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Abstract: Radical cystectomy has been widely accepted as the standard treatment in muscle-invasive
bladder cancer. However, removal of the bladder requires urinary diversions and substantially impairs
patients’ quality of life. Radical cystectomy is also associated with a significant risk of perioperative
complications and mortality. Bladder preservation therapy has been explored as a potential alternative to
overcome such limitations of radical cystectomy, and a growing body of evidence suggests that bladder
preservation therapy could become the primary treatment strategy in muscle-invasive bladder cancer
patients. This review aims to provide an overview of the current practices, efficacy, limitations, and future
perspectives on bladder preservation therapy. The trimodality protocol of bladder preservation therapy
consists of maximal transurethral resection of the bladder tumor followed by radiotherapy with concurrent
chemotherapy (chemoradiotherapy). Prospective studies demonstrated that the 5-year overall survival rates
are comparable in both bladder preservation therapy and radical cystectomy (50-70%), suggesting that the
two treatment paradigms have similar long-term outcomes. Major limitations of bladder preservation therapy
include a significant risk of recurrence and insufficient survival outcomes, particularly in chemoradiotherapy
non-responders. In addition, prediction of chemoradiotherapy response remains challenging even when
clinical manifestations include large tumor size, advanced T stage, multifocality, concomitant carcinoma in
situ, and hydronephrosis. Recently, different molecular biomarkers have been identified that could help select
optimal muscle-invasive bladder cancer patients for bladder preservation therapy. A personalized treatment
plan and further refinements of bladder preservation protocols are expected to improve treatment outcomes.
For instance, consolidative partial cystectomy and pelvic lymph node dissection could be used as an adjunct
in chemoradiation-based bladder preservation therapy to lower the recurrence rate of muscle-invasive
bladder cancer. Additionally, several clinical trials are ongoing to explore whether synergistic anti-tumor
activity, achieved by a combination of immune checkpoint inhibitors and chemoradiation-based bladder

preservation therapy, could achieve beneficial results in muscle-invasive bladder cancer patients.
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Introduction

Bladder cancer is the ninth most common malignancy
worldwide (1). About 430,000 new bladder cancer cases
were diagnosed in 2012, and a substantial increase of
this incidence was noted in the elderly adults (2). Muscle
invasive bladder cancer (MIBC), which accounts for
approximately 25-30% of all bladder cancer diagnoses,
requires more aggressive management as compared to non-
muscle invasive cancer (2), and radical cystectomy (RC)
has been widely accepted as the standard treatment for
c¢T2-4aNOMO bladder cancer (3). The current guidelines
also recommend RC for patients with high-risk non-muscle
invasive bladder cancer with a strong rating (3). However,
removal of the bladder requires urinary diversions that can
substantially impair patients’ quality of life (QOL) post
surgery. Concerns regarding urinary diversions also include
possible postoperative impairment of renal function as
previously reported in several studies (4,5). Furthermore,
RC is associated with a significant risk of perioperative
complications and mortality, which makes certain MIBC
patients unfit for RC (6). In a previous study which analyzed
the data from the National Cancer Data Base in the United
States, overall 30- and 90-day postoperative mortality after
RC was 2.7% and 7.2%, respectively (7). The authors
interestingly pointed out that a low hospital volume was
associated with greater 30- and 90-day mortality. This
dilemma is more apparent in elderly patients, where
perioperative mortality significant increases as compared
to younger patients (8,9). Despite the higher incidence of
bladder cancer in the elderly population, previous studies
revealed that only a minority (20-30%) of MIBC patients
aged 70 years or older actually received RC in real world
(10,11). Given the recently extended life expectancy, the
demand for alternative curative treatment for elderly MIBC
patients who are unfit for RC is increasing.

Bladder preservation therapy (BPT) for MIBC patients
has been explored as a potential alternative to overcome
such limitations of RC. A growing body of evidence
suggests that BPT could become one of the major
therapeutic interventions in a sub-set of MIBC patients.
This review provides an overview of the current practices,
efficacy, limitations, and future perspectives on BPT.

Development of chemoradiation-based bladder
preservation therapy

Earlier, bladder preservation approaches for MIBC included
transurethral resection of the bladder tumor (TURBT),
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radiation therapy, or chemotherapy alone. However, such
single-modality treatments failed to achieve the desired
clinical outcomes (12-15). Subsequently, several randomized
trials demonstrated the advantages of radiotherapy with
concurrent chemotherapy (chemoradiotherapy, CRT) over
radiotherapy alone in achieving local cancer control (16,17).
In the late 1980s, pioneering medical centers developed
a combinatorial treatment plan for MIBC patients that
included maximal TURBT followed by radiation therapy with
concurrent chemotherapy (trimodality therapy: TMT). TMT
achieved a complete response in 64-74% of patients (18-20).
One of the key features of the TMT was an optimal patient
selection based on induction or full dose of CRT response,
whereby the bladder conservation was reserved only for
complete CRT responders.

