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therapies for those who cannot tolerate or fail to respond 
to cisplatin-based chemotherapy. However, in the last sev-
eral 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 anti-tumor responses in several malignancies, 
including melanoma, non-small cell lung cancer (NSCLC), 
and renal cell carcinoma (RCC) [3–8].

Currently, these immune checkpoint inhibitors are being 
actively studied in several treatment settings for bladder 
cancer, including for non-muscle-invasive disease with 
BCG (pembrolizumab, NCT02324582) as well as neo-
adjuvant or adjuvant therapy after cystectomy (atezoli-
zumab, NCT02451423, NCT02450331). In June 2014, 
the FDA granted the anti-PD-L1 antibody atezolizumab 
(MPDL3280A) “breakthrough” status for urothelial car-
cinoma based on promising results of a phase 1a trial in 
patients with metastatic disease [9].

The purpose of this article is to review the basis for 
immune checkpoint inhibition in muscle-invasive bladder 
cancer and discuss the current state of clinical trials to eval-
uate their safety and efficacy.

Cancer immunotherapy and the role of the 
immune checkpoint

Human tumors elicit adaptive immune responses, mediated 
primarily by T lymphocytes. T cells have been the primary 
focus of cancer immunotherapy primarily due to their abil-
ity to organize diverse immune responses via CD4+ helper 
T cells that have adaptive and innate effector mechanisms. 
Analysis of immune infiltrates suggests that greater infiltra-
tion by T lymphocytes is largely associated with a stronger 
anti-tumor activity and chemotherapeutic response [10–12]. 
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Introduction

Immunotherapy and immune checkpoint inhibition in par-
ticular present an exciting opportunity for the treatment 
of bladder cancer. Over the last 30 years, bladder cancer 
patients have seen few advances in the treatment of their 
disease. With an estimated 74,000 new cases and 16,000 
deaths from bladder cancer in 2015, the incidence and sur-
vival have remained relatively constant [1, 2]. In patients, 
both with muscle-invasive disease undergoing radical cys-
tectomy as well as those with locally advanced or meta-
static disease, there have been no new FDA-approved 

 * Max Kates 
 mkates@jhmi.edu

1 The James Buchanan Brady Urological Institute, The Johns 
Hopkins School of Medicine, 1800 Orleans Street, Marburg 
420, Baltimore, MD 21287, USA

2 Department of Urology, The Johns Hopkins School 
of Medicine, 1800 Orleans Street, Marburg 420, Baltimore, 
MD 21287, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-015-1709-y&domain=pdf


50 World J Urol (2016) 34:49–55

1 3

Broad cytotoxic CD8+ T cell infiltration in particular has 
been associated with improved survival through its role of 
recognizing tumor-associated antigens (TAA) presented 
by major histocompatibility complex class I (MHC-I) 
molecules [13]. CD4+ T cells also exhibit effector func-
tions against MHC class II molecule-negative tumors and 
produce cytokines that mediate these immune responses. 
These effector T cells are balanced by Foxp3+ regulatory 
Treg (T) cells, which suppress natural killer cells and the 
innate immune response as well as effector T cells and the 
adaptive response [14]. The balance of co-stimulatory and 
inhibitory responses to cancer is a central tenant of cancer 
immunology.

Tumors evade the immune system primarily via (1) 
decreasing MHC-I expression, and in turn decrease CD8+ 
activity; (2) defective antigen processing and presentation 
which causes decreased recognition by T cells; and (3) 
increased expression of co-inhibitory (i.e., immune check-
point) molecules. This final mechanism of immune evasion 
is the focus of this review.

In a non-tumor environment, immune checkpoints are 
crucial to regulate the immune system and prevent autoim-
munity. The most studied and clinically relevant checkpoint 
proteins are programmed cell death (PD)-1, PD-ligand-1 
(PD-L1), and cytotoxic T lymphocyte-associated protein 4 
(CTLA-4). Immune checkpoint expression can be dysreg-
ulated by tumors, and the current role of cancer immuno-
therapy seeks to restore T cell-mediated immune response 
[15].

