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The importance of 
biomarker selection 

in healthcare



  Summary 

Importance of biomarker 
selection in healthcare
Biomarkers have repeatedly demonstrated their value in healthcare product development over 
the last decades1. From early preclinical development to post-marketing studies, biomarkers 
significantly increase the success rates of clinical evaluations by up to 20%, reducing the main 
cost per patient and facilitating regulatory approval2–4. In addition, they offer considerable 
potential for improving health outcomes5. However, their high value is equalized with time-
consuming and expensive identification and validation processes. While the relatively limited 
number of Food and Drug Administration (FDA)-approved biomarkers might indicate that the 
usefulness of potential biomarkers in clinical development is a challenge to demonstrate6. 

This paper provides an overview of the necessity of biomarkers during pharmacological and 
medical product development, the challenges associated with the identification and selection of 
relevant biomarkers, and, more importantly, how this intensive process can be simplified when 
efficiently linking and structuring data from several databases into one search platform.

In general, a biomarker - also referred to as a surrogate end-
point or surrogate marker - reflexes the status or progression 
of a disease, and changes accurately in response to therapy
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In general, a biomarker - also referred to as a surrogate endpoint or surrogate marker - reflexes the 
status or progression of a disease, and changes accurately in response to therapy4. Clinical biomarkers 
are typically easier to measure and less expensive than the actual clinical outcome. The concept of 
a “biomarker” is a comprehensive one. As such, biomarkers serve an almost uncountable amount of 
various purposes, including supporting the prevention, diagnosis, prognosis, and monitoring of diseases, 
optimization of patient screening, assisting in treatment decisions and personalized treatment, promoting 
interception and treatment of adverse events, identifying cell types and pathophysiological processes, and 
facilitation of medical product development4,7. The development of suitable biomarkers can also contribute 
to understanding the mechanism of action of a drug, selecting the suitable patients for a clinical trial, 
monitoring and predicting toxicity issues, and guiding regulatory and drug development decisions8. 

Biological components that can serve as biomarkers can vary from simple physiological process 
measurements, such as blood pressure or pulse measurements, to highly complex and expensive 
molecular or histological assessments9. Any imaginable biological entity can serve as a biomarker: 
genes, proteins, peptides, hormones, biological processes, or alterations in cells, tissue, or fluids. With 
the emergence of improved detection technologies, the discovery of new biomarkers is considerably 
prompted over the last decades. 

The importance of biomarkers in the life science field is extensively recognized, as it is demonstrated 
that more pharmacological products with biomarker data are approved than those without. As such, 
phase III clinical trials in the absence of a biomarker have a 28.3% success rate, while trial success is 
increased up to 46.3% in case a biomarker is incorporated during trial design and patient selection2. 
Indeed, clinical studies in breast cancer, non-small cell lung cancer, and metastatic melanoma that 
used predictive biomarkers to stratify patient populations and define inclusion criteria, confirmed 
these increased success rates10. On top of this, fewer subjects are needed during clinical evaluations to 
establish clinical efficacy and safety in the presence of biomarkers11.

A relevant biomarker is thus essential in the trajectory of healthcare development and optimal patient 
care. However, the selection and validation of biomarkers encounter many challenges. To date, the FDA 
approved only about 109 unique protein biomarkers, despite encouraging the use hereof, and even 
fewer are routinely used in the clinic6,12,13. 

3/15



4/15

The indispensable role of 
biomarkers in precision medicine
Precision medicine, also referred to as personalized medicine or targeted therapy, gained proper 
attention over the last years. It allows clinicians to efficiently and accurately predict the most 
appropriate course of action and treatment for a patient14. In contrast to the general one-drug-fits-
all model, precision medicine customizes patient healthcare based on the stratification of patients 
according to differences in genes, environment, and lifestyle. These subgroups can be identified through 
specific genetic content or other molecular or cellular analysis. In other words, precision medicine is 
highly dependent on the adequacy of biomarkers15.  

