reference product administration

Adverse event N (%) Relation to treatment Severity Period

Headache 9 (19.15) Possible (n=9) Mild (n=8); moderate (n=1) 1 (n=6);2((n=2)
Sore throat 2(4.26) Probable (n=1); definite (n=1) Mild (n=1); moderate (n=1) 1(n=1);2m=1)
Conjunctivitis 1(2.13) Probable (n=1) Mild (n=1) 1 (n=0);2((n=1)
Gingivitis 1(2.13) Possible (n=1) Moderate (n=1) 1 (n=0);2(n=1)
Injury 1(2.13) Not related (n=1) Mild (n=1) 1 (n=0);2((n=1)
Burning in abdomen 3(6.38) Not related (n=2); possible (n=1) Mild (n=3) 1(n=1);2(n=2)
Toothache 3(6.38) Not related (n=23) Mild (n=1); moderate (n=2) 1 (n=0);2(n=3)
Irritable bowel syndrome 1(2.13) Possible (n=1) Moderate (n=1) 1 (n=0);2((n=1)
Dysuria 2 (4.26) Possible (n=2) Moderate (n=2) 1(n=0);2(n=2)
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