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Background

Bladder cancer is the tenth most common cancer worldwide, with an incidence
steadily increasing over time, especially in developed nations [1]. Muscle-invasive
bladder cancer (MIBC) is defined as bladder cancer that has invaded at least to the
depth of the muscularis propria of the bladder wall, characterized as pathologic T2
by the most recent edition of American Joint Commission on Cancer (AJCC) TNM
staging [2]. MIBC comprises about 30% of bladder malignancies and encompasses
histologies including urothelial (formerly known as transitional cell) carcinoma —
which is the most common histology in the United States, accounting for 90% of
diagnoses — as well as squamous cell carcinoma (accounting for most of the remain-
ing 10%), adenocarcinoma, and neuroendocrine carcinoma [1]. Development of
urothelial carcinoma is strongly linked to tobacco usage and environmental expo-
sure in the developed world [3], whereas squamous cell carcinoma is frequently
diagnosed in regions of Africa and the Middle East and manifests in the setting of
chronic irritation, such as that secondary to the protozoan infection schistosomi-
asis [4].

The most common presentation of MIBC is painless gross hematuria, which is
often assessed by urine cytology, computed tomography (CT), or magnetic reso-
nance (MR) urography for complete imaging of the genitourinary tract and, ulti-
mately, cystoscopy [5]. At the time of cystoscopy, which allows for direct
visualization of the bladder lumen, transurethral resection of bladder tumor
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Table 18.1 AJCC 8th edition TNM classification staging for bladder cancer

T | Tx: Primary tumor cannot be assessed
TO: No evidence of primary tumor
Ta: Non-invasive papillary carcinoma
Tis: Carcinoma in situ
T1: Tumor invades sub-epithelial connective tissue
T2: Tumor invades muscularis propria
pT2a: Tumor invades superficial layer (inner half)
pT2b: Tumor invades deep layer (outer half)
T3: Tumor invades perivesical tissue
pT3a: Microscopic invasion
pT3b: Macroscopic invasion
T4: Tumor invasion into adjacent pelvic organs
T4a: Prostate, uterus, vagina
T4b: Pelvic wall or abdominal wall

N | Nx: Lymph nodes cannot be assessed

NO: No lymph node metastasis

N1: Single lymph node metastasis in the true pelvis (hypogastric, obturator, external iliac, or
presacral)

N2: Multiple regional lymph node metastases in the true pelvis (hypogastric, obturator,
external iliac, or presacral)

N3: Lymph node metastasis to the common iliac lymph nodes

M | MO: No distant metastasis

M1: Distant metastasis

(TURBT) is commonly performed for both pathologic confirmation and tumor deb-
ulking. If muscular invasion is noted in the pathologic specimen (i.e., confirming
pT2 disease), patients are additionally recommended to receive imaging to assess
for metastases [6]. Table 18.1 describes AJCC 8th edition TNM classification stag-
ing for bladder cancer. For patients with muscle-invasive disease, definitive man-
agement is oft considered a subject of controversy; while surgical resection has
been historically regarded as the most standard approach, bladder-sparing treat-
ments are being increasingly utilized as an alternative, effective approach for select
patients. Each of these treatment options will be addressed, with emphasis on and
comparisons with bladder preservation.

Historical Approaches to MIBC

Radical Cystectomy

MIBC has historically been treated with radical cystectomy (RC), a surgery involv-
ing resection of the bladder, adjacent fat, distal ureters, and peritoneum with a pel-
vic lymph node dissection [7]. For men, the prostate and seminal vesicles are
additionally removed; for women, the anterior vaginal wall, uterus, fallopian tubes,
and ovaries are additionally removed. The standard pelvic lymph node dissection
involves removal of the obturator nodes, external and internal iliac nodes, and the
most inferiorly situated common iliac nodes [7]. An ongoing phase III randomized
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clinical trial (RCT) comparing standard pelvic lymphadenectomy to an extended
lymphadenectomy for patients with pT2-T4a disease (SWOG S1011) is aiming to
compare the disease-free survival (DFS) rates between these two surgical approaches
[8], although results from the recently published LEA AUO AB 25/02 trial out of
Europe suggest no reduction in the rate of locoregional recurrence (LRR) with
extended pelvic lymph node dissection [9].

Following resection of the bladder, a urinary diversion is performed; both non-
continent and continent options for urinary diversion are available. An ileal conduit
is a non-continent diversion comprised of small bowel: a channel is created with the
ureters attached to it, and it exits through the skin overlying the abdomen by a stoma
emptying into a receptacle for urine collection [10]. An ileal conduit is the most
commonly utilized type of urinary diversion following RC [10]. Two types of con-
tinent diversions include an Indiana pouch, which is a portion of ileum that is con-
structed to act as a urinary reservoir that allows for the patient to intermittently
self-catheterize, and an orthotopic “neobladder,” which is a urinary pouch created
from small or large bowel (ileum, ileo colon, or sigmoid colon) and then anasto-
mosed to the distal urethra [11]. The benefits/drawbacks of one diversion versus
another and/or picking the optimal approach for a patient are beyond the scope of
this chapter.

Large, retrospective, single-institution series out of the University of Southern
California (USC) and Memorial Sloan Kettering Cancer Center (MSKCC) pub-
lished in the early 2000s highlight outcomes after RC [12]. The USC experience
reported on 633 patients with pT2-T4a disease managed with RC with a 5-year
actuarial overall survival (OS) rate of 48% at a 5-year median follow-up and 32% at
a 10-year median follow-up [7]. The MSKCC group studied 184 patients with pT2-
T4 disease and found a 5-year OS rate of 36% and 27% at 10 years [13]. Later, the
Southwest Oncology Group (SWOG), Eastern Cooperative Oncology Group
(ECOQG), and Cancer and Leukemia Group B (CALGB) published results of a trial
investigating the implementation of neoadjuvant chemotherapy (NAC) with three
cycles of methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) in patients
with c¢T2-T4a disease receiving RC (SWOG 8710) and found improved OS with
addition of NAC [14], with a 5-year OS of 50% and a 10-year OS of 34% [12]. Data
from the Advanced Bladder Cancer (ABC) meta-analysis collaboration analyzed
over 3000 patients from 11 trials and reported a 5% absolute improvement in OS at
5 years with the addition of platinum-based combination chemotherapy [15].
Accompanying data additionally suggests that up to 30% of patients are unable to
complete planned adjuvant systemic therapy due to perioperative morbidity [16],
thereby solidifying the role for NAC as standard of care.

Postoperative Radiotherapy

For patients felt to be at high risk of LRR following RC, postoperative radiotherapy
(PORT) following RC may additionally be considered [17, 18]. Patients receiving
PORT may include patients with higher T stage (pT3-T4), positive surgical margins,
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and involved lymph nodes identified during surgical dissection [19]. To date, only a
single study by the National Cancer Institute of Egypt has assessed administration
of PORT following RC. Patients enrolled included 236 patients with pT3-T4 dis-
ease, and radiotherapy (RT) was administered either using a conventional fraction-
ation scheme (daily RT to a total dose of 50 Gy over 5 weeks) or in a thrice daily
fashion (at 1.25 Gy per fraction with 3 hours between fractions, to a total dose of
37.5 Gy given over the course of 12 days) [17]. While the study found improved
local control (87-93% vs. 50%) and DFS (44-49% vs. 25%) for patients receiving
PORT compared to RC only, 68% of the study population had squamous cell carci-
noma secondary to bilharzia (schistosomiasis), and it remained unclear if findings
of this study apply to non-squamous cell histologies as well.

As patients with extensive disease identified on pathology were often receiving
adjuvant chemotherapy as well, a subsequent study was undertaken to assess PORT
with chemotherapy. A phase II trial compared adjuvant chemotherapy to adjuvant
chemotherapy with sandwiched RT in patients age 70 or younger with >pT3b dis-
ease, grade 3 disease, or positive nodes following RC with negative margins [18].
Patients received either four cycles of adjuvant gemcitabine and cisplatin chemo-
therapy (n = 45) or two cycles of gemcitabine and cisplatin chemotherapy before
and after RT (n = 75), with RT consisting of 45 Gy in 1.5 Gy twice daily (BID)
fractions using three-dimensional conformal radiotherapy (3DCRT) [18]. The
investigators found a significant improvement in LRR-free survival with the addi-
tion of PORT at 2-year follow-up (96% vs. 69%, p < 0.01) with trends toward
improvement in DFS (68% vs. 56%, p = 0.07) and OS (71% vs. 60%, p =0.11) [18].
While the majority of patients enrolled on the trial had unfavorable disease charac-
teristics, again, only 53% of patients had urothelial carcinoma, with a significant
number of patients having squamous cell carcinoma due to the relatively higher
incidence of schistosomiasis in Egypt.

Given the excellent outcomes demonstrated with the addition of PORT by
Egyptian trials with uncertainty as to whether these results would be the same for
patients with urothelial carcinoma, a randomized phase II trial was developed to
assess pelvic recurrence-free survival with the addition of postoperative adjuvant
intensity-modulated radiotherapy (IMRT) following RC for patients with pT3-T4
urothelial carcinoma (NRG GU-001) [20]. Unfortunately, the trial was closed
2 years after opening due to poor accrual. Consequently, there remains no existing
prospective data regarding outcomes with PORT in the era of more novel treatment
approaches with IMRT and image-guided radiotherapy (IGRT), both of which
would improve efforts to minimize dose to pelvic organs at risk (OARs) such as the
bowel and rectum. In a survey of 277 radiation oncologists in the United States of
America regarding management of patients with node-negative MIBC, nearly half
of surveyed radiation oncologists had used PORT for indications including gross
residual disease, positive margins, pathological node involvement, pT3-T4 disease,
lymphovascular invasion, and high-grade disease, with use of PORT significantly
associated with using IMRT on multivariable regression [21]. Data from population-
based analyses has suggested improvement in OS with PORT for patients with pT4,
pathological node positivity, and positive surgical margins [22].



18  Bladder-Sparing Approaches to Treatment of Muscle-Invasive Bladder Cancer 385
Surgical Morbidity

As with all oncologic treatment, the survival outcomes from RC must be viewed
within the greater context of treatment-related morbidity and mortality, among other
factors impacting operative candidates. While the mortality rate associated with RC
is estimated to be 1-3% [23-25], the postoperative complication rate may be as high
as 60% or greater [26, 27]. A series of over a thousand patients from a prospective
complications database analyzed at a large, tertiary academic center found that 64%
of patients experienced >1 complication, and of those, 83% of complications were
graded 2-5, with 26% of patients requiring re-admission [26]. Even with efforts to
decrease surgical morbidity by transitioning to laparoscopic and robot-assisted
techniques (rather than an open cystectomy approach), data from a large systematic
review demonstrated a 59% 90-day complication rate with 15% of complications
being classified as high grade [27]. In addition to expected operative complications
such as a urinary tract infection or wound infection leading to urosepsis, wound
dehiscence, hemorrhage, rectal injury, and postoperative ileus leading to small
bowel obstruction, the mean in-hospital stay of 9 days for all diversion types [27]
carries the additional risk of venous thromboembolism — with potential to extend to
pulmonary embolism — as well as hospital-acquired infection. For patients subse-
quently receiving PORT, treatment-related morbidity is even greater; a single-
institution experience of 78 patients treated with a single dose of pre-operative RT
and PORT reported a 37% bowel obstruction rate for patients receiving PORT as
compared to 8% of patients who did not receive PORT [28].

