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Abstract 

This conference report summarized a full-day workshop, “best practices for the development and fit-for-purpose 
validation of biomarker methods,” which was held prior to the American Association of Pharmaceutical Scientists 
(AAPS) PharmSci360 Congress, San Antonio, TX, November 2019. The purpose of the workshop was to bring together 
thought leaders in biomarker assay development in order to identify which assay parameters and key statistical 
measures need to be considered when developing a biomarker assay. A diverse group of more than 40 scientists 
participated in the workshop. The workshop and subsequent working dinner stimulated robust discussion. While a 
consensus on best practices was not achieved, some common themes and major points to consider for biomarker 
assay development have been identified and agreed on. The focus of this conference report is to summarize the pres‑
entations and discussions which occurred at the workshop. Biomarker assay validation is a complex and an evolving 
area with discussions ongoing.
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Introduction
The importance of biomarkers in decision-making during 
drug development continues to increase (Menetski et al. 
2019). A variety of biomarker modalities are employed 
during various phases of drug development. Protein bio-
markers are commonly used for a wide range of indica-
tions during the development of new drugs, including, 
but not limited to, providing initial mechanism-of-action 
and proof-of-concept data, to support dose selection for 
clinical development, or the recommended clinical dose 
in the product labeling (Wang et al. 2019). Cellular bio-
markers have become critical components in the devel-
opment of novel immune therapies for oncology, cell and 
gene therapies, infectious diseases, and vaccines (Sant 

et al. 2017). In clinical laboratories, both protein and cel-
lular biomarkers are used to establish a diagnosis and/or 
prognosis.

The term “fit-for-purpose” method validation first 
appeared in a publication from the AAPS Ligand Bind-
ing Analytical Focus Group in 2006 (Lee et  al. 2005). 
This term has come to mean that assays should be vali-
dated as appropriate for the intended use of the data and 
the associated regulatory requirements. If the intended 
use of the data changes, any additional validation that 
may be required should be conducted using an iterative 
approach (Lee et al. 2005; Jani et al. 2016; Lee et al. 2006). 
More recently, the term “context-of-use” (COU) has been 
applied to define the fit-for-purpose expectations for the 
validation of the assay (Piccoli et al. 2019).

The pharmaceutical community and regulatory agencies 
have accepted the term “fit-for-purpose” method valida-
tion, which appears in the 2018 Guidance for the Industry 
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(Islam et  al. 2018; Piccoli and Garofolo 2018). Nonethe-
less, to date, there is no consensus on the best practices 
for assay development or standardized validation require-
ments for biomarker assays based on the COU using the 
fit-for-purpose approach. In an attempt to move closer 
to such a consensus, a full-day workshop, “best practices 
for the development and fit-for-purpose validation of bio-
marker methods” was held prior to the American Asso-
ciation of Pharmaceutical Scientists (AAPS) PharmSci360 
Congress, San Antonio, TX, November 2019.

The purpose of the workshop was to bring together 
thought leaders in biomarker assay development from 
the pharmaceutical industry, contract research organi-
zations (CROs), and the Food and Drug Administration 
(FDA) to discuss best practices. The workshop put an 
emphasis on identifying which assay parameters and key 
statistical measures need to be considered when devel-
oping a biomarker assay. The discussion addressed ques-
tions such as whether minimum validation standards can 
be established and if so, should they be established. The 
focus was on ligand binding and flow cytometry-based 
assays. More than 40 scientists participated in the work-
shop, which included presentations, breakout discussion 
sessions, and a working dinner for additional discussion.

A pre-workshop survey was distributed which 
received 41 responses. The initial questions in the 
survey were aimed at gathering general demographic 
data about the respondents, regulatory settings, and 
biomarker experience (Fig.  1, Figs. S1, S2, S3). Most 
of the respondents (61–66%) were evaluating solu-
ble protein or cellular biomarkers, whereas only 37% 
were evaluating molecular targets. GCLP and GLP 
were the most common regulatory settings for con-
ducting biomarker validation (35% and 33%, respec-
tively) while 17% were conducted under CAP/CLIA, 
4% GMP, and 11% other or non-regulated (Figs. S1, 
S2, S3). Regarding the important parameters to 
address during validation, the respondents were 
mostly in agreement, with greater than 60% select-
ing precision and accuracy, parallelism, stability, and 
specificity (Fig. 2). Moreover, 75% of the respondents 
agreed that there should be a minimum standard for 
validation (Fig. 2). Nonetheless, during the workshop 
itself, there was less agreement on this point, and 
while everyone agreed that the COU would be the 
primary driver of the validation design, consensus on 
the value of and how to set minimum standards was 
not reached.

