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Abstract
Background Biosimilars must meet stringent regulatory requirements, both at the time of authorization and during their 
lifecycle. Yet it has been suggested that divergence in quality attributes over time may lead to clinically meaningful differ-
ences between two versions of a biologic. Therefore, this study investigated the batch-to-batch consistency across a range of 
parameters for released batches of the etanercept biosimilar (SB4) and infliximab biosimilar (SB2).
Methods SB4  (Benepali®) and SB2  (Flixabi®) were both developed by Samsung Bioepis and are manufactured in Europe 
by Biogen at their facility in Hillerød, Denmark. A total of 120 batches of SB4 and 25 batches of SB2 were assessed for 
consistency and compliance with specified release parameters, including purity, post-translational glycosylation (SB4 only), 
protein concentration, and biological activity.
Results The protein concentration, purity, tumor necrosis factor-α (TNF-α) binding, and TNF-α neutralization of all batches 
of SB4 and SB2 were within the strict specification limits set by regulatory agencies, as was the total sialic acid (TSA) 
content of all batches of SB4.
Conclusions Quality attributes of SB4 and SB2 batches showed little variation and were consistently within the rigorous 
specifications defined by regulatory agencies.

As of August 2019, the Biogen Hillerød facility (Denmark) 
became Fujifilm Diosynth Biotechnologies Denmark ApS, a 
contract development and manufacturing organization (CDMO) 
for the manufacture of biosimilars developed by Samsung Bioepis.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4025 9-019-00402 -0) contains 
supplementary material, which is available to authorized users.
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Key Points 

Biosimilars are held to the same rigorous quality stand-
ards as any other biologic.

SB4 and SB2 biosimilars demonstrated a high degree of 
batch-to-batch consistency.

Quality attributes including purity, percentage of high 
molecular weight species, tumor necrosis factor-α (TNF-
α) binding, and TNF-α neutralization remained well 
within acceptance limits.

2 Biogen (Denmark) Manufacturing APS, Hillerød, Denmark
3 Samsung Bioepis, Incheon, South Korea

1 Introduction

A biosimilar medicine is defined by the European Medicines 
Agency as “a biological medicine that is highly similar to a 
biological medicine already marketed” and can be produced 
once the exclusivity period of the reference biologic has 
expired [1]. Regulatory agencies mandate that biosimilars 
have the same amino acid sequence as the reference protein, 
but variability in post-translational modifications is accept-
able as long as these are not clinically relevant [2].

Although the uptake of biosimilars has increased con-
siderably over recent years [3–5], some physicians have 
expressed concerns about the manufacturing process and 
quality [4]. Such concerns may be partly fuelled by reports 
of the potential for variability in the manufacturing process 
which might lead to divergence or ‘drift’ between biosimi-
lars and the reference product. While this concern has been 
raised for biosimilars, drifting of quality attributes may also 

http://crossmark.crossref.org/dialog/?doi=10.1007/s40259-019-00402-0&domain=pdf
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occur between reference products from different manufactur-
ing facilities (whether it is a biosimilar or the branded bio-
logic reference product) [6]. Differences in quality attributes 
have been observed for marketed products [2, 6–10]. In lim-
ited cases, changes in quality attributes have led to clinically 
relevant differences between different batches of the same 
product [11–12]. Recently this was shown for originator ver-
sion of the monoclonal antibody trastuzumab  (Herceptin®), 
where a drift in the proportion of non-fucosylated glycans 
was associated with a reduced event-free survival (EFS) rate 
in patients receiving trastuzumab in the neo-adjuvant setting 
[12].

