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1. What is a Biomarker and
What is Biomarker Research?

A biomarker is a “characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes,
or pharmacologic responses to a therapeutic intervention”. 1

Biomarker research, including research on pharmacogenomic biomarkers, is a tool used to improve the development of pharmaceuticals and understanding of disease. It involves the analysis of
biomolecules (such as DNA, RNA, proteins, and lipids), or other measurements (such as blood pressure or brain images) in relation to
clinical endpoints of interest. Biomarker research can be influential
across all phases of drug development, from drug discovery and preclinical evaluations to clinical development and post-marketing studies. This brochure focuses on biomarker research involving analysis
of biomolecules from biological samples collected in clinical trials.
Please refer to I-PWG Pharmacogenomic Informational Brochure 2 and
ICH Guidance E15 3 for additional information specific to pharmacogenomic biomarkers.

1

Biomarker research is also being used to enhance scientific understanding of the mechanisms of both treatment response and disease processes, which can help to identify future targets for drug development.
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2. Why is Biomarker Research
Important?
Importance to Patients and Public Health

Biomarker research is helping to improve our ability to predict, detect,
and monitor diseases and improve our understanding of how individuals respond to drugs. This research underlies personalized medicine: a tailored approach to patient treatment based on the molecular
analysis of genes, proteins, and metabolites. 4 The goal of biomarker
research is to aid clinical decision-making toward safer and more efficacious courses of treatment, improved patient outcomes, and overall
cost-savings. It also allows for the continued development and availability of drugs that are effective in certain sub-populations when they
otherwise might not have been developed due to insufficient efficacy
in the broader population.
Recent advances in biomedical technology, including genetic and
molecular medicine, have greatly increased the power and precision of
analytical tools used in health research and have accelerated the drive
toward personalized medicine. In some countries, highly focused initiatives have been created to promote biomarker research (e.g., in the US:
www.fda.gov/oc/initiatives/criticalpath/ ; in the EU:
www. i m i . e u r o p a . e u / i n d e x _ e n . h t m l ) .

Importance to Drug Development

Biomarker research is being used by the pharmaceutical industry to streamline the drug development process. Some biomarkers are used as substitutes or “surrogates” for safety or efficacy endpoints in clinical trials particularly where clinical outcomes or events cannot practically or ethically be
measured (e.g., cholesterol as a surrogate for cardiovascular disease).5 By
using biomarkers to assess patient response, ineffective drug candidates
may be terminated earlier in the development process in favor of more
promising drug candidates. Biomarkers are being used to optimize clinical
trial designs and outcomes by identifying patient populations that are more
likely to respond to a drug therapy or to avoid specific adverse events.
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Depending on the clinical endpoints in a clinical trial, biomarker sample collection may either be a required or optional component of the
trial. However, both mandatory and optional sample collections are
important for drug development.

3. Importance of Biomarkers to
Regulatory Authorities

Regulatory health authorities are increasingly aware of the benefits of
biomarkers and how they may be used for drug approval, clinical trial
design, and clinical care. Biomarkers have been used to establish risk:
benefit profiles. For example, the FDA has modified the US warfarin
(Coumadin ® ) label to include the analysis of CYP2C9 and VKORC1
genes to guide dosing regimens. Health authorities such as the FDA
(USA), EMEA (European Union), MHLW (Japan), and ICH (International) are playing a key role in advancing this scientific field as it applies to
pharmaceutical development by creating the regulatory infrastructure
to facilitate this research. Numerous regulatory guidances and concept
papers have already been issued, many of which are available through
www.i-pwg.org. Global regulatory authorities have highlighted the
importance of biomarker research and the need for the pharmaceutical industry to take the lead in this arena. 3, 6-24

4. How are Biomarkers Being Used in
Drug/Vaccine Development?
Biomarker research is currently being used in drug/vaccine development to:
•

Explain variability in response among participants in clinical
trials

•

Better understand the mechanism of action or metabolism of
investigational drugs
Obtain evidence of pharmacodynamic activity (i.e., how the drug
affects the body) at the molecular level

