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Recommendations and requirements for the
design of bioanalytical testing used in
comparability studies for biosimilar

drug development

With the imminent expiry of patents on a number of biological products on the market, the development of
biosimilars (or ‘follow-on biologics’) creates an increasing opportunity in the biotechnology industry. Although
general guidelines on the quality and safety of biological products also apply to biosimilars, there is a need to address
specific requirements for developing biosimilar drugs. Since it is critical to show comparability of the biosimilar
products to their reference (or innovator) products, developing the appropriate bioanalytical methods to support
such preclinical and clinical comparability studies is of great importance. The present work recommends the
requirements for the development and validation for both pharmacokinetic and immunogenicity assays to support

the biosimilar drug development.

Biosimilars are generic biological drugs, also
called ‘follow-on biologics’ or ‘biogenerics’. The
first generation of biopharmaceuticals using
recombinant technologies started 30 years ago;
thus, the impending expiry of patents on some
of these products creates a large opportunity.
This impending situation has created a rapidly
evolving area of product development in the
biotechnology industry.

Legislation, recommendations and guidance
for the development and commercialization
of biosimilars are in place within the EU [1-3],
and the USA are set to follow [4,5]. Biosimilars
need to demonstrate a sufficient degree of
resemblance to their branded original ‘inno-
vator’ or ‘reference’ products. To succeed,
development/marketing costs of biosimilars
need to be lower than that of the innovators,
and the preclinical and clinical testing would
also be abbreviated, relative to the innovator.
However, no clear guidance or recommen-
dations are available, thus far, to determine
the design and requirements of biosimilar bio-
analytical testing. Good bioanalytical data
are required to show comparability between a
biosimilar and the innovator, as well as to show
comparability between products from different
batches. This document provides scientific rec-
ommendations for the design of biosimilar bio-
analytical testing, including quantitative deter-
mination of biosimilar products in matrices for

pharmacokinetic (PK)/toxicokinetic (TK) data
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analysis, as well as the immunogenicity assays
that include screening, confirmatory,
neutralizing and characterization of the
immune response.

Quantitative determination of
biosimilar products in matrices for
PK/TK data analysis

The validation of a quantitative assay for
PK/TK purposes should follow the US FDA and
European Medicines Agency guidances, the white
papers and literature references [6-11]. Since the
assay under validation here will be used to support
comparability studies where both biosimilar and
innovator compounds will be used, it is preferable
to develop an assay using the same platform tech-
nology for both compounds utilizing the same
set of assay reagents under the same assay condi-
tions. However, it is not necessary to utilize the
same assay platform as the PK assay used in the
innovator development program.

A comparability test should be performed
using the assay platform of choice to establish
that the analytical method is capable of quanti-
fying both the biosimilar product and innovator
product within the assay variability limits. This
can be achieved by using the biosimilar or inno-
vator product as the calibrator to quantify both
biosimilar QCs and innovator QCs in at least
the accuracy/precision test. It is also preferred to
assess this in the selectivity (matrix interference)
test during assay development.
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Key Terms

Biosimilar: Generic biological
drugs, also called ‘follow-on
biologics’ or ‘biogenerics’.

Innovator: Original biologic
therapeutic drug, also called
‘reference’ product.

Bioanalytical assays:
Methods for quantitative or
qualitative measurement of a
drug/compound of biological
significance, in biological fluids.

Validation: Process of
ensuring that a bioanalytical
method conforms to defined
user needs, requirements and
specifications under defined
operating conditions.

Ligand-binding assays:
Method based on the reversible
binding of a ligand to a binding
protein to quantify the presence
of a molecule.
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If the bioanalytical comparability between
biosimilar and innovator compounds was not
demonstrated during assay development, a sepa-
rate assay validation for each compound, including
all elements of validation discussed in this paper,
would be needed. The cause for the bioanalytical
differences between the innovator and biosimilar
drugs could be due to the different methods used
to establish the label strength, therefore leading
to different starting concentrations in the assay.
It should be noted that if separate assays are to be
used to support the comparability studies, all sam-
ples may need to be tested for both analytes, where
bioanalytical laboratories must remain blinded.