The initial successes with precision medicine – especially in cancer therapy – formed promising new 
treatment strategies. For example, the well-described HER-2 targeted therapies, introduced in 1990, 
are effective in patients with breast cancer and overexpression of HER-216. The favorable outcomes of 
this personalized therapy led to the screening and evaluation of several other cancers characterized by 
the overexpression of the HER-2 biomarker. However, there is still a sizeable portion of HER-2 positive 
cancer patients that do not respond to the targeted therapy despite the presence of the biomarker17,18. 
This is probably the result of molecular pathways not being completely understood, resulting in 
responses other than what would have been predicted in the first place15.

These findings indicate the need to identify biomarkers that mark resistant diseases and patient therapy 
respons19–21. Because then it could be predicted which patients can benefit from the targeted therapy 
alone, who needs combination with chemotherapy, or patients that require an alternative therapy 
approach22. A combination of targeted therapies is evaluated as well, with biomarkers playing the 
central role in identifying proper treatment targets9,23.



Challenges associated with the 
identification of biomarkers
Theoreti cally, the desired characteristi cs of a relevant biomarker are relati vely easy to defi ne: A 
biomarker ideally needs to be associated with disease severity and progression, should accurately 
respond to treatment, be highly reproducible, and should be quanti fi able4. Depending on the disease 
area, a number of biomarkers have been identi fi ed and some are even commonly used in general practi ce. 
Although the theoreti cal idea of a biomarker is a wonderful concept, the identi fi cati on and selecti on 
of a marker that meets FDA requirements for approval is oft en a complex and laborious process that 
can take several years24,25. At least for biomarkers outside the panel of generally accepted biomarkers 
in well-known disease areas8. As diseases are commonly further strati fi ed according to geneti c 
background, causes, prognosis or treatment response, it is likely that more specifi c biomarkers will be 
needed to support each of these pati ent populati ons.

The complexity of 
human physiology
Human physiology is complex. An essenti al 
contributor to that complexity, are geneti cs14. 
Where several disti nct geneti c mutati ons can cause 
the same disease and similar symptoms, pati ent 
populati ons might not respond comparably. This 
might result from a diff erent underlying cause or 
molecular pathway, with associated biomarkers not 
being equal14. 

Despite the tremendous progress in understanding 
pathophysiological processes underlying disease 
progression aside from the geneti c component of 
human physiology, many molecular pathways and 
their response to therapies are not yet completely 
understood. A potenti al biomarkers’ working 
mechanism is oft en a “black box”4.
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Biomarker information 
is siloed
Each disease area commonly focuses on biomarkers specifi c 
for one disease or group of related disease conditi ons. Even 
though various databases for colorectal cancer, breast cancer, 
post-traumati c stress disorders, tuberculosis, urinary proteins, 
and infecti ous diseases – to name a few – are widely available, 
the biomarker informati on is restricted to that parti cular fi eld of 
interest26–31. As a result, data is siloed in disconnected databases 
in various formats and with diff erent focus points. For example, 
the focus will lie on biomarkers directly or indirectly related to the 
gastrointesti nal system when looking at gastrointesti nal diseases. 
While in reality, biomarkers associated with molecular pathways 
that infl uence the gastric and intesti nal well-being could also be 
correlated to other, less obviously related indicati ons. 

Harmonization 
of biomarker 
nomenclature
The biomarker nomenclature has been used interchangeably 
for a long ti me, which considerably hampered research and 
validati on1,32,33. As a result, the FDA-NIH (Nati onal Insti tutes of 
Health) Joint Leadership Council was established to address the 
need to harmonize terms34. In the spring of 2015, the agencies 
developed the BEST (Biomarkers, EndpointS, and other Tools) 
Resource, a glossary that clarifi es important defi niti ons and 
disti ncti ons between biomarkers and clinical assessments and their 
role in research, clinical practi ce, medical product development, and 
in the regulati on of products by the FDA. 
Biomarker nomenclature synchronisati on has been applied 
in practi ce in some disease areas to date. For example, a clear 
categorizati on has been proposed for osteoarthriti s that allows for 
the descripti on of the current status of parti cular biomarkers and 
the diff erenti ati on between objecti vely measured biomarkers and 
pati ent-reported outcomes35–38.
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Identification and 
selection of biomarkers
Ideally, biomarkers should be selected based on their relevance and with a specific purpose in mind. 
Inappropriate selection of biomarkers can easily be detrimental to promising research. So, what is the 
best approach for identifying, validating, and selecting biomarkers tailored to your research question?
The search for a relevant biomarker is currently associated with a considerable amount of text screening and 
alignment of unstructured information. One way to get started with this process is by searching databases 
such as PubMed and Medline using specific keywords. Additional data can be retrieved by assessment of 
biomarker databases correlated with a specific disease. Such an approach requires listing of retrieved data 
and structuring according to methodology, study type, population, and purpose of the biomarker use to 
validate the results and assess their validity for your research39. A time-consuming task that needs regular 
updates to align with the most recent discoveries, as the biomarker field is continuously moving.

