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Abstract
Background  BAT1806/BIIB800 (Tofidence™/tocilizumab-bavi), a biosimilar of tocilizumab, demonstrated a high degree of 
analytical and functional similarity to reference tocilizumab (TCZ) in a comprehensive comparative analytical assessment. 
Minor differences with respect to TCZ were observed for some attributes and this study assessed the potential impact of 
these differences through structure activity relationship characterization.
Methods  Structure activity relationship studies were conducted to assess glycation, glycosylation, charge variants, hydro-
phobicity, oxidation, and deamidation differences, using a range of investigative techniques. Structure activity relationship 
studies were performed on one lot each of BAT1806/BIIB800 and TCZ (European Union sourced only) except for glycation, 
where additional lots sourced from China and the USA were used.
Results  Average total glycated protein content of BAT1806/BIIB800 was higher than TCZ (10.08% vs 1.19%); however, 
biological activity, including target binding and functional potency, was unaffected. Stress-induced glycation of BAT1806/
BIIB800 and TCZ also did not affect the biological activity of the products despite up to 60% total glycation content. Minor 
differences were observed between BAT1806/BIIB800 and TCZ in glycosylation, charge variants, hydrophobicity, oxidation, 
and deamidation without a relevant impact on interleukin-6 receptor binding, Fc-receptor binding, and effector functions. In 
forced degradation studies, oxidation and deamidation trends were comparable between the two products.
Conclusions  Comparative structure activity relationship characterization of BAT1806/BIIB800 and TCZ indicated that 
there are no relevant differences in quality attributes between BAT1806/BIIB800 and reference TCZ. Observed differences 
between BAT1806/BIIB800 and TCZ had no functional impact on BAT1806/BIIB800. The results support the conclusion 
that BAT1806/BIIB800 is similar to TCZ.

Key Points 

Structure activity relationship studies of the biosimilar 
BAT1806/BIIB800 and reference tocilizumab were 
conducted to assess the potential impact of observed 
differences in glycation, glycosylation, charge variants, 
hydrophobicity, oxidation, and deamidation, and the 
impact on biological activity with respect to target bind-
ing and functional potency.

Observed differences between BAT1806/BIIB800 and 
reference tocilizumab were not functionally relevant.

1  Introduction

Tocilizumab (marketed as RoActemra®/Actemra®) is an 
anti-interleukin-6 receptor (IL-6R) humanized immuno-
globulin G1 monoclonal antibody (mAb) whose primary 
mechanism of action is through fragment antigen bind-
ing–mediated inhibition of IL-6 signaling through com-
petitive binding to both soluble and membrane-bound IL-6 
receptors [1, 2]. Tocilizumab is used for the treatment of 
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rheumatoid arthritis and other immune-mediated dis-
eases [3, 4]. While tocilizumab contains an N-linked 
glycosylation site at ASN298 and is able to bind to the 
fragment-crystallisable γIII receptor (FcγIII), it does not 
induce complement-dependent cytotoxicity (CDC) and/or 
antibody-dependent cell-mediated cytotoxicity (ADCC)  
[1, 2, 5].

BAT1806/BIIB800 (Tofidence™/tocilizumab-bavi) is 
a biosimilar of the reference tocilizumab (TCZ). Clini-
cal studies have confirmed the pharmacokinetic equiva-
lence of intravenous BAT1806/BIIB800 compared to 
TCZ, as well as equivalent efficacy, and comparative 
safety, pharmacokinetic, and immunogenicity profiles 
in patients with rheumatoid arthritis [6, 7]. Analytical 
studies demonstrated similarity of BAT1806/BIIB800 
and TCZ in terms of structural and functional attributes 
and confirmed the absence of both ADCC and CDC [2]. 
BAT1806/BIIB800 recently received marketing authori-
zations in China (CN), the United States (US), and the 
European Union (EU). To meet regulatory requirements, 
biosimilars must demonstrate similarity with reference 
product(s) [RP(s)] in terms of structural, physicochemi-
cal, and biological properties (including potency), as well 
as general properties such as protein content [8–12]. It is 
common for biosimilars to exhibit differences in qual-
ity attributes compared with respective RP(s) because of 
their biological source, complexity, size of the active sub-
stance, and the manufacturing process [13]. Identification 
and comparison of relevant quality attributes from prod-
uct characterization is a key factor in assessing whether 
the proposed product is highly similar to the RP in terms 
of potential clinical effect [12]. The implementation of a 
range of orthogonal analytical techniques using different 
physicochemical or biological principles for quantifica-
tion of the same quality attribute offer independent data 
to demonstrate similarity of that quality attribute [14, 
15]. Accordingly, a comprehensive comparative analyti-
cal assessment was conducted to determine the similarity 
of BAT1806/BIIB800 with CN-, EU-, and US-sourced 
TCZ [2]. BAT1806/BIIB800 and TCZ demonstrated high 
degrees of similarity for most quality attributes. Minor 
differences were observed in glycation, glycosylation, 
charge variants, hydrophobicity, oxidation, and deamida-
tion [2]. To address the potential impact of these differ-
ences on biological activity, extensive structure activity 
relationship (SAR) studies were conducted using a range 
of sensitive and state-of-the-art investigative techniques. 
The objective of this study was to use SAR characteriza-
tion to demonstrate that the differences observed between 
BAT1806/BIIB800 and TCZ do not affect the overall sim-
ilarity assessment of BAT1806/BIIB800.

2 � Materials and Methods

Analytical similarity acceptance criteria and calculation of 
the quality ranges for each attribute for BAT1806/BIIB800 
to the RP are reported elsewhere [2]. Briefly, the quality 
range of 70–130% was based on the criticality of product 
quality attributes, method capability, and lot-to-lot vari-
ability of the RP. A tier system was implemented to clas-
sify each quality attribute. Tier 1 included critical quality 
attributes related to the primary mechanism of action; Tier 
2 comprised quantitative assays measuring high-impact criti-
cal quality attributes; and Tier 3 covered quantitative assays 
measuring non-critical quality attributes and semi- or non-
quantitative assays. Equivalence tests varied between tiers 
[2].

2.1 � Materials

SAR studies were conducted for glycation, glycosylation, 
charge variants, hydrophobicity, oxidation, and deamidation 
using one lot each of BAT1806/BIIB800 and TCZ (one lot 
of EU-sourced only; SAR studies for glycation used one lot 
each of CN-, EU-, and US-sourced TCZ). Details regarding 
the BAT1806/BIIB800 and TCZ formulations are reported 
elsewhere [2]. The BAT1806/BIIB800 drug product was 
manufactured by Bio-Thera Solutions Ltd (Guangzhou, 
China) and the TCZ lots were purchased from the CN, EU, 
and US markets, and stored according to the manufacturers’ 
instructions.

2.2 � Glycation

2.2.1 � Intact and Reduced Deglycosylated Mass Analysis 
by Liquid Chromatography‑Mass Spectrometry

Intact mass liquid chromatography-mass spectrometry 
(LC–MS) can be used for qualitative and relative quantita-
tive analysis of glycated and non-glycated antibodies and can 
distinguish mono- and poly-glycated antibodies. Samples 
of BAT1806/BIIB800 and TCZ were subjected to an intact 
mass LC–MS analysis to determine glycation content. Addi-
tionally, stress-glycated samples were analyzed by intact 
mass LC–MS to allow further assessment of the potential 
biological impacts of glycation modification of BAT1806/
BIIB800 and TCZ. Control samples were incubated with-
out glucose solution, and stress-glycated samples were incu-
bated with 0, 50, and 200 mM glucose solutions, prepared 
with 1 M of glucose and 250 mM of ammonium bicarbo-
nate solution (total volume of 100 μL; final concentration of  
10 mg/mL). Samples were incubated at 37 °C for 24 h, then 
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purified in ultrapure water using 3-kD ultrafiltration tubes 
(Millipore, Burlington, MA, USA) and stored at −20 °C.

2.2.2 � Reduced and Non‑reduced Peptide Mapping 
by Liquid Chromatography–Tandem Mass 
Spectrometry

Reduced and non-reduced peptide mapping were performed 
as described elsewhere [2]. A site-specific post-translational 
modification (PTM) analysis was used to identify glycation 
modification sites and pyroglutamic acid at the N-terminus. 
Pre-treated samples were separated by liquid chromatogra-
phy–tandem mass spectrometry (LC–MS/MS) and primary 
and secondary mass spectral signals of peptides were ana-
lyzed using Biopharmalynx software. Post-translational 
modification content of target peptides was calculated from 
the intensity of the primary mass spectral signal. Content 
of pyroglutamic acid and the N-terminus was calculated 
using the response value of the N-terminal peptides with 
pyroglutamic acid modifications/(the response value of the 
N-terminal peptide with pyroglutamic acid modification plus 
the response value of the N-terminal peptide without pyro-
glutamic acid modification).

