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Introduction

Protein stability is critical to the success or failure of the development of a biopharmaceutical. Protein stability is an
important parameter during production, manufacturing, formulation, long term storage, delivery to patient, and
efficacy. Highly stable proteins will likely have fewer issues during the manufacturing process, are more cost-effective to
produce, and will have a better chance of remaining functional during formulation and storage without chemical
alteration or aggregation. In the “Quality by Design” (QbD) approach for biopharmaceutical development, stability
characterization is part of the assessment of the 'developability' or 'drugability' of a potential drug candidate, as well as
during process development and manufacturing. Stability data is also incorporated in higher order structure (HOS)
characterization and 'fingerprinting' used for manufacturing support, biocomparability and biosimilarity. Protein HOS
characterization is also increasingly expected in regulatory submissions for new biopharmaceutical drugs and
biosimilars.

Due to the complex nature of proteins, biophysical tools are important in the complete characterization of a
biopharmaceutical product. There are several biophysical tools used to assess protein stability, including (but not limited
to) circular dichroism (CD), dynamic and static light scattering (DLS and SLS), size exclusion chromatography–multi-angle
light scattering (SEC-MALS), Fourier transform infrared spectroscopy (FTIR), analytical ultrafiltration (AUC), size exclusion
chromatography (SEC), differential scanning fluorescence (DSF), intrinsic fluorescence (IF) and differential scanning
calorimetry (DSC).

While all of these biophysical assays play an important role in biopharmaceutical development, characterizing thermal
stability by DSC is critical. In a 2015 article about biophysical techniques for monoclonal antibody higher order structure
characterization, Gokarn et al. stated: 'DSC remains as an unparalleled technique to assess the thermodynamic stability
of proteins in a given buffer condition”[1].

The focus of this whitepaper is on the use of DSC to characterize the thermal stability of protein biopharmaceuticals
(primarily antibodies), and as a HOS characterization tool for the comparability of biopharmaceuticals (batch-to-batch
comparison, effect of process changes, etc), and for the development of biosimilars.

Differential Scanning Calorimetry (DSC)

DSC is a microcalorimetry technique that is used to characterize the thermal and conformational stability of proteins,
nucleic acids, lipids, and other biopolymers[2-7]. DSC measures heat capacity as a function of temperature. The DSC
instruments used for protein characterization described in this whitepaper are “power compensation” instruments, with
the biopolymer in solution, placed in a fixed-in-place sample cell, and a matched reference cell filled with buffer. The
heat capacity (Cp) signal from a sample cell is compared with that from the reference cell. As the temperature of the
cells is increased, the temperature difference between the reference and sample cells is continuously measured and
calibrated to power units. DSC is a 'forced degradation' assay - as the protein is exposed to increasing temperature, it
begins to unfold and the Cp of the protein increases (Figure 1).

 



Figure 1: How DSC works. The heat capacity (Cp) changes as a protein thermally denatures. The DSC experiment starts at
a temperature at which the protein is primarily folded in its native conformation. With increasing temperature, at some
point the protein will begin to unfold/denature (Tonset) and the Cp increases. At the temperature where 50% of the
protein is in its native conformation, and 50% is denatured, the Cp will reach its maximum value - this is the thermal
transition midpoint or TM. Above the TM the protein will be primarily denatured, and at the end of the DSC experiment
all of the protein will be in its unfolded conformation. Experimental parameters for DSC include Tonset, TM, and the
unfolding enthalpy (ΔH)

DSC directly measures the heat capacity change, without need for any fluorescence or other label or probe. For a
protein which reversibly denatures, the thermal transition midpoint (the TM), also called the melting or denaturation
temperature, is the temperature at which 50% of the protein is in its native (folded) conformation, and 50% is in its
denatured conformation. The TM is seen as the 'peak' of a DSC thermogram.

TM is considered a good indication of thermal stability – the higher the TM, the more thermally stable the protein. Multi-
domain proteins (like antibodies) typically have more than one peak on a DSC thermogram, so more than one TM can be
determined for each domain (see Figure 2).

