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ABSTRACT

Objective: We aim to describe and highlight
the current use of immune checkpoint inhibi-
tors (ICIs) in the muscle invasive bladder cancer
(MIBC) treatment landscape, particularly

focusing on the perioperative setting. We pro-
vide a comprehensive review of key trials of the
use of ICI in the perioperative setting, dis-
cussing trial outcomes and limitations and
reviewing the role of biomarkers.
Introduction: ICIs have recently been inte-
grated into the treatment algorithm for meta-
static urothelial carcinoma. More than 30
published studies have investigated the role of
these agents in the radical treatment of MIBC.
Some studies have demonstrated conflicting
results, affecting widespread adoption in clini-
cal practice.
Methods: We performed a narrative overview of
the literature from databases including PubMed,
MEDLINE, Embase, European society of Medical
Oncology/American Society of Clinical Oncol-
ogy Annual Proceedings, and clinicaltrials.gov
databases up until December 2021.
Discussion: We described the results of key
trials in the neoadjuvant and adjuvant setting,
some of the reasons for conflicting study results,
and the implications for clinical practice. Rele-
vant biomarkers in the field are discussed,
alongside a brief overview of the immune
microenvironment in bladder cancer.
Conclusions: Perioperative ICIs have shown
promising efficacy with low toxicity in the
neoadjuvant setting. The two large trials in the
adjuvant setting have been contradictory. The
efficacy of perioperative ICIs combined with
favorable tolerability and better toxicity profile
compared with chemotherapy, with the
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potential for biomarker-driven patient selec-
tion, may lead to a change in future practice.
There is, however, a lack of long-term survival
and toxicity data for those treated with ICIs,
and this needs to be developed further to
demonstrate an added survival benefit by using
ICIs.

Keywords: Muscle invasive bladder cancer;
Neoadjuvant; Adjuvant; Checkpoint inhibitor;
Immunotherapy; Biomarkers

Key Summary Points

Immune checkpoint inhibitors are being
increasingly researched and incorporated
into trials and subsequently treatment
regimens for metastatic urothelial cancer.

While there has been recognition for the
role of immune checkpoint inhibitors in
the metastatic setting, there has been no
conclusive recommendation for the
perioperative setting, which is a
developing point of key interest.

This review overviews the current use of
immune checkpoint inhibitors in the
muscle invasive bladder cancer
perioperative setting.

This review encompasses literature from
databases including PubMed, MEDLINE,
Embase, European society of Medical
Oncology/American Society of Clinical
Oncology Annual Proceedings, and
clinicaltrials.gov databases up until
December 2021.

The results of key trials in the
perioperative setting have been discussed,
and there have been some conflicting
results. Immunotherapy has shown some
promising results in the neoadjuvant
setting; however, the two large trials
conducted in the adjuvant setting are
contradictory.

The review focuses on the possible
reasons behind the conflicting results
and the implications for clinical
practice. Relevant biomarkers in the field
are discussed, alongside a brief overview
of the immune microenvironment in
bladder cancer. The effects of the gut
microbiome and the role of antibiotics
in ICI efficacy is also mentioned.

Immunotherapy may lead to a change in
future practice given its efficacy in the
perioperative setting and favorable
tolerability and better toxicity profile with
the potential for biomarker-based patient
selection. However, there needs to be
long-term survival and toxicity data for
patients treated with immunotherapy and
evidence that immunotherapy has
provided survival benefit in patients.

INTRODUCTION

Bladder cancer is the tenth most common cancer
worldwide and is responsible for approximately
200,000 deaths annually. In 2021, bladder cancer
accounted for 7% of all incident cancer cases in
men in the USA, and 4% of deaths [1–3]. The
majority of patients have less aggressive non-
muscle invasive bladder cancer. However, 30%
present with muscle invasive bladder cancer
(MIBC) which has a worse prognosis [1, 4]. The
5-year survival rate for bladder cancer in the USA
across all stages is 77.1%, although this varies
depending on the stage of disease [5]. At present,
radical cystectomy is the preferred treatment
choice for MIBC. However, there remains a risk of
recurrence, and 50% of patients may experience
relapse within 2 years, highlighting the impor-
tance of perioperative therapies to prolong dis-
ease-free survival (DFS) and improve prognosis
[11].

MIBC is usually managed with neoadjuvant
platinum-based chemotherapy followed by
radical surgery, with chemotherapy conferring
an overall survival benefit in the range of 5–10%
[6, 7]. Importantly, patients who cannot toler-
ate cisplatin-based chemotherapy due to
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impaired performance status or comorbidities
need a viable alternative to improve their out-
come. This has led to the emergence of immune
checkpoint inhibitors (ICIs) as another thera-
peutic option for bladder cancer [4].

