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Abstract. The Third Annual Albert Institute Bladder Symposium was held on September 8–10th, 2016, in Denver Colorado.
Participants discussed several critical topics in the field of bladder cancer: 1) Best practices for tissue analysis and use to
optimize correlative studies, 2) Modeling bladder cancer to facilitate understanding and innovation, 3) Targeted therapies for
bladder cancer, 4) Tumor phylogeny in bladder cancer, 5) New Innovations in bladder cancer diagnostics. Our understanding
of and approach to treating urothelial carcinoma is undergoing rapid advancement. Preclinical models of bladder cancer have
been leveraged to increase our basic and mechanistic understanding of the disease. With the approval of immune checkpoint
inhibitors for the treatment of advanced urothelial carcinoma, the treatment approach for these patients has quickly changed.
In this light, molecularly-defined subtypes of bladder cancer and appropriate pre-clinical models are now essential to the
further advancement and appropriate application of these therapeutic improvements. The optimal collection and processing of
clinical urothelial carcinoma tissues samples will also be critical in the development of predictive biomarkers for therapeutic
selection. Technological advances in other areas including optimal imaging technologies and micro/nanotechnologies are
being applied to bladder cancer, especially in the localized setting, and hold the potential for translational impact in the
treatment of bladder cancer patients. Taken together, advances in several basic science and clinical areas are now converging
in bladder cancer. These developments hold the promise of shaping and improving the clinical care of those with the disease.
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INTRODUCTION

The Leo and Anne Albert Institute for Bladder
Cancer Care & Research is a non-profit organization

∗Correspondence to: Thomas W. Flaig, Department of
Medicine, School of Medicine, University of Colorado Anschutz
Medical Campus, Mail Stop 8117, 12801 E. 17th Avenue, Room
L18-8117, Aurora, CO 80045-0511, USA. Tel.: +1 303 724 3888;
Fax: +1 303 724 3889; E-mail: Thomas.Flaig@ucdenver.edu.

with the mission to advance knowledge of bladder
cancer and the care of those with the disease. The
Third Annual Albert Institute Bladder Symposium
was held on September 8–10th, 2016, in Denver
Colorado. The 40 participants represented a multi-
disciplinary group from academic centers in the
United States and Europe. The symposium was
organized into 5 major focus areas: Best Practices
for Tissue Analysis and Use to Optimize Correlative
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Studies, Modeling Bladder Cancer to Facilitate
Understanding and Innovation, Targeted Therapies
for Bladder Cancer, Tumor Phylogeny in Bladder
Cancer and New Innovations in Bladder Cancer
Diagnostics. Herein, we summarize the proceeding
of the symposium (Table 1).

Best practices for tissue analysis and use to
optimize correlative studies

Chair: Donna Hansel, MD, PhD – University of
California San Diego

One of the major challenges associated with clin-
ical trial correlative studies is the compliant and
judicious use of limited tissue samples obtained as
part of the study. Successful completion of these cor-
relative studies requires institutional review board
(IRB) approval and proper informed consent, which
is complicated in an era of genomic testing and
emerging technology applications. Additional layers
of oversight include proper custodianship of tissue
by pathology departments and biorepositories. Once
specimens have been approved for clinical trials use,
numerous quality metrics must be applied to obtain
high quality material and several approaches have
been developed to maximize the use of bladder can-
cer tissue for these purposes. The session on Best
Practices for Bladder Cancer Use in Clinical Tri-
als included presentations from Dr. Scott Lucia and
Dr. Dara Aisner, University of Colorado at Den-
ver; Dr. Charles Guo, MD Anderson Cancer Center;
Dr. Hikmat Al-Ahmadie, Memorial Sloan Kettering
Cancer Center; and Dr. Donna Hansel, University of
California at San Diego and addressed key issues
relevant for bladder cancer tissue use in correlative
studies.

Bladder cancer is a diverse disease at the morpho-
logical and genomic level, with numerous variants
and subtypes. A subset of these variants appear
to impact pathological and clinical stage and/or
response to chemotherapy [1, 2]. In the majority of
cases, however, variant morphology occurs in a back-
ground of conventional urothelial carcinoma (UC)
and the response of variants to emerging therapies
is largely unknown. In light of this, recent discus-
sions have encouraged the enrollment of patients with
variant histology into clinical trials, given that alter-
native therapies for these patients is limited and little
evidence has been presented to rationally exclude
these patients from clinical trial enrollment. Emerg-
ing molecular data have identified unique molecular
alterations in a subset of variants, including HER2
amplification in micropapillary UC and E-cadherin
deletions in plasmacytoid UC that may be useful in
further defining these variants in future studies [3, 4].

The initial steps to obtaining tissue for correlative
study use is successful IRB and informed consent
approvals. Final tissue distribution for clinical trials
use is regulated by pathology departments, however,
who are required to properly maintain tissue obtained
for diagnostic purposes and serve as a tissue custodian
to avoid unnecessary depletion of specimens. Thus,
it is recommended that pathologists with bladder-
specific knowledge and with awareness of regulatory
implications for tissue use be included early in clini-
cal trials design to optimize tissue acquisition and use.
As anatomic pathology oversees all tissue distribution
from patients and allocates materials to the biorepos-
itory, close working relationships among anatomic
pathology, the biorepository, the clinical trials office,
and the IRB are necessary.