2.3 � Glycosylation

2.3.1 � Sample Processing

Non-deglycosylated samples were prepared by adding 
100 mM of Tris (pH 7.95) solution to 1 mg of BAT1806/
BIIB800 or TCZ to give a final concentration of 10 mg/mL. 
Deglycosylated samples were initially prepared in the same 
manner (test samples diluted with 100 mM of Tris), then the 
PNGase F enzyme (New England Biolabs, Inc., Ipswich, 
MA, USA) was added (the mass:volume ratio of the PNGase 
F enzyme was 50 µg:1 µL) and incubated at 37 °C for 4 h.

2.3.2 � Magnetic Bead Sample Purification

To allow measurement of the biological activity of degly-
cosylated BAT1806/BIIB800 and TCZ, samples underwent 
magnetic bead purification to remove PNGase F enzyme 
immediately after deglycosylation. Magnetic bead sample 
purification was performed according to the manufactur-
er’s instructions for the magnetic bead kit (BeaverBeads™ 
Magrose Protein A; BEAVER, Suzhou, Jiangsu, China), 
and stored at 2–8 °C. The degree of deglycosylation (cap-
illary electrophoresis sodium dodecyl sulfate under reduc-
ing conditions), sample purity, and the effect of enzyme 

removal (size exclusion chromatography-high performance 
liquid chromatography [HPLC]) were measured, as detailed 
elsewhere [2]. Briefly, for capillary electrophoresis sodium 
dodecyl sulfate, samples were treated with sample buffer 
and 2-mercaptoethanol and incubated at 70 °C for 10 min. 
Samples were then separated at −16.5 kV for 30 min in a 
capillary electrophoresis instrument (Agilent CE7100; Agi-
lent Technologies, Santa Clara, CA, USA) coupled with a 
bare fused-silica capillary with a length of 24.5 cm (SCIEX, 
Framingham, MA, USA). For size exclusion chromatogra-
phy-HPLC, diluted samples were injected directly onto an 
analytical column (TSK gel G30000 SWXL [7.8 × 300 mm, 
5 μm], Tosoh) with an HPLC (1260II; Agilent Technologies) 
flow rate of 0.5 mL/min.

2.3.3 � Sample Ultrafiltration

Samples were further purified using ultrafiltration tubes and 
centrifugation. Briefly, 450 μL of ultrapure water was added 
to ultrafiltration tubes and centrifuged twice at 12,000 rpm 
for 6 min. Following this, 450 μL of the purified sample 
was added to the tube and centrifuged at 12,000 rpm for  
6 min, then ultrapure water (450 μL) was added to each tube 
and centrifuged three times at 12,000 rpm for 6 min. Sam-
ples were concentrated to 100 μL, and the concentration was 
determined by a high-throughput microprotein concentration 
analyzer (Lunatic; Unchained Labs, LLC, Pleasanton, CA, 
USA).

2.4 � Charge Variants

2.4.1 � Charge Variant Identification Using Ion Exclusion 
Chromatography‑High Performance Liquid 
Chromatography

Ion exclusion chromatography-HPLC (IEC-HPLC) is used 
to evaluate the charge variants of BAT1806/BIIB800 and 
TCZ samples with and without carboxypeptidase B (CpB) 
treatment, prepared as detailed elsewhere [2]. Samples were 
treated with CpB to remove C-terminal lysine residues 
and reduce lysine-induced charge heterogeneity between 
BAT1806/BIIB800 and TCZ. CpB-digested BAT1806/
BIIB800 and TCZ samples were loaded onto a semiprepara-
tive strong cation exchange column (Proteomix SCX, 10 μm, 
21.2 mm × 250 mm) on an Ultimate 3000 HPLC (Thermo 
Fisher Scientific, Waltham, MA, USA) and eluted at a 
flow rate of 10 mL/min to collect charge variant fractions. 
Samples were analyzed on an analytical column (Thermo 
MAbPac SCX-10, 10 μm, 4 × 250 mm). Sample charge 
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variant fractions were concentrated by low-temperature 
ultrafiltration using a 30-kDa ultrafiltration centrifuge tube 
and exchanged into BAT1806/BIIB800 or TCZ formulation 
buffer (pH 6.2; final concentration ≥ 2 mg/mL). Samples 
were stored at −60 °C.

2.5 � Hydrophobicity

2.5.1 � Hydrophobic Interaction Chromatography‑High 
Performance Liquid Chromatography

Hydrophobic interaction chromatography-HPLC was used 
to monitor hydrophobic variants, per the methods detailed 
elsewhere [2]. The collection of hydrophobic variant frac-
tions of BAT1806/BIIB800 and TCZ was performed on an 
Ultimate 3000 HPLC (Thermo Fisher Scientific, Waltham, 
MA, USA) using a phenyl sepharose high performance (GE 
HealthCare Technologies Inc., Chicago, IL, USA) packed 
preparative column. The antibody (150 mg) was loaded 
onto the column and eluted at a flow rate of 2.5 mL/min. 
Fractions were collected, concentrated by low-temperature 
ultrafiltration using a 30-kDa ultrafiltration centrifuge 
tube, and exchanged into BAT1806/BIIB800 formulation 
buffer (without polysorbate 80, pH 6.2; final concentration  
2 mg/mL or higher). Samples were stored at −60 °C.

2.6 � Oxidation and Deamidation

2.6.1 � Forced Oxidation Sample Preparation

H2O2 was added to BAT1806/BIIB800 and TCZ samples 
to give final sample concentrations of 0.0005%, 0.001%, 
0.002%, 0.005%, and 0.01% H2O2, respectively. Samples 
were incubated at 25 °C in the dark for 0, 1, and 2 days, 
respectively, and analyzed using LC–MS/MS.

2.6.2 � Forced Deamidation Sample Preparation

Ammonium bicarbonate (250 mM) was added to BAT1806/
BIIB800 and TCZ samples to give a final concentration of 
50 mM of ammonium bicarbonate. Samples were incubated 
at 37 °C for 0, 2, 4, 6, and 8 days, respectively, and analyzed 
using LC–MS/MS.

2.6.3 � Characterization of Oxidation and Deamidation 
by Liquid Chromatography–Tandem Mass 
Spectrometry

Liquid chromatography–tandem mass spectrometry was used 
to analyze site-specific PTMs for BAT1806/BIIB800 sam-
ples. Samples (5 µL) were denatured with 15 µL of 6 M of 
guanidine hydrochloride (100 mM Tris, pH 7.95), reduced 
with 0.5 µL of 0.5 M of dithiothreitol, and alkalized with 1 µL 

of 0.5 M of iodoacetamide. Following this, C-terminal lysine 
and arginine peptide bonds were hydrolyzed with a mass 
ratio of protein:trypsin of 1 μg:25 μg at 37 °C, pH 7.95. The 
reaction was then terminated with 5 µL of 5% formic acid. 
Separation and detection of fractions were performed using 
HPLC coupled with MS (Waters ACQUITY UPLC H-Class 
tandem with Xevo G2-S QToF). The chromatographic col-
umn (ACQUITY UPLC® Peptide BEH C18 Column [300Å, 
1.7 µm, 2.1 mm×150 mm, 1/pkg]) was set at 60 °C, mobile 
phases A and B were 0.1% formic acid-water and 0.1% formic 
acid-acetonitrile, at a flow rate of 0.2 mL/min. The elution time 
was 2–122 min, 0.2–40% of phase B was used for effective 
elution, and the total gradient was 130 min. Data acquisition 
was performed using MassLynx software. Data were analyzed 
using BiopharmaLynx software.

2.7 � Binding Affinity and Functional Assays

2.7.1 � Binding Affinity to Fragment Crystallizable Receptors 
and a Complement Component 1q Binding Kinetic 
Analysis by Bio‑layer Interferometry and Surface 
Plasmon Resonance

Binding affinity was tested to evaluate whether deglyco-
sylation of BAT1806/BIIB800 and TCZ impacts binding 
affinity, and if test samples behave similarly. The affinity 
of BAT1806/BIIB800 and TCZ with FcγRIIIa (158F/V), 
FcγRIIa (131R/H), FcγRIIb, FcγRIa, neonatal FcR (FcRn), 
and complement component 1q (C1q) were determined by 
bio-layer interferometry using an Octet QKe platform (Sar-
torius, Göttingen, Germany) or surface plasmon resonance 
(SPR) using a Biacore™ T200 (GE HealthCare Technolo-
gies Inc., Chicago, IL, USA). Bio-layer interferometry and 
SPR methodological details are described in full elsewhere 
[2].