ICIs have gained momentum in bladder
cancer since the success of the JAVELIN Bladder
100 trial, which demonstrated that the addition
of maintenance avelumab, an anti-PD-L1 mon-
oclonal antibody, significantly prolonged over-
all survival in patients with advanced bladder
cancer [8]. Prior to its introduction, five addi-
tional immune checkpoint inhibitors had
received US Food and Drug Administration
(FDA) approval in the second-line setting for
advanced bladder cancer [9], demonstrating a
rapidly evolving role of these agents in the
metastatic setting. Conversely, a meta-analysis
compared early mortality risk in patients treated
with ICI alone or with combination agents, and
it was highlighted that early death occurred in
14.2% and 6.7% of patients in ICI-only and ICI
in combination with other agents, respectively,
which suggested that while ICI use only as first
line may not be recommended, mortality risk
can be used if a combination of ICI and other
agents is utilized [10].

Currently, there is also no definite recom-
mended biomarker available to predict response
in patients being considered for ICIs. Systematic
reviews have highlighted trials that demon-
strated survival benefit in PD-L1-positive
patients with metastatic disease who received
ICIs compared with standard chemotherapy,
however, no significant benefit was seen in those
who were PD-L1 negative, and therefore the role
of the biomarker remains controversial [12].

There remains interest in discovering alterna-
tive pathways and new potential therapeutic tar-
gets to continue developing the evolving
treatment landscape for advanced urothelial
cancer. Recent phase I–III studies with novel
agents targeting immune checkpoints and vari-
ous molecular pathways in urothelial cancer have
been conducted. Some novel agents being inves-
tigated include tyrosine kinase inhibitors and
antibody drug conjugates, as well as ICIs [13].

There has been equally increasing interest in
the role of ICIs in the perioperative setting as
adjuvant and neoadjuvant agents during radical

treatment of bladder cancer. As previously
mentioned, this is a key area of research to help
improve patient outcomes, as MIBC has a high
rate of recurrence and some patients may not be
suitable for chemotherapy. Our review aims to
analyze current published data on perioperative
ICIs and explore its role in the adjuvant and
neoadjuvant setting. The published data have
provided interesting but occasionally conflict-
ing results, and we will review both the results
and potential causes of these disparities. We
also aim to briefly highlight the role of relevant
biomarkers in the field and implications of this
research in providing more personalized treat-
ment for patients.

METHODS

Data Sources and Search Strategy

A literature search was performed using
PubMed, MEDLINE, Embase, ESMO/ASCO
Annual Proceedings, and clinicaltrials.gov
databases, focusing on the keywords ‘‘muscle
invasive bladder cancer,’’ ‘‘immune checkpoint
inhibitor,’’ ‘‘urothelial cancer,’’ ‘‘immunother-
apy,’’ ‘‘adjuvant,’’ and ‘‘neoadjuvant.’’ All pub-
lished trials in the past 10 years (phase 1b and
above) were included in this narrative review.
All studies were included regardless of whether
they were in abstract or full text form. Only
studies published in English were included. This
was conducted in accordance with the Narrative
Review reporting checklist [14].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

In our narrative review we have identified nine
trials that have been instrumental in changing
treatment pathways for MIBC in the periopera-
tive setting. Trials in metastatic bladder cancer
have not been included in this review. Several
studies have been conducted to ascertain whe-
ther ICIs have a role in early disease. These have
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typically used ICI as single agents or in combi-
nations with chemotherapy (Table 1). These
studies have used biomarkers to largely stratify
outcomes, so that the biomarkers can be used
prognostically as predictors of response
(Table 2).

The DUTRENEO trial aimed to explore the
activity of durvalumab and tremelimumab ver-
sus chemotherapy in patients selected accord-
ing to a tumor pro-inflammatory IFN-gamma
signature (tumor inflammation score, TIS) with
the hypothesis being that expression of specific
genes could generate better response to ICI
treatment. Patients were classified on the basis
of the TIS, with ‘hot’ tumors (scoring in the top
two-thirds of distribution) being randomized to
combined ICI or chemotherapy, while patients
with ‘cold’ tumors (lower third of score distri-
bution) received chemotherapy.

Neoadjuvant ICI in Muscle Invasive
Bladder Cancer

Two phase 2 neoadjuvant studies, PURE-01 and
ABACUS, among others, have shown promising
results with ICIs. They demonstrated high
pathologic response rates (pCRs) of 37% and
31% with pembrolizumab and atezolizumab,
respectively [15, 16]. In PURE-01, three cycles of
pembrolizumab were given before radical cys-
tectomy. In ABACUS, patients were given 1–2
cycles of atezolizumab during the window
between transurethral resection of the bladder
tumor (TURBT) and radical cystectomy. In
PURE-01, most patients were cisplatin-eligible
(92%), while in ABACUS patients either refused
cisplatin or were ineligible [15, 16]. PURE-01
evaluated the activity of pembrolizumab in
patients with variant histology, and it was
found that of these patients, those with a
squamous cell carcinoma or a lymphoepithe-
lioma-like variant feature had a major patho-
logical response compared with those with
other predominant variant histology. The eval-
uation also showed that expression of pro-
grammed cell-death ligand-1 (PD-L1) and tumor
mutational burden may be good biomarkers to
predict response to pembrolizumab. Similarly,
ABACUS demonstrated a meaningful

pathological complete response rate of 31%.
However, in terms of biomarkers, the presence
of preexisting activated T cells correlated with
outcome, although tumor mutational burden
was non-predictive.

