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Abstract: (1) Background: Intravesical chemotherapy is the standard of care in intermediate-risk non-
muscleinvasive bladder cancer (NMIBC). Different agents are used across the world based on availability,
cost, and practice patterns. Epirubicin (EPI), one of these agents, has been used by many centers over
many decades. However, its true differential efficacy compared to other agents and its tolerability are
still poorly reported. We aimed to assess the differential efficacy and safety of intravesical EPI in NMIBC
patients. (2) Methods: This study aimed to systematically review the efficacy and safety profile of
Epirubicin (EPI) in the management of non-muscle invasive bladder cancer (NMIBC) compared to other
adjuvant therapies. A systematic search of the PUBMED, Web of Science, clinicaltrials.gov, and Google
Scholar databases was conducted on 31 December 2023, using relevant terms related to EPI, bladder
cancer, and NMIBC. The inclusion criteria targeted studies that evaluated patients treated with EPI
following the transurethral resection of bladder tumors (TURBT) for NMIBC and compared oncological
outcomes such as recurrence and progression with other adjuvant therapies, including Mitomycin C
(MMC), Gemcitabine (GEM), and Bacillus Calmette-Guérin (BCG). Additionally, studies investigating the
safety profile of EPI administered intravesically at room temperature and under hyperthermia, as well
as oncological outcomes associated with hyperthermic intravesical EPI administration, were included.
(3) Results: Eleven studies reported adverse events after adjuvant intravesical instillations with EPI; the
most frequently reported adverse events included cystitis (34%), dysuria, pollakiuria, hematuria, bladder
irritation/spasms, fever, nausea and vomiting, and generalized skin rash (2.3%). Nine studies compared
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EPI to BCG in terms of recurrence and progression rates; BCG instillations showed a lower recurrence
rate compared to EPI, with limited or non-significant differences in progression rates. Two studies found
no significant differences between EPI and MMC regarding progression and recurrence rates. One study
showed statistically significant lower recurrence and progression rates with GEM in high-risk NMIBC
patients. Another study found no significant differences between EPI and GEM regarding recurrence
and progression. (4) Conclusions: EPI exhibits similar oncological performances to Gemcitabine and
Mitomycin C currently used for adjuvant therapy in NMIBC. Novel delivery mechanisms such as
hyperthermia are interesting newcomers.

Keywords: epirubicin; intravesical instillations; bladder cancer; chemotherapy; adjuvant treatment

1. Introduction

Bladder cancer (BC) is the second most frequent urological malignancy affecting
573,000 patients worldwide each year [1]. More than 75% of patients diagnosed with
bladder cancer have a cancer confined to the mucosa or the lamina propria [2].

The standard treatment for NMIBC is transurethral resection of the bladder tumors
(TURBT) followed by additional adjuvant treatment, which comprises single-shot intrav-
esical chemotherapy dose induction +/− maintenance chemotherapy for up to three
years [3–5]. For low-risk tumors, single instillations of drugs such as postoperative Mito-
mycin C (MMC), Epirubicin (EPI), or Gemcitabine (GEM) have been found to be effective
in reducing disease recurrences [6]. Another meta-analysis study indicated that combined
intravesical chemotherapy therapy after TURB is superior to TURB alone in reducing the
recurrence rate of NMIB [7].

For intermediate, high-risk, and very high-risk bladder tumors, the most effective adju-
vant therapy is with Bacillus Calmette-Guérin (BCG) [8]. BCG therapy is typically given as a
series of six weekly instillations followed by a maintenance regimen for up to 3 years.

In the cases of BCG being ineligible or patients being unresponsive, or in the case of
BCG shortage, there are some chemotherapeutical agents available such as EPI, MMC, or
GEM for intravesical instillations [9], at least six times weekly, but a fixed regimen has been
not established yet. A full-year regimen is nowadays considered the minimum for best
efficacy of the drugs (six weekly instillations followed by instillation at 6-week intervals
for a year) [10]. However, shared decision-making regarding adjuvant therapy with the
patient relies also on various factors, including age [11], stage, grade, and risk stratification
of bladder cancer, as well as individual patient characteristics such as sarcopenia [12].

As a treatment for bladder cancer, EPI still has a wide spectrum of use in many
countries and geographical areas due to its therapeutic efficacy for NMBIC and lack of
alternative approved treatments; on the other hand, in other countries such as the US,
it is not approved for intravesical treatment [13]. According to European Association of
Urology (EAU) guidelines, EPI is an option in patients unfit for BCG or in the case of
BCG shortage [2]. In the US alone, it is estimated that more than 8000 patients are not
receiving BCG due to a global shortage [14]. So, as alternative adjuvant therapy after
TURBT for bladder tumors, EPI has shown time-effectiveness in reducing recurrences.
EPI works by interfering with the DNA of cancer cells, preventing their replication and
growth [15]. Given the prevalence of non-muscle invasive bladder cancer (NMIBC) and the
importance of effective adjuvant therapies, our study aimed to comprehensively assess the
efficacy and toxicity profile of Epirubicin (EPI). Specifically, we sought to investigate the
recurrence-free survival (RFS) and progression-free survival (PFS) rates associated with
EPI treatment compared to those of Bacillus Calmette-Guérin (BCG), Mitomycin C (MMC),
and Gemcitabine (GEM). Additionally, we aimed to evaluate the impact of incorporating
hyperthermia alongside EPI treatment, particularly in contrast to hyperthermia combined
with MMC. Through this analysis, we aimed to provide clinicians and researchers with a
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clearer understanding of the comparative effectiveness and safety of EPI, as well as the
potential benefits of hyperthermia augmentation in NMIBC management.

