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Abstract.
BACKGROUND: Devices that increase the penetrance of intravesical chemotherapeutics are emerging as alternatives to
classical Bacillus Calmette Guérin (BCG) treatment.
OBJECTIVE: To compare the efficacy of mitomycin C applied with the electromotive drug delivery device (MMC-EMDA)
versus BCG in patients with intermediate and high-risk non-muscle-invasive bladder cancer (NMIBC) without carcinoma in
situ (CIS).
METHODS: Prospective non-randomized study in which 47 patients received MMC-EMDA (40 mg of MMC diluted in
50 mg of distilled water at 20 mA for 30 min. Regimen of 6 weekly and then 6 monthly instillations) and 48 patients received
BCG (50 mg of OncoCITE® diluted in 50 ml of normal saline for 60 min. Regimen of 6 weekly instillations and then
3 weekly instillations at months 3, 6 and 12). The primary endpoint was the recurrence-free rate (RFR) at 24 months.
Secondary endpoints were time to recurrence and progression-free rate (PFR) at 24 months follow-up.
RESULTS: Baseline patient assessment and mean follow-up time were similar in both groups (MMC-EMDA group: 26.4
months; BCG group: 28.4 months (p = 0.44)). The RFR at 24 months was 80.9% for the MMC-EMDA group and 77.1% for
the BCG group (p = 0.969). The mean time to recurrence was 12.5 months in the MMC-EMDA group and 14 months in the
BCG group (p = 0.681). At 24 months, PFR was 97.9% in the MMC-EMDA group and 93.8% in the BCG group (p = 0.419).
CONCLUSIONS: No differences were found between MMC-EMDA and BCG treatments in patients with high-risk and
intermediate-risk NMIBC without CIS.
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INTRODUCTION

Non-muscle invasive bladder cancer (NMIBC) is
characterized by a high risk of recurrence and pro-
gression. In order to reduce tumor recurrence and
progression, adjuvant intravesical therapies are rec-
ommended after transurethral resection of the bladder
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tumors (TURBT). The standard treatment for patients
at high risk of progression is immunotherapy with
Bacillus Calmette Guérin (BCG) in an induction and
maintenance regimen. However, a high percentage
of these patients experience recurrence or progres-
sion despite having receiving such treatment [1, 2].
In addition, BCG treatment is associated with a high
percentage of local and systemic adverse events [3].

As an alternative to immunotherapy, the use of
chemotherapy has been proposed. The most com-
monly used molecule is mitomycin C (MMC) which
has the disadvantage of having a high molecular
weight (334KDa), meaning its effect on the deeper
regions of the bladder wall may not be optimal
[4]. All of the above has led to the development
of new devices that increase the penetration of
chemotherapeutic agents in the bladder wall with the
aim of increasing the alternatives to classical BCG
immunotherapy treatment [5].

The electromotive drug administration (EMDA)
device improves MMC penetration into the bladder
wall [6–8]. This is achieved through a generator that
emits a controlled electric current from an anode, con-
sisting of a specific 16 Fr catheter that also introduces
the drug inside the bladder, to a cathode placed in
the hypogastrium. The combination of chemotherapy
with the local electrical current causes a directional
and accelerated movement of the ionized drug toward
the tissue. The electrokinetic phenomena of elec-
troosmosis, iontophoresis, and electroporation are
added to this [9].

Intravesical chemotherapy of MMC enhanced with
EMDA (MMC-EMDA) as an adjuvant treatment has
been studied in two clinical trials that establish that
MMC-EMDA is an effective alternative to BCG. Di
Stasi, in 2003 [10], applied it to a cohort of patients
with carcinoma in situ (CIS). Later, the same author
applied MMC-EMDA alternating with BCG instilla-
tions in patients with T1 urothelial carcinoma [11].
For this reason, the most suitable patient profile for
this therapy, and the most optimal administration reg-
imen still need to be clarified.

This study aims to compare adjuvant intravesi-
cal chemotherapy treatment with MMC enhanced
with the EMDA device versus BCG treatment in
patients with intermediate and high risk NMIBC
without CIS. The primary objective is to evaluate
the recurrence-free rate (RFR) at 24 months. The
secondary objectives are to evaluate the time to recur-
rence, the progression free rate (PFR), and the safety
of the application of chemotherapy with the EMDA
device.

MATERIALS AND METHODS

Non-randomized study in patients receiving
MMC-EDMA or BCG for NMIBC.

Each patient chose their assignment to either group
after receiving information about each therapeutic
method and its adverse events.

Enrollment commenced in 2019 and continued
through 2021. The Local Ethics Committee approved
the study. All patients signed an informed consent
prior to the start of treatment.

