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Muscle-invasive bladder cancer (MIBC) is often framed as a systemic disease given the
risk of occult metastases and clinical under-staging at the time of radical cystectomy. The
current standard of care for non-metastatic MIBC combines a cisplatin-based
neoadjuvant chemotherapy regimen followed by radical cystectomy, pelvic lymph node
dissection, and urinary reconstruction. Other systemic therapies initially developed for the
metastatic setting are being explored in the neoadjuvant space with favorable clinical
outcomes. Immune checkpoint inhibitors targeting the programmed cell death-1/ligand-1
(PD-1/PD-L1) axis have demonstrated promising outcomes for cisplatin-ineligible patients
in the neoadjuvant setting. Other novel targeted therapies under investigation in the
perioperative setting include fibroblast growth factor receptor or FGFR inhibitors and
antibody drug conjugates (enfortumab vedotin targeting Nectin-4 and sacituzumab
govitecan targeting Trop-2). Non-chemotherapy-based treatments have the potential to
expand the application of neoadjuvant therapy for many patients, particularly those who
are cisplatin-ineligible due to comorbidities or who harbor chemotherapy-resistant
tumors. The expansion of neoadjuvant therapy options also provides an opportunity to
characterize mechanisms of tumor resistance and elucidate tumor biology with ongoing
correlative studies.

Keywords: neoadjuvant, radical cystectomy (RC), immunotherapy, cisplatin-based chemotherapy, muscle invasive
bladder cancer (MIBC)
1 INTRODUCTION

While radical cystectomy remains a primary management strategy for muscle-invasive bladder
cancer (MIBC), high rates of recurrence with surgery alone highlight the likelihood of occult micro-
metastatic disease at the time of diagnosis. In this review, we discuss two decades of contemporary
evidence for the benefit of neoadjuvant chemotherapy-based systemic therapy. We also review the
results of ongoing trials evaluating neoadjuvant immunotherapy and other novel targeted therapies.
These trials will likely expand neoadjuvant therapy options for cisplatin-ineligible patients. The
growing insights into the molecular heterogeneity and biology of MIBC have paved the way for
future biomarker-directed treatment selection as well as possible bladder-sparing approaches with
systemic therapy.
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Unique issues must be considered when selecting agents for
use in the neoadjuvant setting. Neoadjuvant treatment should
not delay time to radical cystectomy such that patients miss their
window for cure. Additionally, side effects from treatment should
not be so severe that they limit a patient’s surgical fitness.
Adverse effects related to immunotherapy and newer targeted
therapies must be recognized and treated expediently in the
preoperative setting to reduce the risks of additional surgical and
anesthetic complications.
2 METHODS

An appraisal of the primary literature was performed to select
clinical trials focused on neoadjuvant systemic therapies for
bladder cancer. A preliminary search on clinicaltrials.gov using
terms “bladder cancer” and “neoadjuvant” was performed,
yielding 155 studies. Studies with status of suspended,
terminated, unknown or withdrawn were excluded (n=37).
Studies limited to non-muscle invasive disease were excluded
(n=6), as well as adjuvant or upper tract only studies (n=4).
Studies testing intravesical agents, behavioral interventions,
surgical technique, imaging, or biomarkers were also beyond
the scope of this review and excluded (n=28). In addition,
bladder preservation regimens incorporating radiation therapy
were excluded (n=14). These clinical trials were then cross-
referenced with recently published abstracts or manuscripts
with reportable results (preliminary or fully resulted). Select,
multi-institutional trials whose trial designs have been presented
at national meetings were also included. A list of 29 clinical
trials were finalized for this review. Historical clinical trials
were incorporated where relevant to provide context to
existing studies.
3 CHEMOTHERAPY

