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ABSTRACT
Fusion protein and monoclonal antibody-based tumor necrosis factor (TNF) inhibitors represent
established treatment options for a range of inflammatory diseases. Regulatory authorities have outlined
the structural characterization and clinical assessments necessary to establish biosimilarity of a new
biotherapeutic product with the innovator biologic drug. Biologic products that would not meet the
minimum World Health Organization’s standard for evaluation of similar biotherapeutic products are
available in some countries; in some cases relevant data to assess biosimilarity and appropriate regulatory
approval pathways are lacking.

Batches of seven intended copy (IC) products for etanercept (Enbrel�) were subjected to a subset of test
methods used in the routine release and heightened characterization of Enbrel�, to determine key
attributes of identity, quality, purity, strength, and activity. While a number of quality attributes of the IC
lots tested met the release specifications for Enbrel�, none fell within these limits across all methods
performed, and there were no IC lots that satisfied the criteria typically applied by the innovator to
support comparability with Enbrel� . Although the consequences of these differences are largely unknown,
the potential for unanticipated clinical outcomes should not be overlooked.

Abbreviations: ACR20, 20% response in American College of Rheumatology criteria; AE, adverse event; AEX, anion
exchange chromatography; ASAS40, 40% response in Assessment of SpondyloArthritis international Society criteria;
AU, absorbance units; BU, binding units; CHO, Chinese hamster ovary; DAS28, Disease Activity Score in 28 joints;
DMARD, disease-modifying antirheumatic drug; DS, drug substance; dSE-HPLC, denaturing size exclusion HPLC;
ELISA, enzyme-linked immunosorbent assay; HIC, hydrophobic interaction chromatography; HCP, host-cell protein;
HMW, high molecular weight; HPLC, high-performance liquid chromatography; IC, intended copy; IEF, isoelectric
focusing; JIA, juvenile idiopathic arthritis; LMW, low molecular weight; MTX, methotrexate; MS, mass spectrometric;
PD, pharmacodynamic; PK, pharmacokinetic; PRI, process-related impurities; RA, rheumatoid arthritis; RS, reference
standard; SE, size-exclusion; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; TNFR, tumor
necrosis factor receptor; UV, ultraviolet
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Introduction

Etanercept (Enbrel�) is a recombinant human fusion pro-
tein used in the treatment of rheumatoid arthritis (RA) and
other autoimmune diseases,1 including plaque psoriasis,
psoriatic arthritis, ankylosing spondylitis, non-radiographic
axial spondyloarthritis,2 and juvenile idiopathic arthritis
(JIA; including the JIA categories extended oligoarthritis,
enthesitis-related arthritis, and psoriatic arthritis).3 Etaner-
cept is a technically complex protein expressed by modified
Chinese hamster ovary (CHO) cells in culture, and pro-
duced as a covalent dimer.4 Each subunit of the dimer com-
prises the extracellular domain sequence of tumor necrosis
factor receptor II (p75 or TNFRII) linked to an analog

human Fc portion of a type 1 immunoglobulin G. The
fusion protein is denoted as TNFR:Fc.

Biosimilars are biologic drugs designed to be highly similar
to the approved reference innovator biologic therapeutic agent;
they have undergone rigorous analytical, nonclinical, and
clinical evaluations to demonstrate similarity to the approved
biologic.5–7 Biologic products that claim biosimilarity, but have
not undergone the rigorous characterization and testing as
described in World Health Organization (WHO) guidelines,
are available in certain countries.8 These products may have
unintentional structural or chemical differences, and therefore
are not biosimilars; they are termed intended copies (ICs), bio-
mimics,9 or non-comparable biotherapeutic products.10
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ICs of Enbrel� are being marketed in some countries as bio-
similars of etanercept,8 despite little information being available
on the extent of the biochemical differences with respect to
innovator etanercept and their potential effects on clinical effi-
cacy and safety.8 Several publications11 have claimed a degree
of structural and biochemical comparability between ICs and
innovator etanercept.12–16 However, a critique of one of these
publications has suggested that the analyses conducted were
insufficient to make a comprehensive evaluation of biochemical
similarity,17 while another publication demonstrated differen-
ces in the primary amino acid sequence in one IC compared
with innovator etanercept.16

In this article, the results for the analytical assessments of
multiple lots of six ICs and a single lot of one IC are reported
against the licensed etanercept innovator product (Enbrel�).
All of these ICs have received marketing approval in various
global markets.

Results

The following IC products were assessed: Yisaipu (nD 5 batches);
Etanar� (n D 5); Etacept (n D 6); Infinitam (n D 3); AltebrelTM

(n D 1); Intacept (nD 3); and Qiangke (nD 2). Their origin and
status is listed in Table 1. Biochemical comparability was assessed
according to the criteria Pfizer would apply for release testing and
heightened characterization of Enbrel�. Results for the analysis of
each IC are summarized in Table 2.