Given that tissue obtained from bladder cancer
patients is often limited in the setting of biopsy or

Table 1
2016 Albert Institute for Bladder Cancer Symposium

Working Group Faculty Chair(s)

1. Best Practices for Tissue Analysis and Use to Optimize
Correlative Studies

• Donna Hansel, MD, PhD – University of California San Diego

2. Modeling Bladder Cancer to Facilitate Understanding and
Innovation

• Molly Ingersoll, PhD – Institut Pasteur, Paris France

• H. Barton Grossman, MD – MD Anderson Cancer Center
3. Targeted Therapies for Bladder Cancer • Thomas Flaig, MD – University of Colorado
4. Tumor Phylogeny in Bladder Cancer • Cathy Mendelsohn, PhD – Columbia University

• David DeGraff, PhD – Penn State
5. New Innovations in Bladder Cancer Diagnostics • Joseph Liao, MD – Stanford University
6. Scientific advisory board • Thomas Flaig, MD – University of Colorado

• David DeGraff, PhD – Penn State
• Ashish Kamat, MD – MD Anderson Cancer Center
• John A. Taylor, III, MD, MS – University of Kansas
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transurethral resection (TUR) specimens and there is
an increasing frequency of pT0 disease in cystectomy
specimens with the advent of neoadjuvant chemother-
apy, approaches to allocate diagnostic and research
tissue from each of these specimens is unique. For
clinical purposes, diagnostic material is submitted for
formalin-fixed paraffin embedded (FFPE) tissue anal-
ysis, with biopsy material fully submitted and TUR
material initially submitted up to 10 blocks for detec-
tion of muscularis propria invasion, with additional
blocks submitted as required. In this context, several
unique approaches to obtain frozen or FFPE material
from these limited specimens were discussed. One
such method to obtain research FFPE material for
molecular analysis includes saving “trimmings” from
blocks as diagnostic slides are prepared. Another
approach to obtain frozen material from TUR spec-
imens would be to include frozen section analysis
on bladder cancer chips and retain these slides in
the permanent diagnostic record. Given the additional
workload incurred by these potential protocols, cost-
compensation for personnel must be accounted for in
clinical trials when considering such approaches.

Several recommendations emerged following
discussion with the participants, including the need
for close working relationships among relevant
working parties, early inclusion of pathology review
to streamline and enhance tissue use, appropriate up
front cost accounting for all aspects of tissue use
in clinical trials, and use of innovative protocols
to expand tissue use. One important topic that
requires additional discussion is the description
of future sample use in patient consent forms to
allow for subsequent novel technology applications
on patient materials. A second area of discussion
focused on whether follow-up of germline genomic
abnormalities identified during the course of a
clinical trial should be required, as these would
require patient sample testing as part of clinical care
in a CLIA-certified lab.

Modeling bladder cancer to facilitate under-
standing and innovation

Chairs: Molly Ingersoll, PhD – Institut Pasteur,
Paris France

H. Barton Grossman, MD – MD Anderson Cancer
Center

The aim of this session was to understand the
roles of bladder cancer models in dissecting mech-
anisms of tumor development and host response to

established and experimental therapeutics. Modeling
bladder cancer has permitted researchers to identify
driver mutations, disease subsets, and mechanisms
underlying therapeutic response. Although all mod-
els have their limitations, inherent in each model is
the possibility to innovate through novel application
or repurposing of established models.

CELL LINES TO MODEL BLADDER
CANCER AND ASSESS THERAPEUTIC
APPROACHES

Dr. Grossman provided an introduction to immor-
talized cell lines. Numerous bladder cancer cell lines
have been established that are well characterized and
available through cell banks [5]. Normal urothelial
cells can only be cultured for short term, however they
are not identical to normal urothelium in situ and ulti-
mately undergo senescence [6]. Some progress has
been made through urothelial cell transformation by
SV-40 [7] and h-TERT [8], providing in vitro com-
parators to bladder cancer cell lines. Advantages to
using cell lines include ease of maintenance and rela-
tively modest cost. Importantly, however, cell lines do
not recapitulate tumor complexity and their behavior
is shaped by culture conditions. Furthermore, cur-
rently available cell lines may not be representative
of bladder cancers, as comparison of the genotype
of a large panel of bladder cancer cell lines to blad-
der cancers revealed that cell lines are more likely to
have TP53 mutations and less likely to have FGFR3
mutations [5].

Bladder cancer cell lines have provided valuable
insight into tumor biology, despite their caveats.
A panel of human bladder cancer cell lines with
the p53-like molecular phenotype exhibited signif-
icantly lower rates of apoptosis when exposed to
cisplatin than cell lines with basal or luminal phe-
notypes, suggesting that p53-like tumors were less
likely to respond to neoadjuvant M-VAC due to
innate cisplatin resistance [9]. Supporting this con-
clusion, bladder cancer patients with the p53-like
molecular phenotype exhibit a decreased response to
chemotherapy with M-VAC [9]. A study of a Smac
mimetic in ten bladder cancer cell lines found that
it increases apoptosis only in a subset of cell lines
exposed to cisplatin and gemcitabine [10] highlight-
ing the need for multiple cell lines, particularly when
assessing response to potentially useful therapy.

Finally, Dr. Grossman further suggested taking a
lesson from clinical investigators. Often researchers
focusing on a specific cancer will only use cell lines
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derived from that cancer. The so-called basket design
enrolls patients not with a particular tumor but with a
particular gene mutation [11]. In this way, we may
advance our understanding of bladder cancer and
therapeutics, but also make inroads into the treatment
of related malignancies.

