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Abstract Clinical trials are required for testing the safety and efficacy of new drugs
produced by the pharmaceutical industry. These trials also serve to provide infor-
mation on clinical and survival benefits, prediction of treatment responses, identi-
fication of patient subpopulations that will benefit from the drug, and many other
important aspects of treatment. Clinical biomarkers are essential tools in these trials
that enable these different aspects to be evaluated and defined. However, the
incorporation of biomarkers into clinical trials requires a knowledge base that
includes understanding the different types of clinical biomarkers, selection of the
best biomarkers for the trial, best sample handling and processing practices for the
biomarker, validation planning, selection of the best technology platform, and
selection of the best laboratory to perform the analysis. This chapter provides an
overview of how clinical biomarkers are used in clinical trials and discusses the
different aspects of incorporating them into clinical trials.

Keywords

Biomarker A characteristic that is objectively measured and evaluated as an
indicator of normal biologic processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention

Clinical trial Research-based studies involving human volunteers that are
assigned to receive one or more interventions so that researchers
can evaluate the effects of the interventions on biomedical or
health-related outcomes

Validation Confirmation through laboratory testing that the performance
characteristics of an assay are suitable and reliable for its
intended analytical use

Critical reagent Reagents such as antibodies, oligonucleotides, enzymes, or
fluorescent molecules that are integral parts of an assay that
influence assay performance or quality
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Why Incorporate Biomarkers into Clinical Trials?

A question that is often asked by clinical teams is why should biomarkers be
incorporated into clinical trials? The answer to this question starts by defining
exactly what a clinical trial is. The US National Institutes of Health defines clinical
trials as research-based studies involving human volunteers that are “assigned to
receive one or more interventions so that researchers can evaluate the effects of the
interventions on biomedical or health-related outcomes”. In these studies, partici-
pants receive specific interventions according to the research plan or protocol
created by the investigators [18]. Clinical trials may include testing new medical
products, new drugs, new treatment procedures, or comparing new medical
approaches to existing ones. A major aspect of clinical trials is the evaluation of
safety and efficacy of these interventions in the participants. However, there are
other aspects of clinical trials equally important such as prediction of treatment
benefit, evaluation of survival benefit, selection of drug dosing, demonstrating
clinical benefit, verification of the therapeutic biological target, identification of
patient subpopulations, etc. Incorporating biomarkers into clinical trials provides
the necessary tools to evaluate many of these other important aspects in addition to
drug safety and efficacy.

Biomarkers

Given the increased use of biomarkers in clinical trials, it is important to understand
how biomarkers are defined and the differences between the different categories.
The term biomarker has been defined as a characteristic that is objectively measured
and evaluated as an indicator of normal biologic processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention [1]. The National Cancer
Institute Investigational Drug screening task force created a biomarker task force
that was to provide recommendations for the use of biomarkers in clinical trials [2].
The task force also provided some definitions on different subcategories of
biomarkers. Prognostic biomarkers provide evidence about the patients overall
disease outcome independent of any specific intervention. Predictive biomarkers
provide evidence about the probability of benefit or toxicity from a specific inter-
vention. Surrogate biomarkers are intended to serve as a substitute for a clinically
meaningful endpoint. Pharmacodynamic biomarkers are used to provide evidence
of pharmacological effects of drugs [2]. Diagnostic biomarkers provide information
that aids to establish or confirm a diagnosis. Exploratory biomarkers are used
mainly for hypothesis generation. They are typically based on scientific literature
and knowledge of biological pathways, and have not previously been shown to
have clinical significance. There are so many different subcategories of biomarkers
that have been described, it is important to remember that they are not always
referring to the same thing.
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Predictive Biomarkers

The incorporation of biomarkers into clinical trials can provide tools to predict how
individual patients will respond or benefit from treatment. Clinical trials that
incorporate the use of predictive biomarkers often involve pretesting potential trial
subjects prior to enrollment. In some cases, only those subjects that have a “pos-
itive” or “negative” biomarker profile will be enrolled into the trial. This may be
used to eliminate subpopulations that will not benefit from treatment. Alternatively,
there may be a concern for putting a potentially harmful therapeutic drug into a
non-disease state population. This is often the case for oncology and infectious
diseases therapeutics, where the treatments create a safety concern in healthy
individuals. Predictive biomarkers are typically genetic-based biomarkers such as
KRAS [3] or BRAF [4]. However, other types of predictive biomarkers are
increasingly being used such as cellular phenotyping [5], expression levels of
proteins [6, 7], and others. Predictive biomarkers are also used during the trial to
assess progress and subsequently to change aspects of the trial midstream.
Examples of these type trial designs include BATTLE (biomarker integrated
approaches of targeted therapy for non-small cell lung Carcinoma) [8] and I-SPY
[9]. Trials can also be designed with the purpose of codeveloping a predictive
biomarker with the therapeutic drug being developed. These require a robust
hypothesis and high-quality clinical data, so that benefit and magnitude of the
benefit of treatment can be determined.