Identity based on mass spectrometric (MS) tryptic peptide
mapping with high-performance liquid chromatography
(HPLC) was confirmed for Yisaipu, Etanar�, Etacept, and
Infinitam. The peptide map results for AltebrelTM, Intacept,
and Qiangke were not comparable with that of Enbrel� refer-
ence standard (RS) (illustrated for a single representative batch
of each of these products in Fig. 1). AltebrelTM demonstrated a
shift in retention time (»1 min) for peptides T19, T20, T22,
and T23 (and consequently the partially digested T21/T22 and
T23/T24 peptides). Intacept demonstrated an atypical peptide
map due to the presence of multiple unidentified peaks at 34,
39, 43, 46, 56, 58, and 88 minutes, and absence of a peak at
51 minutes. The peptide map for Qiangke was atypical due to

an absence of two expected peptides in a single peak at approxi-
mately 74 minutes (T13G and T29T33), and presence of addi-
tional unidentified peaks at 26, 27, and 72 minutes. The exact
cause of these shifts in the peptide maps was not identified. The
likely shifts observed appear to be related to a combination of
factors, including possible amino acid substitutions, unidenti-
fied impurities, or resulting from changes in glycosylation.
Additional MS/MS studies would be required to fully under-
stand the nature of the observed differences.

Purity based on hydrophobic interaction chromatography
(HIC) showed atypical chromatography profiles for Yisaipu,
Etanar�, Etacept, and Qiangke. The expected resolution of
Peak 1 (clipped species) and Peak 3 (misfolded and aggregated
species) from Peak 2 (dimeric etanercept) was not observed in
these four ICs (illustrated for a single representative batch
of each of these products in Fig. 2A). This was unexpected
and is not currently understood, as orthogonal testing by
size-exclusion (SE)-HPLC (Fig. 2B) and sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Coomassie analyses (Table 3) demonstrated the presence of
both clipped and aggregated species at elevated levels for each
of these products. The level of aggregated species (SE-HPLC,
Peak B) observed was above the Enbrel� specification limit for
Yisaipu (3/5 batches), Etanar� (3/5 batches), and Etacept (3/6
batches). Aggregated species (SE-HPLC, Peak B) were within
specification for each batch of Qiangke. Based on the combina-
tion of HIC and SE-HPLC analyses, the purity profiles for
Yisaipu, Etanar�, Etacept, and Qiangke were therefore consid-
ered not comparable with that of Enbrel� RS. Intacept also
demonstrated atypical chromatography by HIC analysis; how-
ever, this was due to reduced levels of clipped species (Peak 1)
and misfolded/aggregate (Peak 3) as supported by orthogonal
results for SE-HPLC and SDS/PAGE Coomassie analyses.

The composition and distribution of N-linked oligosaccha-
ride species observed for Infinitam, AltebrelTM, Qiangke, and
Intacept were not comparable with those of Enbrel� RS. Each
batch of these products displayed the presence of new peaks in
the N-linked oligosaccharide chromatograms, which indicate
N-glycan species that were not resolved for Enbrel�. Each batch
of these ICs also demonstrated an overall reduced content of
sialylated N-linked oligosaccharide structures (lower abun-
dance of Peaks 6–9) relative to Enbrel� (shown in Fig. 2C for a
single batch of each product). As such, Infinitam, AltebrelTM,
Intacept, and Qiangke are not considered comparable with
Enbrel� RS with respect to N-linked oligosaccharides.

Host-cell protein (HCP) content was found to be elevated in
all batches of Yisaipu, Etanar�, and Etacept compared with
expected results for Enbrel�. The results for analysis of HCP
were above the Enbrel� specification limit for Yisaipu (1/5
batches), Etanar� (4/5 batches, with two batches being almost
2-fold higher than the specification limit), and Etacept (1/6
batches, with a further two batches just below the specification
limit). HCP from CHO cells were below the limit of detection
for all three batches of Infinitam, and for the two batches of
Qiangke, but were detected at low levels in all three batches of
Intacept. Yisaipu, Etanar�, and Etacept were therefore not con-
sidered comparable with Enbrel� due to consistently elevated
levels of HCP across all batches tested and multiple results
above the Enbrel� specification limit. Results for all batches of

Table 1. Origin and status of IC products assessed.

Product
Market Authorization
Holder Country Status

Yisaipu Shanghai CP Guojian
Pharmaceutical Co,
Ltd

China Marketed as a recombinant
human tumor necrosis
factor-a receptor II –
IgG Fc fusion protein.18

Etanar� Lafrancol (Laboratorio
Franco-Colombiano
SA)

Colombia Described as a new biologic
type rhTNFR:Fc.19

Etacept Cipla India Marketed as a biosimilar of
etanercept.20

Infinitam Probiomed Mexico Marketed as a biosimilar of
Enbrel.21

AltebrelTM Aryogen Iran Marketed as a biosimilar for
etanercept.22

Intacept Intas India Marketed as a biosimilar for
etanercept.23

Qiangke Shanghai Celgen
Biopharma

China Marketed as a new
biologic.24
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each IC, based on SDS-PAGE Coomassie scanning densitome-
try (purity), sialic acid content (quality), TNF receptor binding
(quality), and cell-based inhibition of TNF-induced apoptosis
(potency) were within the specified ranges for Enbrel�.

