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Abstract: Although level | evidence supports the use of neoadju-
vant cisplatin-based chemotherapy followed by radical cystecto-
my for the management of patients with muscle-invasive bladder
cancer (MIBC), these treatment modalities are utilized in only a
subset of patients. The reasons for lack of implementation of these
treatment standards are multiple; patients may be considered
ineligible for cisplatin or too old for safe cystectomy. Better means
of determining a patient’s probability of recurrence with surgery
alone, or likelihood of benefit with neoadjuvant chemotherapy,
are clearly needed. Models have been developed to individual-
ize estimates of non-organ-confined disease based on pretreat-
ment variables. It is critical that clinicians are able to effectively
communicate complex risk-related data to patients to facilitate a

shared medical decision.

Introduction

In 2012, approximately 73,510 patients in the United States were
diagnosed with bladder cancer, and approximately 14,880 patients
succumbed to the disease.! Although the majority of patients
(approximately 85%) will have clinically localized disease at the
time of diagnosis, up to 50% of patients who present with muscle-
invasive disease will ultimately develop metastatic recurrence. The
median survival of patients with metastatic bladder cancer is only
approximately 14 months.?

The development of novel therapeutic approaches to the manage-
ment of bladder cancer has lagged far behind other malignancies (Fig-
ure 1). Since 1995, there has been 1 new drug approved for the treat-
ment of bladder cancer in the United States, an intravesical therapy for
the treatment of non—muscle-invasive disease. (Note: Vinflunine has
been approved for second-line treatment of metastatic bladder cancer
by the European Medicines Agency.) There are multiple potential rea-
sons for the lack of progress, including disease biology, lack of fund-
ing, and lack of investigator interest. However, bladder cancer is also
largely a disease of the elderly (median age of diagnosis, 73 years), and
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Figure 1. New drug approvals for genitourinary cancers
between 1995 and 2012. RCC=renal cell carcinoma;
PCa=prostate cancer; UC=urothelial cancer; US FDA=US
Food and Drug Administration.

patients often have smoking-related comorbidities. Over
the past decade, there has been an increasing appreciation
for the significant disconnect between the efficacy of “gold
standard” therapies for this disease, and the effectiveness of
such treatments when applied to the general population of
patients with bladder cancer.

This review will focus on the management of
muscle-invasive bladder cancer (MIBC) as a paradigm for
addressing the difficulties in translating level I evidence to
“real world” patients. MIBC was selected for discussion
for 2 major reasons: (1) Only approximately 8-10% of
patients with metastatic bladder cancer have radiographic
evidence of metastases at the time of presentation—the
vast majority initially present with clinically localized
disease; and (2) MIBC is potentially curable, particularly
with combined modality approaches. It is in this clinical
disease state where, arguably, the largest impact on the
natural history of bladder cancer may occur.

Neoadjuvant Chemotherapy and Radical
Cystectomy: Gold Standard Management
for MIBC?

Surgical removal of the bladder, with pelvic lymph dissec-
tion, is potentially curative in patients with MIBC. In large
surgical series, the vast majority of patients with pathologi-
cally organ-confined disease are cured with this approach,
although patients with evidence of pathologic lymph node
involvement fare significantly worse.> However, radical
cystectomy is a major operation often associated with a sig-
nificant recovery period. This procedure requires a skilled
surgeon and adequate support team, factors that have con-
tributed to an increasing regionalization of care.*

Due to these considerations, as well as the older age
of most patients with bladder cancer, only a minority

of patients with muscle-invasive disease are undergoing
cystectomy. This issue has been addressed in population-
based studies using Surveillance Epidemiology and End
Results (SEER) data and data derived from the National
Cancer Data Base (NCDB).>¢ In an NCDB analysis, more
than 40,388 patients with MIBC diagnosed between
2003 and 2007 were analyzed with regards to patterns of
care.” Notably, only 42.9% of patients were treated with
cystectomy, and this proportion decreased significantly
with increasing age.

