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The treatment strategy of bladder cancer has evolved not only through the traditional modalities of surgery and chemotherapy but
also by immunotherapy over the past several decades. Immunotherapies such as intravesical Bacillus Calmette-Guérin (BCG)
vaccines and immune checkpoint blockades (ICBs) are sometimes used for treating patients with bladder cancer, especially those
who develop resistance to conventional first-line treatments such as surgery and chemotherapy. Unfortunately, it is a limited
number of individuals that see clinical benefits from this approach, and complicating matters more is that many of these patients
suffer severe immune-related adverse events (irAEs). If current momentum continues to result in improved response rates and
managed irAEs, immunotherapy could be poised to revolutionize the landscape of urothelial carcinoma therapeutics.
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Introduction

Urothelial carcinoma of the bladder (UCB) is the most pre-
valent malignancy worldwide with ~430,000 new diagnoses
each year (Siegel et al., 2019). Smoking, gender, and age are
established risk factors for bladder cancer (Antoni et al.,
2017). Based on the clinical TNM classification of malignant
tumors, bladder cancer can be categorized into three dis-
tinctly different entities including non-muscle-invasive
bladder cancer (NMIBC) with high recurrence rate, muscle-
invasive bladder cancer (MIBC) with a significant risk of
metastasis, and metastatic disease (mUCB) with high mor-
tality (Antoni et al., 2017). Approximately 75% of newly
diagnosed patients present with NMIBC, with the rest di-

agnosed with MIBC or mUCB. In general, the 5-year sur-
vival rate of NMIBC is up to nearly 90%, but this declines
precipitously to no more than 50% in MIBC and less than
15% in mUCB, respectively (Berdik, 2017; Cumberbatch et
al., 2018). The treatment paradigm for urothelial carcinoma
is thus unique among these three disease states: NMIBC may
be managed by transurethral resection of the bladder tumour
(TURBT) with or without adjuvant intravesical agents such
as Bacillus Calmette-Guérin (BCG) or chemotherapeutic
drugs dependent on the unique clinical and pathological
factors (Babjuk et al., 2017). The preferred option for MIBC
is radical resection with neoadjuvant cisplatin-based che-
motherapy (Milowsky et al., 2016). For patients who have
progressed to mUCB, intravenous chemotherapy adminis-
tration is considered the best available treatment option.
Although surgery, radiotherapy, chemotherapy, and targeted
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therapies for bladder cancer have been studied over the past
three decades, a substantial portion of patients who suffer
from bladder cancer still fail to be cured (Chism, 2017).
Clinical management for urothelial carcinoma is challenging
due to its heterogeneity with diverse histopathology, mole-
cular subtypes, and variable responses to the various thera-
pies (Apolo and Burger, 2015; Ghasemzadeh et al., 2016).
Clinicians have been stuck with the same limited range of
treatment options to offer patients until the emergence of two
significant advancements: (i) a remarkable advancement in
UCB biology due to multicenter gene sequencing and ex-
pression efforts, and (ii) the introduction of immunotherapy
(e.g., immune checkpoint blockades (ICBs) and BCG)
(Felsenstein and Theodorescu, 2018). However, the current
primary issue with immunotherapy is that only a fraction of
patients benefit from it. Thus, it is critical to understand the
determinants driving response and causing resistance. In this
review, our overarching aim is to provide comprehensive
insights into cancer immunotherapy, especially as it relates to
bladder cancer.

Categories and mechanism of immunotherapy

Crosstalk between a tumor and the immune system was
exploited and recognized as a promising target for cancer
treatment as early as 1891 (Coley, 1991). For instance, BCG,
the first Food and Drug Administration (FDA)-approved
immunotherapy for bladder cancer, has been used to reduce
the risk of NMIBC recurrence as the result of stimulating the
innate and adaptive immune response (Redelman-Sidi et al.,
2014). Based on novel insights into immunotherapy, en-
ormous clinical investigations have thus led to the ac-
celerated development of the following five methods: ICBs,
adoptive immunotherapy, cancer vaccines, co-stimulatory
receptor agonists, and cytokines (Table 1). Other emerging
immunotherapies such as bispecific antibodies and oncolytic
viruses are not discussed here; if these are of interest, here
are some relevant review articles we recommend (Krishna-
murthy and Jimeno, 2018; Lawler et al., 2016; Riley et al.,
2019; Smith and Zaharoff, 2016; Twumasi-Boateng et al.,
2018).

Immune checkpoint blockades

To date, ICBs are the most prominently investigated among
these immunotherapies, and CTLA4 inhibition and PD-1/
PD-L1 blockade are the two most promising treatments
among current ICB strategies (Figure 1) (Ribas and Wol-
chok, 2018); other checkpoint inhibitors have been reviewed
in detail elsewhere (Granier et al., 2017; Pardoll, 2012; Webb
et al., 2018). Immune checkpoints are immune cell surface
receptors that regulate immunity. Physiologically, immune

checkpoints play vital roles in maintaining immune balance
and preventing autoimmunization (Pardoll, 2012). More
precisely, PD-1 (CD279), as a transmembrane protein, can
not only be expressed on activated T cells but also be slightly
expressed on B cells, double-negative (CD4−CD8−) T cells in
the thymus, monocytes, activated natural killer T cells, and
immature Langerhans cells. The ligand of PD-1 is PD-L1
(B7-H1/CD274), which is constitutively expressed at low
levels on a wide variety of non-hematopoietic cells and an-
tigen-presenting cells (APCs). Under normal conditions,
cells use the PD-L1/PD-1 interaction to suppress the pro-
liferation of CD8+ T cells and inhibit T cell receptor (TCR)-
mediated cytotoxic function to avoid autoimmunity and re-
solve inflammation (Song et al., 2019). To escape recogni-
tion and elimination from T lymphocytes, cancerous cells
can also themselves upregulate PD-L1 expression or stimu-
late PD-L1 expression in tumor microenvironment (TME)
cells, including macrophages, stromal cells, and dendritic
cells (DCs) such that PD-L1 targets its receptor PD-1 on
antitumor immune response of cytotoxic T cells to render
those cells inactive (Alsaab et al., 2017). Consequently,
blocking this crosstalk with monoclonal antibodies (mAbs)
that bind to either PD-1 or PD-L1 enhances T cell-mediated
cancer cell death (Taha et al., 2019). For details, please see
these review articles (Boussiotis, 2016; Song et al., 2019).
CTLA4, as a co-inhibitory molecule, is the first FDA-ap-
proved ICB for cancer therapeutics. The crosstalk between
CTLA4 and its ligands (e.g., CD80 and CD86) delivers in-
hibitory signals for T cell-mediated tumor cell death and
promotes tumor survival via the CTLA4 cytoplasmic tail
(Webb et al., 2018). Thus, blocking the interaction between
CTLA4 and its ligands can facilitate T cells to recognize and
obliterate cancer cells. However, it is necessary to mention
that the immunotherapeutic effect of anti-CTLA-4 mAbs
may extend beyond simple receptor stimulation; indeed, re-
cent preliminary studies have proposed that the activity of
anti-CTLA-4 mAbs mainly relies on several additional ca-
pacities, including the depletion of regulatory T (Treg) cells
in TME by antibody-dependent cell-mediated cytotoxicity or
the blockade of trans-endocytosis of B7 on DCs (Arce Var-
gas et al., 2018; Du et al., 2018).
The clinical impact of checkpoint blockade strategies,

providing a survival advantage compared with traditional
chemotherapies, has grown considerably, and has been tested
in various tumors including melanoma, renal cell carcinoma,
non-small cell lung cancer, and urothelial carcinoma over the
past several decades. For instance, a Phase III clinical trial
that used nivolumab to treat patients with metastatic mela-
noma demonstrated improved responses, prolonged pro-
gression-free survival (PFS) and overall survival (OS) as
compared to those with chemotherapy treatment (Robert et
al., 2014). Similarly, another Phase III clinical trial illustrated
that pembrolizumab was associated with a lower rate of
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Table 1 Summary of current immunotherapy being investigated for bladder cancera)

Therapy Type Delivery
Methods Disease Targeted Mechanism Ref or NCT number

Immune checkpoint inhibitors

Ipilimumab CTLA4 mAb IV
IV

Met
LMIBC Normalization

CheckMate032
CheckMate091
NCT03520491
NCT02553642
NCT03844256

Tremelimumab CTLA4 mAb IV Met
LMIBC Normalization

NCT03601455
NCT03234153
NCT03472274
NCT03601455
NCT03682068

Pembrolizumab PD-1 mAb IV, Ives Met, NMIBC
LMIBC Normalization NCT03504163

NCT02324582

Nivolumab PD-1 mAb IV, Ives Met, NMIBC
MIBC Normalization NCT03519256

Atezolizumab PD-L1 mAb IV, Ives Met, NMIBC
MIBC Normalization NCT02792192

NCT03799835

Avelumab PD-L1 mAb IV, Ives Met, NMIBC
MIBC Normalization NCT03892642

Durvalumab PD-L1 mAb IV, Ives Met, NMIBC
MIBC Normalization NCT03759496

NCT03528694

KHK2455 IDO mAb IV Met Normalization NCT03915405

Epacadostat IDO mAb IV Met Normalization NCT03832673

Cytokines for lymphocyte promotion

Intron A Recombinant IFNα 2b Ives
SC NMIBC Immune-enhancement NCT00004122

NCT00082719

SCH 721015 Recombinant IFNα Ives NMIBC Immune-enhancement NCT01162785
NCT01687244

