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Abstract

Introduction: The aim of this study is to compare the efficacy of treatment with intravesical immunotherapy using the Calmette-Guérin-
Bacillus against other intravesical chemotherapeutics in the non-muscle invasive bladder cancer, letting us elucidate the benefits of its therapeutic
application, as well as the benefits of apply a dual therapy with BCG and other chemotherapeutics.

Materials and methods: A systematic research and review was assesed in 2018 of articles referring to treatment with the Calmette-Guérin
Bacillus in non-muscle invasive bladder cancer, using the following sources: Clinical Key, Pub Med, Up to date and Proquest.

Results: The treatment of non-muscle invasive bladder cancer with high-risk (CIS and T1) continues to be a challenge, being actually
the induction and maintenance intravesical BCG after transurethral resection the most effective therapy in reducing remittances compared
to intravesical chemotherapeutic agents, however if BCG is unsuccessful, radical cystectomy may be preferred, although in cases where it’s
contraindicated or also the patient may be denied, combinations with interferon 2ab, mitomycin c, gemcitabine, use of thermotherapy and EMDA
(electromotive drug administration) may be used to increase the expectancy of life in patients with no other alternatives.

Conclusion: Intravesical BCG immunotherapy has resulted the first-line and more effective treatment to reduce recurrences of non-
muscle invasive bladder tumors, nevertheless, if contraindications or lack of adherence to the treatment, it can be modified to intravesical
chemotherapeutics, although they are associated with higher relapses at short and long term.

Keywords: Bacillus of calmette-guérin; Non-muscle invasive bladder cancer; Intravesical quemotherapeutics; Side effects; Interferon a2.

Introduction
data; being Morales and collaborators in 1976 the first to use

More than 100 years ago there was an idea of the association
Bacillus Calmette-Guérin in bladder cancer [1,2].

of a mycobacterial disease with a decrease in the incidence of
cancer. In 1926, Centanni and Rezzesi were the first to document
the treatment with Bacillus of Calmette-Guérin (BCG) against

Although the results were promising, the advance of
chemotherapy resulted in the abandonment of BCG with the

cancer in mice. This rose the curiosity of being able to modulate
the immune response against cancer by using a microorganism,
so Holmgren started using BCG as a vaccine against cancer
in 1935 [1]. Due to the success of increased remission in
experimental studies in mice in 1960, it was also used for
melanoma, leukemia, colon cancer and lung cancer; however, the
results had variable successes, which led to more studies. There
was an association but causality was not demostrated. It was up
to the moment that Mathe and collaborators showed promising
results by publishing that 1/3 of the patients with lymphoblastic
leukemia treated with BCG remained in remission compared
with those who received placebo, who died without remission
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exception of its use in bladder cancer, which until the year
2016 has been documented that the application of intravesical
immunotherapy with BCG was superior to
chemotherapy as an adjuvant to the resection of the non-
invasive tumor, thus decreasing the percentage of recurrences
after surgical procedure [3].

intravesical

Currently, bladder cancer is a major health problem,
representing the most common malignancy of the urinary tract,
being the 6" most common cancer in men and the 19" in women,
leading to percentages of 7% of cancer cases in men and 2% in
women with an average age of 63 years at the time of diagnosis,
leading to recurrences at 80%, and progression to invasive
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muscle tumor at 5 years in 45% of the cases, with tobacco being
the triggering factor in more than 50% of cases [3-9]. In recent
years, intravesical BCG monotherapy has been compared with
other intravesical agents such as mitomycin c, gemcitabine,
epirubicin, interferon alfa, which hasbeen shown thatintravesical
immunotherapy with BCG post-transurethral resection of non-
muscle invasive bladder cancer, offers lower rates of recurrence
in the case of bladder cancer Ta, T1, CIS, so when there is an
advance of cancer affecting muscle, the treatment changes and in
most cases the use of radical cystectomy is considered. The gold
standard when there is extension to muscle is radical cystectomy,
thus allowing to reduce the risk of tumor progression and death
[1,3-8,10,11].