An investigation should be completed to resolve
the difference, as this observation could imply that
the two products are different. The characteriza-
tion assay of the biosimilar and innovator could
show equivalency (potency, receptor-binding
assay), however the acceptance criteria for these
bioassays (50-150%) are typically wider than
the acceptance criteria for the ligand-binding
assays (80-120%). Therefore, a bioequivalency
observed in the potency assay may not ensure
comparability for the bioanalytical study.

If the development runs present acceptable
bioanalytical comparability for the biosimilar
and the innovator, one assay using the biosimilar
compound as the assay calibrator can be used
during assay validation. Assays can be devel-
oped and validated using either the biosimilar
or the innovator as the assay calibrator. From our
experience, we recommend to use the biosimilar
as it is our drug of reference, but any one of them
is acceptable. To demonstrate comparability, we
do not recommend point-to-point comparison.
We recommend that at a minimum, accuracy
and precision tests should be conducted using
the biosimilar drug as the standard curve to
quantify both biosimilar and innovator QCs
throughout the entire assay range (from ULOQ
to LLOQ). The same assay acceptance criteria
should apply for the biosimilar drug, as well as
for the innovator. Meeting the accuracy and
precision acceptance criteria will demonstrate
that both compounds are comparable, since one
standard curve is used to quantify both.

The validation should evaluate the assay
performance characteristics described in the
following sections.

®m Accuracy & precision

It is recommended that the regression model
established during method development be
confirmed in a minimum of six independent
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validation runs, and typically in the same runs
in which method precision and accuracy are
assessed. These accuracy and precision runs
should use the biosimilar compound to con-
struct the standard curve (when comparability
was demonstrated between biosimilar and inno-
vator compounds during assay development) to
quantify the QCs made from either biosimilar
or innovator compounds.

For the curve within a run to be acceptable,
the %RE (relative error or % bias) of the back-
calculated value for at least 75% of the standard
points, not including anchor points, should be
within 20% of the nominal concentration, except
at the ULOQ and LLOQ), where the value should
be within 25%.

Accuracy and precision QCs are prepared by
spiking both the innovator and the biosimilar at
five or more concentrations (anticipated LLOQ,
no more than three-times LLOQ, mid-, high-
and anticipated ULOQ). It is recommended that
at least three independent determinations (repli-
cates) per run be performed for each sample, in
a minimum of six runs for either biosimilar and
innovator QCs.

For a method to be considered acceptable, it is
recommended that the intra- and inter-run pre-
cision (% coefficient of variation) and the abso-
lute mean bias (%RE) be no more than 20%
(25% at LLOQ). In addition, it is reccommended
that the method total error (sum the % of the
coefficient of variation and absolute %RE) be no
more than 30% in order to be consistent with
the validation acceptance criteria [7].

The range of quantification should be based
on the lowest (LLOQ) and highest (ULOQ)
validation samples that meet the target accuracy
and precision criteria.

m Dilutional linearity
The dilutional linearity should be tested. If single
dilution testing for future sample analysis is per-
formed, the back-calculated concentration for
each diluted sample should be within 20% of the
nominal within the linear range (25% at ULOQ
and LLOQ). During sample analysis, if a sample
is tested at multiple dilutions, the back-calculated
concentration for cumulative diluted samples
should be within 20% of the nominal value of
the original value. The precision of the cumula-
tive back calculated concentration should be no
more than 20% (25% at ULOQ and LLOQ).
The presence or absence of hook (or prozone)
effect should also be evaluated at the higher QC

concentration (>1000x).
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m Matrix interference (selectivity)

Matrix interference should be performed using
biosimilar QC spiked samples (spiked at high
and low concentrations into at least ten indi-
vidual matrix samples). The matrix interference
testing should also include the blank individual
controls that will be tested at the minimum
required dilution (MRD).