Roferon A Recombinant IFNα Ives NMIBC Immune-enhancement NCT00082719

ALT-801 Recombinant IL-2 IV, Ives Met, NMIBC Immune-enhancement NCT01326871
NCT01625260

ALT-803 Recombinant IL-15 Ives NMIBC Immune-enhancement NCT03022825
NCT02138734

Imiquimod Stimulates TNF, IL-12 and IFNγ
production IV CIS Immune-enhancement NCT01731652

NCT03872947

Adoptive T cell therapies

NY-ESO-1 tumour antigen TAA-engineered T lymphocytes IV BC Immune-enhancement NCT02869217
NCT02457650

MAGE-A4 TAA-engineered T lymphocytes IV BC Immune-enhancement NCT03132922

MAGE-A10 TAA-engineered T lymphocytes IV BC Immune-enhancement NCT02989064

4SCAR-PSMA
4SCAR-FRa TAA-engineered T lymphocytes IV MIBC Immune-enhancement NCT03185468

HER2-AdVST TAA-engineered T lymphocytes IV BC Immune-enhancement NCT03740256

MASCT-I block PD1 receptor IV Met Immune-enhancement NCT03034304

Cancer vaccines

Bacillus Calmette-Guérin Strain of mycobacterium tuberculo-
sis variant bovis Ives NMIBC

CIS Immune-enhancement (Morales et al., 1976)

pPJV7611 Plasmid DNA cancer vaccine IV BC Immune-enhancement NCT00199849

NY-ESO-1 Peptide vaccine IV BC Immune-enhancement NCT00070070

AGS-003-BLD Tumor cell-derived vaccine therapy IV MIBC Immune-enhancement NCT02944357

(To be continued on the next page)
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treatment-related adverse events and with significantly
longer OS than chemotherapy as a second-line therapy for
platinum-refractory advanced urothelial carcinoma (Bell-
munt et al., 2017). To date, five FDA-approval PD-L1/PD-1
blockades (pembrolizumab, avelumab, atezolizumab, dur-
valumab, and nivolumab), one FDA-approved CTLA4 in-
hibitor (ipilimumab), and one novel IDO-1 inhibitor

(epacadostat) are currently in clinical development and have
been investigated in ongoing clinical trials for bladder can-
cer.

Adoptive immunotherapy

Adoptive immunotherapy, also called engineered immune

(Continued)

Therapy Type Delivery
Methods Disease Targeted Mechanism Ref or NCT number

CDX-1307 Against hCG-β IV MIBC
Met Immune-enhancement

NCT01094496
NCT00709462
NCT00648102

HS-410 NA SC NMIBC Immune-enhancement NCT02010203

PGV 001 Personalized cancer vaccine IV Met Immune-enhancement NCT03359239

NYESO-1 Dendritic cell based vaccines IV Met Immune-enhancement (Smith and Zaharoff, 2016)

Modified vaccinia virus
ankara vaccine expressing

p53
Vaccine IV Met Immune-enhancement NCT02432963

Co-stimulatory receptor agonists

CpG TLR-9 agonist IT NMIBC Immune-enhancement (Smith and Zaharoff, 2016)

HP-NAP TLR-2 agonist IVes, IT NMIBC Immune-enhancement (Smith and Zaharoff, 2016)

TMX-101 TLR-7 agonist IVes NMIBC CIS Immune-enhancement NCT01731652

RGX-104 LXR agonist IV Met Immune-enhancement NCT02922764

DPX-Survivac Survivin agonist IV Met Immune-enhancement NCT03836352

Oncolytic viruses

AdCD40L Adenovirus vector serotype 5 IT BC Immune-enhancement NCT00891748

CG0070 Oncolytic adenovirus
serotype 5 IT NMIBC Immune-enhancement

NCT02365818
NCT02143804
NCT00109655
NCT01438112

Instiladrin Adenovirus vector harbouring the
human IFNα 2b IT MIBC Immune-enhancement NCT02773849

a) IT: intratumoral; IV: intravenously or systemically; Ives: intravesical; BC: bladder cancer; Met: metastatic; MIBC: muscle-invasive bladder cancer;
NMIBC: non-muscle-invasive bladder cancer; SC: subcutaneous; CIS: carcinoma in situ; hCG-β: human chorionic gonadotropin-beta; CpG: cytidine-
phosphate-guanosine; LXR: liver X receptor; NA: not applicable.

Figure 1 (Color online) CTLA-4 and PD-1 and PD-L1 blockade to induce antitumor responses. (Left) CTLA-4 is presented by an antigen-presenting cell
and is a negative regulator of co-stimulation that is required for initial activation of an antitumor T cell in a lymph node upon recognition of its specific tumor
antigen. The activation of CTLA-4 can be inhibited by anti-CTLA-4 antibodies. (Right) Once T cells are activated, they circulate throughout the body to find
their cognate antigen presented by cancer cells. Upon recognition, triggering of the TCR leads to the expression of negative regulatory receptor PD-1, which
turns off the antitumor T cell response. This negative interaction can be blocked by anti-PD-1 or anti-PD-L1 antibodies. Copyright 2018, University of
California, Antoni Ribas (Ribas and Wolchok, 2018).
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cells, involves genetically engineering immune cells to re-
cognize tumor-associated antigens (TAAs). In general,
adoptive immunotherapy utilizes two approaches involving
TCR T cells and chimeric antigen receptor T (CAR T) cells
and is perceived as a novel promising approach for patients.
For instance, TCR T cells are engineered to express max-
imal-affinity TCRs that respond to TAAs presented by major
histocompatibility complexes (MHCs) on the tumor cell
surface (Cohen and Reiter, 2013). The TAAs targeted by
TCR T cells include melanoma-associated antigens (MA-
GEAs), cancer-testis antigens (CTA), and New York eso-
phageal squamous cell carcinoma 1 (NY-ESO-1) antigens
(Linnemann et al., 2013). For instance, the NY-ESO-1 tar-
geted T cell therapy has been implemented for melanoma
treatment (Hunder et al., 2008), and the therapeutic efficacy
can be improved via combination with several cytokines
including IL-7, IL-15, and IL-21 or eliminating Treg cells
(Klebanoff et al., 2005; Wrzesinski et al., 2010). Ongoing
trials are also investigating the safety of the TCR T cell
strategy in urothelial carcinoma, such as targeting NY-ESO-1
antigens and MAGEAs. However, the limitations of TCR T
cell therapy are of concern, for instance, it is known that
tumors have a high likelihood of downregulating MHC
molecules and could thus evade TCR-mediated antitumor
immunity.
Unlike MHC-dependent TCR T cells, CAR T cells can

directly bind to cancerous cell surfaces to induce tumor cell
death, such that CAR T therapies circumvent the problem of
MHC downregulation (Lim and June, 2017). This provides a
new direction for immunotherapy in the treatment of bladder
cancer. Unfortunately, although the CAR T cell strategy has
garnered a high reputation from its success in several types
of cancer including leukemia and lymphoma, clinical results
in bladder cancer are not yet available. Additional major
considerations for the pervasive application of CAR T cell
therapies is that they are technically complex, time intensive,
and expensive (Levine et al., 2017).

Cytokine therapeutics

Cytokines are general glycoproteins or polypeptides with
molecular weights usually below 30 kD, which could evoke
coordinated and robust immunity in response to a foreign
antigen by promoting the effects of immunocyte-im-
munocyte interactions. To date, the four main varieties of
cytokines that have been investigated for tumor im-
munotherapy include interleukins (ILs), interferons, gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF),
and chemokines. Large studies have demonstrated that ILs
have broad proinflammatory effects on antitumor activity in
animal tumor models. It is important to note that many ILs,
including IL-2, IL-10, IL-12, IL-15, and IL-21, have al-
ready been widely explored in urothelial carcinoma through

