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this therapy to treat both superficial and advanced disease 
are deserving of consideration for clinical translation.
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Abbreviations
BCG  Mycobacterium bovis bacillus Calmette–Guerin
CS/IL-12  Coformulation of chitosan and IL-12
CTL  Cytotoxic T lymphocyte
DMEM  Dulbecco’s modified Eagle’s medium
FBS  Fetal bovine serum
IL-12  Interleukin-12
NMIBC  Non-muscle invasive bladder cancer
PBS  Dulbecco’s phosphate-buffered saline

Introduction

Worldwide annual incidence of bladder cancer is approxi-
mately 356,000 with a prevalence estimated to be 2.7 mil-
lion [1, 2]. The majority (~70 %) of new cases present as 
non-muscle invasive bladder cancer (NMIBC). For patients 
with intermediate-to-high-risk NMIBC, the standard of care 
for over 30 years has been intravesical immunotherapy with 
Mycobacterium bovis bacillus Calmette–Guerin (BCG) [3]. 
Since its pioneering use by Morales et al. in 1976, BCG has 
proven more effective than any single chemotherapeutic 
agent at preventing recurrence of high-grade NMIBC [4, 5].

Despite its success, BCG immunotherapy retains sev-
eral limitations. Five percent of patients treated with BCG 
exhibit serious side effects including sepsis and allergic 
reactions [6, 7]. Furthermore, of the 50–75 % of patients 
who completely respond to BCG, 30–50 % experience a 
recurrence within 5 years [8, 9]. These relapses are likely 
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due to the inability of BCG to induce a tumor-specific T 
cell response [5]. Thus, strategies that limit recurrence of 
high-grade NMIBC and improve patient survival by pro-
moting protective antitumor immunity are needed.

We have previously shown that the coformulation 
of interleukin-12 (IL-12) with a viscous solution of the 
biopolymer chitosan (CS/IL-12) was superior to both BCG 
and IL-12 alone against orthotopic bladder tumors [10]. 
Chitosan, as detailed below, is a mucoadhesive delivery 
vehicle that has no antitumor activity by itself [10]. The 
subject of many preclinical and clinical studies, IL-12 is 
a powerful cytokine that induces a TH1-polarized immune 
response while engaging both the innate and adaptive 
branches of immunity [11–15]. Chitosan is an abundant, 
natural polysaccharide with a broad range of applications 
and an established safety profile in humans [16–19].

Chitosan is particularly well suited for delivery within 
the bladder due to its potential to enhance three aspects 
of delivery. First, chitosan’s polycationic nature facilitates 
adhesion to negatively charged mucosal surfaces. Second, 
chitosan solution is viscous which may reduce the amount 
of therapeutic agent washed away during voiding of the 
bladder. Third, chitosan may enhance bladder wall absorp-
tion by opening gap junctions between epithelial cells [18].

Our previous study showed that 4 weekly intravesical treat-
ments with CS/IL-12 (5 μg) eliminated 80–100 % of ortho-
topic bladder tumors in mice, while all mice treated similarly 
with BCG succumbed to the disease within 60 days [10]. Only 
37 % of tumor-bearing mice treated with IL-12 alone survived 
long term. Similar to other preclinical results involving intra-
vesical IL-12, 100 % of cured mice were completely protected 
from intravesical rechallenge [20, 21]. Intravesical CS/IL-12 
induced brisk tumor infiltration by CD3+ T cells and F4/80+ 
macrophages. Within the T cell compartment, CD8+ infiltrates 
outnumbered CD4+ infiltrates. Overall, immunohistochem-
istry data suggested that CD8+ T cells and macrophages are 
potential effector cells mediating the regression of bladder 
tumors. However, despite the involvement of T lymphocytes 
and the induction of protective immunity, the study stopped 
short of confirming the induction of adaptive immunity.

Therefore, the primary goal of the present study was to 
determine whether intravesical CS/IL-12 can induce adap-
tive tumor-specific immunity. A secondary goal was to 
explore the efficacy of CS/IL-12 immunotherapy at lower 
doses and in multiple preclinical models.

Materials and methods

Animals, materials, and cell lines

Female C57BL/6J and C3H/HeJ mice, 6–12 weeks old, 
were obtained from the Jackson Laboratory. Mice were 

housed and maintained under pathogen-free conditions 
in microisolator cages. The Institutional Animal Care and 
Use Committee at the University of Arkansas approved all 
experimental procedures. Animal care complied with the 
recommendations of The Guide for Care and Use of Labo-
ratory Animals (National Research Council).