Summary

• Level I evidence supports the use of cisplatin based neoadjuvant
chemotherapy for patients with muscle-invasive bladder cancer (MIBC)
• Both dose dense MVAC and gemcitabine/cisplatin are accepted neoadjuvant
chemotherapy regimens
• Pathologic downstaging is associated with better long-term outcomes
• Contraindications to cisplatin therapy include pre-existing renal, cardiac, and
neurologic co-morbidities and poor performance status. Studies suggest that
approximately 60% of patients are cisplatin-eligible.
Robust clinical trial data supports the use of neoadjuvant
cisplatin-based chemotherapy for patients with nonmetastatic
MIBC. Based on Level I evidence, use of preoperative cisplatin-
based chemotherapy is now included in the guideline
recommendations from the American Urologic Association
(AUA), American Society of Clinical Oncology (ASCO),
National Comprehensive Cancer Network (NCCN), and
European Association of Urology (EAU) (1).
Frontiers in Urology | www.frontiersin.org 2
The pivotal SWOG 8710 randomized clinical trial published
nearly two decades ago demonstrated a 33% reduced relative
risk of death and improved median survival from 46 months to
77 months in patients receiving 3 cycles of preoperative
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC)
compared to immediate cystectomy (2). In this trial, pathologic
complete response rate (pCR) at cystectomy was associated with
an 85% 5-year survival. Overall, 38% of chemotherapy-treated
patients demonstrated a pathologic complete response (pCR or
pT0N0), compared to 12% in the cystectomy only arm. An
additional randomized trial (BA06 30894) of 976 patients with
MIBC evaluated neoadjuvant cisplatin, methotrexate, and
vinblastine for a median follow up time of 8 years and
demonstrated a statistically significant 16% reduction in
mortality risk, corresponding to a 10-year survival increase
from 30% to 36% in favor of neoadjuvant chemotherapy over
local therapy alone (3).

Another commonly used and well-tolerated neoadjuvant
regimen is the doublet of gemcitabine and cisplatin (GC).
Although this combination has not been directly tested in a
prospective randomized fashion, its efficacy is extrapolated
from prior randomized trials in the locally advanced and
metastatic disease setting showing no differences in survival,
but improved toxicity and tolerability (4). A retrospective series
of 154 patients with pT2a-T4aN0M0 MIBC demonstrated that
neoadjuvant GC achieved a 21% complete pathologic response
(ypT0N0) rate and 25% rate of downstaging to ypTa/Tis/T1N0,
which in turn was associated with 5-year overall survival rates
of 85% and 89% respectively (5). The ongoing French GETUG/
AFU VESPER V05 trial (NCT 01812369), comparing 6 cycles of
dose-dense (dd)MVAC to 4 cycles of standard dose GC in the
perioperative setting (~90% neoadjuvant and ~10% adjuvant),
demonstrated higher organ-confined disease (<ypT3N0) rates
with ddMVAC (77% vs 63%, p=0.001), although progression
free survival results are still pending (6). Dose-dense
gemcitabine in combination with cisplatin (ddGC) was
explored in a phase II multicenter trial evaluating 6 cycles of
ddGC in 49 patients with MIBC and demonstrated pathologic
downstaging (<ypT2) in 57% of patients, which was associated
with improved recurrence-free survival and overall survival (7).
While the primary endpoint was not to compare the pathologic
down-staging rates of ddGC with studies of neoadjuvant
ddMVAC, the reported pathologic response rates (≤pT2)
were similar (57% vs 49-53%).

Despite several clinical trials indicating a survival benefit
with cisplatin-based NAC, uptake and utilization remain low
nationally, both within academic centers and community-based
practices (8, 9). The combination of advanced age, medical
comorbidities, obstructive uropathy, and smoking history
common among bladder cancer patients limit the use of
cisplatin. Significant contraindications include renal, cardiac
and neurologic co-morbidities, and studies suggest that only
around 60% of patients are cisplatin-eligible (4, 10–12). A
minority of cisplatin-eligible patients with MIBC undergo
consultation with a medical oncologist to be counseled on the
risks and benefits of NAC prior to surgery, and several
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retrospective studies demonstrated that less than 20% of
eligible patients receive neoadjuvant chemotherapy (8, 13).
Predictors of health care access including race, insurance
status, geographic area and facility type are associated
with marked differences in NAC use (13). While more
contemporary studies suggest that uptake has been slowly
increasing, (14, 15) a persistent need for non-cisplatin-based
regimens remains.

