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The standard of care for non-metastatic muscle invasive bladder cancer is either
radical cystectomy or bladder preservation therapy, which consists of maximal
transurethral bladder resection of the tumor followed by concurrent
chemoradiation with a cisplatin-based regimen. However, for older cancer
patients who are too frail for surgical resection or have decreased renal
function, radiotherapy alone may offer palliation. Recently, immunotherapy
with immune checkpoint inhibitors (ICl) has emerged as a promising treatment
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when combined with radiotherapy due to the synergy of those two modalities.
Transitional carcinoma of the bladder is traditionally a model for immunotherapy
with an excellent response to Bacille Calmette-Guerin (BCG) in early disease
stages, and with avelumab and atezolizumab for metastatic disease. Thus, we
propose an algorithm combining immunotherapy and radiotherapy for older
patients with locally advanced muscle-invasive bladder cancer who are not
candidates for cisplatin-based chemotherapy and surgery.
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Introduction

Bladder cancer prevalence increases significantly with age. Old
age is also associated with a high risk of death, likely due to pre-
existing comorbidities (1). Currently, the standard approach for
eligible patients with non-metastatic muscle-invasive bladder cancer
(MIBC) consists of neoadjuvant chemotherapy followed by radical
cystectomy, pelvic lymph node dissection, and urinary neobladder
reconstruction. In radical cystectomy, genitourinary organs including
the bladder, prostate, and seminal vesicle in male patients, and the
bladder, uterus, ovaries, fallopian tubes, and anterior vaginal wall in
female patients, should be resected (2). Radical cystectomy is a highly
morbid surgical procedure that significantly compromises patients’
quality of life. In addition, less than half of older patients with MIBC
receive definitive therapy either with surgical resection or
transurethral resection of a bladder tumor (TURBT) followed by
chemoradiation (3). Among patients with invasive bladder cancer
who underwent radical cystectomy. the mortality rate was
significantly higher in older patients one year after the procedure
(4). Frailty prior to surgical resection is often prognostic of a high
mortality rate after treatment (5). Thus, older and frail patients are
not ideal candidates for surgery. Bladder preservation therapy with
chemotherapy following maximal TURBT and radiation is often
offered as an alternative for those patients.

A dose-dense MVAC (methotrexate, vinblastine, doxorubicin,
and cisplatin) regimen is the most effective combined chemotherapy
in urothelial carcinoma; however, due to its toxicity, only a minority
of patients can tolerate this protocol (6). An alternative less toxic
cisplatin-based chemotherapy regimen frequently used is
gemcitabine and cisplatin (GC). For patients who are not
candidates for cisplatin due to reduced kidney function, mitomycin
and 5-fluorouracil (5-FU) may be offered as another alternative, even
though this regimen may be more toxic (7). The National
Comprehensive Cancer Network (NCCN) guidelines also
recommend cisplatin alone, low-dose gemcitabine, or 5-FU and
mitomycin as preferred radiation sensitizers. However, older
patients are infrequent candidates for cisplatin-based chemotherapy
due to the high prevalence of chronic renal failure (CRF). It is
estimated that 39.4% of Americans over the age of 60 would
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develop CRF (8). Those who are 75 years or older are at higher
risk of end-stage renal failure requiring dialysis (9). Frailty, which
significantly increases with age, is also associated with an adverse
outcome following chemotherapy or chemoradiation (10, 11). Thus,
older and frail patients with MIBC pose a treatment challenge to
clinicians, as radiotherapy alone is less effective compared to
concurrent chemoradiation for local control and survival (12).

Recent advances in immunotherapy have shed some light on how
immune checkpoint inhibitors (ICI) may confer a survival advantage
when combined with radiotherapy for MIBC due the synergy between
those two modalities (13). Immunotherapy has been reported to be
effective for local control in patients with non-muscle-invasive bladder
cancer unresponsive to Bacille Calmette-Guerin (BCG) vaccine (14,
15). In addition, for locally advanced bladder cancer, neoadjuvant
immunotherapy has been reported to induce a high rate of
pathological response, and potentially improve survival through the
reduction of occult distant metastases (16). Even though the data is
still preliminary, it suggests that combining immunotherapy with a
local therapy which may be synergistic with immunotherapy such as
radiotherapy may further improve the response rate and increase the
rate of anatomic bladder preservation (17).

