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Introduction

Epidemiology

Bladder cancer is the most common malignancy of the urinary tract and the ninth most

common malignancy in the world, with an estimated overall global 5-year prevalence of

1,110,265.1 In the United States, an estimated 74,690 new cases and 15,580 deaths from

bladder cancer are expected in 2014.2 Urothelial (transitional cell) carcinoma is the

predominant histologic type in the U.S, accounting for 90% of all bladder cancers.

Risk factors

Among a number of identified risk factors for urothelial cancers, environmental exposures

account for most cases. Since the urothelial epithelium lining the mucosal surface of the

entire urinary tract is exposed to carcinogens excreted in the urine, urothelial carcinoma is

thought to arise from a field change (known as “field cancerization effect”) that affects the

entire urothelium.

Cigarette smoking is the most prominent cause of bladder cancer, increasing risk an

estimated 4-fold for both men and women.3 Exposure to occupational carcinogens is also
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strongly associated with bladder cancer occurrence. Potential carcinogenic compounds

include benzene and polycyclic aromatic hydrocarbons.4,5 Other risk factors include pelvic

radiation, cyclophosphamide and thiazolidimediones, chronic infection, and underlying

genetic conditions such as Lynch syndrome.6

Clinical presentation

The most common presenting symptom is hematuria, which occurs in about 85% of patients.

Hematuria is typically intermittent, gross, and painless. Bladder irritability, usually

presenting as urinary frequency, urgency, and dysuria, occurs in about 20% of patients.6 In

more advanced disease, patients can experience flank pain secondary to lymphadenopathy or

ureter obstruction and various constitutional symptoms such as weight loss, fatigue, and

anorexia.

Diagnosis, grading, and staging

Initial diagnostic workup usually involves cystoscopy and urine cytology. Cystoscopy is the

gold standard for the initial diagnosis and staging of bladder cancer. If a bladder mass is

detected, a transurethral resection of the bladder tumor (TURBT) is performed for full

primary tumor staging. The resected bladder tumor specimen should include muscle to fully

assess the depth of tumor invasion. If carcinoma in situ (CIS) is detected, multiple random

biopsies, including several different areas of the bladder and the prostatic urethra, may be

required to assess the extent of involvement.

After resection or biopsy of urothelial cancers by a urologist, a pathologist grades the tumor

based on its microscopic appearance and assesses the depth of invasion. Tumors are

classified as low-grade or high-grade. This system relies on the degree of atypia,

hypertrophy of urothelial cell layers, and orthogonal orientation to stratify tumors into those

at low or high risk of recurrence and/or progression. However, this stratification

predominantly applies to non-muscle invasive tumors, as muscle invasive tumors by

convention are automatically considered to be high grade. Cytology is commonly used as an

adjunct to cystoscopy. Urine cytology has excellent specificity for bladder cancer (78.4%–

99.4%) but lacks sensitivity (12.2%–79%). As a result, it is often helpful in the setting of

high-grade disease, where it is usually positive, but of limited use in the setting of low-grade

disease, where it is usually equivocal or negative.7 Its utility depends on the experience of

the cytopathologist. Finding positive urine cytology in the absence of any identifiable

lesions in the bladder on cystoscopy presents a difficult clinical dilemma. In this setting,

further investigation is usually required in the form of upper urinary tract imaging such as

CT urography, MR urography, or intravenous pyelography, and/or direct visualization by

ureteroscopy, selective ureteral urine cytologies, and/or other urinary tumor markers.

Abdominal imaging with either CT or MRI is recommended in patients with a high-grade

tumor or muscle invasive disease to assess for local lymph node involvement and

locoregional extent of disease. These data can also be readily obtained from a CT or MRI

urogram. Patients should also undergo a CT chest to assess for lung metastases prior to

undergoing definitive treatment for muscle-invasive bladder cancer (MIBC), Depending on

presenting symptoms, physical examination, and cystoscopic findings, further imaging such
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as radionuclide bone scans, and/or FDG PET/CT scan may be considered to evaluate for

metastatic disease.

Non-muscle invasive bladder cancer

Bladder cancers are often classified as non-muscle invasive, muscle invasive, or metastatic.

Non-muscle invasive bladder cancer (NMIBC) may involve the mucosa (Ta), submucosa or

lamina propria (T1), or be characterized as flat CIS (Tis). Overall, NMIBC accounts for

70%–75% of all bladder cancers at initial presentation,8 about 60% of which are Ta, 30%

are T1, and 10% are CIS. These are treated locally with TURBT, often in conjunction with

intravesical chemotherapy or immunotherapy (Fig 1). Most NMIBCs recur within 6–12

months at the same stage, but 10%–15% of patients may develop invasive or metastatic

disease, for which radical cystectomy and systemic chemotherapy are the standard

treatments.

Muscle invasive bladder cancer

Approximately 25% of patients with bladder cancer present with a tumor invading the

muscle layer of the bladder wall (T2–T4).9 MIBC is associated with a high rate of

recurrence and poor overall prognosis despite aggressive local and systemic therapies. Even

after radical cystectomy, the 5-year mortality rate of patients with MIBC remains about

50%–70%.10,11 Recently, recognition of the high rate of systemic failure for patients with

MIBC has led to a new multidisciplinary management paradigm in which systemic therapy

plays an increasingly important role. It is hoped that integrating surgery, medical oncology,

and radiation oncology may enhance clinical outcomes for patients with MIBC.12

Simultaneously, bladder-preserving therapies have been introduced with promising

outcomes in carefully selected patients with MIBC. This review will outline the multimodal

management of MIBC.

Surgical Management

Radical cystectomy

For decades, radical cystectomy has been the mainstay of treatment for MIBC. Yet despite

providing excellent local control, surgery alone does not result in optimal survival rates,

especially for non-organ-confined (T3–T4) and lymph node-positive disease. An analysis of

outcomes for patients who undergo radical cystectomy and pelvic lymph node dissection

revealed that 5-year overall survival for patients with non-organ-confined, lymph node-

negative disease was 49% and only 26% for patients with lymph node-positive disease,

compared to 62% for patients with T2 and N0 disease.13

Pelvic lymph node dissection

Lymph node metastases are predictive of poor outcome; thus, pathologic assessment of

resected lymph nodes is critical to staging and can only be performed intraoperatively.14 A

series of studies evaluated whether the extent of pelvic lymph node dissection is an

important prognostic factor.14-17 However, whether or not the extent of pelvic lymph node

dissection has a significant impact on clinical outcome is still controversial.
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Herr et al. analyzed correlations between surgical factors and clinical outcomes from the

Southwest Oncology Group (SWOG) 8710 neoadjuvant chemotherapy trial.18 Multivariate

analysis revealed that a greater number of lymph nodes removed (≥ 10 nodes vs. < 10 nodes)

was prognostic for improved survival after cystectomy (HR 2.0; 95% CI: 1.4–2.8; P <

0.0001). Interestingly, when the extent of lymph node dissection was substituted in this

model for number of lymph nodes (standard resection of distal common iliac, external iliac,

obturator, and hypogastric nodes vs. limited resection of only nodes medial to the external

iliac vein and obturator nodes), this difference was no longer prognostic, suggesting that

extended pelvic lymph node dissection may be potentially therapeutic. However, in the

SWOG 8710 study the extent of pelvic lymph node dissection did not correlate well with the

cutoff of 10 lymph nodes removed. This is most likely related to the tremendous variability

in pathologic assessment, the amount of lymph node tissue present in individual patients,

and the extent and quality of lymph node dissection among surgeons despite defined limits

of dissection.

Although there is no consensus regarding the optimal number of lymph nodes to dissect

during radical cystectomy, an earlier analysis of lymph node metastases in patients who

underwent extended lymphadenectomy (removal of all nodal regions below the inferior

mesenteric artery) highlighted problems inherent in this procedure. Highly experienced

surgeons from multiple centers were instructed to dissect nodes from 12 well-defined

anatomical locations. Only 73% of surgeons successfully dissected all 12 regions. Although

this study revealed that up to 25% of positive lymph nodes may lie outside the usual

templates of node dissection (presacral and paracaval, interaortocaval, and para-aortic below

the inferior mesenteric artery), the study provided no data that would have clarified whether

or not removal of these nodes translated into a survival benefit.15

In contrast, a more recent study by Dhar et al. provides the most convincing evidence to date

of the benefits of extended lymphadenectomy. The study compared outcomes of stage-

matched patients from two different institutions using two different pelvic lymph node

dissection templates. Patients at the Cleveland Clinic underwent limited pelvic lymph node

dissection (proximal dissection to the bifurcation of the common iliac vessels), while

patients at a hospital in Bern, Switzerland underwent a more extensive pelvic lymph node

dissection (proximal dissection to crossing of ureters over the common iliac vessels).

