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Why bullish on the future of our field?

• Optimist by nature, but fully believe we are heading for a bright 
future …

• Recent technological and interdisciplinary advances
(Precision Medicine) present unprecedented opportunities for 
Pathology and Lab Med

• Disruptive changes in healthcare environment (technological, 
financial and operational) pose significant challenges but open 
new doors for our specialty



Implications of the Human Genome Project for Medical Science
Francis Collins and Victor McKusick, JAMA February 2001
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Disruptive Advances in Path & LM as Opportunities
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Advances in Genomic Technologies & Bioinformatics

Genomic
Technology

&

Bioinformatics

Pathology and Lab Med Opportunities

• Familial/Genetic risk

• Targeted Rx

• Immunotherapy/Immuno-genomics

• Liquid Biopsy

• Single Cell-Spatial Omics

• Cell Rx



Omics: Coming Together…

• Genomic advances paved the way to Precision Medicine

• Multiparametric Analyses (e.g. TCGA studies)

• DNA

• RNA

• Protein

• Epigenetics

• Robust Molecular Classifications

• Functional role of molecular alterations across tumor types

• Druggable targets



Toward Personalized Oncology Care

Hanahan and Weinberg Cell 2011 Hanahan CANCER DISCOVERY 2022



Molecular Diagnostic Pathology in NSCLC

A model for future cancer management of solid tumors



EGFR Mutation Predicts Response to TKI (Gefitinib) 

Lynch et al NEJM 2004; 350:2129-39

▪Women

▪Never smokers

▪Adenocarcinoma; non-squamous carcinoma

▪Somatic mutations in EGFR TK domain 

•8/9 NSCLC with EFGR mutation  Vs 0/7 EGFR wild type tumors had evidence of Iressa Rx response

•8% EGFR mutation rate in 25 tested NSCLC pts 



Genetic Alterations in Lung Adenocarcinoma

Chen et al. Journal of Hematology & Oncology 2020 Macks PH et al . Cancer 2020 

AACR / GENIE / Lung Cancer Mutation Consortium 



Mechanisms of Acquired Resistance to NSCLC TKI

Nagano t et al. Cells (2018)

Mechanisms of acquired resistance 

to 3rd generation TKI (osimertinib)

Mechanisms of acquired resistance 

to 1st generation TKI (gefitinib/erlotinib)

Rotow, J., Bivona, T. Nat Rev Cancer 2017



Liquid Biopsy 

Minimally Invasive Tumor Monitoring

• Tumor genomic landscape is heterogeneous within 
primary and metastatic sites

• Longitudinal surveillance of clonal evolution 
(eg. selective pressure of targeted Rx) is essential for 
precision medicine

• Blood contains tumor-derived materials: 

• Circulating cell-free tumor DNA (ctDNA)

• Circulating tumor cells (CTC)

• Advantages

• Lower Cost $$

• Avoid FFPE cross linking artifacts

• Repeatable

• Clones with metastatic potential (CTC)

Siravegna G. et al. Nature Reviews clinical oncology 2017



Liquid Biopsy Commercial Landscape 



UroSEEK/CancerSEEK/PapSEEK

Cohen, J.D., et al. Science, 2018
Wang Y., et al. Sci Trans Med, 2018

Springer et al. eLife 2018



PANIC !!!

THE END OF MICROSCOPY !!!

NOT EXACTLY, YET !!





Rolfo C et al , J Thoracic Oncol October 2021



Rolfo C et al , J Thoracic Oncol October 2021



Genomic
Technology

&

Bioinformatics

NEXT FRONTIERS

Single Cell Spatial “Omics”

Cell Rx: CAR-T, TCR



Ashley Maynard et al. Cell 2020



Ashley Maynard et al. Cell 2020

• Over 20,000 cancer and TME cells scRNA-seq 

profiles

• Cancer and TME exhibit marked Rx-induced 

plasticity (rich and dynamic ecosystem)

• New opportunities to improve clinical outcome



June et al., Science 2018

Cell Therapy

CAR-T
CAR-TTCR

Carl H June & Michel Sadelain M.