several clinical trials (Smith and Zaharoff, 2016). Despite
promising outcomes for those IL molecules in preclinical
studies, results from clinical studies are not satisfactory.
Interferons released by host cells in response to the pre-
sence of several viruses trigger the immune system to era-
dicate pathogens. In general, human interferons can be
classified into three major categories: interferon type I in-
cluding IFN-α, IFN-β, IFN-ε, IFN-κ, and IFN-ω, interferon
type II including IFN-γ in humans, and interferon type III
for IFN-λ (Riley et al., 2019). More specifically, IFN-α and
IFN-λ, as either a monotherapy or combination therapy,
have entered clinical trials for patients with bladder cancer
(Smith and Zaharoff, 2016). GM-CSF, which is secreted by
a range of cells including macrophages, endothelial cells, T
cells, and tumor cells, can stimulate the production of
monocytes and granulocytes from hematopoietic progeni-
tors. The antitumor mechanisms by which GM-CSF
strengthens immune responses involve two main strategies:
(i) facilitating T lymphocyte proliferation and homeostasis
and (ii) improving the efficacy of processing and pre-
sentation of TAA by supporting DC differentiation (Yan et
al., 2017). However, GM-CSF can also act as an immune
suppressor as it can expand immature myeloid subsets to
cause negative signals for antitumor response, such as
myeloid-derived suppressor cells. Similarly, there are sev-
eral clinical trials studying the use of GM-CSF for patients
suffering from bladder cancer, but the outcomes have been
insufficient. Chemokines are small, secreted proteins best
known for their roles in lymphoid tissue development and
mediating immune cell trafficking (Griffith et al., 2014).
The potential role of chemokine molecules in serving as a
monotherapy or in combination with canonical or im-
munomediated therapies for cancer patients has also re-
cently gained traction due to its positive effects in
modulating cancer stem-like cell properties, tumor cell
proliferation, and invasion and metastasis of neoplasms
(Mollica Poeta et al., 2019).
Cytokines play pivotal roles in eliminating pathogens and

preventing the development of neoplasia. Unfortunately, the
therapeutic efficacies resulting from clinical trials failed to
meet the promising results derived from preclinical models.
However, it is worth noting the limitations of these ap-
proaches, including short therapeutic windows, the short
half-life of cytokines, and that large quantities are associated
with severe toxicities. Thus, in future implementations, two
vital aspects should be considered: (i) the delivery method of
cytokines to the TEM to avert systemic proinflammatory
effects and (ii) combination strategies of immunotherapy
with other approaches.

Co-stimulatory receptor agonists

Immunization activities are generally modulated by co-sti-
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mulatory and co-inhibitory receptors (e.g., immune check-
points). In general, co-stimulatory receptors are triggered to
stimulate an immune response to extrinsic antigens (Mayes
et al., 2018). Co-stimulatory receptors are equally important
in mediating anticancer immune responses and driving pro-
ductive anticancer immunity as compared to co-inhibitory
receptors (Peggs et al., 2009); even in terms of cancer im-
mune surveillance, co-stimulatory receptors are more
nuanced with respect to duration and timing than co-in-
hibitory entities to some extent. Generally, synthetic ago-
nistic antibodies can specifically target co-stimulatory
receptors leading to activation of downstream intracellular
pathways that give rise to the proliferation and survival of T
lymphocytes (Peggs et al., 2009). Thus, more attention is
paid to the role of co-stimulatory receptor agonists in cancer
therapeutics. For instance, Toll-like receptors (TLRs), which
are expressed on innate immune cells such as DCs, play a
pivotal role in both innate and adaptive immune responses.
The level of TLRs is negatively correlated with the inva-
siveness of bladder cancer. Thus, several TLRs agonists
(TLRs-2, TLRs-7, and TLRs-9) serving as therapeutic agents
have entered clinical trials. Other co-stimulatory receptors
expressed on the surface of APCs, including CD28 and the
tumor necrosis factor receptor super family, also show po-
tency in promoting cell growth and anticancer activity (Riley
et al., 2019).

Cancer vaccines

Therapeutic cancer vaccines destroy tumors by stimulating
the acquired cellular immune response. The most successful
vaccine applied for bladder cancer is BCG. In general, BCG
is a unique strain of mycobacterium bovis that was devel-
oped for treating tuberculosis in 1927 (Calmette et al.,
1927). Concurrent with its advancement was an increasing
appreciation of the relationship between malignancies and
the immune system, Morales et al. first reported exciting
outcomes of intravesical BCG for the treatment of NMIBC
in 1976 (Morales et al., 1976). To date, intravesical BCG
has become the standard therapy for high- or intermediate-
risk NMIBC (e.g., stage T1 neoplasms, carcinoma in situ,
high-grade cancer, and multiple and recurring stage Ta tu-
mors>3 cm) (Babjuk et al., 2017). It is currently accepted
that BCG-induced antitumor activity is a multistep process:
BCG first attaches to urothelial cells followed by inter-
nalization via micropinocytosis; the epithelium then upre-
gulates MHC-II molecules and releases several cytokines to
recruit immunocytes to the TME; such immunocytes gen-
erate so-called predominantly Th1 cytokine milieu, which
ultimately leads to cancer eradication via induced cyto-
toxicity through NK cells, CD8+ lymphocytes, and granu-
locytes. However, 30%–50% of individuals are still

refractory to BCG, with recurrence odds ranging from
32.6% to 42.1% and progression rates from 9.5% to 13.4%
(Zuiverloon et al., 2012). The alternative treatment for
BCG-resistance is radical cystectomy or trimodal therapy,
but the survival rate is poor (Babjuk et al., 2017). According
to a recent report, the current most reliable predictive
markers for intravesical BCG response are still clinical
stage and clinical tumor type. Other studies have suggested
additional potential predictors including panels of urinary
cytokines, fluorescent in situ hybridization (FISH) patterns,
and nomograms (e.g., CUETO and EORTC tables) (Kamat
et al., 2018). Despite it being more than four decades after
the initial application of BCG in bladder cancer, it is still
not yet completely understood how BCG stimulates an
antitumor immune response or how to choose suitable
bladder cancer patients for personalized intravesical BCG.
Thus, large amounts of data must be amalgamated from
multiple platforms to approach the cusp of understanding
the molecular mechanisms that drive BCG-induced tumors
and to identify molecular subtypes that may predict re-
sponse to therapy, as a suggestion for MIBC (Kim et al.,
2019) and as a prediction of its response (Gontero et al.,
2015).
Aside from BCG, other types of cancer vaccines, such as

DCs, cancerous cell lysates, neoantigens, and nucleic acids
(Guo et al., 2013), have recently been investigated. DC
vaccines in particular, collected from patient-derived DCs
following a modification to express TAAs in vitro, are the
most studied class of cell-based cancer vaccines owing to
their ability to directly activate T cells to eliminate cancer
cells (Garg et al., 2017).
Cancerous cell lysate vaccines refer to the direct use of the

tumor lysates to produce vaccines. Despite their simple
production, they tend to show poor immunogenicity. Thus,
this is critical in the evaluation and inclusion of effective
adjuvants in tumor lysates.
Nucleic acid regimens, including mRNA- and DNA-based

vaccines, have been recognized as effective alternatives to
conventional methods and mainly depend on delivery tools
that transfer exogenous nucleotides into target cells (Riley et
al., 2019). In these tools, mRNA or DNA is assimilated by
APCs and then translated to catalyze antigen expression,
consequently activating the recognition and elimination of
tumor cells by T cells presented with such targeted antigens
(Riley et al., 2019).
Neoantigens derived from somatic mutation of tumor cells

could also serve as vaccines to boost the adaptive immune
system (Lauss et al., 2017). One prominent advantage of
using neoantigens is that they can specifically target neo-
plastic cells, thus virtually eliminating off-target effects (Li
et al., 2017). For more details regarding these four categories
of vaccines, this published review article is recommended
(Riley et al., 2019).
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Biomarkers of response and prognostic factors

To date, BCG is one of the most effective intravesical
therapies for NMIBC (Kamat et al., 2018), and ICBs re-
present a prominent improvement over previous first- or
second-line therapies for bladder cancer. Despite these en-
couraging results, unfortunately only a small proportion of
subjects treated with ICBs or BCG respond to these agents,
requiring the development of reliable predictors to provide
personalized treatment for those patients who stand to ben-
efit from these immunotherapies. Thus, we focus our atten-
tion herein on the molecular markers that would allow
prediction of ICB and BCG response given that those are the
two most promising types of immunotherapy for bladder
cancer.