ORGANOID MODELS TO EVALUATE
THERAPEUTIC APPROACHES

Dr. Michael Shen, Columbia University, intro-
duced the concept of patient-derived organoid tumor
models. Patient-derived organoid models of bladder
cancer have several major advantages for tumor biol-
ogy and drug response studies, including ease of
culture, handling, and cryopreservation; potential to
model individual patient tumors; the ability to model
rare subtypes and genomic alterations not represented
in cell lines; and the potential for an organoid biobank
representative of the full spectrum of human blad-
der cancer. Biobanks would provide the possibility
for medium-scale drug screens and functional analy-
ses or the generation of xenografts from established
organoid lines.

Dr. Shen also highlighted the potential disadvan-
tages of organoid models, most notably the lack
of stromal microenvironment and immune system;
inefficiency in establishing organoid lines; and that
no definitive evidence exists demonstrating that
drug response in organoid culture is translatable
to patients. Despite these caveats, organoid culture
shows considerable promise. In the field of prostate
cancer, researchers have recapitulated the diversity
of this disease and detailed methods to establish
organoid cultures are available [12, 13]. Given the
complex nature of bladder cancer, it is likely that
organoid culture will provide an important platform
to dissect diversity among patients and uncover mech-
anisms of therapeutic action on tumors.

ANIMAL MODELS TO UNDERSTAND
BLADDER CANCER, HOST RESPONSE,
AND THERAPEUTIC IMPACT

Moving away from culture systems, Drs. Xue-Ru
Wu, NYU School of Medicine, and Molly Ingersoll,
Institut Pasteur, discussed the use of mouse bladder
cancer models to investigate tumor development and
mechanisms of immunity following immunotherapy,
respectively [14].

Dr. Wu focused on the contribution of geneti-
cally engineered mouse models (GEMMs), which

have been instrumental in understanding the initi-
ation and progression of bladder cancer over the
past two decades [15, 16]. Remarkably, despite their
prevalence, mutations in the RTK-RAS-PI3K path-
way likely do not constitute driver mutations for
disease [17–20]. Surprisingly, single mutations in
p53/RB1 tumor suppressor pathways also appear
to lack tumorigenicity [21, 22]. Urothelium-specific
ablation of p53 and RB1 or PTEN does, however,
lead to urothelial abnormality and tumor develop-
ment [22, 23]. Interestingly, these studies and others
suggest that, the RTK-RAS-PI3K pathway and the
p53/RB1 pathways may intersect, leading to muscle
invasive disease. This is relevant for human disease as
whole-genome analyses showed that both pathways
are altered in over 70% of human muscle-invasive
bladder cancers [24].

Dr. Ingersoll described recent advances in under-
standing mechanisms of immunotherapy for bladder
cancer. One of the most common approaches to
study immunotherapy is orthotopic implantation of
the bladder cancer cell line MB49 [25]. There are
limitations to this approach, including inconsistent
tumor implantation and a lack of tumor heterogene-
ity. Despite this, orthotopic models have advanced
our understanding of mechanisms of BCG-induced
tumor immunity. For example, BCG instillation
induces cellular infiltration and cytokine expression
[26], which can be accelerated by vaccinating mice
with BCG prior to therapeutic intravesical instil-
lation [27]. In addition, pre-existing immunity to
BCG induces superior protection following tumor
challenge and treatment than treatment alone [27].
Notably, this experimental observation was born out
in patients, in which those who were PPD-positive
at the start of therapy had improved recurrence-free
survival compared to those who were PPD-negative
at the onset of therapy [27]. Mouse models will likely
play an even more important role in the years to
come, by permitting testing of new therapeutics in
heterogeneous tumors and intact immunity.

MINING GENOMICS TO CLASSIFY
BLADDER CANCER AND IDENTIFY
THERAPEUTIC TARGETS

Dr. Lerner, Baylor College of Medicine, discussed
the role of genomic analysis in classifying bladder
cancer and identifying therapeutic targets. The
Cancer Genome Atlas project (TCGA) has reported
on the molecular characterization of muscle-invasive
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urothelial bladder cancer [24], and several molecular
bladder classification systems have been proposed
that share the luminal/basal features discovered in
breast cancer [9]. Notably, a more recent analysis
has uncovered molecular subtypes in nonmuscle
invasive bladder cancer, similar to those observed in
other cohorts, but also containing distinct molecular
signatures with respect to carcinoma in situ [28,
29]. SWOG has an ongoing clinical trial to validate
predictive biomarkers in bladder cancer. Continued
investigation into the genomics of bladder cancer
offers the promise of defining novel prognostic and
predictive biomarkers and therapeutic targets.

Targeted therapies for bladder cancer

Chair: Thomas Flaig, MD – University of Colorado

At this year’s symposium, a dedication session on
Targeted Therapies for Bladder Cancer was intro-
duced. Drs. Matthew Milowsky, UNC-Chapel Hill,
and Ashish Kamat, MD Anderson, provided a sum-
mary of the current landscape for the treatment of
advanced bladder cancer and non-muscle invasive
bladder cancer, respectively. In this session, phar-
maceutical representatives were invited to join the
academic participants for this interactive exchange.
It was emphasized that the treatment of advanced
bladder cancer has largely relied on the use of
platinum-based chemotherapy combinations and the
treatment for non-muscle invasive bladder cancer
centers around BCG immunotherapy. Dr. Noah Hahn,
Johns Hopkins University School of Medicine, addi-
tionally detailed a multitude of distinct clinical states
in UC (e.g., BCG-relapsed, non-muscle invasive,
neoadjuvant, post platinum, etc.) and highlighted the
many opportunities for additional drug development,
including in new clinical settings (e.g., in the post
checkpoint inhibitor state). Dr. Jonathan Rosenberg,
Memorial Sloan Kettering, outlined the bladder can-
cer findings within the TCGA and how this and
other related efforts have now transitioned bladder
cancer into the realm of molecularly-characterized
oncologic diseases [24]. Several molecular classi-
fication schemes to categorize bladder cancer now
provide further insight into the bladder cancer sub-
types, which may aid in therapeutic selection. After a
very long dependence on platinum-based chemother-
apy for advanced bladder cancer, these molecular
insights and classifications provide a new road map
for the development of a targeted therapy approach
in advanced disease.