Isoelectric focusing (IEF) gels of multiple ICs compared with
Enbrel� RS are shown in Fig. 3. Infinitam displayed a similar
charge distribution to Enbrel� (not shown). The IEF gel pro-
files of all other ICs demonstrated an overall less negative
charge. Yisaipu, Etanar�, and Etacept demonstrated an
increased abundance of more neutrally charged species com-
pared with Enbrel�. AltebrelTM and Qiangke demonstrated
reduced abundance of negatively charged species, and an
increased abundance of neutrally charged species. Intacept
demonstrated decreased abundance of both negatively charged
and neutral species. This overall reduction in negative charge
distribution for Yisaipu, Etanar�, Etacept, AltebrelTM, Qiangke,
and Intacept was also evidenced in the results for anion
exchange chromatography (AEX) (Fig. 2D).

The in vitro biological activity of all batches of the ICs tested,
based on receptor binding using enzyme-linked immunosor-
bent assay (ELISA), and functional potency as determined by
inhibition of TNF-mediated apoptosis in histiocytic lymphoma
U937 cells, fell within the release specification for Enbrel�.

Discussion

Results for each IC were evaluated against licensed specifica-
tions for Pfizer-manufactured Enbrel�, and against Enbrel� RS
for the additional characterization test results. The test methods
used for analysis of the ICs are a subset of those used for rou-
tine release testing of etanercept drug substance (DS) together
with additional methods applied for heightened product char-
acterization studies and process validation activities. These
methods were selected based on their utility in assessing the
identity, quality, purity, strength, and activity of the ICs relative
to Enbrel�.

Although a degree of structural similarity and binding activ-
ity with Enbrel� was observed for each of the ICs analyzed, a
number of significant structural and biochemical differences

were noted. None of the products analyzed met the combina-
tion of release specification and additional characterization cri-
teria typically applied to support a comparability assessment
with innovator etanercept DS. The clinical impact of the differ-
ences identified here for each IC is unknown compared with
Enbrel�.

The standards set out by the WHO are defined such that
biosimilarity of the biological product to the reference product
is established following rigorous preclinical analytical and
clinical evaluation.5 These biosimilarity standards are not being
uniformly applied by all regulatory agencies, particularly in
some emerging markets. Therefore, clinicians may be uncertain
about the distinctions between truly biosimilar products (i.e.,
those approved via a regulatory pathway that is aligned with
WHO, U.S. Food and Drug Administration [FDA], or Euro-
pean Medicines Agency [EMA] guidance) from those that are
not (i.e., ICs). Moreover, the scarcity of post-marketing phar-
macovigilance programs in countries where ICs are available
has contributed to a lack of clarity on their quality, efficacy,
and safety. The WHO has recognized the need to address bio-
logic products licensed through a pathway for generics or small
molecule drugs, or with limited analytical, nonclinical and/or
clinical data, and has set out recommended steps for regulatory
risk assessment of such products.25

In this analysis, the assessment of similarity with etanercept
DS was based on the specification limits for batch release test-
ing of Enbrel�. As indicated, none of the ICs met the criteria
across all assays to indicate conformity with release specifica-
tion for Enbrel�. Moreover, since the quality range determined
by the EMA7 and FDA6 for analytical biosimilarity is based on
multiple batches of the reference product, these limits are
narrower than the specifications applied for release testing. As
such, a failure to meet the release specifications for Enbrel�

brings into question the development strategy applied to these
ICs, and advocates for use of a pathway consistent with the
approach outlined by the WHO.5

Here, we documented for the first time that, by analytical
comparison, the ICs Infinitam, Yisaipu, Etanar�, Etacept,
AltebrelTM, Qiangke, and Intacept would not satisfy the

Figure 1. Stacked Tryptic peptide map HPLC profile for single batches of AltebrelTM, Qiangke, and Intacept versus Enbrel� RS. (Presence of additional peaks, and absence
of expected peaks versus Enbrel� RS). HPLC, high-performance liquid chromatography; RS, reference standard.
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characterization criteria and release specifications typically
applied to support a comparability assessment with etanercept
DS. Such tests represent a subset of the methods employed to
evaluate the non-clinical analytical characteristics of two prod-
ucts in an assessment of biosimilarity. The regulatory pathways
for biosimilars that apply in the EU and US rely on a totality of
evidence approach, comprising a stepwise pathway that shows
structural similarity and functional equivalence between the
proposed biosimilar and the innovator biologic, coupled with
clinical pharmacokinetic (PK) and pharmacodynamic (PD)
equivalence studies to confirm similar efficacy, safety, and
immunogenicity.26 The pathways that apply in the EU and US
are aligned with WHO guidance for the evaluation of similar
biotherapeutic products,5 and none of the ICs described here
has been subjected to such a stringent regulatory assessment. In
countries where they are available, many patients who were
previously receiving Enbrel� may have been switched to an IC
(often for nonclinical reasons), and therefore the potential risk
that lack of efficacy, immunogenicity, or allergic manifestations
may arise from these differences in characteristics cannot be
overlooked.27 For instance, additional testing, including clinical
data, would be needed to fully understand the effect of differen-
ces in the N-glycan profiles for Infinitam, AltebrelTM, Qiangke,
and Intacept. While recent publications have described the
presence of multiple N-glycan species in Enbrel�,28-31 the rela-
tive abundance of several minor species are not quantified in
the routine test applied for release testing of Enbrel�, but have
been characterized historically. The extent and pattern of glyco-
sylation in the Fc region of fusion protein and monoclonal anti-
body-based therapies can play a critical role in the various
effector functions, such as antibody-dependent cell-mediated
cytotoxicity, antibody-dependent cell-mediated phagocytosis,
or complement-dependent cytotoxicity.32 While such modes of
action are considered critical for the function of intact anti-
TNF monoclonal antibodies, they have not been found to play
a role in the efficacy of etanercept in the approved disease indi-
cations.33 Differences in N-glycan profile may alter binding
with Fc receptors, can potentially influence the PK and PD pro-
files, and the production of auto-antibodies or potentially neu-
tralizing antibodies. The PK parameters of Enbrel� are well
established34 and contribute to a dosing recommendation that
offers flexibility (25 mg twice weekly or 50 mg once weekly)
across all indications.1 Uncertainty surrounding the PK proper-
ties of the ICs also raises questions as to whether these products
can offer the same dosing options.