It is in this context that monoclonal antibodies to PD-1 
(nivolumab), PD-L1 (atezolizumab), and CTLA-4 (ipili-
mumab) have been formulated. These immune checkpoint 
inhibitors restore the effector T cell anti-tumor activity pri-
marily by blocking the immune checkpoint’s normal signal 
to stop a cell’s immune response.

The CTLA‑4 checkpoint

CTLA-4, which is expressed solely on T cells, primarily 
inactivates T cell activity by competing with the CD28 co-
stimulatory molecule [16]. CD28 and CTLA-4 share the 
identical ligands of CD80 and CD86 on antigen-presenting 
cells (APCs), and thus CTLA-4 competes with CD28 func-
tion in T cell survival, proliferation, and recruitment [17, 

18]. In particular, CTLA-4 down-modulates CD4+ helper 
T cell activity and enhances Treg immunosuppressive func-
tions [19].

The blockade of CTLA-4 has been in development for 
sometime, since Allison and colleagues used preclinical 
models to show that antibody blockade of CTLA-4-en-
hanced immune-mediated anti-tumor activity [20]. Ipili-
mumab is a monoclonal antibody targeting CTLA-4 and the 
first therapy to demonstrate a survival benefit for patients 
with metastatic melanoma, and it was quickly FDA-
approved thereafter (see Fig. 1) [7]. More impressive was 
that 18 % of patients survived beyond 2 years, compared 
with a 5 % survival rate with the previous standard of care. 
However, the potent immunomodulatory effects of CTLA-4 
blockade leads to a significant adverse events (AE), which 
occur in >70 % of patients treated with ipilimumab [21]. 
These range from dermatitis, colitis, and hepatitis, to less 
common uveitis, neuropathy, and lupus nephritis [22]. 
Essentially with anti-tumor immune suppression comes a 
component of autoimmune suppression [23].

PD‑1 checkpoint

It is in the context of CTLA-4’s dramatic anti-tumor activ-
ity with a high burden of AEs that propagated interest in 
the PD-1 pathway. In contrast to CTLA-4, PD-1 expres-
sion is induced in peripheral tissues when T cells become 
activated. This cell-surface molecule is activated by two 
ligands—PD-L1 and PD-L2, which share 37 % sequence 
homology and lie within 100 kb of one another in the 
genome [15]. PD-1 is expressed on many different sub-
types of tumor infiltrating leukocytes, and is particularly 
overexpressed on intra-tumoral Tregs. Similarly, PD-L1 
has been shown to have high expression in several solid 
organ tumors, including melanoma and lung cancer [24]. 
PD-L2, by contrast, has been less frequently studied but 
is expressed on different types of APCs (monocytes, mac-
rophages, and dendritic cells) and is also up-regulated dur-
ing T cell activation in tumor [25].

PD-L1 and PD-L2 expressions can be up-regulated 
innately via constitutive oncogenic signaling by the tumor 
cells (via activation of the AKT and STAT3 pathways), 
or can be induced by an adaptive means as a response to 
inflammatory signaling [26]. Sustained ligand expression 

2011: FDA approves anti-
CTLA4 (ipilimumab) for 

unresectable or metastatic 
melanoma

2012: Results of the �irst anti-
PD-1 antibody are published, 

with promising results in 
several tumor types

2014: FDA grants accelerated 
approval for nivolumab and 

pemrolizumab for metastatic 
melanoma

2014: The FDA grants the 
anti-PD-L1 antibody 

atezolizumab “breakthrough” 
status in bladder cancer 

based on results from a phase 
Ia expansion trial.

