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Chilmark Research is a global research and advisory firm whose sole focus is the market for healthcare IT solutions. 

This focus allows us to provide our clients with the most in-depth and accurate research on the critical technology and 

adoption trends occurring throughout the healthcare sector. Areas of current research focus include among others: 

Clinician Network Management, Cloud-computing Models for Healthcare, IT-enabled Accountable Care Organiza-

tions, Care Coordination, Adoption of Mobile Technology and Consumer-facing Health and Wellness Applications and 

Services.

Using a pragmatic, evidence-based research methodology with a strong emphasis on primary research, Chilmark Re-

search structures its research reports to serve the needs of technology adopters, consultants, investors and technol-

ogy vendors. In addition to reports for the general market, Chilmark Research performs research for clients based on 

their specific needs. Such research has included competitive analyses, market opportunity assessments, strategic as-
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In 2012, Chilmark Research launched its newest service, the Chilmark Advisory Service (CAS). The CAS was created 
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and use of healthcare IT. This is an annual subscription that provides not only access to a number of re-search reports 

throughout the year, but also direct access to Chilmark Research analysts to answer specific client needs. Please con-

tact us directly for further information about CAS.

Chilmark Research is proud of the clients it has had the pleasure to serve including Abbott Labs, Bluetooth Special In-

terest Group, Catholic Healthcare East, Cerner, HCA, Highmark, IBM, Kaiser-Permanente, McKesson, McKinsey, Mi-

crosoft, and Thomson Reuters to name a few. It is our hope that at some future date we will have the pleasure to serve 

you as well.

The information in this report is proprietary to and copyrighted by Chilmark Research. No part of this report may be reproduced or distributed 
without prior permission of Chilmark Research. The information contained within the report is not intended as a solicitation of an offer to buy 
or sell any investment or other specific product. All information and opinions expressed in this report were obtained from sources believed to 
be reliable and in good faith. No representations or warranty expressed or implied is made as to its accuracy or completeness. Trademarked 
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Executive Summary
Precision medicine (PM) is slowly entering the mainstream of health and medical discourse but is still a term in 
need of concise definition to move beyond the origins in genomics to the present, where PM must also encompass 
population health management. 

The most effective manner to build a bridge between past and present is to define PM as an “effort to collect, integrate, 
and analyze multiple sources of genetic and non-genetic data and applying data analytics and machine learning/AI to 
develop insights about health and disease that are tailored to an individual.” 1

There has always been a tension between medicine based on the response of the average of a population and 
medicine based on the needs of the individual. PM promises new therapies based on an individual’s characteris-
tics and lifestyle. The goal is to improve health monitoring, optimize pharmaceutical interventions, and contrib-
ute to better population health interventions. 

Long-term success in PM will demand a great deal of innovation in new business models that can create sustain-
able revenues as biopharmaceutical companies move from the one-size-fits-all paradigm to products and servic-
es that address much smaller markets. As digital biomarkers that identify sub-populations for targeted therapies 
become more mainstream, the evidence base to support payment mechanisms will need to be developed across 
the industry in a manner that fits within the emergence of value-based payment dynamics. The first step in mov-
ing in this direction is developing better ways to integrate the new biological insights from -omic R&D into the 
point-of-care that is actionable for clinicians and patients. However, doing this is not an easy task with today’s 
health IT infrastructure. 

PM has the potential to change the way we conceptualize disease based on insights at the molecular level as the 
fundamental knowledge of biology linking genetics, microbial flora, neuroscience and even quantum biology pro-
gresses. This, however, is a long-term process that will span the coming decades. In the near term, we will see 
steady progress in basic insights that -omic fields produce; however, clinicians and patients will need to balance 
substantial uncertainty across many diseases, especially in cases of co-morbidities, and still leave room for the 
play of subjective interpretations nested in these new forms of data. 

Integrating the rapidly growing but incomplete knowledge base with clinical and patient interpretations does not 
have to be an either/or situation. Furthermore, as clinical decision support systems and PM platforms evolve and 
ultimately converge, the burden of accessing and interpreting new insights will be facilitated by better artificial 
intelligence/machine learning (AI/ML) tools and improving interoperability across disparate systems. 

KEY TAKEAWAYS
PM will catalyze new approaches to using data for quality improvement and biopharma business models as well 
as financing mechanisms. PM introduces a range of new data types that will need to be linked to healthcare’s 
diverse pre-existing data sources and outcomes data and will increasingly play a role in drug pricing. 

Computational phenotyping will transform the way that patient cohorts are identified for targeted treatments 
and, potentially, value-based risk stratification. PM-derived insights will enable clinicians to identify, stratify, 
and manage populations more accurately with clinical programs and interventions that better address quality 
and cost goals.

1 Ferryman, K, Pitcan, M. What is Precision Medicine. Data Society, 2018.
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The evidence base for PM-based diagnostic tools needs to grow across stand-alone and companion diagnos-
tics. For that to happen, payers will need to see the value of PM-derived tests and procedures for patients. In-
itially, payers will agree to pay for relatively inexpensive sequencing. Systems may need to adjust time horizons 
for realizing benefits for some conditions and corresponding therapeutics and diagnostics.

Biomedical informaticians, data scientists, and genetic counselors will emerge as the primary conveners and 
conduits of PM. Demand for talent far outstrips supply, and healthcare organizations (HCOs) will struggle to 
compete against the culture and compensation offered by the major technology companies. Care coordination 
teams will have to evolve to meet the demands that PM data create.

PM will require unprecedented multidisciplinary collaboration during this period of systematic retooling of tra-
ditional HCOs and their IT infrastructure into Learning Health Systems. In addition to technological innovation, 
a great deal of social innovation around data sharing and cooperation will be required to succeed across the 
stakeholder ecosystem.

PM arrives at a moment when the data policies of technology companies is coming under fierce criticism from 
consumers and government. The direct–to–consumer-genetics market is included in this “techlash.” Better data 
governance mechanisms and broader discussions about privacy, use of data, and who benefits will be key to con-
sumer buy-in.

New market mechanisms and innovation in the underlying economics of PM will be essential. A key element of 
the creation of a market for PM therapies is the funding mechanism whereby we are moving from one-size-fits-
all to personalized therapies. The current market failure for addressing the high costs and uncertainties of new 
therapies may hold back the market. Industry will need to collaborate with insurers and governments to identify 
and invoke new funding mechanisms such as “cure funds.”
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Introduction
In this report, we identify some of the opportunities and challenges that precision medicine (PM) will bring to 
healthcare information technology (HIT). We describe the array of current and future data types that PM will 
introduce and provide a framework to understand how IT can benefit from and contribute to PM.

While most discussions of PM focus on genomic data, it is important to recognize that the most commonly held 
current definitions of PM include all of the data that can be gathered on a patient including behavior and lifestyle 
data. Beyond genomic data there are multiple layers of data from the microbiome, proteome, connectome, ex-
posome, and beyond to even the electrome. Eric Topol has compared this to a Google Maps–like GIS representa-
tion with the different -omes constituting digital layers of the human body that also extend to the social graph.