Fig. 1  Pre-workshop survey—demographics of respondents. The distribution of workplace (A) and job title of the 41 survey respondents (B)
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Workshop presentations
The first speaker in the workshop was Dr. Lakshmi 
Amaravadi, who focused on the impact of biomarkers on 
drug development, and the importance of understand-
ing how the COU will inform appropriate assay develop-
ment, assay validation, and ultimately data interpretation 
(Piccoli et al. 2019). She discussed important parameters 
to consider when establishing the COU (Table  1). The 
importance of understanding the limitations of the tech-
nology as well as the assay systems used in the validation 
was highlighted. In addition, when selecting a technology, 
the biomarker scientist needs to determine what assay 
sensitivity will be required for the particular biomarker. 
Other categories that were highlighted by Dr. Amaravadi 
include the stage of development the biomarker will be 
used in and how the biomarker will be used (safety, diag-
nostic, etc.). Goodman et  al. discuss in-depth various 
aspects to consider when establishing the COU and pro-
vide a broad set of questions a biomarker scientist should 
address when defining the COU (Goodman et al. 2020).

Dr. Amaravadi also addressed the importance of pre-
analytical variables, which are too often overlooked, yet 
can have a significant impact on assay performance and 
ultimately impact the final results considering that sam-
ples in clinical trials are typically collected at global sites 
and shipped to the testing facility. Included in this report 
is a list of potential pre-analytical variables which could 

affect the biomarker measurement (Table  2). This list is 
included primarily to provide points to consider; not all 
of these variables will impact every biomarker. Moreover, 
it is important to emphasize that the biomarker scientist 
must consider all potential pre-analytical variables and 

Fig. 2  Pre-workshop survey—key criteria for validation method. A large majority of the 41 survey respondents (75%) pronounced in favor of 
establishing a minimal requirement for method validation (center graph). The respondents also indicated the key validation criteria which should 
be included in a method validation (outer ring, shown as the percentage of total respondents). Of note, for protein biomarker assay (ligand binding 
and mass spectrometry), accuracy is often referred to as relative accuracy given that calibrators composed of recombinant protein are not typically 
identical to the endogenous biomarker, thus the concentration is relative to the specific assay used. However, the survey did not highlight this 
point. For cellular biomarkers, accuracy is even more challenging due to the lack of appropriate cellular reference materials for multiparametric flow 
cytometry

Table 1  Categories for considerations when establishing 
context of use. Multiple factors need to be considered when 
establishing the biomarker assay context of use

Drug development phase Discovery

Pre-clinical

Clinical development

Post-marketing

Assay context Analyte

Technology

Critical reagents

Pre-analytical factors

Biomarker type Pharmacodynamic

Safety

Enrollment

Monitoring

Susceptibility/risk

Predictive

Prognostic

Diagnostic
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determine if they could have an effect on the biomarker 
measurement; there is no one-size-fits-all approach. In 
his presentation, Mr. John Allinson organized pre-ana-
lytical variables as either controllable or uncontrollable 
(Table 2). Controllable variables are those which the bio-
marker scientist has influence such as the matrix, speci-
men collection, processing, and transport procedures. 
For example, many biomarkers are secreted by acti-
vated platelets or are affected by the anticoagulant such 
as VEGF. An in-depth discussion of the considerations 
related to matrix selection is reviewed in a publication by 
Mathews et  al. (2020). By contrast, uncontrollable vari-
ables are variables which are characteristic of the patients 
or study population such as gender and age, which would 
not be controlled by the specimen collection, processing, 
and transport procedures; nonetheless, the biomarker 
scientist must take these variables into account. For 
instance, when designing a trial, it may be known that the 
biomarker of interest is affected by obesity; thus; within 
the trial, obesity may be included as an exclusion crite-
rion or the clinical team may want to ensure that those 
who are obese are balanced across the various study 
groups. Dr. Amaravadi also reviewed publications which 
discussed the importance of different pre-analytical vari-
ables; how samples are collected, processed, stored, and 

transported; and the need for standardization (Hu et al. 
2015; Dakappagari et  al. 2017). One publication from 
Hu et  al. demonstrated how different protocols of sam-
ple processing impacted the results in CSF beta-amyloid 
measurements (Hu et al. 2015; Dakappagari et al. 2017).

