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Why Precision Medicine Is Poised 
to Play Perfectly to the Strengths 
of Pathology and Lab Medicine 



What We Know 
1. Fee-for-Service payment will soon end. 

2. Clinical care will be delivered 
by integrated care organizations. 

3. Providers must be proactive in detecting 
disease and helping patients manage 
chronic conditions. 

4. Sophisticated analysis of healthcare data  
will inform both population health 
management and personalized care. 

5. Genetic medicine is upon us and labs  
are positioned to lead this trend. 



Key Point 
U.S. is shifting care away 
from hospitals. 
 
Inpatient procedures 
shrinking by single digits 
each year. 
 
Outpatient procedures 
growing at double-digit 
rates annually. 
 

Source:  
MedPac Report  to Congress:  

Medicare Payment Policy, 
March 2016 

44.2% 

-19.9% 
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Volume to Value Shift:  
Change in How Providers Are Paid 

Big Trend 

 Fee-for-service reimbursement rewarded hospitals, 
doctors, labs for providing more care. 

 Shift to budgeted reimbursement 
will quickly make volume unprofitable. 

 Thus, keen interest by providers  
to eliminate unnecessary procedures. 

 LAB OPPORTUNITY: Lab test utilization, 
cut duplicate and unnecessary tests. 

 Help physicians order right test, then use  
test results to do right thing for patient. 



New Payment Models 
Coming Fast 
 From HHS press release on January 26: 

 “HHS has set a goal of tying 30% of traditional,  
or fee-for-service, Medicare payments to quality  
or value through alternative payment models,  
such as Accountable Care Organizations (ACOs) or 
bundled payment arrangements by the end of 2016… 

 …tying 50% of payments to these models  
by the end of 2018.”  

Update: HHS says 30% goal achieved by Dec. 2015—year earlier! 



A Word on MACRA… 
Understanding MIPS & APMs 
 Medicare Access and CHIP Reauthorization Act 

of 2015 (MACRA). 

 Replaces SGR formula. 

 New payment model for physician professional 
fees; data baseline is 2017. 

 Merit-Based Incentive Program (MIPS). 

 Advanced Alternative Payment Models (APMs). 

 Speeds transition away from Fee-for-Service. 

 

  





A Word on PAMA 
Lab Market Price Reporting 
 Protecting Access to Medicare Act of 2014 

(PAMA). 

 Effective Jan. 1, 2017, certain labs must report 
market price data: every payer, every price  
for every test. 

 Effective Jan. 1, 2018, CMS to use market data 
to set prices for Part B clinical laboratory tests. 

 Both CMS and OIG say price cuts will be  
$400 million in 2018; $5.4 billion over 10 years.  

 Medicare Part B lab spend: $7 billion in 2015. 

 

  



 Lab economics recognizes value  
of economies of scale when payment  
is fee-for-service. 

 As fee-for-service disappears,  
clinical labs and POLs will be paid 
according to how they add value 
to physicians and help  
improve patient outcomes.   

 Big change for clinical labs and  
physician labs, since higher volume  
no longer guarantees success. 

Impact on Labs Is Huge 



Why Labs Have Favored Position 
 Physicians must be better at diagnosing  

patients earlier and more accurately. 

 Physicians must also do better at selecting  
the most appropriate therapies for a patient. 

 Biomarkers evaluated by the lab are 
the basis of earlier and more precise diagnoses. 

 Same biomarkers will guide therapy decisions. 

 Pathologists will be first to know which 
therapeutic drug will be best for patient. 



Labs to Have a ‘Monopoly’ 
on Biomarkers 
 Time to recognize a fact little-noted 

in scientific literature or news media. 

 Medicine and healthcare are about to be 
overwhelmed by a tsunami of useful biomarkers. 

 Such biomarkers, when incorporated  
into multiplex laboratory tests, will give 
pathologists amazing tools to diagnose  
disease earlier and with more precision. 

 Clinical labs and anatomic pathology labs  
will have the “monopoly” on such testing. 
 
 



Blame It on ‘Onomics!’ 
 New “onomics” fields of science are upon us.  
 Collectively, they are adding millions  

of potential biomarkers that can have  
value in diagnostics and therapeutics. 