An additional consideration of great importance for patients receiving surgical
management — unrelated to patient characteristics such as age, performance status,
and comorbidities — is the impact of treatment facility type and case volume on
oncologic outcomes and morbidity. For patients receiving RC, high hospital volume
and surgical expertise have been associated with improved overall survival, with the
combined effect of both being shown to decrease the risk of long-term mortality by
20% [29]. By contrast, population-based analyses on patients with MIBC receiving
bladder preservation have suggested no such benefit, indicating that all types of
centers may more readily offer this approach [30]. While reasonable outcomes have
been demonstrated with RC, with RT classically reserved as an option for only those
refusing RC or deemed inoperable, a great interest has emerged in bladder preserva-
tion options that may allow for patients to maintain a functional bladder, thereby
improving quality of life.

Introduction to Bladder Preservation

Selective bladder preservation (SBP) first emerged in the 1980s with the perfor-
mance of single-institution retrospective cohort studies demonstrating reasonable
oncologic outcomes for patients who had been administered neoadjuvant RT with
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or without chemotherapy followed by cystoscopic response assessment [31].
Patients who demonstrated a complete pathologic response to neoadjuvant treat-
ment were then designated as eligible for a bladder preservation approach and
received further/completion radiotherapy, whereas those with an incomplete
response on interim evaluation proceeded to RC [31]. With the rise of this new treat-
ment paradigm came the ultimate question for appropriate patient selection: Which
patients would be the best candidates for consideration of this type of treatment, as
opposed to proceeding with RC upfront?

Selection Criteria

Strict selection criteria have been proposed in determining which medically opera-
ble patients are best suited for bladder preservation and include the following [32]:

e cT2-T3a disease

e Patients with unifocal disease (no definitive cutoff for size, but often <5-6 cm)
e Patients without extensive carcinoma in situ

» Patients who have received maximal, visibly complete TURBT

 Patients without tumor-associated hydronephrosis

Additional considerations when assessing candidacy for SBP include favorable
baseline bladder function, with the idea that the bladder should only be preserved if
pre-treatment capacity and voiding ability are intact, as well as adequate renal func-
tion to allow for administration of concurrent radiosensitizing platinum-based che-
motherapy (cisplatin alone or as part of a combination). The rationale underlying
these selection criteria will be addressed in detail in the discussion of trimodality
therapy.

Selective Bladder Preservation vs. Radical Cystectomy

A number of challenges have arisen in efforts to establish SBP as an alternative
treatment paradigm for patients deemed eligible for consideration based on the
aforementioned selection criteria. In the absence of prospective, randomized data
directly comparing SBP to RC in the management of MIBC, a multitude of factors
come into play in making the final determination as to which treatment the patient
will receive. Depending on the practice environment in which the patient is being
evaluated, patients may be subjected to referral bias, as patients would require refer-
ral to a clinician familiar with the modality to have a discussion about SBP [33]. An
additional determination that is often made at the time of surgical consultation is the
patient’s operability, which carries inherent selection bias that confounds any com-
parisons between SBP and RC, as patients who are medically frail or less likely to
perform well postoperatively are more likely to be offered SBP over RC than those
with minimal comorbidity and excellent performance status [34].
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Yet another factor that must be taken into consideration is the difference between
clinical and pathologic staging; clinical staging does not necessarily possess high
accuracy for the detection of advanced disease, as historical data suggest up to 76%
of patients with MIBC may have a discrepancy between clinical T stage at TURBT
and final pathologic T stage at RC [35, 36]. While these data do not reflect recent
advances in modern imaging techniques, with a trend toward increasing utilization
of multi-parametric MRI [37, 38], they highlight that pitfalls exist in staging infor-
mation available for patients receiving SBP.

While there are currently no prospective, randomized data directly comparing
outcomes from SBP to RC, data from high-quality retrospective series have sug-
gested similar survival outcomes to RC for patients receiving bladder-sparing
trimodality therapy (TMT). A study of 112 patients with MIBC evaluated at a
multidisciplinary clinic (in which both RC and SBP were presented as treatment
options) at Princess Margaret Cancer Center utilized propensity score matching
for retrospective survival analyses and reported a 5-year disease-specific survival
(DSS) rate of 73.2% for patients receiving RC vs. 76.6% for patients receiving
TMT, with a salvage cystectomy rate of 10.7% for patients failing TMT [39].
Accompanying these data are those from population-based analyses; a National
Cancer Database (NCDB) analysis using propensity score matching for patients
with cT2-3NOMO urothelial carcinoma treated definitively with either RC or
TMT found no significant difference in OS (4 year OS of 42.6% for RC vs.
39.1% for TMT, p = 0.15) with report of a time-varying hazard ratio [40]. Meta-
analysis data reviewing 19 studies on 12,380 patients has additionally found no
significant difference in OS, DSS, or progression-free survival when comparing
SBP to RC [41].

The United Kingdom (UK) Medical Research Council (MRC) developed a
multi-center feasibility pilot study addressing Selective bladder Preservation
Against Radical Excision (SPARE), which attempted to randomize patients with
c¢T2-3NOMO urothelial carcinoma status post three cycles of NAC to RC or SBP
[42]. Patients were randomized to the study intervention prior to a cystoscopy fol-
lowing NAC with plan for a fourth cycle of NAC followed by radiotherapy or RC
for patients with <T1 residual tumor (whereas all non-responders would immedi-
ately proceed with RC following the third cycle of NAC) [42]. Unfortunately, the
trial was closed due to poor accrual, leaving the need for a phase III trial assessing
for non-inferiority between the two approaches.

Bladder Preservation Treatment Paradigms

While conventional treatment for SBP generally involves a multimodality
approach incorporating maximal surgical resection and RT administered con-
currently with radiosensitizing systemic therapy, bladder-sparing unimodality
treatment approaches may be employed for certain patients. These will be
addressed briefly in turn prior to discussion regarding multimodality treatment
options.
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Surgical Monotherapy
Transurethral Resection of Bladder Tumor

Following maximal TURBT, the clinical complete response (CR) rate for patients
with c¢T2-T3 disease (solitary lesions, no CIS) based on repeat cystoscopic assess-
ment (performed 3 weeks following initial TURBT) has been found to range from
10% to 20% based on small series performed in the 1980s [43, 44]. A retrospective
cohort study out of MSKCC comparing 99 patients receiving TURBT as definitive
therapy (of which 57% of patients had a preserved bladder) to 52 patients receiving
RC found a non-significant 10-year DSS (76% for TURBT vs. 71% for RC,
p = 0.30) [45]. Of note, most patients were found to have cTO disease on repeat
cystoscopy, and these patients had significantly better survival than the patients with
residual T1 disease on restaging TURBT (p = 0.003) [45]. Among patients with
residual tumors, 69%demonstrated relapsed disease within the bladder, of which
only 53% of patients were successfully salvaged with RC [45]. These results indi-
cate that, while some patients with no residual disease on restaging TURBT demon-
strate favorable outcomes with maximal TURBT alone as definitive treatment,
many patients will have relapsed disease within the bladder (of which not all cases
can be salvaged), thereby making TURBT alone a suboptimal choice for definitive
treatment. Small series performed from 1950 to 1970 comparing TURBT alone to
RC have demonstrated consistently inferior survival rates for TURBT as mono-
therapy, with an estimated 5-year OS of approximately 30% [46, 47].

Partial Cystectomy

For certain patients, partial cystectomy may be a viable treatment option for those
pursuing surgical management while seeking bladder preservation. Patients under
consideration for this approach must be very carefully selected: the ideal would
have a solitary lesion of small size, without evidence of CIS, situated in a portion of
the bladder amenable to complete excision with a widely negative margin (of at
least 1 cm but preferably 2 cm) [48]. Prior to partial cystectomy, the bladder would
need to be adequately sampled by random biopsy (including the prostatic urethra)
with no evidence of tumor involvement elsewhere in the bladder [49]. Importantly,
the remaining portion of the bladder following partial cystectomy would still need
to have adequate capacity to allow maintenance of normal voiding [48, 49]. For this
reason, patients would not be considered optimal candidates for partial cystectomy
if they had tumors involving the bladder neck, ureteral orifices, or trigone (areas in
which ureteral re-implantation would be required to achieve an adequate margin)
[50]. Patients would therefore also be viewed as suboptimal candidates for this
approach if they had history of a recurrent bladder tumor. A handful of single-
institution retrospective series, each with a relatively small cohort, has suggested a
5-year OS rate of approximately 70% with a bladder preservation rate of 65% for
well-selected patients receiving partial cystectomy [51-53]. Alas, given the
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relatively strict selection criteria, less than 10% of patients with MIBC receive par-
tial cystectomy [54], and even for those patients, ~25% may still require salvage RC
following recurrence [55].

Radiotherapy Monotherapy
External Beam Radiotherapy

External beam radiotherapy (EBRT) alone has been utilized for patients with cT2-
T4 disease; while frequently reserved for patients with significant comorbidities
precluding surgery or administration of systemic therapy in the United States, this
treatment option was explored in the definitive setting in Europe from 1970 to 1990
with multiple published experiences. The earliest and largest of these was a study
out of Edinburgh, Scotland, reporting on 963 patients with muscle-invasive urothe-
lial carcinoma receiving RT alone, which found a 5-year OS across all T stages of
30.3%, with worse survival associated with age 80 or greater, cT4 disease, ulcerated
lesions, grade 3 disease, and size >7 cm [56]. These patients were treated with 4, 6,
or 9 MV photon irradiation using a small field measuring 10 x 10 cm including the
whole bladder in the target volume to a dose of 55 Gy in 20 fractions, and severe
RT-related complications were seen in about 15% of patients [56, 57]. Another
large, retrospective study out of Glasgow, Scotland, reported on 709 patients receiv-
ing radical RT, including administered doses up to 60-64 Gy in 30 fractions; treat-
ment was designed using a four-field technique for the first 4 weeks of treatment
followed by a bladder boost for the last 2 weeks [58]. Patients in this study addition-
ally received pelvic nodal irradiation, with doses of 40.42.5 Gy [58]. The crude
5-year OS rate was reported to be 24.7%, with 5-year OS of 86.9% for T1 tumors,
49.1% for T2 tumors, 27.7% for T3 tumors, and 1.8% for T4 tumors; of interest,
patients with urothelial carcinoma demonstrated improved survival compared to
those with squamous cell carcinoma, and pelvic nodal irradiation did not confer an
OS benefit [58]. Similar studies were undertaken in the United States; a series by
Pollack et al. analyzed 135 patients treated with an average dose of 6588 + 475 cGy
with an average fractional dose of 207 + 18 cGy and found a 5-year OS rate of 26%),
consistent with the survival outcomes from other studies [59]. Across studies, 5-year
local control was estimated to be 30-50%, with prognostic factors including T
stage, tumor size, tumor histology, extent of resection by TURBT, and presence of
hydronephrosis/CIS [56-59].