Patients with pT3 disease (extravesical disease into perivesical fat) who underwent the more

extensive pelvic lymph node dissection showed a 30% improvement in 5-year recurrence-

free survival, regardless of node status.16 Based on such findings, extended pelvic lymph

node dissection, including the standard pelvic lymph node template and the presacral and

common iliac lymph nodes, is becoming more widely accepted. The additional value of

removing lymph nodes between the common iliac vessels and the inferior mesenteric artery

along the aorta and vena cava is unclear. The effect of extended pelvic lymph node

dissection on survival compared to standard or limited pelvic lymph node dissection is

currently under investigation by SWOG in a randomized, prospective fashion.19
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Improved surgical techniques

Radical cystectomy with pelvic lymph node dissection and urinary diversion is associated

with considerable morbidity. The operation has the highest morbidity among all

genitourinary surgeries, with complication rates of 30%–64%.20 In a study of a high-volume

tertiary medical center that performed ∼750 radical cystectomies over 6 years, the 90-day

readmission rate was ∼27% and the 90-day mortality rate was ∼7%.21 In males who

undergo radical cystectomy, erectile dysfunction is a prevalent problem.22 Protocols for

enhanced recovery after surgery (ERAS) may improve outcomes and result in less surgical

morbidity for these patients.23 Improved surgical techniques such as nerve-sparing and

prostate-sparing radical cystectomy have been successfully performed in selected patients,

with excellent results in terms of potency.24,25 Additionally, minimally invasive robot-

assisted laparoscopic radical cystectomy (RARC) is becoming more common worldwide

and may result in shorter hospital stays and reduced blood loss for this typically morbid

procedure. Results collected by the International Robotic Cystectomy Consortium

demonstrate lymph node yield and oncologic safety on par with open surgery.26

Furthermore, a 48% 90-day complication rate was noted in this pooled analysis, with most

complications being low-grade.27 A randomized trial comparing clinical outcomes with

RARC and with open radical cystectomy is ongoing.28 Although radical cystectomy poses a

sizeable risk of morbidity, it can result in cure for some patients. ERAS protocols, nerve-

sparing surgical techniques, and RARC may make the risks of cystectomy more acceptable

to both patients and surgeons.

Options for urinary diversion

Following cystectomy, a surgically constructed urinary diversion can establish reliable

urinary drainage. These diversions can be incontinent or continent and are constructed from

bowel segments from the stomach, small bowel, or colon. The choice of bowel segment

depends on the presence of underlying renal insufficiency, as well as associated metabolic

consequences and symptomatology associated with the various segments of bowel. For

incontinent diversion, a segment of bowel, usually the ileum, is isolated from the remainder

of the bowel on its own pedicled mesentery. The ureters are then surgically anastomosed to

one end of the isolated segment of bowel. The other end is brought out through an opening

in the abdominal wall, forming a stoma where an external appliance is attached to collect

urine. This incontinent cutaneous urinary diversion, called an ileal conduit, is the most

common type of urinary diversion performed, given the relative ease of the procedure and

the shorter operative time compared to more complicated urinary reconstructions. In

situations of previous pelvic irradiation, the transverse colon may be used as a conduit as

well.

For continent urinary diversion, the ureters are anastomosed to a large segment of bowel that

has been isolated to create a urinary reservoir. When a segment of large bowel and a portion

of the terminal ileum are used, the resulting reservoir is called an Indiana pouch. The

proximal portion of the terminal ileum is tapered and brought to the skin to serve as a

cutaneous channel. At the distal portion of the terminal ileum, the one-way ileocecal valve

then serves as the mechanism of continence for the reservoir. An Indiana pouch maintains

continence and does not require an external appliance. It does, however, require intermittent
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catheterization for drainage and periodic irrigation to prevent accumulation of mucus, which

can lead to stone formation over time. With the Indiana pouch, loss of the terminal ileum

sometimes leads to malabsorption of lipids with consequent steatorrhea and lipid-soluble

vitamin deficiency. A single-institution series of Indiana pouches had complications in up to

90% of patients, the most common being incontinence caused by problems with the valve.29

Continent cutaneous urinary diversion is also possible using different valve mechanisms and

other portions of the bowel.

Continent urinary diversion can also be achieved with an orthotopic neobladder, another

type of urinary reservoir created from a large segment of bowel, most commonly the ileum

with the terminal ileum preserved. The new urinary reservoir is placed in the same location

as the original bladder, then surgically anastomosed to the preserved urethral stump. Patients

with an orthotopic neobladder can void spontaneously through the urethra by relaxing the

external striated sphincter. There are many different variations of the orthotopic neobladder,

including the Hautmann “W” neobladder, the Mansoura ileal neobladder, the “T” ileal

neobladder, and the “Studer” ileal neobladder. Some series have reported rates of day- and

night-time continence ranging from 70%–100%.30-34 Overall, the risk of significant

complications over a lifetime is 18%–36% for patients with continent cutaneous reservoirs

and 10%–18% for patients with orthotopic neobladders.35

A number of factors must be considered when choosing among types of urinary diversion.

The surgeon must carefully review the patient's previous surgical history, prior pelvic

radiation therapy, need for adjuvant therapy, risk of recurrence, pre-existing bowel

conditions, and underlying medical conditions. The surgeon must also assess the patient's

lifestyle and body image, support system, and willingness and ability to perform self-

catheterization.36

Perioperative Therapies

Despite surgical improvements, the overall prognosis for MIBC treated with radical

cystectomy alone remains suboptimal.37 The 5-year survival rate with radical cystectomy in

MIBC is 50%–70%, depending on tumor stage, despite its high 90% 5-year local control

rate. This suggests that the low cure rate is due in large part to micrometastasis at the time of

surgery.38 A long-term follow-up study at the University of Southern California of > 1000

patients with MIBC who underwent radical cystectomy and pelvic lymph node dissection

demonstrated a similar pattern: distant recurrence in 22% of patients and local recurrence in

7% of patients.11 Several neoadjuvant and adjuvant therapeutic approaches have been

explored to optimize local and systemic control in patients with MIBC.

Neoadjuvant Therapies

Neoadjuvant radiation therapy

Several small studies have evaluated the role of neoadjuvant radiotherapy. Although

neoadjuvant radiotherapy as a single agent is effective at pathologically downstaging disease

at the time of resection,39 subsequent studies have reported disparate results. One large trial

showed improved local control with this approach, but no obvious benefit in overall survival
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compared to radical cystectomy alone.40 A second randomized trial found no benefit for 20-

Gy preoperative radiation.41 These trials all used doses of radiation lower than those

considered effective today. Nevertheless, given the lack of firm evidence of therapeutic

benefit with neoadjuvant radiotherapy alone, this treatment option is not recommended.

Neoadjuvant chemotherapy

In contrast, the role of neoadjuvant chemotherapy prior to radical cystectomy has been well

established in the management of MIBC. Neoadjuvant chemotherapy has several potential

advantages, including in vivo assessment of tumor response to a systemic regimen and

downstaging of the primary tumor.

Cisplatin-based chemotherapy

Although bladder cancer is highly sensitive to cisplatin, a meta-analysis of four randomized

trials (n = 479) failed to show a statistically significant survival benefit for cisplatin

monotherapy prior to radical cystectomy.42 Several combination regimens containing

cisplatin have been subsequently investigated.

The British Medical Research Council (MRC)/European Organization for Research and

Treatment of Cancer (EORTC) reported a randomized phase III trial (BA06 30894) that

evaluated a three-drug regimen of cisplatin, methotrexate and vinblastine (CMV) in 976

patients with MIBC.43 In this study, three cycles of CMV prior to cystectomy or curative

full-dose radiation resulted in a complete pathologic response rate of 32.5% compared to

12.3% in the non-chemotherapy control arm. In a median follow-up of four years,

neoadjuvant CMV failed to demonstrate significant survival benefit (HR 0.85; P = 0.075).

However, in a recent update of the study after more than eight years of follow-up, the

reduction in the risk of death has reached statistical significance (HR 0.84; P = 0.037),

corresponding to an increase in 10-year survival from 30% to 36%.

Grossman et al. reported the results of the SWOG 8710 study that evaluated a four-drug

combination of methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) in 307

patients with MIBC (T2N0M0 to T4aN0M0).10 The activity of MVAC in urothelial

carcinoma was first reported in 1985 by Sternberg el al.44 and has been validated in

subsequent randomized studies, showing superior activity to cisplatin alone or in

combination with cyclophosphamide and doxorubicin (CISCA) in metastatic disease.45,46

The SWOG randomized phase III study showed that three cycles of MVAC chemotherapy

can be given without adversely affecting a patient's chance of undergoing racial cystectomy,

and achieved pathologic T0 rates of 38% compared to 9% in the surgery-alone group (P <

0.001). Neoadjuvant MVAC also showed superior survival, with a median survival of 77

months vs. 46 months in the cystectomy-alone arm (P = 0.05). A stratified proportional

hazards model showed that patients in the cystectomy arm had a 33% greater risk of death

than those in the combination-therapy arm (HR 1.33; 95% CI 1.0–1.76).