Early efforts to develop predictive molecular signatures
for chemosensitivity in bladder cancer laid the groundwork
for a rapidly expanding interest in predictive biomarkers.
(see Section 3) The co-expression extrapolation (COXEN) gene
expression model was derived from pre-clinical models of
bladder cancer, using cell lines tested against cisplatin to derive
a molecular signature for chemosensitivity that was independent
from clinical and pathologic features (16). In a subsequent
prospective trial (SWOG 1314) evaluating the ability of
COXEN to predict cisplatin sensitivity in 167 patients,
however, there was no consistent association between the
COXEN score and pCR rates in either the ddMVAC or GC
arm in the neoadjuvant setting (17). Nevertheless, S1314
provided a platform to develop and validate additional
biomarkers in the neoadjuvant setting.
4 NEOADJUVANT IMMUNOTHERAPY

Summary

• Immune checkpoint inhibitors (ICIs) have shown significant activity in the
neoadjuvant setting without a significant impact on the ability to perform surgery
• Although not yet incorporated into existing guidelines, ICIs represent a likely
treatment option for patients who are cisplatin-ineligible
• Immune-related adverse events (iRAEs) should be recognized and treated
immediately in the perioperative setting and may be more likely to occur with
combination ICI therapy
Immune checkpoint inhibitors (ICI) have emerged with
broad application in urothelial cancers. These monoclonal
antibodies (mAbs) target various immune checkpoint
proteins (PD-L1, PD-1, CTLA-4) to inhibit local immune
escape of cancer cells and enable T-cell priming in lymphoid
tissue. Such agents include atezolizumab, durvalumab, and
avelumab (anti-PD-L1); pembrolizumab and nivolumab
(anti-PD-1); and ipilimumab and tremelimumab (anti-
CTLA-4). Successful application of ICI in patients with
metastatic or locally advanced urothelial cancer paved the
way for their potential use in early stage disease (18–21
Phase Ib Study (22). Multiple ICIs are currently being
evaluated in ongoing clinical trials in the neoadjuvant setting
for patients with MIBC in both cisplatin eligible and ineligible
populations (Table 1). Pooled complete response rates of
published studies vary from 30-50% with 60-70% rates of
pathological downstaging. Single agent and combination ICI
trials are outlined below.
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4.1 Single Agent Immune
Checkpoint Inhibition
Initial results from Phase II trials evaluating single-agent ICIs
in the neoadjuvant setting have reported pCR rates
ranging from 31% with atezolizumab (ABACUS) (24) to 37%
with pembrolizumab (PURE 01) (47) with pathologic
downstaging rates of 39% and 56%, respectively. More updated
survival data from PURE-01 and ABACUS show a 12-month
recurrence free survival (RFS) of 70% (PURE-01) and 79%
(ABACUS) (24, 48). In the PURE 01 trial, 24-month RFS was
96% for patients with pCR and 75% for patients with pathologic
downstaging, while node positive patients had a 24-month RFS
rate of 40%. Of note, the ABACUS trial enrolled cisplatin
ineligible patients, and PURE-01 included both cisplatin
eligible and ineligible patients. Interestingly, neoadjuvant
pembrolizumab was less effective in variant histology tumors
(16% pCR) and may be more effective in basal subtypes of MIBC
in retrospective analyses (23).

