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Abstract
Background Bacillus Calmette–Guerin (BCG) maintenance therapy is the standard adjuvant treatment of high- and interme-
diate-risk non-muscle-invasive bladder cancer (NMIBC). However, the problems of shortages and the adverse effects, both 
local and systemic, that it causes lead to the search for alternatives with devices that improve the penetration of intravesical 
chemotherapeutics.
Materials and methods Prospective observational study was conducted from August 2018 to August 2022. Patients diagnosed 
with intermediate and high-risk NMIBC without CIS who received one of the following three treatments were included: 
BCG in induction protocol with six weekly instillations and maintenance with three weekly instillations at months 3, 6, and 
12. MMC was applied by  Physionizer® 30 device with a current of 20 mA for 30 min was used in an induction protocol of 
6 weekly instillations followed by 6 monthly instillations as maintenance (EMDA group). MMC was applied by COMBAT 
BRS System V2.0 device at 43 ± 0.5 ℃ for 60 min was used in an induction protocol of 6 weekly instillations followed by 6 
monthly instillations as maintenance (HIVEC group). The primary objective was to compare the 24-month recurrence-free 
rate between the three groups. The secondary objectives were to evaluate the rate free of progression at 24 months and the 
degree of toxicity of the treatments.
Results One hundred and eighty-three patients divided into a HIVEC group with sixty-one patients, EMDA group with fifty-
nine patients, and BCG group with sixty-three patients. After a mean follow-up of 25 months (IQR 13–36), the 24-month 
recurrence-free rate was 82.1% for HIVEC, 80% for EMDA, and 84.6% for BCG (p > 0.05), and a progression-free rate at 
24 months of 95.6% for HIVEC, 98.3% for EMDA, and 92.9% for BCG (p > 0.05). No statistically significant differences 
were found between the three groups with respect to the degree of reported adverse events.
Conclusion Adjuvant treatment with BCG or MMC applied with COMBAT or EMDA does not present differences in the 
recurrence-free rate and progression at 24 months in our population of patients with intermediate- and high-risk NMBC 
without CIS.
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Introduction

Non-muscle-invasive bladder cancer (NMIBC) represents 
approximately 75% of bladder cancer diagnoses. Transure-
thral resection of the bladder (v-TUR) allows the diagnosis 
and treatment of these tumors. However, NMIBC presents 
a risk of recurrence and progression to a muscle-invasive 
form. To predict the risk of recurrence and progression, 
patients are classified into low-, intermediate-, and high-
risk groups (Sylvester et al. 2021; Malmström et al. 2009). 
BCG maintenance treatment is considered the best ther-
apy in high- and intermediate-risk patients (Oddens et al. 
2013; Schmidt et al. 2020; Sharma et al. 2020). However, 
recent studies suggest that BCG maintenance therapy in 
all these patients is not a cost-effective alternative (Brausi 
et al. 2014). In addition, the application of BCG causes 
both local and systemic adverse effects (Ojea et al. 2007; 
Tan and Kelly 2018). For all these reasons, alternatives to 
treatment using devices that improve the penetration of 
intravesical chemotherapeutics are being sought (Arends 
et al. 2016).

Advances in the treatment of NMIBC have focused on 
optimizing the penetration and potentiating the effects of 
chemotherapy using device-assisted technology.

The three most widely used devices are the radiofre-
quency-induced thermotherapeutic effect (RITE), which has 
the largest amount of literature (Tan et al. 2019; Colombo 
et al. 2003; Guerrero-Ramos et al. 2022), hyperthermic 
intravesical chemotherapy—HIVEC—using closed recircu-
lation systems (Plata et al. 2021; Sousa et al. 2016; Colombo 
et al. 2001), and electromotive drug administration (EMDA) 
(Stasi et al. 2003; Racioppi et al. 2018; Stasi and Riedl 
2009). All have been postulated as effective alternatives to 
BCG treatment. However, the optimal regimen of standard 
or device-assisted chemotherapy instillations has not been 
identified, nor has it been determined which patient profile 
would benefit most from these treatments.