N Engl J Med. 2018



Fink A et al., Nat. Comm. 2020 Nat. Rev. Drug Discov. 2018



Sterner and Sterner, Blood Cancer Journal 2021

Limitations and challenges of 

CAR-T cell Therapy

Michael C. Milone Bruce L. Levine



Advances in Digital and Computational Pathology

Digital
Pathology

&

Computational 
Pathology

Pathology and Lab Med Opportunities

• Precision AP diagnostics

• Operational workflow efficiencies

• Precision biomarkers assessment 

• Multispectral and spatial resolution





44,732 WSI
from 15,187 



Modern Pathology Sept 2022



European Journal of Cancer 2017

Immune Checkpoint Pathways 

Nature Reviews CANCER 2016



Evaluating Predictive Biomarkers for Immunotherapies

PD-L1
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10 solid tumor types in 8135 patients



Sloan Digital Sky Survey



Berry S… Szalay AS and Taube JM; Science 2021

Minimizing instrument errors during field 

acquisition and stitching of whole slide 

using lessons from astronomy

Six PLEX

127,400 image mosaics

100 million single cells



Melanoma Anti PD1 Rx prediction:

CD163+PD-L1– myeloid cells 

& CD8+FoxP3+PD-1low/mid T cells



CHALLENGES

Impact on Pathology and Lab Medicine

1) Unprecedented demands on Expertise and Capital

- Evolution and adaptation of pathology work force

- $$ Investment 

2) Financial viability in constrained healthcare economics



Evolution of Pathology Work Force 

• Education of the pathologist of the future 
Residency curriculum adjustment 

Fellowship modifications

Multichannel Learning 

https://www.nature.com/collections/fbdjhcfiia

• Pathologist Physician Scientist
Training Pipelines (MSTP, Integrated Residency Track)

Junior faculty mentorship

Enhance integration in clinical & translational research teams



• The future is ours to claim if we embrace the unstoppable 

change in our profession

• Precision medicine opens new doors for pathologists to be on 

the frontlines of patient care delivery

• Tough economic challenges are not insurmountable but will 

require operational and Business Models adjustments

Conclusions & Open Discussion

THANK YOU !......
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Laboratory Informatics, Data Analytics and Big Data

Laboratory
Informatics

&

Big Data

https://theconversation.com

https://health.usf.edu
https://www.datanami.com

Pathology and Lab Med Opportunities

• Big Data: 2/3 of EMR data is Lab Med data

Clinical Laboratory scientists are positioned to be

the “Rock Stars” of Big Data ☺

• Clinical decision support

• Judicial test utilization 

• Patient outcome optimization 

• Phenotype/Genotype datasets $$$



CHALLENGES

Impact on Pathology and Lab Medicine

1) Unprecedented demands on Expertise and Capital

- Evolution and adaptation of pathology work force

- $$ Investment 

2) Financial viability in constrained healthcare economics



Evolution of Pathology Work Force 

• Education of the pathologist of the future 
Residency curriculum adjustment 

Fellowship modifications

• Pathologist Physician Scientist
Training Pipelines (MSTP, Integrated Residency Track)

Junior faculty mentorship

Enhance integration in clinical & translational research teams



• Value Based Product

• Quality that impacts patient outcome
Downstream cost savings

• Judicial test utilization
Evidence based/Guidelines driven utilization (NCCN, AMP/CAP/ASCO)

• Pathologist of the future is a vital player in patient management 

team  
Molecular multidisciplinary tumor boards

Diagnostic Management Teams (DMT)

Cell Therapy (CAR-T Cell)

Financial Viability 

“Precision” Pathology Service 

“Precision” Pathology Service 



Financial Viability of Pathology Services

• Expanding Services Portfolio
Community Network Services

Monetize Knowledge/ Processes transfer (National and International)

Anatomic Pathology Consultations Services (Digital Path/Telehealth)*

• Discovery and Innovation
Entrepreneurial opportunities of Translational Pathology* 

Academic/Industry/NFP partnerships

New Revenue Stream 



Research Funding

• NIH

2022: Biden admin proposes 

$51.9 billion (21% increase)

• Other Governmental

DOD/ VA 

• Non-Governmental Foundations

• Philanthropy

• Industry Grants

Growth of Pathology Research Enterprise



FOLLOW THE MONEY !!