2. Materials and Methods

A systematic search of the MEDLINE, WebofScience, clinicaltrials.gov, and GoogleScholar
databases was performed on 31 December 2023, using any combination of the following
terms: Epirubicin (EXP) AND bladder cancer (EXP) OR Epirubicin (EXP) AND non-muscle
invasive bladder cancer (EXP). All original articles that fulfilled the inclusion criteria
were included. We performed additional cross-checking of the reference lists, and “hand
searched” for any additional references.

Studies were considered eligible if they included patients with NMIBC; had a prospec-
tive or retrospective design; included at least 10 patients; and assessed the oncological
impact of EPI treatment compared with those after BCG, MMC, and GEM or EPI standard
treatment alone or using chemohyperthermia. The language of publication was not an ex-
clusion criterion. The primary outcomes were a comparison of recurrence and progression
rates between EPI and MMC, GEM, or BCG. The secondary outcome was to evaluate the
safety profile of EPI and the impact of using device-assisted intravesical administration
of EPI. For each selected study, the following items were recorded: first author’s name,
year of publication, country, study design, number of patients, patient’s characteristics,
variables included in multivariable analysis, recurrence rate, progression rate, follow-up,
and adverse events (AEs), when reported. The study was conducted following the nec-
essary protocols for research. Two investigators, S.C. and M.F. (the first two authors),
independently conducted literature searches and extracted data from the full-text articles.
In case of any discrepancies, these were resolved through consensus, involving a third
investigator, M.D.V. (the corresponding author).

3. Results
3.1. Adverse Events after Intravesical Instillations with Epirubicin

Eleven studies reported adverse events after adjuvant intravesical instillations with
EPI, using a regimen of at least six weekly instillations. They included 1165 patients in
total, of which 207 were females. The instillation regimen was not uniform as it has no
clear recommendation and varied from 6 installations to 17 instillations [16–18]. The most
frequently reported adverse events were cystitis (34%), followed by dysuria, pollakiuria,
hematuria, bladder irritation/spasms, fever, nausea and vomiting, and generalized skin rash
(2.3%) [19]; see Table 1.

3.2. EPI versus BCG

Nine studies compared EPI to BCG in terms of recurrence and progression rates. They
included 1422 patients, of which 316 were females. Prognostic factors included age, gender,
number, tumor stage pTa-pT1, and grade G1–G3 (12–19). The recurrence rate was lower for
patients treated with BCG instillations [20–24], and regarding progression, the difference
was limited or no difference was noticed [20,21]; see Table 2.

3.3. EPI versus MMC

Two studies [25,26] had investigated the effect of EPI compared to that of MMC, and
they showed that there is no significant differences between the two drugs (EPI vs. MMC)
regarding progression and recurrence; see Table 3.

3.4. EPI versus GEM

Two studies [27,28] had investigated the effect of EPI compared to that of GEM. They
included 459 patients, of which 135 were female. Zhang et al. [28] (This reference was
retracted) has shown a statistical significance of low recurrence and progression in patients
with high-risk NMBIC, treated with GEM with anHR of 0.165, 95% CI 0.069–0.397, p = 0.000,
for recurrence and an HR of 0.160, 95% CI 0.032–0.799, p = 0.026 for progression. On the
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other hand, Wang et al. [27] found no statistical significance regarding recurrence and
progression; see Table 4.

3.5. Chemohyperthermia with Epirubicin

Chiancone et al. [29] looked at the oncological results of EPI as an adjuvant treatment
using hyperthermic intravesical chemotherapy (HIVEC) administration. They included
26 patients, of which 18 were males and 8 were females. Recurrence occurred in two patients
(7.69%) from the high-grade group and in one (3.85%) from low grade group, and two patients
(7.69%) had progression. They concluded that EPI with HIVEC is a valid option of treatment
for high-grade NMBIC with BCG intolerance, and there was no difference in oncological
outcomes compared to MMC. Similar results were reported also by Arends et al. [30] when
using the Synergo device to administer EPI or MMC into the bladder; see Table 5.

Table 1. Reported adverse events after intravesical instillation with Epirubicin.

Study/Year Country
No
pts.
m/f

No. Instillations Adverse Reactions
No. Patients (%)

Melekos et al., 1993 Greece 84/15 6–8
(50 mg EPI in 50 mL saline) Cystitis (34%) and hematuria (15%)

Eto et al., 1994 Japan 98/16
(30 mg EPI/30 mL saline)
Twice a week/4 weeks
Once monthly/11 months

Micturition pain 6 (10.0%),
pollakiuria 9 (15.0%), and hematuria
3 (5.0%)

Ryoji et al., 1994 Japan 97

20 mg in 30 mL physiological saline,
17 times for 1 year: once immediately after TUR, once
every 2 weeks for the next 4 months, and then once per
month for the following 8 months

9.3% (9/97) of the patients’ pain on
urination, pollakiuria, and hematuria

Watanabe et al., 1994 Japan 40/13

20 mg EPI was dissolved in 40 mL physiological saline,
17 instillations,
seven times at intervals of 2 weeks. Finally, eight
intravesical instillations were performed at 1-month
intervals. A total of 17 intravesical injections were given
over a period of about 1 year