Published data are available from only one comparative clini-
cal trial between Enbrel� and one of the seven ICs described in
this analysis.15 Conducted in 59 patients with moderate to
severe RA, this study used a double-blind, randomized, three-
arm design to evaluate the PD effect of Infinitam compared
with innovator etanercept.15 All patients received concomitant
methotrexate (MTX) treatment. In two of the treatment arms,
patients received Infinitam for 24 weeks, whereas in the third
arm, patients were switched from innovator etanercept after
12 weeks to receive Infinitam. Although the authors claim com-
parable biological effects between treatments based on the
change in a number of markers of inflammatory response (e.g.,
B-cell activating factor protein, erythrocyte sedimentation rate,
C-reactive protein, TNF, rheumatoid factor) and disease

Figure 2. (A) Stacked HIC profiles for single batches of Yisaipu, Etanar�, Eta-
cept, and Qiangke versus Enbrel� RS. (Similarly atypical profiles were
obtained for all batches of each product and are not comparable to Enbrel�

RS). (B) Stacked SE-HPLC profiles for single batches of Yisaipu, Etanar�, Eta-
cept, and Qiangke versus Enbrel� RS. (Higher levels of aggregate were
observed in all batches of each IC). (C) Stacked N-linked oligosaccharide HPLC
profiles for AltebrelTM, Infinitam, Intacept, and Qiangke versus Enbrel� RS.
(Atypical profiles with new N-glycan species observed). (D) Stacked anion
exchange HPLC profiles for overall negative charge heterogeneity of Yisaipu,
Etanar�, Etacept, AltebrelTM, Qiangke, and Intacept. (Shift in overall charge
profiles versus Enbrel� RS). AU, absorbance units; HIC, hydrophobic interac-
tion chromatography; HPLC, high-performance liquid chromatography; IC,
intended copy; RS, reference standard; SE, size-exclusion.
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parameters (Disease Activity Score in 28 joints [DAS28]), the
study was not designed or powered to show bioequivalence.15 In
this same publication, the authors presented data on the physi-
cochemical and biological comparability of Infinitam and
innovator etanercept. However, the N-glycan profile of one
batch of innovator etanercept presented was markedly different
from the other batches, and contained glycan species that were
not resolved in the other batches. Moreover, the profile was dis-
tinct from those of historical batches (>2,000) and with the
specification reported here, raising questions as to the validity of
the physicochemical similarity exercise between the products.35

Comparable safety and efficacy of AltebrelTM and innovator
etanercept, based on a non-inferiority, randomized, double-
blind, parallel clinical trial in patients with active RA (n D 128),
has been described36; however, full details of this study have not
been published in the peer-reviewed literature.

In an observational single-arm study37 of Etanar� over
20 weeks in patients (n D 110) with active RA despite disease-
modifying antirheumatic drug (DMARD) therapy, significant
improvements from baseline in disease activity (DAS28) and
patient functioning (Health Assessment Questionnaire) were
reported. However, details on the statistical power of the study
were not provided and there was no comparator (placebo or
active).37 Patients were also receiving a variety of concomitant
antirheumatic drug regimens. Results of an observational
cohort study19 conducted in Colombia, of patients with active
RA (n D 105) despite treatment with DMARDs and receiving
Etanar�, have also been described. After 12 months of follow-
up, a high proportion of patients showed significant clinical
improvement in disease control based on 20% response in
American College of Rheumatology criteria (ACR20) and
DAS28 responses.19 Marked superiority of response over
innovator etanercept was claimed based on comparison with
historical 12-month data. The open-label design, few details on

the patient disease characteristics, and lack of a comparator
arm limits meaningful comparison of Etanar� with innovator
etanercept and raises questions about the validity of the
authors’ assertion that Etanar� should be considered a distinct
biologic drug rather than an IC of innovator etanercept.38

Etanar� has also been compared with adalimumab and inflixi-
mab in a cross-sectional cohort study39 in patients (n D 158)
with established RA (mean disease duration, 11 years) in
Colombia, where it was stated to be as effective as the other bio-
logics in controlling disease activity, with fewer adverse events
(AEs).

Table 3. Product parameters and test methods applied to analysis of all batches of each IC.