Effective PM translated into actionable insights demands extensive sharing of these many types of data across 
biobanks, insurers, epidemiologists, clinical research organizations, and biopharmaceutical actors at the very 
minimum. Within the formal health sector, data-sharing that involves outcomes data is an exceedingly difficult 
task. However, in recent years there has been an increase in the number of data-sharing collaborations in the PM 
space. From the rather simple illustration above it should be clear that the task at hand is immense when we 
move beyond the scientific and clinical insights to the challenges of tackling the health data value chain for PM. 
The value chain includes transforming raw data into clinically relevant insights and integrating this data into the 
EHR for the clinician and patient as well as into a format rendered useful in clinical decision support tools. The 
100,000 Genome Project in the UK has created the illustration below to highlight the shift in clinical pathways 
that PM will entail.

figure 1: Layers of -Omic Data

Source: Topol, Cell

https://www.cell.com/action/showPdf?pii=S0092-8674%2814%2900204-9
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More data means exponentially more work for the HIT workforce, and occasionally for clinicians and patients 
when dealing with variants demanding longer clinical reports and assessments of uncertainty. In more advanced 
areas of PM such as oncology, the increase in knowledge and improved clinical decision support will mean less 
work to understand a prognosis and optimal treatment regimes. This is where application of the insights from the 
learning systems research could benefit all stakeholders by improving practices of data-sharing across this very 
fragmented ecosystem.

Overview of Key Components of PM

PHARMACOGENOMICS 
Pharmacogenomics (PGx) is the study of how genetics affects an individual’s response to particular drugs. PGx 
tests can help determine whether or at what dosage level a medication will work for given patient. Over 230 pre-
scription drugs now have genetic recommendations on the label, and evidence has shown PGx to be a cost-ef-
fective and cost-saving strategy.2 

2 Verbelen, M., Weale, M. E. & Lewis, C. M. Cost-effectiveness of pharmacogenetic-guided treatment: are we there 
yet? Pharmacogenomics J. 17, 395–402 (2017).

figure 2: Precision Medicine Cycle and Clinical Pathways

Source: jtggjournal

https://jtggjournal.com/article/view/2777
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Allscripts-funded and -incubated startup 2bPrecise offers providers an integrated clinical decision support solu-
tion for PGx that delivers test results directly in workflow for clinicians. In early November 2018, 23andMe re-
ceived FDA clearance for the first direct-to-consumer (DTC) PGx test which provides information on 33 genetic 
variants associated with the effectiveness of common drugs, such as blood thinners. However, the utility of the 
test is questionable given that 23andMe had to prove to the FDA that at least 97 percent of customers under-
stood the test was not making a medical recommendation.

Pharmacogenomics is controversial. Recent research evaluating four commercially available pharmacogenet-
ic-based decision support tools (DSTs) showed conflicting recommendations for the same genetic profile. The 
level of disagreement in medication recommendations across PGx DSTs indicates these tests cannot be assumed 
to be equivalent or interchangeable.3

GENOTYPING, GENE SEQUENCING, AND THE MICROBIOME
DTC genetic tests have a high public profile despite limited or no evidence of clinical validity or utility. DTC kits 
use a swab from inside a person’s cheek and deliver a broad genetic profile of the person, including his or her 
propensity to develop certain diseases. 23andMe claims to test for gene variants associated with hereditary 
breast and ovarian cancer as well as susceptibility to developing Alzheimer’s disease, among others. While the 
company explicitly disclaims any diagnostic utility, it offers a variety of different kits that consumers buy. 

figure 3: Data Integration and Data flows for PM

Besides cancer, roughly 5,000 disorders have some kind of genetic or molecular basis for which companies are 
beginning to develop tests. The most widely used and well-known existing genetic tests are for prenatal screen-
ing of genetically marked diseases. Obstetricians offer testing for trisomal disorders (e.g., Down Syndrome) to 
expecting parents. Companies like Concert Genetics provide applications to support some of these workflows 
including connection to several hundred labs. Some new genetic testing companies with DTC offerings aim high-
er. Veritas Genetics offers whole genome sequencing for just under $1,000 and provides users with comprehen-
sive reports on up to 1,200 hereditary conditions, metabolism, reactivity to drugs, and other insights. 

3 Bousman, C. A. & Dunlop, B. W. Genotype, phenotype, and medication recommendation agreement among 
commercial pharmacogenetic-based decision support tools. Pharmacogenomics J. 18, 613–622 (2018).

https://www.healthcareitnews.com/news/allscripts-subsidiary-2bprecise-looks-inject-genomics-ehr-workflow-precision-medicine
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Microbiome research is a new and developing field with strong potential to contribute to PM. The microbiome 
comprises organisms found throughout the human body. uBiome, the first company to offer commercial micro-
biome sequencing direct to consumers, offers a test kit that returns a report it compiles in partnership with re-
searchers in different segments of healthcare. Currently, uBiome is under investigation for inappropriate billing 
practices. Day Two uses gut microbiome data for blood sugar management, offering nutritional recommenda-
tions specific to the patient’s bacterial profile with plans to more directly participate in routine clinical care and 
workflow.

RADIOMICS AND DIGITAL PATHOLOGY
All images contain valuable data. While it’s not unusual for even sophisticated pathology labs to use slides under 
a microscope, most labs have moved to digital imaging, storage, and sharing. Using noninvasive, inexpensive im-
ages to help identify and visualize a cancer trait, rather than biopsies, has clear benefits to the patient and clini-
cians. Increasingly, algorithms will analyze images to support radiologists, oncologists, and pathologists to pro-
vide guidance on diagnosis and treatment options. 

For example, automated texture analysis has demonstrated its ability to differentiate between cancerous pros-
tate and benign prostate tissue as well as add information about prostate cancer aggressiveness.4 A team at Stan-
ford University developed a 121-layer neural network that outperformed the average radiologist at identifying 
14 different diseases using a chest X-Ray.5

Much of the current work on AI in medicine involves integrating data from direct imaging and histopathology 
slides with genomes, transcriptomes, and proteomes to generate information on a diagnosis/tumor grade, prog-
nosis, tumor evolution, and best medication regime. Dermatology is another important area where photographs 
of skin lesions can be readily analyzed by convolutional neural networks.

Beyond the point of care, PM will also contribute. Radiomics is the comprehensive analysis of large numbers of 
images in order to find patterns and cues (biomarkers) that are indicative of cancer traits. Such analyses will help 
clinicians associate those features and cues to the patients’ prognoses to inform decision-making.6 Other appli-
cations of radiomics include auto-segmentation, computer-aided diagnosis (CADx), computer-aided detection 
(CADe), and automated tumor staging. 

An early example of such technology is the Butterfly iQ, a pocket-sized ultrasound that attaches to a smartphone 
and has 13 different FDA-approved deep-learning applications built in to aid users with automated image analyt-
ics. There are also a growing number of companies focused on liquid biopsy platforms for early detection of ctD-
NA (circulating tumor DNA) and cfDNA (cell-free DNA and exosomes) that combine the power of sensors, col-
laborations with biobanks, and AI for early cancer detection.

Some vendors have taken a strategy that centers on a particular medical condition, such as Syapse’s focus on 
oncology. Inspirata is a relatively new player to come on the scene quickly through the acquisition of several 
well-established companies over the last year including Precision Medicine Network, NLP vendor Artificial Intel-
ligence in Medicine, GE Healthcare’s Omnyx, and most recently, Caradigm. 

4 Wibmer, A. et al. Haralick texture analysis of prostate MRI: utility for differentiating non-cancerous prostate from 
prostate cancer and differentiating prostate cancers with different Gleason scores. Eur. Radiol. 25, 2840–2850 
(2015).

5 Rajpurkar, P. et al. CheXNet: Radiologist-Level Pneumonia Detection on Chest X-Rays with Deep Learning. arXiv [cs.
CV] (2017).

