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Objectives

• Genomics 101in clinical care
• Discuss the current limitations in the clinical 

utility of genetics testing
• Understand how precision medicine initiatives 

can support population health
• Highlight current technology and analytic 

opportunities to enhance clinical decision 
support using precision medicine tools and 
methods

• Johns Hopkins Approach 2
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What is the Precision Medicine 
Initiative?
Mission statement:
To enable a new era of medicine 
through research, technology, and 
policies that empower patients, 
researchers, and providers to work 
together toward development of 
individualized treatments.







Wikipedia definition
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Personalized medicine is a medical model that 
separates patients into different groups - with 
medical decisions, practices, interventions and/or 
products being tailored to the individual patient 
based on their predicted response or risk of 
disease.[1] The terms personalized 
medicine, precision medicine, stratified 
medicine and P4 medicine are used 
interchangeably to describe this concept [1][2] though 
some authors and organisations use these 
expressions separately to indicate particular 
nuances.[2]

(accessed 1/23/16)

https://en.wikipedia.org/wiki/Medical_model
https://en.wikipedia.org/wiki/Personalized_medicine#cite_note-AcMedSci-1
https://en.wikipedia.org/wiki/Precision_medicine
https://en.wikipedia.org/wiki/Personalized_medicine#cite_note-AcMedSci-1
https://en.wikipedia.org/wiki/Personalized_medicine#cite_note-PHGdef-2
https://en.wikipedia.org/wiki/Personalized_medicine#cite_note-PHGdef-2


Sir William Osler

• The world’s best medical care is 
based upon scientific 
knowledge and data

• “No two cases of the same 
disease are ever alike; the 
constitution of the person, his 
individuality, stamps each case 
with certain peculiarities”

• Natural variation among people 
is an opportunity to learn about 
the processes that lead to 
health or cause disease

7



7 Key Questions
(Joyner, JAMA Sept 8,2015)
• Does genome predict disease?
• Will gene-based drug targeting fulfill promise
• Will EMRs contribute?
• What kind of studies should be done?
• Impact on Costs?
• Conflict of interest issues?
• Will there be public health benefit?
• Proponents of personalized medicine should consider 

tempering their narrative of transformative 
changeand instead communicate  a more realistic set 
of expectations to the public. 8



AND--Infrastructure

• Large scale “unstructured” DNA banks 
require
– Data management
– Specimen management and archive
– Extensive infrastructure
– Ethical/IRB/IP/HIPAA issues
– Uncertain long term benefit

• Large recurring unreimbursed 
infrastructure costs 9
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JAMA April 24, 2016

JAMA May 10, 2016



Human genome size:

♀ 3,117,838,593 base pairs (6 feet)

23 Chromosomes

19-20,000 protein-coding genes

Different individuals:

99.9% identical

1 in every 1000 base-pairs are different
(>3,000,000 differences between
Individuals)

The Human Genome: Similarities
and Differences among Individuals



Vogelstein B et al. Science 339:1546-58 (2013)

Human Cancers have Many 
Somatic Genetic Defects

• Marked inter-individual 
heterogeneity

• Significant cell-to-cell/lesion-to-
lesion heterogeneity

Presenter
Presentation Notes
Number of somatic mutations in representative human cancers, detected by genome-wide sequencing studies. (A) The genomes of a diverse group of adult (right) and pediatric (left) cancers have been analyzed. Numbers in parentheses indicate the median number of nonsynonymous mutations per tumor. (B) The median number of nonsynonymous mutations per tumor in a variety of tumor types. Horizontal bars indicate the 25 and 75% quartiles. MSI, microsatellite instability; SCLC, small cell lung cancers; NSCLC, non–small cell lung cancers; ESCC, esophageal squamous cell carcinomas; MSS, microsatellite stable; EAC, esophageal adenocarcinomas. The published data on which this figure is based are provided in table S1C.



