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The Story so far...  





‘Eroom’s Law’, which is the reverse of the ‘Moore’s Law’ concept in

computing. It states that the number of drugs being approved

decreases year on year while the costs increase.

The law is attributed to four main causes.

• the 'better than the Beatles' problem

• the 'cautious regulator' problem

• the 'throw money at it' tendency

• the 'basic research–brute force' bias



Medicine is at the crossroad of two major trends. This exemplifies

a paradox

1. failed business model, with increasing expenditures and jobs
allocated to healthcare, but with deteriorating key outcomes,
including reduced life expectancy and high infant, childhood, and
maternal mortality.

2. generation of data in massive quantities, from sources such as high-
resolution medical imaging, biosensors with continuous output of
physiologic metrics, genome sequencing, and electronic medical
records.



Entry of AI, a Panacea?



Machine learning

Deep learning

Natural language processing

Robotics and the internet of things



• In AI - “Garbage in, means garbage out”

• Algorithms in dermatology that diagnose melanoma but lack
inclusion of skin color and the use of the corpus of genomic data,
which so far has seriously underrepresented minorities.

• Access limitations characterize not only private companies but some
government-sponsored Big Data initiatives (ex. Genomics England,
Danish Biobank, etc.).



The current limitations:

• Accuracy

• Bias

• Privacy and security

• Distrust of black boxes

• Poor data hygiene

• Not everyone is a data scientist

• Doubled-edged sword of regulatory culture

• AI Training Complications



Changing the Clinical Trial Paradigm.



Use of AI, and the deep-learning subtype in particular, has been enabled 
by the use of labeled big data. In medicine, impact is at three levels: 

• for clinicians, predominantly via rapid, accurate image interpretation

• for health systems, by improving workflow and the potential for reducing 
medical errors

• for patients, by enabling them to process their own data to promote 
health.



• In silico drug design

• Selecting precision treatments for individual patients

• Predict study risks and their drivers to enable preventive 
maintenance and remediation of the drugs

• Medication adherence

• Google’s use of AI in pathology has helped with detecting cancer







• Citizen Scientists - A pioneer in this field has been “PatientsLikeMe”. By

allowing patients to publicly track health indicators, data can be

aggregated and analyzed by individual patients in an effort to determine

their best course of treatment.

• FDA Talks collaboration - Public-Private consortia have arisen to

address key non-competitive challenges -- such as the FDA Sentinel

Initiative and IMEDS to make progress on pharmacovigilance

methodology.



Exciting prospects!



Your smartphone will see you now





• In 2018 Apple received FDA approval for their algorithm used with

the Apple Watch Series 4

• MIT’s Clinical Machine Learning Group is using machine learning to

understand diseases such as type-2 diabetes, and design effective

treatments in the process.

• Blockchain and AI in Pharma



• End of human experimentation is near

• Nano robots in blood

• DIY Biotechnology

• Gamify health



I rest my case…



The scientific theorist is not to be envied. For Nature, or more precisely

experiment, is an inexorable and not very friendly judge of his work. It

never says "Yes" to a theory. In the most favorable cases it says

"Maybe," and in the great majority of cases simply "No." If an

experiment agrees with a theory it means for the latter "Maybe," and if it

does not agree it means "No."

– Albert Einstein



Mechanistic Biomarker Discovery Empirical Biomarker Discovery

- Uses biological knowledge at hand, tumor cells shed ctDNA - Don’t presume deep biological understanding, and hope to learn 
through a broad-based discovery process 

- Need to draw an impractical amount of blood to get just a single 
ctDNA molecule

- Protein profiles should be different in tumor/non-tumor conditions

- Many misleading driver mutations besides the one targeted - Select a high-content assay (protein array, mass spec, etc.)
- Collect “a lot” of samples
- Something – lately, machine learning (ML)
- Voila- biomarker!

- Loss of specificity 
- Loss of sensitivity

- No guarantee of reliability.



Grounded Data Scientist

• “Instead of designing a (ML-driven) discovery project to work, you
design it not to fail – specifically design around all the ways that it
might cheat.”

• “statistical methods will always take the easiest way out to the
answer you ‘want’: right for the wrong reasons looks right in your
small data set, even if it is stops working in a larger set.”

• Mechanism “allows us to define negative and positive controls which
provide invariants you can enforce on or teach to a model.”



DATA   DREDGING 
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