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Abstract

Objectives: The objectives of the study are to explore tolerability, acceptability and

oncological outcomes for patients with high-risk non-muscle-invasive bladder cancer

(NMIBC) treated with hyperthermic intravesical chemotherapy (HIVEC) and

mitomycin-C (MMC) at our institution.

Patients and Methods: Our single-institution, observational study consists of consec-

utive high-risk NMIBC patients treated with HIVEC and MMC. Our HIVEC protocol

included six weekly instillations (induction), followed by two further cycles of three

instillations (maintenance) (6 + 3 + 3) if there was cystoscopic response. Patient

demographics, instillation dates and adverse events (AEs) were collected prospec-

tively in our dedicated HIVEC clinic. Retrospective case-note review was performed

to evaluate oncological outcomes. Primary outcomes were tolerability and accept-

ability of HIVEC protocol; secondary outcomes were 12-month recurrence-free,

progression-free and overall survival.

Results: In total, 57 patients (median age 80.3 years) received HIVEC and MMC, with

a median follow-up of 18 months. Of these, 40 (70.2%) had recurrent tumours, and

29 (50.9%) had received prior Bacillus Calmette–Guérin (BCG). HIVEC induction was

completed by 47 (82.5%) patients, but only 19 (33.3%) completed the full protocol.

Disease recurrence (28.9%) and AEs (28.9%) were the most common reasons for

incompletion of protocol; five (13.2%) patients stopped treatment due to logistical

challenges. AEs occurred in 20 (35.1%) patients; the most frequently documented

were rash (10.5%), urinary tract infection (8.8%) and bladder spasm (8.8%). Progres-

sion during treatment occurred in 11 (19.3%) patients, 4 (7.0%) of whom had muscle

invasion and 5 (8.8%) subsequently required radical treatment. Patients who had

received prior BCG were significantly more likely to progress (p = 0.04). 12-month

recurrence-free, progression-free and overall survival rates were 67.5%, 82.2%, and

94.7%, respectively.
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Conclusions: Our single-institution experience suggests that HIVEC and MMC are

tolerable and acceptable. Oncological outcomes in this predominantly elderly, pre-

treated cohort are promising; however, disease progression was higher in patients

pretreated with BCG. Further randomised noninferiority trials comparing HIVEC ver-

sus BCG in high-risk NMIBC are required.

K E YWORD S

acceptability, high risk, hyperthermic intravesical chemotherapy, intravesical treatment,

mitomycin C, non-muscle-invasive bladder cancer, tolerability

1 | INTRODUCTION

Bladder cancer (BC) is a common disease, accounting for 3% of all

worldwide cancer diagnoses,1 of which three-quarters of patients pre-

sent with non-muscle-invasive disease (NMIBC).2 Due to variable

recurrence rates,3 long-term surveillance is required, and patients

often require repeated surgical and intravesical treatments, making

this one of the most expensive cancers to manage.4 Patients with

high-risk NMIBC (HR-NMIBC), such as patients with high-grade dis-

ease, lamina propria invasion, lymphovascular invasion, carcinoma-in-

situ (CIS) or variant histopathology,5 need more aggressive manage-

ment. First and foremost, accurate diagnosis by meticulous endo-

scopic resection, and re-resection, is essential to ensure that there is

no residual disease and that the tumour has been appropriately

staged.6 Thereafter, patients may be offered either adjuvant intravesi-

cal therapy (usually Bacillus Calmette–Guérin [BCG]) or primary radi-

cal cystectomy (RC). The former is a bladder-preserving strategy

aiming to minimise recurrence and, more importantly, progression

events,7,8 while the latter is a more radical approach aiming to remove

the bladder to irradicate those risks.9

Both intravesical BCG and primary RC have their limitations.

Intravesical BCG can be poorly tolerated and fails to control local dis-

ease in up to a third of patients at 1 year,10 which can be associated

with decision regret.9 Furthermore, BCG manufacturing limitations,

exacerbated by the COVID-19 pandemic, have led to BCG shortages,

which have led to the rationing and reshaping of contemporary BCG

schedules.11 Primary RC is a surgical procedure with associated mor-

bidity, mortality and quality of life implications that must be carefully

discussed with each patient. In patients whom BCG fails, who are

unfit or unwilling to undergo RC, there is a paucity of effective alter-

native treatment options available to them in the clinic. Hence, there

has been a drive to develop novel or alternative therapies to BCG

treatment, which both are acceptable to patients and provide nonin-

ferior oncological outcomes.

One emerging treatment is intravesical hyperthermia combined

with oncological agents—most commonly mitomycin-C (MMC).

Hyperthermia has been shown to synergistically interact with MMC

to accelerate cancer cell death in vitro12; and in practical terms,

enhances chemotherapy pharmacokinetics by improving MMC solu-

bility and urothelial penetration.13

As a response to international BCG shortages, and lack of treat-

ments available to patients in our region after BCG had failed, we

introduced a hyperthermic intravesical chemotherapy (HIVEC) pro-

gramme, combined with MMC, using the combat bladder recirculation

system (BRS) device, into our specialist BC clinic. Here we present our

single-institution experience of using this treatment in an unselected,

consecutive cohort of patients with HR-NMIBC; the purpose of which

was to evaluate the tolerability, acceptability and oncological efficacy

HIVEC and MMC in patients with HR-NMIBC treated at our

institution.

