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The aim: to compare disease-free survival time (DFS) in high-risk non-muscle-invasive bladder cancer patients treated 

with adjuvant hyperthermic intravesical chemotherapy and standard BCG therapy. 

Materials and methods: patients were divided into 2 groups. Group 1 (control) included patients who received adju-

vant therapy after TURB with BCG vaccine (BCG therapy group; n=50), group 2 (study group) included patients 

(HIVEC® therapy group; n=46), who received adjuvant intravesical chemotherapy using a Combat BRS HIVEC® de-

vice for local hyperthermia. 

Results: median follow-up was 23 months (range 4 - 36). Tumor recurrence was reported in 19 patients receiving in-

travesical BCG therapy and in 8 patients receiving intravesical hyperthermic chemotherapy. The incidence of DFS in 

patients receiving chemohyperthermy was statistically higher than in patients receiving BCG therapy (log-rank test 

result: p=0.029). 

Conclusions: The method of hyperthermic intravesical chemotherapy significantly increased the 2-year disease-free 

survival rate – 82.6 % versus 62 % BCG therapy group (p=0.025). Its use in the future will allow increasing the fre-

quency of organ-preserving treatment of patients with primary and recurrent muscular-non-invasive bladder tumors 
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1. Introduction 

Bladder cancer (BC) is the fifth most common 

cancer diagnosis among the male population worldwide 

and the tenth most common cancer [1]. The age-

standardized incidence rate worldwide (per 100,000 peo-

ple/year) is 9.0 for men and 2.2 for women [1]. In 

Ukraine, the age-standardized incidence rate was 13.7 in 

men and 2.0 in women in 2018 [2]. In Europe, the high-

est age-standardized incidence rate is in Belgium (31 in 

men and 6.2 in women), and the lowest in Finland  

(18.1 in men and 4.3 in women) [3]. 

Globally, the age-standardized mortality rate (per 

100,000 people/year) was 3.2 for men versus 0.9 for 

women in 2012 [1]. In Ukraine, the mortality rate accord-

ing to the world standard was 5.1 for men and 0.5 for 

women in 2018 [2]. 

Approximately 75 % of BC patients have disease 

confined to the mucosa (stage Ta, carcinoma in citu 

(CIS)) or submucosa (stage T1), and this percentage is 

even higher in younger patients (<40) [4]. Patients with 

TaT1 stages and CIS have a lower risk of dying from BC 

compared with patients with stage T2-4 tumors [5]. 

The main surgical method for the treatment of 

non-muscle invasive bladder cancer (NMIBC) stages Ta, 

T1 is transurethral resection of the bladder wall. The 

purpose of this procedure in primary patients with a tu-

mor of the bladder is the complete removal of all visible 

foci, as well as the implementation of certain diagnostic 

manipulations, for a complete and correct diagnosis. 

With histological confirmation of the muscular-non-

invasive nature of the tumor process, transurethral resec-

tion begins to be considered not only a diagnostic, but 

also a radical surgical procedure, after which indications 

for observation or adjuvant treatment are determined. 

Adjuvant treatment should be based on the pa-

tient's prognosis. To predict both short-term and long-

term risks of relapse and disease progression in individu-

al patients, the European Organization for Research and 

Treatment of Cancer (EORTC) subgroup dealing with 

genito-urinary neoplasms has developed a scoring system 

and risk tables [6]. The basis for these tables is an indi-

vidual database of 2596 patients diagnosed with TaT1 

tumor who were randomized into seven EORTC clinical 

trials. Seventy-eight percent of patients received intraves-

ical treatment, mainly chemotherapy, and about 10 % 

received intravesical BCG therapy. 

