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KEY POINTS

� Bladder cancer has a high incidence of local and distant recurrence, which may be the
result of micrometastatic disease at the time of localized treatment.

� Eradicating deposits of micrometastases from bladder cancer is best achieved via peri-
operative systemic neoadjuvant or adjuvant therapy.

� Postcystectomy nomograms and risk stratification help to identify patients who may
benefit from adjuvant therapy.

� Use of platinum-based combination chemotherapy in the neoadjuvant setting improves
survival. Adjuvant chemotherapy is also beneficial, although the evidence is less robust.

� Investigation of molecular pathways underlying bladder cancer has led to the discovery of
genomic alterations, which may lead to the development of patient-specific therapies.
INTRODUCTION

Urothelial carcinoma (UC) of the bladder is the fourth most commonly diagnosed ma-
lignancy in the United States. About 20% to 30% of patients present with muscle inva-
sive (�T2) bladder cancer (MIBC).1 Initial treatment for most of these patients consists
of localized therapy, including surgery or radiation; however, the risk of recurrence af-
ter localized therapy exceeds 50%,2 and the 5-year mortality rate ranges from 33% to
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73%.3 It is thought that the high incidence of local and distant recurrence is due to
micrometastatic disease at the time of localized treatment. Therefore, perioperative
systemic therapy is often used in the form of neoadjuvant or adjuvant therapy, with
the goal of eradicating deposits of micrometastases.
Based on level I evidence (meta-analysis of randomized trials), the current gold

standard for the treatment of MIBC is neoadjuvant cisplatin-based chemotherapy, fol-
lowed by surgery, which shows an increased overall survival benefit of 5%.4 Despite
this evidence, recent studies have reported that this therapeutic strategy is still not
widely used.5

Adjuvant treatment has increased survival in patients with different malignancies
such as breast and colon cancer.6,7 In MIBC, the role of adjuvant chemotherapy
has been investigated throughout the last 3 decades, but the benefit still remains
controversial. Most clinical trials evaluating the impact of adjuvant chemotherapy on
MIBC have important methodological limitations, including small sample size, early
termination owing to poor accrual, few events (deaths), and different chemotherapy
regimens, leading to unequivocal results and few studies reporting a survival benefit.
This article discusses advantages and disadvantages of each therapeutic strategy,

highlighting the most important studies supporting their use.
STRATIFICATION OF RISK AND PROGNOSTIC VARIABLES

Whereas there is strong evidence for the use of neoadjuvant chemotherapy in MIBC,
there has been little information on the risk stratification of this group in the prelocal-
ized treatment setting. In the meta-analysis of neoadjuvant trials performed in 2005,
there was no specific risk stratification involving age, gender, clinical T or N stage,
or performance status.4

The most widely used risk stratification in the precystectomy setting is staging.
However, there is a large difference between clinical and pathologic staging at radical
cystectomy (RC), with up to 54% of patients being upstaged8 and 18% being down-
staged at the time of surgery.9 A nomogram designed to help predict pT3 or pT4 at RC
was found to confer only a modest (4%) improvement over clinical staging alone.10

Qureshi and colleagues11 constructed an artificial neural network with 2 difference
categories (Ta/T1 and T2–T4), using variables including genomic alterations, smoking
status, gender, carcinoma in situ (CIS), metaplasia, architecture, and location of the
tumor. This model predicted progression-free survival (PFS) and 1-year cancer-
specific survival (CSS) at 80% and 82% accuracy, respectively. Catto and col-
leagues’12 neuro–fuzzy models predicted recurrence-free survival (RFS) of Ta-T4
cases with 88% to 95% accuracy. The prediction model included p53, mismatch
repair proteins, stage, grade, age, smoking status, and previous cancer. Although
all of these models could be used to help identify patients who need neoadjuvant ther-
apy, it has not proved to be better than clinical staging alone.
There have been multiple postcystectomy nomograms and risk stratifications that

help identify patients who may benefit from adjuvant therapy.13–18 Most prediction
models include pathologic features from RC, including lymphovascular invasion
(LVI), grade, and lymph node involvement, yet there is still only a minimal increase
in accuracy of survival or recurrence compared with staging alone.
Karakiewicz and colleagues13 created probability nomograms including age, T

stage, N stage, grade, LVI, CIS, adjuvant radiotherapy, adjuvant chemotherapy, and
neoadjuvant chemotherapy, which predict 2-, 5-, and 8-year RFS with 78% accuracy.
Shariat and colleagues14,15 had a similar probability nomogram, using the same cat-
egories as Karakiewicz, which predicted 2-, 5-, and 8-year overall survival (OS) and
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bladder CSS at 79% and 73% accuracy, respectively. Additional nomograms created
by the groups of Bassi and Bochner16,17 have been found to be able to predict 5-year
RFS and 5-year OS at 75% and 76% accuracy, respectively.
One of the best markers for survival is a complete pathologic response (pT0). There

is approximately a 15% complete response (CR) from transurethral resection alone,
whereas there is about a 35% to 45% CR after neoadjuvant chemotherapy.18 In the
Southwest Oncology Group (SWOG) neoadjuvant trial, 85% of patients with pT0
were alive after 5 years of follow-up.19

Biomarkers to help predict response to therapy could possibly increase the CR rate.
A 20-gene expression profile has been shown to predict advanced or metastatic UC;
however, this requires further prospective validation before incorporating it into routine
clinical practice.20 The COXEN (CO eXpression ExtapolatioN) model has shown prom-
ise in the preclinical setting at predicting which cell lines will respond to gemcitabine/
cisplatin or MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) therapy. This
model is currently being tested in a prospective clinical trial.21 Recently, Van Allen
and colleagues22 found that mutations in ERCC2, a DNA damage repair protein, corre-
late with CR in patients receiving cisplatin-based combination neoadjuvant chemo-
therapy. There is a need to validate these markers and investigate additional novel
prediction models in both precystectomy and postcystectomy settings.