6 Arimura, H., Soufi, M., Kamezawa, Ninomiya, K. & Yamada, M. Radiomics with artificial intelligence for precision 
medicine in radiation therapy. J. Radiat. Res. (2018). doi:10.1093/jrr/rry077

https://ubiome.com/
https://www.daytwo.com/
https://www.butterflynetwork.com/iq
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We should caution, however, there are a number of emerging ethical issues involved with AI in medicine. Across 
the data value chain from basic clinical research in some areas that has neglected minorities, women, and chil-
dren to the algorithms themselves, there is a great deal of work that needs to be done to make biases in research 
and algorithms more transparent so that all patients receive equal treatment and to ensure no harm is done as a 
result of biases.

DRAMATIC GROWTH OF BIOLOGICAL DATA AND PERSONAL DATA
Progress in the basic and applied biological sciences is driving explosive growth in both the volume and types of 
data. The overwhelming majority of PM examples in use in 2019 involve genomic and immunological data for 
oncology; however, there are examples of microbiome-based interventions for autism and autoimmune disor-
ders, and neuroscience-based insights from the connectome. For PM to become a clinical reality, the data and 
interpretive results of laboratory tests from these various research databases and analytics services will need to 
be integrated into the point of care as traditional laboratory results have in the past.

Genetic testing results are often in the form of 20-page PDFs and can include both structured and unstructured 
data. Furthermore, the basic science underlying these tests changes often. Insights about a particular variant 
may change multiple times over the course of a few years, which raises additional challenges of how and when 
to counsel a patient, and potentially his or her family members, as the knowledge about a particular variant 
changes.

Depending on the nature of the genetic variant any given genetic test examines, the family history of the patient 
may provide further context for a clinical decision. In many instances this may require notification of family mem-
bers for additional genetic screening. Environmental data will increasingly be utilized as well for diseases that 
may have environment–genetic or environment–microbiomic interactions. 

With the advances in sensors in the coming years, more-granular and precise measurements of environmental 
drivers of disease from air and water quality to allergens will become available. More-powerful sensors will also 
shift the locus of standard laboratory tests from the clinic to the home, with the ability to use low-cost powerful 
sensors for smart urinalysis applications and OTC diagnostics, for example, coupled with far more precise and 
robust medical-grade wearables and AI-powered smart home assistants. Direct-to-consumer genetic tests such 
as 23andMe as well as microbiome mapping (Viome, uBiome, Bio-Me, Atlas Biomed) mean that consumers will 
also have in their own personal health records or testing service application a significant amount of genetic and 
other forms of data that will need to be integrated into the EHR.

figure 4: Data Sources for PM
Source: Heidi Rehm & Iftikhar Kullo
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Integration of -Omic Data into EHRs
Scaling PM initiatives can be challenging given healthcare’s well known interoperability woes.

If we focus on genomics and related sciences, genomic data build on existing laboratory testing to include immu-
nohistochemistry, flow cytometry, polymerase chain reaction, gene expression panels, whole exome sequencing 
and whole genome sequencing, circulating cell-free tumor DNA (ctDNA, cfDNA) sequencing, and mass cytome-
try. Even existing laboratory tests can utilize a number of different data formats and may need translation into 
relevant formats for clinical use before integration into the EHR context. Genomic data can range from single 
nucleotide polymorphisms (SNPs) to full genome sequences of a subset population of individuals. 

Current EHRs don’t readily accept new and large datasets for clinical decision support. Furthermore, the vast 
majority of the studies on populations remain at the associational level rather than causal mechanisms. This has 
been one of the challenges that IBM Watson’s cancer applications came up against recently. Associational stud-
ies are often lacking in useful causal mechanisms for basing medical decisions. Also, a physician is often provided 
with a summary result of findings of a genetic test rather than the raw data, depending on the nature of the test. 
These summaries are frequently 20 pages long with a large number of citations and can be difficult to interpret. 

Current EHR systems have many limitations for effective integration and utilization of genomic and other -omic 
data including the following:

 > Lack of structured data that can be used for clinical decision support and a lack of consensus on 
how to best represent genetic test results within the context of EHR clinical vocabularies.

 > Lack of storage capacity in EHRs to store PM data as well as the ability to re-evaluate this data as 
new knowledge comes to light. The test results from a single test at a given time can change in the 
future as the scientific knowledge base evolves. This demands the ability to re-evaluate test re-
sults over the lifespan of an individual, which also raises important ethical issues around consent 
and patient rights.

 > Ability to integrate family history, phenotype data as well as -omic data and relevant environmen-
tal data is a very steep hill to climb. Different modalities to report varying notions of family, social 
context, etc., still require substantial work in normalizing data for effective use and analyses.

 > Guidance for physicians in how to document genetic counseling and interpretations of data for 
patients and clinicians is still in development. A number of initiatives from the Human Genome 
Research Institute, the Genetic Alliance (a patient-led initiative), and the National Library of Med-
icine are developing resources for this task.

 > Developing modalities for explaining “clinical actionability” when dealing with multiple variants 
and more-complex probabilistic results is a challenge given the nature of current EHR design. 

 > Lack of standards for laboratory results from -omics.

The challenges above will grow ever greater as the volume and scope of data for PM applications increase.
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figure 5. Standard Medicine vs. PM
Source: www.konicaminolta.com

COLLABORATION FOR INTEGRATING DATA FOR GENOMICS AND 
CLINICAL CARE

The Electronic Medical Records and Genomics Network (eMERGE) is a consortium funded by the National Hu-
man Genome Research Institute ostensibly for developing methods and best practices for utilization of EHRs for 
genomic research. The consortium spans nine geographic areas in the US and couples bio-repositories with phe-
notypic data from EHRs. In existence for more than a decade, it will be soon entering Phase IV. Phase III focused 
on assessment of rare variants and integrating genetic variants into clinical into EHRs for clinical care. An addi-
tional component focused on the development of educational resources for the community to meet some of the 
needs of clinicians and patients when dealing with new genetic insights.

eMERGE is an important collaboration to follow in the coming years for insights into the pace of integration of 
biological knowledge into clinical decision support and ultimately the patient journey. Much of the work involves 
building on existing standards for reporting structured data (VCF file) and ensuring that new developments in 
scientific knowledge with relevance to the clinical setting follow these standards. This is a critical bottleneck 
from the clinician, and even payer, viewpoint when one notes the variation in quality of interpretations of genet-
ic research and creating decision logics for onboarding new data (uninterpreted) into clinical decision support 
tools.7 At the present time, there are a small number of pathogenic variants that a clinician can utilize from the 
current toolbox. A clinician can bring symptoms and family histories together with a small number of genetic 
tools integrated into the EHR for determination of whether additional tests are needed to determine if a patho-
genic variant is the cause of symptoms.

7 See Heidi Rehm, “Novel and Disruptive Opportunities in Genomic Medicine,” https://www.genome.gov/event-
calendar/eMERGE-Future-of-Electronic-Medical-Records-Genomics, 2017.

https://www.konicaminolta.com/about/investors/ir_library/ar/ar2017/special02/index.html
https://www.genome.gov/event-calendar/eMERGE-Future-of-Electronic-Medical-Records-Genomics
https://www.genome.gov/event-calendar/eMERGE-Future-of-Electronic-Medical-Records-Genomics
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figure 6: Clinical Workflow with Genomic Data
Source: Heidi Rehm

TRANSLATING GENETICS INSIGHTS INTO ACTIONABLE KNOWLEDGE

Another bottleneck in the clinical pathway at the moment is the lack of genetic counselors. There is also growing 
recognition of the need for new approaches to translate genetic insights into actionable knowledge for patients 
and clinicians. Most genetic test results provide insights into the relative risk to a patient. How this gets translat-
ed into behavioral change (when behavioral change can influence outcomes) remains to be seen. 