• “Late” translational research

• Aging

• Health Disparity/Population health

• Tissue/Biospecimen Repositories

• URiM

Growth of Pathology Research Enterprise



• The future is ours to claim if we embrace the unstoppable 

change in our profession

• Precision medicine opens new doors for pathologists to be on 

the frontlines of patient care delivery

• Tough economic challenges are not insurmountable but will 

require operational and Business Models adjustments

Conclusions & Open Discussion

THANK YOU !......
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Personal Research Contributions



Personal Research Contributions

• TMPRSS2-ERG Fusion in Prostate Ca

• MTOR Pathway Alterations in GU Malignancies

• Molecular Assays for Early Detection of Bladder Ca & UTUC

• Tumor Immune Microenvironment and Molecular Classification 

(Basal/Luminal) in MIBC and NMIBC
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Urine: The “other” Liquid Biopsy

Urine Liquid Biopsy Analytes

• Exfoliated cellular NA  (3x106 cells 

daily)

• ucfDNA

• HMW (1K bp): Necrotic cells (shed)

• LMW (150-250 bp)

• Apoptotic cells (shed)

• Transrenal DNA (trDNA)

• ucfDNA of fetal origin (29-45bp)

• ucfRNA (miRNA)

• EV



Urine

Liquid Biopsy Applications

v

v

v



• TERT promoter mutations in 1,230 tumor

• Identified TERT mutations in 231 (18.8%)

tumors

• C228T (77.5%) 

• C250T (20.8%)

• Rare C228A and C229A mutation

• TERT & ATRX mutations mutually exclusive

Killela PJ et al. PNAS 2013



• 76 noninvasive urothelial carcinomas

• 28 pTa LG

• 31 pTa HG

• 17 pTis CIS 

• 14 early bladder neoplasms and matched follow-up urine

Kinde I et al Cancer Research 2013





UroSeqS
(10 genes)

• FGFR3

• PIK3CA

• HRAS

• KRAS

• TP53

• CDKN2A

• ERBB2

• MET

• MLL

• VHL UroSEEK



• Two Application Settings 
• Surveillance

• ED: Primary Screen (Hematuria no prior TCC)

• International Collaborators 
• Osaka University, Japan

• AC CAMARGO Cancer Ctr, Brazil

• Hacettepe University, Turkey

• Taiwan UTUC

• >2800 Urine and > 600 FFPE Sequenced

Ludwig Cancer Research

JHU Pathology

JHU Brady Institute



UroSEEK in Bladder Cancer Tissue 

Incidence and Distribution of UroSEEK Gene Panel in a Multi-institutional 

Cohort of Bladder Urothelial Carcinoma 

Marie-Lisa Eich1, Maria Del Carmen Rodriguez Pena1, Simeon Springer2,3, Diana Taheri4,5, 

Aline C. Tregnago4, Daniela C. Salles4, Stephania Martins Bezerra6,7, Isabela W. Cunha6, 

Kazutoshi Fujita8, Dilek Ertoy9, Trinity J. Bivalacqua10, Cristian Tomasetti11,12, Nickolas 

Papadopoulos2,3, Ken W. Kinzler2,3, 

Bert Vogelstein2,3, George J.  Netto1

• 527 tumors from 484 patients

• 188 LGTa

• 129 HGTa

• 56 CIS

• 111 pT1 tumors

• 43  MIBC

• 36 patients with more than one tumor analyzed 

Eich et al. Mod Pathol 2019 



UroSEEK in Bladder Cancer Tissue 

Eich et al. Mod Pathol 2019 





Springer et al. eLife 2018





UroSeqS
(10 genes)