Immune checkpoint inhibitors

In 2016, the concept of a “cancer immunogram (including
general immune status, tumor foreignness, tumor sensitivity
to immune effector mechanisms, absence of inhibitory tumor
metabolism, immune cell infiltration capacity, absence of
checkpoints, and absence of soluble inhibitors)” was brought
forward (Blank et al., 2016). This immunogram was soon
thereafter applied to lung cancer (Karasaki et al., 2017).
Recently, a study has suggested that this concept could also
be extended to bladder cancer for the prediction of ICB re-
sponse (van Dijk et al., 2019). Additionally, other factors
including age, gender, general clinical condition, and com-
mensal microorganisms could potentially play vital roles in
understanding the influential factors in ICB response and
antitumor immunity (Havel et al., 2019). Based on recent
work, we suggest herein that the efficacy of ICBs could be
influenced by at least four main parameters: clinical char-
acteristics-based biomarkers (including gender, age, and
general performance status), blood-based biomarkers (re-
ferring to general immune status, absence of soluble in-
hibitors, and liquid biopsy), tumor tissue-based biomarkers
(including tumor foreignness, immune cell infiltration ca-
pacity, absence of checkpoints, and absence of inhibitory
tumor metabolism), and commensal microorganisms (Buder-
Bakhaya and Hassel, 2018; Nakamura, 2019).
Clinical characteristics-based biomarkers. As discussed

above, gender and age are established risk factors for bladder
cancer. Several studies have demonstrated that both gender
and age serve as reasonable predictors for tumor response to
ICBs. For instance, one study has revealed that both OS and
PFS of male patients treated with ICBs were significantly
longer than those of female patients (Wu et al., 2018). As for
age, several investigations have identified that the tumor
response to ICBs in elderly subjects was significantly higher
than for younger subjects in both preclinical and clinical
studies (Kugel 3rd et al., 2018; Nosrati et al., 2017). How-

ever, the mechanisms behind these effects remain to be
elucidated. Further studies are therefore warranted to vali-
date the predictive value of gender and age for ICB antitumor
immunity. The general condition of patients might also play
an influential role in ICB efficacy. Specifically, the Eastern
Cooperative Oncology Group (ECOG) Performance Status is
a widely used method to assess the functional status of a
patient with scores ranging from 0 to 5. A low ECOG score,
representing good clinical condition, is correlated with a high
overall response rate and prolonged OS time for patients
receiving ICB treatment according to results from some
studies (Dobbin et al., 2016; Nakamura et al., 2016).
Blood-based biomarkers. As is known, blood-derived

predictors can be tested in a straightforward and minimally
invasive manner. Another preferential characteristic is that
blood-based biomarkers could enable doctors to indirectly
discover a variety of information about a tumor (e.g., general
immune status, absence of soluble inhibitors, and liquid
biopsy). Thus, there is great interest in the development of
serum- or whole blood-derived biomarkers that could char-
acterize immune status to predict response to ICBs. Analysis
of general immune status seems mundane but will likely be
of relevance in many clinical settings. For instance, immune
status-related biomarkers have been associated with ipili-
mumab response in patients with melanoma, such as en-
hanced peripheral T cell levels, high absolute eosinophil
counts, high peripheral FoxP3+ Treg numbers, and high
CD4+/CD8+ lymphocyte counts (Martens et al., 2016; Si-
meone et al., 2014; van Dijk et al., 2019). Likewise, low
baseline levels of circulating myeloid-derived suppressor
cells, low peripheral blood neutrophil to lymphocyte ratio,
and high albumin may appear to be associated with longer
OS time following treatment with ICBs in UCB patients (van
Dijk et al., 2019). Additionally, the diversity of TCR re-
pertoires is correlated with antigen recognition and pre-
sentation. In mUCB, one study indicated that lower baseline
TCR clonality in peripheral blood increases the probability
of durable responses with atezolizumab, suggesting that a
higher diversity of TCR receptors in peripheral blood is in-
volved in the increased population of tumor-specific T cells
(Snyder et al., 2017).
Moreover, the absence of soluble inhibitors is involved

with the outcome of PD-1 blockade because soluble im-
munosuppressive factors can induce an immunosuppressive
and hostile TME (Mantovani et al., 2013). For example,
upregulation of IL-10 in the tumor immune microenviron-
ment (TIME) can trigger immunosuppression by inducing
Treg polarization (Lin and Zhao, 2015). TGF-β contributes
to the induction of angiogenesis and immunosuppression
leading to activated tumor escape (Jiang et al., 2015). Ad-
ditionally, T cell function can be impaired by adenosine
(Martin et al., 2017) and vascular endothelial growth factor
(VEGF) (Atkins et al., 2017). In patients with locally me-
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tastatic bladder cancer treated with PD1/PD-L1 blockade,
IFNγ signatures have been investigated and shown to be
positively involved with prognosis (Bais et al., 2017). In
addition, loss of IFNγ signaling has been correlated with
resistance to anti-CTLA-4 therapy (Gao et al., 2016).
Liquid biopsy. The analysis of tumors using biomarkers

circulating in fluids such as the blood can potentially play
an active role in informing treatment decisions in the
emerging field of immune-oncology. The two well-devel-
oped biomarkers detected by liquid biopsy are circulating
cell-free tumor DNA (ctDNA) and circulating tumor cells
(CTCs). A decrease in CTCs and ctDNA is linked to the
high treatment response and prolonged PFS and OS for a
variety of malignancies treated through the use of ICBs
(Buder-Bakhaya and Hassel, 2018; Nakamura, 2019).
Furthermore, through CTCs and ctDNA analysis, interest-
ing messages involving underlying tumors are revealed. For
instance, a study has shown the potential to guide ICB
therapies through the characterization of CTCs if they ex-
press specific markers such as PD-L1 in urothelial carci-
noma (Anantharaman et al., 2016). In addition, the
mutation burden of ctDNA, in accordance with the asso-
ciation of a tumor mutation burden (TMB), has also been
assessed, and the results suggest that it is closely correlated
with ICB response (Khagi et al., 2017).
Tumor tissue-based biomarkers. In general, there are sev-

eral vital rate-determining steps that the immune system
conducts during the activity of eradicating tumor cells: it
initially determines if the immune system could detect tumor
cells as “non-self or foreign” (e.g., tumor foreignness); sec-
ond, the capacity of immune cell infiltration enables immune
cells to have a chance to kill tumor cells (e.g., immune cell
infiltration capacity). Finally, tumor sensitivity to immune
effectors ensures that CD8+ T cells are activated to destroy
the tumor cells (e.g., absence of checkpoints and inhibitory
tumor metabolism).
To understand the differential ICB treatment response in

individuals, it is indispensable to first investigate how the
immune system detects and recognizes cancers as non-self or
foreign. As is known, the activation of a T cell response by
APCs requires the presence of an altered repertoire of MHC-
associated peptides. In general, such a repertoire of tumor
peptides can be categorized into two broad classes: non-
mutated self-antigens and tumor-specific neoantigens
(Coulie et al., 2014). More precisely, non-mutated self-an-
tigens are mainly derived from aberrant expression in neo-
plastic cells as the result of transcriptional or epigenetic
reprogramming, which is normally restricted to male ga-
metes and trophoblasts, known as MAGEAs, CTA, and NY-
ESO-1 (Gjerstorff et al., 2015). Notably, a somewhat sur-
prising association between dissatisfactory ICB response and
upregulation of MAGEA and CTA molecules has been re-
ported (Shukla et al., 2018). Tumor-specific neoantigen

peptides are the primary targets of many species, including
humans, to activate antitumor immunity, which normally
originates from viral or mutated gene product somatic mu-
tations in tumor genomes (Gubin et al., 2014). Some studies
have indicated that a higher neoantigen burden and TMB are
close correlated with increased efficacy of immunotherapies
in diverse cancer types, including bladder cancer (Legrand et
al., 2018), small cell lung cancer (Hellmann et al., 2019),
independent cohorts of non-small-cell lung cancer (NSCLC)
(Forde et al., 2018), melanoma (Goodman et al., 2017), and
human papilloma virus (HPV) and negative head and neck
squamous cell carcinoma (HNSCC) (Hanna et al., 2018). A
common type of mutations in most of these analyses re-
garding the relationship between ICB response and TMB is
in the form of non-synonymous single nucleotide variants
(nsSNVs). Both somatic copy number alterations (SCNAs)
(Taylor et al., 2018) and indel mutations (Saeterdal et al.,
2001) could also further explain the differential response in
individuals. However, even when high TMB exists within
treated individuals, some patients do not respond to ICBs,
suggesting that TMB alone cannot completely discriminate
all responders from non-responders and vice versa (Les-
terhuis et al., 2017). These identifications clarify that, al-
though the connection between ICB response and TMB is
remarkably robust, other factors are involved; for instance,
oncogenic viruses including BK virus, HPV, and merkel cell
polyomavirus could generate several proteins that may act as
immunogenic neoantigens to increase tumor foreignness
with capable immunogenic peptides. Indeed, bioinformatic
analysis of The Cancer Genome Atlas datasets has identified
increased infections with oncogenic viruses in gastric cancer,
urothelial carcinoma, and HNSCC and has verified a strong
association between endogenous antitumor immunity and
virus-driven neoplasms (Rooney et al., 2015). However, the
role of viral integration in urothelial carcinoma im-
munotherapy treatment is currently unclear; thus, validation
in multicenter prospective studies is needed prior to clinical
application. Moreover, molecular subtypes may be another
reliable predictor for determining the therapeutic efficacy of
ICBs in bladder cancer (Petrylak et al., 2017; Robert et al.,
2014). However, their predictive role is not clear yet due to
the lack of uniform approach in molecular categorization and
an unclarified mechanism of how molecular subtypes in-
fluence response rates. Multicenter data are thus required to
better determine molecular signatures for predicting im-
munotherapy response in the future. Other surrogate factors
for assessing ICB response include mutations in genes in-
volved in DNA repair mechanisms (e.g., mismatch repair
defects and microsatellite instability) or other specific mu-
tated genes (e.g., β2M, JAK2, POLE, STK11, SERPINB3,
SERPINB4, and APOBEC3A/3B) (Aggen and Drake, 2017;
Mehnert et al., 2016; Rizvi et al., 2015).
Another potential prognostic indicator of ICB response is
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tumor-infiltrating lymphocytes density (Fridman et al.,
2012). For instance, tumor-infiltrating CD8+ T cells show
predictive characteristics in antitumor immune response, and
their emergence in the TME has been correlated with longer
survival across diverse cancer types (Al-Shibli et al., 2008),
including UCB (Sharma et al., 2007). For instance, the IM-
vigor210 study showed that CD8+ T lymphocyte density in a
local tumor was positively correlated with atezolizumab re-
sponse in advanced/metastatic urothelial cancer (Rosenberg
et al., 2016). Beyond the advent of antitumor immunocytes,
other subpopulations of immune cells like Treg and tumor-
associated macrophages may facilitate cancer progression by
activating several tumor-associated signals, including an-
giopoietin-2, MCSF, CCL2, and VEGF, to induce an im-
munosuppressive environment (van Dijk et al., 2019).
However, the precise role of suppressive immunocytes in the
tumor environment has not been well established in ur-
othelial carcinoma.
As mentioned above, a vital step for antitumor response is