As mentioned earlier, there is also the issue of cascades for screening when family members may also need to be 
screened for pathogenic variants. This scenario can occur in contexts where there is variable quality in the relia-
bility of new tests. The implications here extend from the necessity to engage families in an effective way to 
having a deeper understanding of clinical value and cost-effectiveness of new genetic insights so that patients 
and clinicians can base decisions on as solid an evidence base as possible.

The broader issue of translating raw genomic data or variant call format (VCF, or a bio-informatics text file for 
storing gene sequences) is the first stage of interpreting genomic results. This information must then be further 
translated into clinical knowledge that can be utilized in the clinical encounter. Here is where we find another 
significant bottleneck into scaling PM into the mainstream clinical practice. 

If we examine cancer alone, there can be thousands or even hundreds of thousands of discrete mutations.8 The 
authors of the cited article here note that this creates a serious challenge for incorporating the concept of “clin-
ical actionability” into the EHR. Explaining clinical actionability in cases where there are multiple variants detect-
ed in a genetic test requires much lengthier texts with many literature references. Clinical actionability also 
changes over time as the underlying science evolves. These tensions have already resulted in lawsuits over inter-
pretation of results. This may be an area where newer AI/ML algorithms will have a significant impact by sorting 
through these discrete mutations to identify what is pertinent to the patient in the exam room.

8 Warner J, Jain SK and Levy M. Integrating cancer genomic data into electronic health records. Genome Medicine. 
2016; 8:113
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Current Solutions for Integrating Genomic Data 
into EHRs
In the oncology niche of PM there are a number of approaches to integrating genomic data into EHRs. One of 
the most common approaches is via custom interfaces with a third-party genetic-testing laboratory.9 Some of the 
early partners of the eMERGE Network have been utilizing this approach through partnerships with laboratories, 
but it is difficult to extend to multiple, other third-party laboratories. These partnerships have largely been used 
to facilitate research collaborations. 

Middleware or stand-alone web portals are a second option, and examples such as Foundation Medicine’s ICE 
portal and Caris Life Sciences’ MI portal have been cited as the most prominent in the oncology space. However, 
as portals, they are not directly integrated into a clinician’s EHR workflow. 

Syapse is a growing player in this area and has partnered with Intermountain Healthcare, Swedish Cancer Insti-
tute, Caris Life Sciences, Henry Ford Health System, and others. Syapse’s platform standardizes and normalizes 
data from molecular laboratories so that data can be shared across health systems. The data include demograph-
ics, diagnoses, tumor genomics, tumor markets, and outcomes. One of the interesting features that clinicians 
dealing with rare cases can access is the ability to see larger cohorts of patients from other systems that may 
have the same rare variant but potentially see treatment options and outcomes so that they have a larger sample 
size of patients from which to deduce the best treatment options. Syapse is profiled later in this report.

figure 7: UCSf Clinical Interface Created in Partnership with Syapse

9 Ibid.

Source: https://medicalxpress.com

https://medicalxpress.com/news/2014-11-bridging-gap-precision-medicine.html-11-bridging-gap-precision-medicine.html
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Building out the user interface as the UCSF–Syapse partnership is central to finding solutions for the “last mile” 
of PM or making the knowledge base actionable at the point of care.

The final approach involves the use of application programming interfaces (APIs). OpenFDA API is a model used 
for reporting adverse events associated with medication. Extending this approach into the clinical PM domain 
increasingly involves use of the Substitutable Medical Apps, Resusable Technologies (SMART) platform and 
SMART on FHIR. 

Scaling PM Data Sharing to Populations
As we move from the patient to the family, the complexity of data flows in PM grows, and this will be amplified 
as we extend PM from n=1 to larger populations and public health genomics for population-based screening for 
early detection. PM efforts in the population health management arena tend to have a stronger focus on inclu-
sion and addressing some of the bias issues in clinical research (and by extension, algorithms) where minorities, 
women, and children have been under-represented in clinical research. Population-based studies need to do a 
better job of remedying this issue, particularly given some of the criticisms of PM that take aim at the focus on 
the individual to the exclusion of public health or population health outcomes.

figure 8: Smart on fHIR
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It has been estimated that between 40 and 50 percent of cancers can be prevented if the research on risk factors 
were effectively implemented as public health measures.10 The PMI includes one million–person research cohort 
called the All of Us Research Program that aims to reflect the diversity of the U.S. population as well as include a 
Community Engagement Partners program. PMI initiated the All of Us Research Program as an effort to track as 
much data as possible on more than one million patients over 10 years. The overarching goals of the project are to:

 > Develop new ways to measure risk based on environmental exposures, genetic factors, and inter-
actions between the two.

 > Identify causes of different responses to commonly used drugs.

 > Discover biological markers that signal increased or decreased risk of developing common diseases.

 > Use mobile health technologies to correlate activity, physiological measures, and environmental 
exposures with outcomes.

 > Develop new disease classifications and relationships.

 > Empower study participants with data and information.

 > Create a platform to enable trials of targeted therapeutics.

Participants will consent and contribute information from numerous sources, answer questionnaires provided by 
investigators, allow passive monitoring of their activity, and submit periodic biospecimens. All of Us harnesses 
the efforts of contributors from government agencies, drug manufacturers, care providers, research institutes, 
and other healthcare stakeholders. Enrollment began in May 2018, and in less than six months the effort had al-
ready enrolled more than 400,000 subjects.

10 Stewart BW, Bray F, Forman D, Ohgaki H, Straif K, Ullrich A, et al. Cancer prevention as part of precision medicine: 
“plenty to be done.” Carcinogenesis. 2016; 37:2-9.

Hospital

Specialty 
Physician

HIE

Local Health 
Department

Community 
Health Clinic

Primary Care 
Physician

figure 9: Precision Public Health Stakeholders

https://allofus.nih.gov/
https://allofus.nih.gov/
https://allofus.nih.gov/
https://www.nih.gov/news-events/news-releases/nih-announces-national-enrollment-date-all-us-research-program-advance-precision-medicine.
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Sync for Science (S4S) is a collaboration between EHR vendors, the federal government, and others. It complet-
ed a pilot that showed a technology approach for enabling an individual to access his or her health data from 
various sources and send it to researchers in support of the All of Us Research Program. S4S is also utilizing 
SMART on FHIR to create a feed between EHRs and the PMI cohort program database. 

The social components of these programs will address data integration issues, but not purely from a technical 
perspective. Rather, they will include community governance issues for building trust. One early example of how 
this program is working comes from a partnership in Cincinnati that combined pediatric asthma readmissions 
data from EHRs with public housing data resulting in medico-legal partnerships that could directly benefit hos-
pitalized patients in a way to prevent future readmissions.11

Translating PM into the PHM realm is often accompanied by calls for patient- and community-driven data gov-
ernance mechanisms as well. From setting research agendas to creating new data governance mechanisms to 
manage privacy and right to use data, informed consent over the lifespan of the individual (for biological sam-
ples), transparency in algorithm use, and clinical trial inclusion/equity. These contentious privacy, data rights, and 
usage issues will remain a key challenge for many PM initiatives. 