Inclusion criteria: Patients older than 18 years
with histologically confirmed urothelial carcinoma
and classified in intermediate and high-risk groups.
Primary or recurrent bladder cancer without treat-
ment with BCG or MMC-EMDA in the previous 2
years. World Health Organization performance sta-
tus <2. Adequate bone marrow reserve, normal renal
and hepatic function, and bladder capacity greater
than 150 mL.

Exclusion criteria: History of T2 urothelial car-
cinoma, previous history or concomitance of CIS.
Treatment with chemotherapy or pelvic radiotherapy
during the last three months.

Pregnant/lactating women. Known allergy to
MMC or BCG. Active BCG infection or history of
BCG sepsis.

Initial assessment: Urinary cytology, cystoscopy,
and resection of all visible bladder tumors were per-
formed in all cases. In addition, random biopsies
of the bladder mucosa were also taken in cases of:
non-papillary tumor, history of high-grade tumor,
previous positive cytology. When tumor resection
was incomplete or no muscle was present in the
specimen, a second TURBT was performed 2 to 4
weeks apart. Before starting treatment, pathology
of the upper urinary tract was excluded by Com-
puted Tomography Urography (CTU), and urinary
tract infection ruled out by urine culture.

Intervention and treatment schedule

Treatment with MMC-EMDA or BCG began 4–6
weeks after TURBT.

Patients in the study group received 40 mg of MMC
diluted in 50 mg of distilled water applied using the
EMDA device (Physionizer® 30, manufactured by
Physion®, Medolla, Italy) at 20 mA for 30 minutes
[12]. The administration protocol consisted of an
induction of 6 weekly instillations and maintenance
of 6 monthly instillations.
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Patients in the control group received instillations
with BCG (50 mg OncoCITE® diluted in 50 ml of
normal saline) for 60 minutes. The protocol con-
sists of 6 weekly induction instillations continued
with maintenance therapy of 3 weekly instillations
at months 3, 6 and 12.

In case of toxicity, delay of treatment was allowed.
However, dose reduction was not allowed.

Follow up

The patient follow-up protocol consisted of cytol-
ogy and cystoscopy with biopsies of all visible tumors
every 3 months. When cytology was positive, random
biopsies of bladder mucosa were also taken. CTU was
performed at 6, 12 and 24 months.

Patients leave the study if they withdraw informed
consent or do not complete the first six months of
follow-up.

Variables

At baseline, patient demographics and tumor char-
acteristics were recorded: size, number, stage, WHO
grade 2004, risk group, previous recurrence and pre-
vious treatments. During the follow-up, the following
was recorded: Recurrence: histologically confirmed
detection of a bladder cancer of a lower or similar
grade. Progression: histologically confirmed detec-
tion of higher-grade bladder cancer, CIS or muscle-
invasive cancer, or detection of metastases or local
disease progression (T3 -T4) on radiological study.
Adverse events (AE): assessed using the Common
Terminology Criteria for Adverse Events (CTCAE)
version 5.0. Grade 1 or 2 toxicities are treated
symptomatically. Treatment is discontinued when an
allergy or toxicity grade >3 occurs or when an AE
occurs that causes treatment to be delayed for more
than two weeks. We define time to recurrence as the
time elapsed from the first surgical intervention to the
next one in which recurrence is detected. Similarly,
time to progression is the time elapsed from the first
surgery to the next surgery or imaging test in which
progression is confirmed.

Statistical analysis

Data were collected prospectively. Categorical and
continuous variables were analyzed using chi-square,
Fisher’s exact, and Student’s t-tests. The Kaplan-
Meier method was used to assess time-to-event
outcomes and curves were constructed for each arm

of the study. A comparison was estimated using a
long-rank test. All tests were bilateral and a p value
<0.05 was considered statistically significant. Sta-
tistical analyses were performed with SPSS V23.0
(Armonk, NY: IBM Corp.).

RESULTS

One hundred and six patients met the inclusion
criteria and agreed to participate in the study. Before
the choice of treatment, seven patients were excluded.
Forty-eight patients opted to receive treatment with
MMC-EMDA but one patient did not go on to initiate
treatment. Fifty-one patients opted for standard BCG
therapy. Three patients were lost before the start of
treatment. Fig. 1.

Finally, 47 patients in the MMC-EMDA group and
48 patients in the BCG group were considered for
analysis. Fig. 1.

The descriptive analysis of the demographic and
clinical characteristics of the patients at the start of the
study is shown in Table 1. Both groups were homo-
geneous with no significant differences between the
groups.