One platform linking all information
A keyword search consisting of a disease and the term “biomarker” already provides you with the first 
idea of biological entities that might be of interest. Yet, it remains a challenge to collect the treasure 
of available information out there efficiently. A way to speed up the search process and to provide a 
better overview and insights about biomarkers and their use, is to link all the available information to 
one particular place. 

DISQOVER is such a platform where most available life science information from multiple data silos 
is linked, transformed into a unified format, and structured according to key search terms. Data 
from different sources can be connected and analyzed quickly through a single point. This allows 
researchers to swiftly retrieve all publicly available information about a topic, particularly biomarkers 
of interest, and significantly speed up biomarker selection. Supportive information like associated 
articles, experts, biomarker type, and eventually available detection methods are displayed in a 
harmonized format. 

Significantly, sources linked by DISQOVER are continuously updated according to the latest scientific 
findings and can be used by anyone without the need for specific software. This allows users to revise 
previous searches and amend findings where needed at any point of time.
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This is how 
DISQOVER works 
DISQOVER links and structures informati on from 
several scienti fi c sources and databases at diff erent 
levels. For example, a diff erenti ati on is made between 
biomarkers used in clinical studies versus biomarkers 
described in publicati ons and expert databases. 
Biomarkers are also subdivided from early research 
phase to well-validated biomarkers. Furthermore, 
DISQOVER harmonizes the nomenclature and 
defi niti on of biomarkers while centralizing and 
synchronizing the retrieved informati on. It allows 
arranging retrieved data to specifi c interests, 
such as biological enti ty, disease area, research 
insti tuti on, etc. Another advantage is linking 
potenti al biomarkers with enti re molecular pathways, 
associati ng disease-related biological components 
with biomarkers and the relati on of the biomarker 
with downstream pathway molecules. This allows for 
a broader view and predicti ng potenti al interference 
of the biomarker’s direct response to changes in 
disease conditi ons.

As a result, DISQOVER is able to support insights 
in the relevance of biomarkers. A few examples are 
that it provides an easily accessible overview to 
explore potenti al biomarkers in the proper context, 
diff erenti ates between relevant and undesired 
informati on and explores the validati on status of 
biomarkers in specifi c diseases and disease areas.

Conclusion
The added value of biomarkers in life science research and industry is indisputable and highly recognized by 
the regulatory authoriti es. They effi  ciently speed up healthcare development and facilitate regulatory approval. 
Yet, eff orts should be made to make the innumerable amount of biomarker data clear and manageable at an 
acceptable speed. To do so, siloed biomarker data needs to be linked, harmonized, and structured.

DISQOVER



Creati ng an overview of potenti al 
biomarkers of interest related to a 
specifi c disease can be a challenge. 
Because data is siloed, biomarker 
nomenclature is not enti rely aligned, 
biomarkers are studied in diff erent 
species or research phases, or the 
biomarker validity or relevance is 
unclear.

DISQOVER simultaneously targets 
these issues. A preview of the platf orm’s 
added value for the identi fi cati on, 
selecti on and validati on of biomarkers can be demonstrated with the following example: Let’s say the 
user wishes for an overview of all biomarkers for which an associati on is demonstrated with Non-Small 
Cell Lung Cancer (NSCLC) in the clinical setti  ng. Simply start with adding “NSCLC” into the DISQOVER 
search fi eld. The user selects the synonyms he want to use. The intelligence of the DISQOVER synonym 
system disambiguates synonyms for ambiguous search terms.  DISQOVER will then provide the user with 

several areas of interest to which this 
disease is linked, such as literature, Key 
Opinion Leaders, and clinical trials. At 
this point, users can go straight to the 
‘biomarker’ link, showing an overview 
of biological enti ti es that have been 
identi fi ed and annotated as biomarkers 
according to the BEST framework in 
published research arti cles, databases, 
clinical trials, or other relevant scienti fi c 
sources in the NSCLC fi eld34.