• FGFR3

• PIK3CA

• HRAS

• KRAS

• TP53

• CDKN2A

• ERBB2

• MET

• MLL

• VHL UroSEEK



TERTSeqS and UroSeqS

Safe SeqS (Safe-Sequencing System)

• Cellular DNA

• Massively parallel sequencing

• Error reducing approach 
• Unique Identifier for family of template

• Supermutant (95%)

• Applicable for identifying mutations in a small fraction of 
DNA templates (0.03%)



FastSeqS

• Aneuploidy Analysis 

• Massively parallel sequencing 

• Single primer pair to amplify about 38,000 loci scattered 

throughout the genome

• Gains and losses in 39 chromosome arms can be detected 



UroSEEK



UroSEEK in Equivocal Urine Cytology

Paris System: significant proportion of equivocal dx “atypical” or “suspicious” 
categories

ED:

• 375 urine samples (348 patients) 

• 114/375 (30%) ATYP

Surveillance:

• 717 urine samples (496 patients) 

• 332/717 (46%) ATYP

Performance of Novel Non-Invasive Urine Assay UroSEEK in 

a Cohort of Atypical Cytology

Maria Del Carmen Rodriguez Pena1, Simeon U. Springer2, Diana Taheri4, Marie-Lisa 

Eich1, Aline C. Tregnago3, Christopher J. VandenBussche3, Isam-Eldin A. Eltoum1, 

Nickolas Papadopoulos2, Kenneth W. Kinzler2, Bert Vogelstein2, George J. Netto1,3



UroSEEK in Equivocal Urine Cytology: Early Detection

UroSEEK TERTSeqS UROSeqS FastSeqS

Sensitivity 96% 63% 88% 54%

Specificity 87% 90% 96% 99%

NPV 99% 90% 97% 89%

PPV 66% 63% 84% 93%

Rodriguez Pena et al. Virchow Pathol 2020



UroSEEK in Equivocal Urine Cytology: Surveillance

UroSEEK TERTSeqS UROSeqS FastSeqS

Sensitivity 96% 63% 88% 54%

Specificity 87% 90% 96% 99%

NPV 99% 90% 97% 89%

PPV 66% 63% 84% 93%

UroSEEK TERTSeqS UROSeqS FastSeqS

Sensitivity 74% 65% 54% 59%

Specificity 72% 77% 89% 80%

NPV 53% 47% 44% 45%

PPV 87% 87% 92% 88%

Rodriguez Pena et al. Virchow Pathol 2020



UroSEEK/CancerSEEK/PapSEEK

Cohen, J.D., et al. Science, 2018 Wang Y., et al. Sci Trans Med, 2018



UroSEEK
Next Steps

• Bring down cost per test

• Secure funding for CLIA grade test development and FDA approval

• Head to head prospective study with UroVysion
(Non-inferiority approval)

• Commercialization
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Enriched Sample
3%   WBCs

41% Squamous cells
57% Urothelial cells

Jonathan Dudley

Voided Urine Sample
99% WBCs
1%   Squamous cells
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All driver genes

Bladder cancer panel• SaferSeq sequencing panel

• Panel designed based on 

UroSEEK cohort 
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driver mutation in 97% 

(median 2 per patient) 



• The future is ours to claim if we embrace the unstoppable 

change in our profession

• Precision medicine opens new doors for pathologists to be on 

the frontlines of patient care delivery

• Tough economic challenges are not insurmountable but will 

require operational and Business Models adjustments

Conclusions & Open Discussion

THANK YOU !......
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Open Discussion



EGFR Mutations in NSCLC 

Ghafoor Q et al. Pathol & Oncol Res, 2018

EGFR 

mutation

EGRF

wild type

K-ras

mutation

K-ras

wild type

AdenoCA* 20% 80% 22% 78%

Non-AdenoCA 13% 87% 5% 95%

Female 18% 82% 14% 86%

Male 16% 84% 15% 85%

Smokers# 14% 86% 16% 84%

Never smoker 28% 72% 11% 89%

Asian 38% 62% 0% 100%

Non-Asian 15% 85% 16% 84%

NCICC Trials Group study BR.21  J Clin Oncol 2008

Mutations associated 

with drug resistance

V765A

T783A

1%



Omics: Coming Together…

• Genomic advances paved the way to Precision Medicine

• Multiparametric Analyses (e.g. TCGA studies)

