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Article history Introduction Chemohyperthermia is a feasible option in BCG (bacillus Calmette-Guérin) failure patients
Submitted: May 30, 2020 who desire bladder preservation. We aimed to assess outcomes and complications of chemohyperther-
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2020 FAUE- B Material and methods From March 2017 to February 2020, 103 BCG failure or intolerance patients with
high-risk NMIBC (non-muscle invasive bladder cancer) underwent a hyperthermic intravesical chemothera-
py (HIVEC) regimen. Five patients did not complete at least 5 instillations and were excluded from analysis.
MMC was used in 72 out of 98 patients (Group A) while EPI was used in 26 patients (Group B). Response
to HIVEC, predictive factors for treatment outcome and the disease-free survival (DFS) were defined
as primary endpoints. The complications of chemohyperthermia were assessed as a secondary endpoint.
Results No significant differences were found in recurrence and progression after induction course
between Groups A and B. Kaplan-Meier disease-free survival was 22.61 months in Group A and 21.93
in Group B. The log-rank test showed no statistically significant difference between the two curves
(p =.627). In the multivariate analysis, patients with tumor size =3 cm (p =.029), recurrence rate >1/year
(p =.034), concomitant carcinoma in situ (CIS) during transurethral resection of bladder (TURB) (p = .039)
and BCG-unresponsive status (p = .048) were associated with a worse response to chemohyperthermia.
The use of MMC or EPI did not influence the response to treatment (p = .157). A slightly significant higher
rate of overall complications (p = .0488) was observed in Group B. A significantly higher rate of Grade 3
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INTRODUCTION bladder carcinoma. BCG (bacillus Calmette-Guérin)

is currently the gold standard adjuvant treatment
Non-muscle invasive bladder cancer (NMIBC) is the  for high-grade NMIBC (HG-NMIBC) but usually
most common category (about 75%) of diagnosed fails in 40% of cases [1]. According to EAU (Euro-
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pean Association of Urology) guidelines, ‘BCG fail-
ure’ was defined as any disease occurrence following
BCG therapy and can be categorized into: 1) Muscle-
invasive disease detected during follow-up; 2) BCG
refractory [A: T1G3/HG non-muscle invasive papil-
lary tumor is present at three months; B: TaG3/HG
non-muscle invasive papillary tumor or CIS (car-
cinoma in situ) is present at both three and six
months (after a second induction course or the first
maintenance course of BCG)]; 3) BCG relapsing (re-
currence of G3/HG tumor after completion of BCG
maintenance, despite an initial response); 4) BCG
unresponsive (BCG refractory or T1Ta/HG BCG re-
lapse within 6 months or development of CIS within
12 months of last BCG exposure) [2]. These classes
of patients should undergo radical cystectomy as
first-line treatment, which is a surgical procedure
with high morbidity rates. [2]. Patients who desire
bladder preservation or are unfit for radical surgery,
can benefit from several bladder sparing strategies.
These options include intravesical immunotherapy,
chemotherapy or combined chemo-immunotherapy,
device-assisted therapy or gene therapy [3]. Limited
data and low-level evidence (LE) studies (LE:3) are
available and all these techniques seem to be infe-
rior in terms of bladder cancer specific mortality
[2]. However, new bladder preservation approaches
for high-risk NMIBC provide better quality of life
(QoL). Hyperthermic intravesical chemotherapy
(HIVEC) is a feasible option in BCG-unresponsive
NMIBC cases and the treatment is commonly asso-
ciated with a low rate of adverse events. In a cohort
of 52 BCG unresponsive NMIBC patients, including
30 patients with concomitant CIS, 50% of the pa-
tients remained disease free after a median follow-
up of 14.0 months [4]. The most common complica-
tions described were urinary frequency, haematuria
and bladder spasms. Sometimes, allergic reactions
were reported [5]. We aimed to assess the outcomes
and complications of HIVEC treatment using two
different drugs (Mitomycin-C [MMC] and Epirubi-
cin [EPI]) that are commonly used for intravesical
chemotherapy.

