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Abstract
Testing of potency is a critical quality attribute for
analysis of biological products. While cell-based
bioassays serve as a gold standard of potency
testing, ligand binding assays may be applied as
surrogate or complementary potency assays.
Increasingly, surface plasmon resonance (SPR) has
been used as alternative to traditional enzyme-
linked immunosorbent assay (ELISA) applications.
In this article, the general requirements for the
selection and validation of methods and the future
role of SPR as surrogate potency assay are
discussed. In the field of ligand binding assays,
SPR and ELISA feature specific risks and oppor-
tunities that have to be carefully considered when
selecting a technological platform. Using SPR, a
well-defined assay development strategy can
deliver a highly precise and accurate method for
determination of potency. Data evaluation of SPR
dose-response curves follows the same principles
as for ELISA and bioassays, enabling the setting of
relevant assay and sample acceptance criteria.
Beyond the determination of potency, SPR fea-
tures unique possibilities for characterization of
critical quality attributes of biotherapeutics.

Zusammenfassung
Wirksamkeitsbestimmung biologischer Produkte
mittels Oberflächenplasmonenresonanz
Die pharmakologische Wirkstärke (Potenz) ist ein
kritisches Qualitätsattribut biologischer Produkte.
Zellbasierte Bioassays sind als Goldstandard im
Bereich der Wirksamkeitsbestimmung etabliert.
Ligandenbindungstests werden verstärkt als al-
ternative und komplementäre Methoden einge-
setzt. Dabei werden Enzyme-linked-immunosor-
bent-assay(ELISA)-Anwendungen zunehmend
durch Tests mittels Oberflächenplasmonenreso-
nanz (Surface Plasmon Resonance, SPR) ersetzt. In
diesem Beitrag werden die generellen Vorausset-
zung für die Methodenauswahl und -validierung
sowie die zukünftige Rolle der SPR-Technologie
als Ersatzmethode bei Wirksamkeitsbestimmun-
gen diskutiert. Chancen und Risiken unterschied-
licher Ligandenbindungstests müssen bei der
Auswahl der geeigneten Technologie (SPR oder
ELISA) berücksichtigt werden. Durch eine defi-
nierte Strategie zur Methodenentwicklung können
mit SPR sehr präzise und akkurate Ergebnisse
erreicht werden. Die Datenauswertung mittels
Dosis-Wirkungs-Kurven folgt bei SPR denselben
Prinzipien wie bei ELISA und Bioassays. Dadurch
sind ähnliche Möglichkeiten zur Definition von
Akzeptanzkriterien von Test- und Probenergeb-
nissen gegeben. Zusätzlich zur Bestimmung der
Wirkstärke bietet SPR vielfältige Möglichkeiten
zur Analyse von weiteren kritischen Qualitätsat-
tributen biologischer Produkte.

Introduction

Determination of biological activity
is a key criterion when examining
the quality of biological products.
The ICH Guideline Q6B [1] defines
the requirements for specifications
for characterization, release, and

stability testing of biological prod-
ucts to ensure safety and efficacy.
Besides biological activity, other cri-
tical quality attributes (CQAs) have
to be evaluated. These include phy-
sicochemical and immunochemical
properties, quantity, purity, impuri-
ties, and contaminants.

The quantitative measurement of
biological activity is referred to as
potency.

An essential requirement for po-
tency assays is the depiction of the
mechanism of action (MOA) of the
biological product by the test sys-
tem. Applicability of specific test
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systems is highly dependent on the
product characteristics and varies
between biologics such as therapeu-
tic antibodies, recombinant pro-
teins, peptides, conjugates, and fu-
sion proteins.

Options for potency assays include
animal-based biological assays, cell-
based assays, biochemical assays, but
also more reductionist approaches
such as ligand binding assays and
physicochemical characterization. In
general, a phase-appropriate decision
on the assay portfolio has to be taken,
balancing the closeness of the proce-
dure to the MOA with performance
characteristics and validation-readi-
ness. For early stages of product de-
velopment, solid-state binding assays
may be sufficient when appropriately
representing the MOA (e.g., target
binding of a monoclonal antibody).
Replacement of cell-based assays
with surrogate potency assays has to
be justified and supported with ex-
tensive data on correlation of results
between test methods. In many cases,
a panel of potency assays is required
to fully describe biological activity,
which might encompass bioassays as
well as ligand binding assays such as
enzyme-linked immunosorbent assay
(ELISA) and surface plasmon reso-
nance (SPR).