 

Figure 2: Representative DSC thermogram of a monoclonal antibody, with CH2, Fab, and CH3 domains identified. The
dashed red lines are the deconvoluted peaks of each domain transition, with the three TMs indicated

DSC provides other useful parameters which can be used to characterize and rank-order protein stability, including the
unfolding enthalpy (ΔH), which is measured by the area under the curve. Protein unfolding is endothermic, since energy



input is needed to break the secondary non-covalent bonds that keep the protein folded. DSC also determines the Tonset
(start of unfolding), ΔCp (heat capacity change of unfolding), and T1/2 (width at 1/2 the peak height, indicative of the
shape of the unfolding thermogram). DSC analysis can include the determination of any combination of these
parameters.

Most proteins denature irreversibly, and tend to aggregate or precipitate after thermal denaturation. The TM and other
parameters from the DSC analysis of irreversibly denatured proteins are not true thermodynamic parameters. However,
the rank-ordering of TM from the DSC of an irreversible protein denaturation remains very useful for qualitative
parameter stability screening.

Malvern Instruments offers the MicroCal PEAQ-DSC Automated system[8,9] which is an automated DSC designed for TM
screening and thermodynamic characterization of proteins and biopolymers in solution.

DSC and biopharmaceutical characterization

 

Figure 3: General schematic of processes within biopharmaceutical discovery and development   

Figure 3 shows a general schematic of biopharmaceutical discovery and development processes. The sections in green
are the points at which biophysical characterization, including stability assays, is most commonly utilized (at the end of
this whitepaper is a list of suggested reading on biopharmaceutical discovery and development).

In the development of a desirable biopharmaceutical, scientists initially look for biomolecules that already demonstrate
high stability during candidate selection, and may need to introduce increased stability via protein engineering. During
purification, the protein is removed from conditions where it is stable, correctly folded, and active, so it is very important
to use buffers, additives, purification, and storage conditions that can keep the protein as stable as possible throughout
this process.

Formulated subcutaneous (SC) protein drugs must be stable and unaffected at very high protein concentrations
(sometimes around 100 mg/mL) within their container closure, (e.g., vial or prefilled syringe) for several years. When
protein molecules are exposed to stresses like heat, chemicals, pH changes, pressure, mixing, and high concentration,
any and all of which may occur during biopharmaceutical production and formulation, the protein conformation can
favor the denatured (unfolded) protein. Proteins in solution are also susceptible to modifications like deamidation and
oxidation that will also lead to denatured, inactive proteins. In the case of a protein biopharmaceutical, denaturation
and other modifications could result in the formation of aggregates that have reduced efficacy or are nonfunctional as a
drug. More significantly, protein aggregation can result in a potentially fatal immunogenic response in a patient. Using a
stable protein as the basis for a biopharmaceutical will lead to more cost-effective production, and a successful, effective
and safe drug product.

The sequence of amino acids, or a protein's primary (1°) structure, is the most basic component of the polypeptide chain
and protein structure. Beyond this, it is important to understand and characterize the protein’s three-dimensional
structure, also called higher order structure (HOS). There are three levels of protein HOS: secondary (2°), referring to the
local folding patterns of a protein’s primary structure, including α-helix, β-sheet, turns, and random coils; tertiary (3°),
the final 3D structure of a protein, arising from an array of secondary structural elements; quaternary (4°), which
describes structures that involve the interaction of two or more identical or different polypeptide chains.

DSC is a measure of the conformational stability and changes in tertiary and quaternary structure that occur when a
protein is thermally denatured, as well as providing an indication of how intrinsic and extrinsic factors affect a protein's
stability. DSC is considered the best and most quantitative assay for thermal stability used in the characterization of
biopharmaceutical proteins, as a predictor of long-term stability[1,10-14]. TM from DSC is a parameter frequently used  to
rank-order stability in candidate selection (developability), formulation screening, and process development, with more
stable proteins having a higher TM. Enthalpy (ΔH), Tonset, T1/2, and ΔCp from DSC are also used in rank-ordering stability,
validation of DSC data, quantitative analysis of protein unfolding, and higher order structure 'fingerprinting'[10-14].

