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Abstract

The past decade has provided an improved understanding of the
molecular mechanism of bladder cancer by defining distinct path-
ways in tumorigenesis and progression. Advances in technolo-
gies, such as high-throughput transcript profiling, microarrays and
proteomics, offer a systematic approach to identifying targets for
bladder cancer diagnostics and drug discovery. This review pres-
ents a select outline of the advances in the development of bio-
markers and targets for patient prognosis and therapy selection.
This paper describes a representative cohort of recent studies that
have the potential to significantly impact the management of mus-
cle invasive and metastatic urothelial carcinoma of the bladder.
Space constraints do not permit this review to be comprehensive
and we apologize to the authors whose work we do not cite.
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Introduction

Bladder cancer is a common malignant disease, with
357 000 new cases and 145 000 deaths worldwide per
year.! It is the fifth most common neoplasm in industrial-
ized countries and the second most common genitourinary
malignancy in the United States.? Urothelial carcinomas
(UC), formerly known as transitional cell carcinomas, com-
prise 90% of all carcinomas of the bladder in Western coun-
tries; histology findings identify 5% as squamous and 2%
as adenocarcinoma. Urothelial carcinoma is the focus of
this review.

Molecular and histopathologic studies indicate that urothe-
lial carcinomas present as a heterogeneous group of tumours
that may evolve along dual pathways with distinct biologi-
cal behaviours and clinical prognosis.®># In most cases, UC
presents as papillary or non-muscle-invasive (clinical stage
Ta, T1). The natural history of these tumours significantly
affects local recurrence rates and infrequent progression to
muscle invasion or metastases.” In contrast, muscle-invasive
UC (clinical stage =T2) is a lethal malignancy that, when
untreated, results in death within 2 years of the diagnosis
in over 85% of patients.® A definitive surgical approach that
involves removing the primary bladder tumour and regional

lymph nodes results in excellent long-term survival rates.”
However, despite improved outcomes with neoadjuvant
cisplatin-based combined chemotherapy, almost half of these
patients will relapse with metastatic disease.® Conventional
cisplatin-based chemotherapy regimens for advanced dis-
ease include methotrexate, vinblastine, doxorubicin and
cisplatin (MVAC); dose-dense MVAC; and gemcitabine/
cisplatin (GC). Despite initial high response rates, overall
5-year survival is suboptimal at 5% to 20%.%'"

Several studies have evaluated the clinical and patholog-
ical prognostic factors after cystectomy for muscle-invasive
UC. Advanced pathologic stage, nodal involvement, tumour
size greater than 3 cm, elevated creatinine and lymphovas-
cular invasion are independent risk factors for recurrence,'?1>
while advanced pathologic stage and nodal involvement are
independent prognostic factors for survival.'*1® A nomo-
gram predicting recurrence risk after radical cystectomy for
bladder cancer was recently developed to improve the pre-
dictability of accurate risk assessment in patients after this
procedure.!” While these traditional prognostic factors pro-
vided useful estimates for recurrence risk and survival, sig-
nificant variations within each prognostic group based on
the heterogeneity of tumour biology were observed

Similarly, patients with locally advanced (T4b and N2-3)
or metastatic disease (M1) at diagnosis or during follow-up
demonstrate variable response rates to chemotherapy.
Currently, Karnofsky Performance scores and presence of
visceral metastases are reported to correlate with outcome
of treatment.'® Given the molecular knowledge of urothelial
tumorigenesis and chemosensitivity, more precise methods
for predicting response to anticancer therapy seem possible.

The past decade has seen an exponential accumulation
of research on molecular markers in bladder cancer.
Biomarkers that enhance the predictive ability of standard
clinicopathologic information and optimize prognostica-
tion are being discovered.'®-3? In addition, advanced tech-
nologies offer a systematic approach for identifying active
targets for drug discovery and tailored therapeutics in blad-
der cancer. The method described here defines a “person-
alized selection” approach to advanced bladder cancer
within this increasingly tailored diagnostic and therapeutic
framework, since optimizing management of a patient’s
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disease is based on specific characteristics. These factors
not only include traditional ones, such as age, gender, race,
environment and tumour-specific clinicopathologic param-
eters, but also increasingly incorporate molecular profiling
of genetic, genomic or proteomic factors of patient or tumour
that drive or are at least are associated with prognosis and
treatment response.

This review explores recent advances laying the ground-
work toward making “personalized selection” a reality for
patients with muscle invasive and metastatic bladder can-
cer. Equally important is the stratification of patients with
non-muscle-invasive disease into risk groups for progres-
sion and treatment response; this will not be discussed in
detail here.