Subsequently, RT monotherapy in the modern treatment setting has been com-
pared to the RT plus concurrent chemotherapy in both retrospective cohort studies
and prospective, randomized trials like BC2001 [60, 61]. While these data will be
addressed in greater detail with discussion of TMT, given their results favoring con-
current chemotherapy administration for improved survival outcomes, RT alone has
fallen out of favor for treatment in the definitive setting for patients able to receive
systemic therapy. For patients who are not able to receive systemic therapy due to
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comorbidities, contraindications, or patient preference, reasonable outcomes may
be achieved with radical RT with the understanding that (1) recurrent disease will
require treatment with salvage cystectomy and (2) not all pelvic recurrences may
necessarily be able to undergo successful salvage treatment.

Brachytherapy

Use of brachytherapy for radical RT was initially reported on in the 1940s and was
largely utilized in Europe at its peak popularity [62—65]. The earliest reports of
utilization of brachytherapy included use of permanent radon seeds, with later series
reporting on use of interstitial iridum-192 [62, 63, 65]. This practice largely fell out
of favor due to treatment-related toxicity, including urinary leakage in the acute/
sub-acute setting and late side effects of stenosis, stricture, or fistula formation.
Though EBRT was therefore often the preferred radiotherapeutic technique for
patients receiving unimodality treatment with RT, brachytherapy was later studied
in the 1990s as a boost treatment in combination with EBRT +/— TURBT or partial
cystectomy [66]. Small retrospective series have indicated excellent outcomes for
well-selected patients, with estimated 5-year local control of 70%, 5-year OS rang-
ing from 60% to 70%, and a 5-year bladder preservation rate of 90-95% [67, 68].
When administered with low-dose preoperative EBRT of 10-11 Gy (administered
in 2-3 fractions, such as 3 fractions of 3.5 Gy) for prevention of iatrogenic scar
formation, brachytherapy doses range from 30 to 50 Gy [66—68].

Combined Modality Treatment
Partial Cystectomy/TURBT and Chemotherapy

To improve outcomes with TURBT and partial cystectomy, clinicians additionally
have considered the use of adjuvant chemotherapy, as has been done for patients
receiving RC. The addition of chemotherapy was studied in both the neoadjuvant
and adjuvant settings. A series out of Italy of 104 patients with cT2-4NOMO urothe-
lial carcinoma who had received three cycles of neoadjuvant methotrexate, vinblas-
tine, doxorubicin, and cisplatin (MVAC) found that 60% of patients who received
TURBT following NAC were alive at median follow-up of 4.5 years, with 44% of
patients maintaining a functional bladder [69]. A similarly sized sample population
was reported on by MSKCC, with 111 patients receiving 4 cycles of neoadjuvant
MVAC, of which 26 (23.4%) were selected for partial cystectomy based on favorable
response on repeat cystoscopy; though 12 patients (46%) developed bladder recur-
rences, patients with no residual tumor (pTO) or non-invasive residual disease (pTis)
were found to have a 5-year OS of 87% [70]. Patients included in these studies were
those with unifocal, solitary tumors measuring <5 cm with a significant response
noted following NAC [70, 71]. These results encourage the use of NAC when
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possible if pursuing TURBT or partial cystectomy for bladder preservation, although
a significant number of patients will require salvage treatment for recurrences, which
account for about half of the patient population receiving this treatment.

For patients receiving chemotherapy administered in the adjuvant setting, this
paradigm has also demonstrated improvements in local control compared to TURBT
alone. A small retrospective analysis of 50 patients with cT2-4 disease (of which 36
patients had T3 disease) treated with TURBT followed by 2—6 cycles of cisplatin/
methotrexate found a 76% post-treatment CR rate with 5-year local control of 60%
[72]. Further, a phase II nonrandomized trial comparing patients receiving RC
(n =71) to those receiving TURBT with three cycles of adjuvant platinum-based
chemotherapy (n = 75) found no significant difference in 5-year and 10-year cancer-
specific survival (p = 0.54), which was reported as 64.5% and 59.8%, respectively,
for patients receiving bladder preservation [73]. For the patients receiving TURBT
and adjuvant chemotherapy with clinical response, 40 patients (53%) achieved an
initial CR, although 56% ultimately developed recurrence or progression and 45%
received salvage RC [73].

Trimodality Therapy

Treatment Overview

TMT for SBP consists of maximal safe TURBT with examination under anesthesia
followed by concurrent chemoradiotherapy. TURBT allows for tumor debulking,
which is especially useful for management of a relatively radioresistant tumor his-
tology, allowing further local therapy to be delivered with adjuvant RT to ideally
address residual macroscopic or microscopic disease. Chemotherapy is adminis-
tered concurrently with RT to both (1) enhance radiosensitivity for the purpose of
increasing fractional cell kill (local function) and (2) address any sites housing
micrometastatic disease (systemic function). The most commonly utilized chemo-
therapy regimens for TMT include [61, 74, 75]:

 Cisplatin 35 mg/m?, weekly up to 6 weeks

 Cisplatin-based regimens with 5-FU (fluorouracil 400 mg/m? on days 1-3 and
8-10 with cisplatin 15 mg/m? on days 1,2, 8, and 9) or paclitaxel (paclitaxel
50 mg/m? on days 1 and 8 and cisplatin 15 mg/m? on days 1, 2, 8, and 9)

e 5-FU/mitomycin-C (500 mg/m? 5-FU days 1-5 and 16-20 with mitomycin-C
12 mg/m? on day 1)

e Gemcitabine 27 mg/m?, twice weekly up to 6 weeks

A considerable amount of variation exists in radiotherapeutic management with
regard to both target volume and dose: some clinicians treat a partial bladder vs. the
full bladder; some pursue nodal irradiation, while others target the bladder only;
some clinicians attempt to plan a focal boost to the bladder tumor; and some clini-
cians administer treatment using a hypofractionated regimen (55 Gy in 20
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fractions), while others treat using a conventional fractionation scheme up to
64-64.8 Gy in 1.8-2 Gy daily fractions. These treatment-related considerations will
be addressed in detail with discussion of radiation techniques.

Visibly completed TURBT has been strongly advocated for in patient selection
based on evidence suggesting that maximal TURBT is associated with higher rates
of CR, lower rate of salvage RC, and improved OS [76, 77]. A retrospective analysis
of 415 patients treated at the University of Erlangen found that early tumor stage
and complete TURBT were the most important factors in predicting for CR and
survival [76]. However, while maximal TURBT has historically been regarded as a
strict selection criterion, there is a growing body of evidence to suggest that similar
outcomes may still be achieved with incomplete TURBT [38, 78]. In a retrospective
series out of MGH, while the salvage RC rate was higher for patients with incom-
plete TURBT vs. visibly complete TURBT (42% vs. 22%, p < 0.001), a CR was still
achieved in 57% of patients with incomplete TURBT [78]. This idea is additionally
represented by a portion of the patients enrolled in the BC2001 trial, of whom
greater than a third received biopsy only or an incomplete TURBT [61]. More
recently, research efforts have even been directed toward the possibility of forgoing
TURBT due to concern for iatrogenic tumor spread, such as with initiation of the
BladderPath study out of the United Kingdom: BladderPath is a phase II/III trial
randomizing patients with possible MIBC to TURBT or multiparametric MRI for
clinical staging [38].

Another essential factor for appropriate patient selection is the patient’s T stage,
as higher T stage is associated with less likelihood of CR following TMT. Results
from the MGH experience have demonstrated that the clinical CR rate for cT2
tumors was about 80% as compared to 64% for cT3-T4 disease, suggesting that
patients with cT2-T3a disease have the greatest likelihood of optimal outcomes with
SBP [78]. However, patients with cT4a disease were included in the vast majority
of large, retrospective series exploring SBP as well as BC2001. With regard to in
situ disease, early data published in the early 1990s found that extensive CIS was
associated with much higher risk of LRR (40% vs. 6%, p = 0.075) and that absence
of CIS was a significant predictor for clinical CR (p = 0.03); these data guided the
general recommendation encouraging absence of CIS for TMT [79]. Similarly, data
from the pioneering experiences at MGH have suggested that tumor-related hydro-
nephrosis is associated with worse OS and DSS, and these results were corroborated
by findings of a lesser likelihood to achieve CR for patients with tumor-related
hydronephrosis in RTOG 8903 [78, 80].

Given the relatively higher incidence of urothelial carcinoma compared to other
forms of MIBC, such as squamous cell carcinoma or adenocarcinoma, it is unclear
if patients with non-urothelial carcinoma histologies have differences in outcomes
following SBP. While prospective studies investigating patients treated with SBP
such as BC2001 have limited inclusion criteria to those with urothelial carcinoma,
retrospective data comparing outcomes between patients with non-urothelial carci-
noma (22%, n = 66) and urothelial carcinoma (78%, n = 237) found no significant
difference in CR rate (82-83%, p = 0.9), 10—year DSS (64-67%, p = 0.39), or
10-year OS (42%, p = 0.21) [81].
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Outcomes and Literature Review

SBP was first developed following pioneering single-institution experiences by the
University of Erlangen, University of Paris, and Massachusetts General Hospital
(MGH) [82-84]. The University of Paris experience represents one of the earliest
efforts at bladder preservation, as clinicians there initially studied concurrent
chemoradiotherapy as a preoperative regimen prior to RC. After finding that 18
consecutive patients demonstrated 100% pathologic CR upon analysis of the final
cystectomy specimen, it was determined that concurrent chemoradiotherapy may be
utilized toward SBP [49]. The French experience reported on a cohort of 54 patients
with operable cT2-T4 MIBC, all of whom were managed with concurrent chemora-
diotherapy with cisplatin/5-FU and BID RT administered in a split course fashion as
both induction (24 Gy) and consolidation (with an additional 20 Gy) following
TURBT [82]. Re-staging cystoscopy and TURBT were performed 4-6 weeks fol-
lowing completion of induction chemoradiation, and consolidation treatment was
administered only to those with CR; any patients with residual disease after induc-
tion received RC. At post-induction cystoscopy, 40 patients (74%) were found to
have a CR; at mean follow-up of 27 +/— 12 months, three patients receiving SBP
with initial CR developed recurrent disease in the pelvis, and the overall 3-year DFS
rate was reported to be 62% with no significant survival difference noted between
patients receiving SBP and those ultimately receiving RC [82].

The University of Erlangen initiated prospective study of SBP in the early 1980s,
initially by assessing patients receiving TURBT followed by EBRT alone to
50-56 Gy in 2 Gy daily fractions; following treatment of over 100 consecutive
patients in this manner, radiosensitizing platinum monotherapy (cisplatin or carbo-
platin) was added for treating patients thereafter [76]. A German group reported on
outcomes for 415 patients, of which 79% had cT2-T4 disease, 30.3% were treated
with RT alone following TURBT, and 69.6% received concurrent chemoradiother-
apy following TURBT; they found a CR rate of 72% and reported that the local
control following CR without muscle-invasive recurrence was 64% at 10 years [76].
The 10-year DSS was 42% for their cohort, and the bladder preservation rate was
80% [76]. Administration of radiosensitizing chemotherapy concurrently with RT
was found to improve both CR rate and survival, and patients who required salvage
RC due to disease persistence or recurrence still maintained a 10-year DSS of 45%,
comparable to the 10-year DSS for the cohort at large [76]. Of note, patients in this
German study received the entire course of concurrent chemoradiotherapy without
mid-evaluation cystoscopy to evaluate response; re-staging was performed
6-8 weeks following completion of all definitive treatment. Further, the patients
routed to salvage RC were only those with poorly differentiated, superficial tumors,
or persistent/residual invasive disease, and patients with well-differentiated, super-
ficial disease remaining (e.g., CIS) were allowed to continue with SBP while receiv-
ing endoscopic treatment with TURBT/intravesical therapy [76].