• DNA

• RNA

• Protein

• Epigenetics

• Robust Molecular Classifications

• Functional role of molecular alterations across tumor types

• Druggable targets
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Acquired EGFR Rx Resistance

▪ Mutation in exon 20 (T790M)
Kobayashi S et al. N Engl J Med 2005

Maheswaran et al N Engl J Med 2008

Pao W et al. PlosMed 2005

▪ Amplification of MET gene (7q31)
Engelman JA. Science 2007; 316(5827);1039-43

Sequist et al 2008 JCO





UroSEEK



ED Surveillance



FDA - Approved Liquid Biopsy Assays

• The CellSearch system (Menarini Silicon Biosystems) 

– Metastatic breast, prostate or CRCa

– CTC  platform
• Cobas EGFR Mutation Test v2 (Roche Molecular Diagnostics)

– NSCLC

– Detects EGFR mutations in plasma 
cfDNA

• Epi proColon (Epigenomics AG)

– CRCa screening assay

– Methylation status of SEPT9 promoter 
in plasma cfDNA

•

FoundationOne Liquid



Rolfo C et al , J Thoracic Oncol October 2021



Cerebro



Genetic Alterations in Lung Adenocarcinoma

Rafael Rosell, Niki Karachaliou, Lancet 2016



Genetic Alterations in Lung Adenocarcinoma

Chen et al. Journal of Hematology & Oncology (2020)



adenocarcinoma (LUAD) evolution. Here, we 

perform single-cell RNA sequencing

of 186,916 cells from five early-stage LUADs 

and 14 multiregion normal lung tissues of 

defined spatial

proximities from the tumors. We show that 

cellular lineages, states, and transcriptomic 

features

geospatially evolve across normal regions to 

LUADs. LUADs also exhibit pronounced 

intratumor cell

heterogeneity within single sites and 

transcriptional lineage-plasticity programs. T 

regulatory cell phenotypes

are increased in normal tissues with proximity 

to LUAD, in contrast to diminished signatures

and fractions of cytotoxic CD8+ T cells, 

antigen-presenting macrophages, and 

inflammatory dendritic

cells. We further find that the LUAD ligand–

receptor interactome harbors increased 

expression of

epithelial CD24, which mediates protumor 

phenotypes. These data provide a spatial atlas 

of LUAD

evolution, and a resource for identification of 

targets for its treatment.

Significanc e: The geospatial ecosystem of the 

peripheral lung and early-stage LUAD is not 

known.

Sinjab A et al; Cancer Discovery 2021



Rotow, J., Bivona, T. Nat Rev Cancer 2017

Mechanisms of Acquired Resistance 

to NSCLC TKI





Sinjab A et al; Cancer Discovery 2021





Berry S… Szalay AS and Taube JM; Science 2021



Minimizing instrumental errors 

during field acquisition and stitching

of whole slide by using lessons from 

astronomy









UroSEEK in Bladder Cancer Tissue 

Eich et al. Mod Pathol 2019



• Pathologist of the future is a vital player in patient management team  

Molecular multidisciplinary tumor boards

Diagnostic Management Teams (DMT)

Cell Therapy (CAR-T Cell)

• Elevating “Physician Profile”

CAP “Meet your Pathologist” efforts 

AMP gene patent victory

COVID-19

• Advocacy and government professional relation

FDA LDT vs Companion Test; DTC; MOOP..