We present a prospective observational study compar-
ing treatment with mitomycin C (MMC) delivered by 
the EMDA device versus MMC delivered by conduction 
hyperthermia-HIVEC with the COMBAT device versus 
BCG in the treatment of patients with intermediate- and 
high-risk NIVT without carcinoma in situ (CIS).

Materials and methods

Studies design and participants

We conducted a prospective observational study from 
August 2018 to August 2022. Patients with a histological 

diagnosis of intermediate- and high-risk urothelial 
NMIBC without CIS were included. Patients with primary 
or recurrent bladder cancer were included provided they 
had not received treatment with BCG or MMC applied 
with EMDA or HIVEC in the previous 2 years.

Patients with a history of prior CIS or concomitant CIS, 
a history of stage T2 bladder cancer, non-urothelial carci-
nomas, or urothelial carcinoma in the upper urinary tract at 
the time of diagnosis were excluded. Exclusion criteria also 
applied to the following: allergy to MMC, intolerance, or 
contraindication to BCG; alterations in the complete blood 
count or alterations in renal or hepatic function; minor 
bladder capacity to 150 ml; pregnant/lactating women, and; 
treatment with chemotherapy or pelvic radiotherapy during 
the last three months.

The study obtained the approval of the Local Ethics Com-
mittee before the experiment was started (IRB number 0992-
N-18). It has been conducted in accordance with the prin-
ciples set forth in the Helsinki Declaration and all patients 
signed an informed consent accepting the treatment.

Intervention and treatment schedules

Prior to enrollment, urinary cytology, cystoscopy, and resec-
tion of all visible bladder tumors were performed. Random 
biopsies of the bladder mucosa were taken in cases with 
previous positive cytology, non-papillary tumor, or a history 
of high-grade tumor.

A second TURBT was performed with an interval of 
2–4 weeks when tumor resection was incomplete or there 
was no muscle in the sample (“Tx”). Upper urinary tract 
pathology was excluded by computed urography (CTU), and 
urinary tract infection was ruled out by urine culture. The 
instillations began 4–6 weeks after the TURBT.

Electromotive force-assisted chemotherapy was applied 
with an EMDA device (Physionizer ® 30, manufactured by 
Physion®, Medolla, Italy). This device consists of a genera-
tor that emits an electrical current between a specialized 16 
Fr catheter that works as an anode, and which introduces the 
MMC into the bladder (40 mg diluted in 50 mg of distilled 
water), and a cathode in the form of a patch located on the 
hypogastrium of the patient (Common Terminology Criteria 
for Adverse Events 2017). Sessions are carried out with a 
current of 20 mA for 30 min.

Conductive chemohyperthermia was administered with 
the Combat BRS System V2.0 (Combat Medical Ltd, 
Wheathampstead, UK). This is a dry, external device that 
heats 40 mg of MMC diluted in 50 mL of distilled water to 
43 ± 0 0.5 ℃, which is then introduced into the bladder at 
200 mL /min for 60 min.

The administration protocol is similar in both MMC 
groups. First, an induction of six weekly instillations 



Journal of Cancer Research and Clinical Oncology 

1 3

was performed, followed by six monthly instillations as 
maintenance.

Patients in the third arm received an induction of six 
weekly instillations of BCG (50 mg of  OncoCITE® diluted 
in 50 ml of normal saline) for 60 min, followed by main-
tenance therapy: three weekly instillations at months 3, 6, 
and 12.

Patient follow‑up

Response to treatment was evaluated every 3 months by 
cystoscopy and urinary cytology. CTU was performed at 
months 6, 12, and 24, and annually thereafter, or when 
clinically indicated. TUR was performed when abnormali-
ties were observed in the cystoscopy, or for suspicion of 
recurrence by imaging tests. When cytology was positive, 
biopsies of the bladder mucosa were taken.

Adverse events were assessed at each treatment and fol-
low-up visit. Patients were asked about adverse events (AEs) 
and assessed using the Common Terminology Criteria for 
Adverse Events (CTCAE) version 5.0 (Colombo et al. 2011). 
In case of grade 1 or 2 toxicity, symptomatic treatment was 
given, and instillation postponed. Treatment was discontin-
ued if an allergy or a degree of toxicity > 3. Dose reduction 
was not allowed, only delaying treatment. The study ends 
when the patient withdraws informed consent or when an 
adverse event occurs that causes treatment to be delayed by 
more than 2 weeks. Patients who present a recurrence or 
progression are dropped from the study, but continue to be 
followed up.

