
5

А К Т У А Л Ь Н І  Т Е М И

HEALTH OF MAN / ЗДОРОВ’Я ЧОЛОВІКА • №2 (89)/2024
ISSN 2787-7315 (Print)  |  ISSN 2786-7373 (Online) 

© The Author(s) 2024 This is an open access article under the Creative Commons CC BY license

DOI: https://doi.org/10.30841/2786-7323.2.2024.310011
УДК: 616.62/.63-006.36.04-072.2:615.277.3Мітоміцин_С](043.3) 

Ways to increase the effectiveness of intravesical 
chemotherapy with Mitomycin-C in patients with 
high-risk of non-muscle-invasive bladder cancer
F. I. Kostyev, R. S. chystiakov, V. V. lysenko, O. V. Bondar, V. O. Varbanets
Odessa National Medical University

The objective: to analyze the experience of using hyperthermic intravesical chemotherapy (HIVEC) with Mitomycin-
C (MMC) and the addition of dimethyl sulfoxide (DMSO) in high-risk of non-muscle-invasive bladder cancer (HR 
NMIBC) patients and to compare oncological results with BCG therapy. 
Materials and methods.  From March 2018 to January 2021, 53 patients with high-risk of NMIBC underwent a HIVEC ad-
juvant regimen at the University Clinic of Odessa National Medical University. The results were compared with a group 
of patients who received adjuvant intravesical BCG therapy from 2015 to 2019. In the HIVEC group, 16 (30.2%) patients 
with reduced bladder capacity underwent a session of the HIVEC therapy with prior injection of DMSO solution into 
the bladder. The primary endpoint was recurrence-free survival (RFS). Secondary endpoints were time to recurrence, 
progression-free survival (PFS), cancer-specific survival and overall survival at 36 months. 
Results. The incidence of the disease recurrence (42.6% vs 22.6%; p=0.028) and progression (20.4% vs 7.5%; p=0.50) were differ-
ent between the BCG and HIVEC, respectively. The mean time to recurrence in patients who received HIVEC MMC was signifi-
cantly higher than in patients of the BCG group: 31.5 months (95% CI: 29.1–34.0) versus 26.0 months (95% CI: 22.7–29.3), re-
spectively (p=0.034). Cox regression analysis showed that the hazard ratio for HIVEC vs BCG for the RFS at 36 months was 0.48 
(95% CI: 0.24–0.96; p=0.04). The RFS and the PFS indicators during the 36-month follow-up period in patients who received 
additional intravesical DMSO administration were not significantly different from other patients in the HIVEC therapy group. 
Conclusions. Hyperthermic intravesical chemotherapy with the addition of DMSO is a safe treatment option for patients 
with high-risk of noninvasive bladder cancer with efficacy comparable to BCG therapy.
Keywords: non-muscle-invasive bladder cancer, hyperthermic intravesical chemotherapy, dimethyl sulfoxide.

Шляхи підвищення ефективності внутрішньоміхурової хіміотерапії мітоміцином у пацієнтів з 
м’язово-неінвазивним раком сечового міхура високого ризику
Ф. І. Костєв, Р. С. Чистяков, В. В. лисенко, О. В. Бондар, В. О. Варбанець