 Physicians and the their ACOs will need: 
Clinical laboratory to perform the assays. 
Sophisticated data repository 

and analytical algorithms. 
Pathologists, molecular chemists,  

lab scientists to interpret results  
and guide clinical decisions. 

 



Genomics 
 Genomics is a discipline in genetics that applies 

recombinant DNA, DNA sequencing methods, 
and bioinformatics to sequence, assemble,  
and analyze the function and structure  
of genomes (the complete set of DNA  
within a single cell of an organism). 

 20,000-25,000 human protein-coding genes. 

 Number of known SNPs is growing. 

 Long-sequencing methods are revealing 
entirely new classes of SNPs. 
 
 Source: Wikipedia 



Proteomics 

 Proteomics is the large-scale study  
of proteins, particularly their structures  
and functions. Proteins are vital parts  
of living organisms, as they are the main 
components of the physiological metabolic 
pathways of cells. 

 the total number of proteins in human cells  
is estimated to be between 250,000  
to one million. 

 
 
 Source: Wikipedia 



Microbiomics 

 The human body contains over 10 times more microbial 
cells than human cells, although the entire microbiome 
only accounts for about for 1-3% total body mass,  
with some weight-estimates ranging as high as 3 pounds 
(approximately 48 ounces or 1,400 grams).  

 Scientists identified some 10,000 species of microbes, 
including many never seen before, according to the first 
wave of results, which are being published in 16 papers  
in the journals Nature and PLoS. 

 Those 10,000 or so species have more than 8 million 
genes, which is more than 300 times the number  
of human genes. 

 http://www.npr.org/sections/health-shots/2012/06/13/154913334/finally-a-map-of-all-the-
microbes-on-your-body 
 
 



Transcriptomics 

 The transcriptome is the set of all  
messenger RNA molecules in one cell  
or a population of cells.  

 It differs from the exome in that it includes only 
those RNA molecules found in a specified cell 
population, and usually includes the amount  
or concentration of each RNA molecule  
in addition to the molecular identities. 

 Much variability in total number, but agreement 
that it is in the tens of millions. 

Source: Wikipedia 



Metabolomics 
 The metabolome refers to the complete set of small-molecule 

chemicals found within a biological sample. The biological 
sample can be a cell, a cellular organelle, an organ, a tissue,  
a tissue extract, a biofluid or an entire organism. 

 The number of annotated metabolite entries has grown  
from 6,500 to more than 40,000 (a 600% increase). This 
enormous expansion is a result of the inclusion of both  
‘detected’ metabolites (those with measured concentrations  
or experimental confirmation of their existence) and ‘expected’ 
metabolites (those for which biochemical pathways are known  
or human intake/exposure is frequent but the compound  
has yet to be detected in the body).  

 http://nar.oxfordjournals.org/content/early/2012/11/16/nar.gks1065.long 
 



Epigenomics 
 Epigenomics is the study of the complete set of epigenetic modifications  

on the genetic material of a cell, known as the epigenome. 

 The field is analogous to genomics and proteomics, which are the study  
of the genome and proteome of a cell (Russell 2010 p. 217 & 230).  

 Epigenetic modifications are reversible modifications on a cell’s DNA or 
histones that affect gene expression without altering the DNA sequence 
(Russell 2010 p. 475). Two of the most characterized epigenetic modifications 
are DNA methylation and histone modification.  

 Epigenetic modifications play an important role in gene expression and 
regulation, and are involved in numerous cellular processes such as in 
differentiation/development and tumorgenesis (Russell 2010 p. 597).  

 The study of epigenetics on a global level has been made possible only 
recently through the adaptation of genomic high-throughput assays (Laird 
2010). 

 https://www.genome.gov/27561117 



Connectomics 
 Connectomics is the study of the structural  

and functional connections among brain cells.  

 Its product is the “connectome,” a detailed map  
of those connections.  

 The idea is that such information  
will be monumental in our understanding  
of the healthy and diseased brain.  

 One approach uses imaging techniques  
like MRI, PET, and DT, thus focusing  
on macroscopic connections or tracts. 

 One approach uses electron microscopy to map  
the tiniest of axons (0.2-20 microns in diameter)  
and individual synapses. 