For the effectivity of the treatment, it’s necessary an
interaction between Calmette-Guérin Bacillus and tumoral cells,
thus this treatment is reserved for patients with non-muscle
invasive bladder cancer. The mechanism of action is based on
the patient’s immune response, so a poor immune response
leads to a decrease response to the treatment, however, an
exaggerated immune response will generate adverse effects,
so it's important to know the contraindications of its use such
as: immunosuppression, gross hematuria, history of sepsis
due to BCG, active infection of the urinary tract and traumatic
cauterization [1].

The main action of BCG in the bladder is to mediate the
production of adhesion and co stimulators molecules after it's
internalization into the tumor cells, thus increasing the binding
capacity of T lymphocytes and neutrophils to receptors, leading
to an enhanced activity against tumor cells resulting in their
apoptosis and inhibition of their replication [1,7,12].

When performing the intravesical BCG instillation, the
role played by adhesion to the urothelium is crucial, which is
mediated by a glycoprotein known as fibronectin binding protein
expressed on the surface, which confers the ability to internalize
into the tumor cells, inducing in the first instance the release
of chemotactic cytokines, with an increase in macrophages,
lymphocytes and natural cytotoxic cells, functioning as a cycle
in which the tumor cell is inducing the activity of the antigen-
presenting cells, leading to a major recognition of them,
inhibiting their proliferation and finally death of the tumor cells
[1,2,12,13].

Now a days there is no mechanism known for sure, however,
there is clear evidence of increased cytokines in the urine
and plasma, of people receiving BCG immunotherapy against
patients who don'’t receive it; so it has been seen that IL-1, IL-
6, IL-8, IL-10 and ICAM1 are present in the first week post-
instillation, IFN gamma at 3 weeks post-instillation, IL-2 and
TNF -alpha at 4 weeks post-instillation, being relevant since
the cytokines that are first expressed directly and indirectly
produce activation of the T lymphocytes with the subsequent
production of tumor necrosis factor and interferon, which makes
us understand that BCG treatment needs a minimum of 4 weeks
to show its effectiveness due to the production and expression
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of modulating substances [2,11,13]. At the time of diagnosis
between 70-80% of bladder cancers are non-muscle invasive,
leading to an increase in the research and knowledge about the
best therapeutic options, being transurethral bladder tumor
resection the first-line of treatment, however it has been shown
that when is combined with BCG maintenance therapy, increases
the effectivity and remission rates, demonstrating superiority to
the use of chemotherapy and induction BCG [1,7,8,14,15].

Objectives

i. To compare effectiveness of intravesical treatment
with mitomycin C Vs Bacillus Calmette-Guérin (BCG) for
non-muscle invasive bladder cancer.

ii. ~ To compare the effectiveness of intravesical treatment
with Bacillus Calmette-Guérin (BCG) + Interferon a2f for
non-muscle invasive bladder cancer.

Materials and Methods

(Figure 1).
Results

Mitomycin-c vs bcg

Currently, intravesical immunotherapy with BCG offers the
best rates of reduction of recurrences; however, some authors
compare the effectiveness of BCG with mitomycin-C (MMC). The
mitomycin-C has shown similar results than the BCG however,
in the maintenance periods the BCG has better results than the
CMM [5,14-16].

Mondal and collaborators compare the use of mitomycin-c
40mg dissolved in 50ml of saline for two hours, for 6 weeks vs.
BCG 120mg in 50ml of saline for two hours. For six continuous
weeks; during a six-month follow-up period, a lower recurrence
rate was found in the BCG group compared to the MMC [17].
Regarding the adverse effects, the group treated with BCG
presented a higher percentage (70%), compared to the group
treated with mitomycin c¢ (40%); Among those that were
cystitis, fever, hematuria and urinary retention, cystitis being
the most frequently encountered complication, however, the
adverse effects of mitomycin-C when they occur are more severe
[14,17,18-21].