2.7.2 � Antibody‑Dependent Cell‑Mediated Cytotoxicity 
and Complement‑Dependent Cytotoxicity Analyses

A cell-based reporter gene assay was used to evaluate the 
ADCC effects of BAT1806/BIIB800 and TCZ. In the assay, 
TF-1 cells (human leukemic cells expressing membrane 
IL-6R) were used as target cells, and engineered Jurkat/
NFAT-Luc+FcRIIIa-158V cells were used as effector cells.

A separate cell-based assay was used to evaluate the CDC 
effects of BAT1806/BIIB800 and TCZ, with TF-1 cells used 
as target cells, and human serum complement used to ana-
lyze CDC function. Ofatumumab (anti-CD20 mAb; lot num-
ber DM8H; Novartis Pharma GmbH, Nürnberg, Germany) 
was used as a positive control and CD20-expressing lym-
phoma (Raji) cells were used as positive cells. Pertuzumab 
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(anti-human epidermal growth factor receptor 2 mAb; lot 
number H0212H01; Roche, Munich, Germany) was used as 
a negative control.

2.7.3 � Binding to the Soluble Interleukin‑6 Receptor 
by an Enzyme‑Linked Immunosorbent Assay

Binding to the soluble IL-6R by an enzyme-linked immu-
nosorbent assay (ELISA) was performed as described else-
where [2]. Results were reported as a percentage of the 
relative binding potency against the reference standard.

2.7.4 � Binding Kinetics to the Interleukin‑6 Receptor 
by Surface Plasmon Resonance

The IL-6R binding kinetics of BAT1806/BIIB800 and 
TCZ were determined by SPR methods. A carboxy-meth-
ylated sensor chip with pre-immobilized Protein A was 
used to capture the Fc region of each sample, then bound 
with serial concentration IL-6R. Results were reported as 
a percentage of the relative binding potency against the 
reference standard.

2.7.5 � Inhibition of Interleukin‑6‑Mediated Proliferation 
in TF‑1 Cells

The functional activity of BAT1806/BIIB800 and TCZ to 
inhibit IL-6-mediated cell proliferation was evaluated by 
a TF-1 cell-based assay. TF-1 cells were incubated with 
serial concentration of reference standard or test samples 
in the presence of IL-6. After incubation, a CellTiter-Glo® 
Luminescent Cell Viability Assay (Promega Corporation, 
Madison, WI, USA) solution was added, and luminescence 
measured with a microplate reader. Results were reported 
as a percentage of the relative binding potency against 
reference standard.

2.7.6 � Interleukin‑6 Blockage Activity by a Secreted 
Embryonic Alkaline Phosphatase Reporter Gene 
Assay

The functional activity of BAT1806/BIIB800 and TCZ to 
block IL-6-mediated signaling was evaluated with a secreted 
embryonic alkaline phosphatase (SEAP) reporter gene cell-
based assay. HEK-BlueTM IL-6 cells (InvivoGen, Toulouse, 
France) expressing membrane IL-6R, signal transducer and 
activator of transcription 3 (STAT3) cDNA, and interferon-β 
response element-driven SEAP reporter genes were incu-
bated with varying concentrations of reference standard or 
test samples in the presence of IL-6-mediated activation of 
STAT3. Downstream SEAP was measured by the addition 

of QUANTI-Blue™ (InvivoGen, Toulouse, France) solution 
and quantified with a SpectraMax M5e microplate reader 
(Molecular Devices, San Jose, CA, USA). Blockage activity 
was calculated against a dose–response curve of an inter-
nal reference standard by SoftMax Pro Software (Molecular 
Devices, San Jose, CA, USA) and reported as percent rela-
tive potency.

3 � Results

3.1 � Glycation

Protein glycation is a non-enzymatic glycosylation that 
primarily occurs in lysine residues [16]. Although typi-
cally mAb glycation does not appear to substantially affect 
antibody binding activities, it has been reported that it can 
affect antigen-binding affinity in certain molecules [16, 
17]. Intact LC–MS demonstrated that the glycation content 
of BAT1806/BIIB800 is different from TCZ (Fig. 1). The 
glycation content of BAT1806/BIIB800 was composed of 
predominantly mono-glycated modifications and, to a lesser 
extent, di-glycated modifications; TCZ (CN, EU, and US) 
had mainly di-glycated modifications. By the semi-quanti-
tative analysis, the average proportion of glycated protein 
relative to total protein content of BAT1806/BIIB800 was 
10.08%, while the average proportion of glycated protein 
relative to total protein content of TCZ (CN, EU, and US) 
was 1.19% (Fig. 1).

To further characterize the overall glycation rate and 
reveal potential additional glycation sites for both BAT1806/
BIIB800 and TCZ, samples were stress-glycated [16]. Intact 
mass LC–MS demonstrated that there was no relevant effect 
of stress glycation on the glycation content of BAT1806/
BIIB800 and TCZ (CN, EU, and US) samples according to 
a tunable ultraviolet peak type and retention time. There was 
also no apparent difference in the total ion current profiles 
between the stress-glycated BAT1806/BIIB800 and TCZ 

Fig. 1   Glycation content of BAT1806/BIIB800 and reference tocili-
zumab (TCZ). CN China, EU Europe, LC–MS liquid chromatogra-
phy-mass spectrometry, US United States
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samples, with three signals observed on all sample chro-
matograms (Fig. 1 of the ESM). Deconvolution, performed 
using the highest peak retention time, revealed that the total 
content of glycated protein of both BAT1806/BIIB800 and 
TCZ increased linearly with an increasing glucose concen-
tration (Fig. 2 of the ESM). 

Analysis of site-specific PTMs by peptide mapping on 
stress-glycated test samples revealed that the glycation 
modification content of the BAT1806/BIIB800 and TCZ 
samples increased with higher concentrations of glucose 
(50 mM and 200 mM). Glycation modification of BAT1806/
BIIB800 could be detected at multiple sites, particularly LC 
K126, HC K135, and HC K276 (Table 1 of the ESM). When 
comparing glycation modification sites between BAT1806/
BIIB800 and TCZ under 200-mM glucose stress treatment, 
the levels of glycation modification at the same lysine sites 
were similar; this was notable when comparing BAT1806/
BIIB800 and all sources of TCZ. None of the main modifica-
tion sites of the stress-glycated samples in either product was 
in the complementarity-determining region (CDR).

The impact of the stress-induced glycation modification 
of sites in the non-CDRs on the biological activity of both 
BAT1806/BIIB800 and TCZ samples was assessed with the 
IL-6R binding ELISA, the SEAP reporter gene assay, and 
the TF-1 cell proliferation potency assay. Stress-induced 
glycation of BAT1806/BIIB800 and TCZ did not affect the 
binding activity, biological activity, or functional potency, 
and all results met the quality standard of 70–130%, even 
with up to 60% total glycation content (Fig. 2).

3.2 � Glycosylation

Glycosylation in the Fc domains of mAbs can affect FcR 
affinity and therefore effector functions, which may impact 

efficacy [18]. Although ADCC and CDC are not believed to 
contribute to the therapeutic effect of tocilizumab, the poten-
tial impact of deglycosylation on the biological function of 
BAT1806/BIIB800 and TCZ was evaluated to rule out any 
functional impact of glycosylation differences.

The polymeric formation of glycosylated and deglyco-
sylated BAT1806/BIIB800 and TCZ samples was confirmed 
to be comparable using size exclusion chromatography-
HPLC analyses. The polymeric content of deglycosylated 
BAT1806/BIIB800 samples was < 0.5% and the monomer 
content was > 98%. The size exclusion chromatography-
HPLC analysis showed that the PNGase F enzyme used for 
deglycosylation was completely removed by the magnetic 
beads. The capillary electrophoresis sodium dodecyl sul-
fate analysis confirmed that 100% of the heavy chains were 
deglycosylated (data not shown).

Bio-layer interferometry and SPR analyses showed that 
deglycosylation reduced the affinity to all FcγRs and C1q, 
but not FcRn for both BAT1806/BIIB800 and TCZ (Table 1; 
Fig. 3 of the ESM). The magnitude of change in affinity to 
FcRs and C1q with deglycosylation was consistent between 
BAT1806/BIIB800 and TCZ. Although deglycosylation 
impacted affinity for FcγRs, neither glycosylated nor degly-
cosylated BAT1806/BIIB800 and TCZ demonstrated any 
measurable ADCC and CDC activity, confirming that gly-
cosylation differences have no impact on Fc effector function 
activity (Fig. 3).

