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Crossing the Chasm



The Inflection Point

CMS finalized a National 

Coverage Determination that 

covers diagnostic laboratory 

tests using Next Generation 

Sequencing (NGS) for patients 

with advanced cancer.

CMS.gov

Kymriah is the first gene therapy 
approved in the US, to treat 
children with advanced leukemia. 

Merck’s Keytruda is the first 
immunotherapy treatment 
approved for all solid tumors 
based on a genomic biomarker.

Sep’17

Aug’17

Nov’17

Nov’17

 
Oncomine Dx, MSK-IMPACT, and 
FoundationOne CDx are the 
first NGS tumor profiling assays 
to gain FDA approval.

Mar’18

Jun’17



Strong Growth Underway 

Clinical genetic testing labs

% of total commercial vs. hospital

Source: Epstein Health

% of somatic testing among 4 labs vs all other labs

$8.0B

5.5 MM
Tests

2017

1.1MM
NGS

2020

3.2MM
NGS

$11B

8.0 MM
Tests

Quest, LabCorp, Genomic Health, Foundation Medicine

12-15% per annum 
revenue growth

20% NGS in 2017
40% NGS in 2020 



Insourcing Makes Cents



Precision Medicine & The Learning Health System

Insourcing has allowed Intermountain to 

“control all genomic and associated 

clinical data and has reduced turnaround 

time and lowered costs.”

“Clinical and molecular information from 

patients who undergo NGS testing is 

included in a centralized, longitudinal 

data registry used for clinical treatment 

decision support and research.”

Stanford program not only improves 

patient outcomes but also support its 

efforts to “improve its position in the 

clinical marketplace.”

Control

Institutional 
Learning

Competitive 
Advantage



The Molecular Lab

Institutional 
Learning

Competitive 
Advantage

Control

Improved patient care1

Empowers critical competencies3

Opens new digital revenue streams
(IP, data, clinical trials)

4

Operating cost savings vs. send-outs5

Enablement of precision medicine2

Ongoing cost control of acute care6



Assessment of Value

AMP Study Investigated 5 Genomic 
Sequencing Procedures (GSP) Codes

CPT Application # of Genes

81430 Hearing Loss >60

81470 XLID >60

81445 Solid Tumor 5-50

81455 Solid Tumor, Heme >50

81415 Exome All



Genomic Sequencing Procedure (GSP)

81445: 5-50 Gene Tumor Panel

$690

81470: >60 Gene XLID

$910

81430: >60 Hearing Loss 

$1500

81455: >50 Gene Tumor Panel

$1950

81415: Exome Sequencing

$2300



Ex. Non-Small Cell Lung Cancer (NSCLC)
6% 13%

83% 20%

207 138

4% 54%

7% 13%

$8.4MM $2.2MM

$1.1MM $2.3MM

$ N/A $N/A

$? $2.7MM

$? $.06MM

EGFR and ALK
Mutational Analysis

GSP (81445)
5-50 Gene Tumor 

Panel

Targeted

Clinical Trial
(Targeted)

Non Targeted

Hospice

Targeted 
Therapy

Clinical Trial 
Selection

Non Targeted 
Selection

Hospice Care $10.2MM $7.5MM

$2.7 Million 

anticipated 

savings for a 

health plan 

covering 

1 million lives



Growing Body of Evidence

8900 Patients diagnosed with 
melanoma per year in US

$79.5 million annuals savings

155 quality-adjusted life years

Overall Survival: 
25.8 weeks vs. 51.7 weeks

Cost Savings: 
$733 per week of survival

Sequential Exclusionary Panel NGS

Total Cost $3,721,368 $3,584,177 $4,331,295 $2,190,499

Savings $1,530,869 $1,393,678 $2,140,795

Total Costs $747,771 $624,178 $871,211 $620,369

Savings $127, 402 $3,809 $250,842

CMS

Private 
Pay



Seize the Opportunity



Build Strategic Capabilities

Amount of data to curate 

Validation of 
clinical testing protocols

Scarcity of informatics expertise

Expense of implementation

Rapidly changing 
nature of technologies

In the “new molecular biology” 

excellence in analytics and data will be 

the source of long-term clinical value.