GENES DON’T EXPLAIN 
EVERYTHING
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Key Observations
Antony Rosen, Vice Chair for Research

• The genome, (except for oncology treatment and 
other focused applications) explains only a small 
fraction of disease

• Somatic vs Germ genome issues
• Gene penetration/expression
• Impact of multiple genetic components of disease

– Eg diabetes, cystic fibrosis
• New mutations not detectible 
• Post genetic processing 
• Epigenetics



Epigenetics

• Environment/Lifestyle 
influenced

• Alter proteins
• Can impact 

mitosis/meiosis without 
DNA sequence 
modification
– Methylation
– Post translation processing
– Non coding RNAs
– Conformational Changes

Azad N et al. Nat Rev Clin Oncol 10: 256-66 (2013)



Disease Examples



BRCa

• Known association with breast cancer
• Ashkenazi Jews—relatively closed 

popn, found in 2.5% 
• Carriers known to be at high risk 

independent of family history
• Interventions are available-based on 

genetic counseling

17JNCI J Natl Cancer Inst (2015) 107(1): dju420



Prognostic/Predictive Markers 1993 Prognostic/Predictive Markers 2013
Tumor size Tumor size

Lymph nodes Lymph nodes (sentinel biopsy)

Histologic features (tumor type, grade, 
lymphovascular invasion)

Histologic features (tumor type, grade, 
lymphovascular invasion)

Estrogen receptor (ER); progesterone
receptor (PR)

Estrogen receptor (ER); progesterone
receptor (PR)

Ploidy (nuclear grade) ERBB2 (HER2) by in situ hybridization or 
immunohistochemistry

Proliferative index
(S-phase fraction, Ki-67)

Gene expression profiles:
(i) classification into luminal A, luminal B, 
basal, similar to normal breast;
(ii) prognostic gene panels (Oncotype Dx, 
MammaPrint, others)

Target gene mutation (eg. PIK3CA and 
others)

Evolution of Diagnostic and Staging Evaluation for 
Clinically-Localized Breast Cancer over 20 Years



Example of new checkpoint inhibitor drugs
Response rate 19% compared to 12% in control
Response rate associated with tumor antigen expression
Cost >$120,000



N Engl J Med 2014; 371:1028-1038

Novel Measurements

What are the immediate clinical implications? A biomarker with 100% specificity 
in predicting lack of treatment response would be a major step forward and 
would probably achieve rapid adoption. 
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Presenter
Presentation Notes
BLOOD TEST FOR ‘NICKED’ PROTEIN PREDICTS PROSTATE CANCER TREATMENT RESPONSE Prostate cancer patients whose tumors contain a shortened protein called AR-V7, which can be detected in the blood, are less likely to respond to two widely used drugs for metastatic prostate cancer, according to results of a study led by researchers at the Johns Hopkins Kimmel Cancer Center. If large-scale studies validate the findings, the investigators say men with detectable blood levels of AR-V7 should avoid these two drugs and instead take other medicines to treat their prostate cancer. A report on the work is described online Sept. 3 in the New England Journal of Medicine. The study evaluated two groups of 31 men with prostate cancer that had spread and whose blood levels of prostate-specific antigen (PSA) were still rising despite low testosterone levels. Investigators gave each man either enzalutamide (Xtandi) or abiraterone (Zytiga) and tracked whether their PSA levels continued to rise, an indication that the drugs were not working. In the enzalutamide group, none of 12 patients whose blood samples tested positive for AR-V7 responded to the drug, compared with 10 responders among 19 men who had no AR-V7 detected. In the abiraterone group, none of six AR-V7-positive patients responded, compared with 17 responders among 25 patients lacking AR-V7. Enzalutamide and abiraterone have been very successful in lengthening the lives of about 80 percent of patients with metastatic prostate cancer, says Emmanuel Antonarakis, M.D., assistant professor of oncology at Johns Hopkins, but the drugs do not work in the remaining 20 percent of patients. “Until now, we haven’t been able to predict which patients will not respond to these therapies. If our results are confirmed by other researchers, a blood test could use AR-V7 as a biomarker to predict enzalutamide and abiraterone resistance, and let us direct patients who test positive for AR-V7 toward other types of therapy sooner, saving time and money while avoiding futile therapy,” says Antonarakis. Prostate cancer thrives on male sex hormones (or “androgens”), including testosterone. Enzalutamide and abiraterone target proteins called androgen receptors and block the receptors’ ability to activate prostate cancer cells. AR-V7 is a shortened form of the androgen receptor that lacks a binding spot targeted by enzalutamide and abiraterone. With no binding spot for the two drugs, AR-V7 is free to manipulate prostate cancer cells’ genetic material, which makes the cancer cells grow and spread. Antonarakis and his colleague Jun Luo, Ph.D., who first identified AR-V7 in 2008, also tracked patients’ progression-free survival (the length of time a patient lives with the disease but does not get worse) and overall survival.  They found that, in men receiving enzalutamide, progression-free survival was 2.1 months in AR-V7-positive patients and 6.1 months in AR-V7-negative patients, while overall survival was 5.5 months in AR-V7-positive men and up to 9 months in AR-V7-negative men. Similarly, in men receiving abiraterone, progression-free survival was 2.3 months in AR-V7-positive patients and up to 6 months in AR-V7-negative patients, while overall survival was 10.6 months in AR-V7-positive men and up to 12 months in AR-V7-negative men. The investigators caution that most of the study patients had advanced disease and received multiple prior therapies, so their outcomes may not be generalizable to all men with prostate cancer. “Patients whose blood samples contained AR-V7 got no benefit from either enzalutamide or abiraterone,” says Antonarakis. He adds that the shortened AR-V7 protein could appear in patients’ blood samples at the very start of therapy or acquired later, after therapy has begun. He says, “This test could be used before starting enzalutamide or abiraterone therapy, and if the test shows the presence of AR-V7, patients may opt for a different therapy. It could also be used to monitor patients receiving enzalutamide or abiraterone for AR-V7, providing an indication these drugs may not work for much longer.” The study was funded by the Prostate Cancer Foundation, the Department of Defense, and the National Institutes of Health’s National Cancer Institute (CA058236, CA006973). Other scientists involved in the study were Changxue Lu, Hao Wang, Brandon Luber, Mary Nakazawa, Jeffrey C. Roeser, Yan Chen, Helen L. Fedor, Tamara L. Lotan, Qizhi Zheng, Angelo M. DeMarzo, John T. Isaacs, William B. Isaacs, Rosa Nadal, Channing J. Paller, Samuel R. Denmeade, Michael A. Carducci, and Mario A. Eisenberger from Johns Hopkins; and Yidong Chen and Tabrez A. Mohammad from the University of Texas Health Science Center. On the Web: NEJM: doi 10.1056/NEJMoa1315815 Emmanuel Antonarakis’ biohttp://www.hopkinsmedicine.org/profiles/results/directory/profile/9451649/emmanuel-antonarakis                                                                         ### 
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JAMA. 2016;315(1):47-57. doi:10.1001/jama.2015.17701