NEOADJUVANT STRATEGIES FOR MUSCLE INVASIVE BLADDER CANCER
Advantages

Neoadjuvant chemotherapy has several advantages. The 2 main advantages are the
ability to eradicate micrometastases early, and the potential to downstage chemo-
therapy sensitive tumors.23 Approximately 38% of patients who are able to receive
cisplatin combination chemotherapy have a pathologic CR, compared with the path-
ologic CR rate of 6% to 15% for patients who did not receive cisplatin-based combi-
nation neoadjuvant chemotherapy.2,19,20 Pathologic CR has been shown to strongly
predict outcomes, and is used as an important end point for patient prognosis.23

Disadvantages

There are some potential disadvantages to neoadjuvant chemotherapy. Because
there are no validated ways to predict response to neoadjuvant chemotherapy, pa-
tients with chemoresistant bladder tumors who undergo neoadjuvant chemotherapy
are inevitably delayed from receipt of a potentially curative surgical therapeutic option
(ie, RC). This delay and its association with survival outcomes remain unclear. In addi-
tion, there is some concern that neoadjuvant chemotherapy may subsequently in-
crease the risk of complications during RC, although this has recently been
contended in population-based studies.24,25

Evidence Summary

Chemotherapy
Randomized clinical trials Multiple clinical trials have demonstrated the benefit of
neoadjuvant chemotherapy (Table 1). The Nordic I trial included 311 patients with
T1-T4NxM0 who were randomized to receive 2 cycles of cisplatin and doxorubicin
versus no neoadjuvant treatment before RC. All patients received 20 Gy of irradiation
before RC. There was no statistically significant difference in OS or CSS at 5 years.
However, in a subgroup analysis of patients with pT3-T4 disease, a 15% survival
benefit was seen in patients receiving chemotherapy.26 In the Nordic II trial, 309 pa-
tients were randomized to receive 3 cycles of neoadjuvant cisplatin and methotrexate
or to RC alone. Again, no overall significant difference in 5-year survival was seen



Table 1
Randomized trials for neoadjuvant therapy

Series
Study
Population Year

No. of
Patients Chemotherapy

Follow-upa

(mo) (Range)
Overall
Survivalb (%)

Overall Survival
HR (95% CI)

Significant
(Yes/No)

Cortesi74 T2–T4, N0, M0 (Unpublished) 171 Cisplatin
Methotrexate
Epirubicin
Vinblastine

— 52.4 vs 57.7 — No

Wallace75 T2–T4, Nx, M0 1991 255c Cisplatin — 71.1 vs 65.8 1.13 (0.80–1.57) No

Coppin76 T2–T4b 1996 102 Cisplatin 78 16 vs 13, P 5 .34 0.75 (90% CI 0.50–1.12) No

Abol-Enein77 T2–T4a, Nx, M0 1997 196 Cisplatin
Methotrexate
Vinblastine

— — — —

Martinez-
Pineiro78

T2–T4a, Nx–N2, M0 1995 122 Cisplatin 78.2 (48–101) 35.5 vs 37.3 — No

Italian Bladder
Study (GISTV)79

T2–T4a 1996 206 Methotrexate
Vinblastine
Adriamycin
Cisplatin

— — — No

International
Collaboration
of Trialists30

T2–T4a, N0-x, M0 2011 976 Cisplatin
Methotrexate
Vinblastine

120 36 vs 30, P 5 .037 0.84 (0.72–0.99) Yes
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Malmstrom80

Bassi
T3–T4, N0 1996 325 Cisplatin

Doxorubicin
60 59 vs 51, P 5 .1 — No

Any T, N1

Bassi (GUONE)81 T2–T4b, N0-x, M0 2002 153 Cisplatin
Methotrexate
Vinblastine

— 52 vs 57.6 — No

Sherif (Nordic II)27 T2–T4a, Nx, M0 2002 317 Cisplatin and
methotrexate

Cisplatin and
adriamycin

56.4 56 vs 48 0.80 (0.64–0.99) Yes

Grossman (SWOG
Intergroup)19

T2–T4a 2003 317 Methotrexate
Vinblastine
Adriamycin
Cisplatin

104 57 vs 43, P 5 .06 1.33 (1.00–1.76) Yes

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Mean or median follow-up time (in months) as reported by each study during time of publication. Types of range reported include minimum to maximum,

interquartile range, and 95% confidence intervals.
b Based on number of events out of total number of patients in treatment (neoadjuvant) versus control arm (local treatment: radical cystectomy or

radiotherapy).
c All 255 patients underwent neoadjuvant chemotherapy, but the control arm received local treatment in the form of radiotherapy in 2 different regimens: (1)

159 patients received 45–50 Gy in 22 fractions and (2) 96 patients received 65 Gy in 22 fractions 1 10–15 Gy.
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between the treatment groups (53%, neoadjuvant plus RC vs 46%, RC only).27 One
limitation to both Nordic trials is that they both used unconventional regimens that
are uncommonly used in current practice (doxorubicin/cisplatin and methotrexate/
cisplatin, respectively). However, a combined analysis of the 2 Nordic trials revealed
an OS favoring neoadjuvant chemotherapy (5-year survival 56% vs 48%; P 5 .049),
highlighting the efficacy of cisplatin-based neoadjuvant chemotherapy.28

The largest neoadjuvant prospective trial, published in 1999, included 976 patients
(T2-T4N0) who were randomized to receive 3 cycles with the combination chemo-
therapy regimen of cisplatin, methotrexate, and vinblastine (CMV) or no systemic ther-
apy. Patients were then treated with 1 of the following local therapies: (1) radiation
therapy (RT), (2) a combination of low-dose radiotherapy and RC, or (3) RC alone.29

Although the trial did not initially demonstrate statistical significance in survival, a
long-term update, presented in 2002, demonstrated a 10-year OS benefit credited
to neoadjuvant chemotherapy (36% vs 30%; hazard ratio [HR] 0.84).30 The type of
localized treatment did not change the survival outcomes. Pathologic CR was attained
in 32.5% of patients receiving neoadjuvant therapy, versus 12.3% with RC alone.30

The SWOG performed a prospective, randomized controlled trial of 317 patients
with T2-T4aN0M0 UC comparing 3 cycles of neoadjuvant MVAC chemotherapy pre-
ceding RC with RC alone. Although the trial did not show a statistically significant
advantage for neoadjuvant therapy with 5-year OS (57% vs 43%; P 5 .06) or median
survival (77 vs 46 mo), the trial is still considered to demonstrate level I superiority of
neoadjuvant therapy because the original goal of statistically significant difference,
defined as a one-sided P<.05, was attained. Patients receiving neoadjuvant therapy
had a CR rate of 38%, compared with 15% with RC alone. Most patients (81%–
82%) were able to proceed to cystectomy after receiving neoadjuvant chemotherapy.
Toxicities of chemotherapy were manageable, with no toxic deaths, grade 4 neutrope-
nia seen in 33%, and grade 3 gastrointestinal toxicities seen in 17%. No increase in
postoperative complications was observed.20

Finally, single-agent platinum did not yield significantly better outcomes. No single
platinum-based combination regimen combined with any local therapy (RC alone,
radiotherapy alone, or radiotherapy in combination with RC) has demonstrated su-
periority over only localized therapy. Cisplatin tends to be the platinum agent
used in most patients (>90%), with carboplatin used only in 6% to 7% of patients,
owing to carboplatin being shown to be significantly inferior to cisplatin-based
treatment.31