Next Gen Pathologist

Indispensable Member of Integrated Healthcare Delivery Team



CancerSEEK

Cohen, J.D., et al. Science, 2018



ctDNA
ASCO/CAP Joint Expert Panel Review 

• Insufficient evidence of clinical validity and utility for majority of 

advanced cancers

• Discordance between ctDNA assays and tumor tissue genotyping

• supports tumor tissue genotyping to confirm undetected results from ctDNA

• No evidence of clinical utility and little evidence of clinical validity of ctDNA assays 

in early-stage cancer, Rx monitoring or MRD detection

• No evidence of clinical validity and clinical utility for cancer screening outside of 

a clinical trial 

Merker, JD et al J Clin Oncol. 2018

https://www.ncbi.nlm.nih.gov/pubmed/29504847




Killela PJ et al. PNAS 2013



CancerSEEK

Cohen, J.D., et al. Science, 2018

• Detect 8 common cancer types through assessment of 

circulating proteins and mutations in ctDNA

• Combination of parameters increase sensitivity for early stage 

cancer

• 16 genes (61 amplicon) and 8 proteins (CA-125, CEA, CA19-9, 

prolactin, HGF, osteopontin , myeloperoxidase, TIMP-1)

• 1005 patients with non-metastatic cancers (ovary, liver, 

stomach, pancreas, esophagus, CRCa, lung, breast)

• Median sensitivity 70% for eight cancer types

• Sensitivities of 69-98% for the five cancer types without current 

screening program

• Specificity >99% (7/812 healthy controls scored positive)



Squamous cells

Urothelial cell

Leukocytes

Voided Urine 
Sample
99% WBCs
1%   Squamous cells



PapSEEK

Wang Y., et al. Sci Trans Med, 2018



UroSEEK/CancerSEEK/PapSEEK
Next Steps



CHALLENGES

Impact on Pathology and Lab Medicine

1) Unprecedented Demands on Expertise and Capital due to

rapidly changing technological platforms

Evolution and adaptation of pathology work force

$$ Investment 

2) Operational challenges of Multidisciplinary Integration while

maintaining “turf” advantage

3) Financial Viability in Constrained Health Care Economics
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Challenges of Affordable Care Act (ACA)
Episode of Care Bundling

Cost Pressure

Outcome Based Incentive

2020 Trump Admin Budget

12% reduction in HHS funding

Deep cuts to Medicare, GME, and Medicaid

Reduced funding for NIH, VA programs

Financial Viability of Pathology Services 



Financial Viability 

“Precision” Pathology Service 

• Measurable Impact on Outcome
Genomic Data Integration in patient management tools

Pharmacogenomics

LIS/EMR

• Big Data in Health Care
2/3 of medical records data is Lab Med Tests Data

Pathologists are positioned to be the “Rock stars” of Big Data !



Enhance Pathology Faculty Stream of Research Funding

• Invest in pipelines of physician scientist career development 

• Break Silos of EP vs LM vs AP *

• Empower Pathologist as member of translational research teams

• Organic growth and/or “Acquisition” new awards *

• Diversify grant portfolio into new areas of growing $$$ support *

• Philanthropy the clinical face of the pathologist

Financial Viability of Pathology Research Enterprise



Research Financial Ecosystem

From Discovery to Market

Cummings J et al. Alzheimer’s & Dementia (2018)



Research Funding

• NIH

2022: Biden admin proposes $51.9 billion (21% increase)

• Other Governmental

DOD/ VA / State

• Non-Governmental Foundations

• Philanthropy

• Industry contracts

Financial Viability of Pathology Research Enterprise





Strategic Targeting of Research Funding

https://www.nia.nih.gov/research/blog/20

18/10/we-have-budget-fy-2019

Fynding Lung Cancer Biomarkers

https://www.nia.nih.gov/research/blog/2018/10/we-have-budget-fy-2019


• Inherent anxiety associated with change

• Pathology field has constantly adapted to health care 

environment changes (DRG, Managed Care..)

• Our specialty always thrives on assimilating scientific and 

technologic advances (EM, IHC, Lab automation..)