AI/ML’s Future Role 
The anticipated benefits of PM will be impossible to realize without artificial intelligence (AI). More particularly, 
advanced machine-learning (ML) and deep learning (DL) technologies will make it possible to rapidly analyze 
large datasets. DL methods have been shown to outperform clinicians for tasks such as classifying irregularity, 
segmenting images, predicting mortality, and making a diagnosis. For example, Stanford researchers developed 
a neural network that exceeded performance of board-certified cardiologists in detecting a wide range of heart 
arrhythmias (irregular heart rhythms) from single-lead ECG signals.12

ML will find greatest utility in PM where we have large datasets that are simply too large for researchers and cli-
nicians to discern patterns. When researchers combine diverse datasets from histology images and the transcrip-
tome (and/or genomes, proteomes, etc.), for example, the algorithms can offer better prognoses for some can-
cers than pathologists alone could provide.13

11 Lyles CR, Lunn MR, Obedin-Maliver J, Bibbins-Domingo K. The new era of precision population health: insights for 
the All of Us Research Program and beyond. Journal of Translational Medicine. 2018, 16:211.

12 Rajpurkar, P., Hannun, A. Y., Haghpanahi, M., Bourn, C. & Ng, A. Y., Cardiologist-Level Arrhythmia Detection with 
Convolutional Neural Networks. arXiv [cs.CV] (2017).

13 Dance, A. Run Program: Cancer. The Scientist. P.24-29. May 2019.
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In the area of medical imaging we are already seeing great improvements in resolution of images through appli-
cation of DL algorithms.

Taxonomy and Value Chain of PM Vendors
Precision medicine is, to a great extent, a story of integration of new data and digital biomarkers into clinical 
practice and therapeutic decision-making. The range of stakeholders is growing to include bio-repositories, dig-
ital health platforms, and a wider number of clinical research organizations generating data and clinical insights 
around a growing number of -omic research programs. A central aspect of these efforts is the increasing use of 
AI in the basic research as well as clinical decision support (CDS) and PHM platforms. 

To make sense of the rapidly growing ecosystem and the value creation that is possible, we can also utilize the 
health data value chain developed by Chilmark Research several years ago along with a taxonomy of vendors 
that can facilitate analysis of the growing market.

figure 10: Deep Learning

figure 11: Health Data value Chain
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Given the wide number of actors working across this value chain that can technically be considered “precision 
medicine” vendors in the sense that they are involved in generating data for customized or individual therapeutic 
options, we are dissecting the market into a number of broad clusters and highlighting some of the most ad-
vanced vendors in each segment. Below is an overview of the most prominent segments in the market:

 > Clinical Research and Biomedical Informatics: This includes the ecosystem of basic research across 
the -omic landscape, deep biomarker discovery, sequencing.

 > Data Aggregation Platforms: Integrate -omic sciences, clinical trial and EHR data for clinical ser-
vices.

 > Interpretation of Genomic/Microbiome data: Translate lab tests into actionable clinical reports for 
physicians and patients.

 > Clinical Decision Support: PM tools integrated into EHR.

 > AI Analytics: AI focused companies that mine large -omic, image, EHR, and even patient-generated 
datasets for clinical insights.

In the table that follows we provide a brief sketch of the vendors in a number of sub-categories related to clinical 
research, AI, and computational biology. 

Ecosystem, Integration of real world data, patient 
matching tools/CDS

Size and scope of platform, Google’s cloud
computing and AI expertise 

EHR integration, aggregation of oncology patients, 
large network of oncology providers 

Sequencing, longitudinal cancer data, AI

Data aggregation, data integration, depth of cancer 
data

PHM analytics, NLP, cloud

Whole genome data, clinically actionable reports, 
clinical workflow impact

Syapse

Verily

Flatiron Health

2bPrecise

Tempus

Health Catalyst

Fabric Genomics

figure 12: PM Market Segments and Relevant Companies

Future of PM and the Challenges Ahead
The magnitude of the challenge bringing PM into the mainstream clinical encounter cannot be underestimated. 
While a growing number of oncology centers and large provider organizations such as Geisinger Medical Center 
have a robust EHR system for longitudinal records and phenotyping, the limitations of EHRs are an important 
bottleneck when handling far greater amounts and types of data from both -omics and lifestyle or personal be-
havior data. This will require a robust data management strategy, including an enterprise data warehouse (EDW) 
that can accept a wide range of data types and formats along with the analytics tools, including AI/ML to process 
that data into substantive insights for front-line clinicians.

PM will require much greater patient engagement and effective collaboration to scale into clinical practice. Both 
trust in institutions to govern data use, security, and privacy; and to curate and share data with researchers and 
clinicians is vital. A number of patient-focused collaboratives exist that can shed some light on the direction of 
these efforts:
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 > Project GENIE: American Association for Cancer Research’s Project Genomics Evidence Neoplasia 
Information Exchange links genomic data with clinical outcomes data. It collaborates with Syapse 
and aggregates, harmonizes, and shares clinical-grade data for translational medicine while also 
linking back to patients and organizations seeking effective treatments.

 > ORIEN: Oncology Research Information Exchange Network is a research exchange connecting 
oncology centers; it uses a standard protocol for tracking molecular, clinical, and epidemiological 
data across a patient’s lifetime. To date, the database has data for more than 100,000 patients 
worldwide.

 > CancerLinQ: A subsidiary of the American Society for Clinical Oncology (ASCO), it focuses on 
sharing clinical data with quality standards for patients having similar clinical characteristics. It has 
also focused on creating an interface that facilitates understanding of complex clinical data with 
the patient encounter.

 > Project Data Sphere: A digital library-laboratory of extensive cancer data for analyzing data from 
stage III clinical trials as well as some social data on patients. It is a type of data research commons 
to build innovative clinical research programs.

We have also seen a number of startup efforts utilizing the concept of data markets for incentivizing patient-led 
data collection and curation as well as consequent sharing with researchers and app developers. These efforts 
are early, and the business model is unclear. Nebula Genomics offers dramatically lower costs for genetic se-
quencing and microbiome analysis to incentivize a larger market for clinical research use of data. It utilizes block-
chain and can offer rewards to customers who share their data for clinical research. The number of small players 
in this space raises the question of whether the larger platforms from Apple to Google will swoop in leverage 
network effects and once again drive toward a winner-take-all market in the long run.

In addition to the collaborations that provide quality PM tools for patients and providers at the clinical encoun-
ter, there are a host of social dimensions of patient engagement in the PM market. From the burden of collecting, 
curating, and managing the volume and scope of data and the need for greater transparency in use of algorithms 
and their inherent biases, observers of the PM space have raised concerns over the use of data from patient plat-
forms such as PatientsLikeMe and CureTogether. Questions include:

 > What does this mean for the patients who contributed data for a non-profit that now commercial-
izes that data for a different entity? 

 > How have agenda-setting mechanisms changed and who benefits? 

 > Who decides which outcomes and quality measures matter in the long run? 

As privacy, security, and use of data become central points of contention in the growing techlash against domi-
nant players in a platform economy, these issues will take on increasing importance. Our definitions of privacy 
are changing and the contours of the debate will likely migrate to discussions of how to control the right to use 
data and of developing better controls, dynamic consent mechanisms, and substantially better cybersecurity 
measures in healthcare. 

https://cancerdiscovery.aacrjournals.org/content/7/8/818)
http://oriencancer.org/
https://cancerlinq.org/
https://www.projectdatasphere.org/projectdatasphere/html/home
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Conclusion
Beyond the technological constraints we have discussed, the economics of PM will also be a significant rate-lim-
iting factor in the scaling-up of PM beyond oncology. Biopharmaceutical companies are facing a serious chal-
lenge in shifting business models to the “beyond the pill” paradigm as well as in the fundamental economics of 
creating drugs for a smaller subset of the population. Biologicals are far more expensive and payers are putting 
greater pressure on all vendors in the ecosystem to accept pay for value or outcomes schemes. 