MATERIAL AND METHODS

From March 2017 to February 2020, 103 BCG fail-
ure or intolerance patients with high-risk NMIBC
underwent HIVEC adjuvant regimen. The inclusion
criteria were as follows: 1) histological diagnosis
of high-grade papillary Ta/T1 NMIBC alone or in
combination with CIS [WHO 2014 grading system];
2) the criteria of BCG-refractory, BCG-relapse, BCG-
unresponsive or BCG intolerance disease were de-
termined according to EAU guidelines criteria [2];

3) adequate BCG treatment which is defined as hav-
ing had BCG 6 weekly induction instillations fol-
lowed by at least one 3 week maintenance course
or a second induction course of 6 BCG instillations
[4]. Patients who were unsuitable to undergo radical
cystectomy were excluded.

The surgical radical approach was offered as gold
standard. The potential benefits and risks of early
and delayed radical cystectomy were discussed with
patients [6] and written informed consent was ob-
tained. The study protocol was approved by the
research ethics committee and all procedures per-
formed in the study were in accordance with the
1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Response to induction course of HIVEC, predictive
factors for treatment outcome and the disease-free
survival (DFS) were defined as primary endpoints
of the study. The complications of the induction
course using MMC or EPI were assessed as a second-
ary endpoint. Demographical, clinical and pathologi-
cal data were collected for all patients. All HIVEC-
related complications were classified according
Common Terminology Criteria for Adverse Events
(CTCAE) [7]. The HIVEC induction regimen con-
sisted of six weekly intravesical instillations (MMC
40 mg or EPI 50 mg) diluted in 50 ml of distilled wa-
ter. The target temperature was 43°C and the solu-
tion was repeatedly circulated inside the bladder at
200 ml/min for 60 minutes [8]. All instillations were
performed with the CombatBRSsystem V2.0 (Com-
bat Medical, Wheathampstead, UK). The response to
treatment was assessed with a cytology and a flexible
cystoscopy performed six weeks after the last instil-
lation and subsequent transurethral resection of the
bladder (TURB). ‘Non-responder patients’ were de-
fined as all grades of bladder cancer recurrence or
progression. Low-grade recurrent disease was man-
aged with another six weekly HIVEC regimen while
high-grade recurrences were managed with radical
cystectomy. All patients with high-grade progression
to muscle-invasive disease underwent consequent
neoadjuvant chemotherapy plus radical cystectomy.
All ‘responder patients’ underwent a maintenance
course composed of once instillation per month for
three months. Subsequently, the disease-free pa-
tients underwent another maintenance course (once
monthly for six months). A computed tomography of
the abdomen and pelvis was performed once a year.
All data were recorded in a prospectively maintained
database and retrospectively examined. Yates's chi-
squared (¢?) and Student's t-tests were used to com-
pare the statistical significance of differences in pro-
portions and means, respectively. DFS was assessed
by Kaplan Meier analysis and the log-rank test was
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used to compare the survival distribution of the two
groups. Subjects were assessed at the date of disease
recurrence/progression or date of last cystoscopy. Lo-
gistic regression analysis was performed to evaluate
independent predictors of failure to HIVEC and com-
plications. Statistical analyses were performed using
SPSS V23.0 (Armonk, NY: IBM Corp.), defining sta-
tistical significance at p <0.05.

RESULTS

MMC was used in 75 out of 103 patients (72.8%)
[Group A] while EPI in 28 out of 103 (27.2%) [Gro-
up Bl, due to occasional shortage of MMC. We used
the same chemotherapeutic agent for all courses
of each patient. Five patients (3 patients in Group A
and 2 patients in Group B) did not complete at least
5 instillations because of severe adverse events and
they were excluded from outcome analysis.

