



Submit Search


Upload
2022-09-08 ECPM Digital Biomarkers and AI, Basel, Alain van Gool.pdf
•
0 likes•367 views


Alain van GoolFollow
Lecture for 150 pharma professionals to outline the potentials and things-to-do with digital biomarkers, as part of a ECPM training on digitization and AI in drug development.Read less

Read more
Health & Medicine




Report
Share








Report
Share



1 of 70Download NowDownload to read offline





















































































































































Recommended
Big data, RWE and AI in Clinical Trials made simple
Big data, RWE and AI in Clinical Trials made simpleHadas Jacoby 


Data Integrity in Decentralized Clinical Trials (DCTs)
Data Integrity in Decentralized Clinical Trials (DCTs)InsideScientific 


Precision Medicine in the Big Data World
Precision Medicine in the Big Data WorldCloudera, Inc. 


Impact of Big Data & Artificial Intelligence in Drug Discovery & Development ...
Impact of Big Data & Artificial Intelligence in Drug Discovery & Development ...Nick Brown 


Drug discovery using ai
Drug discovery using aiSukant Khurana 


Decentralized Clinical Trials_CSRPL.pptx
Decentralized Clinical Trials_CSRPL.pptxClinosolIndia 


Big data in healthcare
Big data in healthcareXavier Rafael Palou 


Decentralized Clinical Trials: Collaboration to Accelerate Adoption
Decentralized Clinical Trials: Collaboration to Accelerate AdoptionCraig Lipset 







More Related Content
What's hot
Clinical data management basics
Clinical data management basicsSurabhi Jain 



How to create edit checks in medidata rave painlessly
How to create edit checks in medidata rave painlesslyWeihong Yang 



Patient centricity and digital solutions
Patient centricity and digital solutionsAhmed Graouch 



Precision Medicine: Research Presentation
Precision Medicine: Research PresentationShelagh McLellan 



How AstraZeneca is Applying AI, Imaging & Data Analytics (AI-Driven Drug Deve...
How AstraZeneca is Applying AI, Imaging & Data Analytics (AI-Driven Drug Deve...Nick Brown 



Decentralized Clinical Trials, presentaiton by Craig Lipset for mHealth Israel
Decentralized Clinical Trials, presentaiton by Craig Lipset for mHealth IsraelLevi Shapiro 



Clinical data management
Clinical data managementUpendra Agarwal 



Machine Learning in Healthcare
Machine Learning in HealthcareBigR.io 



Transforming Healthcare: The Promise of Innovation
Transforming Healthcare: The Promise of InnovationHealth Catalyst 



Integrating Clinical Operations and Clinical Data Management Through EDC
Integrating Clinical Operations and Clinical Data Management Through EDCwww.datatrak.com 



Using JReview to Analyze Clinical and Pharmacovigilance Data in Disparate Sys...
Using JReview to Analyze Clinical and Pharmacovigilance Data in Disparate Sys...Perficient, Inc. 



Artificial intelligence in health care (drug discovery) in pharmacy 
Artificial intelligence in health care (drug discovery) in pharmacy Dr. Amit Gangwal Jain (MPharm., PhD.) 



Clinical data management and software packages final edc and rdc
Clinical data management and software packages final edc and rdcPristyn Research Solutions 



Regulatory intelligence
Regulatory intelligenceTim Felgate 



Big Data applications in Health Care
Big Data applications in Health CareLeo Barella 



The Future of Digital Health in 2022
The Future of Digital Health in 2022Diana  Girnita 



Precision Medicine: Opportunities and Challenges for Clinical Trials
Precision Medicine: Opportunities and Challenges for Clinical TrialsMedpace 



Digital Pharma: Evolution and Revolution in Marketing & Sales
Digital Pharma: Evolution and Revolution in Marketing & SalesLen Starnes 



AI in Practice for Healthcare 
AI in Practice for Healthcare Vaikunthan Rajaratnam 



Data Visualization: Impact, Intrigue, Value Add for APLIC 2014
Data Visualization: Impact, Intrigue, Value Add for APLIC 2014Amanda Makulec 





What's hot (20)
Clinical data management basics
Clinical data management basics 


How to create edit checks in medidata rave painlessly
How to create edit checks in medidata rave painlessly 


Patient centricity and digital solutions
Patient centricity and digital solutions 


Precision Medicine: Research Presentation
Precision Medicine: Research Presentation 


How AstraZeneca is Applying AI, Imaging & Data Analytics (AI-Driven Drug Deve...
How AstraZeneca is Applying AI, Imaging & Data Analytics (AI-Driven Drug Deve... 


Decentralized Clinical Trials, presentaiton by Craig Lipset for mHealth Israel
Decentralized Clinical Trials, presentaiton by Craig Lipset for mHealth Israel 


Clinical data management
Clinical data management 


Machine Learning in Healthcare
Machine Learning in Healthcare 


Transforming Healthcare: The Promise of Innovation
Transforming Healthcare: The Promise of Innovation 


Integrating Clinical Operations and Clinical Data Management Through EDC
Integrating Clinical Operations and Clinical Data Management Through EDC 


Using JReview to Analyze Clinical and Pharmacovigilance Data in Disparate Sys...
Using JReview to Analyze Clinical and Pharmacovigilance Data in Disparate Sys... 