Selection of Clinical Biomarkers

The development of new drug products involves a significant amount of investment
in drug discovery and preclinical work, before clinical trials can be initiated.
Biomarkers are incredibly valuable in these early stages and are often used to help
evaluate early drug candidates before clinical trials begin. In the early stages of
clinical trial planning, clinical teams need to identify biomarkers that will be used in
these trials. Selection of potential clinical biomarkers include those identified cell
lines, preclinical animal studies, those used in other clinical studies, and the pub-
lished literature. Consideration should be given to ensure the selected biomarker is
amenable for clinical use. Laboratory scientists performing these studies have
control over the cellular growth conditions including viability, drug exposure, and
cell numbers in each of the experiments. In contrast, this level of control is not
available for samples collected from clinical trial participants. The expression level
of the biomarker in clinical samples needs to be evaluated to ensure the biomarker
is present in sufficient quantities to be useful.

Preclinical studies in cell lines often involve stimulation or treatment of cells to
induce changes in the biomarker [10]. Performing these treatments or providing
stimulation to cells from cell lines are relatively easy in comparison to using isolated
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cells taken from clinical trial participants. The clinical sites where trial participants
are being treated often do not have the needed expertise or the right equipment to
implement complex pre-analytical sample collection and handling procedures.
Isolating cells from blood and stimulating them at the clinical sites are often met with
significant technical challenges. Another option is to send the samples to an external
lab with the required expertise in the methodology. This will require additional
logistics for the shipment of the samples to a different location which may expose the
samples to conditions that change the cellular response generated from treatment
[11, 12]. Finally, cellular responses to the stimulation conditions used on cell lines
are likely to be different then in freshly isolated cells [10]. Thus, it is recommended
that some level of investigation be done on cell-based biomarkers from freshly
isolated cells before incorporating them into the clinical trial.

Clinical Biomarker Pre-analytic Sample Collection
and Handling

One of the key attributes of incorporating clinical biomarkers into clinical trials is
the collection and processing of the clinical samples. Biomarker assays are typically
developed, tested, and validated using common laboratory buffers which do not
reflect the clinical samples. The assay should be tested in the same matrix as the
clinical samples before being used for sample analysis. The sample collection
procedures, processing, and handling of the clinical samples has an impact on the
biomarker measurement [12]. A prime example would be VEGF. While VEGF has
measureable expression levels in serum and plasma, care must be taken in the
collection and processing of the clinical samples to avoid inadvertent release of
VEGF from platelets [11]. Improper sample collection will result in levels of VEGF
that do not reflect the status of the test subject, but rather improper handling at the
clinical site. Another example would be the addition of compounds or reagents
directly to the clinical sample [13]. These additives are often added to a specified
volume of the clinical sample, in which the premeasured volume may not be
accurate. Thus, careful evaluation of the instrumentation and staff expertise at the
clinical site should be done to ensure successful handing and processing of samples.
This evaluation should be repeated at regular intervals, every 6–12 months and/or
when key site personnel change.