Selection and validation
of biomarkers
From now on, the biomarker selecti on 
procedure can start. For specifi c 
requirements, such as using the 
biomarker in a clinical setti  ng as 
intended in the current example, 
the link selecti on butt on “clinical 
trials” can be checked. The resulti ng 
overview will focus only on biomarkers 
used in clinical research. 

    Use cases
Use case 1: Biomarkers associated with Non-Small Cell Lung Cancer
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The list of potenti al eligible biomarkers can now be further evaluated. This can be done in several ways 
and depends on the goal of the original questi on: Is the user interested in a reliable, well-validated 
biomarker, or rather in the detecti on techniques of biomarkers to make sure that biomarker evaluati ons 
can be locally performed during a clinical trial? This informati on can be easily retrieved from the 
DISQOVER dashboard by looking for example into:

Biomarker validity
• Diff erent research groups 

have described a specifi c 
biomarker. The more 
extensive a biomarker has 
been studied and used, the 
greater the chances are that 
the biomarker is accepted 
in the research fi eld as a 
reliable factor.

• More details can be obtained 
for every clinical trial in that list, such as study durati on, locati on, and whether the study is being 
initi ated, ongoing, or completed. Digging deeper into individual studies can be done through the 
links that DISQOVER shares, connecti ng users to the source fi les.

Detection approaches
• Informati on on the type of biomarker, including gene, protein, cell type, etc. 
• Selecti on of a biomarker on the list will provide an overview of relevant informati on regarding 

the selected biomarker, including its biological enti ty, the number and type of clinical trials the 
biomarker has been used in, and so on. In other words, DISQOVER provides the opportunity to 
retrieve in a fast way a screening of potenti al biomarker candidates, tailor-made to specifi c user 
requirements.



An important aspect in healthcare 
research and development is the 
engagement with experts in the 
fi eld, bett er known as Key Opinion 
Leaders (KOLs). They have the 
best understanding of the latest 
research and current clinical practi ce 
standards. Through the DISQOVER 
platf orm, KOLs related to biomarker 
research can be easily identi fi ed. This can be illustrated by the example below showing the tracing of 
KOLs involved in gastric cancer biomarker research.

Since gastric cancer is the area of 
interest, this key term should be 
inserted fi rst in the search fi eld of 
DISQOVER. From the list of suggested 
canonical types, ‘biomarkers’ can 
be selected, directi ng users to the 
list of biomarkers correlated with 
this disease and all relati onships 
for this list. Among these relati ons, 
the ‘Publicati ons’ link is the one of 
interest for this search. Once selected, 

DISQOVER retrieves a list of all scienti fi c publicati ons associated with gastric cancer and biomarkers. 
The ‘screen for authors’ or ‘Key Opinion Leader’ view will focus on the authors of those publicati ons, or 
in other words, possible KOLs of interest.

Use case 2: Identification of Key Opinion Leaders in gastric cancer 
research
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Selection and validation of KOLs
KOLs can be evaluated based on 
various criteria, some of which are 
(visually) presented in the dashboard 
by the DISQOVER platf orm. These 
can give researchers a head start 
on the selecti on of potenti al KOLs 
from the – oft en – extensive initi al 
list. Basic informati on, including 
full names and affi  liati ons from 
the authors of all the retrieved 
publicati ons, is presented. Insights 
into the extent of which each author is involved in biomarker research on gastric cancer can be obtained 
through the assessment of the provided informati on, for example:

• The number of ti mes a specifi c 
author contributed to publicati ons, 
which gives an idea of the level of 
involvement of authors in specifi c 
biomarker research

• The types of publicati ons that 
authors are involved in include 
review arti cles, original research, 
case reports, etc. And besides the 
journal ti tles, also an evaluati on 
based on impact factor and journal 
ranking can be performed using the 
DISQOVER platf orm

• Selecti on of a specifi c author from the list provides an overview of the affi  liati ons and 
specifi cati ons of the journals the selected author is associated with.

