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INTRODUCTION

Cancer immuno-therapeutics or tumor immunotherapy 
in essence can be viewed as anticancer therapies to spark 
the body’s immune system to help fight against cancer 
[1,2]. In the last several years, new insights into tumor 
immunology have lead to the development of a new class of 
drugs termed “immune checkpoint inhibitors”– several of 
which have demonstrated impressive antitumor responses 
in several malignancies, including melanoma, non-small cell 
lung cancer (NSCLC), and renal cell carcinoma (RCC). The 
personalized cancer immunotherapy (PCI) aims to provide 
each patient with a treatment tailored to harness his or her 
own immune system to fight cancer [3,4]. 

Currently, two representative tumor immunotherapies 
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are in use in various cancer types–T-cell therapy and 
immune checkpoint blockade. The T-cell therapy is based 
on the specialized T cells produced by the immune system 
to target cancer cells, while immune checkpoint inhibition 
targets immune regulatory mechanisms and enhancing the 
immune system to attack cancer cells. These therapies are 
effective for some portion of patients with metastatic cancer. 
By blocking the PD-1–PD-L1 pathway, cancer cells become 
exposed and the immune system becomes triggered to send 
out the alerting messages and launch a system-wide attack 
on cancer cells [3,5].

Bladder cancer (BC) is the second most common 
urological malignancy in humans. There are an estimated 
76,960 new cases of cancer in the urinary bladder every year 
in the United States (US). In 2016, there are expected to be 
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16,390 deaths resulting from BC, with the 5-year survival 
rate failing to improve significantly in the last 10 years. 
The clinico-pathologic feature classifies BC into 2 groups; 
nonmuscle invasive bladder cancer (NMIBC) and muscle-
invasive bladder cancer (MIBC). MIBC is the main cause 
of cancer-specific deaths in BC patients [6,7]. NMIBC shows 
better survival than other malignancies, however, 30%–50% 
of patients with NMIBC will experience frequent recurrence 
after removing the primary tumor, and among them 
10%–20% will progress to MIBC [8,9]. Therefore, frequent 
recurrence and eventual progression to MIBC have been 
challenges to patients and physicians. Unfortunately, there 
have been no new U.S. Food and Drug Administration 
(FDA)-approved therapies for those who cannot tolerate or 
fail to respond to cisplatin-based chemotherapy, a current 
gold standard treatment for BC [10,11].

BC is highly immunogeneic cancer type with a higher 
rate of  mutations, due to the fact that more mutations 
associate with a higher chance of tumor antigens triggering 
the correct immune response. The immune response of 
host to tumor cells is based on their interactions within 
the cancer microenvironment. There has been reported 
various types of tumor-infiltrating immune cells in BC, and 
how the signaling pathways between tumor and tumor-
infiltrating immune cells. Immunotherapy has been used 
as a treatment for BC in the past. A portion of patients 
with moderate to high-grade BC—not those with muscle 
invasive BC—have been given intravesical immunotherapy 
with bacillus Calmette-Guérin (BCG) [12-14]. BCG is the first 
U.S. FDA-approved immunotherapy in the US and reduces 
the risk of  BC recurrence by stimulating an immune 
response. Resultantly, approximately 70% of BC patients 
go into remission after BCG therapy. Thus, the continued 
development of checkpoint inhibiting immunotherapies may 
provide a new treatment for advanced BC. Since the FDA 
granted atezolizumab (MPDL3280A, the anti-PD-L1 antibody) 
“breakthrough” status for the advanced and metastatic 
BC treatment in 2014, a couple of  large immunotherapy 
clinical trials are on going for patients with BC. By blocking 
inhibitory molecules or, alternatively, activating stimulatory 
molecules, these treatments are designed to improve pre-
existing anticancer immune responses. Currently, there are 
a number of additional immune-based BC treatments using 
immune checkpoint inhibitors (such as pembrolizumab or 
atezolizumab) in development, which include nonmuscle 
invasive disease with BCG (clinical trial NCT02324582) as 
well as neo-adjuvant or adjuvant therapy after cystectomy 
(NCT02451423, NCT02450331). Numerous ongoing studies are 
expected to establish the worth of PD-1 pathway inhibitors 

in other tumor types as well as in combinations with 
approved agents.

In summary, this short review article will provide a 
general overview of  the classical and current immune 
therapies for various cancer types. We will also discuss the 
clinical significance and impacts of  immune checkpoint 
blockage for future BC management and treatment. Finally 
we will summarize the clinical trials currently on going for 
BC patients and potential side effects.