Other trials have focused on a combination
of immunotherapies, assessing whether target-
ing multiple pathways has a synergistic effect
on antitumor immunity. Cytotoxic T-lympho-
cyte antigen 4 (CTLA-4) is expressed by acti-
vated and regulatory T cells, and these are
inhibited when CTLA-4 binds to its ligands on
antigen-presenting cells. CTLA-4 inhibits the
early activation of T cells, whereas programmed
cell death protein 1 (PD-1) modulates T cell’s
effector functions. Binding of PD1 on T cells to
PD-L1 on cancer cells has been shown to inhibit
cytotoxic T cells and induce exhaustion. Har-
nessing these different mechanisms in tandem
via combination therapies has potential for
greater antitumor effect, a concept which has
been demonstrated in different cancer settings
[3].

The NABUCCO trial investigated these two
synergistic pathways, using ipilimumab and
nivolumab as neoadjuvant therapy for MIBC. A
total of 24 patients were given three cycles of
combination ICIs prior to surgical resection,
and 96% of patients underwent resection in
12 weeks, and a total of 46% patients showed
pCR, while 58% had no remaining invasive
disease (pCR or pTisN0/pTaN0) [17]. DUTRE-
NEO was a phase 2 trial using durvalumab and
tremelimumab versus chemotherapy in the
neoadjuvant setting. In this trial, patients were
prospectively selected by an interferon (IFN)-
gamma immune signature. The hypothesis was
that the expression of specific genes could
generate a favorable response to ICI treatment.
In the study, patients were classed as ‘hot’ or
‘cold’ using the tumor inflammation score (TIS)
that was based on 18-gene IFN-y signaling
related expression. Patients with ‘hot’ tumors
were randomized to three cycles of combined
ICIs or chemotherapy while patients with ‘cold’
tumors received chemotherapy. The ‘cold’
chemotherapy arm (pCR 68.8%) had better
results than the ‘hot’ chemotherapy arm (pCR
36.4%) and the combined ICIs arm (pCR 34.8%)
[18]. While this trial was interesting, the role of
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Table 1 A summary table highlighting key adjuvant and neoadjuvant ICI trials

Study name Trial ID No. of
patients

Phase Treatment setting and trial
drug

Results Biomarkers

Checkmate 274 NCT02632409 700 III Nivolumab versus placebo as

adjuvant therapy in MIBC

post surgical resection

DFS 20.8 versus

10.8 months

PD-L1

IMVigor010 NCT02450331 809 III Atezolizumab versus

observation as adjuvant

therapy in MIBC post

surgical resection

DFS 19.4 versus

16.6 months

(HR 0.85,

p = 0.195)

PD-L1,

ctDNA,

TMB

DUTRENEO NCT03472274 61 II Durvalumab and

tremelimumab with

chemotherapy as

neoadjuvant therapy in

MIBC prior to cystectomy

pCR = 68.8%

(Cold CT),

36.4% (Hot

CT), 34.8%

(du ? tre)

PD-L1, TIS

PURE-01 NCT02736266 114 II Pembrolizumab as

neoadjuvant therapy in

MIBC prior to cystectomy

pCR = 37% PD-L1,

DDR,

RB1,

TMB

ABACUS NCT02662309 96 II Atezolizumab as neoadjuvant

therapy in MIBC prior to

cystectomy

pCR = 31% PD-L1,

CD8,

FAP,

CD8-

GZMB,

DDR,

TMB

BLASST-1 NCT03294304 41 II Nivolumab with cisplatin and

gemcitabine as neoadjuvant

therapy in MIBC prior to

cystectomy

pCR = 49% PD-L1

NEODURVARIB NCT03534492 29 II Durvalumab and olaparib as

neoadjuvant therapy in

MIBC prior to cystectomy

pCR = 50% PD-L1

HCRN GU14-

188

NCT02365766 80 Ib/II Pembrolizumab with

gemcitabine-cisplatin or

gemcitabine as neoadjuvant

therapy in MIBC prior to

cystectomy

pCR = 44.4%

(cisplatin

eligible)

pCR = 45.2%

(cisplatin

ineligible)

PD-L1
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using the TIS score to prospectively select
patients more likely to benefit from ICIs
remains uncertain. However, this trial did show
the efficacy of ICIs in terms of pCR in this set-
ting, and opened a debate of how to best select
patients for particular immunotherapies.

Another trial of note is the NEODURVARIB
phase 2 study in which patients were treated
with durvalumab and olaparib (a poly ADP-ri-
bose polymerase inhibitor) in the neoadjuvant
prior to radical cystectomy; pCR was 50% and it
was concluded that this combination could be
effective and well tolerated in the treatment of
MIBC [19].

Other trials are now reviewing the ICI-
chemotherapy combination. BLASST-1 (Bladder
Cancer Signal Seeking Trial) is investigating the
efficacy of nivolumab and gemcitabine/cis-
platin in MIBC. Pathologic response was
observed in 65.8% of patients with a pCR rate of
49%. The authors concluded that this combi-
nation was safe, with manageable toxicities and
no related deaths from treatment, and gave
significant pathological downstaging rates [20].
HCRN GU14-188 was a phase 1b/2 trial that
investigated the efficacy of gemcitabine/cis-
platin with pembrolizumab in the neoadjuvant
setting. pCR rates ranged between 40% and 45%
regardless of cisplatin eligibility, demonstrating
that this combination was safe and has the

potential to be explored in prospective trials
[21].