The International Geriatric Radiotherapy Group (http://
www.igrg.org) is an organization devoted to the care of older
cancer patients, minorities, and women who are frequently
excluded from clinical trials. Based on currently published
literature, members of the genitourinary cancers subgroup propose
in this article a practical protocol for older patients with MIBC who
are too frail to undergo surgery or who are not candidates for
chemotherapy (17). Radiotherapy and immunotherapy may induce
long-term remission and potential cure for those patients.

Rationale for using immunotherapy in
bladder cancer

Bladder cancer immune environment

Among many anatomic tumor types, bladder cancer has a unique
tumor microenvironment which make it an ideal target for ICIL.
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Tumor mutation burden is a quantitative genomic biomarker
that measures the number of mutations within a tumor (18). Higher
expression of neoantigens by tumor cells leads to an increased
accumulation of tumor-infiltrating lymphocytes (TIL) in the tumor
microenvironment. These infiltrating lymphocytes come from the
blood stream (B cells, T cells, natural killer cells, macrophages,
dendritic cells etc. in various proportions) and adhere to tumor
cells to kill them. There is a positive correlation between high TMB
expression and TIL. TMB is measured by mutations per megabase of
the cancel cell genomic (mut/Mb). Cancer cells that express 10mut/
Mb or more are defined to have a high TMB (TMB-H). Among
patients with bladder cancers, TMB-H tumor is associated with a
better survival and disease-free survival (18-21). It is postulated that a
high concentration of CD8 T cells, CD4 memory T cells, and NK cells
in the tumor produces a better immune response (19). The
correlation between high TIL in the tumor microenvironment and
survival was corroborated in another study (22). A combination of
TMB-H and a high concentration of TIL, defined as immune cell
infiltration (ICI-H) in the tumor, provides the best prognosis for
patients with MIBC (23). In addition, the frequency of mutations in
mismatch repair (MMR) genes producing microsatellite instability is
also significantly higher in TMB-H tumor, leading to a better
response to immunotherapy (20).

Correlation between TMB-H and good prognosis for MIBC has
been corroborated by other MIBC studies as those tumors are likely
to respond to immunotherapy with ICI resulting in longer survival
compared the ones with a low TMB (TMB-L) (24-26). A
metaanalysis of 6,131 cancer patients treated with ICI reported a
significant improvement in survival and progression-free survival
for those with TMB-H (25). However, a higher cutoff value of 20
mut/Mb or more was correlated with a better survival, as it was a
compilation of many cancers with different anatomic sites and
different tumor microenvironments. For cancers with traditionally
high TMB such as melanoma, colorectal, bladder, and non-small
cell lung cancer, a cutoff value of 13 mut/Mb was reported (26).
Thus, TMB value should be incorporated in any prospective study
for MIBC.

In addition to TMB, program death ligand-1 (PD-L1) is another
biomarker which has been reported to be associated with a poor
prognosis and a better immune response to ICI in bladder cancer.
Overexpression of PD-L1 by bladder tumor is frequently associated
with a high tumor grade, poor response to BCG vaccine, stage
progression and poor survival (27, 28). The role of PD-L1 is to help
the tumor cells escape killing by the immune system. Binding to
PD-L1 to the program cell dead-1 (PD-1) present on T cells leads to
inhibition of their activation. The mechanism of T cell inhibition is
complex and ranges from apoptosis to T cell exhaustion (29). An
increase in PD-L1 expression has been reported in non-invasive
bladder cancer after BCG treatment, suggesting that this biomarker
confers resistance to intravesical bladder vaccination and
subsequent disease progression (30). Depending on the cutoff
value, the prevalence of PD-L1 ranges from 26% to 58% in
bladder tumor specimens (31-33). High expression of PD-L1 is
correlated with a poor response to chemotherapy (33).
Radiotherapy significantly increases PD-L1 expression of bladder
cancer cells in both in vitro and in vivo experiments, as the tumor
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produces an immunosuppressive environment through inhibition
of CD-8 T cells to escape radiation killing (32). Conversely, high
PD-L1 expression confers an excellent response to immunotherapy
with ICI (34, 35). Thus, combining both TMB and PD-L1
expression may be advantageous to predict the response to
immunotherapy for MIBC (36).