•

3

•
•
•
•

•
•

Address emerging clinical issues such as unexpected adverse
events
Determine eligibility for clinical trials to optimize trial design
Optimize dosing regimens to minimize adverse reactions and
maximize efficacy
Develop drug-linked diagnostic tests to identify patients who are
more likely or less likely to benefit from treatment or who may
be at risk of experiencing adverse events
Provide better understanding of mechanisms of disease
Monitor clinical trial participant response to medical interventions
Biomarker research, including research on banked
samples, should be recognized as an important
public health endeavor for the overall benefit of
society, whether by means of advancement of
medical science or by development of safer and
more effective therapies. 7 Since the value of collected samples may increase over time as scientific
discoveries are made, investment in long-term
sample repositories is a key component of biomarker research.
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5. Biomarkers are Already a Reality
in Health Care
A number of drugs now have biomarker information included in their
labels. 25 Biomarker tests are already being used in clinical practice to
serve various purposes:
Predictive biomarkers (efficacy)
In clinical practice, predictive efficacy biomarkers are used to predict
which patients are most likely to respond, or not respond, to a particular
drug. Examples include: i) Her2/neu overexpression analysis required
for prescribing trastuzumab (Herceptin ® ) to breast cancer patients,
ii) c-kit expression analysis prior to prescribing imatinib mesylate
(Gleevec ® ) to gastrointestinal stromal tumor patients, and iii) KRAS

4
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Exploratory biomarker research in pharmaceutical development is commonly conducted in research laboratories that are not accredited to perform diagnostic tests used for healthcare decision-making. Therefore,
results from exploratory biomarker research usually are not appropriate
for use in making decisions about a trial participant’s health. In addition, exploratory research data should not be included as part of a participant’s medical record accessible for use by insurance companies.
Legislation and policies to protect individuals against discrimination
based on genetic information continually evolve based on social, ethical, and legal considerations. Examples of such legislation include
the Human Tissue Act 2004 (UK) and the Genetic Information Nondiscrimination Act (GINA) 2008 (USA). 36-37

12.Where to Get More Information?

Educational resources related to biomarker and pharmacogenomic
research that caters to health care professionals, IRBs/IECs, scientists, and patients are continually being created and are publicly available. Links to many of these resources are available through the
I-PWG website: www.i-pwg.org.

13. What is I-PWG?

The Industry Pharmacogenomics Working Group (I-PWG) (formerly
the Pharmacogenetics Working Group) is a voluntary association of
pharmaceutical companies engaged in pharmacogenomic research.
The Group’s activities focus on non-competitive educational, informational, ethical, legal, and regulatory topics. The Group provides
information and expert opinions on these topics and sponsors educational/informational programs to promote better understanding of
pharmacogenomic and other biomarker research for key stakeholders.
The I-PWG interacts with regulatory authorities and policy groups to
ensure alignment. More information about the I-PWG is available at:
www.i-pwg.org.
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mutational status testing prior to prescribing panitumumab (Vectibix ® )
or cetuximab (Erbitux ® ) to metastatic colorectal cancer patients.
Predictive biomarkers (safety)
In clinical practice, predictive safety biomarkers are used to select
the proper drug dose or to evaluate the appropriateness of continued therapy in the event of a safety concern. Examples include: i)
monitoring of blood potassium levels in patients receiving drospirenone and ethinyl estradiol (Yasmin ® ) together with daily long-term
drug regimens that may increase serum potassium, and ii) prospective HLA-B*5701 screening to identify those at increased risk for
hypersensitivity to abacavir (Ziagen ® ).
Surrogate biomarkers
In clinical practice, surrogate biomarkers may be used as alternatives to measures such as survival or irreversible morbidity. Surrogate biomarkers are measures that are reasonably likely, based on
epidemiologic, therapeutic, pathophysiologic, or other evidence, to
predict clinical benefit. Examples include: i) LDL level as a surrogate
for risk of cardiovascular diseases in patients taking lipid-lowering
agents such as atorvastatin calcium (Lipitor ® ), ii) blood glucose as
a surrogate for clinical outcomes in patients taking anti-diabetic
agents, and iii) HIV plasma viral load and CD4 cell counts as surrogates for time-to-clinical-events and overall survival in patients
receiving antiretroviral therapy for HIV disease.
Prognostic biomarkers
Biomarkers can also help predict clinical outcomes independent of any
treatment modality. Examples of prognostic biomarkers used in clinical
practice include: i) CellSearch TM to predict progression-free survival in
breast cancer, ii) anti-CCP (cyclic citrullinated protein) for the severity
of rheumatoid arthritis, iii) estrogen receptor status for breast cancer,
and iv) anti-dsDNA for the severity of systemic lupus erythematosus.