Irrespective of the technology of
the test system, compliance with
Good Manufacturing Practice
(GMP) regulations and quality con-
trol requirements must be given for
a potency assay. Characterized refer-
ence standards are applied for de-
termination of relative potency of
test samples. Analytical procedures
have to be developed, qualified, and
validated in accordance with rele-
vant guidelines. Method perfor-
mance parameters (e.g., accuracy,
precision) are established during
method setup and qualification and
confirmed against pre-defined cri-
teria during method validation. Li-
gand binding assays feature lower
complexity compared to cell-based
assays, which usually results in
improved performance parameters
(e.g., higher precision).

Validation of potency assays

Requirements for the validation of
potency assays are described in ICH
Guideline Q2R1 [2]. This guideline
categorizes analytical procedures
based on their purpose and differ-
entiates the necessary validation
characteristics. For both cell-based
potency assays and ligand binding
assays, the same parameters are ty-
pically examined:
• Accuracy
• Precision
– Repeatability
– Intermediate precision

• Specificity
• Linearity
• Range
Additionally, robustness testing
should be considered during an ap-
propriate stage of the analytical
method life cycle (e.g., during meth-
od qualification). Robustness testing
examines the capacity of a method
to remain unaffected by small but
deliberate variations of specific
parameters. The relevant robustness
parameters vary highly between test
systems and should be selected on a
risk-based approach.

SPR/ELISA as potency assays

Once the decision has been taken to
include a ligand binding assay as po-
tency assay in a method portfolio,
different technical solutions can be
examined and compared.

ELISA and SPR are the ligand
binding assays most widely used for
the purpose of surrogate or comple-
mentary potency assays. Both tech-
nologies come with their own advan-
tages and disadvantages, therefore
careful evaluation is necessary before
deciding on the use of a platform.

ELISA is a well-established tech-
nology that provides multiple assay
design possibilities. A target analyte
is either directly immobilized on a
solid plate surface or captured by an
antibody. The target is then com-
plexed with a direct or indirect de-
tection antibody conjugated to an

enzyme. After enzymatic reaction
with a substrate, a colorimetric
measurement gives a response that
correlates to the binding activity
and concentration of the target ana-
lyte. Different ELISA setups can be
classified as direct, indirect, sand-
wich, or competitive ELISA.

SPR is used for the real-time de-
tection of interactions (association
and dissociation) between mole-
cules. The technology is well estab-
lished and described in guidelines,
e.g., USP <1105> “Immunological
Test Methods—Surface Plasmon Re-
sonance” [3].

The principle is based on the op-
tical phenomenon of surface plas-
mon resonance, which is applied to
detect changes in local refractive in-
dex that correlate to mass at a sen-
sor surface. Therefore, binding inter-
actions between molecules can be
observed via the mass bound in
proximity to the sensor surface
without the need for any modifica-
tions or labels of analytes.

For SPR assays, 1 interaction
partner (ligand) is covalently immo-
bilized or captured onto the surface
of a sensor chip, while the second
interaction partner (analyte) is in-
jected over the bound ligand. Bind-
ing is monitored and depicted in a
sensorgram.

Data is usually evaluated to cal-
culate kinetic and affinity para-
meters. The association rate con-
stant (ka), dissociation rate constant
(kd) and equilibrium dissociation
constant (KD) are determined to elu-
cidate the binding mechanism be-
tween ligand and analyte.

For determination of relative po-
tency by SPR, a dose-response curve
is created based on a selected por-
tion of the sensorgram.

Comparison of SPR/ELISA

The advance of SPR in the field of li-
gand binding assays has provided
valuable new applications as well as
creating the potential to replace ex-
isting technologies. For the use of
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potency assays, SPR will in general
be able to substitute ELISA, but not
without its own caveats. A compari-
son of the properties of the two as-
say systems is given in Table 1.

SPR allows focused and straight-
forward method development pro-
cedures by giving real-time feedback
on the effects of assay parameters.
Robust assay setups can be reached
in shorter time frames. The applica-
tion of a label-free SPR system leads
to a lower number of critical re-
agents that have to be monitored
under Quality Control (QC) condi-

tions, including time- and material-
consuming bridging studies.

