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Biomarkers are frequently being included in early-phase clinical trials. This article is meant to introduce
clinical investigators to the fundamentals of choosing a biomarker test for use in an early-phase trial.
Steps to consider are briefly outlined including defining the role of the biomarker in the early-phase
trial; selecting a fit-for-purpose biomarker test and laboratory; describing the test procedures; carrying
out analytical validation testing appropriate for the research objectives and the risk involved in the trial;
implementing the test in the trial; and planning for the future. Examples illustrate analytical validation
approaches in the context of typical biomarker roles. The importance of collaboration between clinical
investigators and laboratory researchers is emphasized.
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Biomarkers are playing increasingly critical roles in the development of new drugs and are therefore being incorpo-
rated earlier in the drug development pipeline – such as in early-phase trials. The FDA-NIH Biomarker Working
Group describes a biomarker to be “a characteristic that is measured as an indicator of normal biological processes,
pathogenic processes, or responses to an exposure or intervention” [1]. Biomarkers that are used in late phase trials are
typically better characterized in analytical validation studies to aid in more rapid deployment into clinical settings,
such as via an US FDA approved or cleared test. Biomarker tests differ from biomarkers in that a biomarker test
is the entire set of materials, assay and method for measuring a biomarker [1]. Although it is acknowledged that it
may not be feasible to have a fully validated biomarker test in an early phase setting – for example, Phase 0, I and
early Phase II trials – there are still several factors to consider when deciding whether a biomarker test is ready for
use within a trial. Many aspects of early-phase trials are designed on the basis of limited preliminary information
obtained from preclinical testing. Planning the use of biomarker tests in these trials calls for the same thoughtful,
step-wise approach as used to determine when a new therapeutic is ready for clinical evaluation.

Although clinical researchers design and lead academic clinical trials, laboratory researchers are the experts in
biomarker test development and implementation. Sometimes there is a lack of communication between study
clinicians and laboratory researchers leading to biomarker tests that may be poorly suited for use in the early-phase
trial in which they are being proposed. There have been many other efforts to describe and improve the process of
getting biomarkers ready for use in a clinical setting [1–7]. This document is not meant to provide an in-depth survey
of such efforts. Instead, the goal of this document is to introduce academic clinicians to key considerations for
incorporating biomarkers into early phase clinical trials, including discussion of biomarker test analytical validation
in the early phase setting. Preparing a biomarker test for routine clinical use or seeking a broad qualification would
require a more comprehensive and rigorous process than what is described here for use of a biomarker in very early
stages of drug development. The considerations described here are motivated by experiences with use of biomarkers
in early phase clinical trials supported by the US National Cancer Institute (NCI).

Overview of incorporating a biomarker into an early-phase trial
There are several important steps to prepare for use of a biomarker in an early phase clinical trial (Figure 1). These
steps are described in further detail in the following sections.
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Step 1: Define the role of the
biomarker in the trial

Step 2: Select a
fit-for-purpose biomarker

test and laboratory

Step 3: Describe the test and
operating procedures

Step 4: Carry out and report
analytical validation

appropriate for the purpose
and setting of trial

Step 5: Implement testing in
the trial

Step 6: Plan for the future of
the biomarker test

Figure 1. Steps to consider when incorporating a
biomarker into an early-phase trial.

Step 1
The first step when incorporating a biomarker into a clinical trial is determining what role it will play (Figure 1).
A variety of uses for biomarkers in clinical trials have been proposed [1,5,8–13]. The NCI makes a further broad
distinction pertaining to whether a biomarker is integral or integrated. Integral biomarkers are those that are
essential to conducting the study and must be performed in real time. Integrated biomarkers are those that are
associated with a high priority scientific question and for which there is a clear statistically testable hypothesis,
there are prespecified protocols for specimen collection, biomarker testing and statistical analysis, but the trial could
proceed without the biomarker. Exploratory biomarkers are all others – neither integral nor integrated [14–16]. In
general, integral biomarkers will require the most supporting data, while exploratory may require the least. The
following sections will focus primarily on integral biomarkers in early-phase trials, as they require the most scrutiny.
Three types of general uses of early phase biomarkers that will be the focus of discussion in the next section are
biomarkers that are used for study eligibility, as primary end points and as stratification factors.