The survival benefit of platinum-based neoadjuvant chemotherapy has been further

validated by two meta-analyses.47,48 The Advanced Bladder Cancer Meta-Analysis

Collaboration analyzed 2688 patients from ten clinical trials and found that cisplatin-based
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combination neoadjuvant chemotherapy was associated with a significant overall survival

benefit (HR 0.87; P = 0.016), although the HR for all trials, including those using single-

agent cisplatin, was not significant (HR 0.91; P = 0.084).47 The meta-analysis by Winquist

et al. evaluating 2605 patients from 11 randomized controlled trials also showed an overall

survival benefit, with a pooled HR of 0.90 (P = 0.02) and HR of 0.87 (P = 0.006) for eight

trials using cisplatin-based combination regimens.48

Despite its proven survival benefit, the MVAC combination regimen is associated with high

toxicities and treatment-related mortality of 3%–4% in patients with advanced urothelial

carcinoma.45 Thus, the alternative two-drug combination of gemcitabine and cisplatin (GC)

has been widely accepted for neoadjuvant use. In a randomized study of > 400 patients with

advanced or metastatic bladder cancer, the MVAC and GC regimens had comparable

response rates (GC, 49%; MVAC, 46%); however, GC showed better safety and

tolerability.49

No prospective study has directly compared GC to MVAC in the neoadjuvant setting.

Several retrospective analyses have investigated the relative efficacy of GC compared to

MVAC in patients with MIBC, with conflicting results.50-52 Fairey et al. (University of

Southern California) evaluated 116 patients who received neoadjuvant GC (n = 58) or

MVAC (n = 58) and found that complete response rates were higher for GC (27.3%) than

for MVAC (17.1%), which was not statistically significant (P = 0.419).52 In contrast, a

retrospective analysis by Yeshchina et al. (Comprehensive Cancer Center, Columbia

University) evaluated 114 patients treated with either neoadjuvant GC (32%) or neoadjuvant

MVAC (68%). Patients receiving MVAC showed higher pT0 rates than patients receiving

GC (31% vs. 25%, respectively), which was not statistically significant (P = 0.645), and

there was no difference in overall survival between the two regimens (HR 1.3; P = 0.33).50

However, Dash et al. (Memorial Sloan-Kettering Cancer Center) reported that 96 patients

treated with GC (n = 42) or MVAC (n = 54) showed comparable complete response (pT0)

rates of 26% for GC vs. 28% for MVAC.51

A phase II randomized, neoadjuvant chemotherapy trial by SWOG, scheduled to open in

June 2014, will prospectively evaluate the power of an algorithm, “Co-eXpression

ExtrapolatioN” or COXEN, based on the tumor's molecular profile, to predict tumor

sensitivity to neoadjuvant dose-dense (dd) MVAC vs. GC in patients with MIBC.

Dose-dense regimens

Dose intensification has been evaluated for its ability to achieve higher response rates and

reduce the duration of therapy. In the EORTC study by Sternberg et al., ddMVAC given

every two weeks with growth-factor support resulted in a higher response rate with fewer

dose delays and less toxicity compared to the standard schedule of MVAC given over four

weeks in advanced metastatic bladder cancer.53 The feasibility and clinical efficacy of a

dose-dense schedule in the neoadjuvant setting in MIBC has been evaluated in several phase

II single-arm trials. Plimack et al. (Fox Chase Cancer Center) reported a single-arm phase II

study of neoadjuvant ddMVAC.54 Treatment was generally well tolerated. Among 33

evaluable patients, 30 completed the full schedule of ddMVAC and 13 had a complete

pathologic response (39.4%); three were downstaged to < T1. In a similar multicenter phase
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II study of ddMVAC in patients with MIBC, Qu et al. (Dana-Farber Cancer Institute)

reported a pathologic and radiologic response rate of 49% and 69%, respectively.55 Both

pathologic and radiographic responses were associated with significantly improved disease-

free survival compared to nonresponders.

Siefker-Radtke et al. (M.D. Anderson) reported similar efficacy for the ddMVAC

regimen.56 In a phase II study, ddMVAC in combination with bevacizumab resulted in

pathologic downstaging to ≤ pT1 in 53% of patients and complete pathologic response in

38%, confirming the efficacy of ddMVAC. The role of additional bevacizumab is not clear;

longer follow-up will be required to assess its effect on recurrence and survival. Meanwhile,

a meta-analysis of 80 consecutive patients treated with ddMVAC as neoadjuvant therapy

(Oxford Cancer Centre, U.K.) showed a complete pathologic response rate of 43% and a

radiographic response rate of 83%.57

A dose-dense GC regimen has also been evaluated. A prospective, open label, phase III

study (Hellenic Cooperative Oncology Group) comparing ddMVAC and dose-dense GC

(ddGC) in patients with advanced urothelial cancer showed no difference in response rate

(27% for ddMVAC vs. 32% for ddGC; P = 0.36) or overall survival (19 months for

ddMVAC vs. 18 months for ddGC; P = 0.98).58 However, randomization was terminated

early in this study due to low accrual. The feasibility and efficacy of neoadjuvant ddGC is

currently being evaluated in several single-arm phase II studies.59

Neoajvuant chemotherapy for patients ineligible for cisplatin therapy

Despite high rates of tumor response and survival benefit with cisplatin-based combination

chemotherapy, certain patients are not suitable candidates for this treatment.

Contraindications to cisplatin include hearing loss/dysfunction, cardiac dysfunction, poor

performance status, and renal insufficiency. Renal insufficiency is of particular concern

since a large proportion of patients with urothelial cancer have impaired renal function due

to multiple factors, including medical comorbidities, age-related decline in glomerular

filtration rate, and ureteral obstruction.12 The combination of paclitaxel, carboplatin, and

gemcitabine (PCaG) demonstrated an overall response rate of 69% and a complete response

rate of 32% in a phase II trial in advanced urothelial cancers.60 However, when administered

prior to cystectomy in patients with MIBC, PCaG resulted in seven deaths and removal of

many patients from the study due to severe toxicities, raising concerns for the feasibility of

this regimen.61 In addition, a phase II SWOG study (S0219) evaluating the clinical complete

response (T0) rate after three cycles of PCaG followed by immediate cystectomy or

cystoscopic surveillance resulted in an unacceptably high rate of understaging; 60% of

patients who were presumed to have pT0 status had persistent cancer at cystectomy.62 A

phase II study evaluating neoadjuvant gemcitabine, carboplatin, and panitumumab (GCaP)

in patients with MIBC is underway,63 but so far there have been no large randomized studies

of non-cisplatin-based chemotherapeutic regimens.

Adjuvant Therapies

For patients who undergo up-front radical cystectomy and are at high risk for recurrence,

adjuvant chemotherapy is often the best course. The potential advantage of adjuvant
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chemotherapy is the possibility of complete pathologic staging, which can aid in the

accurate selection of patients at risk for recurrence, given the high rate of clinical

understaging.64 However, the delayed treatment of micrometastases is a hypothetical

concern, and unlike with neoadjuvant chemotherapy, tumor response to a specific

chemotherapy cannot be assessed. Furthermore, radical cystectomy has a high complication

rate that prevents timely administration of adjuvant therapy. In a retrospective analysis of

1142 patients (Memorial Sloan-Kettering) who underwent up-front cystectomy, 64%

experienced one or more complications within 90 days of radical cystectomy, rendering 30%

unable to receive adjuvant chemotherapy.65

Prospective trials of cisplatin-based adjuvant chemotherapy

In a randomized trial, single-agent cisplatin as an adjuvant therapy failed to demonstrate a

survival benefit in patients with MIBC.66 Patients received three cycles of cisplatin given on

three consecutive days at monthly intervals after cystectomy (P = 0.65). The 5-year survival

rate was 54% in the control group (n = 40) and 57% in the treatment group (n = 37).

Various adjuvant cisplatin-based combinations have been evaluated in randomized trials but

have not met their survival endpoints, mainly due to methodological flaws or failure to

achieve accrual goals. Most of these trials were small and thus severely underpowered. In a

randomized study by Skinner et al., CISCA was evaluated in 99 patients with high-risk

MIBC (pT3–4 or node-positive) treated with radical cystectomy and pelvic lymph node

dissection, failed to show a significant survival benefit.67 Although the adjuvant

chemotherapy arm showed a significant delay in time to progression compared to the

observation arm (P = 0.001), the study was criticized for methodological flaws. Millikan et

al. conducted a phase III study investigating perioperative vs. postoperative chemotherapy in

patients with high-risk MIBC.68 The study showed no difference in outcome between the

two arms: five cycles of adjuvant MVAC (n = 70) vs. two cycles of neoadjuvant and three

cycles of adjuvant MVAC (n = 70). Overall survival was four years in both groups (P =

0.54). Notably, only 77% of patients randomized to the adjuvant arm actually received two

or more cycles of chemotherapy, while 97% of patients randomized to the neoadjuvant/

adjuvant arm had at least two cycles, suggesting that neoadjuvant chemotherapy is more

feasible than adjuvant chemotherapy.