At a similar time in the mid-1990s, pioneers at MGH reported on an initial expe-
rience with 53 patients with cT2-4NOMO MIBC treated consecutively with TURBT
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and adjuvant concurrent chemoradiotherapy to a dose of 40 Gy (using a daily frac-
tionation scheme) with concurrent cisplatin followed by cystoscopic evaluation and
further treatment to 64.8 Gy for patients with a CR or those deemed unsuitable for
RC [85]. The study found an initial CR rate of 53% with 89% of patients having a
functioning bladder, and the 4-year DFS was found to be 45% for the entire cohort
[85]. MGH has subsequently reported on patients treated over 20 years with long-
term follow-up; in their cohort of 348 patients with cT2-T4aNOMO MIBC, all of
whom were treated with maximal TURBT and concurrent chemoradiotherapy to
64-65 Gy with cisplatin (with patients receiving response assessment following
40 Gy and some patients receiving additional chemotherapy administered adju-
vantly or neoadjuvantly), their findings were as follows at nearly 8-year median
follow-up [78]:

* Initial CR rate: 72%
e Cystectomy rate: 29% (native bladder preservation: 71%)

— 12% — invasive tumor recurrence noted on post-treatment surveillance
— 17% — incomplete response noted following concurrent chemoradiotherapy

e 5S-year OS, 52%; 10-year OS, 35%
e 5S-year DSS, 64%; 10-year DSS, 59%
e 10-year rates of recurrence (for patients with initial CR):

— Non-invasive: 29%
— Invasive: 16%
Pelvic: 11%
Distant: 32%

The two most important factors predicting for OS and DSS were clinical T stage
and initial CR following induction therapy [78]. NAC was not found to be associ-
ated with OS on multivariable regression analysis, and no patients required RC due
to toxicity secondary to treatment from SBP [78].

Following promising results from the aforementioned single institution experi-
ences, data obtained from cooperative group experiences undertaken by the
Radiation Therapy Oncology Group (RTOG) confirmed such outcomes. These trials
are briefly summarized in Table 18.2 [49]. The first published RTOG trial was
RTOG 8512, which was a phase II study analyzing 42 patients with cT2-T4N0-2MO
disease receiving 40 Gy to the pelvis with 2 cycles of concurrent cisplatin followed
by an additional 24 Gy with another cycle of cisplatin in the event of CR (whereas
patients with residual tumor following 40 Gy and 2 cycles of cisplatin received RC)
[86]. The study found an initial CR of 66%, and 42% of patients were alive with an
intact bladder at 5 years [86]. This study was followed by RTOG 8802, which
sought to investigate outcomes with the addition of MCV chemotherapy following
TURBT but prior to concurrent chemoradiotherapy [87]. Of 91 patients studied, the
4-year risk of LRR was found to be 43%, which was similar to the reported 4-year
rate of surviving with an intact bladder of 44% [87]. This was then followed by
RTOG 8903, which was a phase III trial aiming to compare concurrent cisplatin
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with RT (standard arm) to the standard arm plus the addition of neoadjuvant MCV
chemotherapy; however, this study was closed early due to high rate of severe leu-
kopenia witnessed in patients receiving MCV [80]. Based on the 123 patients ana-
lyzed, neoadjuvant MCV was not found to be associated with CR rate, OS, or
freedom from distant metastases; based on these findings, later RTOG did not incor-
porate NAC [80].

Subsequent RTOG trials explored utilization of BID RT, as was done by clini-
cians at the University of Paris (and, separately, by investigators in Egypt using
PORT) with concurrent chemotherapy administration. RTOG 9506 reported on 34
patients with cT2-T4NOMO MIBC without hydronephrosis receiving TURBT fol-
lowed by induction chemoradiotherapy to 24 Gy administered BID at 3 Gy per
fractions with concurrent cisplatin/5-FU; following cystoscopy and re-biopsy
4 weeks later, patients with CR received consolidation chemoradiotherapy with BID
RT to the bladder to 20 Gy (for a cumulative dose of 44 Gy) [88]. While the study
reported a 3-year OS of 83% with 66% of patients maintaining an intact bladder, the
grades 3—4 hematologic toxicity rate of 21% declared this regimen as relatively
toxic in spite of encouraging oncologic outcomes [88]. The RTOG turned to inves-
tigation of adjuvant chemotherapy with its next trial, RTOG 9706, which analyzed
52 patients with cT2-T4aNOMO MIBC patients who received induction chemora-
diotherapy (administered BID with 1.8 Gy to the pelvis in the morning followed by
a 1.6 Gy boost to the tumor 4-6 hours later) with concurrent cisplatin, cystoscopic
evaluation 3—4 weeks following induction, consolidation chemoradiation in the
event of CR (given in 1.5 Gy BID fractions to a total dose of 45.6 Gy to the pelvis/
bladder and 64.8 Gy to the tumor), and, finally, three cycles of adjuvant MCV [89].
The authors found that 74% of patients achieved CR, with only 11% of patients
experiencing grades 3—4 hematologic toxicity (unlike the nearly double rate noted
in RTOG 9506); however, only 45% of patients were able to receive the full three
cycles of adjuvant MCV, and of the patients who received the full three cycles, 41%
developed grades 3—4 hematologic toxicity [89]. Consequently, this treatment regi-
men was also felt to be very toxic, although the logic underlying condensing the
induction phase into a shorter time frame with BID RT was sound. The subsequently
performed RTOG 9906 trial also assessed BID RT but added paclitaxel to induction
cisplatin and utilized an adjuvant chemotherapy regimen consisting of gemcitabine/
cisplatin [90].

The RTOG trials performed most recently have continued to evaluate different
variations of systemic therapy administration. RTOG 0233 was a phase II study
reporting on a group of 93 patients randomized to receive cisplatin/paclitaxel or
cisplatin/5-FU administered concurrently with induction RT to 40.3 Gy following
TURBT, with patients then receiving consolidation chemoradiation to 64.3 Gy with
the same chemotherapy given during induction in the event of downstaging to TO,
Tcis, or Ta disease [74]. Patients then went on to receive adjuvant chemotherapy
with gemcitabine (1000 mg/m?), paclitaxel (50 mg/m?), and cisplatin (35 mg/m?) all
administered on days 1 and 8. Results showed comparable rates of 5-year OS
between the two arms (paclitaxel, 71%; 5-FU, 75%) with 5-year bladder-intact sur-
vival rates of 67-71% [74]. However, the study reported marked rates of toxicity,
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with 16 patients (35%) treated with paclitaxel and 19 (44%) treated with 5-FU
developing late grades 3—4 toxicity (of which 11% and 6%, respectively, were
attributed to RT) [74].

Following completion of RTOG 0233, a pooled analysis of RTOG 8802, 9506,
9706, 9906, and 0233 was published in 2014 and reported on 468 patients across the
5 studies, with clinical T stage of T2 in 61%, T3 in 35%, and T4a in 4% of patients.
With median follow-up of 4.3 years among all patients and 7.8 years among survi-
vors, the study found [91]:

e CRrate: 69%

e 5S-year OS, 57%; 10-year OS, 36%

e 5S-year DSS, 71%; 10-year DSS, 65%

e 10-year estimate of muscle-invasive LRR: 14%

e 10-year estimate of non-muscle invasive LRR: 36%
* 10-year estimate of distant metastasis: 35%

Most recently, RTOG 0712 reported on SBP using either cisplatin/5-FU with
BID RT or gemcitabine with once daily RT following TURBT as part of induction
to 40 Gy as well as consolidation to 64 Gy for those patients achieving CR on
interim cystoscopic assessment; this was then followed by adjuvant cisplatin/gem-
citabine [75]. Twice weekly gemcitabine emerged as an attractive systemic therapy
option following completion of a phase I trial by the University of Michigan estab-
lishing good response, survival, and bladder preservation rates of this regimen, with
a maximum tolerated dose of 27 mg/m? [92]. While not statistically powered to
make a comparison between cisplatin/5-FU with BID RT and gemcitabine with
once daily RT, RTOG 0712 demonstrated rates of freedom from distant metastasis
exceeding 75% in both arms (cisplatin/5-FU with BID RT, 78%; gemcitabine with
daily RT, 84%) with post-induction CR rates of 88% for cisplatin/5-FU with BID
RT and 78% for gemcitabine with daily RT. [75] These results have encouraged
further utilization of gemcitabine with daily RT as an alternative to the prior
platinum-based RTOG regimens with BID RT, especially for patients with renal
function precluding use of agents like cisplatin.

The largest prospective, randomized study performed in patients with MIBC is
BC2001; this trial was performed in the United Kingdom and reported on 360
patients with MIBC randomized to receive either RT alone (n = 178) or RT with
concurrent 5-FU/mitomycin-C (n = 182) [61]. In addition, patients were random-
ized to receive whole bladder radiotherapy or treatment of a partial bladder volume
using a partial 2-by-2 factorial design, with permission of 2 RT schedules: (1) a
conventionally fractionated schedule to 64 Gy in 32 fractions over the course of
6.5 weeks or (2) a hypofractionated approach of 55 Gy in 20 fractions over the
course of 4 weeks. BC2001 found a significant improvement in 2-year locoregional
DFS with the addition of concurrent chemotherapy (67% vs. 54%, p = 0.03) with
trends toward improved 5-year OS (48% vs. 35%, p = 0.16; though the study was
underpowered to show a difference in survival), reduced 2-year cystectomy rate
(11.4% vs. 16.8%, p = 0.07), and higher grades 3—4 acute treatment-related toxicity
(36% vs. 28%, p =0.07) [61]. An exploratory analysis demonstrated a 2-year relapse
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rate of 18% for patients receiving concurrent chemoradiotherapy vs. 32% for
patients receiving RT alone (p = 0.01) [61]. Subgroup analysis indicated no signifi-
cant differences based on patients receiving whole-bladder RT (n = 63) vs. “modi-
fied volume” RT (n = 58) vs. elective whole-bladder RT (n = 239) (p = 0.66) or
64 Gy in 32 fractions (n = 217) vs. 55 Gy in 20 fractions (n = 142) (p = 0.59) [61,
93]. Two important distinctions in this study come to light when comparing patients
treated on BC2001 to those treated on RTOG protocols: (1) patients were not
required to receive maximal TURBT for enrollment (over a third of patients had
biopsy only or incomplete TURBT); (2) no interim cystoscopic assessment or re-
biopsy was performed following an induction treatment phase; treatment proceeded
continuously, and first post-treatment cystoscopy was performed 6 months follow-
ing completion of definitive therapy [61]. This trial validated numerous facets of
modern-day treatment: use of the 5-FU/mitomycin-C regimen for radiosensitiza-
tion, use of hypofractionated RT, and continuous treatment without a mid-
treatment break.