the activation of CD8+ T lymphocytes, which is initiated
following the recognizing of antigens presented by APCs.
Thus, the destruction of TAA recognition and presentation
signaling pathways in neoplastic cells, including significant
mutations in the HLA-I coding gene, which could down-
regulate HLA-I expression and heterozygosity or induce the
disruption of HLA-I function, could induce tumor immune
escape. For example, deletions and point mutations in β2-
microglobulin (β2M), a crucial molecule for MHC I mole-
cular assembly, account for up to nearly 30% of ICB re-
sistance in melanoma (Sade-Feldman et al., 2017). In
urothelial cancer, coordinated transcriptional dual down-
regulation of HLA components (such as antigen-presenting
machinery and β2M) (Romero et al., 2005) is essential in
irreversible HLA loss, but the evidence correlating muta-
tions in the HLA-I coding gene and ICB response is still
lacking.
The efficacy of ICBs understandably relies on the ex-

pression level of immune checkpoints as well. It is estimated
that the expression of PD-L1 is between 20% and 30% in
UCB tissue samples. Importantly, PD-L1 expression, as
measured by immunohistochemical analysis in urothelial
tumors of the bladder, is involved in increased all-cause
mortality and a higher pathologic stage at resection, sug-
gesting that increased levels may be associated with more
aggressive disease. These data show that PD-L1 expression
is prognostic in terms of clinical outcome, whereas even in a
population enriched for upregulation of PD-L1 expression
there are still numerous patients who do not respond to ICBs
(Ribas and Tumeh, 2014). Nevertheless, under certain cir-
cumstances, patients without detectable levels of PD-L1 still
positively respond to PDL1-targeted treatments (Drake et al.,
2016). Thus, this evidence indicates the weakness of solely
opting to use the expression of PD-L1 as a biomarker for

predicting response and requires a comprehensive multi-
parameter approach. Apart from PD-1/PD-L1, various other
immune checkpoints are currently undergoing investigation
in clinical trials of mUCB, including CTLA-4, T cell im-
munoreceptor with Ig and ITIM domains (TIGIT) (Riaz et
al., 2017), T cell immunoglobulin and mucin-domain con-
taining-3 (TIM-3) (Topalian et al., 2015), lymphocyte acti-
vation gene 3 (LAG-3) (Riaz et al., 2017), Siglec-15 (Wang
et al., 2019), and NKG2A (Segal et al., 2018). These effec-
tors may be induced by treatment targeting PD-1/PD-L1 or
may be expressed at baseline (Topalian et al., 2015). Re-
search assessing the combination of multiple ICBs will
hopefully result in enhanced ICB efficacy.
Finally, tumor metabolism is also closely correlated with

antitumor immunity. As is known, the glycometabolism of
tumor cells differs from that of normal cells. Specifically, the
conversion of pyruvate to lactate occurs even under condi-
tions of sufficient oxygen, leading to a high level of lactate
dehydrogenase (LDH) in TME (Blank et al., 2016). Some
studies have suggested that lactic acid and low local pH can
impair crucial T cell functions. Moreover, the high energy
demand of cancer cells also compromises the function of T
cells in TME because the fuel in the TME is insufficient for
supplying T cell antitumor activities. Thus, intratumoral pH
level and glucose depletion deserve attention as potential
biomarkers for antitumor immunity. Furthermore, other
metabolism-related enzymes (e.g., IDO1, cyclooxygenases,
arginase, glutaminase, oxidative phosphorylation, and glu-
cose transporters) potentially show predictive value (Renner
et al., 2017); thus, the exact association between their mo-
lecular levels and response to ICBs warrants further in-
vestigation.
Commensal microorganisms. One point worth emphasiz-

ing is that, in human evolution, pathogens are considered as
one of the strongest selective forces, and the long persistent
crosstalk between microorganisms and host have likely
evolved a variety of immunologically related genetic varia-
tions found in humans (Fumagalli et al., 2011). Physiologi-
cally and pathologically, it is anticipated that microbiota play
a vital role in influencing human immunity (Garrett, 2015;
Zitvogel et al., 2016). Indeed, the efficacy of ICBs appears to
be in close accordance with the patient’s gut microbiome in
both mouse models (Vétizou et al., 2015) and humans (Zit-
vogel et al., 2018). One investigation in particular has in-
dicated that the ratio of immunotherapy response-associated
bacteria to immunotherapy resistance-associated bacteria
could contribute to definitively stratifying responders from
non-responders (Matson et al., 2018). Intriguingly, patients
treated with antibiotics during the course of ICB therapy had
minimized antitumor activity (Routy et al., 2018). These
results are tantalizing and implicate the potential role of gut
microbiota in influentially affecting ICB response and anti-
tumor immunity.
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BCG

Since its first application in 1976 (Morales et al., 1976), the
clinical effects of intravesical BCG therapy for urothelial
carcinoma have been confirmed. In fact, intravesical BCG
is the standard care for high-risk and now even for inter-
mediate-risk NMIBC (Babjuk et al., 2011). Still, nearly
30%–50% of patients are refractive to BCG treatment; even
worse, 15% progress to MIBC (Zuiverloon et al., 2012).
Clinically applicable and reliable tools to predetermine
NMIBC recurrence and progression are desperately re-
quired to decrease the mortality, morbidity, and expenditure
budget for bladder cancer (Kamat et al., 2018). Multiple
factors are involved with the high-risk of BCG unrespon-
siveness. First, high intra- and inter-observer variability
among pathologists, leading to incorrect histologic staging
of tumors, could help to explain BCG failure; second, full
compliance with the current protocol is affected by BCG-
associated side effects (van Rhijn et al., 2010). In 2012,
Zuiverloon et al. published a review that hallmarks pre-
dicting response to BCG high-risk urothelial carcinomas
patients. In this review, the markers could be mainly di-
vided into four groups: clinicopathologic, intracellular cell
cycle, inflammatory, and gene polymorphisms. The authors
indicated that the measurement of urinary IL-2 levels seems
to be the most potent marker of all of the clinically pre-
dictive parameters (Zuiverloon et al., 2012). In addition,
recent data show that the best predictors of BCG response
are clinicopathologic features including tumor grade and
stage, and FISH patterns of cytologic anomalies as well as
panels of urinary cytokines appear to be promising bio-
markers (Kamat et al., 2018).

Toxicity profiles

Immunotherapy stimulates and arouses the body’s innate and
adaptive immune response to defend against neoplasm; un-
fortunately, it can have inflammatory side effects that are
often termed irAEs (Table 2) (Baxi et al., 2018; Delanoy et
al., 2019; Haanen et al., 2018; Johnson et al., 2018; Postow et
al., 2018). ICBs, for example, have recently shown remark-
able benefits toward multiple cancer treatments. Meanwhile,
they may also initiate autoimmune activity against poten-
tially any organ because immune checkpoints could arrest
autoimmunity by inducing T cell exhaustion at sites of in-
flammation (PD-1/PD-L1) or by prohibiting DC-mediated T
cell activation (CTLA-4) under normal physiologic condi-
tions.
ICB drugs are overall less toxic than standard che-

motherapy for mUCB, but side effects still exist (Bellmunt et
al., 2017). For instance, systemic T cell activation induced by
an anti-CTLA-4 antibody strongly correlates with an im-

munotherapy-related adverse effect that mitigates its ther-
apeutic functionality. Although irAEs have been less
frequently and less severe as reported with PD1/PD-L1
blockade than with anti-CTLA4 inhibition (Doyle et al.,
2019; Hodi et al., 2010), irAEs induced by anti-PD-1 or anti-
PD-L1 therapy have actually been reported in clinical trials.
Generally, the incidence rate of irAEs varies from 12% to
17% (Doyle et al., 2019). The most commonly reported or-
gan-specific irAEs are the endocrine glands, gastrointestinal,
skin, tract, and liver. Less often, the cardiovascular and
central nervous system, musculoskeletal, hematologic sys-
tems, and pulmonary system are involved (Table 2) (Haanen
et al., 2018; Postow et al., 2018). Other adverse events, such
as musculoskeletal problems derived from systemic in-
flammation, have also been described to negatively influence
the quality of life (Cappelli et al., 2017). Moreover, a recent
case report showed that checkpoint inhibitors seem to fuel
tumor “hyperprogression” in some patients, especially in
patients with several gene mutations such as EGFR or extra
copies of MDM2 or MDM4 (Kaiser, 2019).
Causes of organ-specific irAEs are unclear, but they are