Outcomes

The primary objective was to compare the 24-month recur-
rence-free rate between the three groups. The secondary 
objectives were the evaluation of the free rate of progression 
at 24 months, the time until recurrence and progression, and 
the toxicity of the treatments.

Patient rating

Recurrence: Appearance of a tumor of a lower grade or simi-
lar to the initial one, confirmed histologically.

Time to recurrence: Time from the first instillation to the 
next surgery in which recurrence was confirmed.

Progression: Appearance of muscle-invasive bladder can-
cer or CIS, confirmed histologically.

Time to progression: Time from the first instillation to the 
next surgery in which progression was confirmed.

Patients without progression or recurrence at the last fol-
low-up test were censored. Patients lost to follow-up were 
censored on the last known day of survival.

Distribution and statistical analyses

All three therapies were available simultaneously. Each 
patient chose their allocation after a discussion with a group 
of clinicians who explained the evidence and emphasized 
the adverse effects. Therefore, it is a non-randomized study.

All data were collected prospectively, and retrospective 
analysis was performed.

Categorical and continuous variables were analyzed by 
performing the ANOVA Chi-square, Fisher exact, and Stu-
dent t tests. The Kaplan–Meier method was used to assess 
time-to-event outcomes and curves were constructed for 
each study arm. Comparison was estimated by use of long-
rank test. All tests were two-sided and a p value of < 0.05 
was considered statistically significant.

Statistical analyses were performed with SPSS V23.0 
(Armonk, NY: IBM Corp.)

Results

Patients

Initially, 190 patients agreed to participate in the study. Sub-
sequently, six were excluded for presenting stage T2 dis-
ease in the R-TUR, and one withdrew before starting treat-
ment. Finally, 183 patients were included and divided into 3 
groups: HIVEC 61, EMDA 59, BCG 63. The baseline char-
acteristics of the patients are comparable between the three 
groups (Table 1). In the three groups, being male, having 
primary tumors, and tumors smaller than 3 cm predominate.

Efficacy

The total mean follow-up of the patients was similar in the 
three groups, with a median of 28 months (IQR 13–38) for 
the HIVEC group, 21 months (IQR 11–34) for the EMDA 
group, and 28 (IQR 16- 35) for the BCG group (p > 0.05).

There were no differences in the recurrence-free rate at 
24 months among the three treatments: HIVEC: 82.1%; 
EMDA: 80%; BCG: 84.6% (p > 0.05). In total, 15 recur-
rences (24.6%) occurred in the HIVEC group, 12 in the 
EMDA group (20.3%), and 11 in the BCG group (20.8%) 
with a median time to recurrence of 19.3 months for the 
HIVEC group, 12.5 for EMDA and 14 months for BCG 
(p > 0.05). Although significance was not reached when 
comparing the mean time to recurrence; the HIVEC group 
tends to present later recurrences compared to the other two 
groups.

The 24-month progression-free rate for the three groups 
was 95.6% for HIVEC, 98.3% for EMDA, and 92.9% for 
BCG (p = 0.263). Two progressions to CIS occurred in 
the HIVEC group at 12 and 19 months; one in the EMDA 
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group progressed to CIS at 5 months, and five progressions 
occurred in the BCG group: three progressions to T2 and 
two progressions to higher tumor grade with a median time 
to progression of 15.6 months.

We also performed a Cox regression analysis in which 
we found that the applied treatment did not influence the 
recurrence prognosis after adjusting for the variables sex, 
age, previous recurrence, number of tumors, size, T stage, 
and grade (Table 2A).

Finally, we performed the same analyses including only 
the population with primary tumors, without finding sig-
nificant differences in the recurrence-free rate between the 
treatment groups (long-rank p = 0.51) (Fig. 1B.) Nor were 
differences observed when performing the Cox regres-
sion analysis adjusted for the same variables previously 
described. (Table 2B).