Safety results from ABACUS demonstrated that 17 (20%) of
87 patients experienced grades 3-5 adverse events (AE),
including 13 (15%) with post-cystectomy atezolizumab-related
AEs such as adrenal insufficiency and transaminitis. Of note, 3
deaths were reported, one of which was attributed to immune-
related myocardial infarction (49). In the PURE-01 trial first
reporting on 50 patients, the most frequent AE was thyroid
dysfunction in 9 (18%) patients whereas only 3 (6%) patients
experienced grade 3 AEs. Due to the long half-life of PD-1/PD-
L1 inhibitors, AEs may occur late in the postoperative period and
include critical endocrine abnormalities requiring early
recognition and treatment (50).

Notably, patients with ypT2 disease had similar RFS
outcomes compared to those with residual disease <ypT2 (79%
vs 75% 24 month RFS), suggesting the presence of an immune-
driven durable anti-cancer effect (48). The results of these single
arm trials indicate a potential role for ICIs in the neoadjuvant
space for patients who are cisplatin ineligible or refuse treatment,
with long term survival outcomes pending. Single agent ICI trials
are summarized in Table 1.

4.2 Combination ICI Therapy
Combination ICI regimens targeting both PD1/PD-L1 and anti-
cytotoxic T-lymphocyte antigen 4 (CTLA-4) axes are thought to
further potentiate the host immune response and may have a
synergistic anti-tumor effect. The recently reported NABUCCO
(nivolumab and ipilimumab) trial and durvalumab and
tremelimumab trials demonstrated 38-46% pCR rates and 57-
58% pathologic downstaging rates, respectively (Table 1)
(27, 29). These response rates were balanced by a relatively
high frequency of irAEs—nearly all patients in both studies
experienced some form of irAEs, and 55% of patients in the
NABUCCO trial and 21% in the durvalumab/tremelimumab
trial experienced Grade 3 or higher side effects.

In the durvalumab/tremelimumab single arm study for cis-
ineligible patients with high risk MIBC, six (21%) patients
experienced grade 3 or higher iRAEs, among whom there were
September 2022 | Volume 2 | Article 890761
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TABLE 1 | Reported and ongoing neoadjuvant trials in muscle invasive bladder cancer.

Study
phase

Number
of

patients

Inclusion/exclusion PD-L1
positivity rate (%)
(Definition)

T3 or
higher
(%)

pT0
rate
(%)

<pT2
rate
(%)

Reference

Single agent ICI
Results reported

PURE-01 Pembrolizumab
NCT02736266

II 143 Cis-eligible cT2-3bN0M0 10% (IC>/=5%) 51 39 56 (23)

ABACUS Atezolizumab NCT02662309 II 114 Cis-ineligible or chemotherapy refusing
cT2-4aN0M0

59% (PD-L1 CPS
>/=10%)

46 31 39 (24)

PANDORE Pembrolizumab
NCT03212651

II 34 Cis-ineligible cT2-4N0/Nx NR NR 30 41 (25)

Results pending
Atezolizumab (BASQ classifier)
NCT03577132

II 20 cT2-4aN0M0 (26)

Combination ICI
Results reported

NABUCCO Nivolumab + Ipilimumab
NCT03387761

Ib 24 Cis ineligible
Locally advanced (cT3-4aN0 or

cT2-4aN1-3)

64% (PD-L1 CPS
>/=10%)

58 46 58 (27)

DUTRANEO Durvalumab +
Tremelimumab vs chemotherapy
NCT03472274

II 61 Cis-eligibleHot immune signature 57% (Ventana) 22 35 57 (28)

Durvalumab + Tremelimumab
NCT02812420

I/II 28 Cis ineligible cT2-4aN0M0 High-risk
features (bulky tumors, variant histology,
lymphovascular invasion, hydronephrosis
and/or high-grade upper tract disease)

None 54 38 58 (29)

BLASST-2 Durvalumab + oleclumab
NCT03773666

Feasibility 24 Cis ineligible cT2-T4aN0M0 NR NR 13 25 (30)

NEODURVARIB Durvalumab + Olaparib
NCT03534492

II 29 Cis-eligible cT24aN0M0 None 27 45 NR (31)