IMMUNE CHECKPOINT INHIBITION IN
BLADDER CANCER

With the approval of atezolizumab in May of 2016,
a new era of immunotherapy for bladder cancer has
begun. Drs. Elizabeth Plimack, Fox Chase Cancer
Center, and Matthew Galsky, Tisch Cancer Insti-
tute/Mount Sinai School of Medicine, detailed recent
advances in immune checkpoint inhibition, targeting
the PD-1 and PD-L1 interactions. Atezolizumab is a
programmed death-ligand 1 (PD-L1) blocking anti-
body approved for the treatment of locally advanced
or metastatic UC in patients with disease progression
during or following platinum-containing chemother-
apy. In a phase 2 trial of patients with progressive
disease after previous platinum-based chemotherapy,
310 received atezolizumab treatment. The objec-
tive response rate was 15% overall, with improved
response rates observed in those with increased PD-
L1 expression status on infiltrating immune cells.
Notably, the majority of responding patients (84% of
45) continued to respond with a median follow-up of
11.7 months, suggesting a significant durability, not
seen with traditional chemotherapy [30]. Data on the
use of the PD1 inhibitors nivolumab, pembrolizumab,
durvalumab and the CTLA-4 inhibitor tremelimumab
in UC is also developing. Trials are currently under-
way exploring the use of PD-1/PD-L1 and CTLA-4
inhibitors in bladder cancer, encouraged by the suc-
cess of these combinations in metastatic melanoma
patients. The merits of upfront immune checkpoint
treatment, as opposed to its use as second-line therapy
as is indicated under the current label for Ate-
zolizumab, is also being studied. The long-standing
role of BCG immunotherapy in non-muscle inva-
sive bladder cancer was acknowledged [31]. As
such, investigations into the integration of checkpoint
inhibitors in concert with BCG in earlier stages of
bladder cancer are underway and open up new treat-
ment possibilities to those with early-stage bladder
cancer as well.

FIBROBLAST GROWTH FACTOR
RECEPTOR IN BLADDER CANCER

The alteration of the fibroblast growth factor
receptor (FRFG) and the related pathway has been
long known in the pathophysiology of bladder can-
cer. FGFR3 is known to be dysregulated in some
forms of bladder cancer with the identification of
the FGFR3-TACC3 fusion in both in vitro mod-
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els and clinical samples [32]. Several agents are
now emerging which target this pathway, includ-
ing B-701, JNJ-42756493, and PRN1371. Dr. Arlene
Siefker-Radtke, MD Anderson, detailed the back-
ground of FGFR dysregulation in bladder cancer
and broad therapeutic potential in this area. Clinical
investigations of the FGFR 1-4 inhibitor Erdafi-
tinib (JNJ-42756493) which largely functions as a
pan-FGFR inhibitor has shown initial activity in a
small number of UC patients. A Phase 2 study:
Two-arm Multicenter, Open-Label Study to Deter-
mine the Efficacy and the Safety of Two Different
Dose Regimens of a pan-FGFR Tyrosine Kinase
Inhibitor JNJ-42756493 in Subjects with Metastatic
or Surgically Unresectable Urothelial Cancer with
FGFR Genomic Alterations (NCT02365597), is now
underway to better characterize the activity of this
agent. B-701 is an anti-FGFR3 antibody, which
is also being tested in UC. A clinical study is
currently underway to investigate this agent: A
phase 1b/2, Randomized, Double-Blind, Placebo-
Controlled, Multicenter, Parallel-Group Study of
B-701 Plus Docetaxel Versus Placebo Plus Doc-
etaxel in the Treatment of Locally Advanced or
Metastatic Urothelial Cell Carcinoma in Subjects
Who Have Relapsed After, or Are Refractory to
Standard Therapy (NCT02401542). PRN1371 is a
pan-FGFR inhibitor with in vivo efficacy in the
UC RT4/FGFR3:TACC3 model. A phase I trial is
underway to investigate this agent, which includes
patients with advanced urothelial carcinoma: A Phase
I Open-Label, Multicenter, Dose-Escalation Study of
PRN1371, a FGFR 1-4 Kinase Inhibitor, in Adult
Patients with Advanced Solid Tumors, Followed
by an Expansion Cohort in Patients with FGFR
1, 2, 3, or 4 Genetic Alterations (NCT02608125).
There is an active effort to characterize the effi-
cacy of FGFR inhibition in bladder cancer and
ideally, to define the patient population most like to
respond.

OTHER THERAPEUTIC
DEVELOPMENTS IN BLADDER CANCER

Dr. Primo Lara, UCDavis Comprehensive Cancer
Center, described recent investigations with eribulin
for UC. Eribulin was discovered in 1986 from the
sponge Halichondria okadai, and the Halichondrin
analog E7389 (eribulin) was subsequently developed.
This compound is well tolerated in those with mild to
moderate renal insufficiency [33]. Positive responses

in urothelial carcinoma patients were observed in the
first-in-human trial, and a California Cancer Consor-
tium trial, Phase II trial of eribulin in urothelial cancer
patients with renal impairment (PHII-75), was sub-
sequently performed, with an overall response rate of
37%. Additional clinical investigations of this agent
in advanced UC are planned.