Artificial intelligence in health care (drug discovery) in pharmacy 
Artificial intelligence in health care (drug discovery) in pharmacy  


Clinical data management and software packages final edc and rdc
Clinical data management and software packages final edc and rdc 


Regulatory intelligence
Regulatory intelligence 


Big Data applications in Health Care
Big Data applications in Health Care 


The Future of Digital Health in 2022
The Future of Digital Health in 2022 


Precision Medicine: Opportunities and Challenges for Clinical Trials
Precision Medicine: Opportunities and Challenges for Clinical Trials 


Digital Pharma: Evolution and Revolution in Marketing & Sales
Digital Pharma: Evolution and Revolution in Marketing & Sales 


AI in Practice for Healthcare 
AI in Practice for Healthcare  


Data Visualization: Impact, Intrigue, Value Add for APLIC 2014
Data Visualization: Impact, Intrigue, Value Add for APLIC 2014 






Similar to 2022-09-08 ECPM Digital Biomarkers and AI, Basel, Alain van Gool.pdf
2022-09-27 Leiden Drug Development Conference, Alain van Gool.pdf
2022-09-27 Leiden Drug Development Conference, Alain van Gool.pdfAlain van Gool 



2015 07-03 Nanonext NL Alain van Gool, Amsterdam
2015 07-03 Nanonext NL Alain van Gool, AmsterdamAlain van Gool 



2018 11-28 SAB Interreg BIC project Baltic Sea Region, Copenhagen, Alain van ...
2018 11-28 SAB Interreg BIC project Baltic Sea Region, Copenhagen, Alain van ...Alain van Gool 



2015 09-14 Precision Medicine 2015, London, Alain van Gool
2015 09-14 Precision Medicine 2015, London, Alain van GoolAlain van Gool 



2017 10-06 Biomarker Development Center conference, Rotterdam, Alain van Gool
2017 10-06 Biomarker Development Center conference, Rotterdam, Alain van GoolAlain van Gool 



Presentasi WHONET.pptx
Presentasi WHONET.pptxDavidChristianto11 



2018 12-07 Danone-Nutricia Precision Nutrition Forum, Utrecht, Alain van Gool
2018 12-07 Danone-Nutricia Precision Nutrition Forum, Utrecht, Alain van GoolAlain van Gool 



2020 09-07 European Center Pharmaceutical Medicine course Biomarkers, Basel, ...
2020 09-07 European Center Pharmaceutical Medicine course Biomarkers, Basel, ...Alain van Gool 



2021 06-14 EATRIS-Plus summer school, Alain van Gool
2021 06-14 EATRIS-Plus summer school, Alain van GoolAlain van Gool 



2014 02-24 Oxford Global biomarker congress, Manchester
2014 02-24 Oxford Global biomarker congress, ManchesterAlain van Gool 



2015 03-11 Opening EATRIS Finland, Helsinki
2015 03-11 Opening EATRIS Finland, HelsinkiAlain van Gool 



2013-10-02 Dutch CC symposium on Personalized Healthcare, Ede
2013-10-02 Dutch CC symposium on Personalized Healthcare, EdeAlain van Gool 



2019 09-23 COST CliniMARK summerschool, Spetses, Alain van Gool
2019 09-23 COST CliniMARK summerschool, Spetses, Alain van GoolAlain van Gool 



2012 19-11 EC DG R&I biomarker lecture, Brussels
2012 19-11 EC DG R&I biomarker lecture, BrusselsAlain van Gool 



2015 12-09 Opening Radboud Translational Medicine, Nijmegen, Alain van Gool
2015 12-09 Opening Radboud Translational Medicine, Nijmegen, Alain van GoolAlain van Gool 



Whole Cell Bioluminescent Bacterial Biosensors
Whole Cell Bioluminescent Bacterial BiosensorsJennifer Lyons 



2014 07-08 Selectbio Biomarkers 2014, Cambridge
2014 07-08 Selectbio Biomarkers 2014, CambridgeAlain van Gool 



2016 11-11 IHE jaarcongres 2016, Bussum, Alain van Gool
2016 11-11 IHE jaarcongres 2016, Bussum, Alain van GoolAlain van Gool 



2017 02-22 Oxford Global Biomarker Congress, Manchester, Alain van Gool
2017 02-22 Oxford Global Biomarker Congress, Manchester, Alain van GoolAlain van Gool 



Craig Elliott's Presentation at COS Conference 2017
Craig Elliott's Presentation at COS Conference 2017Sarah MacKenzie 





Similar to 2022-09-08 ECPM Digital Biomarkers and AI, Basel, Alain van Gool.pdf (20)
2022-09-27 Leiden Drug Development Conference, Alain van Gool.pdf
2022-09-27 Leiden Drug Development Conference, Alain van Gool.pdf 


2015 07-03 Nanonext NL Alain van Gool, Amsterdam
2015 07-03 Nanonext NL Alain van Gool, Amsterdam 


2018 11-28 SAB Interreg BIC project Baltic Sea Region, Copenhagen, Alain van ...
2018 11-28 SAB Interreg BIC project Baltic Sea Region, Copenhagen, Alain van ... 


2015 09-14 Precision Medicine 2015, London, Alain van Gool
2015 09-14 Precision Medicine 2015, London, Alain van Gool 


2017 10-06 Biomarker Development Center conference, Rotterdam, Alain van Gool
2017 10-06 Biomarker Development Center conference, Rotterdam, Alain van Gool 


Presentasi WHONET.pptx
Presentasi WHONET.pptx 


2018 12-07 Danone-Nutricia Precision Nutrition Forum, Utrecht, Alain van Gool
2018 12-07 Danone-Nutricia Precision Nutrition Forum, Utrecht, Alain van Gool 


2020 09-07 European Center Pharmaceutical Medicine course Biomarkers, Basel, ...
2020 09-07 European Center Pharmaceutical Medicine course Biomarkers, Basel, ... 


