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Biomarkers and their role in drug development

A hybrid of the word ‘biological marker’, biomarkers are a biologic or physiological
characteristic that can act as a measurement of either normal or pathogenic biological
processes or responses to a therapeutic/intervention [1]. Biomarkers can thus be utilized as
important tools for disease diagnosis, prognosis and prediction, as well as an indicator of drug
safety and efficacy [1,2].

When utilizing biomarkers in the drug development process, their fit-for-purpose validation is
essential in ensuring that the biomarker effectively reveals the targeted outcome and that the
characteristics used to assess biomarker assay performance are purposeful. Biomarkers have
been identified as a critical player in the progress towards personalized or patient-centered
medicine, tailoring therapeutics and drugs to a specific patient’s needs [2]. Proper clinical and
analytical validation of biomarkers relies on carefully considering aspects such as reference
standard sourcing, instrumentation, sample preparation strategies and matrix interference in
biological matrices [2,3]. 

The biomarkers pipeline

A comprehensive biomarker pipeline has recently been made possible from advances in
processes and technologies, with six essential components: candidate discovery, qualification,
verification, research assay optimization, biomarker validation and commercialization [4]. To
better evaluate and support this pipeline, it is important to develop accurate and specific
analytical platforms and assays.  However, assay developers and regulators face various
challenges throughout the process of identifying targeted drugs, along with their respective
predictive and prognostic biomarkers [3]. These difficulties range from the allocation of
resources, to the difficulty of extracting meaningful molecular signatures from complex
datasets of biological processes as a result of high-throughput analysis [3,4]. While biomarker
discovery and characterization has witnessed growing interest and opportunities for
sophisticated analytical approaches, challenges remain, particularly in the need for robust
assays and their development for single-analyte quantification [5].



Biomarker validation: where are we and where do we go?

To utilize biomarkers as outcomes in clinical trials, assessment of a biomarker’s relevance and
validity is required. While relevance is determining whether a biomarker is capable of providing
clinically relevant information, a biomarker’s validity refers to the characterization of its
effectiveness or utility. Validation ensures that the biomarker proposed is capable of being
measured objectively and reproducibly, and if it measures a characteristic successfully [1]. 

In recent years, there has been a focus on separately considering biomarker assay
development and validation in their own context [6]. While ligand-binding assays (LBA) have
developed considerably, what has persisted in fundamental assay principles is the generation
of multiple readings of processed samples to produce a single reportable result. Despite these
advancements in LBA methods, the standard practice has remained – aliquoting each sample
in an analytical batch, the addition and treatment of buffers, capture and detection antibodies
and incubation before the sample is divided into aliquots on an assay plate. Duplicate analysis
in LBA has been a mainstay in LBA approaches due to the imprecision of these practices,
resulting in processes that can be time-consuming and costly. While replicate analyses can
reduce uncertainty, any remaining variance resulting from a late sample split is difficult to limit
[7].

High immunoassay robustness and precision are thus required for the continued development
and validation of biomarker assays [4]. In a workshop that addressed lessons learnt and
ongoing biomarker development challenges (sponsored by the National Cancer Institute and
the US FDA), it was stated that:

“A robust technology for testing in clinical samples must be available or it must be technically
and economically feasible to develop an analytically reliable testing system on a timeline

consistent with the development timeline for the drug [3].”
 

Developments in assays for biomarker development

As the ideal single biomarker assay development would typically occur before the preclinical
study of an identified drug candidate, precise and robust immunoassays that are fit-for-
purpose to their target biomarker are required for preclinical and clinical biotherapeutic
development [8]. With the development of platforms such as those from Gyros Protein
Technologies, singlicate LBA analyses are now being recommended through platforms such
as Gyrolab®, which also support the automation of immunoassays and can provide low
sample volume requirements, a wide dynamic range and custom assay development to
support analysis in regulated laboratories [7–9]. Recently, the Gyrolab Bioaffy™ 4000 CD has
expanded the sensitivity provided by Gyrolab assays, allowing for powerful biomarker analysis
for low sample concentrations [8].

https://www.gyrosproteintechnologies.com/


A range of assay protocols, or ready-to-use kits, enable open, customizable systems and in-
house development and evaluation of custom immunoassays [9]. For most LBAs,
improvements have been achieved through the advancement of reagents, consumables and
instrumentation but workflows have largely remained unchanged [7]. 

Confidence in the clinical implications of a set of data relies on confidence in the
concentration values of the target analyte/analytes, including biomarkers [2]. Exploring how
singlicate measurements can be applied into an efficient workflow without compromising data
precision maintains this confidence in the translation of data to a clinical setting while
reducing the various disadvantages of replicate analyses. Gyrolab immunoassays have been
demonstrated to be reliably robust for singlet analysis, suitable for preclinical and clinical
phases of biomarker analysis and supported by PD studies also measured with Gyrolab
immunoassays [7]. Advantages such as minimal hands-on time and rapid output of data result
in productive biomarker surrogate endpoint quantification and validation for drug safety,
efficacy and PK/PD [8]. 

In addition, the development of compact discs (CDs) for immunoassays has aided in covering
a range of assay formats and concentrations [10]. Technologies such as the Gyrolab Bioaffy ™
CDs have been demonstrated to process samples at the nano-liter scale, reducing sample and
reagent consumption and delivering 96 or 112 datapoints in less than 1 hour [10]. Such high-
throughput analysis enables time- and cost-efficient quantification and validation of
biomarkers and biomarker surrogate endpoints [10].

Software design and development have also been areas of interest for when considering
biomarker immunoassay improvement. The US FDA administers the 21 CFR Part 11 regulations
for electronic records and electronic signatures, which most software programs and modules
are designed to satisfy in support of biomarker immunoassay support [11]. 

Developing biomarker assays in support of drug development is a challenge due to the
fit-for-purpose validation requirements, which will depend on the context of use. The

Gyrolab as a fully automated immunoassay open platform is well-suited to support
biomarker analysis as part of drug development due to the advantages of

reproducibility, robustness, sensitivity and acceptance in regulated environments –
John Chappell, Director of Scientific Support, EMEA and Asia Pacific, Gyros Protein

Technologies (Manchester, UK).
 



Summary

Biomarker immunoassays are quickly playing a greater role in the drug development process
[2,7]. As they continue to offer the growing ability to quantify and validate biomarkers as
endpoints to test for drug safety and efficacy, the need for validated immunoassays also
increases [5]. Developments in biomarker analysis with accurate immunoassays has seen its
fair share of challenges but recent advances have provided precise and robust fit-for-purpose
methods, which support preclinical and clinical drug and biotherapeutic development [8].  
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