DSC analysis of a protein in defined solution conditions is quantitative and reproducible if the protein is the same or
highly similar (Figure 4). That is, the DSC thermograms will have a reproducible pattern, and parameters (including TM,
ΔH and Tonset) will be within an accepted range[12-14]. If compared thermograms are different and the DSC fit
parameters change, it suggests that there has been an event such as protein misfolding, degradation, aggregation,
change in solvent, post-translational modification, or other higher order structure change, affecting the conformational
stability.



Reproducible and quantitative data make DSC a key assay in comparability and HOS analysis for product evaluation
during manufacturing (including batch-to-batch and site-to-site comparability), the comparison of protein variants and
modified products (including structural changes due to glycosylation and oxidation), and biosimilarity. DSC data are also
used in regulatory support documents as a HOS characterization for new drug and biosimilar submissions. In a survey
of scientists in the biopharmaceutical industry, DSC was ranked as a 'very useful' to 'extremely useful' HOS biophysical
tool for candidate selection, formulation development, product characterization, comparability, process development,
and biosimilarity[15].

 

Figure 4: Nineteen DSC thermograms of bovine serum albumin (Sigma A1933, chromatographically-purified) in PBS. DSC
data shown after scan rate normalization, buffer-buffer subtraction, and integration baseline subtraction. Mean and
standard deviations of Tonset, TM1, and TM2 are shown

For multi-domain proteins like antibodies, DSC thermograms have more than one unfolding transition (as seen in Figure
2). DSC is able to characterize and quantitate the different domains, and determine the individual TMs for each
transition. The TM values are represented by the thermogram peak(s) and can be simply determined from the DSC data,
without the need for complex data analysis. Alternative biophysical assays which can determine TM, such as CD, IF and
DSF, may only detect the first TM (occurring at the lowest temperature), or the 'most dominant' TM for multi-domain
proteins. Extraction of more than one TM from spectroscopic and fluorescent data requires complex data fitting and
may not be reproducible.

DSC does require more protein sample per scan, and can be lower-throughput, compared to other TM screening assays.
If sample is limited, a good solution would be to perform an initial TM rank-ordering with DSF or IF, then choose several
samples to validate TM using DSC. It is important to validate the TM results with DSC, and not rely solely upon
fluorescence or spectroscopy for the calculation of TM  to assess stability. It is common in fluorescence-based assays to
see artifacts which interfere with the output, and the TM results may appear to shift to a higher (or lower) value due to
these artifacts. Some proteins and buffer conditions are not compatible with fluorescence, which can make the
calculation of TM differences very complicated. Finally, fluorescence and spectroscopy dare not able to determine the
calorimetric enthalpy and other thermodynamic parameters, while DSC is able to provide all of this information as a
thermal stability 'data suite'.

DSC is considered by the biopharmaceutical industry as the “gold standard” thermal stability assay because the
technique:



Measures heat changes associated with protein unfolding

Is a direct measurement of protein unfolding, so no label, probe or tag is needed. This means that there are no
potential detection artifacts which are commonly found in fluorescence or other spectroscopic assays

Measures native proteins in solution, and can be used with practically all buffers and additives which are in
common use within biopharmaceutical purification and formulation development. Some of these buffers and
additives are not compatible with fluorescence or spectroscopy

Is easy to use for experimental set-up

Has high precision temperature control, with a working temperature range of up to 130°C, so can detect most high
TM transitions. Other TM screening assays are able to heat samples up to only 100°C (or lower)

Is a 'forced degradation' assay, so does not require storage of the protein in buffer prior to analysis. SEC-HPLC and
DLS often require incubating samples in buffer at elevated temperature to detect changes in conformation 

Has simple data output and integrated data analysis software

Can be used to resolve separate unfolding transitions and characterize multi-domain proteins and protein
complexes, as well as simple single-domain proteins

