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Precision medicine is an emerging approach 
for disease treatment and prevention that 
takes into account individual variability in 
genes, environment, and lifestyle for each 
person. 
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The Problem 

How do we enable  
Precision Medicine at point of care? 
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Vendor-specific apps: calendar, 

calculator, etc. 

Apps did not work with other 

systems and did not evolve 

much over time. 

No long-tail/custom 

applications- e.g. family 

history app 

Independent apps  

 

Developer and user community 

is engaged 

 

Long-tail apps available 



Clinical Genomics via PDF/paper reports 
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The Problem 

Meaningful Use 3- patients can view, 
download, and transmit data using 
API’s/apps. 
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SMART on FHIR Genomics: Clinico-Genomic Apps 

SMART on FHIR 
Clinico-Genomics Apps 

Sequencing 
Lab 

EMR 
System 

FHIR Data 
Report 

Sequence 
… 
 

Diagnostic Reporter App Diagnostic Order App 

FHIR Data 
Order 

Demographics 
Sequence 

… 

Order 
Genetics Labs 

1 

2 Return 
Genetics Labs Results 

3 Present & Contextualize 
Genetics Labs Results 

SMART Precision Cancer Medicine App  
(Warner, et al, JAMIA, 2016) 
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Platform 

App 



Substitutable Apps Needs 

  

API 
Resource oriented, everything a URL 
 

Data Model 
Context (container, user, patient) 
Medical (problems, allergies, …) 
 

Authentication 
Consistent delegation, web standards (OAuth) 
 

UI 
Standards-based integration (HTML5) 
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Domain Analysis Model (DAM) for 
Clinical Genomics, Use Cases: 
 
1. Specimen Identification 
2. Clinical Sequencing (Germline) 
3. Cancer Profiling (Somatic) 
4. CDS (Family History and Drug Dosage Calculator) 
5. Public Health Reporting 
6. Clinical and Research Data Warehouses 
... 

Alterovitz, et al., Domain Analysis Model: Clinical Genomics, 2016. 



Fast Healthcare Interoperability Resources 

Clinical data 

Resource 

Resource 

Resource 

Resource 

Extension Profile 

Applications 

Concise, easily understood specifications 
Well-defined data model and API 
Easy to implement 
Modern (RESTFul API, JSON, Oauth) 
Extensibile 
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Layers of Abstraction/Adoption 
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Genetic tests with 
interpretations only 

Genetic tests with multiple 
variants/gene sequence 

Lab-type results 

Genetic tests with whole sequence/reads 

LOINC code, Observation 
 

Observation Genetics 
Profile 

Sequence Resource 

GA4GH Reads 



 
Added 

6 
Genetics 
Profiles 

+ 
1 

Sequence 
Resource 

Connectathon 11/12 

Jan/May 2016 

Current Build 

Dec 2015 

DSTU2 

Sep 2015 

 
Added 

1 
Genetics 
Profile 

 
Observation 

Resource 

FHIR Genomics Time Line 
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STU 3 

Jul 2016 

 
Connectathon 

& 
Workgroup 
Feedback 

+ 
Future 
Work 

 
Connectathon,  

Pilots,  and  
Test scripts 

DSTU = Draft Standard for Trial Use 
STU = Standard for Trial Use 
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GA4GH 

SMART 

FHIR 

Systems/Security/Apps 

Clinical Workflow/Genomics Sequence Datasets 

Fast Healthcare 
Interoperability 
Resources 

Global Alliance for 
Genomics and 
Health 

Substitutable Medical 
Apps Reusable 
Technologies  



HL7 Clinical Genomics 

 



July 2016 

• Alterovitz, et al, SMART of 
FHIR Genomics: 
Facilitating Standardized 
Clinico-Genomic Apps, 
JAMIA, 2016. 
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FHIR Genomics 
+ 

SMART on FHIR 
Sep 2015 

Recommendation Actions to Advance 

FHIR could be included as an emerging standard, especially for 
transport of data. Argonaut may provide opportunities to advance. 
Sample uses of FHIR: authorization; genetics, family health history, 
build on current work on SMART on FHIR Genomics1 

Apply accelerators (e.g., 
S&I Initiative, pilot 
project, policy guidance) 
to existing standards by 
ONC 

Recommendation Actions to Advance 

2016 PMI S&I: Additional ONC investment in pilots of FHIR for PMI 
research/individual data donation use case 

Apply accelerators (e.g., 
S&I Initiative, pilot 
project, policy guidance) 
to existing standards by 
ONC 

1 Alterovitz G, et al. SMART on FHIR Genomics: facilitating 
standardized clinico-genomic apps. JAMIA. 2015;22(6):1173-8. 

Sep 2016 



Precision Medicine Initiative® 
Cohort Program RFA 
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Nov 2015 



20 

Dec 2015 



PACS in Radiology -> GACS in 
Genomics 

21 Genomics Archive Computer System (GACS) 

PACS 
System 

 
Images 

GACS 
System 

 
Raw Genomics 

Data 

Picture Archive Computer System (PACS) 

Meta-
data 

Meta-
data 



SMART on FHIR Genomics 
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General Features: 
 
• FHIR clinical profiles aligned to Meaningful Use 
• Patient record scope/authorization 
• Authentication/Single-Sign on 
• UI integration layer to launch within EMR 
• GACS (Genomics Archive Computer System): Like 

Radiology PACS (Picture Archive Computer System) 
image system that integrates with EMR, yet stores 
raw data internally. 
 