CANCER IMMUNOLOGY AND IMMUNE 
CHECKPOINTS

Cancer immunology is the study interaction between 
the immune system and cancer cells, contributing to the 
development of  immuno-therapies such as vaccine or 
antibody therapies. The ultimate purpose of this study is the 
prevention of cancer initiation and disease progression [15-17]. 
Immune therapy modulates and boosts the patient's immune 
response of the tumor leading to an anticancer response. 
Cancer immuno-surveillance and immuno-editing have been 
proposed as mechanisms by which tumors escape control 
through the development of tumor immunogenicity by the 
body’s own immune system [15,18].

BCG has been wildly used to treat BC, in particular to 
NMIBC, as a standard-of-care. The American Urological 
Association and European Association of Urology guidelines 
suggest that the first-line of treatment in the management 
of  intermediate or high-risk NMIBC should complete 
transurethral resection of  the tumor followed by BCG 
intravesical therapy [12-14]. BCG therapy sparks the body’s 
immune system and shows some positive effects, however, 
approximately 40% of  patients show recurrence within 
2 years. Population based studies also showed that BCG 
therapy remains suboptimal and unsuccessful [19-23].

There are several inhibitory immune checkpoints bet-
ween antigen presenting cells (APCs), T cells, cancer cells, 
and normal cells et al. T cells enter the active state when 
T-cell receptors bind to the major histocompatibility com-
plex (MHC)-peptide complex on APCs or tumor cells. 
Several inhibitory checkpoints interact with their cognate 
ligands expressed on each respective tumor cell. When 
T cells encounter an antigen presented by MHC class I 
molecules on a cancer cell, the cancer cell expresses cognate 
ligands to interact with inhibitory checkpoints expressed 
on T cell. In general the immune checkpoint proteins 
are cell surface molecules on tumor-specific lymphocytes. 
There have been many advances in cancer immunology 
with immune checkpoints blockers against cytotoxic T 
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lymphocyte-associated antigen-4 (CTLA-4) and programmed 
death receptor ligand (PD-L1) et al. In next sections, we will 
further discuss immune therapies targeting these immune 
checkpoints.

TARGETING THE CYTOTOXIC T LYM-
PHOCYTE-ASSOCIATED ANTIGEN-4 
(CTLA-4, CD152) CHECKPOINT

To evade the host immune system, tumors use multiple 
strategies. In order to engage the immune system against 
tumors, the interactions between the checkpoint proteins 
and their ligands can be used to inhibit the proliferation and 
function of cancer cells. Antibodies targeting and blocking 
these immuno-inhibitory interactions have been suggested 
as a new immune therapy. Structurally homologous to the 
costimulatory molecule CD28, CTLA-4 exerts its inhibitory 
role by binding to the same ligands, B7.1 (CD80) and B7.2 
(CD86) as CD28 does, but with a much higher affinity than 
CD28 [24-26]. This competitive binding inhibits CD28-induced 
T-cell activation and decreases cytokine production and cell 
cycle transition. CTLA-4 is expressed by Tregs, which plays 
an important role in peripheral tolerance via suppressive 
activity on cytotoxic T cells.

In 2011, the FDA approved ipilimumab (also called 
as Yervoy, an immune checkpoint blocking monoclonal 
antibody to target the CTLA-4) for metastatic melanoma 
patients [27-29]. As one of the most well-known and well-
studied members of the B7 super-family, ipilimumab is used 
as an adjuvant therapy in patients with melanoma in the 
skin and lymph nodes or patients whose diseases cannot 
be removed by surgery. Ipilimumab showed a prolonged 
survival in patients with advanced melanoma. Although 
ipilimumab can produce durable long-term responses in 
patients with advanced melanoma, it showed significant 
immune-related toxicities [18]. This therapeutic effect of 
CTLA-4 is being studied [30], not only in melanoma, but also 
in the treatment of other cancers, such as glioblastoma [31-
33]. Antitumor activity by enhancing naturally or vaccine 
induced T cells was also observed in animal studies, which 
provided the evidence that the transgenic adenocarcinoma 
of the mouse prostate-C1 is implantable in the tumor line. 
Furthermore, these findings led to testing whether CTLA-
4 blockade effectively enhances immune response to reject 
tumors in men with prostate cancer in a clinical setting [34-
36]. 

TARGETING THE IMMUNE CHECK-
POINT PROGRAMMED DEATH–1 (PD-1, 
CD279)

Recent efforts demonstrated that antibodies blocking 
the PD-1 and PD-L1 pathway could have anti-tumor effects 
in the tumor microenvironment [37,38]. PD-1 is a surface 
protein in the activated T cells, and is integral in basic 
protein function throughout the body. When PD-L1 or PD-
L2 (ligands) binds to PD-1, the T cells become inactivated 
(Fig. 1). PD-L1 and the PD-1 pathway is involved in the T-cell 
immune evasion through the induction of T-cell apoptosis, 
anergy, functional exhaustion, or interleukin-10 (IL-10) 
production.