Мета дослідження: аналіз досвіду застосування гіпертермічної внутрішньоміхурової хіміотерапії (HIVEC) з міто-
міцином та додаванням диметилсульфоксиду (ДМСО) у пацієнтів з м’язово-неінвазивним раком сечового міхура 
(МНІРСМ) групи високого ризику та порівняння онкологічних результатів з БЦЖ терапією.
Матеріали та методи. З березня 2018 р. по січень 2021 р. в Університетській клініці Одеського національного ме-
дичного університету 53 пацієнти з МНІРСМ групи високого ризику отримали в ад’ювантному режимі курс HIVEC. 
Результати порівнювали з групою пацієнтів, які отримували ад’ювантну внутрішньоміхурову терапію вакциною БЦЖ 
протягом 2015–2019 рр. У 16 (30,2%) пацієнтів зі зниженою ємністю сечового міхура проводили сеанс HIVEC з по-
переднім уведенням розчину ДМСО до сечового міхура. Первинною кінцевою точкою було безрецидивне виживання 
(БРВ). Вторинними кінцевими точками були час до рецидиву, виживаність без прогресування (БПВ), канцер-специ-
фічна виживаність та загальна виживаність через 36 міс.
Результати. Частота рецидивів захворювання (42,6% проти 22,6%; p=0,028) та прогресування (20,4% проти 7,5%; p=0,50) від-
різнялися між групами БЦЖ та HIVEC відповідно. Середній час до рецидиву у пацієнтів, які отримували HIVEC, був значно 
вищим, ніж у пацієнтів групи БЦЖ, а саме: 31,5 міс (95% ДІ: 29,1–34,0) проти 26,0 міс (95% ДІ: 22,7–29,3) відповідно (р=0,034). 
Регресійний аналіз Кокса продемонстрував, що співвідношення ризиків для HIVEС проти БЦЖ терапії для БРВ через 36 міс 
становило 0,48 (95% ДІ: 0,24–0,96; p=0,04). Показники БРВ та БПВ протягом 36-місячного періоду спостереження у пацієнтів, які 
отримали додаткове уведення ДМСО внутрішньоміхурово, істотно не відрізнялися від інших пацієнтів у групі HIVEC.
Висновки. Гіпертермічна внутрішньоміхурова хіміотерапія з мітоміцином з додаванням диметилсульфоксиду є без-
печним варіантом лікування пацієнтів з неінвазивним раком сечового міхура високого ризику з ефективністю, що по-
рівняна  з терапією БЦЖ.
Ключові слова: м’язово-неінвазивний рак сечового міхура, гіпертермічна внутрішньоміхурова хіміотерапія, диметилсульфоксид.

Bladder cancer is the sixth most common cancer in males 
worldwide and the twelfth most common cancer [1]. In 

the European Union the age-standardised incidence rate 
was 20 for men and 4.6 for women in 2020, respectively [2]. 
In Ukraine the age-standardized incidence rate was 11.1 for 

men and 1.5 for women in 2020, respectively [3]. Approxi-
mately 75% of newly diagnosed bladder cancer patients 
have a non-muscle-invasive tumor (NMIBC) [2]. 

In patients at high risk for NMIBC, adjuvant intravesical 
instillation of the Bacillus Calmette-Guérin (BCG) vaccine 
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with supportive care is recommended as an effective way 
to preserve the bladder [4–6]. A separate category includes 
patients of highest-risk group and patients who have under-
gone unsuccessful BCG therapy (BCG failure). According 
to the European Association Urology (EAU) Guidelines 
one of the treatment options for these patients is immediate 
radical cystectomy (RC) [2]. But many patients are elderly 
and have comorbidities, that makes them unsuitable for RC 
[7–9]. Thus, the alternative bladder-sparing intravesical 
therapy for patients with NMIBC is necessary.

One of the ways to increase the effectiveness of intra-
vesical chemotherapy to reduce the risks of recurrence 
and progression is the use of physical methods like local 
hyperthermia (one of them is hyperthermic intravesical 
chemotherapy – HIVEC) [10–12] or chemical methods 
(dimethyl sulfoxide – DMSO) [13, 14] to get drugs across 
bladder penetrating barriers. 

The objective: of this work is to analyze the experience of 
using hyperthermic intravesical chemotherapy with Mitomy-
cin C in the adjuvant treatment of high-risk NMIBC patients 
and to compare oncological results with BCG therapy. 

MATERIALS AND METHODS
This non-randomized, ambispective, observational and 

single center study was carried out according to the “Con-
vention for the Protection of Human Rights and Dignity of 
the Human Being with regard to the Application of Biology 
and Medicine by the Council of Europe (ETS #164, April 
1997), the “Declaration of Helsinki – Ethical Principles for 
Medical Research Involving Human Subjects” by the World 
Medical Association (October 2013) and approved by the 
Bioethics Commission of the Odessa National Medical 
University (Protocol #135A, 03.07.2019). Before including 
any patient to the study protocol, their personal written in-
formed consent to participate in the study was obtained and 
all measures to ensure their anonymity 
were taken.

From March 2018 to January 2021, 53 
prospective patients underwent HIVEC-
MMC adjuvant regimen in University 
Clinic of Odessa National Medical Uni-
versity (UC ONMedU). The patients 
who received adjuvant intravesical BCG 
therapy in UC ONMedU from 2015 to 
2019 were used as a retroprospective con-
trol group (Fig. 1). 