Adjuvant ICI in Muscle Invasive Bladder
Cancer

Adjuvant therapy aims to prevent relapse and
improve overall survival by eliminating residual
cancer cells post-surgical intervention. There
has been recent interest in the potential role of
adjuvant therapy in bladder cancer, and debate
regarding the role of ICIs in this setting due to
conflicting results of two key phase 3 trials: the
IMvigor 010 trial and the CheckMate-274 trial.

The IMvigor 010 study was the first phase 3
trial to report outcomes of ICIs in the adjuvant
setting. It evaluated atezolizumab as an adju-
vant agent for patients with MIBC. Patients in
their cohort had pT2–4a or pN? tumors fol-
lowing neoadjuvant chemotherapy or pT3–4a
or pN? tumors if no chemotherapy was used. A
total of 807 patients were randomized to receive
either atezolizumab every 3 weeks for 16 cycles
or to an observation arm. There was a non-
significant difference in DFS between the ate-
zolizumab group (19.4 months) and
observation (16.6 months). Therefore the trial
did not meet its primary endpoint of improved
DFS. The most common adverse events were
urinary tract infection, pyelonephritis, and

Table 1 continued

Study name Trial ID No. of
patients

Phase Treatment setting and trial
drug

Results Biomarkers

NABUCCO NCT03387761 24 I Ipilimumab and nivolumab as

neoadjuvant therapy in

MIBC prior to cystectomy

pCR = 45% PD-L1,

TMB,

CD8,

TGF-b,

Interferon-

c, TIS

MIBC muscle invasive bladder cancer, DFS disease-free survival, PD-L1 programmed death-ligand 1, HR hazard ratio,
ctDNA circulating tumor DNA, TMB tumor mutational burden, pCR pathological complete response, TIS (tumor
inflammation score), DDR DNA damage response gene mutation, RB1 retinoblastoma 1, CD8 CD8 ? ve t cells, CD8-
GZMB CD8-Granzyme B, TGF-b transforming growth factor beta
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Table 2 A summary table highlighting key adjuvant and neoadjuvant ICI trials, including the role of biomarkers in the
trials and whether biomarkers are useful in predicting outcomes

Study name Treatment setting and trial drug Biomarkers
included

Role of biomarkers in the trial Usefulness
of the
biomarker(s)

Checkmate 274 Nivolumab versus placebo as

adjuvant therapy in MIBC post

surgical resection

PD-L1 Predictive

In this study, patients with

MIBC had undergone radical

surgery, and disease-free

survival was longer with

adjuvant nivolumab than with

placebo in the intention-to-

treat population and among

patients with a PD-L1

expression level of 1% or more

Useful for

predicting

outcome

IMVigor010 Atezolizumab versus observation

as adjuvant therapy in MIBC

post-surgical resection

PD-L1,

ctDNA,

TMB

Predictive

In this study, PD-L1 expression

on tumor-infiltrating immune

cells did not appear to

influence disease-free survival.

PD-L1 status may be less

relevant as a biomarker in early

MIBC than in advanced disease

possibly due to distinct tumor

biology in different disease

stages. Further investigation of

the tumor biology underlying

responses to checkpoint

inhibitors and of other

biomarkers (e.g., tumor

mutational burden, gene

expression profiling) is needed

Not useful

for

predicting

outcome
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Table 2 continued

Study name Treatment setting and trial drug Biomarkers
included

Role of biomarkers in the trial Usefulness
of the
biomarker(s)

DUTRENEO Durvalumab and tremelimumab

with chemotherapy as

neoadjuvant therapy in MIBC

prior to cystectomy

PD-L1, TIS Predictive

In this study, patients with high

PD L1 expression in their

tumor cells demonstrated a

higher pCR when treated with

ICIs. The authors concluded

that the pCR in tumors

selected by the TIS score with

DU ? TRE was 34.8% in the

intention-to-treat population

and it was felt that the role of a

prospective selection using the

TIS score remains uncertain

Partly useful

for

predicting

outcome

PURE-01 Pembrolizumab as neoadjuvant

therapy in MIBC prior to

cystectomy

PD-L1, DDR,

RB1, TMB

Predictive

In this study, neoadjuvant

pembrolizumab achieved a

pCR of 54.3% in patients with

high PD-L1 combined positive

score (CPS), whereas pCR of

only 13.3% in those with low

CPS

Useful for

predicting

outcome

ABACUS Atezolizumab as neoadjuvant

therapy in MIBC prior to

cystectomy

PD-L1, CD8,

FAP, CD8-

GZMB,

DDR,

TMB

Predictive

In this study, no correlation was

found between PD-L1 status

and response to ICI

Not useful

for

predicting

outcome

BLASST-1 Nivolumab with cisplatin and

gemcitabine as neoadjuvant

therapy in MIBC prior to

cystectomy

PD-L1 Predictive

In this study, there was no

correlation of pCR with TMB

or PD-L1 expression

Not useful

for

predicting

outcome

NEODURVARIB Durvalumab and olaparib as

neoadjuvant therapy in MIBC

prior to cystectomy

PD-L1 Predictive

Information not yet available

Information

not yet

available

56 Oncol Ther (2023) 11:49–64



anemia. Atezolizumab was generally well toler-
ated, however higher frequencies of adverse
events leading to discontinuation were reported
in this setting compared with studies using
atezolizumab in metastatic disease [22].