While a number of prospective randomized trials have failed to prove clinical benefit for

various adjuvant chemotherapeutic regimens, some retrospective analyses of cisplatin-based

adjuvant chemotherapy suggest a potential survival benefit. However, the cohort studies had

inherent limitations.

An Advanced Bladder Cancer Meta-Analysis Collaboration report of 491 patients from six

randomized controlled trials69 and data on 3947 patients from 11 centers70 showed a

significant survival benefit for cisplatin-based adjuvant chemotherapy in high-risk patients.

The meta-analysis data showed a 9% absolute survival improvement at three years, which

translates to a 25% relative reduction in the risk of death with cisplatin-based adjuvant

chemotherapy (HR 0.75; P = 0.019). The analysis was, however, limited by a small sample

size with only 283 deaths.69 Data from a much larger patient cohort from multiple

institutions in the off-protocol setting also showed that adjuvant chemotherapy was
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independently associated with improved survival (HR 0.83; P = 0.017).70 However, the

effect of adjuvant chemotherapy was significantly modified by patients' risk features.

Patients with the highest risk features, such as advanced pathologic staging (≥ T3) and node-

positive disease, experienced the most significant survival benefit from adjuvant

chemotherapy (HR 0.75; P = 0.002). Several large, more recent randomized trials were not

included in the above meta-analysis. Unfortunately, these studies failed to meet their accrual

goals and were prematurely terminated, leaving the benefit of adjuvant chemotherapy

uncertain.

Paz-Ares et al. reported a trial (Spanish Oncology GU Group 99/01) evaluating adjuvant

paclitaxel, gemcitabine, and cisplatin (PGC) that showed a progression-free survival benefit

at five years compared to control (P < 0.0001) after four cycles of adjuvant PGC in patients

with high-risk MIBC (pT3–T4 and/or pN+). Results also showed a prolonged five-year

overall survival in the PCG arm (60%) compared to observation (31%) (P < 0.0009).71

However, this study was terminated early due to poor recruitment (140 enrolled out of an

expected 340).

A randomized phase III trial reported by Cognetti et al. evaluating the benefit of adjuvant

chemotherapy with GC also suffered from slow accrual.72 This study enrolled only 190

patients, significantly fewer than the planned 610 patients, and was thus underpowered to

demonstrate survival benefit. Furthermore, only 62% of patients could complete

chemotherapy as planned, and more than half of the patients required a dose reduction,

further limiting the power of the study. The control and adjuvant chemotherapy arms

showed similar five-year disease-free survival (42.3% and 37.2%, respectively; HR 1.08; P

= 0.70) and overall survival (48.5%; HR 1.29; P = 0.24).

A phase III randomized study (EORTC 30994) was planned to evaluate adjuvant cisplatin-

containing chemotherapy (MVAC, ddMVAC, or GC at the treating physician's discretion)

compared to observation after radical cystectomy. This study was closed in 2008 due to poor

accrual (298 patients enrolled over seven years out of a planned 664). The results of this

study will be presented at the 2014 Annual Meeting of the American Society of Clinical

Oncology. Similarly, a Cancer and Leukemia Group B trial (CALGB 90104) comparing

sequential doxorubicin and gemcitabine followed by paclitaxel and cisplatin with GC alone

in the adjuvant setting was closed due to slow accrual; only 42 patients out of a planned 800

were enrolled.

It has been suggested that p53 positivity is associated with a high recurrence rate in patients

with organ-confined bladder cancer, especially in early-stage disease (T1/T2N0).73 p53

positivity has also been suggested as a predictive marker for cisplatin-based chemotherapy

in bladder cancer.74 Stadler et al. conducted a study evaluating the role of molecularly

targeted adjuvant MVAC in patients with early-stage disease.75 In this study, patients with

pT1/T2N0M0 disease whose tumors were p53-positive, defined as ≥ 10% nuclear reactivity

on immunohistochemistry (IHC), were randomized to either adjuvant MVAC (n = 58) or

observation (n = 56), while p53-negative patients were observed. Only 67% of patients

randomly assigned to MVAC received all three cycles, and 12 patients received no

treatment. In the end, overall five-year probability of recurrence did not differ according to
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p53 status (P = 0.41), failing to validate the prognostic value of p53. Among p53-positive

patients, adjuvant MVAC did not improve recurrence-free (P = 0.62) or overall survival (P

= 0.89) compared to surgery alone, suggesting no value for adjuvant chemotherapy in

patients with early-stage disease without high-risk features.75 However, the high rate of

patients who refused randomization, the lower-than-expected event rate, and failures to

receive assigned therapy severely compromised study power.

Generally, adjuvant chemotherapy is recommended for patients with high-risk features such

as T3 or T4 disease and/or lymph node involvement, who have not been treated with

neoadjuvant chemotherapy. Routine use of adjuvant chemotherapy in patients with MIBC

without such high-risk features is controversial due to the lack of evidence of clear benefit in

this group. There are limited data on the management of patients who are not candidates for

cisplatin-based adjuvant chemotherapy. Non-cisplatin alternatives such as a carboplatin-

based regimen or gemcitabine monotherapy lack data for standard use.76

Underuse of perioperative chemotherapy

As previously discussed, the SWOG 8710 trial that demonstrated a survival benefit with

neoadjuvant chemotherapy was reported in 2003,10 followed by reports of two supporting

meta-analyses in 2003 and 2004.47,48 Yet despite the well-established role of neoadjuvant

chemotherapy in MIBC, up-front surgery is often the treatment of choice, due in part to the

low rate of referral of patients from urologists to medical oncologists.

The National Cancer Data Base analyzed treatment patterns in 7161 patients diagnosed with

stage III bladder cancer between 1997 and 2003. According to their report, which was

published before SWOG 8710 was reported, only 10.4% of patients received adjuvant

chemotherapy and a mere 1.2% were treated with neoadjuvant chemotherapy.77 Data from

the Surveillance, Epidemiology, and End Results-Medicare database obtained between 1992

and 2002 showed that few patients with MIBC (1.2% with stage II and 7.3% with stage III)

received chemotherapy prior to cystectomy.78 Fedeli et al. evaluated the trend of

chemotherapy use in patients with MIBC between 2003 (after the publication of SWOG

8710) and 2007 using the National Cancer Data Base.79 This study showed that the

percentage of patients with MIBC who received neoadjuvant chemotherapy increased each

year after 2003 (6%) and doubled in 2007 (13%), although this number is still unacceptably

low given the high-level evidence of survival benefit with neoadjuvant chemotherapy.

Various efforts have been made to increase the use of perioperative chemotherapy. A multi-

institutional quality care initiative (QCI) has launched a two-phase effort. Phase 1 is the

evaluation of baseline patterns of perioperative chemotherapy use in patients with MIBC

between 2003 and 2008, and phase 2 is a prospective QCI. The quality indicators include (1)

referral to a medical oncologist for consideration of multimodal therapy, (2) neoadjuvant (if

recommended) cisplatin-based chemotherapy of at least three cycles, (3) adjuvant (if

recommended) cisplatin-based chemotherapy of at least three cycles, and (4) all treatment to

be completed within six months. A report by Bochner et al. showed that of 4344 patients in

phase 1, only 34% received perioperative chemotherapy, 14% neoadjuvantly. Of those

treated neoadjuvantly, 70% received cisplatin-based chemotherapy. Of the > 700 patients

evaluated after initiation of the QCI (phase 2), 56% received perioperative cisplatin-based
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chemotherapy, 47% neoadjuvantly, which was a significant increase. There was a 64.7%

increase in the use of any perioperative chemotherapy and a 3.4-fold increase in neoadjuvant

chemotherapy.80

Apolo et al. evaluated the management patterns of medical oncologist in patients with

MIBC. The results showed a reassuring increase in the adoption of recommendations that

follow best evidence.81 A majority of referrals to medical oncologists were made by

urologists (79%) for assessment for perioperative chemotherapies. Neoadjuvant and

adjuvant chemotherapy were offered to patients with MIBC by 79% and 46% of

respondents, respectively. The reasons given for not recommending neoadjuvant

chemotherapy included poor performance status and renal dysfunction. The report suggested

that a majority of medical oncologists offer perioperative chemotherapy, with a trend toward

increased use of neoadjuvant chemotherapy over adjuvant chemotherapy when patients are

referred by urologists and chemotherapy is considered appropriate.

Bladder-Preserving Strategies

Despite improvements in surgical techniques and supportive care, radical cystectomy

continues to have high rates of morbidity and mortality.82,83 Further, urinary diversion may

have its own complications and additional effects on quality of life. The desire to provide

patients with a therapeutic option that preserves a functioning bladder has led to the

development of several bladder-preserving strategies that, for a carefully selected subgroup

of patients, provide an alternative to radical cystectomy.