Product parameter Test method Purpose

Identity Tryptic peptide map, HPLC, UV,
and MS detection

Identification test to evaluate similar peptides and examine for new different
species

Characterization of peptide masses, and assess intact N- and C-terminal amino
acid residues, distribution of O-linked glycans on specific peptides

SDS-PAGE silver stain (reducing
/non-reducing)

Identification test to evaluate principal bands for monomer, dimer, aggregates,
and clips

Strength UV spectrophotometric scan Strength test to measure protein concentration
Purity and impurities HIC Purity test to evaluate hydrophobicity and assess level of misfolded species

HCP ELISA Impurities derived from CHO cells are quantified by ELISA
Protein A ELISA Impurities derived from leached Protein A column are quantified
SE-HPLC Purity test to quantify aggregated species
SDS-PAGE (Coomassie) scanning

densitometry
Purity test to quantify protein aggregate and clips

Potency Apoptosis bioassay Cell-based bioassay based on potency to prevent induced apoptosis in cells (in
vitro neutralization of TNF)

Quality Sialic acid Test to quantify total N- and O-linked sialic acid content
Receptor-binding assay Test for strength of binding to target molecule, TNF
N-linked oligosaccharide map HPLC test for presence and relative % of specific N-linked glycansa

Charge heterogeneity IEF Characterization test to evaluate charge heterogeneity
Purity dSE-HPLC Characterization test to quantify specific low-molecular-weight clipped species
Negative charge heterogeneity AEX Characterization test to evaluate negative charge heterogeneity

aEach etanercept monomer has three sites for the addition of N-linked oligosaccharide structures. Each of the three N-linked oligosaccharides added to etanercept can be
any one of multiple characterized species.

AEX, anion-exchange chromatography; dSE-HPLC, denaturing size exclusion HPLC; ELISA, enzyme-linked immunosorbent assay; HCP, host-cell protein; HIC, hydrophobic
interaction chromatography; HPLC, high-performance liquid chromatography; IC, intended copy; IEF, isoelectric focusing; MS, mass spectrometry; PRI, process-related
impurities; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; SE-HPLC, size exclusion HPLC; TNF, tumor necrosis factor; UV, ultraviolet.

Figure 3. Isoelectric focusing gel of multiple intended copies versus Enbrel� RS.
Image is a composite of three individual gels assembled for illustrative purposes.
White bars indicate isoelectric point range for principal etanercept species. RS,
reference standard.
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Etacept and Intacept are marketed in India. The efficacy and
safety of Etacept (25 mg for subcutaneous injection) was
assessed in an open-label, prospective, non-comparative, multi-
center study40 in patients with moderate-to-severe, active RA
(n D 98), who had shown inadequate response to DMARDs.
While the Etacept Prescribing Information reports patients
achieved an ACR20 response of 76%41 in this study, the results
remain unpublished. Intacept was studied in an open-label
comparative study, where patients with active RA were
randomized to receive innovator etanercept (n D 25) and Inta-
cept (n D 87) (25 mg) by subcutaneous injection twice
weekly.42 ACR20 responses of 84% were achieved in both treat-
ment arms at the end of the 12-week treatment period,43

although the data are unpublished. Intacept is marketed in
India in both 25 mg and 50 mg dosage strengths. The clinical
experience of treatment of children with JIA with Etacept and
Intacept compared with innovator etanercept over 6 months
from a single center in India has recently been reported.44

Although the efficacy and safety of Etacept and Intacept were
considered to be comparable with one another and with
innovator etanercept, the study was not powered to show
equivalence. A single-arm study45 on the short-term clinical
experience with Etacept in patients with axial spondyloarthritis
(n D 25) showed improvements in measures of disease out-
come (40% response in Assessment of SpondyloArthritis inter-
national Society criteria [ASAS40]) over 12 weeks of treatment;
however, no conclusions can be drawn on biosimilarity with
innovator etanercept due to the absence of a comparator arm.

A preliminary analysis46 of an observational report of
patients with rheumatic diseases treated with Infinitam or
Etanar�, or the rituximab IC, Kikuzubam, in four hospitals in
Mexico and Colombia, found a significant proportion of
patients experienced grade 3/4 AEs with a very short time to
onset. Kikuzubam was widely marketed in Mexico47 before its
license was subsequently revoked by the Mexican Federal Com-
mission for Protection Against Health Risks in 2014, due to
concerns over the safety of the product.9

Yisaipu has been available in China for some time,9 but
comparative data with innovator etanercept that would allow
assessment of issues of sustainability of clinical response are
currently lacking. The prescribing information for Yisaipu48

describes two 12-week, MTX-controlled, multicenter clinical
trials, one conducted in patients with moderate to severe active
RA (n D 238) and the other in patients with moderate to severe
plaque psoriasis (n D 144). A third study was conducted in
patients with active ankylosing spondylitis (n D 141) in which
they were randomized to receive Yisaipu or placebo in a dou-
ble-blind manner for 6 weeks, followed by open-label treatment
with Yisaipu for a further 6 weeks. At 6 weeks, 68% of the 71
patients in the Yisaipu group were reported to have achieved
an ASAS20 response, compared with 28% of those in the pla-
cebo arm,49 but otherwise, the results of these studies are
unpublished and no comparative efficacy studies of Yisaipu
and innovator etanercept have been described. The manufac-
turer of Yisaipu also produced the DS for production of
Etanar� and Etacept for marketing in Colombia and India,
respectively.8 This common source for these products is
reflected in the similarity in analytical and biochemical charac-
teristics reported above, and highlights the wider scientific

challenges to be met, in terms of the safety and clinical efficacy
demonstrated by the products.