To date, the TMT has been well investigated in several
prospective studies, demonstrating five-year overall survival
rates to be 50-70%, which is comparable to five-year overall
survival rates in patients treated with RC (17,19,21-24)
(Tuble 1). These studies also showed that 40-60% of
patients survived with preserved bladder after undergoing
BPT. A growing body of evidence demonstrated benefits
and efficacy of CRT-based bladder preservation protocols,
leading to recognition of the BPT, according to the 2017
US guideline (AUA/ASCO/ASTRO/SUO Guideline), as
one of the standard options for MIBC patients (25). The
current NCCN guideline also proposes CRT as a viable
option for cystectomy candidates as well as neoadjuvant
chemotherapy followed by RC (26), suggesting that the
BPT is now being acknowledged as one of the primary
treatment strategies in MIBC patients. In contrast, the EAU
guideline emphasizes the importance of patient selection
for bladder preservation to achieve a favorable long-term
survival outcomes, although it allows multimodality BPT
to be performed as a primary therapeutic intervention (3).
The EAU guideline also highlighted the importance of a
close multidisciplinary cooperation between urologists,
oncologists, and radiotherapists, and pointed out the need
of a high level of patient compliance and wide patient
counseling to appropriately manage the potential risk of
recurrence in preserved bladders (3).

Current practices in chemoradiation-based
bladder preservation therapy

Optimal candidates

BPT used to be an alternative for medically inoperable
MIBC patients who are unfit for RC due to severe
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Table 1 Prospective studies on trimodality bladder preservation therapy in muscle-invasive bladder cancer

;2‘;3223:’; year) paﬁigr:ts 2;252 | CRT regimen s;i:o;?icc)::zr?j:ﬁs C?‘;:?te prei-e)s::i:rl\ari?ee I’(%) S;Zte:(rly?)s Reference
James (2012) 182 T2-4a 55 Gy or 64 Gy + 5-FU, MMC  Continuous - 88 (2-year) 48 (17)
Housset (1993) 54 T2-4 44 Gy + cisplatin, 5-FU Split 74 - 59 (3-year) (19)
Shipley (2002) 190 T2-4a 64.8 Gy + cisplatin Split 64 46 54 (21)
Rodel (2002) 289 T1-4 50.4 Gy + cisplatin or Continuous 72 42 50 (22)

carboplatin

Tunio (2012) 200 T2-4 65 Gy + cisplatin Continuous 93 - 52 (23)
Weiss (2007) 112 T1-4 55.8-59.4 Gy + cisplatin, 5-FU  Continuous 88 61 74 (24)

5-FU, 5-fluorouracil; CR, complete response; CRT, chemoradiotherapy; CSS, cancer-specific survival; MMC, mitomycin C; OS, overall

survival.

comorbidities and/or poor physical conditions. However,
BPT is currently opened also for operable MIBC patients
based on their preferences. As optimal patient selection is
essential to avoid the impairment of patient survival by an
imprudent de-escalation of definitive treatment, the current
TMT protocols generally allow bladder preservation only
in patients who achieved a complete response to CRT.
Furthermore, previous studies showed significantly worse
survival outcomes in CRT non-responders as compared to
CRT responders (27-30), suggesting that ideal candidates
for bladder preservation are patients whose bladder cancers
could be completely controlled by CRT.

The clinical tumor parameters associated with
unfavorable CRT response include large tumor size
(>5 cm), locally advanced stage (> T3), multifocal disease,
and the presence of hydronephrosis (22,31,32). Previous
studies suggested that tumor multiplicity and concomitant
carcinoma in situ (CIS) are recurrence risk factors post BPT
(22,31,32). Hydronephrosis has been also identified as a
prognostic factor associated with a poor CRT response,
and several studies have recommended hydronephrosis as
an exclusion criterion for BPT (21,30). All of the evidence
highlighted that a limited number of MIBC patients meet
the ideal criteria for bladder preservation. A previous review
demonstrated that 10-15% of medically operable patients
were good candidates for BPT (30).

While the utility of CRT is widely acknowledged
in muscle-invasive urothelial carcinoma, the impacts
of histologic variants on treatment outcomes remains
elusive. Krasnow et 4/. recently analyzed 303 bladder
cancer patients treated with the TMT and showed that
66 (22%) patients had histologic variants (squamous and/
or glandular differentiation in 50 patients and other forms
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in 16) (33). These data suggest that histological variants
have no bearing in CRT response, salvage cystectomy, and
survival rates. Thus, the current practice of CRT-based
bladder preservation allows MIBC patients with histologic
variants to be included as well as those with pure urothelial
carcinoma. Further studies are required to elucidate if
different treatment plans should be enacted for MIBC
patients with histologic variants.