Dulbecco’s modified Eagle’s medium (DMEM), RPMI 
1640, Dulbecco’s phosphate-buffered saline (PBS), and 
fetal bovine serum (FBS) were obtained from HyClone 
Laboratories. Chitosan glutamate 200–600 kDa, 75–90 % 
deacetylated (Protosan G 213), was purchased from 
Novamatrix. Recombinant murine IL-12 was purchased 
from PeproTech.

The C57BL/6 syngeneic transitional cell carcinoma 
MB49 was kindly provided by Dr. Jeffrey Schlom, Labora-
tory of Tumor Immunology and Biology, National Cancer 
Institute. The C3H syngeneic transitional cell carcinoma 
MBT-2 was kindly provided by Dr. Yi Luo, Department 
of Urology, University of Iowa. The C57BL/6 syngeneic 
melanoma B16-F10 was purchased from the American 
Type Culture Collection. MB49 and B16-F10 cells were 
maintained in DMEM, while MBT-2 cells were maintained 
in RPMI 1640. Both media were supplemented with 10 % 
FBS, 2 mM l-glutamine, and 1 % penicillin/streptomycin.

Tumor implantation and therapy

Orthotopic bladder tumors were generated via intravesical 
instillation of either 75,000 MB49 cells or 100,000 MBT-2 
cells following a poly-l-lysine wash as described previ-
ously [10]. Intravesical tumor burden was monitored by 
development of hematuria as well as palpation of tumors.

Intravesical treatments were administered via the same 
catheterization technique. Chitosan glutamate was added 
to PBS at a concentration of 10 mg/ml before addition of 
IL-12. For IL-12 alone, the cytokine was diluted in PBS. 
Treatments were allowed to dwell for 30–45 min.

All subcutaneous implantations were administered in 
the right flank. Subcutaneous tumor width and length were 
measured using calipers, and the tumor volume was cal-
culated as Volume = 0.5 * Length * Width2. Mice were 
euthanized when moribund or when tumor volume reached 
2000 mm3.

Cytotoxicity T lymphocyte (CTL) assay

Splenocytes from mice that had been cured of orthotopic 
MB49 tumors were cultured with irradiated (25 Gy) MB49 
cells. After one week, lymphocytes were collected on a 
histopaque gradient and quantified. Cytotoxic activity of 
recovered lymphocytes against MB49 and B16 targets was 
measured via the CytoTox-Glo assay (Promega). Sponta-
neous lysis of tumor cells cultured without lymphocytes 



691Cancer Immunol Immunother (2015) 64:689–696 

1 3

as well as complete lysis of tumor cells exposed to a lysis 
reagent served as controls. The percentage of specific lysis 
was calculated as follows:

Results

Treatment of MBT-2 with intravesical CS/IL-12

Previous studies exploring intravesical CS/IL-12 immuno-
therapy to treat orthotopic bladder cancer focused only on 
the MB49 tumor model [10]. In a preliminary experiment 
to explore the efficacy of CS/IL-12 in an additional tumor 
model, C3H mice bearing orthotopic MBT-2 were treated 
weekly starting 7 days post-implantation. Mice were ran-
domized to receive either PBS or CS/IL-12 intravesically. 
Initial attempts to treat MBT-2 with CS/IL-12 (5 μg) 
resulted in two early treatment-related deaths (Fig. 1a) 
characterized by mice emerging from anesthesia in a mori-
bund state, i.e., hunched and slow with ruffled fur. This 
timeline of toxicity is consistent with reported accounts of 
IL-12 toxicity in which mice typically succumbed 2 days 
after multiple IL-12 administrations [22]. Consequently, 
the final two treatments were reduced to CS/IL-12 (2.5 μg), 
resulting in complete tumor elimination, as evidenced by 
clear urine and no palpable tumors, in the remaining mice. 
The overall survival for this pilot experiment was 50 % 
(2/4).