Results pending
Nivolumab +/-
urelumab NCT02845323

II 44 Cis-ineligible cT2-4aN0M0 None

PrE0807 Nivolumab +/- lirilumab
NCT03532451

I 43 Cis-ineligible cT2-T4aN0M0 (32)

CA 209-9DJ Nivolumab +/- ipilimumab
NCT03520491

II 45 Cis ineligible cT2-4aN0M0 or UTUC None

Nivolumab +/- NKTR214
NCT04209114

III 540 Cis-ineligible cT2N0M0 None

Combination ICI with chemotherapy
Results reported

BLASST-1 Nivolumab + GC
NCT03294304

II 41 Cis-eligible cT2-4aN0M0 39% 10 33 66 (33)

SAKK 06/17 Durvalumab (adjuvant) +
GC NCT03406650

II 34 Cis-eligible NR 32 30 50 (34)

HCRN GU 16-257 Nivolumab + GC
NCT03558087

II 76 Cis-eligible cT2-T4aN0M0 Bladder sparing NR 44 1/6 2/6 (35)

GU14-188 Pembrolizumab + GC
NCT02365766

Ib/II 43 Cis-eligible NR 51 44 61 (36)

Pembrolizumab + split-dose GC
NCT02690558

II 40 Cis-eligible 52% (PD-L1 CPS
>/=10%)

49 44 56 (37)

Results pending
AURA Avelumab + chemotherapy (GC
or ddMVAC) NCT03674424

II 166 Cis-eligible cT2-4N0 or N+ (38)

NEMIO ddMVAC + durvalumab +/-
tremelimumab NCT03549715

I/II 120 Cis-eligible cT2-4aN0-1M0 (39)

NIAGARA GC +/-durvalumab
NCT03732677

III 988 Cis-eligible cT2-T4aN0/1M0 (40)

ENERGIZE GC +/- Nivolumab +/-
BMS986205 NCT03661320

III 976 Cis-eligible cT2-T4aN0M0 (41)

KEYNOTE-866 Pembrolizumab + GC
NCT03924856

III 870 Cis-eligible cT2-T4aN0M0 or T1-T4aN1M0 (42)

(Continued)
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two delays to cystectomy (29). In this trial, irAEs were
successfully managed with immunosuppressive therapy and
only four patients required systemic immunosuppressive
therapy in the form of steroids alone with or without
mycophenolate and/or infliximab. Interestingly, three of these
four patients were noted to be responders. It has been observed
across multiple cancers that patients who experience irAE may
also experience more profound anti-tumor responses (51). In
NABUCCO, all patients had surgical resection and 23 (96%)
patients underwent resection within 12 weeks of systemic
therapy, while 1 patient had a delay of 4 weeks due to
immune-related hemolysis and 6 patients received only two
cycles due to irAEs. There were no treatment-related
mortalities in either study.

These trials continue to establish a baseline for the safe
administration of neoadjuvant therapy in cis-ineligible patients
and upcoming results from other combination ICI studies will
provide additional insight. It is important to emphasize that if
ICIs are approved in the neoadjuvant setting, providers must
maintain a high index of suspicion for irAEs, which must be
quickly recognized and treated to mitigate perioperative
complications. Additional combination ICI trials are listed
in Table 1.

4.3 Combination ICI With Chemotherapy
A multi-institutional phase II trial (NCT02989584) evaluating
combination neoadjuvant atezolizumab with GC for MIBC
demonstrated that 69% of patients were downstaged
to <ypT2N0 and 38% achieved ypT0 at cystectomy. All
patients achieving <ypT2N0 were alive and disease free at a
median follow-up of 16.7 months. Notably, AEs were due
primarily to chemotherapy (neutropenia) and grade 3 irAEs
were uncommon, with 2 patients requiring high-dose steroids for
autoimmune hepatitis and nephritis (52). Another phase II trial
Frontiers in Urology | www.frontiersin.org 5
(NCT02690558) evaluating pembrolizumab with split-dose GC
demonstrated a 56% <ypT2N0 rate and 44% ypT0 rate (37). As
with the prior study, no new safety signals were observed with
combination therapy, with a single patient discontinuing therapy
early for autoimmune diabetic ketoacidosis and 9 others due to
AEs likely related to chemotherapy. A significant association
between PD-L1 status and response was not observed in either
study. Additional ongoing studies evaluating combined
chemotherapy with ICI are outlined in Table 1.
5 ANTIBODY DRUG CONJUGATES