Source: “Connectomics is the name. Connections are the game.”  
The Nerve Blog, Boston University, January 27th, 2011 



Pharmacogenomics 

 Pharmacogenomics (a portmanteau  
of pharmacology and genomics) is the study  
of the role of genetics in drug response.  

 It deals with the influence of acquired  
and inherited genetic variation  
on drug response in patients. 

 This is done by correlating gene expression  
or single-nucleotide polymorphisms  
with drug absorption, distribution, metabolism 
and elimination, as well as drug receptor target 
effects. 

Source: Wikipedia 



Other “Omics” 
 Bibliome  
 Cytome  
 Exposome  
 Genome  

 Exome  
 ORFeome  

• Transcriptome  
– Proteome  
– Kinome  
– Secretome 

 Pharmacogenome  

 Regulome 
 Phenome  
 Interactome  
 Metagenome  

 

 Moleculome  
 Glycome  
 Ionome  
 Lipidome  
 Metabolome  
 Metallome  
 Proteome 

 Physiome  
 Connectome  
 Mechanome 

 Membranome  
 Researchsome  
 Trialome  
 Envirome 
 Antibodyome 

Source: Wikipedia 
https://en.wikipedia.org/wiki/List_of_omics_topics_in_biology 

 



NextGxDx says it now 
has 60,000 genetic 

tests in its database! 



NextGxDx tracks between 300 and 400 tests  
for each of these genetic markers! 

Charts above cover Sept. 2014 to September 2015 



Plenty of Biomarkers 
 Pathology has favored position  

in the coming biomarker revolution. 
 Pathologists continue to be the physicians 

who are trained to understand: 
 Disease 
 Which lab tests to use to diagnose disease. 
 How to interpret the lab test results to guide  

decisions to treat or prescribe. 
 The limitations of the technology used for each 

diagnostic assay. 
 Limitations in the lab analyzers used to produce  

test results. 
 Where the system can cause problems with lab test 

quality/accuracy. (Specimen collection, transport, handling, etc.) 

 



  Wait... 
    …There is More! 

 This month in Nature Microbiology. 
 “The metabolic background is a global player  

in Saccharomyces gene expression epistasis.” 

 Cambridge University Press Release: 
“Could the food we eat affect our genes?  
Study in yeast suggests this may be the case.” 

 Almost all of our genes may be influenced  
by the food we eat, according to new research  
published in the journal Nature Microbiology.  

 The study, carried out in yeast – which can be used  
to model some of the body’s fundamental processes – 
shows that while the activity of our genes influences  
our metabolism, the opposite is also true and  
the nutrients available to cells influence our genes. 



In First Paragraph of Abstract: 

 The regulation of gene expression in response to nutrient 
availability is fundamental to the genotype–phenotype 
relationship. The metabolic–genetic make-up of the cell,  
as reflected in auxotrophy, is hence likely to be  
a determinant of gene expression.  

 Here, we address the importance of the metabolic–genetic 
background by monitoring transcriptome, proteome  
and metabolome in a repertoire of 16 Saccharomyces 
cerevisiae laboratory backgrounds, combinatorially 
perturbed in histidine, leucine, methionine and uracil 
biosynthesis.  

 The metabolic background affected up to 85%  
of the coding genome.  

 



 Metabolome Affects Genome 

 The researchers manipulated the levels of important 
metabolites – the products of metabolic reactions – in the 
yeast cells and examined how this affected the behaviour 
of the genes and the molecules they produced. Almost 
nine out of ten genes and their products were affected by 
changes in cellular metabolism. 

 “Cellular metabolism plays a far more dynamic role in the 
cells than we previously thought,” explains Dr Ralser. 
“Nearly all of a cell’s genes are influenced by changes to 
the nutrients they have access to. In fact, in many cases 
the effects were so strong, that changing a cell’s metabolic 
profile could make some of its genes behave in a 
completely different manner. 
 
 



  Metabolome’s Influence 
on Genome 

 “The classical view is that genes control how nutrients  
are broken down into important molecules, but we’ve 
shown that the opposite is true, too: how the nutrients 
break down affects how our genes behave. 

 The researchers believe that the findings may have  
wide-ranging implications, including on how we respond  
to certain drugs.  