It’s considered failure to treatment with BCG in the following
situation:

i. When an invasive muscle tumor is detected during
treatment.

ii.  Tumor refractory to BCG:

iili. When a non-invasive high-grade muscle tumor (G3) is
detected at 3 months post-treatment.

iv.  Presence of CIS at 3 and 6 months. (Follow up at 6
months after treatment is important because up to 50% of
patients with history of CIS of 3 months of evolution present
a complete response to treatment until this period of time)
[8] (Table 1).
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Figure 1: A systematic search was carried out in the year 2018 of articles referring to the treatment with Bacillus Calmette-Guérin in non-

Key, Pub Med, Up to Date and Proquest.

Table 1: Compared Side Effects BCG vs. Mitomycin C.

Hematuria Dysuria Fever Cystitis
Study group Mitomycin C BCG Mitomycin C BCG Mitomycin C BCG Mitomycin C BCG
Mondal et al. [16] 0% 0% - - 0% 28.57% 42.10% 57.14%
Friedrich et al. [18] 9.40% 11.60% 20.50% 17.30% 2.40% 9.30% - -
DI Stasi et al. [20] 16.70% 72.70% - - 0% 19.40% 25% 66.70%
Krege et al. [21] 3% 6% - - 0% 18% 16% 34%

Bcg + Interferon A2 As Dual Therapy

More than 40% of patients do not respond to BCG
immunotherapy, the combination with interferon-a2f (INF-
a2f) has been proposed, aiming to decrease the progression of
cancer in patients and the frequency of the cystectomies [5,7,11].
Interferon-a2f3 is an immunomodulatory molecule, with anti-
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proliferative activity, increasing the action of modulating the
immune system. Patients with non-invasive muscle bladder
cancer show improvement with intravesical BCG treatment,
which ranges from 55% to 65%, however, 30% to 40% of
patients present with cancer recurrence, so in the last Five-year
evaluations were made of the adjuvant treatment of BCG with
interferon a2 (INF-a2f3) [7,14].
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Table 2: Follow-up and recurrence free survival rates in patients treated with BCG + IFN-a2f therapy.

First Author, Year Treatment modality.

Number of Patients

Recurrence-free Survival Progression %

Correa etal. [7] BCG + IFN- a2f3 44

38.6% and 27% at 12 and 24 months
respectively

Joudi et al. [22] BCG + IFN- a2 1007

59% (BCG naive), 45% (BCG failure), at 24
months

O'Donnel et al. [23] BCG + IFN- a2 40

63% and 53% at 12 and 24 months respectively 12%

In the studies it was found that patients to whom intravesical
BCG caused resistance saw a considerable improvement of 50%
by adding interferon a2, which were evaluated at 12 and 24
months, resulting in a cancer recurrence-free rate. 63% and 53%
respectively [7,19], it should be noted that many times patients
who do not demonstrate a significant improvement with BCG
in the first 6 months hardly respond to therapy in conjunction
with INF-a2f, what in these patients leads to the use of radical
cystectomy, which generates multiple complications such as
hernias, pyelonephritis, ureteroenteric fistulas [14] (Table 2).

Intravesical Chemotherapy + Hyperthermia

It was demonstrated by the Synergo Europe that in the case
of failure of the treatment with BCG there are other options with
chemotherapy, which can be combined with the hyperthermia
method, since it increases the intravesical absorption of certain
chemotherapeutic agents, among them one of the most used
is mitomycin c [3,14]. This process is performed by certain
artifacts that are capable of applying local intravesical heat and
allow the use of the chemotherapeutic at the same time, this is
achieved by placing a 20 French urethral catheter, by which the
chemotherapeutic is applied to a radio frequency of 950MHz;
Among the most known artifacts in this procedure is the ALBA
hyperthermia system and the BSD-2000 system [3].