‟

Difficulty of getting first 
“application” deployed



In Our Experience



Pioneers of Precision Medicine

PieranDx originated at WashU in 2011

25+ Assay Validations

150 Unique NGS Panels Deployed

1,080 Somatic Genes Curated

1,130 Diseases Tested

Productized Software and Services

Operate Independent CLIA Lab



All Bases Covered
VariantPlex Myeloid Archer

VariantPlex BRCA1/BRCA2 Archer

TruSight Myeloid Illumina

TruSight Tumor 15 Illumina

TruSight Tumor 26 Illumina

TruSeq Cancer Amplicon (TSCA) Illumina

BRCA1/BRCA2 (AFP2 assay) Illumina

Oncomine (OCA) v2/3 Thermo Fisher

Ion AmpliSeq™  Cancer HotSpot Thermo Fisher

Agilent probes Agilent

Agilent/IDT probes Agilent/IDT

TruSight Tumor 170 Illumina

TruSight Cancer Illumina

Ion AmpliSeq™ Inherited Cancer Thermo Fisher

Agilent Haloplex Technology Agilent

FusionPlex ALK/RET/ROS Archer

TruSight RNA fusion Illumina

Agilent SureSelect Agilent

TruSight One Illumina



Library 
Extraction, 

Sample Prep
Sequencing

Variant Calling 
(Bioinformatic 

Pipelines)

Variant 
Annotation & 
Classification

Data 
Visualization, 
QC Analysis

Final Report & 
Medical 
Director 
Sign-out

Data 
Integration 

EMR, 3rd 
Party

Clinical 
Interpretation 

& Reporting

Take Complete Control



Library 
Extraction, 

Sample Prep
Sequencing

Variant Calling 
(Bioinformatic 

Pipelines)

Variant 
Annotation & 
Classification

Data 
Visualization, 
QC Analysis

Final Report & 
Medical 
Director 
Sign-out

Data 
Integration 

EMR, 3rd 
Party

Clinical 
Interpretation 

& Reporting

Take an Economical, Modular Approach

A CLIA/CAP certified lab is allowed to 
outsource any of the three components 

to another CLIA/CAP certified lab.

ProfessionalDry LabWet Lab 



Library 
Extraction, 

Sample Prep
Sequencing

Variant Calling 
(Bioinformatic 

Pipelines)

Variant 
Annotation & 
Classification

Data 
Visualization, 
QC Analysis

Final Report & 
Medical 
Director 
Sign-out

Data 
Integration 

EMR, 3rd 
Party

Clinical 
Interpretation 

& Reporting

CAP Distributive Model in Action

Customer

CLIA/CAP 
#1

CLIA/CAP
#2

CLIA/CAP 
#3

ProfessionalDry LabWet Lab 

PierianDx 
Partner Lab



PierianDx Gateway Lab Services

Indication # of Genes

Solid Tumors 122

Heme Disorders 54

Breast Tumors 42

CNS Tumors 48

Genitourinary Tumors 50

Head and Neck Tumors 41

Melanoma 38

Thoracic Tumors 36

Indication # of Genes

Myeloid 65

Lymphoid 61

Indication # of Genes

Inherited Cancer 94

Indication # of Genes

Cardiomyopathy 91

3rd Party Bill Available



Assay Validation

Minimum # of variants assessed per type to 
achieve certain confidence level ✓
Assess limitations by variant type (e.g. max 
length of indels detected by the assay) ✓
Determine acceptance and rejection criteria 
based on analytical validation ✓
Determine lower limit of detection as a function 
of coverage and variant allele fraction ✓