This has already had a small impact in the market for cancer treatments with value-based contracting for biolog-
icals. Payers have a large amount of data that are central to building partnerships with biopharma players to 
structure pricing. Stratification of populations via PM data and informatics also means new ways of creating risk 
pools; this will likely be an area where regulators will have a keen interest in addressing market failures for those 
at a heavier genetic risk for some conditions.

In the diagnostics space, there are a number of critical issues that emerge with the distinction between stand-alone 
diagnostics and companion diagnostics that are specific to a therapeutic product. Companion diagnostics are es-
sential to monitor drug safety and even efficacy. The traditional cost-effectiveness rationale can be challenging for 
the stand-alone diagnostics that may not have as strong a link to treatments. PM typically demands greater upfront 
costs for precision testing; but the savings in the long run through improved quality of life, fewer adverse events, 
less trial and error in treatment, or even avoiding costly treatments means that a longer time frame for cost-benefit 
needs to be utilized than with many traditional therapies. However, such longer-term benefits are what payers have 
traditionally been unwilling to cover, as the current “churn rate” for a member is typically three years. 

The new PM paradigm is going to demand new business models across the ecosystem and greater levels of coop-
eration and data-sharing to drive these new business models. Moving beyond the model for one-size-fits-all drugs, 
we are now entering the era when the value calculus is based on how a specific drug works for a specific indication 
and/or sub-population. This means tiered pricing. The implications for payers, physicians, and pharma are pro-
found. 

Pharma will have to compete against other companies in more-granular markets based on indications. The ability 
to closely monitor outcomes to provide input data into this paradigm is an immense challenge requiring substan-
tial collaboration on digital health platforms and clear agreement on the quality measures and outcomes that 
matter to diverse stakeholders. It is possible that payers will choose to not cover certain drugs, and other plans 
may inherit patients that were covered under previously used insurers. This will have an impact on premiums. 

Some economic and financial analysts examining the insurance markets for PM have suggested that payers may 
have to purchase reinsurance or cooperate to create “cure funds” where all insurers contribute to a pool for high-
priced therapies, or specialized PM insurance will need to be created that can cover specific products or disease 
classes.14 Governments can also acquire intellectual property through patent buyouts, the analysts assert, and 
pay for the therapy through tax coverage.

What all of these policy issues indicate is the substantial amount of innovation in the area of cooperation re-
quired to collect, curate, process, and integrate the data to not only generate basic scientific knowledge, but to 
create the underlying market push-pull mechanisms for PM to scale. Patient groups, providers, payers, and bio-
pharma must all figure out who has responsibility for what tasks, how to share data effectively, and who gets 
rewarded for what across the value chain. This requires creating incentives and sanctions to promote effective 
cooperation as well as changing the time horizons for how companies realize benefit accrual. Agreeing that af-
fordability is a fundamental value to these stakeholders, the International Risk Governance Center (IRGC) report 
asserts, is the basis from which measures for value and benefits are understood across the cooperative ecosys-
tem.15 This is no easy task and will require substantially new business skill sets.

14 The Economics of Precision Medicine. April 2018. International Risk Governance Center, Expert Workshop, Geneva.
15 Ibid.
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Finally, one should be cautious in deploying the genome as driver theory for PM’s entering into the mainstream. 
Many of the predictions from the era of the Human Genome Project have not come to fruition as we learned 
that gene function is far more complex than imagined. Developments in microbiome research and across the 
-omic ecosystem continue to surprise scientists. Many of these scientific areas are in their infancy and we are a 
decade or two from translating basic science into therapies and outcomes. The march of PM is likely going to 
be a gradual transition and will require a substantial amount of social innovation and true engagement with pa-
tients and patient groups. While there are many examples of engaged patient communities in the oncology and 
rare disease arenas, the complex financial and economic dimensions coupled with the hangover of two decades 
of technology companies’ perceived abuse of consumer privacy rights are likely going to make this transition a 
rocky path to pave. 
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Vendor Profiles
We have provided profiles for a sample of vendors at the intersection of analytics, genomics, and health systems. 
Many of these vendors function as the data platforms and integrators and sit between the clinical research or-
ganizations and formal health systems. Because much of this report has focused on that intersection where we 
see a major bottleneck, it is useful to monitor how the data integrators and clinical decision support spaces 
evolve to bring PM into the clinic in a more robust manner.

Ecosystem, Integration of real world data, patient 
matching tools/CDS

Size and scope of platform, Google’s cloud
computing and AI expertise 

EHR integration, aggregation of oncology patients, 
large network of oncology providers 

Sequencing, longitudinal cancer data, AI

Data aggregation, data integration, depth of cancer 
data

PHM analytics, NLP, cloud

Whole genome data, clinically actionable reports, 
clinical workflow impact

Syapse

Verily

Flatiron Health

2bPrecise

Tempus

Health Catalyst

Fabric Genomics

figure 13: vendors and Key Differentiators

figure 14: Data Sources and Use Cases for vendors

Data Sources Use Cases

Genomic Bioinformatics

Activity/Behavior Computational Phenotyping

Environmental Exposure Deep Biomarker Discovery

Patient Reported Outcomes Drug Discovery

Structured EHR Clinical Pathways

Unstructured EHR Digital Pathology

Internet of Things Clinical Decision Support

Imaging Personalized Care Plans
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SYAPSE

Headquarters: San Francisco, CA
Year Founded: 2010
Ownership: Private 
Number of Employees: 150-200
Partners: Roche, Medidata, ASCO, Intermountain Precision Genomics, Megazone
Example Customers: Intermountain Healthcare, Providence St. Joseph Health, Catholic Health Initiatives, 
Dignity Health, UCSF, Stanford, Henry Ford Cancer Center

Syapse has been involved in oncology precision medicine since 2010. Its mission is to “enable healthcare provid-
ers to deliver the best care to cancer patients through precision medicine.” The Syapse Precision Medicine Plat-
form provides health systems and other stakeholders with oncology CDS and access to a network of de-identi-
fied patient data for precision medicine. Syapse is installed at 300 hospitals in 12 large health systems in the U.S. 
and recently landed some health system customers in Asia. 

Syapse Oncology and Syapse Network make data about tumor sequencing, molecular tumor case review, drug 
procurement, and patient match for clinical trials available in day-to-day EHR workflows. Syapse Oncology sup-
ports point-of-care decision making in cancer care. It uses a cancer-specific longitudinal patient record, including 
genomic data. It has been integrated into Epic Hyperspace with plans to integrate with other hospital EHRs. The 
Syapse Data Sharing Network offers access to de-identified clinical, molecular, treatment, and outcomes data 
from roughly 10% of all cancer patients in the U.S. Syapse currently offers somatic data only with plans to include 
data from germline cells (reproductive cells with heritable mutations) in 2019. Syapse also has clinical trial match-
ing functionality. 

Key Differentiators: Size of ecosystem, integration of real world data, CDS
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VERILY

https://verily.com 
Headquarters: Mountain View, CA
Founded: 2015
Number of Employees: 850
Ownership: NASDAQ Listed
Partners: Stanford, Duke, Nikon, Dexcom, Johnson & Johnson, Sanofi, GlaxoSmithKlein, Ethicon 
Example Customers: Gilead, Biogen, Brigham & Women’s
Target Market: Life sciences, HCOs

After early organizational missteps, Verily serves as the primary vehicle for Google’s healthcare-related invest-
ments. They are actively involved with a number of the most prominent precision medicine partnerships includ-
ing: All of Us, MS Observational Study (Biogen and Brigham and Women’s Hospital), Project Baseline (Duke Uni-
versity School of Medicine, Stanford Medicine, Google and American Heart Association) to develop a map of 
human health, Personalized Parkinson’s Project, Immune Profiler (inflammatory pathogenesis). 