Biomarker Assay Performance and Prevalidation Planning

Biomarker assays should have good clinical utility and have performance charac-
teristics that are suitable for clinical trials. The first step in selecting the best assay is
to define what question the biomarker data will be used to answer. This will be used
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to define the required performance characteristics of the assay including analytical
sensitivity, accuracy and precision, range of detection, and dilutional linearity [2,
14]. Once the performance requirements are defined, the search for an appropriate
assay can begin. The assay format, technology base, availability of assay reagents,
cost, level of technical expertise, lot-to-lot variability of kits and reagents, and data
format should be considered in the selection of the best assay. The clinical team
should strive for simple assay formats in lieu of more complex platforms, which are
more difficult to perform and troubleshoot. The technology used in the assay will
determine instrumentation needed, which could limit the number of available labs
capable of running the assay. Technologies that are well established tend to be more
widely available in laboratories than newer technologies. Newer technologies may
offer or claim advantages over existing technologies, but often come with increased
operating costs and the need for additional technical expertise technical expertise.
Newer technologies also carry an increased risk of unknown or unresolved tech-
nical issues that may be encountered during the clinical trial. Thus, it is essential to
have access to expertise to minimize this impact. Utilizing a technology that is
provided by a single company carries an economic risk and a risk of not being able
to complete sample analysis. There are examples of single source vendors that have
gone out of business or are no longer able to support their technology. Cost of the
instrumentation and needed reagents/supplies should be assessed before final
selection of the technology. This is especially critical for highly labile samples
where storing the sample for an extended period of time, while an alternative
method is identified, is not feasible due to lack of long-term sample stability.

Importance of Critical Reagents

Biomarker assays, regardless of the assay format or the technology, rely on critical
analytical reagents such as antibodies, oligonucleotides, enzymes, or fluorescent
molecules. It is essential that these critical reagents are available throughout the
clinical trial period in which the biomarker assay is used. Evaluation of supply and
expiration dates should be done well before biomarker analysis is started [15, 16].
Protein-based reagents are often given an expiration date of one year, which pre-
sents problems for clinical trials that extend beyond a year. As a result, this would
require multiple lots of reagents to be purchased and used. It is incumbent upon the
bioanalytical scientist to evaluate multiple lots of reagents and determine if all lots
perform as the original lot of reagent. In addition to reagents, other critical supplies
such as assay plates, chips, and disposables fall into this category. Careful planning
will ensure that delays from back ordered items are minimized as much as possible.

Lot changes of critical reagents and supplies often impact the performance of the
assay, which can result in significant differences in reported biomarker results.
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Examples of this include differences in precoated plates such as streptavidin plates,
changes in lot of antibody, differences in the labeling of antibodies used to detect
the biomarker, or differences in purity of critical reagents such as peptides or
oligonucleotides. Instances where lot changes occur should be evaluated in bridging
experiments to assess the impact on biomarker assay performance and reported
results. This can be disruptive during a clinical trial that is dependent on biomarker
data for enrollment. Careful planning is needed to minimize the impact of avail-
ability and lot changes during the course of the trail.

Biomarker Data Handling

Analyzing biomarkers in clinical samples will generate data that is reported back to
the clinical team. Some level of evaluation must take place before sample analysis
begins. The handling and generation of clinical data must be compliant with good
clinical laboratory practices (GCP) [19], which are typically handled through
specialized software that protects patient identification, reported results, and other
important information in a secure manner. The transfer of biomarker data into
clinical databases is not trivial and can be the rate-limited step to getting data to the
clinical team. Data may need to be transformed into various formats such as text or
comma separated values (csv) before the data can be imported into clinical data-
bases. The final data should be checked for transcription errors that may have been
occurred during the transfer of data into the clinical database.

Commercial Biomarker Assays

The selection of a suitable biomarker assay for clinical sample analysis is some-
times easier when the assay is available as a commercial kit. The ability to purchase
a premade kit eliminates the need for assay development and simplifies the process
of reagent procurement. Commercially available kits provide prewritten assay
protocols, prepackaged reagents and supplies, and technical support from the kit
manufacturer all with a fixed cost. Commercial kits that have the required assay
performance needs provide an excellent and viable option for the clinical team.
However, there are several risks that come with selecting a commercial kit for
biomarker analysis [17]. Manufacturers of commercial kits often develop the kits
using laboratory buffers and not clinical matrices such as serum or plasma. These
kits require testing in the appropriate biological matrix before they can be reliably
used to support clinic sample analysis. There are kit manufacturers that recognize
this and have started to provide kit performance data in biological matrices. Clinical
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teams selecting commercial sources of biomarker assays should make sure the assay
can measure the biomarker in samples that are as close as possible to the clinical
samples taken from trial participants.