Further distinction of the biomarker can help describe its intended use. A diagnostic biomarker is used to
determine the presence of a condition, disease or disease subtype [1]. A prognostic biomarker is used to indicate
a subset of patients for whom a clinical event is more (or less) likely [1]. In addition to diagnostic and prognostic
biomarkers, early-phase trials also frequently employ biomarkers as outcomes in target validation, early compound
screening, pharmacodynamic studies and as surrogate end points [8].

Carefully defining a biomarker’s use in the trial is sometimes overlooked or poorly communicated to laboratory
and statistical collaborators, which has implications later in trial development. Therefore, this is a juncture at which
the clinician, the laboratory researcher and the statistician must work together.

Step 2
Once the biomarker’s role in the trial is identified, it is critical to select a biomarker test that is fit for this role and
a laboratory that is equipped to perform it [3]. A test that is fit for one purpose may not be adequate for another.
For example, an immunohistochemistry test that can provide a binary distinction between biomarker positive and
negative cases to determine eligibility for a trial may not have the precision or sensitivity required to measure small

934 Bioanalysis (2018) 10(12) future science group



Biomarkers in early-phase trials Perspective

quantitative differences in biomarker expression. A biomarker test that has been developed on one type of sample
may need significant adaptation to perform successfully on another.

This step requires clear and extensive communication with the laboratory so that expectations are understood
and requirements can be met. Will a Clinical Laboratory Improvement Amendments (CLIA)-certified laboratory
be required, so that results can be returned to patients [17]? Alternatively, does the trial require reliable quantitative
assessment of a pharmacodynamic end point by means of a test that has already undergone extensive validation in
a suitably equipped research laboratory? Investigators without laboratory experience sometimes underestimate the
length of time and the resources required to bring a biomarker test to readiness.

Step 3
The next step is to carefully define the biomarker test and the laboratory operating procedures for performing it
(Figure 1). The clinical investigator’s main role in this step may be to choose a laboratory with previous experience
running the test and to include test specifics in the study protocol. For pharmacokinetic and pharmacodynamic
assays, it is advisable to seek out laboratories that are already equipped and experienced with the desired type of
assay. Other uses of biomarkers such as for patient eligibility determination or stratification might make use of less
mature assays because less is known about the relevance of the biomarker for the investigational drug. While this
step primarily involves input from laboratory collaborators, it is important that the primary clinical investigator
understand basic considerations of describing sample collection and test procedures, as they may have significant
impact on performance of the test [18].

There are many important factors that may affect how the test performs. Therefore, it is best to fully describe the
test, including aspects such as the target analyte, specimen type, pre-analytic processing, platform, test components,
positive and negative controls, where the test will be performed, and the scoring procedure/cut-points of the
test [18–20]. The scoring procedure may be quantitative (e.g., continuous biomarker value proportional to a reference
standard), semiquantitative (e.g., an underlying continuous measurement that is not proportional to a reference
standard to which a cut-off is applied to report results in two or more categories such as low/intermediate/high
values), or qualitative (e.g., binary – positive/negative) [3,4]. For tests such as omics tests that involve mathematical
models or algorithms for prediction or classification, additional aspects must be described to fully define the test,
including methods of data normalization, bioinformatic processing and the model or algorithm required to combine
various omics features to obtain the test result [21,22].

At a minimum, the clinical protocol must provide instructions for the trial sites for the collection, handling and
processing of the specimens for the assay, so that the pre-analytic requirements are met by the time the materials
arrive at the laboratory [23]. The protocol and its informed consent must also describe the purpose of the assay in
the trial and its limitations, so that Institutional Review Boards and participants can understand any risks posed
by use of the test [23,24]. Risks may be interpreted broadly to include risk inherent in collection of the specimen
needed to run the test as well as risk if the test result is incorrect. It is also advisable to include an appendix or
separate laboratory manual that describes the assay in more detail. An integral biomarker assay is just as important
a component of the trial as the investigational treatment [25]. As a guiding principle, investigators should ask: “If
the current trial is successful, could a second qualified laboratory perform the same test and find the same group of
patients or provide results comparable to those obtained in this trial?”