Bladder-preserving strategies generally include limited surgical approaches such as TURBT

or partial cystectomy, with or without radiation therapy and/or chemotherapy. The most

effective bladder-preserving strategies often involve a trimodal or multimodal approach to

maximize disease control. Although none of these approaches has been evaluated in

comparison with radical cystectomy or with each other in a randomized fashion, the results

of several prospective series suggest that appropriately selected patients with MIBC can

achieve long-term disease control with an intact bladder. We review below (1) the various

combinations of surgery, radiation, and chemotherapy that have been explored and (2) the

current standard approach of trimodal therapy.

Bladder-preserving surgical approaches

Modified surgical approaches have been evaluated as alternatives to radical cystectomy.

Conservative tumor resection involving either definitive TURBT or partial cystectomy has

been employed in highly selected patients with solitary muscle invasive tumors without

evidence of associated CIS.

A retrospective cohort study (Memorial Sloan-Kettering) of 151 patients with MIBC treated

by definitive TURBT showed a 10-year survival probability that is comparable to that of

radical cystectomy.84 The 10-year disease-specific survival was 76% for patients who

underwent definitive TURBT, with a 57% rate of bladder preservation compared to 71% of

patients who had immediate radical cystectomy. Among patients who had a complete

pathologic response on restaging TURBT, 82% survived to 10 years. However, among
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patients with residual tumors, 69% had relapse, with a 10-year survival of only 57%.

Solsona et al. performed a phase II nonrandomized study to determine the efficacy of

cisplatin-based chemotherapy in patients with microscopic residual tumor after definitive

TURBT.85 Patients with positive biopsies of the tumor bed after TURBT received either

immediate radical cystectomy or three cycles of cisplatin-based chemotherapy in a

nonrandomized fashion. The cancer-specific survival rate with bladder preservation was

64.5% and 59.8% at five and 10 years, respectively, with no significant difference compared

to radical cystectomy (P = 0.544). The authors speculated that, based on findings in the

radical cystectomy arm, 98% of patients in the chemotherapy arm had residual tumor, 89%

of which was invasive. With cisplatin-based chemotherapy, 50.5% of patients achieved

durable complete responses, suggesting effective control of microscopic residual invasive

tumor in about 45% of patients.85

Partial cystectomy can be performed in highly selected cases where the bladder has been

adequately sampled by random biopsies (including the prostatic urethra) and where there is

no evidence of cancer other than the tumor of interest. This approach also allows complete

pathologic staging with potential concurrent pelvic lymph node dissection while preserving

urinary function. Partial cystectomy is contraindicated in the presence of any CIS. Finally,

the lesion has to be removed with negative margins and the remaining bladder has to have

adequate capacity to allow for normal voiding. With partial cystectomy, bilateral extended

lymphadenectomy is recommended to adequately sample locoregional lymph nodes, based

on several reports supporting such a strategy.

Several single-institution studies (Memorial Sloan-Kettering; M.D. Anderson) with a small

number of patients have reported a five-year survival rate of ∼70%, with a bladder

preservation rate of approximately 65% in highly selected patients with MIBC.86-89 A

population-based matched analysis of 7243 patients with MIBC treated with partial

cystectomy (n = 1573) or radical cystectomy (n = 5670) showed comparable overall survival

and cause-specific survival for partial and radical cystectomy. The five-year estimated

overall survival and cause-specific survival for partial cystectomy patients was 57.2% and

70.3%, respectively, and for radical cystectomy patients 54.6% and 69.2%, respectively

(overall survival: HR 1.1; P = 0.3; cause-specific survival: HR 1.1; P = 0.5). Cohorts were

matched for age, race, pT stage, pN stage, tumor grade, year of surgery, and number of

lymph nodes removed.90 More recent data from Zhang et al. showed that partial cystectomy

followed by adjuvant chemotherapy and radiation achieved comparable clinical outcomes.91

In this study, patients with pT3–4 tumors after partial cystectomy were treated with adjuvant

MVAC and subsequent radiation of 45–50 Gy. The five-year bladder-preservation survival

was 63%, with a 14% MIBC recurrence rate. It must be stressed that strict criteria are

needed to select appropriate candidates for this nonstandard, bladder-preserving approach.

Sternberg et al. evaluated the feasibility of selecting patients for definitive TURBT or partial

cystectomy on the basis of response to neoadjuvant chemotherapy.92 Patients with T2–T4,

N0 MIBC were treated with neoadjuvant MVAC, followed by restaging with a repeat CT

and TURBT. Based on response at restaging, patients underwent either a bladder-

preservation protocol with TURBT (n = 52), or partial cystectomy (n = 13), or radical

cystectomy (n = 39). About half of patients had T0 with MVAC chemotherapy. Among
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patients who had TURBT, 25% had superficial recurrences, 10% developed invasive

disease, 23% developed metastases, and 6% developed both invasive and metastatic disease.

Among patients who had partial cystectomy, 15% had superficial recurrences and 23%

developed locally invasive disease. The five-year survival rate was 67% in the TURBT

group and 69% in the partial cystectomy group. The authors concluded that bladder sparing

in selected patients on the basis of response to neoadjuvant chemotherapy is feasible,

although the study could not assess the benefit of neoadjuvant chemotherapy in this setting.

Radiation with or without chemotherapy

Radiation alone as a method of bladder preservation has been described. However,

comparisons to radical cystectomy are problematic, as patients referred for radiotherapy

alone as an alternative to radical cystectomy tend to be older and sicker than their

counterparts who undergo radical cystectomy. The largest series reporting the outcomes of

radiotherapy alone in patients with urothelial carcinoma of the bladder was from Scotland,

where the institutional policy was primary radiotherapy as the sole treatment in patients with

T1–T4 urothelial carcinoma of the bladder.93 This study reported on 961 patients, all treated

in the era before CT scans. The presence of metastatic disease was assessed by skeletal

radiography, chest x-ray, and bone scan as indicated. Following radiation, complete

regression of the bladder tumor was observed in 45.9% of patients. The five-year survival

rate for all patients, including those receiving palliative treatment only, was 30.3%. Survival

was highly dependent on tumor stage, with five-year survival ranging from 30% for patients

with T4 tumors with complete regression after radiation to 62.8% for patients with T1

tumors with complete regression. Several other series have shown similar rates of regression

after primary radiotherapy.94,95

A major concern with radiation as a single modality for bladder preservation is the relatively

high rate of local recurrence or persistence and the need for post-radiotherapy salvage

cystectomy. Long-term follow-up of 159 patients with MIBC treated in a randomized trial

with radical radiotherapy with or without neoadjuvant cisplatin showed that 24% of patients

underwent salvage cystectomy, 20% in the radiotherapy-alone group and 28% in the

combination-therapy group.95

Efforts to improve the efficacy of primary radiotherapy initially focused on the addition of

sensitizing chemotherapy during radiotherapy. Results of multi-institutional retrospective

trials employing this approach have suggested an improvement in local control, but variable

results in terms of survival benefit compared to radiotherapy alone.96,97

Coppin et al. (National Cancer Institute of Canada) reported a prospective randomized trial

that showed improved local control with concurrent addition of cisplatin to definitive

radiotherapy in MIBC.98 The study randomized 99 patients to radiotherapy with or without

cisplatin, followed by elective cystectomy or further radiotherapy at the investigator's and

patient's discretion. Although concurrent chemoradiation significantly reduced the risk of

pelvic failure compared to radiotherapy alone, there was no evidence of increased survival

with the addition of concurrent chemotherapy.
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Hussain et al. reported a phase I/II study of synchronous chemoradiation therapy with

mitomycin C and 5-FU in 41 patients, 17 of whom had a glomerular filtration rate of < 50

mL/min, and 76% of whom had T3–T4 disease.99 This regimen achieved high rates of local

control, with a local progression-free rate of 82% at one year and 79% at two years. The rate

of organ preservation was also high: only five patients underwent salvage cystectomy.

Overall one-, two-, and five-year survival rates were 68%, 49%, and 36%, respectively.

Similarly, the Bladder Cancer 2001 trial (BC2001) randomized 360 patients with MIBC to

radiotherapy alone or concurrent chemoradiation with mitomycin C and 5-FU.100 In this

trial, the addition of chemotherapy to radiotherapy resulted in improved local control, good

long-term bladder function, and low rates of salvage cystectomy. Two-year recurrence-free

survival was 67% with chemoradiation therapy vs. 54% with radiotherapy (HR 0.68; P =

0.03). Chemoradiation therapy was associated with a trend toward a reduction in

cystectomy, with a two-year survival rate of 11.4% in the chemoradiation therapy group vs.

16.8% in the radiotherapy group, with no significant difference in overall survival. Based on

data from these trials and other similar reports, primary radiotherapy alone for bladder

preservation has largely been abandoned for patients who can tolerate multimodal therapy.