Toxicity

Regarding the number of instillations, the QHT group 
received a mean of 9.9 (SD 2.5) instillations, the EMDA 
group received a mean of 8.8 (SD 3.5) instillations, and the 
BCG group received a mean of 12.7. (SD 3.2) instillations. 
There were significant differences between the mean number 
of instillations received by patients in the BCG group and 
the other two (p < 0.05), because the administration protocol 
of the mitomycin groups is different from the BCG group.

In general, there were no statistically significant differ-
ences among the three groups with respect to the degree 
of reported adverse events (p = 0.393). However, within 
the group of grade 1 adverse events, there were differences 
among treatment groups (p < 0.05). Bladder spasms pre-
vailed in the HIVEC group, bladder spasms and skin burns 
in the EMDA group, and dysuria, urinary infection, and gen-
eral malaise in the BCG group (Table 3).

During the treatment period, two patients in the chemo-
hyperthermia group discontinued treatment due to adverse 
events, one experienced a grade 3 AE (general malaise) 
and the second a grade 4 AE (MMC allergy). In the EMDA 
group, eight patients discontinued treatment due to adverse 
events—three due to bladder spasms (grade 2), three due 
to urinary treat infection (one grade 3 patient, two grade 2 
patients), one due to general malaise (grade 3) and one due 
to a severe adverse reaction due to a previously unknown 
drug allergy (grade 4). In the BCG group, there were six 
withdrawals from treatment as a result of adverse events. 
Two patients withdrew due to urinary infection (grade 2 and 

Table 1  Patient and tumor characteristics at baseline

EAU European Association of Urology, SD Standard Deviation

Variable HIVEC EMDA BCG p value
n = 61 n = 59 n = 63

Gender, n (%) 0.862
 Male 47 (77%) 47 (79.7%) 51 (81%)
 Female 14 (23%) 12 (20.3%) 12 (19%)

Age, median (IQR) 74 (65–80) 71 (64–76) 72 (66–78) 0.391
Tumor status, n (%) 0.152
 Primary 38 (62.3%) 39 (66.1%) 49 (77.8%)
 Recurrent 15 (37.7%) 20 (33.9%) 14 (22.2%)

Number of tumors, n (%) 0.257
 Single 26 (42.6%) 28 (47.5%) 36 (57.1%)
 Multiple 35 (57.4%) 31 (52.5%) 27 (42.9%)

Maximum tumor diameter, n (%) 0.158
  < 3 cm 46 (75.4%) 35 (59.3%) 44 (69.8%)
  ≥ 3 cm 18 (24.6%) 24 (40.7%) 19 (31.7%)

Tumor stage, n (%) 0.358
 Ta 37 (60.7%) 37 (62.7%) 32 (50.8%)
 T1 24 (39.3%) 22 (37.3%) 31 (49.2%)

WHO Grade 2004/2016, n (%) 0.458
 Low grade 27 (44.3%) 23 (39%) 21 (33.3%)
 High grade 34 (55.7%) 36 (61%) 42 (66.7%)

Group of risk of 
EAU

0.419

 Intermediate 38 (62.3%) 32 (54.2%) 32 (50.8%)
 High 23 (37.7%) 27 (45.8%) 31 (49.2%)

Table 2  Multivariate logistic 
regression analysis

Test of proportional-hazards assumption p = 0.7180

Haz.ratio Std.err Z p [95% conf. interval]

A. Including all data
 HIVEC (ref) – – – – – –
 EMDA .8418224 .3419603 – 0.42 0.672 .3797084 1.86634
 BCG .909973 .3806598 – 0.23 0.822 .4008243 2.06587

Test of proportional-hazards assumption p = 0.3550
B. Including primary tumors only
 HIVEC (ref) – – – – – –
 EMDA .4276943 .3061625 – 1.19 0.235 .1051491 1.739647
 BCG 1.037203 .5557003 0.07 0.946 .3629255 2.96422
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3), three patients due to dysuria (grade 2), and one patient 
due to fever (grade 2).