The inclusion criteria were the di-
agnosis of high-risk NMIBC as defined 
by the 2018 version of the EAU guide-
lines and Karnofsky status from 100 to 
60 percent. Patients were excluded if 
they had a history of hypersensitivity 
to MMC or any contraindication to 
BCG. Before the start of intravesical 
therapy, both groups underwent trans-
urethral resection of all visible blad-
der tumors (TURBT) under general 
anesthesia using endoscopic mono- or 
bipolar resection. Intravesical instilla-
tions started 3–4 weeks after TURBT/
Re-TURBT.

Parameter
Subgroup with 

DMSO
n=16 (%)

Subgroup 
without DMSO

n=37 (%)

Sex:
Male

Female
11 (68,8)
5 (31,2)

29 (78,4)
8 (21,6)

Age
72,25±11,69

(range 48-85)
62,24 ±11,72
(range 37-81)

Primary
Recurrent

5 (31,2)
11 (68,8)

35 (94,6)
2 (5,4)

Та
Т1

1 (6,3)
15 (93,7)

2 (5,4)
35 (94,6)

№ of tumors
Single

Multiple
5 (31,3)

11 (68,7)
26 (70,3)
11 (29,7)

Diameter of tumors
< 3
≥ 3

8 (50,0)
8 (50,0)

15 (40,5)
22 (59,5)

Concomitant CIS 5 (31,3) 5 (13,5)

G2
G3

-
16 (100)

23 (62,2)
14 (37,8)

Low grade
High grade 16 (100)

22 (59,5)
15 (40,5)

Table 1
Comparison characteristics HIVEC subgroups of the 

EORTC stratification

Note: Ta, T1 – pathologic stage; CIS – carcinoma in situ; G1-G2, Low grade – 
High grade – grade of differentiation;
* – Independent sample T test – data are expressed as «mean ± standard 
deviation», p statistical significance level;
EORTC – European Organisation for Research and Treatment of Cancer.

Fig. 1. Study design scheme
Note: EAU – European association of urology; NMIBC – non-muscle-invasive bladder cancer;  
HIVEC – hyperthermic intravesical chemotherapy; BCG – Bacillus Calmette-Guerin,   
MMC – Mitomycin C; DMSO – dimethyl sulfoxide.
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Patient characteristics
Of the 107 patients included in the study, 84 (78.5%) 

were men, 23 (21.5%) were women. There were no statistical 
differences by sex among the patients of the studied groups 
(p=0.45). The average age of patients in the HIVEC-thera-
py group was (65.26±12.50) years old, in the BCG-therapy 
group – (64.65±12.00) years old (p=0.8). In addition, there 
were no significant imbalances in tumor characteristics such 
as size, number of tumors, depth of invasion into the bladder 
mucosa, histological classification, and the presence of con-
comitant CIS, which was reflected in the earlier article [15]. 
This publication reflects the continuation of our work and 
is devoted to the analysis of the oncological results obtained 
depending on the type of intravesical therapy used, as well as 
depending on the addition of DMSO. The initial character-
istics of patients in the HIVEC therapy group, depending on 
the addition of DMSO, are presented in Table 1.

Treatment
The protocol of HIVEC treatment included the Mito-

mycin-C use at a dose of 40 mg once a week for 6 weeks. 
The instіllations were performed using a Combat BRS 
system V2.0 for hyperthermic chemotherapy (Combat 
Medical, Wheathampstead, UK) that heated the solu-
tion to the temperature of 41–43 °C extravesically and 
recirculated it for 60 minutes at a stable pressure and a 
rate of 200 ml/minute. In the chemohyperthermia group, 
16 (30.2%) patients with reduced bladder capacity due 
to repeated or large TUR, according to our methodol-
ogy, underwent the HIVEC session with prior injection 
of DMSO solution into the bladder. The bladder capacity 
decrease below 200 ml was determined on the basis of pa-
tient complaints and confirmed by ultrasound.

All patients underwent the penetrant dose titration to 
ensure better tolerability. The first instillation was carried 
out with a preliminary injection of 50 ml of 5% DMSO so-
lution, in further instillations the concentration of DMSO 
solution was brought up to 10% with an intravesical expo-
sure time of 5 minutes.