3 cases (5.7%), and most were
symptoms of bladder irritation such
as pollakiuria

Ali-El-Dein et al., 1997 Egypt 206/47
8 (1/week)
(50 mg EPI/40 mL saline)
1 monthly for 12 months (maintenance)

40 to 56% local side effects
(contracted bladder)

Okamura et al., 1998 Japan 110/28 (40 mg/mL in normal saline)
Arm A (17 instillations) vs. Arm B (6 instillations)

Miction pain and frequency in
10 (7.2%) patients and gross
hematuria in 1 (0.7%)

Melekos et al., 1992 Greece 55/10 6 weeks, 1/monthly
Cystitis: 27.9%pts, hematuria 14%,
fever 2.3%, nausea and vomiting
2.3%, generalized skin rash 2.3%

Torelli et al., 2001 Italy 130/39 (80 mg/instillation) started within 20 days after
TUR—once monthly for 11 months

Chemical cystitis in 9 patients (6.7%),
bacterial cystitis in 2 (1.5%)

Bassi et al., 2002 Italy 26/4 6
80 mg EPI (in 50 mL sterile saline)

Grade of toxicity: G1, G2, G3, G4
Bladder spasms/dysuria 4 (13.7%), 9
(31%), 2 (6.89%)–
Hematuria–3 (10.3%)–
Fever–1 (3%)–

Mitsumori et al., 2004 Japan 51/18

A, delayed (first instillation 7 days after TURBT) and
low-dose (30 mg once every 2 weeks, six times)
instillations; B, early (three instillations before 7 days after
TURBT) and low-doseinstillations;
C, delayed and high-dose (30 mg once weekly 12 times)
instillations; D, early and high-doseinstillations

18 patients (26%): irritated bladder
13 pts (18.84%), hematuria 1 pt
(1.44%), and bacterial cystitis 4 pts
(5.79%)

Kato et al., 2015 Japan 71/17

30 mg of EPI plus 200 mg of Ara-C dissolved in 20 mL of
physiological saline weekly for the first year, then every
2 weeks for the second year, once a month for the third
year, and once every 3 months during the fourth and
fifth years

Severe, reversible cystitis
2 pts (4.5%)

Legend: EPI: Epirubicin; TURBT: transurethral resection of bladder tumor, Ara-C: Cytosin Arabinoside.
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Table 2. Studies comparing recurrence and progression rates after treatment with Epirubicin and Bacillus Calmete-Guerin.

Study/Year Country Design
(Period)

No
pts.
m/f

Age
Median
(IQR)

Stage Grade Variables Recurrence Progression Follow-Up

Duchek et al.,
2009 Sweden

Prospective
study February

1999–December 2006
256 67 T1

BCG
G2 35% (28)

32% (26)
EPI

G3 91% (72)
92% (74)

drug, size,
multifocality, age,

Re-TUR, grade,
concomitant CIS

34 pts (BCG)
vs.

47 pts (EPI&iFN)

No difference
regarding the
progression

2 years

Marttila et al.,
2016 Finland 1997–2008 272 71/70

pTa/pT1/urothelial
neoplasm

103/10/2 (90/9/2)
108/6/0 (95/5/0)

BCG
G1 75% (65)
G2 27% (24)

EPI/IFN
G1 79% (69)
G2 24% (21)

gender, age, no. of
recurrences, time to

recurrence,
multifocality,

cytology grade,
tumor diameter, peri-
operative Epirubicin

After 5 years,
the recurrence-free

estimate of the BCG
group was significantly
better than that of the
EPI/IFN group, 59%

versus
38%, respectively

There was no
significant

difference in the
probability of
progression or

overall survival

BCG/EPI
7.5 years/
7.4 years

Tozawa et al.,
2001 Japan March 1990 to

February 1999 72 70 years

BCG
pTa 13
pT1 37

EPI
pTa 7

pT1 57

BCG
G1 14
G2 34
G3 2
EPI
G1 6
G2 50
G3 8

age, sex, tumor grade,
stage, number of

recurrences
before TURBT

32.0% (16/50) in
BCG-treated patients

26.1% (6/23) of
patients with

chemoimmunotherapy

However, the
comparison of
Kaplan–Meier
curves at the

3-year time point
revealed a lower
tumor recurrence

in the BCG
monotherapy

group, significant
at a level of

p = 0.026

2 years

Melekos et al.,
1996 Greece Prospective Study 132 BCG/EPI

65.3/67.2

BCG
Ta 34
T1 24
EPI

Ta 38
T1 23

BCG
G1 12
G2 34
G3 12
EPI

G1 12
G2 35
G3 14

gender, age, primary
tumors, multiple

tumors, stage, grade,
previous intravesical

therapy,
concomitant CIS

Free of recurrence
44% for Epirubicin vs.

55% for BCG
10 (16.4%) in the

Epirubicin group and
7 (12%) in the

BCG

10 (16.4) EPI
vs.

7 (12) BCG
2 years

Chi Wai Cheng
et al., 2004 China Between July 1988

and September 1999 36 71.6 years T1 G3 N.A 16 pts (44.4%) 9 pts (25%) 12 years
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Table 2. Cont.