A model that predicts the risk of recurrence and 

progression after adjuvant intravesical BCG therapy was 

developed by Club Urológico Español de Tratamiento 

Oncológico (CUETO) (Spanish Urological Oncology 

Group). It is based on an analysis of 1,062 patients from 

four clinical trials comparing different types of intravesi-

cal BCG therapy. Patients received up to twelve instilla-

tions of uro-BCG for five to six months after tran-

surethral resection of the bladder (TURB) [7]. Using the-

se data, new indications for stratification into risk groups 

and EORTC nomograms were developed for patients 

receiving BCG [6]. 
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The EORTC scoring system is based on 6 im-

portant clinical and pathological characteristics of the 

tumor: the number of tumors, tumor size, recurrence rate, 

stage (Ta/T1) and the degree of tumor differentiation 

(G1/G2/G3 according to the WHO 1973 classification or 

PUNLMP/LG/HG according to WHO classification 

2004/2016), the presence of concomitant carcinoma in 

situ (CIS). After determining the specific gravity of each 

factor, a total assessment of the risk of progression and 

the development of tumor recurrence is carried out. Sub-

sequently, patients are stratified into three groups of low, 

moderate and high risk with a subgroup of the highest 

risk, and, depending on the group, the tactics of adjuvant 

treatment are determined. 

For patients with low and medium risk tumors, the 

prognosis of recurrence and progression is the most fa-

vourable, and with correct and timely adjuvant treatment, 

the rates of 3 and 5 year recurrence-free survival in these 

patients can reach 75 % and 60 %, respectively [8]. 

High-risk T1G3 bladder tumors are considered an 

NMIBC category associated with a high risk of recur-

rence and progression after treatment with transurethral 

resection alone, with a recurrence rate of 50 % to 70 % 

and a tumor progression rate of 25–50 % in the first  

3 years after operations. More importantly, despite the 

provision of adjuvant intravesical therapy, patients with 

intermediate and high risk of NMIBC have a probability 

of recurrence and progression up to 52 % and 20 % (high 

risk) after five years, respectively [9].  

A separate category includes patients with ex-

tremely high-risk NMIBC, as well as patients from the 

high-risk group in whom BCG therapy fails (BCG-

failure). In such a situation, it is recommended to per-

form an early radical cystectomy with one of the types of 

urine diversion, which makes the treatment of NMIBC 

extremely difficult [10]. 

The key problems of this operation are 90-day 

mortality at the level of 2.3–9 % and the incidence of 

perioperative complications up to 80 % [11]. In addition, 

the physical and social quality of life of patients after 

radical cystectomy is significantly reduced. Also, do not 

forget that bladder cancer is more common in older peo-

ple, most of whom have poor comorbid status due to 

concomitant pathology [12]. 

Consequently, there is a clear need for alternative 

bladder preservation methods for NMIBC patients who 

are unsuitable for or refuse radical cystectomy.  

Chemohyperthermia is an instrumental technique 

used to increase the effectiveness of intravesical chemo-

therapy and has shown encouraging results in the treat-

ment of patients with NMIBC. This method involves 

circulation of mitomycin-C (MMC) in the bladder and 

simultaneous hyperthermia (HT) of the bladder wall up 

to 41–44 °C [13]. It is known that hyperthermia promotes 

direct and indirect DNA damage [14], which can enhance 

the anticancer immune response [15], and also increases 

the concentration and depth of penetration of chemother-

apeutic agents into the tissues of the bladder wall and 

potentiates their effect on cancer cells [16]. 

Following current guidelines from the European 

Association of Urology (EAU), hyperthermic chemo-

therapy may be considered in patients with NMIBC in 

whom previous intravesical treatment has failed (BCG 

failure) and in those who cannot or do not want to under-

go radical cystectomy, however, as an alternative BCG 

therapy in high-risk patients is not currently being con-

sidered [10]. 

The aim of this study is a preliminary analysis of 

oncological indicators of the effectiveness of adjuvant 

hyperthermic intravesical chemotherapy in patients with 

high-risk NMIBC compared with standard BCG therapy. 

 

2. Materials and methods 

A retroprospective study included 96 high-risk 

NMIBC patients with an average age of 65.6±11.9 years, 

who received adjuvant intravesical therapy on an outpa-

tient basis at the University Clinic of Odessa National 

Medical University in the period from 2013 to 2020. 

When forming the groups, the following inclusion 

criteria were used: 

– consent to conduct research; 

– histologically confirmed diagnosis of high risk 

primary non-invasive bladder cancer (T1; G3; CIS; mul-

tiple recurrent tumor>3 cm, TaG1G2/LG) 

– histologically confirmed diagnosis of recur-

rent non-muscle invasive bladder cancer of high or 

medium risk; 

– age of patients over 18 years old; 

– the state of the functional status of the patient's 

body according to the Karnofsky scale from 100 to 

60 percent. 