The soluble IL-6R binding analyses by ELISA indi-
cated that the binding activity of deglycosylated BAT1806/
BIIB800 and TCZ with IL-6R was 85% and 93%, respec-
tively, which was within the specified quality range 
(70–130%) (Table 2). These data indicate that deglycosyla-
tion does not impact the IL-6R binding activity of BAT1806/
BIIB800 and TCZ.
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To further characterize the binding characteristics of 
deglycosylated BAT1806/BIIB800 and TCZ samples with 
IL-6R antigen, SPR was used (Fig. 4 of the ESM). Results 
demonstrated that the binding rate constant, dissociation rate 
constant, and affinity of deglycosylated BAT1806/BIIB800 
and TCZ samples were in the same order of magnitude 
with similar results observed between BAT1806/BIIB800 
and TCZ. The relative affinity of deglycosylated BAT1806/

BIIB800 and TCZ samples was 84% and 97%, respectively 
(Table 2 of the ESM).

To assess the relative functional potency of BAT1806/
BIIB800 and TCZ, TF-1 cell-based proliferation assays were 
used. The assays demonstrated similarity between BAT1806/
BIIB800 and TCZ samples before deglycosylation with relative 
potency of 121% and 113%, respectively. After deglycosylation, 
relative potency of BAT1806/BIIB800 and TCZ samples was 

Table 1   Affinity of BAT1806/BIIB800 and TCZ with Fc receptors and C1q by bio-layer interferometry and surface plasmon resonance

C1q complement component 1q, FcRn neonatal fragment crystallizable receptor, N/D no signal was detected; sample did not appear to bind to 
the receptor, TCZ reference tocilizumab

Receptors BAT1806/BIIB800 BAT1806/BIIB800 deglyco-
sylated

TCZ TCZ deglycosylated

FcγRIa 5.55E–11 3.84E–09 5.86E–11 3.51E–09
FcγRIIa (131R) 1.30E–06 N/D 1.30E–06 N/D
FcγRIIa (131H) 9.90E–07 N/D 1.00E–06 N/D
FcγRIIb 4.80E–06 N/D 3.50E–06 N/D
FcγRIIIa (158F) 1.82E–07 N/D 2.14E–07 N/D
FcγRIIIa (158V) 2.05E–07 N/D 2.18E–07 N/D
FcRn 2.41E–08 3.68E–08 1.97E–08 2.92E–08
C1q 2.60E–08 N/D 2.44E–08 N/D

Fig. 3   Antibody-dependent 
cellular cytotoxicity [ADCC] 
(a) and complement-dependent 
cytotoxicity [CDC] (b) analysis 
of deglycosylated BAT1806/
BIIB800 and reference toci-
lizumab (TCZ) in TF-1 cells. 
Ig logarithmic transformation, 
mAb monoclonal antibody, 
RLU relative light units, STD 
standard
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109% and 86%, respectively, indicating that biological activity 
remained similar between samples and within the specified qual-
ity range of 70–130% (Table 2).

3.3 � Charge Variants

Deamidation, oxidation, isomerization, and fragmentation 
may give rise to charge variants that can alter the functional 
activity of a product, potentially elicit immunogenicity, and 
may cause further degradation [19]. BAT1806/BIIB800 
and TCZ charge variant components were comparatively 
assessed to determine whether any differences between 
products impacted biological function. To assess charge 
variants, BAT1806/BIIB800 and TCZ samples were treated 
with CpB to remove clinically inactive C-terminal lysine 
residues, a well-known source of charge variation in mAbs. 
CpB-treated BAT1806/BIIB800 and TCZ samples had 
similar IEC-HPLC profiles, including the same peak shapes 
(Fig. 5 of the ESM). The main peak of BAT1806/BIIB800 

was slightly higher (~ 3%) than TCZ and the basic peaks had 
lower fragments than TCZ (mean difference of 2.2–3.1%). 
There were no relevant differences in the content of acidic 
peaks between BAT1806/BIIB800 and TCZ. The acidic 
peaks and main peak of BAT1806/BIIB800 were similar 
to TCZ, but the BAT1806/BIIB800 basic peaks contained 
a higher aggregate content, a small number of fragments, 
a higher proportion of high mannose glycan, and amidated 
C-terminal proline.

PTMs were identified for the charge variants of BAT1806/
BIIB800 and TCZ (Table 3 of the ESM). Comparison of 
the levels of PTMs for different charge variant compo-
nents between BAT1806/BIIB800 and TCZ showed rela-
tive similarity. For both BAT1806/BIIB800 and TCZ, the 
acidic variants were mainly derived from asparagine deami-
dation, and the percentage of deamidation of heavy chain 
N386/N391 in acidic peaks 2 and 3 was higher than other 
components (Table 3 of the ESM). The basic variants of 
BAT1806/BIIB800 after CpB cleavage primarily occurred 
because of C-terminal proline amidation and N-terminal 
glutamine without cyclization, whereas the basic variants 
of TCZ originated from C-terminal proline amidation. The 
proportion of C-terminal proline amidation was higher for 
TCZ than BAT1806/BIIB800 (Table 3 of the ESM), which 
was consistent with the IEC-HPLC-CpB assay results. The 
difference is not expected to impact antibody effector func-
tion [20]. There were no differences in the level of PTMs 
analyzed at other sites.

BAT1806/BIIB800 and TCZ charge variants were also 
analyzed for glycosylation modifications and classified 
into neutral terminal galactosylated glycan (which may 
affect CDC), high mannose glycan (which may affect the 

Table 2   The soluble IL-6R biological activity of deglycosylated 
BAT1806/BIIB800 and TCZ

IL-6R interleukin-6 receptor, TCZ reference tocilizumab

Sample name Relative potency for 
IL-6R binding (%)

Relative potency [TF-1 
cell based assay] (%)

BAT1806/BIIB800 104 121
BAT1806/BIIB800 

deglycosylated
85 109

TCZ 110 113
TCZ deglycosylated 93 86

Table 3   Biological activity of BAT1806/BIIB800 and TCZ charge variants

FcRn fragment crystallisable receptor (neonatal), IL-6R interleukin-6 receptor, KD(M) affinity, RGA​ reporter gene assay, SEAP secreted embry-
onic alkaline phosphatase, TCZ reference tocilizumab

Fractions Sample name Relative potency [soluble IL-6R 
binding assay] (%)

Relative potency [SEAP 
RGA] (%)

FcRn affinity, KD(M)

Pre-collection BAT1806/BIIB800 106 108 2.54E–08
TCZ 100 99 2.58E–08

Acidic peak 1 BAT1806/BIIB800 97 94 2.84E–08
TCZ 110 81 2.58E–08

Acidic peak 2 BAT1806/BIIB800 86 90 2.74E–08
TCZ 86 94 2.64E–08

Acidic peak 3 BAT1806/BIIB800 89 103 2.69E–08
TCZ 101 92 2.86E–08

Main peak BAT1806/BIIB800 93 110 2.48E–08
TCZ 105 100 2.59E–08

Basic peak 1 BAT1806/BIIB800 89 91 2.49E–08
TCZ 96 94 2.50E–08

Basic peak 2 BAT1806/BIIB800 114 107 1.55E–08
TCZ 93 101 1.46E–08
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pharmacokinetics and ADCC), afucosylation glycan (which 
may affect ADCC), and sialylated glycan (which may affect 
the pharmacokinetics and immunogenicity). The pre-collec-
tion BAT1806/BIIB800 and TCZ samples were consistent 
in terms of glycan type, differing only on the content of 
specific individual glycans (Table 4 of the ESM). Compared 
with TCZ, BAT1806/BIIB800 showed lower levels of afuco-
sylation glycan and high mannose glycan, as well as higher 
levels of terminal sialic acid (except in the main fraction 
where sialylation was the same for both BAT1806/BIIB800 
and TCZ). BAT1806/BIIB800 and TCZ showed consist-
ent differences between variant fractions; both had higher 
levels of sialic acid in the acidic fractions compared with 
the main or basic fractions. Liquid chromatography-mass 
spectrometry was used to determine the glycation content 
of charge variants from deglycosylated BAT1806/BIIB800 
and TCZ samples. Deglycosylated BAT1806/BIIB800 and 
TCZ samples showed higher glycation content in the acidic 
peaks, particularly acidic peaks 1 and 2, compared with the 
pre-collection samples (Table 5 of the ESM). Although the 
level of glycation in deglycosylated BAT1806/BIIB800 was 
slightly higher than TCZ fractions, deglycosylation had no 
impact on the site of glycation.

