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DSC: A Sensitive Tool for Comparing 
the Stability of Biosimilars

Growth forecasts for the global 
biopharmaceuticals market vary, 
but headline figures of close to 
USD 300 billion by the year 2021, 
rising from an estimated value of 
around USD 192 billion in 2016, are 
typical1,2. Furthermore, as patents on 
large molecule therapeutics expire, 
and in a regulatory environment 
that encourages the development 
of ‘generic’ versions, the market 
share attributable to biosimilars is 
expected to increase rapidly. Recent 
FDA Guidance to Industry3 sets out 
an abbreviated licensure pathway for 
biosimilars, focusing on therapeutic 
protein products. The foundation 
of the pathway is analytical studies 
demonstrating that the product 
is “highly similar” to an existing 
FDA-licensed biological product 
(“reference product”). While no single 
analytical technique can provide all 
the required data, many advances 
in instrumentation and data analysis 
have anticipated the complexities of 
working with large biological molecules 
in a commercial environment and 
have a role to play in supporting such 
applications.  

Crucial to the success of a 
therapeutic protein product is its 
stability. This must be comparable 
in any biosimilar, and a variety 
of biophysical characterisation 
techniques are used in its 
assessment. However, when 
characterising thermal stability, a 
key attribute associated with the 
inherent conformational stability of 
a protein, one technique is regarded 
as the gold standard, and that is 
differential scanning calorimetry 
(DSC). This article examines the utility 
of DSC and its role in accelerating the 
development of biosimilars. 

Importance of Protein Stability
In terms of a quality by design (QbD) 
approach to biopharmaceutical 
development, the stability of a 
candidate protein is a critical quality 
attribute because of its ability to 
directly impact clinical efficacy. 
Characterising stability is, therefore, 
a fundamental step in determining 

‘developability’. There are many 
stages during the development and 
manufacture of a biopharmaceutical 
when a protein is stressed and prone 
to denaturation. During purifi cation, 
for example, the protein may be 
removed from conditions where 
it is stable and active, while in 
production and/or formulation it 
may be exposed to the potentially 
denaturing effects of heat, chemicals, 
pH changes, pressure, mixing and 
high concentration. Furthermore, 
denaturation and other modifi cations 
can lead to aggregate formation, 
reducing effi cacy and potentially 
triggering a dangerous immunogenic 
response in the patient. Proteins 
that are inherently stable are much 
less likely to be problematic during 
manufacturing, to lose functionality 
in formulation and storage, or to 
be prone to aggregation, thereby 
increasing the probability of a 
successful development outcome. 

Protein stability relates directly 
to protein structure, the most basic 
component of which is the linear 
sequence of amino acids in the 
polypeptide chain, otherwise known 
as the protein’s primary (1o) structure. 
Beyond this is the three-dimensional, 
or higher order structure (HOS), 
comprising secondary, tertiary and 
quaternary structure. A protein’s 
secondary (2o) structure refers to 
the local folding patterns of the 
primary structure and includes 
α-helix, β-sheet, turns and random 
coils. The tertiary (3o) structure is the 
fi nal three-dimensional structure of 
the protein, arising from an array 
of secondary structural elements. 
Quaternary (4o) structures involve the 
interaction of two or more identical 
or different polypeptide chains. 

HOS guides protein function 
and is a key contributing factor to 
the quality, safety and effi cacy of 
biopharmaceutical products. Verifying 
that HOS is maintained throughout 
manufacture is consequently a 
crucial aspect of product release. 

HOS analysis is performed most 
commonly during early- and then 
late-stage characterisation of a 
protein, in comparability studies 
and in the ‘fi ngerprinting’ used for 
manufacturing support, especially for 
batch-to-batch comparability, as well 
as in determining biocomparability 
and biosimilarity. 

