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Bladder cancer is a common urologic 
malignancy with rising incidence 

in the elderly population. In most cases, 
bladder cancer is non-muscle-invasive 
at diagnosis and shows dramatically 
high recurrence rates, although cur-
rent treatments often reduce the risk of 
disease progression. Immunotherapy 
using intravesical instillation of Bacil-
lus Calmette-Guérin (BCG) remains the 
most effective therapy for patients with 
high risk tumors. However, BCG-ther-
apy has important limitations including 
substantial adverse events and frequent 
treatment failure. Thus, it appears cru-
cial to either improve or replace current 
therapy using new immunotherapeutic 
strategies. Here, we discuss the clinical 
trials that assessed therapeutic vaccina-
tion of bladder cancer patients using 
tumor associated antigens and we also 
argue for novel approaches arising from 
murine models. Vaccination routes to 
induce appropriate T-cell homing in 
the tumor site as well as the use of local 
immunostimulation to enhance recruit-
ment of vaccine-induced T cells are dis-
cussed to highlight what we believe is a 
promising therapeutic vaccination strat-
egy for patients with non-muscle-inva-
sive bladder cancer.

Introduction

Bladder cancer is the fourth most com-
mon cancer in men both in Europe and 
USA.1,2 With a median age at diagnosis of 
73 y, the incidence rates in patients over 
65 y are high and rising, suggesting that 
the burden of this cancer will increase 
in countries where the population is 
aging.3 Bladder cancer is three times more 

common in men than in women. Tobacco 
smoking is considered as the most impor-
tant factor associated with bladder cancer 
but other causes include environmen-
tal/occupational exposure to aromatic 
amines, high arsenic levels in drinking 
water, or pelvic radiotherapy.4

More than 90% of bladder cancers 
are transitional cell carcinomas, while 
the remaining are adenocarcinoma and 
squamous cell carcinoma. Approximately 
70–80% of bladder tumors are superficial 
at initial diagnosis and confined to the 
mucosa (urothelium and/or lamina pro-
pria) therefore being termed as non-mus-
cle-invasive bladder cancer (NMIBC). 
NMIBC consists of three stages: non-
muscle-invasive papillary carcinoma (Ta), 
carcinoma in situ (CIS), and tumor invad-
ing the lamina propria/chorion (T1).3 

Depending on tumor stage and grade 
characteristics the recurrence rate of these 
tumors can be 30 to 80%, with 1 to 45% 
(high risk patients) that will progress to 
muscle-invasive bladder cancer (stages 
T2 to T4) over a 5-y period.5 Treatment/
diagnostic of NMIBC is performed by 
transurethral resection of the bladder 
(TURB) possibly followed by intravesi-
cal chemotherapy or immunotherapy 
to avoid recurrence and/or progression. 
For patients with low or intermediate 
risk tumors, the European Association 
of Urology (EAU) guidelines5 recom-
mend an immediate postoperative instil-
lation of chemotherapeutic agent. Patients 
with high risk disease should receive a 
six weekly intravesical immunotherapy 
with Bacillus Calmette-Guérin (BCG), 
potentially completed by a yearly main-
tenance therapy. In some situations, this 
recommendation also applies to interme-
diate risk tumors. Muscle-invasive stages 
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usually require radical cystectomy possibly 
preceded by neoadjuvant chemotherapy.

The Need to Improve Bladder 
Cancer Immunotherapy

The anti-tumor action of BCG is not 
fully understood, but instillation of BCG 
results in the induction of an inflam-
matory response. After the standard six 
weekly BCG instillations, different cell 
populations are recruited and found in the 
urine, mostly neutrophils (around 75% 
of cells in the urine), monocytes/macro-
phages, and T cells.6 Importantly, both 
CD4 and CD8 T cells are essential for 
BCG-mediated antitumor activity7 and it 
is largely accepted that a predominant Th1 
immune response is associated with effec-
tive BCG therapy, while Th2 response is 
rather associated with BCG failure.8-13