In a subsequent experiment (Fig. 1b), the antitumor 
activities of IL-12 alone (2.5 μg), CS/IL-12 (2.5 μg), and 
CS/IL-12 (1 μg) were explored. IL-12 alone was no more 
effective than PBS with one of 10 mice in both groups 
surviving long term; the surviving mice in both groups 
did not exhibit hematuria at any point in the experiment. 
CS/IL-12 (1 μg) treatments resulted in two of nine mice 
surviving long term, while mice treated with CS/IL-12 
(2.5 μg) experienced a long-term survival rate of 43 % (6 
of 14). Despite clear differences in long-term survivorship, 
log-rank analysis did not reveal statistically significant dif-
ferences in median survival times of any of the treatment 
groups. The experiment was monitored until all mice either 
were euthanized due to tumor progression or had no evi-
dence of disease.

Lower dose CS/IL-12 therapy of orthotopic MB49

To determine whether CS/IL-12 immunotherapy is effec-
tive at a lower doses, intravesical CS/IL-12 (1 μg) was used 
to treat orthotopic MB49 tumors (Fig. 2). The 1-μg dose 
was chosen as it had been shown to be effective at hinder-
ing bladder tumors (Fig. 1b), and we hypothesized that 

% specific lysis =
[

(experimental lysis− spontaneous lysis)/

(total lysis− spontaneous lysis)
]

× 100.

an accelerated schedule of twice weekly instead of once 
weekly would be more effective against the more sensitive 
MB49 model. Treatment was begun upon onset of hematu-
ria. All control mice receiving PBS succumbed to disease 
with a median survival of 22 days, while intravesical treat-
ment with IL-12 alone resulted in a 52-day median sur-
vival. Intravesical immunotherapy with CS/IL-12 (1 μg) 
eradicated 100 % of orthotopic MB49 tumors with all 
treated mice surviving long term (>70 days). Differences in 
survival among the three treatment groups were significant 
(P < 0.05).

Rechallenge of cured mice and in vitro cytotoxicity studies

C3H mice completely eliminating orthotopic MBT-2 
tumors were rechallenged with MBT-2 intravesically 

Fig. 1  Intravesical CS/IL-12 immunotherapy is effective against 
orthotopic MBT-2 tumors. C3H/HeJ mice were inoculated with 
100,000 MBT-2 cells intravesically. a Mice were treated intravesi-
cally with either PBS (open circle, n = 4) or CS/IL-12 (open triangle, 
n = 4) every 7 days starting 7 days post-inoculation (arrows indicate 
treatments). The first two treatments contained 5 μg IL-12; however, 
the final two treatments were reduced to 2.5 μg to reduce toxicity. 
b MBT-2 tumor-bearing mice were treated intravesically with PBS 
(filled circle, n = 10), IL-12 alone (open triangle, n = 10), CS/IL-12 
(1 μg) (filled square, n = 9), or CS/IL-12 (2.5 μg) (filled triangle, 
n = 14) weekly for four consecutive weeks starting 7 days post-
implantation (arrows indicate treatments). Mice were monitored for 
hematuria and survival. Survival curves were not statistically different 
(P > 0.05 via log-rank test)
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(Fig. 3a). All cured mice rejected intravesical rechallenge 
(n = 5) with no evidence of tumor development, i.e., hema-
turia. Naïve control mice (two of two) developed tumors 
indicated by severe hematuria, a palpable mass, and a 
moribund state within 20 days post-implantation. Cured 
mice previously rejecting intravesical rechallenge were 
then inoculated subcutaneously with MBT-2 in the right 
flank (Fig. 3b). Three of five mice rejected the subcutane-
ous rechallenge, while three of three naïve mice developed 
tumors. In both rechallenge experiments, the difference 
in survival between naïve and cured mice was significant 
(P < 0.05). All mice that rejected rechallenge survived long 
term (>90 days post-inoculation).

Previous studies demonstrated that C57BL/6 mice previ-
ously cured of orthotopic MB49 using CS/IL-12 also reject 
intravesical rechallenge [10]. To investigate the extent and 
specificity of this antitumor immunity, cured mice were 
inoculated subcutaneously in the right flank with either 
MB49 or an unrelated tumor, B16-F10 melanoma (Fig. 4a). 
All of the previously cured mice receiving B16 cells devel-
oped lesions (n = 8), while all cured mice given MB49 
cells rejected rechallenge (n = 13). Naïve mice quickly 
developed either B16 or MB49 tumors.