2021 06-14 EATRIS-Plus summer school, Alain van Gool
2021 06-14 EATRIS-Plus summer school, Alain van Gool 


2014 02-24 Oxford Global biomarker congress, Manchester
2014 02-24 Oxford Global biomarker congress, Manchester 


2015 03-11 Opening EATRIS Finland, Helsinki
2015 03-11 Opening EATRIS Finland, Helsinki 


2013-10-02 Dutch CC symposium on Personalized Healthcare, Ede
2013-10-02 Dutch CC symposium on Personalized Healthcare, Ede 


2019 09-23 COST CliniMARK summerschool, Spetses, Alain van Gool
2019 09-23 COST CliniMARK summerschool, Spetses, Alain van Gool 


2012 19-11 EC DG R&I biomarker lecture, Brussels
2012 19-11 EC DG R&I biomarker lecture, Brussels 


2015 12-09 Opening Radboud Translational Medicine, Nijmegen, Alain van Gool
2015 12-09 Opening Radboud Translational Medicine, Nijmegen, Alain van Gool 


Whole Cell Bioluminescent Bacterial Biosensors
Whole Cell Bioluminescent Bacterial Biosensors 


2014 07-08 Selectbio Biomarkers 2014, Cambridge
2014 07-08 Selectbio Biomarkers 2014, Cambridge 


2016 11-11 IHE jaarcongres 2016, Bussum, Alain van Gool
2016 11-11 IHE jaarcongres 2016, Bussum, Alain van Gool 


2017 02-22 Oxford Global Biomarker Congress, Manchester, Alain van Gool
2017 02-22 Oxford Global Biomarker Congress, Manchester, Alain van Gool 


Craig Elliott's Presentation at COS Conference 2017
Craig Elliott's Presentation at COS Conference 2017 









More from Alain van Gool
2023-11-14 Biomarkers Europe 2023, Berlin, Alain van Gool.pdf
2023-11-14 Biomarkers Europe 2023, Berlin, Alain van Gool.pdfAlain van Gool 



2023-11-09 HealthRI Biobanking day_Amsterdam_Alain van Gool.pdf
2023-11-09 HealthRI Biobanking day_Amsterdam_Alain van Gool.pdfAlain van Gool 



2023-04-20 EATRIS-Plus Summerschool, Lisbon, Alain van Gool
2023-04-20 EATRIS-Plus Summerschool, Lisbon, Alain van GoolAlain van Gool 



2022-11-23 DTL Future of data-driven life sciences, Utrecht, Alain van Gool.pdf
2022-11-23 DTL Future of data-driven life sciences, Utrecht, Alain van Gool.pdfAlain van Gool 



2022-10-12 The future of population health_Alain van Gool.pdf
2022-10-12 The future of population health_Alain van Gool.pdfAlain van Gool 



2022-04-14 EuroMedLab, Munich, Alain van Gool
2022-04-14 EuroMedLab, Munich, Alain van GoolAlain van Gool 



2022-04-11 Opening X-omics festival 2022, Nijmegen, Alain van Gool
2022-04-11 Opening X-omics festival 2022, Nijmegen, Alain van GoolAlain van Gool 



2021 12-10 Amalia Science Day, Nijmegen, Alain van Gool
2021 12-10 Amalia Science Day, Nijmegen, Alain van GoolAlain van Gool 



2021 03-25 11th World Clinical Biomarkers & Companion Diagnostics, Alain van ...
2021 03-25 11th World Clinical Biomarkers & Companion Diagnostics, Alain van ...Alain van Gool 



2020 08-28 SensUs Event 2020 keynote, Eindhoven, Alain van Gool
2020 08-28 SensUs Event 2020 keynote, Eindhoven, Alain van GoolAlain van Gool 



2020 02-07 Undiagnosed Diseases Network International, Nijmegen, Alain van Gool
2020 02-07 Undiagnosed Diseases Network International, Nijmegen, Alain van GoolAlain van Gool 



2020 02-10 European Center Pharmaceutical Medicine course - biomarkers, Basel...
2020 02-10 European Center Pharmaceutical Medicine course - biomarkers, Basel...Alain van Gool 



2019 10-14 2nd Int Congress on Precision Medicine, Munich, Alain van Gool
2019 10-14 2nd Int Congress on Precision Medicine, Munich, Alain van GoolAlain van Gool 



2019 09-05 Health Insurers Day Radboudumc, Nijmegen, Alain van Gool
2019 09-05 Health Insurers Day Radboudumc, Nijmegen, Alain van GoolAlain van Gool 



2019 06-19 Dutch association for clinical chemistry and laboratory medicine -...
2019 06-19 Dutch association for clinical chemistry and laboratory medicine -...Alain van Gool 



2019 05-14 Benelux Precision Medicine Forum, Utrecht, Alain van Gool
2019 05-14 Benelux Precision Medicine Forum, Utrecht, Alain van GoolAlain van Gool 



2019 03-28 COST CliniMARK 2nd biomarker validation congress, Basel, Alain van...
2019 03-28 COST CliniMARK 2nd biomarker validation congress, Basel, Alain van...Alain van Gool 



2019 03-14 Health Valley Event 2019, Nijmegen, Alain van Gool
2019 03-14 Health Valley Event 2019, Nijmegen, Alain van GoolAlain van Gool 



2019 02-21 Oxford Global 14th Biomarker Congress, Manchester, Alain van Gool
2019 02-21 Oxford Global 14th Biomarker Congress, Manchester, Alain van GoolAlain van Gool 



2019 01-19 Retina symposium 2019, Amsterdam, Alain van Gool
2019 01-19 Retina symposium 2019, Amsterdam, Alain van GoolAlain van Gool 





More from Alain van Gool (20)
2023-11-14 Biomarkers Europe 2023, Berlin, Alain van Gool.pdf
2023-11-14 Biomarkers Europe 2023, Berlin, Alain van Gool.pdf 


2023-11-09 HealthRI Biobanking day_Amsterdam_Alain van Gool.pdf
2023-11-09 HealthRI Biobanking day_Amsterdam_Alain van Gool.pdf 


2023-04-20 EATRIS-Plus Summerschool, Lisbon, Alain van Gool
2023-04-20 EATRIS-Plus Summerschool, Lisbon, Alain van Gool 


2022-11-23 DTL Future of data-driven life sciences, Utrecht, Alain van Gool.pdf
2022-11-23 DTL Future of data-driven life sciences, Utrecht, Alain van Gool.pdf 


2022-10-12 The future of population health_Alain van Gool.pdf
2022-10-12 The future of population health_Alain van Gool.pdf 


2022-04-14 EuroMedLab, Munich, Alain van Gool
2022-04-14 EuroMedLab, Munich, Alain van Gool 


2022-04-11 Opening X-omics festival 2022, Nijmegen, Alain van Gool
2022-04-11 Opening X-omics festival 2022, Nijmegen, Alain van Gool 


2021 12-10 Amalia Science Day, Nijmegen, Alain van Gool
2021 12-10 Amalia Science Day, Nijmegen, Alain van Gool 


2021 03-25 11th World Clinical Biomarkers & Companion Diagnostics, Alain van ...
2021 03-25 11th World Clinical Biomarkers & Companion Diagnostics, Alain van ... 