 
 



SMART on FHIR Genomics 
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Genomic-Specific Features: 
 
• Genomics integrated directly into clinical model 
• Profiles on standard FHIR resources plus new 

resource (Sequence) 
• Enables EMR to obtain genetic results: both non-

sequence and sequence-based. 
• Search-optimized GA4GH/raw sequence data  
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Krauss JC, et al. Data Sharing 
to Support the Cancer 
Journey in the Digital Era. 
Journal of oncology practice. 
2016. 

Org. support SMART/FHIR 

Org. pilots of SMART/FHIR 

SMART on FHIR Pilots for Precision Medicine in 
Cancer 

Jan 2016 



Precision Cancer Medicine (PCM) App 
Warner & Alterovitz 

DB (Diabetes Bear) EMR App  
Alterovitz & Yang 

Genomics Advisor App 
Alterovitz & Zhang 
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Alterovitz G, et al. SMART on FHIR 
Genomics: facilitating standardized clinico-
genomic apps. JAMIA. 2015;22(6):1173-8. 
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https://gallery.smarthealthit.org  

Genomics  
Category 

SMART Precision 
Cancer Medicine 

Genomics  
Advisor V2 
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https://gallery.smarthealthit.org  



SMART Genomics Platform 

  



Actively working on pilots 

National and International: 
 

• MGH/Hughes RiskApps 

• Cerner 

• Intermountain 

• Vanderbilt University 

• National Marrow Donor Program / BeTheMatch 

• Precision Link 

• Genospace 

• Allscripts/Nant Health 

• Partners 

• GeneInsight Sunquest 

• Hefei Institute of Technology in China 

• BCH/HMS/Google 

• DNA Nexus 

• PrecisionFDA/FDA 

• Aegis 

• TBResist 
 

Global Alliance federated queries SMART on FHIR Genomics 
server: 
 

• Stratified Medicine Scotland Innovation Centre 

• UCSC 

• Royal Melbourne Hospital & Biogrid Australia 

• Beijing Institute of Genetics, Chinese Academy of 
Science 

• EMC R&D 

• Wellcome Trust Centre for Human Genetics 

• Harvard/MIT 

• Aridhia Informatics 

• Australia- Health Intersections 
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Genetics/Sequencing Labs 

PrecisionFDA 

Clinico-Genomic App 



And there’s one more thing... 
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Fhirgenomics.org 
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Follow at: 
@Fhirgenomics 
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Gil Alterovitz 
ga@alum.mit.edu 

 

LinkedIn: 

mailto:ga@alum.mit.edu
mailto:ga@alum.mit.edu
mailto:ga@alum.mit.edu
mailto:ga@alum.mit.edu
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Extra Slides: Apps 



Precision Cancer Medicine (PCM) 

Problem  

Many rare somatic mutations needs to be 
taken into account for cancer prognostics 

Solution 

iPad app for clinicians to compare patient 
variations with those of population on site. 

Features 

View variants of patient and population  
Planned 
Bayesian updates on stats 
In-app comparison of patient-based 
prognostics for different drugs 
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Precision Cancer Medicine 
PCM App 

Warner & Alterovitz 



Clinicians are making genotype-driven decisions 
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NSCLC type + erlotinib exposure No erlotinib exposure 

EGFR-mutated (any) 70 7 

EGFR wild type 153 358 

NSCLC type + platinum exposure No platinum exposure 

EGFR-mutated (any) 27 50 

EGFR wild type 249 262 

Stage III, IV, or metastatic NSCLC patients with EGFR mutations 
are more likely to be treated with targeted therapy (erlotinib) 
and less likely to be treated with conventional chemotherapy* 

* Cancer stage and treatment exposure determined using custom algorithms 

OR 0.57 (95% CI 0.33-0.96, p=0.0275) 

OR 23.3 (95% CI 10.4-61.3, p<0.0001) 



PCM Pictorial Overview 
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User first logs in using standard Oauth 
authorization. On first use must authorize app to 
allow access to their data.  





Patient name 

Medical record number 
Date of birth 

No gene mutation was detected in this patient, 
as well as the majority of patients with AML. 



A gene mutation was detected in this patient, so variant 
level information is also provided. They have the most 
common variant of KRAS seen in the lung cancer population. 



In this exploded view, the user can see 
enumerated information as well. 



A similar view for variant information. 



Genomics Advisor App 
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Problem  

EMR apps only include clinical 
information, but genomics can add 
complementary information about risk 
of disease, drug susceptibility, and 
related conditions 

Solution 

Create a module that can be 
integrated into disease-specific apps. 

Features 

Present relative risks of diseases 
based on patient's’ genotype. 
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Genomics Advisor 



  



DB (Diabetes Bear) EMR App 

Problem  

High cost of chronic disease management, 
e.g. pediatric diabetes compliance 

Solution 

iPad app for care coordination 

Combines toy bear’s integrated telecare 
glucometer/pump, caregiver (PHR), and 
clinician (EMR) data (including genomic and 
sensor information) 

Features 

Fun to measure glucose and take insulin 
Bear avatar provides feedback to patient  
Engagement increases compliance likelihood 
Live data for clinicians/patients to view 
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iPad Apps 

 



 

DB EMR 
 
First program to integrate genomic, device, 
EMR/Personal Health Record information. 
 
First program to integrate patient, patient 
devices (e.g. bear/glucose meter), care giver, 
and physician data into a unified view to 
facilitate collaboration on patient care. 
 
First mobile app to integrate 
genomics/sequence information and clinical 
information. 
 



 



 



 