New in 2017



Final
Report

REF Call 
Filtering

Splice Variant 
Filter

Re-
Classification

Sequence 
Alignment

Variant 
Identification

CNV 
Conversion

Fusion 
Identification

VCF Tag 
Display

Primary 
Variant Filter

Panel Filters

Medical 
Interpretation

Therapies
Clinical Trials

Auto 
Classification

Review 
Patient Data

Run QC

DNA Only RNA Only DNA/RNA

Lung 
Subpanel

GIST
Subpanel

CNS
Subpanel

Colorectal
Subpanel

Melanoma
Subpanel

All Genes

Review Case 
Data

DNA QC 
Report

Fastq

DNA
BAM

RNA
BAM

DNA/RNA
BAM

Raw
Variant 

Calls

Final
VCF

RNA QC 
Report

Draft
Report

Auto 
Interpretation

Variant QC

HGVS 
AnnotationRobust Informatics Solutions

Illumina TST170 Example



Putting it All Together

Insourcing Success “Working with PierianDx has been an ideal partnership. 

They have been with us since the early onset of our 

program, providing both the technology and services that 

allowed us to ramp our program much faster.”

— Dr. Anthony Magliocco
Exec. Director, Esoteric Laboratory Services

#18

Solid tumor & heme
NGS tests go live

1st patient cases run

Moffitt partners with 
PierianDx

PierianDx Lab Services 
added, increases 
Moffitt’s capacity 

Interpretation Services 
added

NGS informatics 
upgraded

>120,000 enrolled in Total 
Cancer Care Study

First TST 170 assay 
validated for clinical use

#9

May 2014 Oct 2014 Nov 2015 Jan 2016 Jan 2017 Today



Dartmouth-Hitchcock



 417 bed acute/3° care hospital

 19,479 admissions last year

 8,376 input + 10,961 outpt surgeries

 NCI CCC: Norris Cancer Center

 Children’s Hospital at Dartmouth (CHaD)



Dartmouth-Hitchcock

Dartmouth-Hitchcock

Androscoggin Valley Hospital

Weeks Medical Center
Upper Connecticut Valley Hospital

Speare Memorial Hospital

Valley Regional Hospital

Alice Peck Day Hospital 

Colebrook

BerlinLancaster

New London

Claremont

Concord

Manchester

Keene

Cheshire Medical Center

PlymouthNew London Hospital
Lebanon

Nashua

Mt. Ascutney Hospital
Windsor, VT

Woodsville

Cottage Hospital 



Why Invest in NGS?

Clinical Mission 

Oncologists are going to order and 

use testing results

Would have to provide access 

internally or externally

Question: Can we make it for less 

than what we “buy” it for?

Academic Mission

Advance health through research 

and education



Clinical Genomics & Advanced Technology (CGAT) Disciplines
CMS 

Reportable
CMS 

Non-Reportable

Chemistry 4,300,000 0

Hematology 418,544 30,627

Microbiology 240,000 2,711

Anatomic Pathology 229,247 1,110

Transfusion Medicine 31,492 0

Point of Care 25,000 390,000

CGAT 23,636 0

Chemistry - Special 7,506 24,407

Flow-Cytometry 3,375 17,210

Cytogenomics 2,301 0

‘16 Total DHMC Vol. 43,981,101 466,065

Goals

Keep send-out volume <5% of total

Keep send-out expense <7-8% of 
total lab expenses

Plan 

Make vs. Buy

Test utilization

Aggressive contracting with 
reference labs



CGAT Testing

Breast CA 
Panel

“Cancer” Panel

Colorectal 
Panel

Glioma 
Panel

Lung CA 
Panel

Myeloid 
Neoplasm 

Panel

23%33% 23% 21%

Solid Tumor “Genetic” Infectious D. Heme

9%81%
6
%

4
%

Solid Tumor
“Genetic”

Infectious Disease

Heme



Make vs. Buy

81445 vs 81450 Myeloid ~$600 ~$2,000 ~$2,700 122

81445 vs 81445 Lung CA ~$300 ~$800 ~$1,400 219

81445 vs 81445 Melanoma ~$300 ~$800 ~$1,500 60

81445 vs 81450 Myeloid ~$75,000 ~$215,000 ~$325,000

81445 vs 81445 Lung CA ~$70,000 ~$175,000 ~$300,000

81445 vs 81445 Melanoma ~$20,000 ~$50,000 ~$90,000

~$165,000 ~$440,000 ~$715,000

Savings 76.79% 38.57%*

To Lab To Institution *Dollar figures were altered for 
confidentiality. Savings are accurate. 