Study/Year Country Design
(Period)

No
pts.
m/f

Age
Median
(IQR)

Stage Grade Variables Recurrence Progression Follow-Up

Chi Wai Cheng
et al., 2005 China

Between October
1991 and

September 1999
209 69.9 years

BCG
Ta 63
T1 39
EPI

Ta 77
T1 29

BCG
G1 19
G2 47
G3 33
EPI

G1 30
G2 55
G3 20

N.A

59 pts had recurrence
with EPI

vs.
30 pts with BCG

The 10-year
Kaplan–Meier

estimate for
progression-free
survival was 78%

in BCG
vs.

The 10-year
Kaplan–Meier

estimate for
progression-free
survival was 74%

in EPI

23 months

Iida et al., 2009 Japan

Retrospective study
between January

1991 and
September 2005

93 73.95
years

EPI
T1/G3 69 pts

BCG
T1/G3 24 pts

G3
sex, age, multifocality,
stage, grade, previous
intravesical therapy

31 pts (33%) 14 pts—cancer
progression 68.7 months

Hemdan et al.,
2013 Sweden

Prospective study
Between 1999

and 2006
256

BCG
T1G2-3 126 pts

EPI + IFN
T1G2-3 124 pts

G2-3
risk of recurrence,
treatment failure,

cancer-specific death

5 years
BCG vs. Epi + IFN

59% vs. 38%

Free of
progression 78%

and 77%
6.9 years

Melekos et al.,
1993 Greece Prospective trial 190

Epi
65.8 y
BCG
67.1 y

EPI
Ta: 42
T1: 25
BCG
Ta: 41
T1: 21

EPI
G1:31
G2:25
G3:11
BCG
G1:27
G2:27
G3:8

gender, age, primary
tumors, multiple

tumors, stage, grade,
previous intravesical

therapy,
concomitant CIS

EPI 27 (40.3)
BCG 20 (32.2)

EPI 6 (9)
BCG 4 (6.5) 32.9 months

Legend: BCG: Bacillus Calmete-Guerin, EPI: Epirubicin, IFN: interferon, CIS: carcinoma in situ.
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Table 3. Studies comparing recurrence and progression rates after adjuvant treatment with Epirubicin or MMC in patients with non-muscle invasive bladder cancer.

Study/Year Country Design
(Period)

No
pts.
m/f

Age
Median
(IQR)

Stage Grade Variables Recurrence Progression Follow
-Up

Bono et al.,
1996 Italy October

1986–April 1989 108 65.5
years

Study (30,864)
(MMC)

Ta in 82 patients
(76%)

T1 in 26 (24%)
Study (30,869)

(EPI)
Ta in 35 patients

(87.5%)
T1 in 5 patients

(12.5%)

Study (30,864)
(MMC)

G1 in 33 cases
(30.6%), G2 in

67 cases (62.0%),
and G3 in 8
cases (7.4%).

Study (30,869)
(EPI)

G1 in 15 cases
(37.5%), G2 in

22 cases (55.0%),
and G3 in

3 cases (7.5%)

<85 years, good
general health,

multiple primary
or recurrent Ta-T1

Treated with MMC
19 pts–19.79%

progression in
20% of patients N.A

Calais da Silva
et al., 1992 Portugal N.A 46/14 68 years

EPI
Ta6 patients

T1 23 patients
MMC

Ta 1 patient
T1 17 patients

EPI
G1—11 patients
G2—14 patients
G3—7 patients

MMC
G1—10 patients
G2—16 patients
G3—2 patients

Single/multiple
tumor

Primary-recurrent

EPI
Primary Ta

6 patients with 1
recurrence; primary
T1-23 patients with
8 recurrences, and

recurrent T3
patients with
3 recurrences.

MMC
Ta 1 patient with no
recurrence; primary
T1 17 patients with

5 recurrences;
recurrent Ta

2 patients with no
recurrences, and T

8 patients with
3 recurrences.

N.A 17.7 months

Legend: MMC: Mytomicin C; EPI: Epirubicin; N.A: not available.
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Table 4. Studies comparing recurrence and progression rates after adjuvant treatment with Epirubicin or Gemcitabine in patients with non-muscle invasive bladder
cancer.

Study/Year Country Design
(Period)

No
pts.
m/f

Age
Median Stage Grade Variables Recurrence Progression Follow

-Up

Wang et al.,
2019 China January 1996 to

July 2018 91/33 f N.A N.A

GEM
Low 42
(57.53%)
High 31
(42.47%)

EPI
Low

19 (51.35%)
High

18 (48.65%)

gender, age,
multifocality, size,

grade, risk,
re-TURBT

Gemcitabine
intravesical

chemotherapy group
was significantly

related to a lower rate
of recurrence in GEM
(HR = 0.165, 95% CI

0.069–0.397, p = 0.000)

lower rate of
progression with
GEM (HR = 0.160,

95% CI
0.032–0.799,
p = 0.026)

GEM
34.8

months

EPI
35.9

months

Zhang et al.,
2021 China

Retrospective
study from

October 2015 to
October 2019

233/102 f 62 years

Ta
A29
B30
C36
T1

A38
B51
C38

Low Grade
A34
B40
C48

High Grade
A33
B41
C26

gender, age, size,
number of tumors,

stage, grade

p = 1.00—no
statistical significance

p = 0.69—no statis-
tical significance

Legend: GEM: Gemcitabine, EPI: Epirubicin, TURBT: transurethral resection of bladder tumors, N.A: not available.
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Table 5. Studies comparing recurrence and progression rates after adjuvant treatment with Epirubicin or MMC using hyperthermia in patients with non-muscle
invasive bladder cancer.

