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Toward Precision Medicine: Building a Knowledge Network for 
Biomedical Research and a New Taxonomy of Disease

CONCEPT
Precision medicine: 
• New taxonomic classification of 

diseases based on big data
• Translation of decisions and 

outcome prediction at individual 
level
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Dear friends, here you will find something very interesting: a recent manifesto 
coming from NIH which appointed a special committee to work on a innovative 
frame work for a definite change in the philosophical approach of health and 
disease management. This new impetus toward the so called “precision 
medicine” seems to point toward complexity-surfing people like us. Maybe the 
time is coming for our group to ride the tiger. The full book is easily 
downloadable following the instructions.

Best wishes for a beautiful new year.

Enzo 







“Tonight, I’m launching a new Precision Medicine              
Initiative to bring us closer to curing diseases like
cancer and diabetes — and to give all of us access to the
personalized information we need to keep ourselves and
our families healthier.”
— President Barack Obama, State of the Union Address, January 20, 2015



Precision medicine:
integrating multi-omic, clinical and real world data

Creation of topological maps 
of health/disease



Mike Snyder, PhD
Chair, Stanford 
Department of 
Genetics

The  Snyderome: la prima mappatura 
personale longitudinale multiomics

• 20 prelievi in 14 mesi
• 40.000 parametri 

molecolari per prelievo
• 50 terabytes di dati
• Costo: 10 milioni di 

dollari
• 40 Co-autori

Eric J. Topol: Individualized Medicine from Prewomb to Tomb 
Cell 157, March 27, 2014 





Una gara aperta tra le grandi potenze
scientifiche

• UK (2012):100.000 casi per  il genome project 
https://www.genomicsengland.co.uk/

• USA(2015) : PMI Cohort program ( un milione 
di casi con multi-omics)

• Cina (2016): 100 milioni  di casi sequenziati 
entro il  2030



Science Priorities: PMI for Oncology
• Goal: Apply tenets of precision medicine to cancer
• To reach this goal, PMI-Oncology will enable research 

to:
• Use NCI clinical trials as models

– NCI-MATCH: solid tumors, lymphomas (multi-drug, multi-
arm)

– Lung-MAP: squamous cell lung cancer (multi-drug, multi-
arm, randomized)

• Identify new cancer subtypes, therapeutic targets
• Test combination therapies
• Partner with private sector to test precision medicine
• Understand and combat drug resistance



powered by Amazon Web Services





Ann Transl Med 2016;4(6):107



….. Because of the growing volume and complexity 
of imaging data, decision-support algorithms will be 
required to help physicians apply the most essential 
patient data for optimal management. These 
innovations will challenge traditional concepts of 
health care and business models. 



Nei dieci punti cardine del Manifesto NEXT10 si affrontano temi di grande 
importanza nello sviluppo prospettico dell’oncologia che vanno dalla necessità di 
gestire la pratica clinica in funzione del rapporto umano con il paziente alla 
creazione e sviluppo di reti di collaborazione e di circolazione dei saperi, che 
assicurino uniformità su tutto il territorio nazionale. E ancora, la gestione al meglio 
della tecnologia in continua evoluzione; l’incentivazione di investimenti economici 
per la ricerca, la realizzazione di un sistema integrato, complessivo e condiviso di 
registrazione dei dati e delle informazioni.





La gastroenterologia si sta 
interrogando su questo?













Il fascino dei big data
• Con i  Big data non vi è alcuna necessità di una 

teoria a priori, di modelli o di ipotesi;
• Attraverso opportuni algoritmi i dati possono 

parlare da soli prescindendo  da  bias 
interpretativi. 

• Tutti i pattern e le relazioni nei Big Data sono 
intrinsecamente significative e veritiere;

• Il significato trascende la conoscenza specifica di 
un certo contesto o dominio  per essere 
interpretabile  da chiunque sia in grado di 
decodificare una statistica o di visualizzare i dati.

R. Kitchin, Big Data, new epistemologies and paradigm shifts, Big Data & 
Society April–June 2014: 1–122014





IBD BIG DATA: SINK OR SWIM?



2016 Jan;43(2):262-71.





Aumento 
esponenziale 
dei dati che 

descrivono un 
individuo

IL NUOVO  GASTROENTEROLOGO ? 

proteomics, metabolomics, kinomics, 
methylomics, acetylomics, lipidomics, 
microbiomics, phenomics, exposomics,                 
meta-genomics, interactomics…
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Complessità delle 
malattie croniche
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Diversa 
sensibilità 
utente finale 

Statistical Prediction Models, 

Artificial Neural Networks, 

and the Sophism "I Am a 

Patient, Not a Statistic"

Michael Kattan 

JCO Feb 15 2002: 885-887.