Because of the complexity of biologics and the inherent het-
erogeneity associated with their production, manufacturers of 
biosimilars need to provide a fullquality dossier demonstrating 
that a product can be manufactured consistently [13]. Not all 
quality attributes impact clinical efficacy or biological func-
tion, such as structure, biological and glycosylation profile, or 
process impurities [12]. Critical quality attributes (CQAs) are 
those attributes that need to be controlled to ensure the effi-
cacy and safety of a product, and all CQAs need to be included 
in the active substance specifications. Specifications define 
the standards for ensuring consistent quality of a (biological) 
product throughout its lifecycle. They are agreed upon with 
regulatory authorities and include a large number of in-process 
controls and tests, as well as release criteria, so that no signifi-
cant drifting of CQAs occurs over time, for example, following 
changes to its manufacturing process [11, 14–16]. By definition, 
a CQA is a physical, chemical, biological, or microbiological 
property or characteristic that should be within an appropriate 
limit, range, or distribution to ensure the desired product qual-
ity. CQAs are generally associated with raw materials (drug 
substance, excipients), intermediates (in-process materials), and 
drug product [17]. For biosimilars, these specifications may be 
stricter than those of the reference product [11, 18].

Samsung Bioepis has developed a range of biosimilars, 
including for the tumor necrosis factor-α (TNF-α) inhibitors 
etanercept (SB4;  Benepali®) and infliximab (SB2;  Flixabi®), 
which are manufactured by Biogen (recently changed into 
Fujifilm Diosynth Biotechnologies Denmark ApS) at their 
manufacturing facility in Hillerød, Denmark. Before being 
released, each batch is tested to ensure it meets specifications 
outlined in the regulatory approval documents (Table 1). 
Here we report data on the batch-to-batch consistency of 
released batches of SB4 and SB2.

2  Methods

2.1  Products

One hundred and twenty batches of SB4 were released 
from the Hillerød facility between November 1, 2016 and 

September 10, 2019, and 25 batches of SB2 were released 
between January 5, 2017 and August 31, 2018. Material 
from representative SB4 and SB2 batches obtained from 
commercial scale runs were used as reference standards 
throughout analytical testing.

2.2  Size‑Exclusion Chromatography

Size-exclusion chromatography (SEC) was used to 
measure high molecular weight (HMW), low molecular 
weight (LMW), and monomer species, as described pre-
viously [19, 20]. Samples of SB4 or SB2 were injected 
into a TSK-GEL  G3000SWXl analytical column (Tosoh, 
08541, 5 µm/7.8 mm × 300 mm) at 25 °C. The column 
was connected to a Waters high-performance liquid 
chromatography (HPLC) system (Waters Corporation; 
Milford, MA). For SB4, the mobile phase of the HPLC 
system used sodium phosphate 100 mmol/L and sodium 
chloride 200 mmol/L at a pH of 6.8 and a flow rate of 
0.5  mL/min. For SB2, the mobile phase used sodium 
phosphate 100 mmol/L with l-arginine monohydrochlo-
ride 500 mmol/L at a pH of 6.8 and a flow rate of 1.0 mL/
min. Monomers and HMW species were detected using 
ultraviolet (UV) detection at a wavelength of 280 nm. 
Data acquisition and processing were undertaken using 
Empower™ (Waters) software or equivalent.

2.3  Capillary Electrophoresis–Sodium Dodecyl 
Sulfate

Purity was also assessed using a high-performance cap-
illary electrophoresis–sodium dodecyl sulfate (CE-SDS) 
system [PA 800 plus Pharmaceutical Analysis Sys-
tem (Beckman Coulter; Brea, CA, USA)], as described 
previously [19, 20]. The SB4 analysis was undertaken 
under reducing conditions, while the SB2 analysis used 
non-reducing conditions. In the reducing analysis, SB4 
drug product sample was mixed with a 10-kDa internal 

Table 1  Release parameters for SB4 and SB2 assessed in this analysis

CE-SDS capillary electrophoresis–sodium dodecyl sulfate, FRET 
fluorescence resonance energy transfer, N/A not assessed, SEC size-
exclusion chromatography