2015: Nivolumab is expanded 
for treatment of advanced 
NSCLC. A Phase 3 trial of 

nivolumab is stopped early 
due to survival bene�it in 

patients with 
advanced/metastatic RCC

Fig. 1  Abridged timeline of immune checkpoint drug approval
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of PD-L1 or PD-L2 on tumor cells leads to proliferation 
of Tregs and to a state of exhaustion and ultimately T cell 
anergy and apoptosis. The result is an immunosuppres-
sive state that leads to tumor cell escape and proliferation 
[27]. Thus far, monoclonal antibodies targeting both PD-1 
(nivolumab/pembrolizumab) and PD-L1 (atezolizumab) 
have been evaluated in human trials. Across multiple his-
tologies, PD-1 and PD-L1 inhibitors have shown tumor 
regressions and partial and complete responses [3, 5]. In 
some settings, response was durable beyond 2 years and 
persisted after drug discontinuation [28].

Rationale for use of immune checkpoint inhibition 
in bladder cancer

Two primary arguments for the utility of checkpoint block-
ade in the treatment of urothelial carcinoma are (1) new 
data demonstrating the high immunogenicity of bladder 
cancer in relation to other neoplasms and (2) the preexist-
ing successful experience with immunotherapy for this 
disease.

The “immunogenicity” argument for the use of check-
point blockade centers on the concept that a given can-
cer’s ability to elicit an immune response is dependent on 
the mutational burden of that tumor. The more mutations 
a tumor has, the more neoantigens are produced and pre-
sented as “non-self” to circulating T cells triggering an 
immune response [29].

Recently, bladder cancer has been identified as having 
some of the highest number of somatic mutations of any 
malignancy. The other cancers with high mutational bur-
dens—melanoma and lung cancer, also occur in the setting 
of chronic carcinogen exposure and result in a complex 
interplay of many molecular errors leading to a plethora 
of pathways for dysplasia [30]. The relationship between 
mutational burden, immunogenicity, and potential immune 
checkpoint response also extends to individual tumors. 
Recent whole-exome sequencing of patients with non-
small cell lung cancer (NSCLC) has shown that tumors 
with a higher mutational burden are more likely to respond 
to pembrolizumab, a PD-1 inhibitor [31].

The concept of frequent mutations causing neoantigen 
production and T cell recruitment and infiltration is a pri-
mary reason why immune checkpoint blockade may be 
successful in treating bladder cancer. T cells, particularly 
CD8, have been shown to predict survival in patients with 
muscle-invasive bladder cancer (MIBC) [32]. Addition-
ally, overexpression of PD-L1 has been associated with 
both increased risk of tumor recurrence, advanced disease, 
and worse survival among patients with urothelial carci-
noma [33, 34]. However, more recent additional studies in 

populations of bladder cancer patients undergoing radical 
cystectomy have been equivocal [35, 36].

Additionally, intravesical BCG exemplifies a 40-year 
precedent for using immunotherapy to treat bladder can-
cer. The notion that mycobacteria could be utilized as a 
cancer therapy was postulated by Raymond Pearl, who 
discovered less cancer among patients with active tuber-
culosis lesions [37]. It was first evaluated in humans in 
1976, and since then it has become the standard first-line 
treatment for most forms of non-muscle-invasive bladder 
cancer (NMIBC) [38–40]. BCG is known to cause wide-
spread immune activation, with T cells—particularly CD4 
helper T cells, in the bladder wall after therapy, as well 
as a host of cytokines [41–45]. Biot et al. [46] has previ-
ously demonstrated that T cells are primed in response to 
BCG therapy, and these BCG-specific T cells enhance the 
anti-tumor immune response. Granulocytes, macrophages, 
and natural killer cells have all been shown to play a role 
in the efficacy of intravesical BCG in inducing a cytotoxic 
response against bladder cancer [47–49]. Though the pres-
ence of immune infiltrates after BCG is known, the exact 
mechanism of immune activation against tumor cells is still 
being evaluated.

Early studies assessing the relationship between immu-
notherapy response and PD-L1 expression have been 
mixed. Inman et al. [50] analyzed 280 patients with high-
risk bladder cancer and found that PD-L1 expression was 
a key predictor of stage progression, with PD-L1 being 
most abundant in BCG-induced bladder granulomata in 11 
of 12 patients failing BCG. However, more recently Hur-
witz et al. [51] studied 39 patients with NMIBC and found 
no correlation between BCG status and PD-L1 expression. 
That study did suggest that PD-L1 expression increases 
as disease recurs, a thought-provoking finding suggesting 
that overexpression of the immune checkpoint and tumor 
escape may be a learned phenomenon.