But on the other side of the coin, the 
inflammatory response is also responsi-
ble for local and systemic adverse events. 
Indeed, the vast majority of patients under-
going BCG therapy experience mild side-
effects, mostly cystitis-like symptoms with 
dysuria, urinary frequency or urgency, 
hematuria, as well as flu-like symptoms.14 
Less frequent but potentially severe com-
plications can also occur in some patients 
and include bladder contracture, allergic 
reactions, high grade fever, and even life-
threatening BCG sepsis (<0.4%).14 Of 
note, BCG therapy is contraindicated in 
patients who are immunosuppressed—
e.g., with untreated HIV infection—, 
have history of BCG sepsis, gross hema-
turia, traumatic catheterization, or active 
urinary tract infection.15

Another significant limitation of BCG 
treatment is the lack of response in a sub-
stantial number of patients. Indeed, 20 to 
50% of patients (depending on the defi-
nition, e.g., recurrence in the following 6 
mo) fail to respond to BCG and show high 
risk of progression to muscle-invasive dis-
ease and death. Moreover about one-third 
of responders will recur in the following 
years.16 The causes of BCG failure have 
been poorly investigated. A recent study 
showed that patients with recurrence after 
repeated BCG courses may have uro-
thelial carcinoma in the upper urinary 
tract or in the prostatic urethra that had 

remained undetected by the urologist.17 
These tumors are not treated by intra-
vesical BCG and can thus lead to disease 
recurrence. It was also recently reported 
that patients lacking response to purified 
protein derivative (PPD), i.e., patients 
with no sustained preexisting immu-
nity to BCG (due to previous parenteral 
BCG vaccine or mycobacterial infection), 
showed a lower recurrence-free survival.18 
Furthermore, we are currently investigat-
ing whether BCG failure may also be due 
to an immunosuppressive tumor envi-
ronment that may differ among patients 
and that may lead to inefficient immune 
responses to intravesical BCG therapy.

In conclusion, although BCG is still 
the most successful therapy for NMIBC 
to date, high incidence of adverse events 
and relatively high rate of treatment fail-
ures point up the crucial need to improve 
bladder cancer treatment strategies. Thus, 
further research is warranted to either 
improve (e.g., with combinatorial strate-
gies) or replace BCG-therapy with less 
toxicity and/or better efficacy. Along this 
line, we are currently testing the efficacy 
and safety of other bacteria in murine 
bladder cancer models.

Therapeutic Vaccination: Clinical 
Trials in Bladder Cancer Patients

Vaccination is being investigated as a 
novel immunotherapeutic strategy to treat 
bladder cancer. This aims at inducing 
adaptive immunity as an alternative to the 
non-specific BCG-induced immunostim-
ulation. One first question is the type of 
response that has to be induced. As shown 
in other tumor types,19 the presence of 
intratumoral CD8 T cells is associated 
with better disease-free and overall sur-
vival rates in patients with muscle-invasive 
bladder cancer.20 These important find-
ings evoke a protective mechanism that 
may rely on potential tumor-specific T 
cells to confer a survival benefit. Hence, 
it appears important to design effective 
vaccine strategies that elicit CD8 T-cell 
responses.

What antigens?
Designing such a vaccine requires rel-

evant target antigen(s) to be identified. 
Characteristics of ideal candidates include 

(1) high specificity of expression in cancer 
cells (no expression in healthy tissue) (2) 
high expression level and high frequency 
of cancer cells expressing the antigen, 
and (3) ability to elicit cellular immune 
responses in patients. In that respect, 
cancer-testis antigens (CTA) have been 
established as promising target candi-
dates in vaccine development for patients 
with bladder cancer.21 CTAs are a fam-
ily of tumor-associated antigens (TAA) 
with both potent immunogenicity and 
restricted expression in various types of 
cancers and only in testicular germ cells in 
healthy individuals. In a screening of nine 
CTAs (NY-ESO-1, LAGE-1, MAGE-A1, 
MAGE-A3, MAGE-A4, MAGE-A10, 
CT7, CT10, and GAGE) in tumors 
samples from patients with bladder can-
cer, it has been reported that at least one 
CTA was expressed in tumors from most 
patients and about half of these tumors 
expressed ≥3 CTAs.21

Clinical trials
To date, only few pilot clinical trials 

have been conducted to evaluate vaccine 
candidates for bladder cancer. These tri-
als were conducted on a limited number of 
study patients and only in the context of 
advanced invasive bladder cancers.22-24 All 
tested vaccines were well tolerated with no 
significant adverse events in patients.