Evolving Considerations

There has been great evolution of numerous considerations over time when consid-
ering the treatment paradigm for MIBC; these are depicted in Fig. 18.1 and include
utilization of NAC, alterations in fractionation for RT delivery, hypoxia modifica-
tion, use of molecular stratification in treatment selection, use of immunotherapy,
and response evaluation. Each of these will be briefly addressed in turn.

Immunotherapy

Molecular
stratification

w
Hypoxia
modification

¥ Alterations in
fractionation

““Utilization
of NAC

Fig. 18.1 Timeline depicting evolution of treatment considerations over time
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Neoadjuvant Chemotherapy

From the initial conception of SBP using TMT in the early 1980s, NAC emerged as
a treatment of interest due to the potential for tumor downstaging at the time of
TURBT and the opportunity for early assessment of response to systemic therapy
(with the caveat that administration of NAC would postpone initiation of definitive
local treatment). While many of the largest phase III studies aimed at assessing the
role of NAC prior to definitive local therapy have been performed on patients receiv-
ing RC (e.g., the Nordic 1 Cooperative Bladder Cancer Study Group, Spanish
CUETO, Italian GUONE, and SWOG 8710/Intergroup 0080 trials) [14, 94-96],
there are some prospective, randomized data assessing the role of NAC for patients
receiving radical EBRT. A pooled analysis by the West Midlands Urological
Research Group and the Australian Bladder Cancer Study Group compiled data
from two pilot studies comparing radical RT to radical RT with induction cisplatin;
with a total of 255 patients analyzed, no significant difference in OS was noted [97].
The MRC-EORTC published results of a large trial studying 485 patients undergo-
ing either RC or EBRT monotherapy and randomly assigned to receive neoadjuvant
MVAC (n = 491) or no NAC (n = 485); while results demonstrated that NAC was
associated with higher rates of pathological CR, the 10% absolute improvement in
OS at 3 years required to establish NAC as standard of care was not found [98].

With regard to NAC prior to administration of concurrent chemoradiotherapy,
RTOG 8903 assessed the addition of neoadjuvant MCV to the standard of concur-
rent cisplatin with RT and found no impact on CR rate, freedom from distant metas-
tasis, or OS but noted significant hematologic toxicity that led to only a 67%
protocol completion rate for patients receiving MCV [80]. The outcomes for patients
treated on BC2001 who received NAC were recently published: 117 patients of the
initial cohort of 360 (33%) received platinum-based NAC prior to receiving RT +/—
concurrent 5-FU/mitomycin-C, and no differences in local control or OS were noted
between the two arms among this subgroup of patients receiving NAC [99].
However, patients receiving NAC and concurrent chemoradiotherapy were noted to
have a 33% rate of grades 3—4 toxicity as compared to 22% for patients receiving
NAC followed by RT alone [99]. Based on findings suggesting no significant benefit
in oncologic outcomes and elevated rates of grades 3—4 toxicity, NAC has not con-
tinued to evolve as a paradigm-shifting treatment consideration.

Variations in Fractionation

Another unique aspect of TMT for MIBC has been the implementation of multiple
fractionation schemes in delivering RT. Accelerated RT with BID fractionation was
studied in the early TMT experience out of the University of Paris and subsequently
implemented in multiple RTOG trials, including RTOG 9506, RTOG 9706, RTOG
9906, RTOG 0233, and RTOG 0712 [75, 82, 91]. Using accelerated fractionation
for these studies — all of which entailed mid-treatment response assessment with
cystoscopy to evaluate for CR prior to consolidation chemoradiation or
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cystectomy — carried the advantage of decreasing time to definitive local treatment.
Unlike hyperfractionation, which utilizes a lower dose per fraction in combination
with an increased number of daily fractions to ultimately yield a higher cumulative
dose, accelerated fractionation yields a similar total dose to conventional fraction-
ation (e.g., 64 Gy) with a shorter treatment package time.

There is limited existing data comparing accelerated fractionation and conven-
tional fractionation. A prospective, randomized trial out of the Royal Marsden
Hospital randomized 229 patients with cT2-T3NO-1MO urothelial carcinoma treated
from 1988 to 1998 to one of two EBRT monotherapy regimens: (1) an accelerated
fractionation regimen of 60.8 Gy in 32 fractions over 26 days (n = 129) or (2) a
conventional fractionation regimen of 64 Gy in 32 fractions over 45 days (n = 100)
[100]. The accelerated fractionation RT was delivered using BID RT (first fraction,
1.8 Gy; second fraction, 2.0 Gy) with 6 hours between fractions and a 1-week treat-
ment gap following the first 12 fractions. The primary endpoint was local control,
and the trial was powered to detect a 20% difference. While no significant differ-
ence was noted between the two arms in terms of local control, OS, or DFS, a sig-
nificantly higher rate of grades 2-3 bowel toxicity was noted in the accelerated
fractionation arm when compared to the conventional fraction arm (44% vs. 26%,
p =0.001) [100]. While not directly comparing these two fractionation schemes in
the setting of systemic therapy administration, these results indicate a greater likeli-
hood of toxicity from accelerated fractionation without a well-established onco-
logic benefit.

With regard to hyperfractionation, a prospective, randomized trial conducted in
Sweden randomized 168 patients with cT2-T4NOMO MIBC to a hyperfractionated
regimen of thrice daily RT (1 Gy per fraction, three times per day) to a total dose of
84 Gy or a conventional fractionation regimen of 64 Gy in 32 fractions administered
once daily [101]. Both treatments were administered over the course of 8 weeks
with a 2-week “rest period” in the middle of treatment. At 10-year follow up, the
authors found improved rates of local control and OS for patients receiving hyper-
fractionation [101]. Similarly, meta-analysis data comparing hyperfractionation to
conventional fractionation for bladder cancer (2 trials, 345 patients) has suggested
improved OS with hyperfractionation [102]. However, findings of these data may
largely be explained by the higher dose achieved with hyperfractionated RT; data
from the Netherlands have underscored that dose escalation leads to improved local
control, with logistic modeling calculations predicting that an increase in total dose
by 10 Gy is associated with 3-year improved local control by an odds ratio of
1.44 [103].

Hypofractionation has also been utilized for SBP in the management of MIBC,
especially following results of the BC2001 study, which incorporated a partial
2-by-2 factorial design in which patients could be treated with either conventional
fractionation or a hypofractionated regimen of 55 Gy in 20 fractions [61]. Long-
term outcomes from BC2001 never demonstrated a significant difference between
conventional fractionation RT and hypofractionated RT for any trial endpoint;
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however, until recently, there was no high-quality data for direct comparison [93]. A
recently published, individual patient data meta-analysis of BC2001 and BCON (a
phase III trial assessing use of hypoxia-modifying agents, discussed in detail in the
next section) analyzed 782 patients between the two trials and aimed to establish
non-inferiority of 55 Gy in 20 fractions as compared to 64 Gy in 32 fractions with
regard to both locoregional control and late toxicity [104]. While the meta-analysis
found comparable toxicity profiles between the two fractionation regimens (2-year
late rectal toxicity, 3—6%; 2-year late bladder toxicity, 24-25%), at 10-year median
follow-up, it was found that patients receiving 55 Gy in 20 fractions had a lower risk
of LRR at 3 years than those treated with conventional fractionation (adjusted HR:
0.71, 95% CI: 0.52—0.96) when controlling for pre-specified prognostic factors for
local control including age, sex, tumor stage, use of NAC, and extent of resection
at TURBT.

Hypoxia Modification

Following data published in the late 1990s regarding modification of hypoxia-
induced radioresistance using entities such as high oxygen-content gas breathing,
hemoglobin oxygen affinity modifiers, and nicotinamide suggesting improve-
ment in local control for bladder tumors [105], hypoxia modification became an
area of active exploration in the 2000s, especially in the United Kingdom.
Hypoxia-modifying agents such as carbogen, a mixture of carbon dioxide and
oxygen, and nicotinamide, an oxidoreductase coenzyme, were investigated in
phase II trials in combination with radical RT to a dose of 52.5 Gy [106].
Following demonstration of good outcomes with carbogen and nicotinamide
(CON) for hypoxia modification, a phase III randomized trial (BCON) compar-
ing RT alone to RT with CON was undertaken in patients with locally advanced
bladder cancer [107]. BCON randomized 333 patients (to either RT +/— CON)
while permitting fractionation schedules of either 64 Gy in 32 fractions or 55 Gy
in 20 fractions. The study found no significant difference between RT and RT
with CON for its primary endpoint of cystoscopic control at 6 months (76% for
RT alone vs. 81% for RT with CON, p = 0.30) [107]; however, at 10-year follow-
up, RT with CON was associated with significantly improved recurrence-free
survival (27% vs. 20%, p = 0.04) with a trend toward improved OS (32% vs.
24%, p = 0.07; initially significant at 3-year follow-up) [108]. Further analysis of
hypoxia modification has demonstrated that tumor necrosis on pathologic speci-
men obtained by TURBT predicts for better survival outcomes [109]. Researchers
have additionally developed a 24-gene signature predicting for benefit from CON
(HR: 0.47, 95% CI: 0.26-0.86; p = 0.015) with both prognostic (p = 0.017) and
predictive (p = 0.058) significance [110]. While currently utilized predominantly
in the United Kingdom, hypoxia modification remains an active area of interest
and further study.
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Molecular Stratification

Adding further nuance and complexity to the management of MIBC is the idea that
molecular stratification of patients’ tumors may both predict for treatment response
and guide optimal management [31]. MIBC carries a heterogeneous mutational pro-
file and is considered one of the most highly mutated cancers along with non-small
cell lung cancer and squamous cell carcinoma of the head and neck; consequently,
efforts to associate molecular subtypes of MIBC with patients’ baseline character-
istics and treatment response are underway [111]. With regard to systemic therapy
administration, tumors with mutations in genes associated with DNA damage repair
(ERCC2, ERBB2, ATM, and RBI) have been shown to demonstrate greater sensitiv-
ity to cisplatin [112, 113]. Similarly, increased BCL2 expression has been found to
be associated with poorer outcomes for patients receiving concurrent chemoradio-
therapy and serves as a marker for patients who may benefit from NAC [114]. For
predicting response to RT, existing data has demonstrated that patients with tumors
highly expressing MRE11 demonstrate better response to radical RT than those with
tumors demonstrating low expression [115]. With significant heterogeneity at the
molecular level, investigators at centers worldwide set out to create an international
consensus on MIBC molecular subtypes and relate these classes to clinical behavior
and treatment response; the authors used 1750 MIBC transcriptomic profiles from
16 published datasets as well as two additional cohorts to develop the following 6
classes [116]:

. Luminal papillary (LumP)

. Luminal non-specific (LumNS)
. Luminal unstable (LumU)

. Stroma-rich

. Basal/squamous (Ba/Sq)

. Neuroendocrine-like (NE-like)

AN AW =

The six molecular classes represented (as follows, percentage of the samples)
LumP, 24%; LumNS, 8%; LumU, 15%; stroma-rich, 15%; Ba/Sq, 35%; and
NE-like, 3% [116]. mRNA data were utilized to assess for associations with molec-
ular gene signatures for bladder cancer pathways and tumor microenvironment infil-
tration. The consensus molecular classes were found to be associated with certain
genomic alterations: LumP tumors were found to be predominantly associated with
mutations in FGFR3 and KDMG6A as well as deletions of CDKN2A, whereas LumNS
was largely associated with mutations in ELF3 and alterations in PPARG (which
were also noted in LumU tumors) [116]. Targeted sequencing data revealed that
58% and 20% of Ba/Sq tumors were associated with 7P53 and RBI, respectively,
and 49% of Ba/Sq tumors were associated with genomic deletions of 3p14.2 [116].