All studies were carried out in accordance with 

the Council of Europe Convention “On the Protection of 

Human Rights and Human Dignity in Relation to the Use 

of the Advances in Biology and Medicine (ETS  

No. 164)” dated 04.04.1997, and the Declaration of Hel-

sinki by the World Medical Association (2008) (Protocol 

No. 135A meetings of the Commission on Bioethics of 

the Odessa National Medical University on 03/07/2019). 

Before the inclusion of patients in the study protocol, 

their personal written voluntary consents to participate in 

the study were obtained and all measures were taken to 

ensure the anonymity of patients. 

Depending on the type of treatment, the patients 

were divided into 2 groups. Group 1 (comparison) in-

cluded patients who received adjuvant therapy after 

TURB with the BCG vaccine (BCG therapy group; 

n=50), group 2 (study group) included patients (HIVEC® 

therapy group; n=46 ), who received adjuvant intravesi-

cal chemotherapy using the Combat BRS HIVEC® de-

vice for local hyperthermia. 

The treatment protocol for BCG patients included 

the instillation of a solution of the Uro-BCG vaccine 

(lyophilisate containing from 2×108 to 8×108 viable 

BCG bacteria) at a temperature of 20–21 °C, once a week 

into an empty bladder with a disposable urethral catheter. 

The patient had to withstand an exposure time of 1 hour 

before urinating. The main course of treatment consisted 

of 6 weekly procedures. The maintenance course was  

1 instillation of BCG once a month for 6 months. 

The treatment protocol for patients in group 2 

consisted of a six-week course of Mitomycin-C instilla-

tions at a dose of 40 mg. Using an apparatus for hyper-

thermic chemotherapy, which extravesically heated the 

chemotherapy solution to 41–43 °C and recirculated it 

for 60 minutes at a stable pressure at a rate of  
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200 ml/minute. All instillations were performed using the 

CombatBRSsystem V2.0, which was used according to 

the manufacturer's instructions (Combat Medical, With-

amstead, UK) (Fig. 1, 2).  

The study groups included only those patients who 

received an effective amount of instillations (at least 4).  

In 9 (19.6 %) patients of the HIVEC® therapy group 

with a complicated course of the disease (the presence of 

a microcyst, a pronounced inflammatory reaction), 50 ml 

was first injected into an empty bladder. 10 % solution of 

dimethyl sulfoxide (Dimexide), which acted as a pene-

trate substance for a chemotherapy drug, after which mi-

tomycin-C was instilled in a reduced dosage (patent for 

invention No. 122302, registered in the State Register of 

Inventions of Ukraine on 10/12/2020). 

 

 
Fig. 1. Preparing the system for intravesical instillation 

 
 

Fig. 2. Instillation of Mitomycin-C using Combat BRS 

HIVEC® apparatus 

 

The characteristics of the studied groups are pre-

sented in Table 1.  

Table 1 data indicate that there were no signifi-

cant differences in demographic variables between pa-

tients in both groups. In addition, there was no significant 

imbalance in the oncological characteristics of the tumor 

process, such as tumor size, number of neoplasms, depth 

of invasion into the bladder mucosa, histological grada-

tion, and the presence of concomitant CIS.  

 

Table 1 

Characteristics of comparison groups according to EORTC stratification. 

Parameter 
Group BCG 

N ( %) 

Group HIVEC® 

n ( %) 

Sex 

Male 

Female 

 

41 (82.0) 

9 (18.0) 

 

35 (76.1) 

11 (23.9) 

Age 
65.4 ±11.8 

(95 %CI:62.12-68.42) 

65.83 ±12.212 

(95 % CI:62.24-69.30) 

Primary 

Recurrent 

42 (84) 

8 (16) 

33 (71.7) 

13 (61.9) 

Та 

Т1 

5 (10) 

45 (90) 

3 (6.5) 

43 (93.5) 

Number of tumors 

1 

2-7 

 

26 (52) 

24 (48) 

 

27 (58.7) 

19 (41.3) 

Tumour diameter 

<3 

>=3 

 

25(50) 

25 (50) 

 

22 (47.8) 