2020 08-28 SensUs Event 2020 keynote, Eindhoven, Alain van Gool
2020 08-28 SensUs Event 2020 keynote, Eindhoven, Alain van Gool 


2020 02-07 Undiagnosed Diseases Network International, Nijmegen, Alain van Gool
2020 02-07 Undiagnosed Diseases Network International, Nijmegen, Alain van Gool 


2020 02-10 European Center Pharmaceutical Medicine course - biomarkers, Basel...
2020 02-10 European Center Pharmaceutical Medicine course - biomarkers, Basel... 


2019 10-14 2nd Int Congress on Precision Medicine, Munich, Alain van Gool
2019 10-14 2nd Int Congress on Precision Medicine, Munich, Alain van Gool 


2019 09-05 Health Insurers Day Radboudumc, Nijmegen, Alain van Gool
2019 09-05 Health Insurers Day Radboudumc, Nijmegen, Alain van Gool 


2019 06-19 Dutch association for clinical chemistry and laboratory medicine -...
2019 06-19 Dutch association for clinical chemistry and laboratory medicine -... 


2019 05-14 Benelux Precision Medicine Forum, Utrecht, Alain van Gool
2019 05-14 Benelux Precision Medicine Forum, Utrecht, Alain van Gool 


2019 03-28 COST CliniMARK 2nd biomarker validation congress, Basel, Alain van...
2019 03-28 COST CliniMARK 2nd biomarker validation congress, Basel, Alain van... 


2019 03-14 Health Valley Event 2019, Nijmegen, Alain van Gool
2019 03-14 Health Valley Event 2019, Nijmegen, Alain van Gool 


2019 02-21 Oxford Global 14th Biomarker Congress, Manchester, Alain van Gool
2019 02-21 Oxford Global 14th Biomarker Congress, Manchester, Alain van Gool 


2019 01-19 Retina symposium 2019, Amsterdam, Alain van Gool
2019 01-19 Retina symposium 2019, Amsterdam, Alain van Gool 






Recently uploaded
Fully Automated CPR | Jason van der Velde | TBS24
Fully Automated CPR | Jason van der Velde | TBS24scanFOAM 



ACH - CURED CASE PPT - D004-WART ON PALM-RS.pptx
ACH - CURED CASE PPT - D004-WART ON PALM-RS.pptxAllen College of Homoeopathy USA 



SNORING AND OBSTRUCTIVE SLEEP APNEA.pdf ENT BY QUICKMEDTALK
SNORING AND OBSTRUCTIVE SLEEP APNEA.pdf ENT BY QUICKMEDTALKQuick MedTalk 



How Do I Dispose of Medical Waste. - MedPro Disposal
How Do I Dispose of Medical Waste. - MedPro DisposalMedPro Disposal 



1.FATTY ACID SYNTHESIS FOR MBBS, LABORATORY MEDICINEAND BDS.ppt
1.FATTY ACID SYNTHESIS FOR MBBS, LABORATORY MEDICINEAND BDS.pptRajendra Dev Bhatt 



Clinical validation of an Artificial Intelligence algorithm for the detection...
Clinical validation of an Artificial Intelligence algorithm for the detection...Josep Vidal-Alaball 



Arts-Focused Approaches to Public Health Communications
Arts-Focused Approaches to Public Health Communicationskatiequigley33 



Preparation note on longevity for discussion
Preparation note on longevity for discussionTassanee Lerksuthirat 



My FLUID AND ELECTROLYTES for medical personnel.pptx
My FLUID AND ELECTROLYTES for medical personnel.pptxGloria682723 



WHIRLPOOL BATH by Dr.Aneri patwari..pptx
WHIRLPOOL BATH by Dr.Aneri patwari..pptxAneriPatwari 



Pancreatic Cancer an Overview - CCSN 2024-02-29
Pancreatic Cancer an Overview - CCSN 2024-02-29Canadian Cancer Survivor Network 



GIT ABSORPTION FOR ORAL Administered Drug
GIT ABSORPTION FOR ORAL Administered DrugAli Mashwani 



adolescent health programme        .pptx
adolescent health programme        .pptxmkniranda 



ORTHOTIC_MANAGEMENT_FOR_PERSONS_WITH_NEUROMUSCULAR_DISORDERS.pptx
ORTHOTIC_MANAGEMENT_FOR_PERSONS_WITH_NEUROMUSCULAR_DISORDERS.pptxRishiRajgude 



MODERN INSTRUMENTS AND MACHINERIES USED IN AYURVEDIC PHARMACIES
MODERN INSTRUMENTS AND MACHINERIES USED IN AYURVEDIC PHARMACIESAparnaNandakumar12 



Introducing VSPGx: Pharmacogenomics Testing in VarSeq
Introducing VSPGx: Pharmacogenomics Testing in VarSeqGolden Helix 



Clinical 5th Grade Dr Ahmed Osama Hashem Ophthalmology.pptx
Clinical 5th Grade Dr Ahmed Osama Hashem Ophthalmology.pptxAhmed Osama Hashem 



MICTURITION AND DEFECATION REFLEXES.pptx
MICTURITION AND DEFECATION REFLEXES.pptxDr. Aniket Shilwant 



How AI will transform Pediatric Practice - Feb 2024
How AI will transform Pediatric Practice - Feb 2024Gaurav Gupta 



Posterior Pituitary hormones-5.ppt- endocrine physiology
Posterior Pituitary hormones-5.ppt- endocrine physiologySai Sailesh Kumar Goothy 





Recently uploaded (20)
Fully Automated CPR | Jason van der Velde | TBS24
Fully Automated CPR | Jason van der Velde | TBS24 