The treatment for patients in the BCG cohort was 
based on the use of Uro-BCG applied to an emptied blad-
der. The patient had to withstand a least 1 hour before 
urinating. The main course of treatment is 6 weekly instil-
lations and a maintenance course of 3 weekly instillations 
at 3, 6, and 12 months.

Surveillance
Every three months, all patients underwent cystoscopy 

and urine cytology. Computed tomography-intravenous 
urography was performed at the screening visit, and then 
once a year or as clinically indicated. In case of endoscopic 
suspicion of the tumor recurrence or the positive cyto-
logy was detected a “cold” bladder biopsy was performed. 
TURBT was performed if cystoscopy revealed a tumor or 
imaging suggested a possible recurrence of cancer.

Outcomes
The primary outcome was recurrence-free survival 

(RFS), defined as a diagnosis of urothelial carcinoma 
in the time from the end of intravesical adjuvant treat-
ment to histologically confirmed tumor recurrence. 
The secondary outcome was progressive-free survival 
(PFS), that was defined as the time from the end of 

intravesical adjuvant treatment to a histologically or 
radiologically confirmed diagnosis of muscle-invasive 
bladder cancer or metastatic disease, the mean time to 
recurrence (TTR), cancer-specific (CSS) and overall 
survival (OS) at 36 months. 

Statistical analysis
A comparative analysis of the corresponding param-

eters in both groups was carried out according to the χ2 
method and using the t-test for independent samples. The 
Kaplan-Meier method was used to obtain estimates of the 
RFS, PFS, CSS, and OS. The indicators were compared 
with each other using a log-rank test. A univariate and 
multivariate Cox proportional hazards regression model 
was used to analyze potential risk factors for intravesical 
recurrence and progression. The hazard ratio and its 95% 
confidence interval were calculated. IBM SPSS Statistics 
for Windows (version 28.0) was used as a program for cal-
culating statistical indicators. A p-value <0.05 was con-
sidered an indicator of statistical significance.

RESEARCH RESULTS  
AND THEIR DISCUSSION

The median follow-up period was 28 months (range 
8–46) in the HIVEC group and 34 months (range 9–68) 
for the BCG group. There were 35 recurrences (BCG = 
23, HIVEC = 12), 15 disease progressions (BCG = 11, 
HIVEC = 4) and 6 deaths (BCG = 4; HIVEC = 2) due to 
bladder cancer during the 36 months follow-up. 

Survival analysis
The recurrences rates were significantly different be-

tween the two groups (42.6% versus 22.6%; p=0.028), re-
spectively. The 12-month RFS was 94.2% for the HIVEC 
group and 77.8% for the BCG group (HR 0.32;95% CI: 
0.13–0.80; p=0.02), and the 24-month RFS was 79.1% 
for the HIVEC group and 66.1% for the BCG group (HR 
0.86;95% CI: 0.48–1.55; p=0.24). The Kaplan-Meier ana-
lysis of recurrence-free survival for two adjuvant treat-
ment strategies is shown in Fig. 2. 

The mean time to recurrence (TTR) in patients who 
received HIVEC MMC was significantly higher than in 
patients of the BCG group: 31.5 months (95% CI: 29.1–
34.0) versus 26.0 months (95% CI: 22.7–29.3), respec-
tively (p=0.034). Recurrent tumor, concomitant Carcino-
ma in citu (CIS), high grade of differentiation, the BCG 
treatment, and the number of intravesical instillations 
were independent prognostic factors for tumor recurrence 
by the Cox hazards regression model.

The incidence of the disease progression was different 
between the two groups (20.4% versus 7.5%; p=0.050), re-
spectively. The 12-month PFS was 100% for HIVEC and 
92.5% for BCG (HR 0.39;95% CI: 0.09–1.73; p=0.25), 
and the 24-month PFS was 93.1% for HIVEC and 82.9% 
for BCG (HR 1.38 ;95% CI: 0.70–2.75; p=0.35). The PFS 
analysis using the Kaplan-Meier method for two adjuvant 
treatment strategies is shown in Fig. 3. 

