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Biomarkers and their Future  
in Clinical Trials

Technology

The use of Biomarkers which assist in understanding various 
therapeutic medical diseases has applications in observational, 
randomised clinical trials, screening and diagnosis and 
prognosis of the particular disease. Biomarkers offer the 
means for homogeneous classification of a disease and risk 
factors and enhance primary information across the board of 
underlying pathogenesis of disease. Biomarkers can also reflect 
the entire spectrum of disease – from the earliest signs to the 
end stages of the disease process. Validity of biomarkers is 
assessed by studying the stage of disease. Causes of variability 
in the measurement of biomarkers may range from the subject 
biology to the laboratory and the way the laboratory analyses 
the biomarkers. 

Today, many patients are still treated using the same uniform 
patterns. Patients with the same disease will get the exact same 
treatment, and if efficiency is absent, they will be switched to the 
next given type of treatment. This is often a time-wasting method.  
However, if we focus on the special characteristics of every individual 
patient that is where personalised medicine comes to the fore. 
Biomarkers in clinical trials assists in diagnosing diseases when using 
personalised medicine.

Hulka et.al have described biomarkers1 as “cellular, biochemical or 
molecular alterations that are measurable in biological media such as 
human tissues, cells, or fluids.” More recently, the definition has been 
broadened to include biological characteristics that can be objectively 

measured and evaluated as an indicator of normal biological 
processes, pathogenic processes, or pharmacological responses to 
a therapeutic intervention.2 

Biomarkers are a type of technology that can assist in interpreting 
the prediction, cause, diagnosis, progression, regression, or outcome 
of treatment of disease so are invaluable for use in clinical trials as 
an aid or tool. 

Biomarkers of all types have been used to study human disease. 
The application of biomarkers in the diagnosis and management of 
various medical disorders and cancer are well known.1,3 Their use in 
research has grown out of the need to have a more direct measurement 
of exposures in the causal pathway of disease that is free from recall 
bias, and that can also have the potential of providing information 
on the absorption and metabolism of the exposures.4 Neuroscientists 
have also relied on biomarkers to assist in the diagnosis and treatment 
of nervous system disorders and to investigate their cause. Blood, 
brain, cerebrospinal fluid, muscle, nerve, skin, and urine have been 
employed to gain information about the nervous system in both the 
healthy and diseased state. Hulka et al.1.

Medidata: Prepare to embrace digital biomarkers in trials or 
lose competitiveness; (https://www.outsourcing-pharma.com/
Article/2014/11/25/Medidata-Digital-biomarkers-are-the-future-
of-clinical-trials).

According to Dan Stanton5 Big Data in clinical trials will mean 
companies not using digital biomarkers are unlikely to exist by 2025. 
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Regulators demands are holding back the approval of new drugs and 
reducing the return on a product for the developers, but according 
to the President of a Clinical Trials services company De Vries, 
Medidata efficacy and effectiveness data could be brought about 
earlier through the use of Big Data driven biomarkers. mHealth will 
be the way forward and drive changes in the way clinical trials are 
conducted De Vries explained.

The digital biomarker age has arrived for clinical trial management 
and the quality of data obtained is far greater. From this and data 
gathered from ‘wearable’ technology devices, the health industry is 
now able to create predictive models.  This is where mHealth can 
rediscover generated digital biomarker endpoints. Once new data is 
generated, the health industry can see the impact of the new data on 
reviewing robust reports for clinical trials.

A digital biomarker provides access to new types of insights 
offering the advantage of being able to access generated data that is 
being used frequently by the subject and is part of the subjects daily 
routine (e.g. wearables). These devices are cost effective and can be 
integrated into existing biomarker strategies. With future investment 
into existing biomarkers, they will play a major role in diagnosis and 
health outcomes.

According to Hazem6, gene expression is undergoing many 
technological advances in profiling for breast cancer, signalling 
pathways, proliferation markers and tumour monitoring 

through detection of circulating tumour cells and free DNA, and 
measurements of genomic instability and germline mutations. 
Applications in clinical practice is increasing and thus enhancing 
the development of precision medicine. Related challenges include 
assessing the utility and feasibility of these tests, interpreting the 
large amounts of genomic data that are being generated, translating 
the information to clinical practice and constructing clinical trials 
on molecularly driven approaches. The future shows that by the 
year 2020, the market for biomarker technologies is expected to 
increase up to £36 billion. 

The approach of personalised medicine is that treatment is based 
on the individual characteristics of every patient: genetics, physical 
characteristics, environment, and lifestyle. The aim is to streamline 
clinical decision-making by distinguishing in advance those 
patients most likely to benefit from a given treatment from those 
who will not.  Personalised medicine obtains genetic information 
from patients and with the importance of using digitalisation in 
health care and using information technology in processing patient 
data, these are two of the most critical factors driving personalised 
medicine.

