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Overview 

• The Dual Universes of BC 
NMIBC vs MIBC

• The Impact of Genomics on BC
Novel TAXONOMY ?
Prognostics
Predictive 
Rx Targets
ImmunoRx Response Predictors

• UroSEEK

Bladder Cancer (BC) 
Disease Costs and Management Opportunities

• Major health care cost burden:
o Frequent cystoscopy, high rate of recurrence etc..
o $ 3-4 Billion per year in USA alone
o HIGHEST COST per patient for any type of cancer

• Unique amenability to applying molecular detection 
methods to urine sample (e.g. TERT)

Urothelial Carcinoma
Two Phenotypes?

(Superficial) Non-muscle invasive BC (NMI-BC) 
70-80%

Muscle Invasive BC (MI-BC)
20-30%
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Annu. Rev. Pathol. Mech. Dis. 2009. 4:251–85

NMI-BC MI-BC

Annu. Rev. Pathol. Mech. Dis. 2009. 4:251–85

NMI-BC MI-BC

Bladder Urothelial Carcinoma
Two Distinct Molecular Pathways

Urothelial Hyperplasia

Falt CIS

PUNLMP 
Low Grade Papillary UrCa

High Grade 
Papillary UrCa

Invasive UrCa

H-RAS/FGFR3/mTOR

P53/RB/E2F3

Normal 
Urothelium

NMI-BCNMI-BC

MI-BC

The Not So Distant Past ?

Clinico-Pathologic Prognostic Factors

Stein et al J Clin Oncol 2001
o 1054 pts; 10.2 yrs median F/U
o Rad. Cystectomy  Adj Chemo radiation
o DFS 68% at 5yr and 60% at 10 yrs
o pTNM (OC vs Non-OC) only predictor of DFS/OS

- OC LN neg group: 85% DFS at 5yr
- Non OC LN neg group: 58% DFS at 5yr
- LN positive group: 35% DFS at 5yr

DFS

OS

NAC Regimens:
GC
MVAC
DD-MVAC

Can we predict Response ????

Urol Oncol 2015

MIBC
Neoadjuvant Chemotherapy (NAC)
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GENOMICS IMPACT on BC Genomics as Prognostic Tools

Lindgren et al.  PLoS 2012

Two Genomic Circuits:

• FGFR3 mut/Ampl;    CCND1; PIK3CA mut; 9q (CDKN2A) deletions

• E2F3 ampl; RB1 del; PTEN del;   CDKN2A; CCND1 loss, 5p gain

P53/MDM2 alterations in both circuits at advanced Dz

Lindgren et al PLoS 2012

Lindgren et al PLoS 2012
Lindgren et al PLoS 2012
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 Integrated genomic Analysis of 131 URCa

Nature: March 2014

 Average Genetic Alterations per tumor:
 302 mutations
 204 segmental CNA
 22 rearrangements 

 Recurrent mutations in 32 genes:
 Cell-cycle regulation
 Chromatin regulation
 RTK signaling pathways
 Nine genes not frequently mutated in cancers 

(MLL2,ERCC2,ELF3,KLF5,RXRA, CDKN1A)

 Rx Targets in 69% of MIBC

Bladder Cancer (MIBC)
TCGA

INTEGARTED GENE EXPRESSION SUBTYPES 

PAPILLARY-LIKE

BASAL / SQUAMOUS-LIKE

LUMINAL / BREAST-LIKE

NEW GENOMIC TAXONOMY ? 
TCGA

I  PAPILLARY-LIKE
III BASAL SQUAMOUS-LIKE
I&II   LUMINAL BREAST-LIKE

mRNA/miRNA/Protein

Genomic Based Novel Therapeutic Targets

Rx Targets in 69% of URCa:
 mTOR/PIK3CA
 RTK/MAPK (ERBB2)
 ER 

MIBC TCGA: TARGETS of Rx
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Genomic Based Predictor of 
Neoadjuvant ChemoRx Response

Cancer Cell 25, 152–165, February 10, 2014

 Whole genome mRNA expression profiling

 Three molecular subtypes of MIBC: Basal/Luminal/p53-like

 Shared molecular features with basal and luminal breast cancers

 Active p53 gene signature ‘‘p53-like’’ MIBC 
 resistant to neoadjuvant cisplatin-based ChemoRx

Cancer Cell 25, 152–165, February 10, 2014

Cell 2017 Cell 2017
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Immune Checkpoint Inhibitors in Bladder Ca.

Immunotherapy in BC
Completed Clinical Trials

Curr Opin Oncol 2017, 29:184–195

Lancet Oncology 2016

2 TREATMENT-RELATED DEATHS:
1 thrombocytopenia /1 pneumonitis

Rosenberg J et al Lancet 2016

SP142 assay (Ventana)
IC: 0,1,2,3

Rosenberg J et al Lancet 2016

TMB

TCGA

Cell 2017
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 Immunologic Biomarkers IHC/Gene Expression: 
 PDL-1

 CD8+

 CD8+/Ki67

 TIM3, LAG3, IDO

 ICOS, GITR

 Chemokines Signature (Interferon ȣ)

 Tumor Mutational Load/Burden: NSCLC, 
Melanoma, BC 
 Neoantigens

 dMMR/MSI: e.g. CRCa, Endometrial Ca.

 Viral Oncoproteins: HTLV-1, HPV, EBV, KSV, 
MCPyV, HBV, HCV

Mechanisms Driven Predictive Biomarker 
for Immune Checkpoint Inhibitors  

Molecular Early Detection & Surveillance Markers

The Power of Genomics

UroSEEK UroSeqs
(10 genes)

• CDKN2A
• ERBB2
• FGFR3
• HRAS
• KRAS
• MET
• MLL
• PIK3CA
• TP53
• VHL 

UroSEEK

Thank You !!!

• Genomics Impact on Bladder Cancer Management:
• PGx
• Predictive
• Rx Targets
• Early Detection and Surveillance

• New GENOMIC TAXONOMY is being refined and awaits
TRANSLATION INTO OUR LABS 

• Immune Check Point Inhibitors are opening new doors in BC
management 

Conclusions
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Two Application Settings 
• Surveillance
• Primary Screen (Hematuria no prior TCC)

International Collaborators 
• Osaka University, Japan
• AC CAMARGO Cancer Ctr, Brasil
• Hacettepe University, Turkey
• Taiwan UTUC

• >2800 Urine and 400 FFPE Sequenced

Ludwig Cancer Research
JHU Pathology

JHU Brady Institute 

UroSEEK

ED SurveillanceUTUC

UroSEEK

ED Surveillance



2/5/2019

10

Journal of Thoracic Oncology 2017  
Journal of Thoracic Oncology 2017  

Multifactorial Predictive Biomarkers 
of Immune Checkpoint Inhibitors Response  

PDL1, TIM3, 
LAG3, B7H3

Mutational Load 
MSI
Viral Oncoproteins

CD8+/Ki67+ 
T Cell Density

Journal of Thoracic Oncology 2017  

Journal of Thoracic Oncology 2017  

Rosenberg J et al Lancet 2016
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Le et al., Science 357, 409–413 (2017)

• ROC curves of checkpoint inhibitor response in 
melanoma and NSCLC studies identified cutoff of 192 
NsM

• In 7,757 samples of TCGA: 16.2% exceeded the 192 NsM
threshold

• > 30% of BC, CRCa, Gastric Ca. and Endometrial Ca. 
have NsM counts above 192