An emerging area of interest in UC therapeutics
is the use of Antibody-Drug Conjugates (ADC).
This approach combines the targeting specificity
of the antibody coupled to a small payload of a
potent cytotoxic agent in order to have a targeted
delivery of the chemotherapy based on tumor surface
markers. Two ADCs have been licensed and are
in current clinical use in oncology: T-DM1 in
breast cancer and brentuximab vedotin in classical
Hodgkin lymphoma and systemic anaplastic large
cell lymphoma. Enfortumab vedotin in an ADC
targeting Nectin-4, which is highly expressed in
bladder cancer, using the Microtubule-disrupting
agent monomethylauristatin-E (MMAE) [34]. Activ-
ity is seen UC patients, including those with liver
metastatic disease and post-checkpoint inhibition,
with additional studies planned.

Tumor phylogeny in bladder cancer

Chairs: Cathy Mendelsohn, PhD – Columbia Uni-
versity

David DeGraff, PhD – Penn State

UC is the most common type of bladder can-
cer in the United States, affecting males 3-4 times
more frequently than females. Major risk factors for
UC include smoking and exposure to environmen-
tal toxins. UC arises from the urothelium, a slow
cycling stratified epithelial barrier that lines the uri-
nary tract stretching from the renal pelvis to the
bladder neck [35, 36]. The urothelium consists of at
least 4 known cell types that can be distinguished
based on morphology and expression of combinato-
rial markers [37]. Superficial cells lining the luminal
layer are a binucleated and polyploid cell types
that produce the plaque that serves as the urothe-
lial barrier. Intermediate cells, which can be mono or
binucleated are a small population of self-renewing
superficial cell that give rise to superficial “umbrella”
cells during homeostasis and after acute damage
reviewed in: [38, 39]. The basal cell population
makes up most of the urothelium, and can be subdi-
vided into K5-expressing basal cells that are negative
for Krt14 and reside in the basal and suprabasal
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layers, and Krt14-basal cells, a populations that
resides exclusively in the basal layer expressing
both Krt14 and Krt5 [40]. There is considerable
controversy regarding the identity of progenitor
populations in the urothelium. Fate mapping stud-
ies using Cre-Lox recombination to indelibly label
urothelial sub-populations has produced conflict-
ing results. Studies from the Mendelsohn lab used
tamoxifen-inducible Upk3a and Krt5 lines to indeli-
bly label intermediate and basal cells, respectively.
These studies suggest that intermediate cells are a
self-renewing population that produce umbrella cells
during development, homeostasis and in response
to acute injury from cyclophosphamide, while basal
cells are self-renewing but generally unipotent [37].
On the other hand, work from the Klinakis groups
using a tamoxifen-inducible Krt14 line to label
Krt14-basal cells suggests that basal cells can pro-
duce umbrella cells during development, homeostasis
and in response to severe injury [41]. These conflict-
ing findings may reflect differences in lineage-tracing
models, or more interestingly, may reflect changes in
behavior of urothelial cells in response to acute or
chronic injury.

UC is currently characterized based on histopathol-
ogy, into classes that display distinct morphological
features and clinical behaviors. Carcinoma in situ
and muscle invasive tumors are often poorly dif-
ferentiated, and thus classified as high grade,
whereas non-muscle invasive UC often exhibits well
differentiated, low grade papillary structures [42].
There are also a number of variant histologies such as
micropapillary and sarcomatoid UC that are associ-
ated with adverse clinical outcomes. The differences
in morphology and clinical behavior of UC has led
to the suggestion that different types of tumors arise
from different urothelial cell types of origin. Sup-
porting this, lineage studies in mouse models of
carcinogenesis suggest that intermediate cells give
rise primarily to papillary carcinomas [43]. On the
other hand, basal cells have the capacity to form sev-
eral tumor types including carcinoma in situ (CIS),
muscle invasive (MI) UC, and squamous lesions, sug-
gesting that factors other than cell type of origin are
likely to be critical determinants of tumor morphol-
ogy and clinical behavior [41, 43–45]. However, the
identity of these potential mechanisms, as well as
the way they may operate in a cell subtype-specific
manner in UC during cellular transformation and pro-
gression remains unresolved.

During the past few years, large-scale molecular
characterization of tumors isolated from patients has

revolutionized the way we think about cancer. Exome
sequencing and gene expression profiling reveals that
lesions can be classified into tumor subtypes based on
the mutational landscape and gene expression profiles
[24, 46–54]. Analysis of muscle-invasive UC (MIUC)
lesions reveals that they can be subdivided into 3 or
more molecular subtypes depending on the study,
including basal/SCC-like tumors and luminal-like
tumors, which have distinct morphologies and pat-
terns of gene expression, analogous to the subtypes
observed in breast cancer [9]. These observations sug-
gest that distinct features of UC lesions are likely
to be governed by genomic changes. Hence, while
cell type of origin may influence the types of tumors
that arise in some instances, genomic alterations and
gene expression changes are likely to be the “master
regulators” of tumor subtypes in UC.