Biomarker Assay Validation

Once a suitable biomarker assay has been developed or acquired, the clinical team
should have the assay validated prior to use. The required performance character-
istics should be used to generate a validation plan. The amount of effort, time, and
performance characteristics tested for each biomarker assay is often referred to as a
“fit-for-purpose” validation plan [14]. In some cases where the biomarker data is for
informational or exploratory in nature, a minimal amount of validation may be
appropriate. In other cases, where the biomarker will be used as clinical surrogate
endpoints, used for enrollment or dosing decisions, or go/no-go decisions the level
of analytical validation should be advanced and more comprehensive. The data
generated during validation should be evaluated to ensure the assay meets the
performance requirements and provide useful data to the clinical team before the
assay is used in the clinical trial. The assay should also have run acceptance criteria
that are used throughout sample analysis to ensure the assay performance is con-
sistent. The performance of the assay throughout the sample analysis period should
be reviewed and used to define the clinical performance characteristics of the assay
for subsequent and future clinical trial use.

Selection of the Biomarker Laboratory

Selecting the right biomarkers and the best assays for a clinical trial should be done
with careful planning and evaluation. However, selecting the best laboratory to
perform the work is equally important. Several aspects of laboratory selection that
need to be part of the decision process include instrumentation, technical expertise,
SOPs, certifications, and cost. The majority of biomarker laboratories are equipped
with instrumentation for well-established technologies, but may not always have
newer technologies. Clinical teams should perform some level of laboratory qual-
ification to ensure the laboratory has the right instrumentation, maintains the
instrumentation in good working order, and keeps good maintenance records for the
instrumentation. The qualification process should also include a review of labora-
tory staff qualifications (training, education, and experience) to ensure the level of
expertise is present to run the assay correctly. Laboratories with experienced staff
are likely to solve technical issues more efficiently and identify potential problems
with the assay before they occur. Biomarker laboratories should have documented
SOPs and work practices in place to ensure consistency in running assays regardless
of the scientist performing the work.
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Laboratory Certification and Operational Practices

There are multiple types of certifications and practices that laboratories can acquire
or implement. Incorporating biomarkers into clinical trials may or may not require
laboratory certification. Thus, clinical teams should have a working knowledge of
these certifications and practices in addition to the requirements for biomarker
analysis. A few examples of these would be Good Clinical Practice (GCP) [19],
Good Laboratory Practice (GLP) [20], and certifications under the Clinical
Laboratory Improvement Amendments (CLIA) [21].

GLP is for laboratories conducting nonclinical laboratory studies, which do not
involve human subjects [20]. GLP ensures that all laboratory testing is performed
by qualified personnel in adequate facilities and supervision. The equipment has to
be well maintained, 21 CSF Part 11 compliant and calibrated prior to use. Written
SOPs must be in place and all work is fully documented to ensure traceability and
reproducibility. GLP also requires monitoring of the study by a separate, quality
assurance unit. Good Clinical Practice, or GCP, provides a standard for the design,
conduct, performance, monitoring, auditing, recording, analysis, and reporting of
clinical trials. GCP provides assurance that the data and reported results are credible
and accurate. Also, GCP provides assurance that the rights, integrity, and confi-
dentiality of the trial subjects are protected. In 1988, congress passed the clinical
laboratory improvement amendments (CLIA) [21]. CLIA establishes quality stan-
dards for all non-research laboratory testing performed on specimens derived from
humans for the purpose of providing information for the diagnosis, prevention,
treatment of disease, or impairment of, or assessment of health. Thus, if a biomarker
assay is to be used on human samples for the diagnosis, prevention, or treatment of
disease, the laboratory performing the assay would need to be CLIA certified and
hold a CLIA certificate that corresponds to the test being performed. Laboratories
that have a CLIA certification should have well-maintained instrumentation, doc-
umented training of staff, background information on staff, and have good docu-
mentation on reagents. Depending on the intended use of the biomarker, the lab
may be required to implement GLP or GCP practices, or obtain CLIA certification.

Clinical trials are essential tools in the drug development and approval process.
A significant amount of effort is needed to ensure a successful clinical trial out-
come. Biomarkers can be used to predict treatment outcome, adjust drug dosing
during the trial, verify targeted biological pathways, provide information of drug
safety and set subject enrollment criteria, all of which increase the success rate of
the clinical trial. Thus, the incorporation of biomarkers in clinical trials plays a
crucial part in the success rate of clinical trials and subsequently the drug devel-
opment process.
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Chapter Summary

1. There are many types and definitions of clinical biomarkers.
2. Sample collection and handling should be carefully planned to minimize the

impact on the measurement of the biomarker.
3. Assays used to measured clinical biomarkers should be evaluated with a

fit-for-purpose validation plan to ensure the assay is suitable for the clinical trial.
4. Biomarker laboratories should have the proper instrumentation, experience, and

work practices that are needed to support the clinical trial.
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