According to Siddhartha Devarakonda, MD. Researching and 
analysing patients’ biomarkers is key to personalised medicine, with 
oncology being the largest single market among therapeutic areas. 
Selecting the biomarker is pivotal for the success of a new drug 
through all stages of development, and for use in targeted therapies.  
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The arrival of next-generation sequencing, specifically for patients 
with non–small cell lung cancer (NSCLC), has allowed physicians 
to identify molecular abnormalities and potential therapies to 
match those targets. Though the turnaround time is longer than 
the standard panel to test for EGFR/ALK/ROS1 mutations, it has 
the potential to unravel additional mutations that will provide 
even more information about a patient’s prognosis and likelihood 
of therapeutic response.  Devarakonda goes on to say, “Just like 
you wouldn’t treat breast cancer without knowing if a patient is 
oestrogen receptor–positive, progesterone receptor–positive, or 
HER2-positive in 2017, it is very important to look for biomarkers 
in lung cancer”. Some of these have a bearing on patient prognosis 
and help to identify the right therapy. 

Where is all of this heading towards? We know that PD-L1 
is a biomarker that predicts response to immunotherapy. As 
sequencing becomes cheaper, other markers might become 
more important. We know that mutational burden in a tumour 
is very important and is a good predictor of patient response to 
immunotherapy. That may gain popularity going forward, but it 
needs to be clinically studied and validated.  Also, sequencing a 
tumour gives you an idea of not just stimulating the mutational 
burden, but also assists in the design of specific personalized 
vaccines against mutant peptides.

In conclusion, Sayhan A. says robust and validated biomarkers 
are needed to improve diagnosis, monitor drug activity and 
therapeutic response and guide the development of safer and 
targeted therapies for various chronic diseases. While different 

types of biomarkers have been impactful in the field of drug 
discovery and development, the process of identifying and 
validating disease specific biomarkers has been quite challenging. 
Recent advances in multiple ‘omics’ (multi-omics) approaches (e.g., 
genomics, transcriptomics, proteomics, metabolomics, cytometry 
and imaging) in combination with bioinformatics and biostatistics 
have made it possible to accelerate the discovery and development 
of specific biomarkers for complex chronic diseases. 

Although many challenges still need to be addressed, current 
efforts in the discovery and development of disease-related 
biomarkers will assist in optimal decision-making throughout the 
course of drug development and improve our understanding of 
the disease processes. Furthermore, effective translation of the 
preclinical biomarkers into the clinic will pave the way towards 
effective execution of personalised therapies across complex 
disease areas for the benefit of patients, healthcare providers 
and the bio-pharmaceutical industry. New biomarker types and 
methodologies for their discovery are constantly emerging and 
existing technologies are evolving. Therefore, it is critical to this 
process to identify robust and clinically relevant multiple end 
point biomarkers using a combination of multi-omics approaches 
and validation of these biomarkers in clinically relevant human 
populations to see whether the distribution of biomarkers is 
Gaussian, and whether significant differences in values exist 
among different age, sex or race.

Use of biomarkers in late drug development include the 
evaluation of dose-response and optimal regimen for desired 
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pharmacologic effect, safety markers to determine dose-response 
for toxicity, and determination of the role of differences in 
metabolism. Once validated, a biomarker can be used in dose 
selection for phase II/III clinical trials based on the biomarker’s 
PK/PD relationship and projected therapeutic index as well as 
to differentiate candidate compounds from other compounds. 
The biomarkers that measure PK/PD relationship also provide 
valuable insight into whether the mechanism does or does not 
translate to clinical trials. Target specific biomarkers can also be 
used to stratify patients by disease type or response to treatment.

Biomarkers in clinical studies have been used for diagnosis, 
a tool for staging disease, as indicators of disease status, and 
to predict and/or monitor clinical response to a therapeutic 
intervention (e.g., electrocardiogram, PET brain image, serum 
chemistries, auto-antigens in blood, bone densitometric 
measurement, pulmonary function test, neonatal Apgar 
score). Biomarkers used in late clinical development include 
psychometric testing, pain scales, imaging studies, culture status 
(antimicrobials), pulmonary function tests, serum chemistries and 
electrocardiogram. Moreover, biomarkers have the potential to 
reveal prognostic information about the future health status of a 
patient whereas diagnostics classify patients at one point in time.

A better coordinated experimental clinical design, more 
standardised multi-omics and multi-parametric technology 
and analysis platforms, as well as a collaborative effort between 
scientists, clinicians, biopharmaceutical industry and regulatory 
authorities should expedite the discovery of validated and 
qualified biomarkers to a much greater extent for moving into our 
future of using biomarkers alongside personalised medicine.
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