CGAT Clinical Workflow

Clinical 
Interpretation

Send Report to 
Interp Serv

Re-
classification

Run QC

Accession 
Case Data

Hybridization 
of Oligo Pool

DNA QC 
Report

Fastq
File

BAM
File

Final 
VCF

Remove Un-
bound Oligos

Final
Report

Extend Ligate 
Bound Oligos

PCR 
Amplification

Library 
Normalization

PCR Cleanup

Library 
Quantification

LIbrary Pooling

Sequencing
Prepare, 

Upload Files

Upload Run 
Details

Queue Run 
Analysis

Variant QC

Return 
Report

Review, 
Analyze Report

Sign Out 
Report

Draft
Report 2

ProfessionalDry BenchWet Bench 

Technician Technician Bioinformatician Genomic Analyst 
CGAT Faculty

PierianDx 
Interp. Services

CGAT Faculty

Draft
Report 1



CGAT Dry Lab Workflow

Re-
Classification

Sequence 
Alignment

Variant 
Identification

Filter

Medical 
Interpretation

Therapies
Clinical Trials

Auto 
Classification

Run QC
DNA QC 
Report

Fastq
File

BAM
File

Raw 
Variant 

Calls

Draft
Report 1

Auto 
Interpretation

Variant QC

HGVS 
Annotation

Final 
VCF

Review 
Patient Data

Cancer
Subpanels

All Genes

Review Case 
Data

Draft
Report2

ServicesSoftware Reports Data

Final
Report



Uniform Structure of Interpretation

Note: The case disease is provided as 'Myeloproliferative 
neoplasmv(MPN)'. The WHO classification of MPN includes following 
sub-categories: Chronic myeloid leukemia, BCR-ABL1 positive; Chronic 
neutrophilic leukemia (CNL); Polycythemia vera (PV); Primary 
myelofibrosis (PMF); Essential Thrombocythemia (ET); Chronic 
eosinophilic leukemia, not otherwise specified (NOS); Myeloproliferative 
neoplasm, unclassifiable (PMID: 27069254). Myelofibrosis (MF), 
polycythemia vera (PV) and Essential Thrombocythemia (ET) are a group 
of heterogeneous disorders of the hematopoietic system collectively 
known as Philadelphia chromosome-negative myeloproliferative 
neoplasms (MPN) (NCCN, MPN v2.2017).

Interpretation: ASXL1 is a member of the polycomb group of proteins, 
which are necessary for the maintenance of stable repression of homeotic 
and other loci. The protein is thought to disrupt chromatin in localized 
areas, enhancing transcription of certain genes while repressing the 
transcription of other genes(RefSeq, Sep 2009). Somatic ASXL1 
mutations are found in primary myelofibrosis (PMF), chronic 
myelomonocytic leukemia (CMML), myelodysplastic syndromes (MDS), 
and acute myeloid leukemia (AML) (PMID: 22436456).

An insertion in ASXL1 leading to a frameshift truncation (G646Wfs*12) is 
identified in this patient with a VAF 38.54%. Codon 646 lies in exon 12 of 
ASXL1 and G646Wfs*12 is expected to result in loss of the 
C-terminalhistone/DNA-binding plant homeodomain (PHD) (PMID: 
19609284). Mutations resulting in the deletion of the PHD domain of SXL1 
are known to result in the loss-of-function 
(Ref:http://www.bloodjournal.org/content/120/21/2393?sso-checked=true). 

ASXL1 G646Wfs*12 is one of the frequently reported ASXL1 mutation in 
hematopoietic neoplasms (COSMIC, accessed June 2017). A recent 
study reported that ASXL1 mutations are more frequently identified in 
PMF and PV as compared to ET (PMID: 28419183). 