The BC2001 trial confirmed significantly improved locoregional control of bladder cancer

with 5-FU and mitomycin C compared to radiotherapy alone, with no significant increase in

adverse events.100

Trimodal strategies

The suboptimal bladder preservation obtained with single modalities has led to an integrated

approach involving surgery, radiation, and chemotherapy, with the goal of improving both

local and distant disease control. Various strategies involving definitive non-cystectomy

surgical resection in combination with chemotherapy and radiation for maximum local and

systemic control in selected patients with MIBC have shown encouraging clinical outcomes

and reasonable bladder-preservation rates. Multimodal bladder-preserving strategies

developed in the 1980s by several groups, including Massachusetts General Hospital, the

University of Paris, and the Radiation Therapy Oncology Group (RTOG), consisted of an

induction phase of TURBT and cisplatin-based concurrent chemoradiation therapy, followed

by a consolidation chemoradiation therapy based on tumor response at repeat cystoscopy.

In 1993, Tester et al. published the first report of a phase II study (RTOG 85-12) evaluating

the tolerability and effectiveness of this strategy.101 Patients received 40 Gy of radiation

with concomitant cisplatin after maximal TURBT. Complete responders received an

additional 24-Gy boost with concurrent cisplatin, while nonresponders underwent salvage

radical cystectomy. The complete response rate after induction therapy was 67% in

evaluable patients. The treatment was well tolerated and resulted in a 64% three-year

survival rate and a 42% five-year survival rate with an intact bladder. The RTOG has since

evaluated multiple regimens based on radiosensitizing chemotherapy agents combined with

radiotherapy. The RTOG has also tested different dosing of chemotherapy and radiotherapy,

as well as novel combinations and additional adjuvant and neoadjuvant chemotherapies

(Table 3).
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Shipley et al. have reported and summarized a number of trimodal bladder-preservation

trials at Massachusetts General Hospital,102 including a study of 190 patients treated with

multimodal approaches between 1986 and 1997. All of the regimens used maximal TURBT

followed by cisplatin-based concurrent chemoradiation therapy and reassessment.

Consolidation with boost chemoradiation to a total dose of 64–65 Gy or salvage cystectomy

was employed depending on tumor response to induction therapy (Fig 2). The primary

differences among the various regimens related to the use of neoadjuvant or adjuvant

chemoradiation therapy and the addition of 5-FU to cisplatin in concurrent chemoradiation

therapy. In this series, a visibly complete TURBT was achieved in 57% of patients. Radical

cystectomy was performed in 66 patients (35%) due to incomplete response to induction

therapy (n = 41) and as salvage for recurrent invasive tumor (n = 25). The 5- and 10-year

disease-specific survival rates for patients undergoing radical cystectomy were 48% and

41%, respectively. Among patients with complete remission after induction, 60% remained

recurrence-free, 24% developed a superficial recurrence, and 16% developed an invasive

tumor. The five-year overall survival rate was 54%, disease-specific survival rate was 63%,

and five-year survival rate with a preserved native bladder was 45%.

Housset et al. (University of Paris) reported the results of a similar bladder-preserving

trimodal strategy in 54 elderly patients with T2–T4 tumors treated with TURBT followed by

chemoradiation of 24 Gy with concurrent cisplatin and 5-FU.103 Patients with persistent

tumor on cystoscopic re-evaluation underwent radical cystectomy. Patients with a complete

response (74%) on re-evaluation received either an additional 20 Gy (group A) or underwent

radical cystectomy (group B) (Fig 2). After a median follow-up of 27 ± 12 months, three

responding patients in group A and one in group B developed local recurrence. Metastatic

disease occurred more frequently in patients who failed to achieve complete response (71%)

than in responders (23%). The three-year overall survival rate was 59%; the disease-free

survival rate was 62%. There was no difference in survival between groups A and B (81%

and 77%, respectively).

In the studies described above, response to TURBT and chemoradiation therapy was

evaluated after the induction phase, which allowed early identification of non-responding

patients. The rationale for this approach was to allow for rapid salvage radical cystectomy

and to reduce the total dose of radiation delivered prior to radical cystectomy to minimize

surgical complications and improve the feasibility of urinary reconstruction.104

In contrast, a German group employed a bladder-preserving strategy of up-front complete

chemoradiation therapy followed by response assessment, providing radical cystectomy only

in cases of residual disease in order to maximize the chance of complete response and avoid

radical cystectomy whenever possible.105 Rödel et al. (University of Erlangen) reported a

study of > 400 patients with high-risk T1 or T2–T4 disease treated from 1982 to 2000 with

radiation alone (n = 126) or concurrent chemoradiation therapy (n = 289) following TURBT.

Chemotherapy was given during the first and fifth week of radiation and consisted of

cisplatin (n = 145) or carboplatin in patients with renal insufficiency or heart failure (n =

95), or a combination of cisplatin and 5-FU (n = 49). The median dose of radiation was 54

Gy. Response was evaluated by restaging TURBT six weeks after completion of treatment.

Salvage radical cystectomy was recommended for cases of persistent or recurrent invasive
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tumor (Fig 2). Complete resection of tumor was achieved in 28% with initial TURBT. After

completion of treatment, 72% of patients achieved complete remission, 5% showed non-

muscle invasive residual tumor, and 23% showed muscle invasive tumor. Concurrent

chemoradiation therapy resulted in an increased rate of complete response and significantly

improved overall survival compared to radiation alone. The complete response rate was 61%

for patients treated with radiation alone, 66% after chemoradiation therapy with carboplatin,

82% with cisplatin, and 87% with 5-FU/cisplatin. Ten-year disease-specific survival was

42%, and > 80% of survivors had intact bladders.

Recent and ongoing combined modality trials have attempted to optimize chemotherapy

regimens to minimize toxicity while improving rates of complete response and survival.

Many patients with MIBC suffer from renal insufficiency or other morbidities for which

cisplatin may be contraindicated. Based on these limitations, non-cisplatin regimens have

been further explored and have been shown to be safe and effective in patients with renal

insufficiency.

The safety and effectiveness of adding paclitaxel or 5-FU to cisplatin-based chemoradiation

therapy was reported in a recent randomized phase II trial by Mitin et al. (RTOG 0233).106

This study consisted of an induction phase of TURBT and 40.3 Gy of chemoradiation

therapy with either paclitaxel or 5-FU plus cisplatin. Tumor response was assessed after

induction. Patients with a complete response (T0) or near-complete response (Tcis or Ta)

received consolidation chemoradiation therapy to 64.3 Gy, with the same chemotherapy

regimen as in the induction phase followed by adjuvant paclitaxel, cisplatin, and

gemcitabine (PCG). In this study, the majority of patients in both the cisplatin/paclitaxel and

cisplatin/5-FU groups have completed the induction and consolidation phases (85% and

83%, respectively). As expected, the complete response rate after induction therapy was

high (72% with cisplatin/paclitaxel; 62% with cisplatin/5-FU), which is comparable to

historic data from other cisplatin-based trimodal studies.107 However, only 58% of patients

completed the treatment course and 19 patients did not complete adjuvant chemotherapy

after chemoradiation therapy. In addition, a high rate of grade 3 and 4 toxicity was observed

during adjuvant chemotherapy. The five-year overall survival rate in patients who completed

all treatment courses was 81% compared with 49% in patients who completed

chemoradiation therapy but not adjuvant chemotherapy.

The RTOG 0233 protocol was based on previous RTOG studies that tested the feasibility

and efficacy of combining a second radiosensitizing agent to cisplatin. RTOG 9506 was a

phase I/II trial of trimodal therapy that employed combined cisplatin and 5-FU as

radiosensitizing agents.108 The regimen resulted in grade 3 or 4 hematologic toxicity in 21%

of patients. The outcome was encouraging, with a 67% complete response rate to induction

therapy and 66% three-year survival. RTOG 9906 was a phase I/II trial of cisplatin and

paclitaxel delivered concurrently with radiation, with the addition of adjuvant gemcitabine

and cisplatin.109 Seventy percent of patients completed the entire treatment course,

including adjuvant chemotherapy. The post-induction complete response rate was 81% and

the five-year survival rate was 56%. As in RTOG 9906, RTOG 0233 incorporated adjuvant

chemotherapy after chemoradiation therapy or radical cystectomy, based on the observation

that distant metastasis is the most common sign of treatment failure in MIBC. Mitin et al.
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recently presented a retrospective pooled analysis of RTOG 9906 and RTOG 0233, both of

which allowed patients with near-complete response after the induction phase to proceed to

consolidation.110 Of 119 eligible patients, 101 (85%) achieved complete response and 18

(15%) achieved near-complete response after induction chemoradiation and proceeded to

consolidation. After a median follow-up of 5.9 years, 36% of patients with complete

response and 28% of patients with near-complete response experienced tumor recurrence (P

= 0.52). Among complete responders, 14 eventually required late salvage cystectomy for

tumor recurrence vs. one patient among near-complete responders (P = 0.47). Disease-

specific, bladder-intact, and overall survivals were not significantly different.