Is information-rich, providing thermodynamic data as well as conformational stability and TM determination

Can be used as a primary assay for biotherapeutic thermal stability characterization, and can also be used with
other biophysical screening tools which are orthogonal or complementary, and/or to validate other data 

Is available with high-throughput automation (MicroCal PEAQ-DSC Automated system) for rapid screening of
thermal stability

Biopharmaceutical comparability 

Monoclonal antibodies and other biopharmaceutical drugs are complex proteins expressed by mammalian or bacterial
cells. Each protein is unique and requires extensive research, characterization and optimization in order to transform it
into a drug. As part of discovery and early development, the desired properties of the protein drug are defined,
including purity, potency, and dosage. Biochemical, biophysical, and biological assays are developed to study these
characteristics, and are optimized throughout product development.

Detailed protein characterization and HOS (including stability) is carried out for each process to define the protein's
critical  quality attributes and critical process parameters, needed to control and validate processes throughout the
entire product life cycle. In the “Quality by Design” (QbD) approach to biopharmaceutical development, critical quality
attributes and stability characterization are part of the assessment of the drug during process development and
manufacturing support[16,17].

During the processing of a protein drug, the protein is exposed to different conditions, including:

Different solutions, including varying buffer, pH, and salts 

Formulation additives (excipients)

Range of protein concentrations 

Repeated freeze/thaw cycles, increased pressures and mixing/agitation 

Different material surfaces the protein comes in contact with (pumps, ultrafiltration/diafiltration membranes,
chromatography media, etc.)

Exposure to oxidants, proteases, cell growth media, product variants, etc.

Any of these conditions can disrupt the forces and interactions that keep a protein in its native folded conformation,
resulting in denatured or inactive protein. Chemical denaturation due to oxidation, deamidation, changes in
glycosylation or other post-translational modifications, may also take place.

Denatured proteins often form aggregates, which is a key issue for biopharmaceutical development. Aggregates are
associated states of the protein monomer, and aggregate formation can be reversible or irreversible, ranging in size
from a protein dimer to large particles that are visible to the naked eye. As a minimum, protein aggregation reduces the
drugs efficacy and potency, and will increase the cost of production. The greater concern about protein aggregates and
particles is their potential to give rise to immunogenic responses, which in extreme cases may result in patient death.
Because of this issue, protein aggregation has received considerable scrutiny within the biopharmaceutical industry.
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This includes particle/aggregation detection, quantification and characterization during production and formulation, and
a search for solutions to reduce or eliminate protein aggregation in biopharmaceutical products.

It is important to demonstrate that the manufactured protein drug is comparable in structure, stability, size distribution,
and biochemical and functional assays to:

The same protein manufactured in previous lots and also the reference protein lot

The same protein manufactured at different sites 

The same protein manufactured using a modified upstream or downstream process 

Scale-up of upstream or downstream process 

The same protein in a different formulation

Biochemical, biophysical, HOS, and functional assays for comparability (or biocomparability) are designed to
demonstrate that the manufactured protein product is 'highly similar' in the designated critical quality attributes,
compared to a reference protein. It is essential that the HOS of protein drug candidates is carefully analyzed at each
stage of development.

Changes to the manufacturing process of a biopharmaceutical may occur both during process development and after
drug approval. The reasons for such changes include:

Improvement of the manufacturing process (e.g. product yield, reduced cost) 

Increase in scale 

A manufacturing site change 

Compliance and regulatory changes 

Improvement of product stability

When significant changes are made to the manufacturing process, a comparability exercise to evaluate the impact of the
change(s) on the critical quality attributes, safety and efficacy of the biopharmaceutical product should be conducted.
The demonstration of comparability does not necessarily mean that the critical quality attributes of the pre-change and
post-change product are identical, but rather that they are highly similar. Manufacturing changes should have no
negative impact on product quality.