Nonrandomized prospective and retrospective studies The 2 main neoadjuvant
chemotherapy regimens, gemcitabine-cisplatin (GC) and MVAC, have only been
compared in retrospective studies. Current data suggest similar rates of pathologic
CR and survival outcomes with both regimens (relative risk of CR 0.97, 95% confi-
dence interval [CI] 0.60–1.56; P 5 .9).32

Dose-dense MVAC is being used more frequently in the neoadjuvant setting. A
phase II study explored the efficacy and safety of this regimen with pegfilgrastim
support in patients with muscle-invasive UC. Neoadjuvant chemotherapy resulted in
significant pathologic and radiologic downstaging (49% achieved CR defined as �
pT1N0M0) with a favorable toxicity profile.33 One advantage of this strategy is the
short time to complete the 4 cycles of therapy, thus not delaying surgical treatment
in patients who are not sensitive to systemic chemotherapy. Dose-dense therapy is
being increasingly investigated by centers of excellence, particularly for bladder UC,
and may also be a promising alternative to GC for high-grade upper tract urothelial
carcinoma (UTUC).34
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Meta-analysis The pooling of data from the aforementioned randomized clinical trials
using meta-analysis statistical techniques has allowed us to advance our understand-
ing regarding the true utility of neoadjuvant chemotherapy in bladder cancer, in addition
to statistically increasing the total number of patients in both arms. The latest published
meta-analysis of 11 randomized trials was performed by the AdvancedBladder Cancer
Meta-Analysis Collaboration, and included 3005 patients. There was a significant sur-
vival benefit (HR 0.86, 95%CI 0.77–0.95; P5 .003) among those who received neoad-
juvant cisplatin-based chemotherapy, comparedwith thosewhodid not; this translated
into a 5%absolute increase in 5-yearOSand a 9%absolute increase in 5-year disease-
free survival (DFS) in comparison with RC alone.4 Given this demonstrated survival
benefit, in 2012 the National Comprehensive Cancer Network Guidelines recommend
the use of neoadjuvant platinum-based combination chemotherapy for cT2 and
strongly recommend it for cT3 node-negative disease,35 similar to guidelines from
the European Association of Urology36 and European Society of Medical Oncology.37

At present, there is no effective regimen for patients with poor performance status
and/or renal inefficiencies. There has been a meta-analysis comparing carboplatin-
based with cisplatin-based chemotherapy regimens, with cisplatin-based therapies
showing clear superiority (relative risk 3.54; P 5 .005).31

Radiation therapy
UC is relatively radiosensitive, and in the neoadjuvant setting RT may be able to pre-
vent intraoperative seeding of tumor cells in the operative field and to sterilize micro-
scopic extension in the perivesical tissues. There exists only one randomized trial
demonstrating the superiority of preoperative radiotherapy over cystectomy alone in
2-year OS in patients with T3 bladder cancer.38,39 Studies performed in the 1980s
investigated the role of preoperative radiotherapy in either T2 or all stages of bladder
cancer, and no marked benefits were found. One of the more recent studies was a
phase III trial in the United States, which had a total of 140 patients who were random-
ized to receive 2000 Gy of pelvic irradiation followed by RCwithin 1 week, or RC alone.
The 5-year survival rates were 43% (95%CI 30%–56%) and 53% (95%CI 41%–65%),
respectively (P 5 .23).40 Since then, research into this treatment modality has stag-
nated. In the contemporary management of bladder cancer, the role of RT in the neo-
adjuvant setting seems limited. With recent advances in the use of more targeted
radiotherapies such as intensity-modulated RT, which has been shown in some
studies to significantly reduce the volume of normal tissues affected while treating a
variety of abdominopelvic tumors, neoadjuvant radiotherapy may resurface as a
potential investigative option for patients with bladder cancer.41,42

ADJUVANT STRATEGIES FOR MUSCLE INVASIVE BLADDER CANCER
Advantages

The major advantage of administering adjuvant treatment is the appropriate patient
selection according to the risk of recurrence. The adequate pathologic staging re-
duces the risk of overtreatment and allows for the selection of patients most likely
to benefit from systemic therapy.43 A large retrospective cohort evaluated discrep-
ancies in clinical and pathologic staging in patients who underwent RC for MIBC. Clin-
ical understaging was identified in approximately 50% of the patients, and pathologic
downstaging occurred in 18%.9

Adjuvant chemotherapy does not delay local treatment for patients with chemore-
sistant tumors. Moreover, when neoadjuvant was compared with adjuvant chemo-
therapy, there were no differences in perioperative morbidity.44 Therefore, adjuvant
therapy certainly has its place in contemporary management.
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Disadvantages

The major disadvantage to adjuvant treatment is delaying the treatment of micrometa-
static disease. In addition, response to treatment measured by pathologic downstag-
ing may provide important prognostic information.45 With adjuvant chemotherapy, the
only way to assess the benefit of this treatment is the absence of disease progression
during long-term follow-up.
Another potential disadvantage is the possibility of postsurgical complications that

may preclude patients from receiving adjuvant cisplatin-based chemotherapy. Donat
and colleagues46 have found at their high-volume tertiary center that nearly one-third
(30%) of patients develop complications after RC of Clavien grade 2 or higher.
Although surgical morbidity at their center may reflect the more complicated case
mix they encounter, this highlights the importance of considering contributors to post-
operative morbidity, as this may delay the administration of adjuvant chemotherapy.
Summary of Evidence

Chemotherapy
Randomized clinical trials Several randomized clinical trials attempted to define the
role of adjuvant treatment in MIBC (Table 2). In 1994, Studer and colleagues47 re-
ported the results of a study designed to evaluate the role of adjuvant cisplatin mono-
therapy after RC. Seventy-seven patients with nonmetastatic MIBC were stratified
based on nodal status (stage pN0 vs pN1–N2) and were randomly assigned to obser-
vation or adjuvant chemotherapy. In this study, no differences in OS were observed
between the 2 groups in patients with all disease stages. Similarly, patients who
had pN1-N2 did not benefit from the adjuvant treatment.47

Skinner and colleagues48 randomized 91 patients with T3/T4 or positive lymph node
MIBC to receive adjuvant cisplatin, doxorubicin, and cyclophosphamide or to obser-
vation after RC. In this study, median OS was 4.3 years for patients who received
chemotherapy versus 2.4 years in the observation group (P 5 .0062). Of note, these
results could be explained by several methodological biases.48

AGermanphase III clinical trial showedabenefit inOSandPFSwith adjuvant chemo-
therapy (MVAC or MVEC [methotrexate, vinblastine, epirubicin, cisplatin]). This study
was prematurely closed because of suggested striking benefits of adjuvant chemo-
therapy, so only a small number of patients was included in the final analysis. Of note,
patients assigned to the observation arm did not receive any further treatment at the
time of recurrence. By contrast, another German study showed that patients treated
with adjuvant MVEC versus observation did not show significant differences in OS.49