PD-1 is a type I transmembrane receptor member of 
the immunoglobulin superfamily, expressed by activated 
T cells, and binds to two ligands, PD-L1 (B7-H1, CD274) 
and PD-L2 (B7-DC, CD273)—both of  which are part of 
the B7 immunoglobulin superfamily [39-41]. PD-L1 is 
highly expressed in tumor cells, APCs, T lymphocytes, 
epithelial cells, or fibroblasts. PD-L1 secreted from PD-L1-
overexpressing tumor cells protects them from CD8+ T-cell-
mediated tumor cell lysis. Antibodies targeting either PD-1 
or PD-L1 pathways reinvigorating the immune system 
showed clinically meaningful antitumor activity in patients 
with melanoma and NSCLC, RCC, BC and head and neck 
cancers. These antibodies showed the less immune-related 
toxicities, compared to ipilimumab. PD-1 targeting drugs 
include nivolumab (MDX-1106, BMS-936558, ONO-4538), 
pembrolizumab (MK-3475), and pidilizumab (CT-011) et al—
all of which block PD-L1 from binding to PD-1, resulting in 
the T cell to continue active.

Nivolumab, which was approved by the FDA in Decem-

Fig. 1. Tumor cells or tumor-infiltrating immune cells overexpress PD-
L1 on their plasma membrane surface. PD-L1 binds to T-cell receptors 
(B7.1 or PD-1) in active T cells, deactivates cytotoxic T cells. Preventing 
PD-L1 from binding to its receptors on T cells makes T cells to remain 
active in tumor microenvironment.
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ber 2014, is a representative human IgG4 subtype anti-
PD-1 monoclonal antibody that blocks ligand activation of 
the PD-1 receptor on activated T cells specific for tumor 
antigens. In the phase I studies, nivolumab was used with 
a single dose (0.3–10 mg/kg) for patients who no longer 
responded to other drugs. These treatment-refractory solid 
tumors include melanoma, colorectal cancer, castration-
resistant prostate cancer, NSCLC, and RCC. The serum half-
life of nivolumab ranged from 12 to 20 days. Nivolumab 
can be used alone or with other drugs such as ipilumumab 
and/or BRAF inhibitors for the patients with resectable 
or metastatic melanoma if they have no BRAF mutation. 
Advanced LSCLC or RCC patients who failed from cisplatin 
chemotherapy or angiogenesis inhibitor therapies along with 
patients suffering from Hodgkin’s lymphoma, can be treated 
by nivolumab. Common treatment-related side effects such 
as pneumonitis, mild fatigue, diarrhea, pruritus, anorexia, 
rash, nausea, and decreased appetite were reported. Single-
agent trials of  nivolumab are ongoing or planned across 
a spectrum of tumor types including lymphomas, NSCLC, 
melanoma after progression on anti-CTLA-4 antibody, and 
hepatocellular carcinoma in multiple clinical trials including 
NCT02038946, NCT02038933, NCT01721759, NCT02066636, 
NCT02156804, and NCT01658878.

Pembrolizumab is a humanized monoclonal IgG4 anti-
body targeting PD-1 receptor. In the preclinical setting, 
antitumor activity of permbrolizumab was demonstrated 
in animal models of multiple tumor types. Being initially 
used to treat melanoma patients, pembrolizumab was 
approved in September 2014 by the FDA. Pembrolizumab 
was tested for treatment of advanced melanoma patients 
containing a BRAF mutation with ipilimumab and a BRAF 
inhibitor. The phase I study showed that the half-life of 
pembrolizumab is 13.6–21.7 days. This trial also showed the 
37%–38% response rate in patients with advanced melanoma 
and an overall response rate of 26% in patients who had 
progressive disease after treatment with ipilimumab [42]. 

Phase II clinical trials of pembrolizumab were for NSC-
LC in patients with oligometastatic disease. Ongoing trials 
of  pembrolizumab monotherapy are being conducted in 
patients with advanced solid tumors (NCT01295827), NSCLC 
(NCT01840579) and hematologic malignancies (NCT01953692). 
Randomized trials comparing pembrolizumab to standards 
of care are ongoing in PD-L1-positive NSCLC patients in 
comparison to combination chemotherapy (NCT02142738). 
Single-agent docetaxel in ipilimumab-treatment-naive 
patients with melanoma are also being tested in comparison 
to ipilimumab and ipilimumab-refractory patients with 
melanoma.