Step 4
Analytical validation refers to the process of establishing the performance of the biomarker test [1]. For early phase
clinical trials, biomarker test analytical validation should be performed to justify that the test can obtain a result
with sufficient accuracy and reliability to reasonably mitigate risks involved in use of the test for the intended
purpose that was defined in Step 1 (Figure 1).

Table 1 defines several important analytical validation performance characteristics, along with the information
that should be provided from validation studies to support each one [26]. It is important to emphasize that analytic
validation studies should be performed on test samples that resemble as closely as possible the specimen types that
will be obtained from the trial and should cover the entire range of values to be expected in the early-phase trial.
Although there is no substitute for performing test runs on samples as similar as possible to those that will be
obtained on the trial, in the setting of a rare cancer, it may be difficult to obtain such samples. In this case, it may be
appropriate to consider what other approaches might be used to show that the test is adequate for use in the trial,
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Table 1. Early phase biomarker test analytical validation definitions and recommendations.
Validation factor Definition Supporting information

Accuracy “The closeness of agreement between the test results
obtained using the new biomarker test and results obtained
using a reference standard method widely accepted as
producing ‘truth’ for the analyte. . . The observed level of
agreement will depend on both the bias and precision of
the new test” [26]

– Fully describe the reference standard. When no reference
standard exists, describe the nonreference standard employed
– Describe the type and source of the samples (e.g., patient
samples vs contrived, number of samples that are positive or
negative for the clinical condition of interest)
– Describe summary measures for the study (scatter plots, average
bias, mean squared deviation for continuous data; 2 × 2 tables,
overall percent agreement, sensitivity and specificity for binary
data) and maintain raw data
– Measurements of precision are discussed below [26]

Bias “The amount by which an average of many repeated
measurements made using the new test systematically over-
or underestimates the reference standard method
result” [26]

Repeatability Precision of the biomarker test under essentially unchanged
conditions (‘within-series precision’ or ‘within-run
precision’) [26]

– Describe the study design (number of replicates, number of
samples, number of factors considered and number of that factor
included, range of assay values studied)
– Describe the type and source of the samples (e.g., patient
samples vs contrived, number of samples that are positive or
negative for the clinical condition of interest)
– Describe summary measures for each sample (mean, SD and CV%
for continuous data; overall, positive and negative percent
agreement for binary data) and maintain raw data. Test results
should be summarized according to the output that will be used in
the trial. Binary tests with underlying quantitative or
semiquantitative data (e.g., imaging tests) should also provide
quantitative or semiquantitative analyses when possible [26]

Intermediate precision Precision of the biomarker test when there is “variation in
one or more factors, such as time, calibration, operator and
equipment – usually within a laboratory” [26]

Reproducibility Precision of the biomarker test between laboratories that
also “relates to changes in conditions such as different
operators and measuring systems (including different
calibrations and reagent batches)” [26]

LoD “The smallest amount of analyte that an analytical method
can detect with a specified probability” [26]

– Further discussion of LoD can be found elsewhere [27,28]

LoQ “The smallest amount of an analyte in a sample that can be
quantitatively determined with acceptable precision, and
trueness as measured by bias” [26]

– Further discussion of LoQ can be found elsewhere [27,28]

Linearity “The ability to provide measured quantity values that are
directly proportional to the value of the measurand in the
experimental unit” [28]

– Further discussion of linearity can be found elsewhere [28,29]

LoD: Limit of detection; LoQ: Limit of quantitation.

such as testing in contrived samples followed by a feasibility biomarker study in a subset of the samples accrued
early in the trial.

To give better intuition as to what analytical performance characteristics are most critical for a given biomarker
purpose, additional discussion and examples are provided in Section 3.