However, the design of the highly
automated SPR systems may have
drawbacks on sample throughput.
Although some SPR systems use
parallelized injection systems, the
most common devices are limited
on injecting 1 sample at a time, lead-
ing to a sequential measurement
system. Therefore, although the
hands-on preparation steps of SPR
assays are less time-consuming, the
time to results is often increased
compared to ELISA, as sequential

sample analysis may take longer
than 24 hrs per run.

As the limiting factor with SPR is
most often the throughput of the de-
vice, analysis projects cannot be ac-
celerated by increasing the person-
nel resources as is possible with
ELISA.

Evaluation of the cost factor does
not give an obvious answer. Selec-
tion of a technology from a financial
perspective is highly dependent on
the scope and aim of analysis, as the
initial investment of establishing an
SPR system has to be justified. La-

n Table 1

Comparison of ELISA and SPR as potency assays.

Parameter ELISA SPR

Assay setup
• Multiple assay parameters need to be optimized in
a black-box format (endpoint readout)

• Design of Experiments (DoE) is advisable

• Faster assay development is possible: no labeling of
secondary reagents necessary, fewer assay steps

• SPR assays are not prone to edge effects or the hook
effect as in ELISA assays.

• Real-time data facilitate interpretation of results
• DoE can be utilized

Analytes Low-affinity interactions not feasible Analytes with low affinity or fast dissociation rate can
be analyzed

Reagents

• High number of critical reagents
• Labels, enzymes, and substrates for indirect detec-
tion

• Assay plates only for single use
• Established ready-to use test kits
• Cross-reactivity between antibodies might occur

• Lower number of critical reagents
• Label-free
• Re-usage of sensor chips for subsequent assays
• Pre-coated sensor chip formats

Assay qualification/valida-
tion
ICH parameters

According to ICH Q2R1
According to ICH Q2R1
Higher accuracy and precision can be expected due to
automation and less handling steps

Technical factors influencing
robustness Plate effects, edge effects, incubation times Sensor chip surface stability

Matrix interference Compatible with complex matrices (e.g., serum), no
direct interaction with device components

Matrix components may lead to non-specific interac-
tion, necessary dilution factors may reduce assay sen-
sitivity

Data evaluation Parallel Line Analysis (PLA) or 4PL curves PLA or 4PL curves

Time to results
Hours to days
Independent of sample number within the run
• Parallel measurement

Hours to days
Dependent on sample number within the run
• Sequential measurement

Sample throughput • Not limited by device
• Higher manual effort

• Limited by device
• Lower manual effort

Initial costs Low set up costs (device) High set up costs (device)

Assay and Sample Validity
Criteria

• Absolute responses
• Daily control sample
• Test for parallelism

• Absolute responses
• Daily control sample
• Test for parallelism

Additional assay readouts/as-
say adaptations Endpoint detection method, no additional readout

Real-time data
Binding affinity and kinetics, Calibrator-Free Concen-
tration Analysis (CFCA), sensorgram comparison
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boratories with a sufficiently diverse
portfolio of interaction studies with
high method development activity
will benefit from the capabilities of
SPR devices. Besides relative po-
tency, multiple critical quality attri-
butes such as binding kinetics can
be investigated with SPR.

Development of SPR potency
assays

SPR assays serve a diverse range of
purposes. However, the basic assay
setup principles remain similar be-
tween different method formats.
USP guideline <1105> [3] gives a

thorough overview of the assay
parameters to be established. A cen-
tral application of SPR in bioanaly-
tics is the determination of binding
kinetics and affinity. Potency assays
that use an endpoint readout with a
dose-response curve are developed
on the same technical and chemical

n Table 2

Method development of SPR potency assays.

Development phase Factor Comment

Basic setup decisions

Method development strategy
Application of QbD approach: Definition of Analytical
Target Profile (ATP); DoE or One-Factor-at-a-Time
(OFAT)

Literature review and simulation of sensorgrams and
dose-response curves

Curve simulation based on literature/kinetic data;
time to reach equilibrium can be estimated

Selection of supplier of ligand and analyte Qualified suppliers

Ligand/analyte orientation
Test product is usually applied as analyte in potency
assays to allow for detection of changes in kinetic
properties as well as active concentration

Protein modifications (tags: his, Fc, Biotin) Recombinantly tagged ligands allow usage of capture
setup using specific antibodies

Sensor chip type Surface chemistry: e.g., density of carboxymethylated
dextran matrix; prevention of non-specific interaction