6. Biomarker Samples from Clinical Trials:
An Invaluable Resource
Adequate sample sizes and high-quality data from controlled clinical
trials are key to advancements in biomarker research. Samples collect-

5

ed in clinical trials create the opportunity for investigation of biomarkers related to specific drugs, drug classes, and disease areas. Clinical drug development programs are therefore an invaluable resource
and a unique opportunity for highly productive biomarker research. In
addition to conducting independent research, pharmaceutical companies are increasingly contributing to consortia efforts by pooling samples, data, and expertise in an effort to conduct rigorous and efficient
biomarker research and to maximize the probability of success. 26-27

7. Informed Consent for Collection &
Banking of Biomarker Samples

Collection of biological samples in clinical trials must be undertaken
with voluntary informed consent of the participant (or legally-acceptable representative). Policies and regulations for legally-appropriate informed consent vary on national, state, and local levels, but
are generally based on internationally recognized pillars of ethical
conduct for research on human subjects. 28-31

Optional vs. Required Subject Participation

Depending on the relevance of biomarker research to a clinical
development program at the time of protocol development, the
biomarker research may be a core required component of a trial
(e.g., key to elucidating the drug mechanism of action or confirming that the drug is interacting with the target) or may be optional
(e.g., to gain valuable knowledge that enhances the understanding of diseases and drugs). Informed consent for the collection
of biomarker samples may be presented either in the main clinical
informed consent form or as a separate informed consent form, with
approaches varying somewhat across pharmaceutical companies.
The relevance of biomarker research to a clinical development program may change over time as the science evolves. The samples
may therefore increase in value after a protocol is developed.

Consent for Future Research Use

procedure conducted to support other core trial objectives, and ii)
some added risk where the sampling procedure would otherwise have
not been performed as a core component of a trial. Risks are also
determined by the invasiveness of the sample collection procedure.
Privacy risks are generally those associated with the inappropriate
disclosure and misuse of data. Pharmaceutical companies have policies and procedures for confidentiality protection to minimize this risk
for all data collected and generated in clinical trials. These may vary
across companies, but are based on industry standards of confidentiality and privacy protection highlighted in the following section. Importantly, privacy risks inherent to biomarker data are no greater than
other data collected in a clinical trial.

11. Privacy, Confidentiality, and
Patient Rights

Maintaining the privacy of study participants and the confidentiality of information relating to them is of paramount
concern to industry researchers, regulators, and patients. Good Clinical Practice (GCP), the standard adhered to in pharmaceutical clinical
research, is a standard that
“…provides assurance that the data and reported results are credible
and accurate, and that the rights, integrity, and confidentiality of trial
subjects are protected”,
where confidentiality is defined as, “The prevention of disclosure, to
other than authorized individuals, of a sponsor’s proprietary information or of a subject’s identity.”
This standard dictates that “the confidentiality of records that could
identify subjects should be protected, respecting the privacy and
confidentiality rules in accordance with applicable regulatory requirements.” 31

While it can be a challenge to specify the details of the research
that will be conducted in the future, the I-PWG holds the view that
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v) international, national, and local guidelines, policies, legislation, and
regulations regarding participants’ rights to access data generated on
them
Renegar et al. 2006 and Article 29 Data Protection Working Party (an
advisory committee to the European Commission on the European Data
Protection Directive) have addressed these considerations in detail in
relation to pharmacogenomic research data and provided a list of documents addressing the general issue of return of research results. 34-35