ASXL1 mutations are independently associated with inferior overall 
survival and leukemia-free survival in PMF (NCCN, MPN v2.2017). Per 
NCCN, in PMF, survival is shortest in CALR(-)ASXL1(+) patients (median 
2.3 years) (NCCN, MPN v2.2017). ASXL1 mutations are also associated 
with inferior overall survival, leukemia-free survival or fibrosis-free survival 
in PV (PMID:27991718).

We try to maintain a uniform structure to 

the interpretation to keep uniformity in 

reports across signout pathologists.

We are in the process of creating 

“canned” comments for recurring 

scenarios. 

Not shown are sections 5: Approved/Emerging Therapies) and 
6: Concluding Remarks or Other Comments). 

http://www.bloodjournal.org/content/120/21/2393?sso-checked=true


Biobanking and Big Data

DHMC Biobank

Managed by Pathology Dept

Pair genomic data to all banked specimens 

for research and collaboration

BC Platforms

Research / Industry collaboration

Sample & clinical data management

Genotype knowledge base for pharma



Technical staff

Administration

Management 

NGS Takes a Team Effort

Ideally: 3 clinical lab 
scientists 

Ideally: At least 2 
bioinformaticians

IT support staff

Molecular genetics 
boarded physicians 
and scientists



Advanced Technologies

CGAT is using reagent rental

E.g. machines for extraction, RT-PCR, 
robots to automate portions such as 
library prep, etc



IT and Informatics

Lab IT
Integration

Cloud must be 
HIPAA 

Compliant

Data warehousing, 
storage and 
redundancy

EMR 
Integration

Informatics and 
Reporting

Hospital Lab



In-house testing met educational 

mission and made financial sense

Could be feasible if specimen 

volumes are high enough 

It IS an investment (money, time, 

personnel, IT resources, etc)

Not everything in the pipeline needs 

to be done in-house

Can keep pace with ‘wet-lab’ 

work, but explosion of data is 

difficult to manage

Need more staff positions, but 

not granted due to institutional 

budgetary constraints

And...

In Summary



The Elephant in the Room



MolDX Program*

Other Regional MAC LCDs

CMS National Coverage Decision

Reimbursement

Major health plans utilize laboratory 

benefits management (LBM) programs

Insurers realizing they lack the expertise in 

this field to rein in fraud & abuse

Potential cost-savings in driving business 

to preferred in-network labs



MolDX and MACs

JF 
Noridian

JE 
Noridian

J5 WPS

JH 
Novitas

J6 NGS

J8 WPS

JK NGS

JL 
NovitasJ15 

CGS

JM 
Palmetto

JJ 
Palmetto

JN
FSCO

All labs performing 

MolDX testing and 

submitting claims to 

Medicare are 

affected

Palmetto GBA 

maintains “Master 

Edit File” that’s 

updated weekly 

and distributed to 

participating MACs.

Participating 
Palmetto MACs



AMA Codes Code Category/Description ‘18 MolDX CPT Code Range

Tier 1 81105-81112, 81120-81121, 
81161-81383

Tier 2 81400-81408

Genomic Sequencing Procedures 81410-81471

Molecular Multianalyte Assays 81490-81595

MAAA Admin. Codes All Codes

Immunology 86152-86153

PLA All Codes

Cytology 88120-88121

Not otherwise classified (NOC) 81479, 81599, 84999, 85999, 
86849, 87999, 88199, 88299, 
88399, and 89398

If in a jurisdiction with MolDX and 

want to submit a MDT claim, you’re 

going to need a “Z-code”