Parameter SB4 stage SB2 stage

Protein concentration Release Release
Total sialic acid Release N/A
FRET binding assay Release Release
Reporter gene assay Release Release
High molecular weight by SEC Release Release
Total purity by CE-SDS Release Release
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standard, SDS-MW sample buffer (A10663, Beckman 
Coulter), and 2-mercaptoethanol (161-0710, Bio-Rad), and 
then heated in a water bath at 70 °C for 10 min. Samples 
of SB2 drug product in the non-reducing analysis were 
mixed with a 10-kDa internal standard, SDS-MW sample 
buffer (A10663, Beckman Coulter), and iodoacetamide. 
An electrode applied a voltage (7.5 kV in reducing condi-
tions and 5 kV in non-reducing conditions) to the sample 
for 20 s in order to transfer the sample electrokinetically 
onto a bare fused-silica capillary (50 µm/30.2 cm; Beck-
man Coulter), where it was separated. Electrophoresis was 
undertaken using 10 kV and 15 kV of separation voltage 
in reducing and non-reducing conditions, respectively. 
The system was monitored through the capillary window 
and aperture (Beckman Coulter, 144712, 100 × 200 µm) 
by UV detection (wavelength of 220 nm). Relevant data 
were collected by 32 Karat™ software and processed by 
Empower™ software with integration capabilities.

2.4  Quantitation of Total Sialic Acid

Ion exclusion chromatography was used to measure the 
quantity of total sialic acids (TSAs), including N-acetyl-
neuraminic acid (NANA) and N-glycolylneuraminic acid 
(NGNA), in each SB4 sample. The SB4 sample was hydro-
lyzed by adding 1 M sulfuric acid (final sulfuric acid con-
centration of 0.1 N). The sample was incubated at 80 °C 
for a minimum of 1 h. Isocratic separation of NANA and 
NGNA was performed on a RHM-monosaccharide H (8%) 
column (Rezex™ (00H-01322-K0/300 × 7.8  mm]; Phe-
nomenex; Torrance, CA) and monitored with a UV detector 
(Shimadzu; Kyoto, Japan) at a wavelength of 206 nm. Data 
collection and processing were via the Empower™ software 
with integration capabilities. NANA and NGNA contents 
were calculated from the calibration curves generated from 
data for NANA and NGNA standards and presented as the 
molar TSA amount per mole of polypeptide chain.

2.5  Protein Concentration

The protein concentration of SB2 and SB4 batches was 
determined in triplicate samples using an UV–visible spec-
trophotometer and a wavelength of 280 nm. SB2 and SB4 
batches were diluted into the target concentration using a 
volumetric flask. Each testing sample was prepared in trip-
licate. The concentration was calculated according to Beer-
Lamberts law by multiplying the 280-nm absorbance value 
by the dilution factor, and then dividing the product of this 
calculation by the extinction coefficient multiplied by the 
path length. The final concentration was determined by aver-
aging triplicate measurements.

2.6  TNF‑α Binding Assay

The TNF-α binding activity of SB4 and SB2 was determined 
using a time-resolved fluorescence resonance energy transfer 
(FRET) assay in accordance with previous reports [19, 20]. 
Thisassay uses Europium chelate-labeled etanercept or inf-
liximab to compete with unlabeled SB4 or SB2, respectively, 
for binding to fluorophore Cy5-labeled TNF-α. Briefly, the 
Europium chelate-labeled reference product and Cy5-labeled 
material were added to an assay plate at fixed concentra-
tions and volumes. The plates were incubated for 1 h at 
ambient temperature while undergoing moderate agitation. 
The fluorescence signal, which is inversely proportional to 
TNF-α binding, was measured at a wavelength of 665 nm on 
a microplate reader (SpectraMax M5E (Molecular Devices; 
San Jose, CA, USA) or equivalent).

2.7  TNF‑α Neutralization Assay

The inhibitory activity of SB4 and SB2 on the TNF-α signal-
ing pathway was measured by a TNF-α neutralization assay 
that uses a luciferase reporter gene cell line [21]. In the 
luciferase reporter gene cells, the binding of TNF-α to its 
receptor triggers a signaling cascade that activates nuclear 
factor-κB, resulting in expression of the luciferase reporter 
gene. Therefore, when TNF-α receptor binding is inhibited 
(e.g., by SB4 or SB2), luciferase reporter gene expression is 
indirectly downregulated.