In the MMC-EMDA group, the mean age of the
patients was 69.8 years, and 78.7% were male. In
the BCG group, the mean age of the patients was
72.1 years and 81.3% were male. Most cases were
primary tumors (MMC-EMDA: 61.7% BCG: 77.1%
p = 0.123), smaller than 3 cm (MMC-EMDA: 61.7%
BCG: 66.7% p = 0.614), with a similar distribution
among the risk groups (MM-EMDA: Intermediate
risk: 59.6%, High risk: 40.4%. BCG: Intermediate
risk: 50%, High risk: 50% p = 0,349).

The mean follow-up of patients was 26.4 months
(standard deviation (SD) of 12.8 months) in the
MMC-EMDA group and 28.4 months (SD 9.14
months) in the BCG group (p = 0.44).

The 24-month RFR was 80.9% for MMC-EMDA
and 77.1% for BCG (p = 0.969) (Fig. 2). The mean
time to recurrence was 12.5 months for MMC-EMDA
and 14 months for BCG (p = 0.681).

The PFR at 24 months was 97.9% for MMC-
EMDA and 93.8% for BCG (p = 0.419). There was
one progression in the MMC-EMDA group due to
the appearance of CIS at 5 months. In the BCG group
there were 3 progressions by passage to T2 in a mean
time of 12.6 months.

We performed a multivariate analysis adjusted for
age, sex, number of tumors, size, stage and tumor
grade, we found that the treatment applied did not
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Table 1
Patient and tumor characteristics at baseline

Variable MMC-EMDA BCG p
n = 47 n = 48

Age, mean (±SD) 69,8 ± 11 72,1 ± 11 0,326
Gender, n (%) 0,758

Male 37 (78.7%) 39 (81,3%)
Female 10 (21.3%) 9 (18,8%)

Group of risk of EAU 0,349
Intermediate 28 (59,6%) 24 (50%)
High 19 (40,4%) 24 (50%)

Tumor size, n (%) 0,614
<3 cm 29 (61,7%) 32 (66,7%)
≥3 cm 18 (38,3%) 16 (33,3%)

Tumor stage, n (%) 0,344
Ta 29 (61,7%) 25 (52,1%)
T1 18 (38,3%) 23 (47,9%)

Tumor grade WHO 2004, n (%) 0,354
Low gade 20 (42,6%) 16 (33,3%)
High grade 27 (57,4%) 32 (66,7%)

Number of tumors, n (%) 0,225
1 22 (46,8%) 29 (60,4%)
2–7 21 (44,7%) 18 (37,5%)

≥8 4 (8,5%) 1 (2,1%)
Previous recurrence, n (%) 0,123

None 29 (61,7%) 37 (77,1%)
Yes 18 (38,3%) 11 (29,1%)

∗EAU: European Association of Urology.

Fig. 1. Patient flowchart.
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Fig. 2. Recurrence-free survival recurrence at 24 months follow-
up between MMC-EMDA group and BCG group.

influence the prognosis of recurrence with a hazard
ratio 0.702 (95% CI 0.255–1.938) p = 0.495.

Regarding treatment safety (Table 2), in the MMC-
EMDA group, the percentage of planned instillations
received was 75%. The AEs reported were mild in
14 patients (29.8%), moderate in 5 (10.6%) and one
patient (2.1%) presented a severe AE. In total, 10
patients (21.3%) in this group discontinued treatment.
Eight due to AEs: 3 due to bladder spasms, 3 due to
urinary tract infection, 1 due to general malaise and
1 due to a severe adverse reaction due to a previously
unknown drug allergy.

The percentage of planned instillations received in
the BCG arm was 87.3%, 19 patients (40.4%) had
mild and 5 (10.6%) moderate AEs. Eight patients
(17.4%) of this group discontinued treatment. Six as
a result of AEs: 2 due to urinary tract infections, 3
due to dysuria, and 1 patient due to fever.

During the study, three patients from the EMDA
group (6.4%) and three patients from the BCG group
(6.3%) died (p = 0.979). All of them died from causes
unrelated to their neoplastic disease or treatments.

DISCUSSION

We present the results of a prospective study com-
paring adjuvant treatment with MMC-EMDA versus
BCG in patients with intermediate and high-risk

NMIBC, selecting those patients without CIS. Our
results suggest that, in terms of prevention of recur-
rences, using MMC-EMDA in the induction and
maintenance regimen presents results, comparable to
treatment with BCG induction and maintenance for
one year. Moreover, it shows an adequate safety pro-
file. Similar to previously published studies, where
the adverse events of MMC applied with EMDA show
similar rates to those of passive MMC administration
(local symptoms such as cystitis, hematuria, and uri-
nary frequency were observed in 25% of the passive
MMC group and 26% of the EMDA group, p = 0.47)
[7]. However, it appears that suprapubic pain and ure-
thral burning are more common in the former group
[6].