There were no significant differences in the demo-
graphics and baseline characteristics among the
groups (Table 1). No significant differences were
found in recurrence and progression after induc-
tion course between Group A and B (Table 2).
In the multivariate analysis, patients with tumor
size 23 cm (p = .029), recurrence rate >1/year
(p = .034), concomitant CIS on TURB (p = .039)
and BCG-unresponsive status (p = .048) were as-
sociated with a worse response to HIVEC regimen.
The use of MMC or EPI did not influence the re-
sponse to treatment (p = .157) (Table 3). The maxi-
mum follow-up was 38 months in Group A (median:
10.5; mean *SD:13.42 +10.55) and 32 months in
Group B (median: 14; mean =SD: 15.35 +10.58).
The overall mean DFS was 23.13 months (22.61
months in Group A and 21.93 in Group B). The log-
rank test showed no statistically significant differ-
ence between the two curves (p = .627) (Figure 1).
Table 4 lists the recurrence rate at 3, 7, 14, 20, 26, 32
and 38 months of follow-up.

Table 5 reports treatment complications. No patients
had grade 4 or 5 adverse events. A slightly signifi-
cant higher rate of overall complications (p = .0488)
was observed in Group B. A significantly higher rate
of Grade 3 frequency/urgency (p = .0064) contrib-
uted to this difference. The use of EPI was the only
independent factor of severe urinary frequency/ur-
gency (p = .017) (Table 6).

DISCUSSION

Radical cystectomy is the gold standard for BCG
failure NMIBC patients who are unlikely to respond
to a further BCG cycle [9]. Immediate radical cys-
tectomy should be offered to subjects with highest

Table 1. Demographics and baseline characteristics of
patients who underwent HIVEC (hyperthermic intravesical che-
motherapy) regimen with mitomycin C [Group A] (72 patients)
and epirubicin [Group B] (26 patients)

Variable Group A Group B p-value

Mean £SD
Age (years) 67.54 £7.96  64.35 +8.56 .089
BMI (kg/m?) 27354453  26.77 +2.05 527
ECOG performance status 1.06 +0.60 1.04 £0.72 .907
N £(%)
Gender

Males 47 (65.28%) 18 (69.23%) .9017

Females 25(34.72%)  8(30.77%) 9017
Smoking status

Smoke 27 (37.50%) 9 (34.62%) .9807

Non-smoker 30(41.67%) 14 (53.85%) 4008

Former smoker 15 (20.83%) 3(11.54%) 14510
Diabetes

Diabetes (Yes) 13 (18.06%) 5 (19.23%) 8707

Diabetes (No) 59(81.94%) 21(80.77%) .8707
Number of tumors

Single 21 (29.17%) 13 (50%) .0944

Multiple 51 (70.83%) 13 (50%) .0944
Tumor size

<3cm 47 (65.28%) 19 (73.08%) 6291

>3cm 25 (34.72%) 7 (26.92%) 6291
Recurrence rate

<1/year 57(20.83%)  15(42.31%) .0619

>1/year 15 (79.17%) 11 (57.69%) .0619
Pathologic stage

TaG3 15(79.17%) 11 (57.69%) .0619

T1G3 57(20.83%) 15 (42.31%) 0619
Concomitant CIS 11 (15.28%) 5(19.23%) .8745
Tumor on second TURB 17 (23.61%) 6 (23.08%) .8299
Prior history of UTUC 7(9.72%) 2 (8.70%) 7929
Previously treated with MMC 16 (22.22%) 5(19.23%) .9682
BCG faiilure group

BCG intolerance 13 (18.06%) 7 (26.92%) 14979

BCG refractory 31(43.06%) 11 (42.31%) .8688

BCG relapse 16 (22.22%) 4 (15.38%) 6472

BCG unresponsive 12 (16.67%) 4 (15.38%) .8745

BMI — Body Mass Index; ECOG — Eastern Cooperative Oncology Group;
CIS — carcinoma in situ; TURB — transurethral resection of bladder; UTUC — upper
urinary tract cell cancer; MMC — mitomycin C; BCG — bacillus Calmette-Guérin

risk of tumor progression, but it is however possible
to consider the role of ‘bladder sparing’ strategies
[10, 11], in particular for those unfit for or unwilling
to undergo radical surgery [12].