thought to represent bystander effects from activated T cells
and are consistent with the mechanism of action of ICBs.
Specifically, one set of studies suggests that the same anti-
gens present on both inflamed organs and tumor cells per-
haps accounts for irAEs, which is closely dependent on
antitumor response. For instance, in a report of two cases of
myocarditis, the investigator identified similar T cell clones
in both infiltrating T cells of normal tissue (myocardium) and
tumor tissue, and thus speculated that common antigens are
shared between the myocardium and tumor (Johnson et al.,
2016). Similarly, cross-reactivity between T cells directed
against normal tissue and T cells directed against a related
antigen in tumors was reported in a study involved with a
depigmentation disorder called vitiligo (Byrne and Fisher,
2017). Other studies suggest there may be mechanisms of
autoimmune toxicity that are independent of antitumor re-
sponse. For example, several reports have found that normal
pituitary glands express CTLA-4 and suggest that such pre-
existing pituitary-associated CTLA-4 antigen expression
may be one cause of hypophysitis during ipilimumab treat-
ment, which can be explained by the activation of local
complement-mediated inflammation without representing a
shared effect from antitumor activity (Caturegli et al., 2016;
Iwama et al., 2014). Beyond the pre-existing antigen, pre-
existing antibodies could also contribute to the organ dys-
functions; more precisely, patients who have pre-existing
antithyroid antibodies could develop a deteriorating situation
in thyroid disorders after receiving anti-PD-1 therapy, which
can be explained due to the increase in pre-existing antith-
yroid antibodies correlated with humoral immunity (Osorio
et al., 2017). As such, elucidating the mechanisms of irAEs
presents a formidable opportunity to understand the mole-
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cular underpinnings and identify predictive biomarkers of
irAEs. Indeed, scientists have identified several biomarkers
with merit for predicting the occurrence of irAEs during the
ICB treatments. For instance, body composition parameters
(Daly et al., 2017), gender (Valpione et al., 2018), T cell
repertoire, gut microbiome (Chaput et al., 2017; Dubin et al.,
2016), and cytokines (e.g., IL-6 and IL-17) (Callahan et al.,
2011; Valpione et al., 2018) may be involved in the patho-
physiology of ipilimumab-induced adverse events. Pre-ex-
isting autoantibodies (e.g., antithyroglobulin and type 1
diabetes antibodies), blood cell counts (e.g., total white
blood cells and absolute lymphocyte and eosinophil num-
bers) (Fujisawa et al., 2017; Schindler et al., 2013) and cy-
tokines (e.g., IL-6) (Tanaka et al., 2017) are responsible for
the irAEs caused by anti-PD-1/PD-L1 drugs.
Recommendations have therefore been published to

carefully monitor patients treated with ICBs (Table 2)
(Haanen et al., 2018; Nagai and Muto, 2018): First is
education of patients and health-care professionals; patients
should be educated using patient-specific educational ma-
terials about the symptoms and signs of irAEs and also be
informed that irAEs may occur at any time, which is vital
for early recognition and successful management of irAEs;
to detect patients who potentially suffer from irAEs early,
oncologists should be aware of the symptom profile of ir-
AEs while providing ICBs for patients, especially those
with autoimmune diseases or chronic viral infections.
Second is the necessity for checklists describing laboratory
tests and symptoms of irAEs that could provide useful re-
ferences for any new symptoms occurring during ICBs,
such as a study defining an “Immunotherapy Baseline
Checklist” and “Examination Checklists for irAEs” based
on physical examination, laboratory tests, and imaging
methods (Nagai and Muto, 2018). Moreover, once irAEs
are identified, their prompt and judicious management is
important. Currently, the majority of irAEs are effectively
treated by delaying administration of the checkpoint in-
hibitor or by inducing temporary immunosuppression with
agents including oral glucocorticoids or other additional
immunosuppressive agents (e.g., infliximab, mycopheno-
late, immunoglobulins, and mTOR inhibitors) in more se-
vere cases (Postow et al., 2018). Finally, additional
multidisciplinary cooperation among oncologists, other
internal medicine specialists, and emergency medicine
physicians is needed, which could contribute to oncologists
learning the appropriate management of specific immune
toxicities and also for organ specialists to increase their
knowledge regarding these new drug-mediated toxicities
(Nagai and Muto, 2018). In addition, other im-
munotherapies including BCG, cytokines, and oncolytic
viruses can also result in irAEs; these irAEs and their
management approaches are published in multiple review
articles (Cousin et al., 2018; Gan et al., 2013).

Combination strategies to enhance the therapeutic
effects of immunotherapy

As already discussed, not all people are sensitive to ICB
treatment. The reasons behind ICB failure are not clearly
understood. Aberrations in priming signals, activation of
negative signals by recruitment of Treg cells or im-
munosuppressive cytokines, and deficiencies in antigens or
APCs and stromal interactions are possible measures adop-
ted by tumors to resist antitumor immune responses (Massari
et al., 2018). Fortunately, various studies have identified that
the combination ICBs with other drugs could be a key option
to overcome cancer immune evasion. Nowadays, there are a
number of ongoing clinical trials combining ICBs with
nearly all available cancer therapeutics, including radio-
therapy, chemotherapy, targeted therapy, local therapy, and
other immunotherapies, such as adoptive cell therapies, to
assess the effects of combinatorial therapies (Table 3) (Tang
et al., 2018).
Radiotherapy and chemotherapy could play vital roles in

overcoming immune-tumor escape. Tumor irradiation fier-
cely triggers inflammation at the site of application, stimu-
lates the expression of MHC I and adhesion molecules, and
leads to the activation of CD8+ T cells (Massari et al., 2018).
A phase I–II study is underway exploring the safety and
efficacy of fixed-dose stereotactic body radiotherapy with
concurrent or sequential pembrolizumab in individuals with
mUCB (Sundahl et al., 2017). Additionally, the combination
between radiotherapy and durvalumab is also under in-
vestigation as an adjuvant treatment. It is likely that che-
motherapy could also show synergic effects with ICBs
(Gandhi et al., 2018). Possible mechanisms by which che-
motherapy can overcome immune-tumor escape may include
the following: (i) The lytic effect induced by chemother-
apeutic drugs could lead to the presentation of antigens and
neoantigens resulting in CD8+ T cell activation; (ii) the de-
pletion of immunosuppressive cells in TME could conserve
immune power against tumors; (iii) it could contribute im-
mune cells to better penetrate tumor stroma. Indeed, there is
reliable evidence to suggest a higher response to im-
munotherapy in patients who have previously been treated
by chemotherapy than for those who have not (Zitvogel et
al., 2011). This combinatorial approach is currently being
explored in several clinical trials on bladder cancer.
Local therapy means directly injecting a variety of che-

mical and biological agents into tumor sites. Such agents
include RIG-I-like receptor agonists, Toll-like receptor
agonists, STING pathway modulators, and oncolytic viruses
(Sanmamed and Chen, 2018). It is believed that local therapy
initiates innate immune response so as to trigger adaptive
immunity, makes more tumor antigens available from the
death of tumor cells, and causes a better T cell response by
generating a more inflammatory environment. Thus, it seems
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Table 3 Immunotherapy (monotherapy and combination strategies) for the treatment of urotheliala)

Types Clinical setting mechanism Interventions and treatments Clinical setting:
phase (n) Primary outcome NCT identifier

For locally advanced or metastatic urothelial carcinoma

Monotherapy

First-line immunother-
apy for cisplatin-
ineligible patients

ICBs

Nivolumab II (n=120) ORR NCT02553642
Pembrolizumab II (n=100) ORR PFS OS NCT02335424
Atezolizumab III (n=1,200) ORR PFS OS NCT02807636
Ipilimumab II (n=3) OS NCT01524991

Cytokine ALT-801 Ib–II (n=90) Safety NCT01326871

Second-line therapy
for metastatic disease

ICBs

Atezolizumab IV (n=NA) NA NCT02589717
Atezolizumab III (n=931) OS NCT02302807
Atezolizumab II (n=439) ORR NCT02108652
Avelumab III (n=668) OS NCT02603432
Nivolumab II (n=242) ORR NCT02387996

Pembrolizumab II (n=350) ORR NCT02335424
Pembrolizumab III (n=470) OS PFS NCT02256436
Pembrolizumab II (n=200) PFS NCT02500121
Pembrolizumab III (n=542) ORR OS NCT02256436
Pembrolizumab Ib (n=33) ORR OS NCT01848834
Avelumab I (n=1,670) Safety NCT01772004