ACH - CURED CASE PPT - D004-WART ON PALM-RS.pptx
ACH - CURED CASE PPT - D004-WART ON PALM-RS.pptx 


SNORING AND OBSTRUCTIVE SLEEP APNEA.pdf ENT BY QUICKMEDTALK
SNORING AND OBSTRUCTIVE SLEEP APNEA.pdf ENT BY QUICKMEDTALK 


How Do I Dispose of Medical Waste. - MedPro Disposal
How Do I Dispose of Medical Waste. - MedPro Disposal 


1.FATTY ACID SYNTHESIS FOR MBBS, LABORATORY MEDICINEAND BDS.ppt
1.FATTY ACID SYNTHESIS FOR MBBS, LABORATORY MEDICINEAND BDS.ppt 


Clinical validation of an Artificial Intelligence algorithm for the detection...
Clinical validation of an Artificial Intelligence algorithm for the detection... 


Arts-Focused Approaches to Public Health Communications
Arts-Focused Approaches to Public Health Communications 


Preparation note on longevity for discussion
Preparation note on longevity for discussion 


My FLUID AND ELECTROLYTES for medical personnel.pptx
My FLUID AND ELECTROLYTES for medical personnel.pptx 


WHIRLPOOL BATH by Dr.Aneri patwari..pptx
WHIRLPOOL BATH by Dr.Aneri patwari..pptx 


Pancreatic Cancer an Overview - CCSN 2024-02-29
Pancreatic Cancer an Overview - CCSN 2024-02-29 


GIT ABSORPTION FOR ORAL Administered Drug
GIT ABSORPTION FOR ORAL Administered Drug 


adolescent health programme        .pptx
adolescent health programme        .pptx 


ORTHOTIC_MANAGEMENT_FOR_PERSONS_WITH_NEUROMUSCULAR_DISORDERS.pptx
ORTHOTIC_MANAGEMENT_FOR_PERSONS_WITH_NEUROMUSCULAR_DISORDERS.pptx 


MODERN INSTRUMENTS AND MACHINERIES USED IN AYURVEDIC PHARMACIES
MODERN INSTRUMENTS AND MACHINERIES USED IN AYURVEDIC PHARMACIES 


Introducing VSPGx: Pharmacogenomics Testing in VarSeq
Introducing VSPGx: Pharmacogenomics Testing in VarSeq 


Clinical 5th Grade Dr Ahmed Osama Hashem Ophthalmology.pptx
Clinical 5th Grade Dr Ahmed Osama Hashem Ophthalmology.pptx 


MICTURITION AND DEFECATION REFLEXES.pptx
MICTURITION AND DEFECATION REFLEXES.pptx 


How AI will transform Pediatric Practice - Feb 2024
How AI will transform Pediatric Practice - Feb 2024 


Posterior Pituitary hormones-5.ppt- endocrine physiology
Posterior Pituitary hormones-5.ppt- endocrine physiology 











2022-09-08 ECPM Digital Biomarkers and AI, Basel, Alain van Gool.pdf

	1. Digital biomarkers
ECMP Role  and Impact of Digitalization and Artificial Intelligence in Drug Development
Basel
8 Sept 2022
Prof. Alain van Gool
Professor Personalized Healthcare
Translational Metabolic Laboratory
Radboudumc Technology Centers
Netherlands X-omics Initiative
EATRIS Biomarker Platform
 


	2. My background in  translational health research
• 1989 BSc Biochemistry and microbiology
• 1991 MSc Biochemistry
• 1996 PhD Molecular biology
• 1996-1998 Postdoc UK
• 1999-2011 Pharmaceutical industry
• 2007 Professor Molecular Profiling Radboud University
• 2011-2017 TNO
• 2011- present Radboudumc
Chair EATRIS Biomarker Platform
Professor of Personalized Healthcare
Scientist Translational Metabolic Laboratory
Strategic Advisor Executive Board
Board Radboudumc Technology Centers
Coordinator and lead PI of the
Netherlands X-omics Initiative
www.radboudumc.nl/en/people/alain-van-gool www.slideshare.net/alainvangool
 


	3. Outline
• Biomarkers in  pharmaceutical R&D
• Digital biomarkers
• Definitions
• Promises
• Inspirational examples
• Translational innovation gaps
• Outlook
2022-09-08 ECPM, Basel, Alain van Gool
Pagina 3
 


	4. Biomarkers in
pharma
=
‘GPS for  drug
developers’
2022-09-08 ECPM, Basel, Alain van Gool
Pagina 4
 


	5. Biomarker data-based translational  medicine in pharma
• Does the compound get to the site of action?
• Does the compound cause its intended pharmacological/ functional effects?
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• What is the therapeutic window (how safe is the drug)?
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	7. Biomarkers
{Biomarkers definition working  group, 2001 }
• Definition: ‘a characteristic that is objectively measured and evaluated as an indicator of
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therapeutic intervention’
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Genomics
Testing 3.000.000.000 DNA bases
in 1 assay
Proteomics, glycomics, metabolomics
Testing of 10.000-50.000 proteins and
metabolites in 1 assay
500
1000
1500
2000
m/z
5 10 15 20 25 30 35 40 Time [min]
{Source: prof. Edwin Cuppen,
Hartwig}
{Source: dr Hans Wessels,
Radboudumc}
2022-09-08 ECPM, Basel, Alain van Gool
Pagina 8
 


	9. Integration of molecular  biomarker data drives precision medicine
2022-09-08 ECPM, Basel, Alain van Gool
Pagina 9
Personalized diagnosis
Genomics
Metabolomics
Monitoring new personalized
(combination) therapies
Glycomics
Glycoproteomics
Deep Learning
Artificial Intelligence
System biology
Elucidating new
disease mechanisms
Transcriptomics
Proteomics
Epigenetics
Cellomics
…-omics
See www.slideshare.net/alainvangool
 