Of greatest interest to clinicians was description of the association of the six
molecular classes with clinical characteristics, OS, and response to treatment. These
are briefly summarized in Figure 18.2 [116]. With regard to sociodemographic char-
acteristics, patients with LumP and LumU tumors were found to be more likely to
have cT2 (p = 0.009) or cT3-T4 (p < 0.001) disease compared to other molecular
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Fig. 18.2 Association of six molecular classes with clinical characteristics, survival, and response
to treatment

classes. Patients with age < 60 were more likely to have LumP tumors (p = 0.001),
whereas patients age > 80 were more likely to have LumNS tumors (p = 0.03). Ba/
Sq tumors were far more likely to be found among females (p < 0.001) and those
with higher clinical stage (p < 0.001) [116]. The association of the six molecular
classes with overall survival was analyzed using a multivariable Cox regression
model accounting for patients’ age and clinical T, N, and M staging as covariates
with the LumP class serving as a reference for comparison. While patients with
LumU (HR: 1.49, 95% CI: 0.93-2.39), LumNS (HR: 1.07, 95% CI: 0.63-1.82), and
stroma-rich (HR: 0.98, 95% CI: 0.65-1.49) tumors demonstrated similar OS to
patients with LumP tumors, patients with Ba/Sq (HR: 1.83, 95% CI: 1.30-2.58,
p <0.001) and NE-like (HR: 2.34, 95% CI: 1.09-5.05, p < 0.03) tumors were asso-
ciated with significantly worse prognosis [116].
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In terms of response to different types of therapy, both LumU and NE-like tumors
were felt to be associated with greater response to RT based on demonstrating sig-
nificantly elevated cell cycle activity and low hypoxia signals when compared to the
other classes [116]. Given that the FGFR3 signature was both strongly and specifi-
cally activated for patients with LumP tumors, therapies targeting FGFR3 are being
investigated. Ba/Sq tumors were found to demonstrate high levels of EGFR and
EGFR ligand as well as immune checkpoint markers and genes involved in the
mechanisms underlying antigen presentation, all of which would suggest response
to immunotherapy; however, none of the molecular classes demonstrated a profile
clearly suggesting better or worse response to anti-PD1/PDLI1 therapy [116]. While
class-based analysis of patients receiving NAC demonstrated no significant associa-
tion of consensus class with outcome, comparison of the survival curves suggested
that patients with LumNS or Ba/Sq tumors may derive greater benefit from patients
with NAC, whereas patients with stroma-rich tumors may not [116]. When specifi-
cally analyzing patients treated with the anti-PDL1 monoclonal antibody atezoli-
zumab [117], patients were more likely to respond to atezolizumab if they had
LumNS (p = 0.05), LumU (p = 0.0044), or NE-like (p = 0.012) tumors [116].

While still an area of growing investigation with need for prospective validation,
association of molecular classes with treatment response has the potential to pro-
vide considerable guidance in both determination of appropriate therapy of existing
options and design of clinical trials ahead. There are multiple ongoing phase II clini-
cal trials aimed at evaluating different treatments based on genetic alterations in
DNA damage response; an ongoing phase II trial looking at Risk Enabled Therapy
After Initiating Chemotherapy for Bladder Cancer (RETAIN BLADDER;
NCT02710734) endeavors to utilize genomic profiles (obtained from sequencing
patients’ TURBT specimens while they are receiving cisplatin-based NAC) as well
as response to post-chemotherapy TURBT findings to risk-stratify patients [118].
The ALLIANCE trial A03171 (NCT 03609216) is an open phase II trial evaluating
for potential bladder preservation in patients receiving dose-dense cisplatin/gem-
citabine and has primary and secondary endpoints assessing outcomes based on
presence or absence of known genetic alterations [118]. Yet another trial is assess-
ing cisplatin/gemcitabine but with the addition of nivolumab (NCT03558087) for
patients with MIBC undergoing SBP [118].

Immunotherapy

Immune checkpoint inhibition (ICI) has been established as a crucial aspect of treat-
ment for non-bladder malignancies and is an area of ongoing investigation for treat-
ing MIBC as well. As discussed previously with utilization of molecular stratification,
a role for ICI is emerging based on enhanced treatment response in certain tumor
types over others. As treatment using ICI has thus far been largely explored in the
locally advanced and metastatic settings, treatment paradigms incorporating ICI for
patients with MIBC receiving SBP are not yet well established. There are multiple
ongoing trials assessing use of ICI for patients receiving SBP followed by RT alone
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or concurrent chemoradiation. For patients receiving RT alone following TURBT,
there are two ongoing phase II trials assessing use of RT with concurrent ICI:
NCT03747419 and IMMUNOPRESERVE [119]. NCT03747419 is assessing use
of the anti-PDL1 monoclonal antibody avelumab for patients ineligible to receive
cisplatin. IMMUNOPRESERVE (Durvalumab Plus Tremelimumab with Concurrent
Radiotherapy for Localized Muscle Invasive Bladder Cancer Treated with a
Selective Bladder Preservation Approach; NCT 03702179) is a phase II trial spon-
sored by the Spanish Oncology Genito-Urinary Group (SOGUG) studying joint
inhibition of PD1 and CTLA4 concurrently with RT (administered as 46 Gy to the
pelvis with 64-66 Gy to the bladder) with the primary endpoint of pathological
response at post-treatment biopsy [120].

For patients receiving concurrent chemoradiotherapy +/— ICI following TURBT,
there are two phase II trials (NCT03617913 and NCT02621151) and two phase III
trials (NCT03775265 [INTACT, NRG/SWOG S1806] and NCT04241185
[KEYNOTE 992]) currently open [119, 121]. NCT03617913 aims to study the CR
rate with the addition of avelumab to concurrent chemoradiotherapy using either
cisplatin or 5-FU/mitomycin-C, and NCT02621151 is a study investigating lead-in
pembrolizumab, maximal TURBT, and adjuvant concurrent chemoradiotherapy
with gemcitabine and pembrolizumab using hypofractionated RT of 52 Gy in 20
fractions [119].

NCT03775265 (INTACT, NRG/SWOG S1806) is a phase III RCT randomizing
patients with MIBC status post TURBT to concurrent chemoradiotherapy with or
without atezolizumab [122, 123]. Patients on S1806 are allowed to receive single-
agent cisplatin, single-agent gemcitabine, or 5-FU/mitomycin-C for systemic ther-
apy; patients randomized to the experimental arm additionally receive concurrent
and adjuvant atezolizumab 1200 mg every 3 weeks for nine cycles [123]. With
regard to RT administration, enrolled patients may be treated with 3DCRT or IMRT,
and treatment of pelvic lymph nodes is optional; however, all patients must receive
conventionally fractionated treatment to 64—-64.8 Gy, as hypofractionation is not
permitted on this trial [123]. For the volume to be irradiated, clinicians have the
option of treating the small pelvis to 40-50 Gy (or 41.4-50.4 Gy, if treating at
1.8 Gy/fraction) followed by sequential boost(s) to either the (1) bladder tumor
alone, (2) the whole bladder alone, or (3) the whole bladder with a secondary
sequential boost to the bladder tumor [123]. For patients not receiving nodal RT, the
treatment step involving irradiating the small pelvis would be omitted. In addition
to having a primary endpoint of bladder-intact event free survival, S1806 has trans-
lational objectives of testing that nuclear MRE ], impaired DNA damage response
genes, or tumor subtyping are prognostic [123].

NCT04241185 (KEYNOTE-992) is a phase III global, multicenter, double-
blinded, placebo-controlled RCT randomizing patients with MIBC status post max-
imal TURBT to concurrent chemoradiotherapy with or without pembrolizumab for
SBP [121]. Similar to SWOG S1806, the trial is allowing for cisplatin monotherapy,
5-FU/mitomycin-C, or gemcitabine monotherapy; however, the trial accepts both
conventional fractionation (whole bladder +/— pelvic node) and hypofractionation
(whole bladder only) [121]. Patients randomized to the experimental arm receive
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concurrent and adjuvant pembrolizumab for up to nine doses, and those on the con-
trol arm will receive a placebo. Similarly, tissue will undergo biomarker analysis.
The study aims to assess the primary endpoint of bladder-intact free survival with
secondary endpoints of safety, time to occurrence of NMIBC, OS, and metastasis-
free survival [121].

Response Evaluation

One of the most pertinent considerations in the evolution of SBP treatment para-
digms is that of mid-treatment response evaluation. Among the pioneering single
institution experiences establishing use of TMT for SBP, the University of Erlangen
appeared distinct from the University of Paris and MGH in that concurrent chemo-
radiotherapy was completed continuously without a treatment break for response
evaluation. The RTOG approach has involved a treatment break following the
induction phase of treatment for early response assessment (following delivery of
approximately 40-42 Gy) with repeat cystoscopy and tumor site biopsy. Patients
complete consolidation chemoradiation only if a complete response or superficial
residual disease is noted, whereas the remaining patients are encouraged to pursue
cystectomy in the event of residual/persistent disease. One merit of a mid-treatment
response assessment includes early identification of non-responders with the hope
that, by avoiding treatment that is not working, they may maintain excellent out-
comes following receipt of RC. Further, as full-dose RT has not yet been adminis-
tered at the mid-treatment point, the surgical morbidity associated with operating on
previously irradiated tissue could be less/better. On the other hand, it is arguable that
patients may unnecessarily be deemed “non-responders” who receive RC before the
treatment has taken effect (and would otherwise have demonstrated a clinical CR
following completion of planned concurrent chemoradiotherapy). Critics of a treat-
ment break for response assessment also point to the potential for accelerated tumor
clonogen repopulation with prolonging treatment package time, with data demon-
strating a trend toward inferior local control with longer treatment package time
[124, 125].

In contrast to the RTOG approach, patients treated on phase III trials such as
BC2001 and BCON did not receive a mid-treatment break for response assessment
and demonstrated comparable outcomes; in these patients, the first opportunity for
repeat cystoscopy is often at 3 months post-treatment. In the absence of prospective
data directly comparing outcomes for patients receiving mid-treatment cystoscopy
and tumor site re-biopsy vs. those receiving continuous concurrent chemoradio-
therapy following TURBT, there is no clear answer as to which approach is better.
However, on the basis of several existing studies demonstrating excellent outcomes
for patients treated without treatment break for response assessment, in addition to
ongoing RCTs (e.g., SWOG S1806) enrolling patients treated continuously without
a treatment break, it is now considered common practice to forego a mid-treatment
response assessment.
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Post-Treatment Follow-Up

It is essential that patients treated with SBP return for regular cancer surveillance,
which is comprised of a thorough history and physical examination, cystoscopy +/—
biopsy of tumor site, and urine cytology. This is completed at regular intervals;
based on the National Comprehensive Cancer Network (NCCN) guidelines utilized
in the United States, MIBC patients treated with SBP should undergo cystoscopy
every 3 months for the first 2 years following completion of definitive intent treat-
ment with the following additional testing to be completed every 3—6 months: CT/
MR abdomen/pelvis (A/P), chest imaging (e.g., CT chest), renal function testing,
complete blood count, comprehensive metabolic panel, and liver function tests
[126]. Every 6-12 months, patients should additionally receive urine cytology [126].