To assess the biological activities of BAT1806/BIIB800 
and TCZ charge variants, target binding, functional activ-
ity by SEAP reporter gene assay, and FcRn affinity were 
evaluated. The IL-6R binding and cellular potency activ-
ity, as assessed by the SEAP reporter gene assay, for both 
BAT1806/BIIB800 and TCZ charge variants were within 
the specified quality range of 70–130% (binding activity: 
BAT1806/BIIB800, 86–114%; TCZ, 86–110%; cellular 
activity: BAT1806/BIIB800, 90–110%; TCZ, 81–101%) 
(Table  3). Neonatal FcR receptor affinity was similar 
between BAT1806/BIIB800 and TCZ charge variants.

3.4 � Hydrophobicity

Hydrophobicity is an important consideration for the stabil-
ity, aggregation, solubility, and immunogenicity of mAbs 
[21]. To characterize the BAT1806/BIIB800 and TCZ 
hydrophobic fractions, and assess the impact of hydropho-
bicity on product functional activity, samples were fraction-
ated and analyzed by hydrophobic interaction chromatogra-
phy-HPLC. Hydrophobic interaction chromatography-HPLC 
demonstrated that BAT1806/BIIB800 was similar to TCZ 
with the same peak shape. The pre-collection fraction pre-
peaks and main peak of BAT1806/BIIB800 showed slight 
differences (~ 2.0%) from TCZ (Table 6 of the ESM); post-
peaks also showed minor differences (~ 1.0%). The hydro-
phobic fractions of BAT1806/BIIB800 were subsequently 
identified in terms of PTM quality attributes by orthogonal 
techniques. Overall, PTMs of the different hydrophobic vari-
ant fractions were similar between BAT1806/BIIB800 and 

TCZ (Table 7 of the ESM). For both BAT1806/BIIB800 and 
TCZ samples, the PTMs in the pre-peaks sites were mainly 
C-terminal Lys, oxidation, and deamidation. The level of 
C-terminal Lys modification of TCZ in the pre-peaks sites 
was higher than BAT1806/BIIB800. Post-translational mod-
ifications for most sites of the main peak and post-peaks 
samples were similar between the pre-collection BAT1806/
BIIB800 and TCZ samples.

The hydrophobic fractions of BAT1806/BIIB800 and TCZ 
were analyzed for glycosylation modifications. Overall, the 
BAT1806/BIIB800 glycosylation pattern was consistent with 
TCZ; however, there were minor differences in the content 
of individual glycans between BAT1806/BIIB800 and TCZ. 
BAT1806/BIIB800 showed lower levels of afucosylation glycan 
and high mannose glycan, and slightly higher levels of sialyla-
tion compared with TCZ in a pre-collection sample (Table 8 of 
the ESM). BAT1806/BIIB800 and TCZ samples showed similar 
trends across variant fractions in terms of glycan content. Both 
BAT1806/BIIB800 and TCZ pre-peaks fractions had higher lev-
els of high mannose and lower levels of galactosylation com-
pared with the main and post-peaks fractions.

Molecular size variant analyses of the BAT1806/BIIB800 
and TCZ hydrophobic fractions by SEC-HPLC showed that, 
in both products, low-molecular-weight content was more 
abundant in the pre-peaks component, and high-molecular-
weight content was higher in post-peaks component as com-
pared with the main peak component (Table 9 of the ESM).

To assess the impact of hydrophobic difference on the 
biological activity of BAT1806/BIIB800 and TCZ, target 
binding and cellular potency assays were conducted on the 
hydrophobic fractions. Binding and cellular potency, as 
measured in the SEAP reporter gene and TF-1 proliferation 
assays, were similar between BAT1806/BIIB800 and TCZ 
and within the specified quality range of 70–130% (binding 
activity: BAT1806/BIIB800, 102–112%; TCZ, 86–111%; 
cellular potency: BAT1806/BIIB800, 92–119%; TCZ, 
101–115%) (Table 4). Neonatal FcR affinity was similar 
between BAT1806/BIIB800 and TCZ hydrophobic variants.

3.5 � Oxidation and Deamidation

Oxidation and deamidation are common degradation pro-
cesses for mAbs and can result in structural changes that 
impact antigen binding affinity and efficacy. [19] To char-
acterize sites of oxidation, and the impact of oxidation and 
deamidation on BAT1806/BIIB800 and TCZ, forced oxida-
tion and deamidation studies were conducted.

Forced oxidation (0.01% H2O2) revealed oxidative 
modifications at five sites (HC-M70, 106, 254, 430, and 
HC-W279) for both BAT1806/BIIB800 and TCZ (Table 10 
of the ESM). Under forced oxidation conditions, the rate 
of oxidation of the acidic peaks was slightly lower (~1%) 
for BAT1806/BIIB800 versus TCZ (Table 11 of the ESM). 
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Similarly, the proportion of oxidized sites for the main peak 
was higher (~5%) for BAT1806/BIIB800 than TCZ. Despite 
this, the difference in total oxidation level did not exceed 
1% between BAT1806/BIIB800 and TCZ samples. With 
forced oxidation, biological activity of BAT1806/BIIB800 
and TCZ, as measured by the SEAP reporter gene assay, rap-
idly decreased (Table 5). Oxidation of HC-M70, HC-M106, 
and HC-M254 correlated with a substantial impact on the 
biological activity of BAT1806/BIIB800 and TCZ. In par-
ticular, oxidation of HC-M106, which is located in the CDR, 
indicated that an oxidation level of approximately 95% 
reduced both the SEAP reporter gene and TF-1 prolifera-
tion biological activity of BAT1806/BIIB800 and TCZ to 
below 50% (Fig. 4). However, the cellular potency activity 
of BAT1806/BIIB800 and TCZ, as measured by the TF-1 
proliferation assay, was within the specified quality range 
standard with an HC-M106 oxidation level up to approxi-
mately 10%, which was significantly higher than the levels 
of oxidation under physiological conditions (<1%).

Under forced deamidation conditions (pH 9.0), IEC-
HPLC showed that the acidic peaks content of BAT1806/
BIIB800 had a rapid ~30% increase with longer incubation 
periods, whereas the main peak showed a ~30% decrease 
over the same time period (Table 12 of the ESM). The trend 
and degree of change were similar between BAT1806/
BIIB800 and TCZ; the aggregate degradation degree for 
BAT1806/BIIB800 was lower than TCZ, whereas the deg-
radation degree in the acidic peaks was higher than TCZ. 
Binding activity, cellular potency activity, and FcRn affinity 
were similar between deamidated BAT1806/BIIB800 and 
TCZ samples and were within the specified quality range of 
70–130% (Table 6).

4 � Discussion

Biosimilars are expected to have structural or analytical dif-
ferences when compared with their RPs because of the inher-
ent variability in the manufacturing process, parameters for 
cell culture (cell lines/culture medium), and storage condi-
tions [16]. BAT1806/BIIB800 and TCZ demonstrated a high 
degree of similarity for quality attributes in a comprehen-
sive comparative analytical assessment [2]; however, using 
highly sensitive and state-of-the-art analytics, some differ-
ences were observed in glycation, glycosylation, charge vari-
ants, hydrophobicity, oxidation, and deamidation. Observed 
structural or analytical differences between the biosimilar 
and RP must not impact clinical safety or efficacy [8, 10–12]. 
Here, several SAR studies were conducted to further charac-
terize the observed differences between BAT1806/BIIB800 
and TCZ. We demonstrate that residual structural differences 
in glycation, glycosylation, charge variants, hydrophobic-
ity, oxidation, and deamidation between BAT1806/BIIB800 
and TCZ had no relevant functional impact. In conjunction 
with the available clinical evidence, these results provide 
adequate assurance that the observed physicochemical dif-
ferences have no clinical relevance.

The effect of glycation on antibody function depends 
on the site that is modified [16]. Glycation modifications 
located in the CDR of the antibody could affect the binding 
activity of the antibody to the antigen [22]. Stress glycation 
of BAT1806/BIIB800 and TCZ (CN, EU, and US) samples 
indicated that there was no effect on the biophysical behav-
ior of BAT1806/BIIB800 and TCZ according to the tun-
able ultraviolet peak type and retention time and total ion 
current profiles. Analysis of deconvolution signal intensity 
to determine the percentage of total glycation content sug-
gested that both antibodies have similar glycation modifi-
cation trends, with linear increases respective to increased 
glucose concentrations. Site-specific PTM analyses dem-
onstrated BAT1806/BIIB800 samples had similar glyca-
tion sites and site modification proportions relative to TCZ. 