Recent developments

Clinical decision-making has evolved from physician judg-
ment and prognostic risk group stratification to prediction
models using Cox multivariate regression and nomograms
that attempt individualized prediction of outcomes.
Additionally, prediction models based on the American Joint
Committee on Cancer stage groupings have expanded to
include histopathologic criteria and molecular expression sig-
natures. Protein expression profiling of UC has resulted in
the identification of immunohistochemical markers that offer
an alternative method to distinguish aggressive tumour biol-
ogy and improve prognostic models in patients with advanced
bladder UC treated with radical cystectomy. Concurrently,
advanced technologies are enabling systematic discovery of
novel biomarkers from genome-wide candidates.

Biomarkers of prognosis and therapeutic efficacy

The p53 tumour suppressor protein is a key gatekeeper in
cell cycle control and plays an integral role in genome sta-
bility.>! Overexpression of p53, as determined by immuno-
histochemistry, is used to measure TP53 gene mutations.
Many studies support the association of p53 nuclear accu-
mulation with tumour stage, lymphovascular invasion, lymph
node metastasis, high-grade tumour, disease recurrence
and bladder cancer specific death.'2> However, a meta-
analysis by Malats that reviewed 117 studies spanning 10
years concluded that there is insufficient evidence to sup-
port that changes in p53 can be a marker of outcome in
patients with bladder cancer.?? A clinical trial investigated
whether alterations of immunohistochemical p53 nuclear
expression could prospectively identify patients that would
benefit from the administration of adjuvant MVAC chemother-
apy.3? While results are not yet published, this study was the
first to use a biomarker for personalized therapy assignment.

P21 and p27 proteins are cyclin-dependent kinase
inhibitors and downstream targets of p53. In retrospective
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studies using tumour samples from radical cystectomy spec-
imens, nuclear accumulation of p21 was detected in 64%
of specimens and was an independent predictor of tumour
recurrence and survival when concomitantly assessed with
tumour grade, stage, lymph node status and p53 status.?%26
P27 overexpression in human cells has been shown to result
in cell cycle arrest in the G1 phase. In patients with muscle-
invasive disease treated with radical cystectomy, p27 was
the second most powerful cell cycle regulator after p53 for
prediction of bladder cancer recurrence and survival.?”28

Apoptosis (programmed cell death) results from a cas-
cade of intrinsic and extrinsic signals and depends on the bal-
ance between pro- and anti-apoptotic proteins.3* Caspase-3
is a pro-apoptotic enzyme that has been associated with
higher pathologic grade, stage and presence of lymph node
metastasis in radical cystectomy specimens.?? In a study
using multiple apoptosis markers to assess their value in
improving the accuracy of predicting outcomes for patients
with UC, Karam and colleagues demonstrated that loss of
caspase-3 was an independent predictor of bladder cancer-
specific survival after radical cystectomy.?? Bcl-2 is an anti-
apoptotic protein present in upstream events in apoptosis
activation. Overexpression of Bcl-2 is correlated with higher
pathologic stage, disease recurrence and cancer-specific mor-
tality rates,?” as well as lower response rates to chemother-
apy.> Survivin, an anti-apoptotic molecule that blocks down-
stream caspase activity, may be detected in urine at the
protein or mRNA level and is associated with cancer pres-
ence, higher tumour grade and advanced pathologic stage.3°
In radical cystectomy tumour samples, the proportion of
specimens with survivin overexpression increased with
tumour stage progression and correlated with disease-
specific mortality.3”

The fact that so many biomarkers have been associated
with key clinicopathologic characteristics suggests that pre-
diction of prognosis based on a panel of genes might be
more accurate than the evaluation of a single marker. Karam
and colleagues found that p53, Bcl-2, caspase-3 and sur-
vivin provided distinct correlations with tumour stage, grade
and lymphovascular invasion. The total number of altered
markers was a significant prognostic factor in disease recur-
rence and disease-specific survival.2? Similarly, Shariat and
colleagues demonstrated that the addition of altered cell
cycle biomarkers increased the predictive accuracy of nomo-
gram-based disease recurrence and disease-specific sur-
vival by 10%.3° Finally, improved characterization of the
molecular pathways driving bladder cancer resulted in the
identification of disease biomarkers that suggest the fol-
lowing therapeutic angles: mutations of fibroblast growth
factor receptor 3 tyrosine kinase receptor are associated
with superficial bladder cancer and a promising target for
novel therapies.*® The epidermal growth factor receptor (EGFR)
pathway, associated with invasion and poor prognosis, may
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be targeted with EGFR-family tyrosine kinase inhibitors.3?
In our group, we have identified two novel, independent
prognostic factors for patient prognosis that themselves sug-
gest new therapeutic angles. The first factor is the associa-
tion of loss of expression of the RhoGDI2 metastasis sup-
pressor protein with decreased patient survival;*° this factor
resulted in a preclinical evaluation of antagonists of endothe-
lin receptor signaling through the discovery of that RhoGDI2
regulates this pathway.*' The second factor is our observa-
tion that increased CD24 expression independently pre-
dicts poor patient survival;*? this resulted in a preclinical
evaluation of monoclonal antibodies for targeting CD24
positive cancer cells in vivo.*?