Therapeutic protocols

Split versus continuous protocols

TMT comprising maximal TURBT followed by CRT is the
current mainstream of the CRT-based bladder preservation
approach. The current TMT protocols included two types
of therapeutic courses: split or continuous course (Figure I).
A common practice between the two types of protocols is
to offer prompt salvage RC for patients whose tumors do
not respond to CRT. CRT response is generally assessed on
cystoscopy, urine cytology, radiological examination, and/or
transurethral biopsy of the bladder mucosa.

In the split protocol, treatment response is evaluated
after induction CRT with 40-45 Gy radiation, and
only patients who achieve complete response undergo
consolidative CRT with 20-25 Gy radiation; otherwise,
salvage RC is recommended (30,34). This strategy enables
an early patient selection based on the CRT sensitivity and
thus may improve overall outcomes by minimizing the
delay of salvage RC. In contrast, the continuous protocol
consists of full-dose CRT with 55-65 Gy radiation followed
by response evaluation, which may maximize the chance
of bladder preservation because all candidates undergo

full-dose CRT (30,34). The caveats of this approach are a
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Figure 1 Therapeutic courses in two types of trimodality bladder preservation protocol: split protocol (A) and continuous protocol (B).

CRT, chemoradiotherapy; TURBT, transurethral resection of bladder tumor.

potential negative impact of delayed RC and an increased
risk of RC-related complications after the full-dose pelvic
irradiation (35).

Radiation regimens

Although most of the planned CRT regimens for bladder
preservation include radiation to a limited pelvic field
(typically around the mid-sacroiliac region with an upper limit
at the common iliac artery bifurcation), the survival benefits
of including pelvic nodal packets remains unclear (23).
In the current regimens, a total dose of 64-65 Gy is
directed to the whole bladder and tumor, while the nodal
packets are subjected to a lower radiation dose (40-45 Gy)
to potentially conserve the small bowel for future urinary
diversions, if necessary (30). Currently, viable regimens
include once or twice daily radiation fractions, though the
difference of fractionation has not been proved to be a
prognostic factor (36). The Radiation Therapy Oncology
Group (RTOG) 0712 study, a randomized phase 2 trial,
compared twice-a-day radiation with fluorouracil/cisplatin
and once-a-day radiation with gemcitabine, and showed
that favorable outcomes were observed in both groups,
suggesting that either regimen could serve as a base for
future trials (37).

Concurrent chemotherapy

Cisplatin has been well studied as an active single agent that
may improve local cancer treatment in combination with
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radiotherapy (16,21-23). To date, concurrent administration
of cisplatin as a radiosensitizing drug has been the standard
care in most CRT-based bladder preservation protocols
for patients with adequate renal function, although a phase
3 trial comparing cisplatin versus non-cisplatin regimens
has not been performed (30). Previous studies failed to
show significant associations between different schedules or
concentrations of cisplatin administration with treatment
outcomes (16,21-23,36). As a potential alternative for
cisplatin-unfit patients, a previous randomized phase
3 trial demonstrated that the combination of fluorouracil
and mitomycin C improved regional cancer control when
compared to radiation alone (17). Low-dose gemcitabine has
also been studied as a radiosensitizer for the TMT in phase
1-2 trials (38,39). In the most recent randomized phase
2 trial (RTOG 0712), once-daily radiation plus gemcitabine
was shown to yield favorable outcomes and safety profiles in
comparison to cisplatin-based CRT regimen (37).

Efficacy and limitations

Oncologic outcomes

In Table 1, we reviewed previous studies that include a
substantial number of patients (n>50) who were treated
with the specific regimen of TMT. The data showed
five-year overall survival rates to be 50-70%. Additionally,
40-60% of patients survived with preserved bladder post
treatment. The Massachusetts General Hospital team, one
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of the pioneering centers in developing the TMT protocol,
previously reported long-term outcomes of BPT in
348 patients, who were treated with several kinds of CRT-
based regimen at a single institution (36). With a median
follow-up of 7.7 years, they demonstrated that the complete
response, bladder preservation and five-year overall
survival rates were 72%, 71%, and 52%, respectively. The
five-year overall survival rates for CRT responders and non-
responders were approximately 60% and 40%, respectively,
indicating that the CRT response is a strong predictor of patient
survival and should be used to select MIBC patients for BPT.
Although previous studies demonstrated comparable
survival outcomes in CRT-based BPT and RC (40,41), the
impacts of bladder preserving option over RC on patient
survivals remains elusive due to lack of randomized control
trials. Recently, two retrospective studies used propensity
score to compare CRT and RC in MIBC patients (National
Cancer Database), and showed there were insufficient
survival outcomes in patients treated with CRT (42,43).
Interestingly, Kulkarni ez 4/. performed propensity score-
matched analysis in MIBC patients who underwent either TMT
or RC, based on the judicious assessment by a multidisciplinary
team consisting of bladder cancer experts (44), and showed
that there was no significant difference in the survival rates
of the TMT and RC groups. With the lack of randomized
control trials, propensity score-matched analysis used in
these studies may reduce the impact of inevitable selection
biases between the BPT and RC groups by creating samples
of units that are comparable on all covariates to each other.