Table 4   Biological activity for BAT1806/BIIB800 and TCZ hydrophobic variants

FcRn fragment crystallizable receptor (neonatal), IL-6R interleukin-6 receptor, KD(M) affinity, TCZ reference tocilizumab

Fractions Sample name Relative potency [soluble IL-6R 
binding assay] (%)

Relative potency [TF-1 cell-
based assay] (%)

FcRn affinity KD(M)

Pre-collection BAT1806/BIIB800 107 92 2.10E–08
TCZ 101 115 2.30E–08

Pre-peaks BAT1806/BIIB800 112 106 2.45E–08
TCZ 100 105 2.61E–08

Main peak BAT1806/BIIB800 102 115 2.14E–08
TCZ 111 101 2.46E–08

Post-peaks BAT1806/BIIB800 102 119 2.09E–08
TCZ 86 112 2.53E–08
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Table 5   Biological activity for forced oxidation BAT1806/BIIB800 and TCZ

FcRn fragment crystallizable receptor (neonatal), H2O2 hydrogen peroxide, RGA​ reporter gene assay, SEAP secreted embryonic alkaline phos-
phatase, TCZ reference tocilizumab
a Beyond the specified quality range (70–130%)

Sample name H2O2 concentration 
(%)

Incubation time 
(days)

Relative potency [SEAP 
RGA] (%)

Relative potency [TF-1 cell-
based assay] (%)

Relative 
FcRn affinity 
(%)

BAT1806/BIIB800 0.0005 1 95 103 89
2 90 88 90

0.001 1 86 93 87
2 75 84 86

0.002 1 63a 76 73
2 53a 72 74

0.005 1 18a 46a 42
2 13a 49a 35

0.01 1 8a 31a 19
2 7a 25a 32

TCZ 0.0005 1 66a 96 86
2 64a 107 87

0.001 1 68a 82 82
2 60a 113 82

0.002 1 39a 70 72
2 28a 70 71

0.005 1 15a 49a 47
2 8a 36a 44

0.01 1 8a 29a 32
2 8a 21a 31

Fig. 4   Biological activity by 
a secreted embryonic alkaline 
phosphatase reporter gene assay 
and HC-M106 oxidation levels 
(a, b); biological activity by 
a TF-1 cell-based assay and 
HC-M106 oxidation levels (c, 
d) for BAT1806/BIIB800 and 
reference tocilizumab (TCZ). 
H2O2 hydrogen peroxide, RGA​ 
reporter gene assay

Con.-H2O2 (%)

Con.-H2O2 (%) Con.-H2O2 (%)

Con.-H2O2 (%)

RGA Potency (%)
RGA Potency (%)

 TF-1 Potency (%)

TCZ 

TCZ 
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Oxidation HC-M106 (%)
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Oxidation HC-M106 (%)
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The main modification sites of the stress-glycated samples 
were outside the CDR, suggesting that glycation will not 
affect the binding and biological activity of either BAT1806/
BIIB800 and TCZ. Additionally, based on stress glycation 
studies, glycation in the non-CDRs (assessed using the target 
binding assay, SEAP reporter gene assay, and TF-1 prolif-
eration inhibition potency assay) did not affect the binding 
activity, biological activity, or cellular potency activity of 
either BAT1806/BIIB800 or TCZ. Therefore, the SAR data 
adequately justify that the observed difference in glycation 
content between BAT1806/BIIB800 and TCZ has no impact 
on the safety and efficacy profile of BAT1806/BIIB800. In 
support of this conclusion, a study investigating the rates and 
impact of human antibody glycation in vivo demonstrated 
that glycation occurs in approximately 14% of circulating 
antibodies in healthy humans [23]. This level of glycation 
was not associated with changes in FcRn, FcγRIIIa, or pro-
tein A binding for the antibodies investigated [23]. Addition-
ally, the study reported that even under severe glycation con-
ditions with a glucose content over 200 times that observed 
in vivo, there was little functional change observed for the 
antibodies analyzed [23]. Similarly, SAR studies evaluat-
ing another tocilizumab biosimilar (MSB11456 [Tyenne®]) 
reported that while the glycation content for MSB11456 was 
significantly higher than TCZ, biological activity between 
the products remained similar and glycation did not impact 
the efficacy of MSB11456 [24].

The impact of deglycosylation on the biological activity 
of BAT1806/BIIB800 and TCZ was assessed. Deglycosyla-
tion had no impact on target binding activity. The binding 
affinity to most FcRs and C1q decreased with deglycosylated 
BAT1806/BIIB800 and TCZ, while the binding affinity to 
FcRn was largely unaffected, consistent with results reported 
in the literature [25]. Additionally, as anticipated per the 

biosimilar and RP mechanism of action, both intact and 
deglycosylated BAT1806/BIIB800 and TCZ showed no 
ADCC or CDC activity in TF-1 cells, indicating that degly-
cosylation did not impact the Fc-mediated effector func-
tions of BAT1806/BIIB800 or TCZ. This was consistent 
with another study evaluating the tocilizumab biosimilar 
MSB11456, which reported similar glycosylation profiles 
between products and the absence of CDC and ADCC [24]. 
Functional potency of deglycosylated BAT1806/BIIB800 
and TCZ with respect to non-deglycosylated BAT1806/
BIIB800 and TCZ, as measured by the inhibition of TF-1 
cell proliferation, was also unaffected (relative potency 
range, 86–121%).

Charge variant studies previously demonstrated differ-
ences between BAT1806/BIIB800 and TCZ, both before 
and after CpB enzyme treatment [2]. However, the peak 
subsequent fraction analysis showed similarity in the SAR 
study with the exception of some differences in aggregate 
content, number of fragments, proportion of high mannose 
glycan, and proportion of amidated C-terminal proline in 
the basic peaks following CpB treatment. While there were 
minor differences between the BAT1806/BIIB800 and TCZ 
charge variants, the target binding and functional potency 
of the BAT1806/BIIB800 basic peaks was similar to that 
of the main peak, indicating that the differences between 
the BAT1806/BIIB800 and TCZ basic peaks are unlikely to 
have a clinical impact. This conclusion is further supported 
by data from pre-clinical and clinical studies showing that 
BAT1806/BIIB800 and TCZ behaved similarly in terms of 
pharmacokinetics [6, 7, 26].

Evaluation of hydrophobicity identified slight differences 
between BAT1806/BIIB800 and TCZ pre-, main, and post-
peaks. However, no differences were observed with target 
binding activity, functional potency, and FcRn receptor 

Table 6   Biological activity for forced deamidation BAT1806/BIIB800 and TCZ

FcRn fragment crystallizable receptor (neonatal), RGA​ reporter gene assay, SEAP secreted embryonic alkaline phosphatase, TCZ reference toci-
lizumab

Sample name Incubation time (days) Relative potency [SEAP RGA] 
(%)

Relative potency [TF-1 cell-based 
assay] (%)

Relative 
FcRn affinity 
(%)

BAT1806/BIIB800 0 120 116 104
2 115 112 97
4 98 92 113
6 96 109 101
8 101 108 90

TCZ 0 101 115 96
2 106 112 100
4 104 105 86
6 107 118 90
8 100 100 91
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affinity. Therefore, these small differences in hydrophobic-
ity are unlikely to impact the clinical efficacy and/or safety 
of BAT1806/BIIB800.

Forced degradation is not often observed under physi-
ological conditions [27]; however, SAR studies were con-
ducted to assess forced degradation similarities between 
BAT1806/BIIB800 and TCZ. The biological activity of both 
BAT1806/BIIB800 and TCZ was negatively correlated with 
increased oxidation levels of the CDR. The level of deamida-
tion of BAT1806/BIIB800 and TCZ in forced degradation 
studies showed similar trends, but had no impact on biologi-
cal activity or FcRn affinity.

5 � Conclusions

Structure activity relationship studies were conducted to 
investigate the potential impact of observed differences in 
quality attributes between BAT1806/BIIB800 and TCZ. 
The observed differences in glycation between BAT1806/
BIIB800 and TCZ did not impact the binding or biologi-
cal activities. Minor differences in glycosylation, charge 
variants, hydrophobicity, oxidation, and deamidation were 
also shown to have no impact on functional activities at the 
levels observed. Overall, these results indicate that there 
are no functionally relevant differences between BAT1806/
BIIB800 and TCZ. Together these data support the conclu-
sion that BAT1806/BIIB800 is similar to TCZ.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40259-​024-​00698-7.