Study/Year Country Design
(Period)

No.
Patients

Male/
Female

Chemohyperthermia Characteristics
Age

Years
Mean/SD

Stage/Grade Variables Recurrence Progression Follow
-Up

Chiancone
et al., 2020 Italy

Retrospective
March 2017–

February 2020

98/33
(33.7%)

HIVEC
72 pts. MMC vs. 26

pts. EPI

BCG failure
or intolerance
patients with

high-risk
NMIBC

67.54 ± 7.96 vs.
64.35 ± 8.56

Ta G3 15 (79.17%)
vs. 11 (57.69%)

T1G3
57 (20.83%)

vs.
15 (42.31%)

Age, gender,
smoking status,
BMI, diabetes,

number of tumors,
tumor size,

recurrence rate,
pathologic state,
concomitant CIS,

tumor on
RE-TURB,

previously treated
with MMC, BCG

failure group

High-grade
14/72 (19.44%)
MMC vs. 2/26

(7.69%) EPI
Low-grade

3/72 (4.17%)
MMC vs. 1/26

(3.85%) EPI

MMC
4/72 (5.56%)

vs.
EPI

2/26 (7.69%)

10.5 vs. 14
months

Arends et al.,
2014 The Netherlands

Prospective
maintain
database

2002–2013

160/36 (22.5%)

Synergo SB-TS
101 system

20 EPI
140 MMC

NMIBC
refractory to

regular
intravesical
treatment

65
(range 34 to 87)

pT1 75 (46.9%),
pTa 85 (53.1%),

high-grade
104 (65.0%),
low-grade
56 (35.0%)

Age, gender, CIS
history, No.

preCHT TURBTs,
PreCHT T1 on

histology, PreCHT
highly recurrent

NMIBC,
PreCHT grade

1-year RFS 64%
EPi vs. 59%

MMC
2-year RFS 55%

EPI vs. 46%
MMC, (p = 0.303)

N.A 75.6 months

Legend: HIVEC: hyperthermic intravesical chemotherapy; MMC: Mitomycin C; EPI: Epirubicin; SD: standard deviation; NMIBC: non-muscle invasive bladder cancer,
TURBT: transurethral resection of the bladder tumors; CIS: carcinoma in situ; CHT: chemohyperthermia; BCG:Bacillus Calmette-Guerin; BMI: body mass index; N.A: not available.
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4. Discussion

The findings from studies investigating adverse events associated with intravesical
instillations of Epirubicin (EPI) highlight several key points. Firstly, a substantial number
of patients (1165) were included in 11 studies, indicating a robust data set for analysis.
The incidence of adverse events varied, with cystitis being the most frequently reported
adverse event (34%), followed by dysuria, pollakiuria, hematuria, and others [25,31].
After gemcitabine, the most reported cases were nausea/vomiting (44.2%) and consti-
pation/diarrhea (23.4%) [32]. This underscores the importance of closely monitoring
patients undergoing EPI treatment for non-muscle invasive bladder cancer (NMIBC) for
these potential complications.

It is acknowledged that BCG treatment demonstrates superior efficacy in preventing
disease progression, according to the data presented in the summary table of the analyzed
studies (Table 2). The data were already confirmed by the meta-analysis of You et al. [31].

Regarding adjuvant chemotherapy, no clinically significant difference was observed
between EPI, MMC, or GEM. The RFS and PFS rates are somewhat similar. However,
a recent meta-analysis showed that among 22 studies adopting induction followed by
maintenance intravesical therapy, regarding a lower dose of BCG, EPI was associated with
a significantly higher risk of recurrence (odds ratio [OR]: 2.82, 95% CI: 1.54–5.15), but not
other intravesical chemotherapies, with no significant differences in the risk of progression
between intravesical therapies [32]. Further prospective studies are needed to answer which
drug has the best tolerability, safety, and impact on oncological outcomes. Some studies are
already recruiting patients to test in vitro the drug with the highest antitumor efficacy [33].
Until then, clinicians should use all available therapies based on shared decision-making
with the patient and guideline recommendations. Regarding chemohyperthermia, there
seems to be some benefit, but it is not yet quantifiable.

A recent randomized clinical trial (RCT) for MMC indicated that the recurrence-free
survival (RFS) rate at 24 months was 61% (95% CI 51–69%) in the chemohyperthermia-
treated group and 60% (95% CI 50–68%) in the control group (HR 0.92, 95% CI 0.62–1.37;
log-rank p = 0.8) [34]. These results should be interpreted considering that only the
combat bladder recirculation system (Combat Medical, St. Albans, UK) was used for
chemohyperthermia instillations, while many other systems are available for intravesical
hyperthermia instillations [35], and their use may lead to different outcomes. Addi-
tionally, from all available data, no difference was observed in RFS estimates between
patients treated with EPI and those treated with MMC [36]. Concerning a comparison
with the standard of care, which is BCG treatment, a recent meta-analysis showed no
statistically significant difference between chemohyperthermia and BCG as the adjuvant
treatment [37]. However, there are little data on this question, and no solid conclusion
can be drawn.