Regulatory Background 
for Biosimilars
The drive to develop biosimilars is 
underpinned by the desire to increase 
access to biopharmaceuticals, while 
reducing healthcare costs. In 2010, 
the Biologics Price Competition 
and Innovation (BPCI) Act, part 
of the Affordable Care Act in the 
USA, created a new abbreviated 
licensure pathway for biological 
products that are demonstrated to 
be similar to or interchangeable with 
an FDA-licensed biological product. 
This parallels the long-established 
generics route for small molecule 
drugs, but while small molecule 
generics have active ingredients that 
are identical to the innovator drug, the 
complexity and inherent variability 
of biological materials and their 
production means that a biosimilar 
will never be an exact replica of the 
original product. There is a degree 
of protein variation even between 
batches of the same product, and 
this can include differences in 
post-translational modifi cation and 
HOS. The FDA defi nes biosimilarity to 
mean “the biological product is highly 
similar to the reference product 
notwithstanding minor differences 
in clinically inactive components 
and that there are no clinically 
meaningful differences between the 
biological product and the reference 
product in terms of the safety, 
purity, and potency of the product”3. 
Demonstrating biosimilarity requires 
wide-ranging physicochemical, 
analytical and functional comparisons 
of the reference protein and the 
biosimilar.

In a 2016 paper explaining the 
“FDA’s Approach to Regulating 
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Biosimilars”4, the authors point 
to the foundation of a biosimilar 
development programme as being 
“an analytic similarity assessment 
that directly compares the structural/
physicochemical and functional 
properties of the proposed biosimilar 
with the reference product.” To 
obtain regulatory approval, additional 
non-clinical and clinical studies 
are also required, but these are 
informed by the analytical testing. 
The European Medicines Agency’s 
“guideline on similar biological 
medicinal products”5 likewise 
recommends this stepwise approach, 
beginning with a comprehensive 
physicochemical and biological 
characterisation. This analytical 
characterisation of a biosimilar 
includes primary and HOS (secondary, 
tertiary, and sometimes quaternary) 
assessment, and the analysis of 
product and process impurities. 
The guidance documents are not 
prescriptive as to which analytical 
techniques should be used. However, 
when addressing the assessment of 
physicochemical properties, the FDA 
expects that appropriate analytical 
test methods will be selected 
based on the nature of the protein 
being characterised, its structure 
and heterogeneity, and those 
characteristics that are critical to 
performance. The value of orthogonal 
techniques in providing independent 
data to support a particular attribute 
is also highlighted. DSC is among the 
core analytical techniques used in 
biosimilar development to meet this 
need.

DSC and What It Delivers
DSC is a microcalorimetry technique 
that is widely used to characterise 
the thermal and conformational 
stability of proteins and other 
biopolymers. It directly measures 
the heat absorbed as a protein 
denatures with the application of 
increasing temperature, detecting 
the heat changes that occur when 
hydrogen bonds break and unfolding 
takes place. It can ‘see’ the unfolding 
of all proteins and all domains and 
requires no labels or probes of any 
kind.

Regarded as a ‘forced degradation’ 
technique, DSC measures heat 
capacity (Cp) as a function of 
temperature. Protein in solution 

is placed in the sample cell of the 
microcalorimeter and a matched 
reference cell is fi lled with buffer 
(Figure 1). 

Figure 1: Thermal core of a diff erential scanning 
calorimeter  

Figure 3: DSC thermogram of a monoclonal 
antibody with CH2, Fab and CH3 domains 

identifi ed. The dashed red lines are the 
deconvoluted peaks of each domain transition, 

with the three TM values indicated6 

The calorimeter is designed to 
maintain both cells at the same 
temperature. As the cells are 
heated at a constant scan rate, the 
absorption of heat that occurs when a 
protein unfolds causes a temperature 
difference (∆T) between the sample 
and the reference cells. This results 
in a thermal gradient across the 
Peltier units of the microcalorimeter, 
setting up a voltage that is converted 
into power. This power is used to 
drive the Peltier to return ∆T to 0°C. 
The temperature difference between 
the reference and the sample cells 
is continuously measured and is 
calibrated to power units. As the 
applied temperature increases, the 
protein starts to unfold (Tonset) and 
the Cp increases (Figure 2). 

TM is considered a reliable indicator 
of thermal stability: the higher the 
TM, the more thermally stable the 
protein. Multi-domain proteins 
generally exhibit more than one 
peak on a DSC thermogram, allowing 
determination of the TM of different 
domains, as illustrated in Figure 3. 
DSC also delivers other parameters 
that are used to characterise and 
rank protein stability, including 
unfolding enthalpy (∆H), which is 
measured as the area under the 
curve, Tonset (see above), ∆Cp, the heat 
capacity change of unfolding, and T½, 
which is the width at half the peak 
height and is indicative of the shape 
of the unfolding thermogram. A full 
DSC analysis can therefore include 
determination of any combination of 
these parameters. 