Two randomized trials and a meta-analysis have
demonstrated that neoadjuvant cisplatin-based combina-
tion chemotherapy results in an improvement in survival
in patients with MIBC.”? In the Southwestern Oncol-
ogy Group (SWOG) 8710 trial comparing 3 cycles of
methotrexate, vinblastine, and doxorubicin plus cisplatin
(MVAC) followed by cystectomy with cystectomy alone,
the neoadjuvant chemotherapy arm achieved a median
survival of 77 months compared with 46 months with
surgery (P=.06 by a 2-sided stratified log-rank test).’
Similar results were demonstrated in an international ran-
domized trial of neoadjuvant cisplatin, methotrexate, and
vinblastine followed by local therapy versus local therapy
alone. In this study, neoadjuvant chemotherapy was asso-
ciated with a statistically significant 16% reduction in the
risk of death (hazard ratio [HR], 0.84; 95% confidence
interval [CI], 0.72-0.99; P=.037).5

Are patients with MIBC receiving neoadjuvant che-
motherapy? A patterns-of-care analysis was performed uti-
lizing NCDB data on 7,161 patients with stage III bladder
cancer diagnosed between 1998 and 2003."° Among these
patients, perioperative chemotherapy was administered
to 11.6% of patients, with only 1.2% receiving neoad-
juvant chemotherapy. A single-center analysis performed
by Raj and colleagues revealed that only 17% of patients
with MIBC received neoadjuvant chemotherapy, despite
“adequate” renal function (calculated creatinine clearance
260 mL/min) in 67% of patients.'" A questionnaire of
European centers designed to estimate practice patterns
demonstrated that only 9-20% of patients with MIBC
were considered for neoadjuvant chemotherapy.'?

Identifying Barriers to Optimal Care

There are several possible explanations for the finding
that only approximately half of patients with MIBC
undergo cystectomy and for the dismal uptake of neo-
adjuvant chemotherapy. As mentioned, bladder cancer
is a disease of the elderly. The majority of patients have
a history of smoking and smoking-related comorbidi-
ties. Renal impairment, due to age; comorbidities; and
tumor-related ureteral obstruction are frequently pres-
ent. A study of 1,284 patients with MIBC evaluated the
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proportion of patients who would be considered ineli-
gible for cisplatin-based perioperative chemotherapy
due to impaired renal function alone.” In this study,
cisplatin-ineligibility was defined as a calculated cre-
atinine clearance/glomerular filtration rate of less than
60 mL/min/1.73 m?. Importantly, this analysis revealed
that more than 40% of patients older than 70 years
would have been considered ineligible for cisplatin.
Although impaired renal function may explain the lack
of uptake of neoadjuvant therapy in a significant subset
of patients, this factor alone does not provide adequate
explanation for a large proportion of patients who are
not receiving combined modality care.

Prospective studies are required to determine the
precise reasons for the poor uptake of neoadjuvant che-
motherapy. Feifer and colleagues, in association with
the Bladder Cancer Advocacy Network Muscle Invasive
Bladder Cancer Quality of Care Consortium, have pro-
spectively evaluated patterns of care in a phase I study
across a number of academic institutions.! This study,
which evaluated 4,972 patients, revealed that periopera-
tive chemotherapy was integrated in 12.4% of patients,
slightly better than reported in the NCDB study, but still
quite dismal considering these were mostly large volume
referral centers. Notably, approximately one-third of
patients treated with perioperative chemotherapy were
treated with non—cisplatin-based regimens. This study has
now expanded to a phase II portion that is prospectively
collecting data on the reasons why neoadjuvant chemo-
therapy was not administered, and will provide critical
data regarding approaches to optimize quality care.

Risk Predicting and Communication

Often-cited reasons for lack of administration of neoad-
juvant chemotherapy include statements such as, “My
patient is not at high enough risk” and “My patient does
not want chemotherapy.” Discussions regarding periop-
erative chemotherapy are an exercise in risk prediction
and communication. Risk can be defined as the product
of probability x consequence.” The probability is simply
the numerical chance of an event’s occurrence, which
can often be quantified. However, the consequence, or
severity, of the event is subjective, variable dependent on
the individual, and difficult to quantify. There are several
“probabilities” relevant to perioperative chemotherapy
that could be individualized to enhance shared decision-
making. What is the likelihood that a particular patient
will develop recurrent disease with surgery alone? What is
the likelihood that a particular patient will benefit from
neoadjuvant chemotherapy? What is the likelihood that
a particular patient will develop severe chemotherapy-
related toxicities?