Although the incidence of the disease progression in 
patients who received HIVEC MMC was higher than in 
patients who received the intravesical BCG, the mean 
time to progression did not differ significantly: 32.0 (95% 
CI: 29.7–34.3) versus 34.7 (95% CI: 33.5–35.9), respec-
tively (p=0.084). Recurrent tumor, concomitant CIS, and 
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Fig. 2. Recurrence-free survival (RFS) curves in both treatment groups

Fig. 3. Progression-free survival (PFS) curves in both treatment groups
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high grade of differentiation were independent prognostic 
factors for tumor progression after the adjuvant treatment 
by the Cox hazards regression model.

The 12-month CSS was 100% for both groups, the 
24-month CSS was 94.5% for HIVEC and 93.2% for BCG. 
Overall survival rates during follow-up were not statisti-
cally different and amounted to 77.8% in the BCG therapy 
group and 86.8% in the HIVEC therapy group (p=0.222). 
The 12-month OS was 98.1% for HIVEC and 100% for 
BCG, the 24-month OS was 90% for HIVEC and 87% for 
BCG. The mean time to death did not differ either from 
33.7 (95% CI: 32.0–35.4) versus 33.5 (95% CI: 32.1–34.9; 
p=0.458), respectively. Cox regression analysis showed 
hazard ratios for HIVEC vs BCG for the RFS, PFS and 
OS at 36 months to be 0.48 (95% CI: 0.24–0.96; p=0.04), 
0.38 (95% CI: 0.12–1.19; p=0.10) and 0.83 (95% CI: 0.33–
2.12; p=0.67), respectively. 

DMSO subgroup results
The average bladder capacity in the DMSO subgroup 

was 184±8.6 ml. The time of the instillation session was 
shortened depending on the patient’s ability to withstand 
the solution in the bladder until a strong urge to urinate 
occurred. The average time of the instillation session in 
the subgroup with previous administration of DMSO was 
40.4±4.8 minutes (95% CI: 38,1–42.8) (range 32–48 min-
utes). In the subgroup without DMSO administration it 
was significantly higher: 57.1±3.1 minutes (95% CI: 56.1–
58.1) (range 51–60 minutes; p=0.013).

DMSO subgroup survival analysis
During the follow-up period, 6 cases of relapse and 3 

cases of disease progression were registered in the subgroup 
received hyperthermic chemoperfusion with DMSO (re-
spectively, 12 and 4 in the total group of HIVEC therapy).

Although the frequency of relapses was significantly 
higher in the subgroup with DMSO (p<0.05; χ2-test), the 

RFS indicators during the 36-month follow-up period in 
patients who received additional intravesical DMSO did 
not differ significantly from other patients in the HIVEC 
therapy group during the follow-up period after the end 
of the induction course therapy: 83.8% vs. 62.5%, respec-
tively (HR 0.12; 95% CI: 0.13–1.28; p=0.41). The mean 
time to relapse was also comparable among patients of the 
studied subgroups: 32.8 months (95% CI: 29.9–35.6) ver-
sus 28.6 months (95% CI: 23.9–33.2), respectively (Log 
Rank test; p=0.107) (Fig. 4)

The RFS indicators of patients who received DMSO 
instillations before the start of chemohyperthermia were 
also not significantly different from other patients in the 
HIVEC therapy group during the follow-up period after 
the end of the induction therapy course: 80.0% vs. 95.3%, 
respectively (HR 0.15; 95% CI: 0.02–1.427; p=0.1). Me-
dian time to progression was also comparable among pa-
tients in the studied subgroups: 33.0 months (95% CI: 
29.8–36.2) versus 35.6 months (95% CI: 34.7–36.4), re-
spectively (Log Rank test; p=0.107) (Fig. 5).

In the subgroup of HIVEC therapy with the addition 
of DMSO, 3 patients died, in the subgroup without prior 
administration of DMSO, 4 deaths were recorded during 
the observation period. A total of 1 death due to blad-
der cancer was recorded during the 36-month follow-up 
in each of the subgroups. The overall and cancer-specific 
survival rates during the 36-month follow-up were not 
statistically different.