10. Benefits and Risks Associated with
Biomarker Research
Benefits
While it may not always directly benefit the study participant who is
providing the samples, biomarker research can improve overall understanding of disease and treatment of future patients receiving therapies developed from such research. Patients are now benefiting from
retrospective biomarker research conducted on samples collected
from clinical trials and stored for exploratory research. One example is the recent label update to the EGFR antibody drugs cetuximab
(Erbitux ® ) and panitumumab (Vectibix ® ) which highlights the value
of KRAS status as a predictive biomarker for treatment of metastatic
colorectal cancer with this class of drug.
The humanitarian benefit of human research is recognized by the
Nuremberg Code. 28,33 Provided that the degree of risk does not exceed
that determined by the humanitarian importance of the problem
to be solved, research participants should not be denied the right to
contribute to the greater common good. 28,32
Risks
Risks associated with biomarker research are primarily related to the
physical aspects of obtaining the sample and to patient privacy concerns.

future use of samples collected for exploratory biomarker research
in clinical trials should be permissible when i) the research is
scientifically sound, ii) participants are informed of the scope of
the intended future research, even if this is broadly defined (see
potential uses in Section 4 above), iii) autonomy is respected by
providing the option to consent separately to future use of samples or by providing the option to terminate further use of samples
upon request (consent withdrawal / sample destruction), and iv)
industry standards for confidentiality protection per Good Clinical Practice guidelines are met. 3, 31 Importantly, any research
using banked samples should be consistent with the original
informed
consent,
except
where
otherwise
permitted
by local law or regulation.
Important elements of informed consent for future use of samples
include, but are not limited to: 39
The scope of research – Where the scope of the potential future
research is broad, participants should be informed of the boundaries of the research. While it may not be possible to describe the
exact analytical techniques that will be used, or specific molecules
that will be analyzed, it is possible to clearly articulate in reasonable detail the type of research to be conducted and its purpose.
Information regarding whether stored samples may be shared with
other parties or utilized for commercialization purposes should
also be addressed.
Withdrawal of consent / sample destruction – The informed
consent form should inform participants of their right to withdraw
their consent / request destruction of their samples. This should
include the mechanisms for exercising that right and any limitations to exercising that right. For example, participants should
be informed that it is not possible to destroy samples that have
been anonymized. 3 In addition, according to industry standards
and regulatory guidance, participants should be informed that data
already generated prior to a consent withdrawal request are to be
maintained as part of the study data. 38

Physical risks associated with biomarker sample collection in
clinical trials can be characterized in two ways: i) negligible
additional risk when the biomarker sample is collected as part of a

The duration of storage – The permissible duration of storage may
vary according to the nature and uses of the samples and may also
vary on national, state, and local levels. The intended duration of
storage, including indefinite storage, should be specified.
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8. Biomarker Sample Collection in
Different Countries

Biomarker Research in Clinical Trials

Collection of biological samples for biomarker research is straightforward in most jurisdictions. Some countries have specific laws
and regulations regarding collection, labeling, storage, export, and/
or use of exploratory samples. In addition, some regulations distinguish between DNA and non-DNA samples or between samples used
for diagnostic purposes and samples collected for scientific research.
Processes for the collection, labeling, storage, export, and/or use of
biomarker samples should always adhere to the laws and regulations
of the country/region in which those samples are collected.

9. Return of Research Results to Study
Participants

Policies for the return of biomarker research results to study participants who request them vary among pharmaceutical companies. There are many considerations that pharmaceutical companies weigh when determining their policy regarding the return of
biomarker research results to study participants. These include:
i) the conditions under which biomarker research results were generated
(i.e., exploratory research laboratory versus accredited diagnostic
laboratory)
ii) whether the results will have an impact on the medical care of the
participant or on a related person, if applicable
iii) whether genetic counseling is recommended (for genetic results)
iv) the ability to accurately link the result to the individual from whom the
sample was collected
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