Step 5
Once the test has been deemed adequate for the purpose within the early-phase trial, it can be implemented in the
trial according to the test procedures defined in Steps 2 and 3 (Figure 1). During the trial, it may be advantageous
to collect and retain specimens for future retrospective analyses. For example, these specimens may later be used
retrospectively to assess hypotheses with new biomarker tests or to bridge an improved version of the biomarker
test to the previous one [30,31].

Step 6
Next, it is advantageous to consider how the biomarker may be used in the future to be prepared should the
biomarker test advance to use in a new trial or clinical setting (Figure 1). After trial completion, the study team
should convene to assess whether the trial confirms hypotheses related to the biomarker, and whether a future trial
incorporating the biomarker may be warranted. In early-phase trials, it is useful to be clear as to whether a biomarker
is being used primarily to answer questions about the drug (Is the target engaged? Are the pharmacodynamic effects
as expected?) versus clinical questions about the patient (Is this person’s type of tumor more likely to respond?).
These two kinds of questions call for different laboratory approaches and have very different implications for
the future of the biomarker test. In early-phase trials, it is often possible to obtain specimens under specialized
conditions meeting the stringent requirements of pharmacodynamic tests for quantitative changes in labile analytes.
Tests planned for use in large, later phase trials or for development as FDA-approved in vitro diagnostic devices
must perform adequately on materials collected during routine clinical care and often with the assay performed
in multiple laboratories. Although investigators often look to the future in terms of drug/therapy development,
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frequently insufficient attention is devoted to biomarkers, leading to inadequately developed biomarker tests in late
phase trials or delays in drug development while waiting for analytical validation of an integral biomarker.

Therefore, if the same biomarker may be used in a later phase trial or in a more important role (e.g., moving the
biomarker from integrated to integral), it may be of interest to continue to develop the biomarker test. For a later
phase trial, the test may need to undergo more extensive analytical validation to ensure that it will perform well in
a multicenter setting or to meet regulatory requirements (e.g., FDA and CLIA). Any changes to the test to improve
its analytical performance might require that new analytical validation studies be performed. Similarly, in a later
phase trial where the biomarker test might be returned to the physician and/or patient, the test will have to be
run in a CLIA-certified laboratory. However, because each laboratory will have its own test specifics and operating
procedures, all analytical validation might need to be redone.

Examples: deciding whether biomarker analytical results are acceptable for the proposed trial
The scope of analytical validation required will depend on the purpose that the biomarker serves in the trial. The
following examples illustrate matching the scope of analytical validation studies to the biomarker’s role in the
early-phase trial (Step 4) and how to avoid choosing an inappropriate biomarker test. A common thread through
all the examples is the need to acquire preliminary data on the performance of the test as it will be used in the trial
to verify that it will be fit-for-purpose.

Study eligibility
A biomarker test that is used to determine study eligibility delivers a binary result, although it can be based on
underlying semiquantitative or quantitative measurement with a cut-point to determine study eligibility. Studies
of accuracy and precision are particularly of interest when considering whether the biomarker test’s analytical
performance is sufficiently good to mitigate the risk in determination of patient eligibility for the trial.

Evaluation of the accuracy of the biomarker test is important both for patient safety and for demonstration
of efficacy of the agent under study. In terms of patient safety, a false positive test result will expose patients to
unnecessary and ineffective treatment, while a false negative result will withhold potentially effective treatment.
Depending on the clinical risks of the study agent, false positive and false negative tests might not have equal
importance. For example, a false positive test result might be concerning when the treatment has high toxicity and
there is evidence that the drug will not work in the biomarker negative population. In some early-phase trials, a
false negative test result may pose less risk when the only consequences are that it unnecessarily screens the patient
away from the investigational treatment.