Antibody-drug conjugates are a novel class of biologic drugs that
are likely to play a role the perioperative setting. Enfortumab
vedotin (EV) is an ADC targeting Nectin-4, a surface antigen
highly expressed in urothelial carcinoma, to deliver the
microtubule destabilizing agent monomethyl auristatin E
(MMAE). A phase II clinical trial of EV monotherapy (EV-
201) demonstrated a high overall response rate in patients with
heavily pretreated, metastatic, or locally advanced urothelial
carcinoma, leading to expedited FDA approval (53). Due to its
activity in advanced and metastatic disease, EV is now being
tested in earlier disease states: EV-103 is a phase 1b/2 multi-
cohort trial that is exploring enfortumab vedotin (EV) as
monotherapy or in combination with various systemic
therapies in both the metastatic and perioperative settings in
patients with bladder cancer (54). At ASCO GU 2022,
preliminary results reported from Cohort H included 22
cisplatin-ineligible patients with cT2-T4aN0M0 MIBC who
received neoadjuvant EV followed by RC-PLND. The pCR
rate, the primary endpoint of the trial, was 36%, while
pathologic downstaging was observed in 50% of patients (43).
No delays to cystectomy were seen, but three peri-operative
TABLE 1 | Continued

Study
phase

Number
of

patients

Inclusion/exclusion PD-L1
positivity rate (%)
(Definition)

T3 or
higher
(%)

pT0
rate
(%)

<pT2
rate
(%)

Reference

Antibody Drug Conjugates
Results reported

EV 103 Cohort
H EV monotherapy
NCT03288545

Ib/II 22 Cis-ineligible
cT2-T4aN0M0

32 36 50 (43)

Results pending
KN-905/EV 303
Pembrolizumab +/- EV
NCT03924895

III 836 Cis-ineligible
cT2-T4aN0M0 or T1-T4aN1M0

CPS ≥10 (44)

VOLGA
Durvalumab/EV +/- tremelimumab
NCT04960709

III 830 Cis-ineligible
cT2-T4aN0/1M

(45)

GC vs EV + pembrolizumab
NCT04700124

III 784 Cis-eligible
cT2-T4aN0M0 or T1-T4aN1M0

(46)

Nivolumab +/- NKTR-214(Bempeg)
NCT04209114

III 540 Cis-ineligible
cT2-T4aN0M0 or T1-T4aN1M0

NA

Sacituzumab govitecan
NCT05226117

II 56 Cis-ineligible
cT2-T4N0M0

NA
Septembe
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e 2 | Art
G, gemcitabine; C, cisplatin; CPS, combined positive score; IC, immune cell; EV, enfortumab vedotin; MVAC, methotrexate, vinblastine, doxorubicin, and cisplatin; NR, not reported; NA,
not applicable.
icle 890761

https://www.frontiersin.org/journals/urology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/urology#articles


Chu et al. Neoadjuvant Therapies in Bladder Cancer
deaths were reported. Although these deaths were not directly
related to EV, the high mortality seen in this trial highlights the
importance of both careful patient selection and the maintenance
of perioperative surgical fitness with novel agents.