Bladder cancer clinical trials using checkpoint 
inhibitors

The first human trial utilizing a checkpoint inhibitor in 
bladder cancer was performed by Carthon et al. [52] In 
that study, 12 patients with localized bladder cancer were 
given ipilimumab, a CTLA-4 inhibitor prior to radical cys-
tectomy. In that study, which reported primarily grade 1–2 
toxicities, an increased frequency of CD4+ ICOShi T cells 
were identified in the target tissue and blood. By compar-
ing the T cell populations in the bladder cancer patient to 
the immune profile of a cohort of patients with metastatic 
melanoma, the trial was able to demonstrate that immune 
infiltrates can be used to predict response to checkpoint 
blockade and be used to guide treatment and management.
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To date, the most significant data on immune checkpoint 
inhibition in bladder cancer have come from the phase 1a 
expansion trial using the anti-PD-L1 antibody atezolizumab 
(MPDL3280A). In the initial phase of the human trial, 67 
patients with metastatic urothelial cancer were treated with 
anti-PD-L1 for 16 cycles or up to 1 year or if the patient 
developed disease progression or unacceptable toxicity. 
The majority of patients in the trial were smokers who had 
failed prior platinum-based chemotherapies. Transient ele-
vations in IL-18, IFN-γ, and CD8+ T cells were observed 
during treatment. Among patients with a minimum follow-
up of 6 weeks, objective response rate was 43 % (13/30) for 
those with strong immunohistochemistry stains for PD-L1 
and 11 % (4/35) for those with weak or no PD-L1 staining. 
Based on this initial data, the FDA granted atezolizumab 
“breakthrough” status for bladder cancer [9]. In a follow-
up of that study presented at ASCO in 2015, all grade 
treatment-related AEs were reported in 65 %, with fatigue, 
decreased appetite, and nausea being most common. Five 
percent of patients had G3-4 AEs [53]. The authors found 
potential biomarkers to predict response in bladder tissue, 
notably a myeloid gene signature including IL-1B, Cox-2, 
and IL-8, as well as decreased circulating inflammatory and 
tumor markers (CRP, HCG, CA19-9, CA-125) [54].

Additionally, pembrolizumab, an anti-PD-1 monoclo-
nal antibody, has been studied in a cohort of patients with 
recurrent or metastatic urothelial cancer. Results of the 
phase 1b trial were recently disclosed at the 2015 ASCO 
meeting. In the study, 29 patients with metastatic urothe-
lial carcinoma were evaluated, with three (10 %) complete 
responders and four (14 %) partial responders over duration 
of 15–40+ weeks. In this early disclosure, progression free 
survival was 8–9 weeks, and median overall survival was 
9.3 months. AEs were reported in 61 % of the population, 
and Grade 3–4 drug-related AEs were identified in four 
patients (12 %), with rash being the only one seen in >1 pt. 
Although the data are still premature to make any definitive 
judgments, given that this is in a metastatic population with 
on average at least two prior failed therapies, the results are 
promising [55].

Future directions

Checkpoint inhibitors on the horizon

Although CTLA-4 and PD-1/PD-L1 are the first checkpoint 
inhibitors to be commercialized, they are by no means the 
only checkpoint targets being evaluated. There are sev-
eral co-stimulatory proteins that may enhance the effects 
of the currently utilized checkpoint inhibitors. For exam-
ple, lymphocyte activation gene3 (LAG-3) is an immune 
checkpoint protein highly expressed on activated T cells, as 