Acknowledgments  Medical writing assistance was provided by 
Laura Graham, PhD, Joanne Fetterman, PhD, and Emma Beddie, BSc 
(Hons) of Parexel International and was funded by Biogen International 
GmbH, Baar, Switzerland.

Declarations 

Funding  The development of this article was funded by Biogen Inter-
national GmbH.

Conflicts of Interest/Competing Interests  Yujie Liu, Jianhua Xie, 
Zhuxiang Li, Xiong Mei, Di Cao, Shengfeng Li, and Cuihua Liu are 
Bio-Thera Solutions Ltd employees and may hold stock, stock options, 
or both in Bio-Thera Solutions Ltd. Linda Engle, Suli Liu, and Hans 
C. Ebbers are Biogen employees and may hold stock, stock options, or 
both in Biogen.

Ethics Approval  This article does not contain any studies with human 
participants or animals performed by any of the authors, and was 
prepared according to the International Committee of Medical Jour-
nal Editors Uniform Requirements and the International Society for 
Medical Publication Professionals Good Publication Practice (GPP) 
for Communicating Company-Sponsored Medical Research: The GPP3 
Guidelines.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Availability of Data and Material  Data are available upon reasonable 
request to the authors.

Code Availability  Not applicable.

Authors’ Contributions  All authors contributed to the study design as 
well as data reporting and interpretation. All authors also reviewed and 
revised the manuscript. All authors participated in writing the manu-
script, with the support of medical writing services provided by the 
funder. All authors read and approved the submitted version of the 
manuscript.

Open Access   This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 European Medicines Agency. Assessment report, RoActemra. 
International non-proprietary name: tocilizumab. Contract no. 
EMEA/26276/2009. 2009. Available from: https://​www.​ema.​
europa.​eu/​en/​docum​ents/​asses​sment-​report/​roact​emra-​epar-​pub-
lic-​asses​sment-​report_​en.​pdf. Accessed 25 Nov 2024.

	 2.	 Liu Y, Xie J, Li Z, Mei X, Cao D, Li S, et al. Demonstration 
of physicochemical and functional similarity of the biosimi-
lar BAT1806/BIIB800 to reference tocilizumab. BioDrugs. 
2024;38(4):571–88. https://​doi.​org/​10.​1007/​s40259-​024-​00662-5.

	 3.	 Sebba A. Tocilizumab: the first interleukin-6-receptor inhibitor. 
Am J Health Syst Pharm. 2008;65(15):1413–8. https://​doi.​org/​10.​
2146/​ajhp0​70449.

	 4.	 Okuda Y. Review of tocilizumab in the treatment of rheumatoid 
arthritis. Biologics. 2008;2(1):75–82. https://​doi.​org/​10.​2147/​btt.​
s1828.

	 5.	 Nishimoto N, Kishimoto T. Humanized antihuman IL-6 receptor 
antibody, tocilizumab. Handb Exp Pharmacol. 2008;181:151–60. 
https://​doi.​org/​10.​1007/​978-3-​540-​73259-4_7.

	 6.	 Zhang H, Wang H, Wei H, Chen H, Liu J, Li C, et al. A phase 
I clinical study comparing the tolerance, immunogenicity, and 
pharmacokinetics of proposed biosimilar BAT1806 and reference 
tocilizumab in healthy Chinese men. Front Pharmacol. 2020;11: 
609522. https://​doi.​org/​10.​3389/​fphar.​2020.​609522.

	 7.	 Leng X, Leszczyński P, Jeka S, Liu SY, Liu H, Miakisz M, et al. 
Comparing tocilizumab biosimilar BAT1806/BIIB800 with refer-
ence tocilizumab in patients with moderate-to-severe rheumatoid 
arthritis with an inadequate response to methotrexate: a phase 3, 
randomised, multicentre, double-blind, active-controlled clinical 
trial. Lancet Rheumatol. 2024;6(1):e40-50. https://​doi.​org/​10.​
1016/​s2665-​9913(23)​00237-0.

	 8.	 World Health Organization. Guidelines on evaluation of bio-
similars. Annex 3. 2022. Available from: https://​cdn.​who.​int/​
media/​docs/​defau​lt-​source/​biolo​gicals/​annex-​3---​who-​guide​

https://doi.org/10.1007/s40259-024-00698-7
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ema.europa.eu/en/documents/assessment-report/roactemra-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/roactemra-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/roactemra-epar-public-assessment-report_en.pdf
https://doi.org/10.1007/s40259-024-00662-5
https://doi.org/10.2146/ajhp070449
https://doi.org/10.2146/ajhp070449
https://doi.org/10.2147/btt.s1828
https://doi.org/10.2147/btt.s1828
https://doi.org/10.1007/978-3-540-73259-4_7
https://doi.org/10.3389/fphar.2020.609522
https://doi.org/10.1016/s2665-9913(23)00237-0
https://doi.org/10.1016/s2665-9913(23)00237-0
https://cdn.who.int/media/docs/default-source/biologicals/annex-3---who-guidelines-on-evaluation-of-biosimilars---sj-ik-5-may-2022.pdf?sfvrsn=9b2fa6d2_1&download=true
https://cdn.who.int/media/docs/default-source/biologicals/annex-3---who-guidelines-on-evaluation-of-biosimilars---sj-ik-5-may-2022.pdf?sfvrsn=9b2fa6d2_1&download=true


320	 Y. Liu et al.

lines-​on-​evalu​ation-​of-​biosi​milar​s---​sj-​ik-5-​may-​2022.​pdf?​
sfvrsn=​9b2fa​6d2_​1&​downl​oad=​true. Accessed 19 Feb 2024.

	 9.	 Center for Drug Evaluation of the National Medical Products 
Administration. Technical guidelines for the development and 
evaluation of biosimilar drugs (in Chinese). Available from: 
https://​www.​cde.​org.​cn/​zdyz/​domes​ticin​fopage?​zdyzI​dCODE=​
f044c​df4b7​d7286​aa12f​fb85f​c81a7​4c. Accessed 18 Jan 2024.

	10.	 European Medicines Agency, Committee for Medicinal Products. 
Guideline on similar biological medicinal products containing 
monoclonal antibodies: non-clinical and clinical issues. Avail-
able from: https://​www.​ema.​europa.​eu/​en/​docum​ents/​scien​tific-​
guide​line/​guide​line-​simil​ar-​biolo​gical-​medic​inal-​produ​cts-​conta​
ining-​monoc​lonal-​antib​odies-​non-​clini​cal_​en.​pdf. Accessed 18 
Jan 2024.

	11.	 US Food and Drug Administration. Quality considerations in 
demonstrating biosimilarity of a therapeutic protein product to a 
reference product. Guidance for industry. Available from: https://​
www.​fda.​gov/​regul​atory-​infor​mation/​search-​fda-​guida​nce-​docum​
ents/​quali​ty-​consi​derat​ions-​demon​strat​ing-​biosi​milar​ity-​thera​peu-
tic-​prote​in-​produ​ct-​refer​ence-​produ​ct. Accessed 18 Jan 2024.

	12.	 US Food and Drug Administration. Scientific considerations in 
demonstrating biosimilarity to a refence product. Available from: 
https://​www.​fda.​gov/​regul​atory-​infor​mation/​search-​fda-​guida​nce-​
docum​ents/​scien​tific-​consi​derat​ions-​demon​strat​ing-​biosi​milar​ity-​
refer​ence-​produ​ct. Accessed 18 Jan 2024.

	13.	 Guillen E, Ekman N, Barry S, Weise M, Wolff-Holz E. A 
data driven approach to support tailored clinical programs 
for biosimilar monoclonal antibodies. Clin Pharmacol Ther. 
2023;113(1):108–23. https://​doi.​org/​10.​1002/​cpt.​2785.

	14.	 US Food Drug Administration. Development of therapeutic pro-
tein biosimilars: comparative analytical assessment and other 
quality-related considerations. Silver Springs, MD, USA: Center 
for Drug Evaluation and Research (CDER), Center for Biologics 
Evaluation and Research (CBER); 2019.

	15.	 Nupur N, Joshi S, Gulliarme D, Rathore AS. Analytical similar-
ity assessment of biosimilars: global regulatory landscape, recent 
studies and major advancements in orthogonal platforms. Front 
Bioeng Biotechnol. 2022;10: 832059. https://​doi.​org/​10.​3389/​
fbioe.​2022.​832059.

