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Abstract. 3-year experience of hyperthermic intravesical chemotherapy use in patients with high risk non-
muscular-invasive bladder cancer. Chystiakov R.S., Kostyev F.I., Bondar O.V., Lysenko V.V., Varbanets V.O.
Cur rently, the search for additional organ-sparing methods of intravesical therapy for non-muscular-invasive bladder
cancer (NMIBC) is actively continuing, which could become an effective alternative to standard treatment using the
Bacillus Calmette-Guérin (BCG) vaccine. The aim of this work was to analyze the safety profile and long-term results of
treatment of patients with the high-risk non-muscular-invasive bladder cancer who received adjuvant intravesical
chemotherapy using the Combat BRS HIVEC® device for local hyperthermia (HIVEC® therapy group; n=>53) in
comparison with patients who received adjuvant therapy after transurethral resection of bladder performed with the
Bacillus Calmette-Guérin vaccine (BCG therapy group, n=54). As a result, the median follow-up was 30 months (range
7-36). According to Common Terminology Criteria for Adverse Events (CTCAE) v 5.0, the most relevant side effects in
HIVEC®/BCG therapy groups were adverse events grade 1-2: fever — 1%/8%; dysuria — 9%/13%, bladder spasms —
7%/12%, hematuria — 3%/4% and urinary tract infection — 3%/10%. Tumor recurrence was reported in 23 patients
receiving intravesical BCG therapy and in 10 patients receiving intravesical hyperthermic chemotherapy (42.6% versus
18.9%, p=0.008). Tumor progression was recorded in 11 patients receiving intravesical BCG therapy and in 4 patients
receiving intravesical hyperthermic chemotherapy (20.4% versus 7.5%, p=0.046). The study allows us to conclude that
the method of hyperthermic intravesical chemotherapy has a better safety profile compared to intravesical Bacillus
Calmette—Guérin vaccine therapy, while such indicators of oncological efficacy as 3-year recurrence-free survival and
the incidence of progression were better in the HIVEC® therapy group.

Pedepar. Tpupiuauii qocBix 3acTrocyBaHHs rineprepMiuyHoi BHYTPIilIHBOMiXypoBoi ximioTepamii B mauieHTiB 3
M's130BO-HeiHBa3UBHMM PaKOM ce40BOro Mixypa Bucokoro pusuky. Uucrsakos P.C., Koctes @.1., Bonaap O.B.,
Jlucenko B.B., Bap6anens B.O. Ha yeii yuac axmusno mpusae nROuiyk 000amKo8uUx Opeano30epiearyux Memooux
BHYMPIUHbOMIXYPOBOT mepanii M'a3080-HEIHBA3UBHO20 PAKY CEY08020 MIXypa, AKi Mo2nu 6 cmamu egeKxmusHow
ANbIMEPHAMUBO0 CIMAHOAPMHOMY JIKY8aHHI0 3 euxopucmanuam eakyunu bayunu Kanememma-I'epena (PLDK,
aam. BCG). Memoro yiei pobomu 6ye ananiz npoghins besnexu i 6i00aienux pe3yivmamis iiKy8aHHs NayieHmie 3 M's13060-
HEIHBA3UBHUM DPAKOM CEeY08020 MIXYypa BUCOK020 DPUBUKY, AKUM A0T08AHMHA GHYMPIUHLOMIXYPO8A XiMiomepanis
npoeodunace 3a 0onomo2010 anapama O rokanwHoi 2inepmepmii Combat BRS HIVEC® (zpyna HIVEC® mepanii;
n=353) nopisusino 3 nayieHmamu, SAKUM a0 108AHMHA MEPanis NiCisi MPAHCYpempaibHoi pe3exyii nposoounacs 3a
donomoeoio eaxyunu bayumu Kanomemma-Iepena (epyna BCG mepanii; n=54). V pesyromami mediana nepiody
cnocmepedicennss cmanosuna 30 micsyie (dianazon 7-36). 32iono 3i wikanorw Common Terminology Criteria for Adverse
Events v 5.0, naubinow axmyansuumu nodiunumu egpexmamu 6 epynax HIVEC®/BCG mepanii 6ynu nobiuni seuwa I-
2 cmynens: auxomanka 1%/8%, ousypis 9%/13%, cnazmu cevosoeo mixypa 7%/12%,; eemamypis 3%/4% ma ingpexyis
ceuosuoinbnux uwaxie 3%/10%. Peyuous nyxaunu 0ye 3apeccmposanutl y 23 nayieHmis, K OMPUMY8AIU
snympiwnvomixyposy BCG mepaniio, i 6 10 nayicnmis, aki ompumysanyu HYmpiutHbOMIXypogy 2inepmepmiuny Ximio-
mepaniio (42,6% npomu 18,9%, p=0,008). Ilpoepecis nyxnunu Oyna 3apeccmposana 6 11 nayicnmis, sKi ompumysanu
snympiwnvomixyposy BCG mepaniro, i 6 4 nayienmis, aKi ompumyeanu 8HYMpPIUHbOMIXYPO8Y 2inepmepMiuHy Ximio-
mepaniio (20,4% npomu 7,5%, p=0,046). Ilpogedene Oocniodicenns 0036015€ 3pOOUMU BUCHOBOK, WO Memoo
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2inepmepmiyHOi BHYmMpIUHbOMIXYPO8Oi Ximiomepanii Mae Kpauguil npo@ins be3nexku NOPIBHAHO 3 BHYMPIUHbOMIXYPOBOH
mepanicio eaxyunoro bayunu Kanvmemma-I'epena, npu ybomy maxi NOKA3HUKU OHKONIOSIUHOI eexmueHocmi, K
mpupiuna 6e3peyudusna eudiCU6anicme i yacmoma unaoxie npozpecii, oyau kpawi 6 2pyni HIVEC® mepanii.