	10. A changing world:  We are getting digital !!
2022-09-08 ECPM, Basel, Alain van Gool
Pagina 10
 


	11. Digital biomarkers
2022-09-08 ECPM,  Basel, Alain van Gool
Pagina 11
 


	12. Digital biomarkers
{Babrak et  al, Digital Biomarkers 3 (2019)}
• Definition: ‘Digital biomarkers are objective, quantifiable, physiological, and behavioral measures
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monitoring of disease progression through capturing dynamic fluctuating symptoms at home in
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Alain van Gool
{Stephenson et al, J Parkinson Dis 11 (2021)}
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	13. healthy disease disease  +
treatment
Digital biomarkers enable personalized health monitoring
Subgroups
Population Past
Present
Future
100%
Individual data through self-monitoring
treatment time
13
value
value
2022-09-08 ECPM, Basel, Alain van Gool
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	14. Digital biomarker user  populations
Dutch CC meeting ‘Personalized Health Care”
Ede, 2 October 2013
Alain van Gool
Lecture LKCH, UMC Utrecht
29 October 2013
Alain van Gool
{Babrak et al,
Digital Biomarkers 3
(2019)}
2022-09-08 ECPM, Basel, Alain van Gool
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	15. Advantages digital biomarkers
•  Continuous monitoring versus 1 snapshot observation
• Real world data versus data from clinically controlled circumstances
• More comprehensive and rich data sets
• Truely personalized
• Strong potential in molecular + clinical + digital + environmental
biomarkers for optimal insight in complex biological systems
• Better basis to drive Personalized health(care)
• Better support for phase 1, 2, 3, 4 clinical trials
Dutch CC meeting ‘Personalized Health Care”
Ede, 2 October 2013
Alain van Gool
Lecture LKCH, UMC Utrecht
29 October 2013
Alain van Gool
www.idtechex.com
Translational Metabolic Laboratory
2022-09-08 ECPM, Basel, Alain van Gool
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	16. Personalized health(care) model
Personalized  intervention
of patients-like-me
Personal thresholds
of persons-like-me
Big
Biomarker
Data
Molecular
Clinical
Digital
Environmental
Etc …
Disease
Health
Time
Selfmonitoring Inspired by:
Jan van der Greef
System Biology, TNO
Personal profile
Personalized health
Personalized medicine
Challenge/ Event
Primary
prevention
Secondary
prevention
Tertiary
prevention
2022-09-08 ECPM, Basel, Alain van Gool
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	17. A personalized data-driven  GPS for health
• Monitor on background
• Alert when you are at risk
• Advice what to do
• Doctor as coach?
2022-09-08 ECPM, Basel, Alain van Gool
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	18. Digital biomarkers in  clinical phase 1 – 4 (1)
www.worksure.org
• Phase 1
• Often controlled in clinical environment
• Relatively few subjects
• Multiple time points
• Normalisation per person
• Phase 2-3
• Less control, more at home
• More subjects
• Fewer time points
• Averaging per trial group
• Phase 4
• Population
• No control
• Aggregate of n=1 data
2022-09-08 ECPM, Basel, Alain van Gool
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	19. Digital biomarkers in  clinical phase 1 – 4 (2)
www.worksure.org
Digital biomarkers could:
• Provide tools for continuous monitoring
throughout phases 1 – 4
• Enable almost real time monitoring of
all subjects on
• Dosing
• Efficacy
• Safety
• Enable increased power and
connection of trials
• Generate much richer data sets per
subject, allowing several data analysis
strategies
2022-09-08 ECPM, Basel, Alain van Gool
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	20. Science fiction ?
www.worksure.org
2022-09-08  ECPM, Basel, Alain van Gool
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	21. Science reality
2022-09-08 ECPM,  Basel, Alain van Gool
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	24. Some inspirational examples
•  Patient participation: The Personalized Parkinson Project
• Continuous monitoring of vital signs: Health Innovation Labs
• Self learning healthcare system: CMyLife
• Online asthma care for children: Air Bridge
• Innovation in digital twins: the One Planet Research Center
2022-09-08 ECPM, Basel, Alain van Gool
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	25. Personalized Parkinson Project
Prof  Bas Bloem
Dept Neurology
Radboudumc
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	29. Scheduled tasks
• Close  your eyes, and count back from 1
00 aloud
• Sit until you receive notification from the Study Wat
After task is complete, mark your tremor severity on the
scale:
Confidential & Proprietary
• Press the button by the check mark to start.
• Sit comfortably with your hands resting on your thighs, palms up
• You will have a countdown of 5 seconds to prepare before the timer starts
• Close your eyes, and count back from 1
00 aloud
• You will have a countdown of 5 seconds to prepare before the timer starts
• Close your eyes, and count back from 1
00 aloud
• Sit until you receive notification from the Study Watch in 20 seconds
Count down Timer Rate tremor / task
 


	30. 1. Seated rest
Skill  check
To be performed twice each day at approximately the same times each day, at
clinician pre-programmed times that approximately represent the participant’s
opinion of a time representing relatively good symptom control and another time
representing relatively poorer symptom control:
Skills Check notification will take over the time screen.You can accept the
notification by selecting the check mark or snooze by selecting the clock.If snooze is
selected the notification will reappear in 1
5 minutes.The notification can be snoozed
up to 2 times.
Seated rest (Rest tremor)
 


	31. 3. Hand opening
•  Press the button by the check mark to start.
• Sit comfortably in a chair
• On the side where you’re wearing Study Watch, hold your hand up, palm fa
away from you, and open and close the hand
 


	32. Time since start  of the study (days)
Average wear time (hours/day)
32
 



	34. Continue Monitoring of  vital signs
Dr. Bas Bredie
Prof Harry van Goor
Health Innovation Labs, Radboudumc
 


	35. Implementation continue monitoring
  




	38. Br J Anaesthesia  2022
Change after 1 year pilot
Business case:
minus 3 IC bedden
30%
 


	39. Next: better predict  clinical disruption
Continue
monitoring
Periodieke
monitoring
 


	40. Predict:
✓ Right moment  for intervention
✓ Less generic and more specific pattern recognition
✓ Personalized
Sense – Analyse – Diagnose - Respond:
✓ Remote monitoring
✓ Data-driven care by dedicated professional
Via continue monitoring to value based healthcare
 