The company aims to develop ways to passively gather and aggregate high quality ambulatory data. Study Watch 
is a smartwatch designed to collect medical grade data for clinical trials. Study Watch is also being used in the 
AURORA Project, to monitor veterans experiencing post-traumatic stress disorder. The Personalized Parkinson’s 
Project uses it to track every Parkinson’s patient in the Netherlands. Other notable joint ventures that have pro-
gressed well beyond the concept/R&D stages include the joint development of Population Health Performance 
Matrix with 3M Health Information Systems. 

It plans to aggregate the data it collects, supplemented by EHR and other healthcare data sources in an API-en-
abled data warehouse. The scope of Verily’s activities is extremely broad, which does raise questions about fo-
cus of the overall company.

Key Differentiators: Scope of platform, cloud computing, AI depth

https://verily.com
https://blog.verily.com/2017/04/introducing-verily-study-watch.html
https://blog.verily.com/2017/07/researching-post-traumatic-conditions.html
D:\Users\Apple\Downloads\ https\verily.com\projects\precision-medicine\personalized-parkinson-project
D:\Users\Apple\Downloads\ https\verily.com\projects\precision-medicine\personalized-parkinson-project
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FLATIRON

http://flatironhealth.com 
Headquarters: New York, NY
Year Founded: 2012 
Ownership: NYSE Listed
Number of Employees: 100-250
Precision Medicine Products: OncoEMR, OncoTrials, Real World Evidence Platform
Key Partners: Foundation Medicine, FDA, National Comprehensive Cancer Network
Example Customers: Bristol-Myers Squibb, Pfizer, Genentech 
Target Markets: Hospitals and health systems, cancer centers

Flatiron Health has focused entirely on cancer since its founding. Its EHR for cancer care, OncoEMR, is installed 
at over 265 HCOs with over 2500 clinician users and 2 million active patient records. It counts 55 of the 179 par-
ticipants in CMS’ Oncology Care Model bundled payment program as customers. The company has a clinical tri-
al offering, OncoTrials, which supports trial recruitment as well as a data sales business for clinical resource and 
life sciences called the Real World Evidence Platform. Most biopharma companies are already customers.

Recently, Flatiron partnered with Foundation Medicine, also a Roche acquisition, to pair Flatiron’s clinical data 
with Foundation Medicine’s tumor genetic sequence data. Flatiron Health does not emphasize precision medi-
cine in its messaging, preferring the term “personalized medicine” to describe aspects of its offerings. But the 
company is squarely in this market with analytics and data, drug discovery support, and clinical trial recruitment 
efficiency and workflow support. 

Flatiron markets cohort data from OncoEMR and packages it for reporting and analytics. To supplement its own 
structured data, the company offers technology-assisted chart abstraction from its own and other EHRs. While 
OncoEMR does not currently incorporate -omic data, such support is on the roadmap. OncoTrials provide visual 
analytics that allows clinical researchers to identify patients for clinical trials more efficiently. It helps them zero 
in on eligible patients and puts relevant information into the workflow, allowing physicians to initiate discussions 
in the exam room.

Key Differentiators: EHR integration, clinical trials matching, pharma partnerships, aggregation of oncology pro-
viders and patients

http://flatironhealth.com
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TEMPUS

http://tempus.com 
Founded: 2015
Headquarters: Chicago, IL
Ownership: Private
Number of Employees: 300+
Example Customers: University of Michigan, University of Chicago, Northwestern Medicine
Partnerships: CancerLinQ, Precision Health AI
Precision Medicine Products: Tempus xT, Tempus xO, Tempus xE, Tempus xF
Target Market: Cancer centers

Tempus developed a proprietary next generation sequencing assay for earlier, more precise tumor profiling. It 
then evaluates the patient’s genome for more than 1700 cancer genes to provide oncology care teams a view of 
actionable pathways for targeted therapy. 

Tempus also aggregates, normalizes and extracts EHR records to supplement its genomic data. In partnership 
with New York-based startup Precision Health AI, Tempus has a 10-year data sharing agreement with Cancer-
LinQ, the cancer outcomes database administered by the American Society of Clinical Oncology (ASCO).

Rather than build the business by charging providers based on conventional reimbursement models, Tempus 
subsidizes the cancer centers likely to use it in high volume. It intends to build a data-as-a-service business based 
on AI and analytics for its aggregated data. 

Key Differentiators: Sequencing, longitudinal cancer data, AI

http://tempus.com
https://www.modernhealthcare.com/article/20171221/NEWS/171229975
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2BPRECISE

https://2bprecisehealth.com
Headquarters: Pittsburgh, PA
Year Founded: 2015
Ownership: NASDAQ Listed
Partners: Translational Software, PierianDx, Mayo Clinic
Example Customers: NIH, Holston Medical Group, Mayo Clinic
Precision Medicine Products: Cross Clinical Genomic Repository, GEM, and add-on modules

2bPrecise, founded in 2015, is a wholly owned subsidiary of Allscripts. Its team, many from Allscripts dbMotion, 
has strong data management and interoperability skills. The company has access to Allscripts’ customer base but 
will sell its solutions to any provider organization. It tries to. 2bPrecise sells primarily in the US market and is cur-
rently deployed at six health systems and the NIH. The company targets larger HCOs with this enterprise solu-
tion. 

2bPrecise’s product consists of Cross Clinical Genomic Repository (xCGR), a cloud-based knowledge hub and 
patient data store, and GEM, an end-user visualization tool. xCGR integrates patient’s EHR-sourced and -omic 
data together with evidence-based knowledge sources. xCGR optionally includes partner-sourced data. The 
company suggests that patients can submit the results of direct-to-consumer tests for ingestion into xCGR. 

GEM is a visualization tool offering clinical decision support in the EHR workflow. The company offers the fol-
lowing add-on modules: 

 > 2bPrecise Pharmacogenomics (PGx) – enables clinicians to view information about a patient’s re-
sponsiveness to certain medications based on their genomic profile. Translational Software, a 
third party, provides the content for this module. 

 > 2bPrecise Pedigree – enables clinicians to capture family history with disease associations, provid-
ing clinicians with a visual reference to inheritance patterns. 

 > 2bPrecise Germline Genomic Results – Enables access to germline genetic results for review of 
latest molecular tests as well as a consolidated view of a patient’s interpreted genetic results in-
cluding historical tests. The module also facilitates candidate identification.

 > 2bPrecise Oncology - Includes somatic results views, displaying the actionable information based 
on the lab interpretation. This module also includes Cross Clinical Genomic Analysis (xCGA), 
which displays filtered and interpreted somatic genomic results after applying the patient’s clinical 
information using PierianDx’s viewer.   

This offering encompasses most of the well-recognized applications of precision medicine today. By starting with 
PGx, the product is positioned to be broadly applicable across a range of conditions (cancer, hyperlipidemia, di-
abetes, renal disease, neurodevelopmental disorders and others). Long term, the company aims to provide a lon-
gitudinal view of molecular data as well as a clinical decision support framework for precision medicine’s diverse 
data types. 