Embrace Inevitable Change



CHALLENGES

Impact on Pathology and Lab Medicine

1) Unprecedented Demands on Expertise and Capital due to

rapidly changing technological platforms

Evolution of pathology work force

$$ Investment in Capital Equipment

2) Operational challenges of Multidisciplinary Integration while

maintaining “turf” advantage

3) Financial Viability in Constrained Health Care Economics



$$ Investment in Capital Equipment

NGS platforms *

• Gene Panels/WES

• Send out vs In House 

• Raw data: Research/Education

• Expertise lead to a seat at the multiD table

Digital Pathology Platforms *



2010

KRAS - 25%

EGFR - 15% (US)
15-65% worldwide
ALK - 4%

BRAF - 3%

PIK3CA - 3%

HER2 - 1%

UNKNOWN 50%

KRAS

EGFR

UNKNOWN

Genetic Alterations in Lung Adenocarcinoma



CancerSEEK

Cohen, J.D., et al. Science, 2018



Koelzer VH et al Virchows Arch 2018



• bTMB
• Foundation ACT





Lung Cancer Mutation Consortium study - LCMC
(830 patients) 2011

KRAS - 25%

EGFR - 23%

ALK - 6%

BRAF - 3%

PIK3CA - 3%

MET - 2%

HER2 - 1%

MEK1 - 0.4%

NRAS - 0.2%

UNKNOWN 36.4%
MEK1

ALK

KRAS

EGFR

UNKNOWN

NRAS

Genetic Alterations in Lung Adenocarcinoma



KRAS - 25%

EGFR - 23% (LCMC)
15-65% worldwide
ALK - 3-6%

BRAF - 3%

PIK3CA - 3%

MET - 2-5%

HER2 - 1%

MEK1 - 0.4%

NRAS - 0.2%

KIF5B-RET - 2%

ROS1 - 1.7%

UNKNOWN 32.7%

MEK1

ALK

KRAS

EGFR

UNKNOWN

NRAS

Genetic Alterations in Lung Adenocarcinoma







Targetable Genetic Alterations
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Anagnostou V et al Cancer Res 2019



Phallen J et al Cancer Res 2019



PapSEEK

Wang Y., et al. Sci Trans Med, 2018

• 18 genes and Ploidy (Fast-Seq)

• Pap vs Tao Brush
– Endometrial Ca: 81% vs 93% sensitivity 

– Ovarian Ca: 33% vs 45% sensitivity Specificity 
99% vs 100%

• Plasma ctDNA
– Ovarian Ca: 43% sensitivity

– 63% sensitivity when combined with 
Pap Brush



European Journal of Human Genetics 2016

EUROPEAN UROLOGY, 2016 

EUROPEAN UROLOGY , 2017 



Ready N et al JCO 2019



Reck M et al JCO 2019



Financial Viability 

“Precision” Pathology Service 

• Measurable Impact on Outcome
Genomic Data Integration in patient management tools

Pharmacogenomics

LIS/EMR

• Big Data in Health Care
2/3 of medical records data is Lab Med Tests Data

Pathologists are positioned to be the “Rock stars” of Big Data !



CHALLENGES

Impact on Pathology and Lab Medicine

1) Unprecedented Demands on Expertise and Capital due to

rapidly changing technological platforms

Evolution and adaptation of pathology work force

$$ Investment 

2) Operational challenges of Multidisciplinary Integration while

maintaining “turf” advantage

3) Financial Viability in Constrained Health Care Economics



• Pathologist of The Future is a vital player in patient management team  

Molecular multidisciplinary tumor boards

Cell Therapy (CAR-T Cell)

• Elevating “Physician Profile” through patient exposure & communication

CAP “Meet your Pathologist” efforts 

AMP gene patent victory

• Advocacy for protecting our deservedly earned “Expertise Turf”

FDA LDT vs Companion Test; DTC; MOOP…

Next Gen Pathologist

Indispensable Member of 

Integrated Healthcare Delivery Team





Research Financial Ecosystem

From Discovery to Market

Cummings J et al. Alzheimer’s & Dementia (2018)