As such, eligible KOLs can be selected based on their knowledge and experience of specifi c biomarker 
research in gastric cancer.



DISQOVER is a platf orm that connects and structures related scienti fi c informati on from separate 
databases. In additi on, the platf orm is designed so that search results can be evaluated depending on 
the type of informati on that is required. For example, results can be evaluated based on biomarker type, 
specifi c disease area, experts in biomarker fi elds, etc. The integrated source data used by DISQOVER 
can vary, and can be tailored to individual needs. 
Primarily, DISQOVER uses about 147 publicly available databases to retrieve informati on from. These 
include, for example, PubMed, ClinicalTrials.gov, Reactome, and Orphanet. Next to these freely available 
databases, commercially available databases can also be connected to the platf orm. An example is 
Clarivate, a third party collaborati ng with DISQOVER. Databases from Clarivate can be linked to 
DISQOVER, adding their biomarker data to the publicly available sources. This additi onal data can thus 
also be scanned, linked, structured, and mapped to the set of data sources standard available. Also, 
company databases can be added to the platf orm, making it possible to include individual research 
data and fi ndings into assessments. As a result, DISQOVER can personalize the platf orm enti rely and 
can select databases to be included or excluded in analyses. That way, searches can be targeted more 
precisely and focus on specifi c research areas or diseases of interest.

Use case 3: Public or commercial data?

DISQOVER is at the heart of your ecosystem
the life science knowledge platform that links any type of data to deliver actionable insights
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Imagine, for example, when a new treatment is approved and marketed in a similar research fi eld as the 
user’s fi eld. The user would like to explore if his research fi ndings can be of interest to repurpose this 
new drug. Individual research fi ndings, such as preclinical or clinical data demonstrati ng upregulati on 
or downregulati on of specifi c components, can be compared or fi t in public domain informati on or 
third-party databases related to that new treatment. This way, own data can provide additi onal insights 
into pathways and biomarkers associated with the new drug. They may even open the door to the 
development of similar acti ng drugs, perhaps in other indicati ons. 
And last but not least, the fact that DISQOVER can be used independently without the need for specifi c 
soft ware makes this a suitable tool for self-service that can be regularly updated, rather than providing a 
one-ti me report.



14/15

REFERENCES
1.	 Robb, M. A., McInnes, P. M. & Califf, R. M. Biomarkers and 

surrogate endpoints: Developing common terminology 
and definitions. JAMA - Journal of the American Medical 
Association vol. 315 1107–1108 (2016).

2.	 BIO, QLS Advisors & Informa UK Ltd. Clinical 
Development Success Rates and Contributing Factors 
2011–2020. https://pharmaintelligence.informa.com/~/
media/informa-shop-window/pharma/2021/files/
reports/2021-clinical-development-success-rates-2011-
2020-v17.pdf (2021).

3.	 Gonzalez, R. et al. Cost-effectiveness analysis comparing 
‘PARP inhibitors-for-all’ to the biomarker-directed use of 
PARP inhibitor maintenance therapy for newly diagnosed 
advanced stage ovarian cancer. Gynecol. Oncol. 159, 
483–490 (2020).

4.	 Aronson, J. K. & Ferner, R. E. Biomarkers—a general 
review. Current Protocols in Pharmacology vol. 2017 
9.23.1-9.23.17 (2017).

5.	 Fiore, L. D. & D’Avolio, L. W. Detours on the road to 
personalized medicine: Barriers to biomarker validation 
and implementation. JAMA - Journal of the American 
Medical Association vol. 306 1914–1915 (2011).

6.	 Anderson, N. L. The clinical plasma proteome: A survey of 
clinical assays for proteins in plasma and serum. Clinical 
Chemistry vol. 56 177–185 (2010).

7.	 Atkinson, A. J. et al. Biomarkers and surrogate endpoints: 
Preferred definitions and conceptual framework. Clinical 
Pharmacology and Therapeutics vol. 69 89–95 (2001).