Another clinical trial compared 2 neoadjuvant cycles followed by 3 adjuvant cycles
after RC versus 5 adjuvant cycles of MVAC. This study enrolled 140 patients and sug-
gested that neoadjuvant chemotherapy may be more feasible than adjuvant chemo-
therapy, although no difference in survival outcome was demonstrated.44

Recently, trials using cisplatin/gemcitabine-based regimens in the adjuvant setting
were performed, based on results of this regimen in the metastatic setting. The pro-
spective Italian trial of 194 patients was underpowered to demonstrate a survival dif-
ference in patients receiving 4 cycles of adjuvant GC (HR 1.29).50 The Spanish
Oncology Genitourinary Group trial randomized 340 patients with high-risk disease
(T3–T4 or lymph node positive) to receive 4 cycles of paclitaxel, gemcitabine, and
cisplatin (PCG) versus observation. Adjuvant PCG resulted in a significant increase
in OS compared with no chemotherapy (60% vs 31%, HR 0.44).51 Of note, both trials
were prematurely closed, and the power of these analyses limits the conclusion
regarding the efficacy of this strategy.
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A biomarker-driven clinical trial, based on altered p53 levels, randomized patients
with organ-confined disease (pT1 or pT2, N0M0) to 3 cycles of MVAC versus obser-
vation. No statistically significant difference in clinical outcome was identified based
on p53 status.52

Most recently, the results of the European Organization for Research and Treatment
of Cancer (EORTC) intergroup randomized phase III clinical trial was presented. The
study’s initial plan was to enroll a total of 1344 patients with MIBC to receive 4 cycles
of adjuvant chemotherapy according to physician choice (GC, MVAC, or dose-dense
MVAC) versus 6 cycles of deferred therapy at the time of recurrence. The trial was
prematurely closed after enrollment of 284 patients with pT3-T4 and/or lymph
node–positive and M0 disease. Adjuvant chemotherapy resulted in a statistically
significant difference in PFS: 46.8% in the adjuvant treatment arm versus 29.5% in pa-
tients in the deferred arm. However, the median OS (primary end point) was 53.6% for
patients who received immediate treatment versus 47.7% for patients in the deferred
chemotherapy group (HR 0.78, 95% CI 0.56–1.10; P 5 .13).53

Nonrandomized prospective and retrospective studies Logothesis and colleagues54

are among the first to report the impact of adjuvant chemotherapy in patients with
MIBC. In this study, 71 patients presenting with pT3b, pT4, N1, or vascular/lymphatic
invasion were treated with cisplatin, cyclophosphamide, and adriamycin. The 5-year
survival rate for patients treated with this strategy was 70%, compared with 37% for
those patients who were part of a historical control treated with surgery alone. Similar
results in termsof long-termsurvivalwere reported fromanother study inwhichadjuvant
CMV (n 5 23) was compared with the same drugs plus doxorubicin (n 5 12).55 These
studiessupported the rationale for randomized investigationof this therapeutic strategy.
A large retrospective study evaluated 932 patients from 11 centers who received

adjuvant chemotherapy after RC, and found that adjuvant chemotherapy was inde-
pendently associated with longer OS (HR 0.83, 95% CI 0.72–0.97; P 5 .017). As
expected, the benefit was higher in patients who presented both pT3 stage and lymph
node–positive disease (HR 0.75, 95% CI 0.62–0.90; P 5 .002).56

Meta-analysis As the results from the prospective randomized clinical trials were not
definitive and have several methodological limitations, meta-analyses have been
conducted to help interpret the available data. The Advanced Bladder Cancer
Meta-Analysis Collaboration conducted a meta-analysis with individual patient data
from 491 patients enrolled in 6 studies. In this analysis, patients who were treated
with adjuvant chemotherapy had a relative reduction in the risk of death of 25%.57

Recently, a study-level meta-analysis of 9 randomized trials including 945 patients
was published.58 In this updated analysis, patients receiving adjuvant treatment with
cisplatin-based regimens had a DFS benefit (HR 0.66, 95% CI 0.45–0.91, P 5 .014)
and OS benefit (HR 0.78, 95% CI 0.61–0.99; P 5 .044) compared with those who un-
derwent RC alone. Moreover, lymph node–positive patients seem to have greater
benefit with this strategy. Interpretation of these results should be taken cautiously,
as individual patient data were not analyzed.59–61 Therefore, the next study to look
out for will be an updated individual patient data meta-analysis including the latest
EORTC intergroup study, as the pooled HR is likely to demonstrate OS benefit for
adjuvant chemotherapy. Such findings may influence clinical practice substantially.

Radiation therapy
RT has no well-established role in the adjuvant setting. Although the rationale of
decreasing local recurrences may lead to subsequently lower rates of distant disease,



Table 2
Randomized trials for adjuvant therapy

Series Year
Study
Population

No. of
Patients

Treatment Arm
(Chemotherapy
Regimen)

Control Arm
(Locoregional
Treatment)

Follow-Up
(mo)
(Range)a

Overall
Survival
(%)

Overall
Survival
HR (95% CI)

Significance
(Yes/No)Total

Freiha82 1996 T3–T4, Any N 55 Cisplatin and
methotrexate

Radical
cystectomy

62 (24–96) 63 vs 36 0.74 (0.36–1.53) No

Vinblastine

Otto83 2001 T3/N1–N22 108 Methotrexate Radical
cystectomy

44 50.9 vs 54.7 0.82 (0.48–1.38) No

Vinblastine
Epirubicin
Cisplatin

Skinner48 1991 T3–T4, N0 102 Patients 1–17: 16
cisplatin-based, in
combinations with
doxorubicin,
cyclophosphamide,
5-fluorouracil,
vinblastine, or
bleomycin

Radical
cystectomy

— 51.6 vs 28.8 0.75 (0.48–1.19) Yes

Any T, N1 Patients 18–91:
Cisplatin,
doxorubicin,
cyclophosphamide
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Lehmann84 2006 Any T, N1 49 MVAC or MVEC
(1 patient received
carboplatin instead
of cisplatin)

Radical
cystectomy

120 17.4 vs 26.9 1.75 (0.95–3.23) No

T3–T4, Any N

Studer47 1994 Any T, Any N 91 Cisplatin Radical
cystectomy

69 (36–96) 57 vs 54 1.02 (0.57–1.84) No

Stadler52 2011 T1–T2, N0 114 Methotrexate Radical
cystectomy

64.8
(61.2–70.8)