Efficacy was recognized when results were obtained
from 51 patients who failed BCG treatment and at the start of
thermotherapy + mitomycin C, a complete initial response of
92% was obtained and remained in 50% of the patients at 2
years, therefore, it is essential to verify the need to change the
treatment in patients who fail BCG therapy, since once it crosses
the basement membrane and invades muscle, the treatment is
modified and mortality increases [3,11,14].

EMDA-MMC + BCG

The combination of mitomycin ¢ administered (which tries
to equal intravesical concentrations as the concentrations of

the bladder wall) has an effectiveness close to that generated by
treatment with BCG [5,7,14]. This treatment has proven to be
effective, since it applies an electric current through the plasma
membrane of the urothelial cells, allowing faster introduction
of the drug, obtaining higher concentrations in a shorter time
of the applied intravesical agent [5,14]. In 2003 the efficacy
of administering BCG vs. EMDA-MMC (electromotive drug
administration-mitomycine c) treated with a six-week induction
course was compared, having complete response rates to cancer
of 52.8% and 55.5% for EMDA-MMC and BCG, respectively [20-
22]. They also showed high-risk non-muscle invasive bladder
cancer recurrence rates at 43 months of 52.8% for both EMDA-
MMC and BCG, this being the reason why researchers decided
to include BCG to the EMDA-MMC scheme with the intention of
decreasing recurrence rates and improving disease-free rates

(5]

By applying BCG before intravesical chemotherapy, an
immune response is established that leads to infiltration of
cytokines and T lymphocytes, which increases the permeability
of the tissue to the absorption of MMC, greatly increasing
absorption by the use of EMDA in comparison with passive
diffusion, however, costs are higher and tolerance remains a
challenge [5,14]. The sequential BCG scheme with EMDA-MMC
is based on the intravesical application of these compounds for
9 weeks, with BCG being applied once in the first and second
week by means of Foley catheter at doses of 81mg dissolved in
50ml of saline water for a period of time. 2 hours and the EMDA
application by electrodes consecutively to the MMC instillations
at a dose of 40mg dissolved in 100ml of saline water once a
week, this process being repeated until completing the 9 weeks
[5]. After a follow-up period of 88 months, after treatment of
BCG / EMDA-MMC vs. BCG, a disease-free period of 69 months
vs. 21 months of BCG was demonstrated, recurrence of 41.9%
and 57.9% for BCG / EMDA- MMC and BCG respectively and
progression to muscle invasive tumor of 9.3% for BCG / EMDA-
MMC versus 21.9% of BCG [5,14] (Table 3).

Table 3: Percentage of disease free rate at follow up by BCG / EMDA-MMC treatment.

Treatment with BCG / EMDA-MMC Number of Patients | Percentage Recurred or Progressed No. Patients, (Percentage)
1-year disease-free rate 86 86% 12/86 (14%)
2-year disease-free rate 71 93% 5/71 (7%)

Gan C, Amery S, Chaterton K, Khan MS, Thomas K, O’Brien T.
Sequential BCG / Electromotive drug administration Mitomycin
C (EMDA-MMC) as the standard intravesical regimen in high
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risk non muscle invasive bladder cancer (HR-NMIBC) - two year
outcomes [5].
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Conclusion

Bladder cancer currently continues to occupy the first place
in incidence of tumors that affect the urinary tract representing
a therapeutic challenge, so it’s essential to accept that treatment
with intravesical immunotherapy with BCG has been found to
be the most effective in reducing recurrences of non-recurring
tumors. invasive muscle in the bladder; However, if there are
contraindications or lack of adherence to treatment, other
alternatives can be used, among which are the intravesical
chemotherapeutics, with MMC being the most effective but with
more severe adverse effects, so the goal in the treatment of Non
invasive muscle bladder cancer is a combination of transurethral
resection and maintenance BCG instillations, which has proven
to be the most effective in the short and long term.
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