8.	 Gromova, M., Vaggelas, A., Dallmann, G. & Seimetz, D. 
Biomarkers: Opportunities and Challenges for Drug 
Development in the Current Regulatory Landscape. 
Biomark. Insights 15, 1177271920974652 (2020).

9.	 Vincent, J. L., Bogossian, E. & Menozzi, M. The Future of 
Biomarkers. Critical Care Clinics vol. 36 177–187 (2020).

10.	 Rubinger, D. A., Hollmann, S. S., Serdetchnaia, V., Ernst, 
D. S. & Parker, J. L. Biomarker use is associated with 
reduced clinical trial failure risk in metastatic melanoma. 
Biomarkers in Medicine vol. 9 13–23 (2015).

11.	 Boessen, R. et al. Improving clinical trial efficiency by 
biomarker-guided patient selection. Trials 15, 1–11 (2014).

12.	 Zhao, Y. & Brasier, A. R. Qualification and verification 
of protein biomarker candidates. in Advances in 
Experimental Medicine and Biology vol. 919 493–514 
(Springer New York LLC, 2016).

13.	 Biomarkers at FDA | FDA. https://www.fda.gov/science-
research/about-science-research-fda/biomarkers-fda.

14.	 Aronson, S. J. & Rehm, H. L. Building the foundation for 
genomics in precision medicine. Nature vol. 526 336–342 
(2015).

15.	 Pritzker, K. Biomarker imprecision in precision medicine. 
Expert Review of Molecular Diagnostics vol. 18 685–687 
(2018).

16.	 Oh, D. Y. & Bang, Y. J. HER2-targeted therapies — a role 
beyond breast cancer. Nature Reviews Clinical Oncology 
vol. 17 33–48 (2020).

17.	 Mazzarella, L. Are we ready for routine precision 
medicine? Highlights from the Milan Summit on 
Precision Medicine, Milan, Italy, 8-9 February 2018. 
Ecancermedicalscience 12, (2018).

18.	 Peer, D. Precision medicine - Delivering the goods? Cancer 
Letters vol. 352 2–3 (2014).

19.	 Triulzi, T., Bianchi, G. V. & Tagliabue, E. Predictive 
biomarkers in the treatment of HER2-positive breast 
cancer: An ongoing challenge. Future Oncology vol. 12 
1413–1428 (2016).

20.	 Fumagalli, D. et al. RNA sequencing to predict response to 
neoadjuvant anti-HER2 therapy a secondary analysis of 
the NeoALTTO randomized clinical trial. JAMA Oncol. 3, 
227–234 (2017).

21.	 Guarneri, V. et al. De-escalated therapy for HR+/HER2+ 
breast cancer patients with Ki67 response after 2-week 
letrozole: Results of the PerELISA neoadjuvant study. Ann. 
Oncol. 30, 921–926 (2019).

22.	 Goutsouliak, K. et al. Towards personalized treatment for 
early stage HER2-positive breast cancer. Nature Reviews 
Clinical Oncology vol. 17 233–250 (2020).

23.	 Goel, S. et al. Overcoming Therapeutic Resistance in 
HER2-Positive Breast Cancers with CDK4/6 Inhibitors. 
Cancer Cell 29, 255–269 (2016).

24.	 Ileana Dumbrava, E., Meric-Bernstam, F. & Yap, T. A. Expert 
Opinion on Drug Discovery Challenges with biomarkers in 
cancer drug discovery and development Challenges with 
biomarkers in cancer drug discovery and development. 
(2018) doi:10.1080/17460441.2018.1479740.

25.	 Federico, G. & Felix, F.  Biomarker Qualifi cation Pilot 
Process at the US Food and Drug  Administration . AAPS J. 
9, E105–E108 (2007).

26.	 Zhang, X. et al. CBD: A biomarker database for colorectal 
cancer. Database 2018, (2018).

27.	 Yerlikaya, S., Broger, T., MacLean, E., Pai, M. & Denkinger, C. 
M. A tuberculosis biomarker database: the key to novel TB 
diagnostics. International Journal of Infectious Diseases 
vol. 56 253–257 (2017).