An inaccurate biomarker test used for eligibility will also impede the ability of a trial to show efficacy of the
drug, compared with a highly accurate test. Consider an example of a binary test where the presence of a specific
mutation is required for eligibility in a Phase II-targeted therapy cancer trial because there is evidence that the
targeted therapy only works for patients with that mutation. If the test yields 25% false positive results, then 25%
of patients eligible for the trial are undergoing potentially toxic treatment that will not work for them, which is a
patient safety concern. In addition, suppose this agent yields a response rate of 35% in patients who truly have the
mutation of interest, but no patients whose tumors do not carry the mutation respond. With this inaccurate test,
the response rate will be diluted by 25% due to the presence of patients with false positive mutations – yielding an
observed response rate of only 26% (=100% × 0.35 × [1–0.25]), and therefore reducing the chance that the trial
will be positive.

Analytical validation studies should be carefully designed to consider a case mix that mimics the range of
biomarker values that is expected in the clinical trial. For a binary biomarker test, agreement studies should report
results separately for true positive and true negative samples. To illustrate these points, consider a binary test for
study eligibility that is based on an underlying continuous measurement. This test can report within the range
of 0–10, but patients with the disease in question are entered into the study only if they have a biomarker test
result >5. An intermediate precision study was completed on ten contrived (nonpatient) samples. Each sample was
split into two aliquots with the two aliquots run on different days by different operators. Investigators concluded
that the test was adequately precise based on a reported 90% concordance (same side of cut-point 5) between
measurements obtained on different days. Results of the experiment are presented in Figure 2. For each sample, the
average biomarker test score (averaged between the two operators) is depicted by a closed circle if the two operators
agreed and by an ‘X’ if the two operators disagreed, where agreement is based on both operators observing results
on the same side of the cut-point 5. When defining sample positivity/negativity based on this average value, we see
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Figure 2. Results from an intermediate precision study
involving two operators evaluating replicate samples
from each of ten contrived (nonpatient) specimens. For
each specimen, the average biomarker test score
(averaged between the two operators) obtained on the
replicate samples is depicted by a closed circle if the two
operators agreed and by an ‘X’ if the two operators
disagreed, where agreement is based on both operators
observing results on the same side of the cut-point 5. A
separate study looked at the range of the biomarker in
11 patients with the disease of interest, which is
depicted by the histogram in gray.

that 100% (8/8) of negative samples were concordant, while only 50% (1/2) positive samples were concordant.
The 50% concordance in positive samples was masked when reporting the overall concordance (90%). Because
negative and positive test errors may have different risks depending on the use of the biomarker in the trial, it is
important to report concordance in negative and positive samples separately [32]. In this example, it also may be
informative to complete another study with more positive samples and more operators to better understand the
pattern of discordance in those samples. It would be important to determine whether the 50% concordance in
positive samples was an aberration due to the small number of positive samples in the study, or whether the positive
concordance truly was poor.

Because this study was completed in contrived samples, a separate study looked at the range of the biomarker
in 11 patients with the disease of interest, which is depicted by the histogram in gray (Figure 2). This study
found that patients with the disease of interest had biomarker values between 3 and 9. The precision study used
samples that were mainly outside this expected range in patient samples, which is problematic because it did not
allow examination of test variability at the ranges expected in the early-phase trial. In addition, because most of
the samples that were used in the first study were further from the cut-point, they would be easier to call, which
potentially led to overly optimistic estimates of day-to-day (operator-to-operator) concordance.

Primary end point
Biomarker tests that are used as primary end points – for example, as surrogate end points, monitoring biomarkers
or pharmacodynamic biomarkers [1] – are often continuous markers, and are frequently described by their absolute
value or in measurements relative to a baseline value. Depending on the proposed use of the biomarker test in the
early-phase trial, it may be important to consider test precision, bias, linearity and limit of detection/quantitation,
as described below. Just as the statistical plan for a protocol will include a calculation of the trial’s statistical
power to detect an effect on the prespecified clinical end point, responsible planning for the use of a biomarker
test to evaluate a primary protocol objective requires demonstration that the assay is capable of reliably detecting
the biomarker-based outcome of interest. For example, if the outcome of interest is a change in the level of an
intracellular protein following treatment, does the biomarker assay have the necessary analytic sensitivity, precision
and dynamic range to detect that change if it occurs? It will not be possible to demonstrate this without some
preliminary data on the magnitude of the expected change, the baseline distribution of expression levels before
treatment and the variability inherent in the biomarker measurement process.