Pidilizumab is a humanized IgG1κ recombinant anti-PD-1 
monoclonal antibody usable for the treatment of cancer and 
infectious diseases. In preclinical mouse cancer models as 
well as phase I study in patients with advanced hematologic 
cancers, pidilizumab has showed antitumor activity. The 
half-life of pidilizumab was observed very short with range 
of 217–410 hours. Phase II studies for diffuse large B-cell 
lymphoma, relapsed follicular lymphoma, or advanced 
melanoma, showed good results. However, the response rate 
of the solid tumor appeared to be less than those reported 
with the other anti-PD-1 inhibitors. Currently, the action 
mechanism of pidilizumab remains elusive.

TARGETING THE IMMUNE CHECKPOINT 
PD-L1 (B7-H1, PD-L1 LIGAND, CD274)

Another approach to targeting the PD-1 pathway is 
through antibodies that bind to and prevent the activity 
of  PD-L1—which is a 40 kDa-transmembrane protein 
expressed on activated T cells, B cells, and myeloid cells. PD-
L1 binding to PD-1 contributes to T-cell inactivation through 
regulation of  signaling pathways (e.g., NF-KB signaling). 
In animal models, a blockade of PD-1 has been tested for 
urine pancreatic carcinoma, B16 melanoma, squamous cell 
carcinoma, and CT26 colon carcinoma. PD-L1 targeting drugs 
such as BMS-936559, MPDL3280A, and MEDI-4736 et al. 
have been developed and applied to patients.

BMS-936559 is a fully humananized IgG4 antibody 
that inhibits binding of  PD-L1 to PD-1 and CD80 with 
high affinity. MPDL3280A is also a human IgG1 antibody 
that targets PD-L1. A significant response rate was noted 
in patients with metastatic melanoma, RCC, NSCLC, or 
advanced BC in recent phase I studies using MPDL3280A. 
In particular, clinical trials for BC patients suggested that 
the PD-L1 expression in tumor-infiltrating immune cells 
was correlated with a response rate. As biomarkers were 
identified with treatment response, circulating interferon-γ, 
IL-18 and activated CD8+ T cells were suggested. Large 
scale phase II trial in patients with advanced BC is ongoing 
(NCT02108652) and supported by the FDA. We will address 
these efforts in the next session in great detail.

In addition to the targeting on PD-1/PD-L1 pathway, 
recent efforts blocking some of negative immune regulators 
have been accumulated to pursue the clinical application. 
These immune regulators include LAG-3 (lymphocyte-
activation gene 3) [43,44], TIM-3 (T-cell immunoglobulin 
and mucin containing protein-3) [45,46], B7-H3 (B7 homolog 
4, B7S1, B7x, VTCN1) [41,47,48] and B7-H4/B7-Hx (V 
domain Ig suppressor of  T-cell activation, B7-H5 or PD-1 
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Homolog) et al. [41,49-51]. Proteins such as CEACAM1 
(carcinoembryonic antigen-related cell adhesion mole-cule 
1 CD66a)—a transmembrane glycoprotein that negatively 
regulates cytotoxic T-cell proliferation—have been targeted. 
In melanoma, CEACAM1 monoclonal antibody blocks 
CEACAM1 homophilic interactions and inhibits cancer cells 
response to T cell mediated lysis [52-54].

Examples of PD-1–PD-L1 pathway and other immune 
checkpoint inhibitors in clinical development were 
summarized in Fig. 2.

PRECLINICAL WORK AND CLINICAL TRI-
ALS FOR BLADDER CANCER PATIENTS

Advanced BC after recurrence is considered as one of 
the most difficult cancer types, with very low survival rates. 
No new treatment options for them have been suggested in 
the last 30 years (since 1998). The standard of care remains 

cisplatin-based chemotherapy, however, not all patients 
are eligible for this treatment. Cisplatin-based systemic 
chemotherapy administered in the neoadjuvant or adjuvant 
setting, often combined with radiotherapy, has decreased 
the morbidity and mortality from recurrent BC. Although 
these approaches are considered as a current gold standard 
for metastatic BC, treatment failure frequently occurs due 
to acquired chemoresistance. The ACS estimates that only 
5%–15% 5 years survival rate was found after recurrence 
in people with advanced BC (stage IV), while approximately 
88% of 5-year survival was shown when they were diagnosed 
in early phase (stage I). 