24 (52.2) 

CIS 10 (20) 8 (17.4) 

Low grade 

High grade 

30 (60) 

20 (40) 

21 (45.7) 

25 (54.3) 

 

 

Every three months, all patients underwent cys-

toscopy and cytological analysis of urine for atypical 

cells was performed, with endoscopic suspicion of recur-

rence or positive cytological examination, a bladder bi-

opsy was performed. Spiral computed tomography of the 

urinary tract was performed once a year. The primary 

outcome was disease-free survival (DFS), defined as the 

time from initiation of the first intravesical chemohyper-

thermia procedure to disease recurrence and / or progres-

sion. Relapse was defined as a histologically confirmed 

diagnosis of urothelial carcinoma, while progression was 

defined as a histologically or radiologically confirmed 

diagnosis of muscle-invasive bladder cancer or metastat-

ic disease.  
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Comparative analysis of the studied parameters in 

the comparison group was carried out according to the χ2 

method and using the t-test for independent samples. To 

obtain DFS estimates, the Kaplan-Meier method was 

used, the indicators were compared between using a log-

rank test. Patients were censored by date of recurrence or 

disease progression, or by date of last cystoscopy. IBM 

SPSS Statistics for Windows (version 26.0) was used as 

a program for calculating statistical indicators. A p value 

<0.05 was considered an indicator of statistical signifi-

cance. 

 

3. Research results 

From the analysis were excluded 7 patients (2 in 

the HIVEC® group and 5 in the BCG group) who dis-

continued treatment in the first and second cycles of in-

travesical therapy. Six-week cycles were not completely 

completed due to the developed side effects of treatment 

in 13 (26 %) patients from the BCG therapy group  

(7 received 4 sessions of instillation, 6–5 sessions), in the 

chemohyperthermia group 4 (8.7 %) did not complete a 

complete course of therapy (1 patient received 4 sessions 

of instillation, three – 5 sessions) (p=0.005). In 18 (36 %) 

of 50 patients of the first group and 8 (17.4 %) of 35 pa-

tients of group 2, the schedule of instillations was once 

shifted by a week due to moderate local toxicity, twice – 

in 8 (16 %) and 2 (4.3 %) (p<0.05). 

The median follow-up period was 23 months 

(range 4–36), the median follow-up period between pa-

tients in the first and second groups was 25.8 versus  

20.0 months, respectively (p=0.002). Tumor recurrence 

was reported in 19 of the patients receiving intravesical 

BCG therapy and in 8 patients receiving intravesical hy-

perthermic chemotherapy. The recurrence rate was sig-

nificantly different between the two groups (38 % versus 

17.4 %, p=0.025) (Table 2). 

 

Table 2 

Immediate outcomes of adjuvant treatment for high-risk 

NMIBC patients 

Occasion 
Group BCG 

n (%) 

Group HIVEC® 

n (%) 

Relapse 

Yes 

No 

 

19 (38) 

31 (62) 

 

8 (17,4)* 

38 (82,6) 

Average rate of 

DFS 

26.5 (95CI: 

22,6–29,7) 

26,9(95CI: 

25,0–28,8)** 
Note: * – index р=0.025; ** – index р=0.029 

 

 

An analysis of disease-free survival (DFS) for the 

two adjuvant treatment strategies is shown in Fig. 3. The 

incidence of DFS in patients receiving intravesical hyper-

thermic chemotherapy was significantly higher than in 

patients receiving intravesical BCG therapy (log-rank 

test: p=0.029 ). 

Overall survival (OS) during follow-up did not 

differ statistically and amounted to 82 % in the BCG 

therapy group and 89 % in the HIVEC® therapy group 

(log-rank test result: p=0.785) (Fig. 4).  

 

 

 
 

Fig. 3. Kaplan-Meier curves of DFS indicators of the studied groups 
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Fig. 4. Kaplan-Meier curves of OS indicators of the studied groups 

 

4. Discussion of research results  

Preliminary results of adjuvant treatment of pa-

tients with high-risk non-muscle invasive bladder cancer 

are presented. The study of drug strategies in this cohort 

of patients is still actively pursued by urologists, as these 

patients have a high risk of recurrence and progression. 