The recommended target acceptance criteria
for selectivity is that acceptable recovery (same
as those described for accuracy) is obtained in at
least 80% of the matrices evaluated. Disease state
matrices can contain components that interfere
with the assay; we recommend that selectivity
experiments be performed with disease state
matrices only if needed.

m Sample stability

Stability experiments should mimic, as best
as possible, the conditions under which study
samples will be collected, stored and processed.
The effect of freeze-and-thaw cycles should also
be assessed. The stability testing should follow
the white papers and regulatory guidance [1.6.7].
If the comparability for accuracy and preci-
sion was demonstrated for the biosimilar and
innovator compounds, then the biosimilar QCs
(at high, medium and low concentrations) will
be evaluated.

Immunogenicity assays
The immunogenicity of therapeutic proteins
needs to be assessed for safety and efficacy con-
cerns, since small process changes during the
production of biologics can lead to changes in
immunogenicity rate. It should be noted that
immunogenicity rate is difficult to measure, par-
ticularly at low incidence. The size will need to be
determined with Health Authority input and will
depend on the rate of immunogenicity and the
risk to patients of developing an immune response
(e.g., from autoimmune reactions to self pro-
teins). Generally speaking, a larger size would be
required if the rate of immunogenicity incidence
is low. It is advisable to work with a qualified
statistician and/or regulatory agency to evaluate
study plans. It is critical to assess the immunoge-
nicity of the biosimilar compared with the inno-
vator drug. White Papers and regulatory agencies
provided guidelines for method development and
validation to determine the immunogenicity of
therapeutic biologics [3.4.12-16].

Since the assay will be used to support
comparability studies, where both biosimilar
and innovator compounds will be used, it is

fsg

future science group

preferred to develop an assay using the same
platform technology, the same set of assay
reagents under the same assay conditions to
evaluate antidrug antibodies (ADAs) for both
biosimilar and innovator compounds. It is not
necessary to utilize the same assay platforms
as the immunogenicity assays used in the
innovator development program.

As soon as the biosimilar drug is available,
immunization of animals to develop a posi-
tive control should be initiated. In addition,
another positive control against the innovator
compound should also be developed. Evaluation
of comparability (or lack of) between the two
ADA positive controls (ADA against innovator
and ADA against biosimilar) should be con-
ducted once they become available. Differences
in the starting titers of the positive control anti-
sera against either the biosimilar or innovator
compound are possible due to the individual
immune response of each animal. This should
be taken into account when evaluating the
assay performance.

m ADA screening assay

Multiple assay platforms are available for the
detection of ADA, such as direct ELISA, bridg-
ing assays, electrochemiluminescence (ECL)
assays, SPE acid-dissociation assays and radio-
immunoprecipitation assays. Whichever assay
platform is selected, the assay needs to address
the following questions:

Can the assay reagents detect both biosimilar
and innovator ADAs comparably?

Can the assay tolerate both biosimilar and
innovator drug concentrations comparably?

Both ADA positive controls will be needed
to address the above questions. If bioanalytical
comparability was demonstrated, the assay can
be validated using ADA against biosimilar as
the positive control. The acceptance criteria
for bioanalytical comparability may be assay
dependent, and should be assessed based on
the performance of the assay. To demonstrate
comparability of anti-innovator antibody and
anti-biosimilar antibody in an assay, we recom-
mend that one set of reagents be used to detect
both ADA positive controls. For example, if
a bridging ECL assay format is used on the
MSD platform, the biotinylated and ruthe-
nylated biosimilar drug should be used as cap-
ture and detection reagents for the detection of
both ADA positive controls. The assay should
demonstrate the following:

www.future-science.com
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The dose-response curve of both ADA posi-
tive controls should be comparable (preferably
overlay with each other or at least parallel to
each other or within the range determined);

The detection sensitivity for both ADA
positive controls should be comparable. It
should be noted that because these positive
controls are polyclonal antibodies generated
in different animals, the immunoreactive
strength of these antibodies may not be iden-
tical, even if the exact quantity of the affinity
purified materials is used in the sensitivity
assessment experiments. We recommend that
if the sensitivity for both ADA positive
controls are within two- to three-fold of each
other in mass unit, they can be
considered comparable;

The assay should tolerate both biosimilar and
innovator drug concentrations comparably.
We recommend that the drug tolerance con-
centration for each compound should be
within two- to three-fold of each other, for
drug tolerance to be considered comparable.