Quality of life after treatment

There have been two prospective trials that confirmed
satisfactory QOL and bladder function after BPT; although
the numbers of patients were limited in the both studies
(45,46). Zietman et al. evaluated bladder function after
TMT by the cross-sectional analysis using urodynamic
study, and demonstrated that 75% of patients had normally
functioning bladder after treatment, while decreased
bladder compliance, bladder hypersensitivity, involuntary
detrusor contractions or incontinence were observed in the
minority (47). A retrospective study by Henningsohn ez a/.
highlighted sexual function after radiotherapy for MIBC.
They reported that 38% of patients had intercourse in the
previous month and 57% of male patients had preserved
ejaculation (48). Caffo et 4l. retrospectively compared the
results of QOL questionnaires between the patient groups
undergoing BPT and RC, which revealed that QOL after
RC was reduced particularly by lacking sexual activity and
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worsened physical conditions in comparison to BPT, while
the items regarding social and recreational life were little

affected by the types of treatment (49).

Limitations

Limitations related to the current practice of CRT-based
bladder preservation protocols include a significant risk
of MIBC recurrence in the preserved bladders, which
would demand salvage RC. The MIBC recurrence rate was
reported to be 11-19% in previous studies, even though
a complete remission of cancer was clinically confirmed
following CRT in all patients (17,19,21-24,30,36). Since
most of the MIBC recurrences develop at the original
MIBC site, it is possible that small foci of bladder cancer
remnants could have evaded diagnosis post CRT. These
foci could subsequently grow in size and result in MIBC
recurrence. Another potential limitation of BPT is the
delay of RC, which might negatively impact patients’
prognosis, as demonstrated by significantly worse survival
outcomes in CRT non-responders as compared to CRT
responders (27-30). Furthermore, salvage RC after BPT
generally precludes orthotopic neobladder reconstruction as
urinary diversion (30). Importantly, the optimal indication
for the current CRT-based BPT and RC with orthotopic
neobladder reconstruction is largely overlapped (e.g., the
absence of bladder neck involvement or CIS), and the
accurate prediction of CRT sensitivity before the treatment
induction may provide MIBC patients with CRT resistance
with the opportunity to select RC with orthotopic
neobladder reconstruction instead of BPT. Different
treatment approaches should be offered to patients whose
tumors are potentially resistant to CRT since clinicians’
ability to predict CRT response remains limited even
when potential risk factors are identified. (22,31,32). As
such, further studies are required to establish personalized
treatment plans in some MIBC patients.

Molecular biomarkers in bladder preservation
therapy

Clinicopathological factors play an important role in
predicting better therapeutic outcomes post CRT-based
BPT. However, these clinicopathological factors are
insufficient to predict CRT response and outcomes after
bladder preservation. Therefore, molecular biomarkers
that can predict precise therapeutic outcomes are strongly
warranted. Recent understanding of the molecular and
genomic characteristics of bladder cancer has led to the
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identification of different molecular biomarkers of MIBC.
In this chapter, we will discuss the possible prognostic or
predictive biomarkers of BPT in MIBC patients.

DNA repair gene alteration

MIBC:s are characterized by a complex genomic landscape,
such as high mutation burden, frequent copy number
alteration, and chromosomal translocations (50). These
genomic instabilities are caused in part by alterations in
the DNA repair pathway, which could also affect patients’
sensitivity to CRT-based treatments (51). Therefore, factors
or genes involved in the DNA repair pathway have been
investigated as potential biomarkers to predict outcomes in
MIBC patients.

Tonizing radiation causes DNA double-strand breaks
and consequently induces cell death. Double-strand
break is detected by meiotic recombination 11 (MRE11)-
RADS50-NBS1 complex which activate the DNA double-
strand break repair pathway (52). Additionally, platinum
agents produce DNA intrastrand adducts, which could be
repaired by the nucleotide excision repair pathway, a highly
conserved DNA repair mechanism. Excision repair cross-
complementing group 1 (ERCCI) is one of the key players
in the nucleotide excision repair pathway (53).

MREI11

MREI11 is one of the most investigated DNA repair
biomarkers in MIBC. In response to DNA double-strand
breaks, MRE11 interact with its binding partners RADS50
and NBSI to coordinate DNA repair at damage sites and
maintain DNA integrity (53). Choudhury ez 4/. investigated
MREI11 expression immunohistochemically in MIBC
patients treated with definitive radiotherapy, and reported that
a higher MREI11 expression was associated with better survival
outcomes (hazard ratio 0.36, P=0.01) (54). Although no
significant association was found between MREL11 expression
and survival outcomes in cystectomy cohorts, patients with
higher MRE11 expression showed better survival outcomes
in patients treated with radiotherapy than cystectomy (hazard
ratio 0.60, P=0.02). These data suggest that MRE11 expression
might be predictive of radiotherapy response.