Genome-wide discovery of multiplexed biomarkers

Completion of the Human Genome Project and advances
in microarray and mass spectrometric technologies have
enabled scientists to combine high-throughput genomic, tran-
scriptomic and proteomic assays with defined databases to:
1) perform systematic genomic searches to identify genes
differentially expressed in different tissues; 2) screen for
novel markers; and 3) fingerprint distinct subclasses of
tumours. High-throughput profiling of gene expression via
oligonucleotide or cDNA microarrays enables researchers
to characterize global transcriptional patterns in cancer
cells. This systematic approach to discovery of genomic
fingerprints based on unique gene expression profiles can
identify patterns of molecules predictive of prognosis and
response to chemotherapy. After refinement and validation
in independent cohorts, these molecules can be developed
into assays that accurately predict prognosis and responses
to chemotherapeutic agents, thus further contributing to
the development of “personalized medicine” of different
combination therapies for bladder cancer patients.

As to classification and prognosis, multiple studies in
recent years have demonstrated that gene expression sig-
natures can distinguish muscle-invasive from non-invasive
UC.44> Sanchez-Carbayo and colleagues profiled 72 muscle-
invasive patients using oligonucleotide arrays to identify
genetic signatures characteristic of aggressive clinical behav-
iour.*> The authors developed a signature consisting of 100
known genes with 90% accuracy of prediction of overall
survival of muscle-invasive tumour specimens in cross-
validation studies.*> Immunohistochemical validation stud-
ies demonstrated that one of the genes from the signature,
synuclein, was associated with tumour stage and outcome
in a tissue microarray of 294 patients. Finally, on the sub-
ject of independent validation of signatures from their prior
microarray studies, Dyrskjot and colleagues recently report-
ed an international multicentre validation study demon-
strating the efficacy of their reported signatures of progres-
sion of superficial bladder tumours to muscle invasion.*446:47

In a small study that investigated prediction of chemother-
apeutic sensitivity for bladder cancer, Takata and colleagues
profiled tumour response to neoadjuvant MVAC therapy
using cDNA microarrays. Fourteen tumours were used to
develop a signature of 14 predictive genes.*8 To further
validate the clinical significance of the gene expression
profile system, this group recently applied it to additional
cases of bladder cancer patients and found the scoring sys-
tem accurately predicted clinical response.*? In addition,
Als and colleagues carried out expression profiling using
tumour specimens from 30 patients to develop a signature
of 55 genes that highly correlated to survival time follow-
ing administration of MVAC or GC. Two of these products,
emmprin and survivin, were evaluated using immunobhis-
tochemistry and were found to be independent prognostic
factors for response and survival after cisplatin-containing
chemotherapy in patients with advanced bladder cancer.”®

These key findings suggest that important histological
and clinicopathological differences among tumour types
may be simplified by descriptions of molecules in the
tumours. To further develop “personalized selection” of
different combination therapies, Havaleshko and colleagues
recently developed predictive gene expression signatures
for sensitivity of bladder cell lines to cisplatin, paclitaxel
and gemcitabine. When these signatures were used to pre-
dict cellular sensitivities to clinically relevant, two drug
combinations, they were found to predict combination sen-
sitivities correctly in 80% of the cells, thereby laying the
groundwork for prospective validation of such signatures
in patients.>" Additionally, we have developed an algo-
rithm to more generally extrapolate and predict drug sen-
sitivity from one type of cancer to another.>?> Coexpression
extrapolation (COXEN) uses specialized molecular signa-
tures to extrapolate the drug sensitivity signature of one set
of tumour cells to predict drug sensitivity in another set
based on gene expression data. Specifically, COXEN was
used to extrapolate drug activities from the National Cancer
Institute (NCI)-60 cell line panel®? to predict drug sensitiv-
ity of bladder cancer cell lines and, of significance, from
NCI-60 cell lines to clinical responses of cancer patients
treated with commonly used chemotherapy regimens.>? Of
greater significance and based on the NCI-60 cell line screen,
COXEN was able to discover in silico a novel compound
with high activity against human bladder cancer. These
approaches highlight how new bioinformatic strategies allow
extrapolation between cell lines in vitro and in patient tumours
and may enable a personalized a priori selection of thera-
pies based on molecular profiling. The objectives of current
prospective studies are to determine whether COXEN can
be effectively used for patient selection and drug discovery.
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