Overall, although EPI remains a viable option for the management of NMIBC, the re-
sults highlight the need for personalized treatment approaches based on individual patient
characteristics and preferences. Further research is needed to elucidate the optimal use of
EPI and potential synergies with other therapeutic modalities, including immunotherapy,
to improve outcomes for NMIBC patients.

5. Conclusions

Epirubicin has meaningful efficacy in addressing NMIBC; however, its efficacy and
indications are limited to selected patients, mainly with an intermediate risk according
to EAU guideline stratification and to those unfit for or unresponsive to BCG therapy.
Retrospective studies highlight that BCG stands out as more effective than Epirubicin
in terms of preventing recurrence. Epirubicin exhibits similar oncological performances
to Gemcitabine and Mitomycin C currently used for adjuvant therapy in NMIBC. Novel
delivery mechanisms such as hyperthermia are interesting newcomers.



J. Clin. Med. 2024, 13, 3789 11 of 13

Author Contributions: Conceptualization, S.C., M.F., M.D.V., G.L., K.B., A.M., M.K.P.,J.K., I.T., T.F.,
S.M. and S.F.S.; methodology, S.C., M.F., M.D.V., G.L., K.B., A.M., M.K.P.,J.K., I.T., T.F., S.M. and S.F.S.;
software, S.C., M.F., M.D.V., G.L., K.B., A.M., M.K.P.,J.K., I.T., T.F., S.M. and S.F.S.; validation, S.C.,
M.F., M.D.V., G.L., K.B., A.M., M.K.P., J.K., I.T., T.F., S.M. and S.F.S.; formal analysis, S.C., M.F., M.D.V.,
G.L., K.B., A.M., M.K.P., J.K., I.T., T.F., S.M. and S.F.S.; investigation, S.C., M.F., M.D.V., G.L., K.B.,
A.M., M.K.P., J.K., I.T., T.F., S.M. and S.F.S.; resources, S.C., M.F., M.D.V. and S.F.S.; data curation,
S.C., M.F., M.D.V., G.L., K.B., A.M., M.K.P., J.K., I.T., T.F., S.M. and S.F.S.; writing—original draft
preparation, S.C., M.F., M.D.V., G.L., K.B., A.M., M.K.P., J.K., I.T., T.F., S.M. and S.F.S.; writing—review
and editing, S.C., M.F., M.D.V., G.L., K.B., A.M., M.K.P., J.K., I.T., T.F., S.M. and S.F.S.; visualization,
S.C., M.F., M.D.V. and S.F.S.; supervision, M.D.V. and S.F.S.; project administration, M.D.V. and S.F.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020:

GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA. Cancer J. Clin. 2021, 71,
209–249. [CrossRef]

2. Babjuk, M.; Burger, M.; Capoun, O.; Cohen, D.; Compérat, E.M.; Dominguez Escrig, J.L.; Gontero, P.; Liedberg, F.; Masson-
Lecomte, A.; Mostafid, A.H.; et al. European Association of Urology Guidelines on Non-Muscle-Invasive Bladder Cancer (Ta, T1,
and Carcinoma in Situ). Eur. Urol. 2022, 81, 75–94. [CrossRef]

3. Cookson, M.S.; Chang, S.S.; Oefelein, M.G.; Gallagher, J.R.; Schwartz, B.; Heap, K. National Practice Patterns for Immediate
Postoperative Instillation of Chemotherapy in Nonmuscle Invasive Bladder Cancer. J. Urol. 2012, 187, 1571–1576. [CrossRef]

4. Kassouf, W.; Traboulsi, S.L.; Kulkarni, G.S.; Breau, R.H.; Zlotta, A.; Fairey, A.; So, A.; Lacombe, L.; Rendon, R.; Aprikian, A.G.;
et al. CUA Guidelines on the Management of Non-Muscle Invasive Bladder Cancer. Can. Urol. Assoc. J. 2015, 9, E690–E704.
[CrossRef]

5. Holzbeierlein, J.M.; Bixler, B.R.; Buckley, D.I.; Chang, S.S.; Holmes, R.; James, A.C.; Kirkby, E.; McKiernan, J.M.; Schuckman, A.K.
Diagnosis and Treatment of Non-Muscle Invasive Bladder Cancer: AUA/SUO Guideline: 2024 Amendment. J. Urol. 2024, 211,
533–538. [CrossRef]

6. Yamamoto, S.; Kageyama, Y.; Fujii, Y.; Aizawa, T.; Urakami, S.; Fukui, I. Randomized Study of Postoperative Single Intravesical
Instillation With Pirarubicin and Mitomycin C for Low-Risk Bladder Cancer. Anticancer Res. 2020, 40, 5295–5299. [CrossRef]

7. Daryanto, B.; Purnomo, A.F.; Seputra, K.P.; Budaya, T.N. Comparison Between Intravesical Chemotherapy Epirubicin and
Mitomycin-C after TURB vs TURB Alone With Recurrence Rate of Non-Muscle Invasive Bladder Cancer: Meta-Analysis. Med.
Arch. Sarajevo Bosnia Herzeg. 2022, 76, 198–201. [CrossRef]