Effectiveness of immunotherapy for
bladder cancer

The role of ICI for non-muscle invasive
bladder cancer

Radical cystectomy is the treatment of choice following BCG-
unresponsive high grade non-muscle-invasive bladder cancer
(NMIBC). However, many patients are unfit for surgery due to
their age and co-existing morbidity. For those patients, a phase II
study with atezolizumab every three weeks for one year has reported
a biopsy-proven 26% complete response (CR) at six month (37).
Treatment toxicity is acceptable, with 9 out of 73 patients (12.3%)
developing grade 3-5 toxicity. One death was reported. Another
report of 96 patients with NMIBC unresponsive to BCG also
corroborated the efficacy and low toxicity of pembrolizumab (14).
At a median follow-up of 36.4 months, 39 patients (41%) had CR.
There was no treatment-related death. Eight patients (8%)
developed grade 3-4 complications. Those two studies illustrated
the proof of concept that ICI is effective for NMIBC in vivo due to
the high PD-LI expression of tumor cells (38).

The role of ICI for non-metastatic MIBC

Complete pathologic response (pCR) following neoadjuvant
chemotherapy for bladder cancer is predictive of an excellent
prognosis. Induction chemotherapy may decrease the rate of
occult distant metastases and confer better survival for those
patients. Indeed, a meta-analysis of 13 studies using neoadjuvant
cisplatin-based chemotherapy reported excellent survival and
relapse-free survival for patient who achieved pCR compared to
those with residual disease in the surgical specimen (39). In
addition, compared to patients undergoing radical cystectomy
alone for invasive bladder cancer, induction chemotherapy has
been reported to improve survival likely due to a reduction of
distant metastases with systemic therapy (40).

Thus, investigations have been performed to assess whether
neoadjuvant immunotherapy can achieve the same role as
chemotherapy either for all chemotherapy naive patients or for
those who cannot receive cisplatin due to reduced kidney function.
Immunotherapy with various ICI for two to three cycles before
radical cystectomy was performed to assess pCR and survival for
patients with locally advanced bladder cancer (41-50). The impact
of biomarkers on response rate has also been investigated in
selective studies.

Bandini et al. (41) reported 112 patients clinical stage T2-T4NO0
who underwent neoadjuvant pembrolizumab for three cycles before
radical cystectomy. The pCR rate was 37.5%. There was a positive
correlation between TMB value and PD-L1 expression with pCR
rate. However, on multivariate analysis, only PD-L1 expression was
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correlated with a high pCR rate. In a follow-up study of 155
patients, both TMB and PD-L1 have been reported to be
associated with excellent event-free survival (EFS). The 3-year
EFS was 87.3% and 89.8% for high TMB and PD-L1, respectively
(43). Thus, the study highlighted the importance of those
biomarkers to predict a good response to immunotherapy and
survival. Correlation between high PD-L1 and TMB rate and high
PCR rate was also reported after pembrolizumab among 34 patients
with non-clear cell histology. The pCR was 37% (45).

Powles et al. (42) reported a 31% pCR following two cycles of
atezolizumab and cystectomy for 95 patients with locally advanced
bladder cancer. The pCR rate for PD-L1 positive patients was 37%.
It was unclear what the PCR rate for PD-L1 negative patients was,
but the difference did not achieve statistical significance. On the
other hand, high CD8 level within the tumor was associated with a
high pCR rate. The pCR rate was 40% and 20% for patients with
high and low CDS8 levels, respectively.

Nivolumab alone or in combination with another agent was
investigated for neoadjuvant locally advanced bladder cancer in two
studies. The pCR rate for nivolumab alone was 17% (47). It was
unclear whether this lower pCR rate was attributed to the
administration of the drug schedule, as patients only received two
cycles before surgery. However, when combined with ipililumab
with the same treatment schedule, there was a significant increase in
the pCR rate. The PCR rate was 42.9% independent of CD8 level
(48). The study suggests that combining immunotherapy with
another biologic agent or another treatment modality such as
radiotherapy may enhance the effectiveness of immunotherapy,
leading to a better survival and potential bladder preservation.