Comparability is a major concern for protein therapeutics, and is addressed by several international regulatory
agencies [18,19,20]. No single analytical method can be used for comparability assessment of protein drugs.  HOS and
comparability studies include (but are not limited to): DSC, DLS, fluorescence, CD, AUC, SEC, Raman spectroscopy,
Nanoparticle Tracking Analysis (NanoSight from Malvern Instruments), resonant mass measurement (Archimedes from
Malvern Instruments), and microscopy. Protein bioactivity and efficacy are also monitored using bioassays, isothermal
titration calorimetry (ITC) and surface plasmon resonance (SPR).

The information provided by each biophysical method is specific, and when assessed together, provides structural
information for HOS characterization and comparability. The HOS 'map' helps ensure consistency in protein structure
upon scale-up during process development cycle, lot-to-lot comparability, when processes transfer to new
manufacturing sites, and when production is modified.  Information from HOS characterization is also invaluable for
evaluating biosimilars.

It is important to note that testing and establishing comparability during a manufacturing process (or change) is not the
same as the testing performed during development of a biosimilar drug product – biosimilar development is a far more
complex process. Since a biosimilar is not normally produced by the same company that developed the innovator (also
called parental or reference product), biosimilar development requires 'reverse engineering' to establish new upstream
and downstream processes. The biosimilar manufacturer has to match product quality (biosimilarity) within the narrow
range of the innovator’s commercial product, requiring more biophysical and biochemical evidence to demonstrate
biosimilarity than what is typically needed to show comparability during manufacturing.

HOS comparability of biopharmaceuticals – case studies using DSC

Since DSC provides information on the thermal stability of a protein under different solvent conditions, and DSC results
are reproducible (Figure 4), DSC is often included in comparability studies to show that the process does not result in a
change in product stability, and that the manufactured products from different lots and/or manufacturing sites are
highly similar.

Jiang and Nahri[21] reviewed several biophysical techniques for comparability during process development and
manufacturing. They cited the use of DSC as one of the biophysical characterization tools used in comparability of a
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monoclonal antibody drug product expressed by two different cell lines (cell lines 1 and 2), which also experienced a
change in the production process (processes 2pA and 2pB). The three resulting protein products were assessed by FTIR
(to determine secondary structure), near-UV CD and intrinsic fluorescence (to compare tertiary structure) fluorescence
and ANS binding (to compare surface hydrophobicity), DLS (to compare the hydrodynamic properties and size
distribution of the proteins), and DSC (to compare thermal stability and solubility). 

The results from this suite of biophysical assays suggested that the overall secondary and tertiary structures of the three
samples were similar. The DSC results indicated that the thermal stability of the protein from cell line 2pB increased
significantly compared with both the 2pA sample and the cell line 1 sample. The 2pA and cell line 1 samples also
appeared more heterogeneous, according to DSC.  Normally, 2 to 3 transitions are seen for antibodies (see Figure 2 for
an example of a 'typical' antibody DSC thermogram). The presence of a higher number of overlapped thermal
transitions, according to the DSC analysis of these samples, indicated sample heterogeneity. The DSC results suggested
that the process change improved the homogeneity and stability of the monoclonal antibody of interest. Based on the
biophysical, biochemical, and functional assay comparability data discussed in the article, cell line 2 and process 2pB
were deemed to produce the more stable protein[21].

A second example from Jiang and Nahri[21] used DSC to look at the comparability of a protein product produced at
different manufacturing sites. Protein Y was comprised of two monomeric polypeptide chains, disulfide-linked through
the Fc region of the molecule. During the course of its development, Protein Y was manufactured at different sites. To
verify that the protein present in these different lots was comparable in native conformation, secondary and tertiary
structures, thermal stability, and size distribution, four different samples of Protein Y, representing three samples
manufactured at different sites, and the reference protein standard, were analyzed by FTIR, far-UV CD, near-UV CD,
fluorescence, DSC, and AUC.

The DSC scans of the reference standard and 3 samples from different manufacturing sites showed two thermal
transitions for each sample, and all four DSC profiles were identical within experimental variability. This suggested that
there was no difference in the thermal stability of the protein samples, and that they were all folded into the native
conformation. The combined biophysical characterization results, including those produced by DSC, demonstrated that
all four Protein Y samples were comparable, had the appropriate secondary and tertiary structure, and were
homogeneous[21].