223 subjects with 
LongQT –Brugada
Syndrome—no stat assn
with known genetic
markers



Pharmacogenomics 

• Drug efficacy—mechanistic (non ONC)
• Eg mechanisms of monoclonal antibody 

cytokine inhibitors in inflammatory 
diseases, newer cholesterol drugs
– Variation in host responsiveness
– Variation in drug clearance
– Variation in drug toxicity profiles

22



Pharmacogenomics-
non ONC examples

• PCSK9 anticholesterol drugs
• Monoclonal antibodies for inflammatory 

diseases
• Infectious Diseases

– Antivirals –HIV. HCV
– Antibacterials—resistant organisms, TB
– C diff fecal biome

23



Data

• Its all about the DATA
– Getting the right data in
– Storing and Curating the data
– Pulling the right data out

• Measurement and quality assurance 
becomes a key issue

• EMRs do not meet the PROMISE—they 
are data entry systems-NOT analytics

Center for Innovative Medicine 24



Whats going on at Hopkins?

25
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Johns Hopkins Medicine (JHM) 
Fast Facts

• $7.7 billion global health enterprise 

• 6 hospitals, 4 health care and surgery centers, 39 primary 
care/outpatient sites in the U.S.

• 41,000 full-time faculty and staff 

• Johns Hopkins Healthcare manages 350,000 lives

• Johns Hopkins Hospital founded in 1889; School of Medicine 
(SOM) in 1893

• Engagements in nearly 30 countries over the last 17 years

Presenter
Presentation Notes
Located on the East Coast of the U.S. in Baltimore, MD, Johns Hopkins Medicine is one of the leading health care systems in the U.S. We are the second-largest employer in our home state of Maryland.



Follow Osler once again…

Embrace meaningful variation in patients; variation represents a 
natural experiment; learn from it; teach others to do the same.

Explain meaningful variation by novel measurements and novel 
analysis of existing data

Stratify (subset) diverse patients into subgroups and learn to treat 
each stratum optimally, as we have done better than anyone for 
100 years. 

Develop and disseminate knowledge/tools to enable increasingly 
precise definition of subgroups and management of patients.
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Presenter
Presentation Notes
The world’s best medical care is based upon scientific knowledge and data; JHU science  JHHS practiceNatural variation among people is an opportunity to learn about the processes that cause health and disease; JHM can lead in this learning and teachingDisease diagnosis and treatment are best studied in terms of probabilities, not rules. Probability requires training to intelligently use information



Center for Inherited Heart Disease

• Program in Cardiology focused on clinical, 
translational, and research aspects of 
monogenic forms of cardiovascular disease.

