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Sir William Osler, 1892
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Precision Medicine: beyond the inflection point.
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Fig. 1. Surpassing single-layer health care. An inflection point marks an opportunity or moment of dramatic change between the first, or incum-
bent, curve, marking steady progress, and a second, or nascent, curve, indicating transformation and accelerated progress. In biomedical research,
health, and health care, we are at an inflection point, poised for precision medicine. Whereas Google Maps links layers of transportation, land use, and

other data, precision medicine aims to integrate and apply data from biomedical research, clinical practice, social/behavioral studies, and participant-
contributed observations toward better diagnosis, treatment, and preventative strategies.

Hawgood S et al. ScienceTranslationalMedicine (2015) Vol 7 Issue 300 p.300ps17
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New Era of Personalized Medicine
Targeting Drugs For Each Unique Genetic Profile

BY ROBERT LANGRETH And MicHAEL WALDHOLZ

Staff Reporters of THE WALL STREET JOURNAL



Precision Medicine

First coined by Clayton Christensen in a book
“The Innovator’s Prescription: a disruptive solution for
health care” (2009)

Better known in a US National Research Council (NRC)
2011 report “Toward Precision Medicine: Building a
knowledge network for biomedical research and a new
taxonomy of disease”.
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Targeted therapy-1

Impact of Precision Medicine in Diverse cancers: a Meta-analysis of Phase Il clinical trials

Response Rate (%, 95% Cl)

m— Porsonalized L

Matching patients with drugs based on specific biomarker

570 phase Il single-agent studies (32,149 patients)

Published between Jan 1, 2010 to Dec 31, 2012

End points: Response rate (RR), Progression-free survival (PFS), and overall survival (OS)
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Schwaederle M et al. J Clinical Oncology (2015) 33: 3817-3825. 44




Targeted therapy-2

Impact of Precision Medicine in Diverse cancers: a Meta-analysis of Phase | clinical trials

* Comparing outcomes in patients that used a biomarker selection with those did not

* 351 armsin 346 phase | single-agent studies (13,203 patients): 58 arms (2655 cases)
with personalized vs. 293 arms (10548 cases) using a nonpersonalized strategy

* Published between Jan 1, 2011 to Dec 31, 2013

* End points: Response rate (RR), Progression-free survival (PFS)

Response rate (meta-analysis)

Representation of Progression-Free Survival (PFS)

No. Median R n "
Variable of Arms Rﬂ,a%(;'ss';: r:lslle P value Variable :f Arms :ﬂ;;;?l) Pvalue
Overall 351 6.56 (5.57-7.72) ] overall 25 3.23(2.56-3.80) -
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Administration route Administration route
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Systemic 189 6.32(5.13-7.76) = Systemic 16 2.34(1.80-3.23) L B
Ma. of treating centers Mo. of treating centers
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Schwaederle M et al. JAMA Oncology (2016) Advance Online Pub on June 6
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NIPT

20175 [ 3&E 4 & A4 F] (BJOG) | #4457 (meta-analysis) i £ 7

Ch. Sensitivity | Specificity | Analyzed | The value

Anomaly fromcase | of NIPT
nao.

Fetal sex 0.989 0.996 11,179 diagnostic
Rhesus D 0.993 0.984 10,290 diagnostic
Trisomy 21 0.994 0.999 148,344 screening
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Trisomy 13 0.906 1.0 134,691 screening
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Personalised vs Precision Medicine

~ personalised \ Precision 2N
Medicine A Medicine A
Data sources: \ |
Genomics (genomic ‘\ New data sources, PGHD . Patient-generated
variants) | Exposome '}' Health Data
Phenotype (clinical records) (environmental data)
Metabolomics /
Proteomics o
< _,,/ Microbiome -
\“‘ =3 Epigenome S

PM combines the knowledge of the patient’s characteristics with traditional medical records and
environmental information to optimize health.

PM does not only rely on genomic medicine but also integrates any other relevant information such as
non-genomic biological data, clinical data, environmental parameters and the patient’s lifestyle.

Servant N et al. Front Genet. 2014; 5: 152.

Source: Fernando Martin-Sanchez’ Talk on 2016-3-22



The Cancer Genome Atlas (TCGA)

A NIH research program,

launched by the National Cancer Institute (NCI) and the National
Human Genome Research Institute (NHGRI) in 2006

grew to include samples from 11,000 patients across 33 tumor types
TCGA scientists had nearly completed sequencing protein-coding
regions (exomes) for most tumor types, and completed whole-
genome sequencing (WGS) for 1,000 tumor samples.