Despite the progress that has been made in the
field, there are many questions that need to be
addressed. There are accumulating data points related
to the mutations that are acquired in UC, how-
ever there is incomplete understanding about the
timing of particular genomic and gene expression
alterations with respect to invasion, transformation,
and metastasis. In addition, several studies suggest
that tumors can undergo phenotypic shifts during
metastasis. Whether this phenomenon is linked to
epigenetic changes or acquisition of particular muta-
tions is unknown. The increased tendency of males to
develop UC compared to females in not well under-
stood. The male and female genomes differ in a
number of ways; males have a Y chromosome with a
relatively small number of genes not present on the X
chromosome. Notably, some of these genes regulate
sexual development and hormonal signaling that may
promote UC in males. On the other hand, genes on the
X chromosome that escape inactivation may exert a
suppressive effect with respect to tumor formation or
progression in females. Tracing the phylogeny of UC,
from the urothelium to metastases using genomics,
gene expression analysis and mouse models will be
important for understanding the sequence of events
that lead to cancer, and will identify new potential
targets for chemotherapy.

INTRA-TUMOR HETEROGENEITY

Histopathological analysis of CIS, MIUC, and pap-
illary lesions often reveals a fair degree of intra-tumor
heterogeneity, including domains with variant his-
tology, which recent studies suggest may have an
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important impact on clinical behavior. For example,
micropapillary morphology in non-muscle invasive
UC predicts BCG failure, whereas squamous mor-
phology may be predictive of differential response to
neoadjuvant chemotherapy. In the context of molecu-
lar subtypes, basal-like lesions often contain pockets
of squamous differentiation, which is considered a
poor prognostic indicator. Dr. Warrick, Penn State,
reviewed his efforts to study the relationship between
expression subtype and variant histology using a ret-
rospective cohort of over 300 consecutive cystectomy
cases. These studies revealed that micropapillary and
squamous variant patterns are often mutually exclu-
sive supporting the idea that domains with variant
histology have an important impact on tumor progres-
sion and behavior. Dr. Warrick’s group investigated
the distribution of the micropapillary and squamous
histological variants in different tumor subtypes,
using FOXA1 and KRT14, respectively, to distin-
guish lesions with luminal-like molecular subtype
from lesions from basal-like subtype. These studies
reveal that micropapillary domains tend to be asso-
ciated with luminal like subtypes, while squamous
histological variants tend to be associated with basal-
like tumors. Interestingly, KRT14 was up regulated in
domains with squamous histology. The findings sup-
port the idea that domains with variant histology may
have an important impact on the behavior of basal and
luminal lesions.

MOLECULAR SUBTYPE STABILITY IN
THE METASTATIC PROGRESSION

Dr. Gottfried Sjodahl, Lund University Sweden,
discussed his recent investigation of molecular sub-
type stability in the metastatic progression in UC. In
these studies, his group analyzed cells in tumors and
local lymph node metastases, comparing immunohis-
tochemistry, gene expression profiles, and mutations.
Sixty-nine pairs were analyzed and for 58 of these
pairs, there was no evidence of phenotypic shift
between tumor cells between the two locations. Most
of the tumors that did show phenotypic switching,
went from a basal/SCC-like phenotype in the bladder
tumor to luminal-subtype, uro-subtype or genomi-
cally unstable subtype in the matched lymph node
metastases. Upon re-examination of full pathological
sections, at least some degree of subtype heterogene-
ity was present in most trans urethral bladder tumor
specimens, but heterogeneity could only explain a
few of the phenotypic switches observed. In con-

clusion, Dr. Sjodahl found advanced UC samples
and their corresponding matched lymph-node metas-
tases to be more stable than expected. While genomic
analysis still needs to be conducted, most cases did
not exhibit a subtype shift, but pairs that switched
lost the basal/SCC-like phenotype in the transition to
node-metastasis, which may suggest that interaction
of tumor cells with the malignant microenvironment
within the bladder wall plays an important role in the
maintenance of a basal/SCC-like state.

SEX DISPARITIES IN UC INCIDENCE
AND MORTALITY

Dr. Sean Li, Boston’s Children Hospital and Har-
vard Medical School, discussed the latest studies
aimed at understanding sex disparities in UC inci-
dence and mortality. Men are much more likely than
women to develop cancers arising in organs with
non-reproductive functions. Specifically, UC is 3–5
times more common in men. The increased incidence
in UC in men was originally attributed to increased
frequency of tobacco use and environmental expo-
sure to carcinogens. However, recent studies indicate
that the sex disparity in UC and other cancers is
linked to intrinsic differences between sexes [55–58].
Using the complete sex reversal mouse model to
interrogate relative contributions of the sex chromo-
somes (XX in females vs XY in males) and gonadal
hormones (testis vs ovary), Dr. Li has investigated
whether genes encoded on the X-chromosome, of
which there are two copies in females, and one
copy in males, may have tumor suppressor activity
rendering females more resistant to bladder cancer.
Indeed, regardless of the gonadal type, mice with two
copies of the X-chromosome are much less likely
to develop bladder cancer. Lysine Demethylase 6A
(KDM6A) is a X-chromosome-linked epigenetic reg-
ulator. It is expressed in significantly higher levels
among females than males. By conditionally delet-
ing KDM6A from the mouse bladder urothelium,
Dr. Li observed that Kdm6a conditional knock-
out mice are significantly more susceptible to UC.
Moreover, human KDM6A is frequently mutated in
human UC; and mutations of KDM6A predicted
poor outcome of disease-free survival in female
bladder cancer patients. Collectively these findings
demonstrate that the X-chromosome copy number
difference is correlated with the sex disparity in UC,
and further suggest that female-biased expression of
the X-linked tissue-specific tumor suppressors, e.g.,
KDM6A in UC, underlies the sex difference observed.
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ENDOPHILIN A1 IN UROTHELIAL
HOMEOSTASIS