Bladder cancer is the most common urothelial
tumor and according to the International Agency for
Research on Cancer (IARC), it is 5th cancer in men’s
oncology and the 17th in women’s one. In the male
population, it occurs 4.5 times more often than in the
female (9 cases versus 2 per 100 000 people). Appro-
ximately 75% of patients with newly diagnosed
bladder cancer have a non-muscle invasive tumor
(NMIBC) — stages Tis, Ta, and T1 according to the
TNM classification [9].

Transurethral resection of the bladder (TURB)
with subsequent histological examination of the
neoplasm is a method that allows to make the final
diagnosis of NMIBC and stratifying the patient by
risk groups according to the EORTC criteria (depth
of invasion, tumor diameter, number of tumors,
recurrent nature, presence of concomitant carcinoma
in situ (CIS), degree of differentiation) [5].

The TURB with one of the adjuvant intravesical
therapy types can be a radical organ-sparing
treatment for low- and medium-risk patients [3]. A
separate category includes patients of high- and
highest-risk groups (any of the following: T1 tumor;
G3 (High Grade) tumor; carcinoma in situ (CIS);
multiple, recurrent, and large (>3 cm) TaG1G2/LG
tumors (all features must be present)), as well as
patients who had unsuccessful BCG therapy (BCG-
failure). In such situations, one of the management
options is an early radical cystectomy with the
definite urinary diversion way that makes the NMIBC
treatment extremely difficult [1, 7].

Hyperthermic intravesical chemotherapy is an
apparatus technique that allows the continuous
recirculation of a hot liquid through a definite isolated
space [8]. As a drug for use as an antitumor antibiotic
— Mitomycin-C (MMC) in an aqueous solution. The
substance was heated to the temperature of 41-44°C
to increase the intravesical chemotherapy effecti-
veness. The technique has shown some encouraging
results in the NMIBC patients’ treatment [8].

Following current European Association of
Urology (EAU) guidelines, hyperthermic chemo-
therapy may be considered in patients with NMIBC
who had unsuccessful previous intravesical treatment
(BCG failure), so, it is appropriate in ones who cannot
or do not want to undergo radical cystectomy,
however, it is not currently considered as an alterna-
tive to the BCG therapy in high-risk patients [3].