8. Witjes, J.A.; Dalbagni, G.; Karnes, R.J.; Shariat, S.; Joniau, S.; Palou, J.; Serretta, V.; Larré, S.; di Stasi, S.; Colombo, R.; et al. The
Efficacy of BCG TICE and BCG Connaught in a Cohort of 2099 Patients with T1G3 Non-Muscle-Invasive Bladder Cancer. Urol.
Oncol. 2016, 34, 484.e19–484.e25. [CrossRef]

9. Kamat, A.M.; Colombel, M.; Sundi, D.; Lamm, D.; Boehle, A.; Brausi, M.; Buckley, R.; Persad, R.; Palou, J.; Soloway, M.; et al.
BCG-Unresponsive Non-Muscle-Invasive Bladder Cancer: Recommendations from the IBCG. Nat. Rev. Urol. 2017, 14, 244–255.
[CrossRef]

10. Laukhtina, E.; Abufaraj, M.; Al-Ani, A.; Ali, M.R.; Mori, K.; Moschini, M.; Quhal, F.; Sari Motlagh, R.; Pradere, B.; Schuettfort,
V.M.; et al. Intravesical Therapy in Patients with Intermediate-Risk Non-Muscle-Invasive Bladder Cancer: A Systematic Review
and Network Meta-Analysis of Disease Recurrence. Eur. Urol. Focus 2022, 8, 447–456. [CrossRef]

11. Ferro, M.; Chiujdea, S.; Musi, G.; Lucarelli, G.; Del Giudice, F.; Hurle, R.; Damiano, R.; Cantiello, F.; Mari, A.; Minervini, A.; et al.
Impact of Age on Outcomes of Patients With Pure Carcinoma In Situ of the Bladder: Multi-Institutional Cohort Analysis. Clin.
Genitourin. Cancer 2022, 20, e166–e172. [CrossRef]

12. Soria, F.; D’Andrea, D.; Barale, M.; Gust, K.M.; Pisano, F.; Mazzoli, S.; De Bellis, M.; Rosazza, M.; Livoti, S.; Dutto, D.; et al. Sarcopenia
Predicts Disease Progression in Patients with T1 High-Grade Non-Muscle-Invasive Bladder Cancer Treated with Adjuvant Intravesical
Bacillus Calmette-Guérin: Implications for Decision-Making? Eur. Urol. Open Sci. 2023, 50, 17–23. [CrossRef]

13. Shariat, S.F.; Chade, D.C.; Karakiewicz, P.I.; Scherr, D.S.; Dalbagni, G. Update on Intravesical Agents for Non-Muscle-Invasive
Bladder Cancer. Immunotherapy 2010, 2, 381–392. [CrossRef]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.eururo.2021.08.010
https://doi.org/10.1016/j.juro.2011.12.056
https://doi.org/10.5489/cuaj.3320
https://doi.org/10.1097/JU.0000000000003846
https://doi.org/10.21873/anticanres.14535
https://doi.org/10.5455/medarh.2022.76.198-201
https://doi.org/10.1016/j.urolonc.2016.05.033
https://doi.org/10.1038/nrurol.2017.16
https://doi.org/10.1016/j.euf.2021.03.016
https://doi.org/10.1016/j.clgc.2021.12.005
https://doi.org/10.1016/j.euros.2023.02.001
https://doi.org/10.2217/imt.10.1


J. Clin. Med. 2024, 13, 3789 12 of 13

14. EDSA Resources. Available online: https://www.enddrugshortages.com/resources.html (accessed on 9 October 2023).
15. Barthwal, R.; Raje, S.; Pandav, K. Structural Basis for Stabilization of Human Telomeric G-Quadruplex [d-(TTAGGGT)]4 by

Anticancer Drug Epirubicin. Bioorg. Med. Chem. 2020, 28, 115761. [CrossRef]
16. Okamura, K.; Kinukawa, T.; Tsumura, Y.; Otani, T.; Itoh, H.; Kobayashi, H.; Matsuura, O.; Kobayashi, M.; Fukatsu, T.; Ohshima,

S. A Randomized Study of Short-versus Long-Term Intravesical Epirubicin Instillation for Superficial Bladder Cancer. Nagoya
University Urological Oncology Group. Eur. Urol. 1998, 33, 285–288; discussion 289. [CrossRef]

17. Ryoji, O.; Toma, H.; Nakazawa, H.; Goya, N.; Okumura, T.; Sonoda, T.; Kihara, T.; Tanabe, K.; Onizuka, S.; Iomoe, H.; et al. A
Phase II Study of Prophylactic Intravesical Chemotherapy with Epirubicin in the Treatment of Superficial Bladder Cancer. Cancer
Chemother. Pharmacol. 1994, 35, S60–S64. [CrossRef]

18. Watanabe, N.; Miyagawa, I.; Higasibori, Y.; Nakahara, T.; Sumi, F.; Ishida, G.; Abe, B.; Inoue, A.; Hanamoto, N.; Tottori University
Oncology Group. Phase II Study of Intravesical Chemoprophylaxis of Epirubicin after Transurethral Resection of Bladder Tumors.
Cancer Chemother. Pharmacol. 1994, 35, S57–S59. [CrossRef]

19. Melekos, M.D.; Dauaher, H.; Fokaefs, E.; Barbalias, G. Intravesical Instillations of 4-Epi-Doxorubicin (Epirubicin) in the Prophylactic
Treatment of Superficial Bladder Cancer: Results of a Controlled Prospective Study. J. Urol. 1992, 147, 371–375. [CrossRef]