In particular to BC, there are ongoing and planned trials 
of single-agent or combined inhibitors targeting multiple 
checkpoints as briefly described in the previous section. In an 
early-stage phase I trial, atezolizumab—which is designed to 
target PD-L1 expressing BC and tumor-infiltrating immune 
cells and inhibit the T-cell activation [55,56]—achieved 
impressive results. There was an approximately 25% overall 
response rate in patients with PD-L1-positive metabstatic 
BC (as confirmed to have high levels of PD-L1 expression 
[e.g., score 2 or 3] by immunohistochemistry [IHC] analysis). 
Results in this study include that PD-L1 expressions were 
positively associated with better responses to atezolizumab. 
In order to evaluate PD-L1 expression on tumor cells and 
tumor-infiltrating immune cells, the investigational IHC test 
was developed by Roche Diagnostics. More than half of the 
patients with high levels of PD-L1 expression experienced 
tumor shrinkage at 12 weeks and survived at least one year 
after their treatment. Two of these patients (20%) had a 
complete response, with no signs of cancer after therapy. 
Notably, atezolizumab showed the favourable toxicity profile 
with no renal toxicity in BC patients who are generally old 
and have a higher incidence of renal impairment [57,58].

Following the success of  atezolizumab early trial, 
a randomized phase III study is ongoing to compare 

Targeting LAG-3
BMS-986016

Targeting PD-1
Nivolumab

Pembrolizumab
Pidilizumab

AMP-224
AMP-514
AUNP-12

Targeting PD-L1
BMS935559
BMS936559
MED14736
MSB0010718C
Tremelimumab

Targeting B7-H3
MGA271

Fig. 2. Examples of immune checkpoint blockade drugs for cancer 
treatment in development.

Table 1. Immune checkpoint inhibitor-based immunotherapies for bladder cancer

Clinical trial Phase Agents
NCT02302807 II MPDL3280A

Perbrolizumab 
NCT02324582 III Perbrolizumab/BCG
NCT02308943 I Nivolumab, Ipilimumab
NCT02308943 I Nivolumab, Cabozantinib, Ipilimumab
NCT01693562 I MED14736
NCT102013804 I AMP-514
NCT01943461 I MSB001071BC
NCT01391143 I MGA271

BCG, bacillus Calmette-Guérin.
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atezolizumab with standard-of-care chemotherapy in BC 
patients with relapse. Another study is used to compare 
atezolizumab effects in early-stage MIBC patients with 
high PD-L1 expression and BC patients are at risk for 
recurrence. All studies include the evaluation of an IHC test 
to determine PD-L1 expression status.

A recent Lancet paper reported results performed a by 
a single-arm, multicentre, phase 2 trial [59], which suggested 
that atezolizumab is effective in heavily pretreated patients 
with locally advanced or metastatic BC, and that response 
rates were significantly higher in patients with a greater 
expression of PD-L1 in tumor–infiltrating immune cells. This 
was the first report suggesting that the The Cancer Genome 
Atlas molecular subtypes are associated with atezolizumab 
response, and that mutation load is important to predict 
response to atezolizumab in advanced BC. These findings 
imply that genomic, molecular, and immunological factors 
are involved in the response rate, and support the idea that 
PD-L1 can be applicable as a biomarker to subclassify BC 
patients who are most likely to benefit when treated with 
atezolizumab or a combination of atezolizumab and another 
medicine. Table 1 summarizes the clinical trials.

CONCLUDING REMARKS AND PERSPEC-
TIVES

More recent efforts have accumulated on the activation 
of antitumor immunity of tumor microenvironment using 
antibodies blocking the PD-1–PD-L1 pathway. In this short 
review article, we tried to address and summarize early 
stage clinical studies and clinical trials in various cancer 
types including advanced BC. There have been much efforts 
to develop combination regimens using PD-1 blockade as 
a backbone in unison with other chemotherapeutic drugs. 
Combination therapies to treat BC involving cytotoxic 
chemotherapy, antiangiogenic agents, alternative immune-
checkpoint inhibitors, immuno-stimulatory cytokines and 
cancer vaccines are currently under clinical investigation. 
The combination treatment with checkpoint blockade and 
small molecule inhibitors is an attractive strategy since it 
would increases tumor antigen presentation. 

For the PCI, another important research topic would 
be how to monitor the responses to immune therapy in 
patients. Possibly noninvasive (or minimally invasive) and 
accurate biomarkers should be urgently needed. However, 
we currently do not have gold standard biomarkers to 
predict the likelihood of  response for each patient for 
immune checkpoint inhibitors. Efforts should be focused on 
identification of predictive biomarkers of responses, which 

may lead to advances in BC treatment and control.
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