Sacituzumab govitecan (SG) is an ADC that targets TROP-2
to deliver SN-38, the active metabolite of the topoisomerase
inhibitor irinotecan. SG is currently being tested in monotherapy
in cis-ineligible patients (NCT05226117) as well as with or
without pembrolizumab (55). Ongoing clinical trials exploring
the role of ADCs with or without ICI in the perioperative setting
are listed in Table 1.
6 BIOMARKER DEVELOPMENT

Summary

• Correlative studies have enabled the development of predictive markers for
chemotherapy and ICI response.
• DNA damage response genes and molecular subtype are being evaluated
prospectively to predict response to neoadjuvant chemotherapy.
• The clinical benefit of biomarker-based personalization of neoadjuvant
systemic therapies remains to be seen.
Growing insight into tumor heterogeneity and the role of the
tumor microenvironment have spurred an explosion of research
in the correlative analysis of pre- and post-treatment tissue in
neoadjuvant studies. Emerging biomarkers include molecular
subtype, DNA damage response (DDR) genes, tumor mutation
burden (TMB), and gene expression signatures.

6.1 PD-L1
PD-L1 status, as determined by immunohistochemistry, has thus
far been an imperfect predictive biomarker of response to ICI.
Both PURE-01 and ABACUS correlated PD-L1 status with
pathologic response at cystectomy. In PURE-01, pT0 responses
were enriched in patients with a PD-L1 combined positivity
score (CPS) ≥10% compared to <10% (54.3% vs 13.3%, p=0.011).
Notably, 70% of patients had CPS≥10%, which is higher than
reported in other studies. In the ABACUS trial, 40% of tumors
were PD-L1 positive (SP142 antibody, ≥5% on immune cells) at
baseline with a 37% rate of pCR in these patients. No significant
correlation was found between PD-L1 expression and outcome,
on either immune cells or tumor cells. Combination therapy
trials, including NABUCCO (ipilimumab and nivolumab) and
durvalumab and tremelimumab similarly did not identify a
statistically significant correlation between PD-L1 positivity
and pathologic response. Variation in the antibodies used and
cutoffs to determine PD-L1 status, as well as differences in how
PD-1/L1 are assessed (on tumor cells vs immune cells) may
contribute to the interstudy variability and lack of
correlation observed.

6.2 DNA Damage Response Gene
Alterations
Alterations in DDR genes were found to be enriched in patients
who responded to platinum chemotherapy in the neoadjuvant
Frontiers in Urology | www.frontiersin.org 6
setting and immune checkpoint blockade in the metastatic
setting (56–59). An initial retrospective extreme phenotype
analysis identified mutations within the nucleotide excision
repair DNA helicase ERCC2 enriched in patients who
exhibited pT0 or CIS in the bladder at radical cystectomy
following neoadjuvant cisplatin-based chemotherapy (58).
Other studies implicated additional DDR genes as predictive
for response, including ATM, FANCC, and RB1. In a prospective
multicenter trial evaluating neoadjuvant ddGC, the presence of
deleterious alterations in several DDR genes was associated with
significant chemosensitivity and pathologic response, and no
patient with a deleterious DDR gene alteration experienced
recurrence at a median follow-up of 2 years (7).

While DDR alterations may be used to identify optimal
candidates for preoperative platinum-based chemotherapy,
four trials are actively testing the possibility of complete
bladder preservation in select patients with DDR-altered
tumors who achieve a clinical complete response to platinum-
based chemotherapy with or without immunotherapy: the
RETAIN trial (NCT02710734) testing MVAC, the RETAIN-2
trial (NCT04506554) testing MVAC with nivolumab, HCRN 16-
257 trial (NCT03558087) testing 4 cycles of GC with nivolumab,
and the Alliance A031701 trial testing 6 cycles of
GC (NCT03609216).

In the PURE01 trial, alterations within DDR genes were
associated with pathologic downstaging at cystectomy as was
TMB. Additionally, residual invasive tumors showed a lower
TMB than matched pre-treatment tumors, suggesting that pre-
existing lower TMB tumor clones may have been resistant to
checkpoint blockade (23). The NABUCCO trial of ipilimumab
plus nivolumab found a correlation between DDR gene
alterations and pCR (p=0.03), and a statistically non-significant
trend towards response with high TMB (p=0.056) (27). In
contrast, neither the durvalumab and tremelimumab nor
ABACUS trials showed a correlation between DDR gene
alterations or TMB and pathologic response (24, 29). The use
of heterogeneous DDR gene panels, cohort sizes, and different
inclusion criteria for the type of alteration (deleterious vs any)
may underlie the variable results found to date.