Co-stimulatory receptor
agonists

MGD009 I (n=114) Safety NCT02628535
MGA271 I (n=114) Safety NCT01391143

Combination
strategies

First-line immunother-
apy for cisplatin-
ineligible patients

Dual ICBs

Nivolumab+ipilimumab I–II (n=130) ORR NCT01928394
Nivolumab+ipilimumab III (n=897) OS PFS NCT03036098

Durvalumab+tremelimumab I (n=380) Safety ORR NCT02261220
Durvalumab+tremelimumab III (n=1,200) OS NCT02516241

Oncolytic virus+ICBs CVA21+Pembrolizumab I (n=90) Safety NCT02043665

Cytokine+ICBs

NKTR+nivolumab NA Safety and toxicity,
ORR NCT02983045

NKTR-214+nivolumab 1–II (n=393) Safety ORR NCT03435640
NKTR-214+(atezolizumab (OR

pembrolizumab)) I (n=75) Safety NCT0313889

Antiangiogenesis+ICBs

Ramicirumab+pembrolizumab I (n=NA) Safety NCT02443324
Bevacizumab+atezolizumab II (n=2) OS NCT03133390

Cabozantinib+nivolumab±ipilimumab I (n=NA) Safety NCT02496208
Axitinib+avelumab II (n=NA) ORR NCT03472560

FGFR+ICBs
AZD4547+durvalumab I (n=NA) Safety NCT02546661

Rogaratinib+atezolizumab 1–II (n=210) Toxicity PFS NCT03473756

PARP inhibitor +ICBs Olaparib+durvalumab I (n=NA) Safety NCT02546661
Olaparib+durvalumab II (n=150) PFS NCT03459846

Antibody-drug
conjugate+ICBs

Enfortumabvedotin+(pembrolizumab
OR atezolizumab) I (n=159) Safety Toxicity NCT03288545

Second-line therapy
for metastatic disease

Dual ICBs

Nivolumab+ipilimumab III (n=897) OS PFS NCT03036098
Durvalumab+tremelimumab III (n=1,200) OS NCT02516241
Durvalumab+MEDI0680 I (n=90) ORR NCT02118337

Tremelimumab, followed by
Durvalumab vs. combo II (n=76) ORR NCT02527434

Lirilumab+nivolumab I (n=NA) Safety NCT01714739

Metabolic interventions
+ICBs

Nivolumab+cabozantinib I (n=75) ORR NCT02496208
Pembrolizumab+INCB024360 1–II (n=NA) ORR NCT02178722
aCP-196+pembrolizumab II (n=74) ORR NCT02351739

EphB4-HAS+pembrolizumab II (n=64) OS NCT02717156
Pembrolizumab+vorinostat Ib–II (n=42) Safety NCT02619253
CPI-444±atezolizumab I (n=NA) Safety NCT02655822

Cytokine
PLX3397+pembrolizumab Ib–II (n=NA) Safety NCT02452424
Ulocuplumab+nivolumab Ib–II (n=NA) Safety NCT02472977

Interferon gamma+nivolumab I (n=15) Safety NCT02614456

Co-stimulatory receptor
agonists+ICBs

Urelumab+nivolumab Ib–II (n=200) Safety NCT02253992
Varlilumab+atezolizumab Ib–II (n=55) Safety ORR NCT02543645
Ipililumumab+MGA271 I (n=NA) Safety NCT02381314

Antiangiogenesis+ICB Lenvatinib+pembrolizumab Ib–II (n=150) Safety ORR NCT02501096

vaccines+ICBs
CDX-1401+Poly ICLC+

Pembrolizumab Ib–II (n=26) Safety NCT02661100

P53MVA+pembrolizumab I (n=15) Safety NCT02432963

PARP+FGFR+ICBs Durvalumab±AZD4547, Olaparib,
AZD1775 Ib (n=40) Safety NCT02546661

Oncolytic virus+ICBs Enadenotucirev+Pembrolizumab I (n=NA) Safety NCT02636036

(To be continued on the next page)
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reasonable to combine local therapies with anti-PD therapy
to neutralize immunosuppressive mechanisms. Oncolytic
viruses (e.g., Coxsackievirus A21 (CVA21) and en-
adenotucirev) are novel promising agents against cancer.
Some recent reports have illustrated the synergistic effect of
local virotherapy as a way to increase tumor T cell infiltra-
tion and thus enhance the curative effect of anti-PD therapy
(Ribas et al., 2017). Regarding bladder cancer, the safety
profiles of CVA21 (Annels et al., 2015) and enadenotucirev
(Calvo et al., 2014) have already been demonstrated, and the
safety of the combination between pembrolizumab and
CVA21 or enadenotucirev is currently under evaluation in

clinical trials (Table 3).
No targeted therapy or anti-angiogenic agent has shown

remarkable clinical effects in patients with bladder cancer as
there has been no durable therapeutic effects. Contrarily,
combinations of targeted therapies and ICBs has been ex-
plored extensively in animal models and clinical investiga-
tions. Indeed, blocking several significant signaling
pathways such as fibroblastic growth factor, VEGF, and
mesenchymal epithelial transition could lead to the direct
exposure of cancer cells to immunocytes, a reduction of
Treg, and eventually to tumor cell lysis with presenting an-
tigens and neoantigens to initiate an immune chain reaction

(Continued)

Types Clinical setting mechanism Interventions and treatments Clinical setting:
phase (n) Primary outcome NCT identifier

For muscle-invasive bladder cancer

Monotherapy

Adjuvant after radical
cystectomy or

chemoradiotherapy

ICBs Pembrolizumab III (n=739) OS DFS NCT03244384
ICBs Atezolizumab III (n=700) OS NCT02450331
ICBs Nivolumab III (n=640) DFS NCT02632409

Neoadjuvant before
radical cystectomy or
chemoradiotherapy

ICBs Pembrolizumab II (n=40) PCR NCT03212651
ICBs Pembrolizumab II (n=90) PCR NCT02736266
ICBs Pembrolizumab II (n=81) Safety NCT03319745
ICBs Atezolizumab II (n=85) PCR NCT02662309

combination
strategies

Adjuvant after radical
cystectomy or

chemoradiotherapy
ICBs+chemoradiation Nivolumab following chemoradiation II (n=28) DFS NCT03171025

ladder preservation
management in
combination with
chemoradiotherapy

ICBs+chemoradiation Pembrolizumab cisplatin Radiation II (n=64) Safety NCT02662062
ICBs+radiation therapy Pembrolizumab Radiation therapy II (n=34) Safety NCT02560636

ICBs+chemoradiation Pembrolizumab gemcitabine
Radiation therapy II (n=54) DFS NCT02621151

ICBs+radiation therapy Durvalumab Radiation therapy Ib–II (n=42) Safety DCR PFS NCT0289116

Neoadjuvant before
radical cystectomy or
chemoradiotherapy

vaccines+ICBs Atezolizumab+PGV001 I (n=15) Safety NCT03359239
Dual ICBs Durvalumab+tremelimumab I (n=15) Safety NCT02812420
Dual ICBs Durvalumab+tremelimumab II (n=68) PCR NCT03234153

Co-stimulatory receptor
agonists+ICBs Nivolumab with or without urelumab II (n=44) Immune response NCT02845323

ICBs+chemotherapy Pembrolizumab gemcitabine+cisplatin II (n=30) Pathological down-
staging (<pT2) NCT02690558

ICBs+chemotherapy Pembrolizumab gemcitabine+cisplatin Ib–II (n=81) OS RFS NCT02365766
ICBs+chemotherapy Pembrolizumab gemcitabine+cisplatin II (n=41) Safety NCT03294304
ICBs+chemotherapy Pembrolizumab gemcitabine+cisplatin II (n=30) Safety NCT02989584

For non-muscle-invasive bladder cancer

Monotherapy

Intermediate risk
recurrent NMIBC ICBs Pembrolizumab I–II (n=36) Safety NCT03167151

BCG-unresponsive
NMIBC

ICBs Pembrolizumab II (n=260) CRR RFS NCT02625961
ICBs Atezolizumab II (n=148) CRR NCT02844816
ICBs Durvalumab II (n=34) CRR NCT02901548

combination
strategies

High risk BCG- and
chemotherapy naïve

NMIBC
Cytokine+BCG BCG±ALT-803 I–II (n=81) Safety NCT02138734

BCG naïve high-risk
NMIBC and BCG-
relapsing NMIBC

ICBs+BCG Pembrolizumab+BCG I (n=27) Safety NCT02808143

BCG-relapsing NMIBC BCG+ICBs radiation
therapy Durvalumab±BCG radiation therapy I–II (n=186) RFS NCT03317158

BCG-relapsing NMIBC ICBs+Vicinium Durvalumab+oportuzumab I (n=40) Safety Tolerability NCT03258593
BCG-unresponsive

NMIBC Cytokine+BCG BCG±ALT-803 II (n=100) CRR NCT03022825

BCG-unresponsive
NMIBC BCG+ICBs Atezolizumab+BCG I–II (n=70) Safety CRR NCT02792192