20.7 vs 16.1 1.11 (0.45–2.72) No

p531 Vinblastine
Doxorubicin
Cisplatin

Italian trial50 2012 T2 (grade 3) 194 Gemcitabine Radical
cystectomy

35 (15–57) 46.6 vs 39.9 1.29 (0.84–1.99) No

T3–T4, N0–
N2

Cisplatin

Spanish
trial51

2010 T3–T4, N0 142 Paclitaxel Radical
cystectomy

29.8 (1–95) 60 vs 31 0.38 (0.22–0.65) Yes

Any T, N1 Gemcitabine
Cisplatin

EORTC
Intergroup
Trial53

2014 T3–T4, N0 284 Gemcitabine,
cisplatin

Radical
cystectomy

83.6 (–) vs
86.5 (–)

53.6 vs 47.7 0.78 (0.56–1.08) No

Any T, N1 or
MVAC
or
High-dose MVAC

Abbreviations: EORTC, European Organization for Research and Treatment of Cancer; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; MVEC,
methotrexate, vinblastine, epirubicin, cisplatin.

a Mean or median follow-up time (in months) as reported by each study during time of publication. Types of range reported include minimum to maximum,
interquartile range, and 95% confidence intervals.
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the use of RT after an RC has resulted in suboptimal results and has been associated
with higher toxicity levels.
A small randomized trial showed that adjuvant radiotherapy may improve both local

control and DFS in comparison with surgery alone.62 In addition, a retrospective study
reported similar results.63 Results of a phase III randomized clinical trial were reported
in 2006 at the American Society of Clinical Oncology Annual Meeting, whereby no
statistical differences were observed in DFS rates in high-risk patients with bladder
cancer who received adjuvant chemoradiation with cisplatin plus gemcitabine versus
radiation alone.64

Regarding the limitations of these studies, further evaluation and a better character-
ization of patients who may benefit from this therapy are warranted. Similarly to the
neoadjuvant setting, modern RT techniques may have a role in improving the toxicity
profile and adding clinical benefit.

MOLECULAR BIOLOGY AND TARGETED THERAPIES

Our understanding of the molecular pathways underlying bladder cancer has
benefited from recent advances in technologies such as high-throughput transcript
profiling, microarrays, metabolomics, and proteomics. Intense research efforts in
this area have borne fruit through the discovery of numerous molecular markers.
These markers may be useful for screening, early diagnosis, and surveillance in addi-
tion to staging and prognosis.65 Leading the effort is The Cancer Genome Atlas project
(TCGA), which has identified potential therapeutic targets in 69% of UC tumors,
including pathways suitable for further investigation.66 It has been estimated that at
least 60% of genomic alterations could be treated by drugs that are already available
or under clinical testing.67 Some potential new targets for treatment intervention have
been described for UC, including the most recurrent reported mutations in the recep-
tor tyrosine kinases (RTK)-RAS-RAF, phosphoinositide 3-kinase (PI3K)/AKT/mamma-
lian target of rapamycin pathways (mTOR), and regulators of G1-S cell cycle
progression such as TP53 and RB1.67

Other potential therapeutic targets lie in the mutation and/or gene amplifications
present in a large proportion of urothelial tumors, including FGFR3 mutations,68

PTEN deletions, and FGFR1, CCND1, and MDM2 amplifications.66 More than half of
UC have also been found to contain aberrations of the chromatin remodeling genes
(UTX, MLL-MLL3, CREBBP-EP300, NCOR1, ARID1A, and CHD6) and, more recently,
STAG2 mutations.67,69 Nevertheless, it must be cautioned that the functional effect of
mutations in these genes encoding epigenomic regulatory proteins remains relatively
unknown. It may be possible that identifying these driving genomic alterations, even if
occurring in only a small subset of patients with bladder cancer, may lead to the devel-
opment of patient-specific therapies. For example, recently described mutations in
TSC1 were useful in helping investigators examine the response to mTOR inhibitors
such as everolimus, or in the PIK3CA gene, mutated in up to 26% of cases, which
may predict sensitivity to PIK3CA/mTOR inhibitors.70–73 Cancer immunotherapy
also represents an exciting avenue for research, with the Food and Drug Administra-
tion recently granting “Breakthrough Therapy Designation” for MPDL3280A (anti-
PDL1) in bladder cancer.

ONGOING CLINICAL TRIALS

Several clinical investigations have also been performed to address some open ques-
tions in the neoadjuvant and adjuvant treatment scenarios. A phase III trial clinical trial
of GC versus high-dose intensity MVAC, with regimen selection decisions driven by
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genomic profile, will help to define the optimal chemotherapy regimen in the perioper-
ative setting for patients with locally advanced UC (NCT01812369). In addition, the
role of taxanes in the neoadjuvant setting is being evaluated in a phase I study consist-
ing of administering 4 cycles of cabazitaxel and cisplatin before RC. The study’s pri-
mary end point is response rate (NCT01616875). In the adjuvant setting, a German
phase III study was designed to evaluate gemcitabine alone versus nontreatment in
the control arm in a subset of patients who are not suitable for cisplatin-based chemo-
therapy (NCT00146276). This study, like the previous studies in the adjuvant setting,
was closed because of poor accrual, but can still be valuable. Another study is eval-
uating the impact of an immunotherapeutic agent recMAGE-A3 1 AS-15 in patients
with MIBC who were surgically treated and are positive for the antigen MAGE-A3
(MAGNOLIA) (NCT01435356). Finally, a randomized phase II study is evaluating
DN24-02 (a Her2 targeting autologous antigen-presenting cell-based vaccine) as
adjuvant therapy in subjects with high-risk HER21 UC.

SUMMARY AND FUTURE DIRECTIONS

MIBC is an aggressive disease associated with poor survival rates. Although RC alone
may result in cure for a subset of patients, the higher rates of relapse suggest that early
administration of systemic therapy may improve clinical outcomes. Therefore,
contemporary management of patients with MIBC involves the combination of sur-
gery, systemic chemotherapy, and chemoradiation in select patients who are candi-
dates for bladder preservation.
Neoadjuvant treatment with cisplatin-based combination regimens is an established

standard of care and has improved long-term survival in MIBC. However, owing to the
low rates of adoption of neoadjuvant chemotherapy, clinicians will still face the deci-
sion of whether to administer adjuvant chemotherapy to high-risk patients who have
not received neoadjuvant chemotherapy. In the absence of definitive evidence justi-
fying the recommendation of adjuvant chemotherapy, administering systemic therapy
after an RC in high-risk patients is still an option if clinical trials are not available.
In the genomic era, the biology underlying MIBC has been elucidated. The TCGA

has characterized genes and molecular pathways involved in cancer development
and tumor progression, providing insights to improve the therapeutic arsenal. In addi-
tion, these results may add to the development of biomarkers to select patients for the
available or new therapies. Of importance is that immunotherapy strategies have pro-
duced encouraging results in patients with advanced disease. However, how this new
knowledge will affect the perioperative treatment in MIBC is still undefined, and efforts
should be undertaken to integrate molecular aspects in innovative clinical trial designs
in this setting.

REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin
2013;63:11–30.

2. Stein JP, Lieskovsky G, Cote R, et al. Radical cystectomy in the treatment of inva-
sive bladder cancer: long-term results in 1,054 patients. J Clin Oncol 2001;19:
666–75.

3. Herr HW, Dotan Z, Donat SM, et al. Defining optimal therapy for muscle invasive
bladder cancer. J Urol 2007;177:437–43.

4. Vale CL. Neoadjuvant chemotherapy in invasive bladder cancer: update of a sys-
tematic review and meta-analysis of individual patient data. Eur Urol 2005;48:
202–6.

http://refhub.elsevier.com/S0889-8588(14)00171-3/sref1
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref1
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref2
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref2
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref2
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref3
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref3
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref4
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref4
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref4


Leow et al314
5. Reardon ZD, Patel SG, Zaid HB, et al. Trends in the use of perioperative chemo-
therapy for localized and locally advanced muscle-invasive bladder cancer: a sign
of changing tides. Eur Urol 2014. http://dx.doi.org/10.1016/j.eururo.2014.01.009.

6. Early Breast Cancer Trialists’ Collaborative Group, Peto R, Davies C, et al. Com-
parisons between different polychemotherapy regimens for early breast cancer:
meta-analyses of long-term outcome among 100,000 women in 123 randomised
trials. Lancet 2012;379:432–44.

7. Labianca R, Nordlinger B, Beretta GD, et al. Early colon cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2013;
24(Suppl 6):vi64–72.

8. Mitra AP, Datar RH, Cote RJ. Molecular pathways in invasive bladder cancer: new
insights into mechanisms, progression, and target identification. J Clin Oncol
2006;24:5552–64.

9. Svatek RS, Shariat SF, Novara G, et al. Discrepancy between clinical and patho-
logical stage: external validation of the impact on prognosis in an international
radical cystectomy cohort. BJU Int 2011;107:898–904.

10. Karakiewicz PI, Shariat SF, Palapattu GS, et al. Precystectomy nomogram for pre-
diction of advanced bladder cancer stage. Eur Urol 2006;50:1254–60 [discus-
sion: 1261–2].

11. Qureshi KN, Naguib RN, Hamdy FC, et al. Neural network analysis of clinico-
pathological and molecular markers in bladder cancer. J Urol 2000;163:
630–3.

12. Catto JW, Linkens DA, Abbod MF, et al. Artificial intelligence in predicting bladder
cancer outcome: a comparison of neuro-fuzzy modeling and artificial neural net-
works. Clin Cancer Res 2003;9(11):4172–7.

13. Karakiewicz PI, Shariat SF, Palapattu GS, et al. Nomogram for predicting disease
recurrence after radical cystectomy for transitional cell carcinoma of the bladder.
J Urol 2006;176:1354–61 [discussion: 1361–2].

14. Shariat SF, Margulis V, Lotan Y, et al. Nomograms for bladder cancer. Eur Urol
2008;54:41–53.

15. Shariat SF, Karakiewicz PI, Palapattu GS, et al. Nomograms provide improved
accuracy for predicting survival after radical cystectomy. Clin Cancer Res
2006;12:6663–76.

16. Bassi P, Sacco E, De Marco V, et al. Prognostic accuracy of an artificial neural
network in patients undergoing radical cystectomy for bladder cancer: a compar-
ison with logistic regression analysis. BJU Int 2007;99:1007–12.

17. International Bladder Cancer Nomogram Consortium, Bochner BH, Kattan MW,
Vora KC. Postoperative nomogram predicting risk of recurrence after radical
cystectomy for bladder cancer. J Clin Oncol 2006;24:3967–72.

18. Tollefson MK, Boorjian SA, Farmer SA, et al. Downstaging to non-invasive urothe-
lial carcinoma is associated with improved outcome following radical cystectomy
for patients with cT2 disease. World J Urol 2012;30:795–9.

19. Grossman HB, Natale RB, Tangen CM, et al. Neoadjuvant chemotherapy plus
cystectomy compared with cystectomy alone for locally advanced bladder
cancer. N Engl J Med 2003;349:859–66.

20. Dancik G, Aisner D, Theodorescu DA. 20 gene model for predicting nodal
involvement in bladder cancer patients with muscle invasive tumors. PLoS Curr
2011;3:RRN1248.

21. Smith SC, Baras AS, Lee JK, et al. The COXEN principle: translating signatures of
in vitro chemosensitivity into tools for clinical outcome prediction and drug dis-
covery in cancer. Cancer Res 2010;70(5):1753–8.

http://dx.doi.org/10.1016/j.eururo.2014.01.009
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref6
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref6
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref6
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref6
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref7
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref7
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref7
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref8
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref8
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref8
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref9
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref9
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref9
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref10
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref10
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref10
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref11
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref11
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref11
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref12
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref12
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref12
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref13
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref13
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref13
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref14
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref14
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref15
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref15
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref15
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref16
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref16
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref16
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref17
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref17
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref17
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref18
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref18
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref18
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref19
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref19
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref19
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref20
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref20
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref20
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref21
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref21
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref21


Muscle Invasive Bladder Cancer 315
22. Van Allen EM, Mouw KW, Kim P, et al. Somatic ERCC2 mutations correlate with
cisplatin sensitivity in muscle-invasive urothelial carcinoma. Cancer Discov 2014;
4:1140–53.

23. Rosenblatt R, Sherif A, Rintala E, et al. Pathologic downstaging is a surrogatemarker
for efficacy and increased survival following neoadjuvant chemotherapy and radical
cystectomy formuscle-invasiveurothelial bladdercancer. EurUrol 2012;61:1229–38.

24. Johnson DC, Nielsen ME, Matthews J, et al. Neoadjuvant chemotherapy for
bladder cancer does not increase risk of perioperative morbidity. BJU Int 2014;
114:221–8.

25. Gandaglia G, Popa I, Abdollah F, et al. The effect of neoadjuvant chemotherapy
on perioperative outcomes in patients who have bladder cancer treated with
radical cystectomy: a population-based study. Eur Urol 2014. http://dx.doi.org/
10.1016/j.eururo.2014.01.014.

26. Hellsten S, Rintala E, Wahlqvist R, et al. Nordic prospective trials of radical
cystectomy and neoadjuvant chemotherapy. The Nordic Cooperative Bladder
Cancer Study Group. Eur Urol 1998;33(Suppl 4):35–8.