28.	 Domingo-Fernández, D. et al. PTSD Biomarker Database: 
Deep dive metadatabase for PTSD biomarkers, 
visualizations and analysis tools. Database 2019, (2019).

29.	 Shao, C. Urinary protein biomarker database: A useful 
tool for biomarker discovery. Adv. Exp. Med. Biol. 845, 
195–203 (2015).

30.	 Yang, I. S. et al. IDBD: Infectious disease biomarker 
database. Nucleic Acids Res. 36, (2008).

31.	 Pérez-Granado, J., Piñero, J. & Furlong, L. I. ResMarkerDB: 
A database of biomarkers of response to antibody therapy 
in breast and colorectal cancer. Database 2019, (2019).

32.	 Kraus, V. B. Biomarkers as drug development tools: 
Discovery, validation, qualification and use. Nature 
Reviews Rheumatology vol. 14 354–362 (2018).

33.	 RULES COMMITTEE PRINT 114-67 TEXT OF HOUSE 
AMENDMENT TO THE SENATE AMENDMENT TO H.R. 
34, TSUNAMI WARNING, EDUCATION, AND RESEARCH 
ACT OF 2015 [Showing the text of the 21st Century Cures 
Act.].

34.	 FDA-NIH Biomarker Working Group. BEST ( Biomarkers , 
EndpointS , and other Tools ). Updat. Sept. 25 55 (2017).

35.	 van Spil, W. E., DeGroot, J., Lems, W. F., Oostveen, J. C. M. & 
Lafeber, F. P. J. G. Serum and urinary biochemical markers 
for knee and hip-osteoarthritis: A systematic review 
applying the consensus BIPED criteria. Osteoarthritis and 
Cartilage vol. 18 605–612 (2010).

36.	 Liu, T., Wang, X., Karsdal, M. A., Leeming, D. J. & Genovese, 
F. Molecular serum markers of liver fibrosis. Biomarker 
Insights vol. 7 105–117 (2012).

37.	 Veidal, S. S., Bay-Jensen, A. C., Tougas, G., Karsdal, M. A. & 
Vainer, B. Serum markers of liver fibrosis: Combining the 
BIPED classification and the neo-epitope approach in the 
development of new biomarkers. Disease Markers vol. 28 
15–28 (2010).

38.	 Bauer, D. C. et al. Classification of osteoarthritis 
biomarkers: a proposed approach. Osteoarthritis and 
Cartilage vol. 14 723–727 (2006).

39.	 Pierrakos, C., Velissaris, D., Bisdorff, M., Marshall, J. C. & 
Vincent, J. L. Biomarkers of sepsis: Time for a reappraisal. 
Crit. Care 24, (2020).



15/151/21
21/21

 MAIN OFFICE

Moutstraat 108
9000 Ghent, Belgium

 ontoforce.com

 +32 9 396 80 07
 info@ontoforce.com

About ONTOFORCE
ONTOFORCE TRANSFORMS DATA INTO KNOWLEDGE 

For more than a decade, ONTOFORCE has addressed the problem 

that many Life Science companies struggle with: bringing together 

structured and unstructured data to create new insights. These 

insights lead to accelerated drug discovery, more in-depth insights 

into real-world evidence, optimized clinical trial research and faster 

go-to-market. 

Do you wish to operate analytically, exploratively, or collaboratively? 

DISQOVER, the knowledge platform of ONTOFORCE, provides 

these insights quickly, clearly and efficiently. Combine internal data 

or commercial data with the public data sources of DISQOVER, and 

you take the lead. 

ONTOFORCE already works for lighthouse customers such as 
Amgen, UCB, BMS, Roche, Medidata, and numerous other life 
sciences colleagues. Thanks to the intense collaboration with 
renowned research institutes such as IMEC, VIB, UGent, KULeuven, 
and international research and industrial consortia such as ELIXIR, 
FAIRplus, and Pistoia Alliance, it guarantees that you are engaging 
with a global player that has made transforming data into insights its 
primary objective.

  ontoforce.com

  twitter.com/ONTOFORCE
  linkedin.com/company/ontoforce

15/15