• Genetic counseling and cascade family 
screening can identify patients at highest risk 
of heart failure and sudden cardiac death..

• Evaluation of patients and their families.
• Cardiology Faculty:

– Daniel Judge, MD
– Gordon Tomaselli, MD
– Hugh Calkins, MD
– Cynthia James, PhD



Prostate Cancer example
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14 Ways to Use Epic for Research

32

Available with no additional programming:

Requires request to Epic “R-Cubed” for programming:
(funding recommended for faster implementation)

Requires ICTR Connection Request and Funding
14. Clinical data for research 

1. Patient on a study indicator 2. Scanned research consent form
3. Research Note 4. Existing research orders
5. Existing Research Reports 6. Existing Patient Reported Outcomes
7. Study participant is in ED/IP 8. Self-Service deid data access (i2b2)

10. Research Registry 11. Paging for events of interest to study
12. Research Decision support 13. Research interfaces (e.g. RED-i)
And.. new research reports, forms, PRO MyChart questionnaires

Requires review by Research Order Set Evaluation Committee (Rose)
9. Research order sets



The Promise and Hope
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Individual 
Diagnosis 

and 
Treatment

Population 
Health 

Outcomes

Population-based data will inform individual 
patient decisions

inHealth

34

“Population and Individualized Health: 
Two Sides of the Same Coin”

Scott L. Zeger, Professor of Biostatistics
Director, Individualized Health Initiative, JHU
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Hopkins inHealth organization
Improved 
Health at 

More 
Affordable 

Costs

Clinical 
and Public 

Health 
Discovery

Scale
and 

replicat
e

Biohealth Pilot Projects
Cancer 

screening

Autoimmune 
diseases

Genomics of 
cystic fibrosis

Myostatin in
sarcopenia 

Interventional 
cardiology

Telomere 
biology

chronic diseases

OncoSpace in 
radiation 
oncology

Population Health Demonstration
Cancer 

screening

Children’s 
asthma

Age-related 
cognitive loss

Cardiovascular 
disease 

Obesity and 
Diabetes

Health 
measures

Data and 
software 
solutions

Statistical 
design 

and  
analysis

Bioethics Behavior 
change

Finance/ 
org. 

models

Methodology Cores

Scale
and 

replicat
e



Date of download:  5/13/2016 Copyright © 2016 American Medical 
Association. All rights reserved.

From: Convergence of Implementation Science, Precision Medicine, and the Learning Health Care System: A 
New Model for Biomedical Research
JAMA. 2016;315(18):1941-1942. doi:10.1001/jama.2016.3867
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1. Leadership/ culture change
2. Bioethics shift: science-driven learning and 

communicating to continuously improve care rather than 
research versus practice

3. Make clinical measurements scientific quality
4. Data acquisition, management and intelligent use

– Governance, access, acquisition, management
– Statistical design and data analysi

5. Rapidly implement and test of innovative solutions
6. Scale-up solutions 

Essential Skills for Individualized Health 
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Thank you!

Jonathan Zenilman MD
Professor of Medicine (Infectious Diseases)
Executive Medical Director
JHU Business Development
jzenilma@jhmi.edu

39


	Personalized Medicine and Johns Hopkins Approach�Jonathan Zenilman MD�Charlotte Chamber of Commerce�May 20, 2016� �����
	Objectives
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Wikipedia definition
	Sir William Osler 
	7 Key Questions�(Joyner, JAMA Sept 8,2015)
	AND--Infrastructure
	Slide Number 10
	Slide Number 11
	Slide Number 12
	GENES DON’T EXPLAIN EVERYTHING
	Key Observations�Antony Rosen, Vice Chair for Research
	Epigenetics
	Disease Examples
	BRCa
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Pharmacogenomics 
	Pharmacogenomics-�non ONC examples
	Data
	Whats going on at Hopkins?
	Slide Number 26
	Slide Number 27
	Center for Inherited Heart Disease
	Prostate Cancer example
	Slide Number 30
	Slide Number 31
	14 Ways to Use Epic for Research
	The Promise and Hope
	Population-based data will inform individual patient decisions
	 Hopkins inHealth organization
	Slide Number 36
	Essential Skills for Individualized Health �
	Acknowledgements
	Thank you!