2015
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Gastroenterologia di precisione





Michael Fernandes, M.D.; Medbase, Chapel Hill, NC
Charles University, Prague, Czech Republic 
brabek@natur.cuni.cz

mailto:brabek@natur.cuni.cz


Dati clinici e 
demografici

Pattern 
alimentare

Microbiota 
intestinale

Profilo genetico

LA SFIDA: INTEGRARE TUTTE LE INFORMAZIONI  RACCOLTE  
IN  UNA GRANDE COORTE, MODELLIZZARLE   E  

TRASFERIRLE  SUL  SINGOLO PAZIENTE

imaging

Esami di laboratorio



Raccolta e fusione

big data

Modellizzazione

Algoritmi predittivi

Statistica del singolo 
individuo

Precision   Medicine

Costo

EXPERTISE



……Machine learning will dramatically improve the ability 
of health professionals to establish a prognosis and will 
improve diagnostic accuracy. They will become an 
indispensable tool for clinicians seeking to truly 
understand their patients.

PERSPECTIVE



…. To be useful, data must be analyzed, interpreted, 
and acted on. Thus, it is algorithms — not data sets —
that will prove transformative. We believe, therefore, 
that attention has to shift to new statistical tools from 
the field of machine learning that will be critical for 
anyone practicing  medicine in the 21st century.

Predicting the Future — Big Data, Machine Learning, and Clinical Medicine

Ziad Obermeyer, M.D Ezekiel J. Emanuel M.D., Ph.D.





Google Artificial Intelligence Software; 
Available For Free



Conventional statistics

• Assume that relations are linear 
and model data using linear 
combination

• Assume that variables are 
independent each other

• Handle preferentially 
homogeneous type of data

Machine learning

No

No

No

Machine learning vs classical statistics: 
Differences



Machine learning
• Can employ Boolean 

algebra ( AND, OR,NOT)

• Can employ fuzzy logic (IF, 
THEN, ELSE)

• Can employ conditional 
probabilities

• Use optimization strategies 
to model data

• Learn from examples

Classical  statistics
No

No

No

No

No

Machine learning vs classical statistics: 
Differences



Application of 
MLS













Intelligenza Artificiale in Gastroenterologia: nuovi orizzonti nella analisi e 

interpretazione dei dati clinici.

Federazione Società Italiane Malattie Digestive. 7° Congresso Nazionale. 

Simposio Satellite Bracco. Bari, 3 dicembre 2001.



Artificial Intelligence (AI) meets R&D. Fears and 

opportunities: the future creates the present. 
Milano, 11 gennaio 2002.



Sistemi Artificiali Adattivi in Gastroenterologia.

Simposio Scientifico. Nizza, 23 marzo 2002.



Studio eMeRGE. Applicazione delle Reti Neurali nella 

diagnosi e prognosi della GERD.

Simposio Scientifico. Milano – Roma, 1 giugno 2002.





DYSP-LAB PROJECT: AN APPLICATION SOFTWARE FOR DYSPETIC SYNDROME

A special software able to classify new patients with dyspeptic symptoms into organic 
or functional type has been developed by Semeion Centre. The software uses 20 independent 
already trained artificial neural networks to classify new subjects according to 45 variables.



Pazient No. 28 male, 55 years, sent to an hospital from 
G.P. for epigastric pain ulcer-like. 





Indice medio sviluppo diabete Indice medio sviluppo complicanze

• Paziente 15, maschio , 69 anni, affetto da dolore 

epigastrico, calcificazioni parenchimali 

pancreatiche, insufficienza esocrina, polimorfismo 

gene CFTR.



European Journal of Gastroenterology & Hepatology 2005, Vol 17 No 6







“There is an agonising and currently insoluble 
problem of advising individuals based on 

evidence gathered in populations”. 

Richard Smith, Past Editor of British 
medical Journal

http://casesjournal.com/
http://casesjournal.com/
http://casesjournal.com/
http://casesjournal.com/


“We cannot necessarily, perhaps very rarely, 
pass from (the overall result of a clinical trial) 
to stating exactly what effect the treatment 
will have on a particular patient. But there is, 
surely, no way and no method of deciding 
that.”

Austin Bradford Hill, 1952



Dig  Liver Dis 2005; 37 (suppl.1):S51.

Use of Artificial Neural Networks  in predicting response  to 
infliximab treatment in patients with Crohn’s disease. 

Kohn A, Grossi E, Mangiarotti R, Prantera C. 

81 pazienti trattati con Infliximab. 45 variabili cliniche e di 
laboratorio.



Infliximab.wmv
Infliximab.wmv




Conclusioni

• La medicina precisione non è ancora una pratica 
standard ma lo sarà probabilmente in tempi non 
lunghi.

• L’ applicazione dei machine learning  systems ai big 
data sembra essere l’unica via percorribile per 
raggiungere lo scopo.

• Molto significativa l’esperienza italiana in 
gastroenterologia con l’uso di machine learning  
systems in epoca non sospetta.

• Forse siamo stati leaders in medicina di precisione 
senza esserne del tutto consapevoli….



Un giorno le macchine riusciranno    a 

risolvere tutti i problemi, ma mai 

nessuna di esse potrà porne uno.

(A. Einstein)