A similar association between high MRE11 expression
and better outcomes has also been reported in invasive
bladder cancer patients receiving CRT-based BPT.
Laurberg et al. reported that high MRE11 expression
was associated with better survival outcomes in 148
patients treated with radiotherapy (17%) or CRT (83%);
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however, there was no significant association between
MRE11 expression and survival outcomes in 273 patients
treated with cystectomy (55). Magliocco et al. evaluated
associations between MRE11 expression and outcomes in
135 patients from 6 NRG/RTOG TMT trials, and revealed
that patients with MRE11 nuclear-to-cytoplasm rate in
the lowest quartile (<1.49) had significant higher cancer-
specific mortality (56). These data consistently suggested
that MRE11 could be a potential biomarker for selection of
patients most likely to respond to CRT-based BPT. A recent
study by Walker et 4/. highlighted an important caveat of the
role of MRE11 as a biomarker for CRT response (57). In
this study, the authors failed to validate MRE11 expression
assessed on immunohistochemistry as a prognostic marker
in patients managed with CRT because of the lack of a
reproducible assay for MRE11 immunohistochemistry.
They demonstrated the challenges involved in developing a
robust immunohistochemistry-based protein biomarker.

Nucleotide excision repair pathway genes (ERCC1 and
ERCC2)

The association between expression of nucleotide excision
repair pathway genes and MIBC outcomes has been
primarily investigated in patients treated with chemotherapy
as compared to patients treated with radiotherapy. Bellmunt
et al. reported that low level of ERCC1 mRNA was
associated with improved survival outcomes in metastatic
bladder cancer patients treated with platinum-based
chemotherapy, suggesting that a loss in the nucleotide
excision capacity improves platinum sensitivity (58).
In contrast, Sakano et 4l. reported that high expression of
ERCCI and X-ray repair cross-complementing group 1
(XRCC1), which is a key protein in DNA single-strand
break repair pathway, was associated with improved
survival outcomes (59). Therefore, the effect of ERCC1
on treatment outcome may vary across clinical settings and
further studies are warranted to define the role of ERCC1
as a biomarker for CRT-based BPT.

The development of next-generation sequencing has
identified structural alterations in the DNA repair pathway
genes in bladder cancer patients, and showed that these
alternations could be associated with sensitivity to cisplatin-
based chemotherapy (60). Desai et al. evaluated the
association between such alterations and survival outcomes
in 48 patients who underwent CRT-based BPT; and showed
that patients with deleterious mutations in one or more
DNA repair genes were associated with reduced recurrence
rate, and in particular, those with ERCC2 mutations had
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lower rate of metastasis (hazard ratio 0.47, P=0.04) (61).
These results suggested that structural alterations in
genes involved in the DNA repair pathway could be used
as potential biomarkers to predict favorable outcomes in
patients treated with CRT-based BPT.

Signal transduction pathway

In addition to DNA repair pathways, signal transduction
pathways are frequently altered in bladder cancer, and could
serve as potential biomarkers for CRT response.

EGFR

The receptor tyrosine kinase EGFR is altered in more
than 30% of bladder cancer patients (62). Chakravarti ez a/.
reported that EGFR expression was positively associated
with survival outcomes (hazard ratio 0.12, P=0.04) in a
cohort of 73 patients enrolled in 4 prospective CRT-based
BPT with cisplatin (63).

HER2

In contrast, HER2 expression was negatively associated with
complete response in the same cohort of patients used in
Chakravarti et al. (50% vs. 81%, P=0.03) (63). In line with
this result, Inoue er al. reported that HER2 overexpression
was a significant predictor of incomplete response (odds
ratio 2.9, P=0.03) and shorter five-year survival rates (56%
vs. 87%, P=0.001) (64).

VEGF

Angiogenesis plays a crucial role in bladder cancer
development, progression, and metastasis. Elevated levels
of VEGE, a key signal transducer of angiogenesis, have
been associated with increased recurrence and metastasis
rates in bladder cancer (65). Lautenschlaeger ez 4/. evaluated
the association between VEGF expression and survival
outcomes in 43 patients from 4 prospective bladder
preservation studies and showed that VEGF expression
was not associated with complete response to CRT.
However, overexpression of VEGF-B, VEGF-C, and their
receptor VEGF-R2 was negatively associated with survival
outcomes (66). Keck ez al. showed that overexpression
of both VEGF-C and its receptor neuropilin-2 (NRP2)
was negatively associated with survival outcomes in a
cohort of 247 patients treated with CRT-based BPT (67).
Collectively, these results suggest that hyperactivation of
VEGEF signaling is associated with poor survival outcomes
post BPT.
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Cellular proliferation markers

Cellular proliferation markers have been investigated as
potential BP'T" biomarkers. Ki-67 is an established marker of
cellular proliferation (68). Rodel et al. reported that Ki-67
expression positively correlates with complete response rate
and survival outcomes in 70 patients receiving CRT-based
BPT (69). Similarly, Tanabe et al. reported that high Ki-67
expression was associated with improved survival outcomes
(five-year survival rate 78% vs. 46%, P=0.02) in 94 patients
receiving CRT-based BPT (70). The apparent diffusion
coefficient (ADC) is a potential radiological marker that
reflects cellular proliferation, and is measured by diffusion-
weighted magnetic resonance imaging (71). Yoshida et /.
reported that ADC values are inversely correlated with
Ki-67 expressions, and lower ADC values predicted a better
response to CRT-based BPT (72). In contrast, Matsumoto
et al. previously reported conflicting results regarding
Ki-67 expression and CRT response (73). Further studies
were required to validate the prognostic impact of Ki-67
expression on CRT sensitivity of bladder cancer.