Real-world data and other studies also support the use of
neoadjuvant immunotherapy for bladder cancer. Using a propensity
score matching method, Grassauer et al. (49) reported the survival and
outcome of 840 patients who had surgery alone (n=280), neoadjuvant
chemotherapy (n-=280), and neoadjuvant immunotherapy (n=280) for
their locally advanced bladder cancer. The pCR rate was 26.4% and
22.5% for the neoadjuvant chemotherapy and immunotherapy,
respectively. Survival rate was similar for both chemotherapy and
immunotherapy and was significantly superior compared to the
surgery-alone group. Table 1 summarizes relevant neoadjuvant
immunotherapy for bladder cancer.

Taken together, these studies suggest that neoadjuvant
immunotherapy may be a viable option for patients who are not
candidates for chemotherapy due to a high pCR rate and may also
serve as a template for patients for desire anatomic bladder
preservation, such as radiotherapy. Biomarkers such as PD-L1 and
TMB should be included in any prospective studies for locally
advanced MIBC, as they may be predictive of the response rate to ICI.

The role of ICI for metastatic MIBC

The effectiveness of immunotherapy alone and standard
chemotherapy has been tested in a randomized study for
metastatic bladder carcinoma in the first-line setting. The median
survival was 15.7 and 13.1 month, for atezolizumab and
chemotherapy, respectively. However, serious adverse events
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TABLE 1 Neoajuvant immunotherapy for non-metastatic invasive
bladder cancer.

Studies Patient Immuno PCR  Biomarkers
No therapy correlation

Bandini 112 pembrolizumab ~ 37.5% | PD-L1

et al (41) 3 cycles

Powles 95 atezolizumab 31% CD8+ expression

et al (42) 2 cycles

Basile 155 pembrolizumab  36.8% | PD-L1, TMB>11.5

et al (43) 3 cycles

Huetal (44) @ 48 tislelizumab 14.6% | NS

Necchi 34 pembrolizumab = 37% PD-L1, TMB>11.5%
et al (45) 3 cycles
Li et al 39 pembrolizumab = 32.1% | NS
(46) 3 cycles
Grivas 13 nivolumab 17% NS
et al (47) 2 cycles
Van Dijk 24 nivolumab 46% Independent
et al (48) +ipilumomab
2 cycles
Grassauer 280 NS 22.5% | NS
et al (49)

PCR, pathologic complete response; TMB, tumor mutation burden; NS, not specified.

resulting in withdrawal of the medication was significant less
among patients who had ICIL, at 6% and 34%, respectively (51). In
a previous study, the response rate to atezolizumab was correlated
with PD-L1 expression on tumor-infiltrating immune cells (52). In
another study testing atezolizumab against chemotherapy in the
second line setting for patients with metastatic bladder cancer
refractory to platinum-based chemotherapy, there was no survival
advantage for immunotherapy, but the response duration was
longer and the adverse events were reduced compared to
chemotherapy (52) Another anti-PD-L1 agent, durvalumab, did
not improve survival in the first-line setting for metastatic bladder
cancer patients. However, among patients with PD-L1 positive
cancer, median survival was significantly longer compared to
those receiving chemotherapy (53). These studies emphasized that
selection of patients for immunotherapy was the key for its success.

Another PD-1 inhibitor, pembrolizumab, has been reported to
improve survival compared to salvage chemotherapy among
patients who relapsed following cisplatin-based chemotherapy.
The 2-year survival was 26.9% and 14.3% for pembrolizumab and
chemotherapy, respectively. Grade 3 or more side effects were also
significant less with immunotherapy, at 16.5% and 50.2%,
respectively (54). Pembrolizumab also conferred significant
survival as first-line treatment for patients with locally advanced
or metastatic urothelial cancer who were not eligible for cisplatin
chemotherapy, especially among those with significant PD-L1
expression (55).