There are currently no optimal models to determine
the probability that a patient will develop recurrence after
surgery, based on information that is available at the time
that neoadjuvant treatment decisions are made. Pathologic
features, such as non—organ-confined disease or lymph
node involvement, correlate well with the risk of recurrence
and disease-specific survival. However, this information is
available only after surgery. Models have been developed
to individualize estimates of non-organ-confined disease
based on pretreatment variables. Green and colleagues
developed a nomogram comprised of clinical stage, pres-
ence of lymphovascular invasion on biopsy, and abnormal
imaging (presence of hydronephrosis and/or non—organ-
confined disease) that predicted 2pT3Nany or pTanyN+
disease with an area under the receiver operating charac-
teristic curve (AUC) of 0.828."° A model comprised of
serum levels of the tumor markers CEA, CA 125, and CA
19-9 in patients with MIBC was developed and externally
validated, predicting non—organ-confined disease with an
AUC of 0.79." Smith and associates sought to develop a
gene expression model, based on primary tumor tissue,
that could be utilized to predict pathologic lymph node
status in patients with MIBC."® Importantly, this group
first developed a gene set that could be sufficiently ana-
lyzed in both fresh-frozen and paraffin-embedded tissue.
A 20-gene model was developed and externally validated,
which predicted the likelihood of pathologic lymph node
involvement with an AUC of 0.67 (95% CI, 0.60-0.75).
Importantly, this gene expression model was also predictive
of disease-specific survival.

A patient who is shown to be at high risk for recur-
rence after cystectomy will not necessarily derive a benefit
from neoadjuvant chemotherapy. Research from Lee and
colleagues has focused on developing gene expression
models of chemotherapy sensitivity.” The coexpression
extrapolation (COXEN) bioinformatics approach utilizes
publicly available gene expression and drug sensitivity
data from the National Cancer Institute (NCI)-60 cell
line panel, and integrates gene expression data from
human tumors of interest to determine which genes are
most commonly co-expressed.”” A gene expression model
can then be developed to predict sensitivity to a single
chemotherapeutic agent or a multidrug regimen. The
COXEN approach has been retrospectively applied to
a cohort of patients with bladder cancer who had been
treated with neoadjuvant MVAC.? In this study, the gene
expression model score correlated with the likelihood
of achieving tumor downstaging, and the 3-year overall
survival for those with favorable gene expression model
scores was 81% versus 33% for those with less favorable
scores (P=.002). The COXEN approach will be further
evaluated in a planned SWOG neoadjuvant study to
determine the gene expression model score’s ability to
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Figure 2. Outcomes at 5 years after neoadjuvant chemotherapy and/or cystectomy in patients with muscle invasive bladder cancer.

This figure illustrates 100 patients. Light gray shading represents deceased patients, black shading represents patients alive treated

with cystectomy alone, and darker gray shading represents additional patients alive with the use of neoadjuvant chemotherapy. The
data are derived from the Southwest Oncology Group (SWOG) trial 8710.°

predict pathologic complete responses in patients with
MIBC randomized to either dose-dense MVAC or gem-
citabine (Gemazar, Lilly) plus cisplatin.

Better means of determining an individual’s prob-
ability of recurrence with surgery alone, or likelihood
of benefit with neoadjuvant chemotherapy, are clearly
needed. However, it is critical that we are also able to
effectively communicate these complex data to patients
to facilitate a shared medical decision. How should we
communicate risk to patients? Should we speak about
P values, number needed to treat, hazard ratios? Several
studies suggest that patients and health care providers
have difficulty with numeracy, or quantitative literacy.
In one such study, 50% of participants were unable to
convert 1% to 10 in 1,000, while in another, participants
had difficulty determining which was the higher risk, 1
in 27 versus 1 in 37.2*% Health care providers are also
prone to framing or presenting information in such a way
that inappropriately influences decisions. Best practices
in risk communication suggest that most patients prefer
that risk be communicated in a graphical format and
that absolute differences, rather than relative differences,
should be conveyed. Figure 2 illustrates the results of the
SWOG neoadjuvant MVAC study (8710) in graphical
format. Are we presenting discussions of neoadjuvant
chemotherapy in this light to our patients? Would more
effective risk communication impact the dismal rates of
uptake of neoadjuvant chemotherapy?