BCG-unresponsive
NMIBC

BCG+ICBs radiation
therapy Durvalumab±BCG radiation therapy I (n=186) NA NCT03317158

a) ICBs: immune checkpoint blockades; CRR: complete response rate; OS: overall survival; RFS: relapse-free survival; PFS: progression-free survival;
BCG: Bacillus Calmette-Guérin; DFS: disease-free survival; ORR: objective response rate; OS: overall survival; DCR: disease control rate; PFS progression
free survival; PCR: pathological response; PARP: poly ADP-ribose polymerase; FGFR: fibroblast growth factor receptor; NA: not applicable.
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(Galluzzi et al., 2012; Terme et al., 2013).
Currently, multiple immunotherapies are under develop-

ment that could be combined with anti-PD therapy; these
potential combinations have been reviewed elsewhere (Me-
lero et al., 2015; Smyth et al., 2016). In UCB, there are
several clinical trials for the combination two different ICBs;
for instance, a dual therapy obtains a better clinical outcome
than those from single agents such as CTLA-4 or PD-L1/
PD1 monotherapy (Postow et al., 2015; Valsecchi, 2015).
Combination therapy with ICBs and vaccines or tumor-as-
sociated lymphocytes could help the recruitment of activated
T cells and memory T cells, and this is currently being as-
sessed in several clinical investigations in patients with re-
current or advanced malignancies.
As for intravesical BCG, several combination strategies

are under development for improving efficacy, including
cytokines, ICBs, and targeted therapy, which can be re-
viewed in some published review articles (Kamat et al.,
2017; Pettenati and Ingersoll, 2018). A recent study identi-
fied that PD-L1-expressing regulatory T cells are enriched
during BCG therapy and may limit their efficacy, thus sup-
porting the significance of ICBs for the treatment of bladder
cancer with BCG (Chevalier et al., 2018).

Discussion

As discussed above, many patients have experienced mini-
mal or no clinical benefit from immunotherapeutic inter-
vention, and even worse, the immunotherapies may induce
irAEs and sometimes even lethal side effects to the patients.
Just like other available cancer therapeutics, such as radio-
therapy, chemotherapy, and targeted therapy, it is equally
vital for cancer immunotherapy to propose reliable bio-
marker to predict antitumor abilities before offering the
treatment for patients. Luckily, with advances in science and
technology, various predictors for antitumor response have
been identified. Still, there is not likely to be a single pre-
dictor for distinguishing immunotherapy-sensitive patients
from those likely to develop resistance to immunotherapy.
Thereby, the development of a predictive model that in-
corporates multidimensional candidate biomarkers, such as
the clinical characteristics-based biomarkers (including
gender, age, and general performance status), blood-based
biomarkers (referring to general immune status, absence of
soluble inhibitors, and liquid biopsy), tumor tissue-based
biomarkers (including tumor foreignness, immune cell in-
filtration capacity, absence of checkpoints, and absence of
inhibitory tumor metabolism), and commensal microorgan-
isms, that affect tumor-host interactions is needed. Further-
more, such a quantitative model should be continuously
updated along with the advancement of knowledge on the
molecular determinants of response to immunotherapies.

Notably, this predictive model will accurately predict pa-
tients’ susceptibility to immunotherapies and guide perso-
nalized treatments.
Moreover, the problem of the low response rate for ICBs

and BCG cannot be ignored. As discussed above, combina-
tion strategies that enhance the therapeutic effects of im-
munotherapy are worthy of future consideration for the
management of bladder and other cancers. In addition, the
development of a novel delivery system for im-
munotherapies is equally important due to their excellent
ability to target therapeutics to cancer lesions. In general, it is
believed that engineered drug delivery systems are able to
improve drug accumulation at and retention within target
cells and tissues, which could not only enhance therapeutic
efficacy but also simultaneously reduce off-target effects.
For instance, nanomedicines have been implemented to
transfer therapeutic components into tumor sites with sys-
temic administration. They could target tumors by enhanced
permeation and retention (also called passive) effects char-
acterized by tumor vessels having greater retention and
permeability of molecules than normal vessels owing to their
poor lymphatic clearance (Xu et al., 2015). Aside from ap-
proaches that rely on systemic administration, technologies
for local delivery directly targeting immune cells and im-
mune-related organs, such as injectable hydrogels, im-
plantable biomaterials, and microneedles, are also being
explored (Figure 2).
Finally, other challenges that must be addressed are how to

avoid the occurrence of, identify early, and accurately
manage irAEs. Clarification of the underlying mechanism of
irAEs may help to avoid the advent of irAEs. For instance,
after learning that irAEs are induced by off-target effects, we
could develop a novel drug delivery system that specifically
anchors the drug to the tumor cells to mitigate irAEs. Given
that most irAEs are mild and reversible if they are detected
early and properly managed, biomarkers for predicting the
occurrence of irAEs are essential. However, the evidence of
who may be at an elevated risk remains unclear. Currently,
body composition parameters, gender, T cell repertoire, gut
microbiome, pre-existing autoantibodies, blood cell counts,
and cytokines may be involved in the pathophysiology of
immunotherapy-induced adverse events. Notably, we cannot
draw a conclusion about whether a patient’s biologic profile
predisposes them to the occurrence of irAEs solely on the
basis of a single biomarker. Thus, a predictive pattern needs
to be proposed for identifying patients at increased risk for
developing irAEs, which contributes to determining the need
for surveillance and prompt treatment. In terms of severity
and incidence, the adverse events induced by im-
munotherapies are generally less than those of other ther-
apeutic strategies. Even so, adverse events induced by
immunotherapies could also cause irreversible damage and
even death for subjects not promptly and properly managed.
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Thus, guidelines for the management and surveillance of
irAEs are critical and will require interdisciplinary co-
operation.

Conclusions

Since the first introduction of intravesical BCG as a treat-
ment for NMIBC in the 1970s, immunotherapy has not
achieved remarkable success for bladder cancer treatment
over the past several decades, until recently. The develop-
ment of five FDA-approved antibodies targeting the PD1/
PD-L1 axis fortunately marks the end of this stalemate in

treatment and can redefine the standard of first-line care for
mUCB. In this review, we first introduced the mechanisms of
the five main types of immunotherapies in bladder cancer
and then described biomarkers for predicting ICB and BCG
response; we additionally raised awareness of irAEs and
proposed recommendations for the management of im-
munotherapy toxicity. Finally, we suggested that a dual im-
munotherapy approach or combining immunotherapy with
other therapeutics could serve as promising therapeutic ap-
proaches in the care of patients with bladder cancer. How-
ever, many questions involving immunotherapy remain
unanswered. What is the BCGmechanism in the treatment of
NMIBC and how can we increase the low response rate?

Figure 2 (Color online) Biomaterials for localized delivery of cancer immunotherapy. There are several biomaterials for reducing off-target effects via
localized methods in response to tumor elimination. A, Mesoporous silica rods (MSRs) spontaneously assemble in vivo and recruit host cells for maturation.
A phosphate-buffered saline (PBS) dispersion of MSRs is injected into the subcutaneous tissue of mice to form a pocket. After diffusion of PBS from the
pocket, in situ spontaneous assembly of MSRs, analogous to the random assembly of thrown matchsticks, results in the formation of 3D interparticle spaces
into which host cells can be recruited and educated by the therapeutics delivered with the MSRs. Educated cells can then emigrate from the structure to
interact with other immune cells. B, In another approach, a microneedle-based transcutaneous platform loaded with self- assembled immunotherapeutic
nanocarriers was used. Nanoparticle-mediated encapsulation and release of the indoleamine 2,3-dioxygenase (IDO) inhibitor 1-MT and an PD-1 antibody
from self-assembled nanoparticles are mediated through a multistep process. First, the 1-MT is conjugated to hyaluronan (HA); then, this conjugate self-
assembles around the anti-PD-1 antibody to form a nanoparticle for delivery. Once it has been delivered, the nanoparticle is dissociated by hyaluronidase
(HAase), resulting in release of the drugs into the tumor microenvironment. These therapeutics can be delivered using microneedles as shown. C, A
subcutaneously delivered porous biomaterial scaffold that releases a chemoattractant recruits naive dendritic cells into its void space. Scaffold-resident
dendritic cells are exposed to tumor antigens and adjuvants, resulting in increased presentation of peptides on MHC-peptide complexes and phenotypic
maturation. Mature dendritic cells traffic out of the scaffold to lymph nodes where they can stimulate antitumor immunity. Copyright 2019, University of
Pennsylvania, Rachel S. Riley (Riley et al., 2019).

528 Wu, Z., et al. Sci China Life Sci April (2021) Vol.64 No.4



What is different in patients who do not respond to im-
munotherapy? How can we unify the predictive model for
immunotherapy efficacy? How can we prevent treatment
intolerance? Why do irAEs occur? How are irAEs generally
treated? Additional clinical trials and response biomarker
research will provide clarity to these questions hopefully
providing better prognoses for patients suffering from blad-
der cancer.
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