6.3 Immune Gene Signatures
Several markers of immune-mediated inflammation have been
examined in neoadjuvant IO trials. In the ABACUS trial, the
presence of intraepithelial CD8+ T-cells was associated with
response pCR (40% vs 20%, p<0.05) as was a cytotoxic T-cell
8-gene signature (tGE8, p<0.01) (24). While no correlation
between intratumor CD8+ T-cell infiltrate (an inflamed tumor
phenotype) and response was noted, the presence of both CD8+

T-cells and granzyme B, an immune effector molecule secreted
by activated cytotoxic T-cells, was associated with response.
Finally, TGFb, which drives resistance to ICI therapy in
metastatic bladder cancer by active T-cell exclusion (60), was
also associated with resistance to neoadjuvant atezolizumab.

In the neoadjuvant durvalumab and tremelimumab study, the
tGE8 signature was not associated with response, but the
presence of tertiary lymphoid structures (TLS, ectopic
lymphoid tissue that develops at sites of inflammation) were
September 2022 | Volume 2 | Article 890761
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observed at higher density in pre-treatment tissue from
responders compared to non-responders as well as improved
survival outcomes (29). The NABUCCO trial showed a
correlation between the presence of TLS within on-treatment
tumor tissue and response, while B-cell infiltration of the stroma
was associated with lack of response (27).

Upregulation of genes associated with inflammation may
enhance response to ICI. In the DUTRENEO Phase II study,
patients with an inflamed tumor immune score (TIS) based on an
IFNg gene expression signature are randomized to durvalumab and
tremelimumab or cisplatin-based chemotherapy. Those without an
inflamed immune score receive cisplatin-based chemotherapy (28).
Early results have not shown significant differences in pCR rates in
the patients with inflamed tumors who received ICI as compared to
chemotherapy. Although these additional agents appeared to be well
tolerated, it remains to be seen if the TIS can accurately prioritize
patients for ICI over traditional chemotherapy.

6.4 Molecular Subtype
Consensus molecular subtypes have been described based on an
RNA expression signature (61). These subtypes have been
studied in a retrospective manner to determine an association
with response rates after radical cystectomy. For example, basal
and claudin-low subtypes were associated with more favorable
pCR outcomes after neoadjuvant pembrolizumab (23). Another
study of 26 residual tumors with ypT2-4 disease after
neoadjuvant pembrolizumab showed that a scar-like subtype
with higher luminal marker expression was associated with
residual disease (62). In contrast, neoadjuvant cisplatin-based
chemotherapy is associated with highest response rates in non-
Frontiers in Urology | www.frontiersin.org 7
luminal subtypes (63). Differences in molecular classification
systems make cross-trial and cross-cohort comparisons
challenging and these subtypes have yet to be validated
prospectively, although several ongoing and recently completed
clinical trials of neoadjuvant systemic therapy have incorporated
molecular subtypes analyses.
7 FUTURE DIRECTIONS

The landscape of neoadjuvant therapy in MIBC is rapidly evolving
as novel agents previously approved in the metastatic setting are
being used and tested in earlier disease states. While cisplatin based
neoadjuvant chemotherapy remains an important backbone, either
alone or in combination with other agents, ICI and ADCs have
shown significant activity in patients who are cisplatin ineligible or
intolerant. Indeed, cisplatin-ineligible patients with MIBC have the
greatest unmet need for novel neoadjuvant regimens. Ongoing
correlative studies enabled by pre- and post-treatment molecular
analyses may one day give rise to predictive biomarkers than can
not only personalize treatment for patients, but also identify patients
for bladder-sparing strategies.
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