Hypoxia

Since oxygen plays an important role in the induction of
DNA damage resulting from ionizing radiation, hypoxia
or reduced oxygen level is believed to result in resistance
to radiotherapy (74). For instance, hypoxia modification
with carbogen and nicotinamide (CON) improved
prognostic outcomes in invasive bladder cancer patients
treated with radiotherapy (75). In addition, Yang et al.
reported that a 24-gene hypoxia signature could be used for
predicting prognostic outcomes in MIBC patients receiving
radiotherapy with CON (76). Thus, this gene signature
could be a biomarker to identify a subset of patients who
would most benefit from hypoxia modification.

Molecular subtypes

Recent genome-wide gene-expression studies of bladder
cancer patients have identified distinct molecular
subtypes (62). These molecular subtypes can predict
outcomes for neoadjuvant cisplatin-based chemotherapy.
For instance, basal type bladder cancer is associated with
shorter survival after cystectomy, but has substantial survival
improvement with chemotherapy (77). Unfortunately, the
predictive role of molecular subtypes in CRT-based BPT
has not been well studied.
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In a transcriptome wide gene expression analysis in
103 patients treated with CRT-based BPT, molecular
subtypes were not significantly associated with survival
outcomes. However, several gene signatures correlated
with CRT response, suggesting that genome-wide analyses
could play a role in identifying optimal MIBC patients for
TMT (78). Tanaka et al. evaluated the predictive utility of
immunohistochemistry-based molecular subtypes in CRT-
based BPT, and reported that genomically unstable (GU)
and squamous cell cancer-like (SCCL) subtypes showed
more favorable CRT response than urobasal (Uro) subtypes
(79,80).

All these prognostic or predictive biomarkers of BPT in
MIBC patients described above are summarized in Table 2.

Future perspectives on bladder preservation
therapy

Neoadjuvant or adjuvant chemotherapy along with
trimodality therapy

While the positive impact of neoadjuvant chemotherapy
prior to RC on oncologic outcomes in MIBC patients is
widely acknowledged (81), there has been no definitive
evidence regarding its utility in BPT. In the single
institutional large series (n=348), the Massachusetts General
Hospital team analyzed MIBC patients who underwent
TMT with or without neoadjuvant chemotherapy
(methotrexate, cisplatin, and vinblastine), and showed
that there was no significant association between the use
of neoadjuvant chemotherapy and survival outcomes (36).
In contrast, a separate study in 104 MIBC patients,
who underwent neoadjuvant therapy with gemcitabine
and cisplatin followed by CRT (60-65 Gy), showed
favorable local cancer control and survival outcomes with
complete response, five-year cancer-specific survival and
five-year overall survival rates of 79%, 76%, and 68%,
respectively (82). Most recently, Jiang et a/. retrospectively
analyzed 57 MIBC patients treated neoadjuvant
chemotherapy (gemcitabine and cisplatin) followed by CRT
(60-66 Gy), and demonstrated encouraging outcomes and
tolerability with overall survival rate of 74% and disease-
specific survival of 88% at two years (83). Several phase
1-2 trials in MIBC patients receiving adjuvant chemotherapy
post CRT demonstrated five-year overall survival rate to
be 56-73% (84,85). Further studies are warranted to define
the potential role of neoadjuvant or adjuvant chemotherapy

in BPT.
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Combination of consolidative surgery and CRT
(tetramodality bladder preservation therapy)

CRT response is generally assessed on cystoscopy, urine
cytology, radiological examination, and/or transurethral
biopsy of the bladder mucosa (clinical CRT response).
However, such clinical evaluations could miss small foci of
cancer remnants at the original MIBC site, which may lead
to MIBC recurrence after TMT (30). In 1997, we developed
a tetramodality bladder preservation protocol comprising of
maximal TURBT, induction CRT, and consolidative partial
cystectomy of the original MIBC site with pelvic lymph node
dissection, which allows for pathological confirmation of CRT
response (pathological CRT response) (27) (Figure 2).