Developing Therapeutic Approaches in MIBC
for the “Real World”

As noted, a large proportion of patients with MIBC do
not receive perioperative cisplatin-based chemotherapy
because they are considered cisplatin-ineligible.”?* Treat-
ments that reduce the risk of recurrence and that can
be safely and widely applied to the general population
of patients with MIBC are urgently needed. One novel
approach in this regard is DN24-02, an autologous cel-
lular immunotherapy product designed to stimulate an
immune response against human epidermal growth factor
receptor 2 (HER2)/neu. In an ongoing trial, patients with
urothelial cancer who are postsurgery, deemed at high risk
of relapse, and have at least 1+ HER2/neu expression by
immunohistochemistry are being randomized to 3 treat-
ments with DN24-02 versus placebo (NCT01353222).%
The primary endpoint of this trial is overall survival.

Not only are many patients considered cisplatin-
ineligible, but as previously cited, a large proportion of
patients with MIBC are not undergoing cystectomy. In
a potentially practice-altering trial, James and colleagues
randomized 350 patients with MIBC to treatment with
radiation therapy alone or radiation therapy with concur-
rent 5-fluorouracil and mitomycin.?® The primary end-
point of the trial was locoregional disease-free survival.
The study met its primary endpoint, with an improve-
ment in locoregional disease-free survival (HR, 0.68, 95%
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Figure 3. Mechanisms of cisplatin resistance in muscle-invasive bladder cancer. Alterations in DNA repair, drug detoxification,

and apoptotic pathway deregulation are shown.

CI, 0.48-0.96; P=.03). Notably, the 5-year overall sur-
vival for patients treated with chemoradiation was 48%,
comparable to results from many large cystectomy series.

Refining the selection of patients most likely to benefit
from radiation may further optimize this approach. Imme-
diately following exposure to radiation, DNA double-
strand breaks are detected by the MRE11-RAD50-NSB1
complex, which results in recruitment of signaling and
repair proteins.”’ Choudhury and coworkers performed a
study to assess whether expression of a panel of DNA dam-
age-signaling proteins (MREL1, RAD50, NBS1, ATM,
and H2AX), as identified by immunohistochemistry in
pretreatment samples from patients with MIBC, could
be used as predictive or prognostic biomarkers.”® Protein
expression was analyzed in 3 cohorts of patients: 2 cohorts
treated with radiation alone and 1 cohort treated with cys-
tectomy. In an initial cohort of patients treated with radia-
tion, low tumor MRE11 expression was associated with an
inferior cancer-specific survival (CSS) compared with high
expression (43.1% vs 68.7% 3-year CSS; P=.012). Impor-
tantly, this finding was confirmed in a prospective cohort
of patients treated with radiation (3-year CSS, 43.0% vs
71.2%; P=.020). In the cystectomy cohort, MRE11 was
notassociated with CSS, and high MRE11 in the combined
radiation cohorts had significantly better CSS compared
with high expression in the cystectomy cohorts (69.9% vs
53.8%, 3-year CSS; P=.021). These findings suggest that
MREI1 may indeed represent a predictive biomarker for
radiation therapy in patients with MIBC.

These concepts will be further analyzed in a planned
Radiation Therapy Oncology Group trial in which
patients with MIBC will receive radiation with concur-
rent 5-fluorouracil and mitomycin. In this study, pretreat-
ment biomarkers, including MRE11, will be correlated
with clinical outcomes.

Overcoming Platinum Resistance

Neoadjuvant chemotherapy likely confers a “large benefit
to a small subset” of patients with MIBC. An enhanced
ability to risk-stratify patients could improve selection of
this small subset likely to benefit, but improved therapy
is required to extend this benefit to a larger population of
patients with MIBC. Cisplatin, a first-in-class, platinum-
based DNA-damaging agent, is a mainstay of treatment
for metastatic bladder cancer and MIBC. In order to both
select patients most likely to benefit from therapy and
identify approaches to improve upon existing therapy, the
investigation of mechanisms of resistance to cisplatin in
MIBC is a clinical imperative. However, the identifica-
tion of molecular regulators of cisplatin resistance with
prognostic or therapeutic significance has been extremely
limited, particularly with regard to MIBC.