Aim — to assess the safety profile and long-term
results of adjuvant treatment in patients with high-risk
non-muscular-invasive bladder cancer.
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MATERIALS AND METHODS OF RESEARCH

A retroprospective study included 107 outpatients
with high-risk NMIBC according to EAU Guidelines
2018 with an average age of 65.01£12.23 (95%
CI: 62.72-67.35) who received adjuvant intravesical
therapy at the University Clinic of Odessa National
Medical University from 2013 to 2021.

All studies were carried out according to the
"Convention 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 No. 164, April 1997), the
“Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects” by the
World Medical Association (October 2008) and
approved by the Bioethics Commission of the Odessa
National Medical University, Protocol No. 135A,
03.07.2019). Before including patients in the study
protocol, their personal written voluntary consents to
participate in the study were obtained and all
measures to ensure their anonymity were taken.

Depending on the type of treatment, the patients
were divided into 2 groups. Group 1 included patients
who received adjuvant therapy after TURB with the
BCG vaccine (BCG therapy group; n=54). Group 2
included patients who received adjuvant intravesical
chemotherapy using a Combat BRS HIVEC® device for
local hyperthermia (HIVEC® therapy group; n=53).

The treatment of patients in the BCG group was
based on the of use Uro-BCG applied to an emptied
bladder. The soluted lyophilisate containing from
2x10°® to 8x10® viable BCG bacteria with a tempera-
ture of 20-21°C was inserted once a week with a
disposable urethral catheter. The patient had to
withstand 1 hour before urinating. The main course of
treatment is supposed 6 weekly instillations and a
maintenance course of 3 weekly instillations at 3, 6,
and 12 months.

The protocol for patients in group 2 included the
Mitomycin-C use at a dose of 40 mg once a week for
6 weeks. The installations were performed using a
Combat BRS system V2.0 for hyperthermic chemo-
therapy (Combat Medical, Whithamstead, UK) that
heated the solution 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.

No significant differences in demographic va-
riables between patients in both groups were re-
vealed. In addition, there were no significant imbalan-
ces in the tumor process characteristics, such as tumor
size, number of neoplasms, depth of invasion into the
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bladder mucosa, histological gradation, and the
presence of concomitant CIS.

The Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0 adverse event rating
scale was used to assess immediate treatment out-
comes. Safety endpoints included: type, frequency,
and severity of adverse events (AE) according to the
CTCAE v 5.0. The frequency of adverse events was
calculated by the number of detected cases of toxicity
per the number of intravesical instillations performed.

The primary outcome was recurrence-free sur-
vival (RFS), defined as the time from the end of
intravesical adjuvant treatment to intravesical tumor
recurrence. The recurrence was defined as a histo-
logically confirmed diagnosis of urothelial carci-
noma. The secondary outcome was progressive-free
survival (PFS), which was defined as the time from
the end of intravesical adjuvant treatment to a histo-
logically or radiologically confirmed diagnosis of
muscle-invasive bladder cancer or metastatic disease.

A comparative analysis of the corresponding para-
meters in both groups was carried out according to the
x2 method and using the t-test for independent samples.
The Kaplan-Meier method was used to obtain estimates
of the RFS, PFS, and OS (overall survival). The indica-
tors were compared with each other using a log-rank
test. A Cox proportional hazards regression model was
used to analyze potential risk factors for intravesical re-
currence and progression. IBM SPSS Statistics for
Windows (version 28.0, license number:
8VHCOJ4SWTANTSW3AATBHOOBMICU6KRS
TKGQ42AU948MQM2ZKS8FTSGZEXI6VKD4WP

9UKFRKGWVHA7WRA92I9RERFIBVRXW2UU
3WK23) was used as a program for calculating
statistical indicators. A p-value <0.05 was considered
an indicator of statistical significance [1].

RESULTS AND DISCUSSION

The median follow-up period was 30 months
(range 7-36) — 33 versus 27 months in the first and
second groups, respectively (p=0.015).