27. Sherif A, Rintala E, Mestad O, et al. Neoadjuvant cisplatin-methotrexate chemo-
therapy for invasive bladder cancer—Nordic Cystectomy Trial 2. Scand J Urol
Nephrol 2002;36:419–25.

28. Sherif A, Holmberg L, Rintala E, et al. Neoadjuvant cisplatinum based combina-
tion chemotherapy in patients with invasive bladder cancer: a combined analysis
of two Nordic studies. Eur Urol 2004;45:297–303.

29. Neoadjuvant cisplatin, methotrexate, and vinblastine chemotherapy for muscle-
invasive bladder cancer: a randomised controlled trial. International collaboration
of trialists. Lancet 1999;354:533–40.

30. International Collaboration of Trialists, Medical Research Council Advanced
Bladder Cancer Working Party (now the National Cancer Research Institute
Bladder Cancer Clinical Studies Group), European Organisation for Research
and Treatment of Cancer Genito-Urinary Tract Cancer Group, et al. International
phase III trial assessing neoadjuvant cisplatin, methotrexate, and vinblastine
chemotherapy for muscle-invasive bladder cancer: long-term results of the BA06
30894 trial. J Clin Oncol 2011;29:2171–7.

31. Galsky MD, Chen GJ, Oh WK, et al. Comparative effectiveness of cisplatin-based
and carboplatin-based chemotherapy for treatment of advanced urothelial carci-
noma. Ann Oncol 2012;23:406–10.

32. Yeshchina O, Badalato GM, Wosnitzer MS, et al. Relative efficacy of perioperative
gemcitabine and cisplatin versus methotrexate, vinblastine, adriamycin, and
cisplatin in the management of locally advanced urothelial carcinoma of the
bladder. Urology 2012;79:384.

33. Choueiri TK, Jacobus S, Bellmunt J, et al. Neoadjuvant dose-dense methotrexate,
vinblastine, doxorubicin, and cisplatin with pegfilgrastim support in muscle-
invasive urothelial cancer: pathologic, radiologic, and biomarker correlates.
J Clin Oncol 2014;32:1889–94.

34. Apolo AB, Kim JW, Bochner BH, et al. Examining the management of muscle-
invasive bladder cancer by medical oncologists in the United States. Urol Oncol
2014;32:637–44.

35. Clark PE, Agarwal N, Biagioli MC, et al. Bladder cancer. J Natl Compr Canc Netw
2013;11(4):446–75.

36. Witjes JA, Comperat E, Cowan NC, et al. EAU guidelines on muscle-invasive and
metastatic bladder cancer: summary of the 2013 guidelines. Eur Urol 2014;65:
778–92.

http://refhub.elsevier.com/S0889-8588(14)00171-3/sref22
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref22
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref22
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref23
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref23
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref23
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref24
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref24
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref24
http://dx.doi.org/10.1016/j.eururo.2014.01.014
http://dx.doi.org/10.1016/j.eururo.2014.01.014
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref26
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref26
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref26
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref27
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref27
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref27
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref28
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref28
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref28
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref29
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref29
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref29
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref30
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref31
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref31
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref31
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref32
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref32
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref32
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref32
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref33
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref33
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref33
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref33
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref34
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref34
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref34
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref35
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref35
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref36
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref36
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref36


Leow et al316
37. Bellmunt J, Orsola A, Leow JJ, et al. Bladder cancer: ESMO practice guidelines
for diagnosis, treatment and follow-up. Ann Oncol 2014. http://dx.doi.org/10.
1093/annonc/mdu223.

38. Zaghloul MS. Adjuvant and neoadjuvant radiotherapy for bladder cancer: revis-
ited. Future Oncol 2010;6:1177–91.

39. Caldwell WL. Preoperative irradiation of patients with T3 carcinoma in bilharzial
bladder. Int J Radiat Oncol Biol Phys 1979;5:1007–8.

40. Smith JA, Crawford ED, Paradelo JC, et al. Treatment of advanced bladder can-
cer with combined preoperative irradiation and radical cystectomy versus radical
cystectomy alone: a phase III intergroup study. J Urol 1997;157:805–7 [discus-
sion: 807–8].

41. Murthy V, Zaghloul MS. Adjuvant radiotherapy in bladder cancer: time to take a
fresh look? Urol Oncol 2007;25:353–4.

42. Troiano M, Corsa P, Raguso A, et al. Radiation therapy in urinary cancer: state of
the art and perspective. Radiol Med 2009;114:70–82.

43. SternbergCN, Bellmunt J, SonpavdeG, et al. ICUD-EAU International Consultation
on Bladder Cancer 2012: chemotherapy for urothelial carcinoma-neoadjuvant and
adjuvant settings. Eur Urol 2013;63:58–66.

44. Millikan R, Dinney C, Swanson D, et al. Integrated therapy for locally advanced
bladder cancer: final report of a randomized trial of cystectomy plus adjuvant
M-VAC versus cystectomy with both preoperative and postoperative M-VAC.
J Clin Oncol 2001;19:4005–13.

45. Schultz PK, Herr HW, Zhang ZF, et al. Neoadjuvant chemotherapy for invasive
bladder cancer: prognostic factors for survival of patients treated with M-VAC
with 5-year follow-up. J Clin Oncol 1994;12:1394–401.

46. Donat SM, Shabsigh A, Savage C, et al. Potential impact of postoperative early
complications on the timing of adjuvant chemotherapy in patients undergoing
radical cystectomy: a high-volume tertiary cancer center experience. Eur Urol
2009;55:177–85.

47. Studer UE, Bacchi M, Biedermann C, et al. Adjuvant cisplatin chemotherapy
following cystectomy for bladder cancer: results of a prospective randomized
trial. J Urol 1994;152:81–4.

48. Skinner DG, Daniels JR, Russell CA, et al. The role of adjuvant chemotherapy
following cystectomy for invasive bladder cancer: a prospective comparative
trial. J Urol 1991;145(3):459–64.

49. Stockle M, Meyenburg W, Wellek S, et al. Adjuvant polychemotherapy of
nonorgan-confined bladder cancer after radical cystectomy revisited: long-term
results of a controlled prospective study and further clinical experience. J Urol
1995;153:47–52.

50. Cognetti F, Ruggeri EM, Felici A, et al. Adjuvant chemotherapy with cisplatin and
gemcitabine versus chemotherapy at relapse in patients with muscle-invasive
bladder cancer submitted to radical cystectomy: an Italian, multicenter, random-
ized phase III trial. Ann Oncol 2012;23:695–700.