Precision study design and performance goals should be chosen relative to their purpose in the early-phase trial.
For example, suppose an early phase study’s primary end point is to detect a 20-unit increase in biomarker value
between baseline and post-treatment measurements within a given patient. Because the test will be interpreted by
different observers, investigators complete an intermediate precision study with three separate observers running
the test in its entirety in samples from ten different patients. Each patient specimen was split into three samples
for independent analysis by the three observers. Figure 3A & B illustrates hypothetical results of the precision
study, where each set of three vertically stacked, horizontally aligned points represents the readings from the three
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Figure 3. Interpretation of results from observer-to-observer intermediate precision studies (three observers)
depends on the purpose of the biomarker in the trial. Each of ten patient specimens was split into three samples for
independent analysis by the three observers. Each set of three vertically stacked, horizontally aligned points
represents the readings from the three different observers (y-axis) for a given patient (x-axis represents reference
standard value for each patient). Brackets indicate a 20-unit decrease to 20-unit increase in biomarker value. (A)
(Left): the biomarker must be adequately precise to call a 20-unit increase in biomarker value; however, it is not
possible to distinguish between interobserver variability and a true 20-unit increase. (B) (Right): the biomarker must
be adequately precise to call a 20-unit increase in biomarker value. Results of the precision study indicate that this
biomarker can generally distinguish between interobserver variability and a 20-unit increase.

different observers (y-axis) for a given patient (x-axis represents reference standard value for each patient). Brackets
mark a 20-unit decrease to 20-unit increase at each reference standard value. In Figure 3A, interobserver variability
is high. In fact, it was common for observers to call biomarker values beyond a 20-unit difference from the
reference standard value, indicating it is not possible to distinguish between interobserver variability and a true
20-unit increase with this test. In Figure 3B, interobserver variability is much lower, indicating that it is possible
to distinguish a 20-unit increase in biomarker test value. In this study, it is also important to note that the primary
end point (20-unit increase in biomarker test value) was chosen based on previous preclinical data. This example
illustrates the necessity of understanding the analytical performance of the biomarker assay and how the required
performance depends on the role the biomarker will play in the trial.

In addition, analytical precision study reports should carefully describe the study design and levels of replication,
and the results must be analyzed consistent with the study design. Levels of replication refer to the points from
which the biological sample preparation or technical precision testing occurs. There may be several different levels
of replication represented within a single precision study; these generally represent different steps in the sample
preparation and assay procedure. For example, Geschwind describes general steps that occur in cDNA microarray
experiments, which include, among other factors, steps for sample preparation, RNA extraction, fluorescent labeling,
hybridization to the array and image scanning [33]. An intermediate precision study in which only one extraction
is performed to create a single RNA batch from which aliquots are assayed on five different days will produce a
smaller estimate of variability than a study in which independent RNA extractions are performed on each day. Any
time more than one level of replication is present in a precision study, the statistical analysis of the data generated
must properly account for the hierarchy of replication levels, for example by use of variance component models that
can partition total variability according to contributions of variability from the various levels of replication [34,35].
When reporting precision estimates from such studies, it is also important to clearly describe the sources of variation
represented.

The linear range of the assay refers to the portion of the assay reportable range for which linearity has been
experimentally demonstrated. Ideally, linearity is established by demonstrating proportionality to values obtained
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Figure 4. A linearity study shows observed biomarker
test values (y-axis) against the known amount of
analyte as calculated by the dilution scheme (x-axis).
Squares designate values observed in the linearity study,
with a best-fit line (solid line). Based on the observed
data, investigators concluded the test had acceptable
linearity. A dashed line connects points (denoted by an
‘X’) that would have been observed if investigators had
continued the dilutions below 2. Because biomarker
values in the target clinical population often fall in the
lower end of the range (below 2), the test would not be
adequate for interpreting biomarker change values in
the early phase clinical trial.