well as B cells and NK cells. T cell immunoglobulin and 
mucin-3 (TIM-3) is another checkpoint molecule expressed 
on T cells, NK cells, and monocytes. Similar to LAG-
3, TIM-3 knockout mice do not develop an autoimmune 
phenotype, demonstrating the subtle immunomodulatory 
effects (as opposed to CTLA-3) of these proteins. TIM-3 
and LAG-3 have both been shown to potentiate the effects 
of PD-1, mediated T cell response in murine models [56, 
57]. Currently, an anti-Lag-3 monoclonal antibody (BMS-
986016) is being evaluated in combination with nivolumab 
in a phase 1 trial (NCT01968109). Anti-TIM-3 antibodies 
have not entered human clinical trials but are being devel-
oped. Additional immune checkpoint molecules currently 
being evaluated as drug targets include killer inhibitory 
receptors (KIR), B7-H3, V-domain Ig-containing suppres-
sor of T cell activation (VISTA), and T cell ITIM domain 
(TIGIT) [58].

The role of biomarkers

As mentioned, early studies of PD-1/PD-L1 inhibitors 
have demonstrated that pretreatment PD-L1 expression 
via immunohistochemistry (IHC) predicts response to 
PD-1 therapy. Interestingly, these analyses must occur in 
the target tissue, where the PD-1 pathway is thought to 
be most active. Conversely, patients receiving CTLA-4 
undergo global T cell activation that can be measured in 
peripheral blood. Although PD-L1 expression by IHC pre-
dicts response, some patients without PD-L1 expression 
respond to therapy, while others with strong expression do 
not. Other potentially important biomarkers may include 
the expression of PD-L1 on infiltrating immune cells, the 
presence of CD8+ T cells in the tissue microenvironment 
(TME), and the presence of a deficiency in DNA mismatch 
repair [59–61]. Recently, Baras and colleagues evaluated 
expression of immune infiltrates and Pd-L1 in a group of 
patients with MIBC who underwent neoadjuvant chemo-
therapy (NAC). While no differences were found in PD-L1 
expression among responders and non-responders to NAC, 
the ratio of CD8+ to FoxP3+ Tregs was a strong predictor 
of response [62]. As the quantity and diversity of immune 
checkpoint inhibitors increases, identifying predictive 
markers of response will become equally important.

Unanswered questions: the role of immune checkpoint 
blockade in clinical practice

Although the evidence supporting immune checkpoint 
blockade in bladder cancer is promising, how it should be 
utilized by the clinician is still an open question. Bladder 
cancer is treated differently according to clinical stage. 
For NMIBC, the use immune checkpoint blockade as an 
adjunct to intravesical BCG is currently being evaluated 
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with plans for a phase 1 clinical trial (NCT02324582). 
However, correlative studies that describe how the immune 
response to BCG is modulated by checkpoint blockade 
are essential, both for understanding therapeutic effects 
as well as disease biology. Additionally, trials are under-
way assessing whether checkpoint blockade improves out-
comes in the adjuvant (NCT02450331) and neoadjuvant 
(NCT02451423) settings. Lastly, in the metastatic setting, 
trials have thus far been performed in chemotherapy ineli-
gible or failed populations. As biomarkers improve for ther-
apeutic response, the potential role of immunotherapy will 
need to be addressed among patients unlikely to respond to 
cisplatin-based chemotherapy.

One area of continued interest is in the immunomodu-
latory effects of radiation therapy. Locally directed radia-
tion induces DNA damage, cell cycle arrest, cell lysis, and 
apoptosis. This pathway has been shown to play a profound 
role on lymphocyte function in animal models, as the sup-
pressive function of Tregs is impaired by the damaging 
effects of irradiation [63]. Radiation is also associated with 
increased levels of effector CD4+ and CD8+ cells and 
upregulates tumor-associated antigen–MHC complexes 
increasing their immunogenicity, which in turn enhance 
T cell infiltration into tumors [64]. These findings have 
encouraged preclinical and clinical studies combining radi-
ation therapy and immune checkpoint blockade, and indeed 
this will be a major area of study in the future [65–68].

In conclusion, early data suggest that immune check-
point blockade has a promising role in the treatment of 
bladder cancer. However, future research is necessary to 
characterize therapeutic response and identify how these 
drugs should be incorporated into current clinical practices.
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