51. Paz-Ares L, Solsona E, Esteban E, et al. Randomized phase III trial comparing
adjuvant paclitaxel/gemcitabine/cisplatin (PGC) to observation in patients with re-
sected invasive bladder cancer: Results of the Spanish Oncology Genitourinary
Group (SOGUG) 99/01 study. J Clin Oncol 28:18s, 2010 (suppl; abstr LBA4518)
Available at: http://meetinglibrary.asco.org/content/51401-74.

52. Stadler WM, Lerner SP, Groshen S, et al. Phase III study of molecularly targeted
adjuvant therapy in locally advanced urothelial cancer of the bladder based on
p53 status. J Clin Oncol 2011;29:3443–9.

http://dx.doi.org/10.1093/annonc/mdu223
http://dx.doi.org/10.1093/annonc/mdu223
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref38
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref38
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref39
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref39
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref40
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref40
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref40
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref40
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref41
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref41
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref42
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref42
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref43
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref43
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref43
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref44
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref44
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref44
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref44
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref45
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref45
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref45
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref46
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref46
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref46
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref46
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref47
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref47
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref47
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref48
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref48
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref48
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref49
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref49
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref49
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref49
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref50
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref50
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref50
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref50
http://meetinglibrary.asco.org/content/51401-74
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref52
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref52
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref52


Muscle Invasive Bladder Cancer 317
53. Sternberg CN, Skoneczna I, Kerst JM, et al. Final results of EORTC intergroup
randomized phase III trial comparing immediate versus deferred chemotherapy
after radical cystectomy in patients with pT3T4 and/or N1M0 transitional cell car-
cinoma (TCC) of the bladder. J Clin Oncol 2014;32(Suppl 5):4500. Available at:
http://meetinglibrary.asco.org/content/130351-144.

54. Logothetis CJ, Dexeus FH, Chong C, et al. Cisplatin, cyclophosphamide and
doxorubicin chemotherapy for unresectable urothelial tumors: the M.D. Anderson
experience. J Urol 1989;141:33–7.

55. Michael M, Tannock IF, Czaykowski PM, et al. Adjuvant chemotherapy for high-
risk urothelial transitional cell carcinoma: the Princess Margaret Hospital experi-
ence. Br J Urol 1998;82:366–72.

56. Svatek RS, Shariat SF, Lasky RE, et al. The effectiveness of off-protocol adjuvant
chemotherapy for patients with urothelial carcinoma of the urinary bladder. Clin
Cancer Res 2010;16:4461–7.

57. Advanced Bladder Cancer (ABC) Meta-analysis Collaboration. Adjuvant chemo-
therapy in invasive bladder cancer: a systematic review and meta-analysis of indi-
vidual patient data Advanced Bladder Cancer (ABC) Meta-analysis Collaboration.
Eur Urol 2005;48:189–99 [discussion: 199–201].

58. Leow JJ, Martin-Doyle W, Rajagopal PS, et al. Adjuvant chemotherapy for inva-
sive bladder cancer: a 2013 updated systematic review and meta-analysis of ran-
domized trials. Eur Urol 2014;66:42–54.

59. Raghavan D, Bawtinhimer A, Mahoney J, et al. Adjuvant chemotherapy for
bladder cancer—why does level 1 evidence not support it? Ann Oncol 2014;
25:1930–4.

60. Leow JJ, Chang SL, Bellmunt J. Reply from authors re: Cora N. Sternberg, Ri-
chard Sylvester. Thoughts on a Systematic Review and Meta-analysis of Adjuvant
Chemotherapy in Muscle-invasive Bladder Cancer. Eur Urol 2014;66:55–6. Eur
Urol 2014;66:57–8.

61. Sternberg CN, Sylvester R. Thoughts on a systematic review and meta-analysis of
adjuvant chemotherapy in muscle-invasive bladder cancer. Eur Urol 2014;66:
55–6.

62. Zaghloul MS, Awwad HK, Akoush HH, et al. Postoperative radiotherapy of carci-
noma in bilharzial bladder: improved disease free survival through improving
local control. Int J Radiat Oncol Biol Phys 1992;23:511–7.

63. Reisinger SA, Mohiuddin M, Mulholland SG. Combined pre- and postoperative
adjuvant radiation therapy for bladder cancer–a ten year experience. Int J Radiat
Oncol Biol Phys 1992;24:463–8.

64. James ND, Hussain SA, Hall E, et al. Results of a phase III randomized trial of
synchronous chemoradiotherapy (CRT) compared to radiotherapy (RT) alone in
muscle-invasive bladder cancer (MIBC) (BC2001 CRUK/01/004). J Clin Oncol
28:15s, 2010 (suppl; abstr 4517). Available at: http://meetinglibrary.asco.org/
content/40892-74.

65. Kamat AM, Hegarty PK, Gee JR, et al. ICUD-EAU International Consultation on
Bladder Cancer 2012: screening, diagnosis, and molecular markers. Eur Urol
2013;63:4–15.

66. Cancer Genome Atlas Research Network. Comprehensive molecular character-
ization of urothelial bladder carcinoma. Nature 2014. http://dx.doi.org/10.1038/
nature12965.

67. Iyer G, Al-Ahmadie H, Schultz N, et al. Prevalence and co-occurrence of action-
able genomic alterations in high-grade bladder cancer. J Clin Oncol 2013;31:
3133–40.

http://meetinglibrary.asco.org/content/130351-144
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref54
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref54
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref54
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref55
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref55
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref55
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref56
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref56
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref56
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref57
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref57
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref57
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref57
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref58
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref58
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref58
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref59
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref59
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref59
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref60
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref60
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref60
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref60
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref61
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref61
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref61
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref62
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref62
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref62
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref63
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref63
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref63
http://meetinglibrary.asco.org/content/40892-74
http://meetinglibrary.asco.org/content/40892-74
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref64
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref64
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref64
http://dx.doi.org/10.1038/nature12965
http://dx.doi.org/10.1038/nature12965
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref66
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref66
http://refhub.elsevier.com/S0889-8588(14)00171-3/sref66


Leow et al318
68. Al-Ahmadie HA, Iyer G, Janakiraman M, et al. Somatic mutation of fibroblast
growth factor receptor-3 (FGFR3) defines a distinct morphological subtype of
high-grade urothelial carcinoma. J Pathol 2011;224:270–9.

69. Gui Y, Guo G, Huang Y, et al. Frequent mutations of chromatin remodeling genes
in transitional cell carcinoma of the bladder. Nat Genet 2011;43:875–8.

70. Iyer G, Hanrahan AJ, Milowsky MI, et al. Genome sequencing identifies a basis
for everolimus sensitivity. Science 2012;338:221.
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