The three-drug combination PCG used as an adjuvant regimen in RTOG 0233 was initially

evaluated by the Spanish Oncology GU Group in advanced bladder cancer patients in phase

I/II studies and was shown to be feasible and highly active, with an overall response rate of

77.6%.111,112 In a subsequent EORTC phase III randomized study, PCG led to higher

response rates than GC (55.5% vs. 43.6%, respectively) and a preferable survival trend in

patients with advanced urothelial carcinoma of the bladder vs. the upper tract.113

Despite encouraging data from studies of bladder-preserving approaches, there are several

concerns associated with bladder-preserving therapy. One is the potential for delay of

definitive radical cystectomy in patients who will not achieve a complete response to

induction treatment. The pelvic tissue changes caused by radiation not only make surgery

technically challenging, but are also associated with higher postoperative complications

compared to radical cystectomy without radiation.114 Rates of surgical complications after

pelvic radiotherapy increase with dose, with higher rates of complications expected at the

doses delivered in the setting of bladder preservation.115 Even after successful bladder-

preserving therapy with a complete response, frequent, long-term surveillance is required for

timely and effective management of invasive and non-invasive recurrence.

Patient selection for trimodal therapy

Not all patients with MIBC are appropriate candidates for bladder preservation.

Considerations when determining eligibility for trimodal bladder-preserving strategies

include factors that may predict for recurrence or for poor bladder function following

treatment. Patient selection is key to ensuring that only those with a realistic chance of

durable local control with an adequately functioning bladder are exposed to this aggressive

therapy.

Tumor-associated hydronephrosis is a contraindication for trimodal approaches, as it is

associated with a low rate of complete response and thus a low rate of bladder

preservation.107,116 Although a visibly complete TURBT is a classic inclusion criterion for

many trials, some protocols suggest that visible disease after TURBT is not an absolute

contraindication117 as local control may be achieved, albeit at a lower rate than in patients

with a visibly complete TURBT. Despite these conflicting data, most trials continue to

require a visibly complete TURBT for enrollment. Patients with poor bladder capacity or

poor urinary function are often suboptimal candidates as their urinary function may decline

further. Extensive CIS or advanced local disease (T3b) is also considered a relative

contraindication to bladder preservation.117 Importantly, a patient's ability to tolerate
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chemoradiotherapy must also be considered before embarking on this approach. Inability to

tolerate chemotherapy or prior pelvic radiotherapy, as well as active collagen vascular

disease and inflammatory bowel disease, are further contraindications to this approach.

Biomarker Studies in MIBC

Bladder cancer comprises a heterogeneous group of diseases beyond conventional

histopathology. Advances in molecular technologies that allow more rapid and extensive

analyses have identified various genetic and epigenetic changes and aberrant protein

expressions associated with urothelial carcinoma. Deletion, mutation, or aberrant

methylation of tumor suppressor genes such as TP53, RB1, CDKN2A, and PTEN and

activation, mutation, or overexpression of oncogenes such as FGFR3, Her2, and CCND1 are

commonly associated with MIBC. Some of these alterations seem to play a critical role in

tumorigenesis, disease progression, and development of treatment resistance. A better

understanding of these underlying molecular alterations may lead to the discovery of

prognostic and predictive markers and the development of individualized targeted

therapies.118

Gene expression signature

There is growing interest in using a gene expression signature to predict tumor

characteristics and clinical outcomes in bladder cancer.119-121 Smith et al. have developed a

20-gene expression model to predict lymph node involvement in patients with clinically

lymph node-negative (cN0) MIBC who are undergoing neoadjuvant chemotherapy.119 This

model showed a predictive value for pathologic lymph node involvement (area under the

curve [AUC]: 0.67). Riester et al. reported that novel cancer gene expression patterns could

predict disease recurrence in high-risk bladder cancer patients after radical cystectomy.122

They identified gene expression patterns associated with clinical and prognostic variables in

93 patients with MIBC managed by radical cystectomy. The results were compared to

previously published data sets, and a survival-associated gene expression subtype was

identified using hierarchical clustering. Used together, survival-associated gene expression

and the clinical nomogram validated by the International Bladder Cancer Nomogram

Consortium123 make predictions of recurrence significantly more accurate.

The Cancer Genome Atlas

The Cancer Genome Atlas (TCGA) is a multi-institutional, comprehensive, coordinated

effort to understand the molecular basis of cancer through various high-throughput genome

analysis techniques. The project started in 2006 to identify genomic changes in more than 20

different types of human cancers, including bladder cancer. TCGA network has recently

published a comprehensive, integrated study of 131 chemotherapy-naïve high-grade MIBCs

(T2–T4a, Nx, Mx).124 Several genomic alterations with potential therapeutic implications

have been identified, including the PI3K/AKT/mTOR, RTK/RAS pathways, ERBB2 (Her2),

ERBB3, and FGFR3.

Mutations, copy number alterations, or RNA expression changes affecting the PI3K/AKT/

mTOR pathway were observed in 42% of tumors, including activating point mutations in
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PIK3CA (17%), mutation or deletion of TSC1 or TSC2 (9%), and overexpression of AKT3

(10%). ERBB2 mutation or amplification was detected in 9% of tumors, which is

approximately as frequent as in TCGA breast cancers, but with fewer amplifications and

more mutations. Other genetic alterations with potential therapeutic implications include

amplification of EGFR (9%) and FGFR3 mutation. FGFR3 mutation, commonly found in

low-grade NMIBC, was found at a lower frequency in high-grade MIBC (17%) and is

strongly associated with papillary morphology. In addition, multiple mutations in epigenetic

pathways were commonly found. Of the tumors analyzed, 76% had an inactivating mutation

in one or more chromatin-regulatory genes, which could potentially be targeted by newly

developed agents that target chromatin modifications.

Vascular endothelial growth factor (VEGF)

VEGF binds with high affinity to one of three tyrosine kinase receptors (VEGFR-1,

VEGFR-2, and VEGFR-3) and mediates normal and pathogenic angiogenesis in various

cancers, mostly through interaction with VEGFR-2. VEGF is often overexpressed in bladder

cancer. A high level of VEGF in both serum and urine is correlated with tumor progression,

high recurrence rate, and poor survival.125-128 VEGFR-2 is expressed in 50% of urothelial

carcinomas and expression is significantly higher in MIBC than in NMIBC.129,130

VEGF has been investigated as a diagnostic marker for bladder cancer. VEGF level is

elevated in the urine of patients with bladder cancer and correlates with tumor recurrence

rates.125 Several studies have compared the diagnostic potential of urinary VEGF vs.

standard voided urine cytology, which has low sensitivity, particularly for low-grade and

low-stage tumors.131 In a study analyzing VEGF level in urinary supernatants from 219

patients by enzyme-linked immunosorbent assay (ELISA) and Western blot, sensitivity and

specificity were 76.7% and 61.5%, respectively, for VEGF compared to 70.8% and 90.8%,

respectively, for voided urine cytology.132 In a case-control study with voided urine samples

from 127 patients (63 control and 64 tumor-bearing), urinary concentration of VEGF as

measured by ELISA showed accuracy of detection, with AUC of 0.886 and sensitivity and

specificity of 83% and 87%, respectively.133

Inoue et al. evaluated the prognostic value of tumor VEGF expression in patients with

MIBC treated with neoadjuvant MVAC chemotherapy and radical cystectomy.126 They

examined VEGF expression before and after neoadjuvant chemotherapy, along with basic

fibroblast growth factor and interleukin-8 expression and microvessel density by IHC in

biopsy specimens from 55 patients with MIBC. VEGF expression and microvessel density

in pretreated biopsy samples showed a correlation with disease recurrence (P = 0.032 and P

= 0.015, respectively). Thus, VEGF appears to be a rational therapeutic target. Various

VEGF-targeting agents are currently being evaluated in MIBC.

In a phase II study, bevacizumab, a monoclonal antibody targeting VEGF-A, was evaluated

in combination with ddMVAC prior to radical cystectomy.56 Although this combination

regimen demonstrated good tumor response with complete pathologic response in 38% of

patients, the actual role of bevacizumab could not be assessed due to the study's singlearm

design. Neoadjuvant bevacizumab was also tested in combination with a GC regimen.134

For 13 patients, 11 of whom underwent cystectomy, the bevacizumab-GC combination
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resulted in a mild antitumor effect, with pTis in three patients (27%) and no pathologic

complete response. This combination was associated with a high rate (42%) of postoperative

complications.

Sunitinib, an oral inhibitor of multiple tyrosine kinase receptors, including VEGFR, has

shown synergistic antitumor effects with both cisplatin and gemcitabine in preclinical

urothelial cancer models.135 Sunitinib monotherapy had mixed effects in patients with

advanced urothelial cancers, either as a first-line therapy in patients who were not candidates

for cisplatin-based chemotherapy or as second-line therapy after chemotherapy.136,137 A

randomized phase II study evaluating the role of sunitinib as a maintenance therapy after

chemotherapy in advanced urothelial carcinoma was closed prematurely due to slow

accrual.138 The results of this study showed no benefit for sunitinib maintenance vs.

observation.