In the assay, TNF-α was mixed with samples of the assay 
standard, the biosimilar, or the reference biologic (etanercept 
or infliximab), and incubated in a 96-well tissue culture plate 
at ambient temperature for 30–120 min. Stable reporter cells 
were then added to each well of the tissue culture plate and 
the plates incubated for 24 h, at which time luciferase activity 
was measured using the Steady-Glo® Luciferase Assay Sys-
tem (Promega Corporation; Madison, WI). The luminescence 
signal was read on a microplate reader (SpectraMax M5E 
(Molecular Devices; San Jose, CA, USA) or equivalent).

2.8  Statistical Analysis

Range, median, and interquartile range (IQR) were calcu-
lated for each parameter, using the SAS statistical software 
package (Cary, NC, USA).

3  Results

A total of 120 batches of SB4 (42 from 2016, 34 from 2017, 
24 from 2018, and 20 from 2019) and 25 batches of SB2 (5 
from 2015, 6 from 2017, and 14 from 2018) were included 
in the analysis (see Supplementary table 1 in Electronic Sup-
plementary Material).



228 H. C. Ebbers et al.

3.1  Purity

The purity of SB4 and SB2, respectively, was based on 
the proportion of monomers present (excluding LMW and 
HMW species). The batch-to-batch consistency assessment 
confirmed that all measured batches of both agents met the 
specification criteria, with SB4 purity ranging from 96.8 to 
98.2% (median 97.6% [IQR 97.4–97.8%]; Fig. 1a) and SB2 
purity ranging from 96.7% to 97.4% (median 97.1% [IQR 
97.0–97.2%]; Fig. 1b).

All batches of both SB4 and SB2 met specifications 
for HMW species content (Fig. 2a, b). HMW content of 
SB4 samples never exceeded 1.4% (range 0.5–1.4%), 
with a median of 0.9% (IQR 0.8–1.0%) across the meas-
ured batches. Of the 120 batches tested, 94 (78.3%) con-
tained ≤ 1.0% HMW species. SB2 batches consistently 
demonstrated low levels (< 1.0%) of HMW species (range 
0.4–0.7%; median 0.5% [IQR 0.5–0.5%]).

3.2  Sialic Acid Content

The TSA content was consistently within specified param-
eters in the 120 tested batches of SB4 (Fig. 3). TSA con-
tent varied by < 2 mol/mol chain across all batches, from a 
minimum of 14.7 to a maximum of 16.6 (median 16 [IQR 
15.8–16.1]) mol/mol chain.

3.3  Protein Concentration

The specified protein concentration for SB4 and SB2 were 
also maintained consistently across all batches. The range 
across all SB4 batches was 46.7 to 53.6 mg/mL (median 50.5 
[IQR 49.8–51.3]; Fig. 4a). All SB2 batches were between 
19.5 and 21.0  mg/mL (median 20.1 [IQR 19.8–20.4]; 
Fig. 4b).

3.4  TNF‑α Binding

TNF-α receptor binding that was consistently within the 
specification limits for all released batches of SB4 (Fig. 5a) 
and SB2 (Fig. 5b). Across the 120 batches of SB4, TNF-α 
receptor binding ranged from 87 to 109% (median 98% 
[IQR 96–101%]). For SB2 batches, TNF-α receptor bind-
ing ranged from 88 to 103% (median 98% [IQR 97–99%]).

3.5  TNF‑α Neutralization

In the 120 tested batches of SB4, TNF-α neutralization 
was consistently within specified limits (range 82–118%; 
Fig. 6a), as it was in the 25 tested batches of SB2 (range 
85–109%; Fig. 6b). Median TNF-α neutralization was 98% 
(IQR 94–101%) with SB4 and 98% (IQR 96–100%) with 
SB2.

4  Discussion

This study describes a high rate of consistency of CQAs 
between batches of SB4 and SB2 manufactured at the 
Biogen facility in Hillerød, Denmark using a panel of 
assays. Purity and the percentage of HMW species dem-
onstrated a high degree of batch-to-batch consistency for 
SB4 and SB2, consistent with previous reports describing 
the HMW and LMW protein species present in SB4 com-
pared with reference etanercept [19], and in SB2 compared 
with reference infliximab [20]. Functional assays of TNF-α 
binding (FRET binding assay) and TNF-α neutralization 
(reporter gene assay) also revealed similar and consistent 
functional characteristics between batches of SB4 and SB2 
produced in Hillerød.