Chemohyperthermia seems to be more effective on
the treatment of bladder cancer than passive chemo-
therapy due to higher penetration of the drug into
the bladder wall and a direct toxic effect of heat [13].
Moreover, chemohyperthermia induces an immune
response stimulating cancer cells to release heat
shock proteins that activate a T-cell response [14].
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Table 2. Response to HIVEC regimen with mitomycin C [Group A]
(72 patients) and epirubicin [Group B] (26 patients)

Group A (MMC) Group B (EPI)
p value
N (%) N (%)
HIVEC response 51/72 (70.83%)  21/26(80.77%)  0.4688
HIVEC recurrence HG 14/72 (19.44%) 2/26 (7.69%) 0.2801
HIVEC recurrence LG 3/72 (4.17%) 1/26 (3.85%) 0.6119
HIVEC progression 4/72 (5.56%) 2/26 (7.69%) 0.9302

HIVEC — hyperthermic intravesical chemotherapy; HG — high-grade;
LG — low-grade; MMC — mitomycin C; EPI — epirubicin

Synergism of chemotherapy and hyperthermia was
clearly demonstrated for EPI, MMC and to a lesser
extent gemcitabine (GEM). Indeed, a synergistic ef-
fect on decreased cell proliferation was demonstrat-
ed in all cell lines and chemotherapeutic agents used
(GEM, EPI, MMC), although each one had a maxi-
mum effect at a different chemotherapy concentra-
tion and to a different extent [15]. HIVEC treatment
with MMC is safe, effective and capable of obtaining
good success rates in neoadjuvant and adjuvant set-
tings for intermediate to high-risk patients who have
contraindications for standard therapies [16]. In the
case of occasional shortage of MMC, several other in-

Table 3. Logistic regression analysis evaluating independent predictors of failure to HIVEC

Variables B* SE Wald p-value OR [Exp(B)] 95% Cl

Age -.017 .037 213 .644 .983 .914-1.057
Gender

Male (reference) - - - - - -

Female -.292 .694 177 .674 747 .192-2.911
Smoking status

Non-smoker - - - - - -

Smoker .583 661 778 .378 1.791 .491-6.539

Ex-smoker -.275 921 .089 .766 .760 .125-4.624
BMI .067 .069 937 333 1.069 .934-1.224
Diabetes

No (reference) - - - - - -

Yes -.041 .858 .002 .962 .959 .179-5.153
Number of tumors

Single (reference) - - - - - -

Multiple .749 724 1.069 301 2.114 .511-8.743
Tumor size

<3 cm (reference) - - - - - -

>3 cm 1.512 691 4.780 .029 4.535 1.169-17.586
Recurrence rate

<1/year (reference) - - - - - -

>1/year 1.727 .814 4.495 .034 5.622 1.139-27.739
Pathologic state

Ta (HG) (reference) - - - - - -

T1 (HG) -.214 961 .049 .824 .808 .123-5.315
Concomitant CIS

No (reference) - - - - - -

Yes 2.407 1.164 4.278 .039 11.097 1.134-108.568
Tumor on RE-TURB

No (reference) - - - - - -

Yes -1.289 .956 1.820 177 276 .042-1.793
Previously treated with MMC

No (reference) - - - - - -

Yes -1.259 .895 1.979 .159 284 .049-1.641
BCG classes

BCG intolerance (reference) - - - - - -

BCG refractory 1.747 1.165 2.250 134 5.738 .585-56.269

BCG relapse 2.217 1.382 2.575 .109 9.183 .612-137.778

BCG unresponsive 2.619 1.323 3.917 .048 13.726 1.026-183-696
Drug used

Mitomycin (reference) - - - - - -

Epirubicin -1.261 .891 2.004 157 .283 .049-1.624

HIVEC — hyperthermic intravesical chemotherapy; RE-TURB — re-transurethral resection of bladder; MMC — mitomycin C; BCG — bacillus Calmette — Guérin *intercept;
SE — standard error; OR — odds ratio [exponentiation of the B coefficient]; Cl — confidence interval; BMI —body mass index; HG — high-grade; CIS — carcinoma in situ
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Table 4. Recurrence rate of patients who underwent HIVEC
protocols (N = 98) at 3, 7, 14, 20, 26, 32 and 38 months of
follow-up