Results from TCGA analyses to date have led to more than 2,700

articles in research journals.

http://cancergenome.nih.gov/



@®) APPLICATIONS OF NEXT-GENERATION SEQUENCING

The human microbiome: at the
Interface of health and disease

llseung Cho'-?and Martin J. Blaser'-234
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Figure 1 | Compositional differences in the microbiome by anatomical site.

Metagenomics:
A frontier in human genetics
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Figure 3 | Acquisition of the microbiome in early life by vertical transmission,
and factors modifying mother-to-child microbial transmission. Through

(Nat Rev Genet 2012; 13: 260-270)



Mobile data from

Wearable devices

MC10 Biostamp

Smart sensing stcker, womn ke
a temporary/fake tatioo

Can sense how our bodies work: data
from the heart, the brain, muscles, body

temperature - even hydration levels

Will iaunch in 2014

Entirely new form factors for electronics
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Ancient Devices Comfort of use/
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Timelines of medical devices for ECG measurement with the evolution of electronic technology.

Zheng YL et al. IEEE Transactions on Biomedical Engineering (2014) 61: 1538-1554. | 16




The essential roles of SMa rtphones in wearable development




P4 Medicine

(by Leory Hood)

* Predictive,

* Preventive,

* Personalized,

Institute for

o Systems Biology
* Participatory



P-Medicine

Precision Medicine

Predictive Pharmacotherapeutic | Participatory Patient

Pharmacogenetics Pharmacogenomics

Protective

FIGURE . Component parts of Precision Medicine as it evolves from just being

a genomic analysis of an individual patient. The "P-Medicine" Paradigm.
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Heterogencous and non-traditional sources of big data
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Present difficulty of challenge

Technical = > Sociopolitical

Moving toward precision medicine. Ten challenges for achieving precision medicine are qualitatively ordered on the
x axis by how much they are intrinsically technical versus sociopolitical challenges. The y axis qualitatively orders the
difficulty each challenge currently presents if we are to attain the widely articulated goals for precision medicine.

Kohane IS. Ten things we have to do to achieve precision medicine. Science (2015) 349: 37-8.
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¢health  Electronic Health Record Sharing System

Scope of eHR Sharable Data (First Phase)

-

L)

Personal Identification and Demographic Data

Adverse Reactions and Allergies

Diagnosis, Procedures & Medication

Summary of Episodes and Encounters With Healthcare Providers

Clinical Note Summary

Birth and Immunisation Records

Laboratory and Radiology Results

Other Investigation Results

Referral Between Providers

http://www.ehealth.gov.hk/
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Present difficulty of challenge

Technical = > Sociopolitical

Moving toward precision medicine. Ten challenges for achieving precision medicine are qualitatively ordered on the
x axis by how much they are intrinsically technical versus sociopolitical challenges. The y axis qualitatively orders the
difficulty each challenge currently presents if we are to attain the widely articulated goals for precision medicine.

Kohane IS. Ten things we have to do to achieve precision medicine. Science (2015) 349: 37-8.
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All of Us™ Research Program

Engage a group of 1 million or more U.S. research
participants who will share biological samples, genetic data
and diet/lifestyle information, all linked to their electronic health
records. This data will allow researchers to develop more precise
treatments for many diseases and conditions.

GO il B ST e AT Ao o el RO e St Pioneer a new model of research that emphasizes engaged
prevention and treatment based on people’s individual differences

in environment, genes and lifestyle. research participants, responsible data sharing and
The All of Us Research Program will lay the foundation for using privacy protection.
this approach in clinical practice.

The time is right because: e 9 Q

We have a greater understanding People are more engaged in Research based on the cohort data will:
of human genes healthcare and research

¢ | ay scientific foundation for precision medicine

< ¢ Help identify new ways to treat and prevent disease
'

‘ ¢ Test whether mobile devices, such as phones and tablets, can

encourage healthy behaviors
We have the tools to track health Research technologies have : i
information and use |arge improved L Help deve|0p the rlght drug fOI’ the r|ght person at the

databases right dose




PORTABLE
GENOMICS

Our Vision

As the digitization of healthcare records, the development of inexpensive genomic mapping and the growing
popularity of wireless health sensors continues to grow, individuals need a solution to control and organize their
personal health information. Portable Genomics is uniquely positioned to provide individuals control of their
personal health data in order to facilitate sharing with healthcare providers, payers and life science organizations

leading to improved healthcare and smarter health discovery.

Founder

Patrick Merel, Ph.D.
President

Dr. Merel, an expert in molecular diagnostics and an early developer of robotics for the automation of molecular

diagnostics from forensics to transplantations, is the founder of Portable Genomics' technology.