To date, the mechanisms of resistance to cis-
platin include alterations in drug metabolism, DNA
repair, and apoptotic pathways (Figure 3). One early
finding was that metallothioneins, cysteine-rich low-
molecular weight proteins that bind to endogenous
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and xenobiotic metals, confer cisplatin resistance in
ovarian carcinoma cells.”” The prognostic significance
of metallothioneins was later demonstrated in MIBC,
but such findings have yet to be translated to impact
routine clinical care.*%? The majority of cisplatin
DNA lesions are thought to be restored by nucleotide
excision repair, and particular attention has focused
on excision repair cross complementation group 1
(ERCC1). However, in MIBC, ERCCI1 expression was
shown to predict clinical outcome in some studies,*3
but not all.*>*® The inconsistency of the results is likely
due, at least in part, to the use of differing assays that
vary in terms of reliability and reproducibility. Altera-
tions in the apoptotic machinery of MIBC cells have
also been linked to cisplatin resistance. Conflicting
results have been published regarding the tumor sup-
pressor protein p53, which has a central role in the

induction of apoptosis.’”*

High expression of the
anti-apoptotic protein Bcl-2 has been associated with
cisplatin resistance in both preclinical®* and clinical
studies.”! Notably, Cooke and coworkers showed in a
cohort of 51 patients with MIBC treated with neoad-
juvant cisplatin-based chemotherapy that patients with
Bcl-2-negative tumors had better prognosis.®' Inhibi-
tion of DNA repair mechanisms* and downregulation
of anti-apoptotic proteins® enhances cisplatin sensitivity
in preclinical models. These studies imply that targeting
these molecules may be a novel therapeutic strategy for
the treatment of MIBC, although few drugs targeting
anti-apoptotic proteins have entered clinical investiga-
tion in bladder cancer as of yet.

Germline variations may also play a role in platinum
sensitivity. In an analysis of 205 patients with urothelial
cancer, single nucleotide polymorphisms (SNPs) in 80
genes associated with urothelial cancer or platinum
response were genotyped and found to correlate with a
response to cisplatin-based or carboplatin-based ther-
apy.® A multivariable model was developed, and after
adjusting for clinical prognostic factors (performance
status and presence of visceral metastases), 4 SNDs
retained independent associations with response. Nota-
bly, the greater the SNP score, the lower the response
rate (which was 84% in patients with a score of 0-1 vs
19% in patients with a score of 6-8).

In light of the scarcity of analytically validated and
clinically qualified biomarkers of cisplatin sensitivity and
resistance in MIBC, it is perhaps not surprising that the
treatment and survival of patients has changed little over
the past few decades. The identification of molecular
regulators of cisplatin sensitivity and resistance in MIBC
remains an important challenge, as improving the efficacy
of therapy would also likely have a major impact on the
utilization of systemic therapy in the neoadjuvant setting.

Conclusions

The treatment of bladder cancer has been hampered by
evasive advances in systemic therapy and barriers to effec-
tively translating the advances that have been made to the
general population of patients with this disease. A bet-
ter appreciation for the disconnect between efficacy and
effectiveness, however, has resulted in several recent novel
approaches to optimize delivery of care that is poten-
tially tailored not only to genomic characteristics of the
patient’s tumor, but also to the individual’s comorbidities,
functional status, and values/desires. Only when all of
these aspects are integrated will we have truly entered the
age of “personalized” care.

References

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J Clin.
2012;62:10-29.

2. Bellmunt J, von der Maase H, Mead GM, et al. Randomized phase III study
comparing paclitaxel/cisplatin/gemcitabine and gemcitabine/cisplatin in patients
with locally advanced or metastatic urothelial cancer without prior systemic
therapy: EORTC Intergroup Study 30987. J Clin Oncol. 2012;30:1107-1113.

3. Stein JB, Lieskovsky G, Cote R, et al. Radical cystectomy in the treatment
of invasive bladder cancer: long-term results in 1,054 patients. J Clin Oncol.
2001;19:666-675.

4. Hollenbeck BK, Taub DA, Miller DC, Dunn RL, Montie JE, Wei JT. The
regionalization of radical cystectomy to specific medical centers. J Urol.
2005;174:1385-1389.

5. Fedeli U, Fedewa SA, Ward EM. Treatment of muscle invasive bladder cancer: evi-
dence from the National Cancer Database, 2003 to 2007. J Urol. 2011;185:72-78.
6. Schrag D, Mitra N, Xu E et al. Cystectomy for muscle-invasive bladder cancer: pat-
terns and outcomes of care in the Medicare population. Urology. 2005;65:1118-1125.
7. Advanced Bladder Cancer (ABC) Meta-analysis Collaboration. Neoadjuvant
chemotherapy in invasive bladder cancer: update of a systematic review and meta-
analysis of individual patient data advanced bladder cancer (ABC) meta-analysis
collaboration. Eur Urol. 2005;48:202-205.