Reference surface Appropriate reference surface conditions to allow ma-
thematical subtraction of non-specific signals

Immobilization strategy
(covalent vs. capture setup)

Covalent setup: immobilization chemistry (Amine,
Thiol) Dependent on chemically active groups on ligand

Capture setup: mechanism (his-Tag, Fc, Biotin) Dependent on modifications of ligand

Immobilization scouting pH of immobilization buffer, ligand concentration

Immobilization level – ligand surface density Binding capacity (maximum binding level, calculation
of surface activity

Regeneration scouting Regeneration conditions (solution, number of injec-
tions, injection time)

Bound analyte has to be removed without damaging
ligand; surface stability over multiple cycles and injec-
tions has to be demonstrated

Analyte binding: dose
response curve

Running buffer conditions Ionic strength, detergent, Ethylenediaminetetraacetic
acid (EDTA), organic solvent

Analyte injection conditions Association time (time to reach steady state), disso-
ciation time, flow rate, temperature

Analyte concentration series Starting concentration, dilution factor

Selection of report point Position in sensorgram used for plotting dose re-
sponse curve

Data evaluation
Data evaluation model PLA or 4PL (EC50) analysis,

selection of dosage points

Definition of assay and sample validity criteria Daily control sample, immobilization levels, equiva-
lence tests (parallelism)

Final setup

Selection of final setup Optimized conditions (DoE or OFAT)

Confirmation experiment e.g., second operator

Initial test of performance parameters
Prior to method qualification or validation, initial pa-
rameters should be tested: repeatability; linearity over
the defined assay range
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basis as kinetic assays. Like cell-
based bioassays, the design of an
SPR potency assay profits from the
application of Quality by Design
(QbD) approaches during develop-
ment. Statistical tools such as De-
sign of Experiments (DoE) are in-
creasingly used to optimize develop-
ment efficiency and to improve
understanding of influence factors
on assay performance. For instance,
DoE may be applied to optimize im-
mobilization and regeneration con-
ditions or to fine-tune analysis buf-
fer components. A major advantage
of the SPR technology is the real-
time data created during experi-
ments compared to the endpoint re-
sults of other platforms. These data
can be used to evaluate each event
in the sequence of the experiment
(e.g., immobilization, ligand capture,
analyte injection, regeneration).
Therefore, optimization and trou-
bleshooting are facilitated with SPR
when compared to black-box assays
that only deliver endpoint results.

A main target of a successful
SPR assay development is the crea-
tion of a stable and robust sensor
chip surface. Ideally, the surface
containing either the covalently im-
mobilized ligand or a capture anti-
body should enable highly precise
analyte responses over multiple
analysis cycles and run durations
of more than 24 hrs. Also, sensor
chips should ideally be stable
enough to be stored between ex-
periments and re-used to save time
and material. Most of the develop-
ment factors given in Table 2 con-
tribute to the creation of stable as-
say conditions that are necessary
for any SPR assay format.

Data evaluation of SPR potency
assays

When applying the SPR technology
as surrogate potency assay, guide-
lines created for cell-based bioassays
may be relevant and applicable for
development of the procedure and
especially for data evaluation.

Principles defined in USP <1032>
“Design and Development of Biolo-
gical Assays” [4], USP <1033> “Biolo-
gical Assay Validation” [5] and
USP <1034> “Analysis of Biological
Assays” [6] apply irrespective of the
technical source of dose-response
data.

For relative potency assays, some
unique factors have to be establish-
ed during method development. The
analyte dosage points need to be de-
fined to optimize the evaluation
either for PLA using the linear por-
tion of the curve or for 4PL (EC50)
analysis covering also the lower and
upper asymptotes. To convert the
data-rich SPR sensorgrams for end-
point analysis, a decision has to be
made on the exact part and time
frame (e.g., a 10 s window) of the
sensorgram to use for further eva-
luation. Selection of a report point
in the dissociation phase of the sen-
sorgram is usually done to prevent
the influence of bulk injection sig-
nals that may occur during the asso-
ciation phase. However, interactions
with very fast dissociation rate con-
stants may require positioning the
report point in the steady state of
the association phase. Figure 1 de-
picts a scheme of an SPR sensor-
gram and the events taking place on
the sensor chip surface during each
phase.