Sunitinib in combination with chemotherapy is associated with high rates of toxicity. In a

phase II trial, sunitinib in combination with GC as first-line therapy in metastatic disease and

as neoadjuvant therapy in MIBC caused grade 3–4 hematologic toxicities in 70% of patients,

causing the study to be discontinued.139 Another phase II trial of sunitinib in combination

with GC as neoadjuvant therapy also closed prematurely due to withdrawal of financial

support after accrual of only 18 patients. Despite the limited number of evaluable patients,

sunitinib in combination with GC resulted in only one pT0 and was associated with

significant hematologic toxicity.140

Her2

Several studies have reported Her2 overexpression rates of 5%–80% in bladder cancer,

using various techniques and criteria.141-145 Lae et al. analyzed 1005 invasive bladder

cancer tissue samples for overexpression of Her2 and Her2 gene amplification using

standard IHC and fluorescence in situ hybridization (FISH), following current guidelines of

the American Society of Clinical Oncology/College of American Pathologists.146 Her2

protein overexpression was found by IHC in 11.4% of tissue samples, and Her2 gene

amplification was found by FISH in 5.1% of invasive bladder carcinomas. A study

evaluating 80 cystectomy and lymph node dissection specimens found 28% (22/80) of

cystectomy cases were Her2-positive by IHC and 53% (17/32) were positive in the lymph

nodes. In this study, Her2 overexpression was not predictive of survival.142 In an ongoing

phase II study (NCT01353222) using DN24-02, an autologous cellular immunotherapy

targeting Her2 in the adjuvant setting after cystectomy, all patients had to have ≥1+ Her2

expression by IHC to be eligible. Of 61 patients screened, 49 (80%) had a Her2 expression

score of ≥1+, 27 (44%) had a score of ≥2+ and 3 (5%) a 3+ score in the primary tumor. Of

23 patients who had Her2 expression levels evaluated in tumor from involved lymph nodes,

20 (87%) had a Her2 expression score of ≥1+, 12 (52%) had a score of ≥2+, and 3 (15%)

had a 3+ score in the lymph nodes.145

Several agents that target Her2 have been evaluated in advanced bladder cancer. In a phase

II trial, trastuzumab, a humanized monoclonal antibody targeting Her2, used in combination

with paclitaxel, gemcitabine, and carboplatin resulted in a 70% response rate, including

complete responses in patients with metastatic Her2-positive bladder cancer.147
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Trastuzumab is being evaluated in combination with concurrent chemoradiation therapy

with paclitaxel in patients with MIBC who have undergone TURBT and are not candidates

for radical cystectomy.148 Lapatinib, an oral dual EGFR and Her2 tyrosine kinase inhibitor,

is also being studied in combination with chemotherapy for metastatic urothelial

carcinoma.149,150

Epidermal growth factor receptor (EGFR)

EGFR is a member of the ErbB family of tyrosine kinase receptors and is overexpressed in

various epithelial tumors, including breast, lung, gastrointestinal, cervical, and bladder

cancer.151,152 In one study, EGFR positivity was observed in 14 of 22 bladder tumors

(74%).153 EGFR overexpression in urothelial carcinoma is associated with higher grade,

higher rate of relapse, and poor overall survival.154-156 EGFR gene expression is closely

associated with cisplatin resistance.157

Pruthie et al. conducted a phase II open-label trial of neoadjuvant erlotinib, an EGFR

tyrosine kinase inhibitor, in patients with MIBC.158 A total of 20 patients received the full

four-week neoadjuvant course of erlotinib prior to radical cystectomy. Complete pathologic

response was reached in five patients (25%); two patients (10%) had pTis–T1. A similar trial

at M.D. Anderson is assessing complete pathologic response rate after three to five weeks of

erlotinib therapy in patients with MIBC.159

Cetuximab is a monoclonal antibody against EGFR. Although it has modest antitumor

effects as a single agent, when combined with paclitaxel cetuximab showed moderate

antitumor efficacy, with an overall response rate of 25% in previously treated urothelial

cancers.160 A phase II trial (TUXEDO) of cetuximab in combination with concurrent

chemoradiation therapy with either mitomycin C and 5-FU or cisplatin in MIBC is

underway in the United Kingdom.

Mammalian target of rapamycin (mTOR)

mTOR is a serine/threonine protein kinase and part of the PI3K/Akt/mTOR pathway, which

plays a critical role in cell growth, angiogenesis, protein synthesis, and cell survival.161

Mutations, copy number alterations, or RNA expression changes affecting the PI3K/Akt/

mTOR pathway are commonly found in various malignancies, including bladder

cancer.124,162 Data from Memorial Sloan-Kettering showed mutations or copy number

gains/losses of genes in the PI3K/Akt/mTOR pathway, including PIK3CA, PIK3R1, TSC1,

PTEN, and the AKT3 isoforms in 26 of 95 patients (27%) with high-grade MIBC. These

genetic alterations were associated with a trend toward longer time to recurrence (HR 0.53;

P = 0.08).163 In a single-arm, non-randomized phase II study at the same institution,

everolimus, an oral mTOR inhibitor, exhibited only mild antitumor activity in metastatic

urothelial cancer patients refractory to cytotoxic chemotherapy.164 In another single-

institution phase II study, everolimus showed antitumor activity in only a small number of

patients with advanced bladder cancer.165 However, some genetic alterations, such as TSC1

mutation166 or mTOR activation mutations (E2419K and E2014K),167 have been identified

by whole-genome sequencing in a subset of patients. These alterations are associated with
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exceptional responses to everolimus, which validates the clinical value of next-generation

molecular techniques in achieving more precise and personalized therapy.

Several trials of mTOR inhibitors, including sirolimus, temsirolimus, and everolimus, are

underway in advanced bladder cancer, either in combination with a standard chemotherapy

regimen168,169 or as monotherapy.170,171 A study of neoadjuvant sirolimus in MIBC is

ongoing.172

Imaging

Advanced imaging techniques are improving pretreatment staging of MIBC. PET/CT, which

is not recommended for routine staging, has proven prognostic value in MIBC. In small

studies, positive PET/CT prior to planned cystectomy in patients with no evidence of

metastatic disease by conventional staging methods has been associated with poor

survival.173,174 Mertens et al. investigated the ability of 18F-fluorodeoxyglucose (FDG)–

PET/CT to detect extravesicular lesions and their association with overall survival.175 Of

211 patients with MIBC, 98 (46.4%) had one or more extravesicular lesions on PET/CT, and

113 (53.5%) had a negative PET/CT. Patients with a positive PET/CT had significantly

shorter overall and disease-specific survival (median overall survival: 14 vs. 50 months, P =

0.001; disease-specific survival: 16 vs. 50 months, P < 0.001). In a multivariate analysis, the

presence of extravesicular lesions on PET/CT was confirmed as an independent prognostic

indicator of mortality (HR 3.0). In another study by Apolo et al., FDG PET/CT lesion-based

analysis showed an overall sensitivity and specificity of 87% (95% CI: 76% to 94%) and

88% (95% CI: 78% to 95%), respectively176. In this study, 10 patients with organ-confined

disease diagnosed on CT were found to have more extensive disease on FDG-PET/CT. As a

result of the findings on FDG-PET/CT, patients scheduled for curative treatment with

radical cystectomy had their surgery cancelled and instead were treated with systemic

chemotherapy for more advanced disease.

Conclusion

MIBC is an aggressive tumor with a high rate of recurrence and poor overall prognosis.

Radical cystectomy is the standard treatment for MIBC. Even with substantial

improvements in surgical techniques, mortality in MIBC remains high; radical cystectomy

alone has an especially high rate of systemic failure. Despite a clearly demonstrated survival

benefit, cisplatin-based neoadjuvant chemotherapy has been underutilized. However,

numerous institutions are increasingly adopting perioperative chemotherapy regimens. In

carefully selected patients with MIBC, various bladder-preserving strategies can be

considered. Trimodal approaches including definitive non-cystectomy surgical resection in

combination with chemotherapy and radiation have shown encouraging clinical outcomes.

Various prognostic and predictive markers in MIBC have been discovered as our

understanding of molecular biology improves. Furthermore, multiple molecular therapeutic

targets have been identified and clinical trials are ongoing to assess their safety and efficacy

in MIBC patients. Lastly, advances in imaging techniques, such as FDG PET/CT, used in

addition to standard CT may not only improve detection of more advanced disease, but may

also have prognostic value in MIBC.
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Fig. 1.
Bladder cancer management by stage.6
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Fig. 2.
Algorithm for trimodality bladder-sparing therapy. TURBT = transurethral resection of the

bladder tumor, aTa, Tis, T1, bIntravesical BCG or intravesical chemotherapy
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