7 patients (2 in the HIVEC® group and 5 in the
BCG group) who discontinued treatment in the first
and second cycles of intravesical therapy were not
included in the analysis. Six-week therapy courses
were not fully completed due to the side effects:
13 (26%) patients in the BCG therapy group (7 pa-
tients received 4 instillations, 6-5 ones); 4 patients
(8.7%) in the HIVEC® group did not undergo a full
course therapy (1 patient received 4 instillations, 3-
5 ones) (p=0.005). In 18 (36%) patients from the first
group and 8 (17.4%) patients from the second group,
the instillation schedule was shifted for a week once
due to moderate local toxicity, twice —in 8 (16%) and
2 (4.3%), respectively) patients (p<0.05).

According to the CTCAE, the most relevant side
effects in HIVEC®/BCG therapy groups were AE
grade 1-2: fever — 1%/8%; dysuria — 9%/13%; blad-
der spasms — 7%/12%; hematuria — 3%/4% and uri-
nary tract infection — 3%/10%. When comparing the
frequency of adverse events of 1-2 degrees, a signi-
ficant difference was found in the higher frequency of
fever, bladder spasms, and urinary tract infection in
the BCG therapy group (Table 1).

Table 1
Comparison of adverse events of 1-2 degrees in both groups

Adverse event 21:3351(351;32;) Théild\gEl,Cl(?(%/f, ())“P p-value
Fever 17 (6%) 2 (0.6%) <0.001
Bladder spasms 25 (8%) 11 (4%) 0.005
Hematuria 8(3%) 6 (2%) 0,592
Dysuria 27 (9%) 20 (6%) 0.201
Urinary tract infection 18 (6 %) 5(2%) 0.003
Adverse event 2:;;352? fli?,/:? Thégl(;z]az?:? (%/r:;“p p-value
Fever 8 (3%) 1(0.3%) 0.016
Bladder spasms 11 (4%) 9 (3%) 0.653
Hematuria 3 (1%) 3 (1%)
Dysuria 12 (4%) 10 3%) 0.668
Urinary tract infection 11 (4 %) 3 (1%) 0.024

Notes: Grade 1, 2 — grade of adverse events; p — statistical significance level.
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The number of such adverse events of grade 3 as
fever and urinary tract infection was higher in the

group of BCG therapy, also in this group there was
1 case of these adverse events of grade 4 (Table 2).

Table 2
Comparison of adverse events of 3-4 degrees in both groups
The BCG group The HIVEC® group
Adbverse effect
grade 3 grade 4 grade 3 grade 4
Fever 5 1 0 0
Bladder spasms 4 0 1 0
Hematuria 1 0 1 0
Dysuria 4 0 3 0
Non-infectious cystitis 4 1 1 0
Total number AEs 18 2 6 0

Note. Grade 3, 4 — grade of adverse events.

Tumor recurrence was reported in 23 patients who
received intravesical BCG therapy and in 10 patients
who received intravesical hyperthermic chemo-
therapy. The recurrence rate was significantly dif-
ferent between the two groups (respectively 42.6%
versus 18.9%, p=0.008). The Kaplan-Meier analysis
of recurrence-free survival for two adjuvant treatment
strategies is shown in Figure 1. The mean RFS time

chemotherapy was significantly higher than in
patients receiving intravesical BCG therapy 26.2
(95% CI: 22.9-29.5) versus 31.6 (95% CI: 29.3-34.0)
(the result of the log-rank test: p=0.023). Recurrent
tumor, concomitant CIS, high grade of differen-
tiation, the BCG treatment, and the number of therapy
cycles performed were independent prognostic
factors for tumor recurrence after the adjuvant

in patients receiving intravesical hyperthermic treatment by the Cox hazards regression model.
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Fig. 1. The Kaplan-Meier curves of RFS indices in the studied groups
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Tumor progression was recorded in 11 patients
who received intravesical BCG therapy and in 4
patients who received intravesical hyperthermic che-
motherapy. The incidence of the disease progression
was significantly different between the two groups
(respectively 20.4% versus 7.5%, p=0.046). The PFS
analysis using the Kaplan-Meier method for two
adjuvant treatment strategies is shown in Figure 2.
Although the incidence of PFS in patients who

received intravesical hyperthermic chemotherapy
was significantly higher than in patients who received
the intravesical BCG therapy, the mean PFS time did
not differ significantly: 31.6 (95% CI:29.1-34.1)
versus 34.5 (95% CI: 33.2-35.9) (log-rank test result:
p=0.126). Recurrent tumor, concomitant CIS, and
high grade of differentiation were independent pro-
gnostic factors for tumor progression after the adju-
vant treatment by the Cox hazards regression model.
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Fig. 2. The Kaplan-Meier curves of PFS indices in the studied groups