To generate a reportable result,
dose-response curves of test sam-
ples are compared to a reference
standard analyzed in the same ex-
periment. Results are then given as
“% relative potency”, ideally with the
95 % confidence interval of the cal-
culated value.

Already during assay develop-
ment, a strategy for development of
the appropriate assay controls
should be defined in preparation of
subsequent phases of the method
lifecycle. Most commonly, para-
meters for suitability of sensor chips
are defined (e.g., immobilization le-
vels). During analysis, daily control
samples are measured and com-
pared to the reference standard and
accuracy of the results is judged. A

crucial validity criterion is the paral-
lelism of sample and reference dose-
response curves. Without demon-
stration of parallelism, no valid re-
sult can be given for a sample. In re-
cent years, parallelism testing has
usually been performed by equiva-
lence testing, replacing the pre-
viously applied difference testing,
as described in USP <1032> [4],
USP <1033> [5] and USP <1034> [6].

Beyond dose-response curves –
unique opportunities of SPR

The application of SPR assays for de-
termination of relative potency pro-
vides opportunities for further char-
acterization of biopharmaceuticals.
Using SPR as surrogate assay to ELI-
SA by using endpoint dose-response
curves is feasible. However, the in-
formation-rich real-time detection
system enables data evaluation that
goes beyond simple dose-response
curves. Depending on the assay set-
up, data from relative potency ex-
periments may be directly used for
determination of kinetics and affi-
nity of a binding interaction. In case
changes to the analysis setup are re-
quired (e.g., ligand density or analyte
dilution series), the established po-
tency assay can be used to efficiently
set up an assay for kinetics and affi-
nity analysis. This platform ap-
proach enables the creation of a test
portfolio covering relative potency,
kinetics and affinity using well-
established protocols. Transfer to
similar products (e.g., mAbs target-
ing the same ligand) can be per-
formed in short assay setup phases
with a high success rate.

SPR data can additionally be
used for direct comparison of
binding sensorgrams to generate a
similarity score. By this, the com-
plete sensorgram data is evaluated
and a reportable sample result of
0–100 % similarity compared to a
reference standard is generated.
Sensorgram comparison can pro-
vide valuable information to char-
acterize an interaction but is no
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replacement for a dose-response
potency evaluation. The resulting
similarity score does not show an
increased or decreased product ac-
tivity, but only evaluates similarity
which is (by definition) limited at
100 %. Therefore, assay ranges for
potency as defined in product spe-
cifications (e.g., 50–150 % relative
potency) cannot be examined by
this procedure.

Determination of relative potency
by SPR delivers a global binding re-
sponse signal, encompassing the ac-
tive concentration as well as kinetics
of the interaction. Based on the po-
tency value alone, these influencing
factors cannot be differentiated. A
discrepancy in relative potency be-

tween test samples can therefore
stem from a change in active con-
centration or from different kinetic
properties.

For complete characterization of
a product, it may therefore be ad-
vised to not only investigate po-
tency, but also binding kinetics and
additionally the active concentra-
tion of test samples. SPR systems
enable Calibrator-Free Concentra-
tion Analysis (CFCA), using a setup
that selectively examines the active
concentration, but excludes influ-
ence of kinetic properties during
analysis. This is achieved by analyz-
ing the molecular interaction under
conditions of partial mass transfer
limitation, which minimizes the im-

pact of the association rate on the
obtained signals.

By applying these additional SPR-
based applications, a differentiation
of factors contributing to overall po-
tency is feasible.

Recent applications of SPR have
aimed to further improve the repre-
sentation of the MOA by surrogate
potency assays. The real-time meas-
urement of interactions enables the
use of dual potency assays which in-
vestigate 2 interactions during the
same analysis [7]. This provides pro-
mising opportunities, such as ana-
lyzing both targets of bispecific anti-
bodies in a single experiment. Also,
the MOA of monoclonal antibodies
that rely on effector functions may

Figure 1: Schematic SPR sensorgram phases and events on the sensor chip surface (source: the author).
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be depicted by examining the Fab
and Fc binding of the antibody in a
combined analysis.

Conclusion

Potency testing is a central part of
quality control of biological prod-
ucts. When selecting a test method
as basis for potency testing, the
MOA of the product as well as the
requirements for performance cri-
teria such as accuracy and precision
have to be considered. SPR already
has the potential to replace ELISA

as potency assay in many applica-
tions. Novel, innovative SPR assay
designs will further enhance the
field of surrogate potency assays.
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