The lack of true reference standards was also empha-
sized as a critical limitation for both protein biomarker 
assays and cell-based assays. The differences between 
recombinant protein calibrators used in protein bio-
marker assays and the endogenous biomarkers were 
discussed as was the need to use endogenous quality 
controls (QCs) instead of recombinant material for sta-
bility determination and assay performance monitoring 
(Cowan et al. 2017). Understanding the limitations of the 
validated assay is critical when deploying the assay and 
interpreting the data.

Dr. Lauren Stevenson’s presentation “No Context, No 
Assay – Biomarker Assay Validation Demands Context 
of Use” emphasized the need to establish a foundational 
understanding of COU with cross-functional partners, 
project teams, and the broader scientific organization 
(Stevenson 2019). This presentation clarified that broad 
terms such as “exploratory endpoint” do not constitute 
a COU and instead emphasized that COU is the specific 
purpose in “fit-for-purpose.” In addition, the selection of 

Table 2  Potential pre-analytical variables*

*Adapted from John Allinson’s presentation

Potential pre-analytical variables in the measurement of biomarkers in biological fluids

Controllable Uncontrollable

Collection technique
    • Hypodermic needle gauge and speed of draw.
    • In-dwelling catheter—washouts are important!
    • Order of draw with multiple tubes—anticoagulant contamination.
    • Stasis (tourniquet).
    • Sampling during infusion—time and site.
    • Blood volume per tube—variation of additive concentration.
    • Mixing technique—no shaking, use inversion.
    • Positional effect—supine vs. erect.

Timing and physiological at sample collection
    • Time of day of collection (circadian rhythm), urine—first void vs. midstream, random vs. 12/24h
    • Hydration status
    • Fasting or non-fasting status—lipemia
    • Menstruation
    • Stress (needle phobia, etc.—limited control possible)
    • Time point relevant to expected change—e.g., lag times for pharmacodynamic effects

Sample processing
    • Matrix selection (collection tube type) (Dakappagari et al. 2017)
    • Sample identification
    • Centralized processing vs. processing at clinical site
    • Time between collection, processing, and storage
    • Mode of transport/storage—time and temperature
    • Centrifugation—temperature, speed, and time
    • Evaporation, oxidation, and desiccation
    • Sunlight, artificial light, and humidity
    • Hemolysis

Personal
• Age
• Gender
• Race
• Body mass index
• Diet
• Exercise
• Smoking
• Alcohol
• Caffeine

Physiological
• Pregnancy
• Lactation
• High concentrations of various circulating proteins
• Circulating antibodies (rheumatoid factor, human anti-mouse antibodies, etc.)
• Stress—clinical hypertension

Environmental
• Altitude
• Temperature
• Geographical location
• Seasonal influences

Drugs
• Existing therapies
• Co-medications
• Trial drug
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assay platform, assay format, and identification of key 
drivers for assay development are all dependent upon 
COU. Therefore, without a clear understanding of the 
intended use of the data, it is not possible to validate the 
assay for its intended use, or more succinctly, “no con-
text, no validated assay.” Dr. Stevenson then provided 
practical suggestions for how to establish a foundational 
understanding of COU with project teams and presented 
examples that demonstrated the risks of misapplication 
of biomarker assays for unintended COUs and the poten-
tial misinterpretation of data that can follow.

Mr. John Allinson’s presentation used an example from 
his clinical background in diagnostics—where clini-
cal utility has always been dependent upon context. He 
chose a biomarker that has multiple COUs, namely 
thyroid-stimulating hormone (TSH), and demonstrated 
how each different COU dictated the assay performance 
requirements for the same biomarker and detailed what 
additional validation work was required to meet the 
demands of each new COU in turn. To date, there have 
been at least five unique COUs for TSH, each carrying 
unique requirements. In addition, Mr. Allinson reviewed 
the many issues facing bioanalytical scientists today and 
presented some tools to assist in data interpretation. 
These tools include analytical quality control practices 
used to monitor and understand assay performance.