Dr. Rosalyn Adam, Boston Children’s Hospital
and Harvard Medical School, outlined the role of
endophilin A1 in urothelial homeostasis and in UC
where its expression is lost during tumor progression.
Endophilin A1 is a cytoplasmic protein and a com-
ponent of the multi-protein complex that promotes
endocytosis of receptor tyrosine kinases, including
the EGFR and c-MET, to down regulate their activ-
ity [59, 60]. Investigations using RT4 cells and
tumor xenografts to identify the consequences of
endophillin A1 silencing on tumor progression have
been performed. This work demonstrated that knock-
down of endophilin A1 enhanced EGFR and c-MET
signaling in RT4 cells, and was associated with an
increase in survival, proliferation, and growth of
tumor xenografts [3]. Additional studies suggested
that loss of endophillin A1 expression arose, in
part, from methylation-induced silencing. Dr. Adam
hypothesized that loss of endophilin A1 may predict
increased sensitivity to EGFR- and c-MET-targeted
tyrosine kinase inhibitors.

THREE-DIMENSIONAL ORGANOTYPIC
CULTURE

A major barrier to understanding cancer growth,
invasion, and metastasis is that these processes occur
deep inside the body over years to decades. This
inaccessibility limits our ability to screen for can-
cer in patients and limits our ability to understand
the cellular and molecular basis of disease processes,
thereby slowing the progress of new therapies for
patients. The breast cancer research field has led
the way in development of innovative “3D culture”
experiments that enable researchers to study more
realistic models of cancer progression in vitro [61].
Dr. Andrew Ewald, Johns Hopkins University School
of Medicine, described how these 3D culture tech-
niques could be used to test the importance of the
tumor microenvironment [62], to isolate the effect of
specific cancer genes [63], and to discover targetable
molecular programs driving metastasis [64]. Interest-
ing parallels emerged in the biology of breast and UC
in terms of the heterogeneity in luminal and basal dif-
ferentiation among different cancer cells populations
both within the same tumors and between tumors
[64]. Ongoing work seeks to determine whether the
cancer cell (or cluster) that seeds new metastases
is representative of the average cancer cell in the

primary tumor or whether it could be preferentially
accomplished by cells in a specific (e.g., basal) dif-
ferentiation state [65, 66].

UROTHELIAL PROGENITOR CELLS AND
TUMORIGENESIS

Dr. Mendelsohn provided an overview of basic
aspects of urothelial cell biology, and the context-
dependent role that various urothelial progenitor
cells play in maintaining the barrier integrity
of the urothelium and how urothelial progenitor
populations become altered as a result of chronic
inflammation in response to drugs and carcinogens.
Previous findings from the Mendelsohn lab suggest
that in the healthy bladder, intermediate cells are
self-renewing superficial cell progenitors during
homeostasis and regeneration after acute injury from
urinary tract infection [37]. Interestingly, however,
basal cells, that are largely unipotent in the healthy
urothelium, acquire progenitor potential following
chronic injury induced by treatment with cyclophos-
phamide (CPP), which causes hemorrhagic cystitis
in humans and animal models and is sometimes used
as a model of urothelial injury and regeneration in
rodents [67, 68]. CPP-induced bladder damage is
caused by acrolein, a carcinogenic metabolite of CPP
that is a component of cigarette smoke [69]. Ongoing
work from Dr. Mendelsohn is examining the effects
of short-term exposure of mice to BBN, a chemical
carcinogen that induces bladder cancer, which also
contains acrolein. This work has shown a pattern of
tissue injury following 1 month of BBN treatment
that was very similar to that as observed after
CPP treatment, including edema, granulation tissue
and inflammation. These observations suggest that
chronic inflammation may promote carcinogenesis
in part, by altering the potential of basal cells. Basal
cells contribute to several types of lesions, including
CIS, MIUC, and SCC. The observation that severe
or chronic urothelial damage can alter the progenitor
properties of basal cells is an important finding
that will help set the framework for future studies
investigating the events that underlie tumorigenesis.

New Innovations in bladder cancer diagnostics

Chair: Joseph Liao, MD – Stanford University

This session highlighted recent advances in blad-
der cancer diagnostics, particularly for high-risk
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non-muscle invasive bladder cancer (NMIBC). Areas
of focus included emerging optical imaging technolo-
gies, multiplex urinary biomarker panels, and in vitro
diagnostics based on micro/nanotechnologies. As
there are clear unmet needs in current diagnos-
tics for NMIBC, new endoscopic technologies and
urine-based diagnostics are complementary and syn-
ergistic. Emblematic of the interdisciplinary focus,
session members included bladder cancer surgeons,
clinician-scientists, and biomedical engineers expe-
rienced in translational research.

LIGHT-BASED TOOLS FOR BLADDER
CANCER DETECTION AND THERAPY

Dr. Liao highlighted the unmet needs in optical
diagnosis of bladder cancer in which white light cys-
toscopy (WLC) and transurethral resection (TUR)
are the standard. Well-recognized shortcomings
include tumor enumeration, tissue characterization,
flat lesion differentiation, and cancer staging, which
in turn can lead to missed lesions, inadequate resec-
tion, and overall negative impact on cancer-specific
outcomes. These clinical needs, in parallel with
advances in imaging sciences, have motivated devel-
opment of new imaging technologies that include
wide field fluorescence and high resolution opti-
cal biopsy [70–73]. Dr. Audrey Bowden, Stanford
University, further described her efforts to advance
optical coherence tomography (OCT) for bladder
cancer. OCT complements WLC through improved
spatial resolution (<10 �m), sub-surface imaging to
enable local cancer staging, and an established clini-
cal utility in other disciplines (e.g., ophthalmology).
A promising prototype has recently been introduced,
which is capable of 3-D volumetric imaging and is
the smallest (1.3 mm outer diameter) OCT endoscope
with the fastest image processing capability reported
to date [74]. In addition to instrumentation design,
other novel approaches in this area are emerging
including an imaging mosaicking and 3-D bladder
mapping algorithm [75, 76], and a distensible blad-
der phantom [77, 78], with wide applicability for
validation of other bladder imaging technologies.