CTL assays demonstrated that lymphocytes derived 
from the spleens of cured mice lysed MB49 targets much 
more efficiently than B16 targets (Fig. 4b). Specifically, 
at an effector:tumor ratio of 50:1, lymphocytes from three 
cured mice lysed 41.1, 49.3, and 51.8 % of MB49 targets 
but only 9.8, 20.3, and 20.2 % of B16 targets, respectively. 
The difference between MB49 and B16 lysis was signifi-
cant (P < 0.05 via two-tailed t test) within each experiment.

In a separate experiment to evaluate the durability of 
antitumor immunity, mice that received their last CS/IL-12 

treatment 9, 10, or 18 months prior were rechallenged with 
MB49 cells intravesically. All (eight of eight) of these mice 
rejected the orthotopic rechallenge (Table 1). Those same 
mice also completely rejected a subcutaneous rechallenge.

Treatment of distant lesions with intravesical therapy

The studies above demonstrated that intravesical CS/IL-12 
can induce systemic, adaptive antitumor immunity. There-
fore, to determine whether intravesical CS/IL-12 can con-
trol both orthotopic and distant disease simultaneously, 
naïve mice were divided into four groups (Fig. 5) and given 
MB49 either subcutaneously only (A and C) or both subcu-
taneously and orthotopically (B and D). Mice were treated 
intravesically with either PBS (B) or CS/IL-12 (1 μg) (C 
and D). A cohort of mice bearing subcutaneous MB49 
tumors were not treated (A) to serve as a negative control.

Subcutaneous tumors in untreated mice grew rapidly, 
and all mice were euthanized by day 30 (A). Mice with 

Fig. 2  Intravesical CS/IL-12 (1 μg) therapy eradicates orthotopic 
MB49 tumors. Mice were implanted intravesically with 75,000 
MB49 cells. Upon onset of hematuria, mice were treated (arrows) 
every 3 or 4 days with PBS (filled circle, n = 9), IL-12 alone (1 μg) 
(filled square, n = 10), or CS/IL-12 (1 μg) (filled triangle, n = 8). 
Mice were monitored for hematuria and survival. Asterisks indicate a 
significant difference between the survival curves (P < 0.05 via log-
rank test)

Fig. 3  Survival of cured C3H/HeJ mice following both local and dis-
tant rechallenge. a Both naïve (filled circle, n = 2) and mice previ-
ously cured (filled triangle, n = 5) of orthotopic MBT-2 using intra-
vesical CS/IL-12 were rechallenged intravesically with 100,000 cells 
6 weeks after their last treatment. b Mice rejecting orthotopic rechal-
lenge (open triangle, n = 5) were then rechallenged in the right flank 
with 100,000 MBT-2 cells subcutaneously 8 weeks after their last CS/
IL-12 administration. Naive mice (open circle, n = 3) were also chal-
lenged subcutaneously with the same number of cells. Asterisks indi-
cate a significant difference between the survival curves (P < 0.05 via 
log-rank test)
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both intravesical and subcutaneous tumor burdens that 
received PBS (B) exhibited a slower subcutaneous growth 
rate compared to mice in group A, but were all moribund 
and euthanized by day 21 due to dual high tumor burdens. 
Mice bearing only subcutaneous tumors, but treated intra-
vesically with CS/IL-12 (C) experienced slowed tumor 
growth during treatments likely due to systemic leakage 
of IL-12. Our previous paper demonstrated that intravesi-
cal CS/IL-12 does result in measurable serum IL-12 lev-
els [10]. It has also been established that systemic IL-12 
can induce subcutaneous MB49 regression [23]. Once the 
treatments ceased, three of five mice exhibited exponen-
tial tumor growth and succumbed within 20 days after the 

last treatment. The other two mice survived and remained 
tumor-free long term.

The final group (D) bearing both orthotopic and sub-
cutaneous tumor burdens was treated intravesically with 
CS/IL-12. One of ten mice initially failed to reject its pri-
mary orthotopic tumor and succumbed within 25 days 
after implantation. The remaining nine mice exhibited sup-
pressed subcutaneous tumor growth both during and after 
treatment. Seven of those nine mice completely eradicated 
both their subcutaneous and orthotopic burdens. One of the 
nine mice eradicated its orthotopic tumor but did not com-
pletely eradicate its subcutaneous tumor. That mouse, indi-
cated by an arrow, maintained a small tumor over a time-
scale of more than 4 months with no other ill effects. One 
of the seven mice that eliminated both tumors eventually 
succumbed to a recurrence of orthotopic disease. Overall, 
over the 4-month experiment, seven of ten either eradi-
cated or controlled both their orthotopic and subcutaneous 
tumors following intravesical CS/IL-12 immunotherapy.