The purity of the biologic sample refers to the proportion 
of the content that consists of biologic monomers, excluding 
HMW species that represent protein aggregates and LMW 
species arising from protein fragmentation. The relative 
content of HMW species can affect the efficacy and immu-
nogenicity of a biologic batch [22, 23]. We demonstrated 
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a median purity of 97.5% for SB4 batches and of 97.1% 
for SB2 batches. Levels of HMW species were well below 
the defined thresholds in the SB4 and SB2 specifications. 
Increased levels of HMW species may affect the efficacy and 
immunogenicity of a biologic [22, 23]. The data presented 

here show a consistently low content of aggregates in 
batches of SB2 and SB4.

Glycosylation may play an important role in determin-
ing the stability, in vivo activity, solubility, serum half-
life, andimmunogenicity of many recombinant therapeutic 
proteins [24, 25]. Our analysis showed that there was very 
little variation in TSA between batches of SB4. This is 
consistent with previous research showing that sialic acid 
content in separate samples of SB4 was similar; in addi-
tion, the TSA content of SB4 is almost identical to that of 
reference etanercept [19]. Across all batches, TSA content 
was within the specification limits defined for SB4, and 
varied by < 2 mol/mol chain between batches. Moreover, 
the TSA content was consistent with that of reference 
etanercept, which contains up to 16 mol/mol chain of sialic 
acid [19]. Reference etanercept includes 13 O-glycosyla-
tion sites (which are predominantly sialylated) and three 
N-glycosylation sites [19]. N-Glycans that may be present 
in biologics include mannose, galactose, fucose, NGNA, 
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and NANA, the latter two of which are sialylated glycans 
[14, 25]. The current analysis measured TSA in each batch 
sample, specifically the amount of NGNA and NANA 
present. NANA is the predominant sialic acid in SB4, 
accounting for ≥ 99.8% of the sialic acid present [19]. The 
low NGNA content of SB4 is a favorable attribute since 
NGNA is not synthesized by humans and is potentially 
immunogenic. The presence of NGNA in other biologics 
(e.g., cetuximab) has been linked to the development of 
antibodies and/or hypersensitivity reactions [26].

Etanercept and infliximab bind soluble (and transmem-
brane) TNF-α, thereby preventing the activation of TNF 
receptors [27]. Therefore, the extent to which SB2 and SB4 
bind TNF and inhibit TNF-α binding to the TNF receptor 
is the main determinant of the biological activity of these 
agents. All batches showed TNF-α binding within the spec-
ified limits for SB4 and SB2, with each agent showing a 
median relative binding activity of 98% across the tested 
batches. Similarly, TNF-α neutralization for both products 
was consistent with previous reports [19, 20].

While some degree of heterogeneity is unavoidable in 
biologic manufacturing, tight specifications for relevant 
quality attributes ensure that a product’s benefit:risk pro-
file is maintained throughout its lifecycle. Deviations in 
manufacturing consistency of any biological compound 
(biosimilar or reference product) have the potential to affect 
clinical efficacy and/or safety. Biosimilars are held to the 
same standards as reference products to ensure comparabil-
ity of the product following manufacturing changes. Several 
changes have been introduced to the manufacturing process 
of SB2 and SB4 during the study period, but no quality drift 
in CQAs has been observed [28, 29]. There have been a 
number of examples of changes to quality attributes in the 
manufacture of reference biologic agents, including cetuxi-
mab  (Erbitux®), interferon-β-1a  (Rebif®), and trastuzumab 
 (Herceptin®) [11].

