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Biology of urothelial tumorigenesis: 

insights from genetically engineered mice

Xue-Ru Wu, Cancer Metastases, 2009 
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High Grade Papillary CA Component



Areas of CIS & Denuding CIS Component 



CIS - EARLY INVASION



HISTOLOGIC FEATURES OF INVASION

ÅLoss of smooth BM outline

ÅSingle cells or irregular clusters of cells 
haphazardly extending from surface

ÅInvading cells with more abundant 
eosinophilic cytoplasm than non-invasive

ÅRetraction artifact

ÅStromal edema - myxoid, desmoplasia or 
fibrosis

ÅInflammation



DIAGNOSIS OF INVASION



DIAGNOSIS OF INVASION



DIAGNOSIS OF INVASION

Irregular nests

Stromal response



MUSCULARIS MUCOSAE



pT1 - SUBSTAGING BASED ON MUSCULARIS 
MUCOSAE



MUSCULARIS MUCOSAE INVASION



MUSCULARIS MUCOSAE INVASION



UrothelialCarcinoma 

Two Phenotypes?

Superficial non-muscle invasive urothelialcarcinoma: 70-80%

ÁMajority of UrCa(60-70%) present as papillary non-invasive (pTa) 
tumors at time of first diagnosis

Á50-70% will recur as non-invasive tumors and only 5-10% of will 
progress

ÁpT1 as well as flat CIS (pTis)

Muscle Invasive urothelialcarcinoma (MIBC): 20-30%

Á80-90% are ñprimaryò Muscle invasive urothelialcarcinoma

ÁPractically all are high grade

ÁDespite aggressive Rx (Cystectomy +/- Chemotherapy), <50% five 
year overall survival
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Ebleet al. WHO Pathology & Genetics:
Tumors of the Urinary System and Male Genital Organs

HG UrCa

5-10%
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Pontes J. et al.  Cancer Research 1984



Bladder UrothelialCarcinoma

RTK-HRAS Pathway

FGFR3:

ÅReceptor Tyrosine Kinase (RTK) function

ÅMutations in 75% of  low-grade papillary NMBICs 

(very rare in CIS and only 10% of MIBCs)

ÅConstitutive activation of FGFR3 by mutation 

enhance cell growth (HRAS-MEK-ERK network) 

and angiogenesis

ÅHigh levels of FGFR3 protein expression are 

associated with favorable prognosis
Oxford G et al. J Urol 2003
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p53 mutations

Urothelial carcinoma Clinical studies

SarkisA et al JNCI 1993

Å58% of pT1 had p53 overexpression 

Åp53 overexpression predicted PFS on multivariate analysis

Esrig et al NEJM 1994

Å52% tumors had p53 overexpression

ÅHiher recurrence rate  in UrCawith p53 overexpression (62%-80% for 
pT1-3 vs 7-11%) 

ÅIndependently Predict recurrence and survival on multivariate (grade, 
stage)

SarkisA et al JCO 1995

Å52% tumors had p53 overexpression

ÅLower (41% vs 77%) DFS in UrCawith p53 overexpression

ÅIndependently predict survival on multivariate (grade, stage , tx size)



Wild-type gene and unaltered protein BEST

Either mutated gene or altered protein               INTERMEDIATE

Mutated gene and altered protein WORST

George et al. JCO 2014

Combining p53 gene and protein status stratifies DFS:



Biology of urothelial tumorigenesis: 

insights from genetically engineered mice

Xue-Ru Wu, Cancer Metastases, 2009 





SURVIVAL ACCORDING TO MUSCULARIS 
MUCOSAE INVASION

Å151 patients ïpT1 on TUR

ÅCases centrally reviewed

Å97 included in study

ÅAll high -grade with mp in 

specimen

ÅSubstagingpossible in 85 (88%)

ÅTreated by:

ÅTURBT +/- intravesical BCG

Orsola et al. Eur Urol 48:231-235, 2006

Recur

Progress



T1 SUBSTAGING
(Ò 1 HPF vs > 1 HPF)

Bertz et al. Histopathology 59:722, 2011.

P<0.001

P=0.012

N=301 N=301Progression-free survival Cancer-specific survival