using a reference standard method for measuring the true amount of analyte in a sample (Table 1). In the absence of
an accepted reference standard assay method, it might be possible only to demonstrate proportionality maintained
in a dilution series of samples. Linearity is important to consider when proportional changes in the biomarker
test are of interest. For example, Figure 4 illustrates a hypothetical small linearity study. Investigators made five
dilutions of a sample with a known high amount of biomarker analyte, and reported the observed biomarker test
values (y-axis) against the known amount of analyte as calculated by the dilution scheme (x-axis) as represented
by the solid line and squares. Because these points formed a linear relationship for the points considered (x-values
between 2 and 5), investigators determined the test had acceptable linearity. However, the biomarker test values
often fall between 0 and 2 in clinical samples from the population of interest. Dashed lines connect points that
would have been observed if investigators had continued the dilutions below 2. As can be seen, a 1-point increase
in test score between 2 and 3 or 4 and 5 can be interpreted the same with respect to the reference standard, while
a 1-point increase between 1 and 2 cannot be interpreted similarly. In fact, the test may not be able to report any
values as low as 1. Because the test is not linear in this important range, the test would not be adequate for this
early phase study. Although not discussed in detail here, it is also sometimes important to characterize the limit of
detection when it is important to interpret values at the low end of the test [27,28].

Stratification factor
Some early phase studies enroll patients regardless of biomarker value but plan primary analyses to determine
the effect of the investigational drug separately within strata defined by values of the biomarker. Assay analytical
performance considerations overlap with those for biomarkers used for eligibility determination (because there is
a cut-point) and for primary end points (because often there is an underlying continuous biomarker value). As
discussed for the other uses of biomarkers, things may go awry if the biomarker has poor analytical performance.
Estimates of treatment effects of the investigational drug for different biomarker-defined subgroups may be seriously
distorted if the biomarker is poorly measured.

For example, consider a study where a primary goal is to test the difference in response rates between patients
with positive versus negative biomarker test values, as defined by a cut-point. Suppose that using the reference
standard measurement (assumed 100% accurate), the response rate is 0.1 in the biomarker negative subgroup, and
0.4 in the biomarker positive subgroup, yielding a difference in response rates of 0.3 using the reference standard.
The observed difference in response rates are diluted to 0.24, 0.18, 0.12 and 0.06 (=0.3 × [1 – False Positive Rate
– False Negative Rate]) when the percentage of false negative and false positive results are equal at 10, 20, 30 and
40%, respectively [7]. Therefore, a study that does not take level of biomarker assay inaccuracy into account may
be underpowered for this primary goal due to a diminished apparent effect size, while a study that does take it
into account will require significantly larger sample size if there is a large amount of inaccuracy in the chosen test.
Although not discussed in detail here, observed effects will also be diluted when an inaccurate test is used in a
randomized trial where the goal is to assess the biomarker-by-treatment interaction [36].

Cut-points are often used to determine stratification groups (e.g., positive or negative) when a biomarker test
is quantitative or semiquantitative. Ideally, a cut-point for a study should be predefined based on preliminary
data, when available. Use of different cut-points may alter conclusions about strength of association between the
biomarker and treatment effect, as shown in Figure 5. Figure 5 demonstrates how moving a cut-point can produce
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Figure 5. Moving a cut-point can produce different conclusions from observed data. The vertical dashed lines A and
B indicate two possible choices of cut-point. Points falling to the right of a dashed line indicate a positive test result,
while points falling to the left are negative. With cut-point A, the median, the response rate in the test positive group
is 8/15 = 53% while the response rate in the test negative group is 2/15 = 13%, yielding a difference in response rate
of 40%. Using cut-point B, the response rate in the test positive group is 7/9 = 78% while the response rate in the test
negative group is 3/21 = 14%, yielding a larger difference in response rate of 64%.