Once the first 2 years have passed, for years 3—4, patients may undergo cystos-
copy every 6 months and receive CT/MR A/P and CT chest annually, with labora-
tory evaluation and urine cytology to be performed only as clinically indicated
[126]. At year 5, patients may receive cystoscopy annually and should continue to
receive CT/MR A/P and CT chest annually. From 5 to 10 years patients are out from
treatment, patients are allowed to receive cystoscopy annually with imaging and
blood tests only as clinically indicated, and finally, if >10 years out from treatment,
patients may elect to discontinue surveillance if they have remained disease-free in
that time [126].

Management of Recurrent Disease
Locoregional Recurrence

Continuous surveillance is important for management of potential locoregional or
distant recurrences. Cystoscopy with biopsy of the tumor site allows for detection
of a local recurrence within the bladder, which may manifest as a superficial, non-
muscle-invasive recurrence (which may then be managed with transurethral resec-
tion or intravesical therapy) or a muscle-invasive recurrence that would then require
salvage cystectomy with pelvic lymphadenectomy. Regularly spaced, frequent cys-
toscopy allows for early detection and implementation of salvage treatment. As dis-
cussed previously with review of outcomes, patients receiving salvage treatment
with RC have the potential to maintain similar survival outcomes if the local recur-
rence is detected and acted upon early. While most LRRs manifest within the first
2 years following completion of definitive therapy, late can recurrences even up to
5 years following treatment [127].

If patients are suspected to have recurrent disease outside the bladder that has
remained contained within the pelvis, in addition to evaluation with CT/MR A/P,



408 A. Bajaj and S. Sachdev

they may receive a positron emission tomography (PET)-CT for further assessment,
which may help aid in identifying nodal involvement. Unfortunately, given the great
likelihood of metastatic disease outside of the pelvis in the event of nodal involve-
ment at the time of relapse, the rate of isolated pelvic relapse is small and estimated
to range from 5% to 7% [128]. Management of nodal disease in the setting of a
tumor identified within the bladder would be addressed with salvage RC with
extended PLND with the option of adjuvant PORT depending on postoperative find-
ings. Isolated nodal relapse is an uncommon scenario: management would begin
with multidisciplinary input among clinicians with expertise in management of
complex urologic cases. Local therapy options could include surgery (depending on
multiple determining factors including size, location, local symptoms, and patient
candidacy) or RT. Stereotactic body radiotherapy (SBRT) is a consideration for
managing patients with oligometastatic disease, with prescribed doses up to
24-32 Gy administered up to 4-5 fractions depending on the dose constraints of
adjacent OARs [129]. Strong consideration would additionally be given to adminis-
tration of systemic therapy to address sites of subclinical disease not visualized on
imaging at the time of diagnosis of recurrence. Patients with pelvic recurrences have
a poor prognosis; even with efforts at effective salvage treatment, reported median
survival ranges from 4 to 8§ months [127].

Distant Recurrence

Management of metastatic disease in MIBC is quite complex; as such, extensive
discussions regarding the myriad of systemic therapy options available for manage-
ment in this scenario comprise a separate chapter. For patients with metastatic dis-
ease, goals of care should be identified early, and appropriate palliation should be
provided when needed to sites of disease yielding local symptoms (e.g., lungs,
bone) to promote improved quality of life. Distant recurrence accounts for 30-40%
of relapses — with the most common sites being the lungs, liver, and bone — and car-
ries a very poor prognosis [78, 130].

Node-Positive Disease

SBP for patients with clinically involved nodes at the time of diagnosis is an under-
studied area of clinical practice with no existing randomized data to guide manage-
ment, as studies evaluating SBP have largely limited enrollment to patients with
clinical NO disease. While RTOG 8802 included a handful of patients with clinically
involved nodes, the small size of the patient population limits meaningful interpre-
tation [31, 87]. An ongoing ECOG/NRG study (NCT04216290, EA8185/INSPIRE)
is a phase II trial randomizing patients with stage III urothelial carcinoma (any cT,
cNI1-2, cMO) status post three cycles or more of NAC to concurrent chemoradio-
therapy with or without durvalumab, with the primary endpoint being clinical CR
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[131]. Patients noting no clinical benefit at post-treatment re-staging 8 weeks fol-
lowing completion of treatment are planned to receive salvage RC, and planned
stratifications include extent of TURBT (presence of residual disease vs. no residual
disease), size of lymph nodes (1-2 cm vs. >2 cm), chemotherapy administered (cis-
platin vs. non-cisplatin regimen), whether NAC was administered pre- or post-
randomization, and response to pre-randomization NAC [131]. Performance of this
trial marks an important step toward establishing concurrent chemoradiotherapy as
a primary treatment option for management of clinically node positive MIBC, as
data from population-based analyses suggest that nearly 80% of patients with node-
positive nonmetastatic are managed with chemotherapy alone as opposed to
SBP [132].

Quality of Life Considerations

Health-related quality of life (HRQOL) embodies a multitude of domains including
physical (incorporating urinary and sexual function), social, emotional, and psycho-
logical well-being, with a diagnosis of MIBC in itself having been shown to signifi-
cantly impact physical and social function based on population-based analyses on
registry patients from the Surveillance, Epidemiology, and End Results (SEER)
Program [133]. An important consideration for patients electing to undergo SBP is
the impact on HRQOL that undergoing RC would impart. In addition to impact on
urinary and sexual function, the associated urinary diversion significantly impacts
daily life and body image [134]. While often not initially suspected as a HRQOL
culprit, sexual dysfunction secondary to RC is one of the most significant detri-
ments to quality of life. Along with physical changes/altered anatomy accounting
for organic etiologies underlying sexual dysfunction (e.g., up to 80% of men may
develop erectile dysfunction), negative psychosocial influences such as the stigma
associated with urinary diversion may strain intimacy and lead to impaired sexual
expression or satisfaction [135]. Existing data also suggests that urinary function
and bowel habits are consistently compromised in patients undergoing RC with
urinary diversion. The first validated bladder cancer-specific instrument studying
HRQOL was the Bladder Cancer Index (BCI), developed in 2007; a pilot study
(n =315) using the BCI found that patients who had received RC scored lower than
patients maintaining their native bladder in both function and bother scores across
all domains (sexual, urinary, bowel) [136]. Of great interest with potential surprise,
patients who had received an orthotopic neobladder demonstrated significantly
lower urinary function scores as compared to patients who had received incontinent
diversions [136]. The impact of RC with urinary diversion on HRQOL should be
strongly considered when determining a treatment course for patients eligible for
SBP which may allow them to circumvent issues related to compromised urinary,
bowel, and sexual functioning.

Retrospective data reporting on HRQOL for patients receiving SBP demon-
strates better outcomes for patients receiving TMT as compared to RC. A
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cross-sectional bi-institutional study in the United States analyzing 226 patients
with MIBC eligible for RC who were disease-free for 2 years or longer adminis-
tered six validated HRQOL instruments and found that TMT was associated with
better HRQOL by nearly 10 points out of 100 compared to patients receiving RC
(p = 0.001) with greater physical, social, emotional, and cognitive functioning
(» <0.04) [137]. As compared to RC, patients receiving TMT reported better bowel
function by 4.5 points (p = 0.02), fewer bowel symptoms by 3—7 points (p < 0.05),
better sexual function by 9-32 points (p < 0.02), and better body image by 15 points
(» <0.001) [137]. A cross-sectional questionnaire study performed in Sweden com-
paring treatment-related side effects from pelvic EBRT monotherapy (n = 58) to RC
(n = 251) and population controls (n = 310) found that 74% of irradiated patients
reported normal urinary function, and there was no statistically significant differ-
ence in distress secondary to gastrointestinal symptoms between EBRT monother-
apy and RC (32% vs. 24%) [138]. A similarly high rate of preserved urinary function
was reported by MGH, with 75% of patients from their retrospective cohort study
demonstrating normal bladder function by urodynamic study [139]. With regard to
sexual function, data from MGH suggests that the majority of male patients main-
tained erectile function with only 8% of male patients expressing dissatisfaction,
and separate data reporting on female patients has found that over 70% of women
receiving SBP maintained pre-treatment levels of sexual satisfaction [139, 140].
Overall, data from a pooled analysis of multiple RTOG studies (RTOG 8903, 9506,
9706, and 9906) has shown a late grade 3 genitourinary toxicity rate of 5.7% and
late grade 3 gastrointestinal toxicity rate of 1.9% among patients retaining their
native bladder, with no grades 4-5 toxicities, indicating relatively favorable late
term toxicity outcomes for those receiving EBRT with concurrent chemother-
apy [141].

Radiation Techniques

Simulation

CT simulation is best performed with the patient having been instructed to present
to the radiation oncology clinic with an empty bladder and rectum; treating the
patient with a maximally empty bladder allows for greater reproducibility by evad-
ing the perils of daily inconsistency in bladder filling. Once the patient has com-
pletely voided and made efforts to minimize rectal distension, the patient is then
simulated in the supine position using a custom-made device such as a Vac-Lok
(Civco, Kalona, Iowa, USA) for immobilization of the pelvis. A CT scan typically
without contrast is performed from L1 through mid-femur. Depending on institu-
tional practice, considerations may be made for using IV contrast to aid in identifi-
cation of vasculature (particularly for clinicians who utilize pelvic nodal irradiation);
however, it is critical that renal function be assessed prior to administration of IV
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contrast due to concern for contrast-induced nephropathy in patients with high risk
of compromised renal function secondary to their disease. In lieu of contrast admin-
istration to aid in visualization at the time of simulation, any diagnostic imaging
obtained as part of pre-treatment workup may be coregistered to guide planning. For
clinicians planning on administering a bladder tumor boost, certain institutions have
utilized liquid, radio-opaque markers such as lipiodol to aid in identification [142].
Based on institutional practice, some clinicians may opt to treat the patient using an
adaptive RT technique with a “plan-of-the-day”; such a practice may involve simu-
lating the patient with a maximally empty bladder, a comfortably/reproducibly full
bladder, and the bladder in an intermediary state [143]. At the authors’ institution,
patients are simulated and treated with a maximally empty bladder and rectum for
every day of treatment, and neither I'V/oral contrast nor fiducial markers are utilized
for treatment.