If the DSC thermograms had not been identical, it may have indicated a change in post-translational modification, or
that chemical denaturation had occurred in the protein, related to the process or formulation.  Arthur, et al.[22]

demonstrated the  sensitivity of DSC in the detection of HOS changes in stability arising from oxidation, a common
chemical degradation pathway. If a biopharmaceutical product is subjected to oxidation during purification, or storage
in the final formulation, it can negatively impact efficacy, and also increase the likelihood of protein aggregation
formation. In this study, protein products from three structural classes were evaluated at multiple levels of oxidation.
Each protein showed a linear decrease in TM as a function of methionine oxidation; the authors also observed
differences in the rate of change in TM, as well as differences in domain TM stability, across and within structural
classes[22]. In contrast, near-UV CD and fluorescence spectroscopy were far less sensitive to oxidation-induced
conformational changes - DSC is a more appropriate structural characterization method  for monitoring protein
oxidation, compared with these spectroscopic methods[22]. For one protein in the study (IgG2B), changes in TM were
detected by DSC preceding a loss in relative potency, demonstrating that DSC is a leading indicator of decreased antigen
binding. Detectable changes in oxidized methionine by mass spectrometry (MS) occurred at oxidation levels below those
with a detectable conformational or functional impact. Using TM shifts from DSC together with MS and potency
methods, the relationship between a primary structural modification, changes in HOS and conformational stability, and
functional impact can be reliably characterized.

Morar-Mitrica et al.[12] describe several case studies incorporating DSC in HOS and comparability studies of
biopharmaceuticals, including the characterization of monoclonal antibody oxidation by observable TM shifts (similar to
those described in [22]), reproducible DSC thermogram profiles, and the use of TM, T1/2, Tonset, and ∆H for comparability
studies of biopharmaceuticals, and extended DSC characterization of glycosylated monoclonal antibodies with different
levels of glycosylation (a common post-translational modification).

Shahrokl et al.[23] discuss how DSC is useful in comparability studies as part of the biological license application,
mentioning DSC’s ease of use, and the simplicity of its data output. The authors describe how DSC was used for
comparability of a 51 kDa glycoprotein before and after a change in its manufacturing process. The process change was
implemented to increase product yield as well as remove animal-derived materials originating in the cell culture
medium.  Using DSC, the authors evaluated three lots of the glycoprotein which were produced using each
manufacturing process, and observed that the DSC thermograms were superimposable  and showed a single transition
at 60.7 °C +/- 0.1 °C. The DSC results showed that the manufacturing change did not affect the conformational stability
of the glycoprotein[23].

Lubiniecki et al.[24] evaluated the impact of manufacturing changes on antibody structure and function during the
course of product development, by performing three comparability studies for two different IgG1 monoclonal antibody
candidates (antibody A and antibody B). Two of the comparability studies incorporated DSC as one of the biochemical
and biophysical analytical tools.  One of the studies looked at process scale-up and transfer to the manufacturing site,
together with the change from a lyophilized to a liquid dosage form.  The DSC thermograms for the lyophilized and
liquid formulations for both antibody A and antibody B showed good correlation[24]. DSC, used in conjunction with MS,



CD, SEC, and other assays, showed that the manufacturing change did not result in the structure or function of the
antibodies.

The third comparability study evaluated the antibody liquid formulation in prefilled syringes or vials[24]. Results from
DSC, CD, SEC and other assays suggested similar molecular structure, biological activity, and degradation profiles.  The
one notable exception was a small (yet  significant)  increase in the levels of subvisible particles in prefilled syringes[24].

Using DSC for characterization of biosimilars (biosimilarity)

A biosimilar product (also called a “follow-on biologic” or “subsequent entry biologic”) is a biopharmaceutical that has
been approved by a regulatory agency based on its high similarity to an previously-approved biological product, known
as a reference product (also known as a parental or innovator product) . Biosimilars have been available globally for
several years[25-29].  At the time this white paper was written (October 2016) the US FDA has approved four biosimilars,
and the EMEA has approved 19 biosimilars.

