Comparability Analysis

Dissecting Structures
The EMA regulations regarding assessment of biosimilarity
are based on the requirements within the ICH Q6B
guidelines. This provides specific requests regarding primary
structural testing and comparisons, but is somewhat less
exact regarding the determination of higher order structure
Data from biological assays should be
used in conjunction with analytical data
to determine the product CQAs.
The European regulator encourages
those developing biopharmaceuticals to
gain knowledge about their product from
the earliest phases of manufacture.
The more that is known about the
biosimilar and the RMP at the early stages,
the more efficient the development
process and the regulatory pathway for
it will be. The analytics performed during
early phase studies include obtaining
information on the primary structure
and sequence of the target molecule,
glycosylation profiling and analysis of
other post-translational modifications,
but methods performed should also

assess secondary and tertiary structures
and aggregation profiles.
The most important analytical
consideration during biosimilar
development is the assessment of
comparability, which needs to provide
data to allow a head-to-head comparison
with the relevant RMP and also
demonstrate consistent and controlled
manufacture of the product from
laboratory to production scale.

Techniques Employed
Regarding the cell line used in
manufacture, a greater onus on the
biophysical analysis of biopharmaceuticals
and biosimilars produced in Escherichia coli
13C [ppm]

The biosimilars market is yet to fully
come to fruition, and the race is still on to
obtain approval for a number of products
within the European market. The EMA
guidelines recommend the application of
state-of-the-art characterisation studies
to demonstrate that the structural and
physico-chemical attributes of a biosimilar
are comparable to the reference
medicinal product (RMP). The higher
order structure (HOS) aspects of the EMA
biosimilar guidelines and the ICH Q6B
guidelines are discussed below, including
examples of the required analyses, detail
regarding which analyses should be
performed when and also how the data
can assist in defining biosimilarity (1,2).
Questions often arise as to which analytics
should be performed within a biophysical
characterisation study, when these tests
should be performed and what the results
will tell you about your product.
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Characterisation of a biopharmaceutical
comprises a broader set of assessments
when compared to release tests. In
early development stages, all possible
investigations are used to provide data
that will allow an initial understanding of
both the RMP and biosimilar. The
information gained from these
fundamental tests determines the
analyses that will provide useful
information as development proceeds.
The tests for product release are a subset
of these characterisation assays, chosen
based on the data, critical quality
attributes (CQAs) for the product, and
any issues observed during product
development such as propensity to
unfold would require a secondary or
tertiary structure-based release test.
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Figure 1: An overlay of the 2D NMR data obtained from analysis of two batches of a
biopharmaceutical RMP against a single batch of biosimilar
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Figure 2: Far-UV CD data obtained from analysis of an RMP (green) and biosimilar (grey) of a monoclonal antibody. The results obtained from assessment
of the raw data using the protein structure database and the CDSSTR algorithm are shown in tabulated form

exists, which should be noted, because the cell does not have the
appropriate machinery to correctly fold a protein. Refolding must
therefore be performed downstream, and, even though this can
be tightly controlled, the possibility of mis-folding is relatively
high. Therefore, biophysical tests should be undertaken to
characterise the downstream process and final drug substance.
NMR
2D nuclear magnetic resonance (NMR) experiments provide
spectral fingerprints that allow a comparison of secondary
and tertiary structure. NMR is also one of the methods
recommended in the ICH Q6B guidelines and can be used to
demonstrate that a biosimilar and RMP are conformationally
comparable to each other. It is often performed alongside
some of the other analytical procedures outlined below to
provide an initial comparison across, for example, three
batches each of biosimilar and RMP. One of the advantages
of NMR is that it can differentiate inconsistencies in the data
caused by different buffer compositions. The data obtained
from 2D NMR (1H/13C) of two batches of a biopharmaceutical
RMP against a single batch of biosimilar are shown in Figure 1.
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The data attained allow the characteristic upfield-shifted
methyl/methylene region to be examined in more detail.
Figure 1 shows an overlay for methyl/methylene regions
– the key 1H/13C chemical shift signature – for the test
samples. The few differences observed were attributed
to the dissimilarities in the buffer excipients. Identical
chemical shift patterns are observed for the protein
resonances, indicating that these samples are
indistinguishable from each other in terms of
protein structure and composition.
The disadvantages with this technique are mainly
related to cost and accessibility. Analysis must be
performed on a powerful instrument, ideally 800MHz
or above, to provide good quality data. Such equipment
is expensive to purchase, run and maintain and the
information obtained requires a high level of expertise
to interpret. These factors put NMR out of the reach of
most small and medium biopharmaceutical development
companies, although the approach is available through
some service providers.
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Figure 3: Overlaid near UV CD analysis of biosimilar (red) and RMP (black) monoclonal antibody