	16.	 Wei B, Berning K, Quan C, Zhang YT. Glycation of antibodies: 
modification, methods and potential effects on biological func-
tions. MAbs. 2017;9(4):586–94. https://​doi.​org/​10.​1080/​19420​
862.​2017.​13002​14.

	17.	 Kennedy DM, Skillen AW, Self CH. Glycation of monoclo-
nal antibodies impairs their ability to bind antigen. Clin Exp 

Immunol. 1994;98(2):245–51. https://​doi.​org/​10.​1111/j.​1365-​
2249.​1994.​tb061​33.x.

	18.	 Senini I, Tengattini S, Rinaldi F, Massolini G, Gstöttner C, Reusch 
D, et al. Direct glycosylation analysis of intact monoclonal anti-
bodies combining ESI MS of glycoforms and MALDI-in source 
decay MS of glycan fragments. Commun Chem. 2024;7(1):203. 
https://​doi.​org/​10.​1038/​s42004-​024-​01297-x.

	19.	 Gupta S, Jiskoot W, Schöneich C, Rathore AS. Oxidation and 
deamidation of monoclonal antibody products: potential impact 
on stability, biological activity, and efficacy. J Pharm Sci. 
2022;111(4):903–18. https://​doi.​org/​10.​1016/j.​xphs.​2021.​11.​024.

	20.	 Johnson KA, Paisley-Flango K, Tangarone BS, Porter TJ, Rouse 
JC. Cation exchange–HPLC and mass spectrometry reveal 
C-terminal amidation of an IgG1 heavy chain. Anal Biochem. 
2007;360(1):75–83. https://​doi.​org/​10.​1016/j.​ab.​2006.​10.​012.

	21.	 Waibl F, Fernández-Quintero ML, Wedl FS, Kettenberger H, 
Georges G, Liedl KR. Comparison of hydrophobicity scales for 
predicting biophysical properties of antibodies. Front Mol Biosci. 
2022;9: 960194. https://​doi.​org/​10.​3389/​fmolb.​2022.​960194.

	22.	 Mo J, Jin R, Yan Q, Sokolowska I, Lewis MJ, Hu P. Quantitative 
analysis of glycation and its impact on antigen binding. MAbs. 
2018;10(3):406–15. https://​doi.​org/​10.​1080/​19420​862.​2018.​
14387​96.

	23.	 Goetze AM, Liu YD, Arroll T, Chu L, Flynn GC. Rates and 
impact of human antibody glycation in  vivo. Glycobiology. 
2012;22(2):221–34. https://​doi.​org/​10.​1093/​glycob/​cwr141.

	24.	 European Medicines Agency. Assessment report, Tyenne. 
International non-proprietary name: tocilizumab. Contract no. 
EMEA/H/C/005781/0000. 2023. Available from: https://​www.​
ema.​europa.​eu/​en/​docum​ents/​asses​sment-​report/​tyenne-​epar-​
public-​asses​sment-​report_​en.​pdf. Accessed 18 Nov 2024.

	25.	 Cymer F, Beck H, Rohde A, Reusch D. Therapeutic monoclo-
nal antibody N-glycosylation: structure, function and therapeutic 
potential. Biologicals. 2018;52:1–11. https://​doi.​org/​10.​1016/j.​
biolo​gicals.​2017.​11.​001.

	26.	 Sun L, Di X, Dan M, et al. Pharmacokinetics of recombinant 
humanized anti-human interleukin 6 receptor monoclonal anti-
body BAT-1806 injection after single administration. Chinese J 
Pharm Anal. 2018;38:6. https://​doi.​org/​10.​16155/j.​0254-​1793.​
2018.​10.​16.

	27.	 Stracke J, Emrich T, Rueger P, Schlothauer T, Kling L, Knaupp 
A, et al. A novel approach to investigate the effect of methionine 
oxidation on pharmacokinetic properties of therapeutic antibodies. 
MAbs. 2014;6(5):1229–42. https://​doi.​org/​10.​4161/​mabs.​29601.

https://cdn.who.int/media/docs/default-source/biologicals/annex-3---who-guidelines-on-evaluation-of-biosimilars---sj-ik-5-may-2022.pdf?sfvrsn=9b2fa6d2_1&download=true
https://cdn.who.int/media/docs/default-source/biologicals/annex-3---who-guidelines-on-evaluation-of-biosimilars---sj-ik-5-may-2022.pdf?sfvrsn=9b2fa6d2_1&download=true
https://www.cde.org.cn/zdyz/domesticinfopage?zdyzIdCODE=f044cdf4b7d7286aa12ffb85fc81a74c
https://www.cde.org.cn/zdyz/domesticinfopage?zdyzIdCODE=f044cdf4b7d7286aa12ffb85fc81a74c
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-monoclonal-antibodies-non-clinical_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-monoclonal-antibodies-non-clinical_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-biological-medicinal-products-containing-monoclonal-antibodies-non-clinical_en.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quality-considerations-demonstrating-biosimilarity-therapeutic-protein-product-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quality-considerations-demonstrating-biosimilarity-therapeutic-protein-product-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quality-considerations-demonstrating-biosimilarity-therapeutic-protein-product-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quality-considerations-demonstrating-biosimilarity-therapeutic-protein-product-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product
https://doi.org/10.1002/cpt.2785
https://doi.org/10.3389/fbioe.2022.832059
https://doi.org/10.3389/fbioe.2022.832059
https://doi.org/10.1080/19420862.2017.1300214
https://doi.org/10.1080/19420862.2017.1300214
https://doi.org/10.1111/j.1365-2249.1994.tb06133.x
https://doi.org/10.1111/j.1365-2249.1994.tb06133.x
https://doi.org/10.1038/s42004-024-01297-x
https://doi.org/10.1016/j.xphs.2021.11.024
https://doi.org/10.1016/j.ab.2006.10.012
https://doi.org/10.3389/fmolb.2022.960194
https://doi.org/10.1080/19420862.2018.1438796
https://doi.org/10.1080/19420862.2018.1438796
https://doi.org/10.1093/glycob/cwr141
https://www.ema.europa.eu/en/documents/assessment-report/tyenne-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/tyenne-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/tyenne-epar-public-assessment-report_en.pdf
https://doi.org/10.1016/j.biologicals.2017.11.001
https://doi.org/10.1016/j.biologicals.2017.11.001
https://doi.org/10.16155/j.0254-1793.2018.10.16
https://doi.org/10.16155/j.0254-1793.2018.10.16
https://doi.org/10.4161/mabs.29601

	Comparative Structure Activity Relationship Characterization of the Biosimilar BAT1806BIIB800 to Reference Tocilizumab
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Glycation
	2.2.1 Intact and Reduced Deglycosylated Mass Analysis by Liquid Chromatography-Mass Spectrometry
	2.2.2 Reduced and Non-reduced Peptide Mapping by Liquid Chromatography–Tandem Mass Spectrometry

	2.3 Glycosylation
	2.3.1 Sample Processing
	2.3.2 Magnetic Bead Sample Purification
	2.3.3 Sample Ultrafiltration

	2.4 Charge Variants
	2.4.1 Charge Variant Identification Using Ion Exclusion Chromatography-High Performance Liquid Chromatography

	2.5 Hydrophobicity
	2.5.1 Hydrophobic Interaction Chromatography-High Performance Liquid Chromatography

	2.6 Oxidation and Deamidation
	2.6.1 Forced Oxidation Sample Preparation
	2.6.2 Forced Deamidation Sample Preparation
	2.6.3 Characterization of Oxidation and Deamidation by Liquid Chromatography–Tandem Mass Spectrometry

	2.7 Binding Affinity and Functional Assays
	2.7.1 Binding Affinity to Fragment Crystallizable Receptors and a Complement Component 1q Binding Kinetic Analysis by Bio-layer Interferometry and Surface Plasmon Resonance
	2.7.2 Antibody-Dependent Cell-Mediated Cytotoxicity and Complement-Dependent Cytotoxicity Analyses
	2.7.3 Binding to the Soluble Interleukin-6 Receptor by an Enzyme-Linked Immunosorbent Assay
	2.7.4 Binding Kinetics to the Interleukin-6 Receptor by Surface Plasmon Resonance
	2.7.5 Inhibition of Interleukin-6-Mediated Proliferation in TF-1 Cells
	2.7.6 Interleukin-6 Blockage Activity by a Secreted Embryonic Alkaline Phosphatase Reporter Gene Assay


	3 Results
	3.1 Glycation
	3.2 Glycosylation
	3.3 Charge Variants
	3.4 Hydrophobicity
	3.5 Oxidation and Deamidation

	4 Discussion
	5 Conclusions
	Acknowledgments 
	References