Target Volume

There is great variability in practice across the world with regard to target volume
delineation, and the optimal RT target volume in TMT for SBP is considered an area
of controversy. This is reflected in the protocol of ongoing phase III RCT SWOG
S1806, which allows for patients to be treated with or without nodal irradiation as
well as treatment of the whole bladder with or without a tumor boost or omission of
a whole bladder field and treatment of the tumor only [123]. The patient’s target
volumes may then be defined and delineated as follows, as described per protocol of
SWOG S1806 [123]:

e Gross tumor volume (GTV): Macroscopic visible tumor on imaging/cystoscopy
e Clinical target volume (CTV): Comprised of multiple entities, as stated below

— CTV_bladder tumor: Defined by diagnostic imaging/site of TURBT (as per
findings documented in operative report as well as multidisciplinary discus-
sion with urologic surgeon at time of treatment planning)

— CTV_prostate: Target volume encompassing prostate and prostatic urethra in
male patients

— CTV_whole bladder: Target volume encompassing the entire bladder, includ-
ing the CTV_bladder tumor

— CTV_nodal: Target volume encompassing the pelvic nodes below the com-
mon iliac bifurcation, including the presacral nodes, external iliac nodes,
internal iliac nodes, and obturator nodes. These nodal regions are anatomi-
cally defined as follows:

* Pre-sacral nodes: This lymphatic area extends from the superior aspect of
S1 to the superior aspect of S3 and includes the 1 cm thickness anterior to
the sacrum
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e External iliac nodes: This lymph node group is contoured inferiorly up to
the superior aspect of the femoral heads and is delineated by creating a
7 mm circumferential expansion around the external iliac vessels.

 Internal iliac nodes: This lymph node group is contoured inferiorly until no
longer visualized or until exiting the pelvis via the greater sciatic notch and
is delineated by creating a 7 mm circumferential expansion around the
internal iliac vessels.

e Obturator nodes: This lymphatic area is contoured superiorly where the
iliac vessel contours stop and extends inferiorly to the superior aspect of
the symphysis pubis; it encompasses the 1 cm width of tissue situated
medially to the obturator internus muscles from the anterior to posterior
borders of the ilium.

e All nodal target volumes must be trimmed so that they do not extend out-
side the pelvis or into adjacent OARs such as the rectum, bowel, or bone.

e Planning target volume (PTV): Comprised of symmetric expansions of CTV to
account for inter-fraction variability from internal organ motion or daily set-up.
The following are recent trial-utilized values; optimal PTV expansions could be
determined based on institutional preferences or analyses determining set-up/
positional error.

— PTV_bladder tumor: 5 mm to 1 cm expansion if using IMRT; 1.0-1.5 cm
expansion if using 3DCRT with margin to be determined based on image-
guided radiotherapy (IGRT) options available at treating institution.

— PTV_whole bladder: 5 mm to 1 cm expansion if using IMRT; 1.0-1.5 cm
expansion if using 3DCRT (except in the region of the bladder tumor, with
margin of 2 cm permissible) with margin to be determined based on image-
guided radiotherapy (IGRT) options available at treating institution.

— PTV_prostate: 5 mm expansion of CTV_prostate for male patients.

— PTV_nodal: 5 mm expansion of CTV_nodal.

— Anisotropic expansions may be utilized to achieve dose constraints to adja-
cent OARs.

A treatment plan for a patient treated with 41.4 Gy to the pelvis and nodes fol-
lowed by a sequential bladder boost to 64.8 Gy is portrayed in Fig. 18.3. Acceptable
planning metrics ideally yield coverage V100 > 95% with a hotspot no greater than
110%. The OARSs to delineate include the bilateral femoral heads, rectum, and small
bowel, with corresponding dose constraints to be listed in the following section
on dosing.

There is no clear consensus regarding treatment of pelvic nodal regions, other
than that pelvic nodal irradiation can be administered using conventional fraction-
ation, whereas hypofractionated treatments typically target the whole (or partial)
bladder only. Randomized data from a trial performed in Pakistan comparing
patients receiving RT to the whole pelvis (n = 120) to those receiving treatment to
bladder only (n = 110) found, at 5-year median follow-up, no significant difference
in DFS (47.1% vs. 46.9%, p = 0.5), bladder preservation rate (58.9% vs. 57.1%,
p=0.8), or OS (52.9% vs. 51%, p = 0.8) [144].
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Fig. 18.3 A treatment plan for a patient treated with definitive concurrent chemoradiotherapy
using IMRT for muscle-invasive bladder cancer. A prescription of 41.4 Gy was used for PTV_pel-
vis and nodes (lime green volume encompassed by teal isodose line) and was followed by a
sequential boost of 23.4 Gy to the PTV_bladder for a cumulative dose of 64.8 Gy (red volume
encompassed by dark blue isodose line). The low dose spread from IMRT is additionally depicted
(pearl, 20.0 Gy; dark green, 25.0 Gy; brown, 30.0 Gy; teal, 41.4 Gy; yellow, 45.0 Gy; orange,
54.0 Gy; green, 60.0 Gy)

Therefore, the following are all accepted treatment volumes for irradiating MIBC:

e Whole pelvis irradiation encompassing bladder and lymph nodes (e.g., to
41.4 Gy), followed by cone down to whole bladder (e.g., to 55.8 Gy), followed
by boost to tumor site (e.g., to 64.8 Gy)

e Whole pelvis irradiation encompassing bladder and lymph nodes (e.g., to
41.4 Gy), followed by cone down to whole bladder (e.g., to 64.8 Gy)

e Treatment of either whole bladder or tumor site only, with or without a boost

— This is the most common method of treatment delivery in Europe, where the
PTV often incorporates the CTV with a 1.5 cm expansion. In BC2001, the
PTV1 consisted of the outer bladder wall with a 1.5 cm expansion, and the
PTV2 consisted of the tumor site with a 1.5 cm expansion [61].

Dose

Multiple dosing schemes have been utilized in TMT for SBP. Conventionally frac-
tionated RT is administered in 1.8-2.0 Gy per fraction once daily. Daily, conven-
tionally fractionated RT delivers a cumulative dose of 64—-64.8 Gy to either (1) the
whole bladder or (2) the tumor site only (with a margin), depending on planned
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treatment delivery method. For patients who are receiving pelvic nodal irradiation,
dose delivered to this area typically ranges from 41.4 to 50.4 Gy when administer-
ing treatment at 1.8 Gy per fraction or 40 to 50 Gy when treating with 2 Gy daily
fractions. If utilizing an accelerated fractionation approach, such as in the RTOG
trials (e.g., RTOG 0712), treatment may be administered in 1.5 Gy fractions twice
daily (separated by at least 6 hours) [75]. For patients receiving hypofractionated
RT, treatment is administered at 2.75 Gy per fraction to a cumulative dose of 55 Gy
to either (1) the whole bladder or (2) the tumor site with a margin (partial bladder).

Dose Constraints (Conventional Fractionation) [75, 123]

Rectum: V30 < 50%, V55 < 10%
Femoral heads: Max 45 Gy
Small bowel: V50 < 15 cc, V45 <100 cc, V30 < 150 cc

Fields

While 3DCRT has historically been utilized for management of MIBC, with wide
margins (1.5 cm as per BC2001 or 2 cm as per RTOG approach) to account for
organ motion and variations in set-up prior to advances in IGRT, IMRT is being
increasingly utilized with the aid of cone beam CT (CBCT) for daily image guid-
ance. IMRT carries multiple benefits, including the potential for use of simultane-
ous integrated boost (SIB) technique to the primary tumor site and shorter treatment
delivery times with the ability to minimize dose to adjacent OARs by optimizing
beam angles/dose entry, thereby providing more conformal treatment [145].
However, 3DCRT still remains frequently utilized. For patients receiving treatment
with 3DCRT incorporating pelvic nodal irradiation, treatment has historically
encompassed a “small pelvis” that may be treated using a four-field technique (AP/
PA and opposed laterals) with the following field borders [75]:

* Superior border: Mid-sacroiliac joint

* Inferior border: Bottom of the obturator foramen

e Lateral borders: 1.5 cm margin on the pelvic brim for AP/PA fields or 2 cm
beyond the CTV for the lateral fields

In designing the AP/PA fields, care must be taken to block the femoral heads. In
designing the lateral fields, the rectum and small bowel should be blocked.

RTOG Approach

To summarize an example of radiotherapeutic management, the RTOG approach
will be utilized as an example. Following a diagnosis of MIBC with decision to
pursue SBT with TMT, a patient receives maximal TURBT and is then initiated on
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induction treatment of concurrent chemoradiotherapy to a dose of 40-45 Gy admin-
istered over 20-25 fractions. In the first phase of RT, the whole bladder is treated
with a 2 cm margin, and the initial treatment volume incorporates the prostatic
urethra in men (or the proximal 2 cm of the urethra in women) as well as the pelvic
lymphatics (which may be treated using the previously described “small pelvis”
technique if using 3DCRT). Following induction therapy, a repeat cystoscopy with
biopsy of the primary tumor site is performed after a 2-3-week treatment break.
Patients with residual disease noted on pathology are then referred for RC, whereas
patients with CR (or good response with only superficial disease remaining) then
proceed with the consolidation phase of treatment. In the consolidation phase of
treatment, patients receive the remainder of the prescription dose, which is admin-
istered as a cone treatment down to the whole bladder (an additional 10-14 Gy)
followed by a final boost to the tumor alone with a2 cm margin (an additional 10 Gy).

Summary of Treatment Recommendations

For patients considered eligible for SBP who are receiving TMT, we recommend
maximal TURBT with adjuvant concurrent chemoradiotherapy. Patients are consid-
ered optimal candidates if they present with cT2-T3aNOMO disease with unifocal
disease and without CIS or tumor-associated hydronephrosis, although consider-
ation for bladder sparing is on a case-by-case basis. Options for concurrent systemic
therapy include cisplatin monotherapy, gemcitabine monotherapy, 5-FU/mitomy-
cin-C, or a cisplatin-based regimen with 5-FU or paclitaxel. RT regimens vary based
on institutional practice but include conventionally fractionated RT of 64.8 Gy in 36
fractions to the bladder +/— pelvic nodes or hypofractionated RT of 55 Gy in 20
fractions to the whole bladder only. It is the authors’ practice to perform conven-
tionally fractionated radiotherapy, delivering 41.4 Gy in 23 fractions to the PTV
encompassing the whole bladder and pelvic nodes followed by a 23.4 Gy in 13 frac-
tion boost to the whole bladder PTV for a cumulative dose of 64.8 Gy given over 36
fractions. Consideration may additionally be given to concurrent and adjuvant
immunotherapy with patient enrollment on a clinical trial.

Conclusion

SBP is an emerging treatment paradigm for definitive management of MIBC with
great promise. The most effective regimen investigated to date incorporates TMT
with maximal TURBT followed by RT administered with concurrent radiosensitiz-
ing chemotherapy. While currently limited to patients deemed eligible for candi-
dacy based on strict selection criteria, future treatment directions include broadening
eligibility and assessing outcomes for patients with MIBC who do not necessarily
meet these criteria. Studies on HRQOL suggest comparatively higher quality of life
associated with bladder sparing versus RC; while there are no prospective, random-
ized data to directly compare these two treatments, a steadily increasing body of
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literature suggests no significant difference in oncologic outcomes, which makes
bladder sparing treatment very compelling. In addition to continued assessment of
systemic therapy options, ICI is additionally under investigation with ongoing
RCTs, and recently designed RCTs are now incorporating molecular subtyping
with the ultimate goal of having these be prospectively validated. The results of
ongoing RCTs prospectively investigating conventional fractionation vs. hypofrac-
tionation and pelvic nodal irradiation vs. treatment of bladder only are eagerly
awaited. Further study will additionally be needed to elucidate a better understand-
ing of optimal management for patients with node-positive disease as we approach
an era of improved systemic therapy now incorporating ICI.
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