A publication on TuNEXTM, an IC that was not part of our
analysis, indicated that the primary sequence at residues 376
and 378 differs from that for innovator etanercept.16 Although
this product is undergoing assessment for regulatory approval
in Taiwan,50 it does not conform to FDA51 or EMA52 guidelines
for asserting biosimilarity, which specify identity in primary
amino acid sequence with the innovator product as one of the
requirements.

The clinical consequences of the structural differences of the
ICs with respect to innovator etanercept or ICs of other bio-
logic compounds are unknown. However, as the clinical out-
comes of a particular compound are stringently related to the
molecular structure, there are potentially unforeseen outcomes.
On the other hand, the long-term benefits of innovator etaner-
cept are well established, with over 4.5 million patient-years of
post-marketing experience accumulated since the initiation of
clinical trials in 1993.53 In all of these populations, etanercept
(with or without MTX) effectively reduced the signs and symp-
toms of disease, disease activity and disability, and improved
health-related quality of life, with these benefits being sustained
during long-term treatment.1 Moreover, data from a long-term
prospective study,54 with some patients receiving >10 years
of treatment, indicate that etanercept is safe and effective as a
long-term, continuous therapy for the treatment of both
patients with early RA and long-standing RA, and the risk/
benefit ratio of continuous long-term treatment remains
favorable.54

In conclusion, we have highlighted differences in product
quality characteristics between the etanercept innovator prod-
uct and ICs that are currently available to patients in some mar-
kets. None of the batches for the ICs tested (n D 24) met the
criteria that would be typically applied to establish comparabil-
ity with the innovator product. The combination of the results
from these analyses and the limited clinical data available indi-
cate that Yisaipu, Etanar�, Etacept, Infinitam, AltebrelTM,
Qiangke, and Intacept should not be considered biosimilar to
etanercept as per the standards outlined in WHO, FDA, or
EMA guidance.

The findings reported here reinforce the view that demon-
stration of biosimilarity between etanercept and proposed bio-
similars should follow a stepwise approach, comprising
rigorous analytical, non-clinical, and clinical evaluation aligned
with WHO, EMA, and FDA standards. For patients already
receiving etanercept, rheumatologists and all prescribing clini-
cians should be aware of issues regarding switching to, and
interchangeability with, ICs.

Materials and methods

The tests used for this analysis of the ICs are shown in Table 3.
These methods represent a subset of characterization tests
typically applied to support etanercept evaluations that were
performed to assess key parameters of individual ICs. The key
methods are described below. Details of the SDS-PAGE Coo-
massie analysis and cell-based bioassay (neutralization of TNF-
mediated apoptosis in U937 cells) used in this study have been
described previously.55
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Tryptic peptide mapping

Tryptic peptide mapping is used as an identification procedure
to confirm the peptide profile of etanercept DS by HPLC with
ultraviolet (UV) detection. Results for selected peaks are
reported as a percentage of Enbrel� RS analyzed in the same
assay occasion. MS detection (using a Waters Acquity UPLC
with Waters MALDI Q-ToF Premier Micromass MS detection)
is additionally applied to characterize the mass of each peptide,
assess for intact N- and C-terminal amino acid residues, and
evaluate the distribution of O-linked glycans on specific
peptides.

Guanidine-tris(hydroxymethyl)aminomethane buffer solu-
tion, pH 8.3 (500 mL) and dithiothreitol (7 mL of a 154-g/L
solution) were added to an aqueous solution of the test sample
(200 mL of a 15-mg/mL solution). The mixture was incubated
at 65�C for 15 minutes, and then cooled in an ice-bath for 5–
10 minutes. A freshly prepared solution of iodoacetamide
(15.4 mL of a 185-g/L solution) was added and the mixture was
allowed to stand for 10 minutes, while protected from light.
Dithiothreitol (1.4 mL of a 154-g/L solution) was added and the
mixture allowed to stand protected from light for a further
10 minutes.

0.1M tris-hydrochloride buffer solution, pH 7.5 (903 mL) was
added to the reduced test solution (97 mL). A 500,000-U/mL
solution of peptide N-glycosidase F (9.6 mL) (New England
Biolabs, 704L: Purified from Flavobacterium meningosepticum,
free of proteases and Endo F activities) was added and the mix-
ture incubated at 37�C for 1 hour. Trypsin for peptide mapping
(Trypsin Sequencing Grade, modified, Roche Molecular Bio-
chemicals, 1047841) (40 mL of a 1-mg/mL solution) was added
and the mixture incubated at 37�C for 5 hours. Following heat-
ing of the mixture at 95�C for 5 minutes and cooling in ice for
5 minutes, the mixture was adjusted to pH 2 with trifluoroacetic
acid (approximately 30 mL of a 150-g/L solution).