8. Griffiths G, Hall R, Sylvester R, Raghavan D, Parmar MK. International phase
III trial assessing neoadjuvant cisplatin, methotrexate, and vinblastine chemo-
therapy for muscle-invasive bladder cancer: long-term results of the BA06 30894
trial. J Clin Oncol. 2011;29:2171-2177.

9. Grossman HB, Natale RB, Tangen CM, et al. Neoadjuvant chemotherapy plus
cystectomy compared with cystectomy alone for locally advanced bladder cancer.
N Engl ] Med. 2003;349:859-866.

10. David KA, Milowsky MI, Ritchey J, Carroll PR, Nanus DM. Low incidence
of perioperative chemotherapy for stage III bladder cancer 1998 to 2003: a report
from the National Cancer Data Base. / Urol. 2007;178:451-454.

11. Raj GV, Karavadia S, Schlomer B, et al. Contemporary use of perioperative
cisplatin-based chemotherapy in patients with muscle-invasive bladder cancer.
Cancer. 2011;117:276-282.

12. Burger M, Mulders P, Witjes W. Use of neoadjuvant chemotherapy for muscle-
invasive bladder cancer is low among major European centres: results of a feasibil-
ity questionnaire. Eur Urol. 2012;61:1070-1071.

13. Dash A, Galsky MD, Vickers AJ, et al. Impact of renal impairment on eligibil-
ity for adjuvant cisplatin-based chemotherapy in patients with urothelial carci-
noma of the bladder. Cancer. 2006;107:506-513.

14. Feifer A, Taylor J, Shouery M, et al. Multi-institutional quality-of-care initia-
tive for nonmetastatic, muscle-invasive, transitional cell carcinoma of the bladder:
phase I. J Clin Oncol (Proceedings from the 2011 Genitourinary Cancers Sympo-
sium). 2011;29(suppl 7): Abstract 240.

15. Lipkus IM. Numeric, verbal, and visual formats of conveying health risks: suggested
best practices and future recommendations. Med Decis Making. 2007;27:696-713.

16. Green DA, Rink M, Hansen J, et al. Accurate preoperative prediction of non-
organ-confined bladder urothelial carcinoma at cystectomy. B/U Int. 2012 Jul 13.
doi: 10.1111/j.1464-410X.2012.11370.x. [Epub ahead of print].

Clinical Advances in Hematology & Oncology Volume 11, Issue 2 February 2013 91



92

GALSKY AND DOMINGO-DOMENECH

17. Margel D, Bostrom D, Baniel ], Yossepowitch O, Zlotta A, Fleshner N. External
validation of a biomarker based pre-cystectomy algorithm to predict nonorgan
confined urothelial cancers. J Urol. 2012;187:840-844.

18. Smith SC, Baras AS, Dancik G, et al. A 20-gene model for molecular nodal
staging of bladder cancer: development and prospective assessment. Lancet Oncol.
2011;12:137-143.

19. Lee JK, Havaleshko DM, Cho H, et al. A strategy for predicting the chemo-
sensitivity of human cancers and its application to drug discovery. Proc Natl Acad
Sci US A. 2007;104:13086-13091.

20. Williams PD, Cheon S, Havaleshko DM, et al. Concordant gene expres-
sion signatures predict clinical outcomes of cancer patients undergoing systemic
therapy. Cancer Res. 2009;69:8302-8309.

21. Schwartz LM, Woloshin S, Black WC, Welch HG. The role of numeracy in under-
standing the benefit of screening mammography. Ann Intern Med. 1997;127:966-972.
22. Sheridan SL, Pignone M. Numeracy and the medical student’s ability to inter-
pret data. Eff Clin Pract. 2002;5:35-40.

23. Galsky MD, Hahn NM, Rosenberg J, et al. A consensus definition of patients
with metastatic urothelial carcinoma who are unfit for cisplatin-based chemo-
therapy. Lancet Oncol. 2011;12:211-214.

24. Galsky MD, Hahn NM, Rosenberg J, et al. Treatment of patients with meta-
static urothelial cancer “unfit” for Cisplatin-based chemotherapy. / Clin Oncol.
2011;29:2432-2438.

25. www.ClinicalTrials.gov. DN24-02 as adjuvant therapy in subjects with high
risk HER2+ urothelial carcinoma. http://www.clinicaltrials.gov/ct2/show/NCT01
3532222term=NCT01353222&trank=1. Identifier: NCT01353222.