Bridging optical diagnosis and therapy, Dr. Piyush
Agarwal, National Cancer Institute, introduced pho-
toimmunotherapy (PIT) as a potential endoscopic
therapeutic modality for NMIBC. PIT combines flu-
orescently labeled molecular targeting agents with
laser excitation [79], thereby achieving greater pre-
cision in tumor ablation and reduced non-specific

injury compared to traditional photodynamic therapy
(PDT). The strategy takes advantage of the expand-
ing panel of therapeutic monoclonal antibodies that
target molecules overexpressed by cancer cells. The
therapeutic antibodies may also be tagged for optical
molecular imaging, as exemplified by targeted imag-
ing of CD47, a cell surface protein overexpressed
by bladder cancer cells, in intact radical cystectomy
specimens with promising diagnostic accuracy [80].
Another promising target is epidermal growth fac-
tor (EGFR), which is overexpressed in up to 74% of
bladder cancer, particularly in basal phenotype [81].
Dr. Agarwal described his group’s ongoing work on
targeting EGFR in cultured bladder cancer cells and
xenograft models using a combination of anti-EGFR
conjugated with a near-infrared dye and a compatible
laser source. A Phase I clinical trial is currently in the
planning stage.

EMERGING URINARY BIOMARKERS
AND IN VITRO DIAGNOSTIC
PLATFORMS FOR BLADDER CANCER

Dr. Jay Raman, Penn State, defined the rationale
and need for better diagnostics for early-stage bladder
cancer, given the suboptimal performance of current
urine tests to replace surveillance cystoscopy even in
patients with low-risk disease. In addition to the asso-
ciated morbidity, the cost of cancer surveillance is a
significant source of healthcare expenditure related to
bladder cancer [82]. Shortcomings of standard urine
cytology include poor sensitivity (12–48%), partic-
ularly for low-grade cancer, and the subjective and
laborious nature of assay interpretation that requires
trained cytopathologists [83]. The goals of new urine-
based diagnostics are twofold: 1) cancer detection
in a screening population (e.g., hematuria work-up),
which requires a low false positive rate; and 2) can-
cer surveillance in patients with history of bladder
cancer, which requires high sensitivity and nega-
tive predictive value. Many of the approved single
biomarker immunoassays to date have not met these
criteria, and hence the low clinical adoption rate.
Improved understanding of cancer molecular path-
ways and wide availability of nucleic acid sequencing
have rapidly expanded the pool of potential can-
cer biomarkers. Therefore, recent efforts in cancer
diagnostics have focused on development of multi-
gene panels to account for cancer heterogeneity, and
quantitative reverse transcriptase PCR amplification
as the detection strategy. Dr. Raman highlighted a
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recently completed multicenter trial to validate a 5
mRNA panel which consisted of MDK, HOXA13,
CDC2, IGFBP5, and CXCR2 [84] for bladder can-
cer surveillance. The panel achieved a promising
overall sensitivity of 92% and a 97% negative pre-
dictive value, which offers the possibility to reduce
cystoscopy burden on low-risk patients.

In addition to biomarker panel development and
ongoing efforts of biomarker discovery based on
next generation sequencing technologies, Dr. Liao
underscored the emergence of molecular diagnostic
platforms based on microfluidics and nanotechnol-
ogy that offer the potentials of ultra-sensitivity,
integrated sample preparation, and near-patient test-
ing. Significant efforts are underway to translate these
‘lab-on-a-chip’ technologies for cancer diagnostics,
including bladder cancer. An integrated microflu-
idics cartridge capable of multiplex qPCR (Xpert®,
Cepheid) of bladder cancer urinary markers has
recently been approved in Europe. The platform
is capable of ‘sample-in, answer-out’ within 90
minutes. Dr. Jeff T.H. Wang, Johns Hopkins Univer-
sity School of Medicine and Engineering, provided
an exciting glimpse of various microfluidics and
biosensor platforms at pre-clinical or early clinical
validation stage for early cancer detection [85–87].
Examples presented include a fully integrated sample
preparation and PCR on a biochip for ultrasensitive
detection of methylated DNA from clinical sam-
ples [88]. It is anticipated that the platform can be
repurposed for detection of bladder cancer urinary
biomarkers.

In conclusion, the molecular characterization of
bladder cancer has advanced substantially in recent
years. To continue this progress, it is critically impor-
tant that best practices for tissue collection and
analysis be employed and standardized where pos-
sible. Robust and novel preclinical models of bladder
cancer are needed and this is especially true of
immune-competent models due to the importance and
clinical relevance of immunotherapy in bladder can-
cer. The approval of an immune checkpoint inhibitor
for advanced bladder cancer is a notable milestone
on which further immune therapy integration may be
built. In addition, there are many other drug devel-
opment opportunities in bladder cancer with targeted
agents including FGFR, additional immunotherapies,
antibody drug conjugates and cytotoxic agents. The
study of tumor phylogeny in bladder cancer contin-
ues to progress in the context of advances in the
molecular characterization of bladder cancer. Tech-
nological advances are being studied and applied in

bladder cancer, in the areas of light-based tools and
in vitro urine-based assays, with the goal of improved
detection and treatment of early stage bladder
cancer.
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