CD
This is also mentioned in ICH Q6B as a technique to help
elucidate secondary and tertiary structure. Far ultraviolet
circular dichroism (UV CD) – usually performed between
190nm to 260nm – measures the differential absorbance of
circularly polarised left- and right-handed light by the peptide
bonds within a protein. Different secondary structures absorb
the light to produce well-understood and characteristic spectra.
Data can be imported into algorithm-based structural prediction
programmes to provide an output of the relative percentages of
various known secondary structures. It should be noted that the
output of these is heavily influenced by which standard proteins
have been used in the base dataset of the assessment algorithm
programme. An example of the data obtained from far UV CD
analysis of a biosimilar monoclonal antibody and the relevant
RMP are shown in Figure 2 (page 51).
Biosimilar and RMP sample CD data comparisons are usually
performed on two levels:
1. Does the raw data overlay?
2. Are the relative percentages of the secondary 		
structures such as those shown in Figure 2 comparable?
The data in Figure 2 suggest that the secondary structures of
the two samples analysed are comparable.
Near UV CD – usually performed between 250nm to 330nm –
provides a good fingerprint for the comparative assessment
of tertiary structure. The resulting absorbance spectra between
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these wavelengths is related to absorbance of the polarised
light by aromatic residues exposed on the surface of the
molecule. The data obtained from near UV CD analysis of a
biosimilar and RMP monoclonal antibody are shown in Figure 3.
Comparisons of near UV data are normally performed via a visual
inspection of the profiles. The data in Figure 3 suggests that the
tertiary structures of the two analysed samples are comparable.
FT-IR
This technique provides orthogonal secondary structure
data to support that described for CD and, similarly, Fourier
Transform-Infra Red (FT-IR) spectra provide qualitative and
quantitative information of the secondary structures of proteins,
such as α helix, β sheet, β turn and disordered structure.
The most informative IR bands for protein analysis are amide I
(1620-1700 cm-1), amide II (1520-1580 cm-1) and amide III
(1220-1350 cm-1).
FT-IR is not hampered by the high absorbance of helical
structures, which can be an issue with CD, and is therefore
a good method for molecules with low helix content such
as monoclonal antibodies. In transmission mode, FT-IR does
require a relatively high concentration sample, but advances in
attenuated total reflection (ATR) analysis and data assessment
programmes are lowering the minimum concentration needed.
The data obtained from FT-IR analysis of a fusion protein RMP
and biosimilar are shown in Figure 4 (page 54).
Spectral data can also be converted to provide relative percentages
for the secondary structures present. These conversions assess the
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raw data in a similar way to that described for CD via a comparison
of the results with a database built from the information obtained
from proteins of known structure. The data were compared to the
protein structure database using the SELCON3 algorithm and the
results obtained are shown in Figure 4. Again, a visual inspection
of the data and the secondary structure relative percentages
suggest comparability.

CD and FT-IR Comparison
The algorithms for assessing both kinds of data differ, as do
the standard proteins in the base datasets within the respective
databases. Therefore distinct relative percentages of secondary
structure are often obtained from CD and FT-IR analysis of any
given sample. This can lead to the question: which is correct, CD
or FT-IR? The simple answer is that any differences between the
orthogonal methods are related to the nature of the analysis
and the data assessment. On this basis, comparable relative
percentages would not be expected to result from the two
analyses. For a biosimilar comparability assessment, the true data
comparison is within each method – whether the data output
for the RMP and Biosimilar are comparable within the CD and
FT-IR datasets – and not necessarily between the methods. It is
important to remember that the data assessment programmes are

not dealing with absolute values, but outputs of prediction based
on the ‘best fit’ with the protein structure database within each
programme. A major advantage of using orthogonal methods in
this way is that different methods can be used to prove similarity.
HDX-MS
Since 2012, the FDA has encouraged the use of Hydrogen
Deuterium Exchange- Mass Spectrometry (HDX-MS) for secondary
and tertiary structure analysis. HDX-MS is based on the premise
that exposure of a protein to heavy labelled water (D2O) induces
a rapid exchange of deuterium for hydrogen. This occurs more
quickly and to a larger extent within exposed structures, with
more folded structural regions being protected from this
exchange. Following the exchange (labelling) at a defined pH
and temperature, the reaction is quenched and the protein is
proteolytically digested.
Released peptides are then analysed by on line liquid
chromatography-MS. The data obtained from an experiment
assessing biosimilar and RMP comparability can then be
compared in terms of deuterium uptake across the peptides
observed. HDX-MS is an evolving technique and is used
mainly in discovery research to assess products for the correct
folding during development.
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Figure 4: Side by side images showing triplicate FT-IR data obtained from analysis of a fusion protein reference product (left) and biosimilar (right).
The raw data obtained from assessment of the raw data using the SELCON3 algorithm are shown in tabulated form
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analysis is acceptable to the regulator if samples for analysis
contain excipients that would otherwise interfere with
the analysis (3).
A common question from biosimilar developers is: ‘how many
batches should be analysed in a comparability assessment?’
The EMA guidelines recommend that the target profile range
is defined by the RMP. The more batches analysed, the truer
the reflection of variation/range within the RMP material and
the clearer the understanding of its true operational range.
In simple terms, a wider range of RMP data will make it easier
to fit the biosimilar within the observed range, demonstrating
biosimilarity. The batches of RMP included in comparability
studies need to reflect the true variation of the marketed
product and should be assessed at different points following
manufacture and at the expiry date. Material created at
different sites should also be assessed.
It is important that biophysical studies to assess HOS go
hand-in-hand with the primary structure characterisation to
fully elucidate product structure and allow an assessment of
comparability and biosimilarity.
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The Last Question
A range of analytical methods must be used to prove that
the biophysical and physicochemical integrity of a biosimilar
is comparable to that of the corresponding RMP. The EMA
recommends that the application of extensive state-of-theart analytics incorporating orthogonal tests be undertaken to
characterise and compare biosimilars and RMPs. Where possible,
samples should be analysed as received. Pre-purification for
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