A comprehensive Cochrane systemic review and meta-analysis
evaluated the effectiveness and safety of immunotherapy and
chemotherapy in patients with locally advanced and metastatic
bladder urothelial carcinoma. Immunotherapy was reported to be
superior to chemotherapy in terms of high grade adverse events,
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patients’ compliance, and quality of life in both first-line and
second-line therapy for those patients (56). Furthermore, most
current guidelines recommend avelumab as first line maintenance
therapy after platinum-based chemotherapy as the new standard for
patients with locally advanced or metastatic urothelial carcinoma.
In a phase III study of 700 patients with advanced or metastatic
urothelial carcinoma who did not have disease progression
following first-line chemotherapy, avelumab significantly
improved survival compared to the patients who only had
supportive care (57). The 1-year survival was 71.3% and 60.4%
for the avelumab group and supportive care group, respectively.
Thus, patients who respond to the induction chemotherapy can be
offered avelumab first-line maintenance therapy until disease
progression or unacceptable adverse events (58, 59).

However, in contrast to studies using immunotherapy for
locally advanced bladder MIBC, there are still controversies about
the role of biomarkers in patients with metastatic bladder cancer, as
patients with low PD-L1 expression may also have similar survival
after immunotherapy compared to those with higher expression
(60). We postulate that the difference in tumor response may have
been related to the tumor microenvironment of the distant
metastases, which have been reported to differ from the primary
sites in different tumors (61-64). Biopsies of the primary tumor and
their metastases demonstrated a discordance between PD-LI
expression and a tumor microenvironment which is less
responsive to immunotherapy (61, 62). However, more
investigations need to be done as most clinicians assume that the
tumor microenvironment is similar between the primary tumor and
the distant metastatic sites. Thus, biopsy of the distant metastases is
frequently not performed, and treatment decision of stage four
disease relies on the biomarkers of the primary site (65).

Effectiveness of radiotherapy to enhance
tumor killing by ICI

In vivo experiments have demonstrated the effectiveness of
high-dose radiotherapy to improve survival among animals who
were inoculated with bladder cancer cells. Compared to placebo,
mice who developed bladder cancer had significantly improved
survival when treated with radiotherapy alone, ICI alone, and ICI
combined with radiotherapy. The group who received the
combined treatment had the best survival (66). Part of the
survival improvement was due to the abscopal effect of
radiotherapy as the chemokine C-X-C motif ligand 9 (CXCL) was
upregulated of the combined treatment group, leading to an
increase of CD8+ T cells and natural killer (NK) cells in the
tumor (66). Timing of the radiation before, during, or after ICI
did not affect survival for those receiving radiotherapy and ICI (67).
Thus adding radiotherapy to immunotherapy was the key for
survival benefit. In patients with low PD-L1 expression (<1%),
radiotherapy upfront may be advantageous as it upregulates PD-L1
expression of tumor cells, thus making them more sensitive to
ICI (32).

The induction of PD-L1 formation following radiotherapy is
not specific to bladder cancer as it has been reported among many
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tumors with different histology both in the laboratory and in
clinical studies.

Using immunofluorescence and three-dimensional structured
illumination spectroscopy, Permata et al. (68) demonstrated a
substantial increase in PD-L1 expression following irradiation of
osteosarcoma cells lines with various doses of carbon-ion and X-ray
irradiation. The increase in PD-L1 expression was greater with
carbon-ion suggesting that high linear-energy transfer particles
irradiation may be more effective compared to photons. Prostate
cancer allografts also experienced delayed growth and an increase in
PD-LI expression following three fractions of 5 Gy seven days after
irradiation (69). In another study using immunoPET/CT imaging
by Zr-89-labeled anti-PD-L1 monoclonal antibody, Kikuchi et al.
(70), reported a significant elevation of PD-L1 of head and neck and
melanoma cancer implanted in mice after radiotherapy with two
fractions of 2 Gy times 4 or 10 fractions. The increase in PD-L1
expression is dose-dependent among tumors which have little
baseline PD-L1 expression such as esophageal adenocarcinoma
(71). These in vitro and in vivo experiments supported the role of
irradiation in the upregulation of PD-L1 expression.