Discussion

The most significant finding of this study is the demonstra-
tion of tumor-specific adaptive immunity following intraves-
ical CS/IL-12 immunotherapy. Our previous study showed 
that CS/IL-12-treated mice were protected from orthotopic 
bladder cancer rechallenge [10]. In addition, immunohisto-
chemistry studies demonstrated high levels of macrophage 
and T cell infiltrates during and after treatment. Thus, while 
adaptive immunity was implied, our previous data did not 
provide a causal link between an adaptive immune response 
and protective immunity. The present study provides that 
link in three ways. First, the in vitro cytotoxicity assays dem-
onstrated that lymphocytes from cured mice lyse targets in 
a tumor-specific manner (Fig. 4b). Second, the ability of 
cured mice to reject MB49 cells but not B16 cells implanted 
at a distant site demonstrates not only a tumor-specific but 
also a systemic, adaptive immune response (Fig. 4a). Third, 
mice rechallenged long after their last treatment successfully 
rejected both intravesical and subcutaneous inoculations 
(Table 1). Our previous study showed that immune infiltrates 
were returning to normal levels by 6 months post-treatment 
[10]. Thus, rejection of orthotopic and subcutaneous tumors 
at 9, 10, and 18 months post-CS/IL-12 immunotherapy 
when the immune infiltration has subsided demonstrates a 
long-lived effector-memory response. These data combine 
to show that this rejection is not a local, mucosal phenom-
ena due to high levels of non-specific residual infiltrates, 
but instead a full-fledged adaptive, tumor-specific immune 
response that extends to the systemic circulation.

To our knowledge, this is the first demonstration of 
an intravesical-to-systemic transfer of immunity. This 

Fig. 4  Cured mice exhibit both local and systemic tumor-specific 
immunity. a Tumor incidence of cured C57BL/6 mice rechallenged 
at a distant site. C57BL/6 mice previously cured of orthotopic MB49 
using intravesical CS/IL-12 were rechallenged subcutaneously at the 
right flank with either 300,000 MB49 cells (open triangle, n = 18) or 
300,000 B16-F10 cells (filled triangle, n = 8). Naïve mice were also 
implanted with either MB49 or B16-F10 tumor cells as positive con-
trols. The incidence of tumor appearance was monitored. b In vitro 
cytotoxicity reveals tumor-specific lysis. Splenocytes isolated from 
mice cured of orthotopic MB49 via intravesical CS/IL-12 immuno-
therapy were stimulated for 1 week with irradiated MB49 cells before 
being allowed to lyse either MB49 (filled triangle, n = 3) or B16-F10 
(open triangle, n = 3) tumor cells. The percent of tumor cells lysed 
by collected lymphocytes was measured after overnight incubation 
at increasing effector:tumor ratios. Results for three separate experi-
ments are shown. The difference between MB49 and B16 lysis was 
significant (P < 0.05 via two-tailed t test) within each experiment. 
Error bars represent standard deviation of triplicate measurements
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finding could have pertinent implications for the treatment 
of advanced bladder cancers. Our preclinical model (Fig. 5) 
demonstrates that intravesical treatment with CS/IL-12 
has the potential to actively engage and direct the immune 
system toward distant malignancies. A significant frac-
tion of new bladder cancer cases (~30 %) initially present 
as muscle invasive disease with or without distant metas-
tases [3]. Standard treatments for these patients include 
radiation therapy and life-altering radical cystectomy. 
Even after removal of the bladder, approximately half of 
patients already have metastases that are associated with 
poor outcomes [24]. The dual-burden model explored here 
is not a perfect representation of true metastatic disease. 

Nonetheless, the ability of CS/IL-12 to eliminate both 
orthotopic and distant tumors is promising and could lead 
to an alternative treatment for regionally advanced or meta-
static bladder cancers.

One of the goals of this study was to investigate the effi-
cacy of CS/IL-12 against an additional tumor model. The 
MB49 model is the most commonly used model of murine 
bladder cancer even though it was initially derived from 
male mice and bears the Hy antigen, which is foreign in 
female mice [25, 26]. However, female mice are commonly 
used in orthotopic bladder tumor models due to their less 
tortuous urethras. Despite the presence of the Hy antigen, 
MB49 develops aggressive, rapid, and multifocal tumors 
in female mice. Untreated mice usually succumb within 
30 days of implantation. This aggressiveness is likely due 
to the ability of MB49 to recruit immune cells producing 
immunosuppressive IL-10 as described previously [27].