In contrast, the more recently published
CheckMate-274 has demonstrated promising
results. This was a phase 3 trial involving nivo-
lumab, comparing this to placebo in patients
with high risk MIBC after cystectomy. Patients
enrolled also had pT2–4a or pN? tumors fol-
lowing neoadjuvant chemotherapy or pT3–4a
or pN? tumors if no chemotherapy was
administered. They were randomized to either
receive nivolumab every 2 weeks or placebo as
adjuvant treatment. The primary endpoint of
DFS was met in all randomized patients. A total
of 74.9% of patients in the nivolumab group
were alive and disease-free at 6 months com-
pared with 60.3% of placebo patients, and
among patients with PD-L1 expression C 1%,
74.5% and 55.7%, respectively. Treatment-re-
lated adverse events (grade 3–4) occurred in
17.9% and 7.2% of patients in the nivolumab

and placebo arms, respectively. This trial con-
cluded that adjuvant nivolumab in high-risk
patients with MIBC given after cystectomy
prolongs DFS compared with placebo and for
patients with a PD-L1 expression level C 1%
[23].

DISCUSSION

Despite rapidly growing interest and success
seen in many trials of ICI in bladder, there
remain key questions that are unanswered. This
suggests that integration of these novel agents
into standard treatment protocols could still be
controversial, especially in the perioperative
setting.

In the neoadjuvant landscape, there is
debate over whether the pathological response
achieved with ICI is comparable to neoadjuvant
chemotherapy. A meta-analysis of 13 trials
analyzed patients who received neoadjuvant
chemotherapy and radical cystectomy and
showed that 28.6% had a complete pathological
response [24]. Comparatively, in the PURE-01

Table 2 continued

Study name Treatment setting and trial drug Biomarkers
included

Role of biomarkers in the trial Usefulness
of the
biomarker(s)

HCRN GU14-

188

Pembrolizumab with

Gemcitabine-cisplatin or

gemcitabine as neoadjuvant

therapy in MIBC prior to

cystectomy

PD-L1 Predictive

In this study, the response rates

in both arms did not correlate

with PD-L1 scores

Not useful

for

predicting

outcome

NABUCCO Ipilimumab and nivolumab as

neoadjuvant therapy in MIBC

prior to cystectomy

PD-L1, TMB,

CD8, TGF-

b,

Interferon-

c, TIS

Predictive

In this study, more patients with

PD-L1 positivity experienced

tumor downstaging. Patients

with higher immune cell

infiltration and PD-L1

positivity are enriched for

response

Useful for

predicting

outcome

‘Selective’ biomarkers represent those biomarkers that are used to recruit patients to the study, while ‘Predictive’ biomarkers
are used retrospectively to predict or stratify outcomes
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and ABACUS trials where single agent ICI was
used, pathological complete response was
higher, at 37% and 31%, respectively. The
GETUG-AFU trial reviewed response rates with
cisplatin-based neoadjuvant chemotherapy and
demonstrated 35–45% pCR rates. These con-
trasting results make it difficult to definitively
conclude whether neoadjuvant ICI is superior
to chemotherapy in patients who may be fit for
cisplatin without a randomized controlled trial
[25].

Neoadjuvant ICIs in the neoadjuvant setting
may be beneficial for several reasons. Firstly,
most patients are spared the drug toxicities of
platinum-based therapies. The ICI approach
resulted in a rate of grade 3–4 toxicities in the
order of 2–4%, and are generally better tolerated
even in those deemed to be cisplatin-ineligible.
The preoperative setting also provides an
excellent window of opportunity to explore
predictive biomarkers for ICI response. High
pCR rates attained with ICIs may also facilitate
the development of attractive organ-sparing
approaches and therefore lower comorbidities,
although this will require a reliable biomarker.

The pCR has been a surrogate endpoint in
many studies using perioperative ICI in MIBC.
There can be debate surrounding the use of this
as an indicator for response. Most studies,
however, favor using the pCR, as it is a reliable,
effective, and faster way of determining the
severity of disease after neoadjuvant treatment,
as compared with using overall survival or dis-
ease-free survival, which would take a longer
period of observation before being able to draw
conclusions. Achieving pCR with neoadjuvant
chemotherapy for MIBC is associated with a
favorable outcome and patients found to have
residual disease generally have a poor prognosis.
A study aimed to determine whether prognosis
of patients with pCR versus residual disease
changes over time, therefore suggesting how
reliably pCR can be used as a surrogate end-
point. The study found that patients with pCR
had improved overall survival compared with
those with residual disease, and that the sur-
vival advantage did not significantly change
over time. Therefore, being able to use pCR as a
predictor of overall survival and to inform
patient counseling, intensity of surveillance,

and risk stratification for use of adjuvant ther-
apy can be recommended [26, 27]. This is in the
context of neoadjuvant chemotherapy, how-
ever. When considering neoadjuvant
immunotherapy in breast cancer, for example,
using the KEYNOTE-522 trial, it showed that
even with the absence of pCR, treatment with
pembrolizumab preoperatively for patients
resulted in an immune response and delayed
disease recurrence [28]. With neoadjuvant
immunotherapy in bladder cancer, the reliabil-
ity of pCR and correlation to overall survival is
not known and will need to be determined over
time after data for overall survival matures.