Follow-up N° of rgcurrent Patients still Recurrence Rate
months patients under follow-up

32 26 98 26/98 (26.53%)
7 7 72 7/72 (9.72%)
14¢ 7 65 7/65 (10.77%)
20¢ 3 58 3/58 (5.17%)
26¢ 0 55 0/55 (0%)
32¢ 2 55 2/55 (3.64%)
38¢ 0 53 0/53 (0%)

HIVEC — hyperthermic intravesical chemotherapy;  — induction course; ® — first
maintenance course; °— second maintenance course; ¢ — no treatment

Table 5. Complications of HIVEC treatment with mitomycin C
[Group A] (75 patients) and epirubicin [Group B] (28 patients)

Group A, Group B,
Grade N (%) N (%) p value
. . 1/75 1/28
Facial swelling 1 (1.33%) (3.57%) 9441
) . 1/75
* 0,
Facial swelling 2 (1.33%) 0/28 (0%) .6063
- 2/75 1/28
Hand urticaria 1 (2.67%) (3.57%) 6777
- 1/28
* 0,
Total body urticaria 2 0/75 (0%) (3.57%) .6063
1/28
Bladder spasm 1 3/75 (4%) (3.57%) 6362
1/28
Frequency/urgency 1 3/75 (4%) (3.57%) .6362
2/75 1/28
Frequency/urgency 2 (2.67%) (3.57%) 6777
Frequency/urgenc 3 2/75 5/28 0064
quency/urgency (2.67%)  (17.86%)
) ) 4/75 2/28
Urinary tract pain 1 (5.33%) (7.14%) .9014
) . 1/28
0,
Urinary tract pain 2 3/75 (4%) (3.57%) .6362
. . 2/75 1/28
*
Urinary tract pain 3 (2.67%) (3.57%) 6777
) ) 1/75 1/28
Abdominal pain 1 (1.33%) (3.57%) 9441
. 1/75 )
Haematuria 1 (1.33%) 0/28 (0%) .6063
Overall complications 25/75 16/28 0488
P (33.3%)  (57.14%) -
*Therapy discontinuation 3/75 (4%) 2/28 8847
(7.14%) :

HIVEC — hyperthermic intravesical chemotherapy

Drug used
—TMitomyein-C
1 Epibicin
——Mitomycin-C censored
{— Epitbicin censorsd

ﬁ

=)
Y
1

Disease-free survival

Log-rang test, p=.627
0,2

0,0

Months

Figure 1. Kaplan-Meier cancer-free survival curves for treat-
ment with mitomycin C and epirubicin.

travesical chemotherapeutic agents including GEM
and EPI can be used [17].

According to EAU guidelines [2], recurrence rate and
number of tumors are the most important prognos-
tic factors for bladder cancer recurrence. Moreover,
about 54% of patients with CIS experience bladder
cancer progression [18]. In BCG failure setting,
BCG-relapse group has better outcomes [19] while
BCG-unresponsive group has higher risk of progres-
sion [20].

In our experience, tumor size, recurrence rate, con-
comitant CIS and BCG unresponsive class are in-
dependent predictors of failure to HIVEC regimen
at first follow-up and may contribute to identify
patients that could benefit from conservative treat-
ment. Moreover, MMC versus EPI showed no differ-
ences in recurrence and progression rate after the
induction course and in disease-free survival at 38
months.

There is scarce literature available regarding the use
of HIVEC in the setting of BCG failure. In a cohort
of 52 BCG unresponsive patients, de Jong JJ et al.
[4] previously showed a median DSF of 17.7 months.
A total of 26 out of 52 patients remained disease-free,
22 experienced a recurrence and 4 a progression to
muscle-invasive or metastatic bladder cancer. Mar-
quette et al. showed a recurrence in 27.3% of BCG
unresponsive patients during the first year [21].
HIVEC demonstrated similar outcomes compared
to other intravesical agents. Shore et al. showed
a l-year DFS of 35% in high-grade NMIBC using
recombinant adenovirus (rAd)-IFNa-2b [22]. More-
over, a 1-year DFS of 34.8% with Mycobacterium
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Table 6. Logistic regression analysis evaluating independent predictors of grade 3 frequency/urgency