Clinical studies also corroborate the impact of radiotherapy on
the expression of PD-L1 in tumor cells. Even among tumors that do
not express PD-L1 at diagnosis, radiotherapy administration may
turn them PD-L1 positive. Among 46 patients with extremities
sarcoma who were PD-L1 negative on initial biopsy, following
preoperative radiotherapy to a dose ranging from 45 Gy to 50 Gy,
10.6% became positive after irradiation (72). In other studies
preoperative radiotherapy or chemoradiation enhanced PD-L1
expression. Boustani et al. (73) reported the PD-L1 expression in
74 patients who underwent preoperative radiotherapy or
chemoradiation for locally advanced rectal cancer. PD-L1
expression was 15% and 50% before and after irradiation,
respectively. Corresponding figures for 75 patients who
underwent chemoradiation for cervical cancer were 5% and 52%,
respectively (74). In patients with non-small cell lung cancer, not
only PD-L1 expression in the biopsy specimen increased from 1% to
48% after chemoradiation, but there was also a significant increase
in PD-L1 expression in circulating tumor cells (CTC) during
treatment, suggesting a natural response of tumor cells to escape
the immune response induced by radiotherapy (75, 76).

Upregulation of PD-LI in tumor cells and in the tumor
microenvironment by radiotherapy is a complex mechanism and
thought to be through four pathways: Interferon y signaling,
epidermal growth factor receptor pathway, DNA damage
signaling pathway, and cGAS-STING pathway (77). Increase in
PD-LI expression allows the tumor cells to escape killing by CD-8+
T cells, which are attracted to the tumor microenvironment after
radiation through binding of T cells program death 1 (PD-1)
receptor (78). Thus, clinicians can formulate a policy to combine
immunotherapy with radiotherapy to improve local control and
survival not only for bladder cancer but also other tumor types such
as non-malanoma skin cancer (79).

Preliminary studies suggest that the combination of
immunotherapy and radiotherapy may be feasible with acceptable
toxicity. Among 32 patients with clinical stage T2-4aNOMO who
were not eligible for surgery or declined cystectomy, TURBT was
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performed followed by immunotherapy with durvalumab and
tremelimumab every four weeks for three doses. Radiotherapy
was initiated two weeks after immunotherapy to a total dose of
64 Gy to 66 Gy and 46 Gy to the bladder and pelvic lymph nodes,
respectively. 26 patients (81%) achieved a biopsy proven CR after
treatment which was significantly higher than the ones reported
after neoadjuvant immunotherapy ranging from 14% to 46%
(Table 1). Grade 3-4 toxicity was 34% (80). Another study
corroborated the efficacy of pembrolizumab as a second-line
treatment for locally advanced bladder cancer in combination
with radiotherapy. Among 12 patients treated with curative
intent, median survival was 27.7 months. There was no difference
in grade 3-4 toxicity compared to a group of patients who was
treated with pembrolizumab alone (81). Thus, given the synergy
between immunotherapy and radiotherapy, further prospective
studies are needed to select patients who are most likely to benefit
from the combined treatment while minimizing treatment toxicity.

Efficacy of immunotherapy among older
cancer patients with bladder cancer

Preliminary studies suggest that ICI, and in particular
pembrolizumab, are well tolerated and effective among older
patients with bladder cancer and a poor performance status.
Among advanced bladder cancer patients who were ineligible for
cisplatin due to their age and poor performance status (Eastern
Cooperative Oncology Group performance status score 2),
pembrolizumab was administered as first-line therapy every three
weeks until disease progression, intolerable toxicity, or 24 months
of therapy. There was no difference in response rate, survival, and
toxicity between patients aged 65 or older (n=302) and 75 or older
(n=179) (82). Another study using real-world data corroborated the
efficacy and safety of pembrolizumab for older patients with
advanced bladder cancer who progressed after chemotherapy.
There was no difference in survival or grade 3-4 toxicity between
patients less than 75-year-old (n=215) or 75-year-old or older
(n=215) (83). Other ICI are also well tolerated in older patients
with urothelial carcinoma (84). These studies emphasized the safety
profile of ICI for the treatment of other solid tumors in older
patients (85-88).

Image-guided radiotherapy for the
treatment of locally advanced MIBC.