The product was analyzed by reverse-phase HPLC (Kroma-
sil C18 by Phenomenex/5.0 mm with a pore size of 10 nm) on
an analytical column (3.2 mm £ 250 mm) at 30–35�C. Compo-
nents were separated by gradient elution of 2%–95% of mobile
phase B (mobile phase A, 0.15% trifluoroacetic acid in water;
mobile phase B, 0.1% trifluoroacetic acid in water/acetonitrile
[Fisher: #A996-400] [1/4, v/v]) at a flow rate of 0.5 mL/min.
Monitoring was by UV (220 nm) and MS detection. Results for
selected peaks were reported as a percentage of Enbrel� RS
analyzed in the same assay occasion. MS detection was addi-
tionally applied to characterize the mass of each peptide to
assess for intact N- and C-terminal amino acid residues, and to
evaluate the distribution of O-linked glycans on specific
peptides.

Hydrophobic interaction chromatography

HIC is performed to assess the purity of etanercept DS and the
related product species present. The method is used to resolve eta-
nercept into three variants, which differ in biological activity: Peak
1 is predominantly clipped species; Peak 2 is homogenous etaner-
cept; Peak 3 consists of misfolded species, aggregates, etanercept
fragments, and other process-related impurities. Results are
expressed as relative percentage peak area.

Each sample (5 mL; 2 mg/mL) was injected onto a TSKgel
Butyl-NPR (Tosoh Corporation, 14947) (2.5 mm) analytical
column (4.6 mm £ 35 mm) at 35�C, connected to an HPLC
system. Product-related impurities were separated by gradient
elution over 50 minutes using mobile phase A (ammonium sul-
fate [475.9 g] and anhydrous disodium hydrogen phosphate
[28.4 g] in 1,950 mL water for chromatography, adjusted to
pH 7.0 with phosphoric acid and diluted to 2,000 mL with
water for chromatography), and mobile phase B (anhydrous
disodium hydrogen phosphate [28.4 g] in water for chromatog-
raphy [J.T. Baker Ultra-Resi Analyzed Water; #JT4219-3) and
diluted to 1,950 mL with water, adjusted to pH 7.0 with phos-
phoric acid and diluted to 2,000 mL with water). The flow rate
was 1.0 mL/min, and chromatography was monitored by fluo-
rescence detection (278 nm for excitation; 350 nm for emis-
sion). Elution of the protein molecules occurred in order of
increasing hydrophobicity, as the salt concentration decreased
throughout the run, separating the sample into HIC Peak 1,
HIC Peak 2, and HIC Peak 3, which were integrated and
reported as relative %Peak 1, %Peak 2, and %Peak 3.

Size-exclusion HPLC

SE-HPLC is performed to assess the purity of etanercept DS
by separation of the high-molecular-weight component from
homogenous dimeric etanercept and low-molecular-weight
component (clipped species) based on molecular size, and
resolves etanercept into two principal peaks: Peak B D high-
molecular-weight component; Peak A C A’ D etanercept
dimer C low-molecular-weight component. Results are
expressed as relative percentage peak area.

Each sample (14 mL; 2.5 mg/mL) was injected onto an ana-
lytical HPLC column (8 mm £ 300 mm) containing hydro-
philic silica gel (5 mm with a pore size of 30 nm and of a grade
suitable for fractionation of globular proteins in the relative
molecular mass range of 10,000–1,000,000) at 25�C. Monitor-
ing was performed by UV detection (λ D 220 nm). A mobile
phase consisting of 220 mL of solution A (sodium dihydrogen
phosphate [15.6 g] and of sodium chloride [8.8 g] in 1,000 mL
water for chromatography and 780 mL of solution B (of anhy-
drous disodium hydrogen phosphate [14.2 g] and of sodium
chloride [8.75 g] in 1,000 mL water for chromatography),
adjusted to pH 7.2, was used. The flow rate was 1.0 mL/min.
Etanercept was resolved into two principal peaks based on
molecular size: Peak B D high-molecular-weight component;
Peak A C A’ D etanercept dimer C low-molecular-weight
component.

N-linked oligosaccharide mapping

N-linked oligosaccharides are post-translational modifications
that are added to the polypeptide during the production in cell
culture. Each etanercept monomer has three sites for the addi-
tion of N-linked oligosaccharide structures. Each of the three
N-linked oligosaccharides added to etanercept can be any one
of multiple characterized N-linked species. Nine of the princi-
pal N-linked oligosaccharide species are routinely quantified
for every batch of etanercept DS and must meet stringent
acceptance ranges. N-linked glycans are chromatographically
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resolved into various neutral (Peaks 1–5) and sialylated (Peaks
6–9) species after enzymatic cleavage from the protein. Each
peak is controlled within a specified range.

