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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 ther-
apeutic intervention”. 1

Biomarker research, including research on pharmacoge-
nomic biomarkers, is a tool used to improve the develop-
ment 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 influ-
ential across all phases of drug development, from drug 
discovery and preclinical evaluations to clinical develop-
ment 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 Brochure2

and ICH Guidance E153 for additional information specific 
to pharmacogenomic biomarkers.

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 availabil-
ity 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/ in i t iat ives/cr i t icalpath/  ;  i n  t h e  E U : 
www.imi.europa.eu/ index_en.html). 

Importance to Drug Development
Biomarker research is being used by the pharmaceuti-
cal 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 ter-
minated earlier in the development process in favor of more 
promising drug candidates.  Biomarkers are being used 
to optimize clinical trial designs and outcomes by identi-
fying patient populations that are more likely to respond 
to a drug therapy or to avoid specific adverse events.

1

This informational brochure is intended 
for IRBs/IECs and Investigational Site Staff. 
The brochure addresses issues relevant to 
specimen collection for biomarker research 
in the context of pharmaceutical drug
and vaccine development.

Developed by 
The Industry Pharmacogenomics Working Group (I-PWG)

www.i-pwg.org



Biomarker research is also being used to enhance scien-
tific understanding of the mechanisms of both treatment 
response and disease processes, which can help to iden-
tify future targets for drug development. Depending on the 
clinical endpoints in a clinical trial, biomarker sample col-
lection 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 pro-
files. For example, the FDA has modified the US warfa-
rin (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 play-
ing a key role in advancing this scientific field as it applies 
to pharmaceutical development by creating the regula-
tory 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 high-
lighted 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/vac-
cine development to:

• Explain variability in response among participants in 
clinical trials

• Better understand the mechanism of act ion or 
metabol ism of invest igat ional  drugs

• Obtain evidence of pharmacodynamic activity (i.e., 
how the drug affects the body) at the molecular level

• Address emerging clinical issues such as unexpect-
ed adverse events

• Determine eligibility for clinical trials to optimize trial 
design 

• Optimize dosing regimens to minimize adverse reac-
tions 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
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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 overex-
pression 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 
mutational status testing prior to prescribing panitumumab 
(Vectibix®) or cetuximab (Erbitux®) to metastatic colorec-
tal cancer patients.

Predictive biomarkers (safety) – In clinical practice, pre-
dictive 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 receiv-
ing drospirenone and ethinyl estradiol (Yasmin®) togeth-
er with daily long-term drug regimens that may increase 
serum potassium, and ii) prospective HLA-B*5701 screen-
ing 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 biomark-
ers are measures that are reasonably likely, based on 
epidemiologic, therapeutic, pathophysiologic, or other evi-
dence, 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 atorvas-
tatin 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 sur-

rogates for time-to-clinical-events and overall survival in 
patients receiving antiretroviral therapy for HIV disease.

Prognostic biomarkers – Biomarkers can also help pre-
dict clinical outcomes independent of any treatment modal-
ity. Examples of prognostic biomarkers used in clinical 
practice include: i) CellSearchTM to predict progression-
free survival in breast cancer, ii) anti-CCP (cyclic citrul-
linated 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 con-
trolled clinical trials are key to advancements in biomark-
er research. Samples collected 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 indepen-
dent research, pharmaceutical companies are increas-
ingly contributing to consortia efforts by pooling samples, 
data, and expertise in an effort to conduct rigorous and 
efficient biomarker research and to maximize the probabil-
ity 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 par-
ticipant (or legally-acceptable representative). Policies 

3

5. Biomarkers are Already a Reality in
Health Care



and regulations for legally-appropriate informed consent 
vary on national, state, and local levels, but are gener-
ally 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 devel-
opment, 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 inter-
acting 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 there-
fore increase in value after a protocol is developed.

Consent for Future Research Use
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 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 provid-
ing the option to consent separately to future use of 
samples or by providing the option to terminate fur-
ther use of samples upon request (consent withdraw-
al / 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.  Infor-
mation regarding whether stored samples may be shared 
with other parties or utilized for commercialization purpos-
es 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 ano-
nymized.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

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 indefi-
nite storage, should be specified. 
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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 pharmacogenom-
ic 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 partici-
pant 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 partici-
pants 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.

Physical risks associated with biomarker sample collec-
tion in clinical trials can be characterized in two ways: 
i) negligible additional risk when the biomarker sample 
is collected as part of a procedure conducted to support 
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8. Biomarker Sample Collection in
Different Countries

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 sam-
ples.  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 phar-
maceutical companies. There are many considerations 
that pharmaceutical companies weigh when deter-
mining 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 ver-
sus 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

v) international, national, and local guidelines, policies, 
legislation, and regulations regarding participants’ rights 
to access data generated on them



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 inap-
propriate disclosure and misuse of data.  Pharmaceutical 
companies have policies and procedures for confidential-
ity 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 con-
fidentiality and privacy protection highlighted in the fol-
lowing section. Importantly, privacy risks inherent to bio-
marker 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 con-
fidentiality 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, integ-
rity, and confidentiality of trial subjects are protected”, 

where confidentiality is defined as, “The prevention of dis-
closure, to other than authorized individuals, of a spon-
sor’s proprietary information or of a subject’s identity.” 

This standard dictates that “the confidentiality of 
records that could identify subjects should be protect-
ed, respecting the privacy and confidentiality rules in 
accordance with applicable regulatory requirements.” 31

Exploratory biomarker research in pharmaceutical devel-
opment 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 appro-
priate for use in making decisions about a trial par-
ticipant’s health. In addition, exploratory research data 
should not be included as part of a participant’s medi-
cal 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 Nondiscrimina-
tion Act (GINA) 2008 (USA).36-37

 12.Where to Get More Information?

Educational resources related to biomarker and pharma-
cogenomic research that caters to health care profession-
als, 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 volun-
tary 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 author-
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ities and policy groups to ensure alignment.  More infor-
mation about the I-PWG is available at: www.i-pwg.org.
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