Overall survival rates during follow-up were not
statistically different and amounted to 83.3% in the
BCG therapy group and 90.6% in the HIVEC®
therapy group (p=0.267). The mean OS time did not
differ either from 33.6 (95% CI: 32.1-35.1) versus
34.0 (95% CI: 32.3-35.7) (p=0.591) (Fig. 3).

At the moment, in the world, there are no
publications devoted to the final results of rando-
mized trials of the use of hyperthermic chemotherapy
in the first line of adjuvant treatment of high-risk
NMIBC compared with the standard BCG therapy
(HIVEC® HR study is ongoing — EudraCT 2016-
001186-85). However, there are data from long-term
studies of apparatus-assisted chemohyperthermia
with which analogies can be drawn.

In 2019, Tan B.S. and co-authors published the
results of a randomized study of the HYMN where
they compared treatment with the radiofrequency
chemohyperthermia using the MMC (6-week induc-
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tion installations followed by maintenance instal-
lations) with adjuvant therapy with the BCG vaccine
(induction installations with maintenance courses for
one year) in patients with the moderate and high-risk
recurrent NMIBC. Analysis of the results did not
reveal any difference in either the complete response
after 3 months or the disease-free survival between
both study groups [10]. Subgroup analysis in this study
showed that patients with CIS had lower disease-free
survival in the chemohyperthermia group.

In our experience, patients without the CIS who
receive the HIVEC MMC therapy show better results
than patients with the CIS, both in terms of recurrence
and progression — while analyzing risk factors, the CIS
is an independent predictor of recurrence/progression.

In August 2021, a group of authors from Spain
presented data on the results of a multicenter
prospective HIVEC-E study, performed from 2012 to
2020, in which 502 patients with the medium and

Ha ymoeax niyensii CC BY 4.0
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high-risk NMIBC received the adjuvant che-
mohyperthermia MMC using the COMBAT BRS
system [8]. The 5-year recurrent-free survival rate in
this study was 50.37% (53.3% in medium-risk
patients and 47.14% in high-risk patients), the
progression-free survival rate was 89.83% (94.02% in
the middle-risk group and 84.23% in the high-risk
group, respectively). Authors noted a good tolerance
to this type of therapy, 68.58% of patients did not
have any adverse events and serious toxicity was
noted only in 2.7%. No case was found to be life-
threatening toxicity.

Our data about the safety of chemohyperthermia
are consistent with the HIVEC-E study data.

The ability to tolerate the full course of
intravesical therapy is an important factor when
choosing a method of treatment, which can also affect
on oncological indicators. The BCG vaccine therapy
is associated with more side effects compared to
intravesical chemotherapy (LoE 1a) and serious side
effects occur in about 5% [4]. Adverse events which
require discontinuation of treatment are more
common during the first year of therapy and more
common in elderly patients [6].
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Fig. 3. The Kaplan-Meier curves of OS indices in the studied groups

CONCLUSIONS

1. Hyperthermic intravesical chemotherapy is a
safe option for the high-risk non-muscular-invasive
bladder cancer adjuvant treatment with side effects
mainly of 1-2 degrees. It allows patients even the
elderly ones to undergo a full course of adjuvant
therapy without the quality-of-life loss.

2. The use of hyperthermic chemotherapy increa-
ses the 3-year recurrence-free survival of patients
with high-risk non-muscular-invasive bladder cancer
compared with the standard Bacillus Calmette-
Guérin vaccine vaccine-based adjuvant treatment.

3. Cases of bladder cancer progression were sta-
tistically more frequent in patients after the standard
Bacillus Calmette-Guérin vaccine therapy during the
observation period.
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