Variation in cetuximab manufacturing processes between 
sites in the USA and Europe led to differences in the phar-
macokinetic properties of this biologic. Regulatory authori-
ties noted that the pharmacokinetic exposure to cetuximab 
was 22% higher in patients receiving the product manu-
factured in Europe than it was in the patients receiving 
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cetuximab manufactured in the USA [11, 30]. The Food 
and Drug Administration (FDA) required the manufacturer 
to formally investigate any differences in efficacy or safety 
of cetuximab in clinical practice. Although this study did 
not show any clinically meaningful differences [31], the US 
prescribing information still reports the pharmacokinetic dif-
ference between cetuximab produced at the different manu-
facturing sites [30].

A cluster of cases of thrombotic microangiopathy were 
seen in patients being treated with interferon-β-1a  (Rebif®) 
after the manufacturing process of this biologic was changed 
[32]. The formulation of interferon-β-1a had been changed 
to remove bovine serum and human serum albumin, which 
were thought to contribute to neutralizing antibody devel-
opment [11]. Although a causal relationship between the 
formulation change and the increase in thrombotic micro-
angiopathy cases could not be proven, information on the 
potential development of this adverse event was added to the 
prescribing information for interferon-β-1a  (Rebif®) [33].

The drift in product attributes of branded trastuzumab 
have been shown to affect the antibody-dependent cell-
mediated cytotoxicity (ADCC) of this agent [9], and patients 
who received the trastuzumab batches with lower ADCC 
had a lower rate of EFS compared with patients who did not 
receive these batches of trastuzumab. The 3-year EFS was 
81.7% in patients who received trastuzumab with reduced 
ADCC, which was significantly lower than the 92.7% EFS 
rate in patients who received trastuzumab with unimpaired 
ADCC [12]. In patients who received the trastuzumab bio-
similar SB3  (Ontruzant®), the 3-year EFS was comparable 
to that in the group who received the trastuzumab batches 
without reduced ADCC [12]. Analytical testing of SB3 
CQAs showed that SB3 was highly similar to the original 
(non-drifted) trastuzumab [12, 34].

These examples suggest that (1) product ‘drift’ is a con-
cern in the manufacture of all biologics; (2) the ‘drift’ may 
create a divergence between biosimilar and originator; (3) 
such divergence may ultimately twist the comparative bene-
fit-to-risk balance between both versions of the product; (4) 
changes in biologic product attributes can affect the efficacy 
of these agents; and (5) careful control of manufacturing 
and vigilant monitoring of CQAs is needed for all biologic 
products to demonstrate batch-to-batch consistency because 
CQAs are directly relevant to the product’s benefit:risk pro-
file. It is noteworthy that without biosimilar manufacturers 
monitoring batches of the reference drug, variation and drift 
in reference manufacture would likely never have been dis-
covered. The trastuzumab example also indicates that the 
originator manufacturer’s long-term knowledge of making a 
particular biologic is not in itself enough to prevent variation 
and drift. Biosimilar manufacturers may apply state-of-the-
art technologies and consider different release parameters, 
which may not have been monitored for a reference product.

SB4 and SB2 were approved based on a thorough dem-
onstration of analytical, functional, and clinical similarity 
to the reference product [35–42]. The data presented here 
provide additional evidence that the quality of these products 
is consistent and maintained throughout their lifecycles. The 
data may provide additional reassurance for prescribers that 
these biosimilars are high-quality products that meet strin-
gent quality criteria.

This study is not without limitations. First, a limited 
number of batches of SB2 were available for analysis. Sec-
ond, the CQAs monitored during quality assurance during 
their lifecycle do not include all of the parameters that are 
described in the regulatory dossier to establish biosimilarity. 
Finally, the current study was limited to an analysis of the 
quality attributes that were obtained for SB2 and SB4; to 
truly exclude drifting of quality attributes between different 
products, a comparison with the reference product would be 
required, which was beyond the scope of the current study.

5  Conclusions

The manufacture of SB4 and SB2 is stable and robust and 
produces biosimilars that are consistently within the rigor-
ous specifications defined in the regulatory approval dos-
sier, and no evidence for drifting of quality attributes was 
observed. The data presented here should add to the overall 
confidence of physicians and patients that SB4 and SB2 are 
of a consistently high quality and are manufactured accord-
ing to the highest, state-of-the-art standards.
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