The application of MMC-EMDA as adjuvant treat-
ment was evaluated by Di Stasi et al. [10], who
conducted a clinical trial involving patients with
high-risk NMIBC with CIS. They included 3 treat-
ment groups, passive MMC, MMC-EMDA and BCG
in a similar schedule and had a mean follow-up
of 43 months, and observed an RFR for MMC of
15%, compared to an RFR of 47% in the MMC-
EMDA and BCG group (p = 0.092). More recent is
the work of Zazzara et al. [12] comparing treatment
with MMC-EMDA and BCG. They retrospectively
analyzed a subgroup of paired patients and found
no difference in terms of recurrence and progres-
sion. Our study, also found no significant differences
when comparing treatment with MMC-EMDA
and BCG.

Other devices also aim to increase the pene-
tration of intravesical chemotherapeutics, but they
do so through heat; this is called chemohyper-
thermia (CHT). Arends et al. [13], in 2016,
published their clinical trial in which they applied
chemohyperthermia (CHT) using radiofrequency-
induced thermochemotherapy (RITE) through a
device called Synergo SB- TS 101. They random-
ized 190 patients with high- and intermediate-risk
NMIBC to receive MMC boosted with Synergo or
BCG. After 24 months of follow-up, they obtained
an RFR of 78.1% for CHT versus 64.1% for BCG
(p = 0.08).

Guerrero Ramos et al. [14] conducted a clinical
trial in which 50 patients with high-risk NMIBC
without CIS were randomized to receive treatment
with BCG or MMC-enhanced with conduction CHT
applied by the combat device (HIVEC). Their results
found a similar RFR at 24 months between both
treatments (RFR 86.5% for HIVEC and 71.8% for
BCG (p = 0.184)). Our results are close fairly similar,
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Table 2
Adverse events reported by patients

Adverse events reported MMC-EMDA BCG p
n = 47 n = 48

None n, (%) 24 (51,1%) 23 (47,9%) 0,556
Grade 1 n, (%) 14 (29,8%) 19 (40,4%)

Dysuria, n 1 6
Bladder spams, n 5 2
Skin Burns, n 5 0
Urinary tract infection, n 2 6
General malaise, n 1 5

Grade 2 n, (%) 5 (10,6%) 5 (10,6%)
Urinary tract infection, n 1 1
Skin Burns, n 2 0
Bladder spams, n 2 0
Hematuria, n 0 1
Fever, n 0 3

Grade 3 n, (%) 0 (0%) 0 (0%)
Grade 4 n, (%) 1 (2,1%) 0 (0%)

MMC Allergy, n 1 0
Grade 5 n, (%) 0 (0%) 0 (0%)

(RFR 80.9% for MMC-EMDA and 77.1% for BCG
(p = 0.969). This could be because we have selected
similar patient profiles, excluding patients with CIS.

Studies in patients who do not respond to BCG
also show better results in the absence of CIS. Di
Gianfrancesco et al. [15] found RFR in patients with
CIS of 12.5% and 57.1% in patients without CIS,
all treated with MMC-EMDA (p < 0.05). A similar
pattern seems to occur with the RITE device. Tan
et al. [16] had to prematurely end their clinical trial
because patients with previous BCG failure and CIS
treated with RITE had a significantly lower disease-
free survival compared to the control group treated
with institutional standard second-line therapy (HR
2.06; p = 0.01).

Therefore, we believe that the patient profile and
the most appropriate administration protocol are
yet to be elucidated. In our study, our aim was to
demonstrate how, in the selection of intermediate and
high-risk NMIBC patients without CIS, the adminis-
tration of MMC-EMDA is an effective alternative to
BCG. Based on the results, the clinical application of
these therapies could be in patients who wish to avoid
BCG or even as a replacement for such treatment
when it is not available. As a response to the short-
age of BCG, various associations have recommended
administering MMC to patients with intermediate-
risk NMIBC. However, replacing BCG with MMC
may lead to reduced effectiveness in terms of prevent-
ing tumor recurrence and progression. Consequently,

alternative approaches have emerged to mitigate these
disparities. However, randomized studies are needed
to address these questions.

The main limitation of this study is that it is not a
randomized study, However, the analysis of variables
indicates that the groups are comparable, despite
some observed differences. Nevertheless, our limited
sample size prevents us from conducting a stratified
analysis. Furthermore, this study does not allow us
to answer how much of the treatment effect comes
from the device, as we did not consider the possibil-
ity of introducing a MMC-passive group given that
we included high-risk patients. Another weakness
is that follow-up time does not allow us to achieve
median survival. Future studies of other cohorts are
needed to validate our results, and the treatment
regimen.

The MMC applied with the EMDA device effec-
tive in preventing relapses similar to the BCG in the
profile of patients with high and intermediate risk
NMIBC without CIS at 24 months of follow-up.
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