In a first study, a dendritic cell (DC)-
based vaccine was assessed in four HLA-
A24+ patients with advanced metastatic 
MAGE-A3+ bladder cancers. Following 
subcutaneous (SC) injections of autolo-
gous DCs pulsed with a HLA-A24-
restricted MAGE-A3 peptide, it was 
reported that 3 of 4 patients showed 
reduction in the size of lymph node and/
or liver metastases.22

In another trial, immunogenicity of 
a protein-based vaccine was tested in six 
patients who underwent a cystectomy or 
nephroureterectomy.23 Six weekly intra-
dermal injections of NY-ESO-1 recom-
binant protein adjuvanted with BCG 
or GM-CSF (depending on the dose) 
induced vaccine-specific CD4 T cells in 
all patients, whereas only 1/6 patients 
had a detectable CD8 T-cell response. 
Antibody responses were detected in 5/6 
patients.

More recently, Obara et  al. identified 
two HLA-A24-restricted immunogenic 
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peptides from two proteins, MPHOSPH1 
(M phase phosphoprotein-1) and 
DEPDC1 (DEP domain containing-1 
protein), involved in bladder carcinogene-
sis.24 Six patients with advanced metastatic 
bladder cancers received SC injections of 
these peptides (with Freund’s adjuvant). 
Vaccine-specific CD8 T-cell responses 
were detected in 4 of 6 patients. Of note, 
the two “non-responding” patients had 
lower overall survival as compared with 
responders, yet the small number of 
enrolled patients does not allow to draw 
conclusions about the clinical benefits. 
Interestingly, MPHOSPH1 and DEPDC1 
are expressed in both muscle-invasive and 
non-muscle-invasive bladder cancer cells, 
indicating that they are also attractive 
candidates for vaccination of NMIBC 
patients.24

Therefore, although promising results 
were reported, additional trials in larger 
cohorts of patients are required to further 
correlate immune responses with clinical 
outcomes in bladder cancer patients. Of 
note, an ongoing Phase II trial is evaluating 
safety and efficacy of MAGE-A3 recom-
binant protein vaccination in patients 
following cystectomy (NCT01435356 in 
ClinicalTrials.gov).

Immunization Routes to Target 
the Bladder

In above-mentioned clinical trials, 
vaccine-induced immune responses were 
evaluated in peripheral blood. An effec-
tive vaccine needs certainly to elicit anti-
tumor T-cell responses but what is the 
point in it if these effector cells never reach 
the tumor site?

The journey of vaccine-induced T 
cells

Trafficking of T cells toward various 
peripheral tissues is a multistage process 
that relies on tissue-specific signals allow-
ing T cells to extravasate from the blood 
circulation and to enter and be retained in 
a particular tissue. The final destination 
depends on their “homing” program, i.e., 
a set of cell-surface receptors expressed on 
T-cells. Of note, a global switch occurs 
in the homing program of naïve T cells 
after their priming in a lymph node.25 
Therefore, vaccination can only be effec-
tive when the set of chemokine recep-
tors and integrin molecules expressed on 
vaccine-induced effector T cells match 
the chemokines and cell-associated tissue-
specific ligands expressed in the targeted 
tumor environment. In this respect, recent 

murine studies clearly demonstrated that 
the vaccination route can critically influ-
ence the localization—and thus effi-
cacy—of vaccine-induced antitumor 
responses.26 Sandoval et al. showed that a 
cancer vaccine delivered by the intranasal 
(IN) mucosal route was able to inhibit the 
growth of head and neck or lung cancers, 
while the same vaccine delivered by the 
intramuscular route was poorly effective.27 
Moreover, the authors demonstrated that 
IN immunization preferentially upregu-
lated a particular set of integrins (CD49a) 
on CD8 T cells allowing their retention 
in the mucosal head and neck tumors. 
However superior efficacy of mucosal 
immunization may not always hold true 
for inducing regression of mucosal tumors 
as we recently reported in an orthotopic 
genital tumor model.28 In this context, SC 
vaccination was more efficient to regress 
tumors as compared with IN or intravagi-
nal (IVAG) mucosal routes.