The next presentation by Dr. Viswanath Devanarayan 
focused on assay variability and emphasized that most 
validation parameters are influenced by the analytical 
variability of the method. He stated that when defining 
the minimum adequate precision and maximum toler-
able imprecision of the analytical variability, decisions are 
often made based on historical preference or guidance 
documents; however, depending on the level of biologi-
cal variability and intended use of biomarkers, the prac-
tical impact and acceptable level of analytical variability 
can vary greatly. Thus, consideration regarding biological 
variability and COU should be taken into account. The 
take-home message of this presentation was that fit-for-
purpose is not just about exploratory vs. confirmatory vs. 
CDx but also about the COU and biological variability.

Dr. Yow-Ming Wang from FDA CDER presented the 
regulatory perspective: the necessity to validate the bio-
marker assays is to ensure that a method can produce 
accurate, reliable, and robust data to support regula-
tory decision-making. Therefore, the FDA’s guidance on 
bioanalytical method validation (BMV) recommends 
that the assay should be fully validated when it provides 
biomarker data for the pivotal determination of safety 
and/or effectiveness of a therapeutic or to support dos-
ing instructions in product labeling (US Department of 
Health and Human Services, Food and Drug Administra-
tion. Center for Drug Evaluation and Research (CDER) 

2018). Consistent with this objective, the FDA recently 
published a guidance entitled “Bioanalytical Methods 
Templates” (US Department of Health and Human Ser-
vices Food and Drug Administration. Center for Drug 
Evaluation and Research (CDER) 2019) which pro-
vides recommendations on the reporting of information 
regarding the lifecycle of methods, the method perfor-
mance, and cross-validations for the associated method 
modifications. The guidance is intended for both bio-
marker assays and PK assays to be included in regulatory 
submissions.

Three presentations focused on flow cytometric meth-
ods, which represent the most specific tool in the rep-
ertoire of bioanalytical techniques for the analysis of 
defined cellular subsets, cell-specific protein expression, 
and cellular distribution. Ms. Kelly Lundsten introduced 
the best practices for panel design and optimization in 
flow cytometry (Cossarizza et al. 2019). The first consid-
eration presented was the need to choose the appropriate 
combination of markers and data analysis strategy (gat-
ing) to identify the cellular population of interest. The 
second was to consider the selectivity of the monoclonal 
antibody (mAb) clones used to identify those markers 
and of pairing the appropriate fluorophore to each mAb 
(Kalina et al. 2020). Choosing which fluorophore to pair 
with your mAb requires knowing the antigen expression 
levels, co-expression of other critical markers, and the 
spectral spillover properties of the fluorophores.

Dr. Steven Eck described the tiered validation approach 
presented in the Clinical Laboratory and Standards 
Institute (CLSI) new guideline, H62 1st Edition: Valida-
tion Assays Performed by Flow Cytometry (CLSI 2021). 
This document provides practical guidance on instru-
ment qualification, panel design, method validation, and 
quality assurance processes unique to flow cytometric 
methods. In addition, CLSI H62 makes specific recom-
mendations for the minimal validation requirements for 
a variety of validation scenarios ranging from FFP to ana-
lytical validation based on the COU: whether it is basic 
research, label claims, or clinical decision-driving diag-
nostics. The document also explains that panel design, as 
described in detail by Ms. Lundsten, is the primary factor 
influencing assay specificity and precision. For this rea-
son, CLSI H62 suggests minimal acceptance criteria for 
abundant as well as rare cellular populations because the 
experts in the field of flow cytometry biomarkers are of 
the opinion that if an assay does not meet these criteria, 
it is likely that it is not optimally designed.

A representative from FDA CBER presented a regu-
lator’s prospective on validation strategies applied to 
flow cytometric methods. Multiparameter cytometric 
measurements are routinely carried out for disease diag-
nosis, selection of appropriate treatment options, and 
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characterization of cellular therapies. These applications 
have increased the need for high-quality, robust, and 
validated measurements to ensure appropriate diagnosis, 
product safety, and effectiveness. A well-designed flow 
cytometry validation plan is required to ensure that the 
obtained results are robust, credible, and reproducible. 
The presentation summarized the appropriate method 
validation strategy for flow cytometry-based assays, 
based on the COU. The presentation highlighted the dif-
ference between assay qualification and analytical valida-
tion, identified challenges, and phases of assay validation. 
It also summarized the key parameters such as accuracy, 
precision, linearity, specificity and selectivity, assay sensi-
tivity and LLOQ, stability, robustness, carryover, and ref-
erence intervals and the general rules to consider when 
executing validation studies.