 In cancers, for example, tumour cells develop multiple 
genetic mutations, which change the metabolic network 
within the cells. This in turn could affect the behaviour  
of the genes and may explain with some drugs  
fail to work for some individuals.  

 

 



Coming Soon: Era of 
Multi-Omic Diagnostics!  
 Once-in-a-lifetime opportunity. 

 First time science has cracked 
the human genome.  

 Remember: labs must deliver value. 
(Era of high volume = high profit is over.) 

 First-mover lab organizations are showing 
the way to deliver more value.  

 



February 15, 2016 (Vol. 36, No. 4) 

 

MicroRNAs Rise from Trash to Treasure 

MicroRNAs Are More Plentiful and More Subtle in Action 
Than Was Once Suspected  

Richard A. Stein, M.D., Ph.D. 
 
 
 



RNA Research Findings 
 “We basically tripled the number of locations  

in the human genome that are now known  
to encode microRNAs,” asserts Dr. Rigoutsos.  

 Considering that each microRNA regulates up  
to hundreds of different mRNAs, and that each 
mRNA is regulated by tens of microRNAs,  
this finding adds a new layer of complexity to the 
regulatory dynamics of the human transcriptome. 



 RNA as New Source of 
Diagnostic Information? 

 “We found very little overlap in the gene sets 
that were affected by each of these isoforms,”  
emphasizes Dr. Rigoutsos.  

 Despite being generated simultaneously  
by the same locus, each of the three isoforms 
affected distinct groups of genes, thus exerting  
different effects on the transcriptome. 

 “As the relative abundance of these isoforms  
changes ever so slightly from patient to patient,  
it will affect the corresponding gene groups slightly 
differently,” concludes Dr. Rigoutsos.  

 “In the process, it creates a new molecular background  
in each patient,” he said. 

 



  Metabolome’s Influence 
on Genome 

 “The classical view is that genes control how nutrients  
are broken down into important molecules, but we’ve 
shown that the opposite is true, too: how the nutrients 
break down affects how our genes behave. 

 The researchers believe that the findings may have  
wide-ranging implications, including on how we respond  
to certain drugs.  

 In cancers, for example, tumour cells develop multiple 
genetic mutations, which change the metabolic network 
within the cells. This in turn could affect the behaviour  
of the genes and may explain with some drugs  
fail to work for some individuals.  

 

 



Carpe Diem for Pathology  
 Once-in-a-lifetime opportunity. 

 First time science has cracked 
the human genome.  

 Remember: labs must deliver value. 
(Era of high volume = high profit is over.) 

 First-mover lab organizations are showing 
the way to deliver more value.  

 



Hospitals Losing Big $s 
on Molecular, Genetic Send-outs 

 Michael Astion, M.D., Ph.D.,  
Childrens Hospital of Seattle. 

 For expensive molecular and genetic send-out tests,  
hospital gets paid by insurers, on average, 35% of the amount 
hospital paid the send-out lab. 

 Every million dollars of send-out tests, hospital loses $650,000! 

 PLUGS: Pediatric Laboratory Utilization Guidance Services. 

 $4,200 annual dues, 32 hospital members, 
+ Mayo Medical Labs. 



Five Strategies for Utilization 
at Cleveland Clinic 

 Gary W. Procop, M.D., M.S., Medical Director, Enterprise Test 
Utilization & Pathology Consultative Services, Cleveland Clinic. 

 Lab team engaged physicians and administration in five projects 
to improve utilization of lab tests. 

 Effort to reduce duplicate tests: since 2011, 35,000 duplicate test 
orders stopped, producing savings of almost $2.7 million! 

 Effort to improve utilization of genetic tests involves genetic 
counselors when physicians place an order. 



Health Insurers Don’t Understand 
Pharmacogenomics Tests 

 John Logan Black, III, M.D., Co-Director, Personalized Genomics 
Laboratory, at Mayo Clinic. 

 Medicare law prohibiting “screening tests” falling behind 
advances in precision medicine and genetic testing. 

 Mayo study: 1,000 patients genotyped for 5 genes.  
(CYP2C9,  CYP2C19,  CYP2D6,  SLCO1B1, and  VKORC1.) 

 “When you added up all of the variants found in our samples, 
only 1% of those 1,000 patients had no variants for all of the 
genes,” stated Dr. Black. 