In the adjuvant setting, the two key phase 3
studies, IMVIGOR-010 and Checkmate 274,
have provided conflicting results as described
above. As well as differences in DFS, the trials
had conflicting results regarding the role of
biomarkers. PD-L1 biomarkers were not useful
in IMvigor010 in identifying patients who
would benefit from ICI, whereas in Checkmate
274, among those with PD-L1 C 1%, adjuvant
ICI led to a 47% reduced risk of recurrence
compared with placebo. Reasons for the differ-
ences in trial outcomes could include the dif-
ference of the ICI used, the different trial
designs, or baseline variation among patients
and their disease. Checkmate 274 included
more patients with upper tract urothelial dis-
ease compared with Imvigor010 (21% versus
6.6%, respectively), and it should be noted that
patients with upper tract disease tend to have
less favorable outcomes. There was also varia-
tion in the design of the control arm: observa-
tion (Imvigor010) compared with placebo
(Checkmate 274). Interestingly, the DFS of both
the experimental arms was similar (19.4 months
with atezolizumab and 20.8 months with nivo-
lumab). However, the DFS of the control groups
exhibited a strikingly bigger difference
(16.6 months with observation in Imvigor010
and 10.9 months with placebo in Checkmate
274). The control group in Checkmate 274 had
a far worse outcome than in Imvigor 010.
Patients with more aggressive disease could be
more inclined to drop out of the study if they
are assigned for ‘observation’ only compared
with those in the randomized study, in which
they would have the chance of receiving ICI
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compared with placebo. The dropout rate was
higher in Imvigor 010, with the observation
arm (10%) compared with in Checkmate 274.
Therefore, due to cumulative censoring, it is
likely that the control observation arm could
have had better outcomes as there could be a
lack of capturing progression and recurrence
events, which may skew outcomes.

It is important to note that adjuvant
chemotherapy is not the gold standard for
MIBC. However, there is utility for treatment in
the adjuvant setting. Of note, adjuvant ICIs
may be of greatest clinical utility for patients
who have not responded well to standard
neoadjuvant chemotherapy and may benefit
from treatment intensification with a different
agent in the adjuvant setting. It is important to
ensure appropriate sequencing of chemother-
apy and immunotherapy agents in the periop-
erative setting. As mentioned previously,
standard of care includes platinum-based
neoadjuvant chemotherapy prior to radical
cystectomy; however, for patients that are not
fit for chemotherapy due to comorbidities or
performance status, then an option for neoad-
juvant immunotherapy would be useful if rec-
ommended, with the intention of targeting the
tumor prior to surgery. Currently, there is no
strong recommendation for adjuvant use of
chemotherapy in patients who did not receive
neoadjuvant chemotherapy or for adjuvant
immunotherapy. The sequencing of the
chemotherapy and immunotherapy agents will
not only be determined by strong evidence-
based trials comparing both types of agents with
each other and also in combination, but will
also be determined by practicalities of the clin-
ical situation, including patient factors such as
fitness, comorbidities, choice, and performance
status.

Effects of ICIs can last longer than effects
from chemotherapy, and so it is important to
maintain long-term follow-up and survival
results to fully review efficacy of neoadjuvant
treatments. With neoadjuvant ICI, it is impor-
tant to not lose or delay the opportunity to
undergo potentially curative radical cystec-
tomy. In the ABACUS trial, 3% of patients were
not able to undergo radical cystectomy due to
ICI-related adverse events, while in the PURE-01

trial, 0.9% did not undergo cystectomy due to
disease progression [15, 16]. Therefore, it is
important to balance the benefit of ICI use
against the likelihood of encountering adverse
events that will delay definitive treatment,
ultimately affecting overall survival. This is a
problem that also occurs when neoadjuvant
chemotherapy is used. This is always a complex
question when balancing adjuvant and neoad-
juvant treatments, both of which are not
definitive treatments but may help with overall
survival. Collecting more data comparing toxi-
city profiles in chemotherapy and ICIs and
reviewing the rate of progression to surgery is
crucial. It becomes paramount to select the
correct patients; i.e., those who are more likely
to reap significant benefits from treatment with
ICIs while minimizing any potential side effects
or adverse events, highlighting the emerging
role of biomarker identification.