Trials Registered in ClinicalTrials.gov From 2006 -2014

JAMA December 15, 2015 

Financial Viability of Pathology Research Enterprise



Anagnostou V et al Cancer Res 2019







Disruptive Forces in Healthcare & Pathology

• Technological/Computational

• Genomic Technology and Bioinformatics Advances

• Computational Advances: AI, Machine Learning, Digital 

Pathology

• Health Care Information Technology/Big Data

• Financial

• Value Based Reimbursement replacing Fee For Service

• Constrained Health Care Economic echo system

Clinical and Research $$$



Opportunities 

“Precision” Pathology Service

• Less than two decades following The Human Genome Project, 
the revolutionary progress in Human Genomics is reshaping our 
approach to Diagnosis, Prognostics and Therapy

• It is estimated that 5-10% of all laboratory tests are  DNA/RNA  
based analyses



p40p63 TTF-1

Poorly differentiated adenocarcinoma (TTF-

1+, p63+ and p40 negative)

Lung mass



NGS Based 

Personalized Rx Response Monitoring & Early Detection
The Future is even more PERSONAL !



• Unprecedented Demands on Expertise and Capital due to rapidly 

changing technological platforms

Evolution and adaptation of pathology work force

$$ Investment 

• Operational challenges of Multidisciplinary Integration while 

maintaining “turf” advantage

• Financial Viability in Constrained Health Care Economics

CHALLENGES

Impact on Pathology and Lab Medicine
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CHALLENGES

Impact on Pathology and Lab Medicine

• Unprecedented Demands on Expertise and Capital due to rapidly 

changing technological platforms

Evolution and adaptation of pathology work force

$$ Investment 

• Operational challenges of Multidisciplinary Integration while 

maintaining “turf” advantage

• Financial Viability in Constrained Health Care Economics





Plasma ctDNA Rx Monitoring 



Pre-Op Day 0 Day 3 post-Op Day 44 post-Op Day 244 post-Op

Plasma ctDNA Rx Monitoring 

CT scan negative CT scan positive

13.4 % 0.015 % 0.11 % 0.66 %MUTANT DNA 



Pietanaza and Ladanyi Nature Genetics 2012



NEXT GENERATION SEQUENCING 
(NGS)

NANOTECHNOLOGY
BEAMs & PARES
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BEAMing

Beads

Emulsion

Amplification

Magnetics



Water-in-Oil Emulsion 
with 1 µm Microbeads

Diehl et al. Nat. Methods 2006

400x

1000x 

Aqueous compartments:
3-10 μm diameter

14-380 fl volume

Aqueous Phase:
~10 Billion bubbles/ ml 

Luis Diaz MD PhD



0 747

4 685



• Tumor Sequencing for APC,TP53, KRAS and PIK3CA       ≥1 mutation

in each CRCa sample

• DNA from stool/plasma samples assessed for identified mutations by

“BEAMing Technology”

2008
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Digital PCR



Exon 18 Exon 19 Exon 20 Exon 21

45%

5% <1% 40-45%

EGFR Mutations Associated with Sensitivity



EGFR and K-ras Mutation in NSCLC Carcinoma 

EGFR 

mutation

EGRF wild type K-ras mutation K-ras wild type

AdenoCA* 20% 80% 22% 78%

Non-AdenoCA 13% 87% 5% 95%

Female 18% 82% 14% 86%

Male 16% 84% 15% 85%

Smokers# 14% 86% 16% 84%

Never smoker 28% 72% 11% 89%

Asian 38% 62% 0% 100%

Non-Asian 15% 85% 16% 84%

NCICC Trials Group study BR.21  J Clin Oncol 26:4268-4275, 2008.



UroSEEK in Non-Invasive Bladder Cancer Tissue 
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UroSEEK in Invasive Bladder Cancer Tissue 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

P
e
rc

e
n
ta

g
e
 o

f 
m

u
ta

te
d
 T

u
m

o
rs

Gene

pT1 ≥pT2

P=0.005

P=0.035

MIBC

Eich et al. Mod Pathol 2019



Mucicarmine

PASD
TTF-1

Surfactant

Napsin

Mucicarmine

PASD

CK 5/6

p63/p40

H&E Syn, Chrom, 

CD56

SCLC

ADENOCA

SqCCa



Gubens MA et al Lung Cancer 2019