Z-code = unique identifier for your 

lab’s assay

If assay is a LDT, getting registered 

can be rather onerous



Dealing with Prior Auth

Revenue cycle management services

Generate list of denials → ID insurance groups 

to target

Work with payers to determine the patient 

subset where auth is needed

Team for submitting prior-auth requests for 

lab-generated testing

Run test cases to ID the true turnaround time 

for authorization



CGAT

CGAT- Admin

Heather Steinmetz

Amber Erskine

Samantha Allen

Mohammad Azim

Greg Tsongalis

Wendy Wells

CGAT- Fellows

Aaron Atkinson

M. Rabie Al-Turkmani

Precision Summer Interns

Rachel Barney – UVM

Sarah Benware – UNH

Jamie Dinulos – Dartmouth

Mackenzie Keegan – Northeastern

CGAT-Core

Natasha Aekus

Jing Bao

Leanne Cook

Sophie Deharvengt

Betty Dokus

Torrey Gallagher

Justin Giffin

Kelley Godwin

Donald Green

Cameron Griffin

Arnold Hawk

Brianna Houde

Guohong Huang

Edward Hughes

Michael Johnston

Kathryn Kearns

Collin Keegan

Jennifer Kilburn

Elizabeth Melchiona

Jason Peterson

Jenna Schofield

James Stevens

Stephanie Vallee

Terri Wilson

CGAT- Histology

David Beck

Rebecca O’Meara

Scott Palisoul

CGAT- Clinical

Mark Cervinski

Francine de Abreu

Deana Denault

Mary Beth Dinulos

Joel Lefferts

Carol Liu

Eric Loo

Robert Nerenz

Bing Ren

Laura Tafe



Ready to Get Started?

1

3

4

Now is the time. 

Invest intelligently. 

Build critical competencies.

2 Establish a leadership strategy. 

5 Practice better medicine.

Dedicated curation and 
interpretation team

Expert validation services

World-class PhDs and MDs

Robust informatics and reporting

Partner with leading assay vendors 

Proven, successful deployments



We Learn from the Best
We leverage the expertise of the 

most advanced labs and
productize for every hospital.



PierianDx

Neha Agarwal

Sachin Agre

Shubham Aher

Madiha Ahmed

Sonalee Athavankar

Shabbir Bata

Matts Bell

Andy Bredemeyer

Erin Buck

Chris Callahan

Bryce Daines

Indraneel Damle

Vishal Dawange

Sumit Deshmukh Bela 

Dhamangaonkar

Dnyaneshwar Ekande

Josh Forsythe

Swapnil Gaikwad

Amruta Gandhe

Suprita Ghode

Sayali Gokhale

Brad Herrick

Harshal Inamdar

Shweta Jangam

Anuja Jedhe

BJ Jones

Aditya Joshi

Prachi A. Joshi

Prachi P. Joshi

Sneha Joshi

Pavan Kalantri

Ankita Kathal

Mamata Khirade

Ram Kotta

Rujuta Kshirsagar

Vinay Kusuma

Sufiya Lathiwale

Bhakti Limaye

Kedar Limbkar

Michelle Marcial

Tyler Marquart

Shweta Mohite

Will Moller

Andy Olson

Susan Pais

Bhushan Patil

Suarabh Patil

Pramila Phadtare

Aditi Phatak

Aditya Phatak

Samuel Pillay

Neha Purandare

Deepthi Rajagopalan

Nandini Sahasrabuddhe

Prachi Salgude

Niharika Sane

Rishikesh Sarode

Nilam Satpute

Sukanya Sengupta

Mukesh Sharma

Kalyanee Shirlekar

Savita Shrivistava

Gaurav Singh

Neeraj Singh

Vivek Suradkar

Jack VanDover

Rhucha Vatturkar

Shalini Verma

Gautam Wad

Lisa Weingartner

Abby Whitson

Jia Zhou

Junfei Zhu



Eric Loo, MD
Assistant Professor, Pathology & 

Lab Medicine, Dartmouth-Hitchcock 

eric.y.loo@hitchcock.org

Rakesh Nagarajan, MD, PhD
Chief Executive Officer and Founder

PierianDx

rakesh@pieriandx.com

Thank You

Type questions here



Offer for Webinar Attendees

To Qualify*

1. Attend this webinar (great job!) 

2. Must be from a health institution 
or laboratory (i.e. no vendors)

3. Participate in an introductory 
consult (via phone)

To  Apply

1. Email forsythe@pieriandx.com 

2. Provide a brief description of your 
program and interest in NGS

*Limit to the first 10 who qualify

mailto:forsythe@pieriandx.com