Biomarker Development and Future
Directions

Several biomarkers have been studied to iden-
tify reliable prognostic markers in MIBC and
help select the patient cohort who would most
benefit from ICIs (Table 2). However, there are
inconsistencies in some of the study designs.
For example, there is a lack of threshold stan-
dardization to determine whether a tumor is
‘positive’ or ‘negative’ in terms of biomarker
presence. Expression of PD-L1 is the most
widely studied in the field, and a correlation
between higher PD-L1 expression on tumor
cells and response to ICI has been seen in other
cancers [29]. In bladder cancer studies, PD-L1
expression has been linked to advanced patho-
logical stages at the time of cystectomy, and to
high mortality, which does suggest the bio-
marker may have a prognostic role.

In the PURE-01 trial, neoadjuvant pem-
brolizumab achieved a pCR of 54.3% in patients
with high PD-L1 combined positive score (CPS),
whereas pCR was only 13.3% in those with low
CPS. However, in the ABACUS trial, no statisti-
cally significant correlation was found between
PD-L1 status and response to ICI. In the meta-
static setting, response to ICI has been seen
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regardless of PD-L1 expression level. Compar-
ison of these studies is complex due to varia-
tions in the ways the studies obtain CPS, with
different definitions of positivity and using dif-
ferent detection antibodies. There could also be
changes in PD-L1 expression levels over time as
the tumor grows, and also a difference of
expression based on whether primary site or
metastatic sites are sampled. This makes it dif-
ficult to conclude that there is a link between
PD-L1 expression and pCR across cumulative
studies when there are multiple factors at play.

The role of immune microenvironment
profiling has also been investigated. So far,
evaluation of PD-L1 and TMB (tumor muta-
tional burden) have not been conclusively val-
idated as prognostic biomarkers. In the future,
immune cell gene expression profiling may be
considered a more comprehensive biomarker.
This enables us to quantify specific RNA pro-
files, and the tumor microenvironment, ana-
lyzing chemokines, cytokines, and cell surface
proteins. This may be able to predict tumor
response to ICIs better than PD-L1 expression
alone. In the ABACUS trial, tGE8 expression (a
transcriptional signature of eight genes), resul-
ted in increased patient response to ICI com-
pared with non-responder patients or those in
whom disease had relapsed [16].

There are also dynamic changes seen in tis-
sue samples after neoadjuvant treatment and
cystectomy have been completed. This may
have a potential role in identifying patients
who may be cured and predict those who may
relapse. For example, those with increased
expression of fibroblast activation protein (a
marker for cancer-associated fibroblasts, present
in the tumor microenvironment and associated
with transforming growth factor-b) after
neoadjuvant treatment are more likely to
relapse [11]. This could play a role in individu-
alizing management plans such as follow-up
strategies post-surgery and adjuvant treatment
options. Other studies have also tried to harness
biomarkers in this way. For example, PURE-01
reported an association between TMB and pT0,
while ABACUS suggested a link between preex-
isting activated T cells and better outcomes.
IMvigor011 proposed that ctDNA positivity
after cystectomy, which is usually associated

with high recurrence risk, could identify
patients who could benefit from adjuvant ICI
[30].

In light of growing interest in ICI use in
bladder cancer, there has been a proportional
rise in the interest of immunology and bladder
cancer. The theory of cancer immunoediting
proposes that the immune system can have
tumorigenic and antitumor effects, and there-
fore the balance between the two will determine
the progression and growth of the tumor. Key
immune cell populations are found in the
human bladder, such as dendritic cells, while
others, such as neutrophils, FoxP3 ? ve regula-
tory T cells (T regs) and myeloid-derived sup-
pressor cells (MDSCs) are recruited from the
circulation in response to the factors secreted by
the tumor or its surrounding immune cells.
Macrophages are found in the healthy human
bladder and have a role in limiting proliferation
of cancer cells [31], exhibiting beneficial prop-
erties such as phagocytosis, release of oxygen
species, and secreting inflammatory cytokines.
However, these roles are lost in most cancers
when these macrophages are polarized to an
immunosuppressive ‘M2’ phenotype. This cau-
ses angiogenesis, T-cell suppression, CD163
expression, IL-10 production, and increased
tumor growth and metastasis [32]. The M2
macrophages also affect the adaptive immune
systems in their function as antigen-presenting
cells; the IL-10 production by the bladder can-
cer cells causes increased PD-L1 expression on
monocytes leading to downstream suppression
of T-cell immune responses. These macrophages
suppress adaptive immune surveillance and
thus create a favorable microenvironment for
the tumor. The important role of macrophages
in the tumor microenvironment mean that
these cells could also be a target for future
therapeutic development.

Another cell type of particular interest in the
context of bladder cancer treatments are mye-
loid-derived suppressor cells (MDSCs). These are
immature myeloid cells closely related to
monocytes and neutrophil precursors, and are
largely seen to have an immunosuppressive
function. High numbers of peripheral blood
MDSC are found to adversely correlate with
stage, grade, and prognosis [31]. It has been
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noted that using chemotherapy agents such as
cisplatin can selectively deplete granulocytic
MDSC which are negative regulators of anti-
cancer immunity [33]. T cells cultured with
cisplatin treated peripheral blood granulocytic
MDSCs show less inhibition of tumor apoptosis
capabilities than those cultured with untreated
granulocytic MDSCs [33]. This suggests that
cisplatin may be able to manipulate the
immunology of the bladder cancer by sup-
pressing granulocytic MDSC proliferation and
function, thereby reducing the T cell suppres-
sive effects observed. Using chemotherapy to
enhance the immune system may be an inter-
esting area of further research. The selection of
the chemotherapy regimen may influence the
immune microenvironment and therefore
influence the efficacy of any ICIs administered
concurrently or sequentially.