Treatment surveillance
Six-week therapy courses were not fully completed 

due to the side effects: 13 (24.1%) patients in the BCG 
therapy group (7 patients received 4 instillations, 6–5 
ones); 4 patients (7.5%) in the HIVEC group did not un-
dergo a full course therapy (1 patient received 4 instilla-
tions, 3–5 ones) (p=0.005). In 18 (33.3%) patients from 

Fig. 4. Kaplan-Meier curves of RFS indicators of patients in the HIVEC therapy group depending on the addition of 
DMSO to the treatment regimen
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the BCG group and 8 (15.1%) patients from the HIVEC 
group, the instillation schedule was shifted for a week 
once due to moderate local toxicity (p<0.05), twice – in 
8 (14.8%) and 2 (3.8%), respectively. In the subgroup 
with previous administration of DMSO, 2 patients from 4 
HIVEC groups did not complete the full induction course 
of chemohyperthermia (one patient received 4 instillation 
sessions, 1 patient – 5 sessions).

The mechanism of action of local intravesical hyper-
thermia in the treatment of bladder cancer is well under-
stood. It is based on an increase in the permeability of cell 
membranes since heating causes instability of the phos-
pholipid bilayer of cancer cells and increases the concen-
tration and depth of penetration of chemotherapy drugs 
into the tissues of the bladder wall [16]. This results in the 
denaturation of cellular proteins and the release of heat 
shock proteins during cell necrosis, especially HSP70, as 
well as an increase in circulating tumor antigen, which 
stimulates an adaptive T cell response that induces both 
the adaptive and innate immune systems [17]. It is known 
that hyperthermia promotes both direct and indirect pro-
cesses of DNA damage, which enhances the anticancer im-
mune response [18–20]. 

Preliminary results from the use of HIVEC show the 
promise of this method [21]. Alejandro Sousa et al., in 
their adjuvant group with HIVEC treatment in interme-
diate and high-risk patients, reported a 2-year cumulative 
incidence of recurrence of 12.5% (95% CI: 7.8–19.3%) 
with the earliest recurrence at 7 months in one patient, 
who was successfully retreated with HIVEC [22]. There 
were more publications of the HIVEC results in patients 
with high-risk NMIBC in 2021 and 2022.

Zhao et al. published a systematic review and meta-
analysis comparing chemohyperthermia and BCG in 
patients with intermediate- and high-risk NMIBC. The 

meta-analysis included 5 studies, 1 of which focused on 
HIVEC in high-risk patients [23]. The authors presented 
results of the randomized clinical trial «Hyperthermic 
intravesical chemotherapy – High Risk» of the high-risk 
NMIBC patients who were randomized to receive adju-
vant BCG or HIVEC: RFS at 24 months was 86.5% for 
HIVEC and 71.8% for BCG (p=0.184), PFS survival for 
HIVEC vs BCG was 95.7% vs 71.8% (p=0.043). The re-
sults of the first randomized trial show that HIVEC did 
not worse than BCG on any of the clinical efficacy end-
points [24]. 

In August 2021 the group of authors from Spain pre-
sented data of the results of a multicenter prospective 
study of the 205 patients with high-risk NMIBC who 
received the adjuvant chemohyperthermia MMC by the 
COMBAT BRS system [25]. For high-risk NMIBC pa-
tients the 1-year recurrent-free survival rate was 80.34%, 
the 2-year recurrent-free survival rate was 64.88%, and 
the 1-year and 2-year progression-free survival rate was 
93,99% and 86,52% respectively. Tan et all reported the 
result of 2-year outcomes of a HIVEC-E multicenter 
study. It was 557 BCG naїve patients in this study, and 
358 patients from this cohort were WHO 2004 High 
Grade. The RFS at 12 months and 24 months for BCG 
naїve was 87.6% and 75.0%, respectively. The PFS at 12 
months and 24 months was 95.5% and 90.8%, respectively 
[26]. 

The results of the HIVEС treatment in high-risk 
NMIBC also have been published. The 1-year RFS rate 
was 60,5%, 67,5%, 91,1%, and 94,1% respectively [27–30]. 
The worst RFS results were obtained in studies with a big 
number of the patients who were previously BCG treated.