At subsequent follow-up, two patients from the HIVEC 
group dropped out due to fear of COVID-19, three patients 
from the EMDA group and three from the BCG group died. 
All died from causes unrelated to their neoplastic disease 
or treatments.

Discussion

We present the first study comparing the application of 
MMC with hyperthermia versus MMC applied with EMDA 
and the administration of BCG as adjuvant treatment in 
patients with intermediate and high risk of NMIBC without 
CIS. Our results show that the three treatments have similar 
efficacy. There were no differences in the recurrence-free 
rate or progression at 24-month follow-up. From a safety 
point of view, there were no differences between the three 
groups with respect to the degree of reported adverse events, 
although there were differences in the predominant type of 
adverse effect. The importance of the results of our study 
is supported in the current context in which alternatives 
to BCG treatment are sought through the use of devices 
that enhance chemotherapeutic agents. However, although 
devices with different mechanisms of action have been 
developed, no study compares them with each other and with 
standard adjuvant treatment.

While this is the first study to compare MMC applica-
tion with the  COMBAT® and  EMDA® devices versus BCG 
as adjunctive therapy, Colombo et al. (Stasi et al. 2003) in 
2001 published a non-randomized trial in which MMC was 
applied with hyperthermia using  Synergo® device or with 
EMDA, versus MMC alone as ablative treatment—demon-
strating the superiority of the first two over the last.

Our results are in line with those published in studies 
supporting the use of these devices as adjuvant treatment. 
Di Stasi et al. (Stasi et al. 2003) published the results of 
a clinical trial in which 108 patients with NMIBC with 
CIS were allocated to receive treatment with passive 
MMMC,  EMDA® or BCG, obtaining a RFR of 47.2% 
for the EMDA and BCG groups and 15% for the MMC 
group (p < 0.05) after 43 months of follow-up. Colombo 
et al. (2011) randomized 83 patients with intermediate- 
and high-risk NMIBC to receive treatment with MMC 
alone or boosted with RITE obtaining a better RFR for the 
study group (60 vs. 20%; p < 0.05). Subsequently, Arends 
et al. (2016) reported the results of their trial compar-
ing hyperthermia treatment versus BCG in a population 
of 190 patients with intermediate- and high-risk BCG 
naïve NMIBC, also obtaining favorable results for the 
study group (RFR 81.8 vs. 64.8%; p < 0.05). Regard-
ing the COMBAT device, Guerrero-Ramos et al. (2022) 
conducted a clinical trial in which they randomized 50 
patients with high-risk NMIBC without CIS, obtaining a 
RFR of 86.3% at 24 months in the COMBAT® group and 

Fig. 1  A Kaplan–Meier recurrence-free survival curves for treatment with HIVEC, EMDA, and BCG including all data. B Kaplan–Meier recur-
rence-free survival curves for treatment with HIVEC, EMDA, and BCG including primary tumors only
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71.8% in the BCG group (p > 0.05). In a single study, in 
which only the population with intermediate-risk NMIBC 
was selected, no differences were found between the 
application of MMC alone versus boosted with COMBAT 
with a 2-year disease-free survival rate similar between 
groups (61 vs. 60%) (Tan et al. 2022).

Regarding toxicity, in our study, as in previously pub-
lished studies, most adverse effects are classified as mild 
(Plata et al. 2021; Colombo et al. 20001) with a predomi-
nance of local effects such as dysuria, bladder pain, or 
bladder spasms (Guerrero-Ramos et al. 2022; Stasi et al. 
2003; Tan et al. 2022).

Being a prospective study with consecutive inclusion 
of patients, we were able to reduce the risks of informa-
tion bias and underreporting of side effects. However, 
despite obtaining comparable groups, the lack of rand-
omization is a limitation of our study.

Conclusion

In this study, no differences were observed in the recur-
rence-free or progression-free rate at 24 months among the 
adjuvant treatments with BCG and MMC applied with the 
EMDA or COMBAT device in patients with intermediate- 
and high-risk NMIBC and without CIS. For this reason, 
randomized studies would provide more evidence on the 
non-inferiority of MMC applied with the EMDA or COM-
BAT device compared to BCG in the treatment of patients 
with NMIBC.
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