	41. CMyLife
Prof Nicole Blijlevens
Dept  Hematology
Radboudumc
 


	42. Vision CMyLife in  2017
STRICTLY CONFIDENTIAL 42
Vision CMyLife
STRICTLY CONFIDENTIAL
Today
… to an international
community of experts &
peers aggregated to
ensure every chronic
blood cancer patient
gets high quality answer
quickly, inexpensively, &
on their terms
AML Hodgkin
CLL
CML
MM
MPN
[Chronic blood
cancer X] goes
from 1 patient
being treated by
visiting 1 doctor &
nurse at a hospital
4X per year…
2025
Hospitals
Chronic
Cancer
patient
• Services
• Info
• Advice
4
42
 


	43. The CMyLife app  and guideline
STRICTLY CONFIDENTIAL 43
43
• Insight, certainty and trust
• Patient in control
• Speaking help with doctor
• Blood test reminder
• Advice based on the CML treatment guideline
• Tool for living with the disease
• Medication adherence
• Medication alarm clock
• Medication stock
• BCR-ABL values monitoring
• Register side effects
When creating an app, consider:
• Who manages the data
• Who manages the app
• Who owns it
• What are the license costs after one year
• What security is needed
 


	44. STRICTLY CONFIDENTIAL
CMyLife learning  healthcare system
44
Stepwise from dream to reality ….
12
Data Analysis &
Visualization,
Guideline
Optimization
Support
Clinical Decision
12
Guideline
Monitoring
Personalized Disease centred
Distant Realtime
Complex Care Expertise Center
With A Learning Health Care Data Environment
Personalized Complex Care @Home
Healthy Lifestyle For Prevention And
Revalidation
Integrated Specialized Care
Expertise For
Primary Care Professionals
Web based
selfmanagement
Distant
monitoring
medical
centers
Direct
diagnostics &
advice
Medication
monitoring
Empowered by
44
 


	45. CMyLife evolution path
STRICTLY  CONFIDENTIAL 45
45
8
Hematologie Scope
“intensief betrokken”
Innovatie-
leider
T
ools
Ziektebeeld
Innovatie rol
T
aak
Sponsors
Patiënten/ Ziekhuizen
Hematologen
2017 2018 2019 2020 2021 2022
Visionair Zoeker Bouwer Producent Motor
Vision & Mision Copy paste Design &
Implement
Network, share
Exploit
Scale up &
Speed up
Lead
1 UMC 2 UMC
1 Pzkh
RUMC RUMC
Farma 3
RUMC
6 Farma
1 Zonmw
RUMC
6 Farma
2 Zonmw
1 SKMS
RUMC
9 Farma
1 Zonmw
1 SKMS
2 UMC
2 Pzkh
5 UMC
11 Pzkh
NVvH
8 UMC
24 Pzkh
NVvH
Commissie Z&I
Diagnostiek?
RealWorld data?
Radiologie?
CML CML CML CML
CLL
CML
CLL
MPN
CML
CLL
MPN
MM
Prostaat?
1 8 9 17 20
0/1 198/10 350/24 853/42 1506/82
5 UMC
24 Pzkh
NVvH
Commissie Z&I
1 3 7 24 61
Hoeder
 


	46. Air bridge
Dr. Peter  Merkus
Dr. Jolt Roukema
Dr. Lara van den Wijngaart
Dept Pediatrics, Radboudumc
 


	47. Air bridge project
•  Online asthma care for children
and young people
• Replace part of polyclinic checks
with online care.
• Patients answers questionnaire
via app (online monitoring)
• Connect with peers and view
personalized care plan
 


	48. 2010
Initiative
2015
Implementation project
2011-2014
Randomized trial
2016
Collaboration  Lung Fondation
Development app “Astmaatje”
2018-now
Sustainable implementation
Air Bridge
2017
Collaboration VGZ
‘Sustainable care’
2020
Introduction lung function meters
2021
CE accreditation
2022
Introduction smart inhalers
2020
Ruling by NZa:
reimbursement!
2020-present
Start Air Bridge CF
In 5 CF centers
2021-present
Implementation own
Air Bridge app
2022
Start project
Air Bridge Junior
Development path
 


	49. Online disease monitoring  and management
Example: Asthma control tests and FEV1 at home
online asthma clinic, available in 21 Dutch Hospitals
info@luchtbrug.nl
Male, 17 years
Girl, 8 yrs, with severe asthma symptoms
Asthma control Lung function
Start oral prednisone
49
 


	50. Online disease monitoring  and management
Example: realtime spirometry (FEV1) at home
online Cystic Fibrosis clinic, available in 5 Dutch Hospitals
info@luchtbrug.nl
Start Treatment with Kaftrio
Male, 17 years
Male, Cystic Fibrosis, 17 yrs
Homozygous dF508
50
 


	51. RESTRICTED
Innovation towards Digital  Twin
Prof Chris van Hoof
IMEC, One Planet Research Center, Univ Leuven
 


	52. RESTRICTED
Sensing platforms and  digital biomarkers
52
Sensing
platform
Ingestible Toilet seat Urine sensing
Wearables:
Chill+, ECG
patch
Eating behavior:
SnackBox,
SmartTray
Mobile phone
apps
Digital
biomarkers
• NO, Ammoni
um, pH
• Ions
• Inflammation
markers:
Calprotectin
• Gut
microbiome
• Short-Chain-
Fatty-Acids
• Heart rate
(variability)
• Blood
Pressure
changes
• Blood
oxygenation
• Skin
temperature
• PAT/PTT
• Hydration
• Urinary tract
infection
• Kidney
function
• Low grade
inflammation
markers
• Stool
Microbiome
• Heart rate
(variability)
• Skin
conductance
• Skin
temperature
• Physical
activity
• Sleep pattern
• When
• What
• How much
• Location
• Environment
• Device use
behavior
 