Via the measurement of these 
parameters, DSC is extremely 
sensitive to changes in HOS and it 
can therefore be used as a universally 
appl icable HOS biophysical 
assay. Using DSC, it is possible to 
demonstrate that a biosimilar has a 
thermal stability profi le ‘fi ngerprint’ 
and thermodynamic parameters 
which are highly similar to those of 
the reference product, supporting 
claims of equivalence. As the pace 
of biosimilar development steps 
up, so too does the evolution of 

Figure 2: Output from DSC6
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DSC instrumentation, with modern 
systems making measurement 
faster and more automated, and 
offering the capability to quickly and 
objectively interpret and compare 
thermograms for rapid feedback 
and high productivity comparability 
studies.

Application to Biosimilars 
The natural variability of biological 
molecules and their sensitivity to 
production methods and conditions 
raises the question of what 
constitutes ‘similar’ or ‘highly similar’ 
biopharmaceuticals. In this still rapidly 
evolving fi eld, continuing advances in 
the sensitivity and reproducibility of 
the analytical technology used are 
helping developers to become more 
exacting in their definitions and 
requirements. Examining the natural 
variability of the reference product 
is a prerequisite to developing a 
biosimilar, which must then fall 
within the same range. The more 
robust the data, the more it becomes 
possible to remove subjectivity from 
the equation.

DSC can be applied as a key 
assay in comparability and HOS 
analysis, from product evaluation 
during manufacture, through to 

Figure 4: Nineteen DSC thermograms of bovine 
serum albumin6
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Figure 5: DSC thermograms compared for reference drug Neopogen and its biosimilar Zarzio7

the comparison of protein variants 
and modified products, and the 
development of biosimilars. Using 
this technique, analysis of a protein 
in defi ned conditions is reproducible 
and quantitative if the protein is the 
same or highly similar (Figure 4), and 
data from DSC are now being used 
in regulatory support documents for 
both HOS characterisation of new 
drugs and in biosimilar submissions. 
Indeed, three of the four biosimilars 
approved by the FDA in 2016 included 
DSC as one of the HOS assays in their 
FDA fi ling6. An example of such DSC 
data is shown in Figure 5.
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Manufacturers of the latest 21 
CFR Part 11 compliance-ready DSC 
systems have made considerable 
strides in meeting the needs of 
biopharmaceutical development 
and manufacture, improving 
accessibility to the technique, 
reducing sample requirements and 
accelerating throughput. Importantly 
for biosimilar applications, advances 
in automated and quantitative 
analysis tools allow maximum 
information to be extracted from 
the data produced. Conventionally, 
TM and ∆H are used in comparing 
the thermal stability fi ngerprints of 
biosimilars with those of reference 
proteins. Gaining the additional 
ability to directly, quantitatively 
and objectively compare the shape 
of the thermograms allows the 
discernment of subtle differences 
in peak height and shape. This 
improves the sensitivity of DSC 
in detecting changes of HOS in a 
protein and, for routine analyses, 
offers the possibility of setting 
pass/fail criteria. Transferability of 
protocols means that HOS can be 
compared consistently from lab-to-
lab and site-to-site, right through to 
manufacturing. Hand-in-hand with 
the gains in reproducibility delivered 
by automation, these capabilities 
substantially enhance the value of 
DSC as a manufacturing support tool.

In Conclusion
As biosimilar development gathers 
pace, so too does the requirement 
for robust analytical tools. As well as 
the emergence of novel technologies, 
there is a signifi cant focus on making 
proven characterisation tools even 
better fi tted to the biopharmaceutical 
environment. DSC is the recognised 
gold standard technique for 
characterising the thermal stability 
of proteins and is widely used in 
biopharmaceutical development, 
from candidate selection through to 
manufacturing and the development 
of biosimilars. The latest advances 
in 21 CFR Part 11 compliance-
ready DSC instrumentation allow 
direct and automated comparison 
of thermograms in a way that 
signifi cantly enhances the technique’s 
use for fi ngerprinting and comparing 
biosimilars and reference proteins, 
for faster processing and improved 
productivity.
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