Lessons from bladder cancer vaccina-
tion in mice

Since the immunization route seems 
to directly affect the mucosal homing 
program on induced CD8 T cells—and 
possibly the efficacy of vaccine to con-
trol mucosal tumors—, it is then of great 

Figure 1. Optimization of bladder cancer vaccination using intravesical immunostimulants. TAA, tumor-associated antigen; TLR, toll-like receptors; BCG, 
Bacillus Calmette-Guérin.
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interest to also compare different vac-
cination routes in the context of blad-
der cancer. We established an orthotopic 
murine bladder-tumor model expressing 
E7, an HPV tumor-antigen (no murine 
bladder cancer model expressing a tumor-
antigen relevant in human is available). 
We vaccinated the mice with a previously 
developed E7-polypetide vaccine28,29 and 
evaluated which immunization routes 
efficiently induced E7-specific CD8 T 
cells infiltration in the bladder, as well as 
effective anti-tumor activity as assessed by 
subsequent tumor regression.30

When comparing the SC, IVAG, and 
IN routes, we found that both SC and 
IVAG immunization can induce high 
number of vaccine-specific CD8 T cells 
in the bladder and—most importantly—
bladder tumor regression. Surprisingly, 
while we and others found that IN immu-
nization is effective at eliciting immune 
responses in the genital mucosa,28,31 this 
vaccination route, however, was inade-
quate to induce vaccine-specific T-cells in 
the bladder.30 Our preliminary data sug-
gests that different homing molecules are 
involved and that vaccine-specific CD8 T 
cells homing to the bladder may require 
a unique pattern of integrin/selectin to 
match the receptors/ligands expressed in 
the bladder.

Interestingly, the same SC vaccine was 
able to induce 90% regression of tumors 
located in the genital mucosa28 vs. 50% 
for bladder tumors. This was associated 
with higher specific-CD8/Treg ratio in 
the genital mucosa, suggesting a more 
immunosuppressive environment in the 
bladder, which is in line with transcrip-
tional studies showing a broadly tolero-
genic transcriptional program following 
bacterial infection of the urinary tract.32 
Based on our observations, it seems to be 
more difficult to induce tumor regression 
in the bladder than in the genital mucosa. 
Thus, one needs to elaborate strategies to 
boost T-cell infiltration in the bladder fol-
lowing vaccination.

The Use of Local 
Immunostimulants

As single therapeutic approaches may 
turn to lack clinical efficacy, the use of 

combinatorial strategies has become an 
appealing alternative. In this respect, we 
recently described a novel approach in 
which vaccination was followed by local 
immunostimulation at the mucosal tumor 
site.33 In mice, IVAG instillation of TLR 
agonists—CpG and poly-(I:C)—was 
found to dramatically increase number 
and frequency of both total and vaccine-
specific CD8 T cells in the genital mucosa. 
Vaccine-induced systemic responses were 
not altered. In our murine model of geni-
tal cancer, vaccination combined with 
local CpG administration led to remark-
ably better regression of large established 
genital tumors as compared with vaccina-
tion alone.

The bladder also represents an ideal 
target for local therapies owing to its 
anatomical properties. Thus, we are now 
testing that same strategy in our blad-
der tumor model. Ongoing experiments 
indicate that intravesical immunostimu-
lation with CpG after vaccination can 
similarly increase recruitment/retention of 
vaccine-specific CD8 T cells in the blad-
der. Besides, we showed that local immu-
nostimulation can also be performed 
with bacteria.34 Therefore, a strategy 
combining TAA vaccination with intra-
vesical BCG immunostimulation may 
be of particular interest in patients with 
bladder cancer (Fig. 1). We are currently 
conducting a clinical trial aiming to assess 
how vaccination of NMIBC patients with 
the adjuvanted recombinant MAGE-A3 
protein (5 doses every 3 wk) combined 
with subsequent standard intravesical 
BCG-therapy (weekly doses for 6 wk) 
may enhance innate and vaccine-specific 
T-cell responses both systemically and 
locally in the bladder (NCT01498172 in 
ClinicalTrials.gov).

Conclusion

Overall it seems to us that TAA vacci-
nation using the SC route combined with 
local immunostimulation is a promising 
strategy for treatment of bladder cancer. 
New strategies have to be tested in large 
cohorts of NMIBC patients to shrink 
disease recurrence rates. Of note, bladder 
cancer is the most expensive malignancy 
to treat per-patient,35 on account of a 

lifelong follow-up with multiple surgi-
cal procedures and high recurrence rates. 
Hence, it appears crucial to improve cur-
rent standard therapies and worthwhile 
to increase funding for basic and clinical 
research in this field.
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