Radiotherapy has been an effective treatment for locally
advanced bladder cancer either alone or combined with
chemotherapy. However, radiotherapy planning is difficult due to
the distensibility of the bladder, leading to potential marginal miss
and/or serious toxicity from excessive irradiation of the normal
organs surrounding the target (89). It is also very difficult to deliver
a high dose to the gross tumor volume (GTV) as it is not well
delineated on the planning CT scan. An ideal radiotherapy
technique would deliver a very high dose to the GTV while
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minimizing dose to the organs at risk (OAR) to decrease the risk
of complications.

Fiducial markers are critical to delineate the bladder GTV for
accurate radiotherapy delivery (90). Two fiducial markers, gold
seeds and Lipiodol, are available to outline the GTV. Even though
they are equally effective, the advantage of Lipiodol is the relative
technical ease for injection and the absence of risk linked to seed
migration after its insertion (90). Thus, for practical purpose,
Lipiodol may be the preferred fiducial method for clinical studies
involving multiple institutions (91).

Following TURBT, a soluble iodinated radiocontrast agent,
Lipiodol, is injected through flexible cystoscopy into the bladder
submucosa circumferentially 2-3 mm from the margin of resection
or the visible GTV. The contrast agent remains visible during the
conventional seven-weeks course of radiotherapy. Many studies
have investigated the safety and visibility of Lipiodol on planning
CT scan and cone beam CT scan during radiotherapy (92-95). As
an illustration, Nakamura et al. (95) emphasized the feasibility of
partial bladder tumor boost with Lipiodol toward the end of the
treatment with IGRT, which decreased the risk of long-term cystitis
while allowing long-term local control.

Advancements in radiotherapy techniques like intensity-
modulated radiotherapy (IMRT) and image-guided radiotherapy
(IGRT) have allowed clinicians to accurately deliver a high tumor
dose while minimizing OAR’s dose, thus improving local control
and reducing serious complications in older patients with locally
advanced MIBC (96).

A review of the literature on locally advanced MIBC treated
with IGRT alone or combined with chemotherapy corroborates that
the normal organs sparing of this technique translates into
improved tolerance to radiotherapy for older cancer patients.
Acute grade 3-4 toxicity ranged from 2.3% to 30.3%. Long-term
toxicity was low and ranged from 0 to 11.5% (97-104). Local
control ranges from 56% to 78% depending on the length of the
follow-up. However, there was no consensus on the dose and target
volume delineation. For frail and old cancer patients, an ultra-
weekly hypofractionation of 6 Gy times 6 to the bladder was well
tolerated (99, 102, 104). Chemotherapy is omitted for those patients
due to their frailty status. Other studies used an integrated boost
technique to deliver a higher dose to the GTV concurrently with
chemotherapy to minimize toxicity for patients with a better
performance status, as the pelvic lymph nodes and bladder
received a lower dose (90, 91). Overall, hypofractionated
radiotherapy was well tolerated and might be best suited for older
cancer patients to decrease their need for transportation. Table 2
summarizes the studies on IGRT for locally advanced MIBC.

Evaluation of frailty in older patients with
locally advanced MIBC

Evaluation of frailty in older patients (defined as 65 years old or
above) with locally advanced MIIBC is crucial before enrolling them
in any protocol, given its impact on treatment outcomes. Frailty is
defined as a state of increased vulnerability resulting from aging
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associated decline in reserve and function across multiple physiologic
systems (105). As a result, the body’s ability to deal with stress is
altered. In frail cancer patients, there is an increase mortality risk with
surgery and chemotherapy (10, 106). There are several questionnaires
to assess frailty in older patient, with the G-8 questionnaire being
practical to implement in clinical trials due to its simplicity (107).
Patients with a score of 15 or above are defined as fit while those with
a score of 14 or less undergo a complete geriatric assessment with the
comprehensive geriatric assessment (CGA) survey (108). We propose
a protocol using patient fitness and biomarkers to stratify treatment
of older patients with locally advanced MIBC who are not candidates
for cisplatin chemotherapy and surgery.

Proposed IGRG algorithm for older
patients with locally advanced MIBC

All tumor biopsy specimen should undergo next generation
sequencing (NGS), if feasible, which includes PD-L1 and
TMB status.