The second most utilized murine bladder tumor model, 
MBT-2 cell line, was derived from female mice and is 
not known to bear any foreign antigens [26]. The MBT-2 
model offers the additional challenge of being syngeneic 
to C3H mice, which are reportedly more sensitive to IL-
12-induced toxicities [20, 28]. The results of our study 
demonstrate that intravesical CS/IL-12 immunotherapy 
effectively eradicated six of 14, or 43 %, of orthotopic 
MBT-2 tumors (Fig. 1b) and protected mice from local and 
distant tumor rechallenges (Fig. 3). Thus, intravesical CS/
IL-12 immunotherapy is effective in diverse bladder tumor 
models. Though the 43 % cure rate was not as efficient as 

Table 1  Local and systemic durability of tumor-specific immunity 
generated via CS/IL-12 immunotherapy

All mice previously had orthotopic MB49 tumors that were eradi-
cated following intravesical CS/IL-12 immunotherapy. Tumor chal-
lenge consisted of 75,000 MB49 cells administered intravesically or 
300,000 MB49 cells injected in the right flank. Naïve mice served as 
positive controls. Mice were monitored for tumor development and 
hematuria. Overall survival was recorded

Time since last  
CS/IL-12 treatment

Intravesical  
rechallenge

Subcutaneous 
rechallenge

9 Months 3/3 3/3

10 Months 3/2 3/2

18 Months 3/3 3/3

Naïve 0/3 0/3

Fig. 5  Intravesical CS/IL-12 
immunotherapy of orthotopic 
bladder tumors is effective 
against distant lesions. C57BL/6 
mice were implanted with 
MB49 either subcutaneously 
(a, c) or both subcutaneously 
and orthotopically (b, d). Mice 
in groups C (n = 5) and D 
(n = 10) received intravesical 
treatments of CS/IL-12 (1 μg) 
twice per week starting 7 days 
after implantation. Group B 
(n = 4) received intravesical 
PBS. Group A (n = 5) served 
as a negative control and did 
not receive any treatment. 
Tumor volume, hematuria, and 
overall survival were monitored. 
Arrows indicate treatments
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seen in the MB49 model, better outcomes are likely given 
an optimized treatment regimen. To this end, planned stud-
ies will continue to investigate optimal delivery strategies 
for CS/IL-12, especially in terms of dose, time of installa-
tion, times between treatments, number of treatments, and 
therapeutic volume.

It is also interesting to note that the median survival 
of MBT-2-bearing mice treated with CS/IL-12 did not 
increase in a statistically significant manner despite a clear 
increase in the percentage of long-term survivors (Fig. 1b). 
Survival curves seem to indicate that there are respond-
ers, which can be cured, and non-responders, which pro-
gress as if untreated, within CS/IL-12 treatment cohort. We 
believe this phenomenon is due to the unique growth kinet-
ics of MBT-2 tumors. This tumor line takes longer to estab-
lish than MB49, but once it does establish, tumor growth 
is exponential and mice succumb within days. Ongoing 
studies are investigating more aggressive dosing sched-
ules to try to stay on top of the MBT-2 tumor and alter the 
responder/non-responder balance.

The final major finding from this study is the durabil-
ity of antitumor immunity generated via CS/IL-12 immu-
notherapy (Table 1). This has potential clinical impact in 
terms of reducing the cost and increasing the compliance 
associated with NMIBC bladder cancer treatment. The high 
rate of recurrence following BCG immunotherapy necessi-
tates frequent monitoring of the patient and repeated treat-
ments. Current American Urological Association guide-
lines recommend a cystoscopy every 3–6 months. As such, 
bladder cancer has the highest domestic cost per patient 
($96,000–$187,000) of all cancers, with a total burden 
exceeding $4 billion annually [29]. Additionally, only 40 % 
of patients fully comply with the recommended guide-
lines [29, 30]. In addition to eliminating bladder cancer, 
the durable and specific immunity induced by intravesical 
CS/IL-12 immunotherapy could lead to fewer maintenance 
treatments, reduce the number of monitoring appoint-
ments, and subsequently increase patient compliance while 
decreasing per-patient costs.
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