Variables B* SE

Wald p-value OR [Exp(B)] 95% Cl

Gender
Male (reference) - -
Female -1.067 1.310

Diabetes
No (reference) - -
Yes 1.877 1.107

Number of tumors
Single (reference)

Multiple 1.629 1.233

Tumor size
<3 cm (reference) - -
>3 cm -2.201 1.552

Recurrence rate
<1/year (reference) - -
>1/year 234 1.169

Previously treated with MMC
No (reference) - -
Yes 1.466 1.208

Drug used
Mitomycin (reference)
Epirubicin

2.756 1.156

HIVEC response (induction course)
Yes (reference) - -
No 1.988 1.228

.663 416 344 .026-4.489

2.875 .090 6.535 .746-57.229

1.747 .186 5.100 .455-57.131

2.009 156 111 .005-2.321

.040 .842 1.263 .128-12.495

1.471 225 4.330 .405-46.247

5.682 .017 15.738 1.632-151.759

2.622 .105 7.299 .658-80.933

* —intercept; SE — standard error; OR — odds ratio [exponentiation of the B coefficient]; Cl — confidence interval; MMC — mitomycin C; HIVEC — hyperthermic intravesical

chemotherapy

phlei cell wall-nucleic acid complex (MCNA) was ob-
served [23].

Synergo HT® system was used in treatment of blad-
der cancer routinely since 2001. It provides chemo-
hyperthermia irradiating the urothelium and blad-
der wall through a microwave applicator mounted
on a 20 Fr three-way catheter. This regimen also
showed good results in terms of DFS [24] but it was
associated with a high rate of side effects with up to
38% of drop-out [25].

The HIVEC system was usually well tolerated due
to the use of a soft 16 Fr three-way Foley catheter.
Moreover, the drug was heated by an aluminium
heat exchanger and then injected in the bladder.
The most common adverse events were urinary fre-
quency, pelvic pain, haematuria and urinary urgency
[26]. As described in literature, in our analysis most
adverse events were mild and self-limiting, rarely
leading to therapy discontinuation. The rate of drop-
out was similar among the groups. Despite this,
a significant difference has been observed in the com-
plications rate. Particularly, a higher rate of Grade 3
frequency/urgency contributed to this difference.
The direct irritative effect of chemotherapeutic drugs
on bladder mucosa and changes in vesical capac-
ity and bladder wall compliance [27] could explain
the voiding lower urinary tract symptoms (LUTS)
encountered in these patients. However, changes

in bladder wall characteristics were not only related
to the toxic effect of intravesical chemotherapy, but
also to multiple resections and others demographic
and pathologic characteristics. In our experience, the
use of EPI was the unique negative prognostic factor
for severe urinary frequency/urgency.

In vivo, cold EPI has a similar side-effect profile
to cold MMC [28]. However, the existing literature
provides no data about comparison of complications
of these drugs in chemohyperthermia regimens. Two
patients (one for each group) did not complete the
whole induction course due to Grade 2 allergic re-
actions. Hypersensitivity reactions can be related to
both contact and systemic allergy [29].

Some limitations of this study include the small co-
hort of patients and its retrospective non-random-
ized nature. Additionally, this study is limited by its
short follow-up time; this may have determined that
some patients might be falsely deemed as responders
due to short follow-up alone. Obviously, the results
of this study have to be confirmed in large-scale ran-
domized prospective studies [30, 31].

CONCLUSIONS

HIVEC treatment shows impressive results on dis-
ease-free survival and is well tolerated, considering
a high possibility of Grade 3 adverse event using



EPI. It can be considered a feasible option in BCG
failure or intolerant NMIBC patients, theoretically
avoiding or postponing radical cystectomy in some
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ogists.

particular subclasses of patients. Pre-treatment

recurrence rate, tumor size, concomitant CIS and
BCG unresponsive class can predict the likelihood
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