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Bladder cancer
● Bladder cancer is the 9th most commonly diagnosed cancer worldwide 
● 165,000 deaths annually worldwide
● ~75 % of the tumors are non-muscle invasive (Ta, T1 and CIS) at diagnosis
● ~ 25% T2-T4 at diagnosis
● NMIBC is a very prevalent disease

■ High risk of recurrence (75 %)

■ Moderate risk of progression (5-25 %)

Wei-Ming L, European Urology, 2010Slide credit: Lars Dryskot



Main clinical challenges for patients with NMIBC
Predict disease course in early-stage bladder cancer

Better risk assessment for surveillance, follow-up planning

Better selection of high-risk patient to therapy (BCG/IO/targeted treatment) 

Predict response before (or during) treatment

BCG, MMC, IO, targeted treatment

Change treatment regimens

Slide credit: Lars Dryskot



Biological challenges

Tumor micro-environment Tumor heterogeneityTumor evolution

Slide credit: Lars Dryskot



Nat. Genet. 2003

Can. Res 2004

Clin. Can. Res. 2005

Clin. Can. Res. 2007

Identification of subtypes and predicting outcome in NMIBC
Cohorts selected from biobank materials based on 

clinical outcome (recurrence, CIS and progression)

CIS signature Prog. signatureRec. signature Validation of Prog. and CIS signatures

Two major risk classes identified and validated

Slide credit: Lars Dryskot



Lund Taxonomy approach – NMIBC and MIBC combined

Sjodahl et al, Clinical Cancer Research 2012

Samples selected to represent the entire disease spectrum

3 major groups identified in NMIBC 

Slide credit: Lars Dryskot



Development of a 12-gene progression score qPCR assay
Transferred microarray signature to a 12-gene RT-qPCR test

Progression score = average (Ct (COL4A3BP, MBNL2, NEK1, FABP4, SCAP2) –

average (Ct (KPNA2, BIRC5, UBE2C, CDC25B, COL4A1, MSN, COL18A1)) 

Dyrskjøt et al, BJC. 2012 Slide credit: Lars Dryskot



Prospective study of 12-gene progression score in UROMOL  

Dyrskjøt et al, Eur Urol 2017
Slide credit: Lars Dryskot



Prospective study of 12-gene progression score

All patients

EORTC high-risk

Dyrskjøt et al, Eur Urol 2017Slide credit: Lars Dryskot



Slide credit: Lars Dryskot



UROMOL 2016 study
European multicenter study of total RNA-Sequencing from 460 NMIBC tumors.

Major finding: Three molecular subclasses of NMIBC with different clinical
outcomes and biological characteristics.

Hedegaard et al, Cancer Cell 2016
Slide credit: Lars Dryskot



UROMOL 2021 study

Multi-omics analysis of 862 NMIBC tumors

• Transcriptomic analysis (total RNA-Seq): 535 tumors
• Copy number analysis (SNP arrays): 473 tumor-leukocyte pairs
• Methylation analysis (EPIC BeadChip): 29 tumors
• Spatial proteomics analysis (multiplex immunofluorescence): 167 tumors

• Validation using expression data from 1309 independent tumors

• Updated clinical follow-up
• Updated bioinformatics analysis pipelines

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Four transcriptomic classes (n=535 NMIBC)

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Transcriptomic class characteristics

Lindskrog et al, Nature Communications 2021

Regulons: TFs Regulons: Chromatin remodelling



Genomic alteration in 140 Ta tumors

Hurst et al, Cancer Cell 2017



Hurst et al, Cancer Cell 2017

Sex-specific differences in prevalence of KDM6A mutations in NMIBC



Copy number alterations (n=473 NMIBC)

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Mutational analysis (RNA-Seq based)

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Class 3 tumors are luminal-papillary and immune-depleted

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Class 3 NMIBC similar to UTUC with a luminal-papillary and
T-cell depleted immune contexture

Robinson, Vlachostergios et al. Nature Communications, 2019 



Prediction models

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Summary of biological characteristics

Lindskrog et al, Nature Communications 2021Slide credit: Lars Dryskot



Summary and conclusions 

- NMIBC molecular subtypes are prognostic. 
- Biomarkers for predicting response to BCG and newer intravesical 
agents are needed.
-MIBC molecular subtypes overlap with NMIBC but are not the same.
-Important NMIBC molecular features: FGFR3 alterations, APOBEC3 
signatures association with worse outcomes, KDM6A alterations.
-Prospective trials assigning interventions based on molecular 
subtyping are needed but additional work to translate discoveries of 
molecular subtypes to clinical-grade biomarkers is needed.
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