Currently, there are two main tactics: early radical cys-

tectomy or transurethral resection (TURB) followed by 

adjuvant intravesical uro-BCG therapy. Radical cystec-

tomy for non-muscle invasive bladder cancer may not be 

suitable for all categories of patients (for reasons of age, 

comorbidity, rejection). Adjuvant intravesical BCG ther-

apy is currently considered the gold standard for organ-

sparing treatment of patients with high-risk NMIBC, 

but the toxicity of this type of therapy does not always 

allow for a full 6-week induction course, and it is also 

quite difficult to control the exposure time of the 

drug [17]. All this makes us look for opportunities to 

improve methods of intravesical therapy by developing 

new medicinal agents and techniques that enhance their 

effectiveness. 

One of the possible methods for increasing the 

oncological effectiveness of intravesical chemotherapy is 

apparatus hyperthermia. In this study, the hyperthermic 

effect was achieved by increasing the temperature of the 

Mitomycin-C solution itself. 

At the same time, this technique showed satisfac-

tory patient tolerance during the treatment cycle – 91.4 % 

of patients in the HIVEC® therapy group completed it in 

comparison with 74 % in the BCG therapy group 

(p=0.005). 

The relapse rate during follow-up was significantly 

different between the two groups (38 % versus 17.4 %; 

p=0.025), while the mean relapse-free survival rate in 

HIVEC® patients was also higher than in BCG-treated pa-

tients (respectively 26.9 (95CI: 25.0–28.8) and 26.5 (95CI: 

22.6–29.7), the result of the log-rank test: P=0.029). 

104 patients were included in the only randomized 

controlled study of the use of chemohyperthermia in pa-

tients with high-risk NMIBC in whom BCG therapy was 

ineffective (BCG-failure) (48 in the group receiving Mi-

tomycin-C in combination with microwave-induced hyper-

thermia; 56 in control). The median follow-up of 31 pa-

tients without recurrence or progression was 36 months. 

The study group achieved 35 % disease-free survival 

(DFS) after 2 years compared with 41 % of the control 

group (who received BCG, MMC, or instrumental drug 

administration at the discretion of the investigator) [18]. 

Another study of microwave-induced chemohy-

perthermia enrolled 299 patients with moderate to high-

risk NMIBC recurrence, of which 255 (85.3 %) had pre-

viously received BCG therapy (217 BCG-failure pa-

tients). Patients were stratified into groups according to 

the presence of CIS, as well as according to the tactics of 

treatment - adjuvant or ablative. According to the analy-

sis results, 2-year relapse-free survival was 57.5 % (95 % 

CI: 48.9–66.1), in the group with concomitant CIS  

66.5 % (95 % CI: 54.3–78.7), 5-year relapse-free surviv-

al was 37.2 % (95 % CI: 28.4 –46.0), in the group with 

concomitant CIS 40.3 % (95 % CI: 25.2–55.4), 5-year over-

all and carcinoma-specific survival (CSS) were 72.3 % 

(66.4–87.2) and 86.6 % (81.7–91.5), respectively [19]. 

Study limitations. Given the retrospective nature 

of the study, the BCG therapy group began to form be-

fore the introduction of the method of hyperthermic 

chemotherapy into practice; this is associated with the 

differences in the medians of observation of patients in 

both groups. In the future, with equalization of the medi-

an follow-up time, an increase in the number of relapses 

and a decrease in the DFS index in the study group of 

hyperthermic intravesical chemotherapy can be expected. 

Prospects for further research. The study of the 

histological and immunohistochemical characteristics of 

primary and recurrent tumors will create an algorithm for 

more effective adjuvant treatment of patients with 

NMIBC, and will expand the number of organ-

preserving techniques. 

 

5. Conclusions 

The method of hyperthermic intravesical chem-

otherapy, in comparison with the standard method of 

adjuvant conservative therapy of patients with high-
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risk NMIBC, upon preliminary analysis of the results, 

significantly increases the 2-year disease-free survival 

(82.6 % versus 62 %, p=0.025). Taking into account 

the better tolerability of this method of intravesical 

treatment, its application in the future will increase the 

frequency of organ-preserving treatment of patients 

with primary and recurrent muscular-non-invasive 

bladder tumors.  
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