If comparability is not demonstrated, sepa-
rate assays should be validated for biosimilar
and innovator ADAs. It should be noted that
if separate assays are to be used for future pre-
clinical or clinical comparability studies, inter-
pretation of study data could present additional
challenges, since samples from different arms of
the study will be tested using different assays.

To validate the screening ADA assay, the general
guidance [4,12,14] should be followed to evaluate
the following assay performance characteristics.

Minimum required dilution

Minimum required dilution should be tested to
establish the optimal percentage of matrix used
for the assay. It is important to keep in mind
that, in general, higher MRD (more dilutions)
can help remove matrix effect, but may also neg-
atively impact assay sensitivity. Careful assess-
ment of both aspects is recommended during
assay development.

Screening cut point

The screening cut point is defined as the level of
response at or above which a sample is defined to
be ‘reactive’ for the presence of ADA, and below
which it is considered negative. A cut point is
established during assay validation, usually by
running individual matrix samples (usually 50)
that represent study target populations. These
samples should be tested by multiple runs.

Bioanalysis (2011) 3(5)

When establishing the cut point, the removal
of statistically determined outlier values should
be considered. A 95% confidence (or 5% false-
positive rate) is usually used to calculate the
screening cut point using either raw assay
response units or signal-to-noise approaches.

Confirmatory (specificity) cut point

The specificity confirmation test is usually a
competitive immunodepletion test using a rep-
resentative number of individual naive serum
samples, representing future study target popu-
lations (at least ten from each type) spiked with
an excess amount of drug (the concentration
of drug used in this test is usually based on the
results from the drug tolerance test) or with a
control (no drug added). The percentage inhibi-
tion values from these individual serum samples,
treated with or without drug, are used to calcu-
late the confirmatory cut point. A 99 or 99.9%
(1% or 0.1% false-positive rate) confidence
is usually used to calculate the confirmatory
cut point.

Sensitivity (LOD) of the assay

Sensitivity of the ADA assay should be evalu-
ated using affinity or Protein A/G purified
ADA at concentrations near the assay cut
point. The assay sensitivity is defined as the
lowest ADA concentration for which at least
95% of the responses are greater than or equal
to the assay cut point. The sensitivity for
screening ADA assay should achieve approxi-
mately 250-500 ng/ml, as such antibody con-
centrations have been associated with numerous
clinical studies [4].

Drug tolerance

It is expected that samples containing drug
will interfere with the detection of ADA due
to competition for binding to product-specific
antibodies between the drug and that used
as a capture reagent in the assay system. It is
common practice to assess the effect of various
concentrations of drug on the detection of the
ADA positive control, during assay validation.
However, it is important to keep in mind that
sampling time is critical for proper immuno-
genicity assessment during clinical studies.
Drug interference can be minimized if samples
are collected at a time when the therapeutic
protein has decayed to a level where it no lon-
ger interferes with the assay results. Data from
PK studies are useful in establishing optimal
sample collection times.

future science group
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Matrix effect

Matrix effects should be assessed by spiking the
ADA positive control at high and low concentra-
tions into a minimum of ten individual sera, and
comparison to the pooled serum spiked with the
same concentrations of ADA.

Precision
It should be noted that there are two types of
precision for the ADA assay. One is the preci-
sion between replicate raw response units, such
as ECL raw counts or optical density values.
Another is the precision for the final reported
titer value. Usually the precision for the repli-
cate raw count values is much tighter than the
one obtained for titer determination. This is
expected since the titer is where the dilution of
ADA crosses the assay cut point. The analytical
assay variability is higher when analyte concen-
tration is close to the detection limit of the assay.
Titer determination may not be necessary for
preclinical immunogenicity assays.