Key Differentiators: Data aggregation, data integration, depth of cancer genetic data

https://2bprecisehealth.com
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HEALTH CATALYST 

http://healthcatalyst.com 
Headquarters: Salt Lake City, UT
Year Founded: 2008
Number of Employees: 251-500
Precision Medicine Products: Population Builder
Partners: Microsoft, Qlik, Regenstrief Institute, Texas Children’s Hospital, Partners HealthCare, Allina Health
Example Customers: Partners HealthCare, Stanford Hospital & Clinics, UPMC, Kaiser Permanente, Texas 
Children’s Hospital, Dartmouth Hitchcock Medical Center, Allina Health

Health Catalyst is primarily a healthcare analytics company, viewing precision medicine as a long-term opportu-
nity to enhance the value of its offerings. The company works with over 400 hospitals and over 4000 clinics 
across the U.S. In the aggregate, its customers have data on roughly 90 million patients in the U.S. It currently 
offers NLP-related services to customers interested in precision medicine.

Health Catalyst’s data operating system (DOS) is a developing capability whose purpose is to ingest any kind of 
data from any source to support the analytics, reporting, and visualization needs of healthcare enterprises. DOS 
is designed so that new data types, including precision medicine-derived data, can supplement its analytics data 
store. It also offers Population Builder, a way for users and analytics to discover cohorts within a wider patient 
population. These cohorts can then be published and used for multiple purposes and user needs. The company 
can also de-identify patients in the cohorts to facilitate clinical research. Health Catalyst plans to partner with 
other companies involved in precision medicine to include pharmacogenomics and other data types as data 
sources to DOS. 

Key Differentiators: PHM analytics, cloud computing, NLP

http://healthcatalyst.com
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FABRIC GENOMICS 

Founded: 2009
Headquarters: Oakland, CA
Ownership: Private
Number of Employees: 50
Partnerships: Rady Children’s Hospital, University of Utah, Genomenon
Flagship Customers: LabCorp, Genomics England, True Health

Fabric Genomics processes and analyzes whole genomes, exomes and genetic panels for academic institutions, 
clinical labs and hospital labs. They can process a whole genome analysis in less than one hour. They utilize AI to 
render genetic tests into clinician-ready reports.

The Fabric Enterprise platform is an optimized computational genomics platform enabling secondary analysis, 
rapid annotation, guideline-driven variant classification and clinical reporting for both hereditary disease and 
oncology. They also recently (April 2019) introduced a new software solution, called Fabric Hereditary Panels 
with ACE (AI Classification Engine) that was designed to speed up accurate variant classification and clinical re-
porting. They note that one of the key obstacles to scaling up genetic testing is the time it takes for interpreting 
data for clinical relevance. ACE was validated with 50,000 variants and builds on their AI competence.

Key Differentiators: Whole genome data, clinically actionable data reports, clinical workflows
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COMPANIES TO WATCH:

Orion Health: Orion Health is in the process of extending their PHM platform into the PM realm through a part-
nership with hospitals and public health providers in New Zealand. They currently have approximately 60 differ-
ent projects that involve integrating different types of data that can be used in risk stratification and PM. One 
capability involves tagging of data for better searching of patient medical record and history that can also be 
used in pharmacogenomics and medicine reconciliation. 

Foundation Health: Foundation Medicine (merger and acquisition with Roche) focuses on drug development and 
clinical trials and offers genomic profiling tests, companion diagnostics and genomic datasets used for R&D on 
rare cancers. They have an extensive range of partnerships with research institutions and biopharmaceutical 
companies.

Bio-Me: A Norwegian-based microbiome company that is one of the first to offer rapid, high throughput gut mi-
crobiome analyses at low cost as well as providing interpreted results that can be more readily integrated into 
the point-of-care via the EHR. They have extensive biobank collaborations and may soon be providing di-
rect-to-consumer testing. Services are useful for nutrition.

Inspirata: Inspirata has combined its own in-house product development efforts with a series of acquisitions, 
beginning with AIM and expanding to include Precision Medicine Network62, as well as Omnyx63 and Cara-
digm64 from GE. It intends to build a robust cancer diagnostics and oncology information system. Its narrow 
focus on cancer puts it up against well-funded competition, such as Flatiron Health, Tempus, 2bPrecise, Syapse, 
Digital Reasoning, and others. 

Gene42: A software platform that addresses the problem of sharing and analyzing -Omic data insights for clini-
cians. The platform standardizes data in formats that render it easier to share across the provider continuum. 
Their platform is currently working with over 200,000 patient records across more than 4,000 providers.

Lifeomic: A cloud platform that integrates genomic, EHR and patient-generated data for population health man-
agement analytics. Works with FHIR and GA4GH (Global Alliance for Genomics and Health) formats for im-
proved interoperability. 

GNS Healthcare: GNS Healthcare, a Cornell University spinout, aims to use biomedical and healthcare data to 
reduce disease burden. The company markets its offerings to biopharma companies, health plans, and health sys-
tems to accelerate discovery and provide novel insights for a broad range of challenges. 
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Jody has written and worked extensively on mobile innovations, the Internet of Things (IoT), wearables, block-
chain and the analytics market in healthcare. He is also working with cutting edge startups on next generation 
biosensor platforms, patient generated data for clinical research, and emerging blockchain applications in health-
care. His education includes a Doctorate in Public Health (University of California, Berkeley), MA in Internation-
al Relations and Economics (Johns Hopkins University) and a BA in Biology (Ithaca College).
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Acronyms Used
Term Definition

ACG Adjusted Clinical Groups

ACO Accountable Care Organization

AI Artificial Intelligence

AMC Academic medical center

API Application programming interface

BI Business intelligence

CHf Congestive heart failure

CIN Clinically integrated network

CMS Centers for Medicare and Medicaid 
Services

COPD Chronic obstructive pulmonary disease

CPT Current Procedural Terminology

CQM Clinical quality metric

CvD Cardiovascular disease

DRG Diagnosis-related group

DSRIP Delivery System Reform Incentive Payment

EBM Evidence-based medicine

ED Emergency department

EDW Enterprise data warehouse

EHR Electronic health record

EMR Electronic medical record

ETL Extract, transform, and load

ffS fee-for-service

fHIR fast Healthcare Interoperability Resources

HCC Hierarchical Condition Category

HCO Healthcare organization

HEDIS Healthcare Effectiveness Data and 
Information Set

HHS Health and Human Services

HIE Health information exchange

HIT Healthcare information technology

HL7 Health Level 7

ICD International Classification of Disease

IDN Integrated Delivery Network

IQR Inpatient Quality Reporting

IRf Inpatient rehabilitation facility

IT Information technology

LTPAC Long term and post-acute care

MA Medicare Advantage

Acronyms used

Term Definition

MACRA Medicare Access and CHIP Reauthorization 
Act

MDS Long-Term Care Minimum Data Set

MIPS Merit-based Incentive Payment System

ML Machine Learning

MSSP Medicare Shared Savings Program

Mu Meaningful use

NCQA National Committee for Quality Assurance

NLP Natural Language Processing

NPR Net patient revenue

NQf National Quality forum

ONC Office of the National Coordinator

OON Out of network

P4P Pay for performance

P4R Pay for reporting

PAC Post-acute care

PBM Pharmacy benefits manager

PCMH Patient-centered Medical Home

PEPM Per employee per month

PM Precision Medicine

PMI Precision Medicine Initiative

PMPM Per member per month

PMPy Per member per year

PPPM Per provider per month

PPS Performing Provider System

PQRS Physician Quality Reporting System

RCM Revenue cycle management

RDBMS Relational Database Management System

REST Representational state transfer

S4S Sync 4 Science

SDoH Social determinants of health

SNf Skilled nursing facility

SNOMED Systematized Nomenclature of Medicine

SQL Structured query language

TJC The Joint Commission

vBC value-based care

vBP value-based Payment

vBR value-based Reimbursement
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