Our tetramodality protocol includes induction CRT
(40 Gy radiation with concurrent cisplatin administration)
followed by consolidative partial cystectomy and pelvic
lymph node dissection when complete remission of MIBC
is clinically confirmed. Our protocol proposes salvage
RC instead, when complete remission is not achieved.
The clinical evaluation of CRT response consists of
bladder magnetic resonance imaging, urine cytology,
cystoscopy, and restaging transurethral resection performed
4-6 weeks post CRT completion. The inclusion criteria
are (I) pathologically confirmed urothelial carcinoma, (II)
circumscription within <25% of the bladder surface, (III)
absence of bladder neck involvement, and (IV) absence of
broad CIS. Recently, we reported oncological and functional
outcomes in 154 patients whose tumor met all the criteria
described above, which accounted for 49% of all MIBC
patients (n=312) treated at our institution during the same
period (86). Most frequent reason for exclusion was bladder
neck involvement (n=73) followed by the presence of broad
CIS (n=36). A clinical complete response was observed in
121 patients (79%) of the 154 patients post CRT, and 107
patients (69%) underwent consolidative partial cystectomy
and achieved bladder preservation according to the
tetramodal protocol. Pathological examinations in these
107 patients revealed residual invasive cancer remnants (>
pT1) in 11 patients (10%) and lymph node metastases in
2 patients (2%). These cancer remnants were surgically
removed and we believe that the consolidative partial
cystectomy could have contributed to preventing MIBC
recurrence in these patients. The overall MIBC recurrence
rate, noted over a median follow-up period of 48 months, in
107 patients was low (4%). Intention-to-treat analyses in all
of the 154 enrolled patients demonstrated favorable survival
outcomes (5-year cancer-specific and overall survival rates:

AME Med 7 2020;5:16 | http://dx.doi.org/10.21037/am;j.2020.02.01
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Table 2 Biomarkers of chemoradiation-based bladder preservation therapy

Biomarkers Methods Patients Findings Reference
DNA repair gene alterations
MRE11 Immunohistochemistry 181 in RT, 88 in RC RT: High MRE11 associated with better CSS (54)
RC: MRE11 not associated with CSS
MRE11 Immunohistochemistry 148 in CRT, 273 in CRT: High MRE11 associated with better CSS (55)
RC RC: MRE11 not associated with CSS
MRE11 Immunohistochemistry 135in CRT CRT: Low MRE11 nuclear/cytoplasmic ratio associated (56)
(nuclear to cytoplasm ratio) with higher mortality
ERCCH Immunohistochemistry 157 in CRT CRT: High ERCC1 and XRCC1 associated with better CSS (59)
ERCC2 Next-generation 48 in CRT CRT: ERCC2 mutation associated with less metastases (61)
sequencing
Signal transduction pathways
EGFR Immunohistochemistry 73 in CRT CRT: High EGFR associated with improved CSS (63)
HER2 Immunohistochemistry 119 in CRT CRT: High HER2 associated with shorter CSS (64)
VEGF-B, Immunohistochemistry 43 in CRT CRT: High VEGF-B, VEGF-C, and VEGF-R2 associated with (66)
VEGF-C, lower OS
VEGF-R2
VEGF-C, NRP2 Immunohistochemistry 247 in CRT CRT: High VEGF-C and NRP2 associated with lower CSS (67)
Cellular proliferation marker
Ki-67 Immunohistochemistry 70 in CRT CRT: High Ki-67 associated with better CR rate and CSS (69)
Ki-67 Immunohistochemistry 94 in CRT CRT: High Ki-67 associated with better CSS (70)
ADC Diffusion weighted MRI 23in CRT CRT: Low ADC associated with high Ki-67 and better (72)
sensitivity to CRT
Hypoxia
Hypoxia gene RNA expression microarray 75in RT RT: Hypoxia signature associated with lower relapse-free (76)
signature 76 in RT+CON survival
RT + CON: Hypoxia signature associated benefit from
addition of CON to RT
Molecular subtypes
Molecular Immunohistochemistry 118 in CRT CRT: GU and SCCL subtypes had better CRT response (80)
subtypes than Uro subtype

CON, carbogen and nicotinamide; CRT, chemoradiotherapy; CSS, cancer-specific survival; GU, genomically unstable; OS, overall survival;
RC, radical cystectomy; RT, radiotherapy; SCCL, squamous cell cancer-like; Uro, urobasal.

83% and 77%, respectively). Functional analyses revealed
that patients treated with tetramodality therapy maintained
high QOL and preserved bladder functions (86). We further
evaluated the annual change of renal function of patients
who underwent tetramodality therapy, demonstrating that
post-treatment renal function was well preserved over time

(87). It should be noted that partial cystectomy on MIBC

© AME Medical Journal. All rights reserved.

patients is generally not recommended by the current
guidelines. Further follow up is warranted to confirm
the favorable oncologic outcomes after this procedure.
Although, our results suggest that consolidative partial
cystectomy, along with pelvic lymph node dissection, could
be a useful adjunct in BPT, further studies are required to
establish the consensus about this surgical option.