26. James ND, Hussain SA, Hall E, et al. Radiotherapy with or without chemo-
therapy in muscle-invasive bladder cancer. N Engl ] Med. 2012;366:1477-1488.
27. D’Andrea AD, Grompe M. The Fanconi anaemia/BRCA pathway. Nat Rev
Cancer. 2003;3:23-34.

28. Choudhury A, Nelson LD, Teo MT, et al. MRE11 expression is predictive of
cause-specific survival following radical radiotherapy for muscle-invasive bladder
cancer. Cancer Res. 2010;70:7017-7026.

29. Kelley SL, Basu A, Teicher BA, Hacker MP, Hamer DH, Lazo JS. Overexpres-
sion of metallothionein confers resistance to anticancer drugs. Science (New York,
NY). 1988;241:1813-1815.

30. Hinkel A, Schmidtchen S, Palisaar RJ, Noldus ], Pannek J. Identification
of bladder cancer patients at risk for recurrence or progression: an immunohis-
tochemical study based on the expression of metallothionein. J Toxicol Environ
Health A. 2008;71:954-959.

31. Satoh M, Cherian MG, Imura N, Shimizu H. Modulation of resistance
to anticancer drugs by inhibition of metallothionein synthesis. Cancer Res.
1994;54:5255-5257.

32. Wulfing C, van Ahlen H, Eltze E, Piechota H, Hertle L, Schmid KW. Metallo-
thionein in bladder cancer: correlation of overexpression with poor outcome after
chemotherapy. World | Urol. 2007;25:199-205.

33. Bellmunt J, Paz-Ares L, Cuello M, et al. Gene expression of ERCCI1 as a novel
prognostic marker in advanced bladder cancer patients receiving cisplatin-based
chemotherapy. Ann Oncol. 2007;18:522-528.

34. Ozcan MEF, Dizdar O, Dincer N, et al. Low ERCCI expression is associated
with prolonged survival in patients with bladder cancer receiving platinum-based
neoadjuvant chemotherapy. Urol Oncol. 2012 Aug 2. [Epub ahead of print]

35. Kawashima A, Takayama H, Kawamura N, et al. Co-expression of ERCC1
and Snail is a prognostic but not predictive factor of cisplatin-based neoadjuvant
chemotherapy for bladder cancer. Oncol Lett. 2012;4:15-21.

36. Kim KH, Do IG, Kim HS, et al. Excision repair cross-complementation
group 1 (ERCCI1) expression in advanced urothelial carcinoma patients receiving
cisplatin-based chemotherapy. APMIS. 2010;118:941-948.

37. Cote R], Esrig D, Groshen S, Jones PA, Skinner DG. p53 and treatment of
bladder cancer. Nature. 1997;385:123-125.

38. Nishiyama H, Watanabe J, Ogawa O. p53 and chemosensitivity in bladder
cancer. Int | Clin Oncol. 2008;13:282-286.

39. Bolenz C, Becker A, Trojan L, et al. Optimizing chemotherapy for transitional
cell carcinoma by application of bcl-2 and bel-xL antisense oligodeoxynucleotides.
Urol Oncol. 2007;25:476-482.

40. Miyake H, Hara I, Yamanaka K, Gohji K, Arakawa S, Kamidono S. Overex-
pression of Bcl-2 enhances metastatic potential of human bladder cancer cells. Br
J Cancer. 1999;79:1651-1666.

41. Cooke PW, James ND, Ganesan R, Burton A, Young LS, Wallace DM.
Bcl-2 expression identifies patients with advanced bladder cancer treated by
radiotherapy who benefit from neoadjuvant chemotherapy. B/U International.
2000;85:829-835.

42. Usanova S, Pice-Staffa A, Sied U, et al. Cisplatin sensitivity of testis tumour
cells is due to deficiency in interstrand-crosslink repair and low ERCC1-XPF
expression. Mol Cancer. 2010;9:248.

43. Gallagher DJ, Joseph V, Hamilton R], et al. Association of germ-line varia-
tion with platinum-based chemotherapy response in patients (pts) with urothelial
carcinoma (UC). J Clin Oncol (Proceedings from the 2011 American Society of
Clinical Oncology Meeting). 2011;29(suppl): Abstract 4511.

Clinical Advances in Hematology & Oncology Volume 11, Issue 2 February 2013