different conclusions from observed data. The vertical lines A and B shown in Figure 5 indicate two different
cut-point selections; points falling to the right of a dotted line indicate a positive test result, while points falling to
the left are negative. With cut-point A, the median, the response rate in the test positive group is 8/15 = 53% while
the response rate in the test negative group is 2/15 = 13%, yielding a difference in response rate of 40%. Using
cut-point B, the response rate in the test positive group is 7/9 = 78% while the response rate in the test negative
group is 3/21 = 14%, yielding a larger difference in response rate of 64%. Because different cut-points can yield
vastly different results for any given dataset, it is problematic to choose a cut-point after assessing the observed data,
as results of the same magnitude will not be reproducible in future studies [37]. Although a summary of various
cut-point selection methods are beyond the scope of the present discussion, there are a number of methods to
choose cut-points [38–40]. Furthermore, if preliminary data are not available to justify the use of a specific cut-point,
the decision to stratify the analysis may be premature [26].

Molecular signatures that combine information from high-dimensional biomarker data (e.g., genomic, proteomic
or metabolomic data) to stratify patients into groups are a type of biomarkers that are often used as stratification
factors [21,22]. For integral aims, it is important to utilize a signature that can be applied to a single patient’s sample,
as methods that rely on processing multiple patient samples at once for normalization purposes cannot be used in
a clinical setting as patients are accrued, and their samples are analyzed, one at a time.

Conclusion & future perspective
We presented a discussion of the steps to consider when preparing a biomarker for use in an early phase clinical trial
of an investigational therapy. Emphasis was given to tailoring the biomarker test analytical validation requirements
to the role that the biomarker will serve. In order to devise a biomarker test analytical validation plan, some minimal
information about the biomarker and its association with outcome in the context of the new therapeutic is needed.
We acknowledge that in some situations it may simply be premature to use a laboratory test as an integral biomarker
in a clinical trial if the necessary preliminary data do not exist. The trial itself may offer the first opportunity to
acquire the information that will permit development of a fit-for-purpose assay for a subsequent trial by using the
test in an integrated or exploratory fashion. Nevertheless, it is important even in these more preliminary settings
to ensure that the essential data are collected during the trial to support moving the biomarker forward if the
investigational therapy looks promising.

Clinical validation of the biomarker – the process that establishes in clinical samples that the biomarker test
identifies its concept of interest [1] – was not discussed at length, but is an important topic itself. For example, for
biomarkers that are meant to identify subgroups of patients (or distinguish individuals with a disease from those
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without), there are many considerations that can greatly affect study conclusions including obtaining an unbiased
sample of the populations of interest and external validation or cross-validation of the subgroups [19].

Investigators may find helpful the materials developed by the NCI that provide guidance about information
required to support use of biomarker tests in early-phase trials, including a checklist for early phase biomarker
tests [41], as well as separate checklists for tests of DNA-based in situ hybridization (FISH/CISH), immunohisto-
chemistry and DNA-based mutation tests [20]. Additional NCI-provided references may also be valuable in this
setting [14,15,26,42]. The discussion here was geared toward clinicians with limited laboratory experience aiming
to incorporate biomarkers into early-phase trials with the goal to bridge the gap between clinical and laboratory
investigators’ understanding of biomarker development. Collaboration between principal clinical investigators and
laboratory researchers is key to successful inclusion of biomarkers in early-phase trials. Working together, the re-
search team will be more likely to choose a biomarker test that advances superior treatments and leads to improved
patient outcomes.

Executive summary

• To introduce academic clinicians to key considerations for incorporating biomarkers into early phase clinical trials,
including discussion of biomarker test analytical validation in the early phase setting.

Overview of incorporating a biomarker into an early-phase trial
• Define the role of the biomarker in the trial.

• Select a fit-for-purpose biomarker test and laboratory.

• Describe the test and operating procedures.

• Carry out and report analytical validation appropriate for the purpose and setting of the trial.

• Implement testing in the trial.

• Plan for the future of the biomarker test.
Examples: deciding whether biomarker analytical results are acceptable for the proposed trial
• Examples demonstrate that the scope of analytical validation required will depend on the purpose that the

biomarker serves in the trial.
Conclusion/future perspective
• Collaboration between principal clinical investigators and laboratory researchers is key to successful inclusion of

biomarkers in early-phase trials.
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