Workshop discussions
Although one objective of this workshop was to craft mini-
mal criteria for different levels of validation, consensus on 
best practices regarding the development and fit-for-pur-
pose validation of biomarker methods was not achieved 
during the workshop, the participants did agree that the 
biomarker assay COU should be defined prior to assay 
development and is established by considering factors such 
as but not limited to (1) the biology of the biomarker, (2) 
the pharmacodynamic effects of the drug on the biomarker, 
(3) the intended use of the biomarker data, (4) the phase of 
drug development, and (5) the size of the trial. The initial 
COU will impact the type of assay that is developed and 
the validation plan. It is important to note that once devel-
oped and validated biomarker assays can be, and are often, 
repurposed for a different COU. In these cases, it is essen-
tial to evaluate whether the initial validation is appropriated 
for the new COU or if an additional validation is required. 
After the initial validation is completed, other parameters 
may need to be evaluated such as biological variability. 
When interpreting study data, both the analytical variabil-
ity and the biological variability should be considered (Pic-
coli and Sauer 2019).

A major theme which dominated the various discussions 
was whether a modified PK assay approach should be 
applied to protein biomarker validation. It was noted that 
the initial fit-for-purpose paper attempted to align bio-
marker assay validation and pharmacokinetic (PK) assay 
validation (Lee et al. 2006). As was discussed in this work-
shop, due to a multitude of differences between assays to 
measure drug concentration and biomarker assays, this 
approach would not be appropriate. There is only one 
COU for PK assays—to measure drug concentration in 
order to determine exposure and PK parameters—and 
this COU has well-defined a priori criteria that do not 
vary. Whereas during the entirety of the drug development 

process, a specific biomarker might have multiple COU as 
was shown for TSH in Dr. John Allinson’s presentation.

Recognizing that assay validation considerations for 
biomarkers differ from those for drug concentration 
assays, both the BMV guidance and the CLSI H62 guid-
ance document provide a general framework and com-
mon principles useful as a starting point when creating a 
validation plan for a biomarker method. Nonetheless, the 
specific parameters addressed, and the approaches used 
to address them, would need to align with COU.

Conclusion
Fit-for-purpose, context-of-use, and iterative 
approaches are all familiar terms in biomarker analyti-
cal science. They describe a philosophy of assay devel-
opment and validation in which the performance targets 
for an assay’s results and the rigor of the experiments 
used to demonstrate that performance is continually 
assessed against what the assay is intended to achieve 
within its then-current application.When applied prop-
erly, this approach facilitates the efficient development 
of assays that will deliver reproducible results. While 
this makes intuitive sense, its interpretive nature can 
lead to confusion regarding expectations, particularly 
with regard to what minimal validation experiments 
should be considered.

This is an evolving field, and additional workshops 
occurred and publications appeared subsequent to this 2019 
AAPS Workshop where Dr. Devanarayan presented the 
concept of moving away from referring to the process as a 
validation, but rather refer to it as the characterization of the 
assay. This concept, of assay characterization against which 
COU could be evaluated with validation being claimed when 
assay performance, has been demonstrated to meet COU, 
has also been discussed at AAPS 2020 PharmSci360 and 
several European Bioanalysis Forum meetings as well as in 
the literature (Piccoli and Sauer 2019). The number of times 
this concept has been discussed highlights its importance for 
biomarker scientists.

There has been an exponential increase in the applica-
tion of biomarkers to drug development in the last cou-
ple of decades. However, significant challenges remain in 
realizing the full promise of biomarkers. This is due to the 
breadth and complexity of the questions that biomarkers 
are intended to address as well as translating those appli-
cations to the appropriate development and validation of 
the biomarker assays. A holistic view of all the considera-
tions that are included in defining COU is needed. Effec-
tive implementation of biomarkers requires consideration 
of not just the performance of the biomarkers assay but of 
the biology of the biomarker as well. There is no one-size-
fits-all solution when it comes to biomarker assay valida-
tion and deployment.
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