0.25 M sodium phosphate, pH 7.5 (3 mL), and a 500,000-
U/mL solution of peptide N-glycosidase F (2 mL), were added
to the test solution (4 mL of 25 mg/mL solution). The mixture
was incubated at 37�C for 20–24 hours. The released N-glycans
were labeled with 2-aminobenzamide (2-AB Labeling Kit:
Glyko Inc. #K404). The labeled N-glycans were resuspended or
diluted in water (100 mL) and separated by reverse-phase
HPLC (GlycoSepN HPLC column from Prozyme/5.0 mm) on
an analytical column (4.6 mm £ 250 mm) at 35�C. Compo-
nents were separated by gradient elution from 80% to 20% of
mobile phase B (mobile phase A, 0.5% formic acid in water
[adjusted to pH with ammonia]; mobile phase B, acetonitrile)
at a flow rate of 0.4 mL/min. Monitoring was by fluorescence
detection (330 nm for excitation; 420 nm for emission).
N-linked glycans are resolved into various neutral (Peaks 1–5)
and sialylated (Peaks 6–9) species after enzymatic cleavage
from the protein.

HCP enzyme-linked immunosorbent assay

The HCP ELISA employs polyclonal antibodies to quantitate
HCP impurities from CHO cells (null vector) in purified eta-
nercept DS (the reagents used are proprietary to Pfizer). The
units are specific to this assay and expressed as ppm.

Protein A ELISA

The purification of etanercept includes affinity chromatography
on protein A sepharose. Leached protein A can remain bound
to etanercept and be present in the DS. The protein A ELISA
ensures product purity, consistency, and quality by quantita-
tion of the leached protein A, expressed as ppm (the reagents
used are proprietary to Pfizer).

Isoelectric focusing

IEF is used to separate proteins based on their isoelectric point,
which is the pH for which that protein demonstrates no net
charge. The various bands observed on the IEF gel are indica-
tive of the charge heterogeneity of the etanercept molecule,
which is primarily attributable to the heterogeneity of the sialy-
lated oligosaccharides attached. There are no specifications for
Enbrel� RS; however, a visual comparison of the sample profile
is made with respect to the IEF gel profile and isoelectric point
range of Enbrel� RS.

Anion exchange chromatography

Etanercept is a complex and heterogeneous recombinant pro-
tein composed of multiple isoforms. AEX is used to assess neg-
ative charge heterogeneity of etanercept. This heterogeneity
results in a wide elution range of etanercept isoforms in the
AEX assay.

Each sample (200 mL; 250 mg/mL in mobile phase A) was
injected onto a non-porous quaternary amine (3 mm); Anion
Exchange Column (4.6 mm £ 50 mm) at 30�C connected to an

HPLC system. The negative charge distribution was evaluated
over 34 minutes by gradient elution using mobile phase A
(imidazole [4.18 g] in 1,500 mL water for chromatography [pH
6.2], and mobile phase B (imidazole [4.18 g] and sodium chlo-
ride [81.816 g] in 1,500 mL water for chromatography and
diluted to 2,000 mL with water [pH 6.2]). The flow rate was
0.8 mL/min, and chromatography was monitored by UV detec-
tion (280 nm).

The heterogeneity of the multiple isoforms in etanercept
results in a wide elution range and broad peak.

Sialic acid content

Test samples (5 mg/mL in water) were diluted to a concentra-
tion of 1 mg/mL with dilution buffer (prepared from L-arginine
[Sigma-Aldrich: #A5006] [8.71 g] and 1% polysorbate 80
[Sigma-Aldrich; #P8074] [0.5 mL] in water [40 mL], adjusted
to pH 7.3 with 85% phosphoric acid [Sigma-Aldrich; #43808-
1], and diluted to a volume of 250 mL with water). N-acetyl-
neuraminic acid [Sigma-Aldrich: #A2751/A2388] (40 mL of
1 mg/mL solution) and bovine serum albumin (Peribo Science
UK, Ltd.) (40 mL of 1 mg/mL solution) were added to dilution
buffer (120 mL). 8 M acetic acid (Fisher: #A/0400/PB17)
(50 mL) was added to each preparation (N-acetylneuraminic
acid solution [50 mL] and test sample [50 mL]) and the mixture
incubated at 90�C § 5�C on a heat block for 65 § 2 minutes.
On cooling, the sample was briefly centrifuged, and then vac-
uum centrifuged until dry. 7.0 mM 1,2-diamino-4,5-methyle-
neoxybenzene (DMB) label (15 mL; prepared by dissolving
DMB dihydrochloride in water, containing 1.0 M b-mercaptoe-
thanol and 18 mM sodium hydrosulfite) was added to each vial
of dried sample. Components were separated by reverse-phase
HPLC (Beckman Ultrasphere C18/5.0 mm) on an analytical
column (4.6 mm £ 250 mm) at 35�C, by elution (mobile phase
prepared from methanol [Fisher: #A412-400] [500 mL] and
acetonitrile [8 mL] in water [1820 mL]) at a flow rate of
1.0 mL/min. Monitoring was by fluorescence detection
(374 nm for excitation; 448 nm for emission). Sialic acid con-
tent in each sample was calculated based on an N-acetylneura-
minic acid standard calibration curve.

Receptor binding

The receptor binding assay used was a quantitative solid-phase
ELISA. Etanercept (TNFR:Fc) in samples and standards binds
to TNF adsorbed to microplate wells and were detected using a
horseradish peroxidase-conjugated antibody. Binding activities
are calculated based on the ratio of the ED50 values of the cali-
bration curve relative to the control or sample curves.
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