20. Duchek, M.; Johansson, R.; Jahnson, S.; Mestad, O.; Hellström, P.; Hellsten, S.; Malmström, P.-U. Bacillus Calmette-Guérin Is
Superior to a Combination of Epirubicin and Interferon-A2b in the Intravesical Treatment of Patients with Stage T1 Urinary
Bladder Cancer. A Prospective, Randomized, Nordic Study. Eur. Urol. 2010, 57, 25–31. [CrossRef] [PubMed]

21. Marttila, T.; Järvinen, R.; Liukkonen, T.; Rintala, E.; Boström, P.; Seppänen, M.; Tammela, T.; Hellström, P.; Aaltomaa, S.; Leskinen,
M.; et al. Intravesical Bacillus Calmette-Guérin Versus Combination of Epirubicin and Interferon-A2a in Reducing Recurrence of
Non-Muscle-Invasive Bladder Carcinoma: FinnBladder-6 Study. Eur. Urol. 2016, 70, 341–347. [CrossRef] [PubMed]

22. Cheng, C.W.; Chan, S.F.P.; Chan, L.W.; Chan, C.K.; Ng, C.F.; Cheung, H.Y.; Chan, S.Y.E.; Wong, W.S.; Lai, F.M.-M.; To, K.F.; et al.
Twelve-Year Follow up of a Randomized Prospective Trial Comparing Bacillus Calmette-Guerin and Epirubicin as Adjuvant
Therapy in Superficial Bladder Cancer. Int. J. Urol. 2005, 12, 449–455. [CrossRef] [PubMed]

23. Iida, S.; Kondo, T.; Kobayashi, H.; Hashimoto, Y.; Goya, N.; Tanabe, K. Clinical Outcome of High-Grade Non-Muscle-Invasive
Bladder Cancer: A Long-Term Single Center Experience. Int. J. Urol. 2009, 16, 287–292. [CrossRef] [PubMed]

24. Hemdan, T.; Johansson, R.; Jahnson, S.; Hellström, P.; Tasdemir, I.; Malmström, P.-U.; Urothelial Cancer Group of the Nordic
Association of Urology. 5-Year Outcome of a Randomized Prospective Study Comparing Bacillus Calmette-Guérin with Epirubicin
and Interferon-A2b in Patients with T1 Bladder Cancer. J. Urol. 2014, 191, 1244–1249. [CrossRef]

25. Bono, A.V.; Hall, R.R.; Denis, L.; Lovisolo, J.A.; Sylvester, R.; Members of the Eortc Genito-Urinary Group. Chemoresection in
Ta-T1 Bladder Cancer. Eur. Urol. 1996, 29, 385–390. [CrossRef]

26. Calais Da Silva, F.; Ferrito, F.; Brandão, T.; Santos, A. 4′-Epidoxorubicin versus Mitomycin C Intravesical Chemoprophylaxis of
Superficial Bladder Cancer. Eur. Urol. 1992, 21, 42–44. [CrossRef] [PubMed]

27. Wang, T.-W.; Yuan, H.; Diao, W.-L.; Yang, R.; Zhao, X.-Z.; Guo, H.-Q. Comparison of Gemcitabine and Anthracycline Antibiotics
in Prevention of Superficial Bladder Cancer Recurrence. BMC Urol. 2019, 19, 90. [CrossRef]

28. Zhang, J.; Li, M.; Chen, Z.; OuYang, J.; Ling, Z. Efficacy of Bladder Intravesical Chemotherapy with Three Drugs for Preventing
Non-Muscle-Invasive Bladder Cancer Recurrence. J. Healthc. Eng. 2021, 2021, 2360717. [CrossRef]

29. Chiancone, F.; Fabiano, M.; Fedelini, M.; Meccariello, C.; Carrino, M.; Fedelini, P. Outcomes and Complications of Hyperthermic
IntraVesical Chemotherapy Using Mitomycin C or Epirubicin for Patients with Non-Muscle Invasive Bladder Cancer after Bacillus
Calmette-Guerin Treatment Failure. Cent. Eur. J. Urol. 2020, 73, 287–294. [CrossRef]

30. Arends, T.J.H.; van der Heijden, A.G.; Witjes, J.A. Combined Chemohyperthermia: 10-Year Single Center Experience in 160
Patients with Nonmuscle Invasive Bladder Cancer. J. Urol. 2014, 192, 708–713. [CrossRef]

31. You, C.; Li, Q.; Qing, L.; Li, R.; Wang, Y.; Cheng, L.; Dong, Z. Device-Assisted Intravesical Chemotherapy versus Bacillus
Calmette–Guerin for Intermediate or High-Risk Non-Muscle Invasive Bladder Cancer: A Systematic Reviewer and Meta-Analysis.
Int. Urol. Nephrol. 2023, 56, 103–120. [CrossRef]

32. Kawada, T.; Yanagisawa, T.; Bekku, K.; Laukhtina, E.; von Deimling, M.; Chlosta, M.; Pradere, B.; Teoh, J.Y.-C.; Babjuk, M.; Araki,
M.; et al. The Efficacy and Safety Outcomes of Lower Dose BCG Compared to Intravesical Chemotherapy in Non-Muscle-Invasive
Bladder Cancer: A Network Meta-Analysis. Urol. Oncol. 2023, 41, 261–273. [CrossRef] [PubMed]
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