AME Med 7 2020;5:16 | http://dx.doi.org/10.21037/am;j.2020.02.01
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4
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'
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Original MIBC site

Possible microscopic

‘ cancer remnant

Residual cancer +

(S—=
N/

:

lymph node dissection
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Radical
cystectomy

Pathological confirmation of CRT response

Figure 2 Schematic of tetramodality bladder preservation protocol incorporating maximal TURBT and induction CRT followed by

consolidative partial cystectomy with pelvic lymph node dissection. Consolidative partial cystectomy is offered to patients who were

clinically evaluated to have a complete response after induction CRT, which enables pathological confirmation of CRT response and may

contribute to surgical removal of possible microscopic cancer remnant. CRT, chemoradiotherapy; MIBC, muscle-invasive bladder cancer;

TURBT, transurethral resection of bladder tumor.

Combination of immunotherapy and bladder preservation
therapy

The combination of immune checkpoint inhibitors
with CRT-based BPT could be a promising approach in
achieving a synergistic anti-tumor activity between radiation
and immunotherapy (88). Evidence from other types of
malignancies support such a combinatorial strategy. For
instance, the PACIFIC trial, which evaluated patients with
non-small-cell lung cancer treated with definitive CRT and
subsequently randomized to receive checkpoint inhibitors
durvalumab or placebo, reported significant improvement
in survival outcomes in the durvalumab group (89).

Tumor DNA repair deficiency has been studied as a
potential biomarker for immune checkpoint inhibitors (90),
and among them, the most well established biomarker is the
mismatch repair deficiency (91). Although the association
between other DNA repair pathways and efficacy of immune
checkpoint inhibitors are less established, several recent

© AME Medical Journal. All rights reserved.

studies reported an association between alteration in DNA
repair genes and improved response to immune checkpoint
inhibitors (92). These data suggest that combinatorial use of
immune checkpoint inhibitors and CRT in treating patients
with bladder cancer that resulted from alterations in DNA
repair pathways, such as the mismatch, the DNA double-
strand break, and the nucleotide excision repair pathways,
could yield beneficial results.

There are several ongoing clinical trials of BPT
comprising immune checkpoint inhibitors (7zble 3).
NCT02621151 and NCT02622262 are single-arm phase
IT trials evaluating the combination of pembrolizumab
with CRT using gemcitabine (NCT02621151) or cisplatin
(NCT02662062). NCT02891161 is a phase 1-2 study
evaluating the safety and efficacy of the combination of
durvalumab and radiation therapy. NCT03993249 is a
randomized phase II study comparing the combination of
standard CRT and nivolumab. Additionally, SWOG trial

AME Med 7 2020;5:16 | http://dx.doi.org/10.21037/am;j.2020.02.01
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Table 3 Ongoing clinical trials in patients treated with a combination of bladder preservation therapy and immune checkpoint inhibitors

Checkpoint

Trial Phase i hibitors

Chemotherapy N

Arm Primary endpoint Secondary endpoint

NCT02621151 2 Pembrolizumab Gemcitabine 54

NCT02662062 2 Pembrolizumab Cisplatin 30
NCT02891161 1,2 Durvalumab None 42
NCT03993249 2 Nivolumab Not specified 78

NCT03775265 3 Atezolizumab Gemcitabine 475
Cisplatin
Fluorouracil

Mitomycin-C

Pembro + Gem + EBRT  2-years BIDFS AE, CR, OS, MFS

Pembro + Cis + EBRT > Grade 3 AE  Best OR, metastasis,
salvage RC
Durva + EBRT DLT, PFS, DCR CR, OS
CRT + Nivo LCR AE, BCFF, OS, QOL
CRT + Placebo
CRT + Atezo BIEFS OS, PFS, MFS, CSS,

CRT + Placebo QoL

AE, adverse events; BCFF, bladder cancer failure-free rate; BIDFS, bladder-intact disease-free survival; BIEFS, bladder intact event-
free survival; CSS, cancer-specific survival; DCR, disease control rate; DLT, dose limiting toxicity; LCR, locoregional control rate; MFS,
metastasis-free survival; MTD, maximal tolerated dose; OR, objective response; OS, overall survival; PFS, progression free survival; QOL,

quality of life.

(NCT03775265)—a randomized phase III study—plans to
enroll 475 patients and evaluate CRT-based BPT with and
without atezolizumab. The treatment regimen will include
radiation therapy, chemotherapy based on physician's
choice and anti-PD-L1 monoclonal antibody atezolizumab
(or placebo). This study will give us more definitive
evidence whether the addition of immunotherapy to CRT
will increase the chance of successful bladder preservation
in MIBC patients.

Conclusions

BPT with contemporary technique provides comparable
oncological outcomes and better quality of life when
compared to our gold standard RC, suggesting the
importance of a multidisciplinary approach in treating
MIBC patients. Identification of novel biomarkers will
help determine treatment modalities (RC vs. BPT) in
MIBC patients. Moreover, these biomarkers could be
used to design optimal bladder preservation regimens
comprising of consolidative partial cystectomy, molecular
agents, hypoxia modifying agents, and immunotherapy.
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