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Both the definition and the use of biomarkers have evolved
over the years. In 1987, the US National Academy of
Sciences/National Research Council’s Committee on
Biological Markers1 defined biological markers as indica-
tors signaling events in biological systems or samples and
classified them into three types including those of expo-
sure, effect, and susceptibility. In an effort to enhance devel-
opment of novel therapies the FDA’s Center for Drug
Evaluation and Research initiated a process to qualifying
biomarkers for regulatory decision-making. The focus of
this biomarker qualification process was to provide a
framework to aid in overcoming drug develop challenges
while providing increased certainty about drug efficacy
and safety.2 As part of this process, the definition of bio-
marker was focused to fit for purpose: A characteristic that
is objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes, or phar-
macologic responses to a therapeutic intervention.3

More recently, the US National Institutes (NIH) and the
FDA Joint Leadership Council4 sanctioned an effort to define
the many types of biomarkers used in therapeutic develop-
ment and safety assessment. The goal was to reduce
obstacles tomedical product development by providing con-
sistency and clarity of terms related to study endpoints and
biomarker programs. Working together, the NIH and FDA
developed the BEST (Biomarkers, EndpointS, and other
Tools) Resource: a living glossary designed to enhance med-
ical product development and aid in the advancement of
precision or personalized to improve human health.
Although these landmark publications have extolled the def-
initions, virtues, and possible uses of biomarkers, research-
ers and clinical practitioners have been enlisting the use of
biomarkers for a much longer time.

One could argue that the clinical use of biomarkers dates
back to when body temperature and blood pressure were
introduced as traditional indicators of health by physicians.
Taking one’s temperature or blood pressure remains a
common feature of most annual physicals or check-ups
today but was first made possible by technology advances
to provide quantitative measures. Although the routine
clinical assessment of blood pressure did not occur until
the 1900s, it was first described as measured in animals in

1733 by Stephen Hales.5 The clinical thermometer came to
routine clinical use over 130 years ago following its devel-
opment by Carl Wunderlich in 1868.6 However, Galileo
devised a crude temperature-measuring instrument in
1592.7 So from the very beginning, the acceptance and rou-
tine use of biomarkers have been a ponderous process.

The development and use of biomarkers have impacted
many biological, disease and target organ segments of envi-
ronmental and human health. The definition of biomarker
may be as broad as that defined by the WHO: “almost any
measurement reflecting an interaction between a biological
system and a potential hazard, which may be chemical,
physical, or biological. The measured response may be
functional and physiological, biochemical at the cellular
level, or a molecular interaction”.8 It is not surprising there-
fore that over 850,000 citations are associated with a
PubMed search on biomarkers. However, despite this enor-
mous effort in the biomarker research field, only around
100 biomarkers have been validated for the routine clinical
use as of 2011.9 This clearly indicates the great complexity
of the field and crucial need for the development of novel
comprehensive approaches in biomarker discovery and
validation studies.

The role of biomarkers in the development of precision
medicine provides a strategic opportunity for technological
developments to improve human health and reduce health-
care cost. Precision medicine as a concept concerns the
adjustment of treatments to individual or subgroups of
patients based on the use of disease-specific biomarkers.
There continues a great debate as to the overall success of
this personalized process to identify actionable molecular
targets to pinpoint therapies.10,11 There is no doubt that the
analytical tools are currently abundant including molecular
imaging, genomics, proteomics, metabolomics, and next
generation sequencing. These and other approaches have
resulted in the development and use of over a dozen spe-
cific biomarkers and therapies for cancer treatment that
have FDA approval.11 The jury is still out but the search
for acceptable biomarkers to drive precision medicine is at
an all-time high. In addition, there are many applications of
disease-specific biomarkers to promote precision medicine
in addition to cancer diagnostics and therapies.
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In this thematic issue the development and application
of biomarkers will be illustrated for both preclinical and
clinical use. Although the application of biomarkers and
precision medicine has seen greatest use in oncology, appli-
cation to a variety of target organs including the heart, liver,
kidney, and brain and all of these will be addressed in this
thematic issue. I gratefully thank the many authors who
have contributed to this issue and hope by summarizing
the field in this manner the development and use of bio-
markers will enhance the application of precision medicine
and improve public health.

Disclaimer

The information of these materials is not a formal dissem-
ination of information by FDA and does not represent
agency position or policy.

DECLARATION OF CONFLICTING INTERESTS

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

FUNDING

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

REFERENCES

1. US National Academy of Sciences (NAS)/National Research Council

(NRC)’s Committee on Biological Markers, 1987

2. Woodcock J, Buckman S, Goodsaid F, Walton MK, Zineh I. Qualifying

biomarkers for use in drug development: a US Food and Drug

Administration overview. Expert Opin Med Diagn 2011;5:369–74

3. Biomarker Definitions Working Group. Biomarkers and surrogate end-

points: preferred definitions and conceptual framework. Clin Pharmacol
Ther 2001;69:89–95

4. FDA/NIH Biomarker Working Group. BEST (Biomarkers, EndpointS,
and other Tools) resource. Silver Spring, MD: Food and Drug

Administration; Co-published by Bethesda, MD: National Institutes

of Health. Available at: https://www.ncbi.nlm.nih.gov/books/

NBK326791/ (2016, accessed 15 September 2017).

5. Hales S. Hæmastaticks, volume 2, 1733. London: W Innys, R Manby and

T Woodward. Available at: https://archive.org/details/staticalessay

sco2173hale (accessed 15 September 2017)

6. Wunderlich CA. On the temperature in diseases, a manual of medical ther-
mometry (translation form the German by W. Bathurst Woodman, The

New Sydenham Society). London, 1871.

7. Pearce JMS. A brief history of the clinical thermometer. QJM
2002;95:251–2

8. WHO. International programme on chemical safety biomarkers and risk
assessment: concepts and principles, www.inchem.org/documents/ehc/

ehc/ehc155.htm (1993, accessed 8 September 2017)

9. Poste G. Bring on the biomarkers. Nature 2011;469:156–7
10. Gyawali B. Point: the imprecise pursuit of precision medicine: are bio-

markers to blame? J Natl Compr Canc Netw 2017;15:859–62

11. Kato S, Subbiah V, Kurzrock R. Counterpoint: successes in the pursuit

of precision medicine: biomarkers take credit. J Natl Compr Canc Netw
2017;15:863–6

212 Experimental Biology and Medicine Volume 243 February 2018
...............................................................................................................................................................

https://www.ncbi.nlm.nih.gov/books/NBK326791/
https://www.ncbi.nlm.nih.gov/books/NBK326791/
https://archive.org/details/staticalessaysco2173hale
https://archive.org/details/staticalessaysco2173hale
http://www.inchem.org/documents/ehc/ehc/ehc155.htm
http://www.inchem.org/documents/ehc/ehc/ehc155.htm