Patients with PD-L1 with 1% or more and/or TMB equal or
more than 13 mut/MB should undergo immunotherapy as the first-
line of treatment for four cycles before radiotherapy as they are
likely to respond to ICI. Four cycles of immunotherapy are
proposed instead of the two to three cycles reported for
neoadjuvant immunotherapy, with the hypothesis that it may
further improve the pCR rate. Notably, the pCR was higher for
three cycles compared to two cycles with single agent ICI (Table 1).
Thus, adding one cycle, similar to the protocol for patients who
underwent neoadjuvant immunotherapy for locally advanced
squamous cell carcinoma of the skin, may be beneficial (99, 109).
Gross et al. (109) reported a pCR rate of 51% for those patients.

For frail patients, we propose a regimen of 6 Gy weekly for six
weeks to the bladder with IGRT two weeks following
immunotherapy as this regimen is well tolerated for older
patients. We believe that sequential treatment works best to
minimize treatment toxicity, as significant toxicity was reported

10.3389/fonc.2024.1371752

with concurrent immunotherapy and weekly radiotherapy for
bladder cancer. In a phase I study of five patients with bladder
cancer who underwent concurrent immunotherapy and concurrent
immunotherapy, four patients developed grade 3-4 toxicity (110).

Fit patients should receive a hypofractionated regimen, which
includes treating the pelvic lymph nodes, bladder, and GTV to a
total dose of 44 Gy in 2.2 Gy/fraction, 50 Gy in 2.5 Gy/fraction and
55 Gy in 2.75 Gy/fraction, respectively, with the simultaneous
integrated boost technique to minimize treatment toxicity.
Corresponding biologic equivalent dose (BED) would be 45.22,
62.5, and 70.1 Gy, respectively.

For patients with PD-L1 less than 1% and TMB less than 13 mut/
MB, radiotherapy should be administered first to induce upregulation
of PD-L1, followed by four cycles of immunotherapy. The radiotherapy
dose and fractionation are identical for frail and fit patients.

External beam pelvic irradiation should be performed with
IMRT and IGRT to minimize complication rates. The GTV
should be outlined with Lipiodol or another fiducial marker
depending on the institution’s expertise. Patients who respond to
the combination of radiotherapy and immunotherapy may be
offered avelumab maintenance therapy until disease progression
or unacceptable adverse events occur, at the discretion of
the investigator.

Conclusions based on prospectively collected data would
improve the design of future clinical trials targeting older patients
treated with immunotherapy and radiotherapy for bladder cancer.

Figure 1 summarizes the proposed algorithm.

The IGRG is committed to conducting such studies when
funding becomes available, leveraging its network of cancer
institutions worldwide (n=1282) and diverse patient population
(111, 112).

Conclusion

The combination of radiotherapy and immunotherapy may be
beneficial for older patients with locally advanced MIBC who are

TABLE 2 Image-guided radiotherapy for locally advanced muscle invasive bladder cancer.

Patient Radiation dose

Pelvis Bladder

Chemotherapy

Local
control

Complications

Acute

Murthy et al (97) 44 55 Gy 64 Gy 68 Gy | Yes 78% (3 year) 11% gr 3 4% gr 3

Kang et al (98) 26 45 Gy 45 Gy 62.5 Yes 86% (2 year) 3.8% gr 4 11.5% gr. 3
Gy

Huddart et al (99) 33 36 Gy No 71.7% (1 year) | 30.3% gr 3-4 11.5% gr 2-4

Navarro et al (100) 117 NS 55-60Gy Yes 56% (5 year) 4% gr 3-4 4% gr 3-4

Remonde et al (101) 300 NS 59.4 Gy Yes 71.7 (5 year) NS NS

Zygogianni et al (102) 43 36 Gy No NS 2.3% O%

Hsieh et al (103) 10 NS 57.6 Gy Yes 83.3% (2 year) 10% gr 3 NS

Hafeez et al (104) 55 36 Gy No 83% (2 year) 22% gr 3 4.3% gr 3

No, number; NS, non specified; gr, grade; Gy, gray; GTV, gross tumor volume.
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FIGURE 1

Treatment algorithm for muscle invasive bladder cancer

not eligible for cisplatin chemotherapy and are not candidates or
decline cystectomy. Prospective studies should be conducted to
verify this hypothesis.
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