Stability

Stability experiments should mimic, as best
as possible, the conditions under which study
samples will be collected, stored and processed.
The stability testing should include bench top
storage, as well as freeze—thaw evaluations,
following the White Papers and regulatory
guidances [4,12,14].

m Neutralizing ADA assays

For clinical studies, once a test sample is con-
firmed to be ADA positive, the sample may be
evaluated in the neutralizing-antibody (NAb)
assay to see if it is neutralizing the biologic activ-
ity of the drug. Although it is a preferred choice
by the regulatory agency to have a cell-based NAb
assay [4], other assay formats (e.g., immuno-based
assays assessing the binding of drug to its targer)
may also be used, especially when appropriate cell
lines are not available during early phase drug
development. If a cell-based assay exists for the
innovator compound, it might be preferred to
evaluate this assay platform during NAb assay
development for the biosimilar. Validating cell-
based NAD assays is more technically challeng-
ing due to higher variability and a longer turn-
around time for these types of assays. Efforts have
been made in the past few years to address NAb
assay optimization and qualification [15,16]. The
NAD assays to support the biosimilar program
should consider the same questions as in the ADA
screening assay, which are:

fsg
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Can the assay system detect both biosimilar
and innovator ADAs comparably?

Can the assay tolerate both biosimilar and
innovator drugs comparably?

The assay performance characteristics to be
evaluated during assay validation are similar
(or as close as possible) to the ones mentioned
previously for the ADA screening assay.

One aspect worth mentioning is the confir-
matory test for the NAb assay. It was recom-
mended by the most recent FDA draft guide-
line that this aspect of the NAb assay should be
evaluated [4]. There are usually two approaches
and neither is perfect. One is to demonstrate
that the specificity of signal change is due to
the NAb present in the sample, instead of
some other nonspecific agent which can elicit
the effect all by itself. To test this, the drug
target (e.g., the cytokine in the case of mAb
drug against that cytokine) can be removed
from the assay system. If the signal change in a
sample was indeed due to the presence of NAb,
removing the cytokine from the assay system
will reverse the effect caused by NAb (e.g., for
a cell-based proliferation NAD assay, in the
presence of cytokine, the assay signal increases,
the presence of drug against that cytokine
decreases the signal, NAb in the sample neutral-
izes the function of the drug, therefore restores
the signal induced by the cytokine leading to
increased assay signal. When the cytokine is
removed from the assay, the cell can not pro-
liferate in the presence of drug or NAD, there-
fore the assay signal is decreased). However, if
the previous signal change in the test sample
(increased assay signal) is due to a nonspecific
agent, removing the drug target (cytokine) from
the assay system will not have any effect (there-
fore the assay signal remains to be high because
other nonspecific factor in the sample is caus-
ing the signal increase). The second approach
is to perform immuno-depletion, by removing
all immunoglobulins from the test sample by
passing it through a Protein A or G column. If
the previous signal change was due to NAb, the
effect would be reversed. Whichever approach
is used, a confirmatory cut point should also be
established to ensure 99 or 99.9% confidence in
confirming the specificity of the assay.

It should also be noted that the sensitivity of
cell-based NAb assays may be worse than that
of ADA screening assays. Therefore, having a
negative result for a sample may not mean that
the ADA in the sample was not neutralizing.

www.future-science.com
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m Characterization assays: isotyping
It is important to evaluate if the confirmed posi-
tive samples from the screening ADA assay is
indeed due to immunoglobulin and, if so, what
type of antibody. For example, it would be more
alarming if the antibody is of the IgE class, as it
could have potentially serious safety outcomes.
The isotyping assays are characterization
assays and therefore may not require validation.

Conclusion

To succeed, development/marketing costs of
biosimilars need to be lower than the branded
original and the preclinical and clinical develop-
ment paths should be faster. The challenges in this
fast turn-around reside in the fast development
and validation of immunoassays while keeping
the science and assay-performance characteristics
optimal. Since it is critical to show comparabil-
ity of the biosimilar products to the innovator

products, developing the appropriate bioanalyti-
cal methods to support such preclinical and clini-
cal comparability studies is of great importance.
If comparability of the biosimilar products to the
innovator products is proven, we recommend to
only validate one assay; whereas, if comparability
or interchangeability is not proven, the validation
of two assays (one for the biosimilar and one for
the innovator) will be needed.
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