Note that developing a biosimilar is not the same as developing a generic small molecule drug. Small molecule drugs are
chemicals, and the synthesis of small molecule drugs is a controlled process. Since biopharmaceuticals are normally
proteins. there is a certain degree of protein variation, even between different batches of the same product, due to the
inherent variability of the biological expression system and the manufacturing process. These variations can include
differences in post-translational modification and HOS. Because of proteins' high molecular weights, complex structures
and natural variations, biosimilars are not as simple to produce as generics.  A biosimilar is not an exact duplicate of the
reference product, and it is for this reason that it is normally characterized as 'similar’ or 'highly similar' to the reference
product.

The development of a biosimilar involves physicochemical, analytical and functional comparisons of the reference
protein and the biosimilar. These assays are complemented by comparative non-clinical and clinical data to establish
equivalent efficacy and safety.  Before approval, it must be verified that the biosimilar has no clinically-meaningful
differences in terms of safety and effectiveness to that of the reference product. Only minor differences in clinically-
inactive components are allowable in biosimilar products. The biosimilar is expected to work in exactly the same way as
the reference product for the same approved indications.

Regulatory agencies evaluate biosimilars based on their level of similarity to their reference products. Due to the
complexity of biopharmaceuticals, it is not likely for two different manufacturers to produce two identical products, even
if identical host expression systems, processes, and equivalent technologies are used. Therefore, biosimilar producers
need to rely on comparability studies and analysis of HOS as discussed above[30,31]. The need for increased analytical
information, and the desire for compressed timelines in biosimilar development demands the demonstratation of
comparability to the reference molecule at every stage, particularly during manufacturing.

Biosimilars must be 'reverse-engineered' to match the reference product as closely as possible.  The analytical
characterization of a biosimilar includes primary and higher order structure (secondary, tertiary, and quaternary)
assessment, biological activity, and analysis of product and process impurities.  DSC is commonly used as a HOS
biophysical assay to show that a biosimilar has a highly similar DSC profile 'fingerprint', and similar TM, Tonset, and other
thermodynamic parameters, compared to the reference product.

Three of the four biosimilars approved by the US FDA (as of October 2016) included DSC as one of the HOS assays in the
FDA filing:

Erelzi (from Sandoz, Inc.) is a biosimilar to Amgen’s Enbrel (etanercept)[32] 

Inflectra (from Celltrion), called Remsima in other markets,  is a biosimilar to Janssen’s Remicade (infliximab) [33,34] 

Amjevita (from Amgen) is a biosimilar to Abbvie’s Humira (adalimumab)[35,36]

Sinha-Datta et al.[37] demonstrated the use of DSC (MicroCal VP-Capillary DSC) and surface plasmon resonance (SPR)  as
analytical tools to compare two therapeutic monoclonal antibodies (mAb1-i and mAb2-i) with their biosimilars (mAb1-B
and mAb2-B1, B2, B3), based on thermal stability, kinetics and affinity.  They observed that the biosimilars were highly
similar  to their reference samples, with respect to biofunction from SPR results. DSC was used  as another confirmation
of biosimilarity between the parental and biosimilar products. DSC analysis showed good structural similarity for the
parental and biosimilar antibodies, with the primary TM at 84.1°C (for mAb1) and 72.8°C (for mAb2).

Summary

Information presented in this whitepaper demonstrates the importance and value of incorporating DSC as a biophysical
stability and HOS assay for biopharmaceutical comparability and biosimilarity characterization.  Using  DSC results,
along with other biophysical and biochemical assays, biopharmaceutical companies can make informed decisions on
protein stability and comparability during production, ensure each batch of protein is highly similar to the reference lot,
and that any process or manufacturing changes do not affect the conformational protein stability. DSC is also included
as a HOS assay for biosimilar development, to help demonstrate that the biosimilar is 'highly similar' to the innovator.
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