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The Cancer Genome Atlas (TCGA) project in bladder cancer reported the integrated
genomic analysis of the first 131 patients in 2014 [1]. We analyzed chemotherapy-naive,
muscle-invasive urothelial cancers for somatic mutations, DNA copy number variants,
mRNA and microRNA (miRNA) expression, protein and phosphorylated protein expression
(reverse-phase protein array [RPPA]), and DNA methylation, integrated with comprehensive
clinical and pathologic data. This muscle-invasive cohort has one of the highest somatic
mutation rates, with mean and median somatic mutation rates of 7.7 and 5.5 per megabase,
respectively, similar to adenocarcinoma and squamous cell carcinoma of the lung and
melanoma. We reported 32 significantly mutated genes (SMGs) involved in multiple
pathways including cell cycle regulation (93% of tumors), chromatin remodeling (76%),
DNA damage response, transcription factors, and RAS/RTK/PI3K (72%) signaling
pathways. Four SMGs—ARID1a, MLL2, KDM6a, and EP300—are involved in epigenetic
regulation and were mutated in up to one-quarter of the tumors. One-third of the tumors
were characterized by cancer-specific DNA hypermethylation.

An additional 281 tumors are in the pipeline, and the complete data set will be analyzed
beginning in early 2015. We have preliminary mutation data on 238 samples (including the
first 131), and six additional SMGs have been identified. Several of the 38 SMGs have not
been described previously in bladder cancer.

Combining copy number variation and somatic mutations, 69% of tumors harbor one
potentially actionable target or more. Three mutation clusters were identified and
characterized as focally amplified, which were enriched in focal copy number alterations
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(eg, 3p loss/PPARG) and MLL2 mutations; enriched for TP53 and RB1 mutations and E2F3
amplifications; or papillary histology, which were FGFR3-mutant CDKN2A deficient.

Unsupervised clustering of mMRNA, miRNA, and RPPA suggests four expression clusters,
three of which were fully characterized as follows. Cluster 1 showed papillary morphology
and FGFR3 dysregulation. Clusters 1 and 2 expressed high HER2 (ERBB?2) and estrogen
receptor-f3 signaling signature, sharing features with luminal A breast cancer. Cluster 3
showed similarities to basal-like breast and squamous cell head and neck carcinomas.
Cluster 3 had a high cancer stem cell content, similar to the basal phenotype reported earlier
by Volkmer et al [2] and Ho and colleagues [3]. Cluster 3 was also enriched with tumors
with mixed squamous histology, similar to the subtype described by Sjodahl et al [4], which
had the worst prognosis compared with three other subtypes that correlate well with the four
subtypes described in the TCGA data set. Cluster 3 also correlated with other TCGA
subtypes including basal-like breast carcinoma, head and neck squamous cell carcinoma,
and lung squamous cell carcinoma [1]. This has been confirmed with a recent cluster of
cluster TGCA pan-cancer analysis, which stratified the bladder cancer cohort into three
subtypes. Two were similar to lung adenocarcinoma and head and neck and lung squamous
carcinoma, and the third, which contained the majority of tumors, was unique to bladder
cancer and had the best prognosis compared with the two other subtypes [5].

We have now integrated the mutation subtypes and the expression clusters for 234 tumors.
Expression cluster 1 is enriched with FGFR3 mutations, amplification, and expression and
urothelial differentiation markers (UPK1A, 2; KRT 20). Cluster 3 is enriched with
squamous morphology, basal markers (KRT 14, KRT 5, TP63), and expression of several
immune response genes. We have also performed unsupervised clustering of miRNA in 310
tumors and provide an integrated analysis of anticorrelation of clusters of miRNA regulating
many pathways including epithelial-mesenchymal transition, DNA methylation, and FGFR3
expression, among many others.

The total cohort now includes 412 tumors that have met the prespecified quality controls for
pathology and RNA quality and have been distributed to the genome characterization
centers [6] (Fig. 1). The complete data set will increase the power to detect additional low-
frequency events [7], validate the cluster analyses, test hypotheses regarding chemotherapy
resistance, and provide a host of translational opportunities for functional validation and
targeted therapy trials. Outcome analyses were deliberately not included in the analysis of
the first 131 tumors, as the follow-up data were not mature. We expect to be able to include
this in the final analysis of the full cohort. The analysis working group will reconvene in
early 2015 to begin the final analysis, with the expectation of publishing an updated
comprehensive integrated analysis.

There is a large unmet need for comprehensive genomic characterization of non—-muscle-
invasive bladder cancer. FGFR3 mutations characterize low-grade Ta tumors, and high-
grade tumors share similar genomic alterations with muscle-invasive carcinomas. The
National Cancer Institute is sponsoring a clinical trial planning meeting to be held in March
2015, with the goal of designing a targeted therapy trial. A more comprehensive
understanding of the genomic landscape is a critical step in this process. A recent landmark
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study of aristolochic acid-induced upper tract tumors, using whole-exome sequencing,
found a remarkably high somatic mutation rate and a unique mutation signature [8]. There
are funding opportunities specifically for rare cancers (3—6 per 100 000), and this presents
unique collaborative opportunities for important research on the biology and treatment of
upper tract urothelial carcinoma [9].
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Cases Shipped/Pending

Received: 722
Shipped: 412
Awaiting Shipment: 0
Total Shipped/Pending: 412

Fig. 1. The Cancer Genome Atlas muscle-invasive bladder cancer pipeline. Reproduced with

permission from the National Cancer Institute [6]
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