Hyperthermic chemotherapy with the Combat BRS 
system might be an excellent alternative to BCG therapy 
for high-risk NMIBC patients. The results of our study 

Fig. 5. Kaplan-Meier curves of PFS indicators of patients in the HIVEC therapy group depending on the addition of 
DMSO to the treatment regimen
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demonstrate that the RFS for the HIVEC group at 12 
months and 24 months was 94.2% and 76.1%, respec-
tively, and the PFS for the HIVEC group at 12 months 
and 24 months was 100.0% and 93.1%, respectively. This 
treatment method has a good tolerability. Only 4 patients 
(8.7%) discontinued the treatment due to adverse events, 
that is consistent with published data from other authors 
(4–28%) [24–31]. 

Also, the data obtained by us indicate that the addi-
tion of a penetrant substance to the therapeutic instilla-
tion scheme in patients with limited ability to withstand a 
full session of chemoperfusion allows obtaining oncologi-
cal results similar to the results of the full treatment group.

DMSO is a dipolar solvent, miscible with lipid and 
water. DMSO can affect the lipid bilayer, thereby increas-
ing the drug penetration in cytomembrane and biological 
barriers. DMSO has also been approved by U.S. Food and 
Drug Administration (FDA) for interstitial cystitis/blad-
der pain syndrome, which proved DMSO is safe for in-
travesical instillation [32]. Co-administration of DMSO 
(10–50%) promoted the penetration of water-soluble 
drugs (e.g., cisplatin, pirarubicin, doxorubicin) [33–35] 
and a lipophilic drug paclitaxel [36] across the urothelium 
in dogs or rats [13, 14, 36]. Yaman et. found intravesical 
instillation of epirubicin with DMSO enhanced the epi-
rubicin absorption of the bladder wall, the fluorescence 
of epirubicin was observed throughout the bladder tumor 
and in the deeper muscle layers. In contrast, epirubicin’s 
fluorescence was only seen in the bladder mucosa in the 
epirubicin without DMSO group [37]. 

All patients in the DMSO-pretreated HIVEC sub-
group were at ultra-high risk of recurrence and progres-
sion (according to EAU 2019 guidelines), in contrast to 
the monochemotherapy subgroup, where only 11 (29.7%) 
of 37 patients were classified as ultra-high-risk. This factor 
also explains the rather high absolute numbers of relapses 
and progressions in the subgroup with DMSO. Thanks to 
the course of intravesical chemohyperthermia modernized 
due to the previous administration of DMSO, the biol-
ogy of recurrent tumors turned out to be quite favorable 
(absence of CIS; Low Grade stage of differentiation, low 
level of proliferative activity marker Ki-67). A study on 
the dynamics of changes in the biology of recurrent tu-
mors under the influence of intravesical therapy was pub-
lished by us earlier [15]. This made it possible to conduct 

repeated courses of hyperthermic chemoperfusion in three 
cases, and in two cases of muscle-invasive relapses, tak-
ing into account the absence of signs of lymphadenopathy 
and metastases, the presence of local symptoms associated 
with low bladder capacity, a radical rescue cystectomy 
was performed.

Practical meaning. The use of hyperthermic che-
motherapy in high-risk patients is an effective and safe 
first-line treatment option for intravesical therapy. When 
BCG therapy is ineffective, it is recommended to carry 
out HIVEC therapy in patients who cannot undergo radi-
cal cystectomy. In this study we reflected our experience 
in the treatment of high-risk NMIBC in elderly patients, 
most of them were not tolerable to RC.

Limitations of this study include the small cohort of 
the patients, the non-randomized nature of the study and 
shot follow-up. The comparison group was recruited pri-
marily retrospectively, while the HIVEC therapy group 
was recruited prospectively, which may have an impact on 
the obtained results. Unfortunately, since February 2022, 
the patient follow-up has been difficult due to the all-out 
war in Ukraine.

Prospects for further research. The obtained research 
results are the basis for further analysis of the influence of 
the methods to get drugs across bladder penetrating barri-
ers, on the effectiveness of intravesical chemotherapeutic 
drugs of the new generation.

CONCLUSIONS
Hyperthermic intravesical chemotherapy with MMC 

is a safe treatment option for patients with high-risk 
noninvasive bladder cancer, with efficacy comparable to 
BCG therapy. The combination of dimethyl sulfoxide and 
HIVEC may improve oncological treatment outcomes in 
patients with limited chemotherapy exposure time.
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