Dr. Black on CYP2D6 
 “One drug for which the CYP2D6 test is even more 

important is codeine, a very common analgesic,” he 
stated. “If the patient metabolizes codeine poorly, then it is 
like taking water. It won’t help the patient. But if the patient 
is an ultra-rapid metabolizer and takes the typical dose of 
codeine, the patient may overdose because the patient 
converts codeine to morphine too rapidly. Some patients 
will hallucinate, and others may have respiratory 
depression. Pediatric patients appear to be at particular 
risk. 

 “Many medical centers will genotype all pediatric patients 
upon admission to look for CYP2D6 variants,” noted 
Black. “Or, most medical centers have decided not to use 
codeine because of this risk. So, for codeine, the results  
of this pharmacogenomics testing are very significant.” 



How Labs Should Prepare? 
 Strategies for ACOs? 

 Example of Sonora Quest Laboratories  
and the Banner Health ACOs. 

 CytoPath, P.C., (five pathologists) in 
Alabaster, Alabama, and Baptist Physician 
Alliance. (Discounted FFS, with shared incentive.) 

 North Shore Pathologists in Milwaukee, 
Wisconsin (six pathologists), and Integrated 
Health Network of Wisconsin. (Bundled and 
Global billing with parent hospital.) 



Atrius Health  Because of budgeted payment, reducing 
unnecessary procedures become priority. 
(50% of patients are on budgeted pay.) 

 First project: unnecessary 
hospitalizations and imaging. 

 Second project: unnecessary lab tests. 

 Three lab initiatives save $1 million year! 

 One: show doctors cost of test in EHR  
at time of order: savings $157,000. 

 Two: guidelines for pre-visit lab tests  
for annual physicals. savings: $500,000. 

 Third: reduce use of liver function tests  
for statin patients: savings $440,000. 

• 1,000 physicians 
in Boston, MA 

• 1 million patients 



CytoPath, PC  Baptist Physician Alliance (BPA), 
formed in 2011. 

 Four Hospitals, 885 beds. 

 CytoPath: 60% inpatient, 40% 
outreach with its own histo lab. 

 To report data to ACO, path group 
used Medicare PQRS. 

 Pathologists engaged utilization 
management. 

 First project: save money  
with new reference lab 

 Paid discounted FFS  
with shared savings at year 

• 5 Pathologists in 
Alabaster, AL 

• ACO: 5,000 patients 



At Univ. of Mississippi 
 Brad Brimhall, M.D., Professor of Clinical 

Pathology at University of Mississippi 
Medical Center. 

 Lab Test Utilization Projects. 

 Uses EHR alerts at moment when  
a physicians orders a duplicate test. 

 Work with physicians on unnecessary  
lab tests in standard testing groups. 

 With pharmacy and physicians to order  
right tests to improve antibiotic use. 



Lab Test Utilization at University of Mississippi Medical Center 
Duplicate Testing Alerts in EHR Ordering System 



Big Data Led by the Lab 
 Example of TriCore Reference Laboratory, Albuquerque, NM 

 Formed in 1998 by University of New Mexico Health 
Sciences Center and Presbyterian Healthcare Services 

 Produces 70% of patient lab results in New Mexico 

 Access to patient clinical data electronic health record (EHR) 

 Presbyterian CEO is Jim Hinton – served as 2014 chair for 
the Board of Trustees of the American Hospital Association 
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Influenza A 

RSV 

RSV: Respiratory syncytial virus 

Influenza A H3 
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Golden Era for Labs? 
 To manage population health,  

providers need lab test data. 
 To practice personalized   

and precision medicine, providers  
need lab test data. 

 For individual physicians to follow  
evidence-based care protocols,  
they must correctly order lab tests and 
interpret the lab test data. 

 ADD IT UP: Pathologists and lab scientists 
are positioned to make major contributions 
to patient outcomes and the cost  
per episode of care! 
 



“In a chronically leaking boat, 
energy devoted to changing 
vessels is more productive than 
energy devoted to patching leaks.” 

 –Warren Buffett 

Final Thoughts on Change… 

“The greatest danger in times of 
turbulence is not the turbulence— 
it is to act with yesterday’s logic. 

 –Peter Drucker 
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