Read More ~




PORTABLE
GENOMICS a

Collect Your Personal

Health Data

Build and collect your personal collection of
genomic, medical, behavior, and lifestyle data into

Platform

O

Gain a 360° View of
Your Health

Access and monitor all of your personal health and
lifestyle information, including the Internet of
medical things from one integrated platform. Add

one, user-friendly platform anywhere, anytime. notes and reminders on the go.

[~

Create Value from Your
Data

You control the personal health data you share and
can be compensated with the revenue generated
from the commercial use of that information. Your
information will help for profit and non-profit
organizations develop improved therapies for specific
diseases.

Share Health
Information Real-Time

* You decide and control who receives your personal
health data - your family, caregivers or healthcare
providers via text, email or hard copy.

My PharmacoGenomics

My Cholesterol level
My Microbiome

My Starbuck

My Sugar level

My Nutrition

My Activity 277102015 5467steps @

Exchange Your Raw
Health Data

Share all or part of your personal health data with
non-profit or for profit organizations via a secure
Personal Health Data Market Exchange. Indicate your
willingness to share your data. You may opt-in or opt-
out at anytime. When a request for raw data is
received, you will be asked to confirm your
willingness to share your data.
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Present difficulty of challenge

Technical = > Sociopolitical

Moving toward precision medicine. Ten challenges for achieving precision medicine are qualitatively ordered on the
x axis by how much they are intrinsically technical versus sociopolitical challenges. The y axis qualitatively orders the
difficulty each challenge currently presents if we are to attain the widely articulated goals for precision medicine.

Kohane IS. Ten things we have to do to achieve precision medicine. Science (2015) 349: 37-8.
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Precision medicine: Now, not when.

Precision medicine aims to fix what is wrong
with today’s healthcare: a lack of targeted
interventions tailored to the person. It
encompasses many aspects of health; chief
among these is one’s genetic profile.

Despite these barriers, precision medicine is
the only way forward.

Roberts S and Julius M. Healthcare Management Forum (2016) 29: 158-61.
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Understanding Understanding Understonding Advancing Improving the
the Structure of the Biology of the Biology of the Science of Effectiveness of

Genomes Genomes Diseose Mediine Healthcore

A pessimist sees the difficulty in every opportunity.

An optimist sees the opportunity in every difficulty.

--Winston Churchill
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Technical = > Sociopolitical

Moving toward precision medicine. Ten challenges for achieving precision medicine are qualitatively ordered on the
x axis by how much they are intrinsically technical versus sociopolitical challenges. The y axis qualitatively orders the
difficulty each challenge currently presents if we are to attain the widely articulated goals for precision medicine.

Kohane IS. Ten things we have to do to achieve precision medicine. Science (2015) 349: 37-8.
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THE NEW YORRER

FEBRUARY 5, 2015

THE PROBLEM WITH PRECISION MEDICINE

BY CYNTHIA GRAEBER

Many doctors are simply not qualified to
make sense of genetic tests, or to
communicate the results accurately to
their patients.
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Taiwan Precision Medicine Society

Redefining Medicine
with Precise Mechani5m5,|

Promoting Health

with Proactive Tools.
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Redefining Cancer and Its Treatments
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Taiwan Precision Medicine Socuety

TEHESE R, | SRR AR T

Big Data: Biomedicine Big Data: The Promise and the The Big Data Opportunity in
Challenge for Personalized Medicine
Medicine

AR SR« KIEER

Pyrosequencing
——
A B
nn \
o
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Next Generation Sequencing lllumina Sequencing by Synthesis  Next Generation Sequencing (NGS) Clinical exome sequencing
Animation (Now in 3D) — An Introduction explained

T e 2R - E&PCR
. A A
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Taiwan Precision Medicine Socnety

DNA Microarrays “chips”

Microarrays
or
RNA=Sequencing?

.

Microarrays vs RNA Sequencing Microarray Method for Genetic DNA Microarray
Testing

Ceil-Free Fetal DNA in Maternal Plasma

n»- N m ana fetius af-frea OMA trom

with a blood test
Liquid biopsies to monitor cancer Non-invasive Prenatal Testing Targeted Cancer Therapy
(NIPT)

R ‘F’E““‘”ﬂ& &17,:1 BAGE

Neo Field - lons meove b & straight trajectery

Applied Field - lons cxperience a larce and thels path curves

Fema b asF/m ~—— LR
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Taiwan Precision Medicine Society
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Epigenetics
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Nature | Cancer Immunotherapy — Tumour immunology and
medical animation immunotherapy
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The Applications of Mass Spectrometry in Precision Medicine-

Taiwan Precision Medicine Society (2017-10-1)~

(Tentative agenda)-
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