While ICIs targeting the PD-L1 axis can
result in appropriate clinical response in a
number of patients, there are some patients that
demonstrate primary resistance to ICI’s. Routy
et al. suggested that this could be attributed to
abnormal gut microbiome composition. This
study also suggests that antibiotics inhibit the
benefit of ICIs in patients with advanced dis-
ease. Fecal microbiota transplantation (FMT)
from cancer patients who responded to ICI
treatment into antibiotic-treated mice
enhanced the effects of ICI and resulted in a
better response, while FMT from non-responder
patients failed to provide an improved response
in the antibiotic-treated mice. There is an asso-
ciation between the abundance of Akkermansia
muciniphila and clinical response to ICI as dis-
covered through analysis of patient stool sam-
ples. Oral supplementation with this bacteria,
after FMT with non-responder feces, improved
efficacy of PD-1 blockade in the mice tumor
beds, creating a better clinical response [34].
Another study also demonstrated an
immunomodulatory effect of the gut micro-
biome on ICI efficacy. Stool microbiota were
studied from patient’s with MIBC undergoing
neoadjuvant immunotherapy treatment; pre-
immunotherapy stool samples were collected
for analysis for molecular signatures and
assessment of the microbiome population. The
genus Sutterella was found in responders, while

Ruminococcus bromii was found in non-respon-
ders. In the future, these identified taxa can be
tested as indicators for ICI efficacy and out-
comes, alone or in combination with other
biomarkers [35].

Another recent study aimed to evaluate the
effects of antibiotic therapy, used with con-
comitant neoadjuvant pembrolizumab, on the
pathological complete response and relapse-free
survival for patients with clinical T2-4N0M0
bladder cancer. It was found that antibiotic use
was associated with a higher recurrence rate and
that there is an association between the use of
antibiotics and ICI efficacy, an association
which would need further investigation to bet-
ter understand the reasons behind this (36).

There still remain knowledge gaps, however,
and there is more research yet to be conducted.
Currently, we have achieved phase III trial
results for ICI use in the adjuvant setting;
however, phase III trials are still yet to be
established in the neoadjuvant setting. If there
is a proven survival benefit of ICI use over the
use of the standard chemotherapy regimen
currently recommended, then patients will
have more options for treatment in the neoad-
juvant setting. Those patients in particular who
are unfit for neoadjuvant chemotherapy due to
comorbidities or performance status may be
candidates for ICI instead, which could have a
lower toxicity profile and promising effective-
ness for survival. While we are still yet to
determine the role of ICI in the perioperative
setting, there also needs to be consideration of
the practicalities of using these regimes in dif-
ferent patients with different performance sta-
tus, lifestyle, choices, comorbidities, and stage
and grade of disease. There should not only be
studies conducted to compare ICI versus current
chemotherapy, but also comparison of combi-
nation of agents and at different times in the
patient journey in the neoadjuvant and adju-
vant setting. While ICI is an emerging and
promising approach for this disease, there still
remain patients who may not tolerate this
treatment or who become resistant. In future
years, the results of ongoing trials studying ICI
with chemotherapy or targeted therapy can
determine if this resistance could be overcome.
Studies could aim to investigate agents such as
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FGFR inhibitors, enfortumab vedotin, PARP
inhibitors, anti-VEGF, tyrosine kinase inhibi-
tors, and HER2 targeting agent either in com-
binations of various types or used alone to
compare outcomes. Over the next decade, with
more available data and clinical research, there
can hopefully be more choices of agents that
can be offered suited to individual patients.
Additionally, with the help of novel biomarkers,
molecular alterations, and PD-L1 expression,
physicians would be able to offer individualized
treatment regimens to the patient, shifting the
current standard of care to a more personalized
treatment approach.

CONCLUSIONS

Given the high recurrence rates and poor out-
comes of bladder cancer with our available
treatment pathways, it is important to seek
ways to innovate the treatment algorithm.
Overall, perioperative ICIs have shown promis-
ing efficacy with low toxicity in the neoadju-
vant setting, while the two large phase 3 trials in
the adjuvant setting have been contradictory.
Combination strategies with chemotherapy and
ICIs have resulted in better outcomes, and fur-
ther research around the timing of the two
agents is recommended. The efficacy of periop-
erative ICIs, combined with favorable tolerabil-
ity and better toxicity profile compared with
chemotherapy, with a potential of biomarker-
driven patient selection, may lead to a change
in future practice. There is a lack of long-term
survival data for those treated with ICIs, and
this needs to be developed further to demon-
strate an added survival benefit by using ICIs.
Further trials are needed to help with biomarker
selection to identify patients who can benefit
from ICI early and improve prognosis. This
could lead to a personalized approach to treat-
ment and help improve long-term survival.
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