	53. RESTRICTED
What defines a  Digital Twin?
Essential Capabilities of a Digital Twin
A digital twin consists of a physical entity and its digital
representation. Both entities are interconnected, and their
states are mutually dependent.
The following are essential capabilities defining a digital twin:
1. Connected sensing
The real time state of the physical entity is captured by
connected sensors and stored digitally.
2. Dynamic model updating
The changing state of the physical entity (and also
sometimes its historical and simulated states) is represented
by a dynamic digital model.
3. Model-prompted physical changes
The status of the physical entity can be influenced by the
insights delivered by its digital representation.
53
Physical
Entity
Inputs
Subject/System
Outputs
Interface
Sensing
Monitoring
Actuating
Digital
Entity
Descriptive
Diagnostical
Predictive
Prescriptive
 


	54. RESTRICTED
Ava (32) –  Business consultant
I want to get rid of my
bowel discomfort
Danielle (43) – GP doctor
Sure, let’s consult with your
human digital twin!
Please use these OnePlanet
devices for two weeks
Ingestible
Smart toilet
Chill+ smartwatch
150/100
Given your elevated blood
pressure, low heart rate
variability and
increased inflammation levels,
there is a higher risk (60%) of
developing Inflammatory
Bowel Disease (IBD).
Increased stress levels and less
physical activity may worsen
your symptoms as well.
Let’s setup your lifestyle
intervention program on diet,
exercise and stress
reduction and medication
afterwards if necessary.
Blood pressure
Heart rate
variability
Gut
Inflammation
stress activity
high low
medium
low
IBD 60%
Example: Monitoring and early signaling for IBD
Sensing Digital Biomarking
54
 


	55. RESTRICTED
Digital Twins, Digital  Phenotypes, Digital Biomarkers
55
Continuous
sensing
Stress
twin
Sleep
twin
Gut
health
twin
Signal processing
algorithms
Prediction models
Gut
health
twin
Stress
twin
Secure data
handling
Gut
health
twin
Simulate lifestyle
interventions
Ecosystem of twins
Iterative
Homogenization
Connectivity
Modularity
Digital Biomarkers & Digital Phenotyping
Reprogrammable
Microbiome
Low grade
inflammation
markers
Heart rate
Context
Nutrition
...
Simulations
Lifestyle recommendations
Smoking
twin
 


	56. Outline
• Biomarkers in  pharmaceutical R&D
• Digital biomarkers
• Definitions
• Promises
• Inspirational examples
• Translational innovation gaps
• Outlook
2022-09-08 ECPM, Basel, Alain van Gool
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time for quality, not quantity
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However … 3 translational innovation gaps !
innovation
1. Research to research
2. Research to diagnostics
3. Research to society
{See www.slideshare.net/alainvangool}
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Biomarker innovation gaps: some numbers
~ 5 biomarkers/
working day
1 biomarker/
1-3 years
1 biomarker/
2-10 years
Discovery Clinical
validation/confirmation
Diagnostic
test
Number of
biomarkers
Gap 1
Gap 2
Eg Biomarkers in time: Prostate cancer
May 2011: 2,231 biomarkers
Nov 2012: 6,562 biomarkers
Oct 2013: 8,358 biomarkers
Nov 2014: 10,350 biomarkers
Oct 2015: 11,856 biomarkers
Nov 2016: 14,481 biomarkers
Oct 2017: 15,463 biomarkers
Oct 2018: 16,480 biomarkers
386 Pharmacogenomic
biomarkers in drug
labeling (all drugs)
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Publication bias
 


	61. {van Gool et  al, Nature Reviews Drug Discovery, Apr 2017}
Time for quality, not quantity !
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Digital biomarkers: insights from laboratory to society
Point-of-care analysis of few biomarkers
Up to 1.000.000 signals per analysis
 


	63. 63 Q8 course  Personalized Healthcare, Radboudumc, Nijmegen, 23 June 2021, Alain van Gool
 


	64. 64 Alain van  Gool, ODDP, Amsterdam 18 Nov 2021
… but not all data is useful data !
Big hopes for
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Status of Digital Biomarkers
• Enthusiastic, ‘new’ and entrepreneurial field, linking science to society
• Popular devices and applications to promote health/prevention
• Great examples of local developments and impact in healthcare
• Potential to change healthcare and the way we do this
• Potential to add dimension in (pharmaceutical) clinical development
• Hardly organised
• Many false positive and false negative examples of devices and apps (Post-traumatic
Test Syndrome)
• Undefined ways for standardisation and harmonisation (and lack thereof) across:
• platforms, devices, data stewardship, data security, privacy, (clinical) applications,
• researchers, developers, healthcare providers, policy makers and regulators,
industries, reimbursers
• Risk for confusion among citizens, patients, professionals
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Things to do in Digital Biomarkers
• Use lessons learned from ‘traditional’ biomarker development
• But do it much much faster!
• Definition of Context of Use
• Define and execute integrated path from idea to product (Technology Readiness Levels 1-9)
• Set-up self learning communities to showcase what works and what does not
• Define standards (quality, fit-for-purpose validation, software, security, privacy, etc)
• Define criteria for regulators and reimbursements
• Build models to drive multi-modal data generation and use in health and healthcare
• Collaborate across disciplines (interact, exchange experiences, join forces)
• Improve health data literacy among stakeholders
• In short: get organised as a field !
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Choice for digital biomarker scientists/enterpreneurs: discover or confirm?
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In Personalized Healthcare:
always focus on the end user: the patient / citizen
 


	69. Afterthought: there is  no single one reflection of health
• Funhouse mirror effect
• Multiple sources of your data
• Multiple Omics
• Clinical chemistry
• Digital biomarkers
• Wearables
• Commercial health tests
• Social media
• Surrounding
• Each are a skewed image of you
• How to deal with all of this for your
personal health(care)?
{Mira Vegter, Hub Zwart, Alain van Gool, Life Sci Soc Policy, 2021}
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