2 | METHODS

2.1 | Patients

In the Department of Urology, Sheffield Teaching Hospitals NHS

Foundation Trust, patients were considered for HIVEC and MMC

treatment if they had failed ambient intravesical chemotherapy in

whom BCG was contraindicated, for BCG unresponsive disease, or

as a novel alternative to BCG considering ongoing concerns of

international supply shortages. Patient demographics, instillation

dates, and tolerability data were collected prospectively in our

dedicated HIVEC clinic. Retrospective case note review was per-

formed to evaluate oncological outcomes. Consecutive patients

treated for HR-NMIBC with HIVEC and MMC between August

2017 (when the clinic was established) and October 2019 were

included.

At our institution, HR-NMIBC is defined as patients with the

following:

• New or recurrent tumours that are high-grade (ISUP 1997/WHO

2004) or G3 (WHO 1973); any pT1 tumours; any evidence of CIS;

or tumours with variant histopathological features.

In patients who had received prior BCG treatment, BCG failures

were defined as per the 2017 EAU guideline on NMIBC (the guideline

available at the time of project inception).14 EORTC risk scores

were calculated for each individual patient, as per Sylvester et al.

criteria.15
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2.2 | Intravesical MMC

Each intravesical MMC instillation was delivered using the Combat

BRS device. Patients were catheterised with a 16F three-way cathe-

ter, before delivery of 40-mg MMC in 50 ml, which was heated exter-

nally to a temperature of 43 � 0.5�C, using the combat BRS

aluminium heat exchanger. Instillation time was 60 min. In the

absence of evidence, risk-stratified HIVEC instillation protocols were

created, similar to that of the initial schedule of intravesical BCG; the

rationale being that if there was a degree of immune-modulation from

HIVEC instillations, then a BCG-adapted protocol would be appropri-

ate. The HR-NMIBC HIVEC protocol (6 + 3 + 3) consisted of six

weekly induction instillations, followed by check cystoscopy; patients

clear of disease were then offered two further maintenance cycles of

three instillations (given weekly), with interval cystoscopy. Patients

with disease recurrence during treatment, who were unwilling or

unable to undergo RC were offered re-induction (six further

instillations).

2.3 | Primary and secondary outcomes

The primary outcomes of the study were to evaluate the tolerability

of HIVEC and MMC and acceptability of the proposed high-risk proto-

col. Adverse events were recorded as per the common terminology

criteria for adverse events (CTCAE) descriptors. Secondary outcomes

were 12-month recurrence-free survival (RFS), progression-free sur-

vival (PFS) and overall survival (OS).

2.4 | Statistical analysis

Continuous variables are described using median with interquartile

range (IQR) values, and categorical variables are described using

counts and percentages. Kaplan–Meier method RFS, PFS and OS sur-

vival curves were generated using Prism v9.3.1. Exploratory subgroup

analyses were performed using χ
2 and Fisher’s exact tests, but were

limited by sample size. Univariate analysis was performed using binary

logistic regression for categorical binary outcomes to identify poten-

tial associated prognostic factors (including age, gender, previous

recurrence or intravesical treatment, stage and EORTC scores) for dis-

ease recurrence, progression and survival. Statistical significance was

defined as a p value <0.05.

3 | RESULTS

3.1 | Baseline patient demographics

A total of 57 patients were treated with HIVEC and MMC at our insti-

tution for HR-NMIBC. Patient baseline demographics are shown in

Table 1. The median (IQR) age of patients was 80.3 (76.5–86.0) years.

As expected, many of the patients that referred for HIVEC and MMC

were male (80.7%). Of the patients referred for HIVEC and MMC,

40 (70.2%) had recurrent tumours of which 32/40 (80.0%) previously

harboured high-grade disease, 12/40 (30.0%) were ≥pT1 tumours,

and 8/40 (20.0%) had prior evidence of CIS. A review of the patients

with recurrent tumours revealed that 32/40 (80.0%) had received at

least one prior intravesical therapy and that 29/40 (72.5%) had

received previous intravesical BCG (Table 1).

3.2 | Tumour characteristics at time of referral for

HIVEC therapy

Table 2 reflects the histopathological characteristics at time of referral

for HIVEC and MMC. Overall, 56 (98.2%) had high grade tumours;

only one patient had a low-grade tumour, which was classified as

high-risk NMIBC due to the presence of variant pathology. Ten

(17.5%) patients had pT1 tumours, and 19 (33.3%) had evidence of

CIS. Median (IQR) EORTC recurrence and progression scores were

5 (4–7.5) and 8,5–11 respectively.

3.3 | HIVEC protocol adherence and tolerability

Overall, 47 (82.5%) patients completed HIVEC induction. A total of

36 (63.2%) completed one cycle of HIVEC maintenance, and

19 (33.3%) completed the full 6 + 3 + 3 protocol. Reasons for not

completing the protocol are depicted in Table 3. Disease recurrence

(28.9%) and adverse events (28.9%) were the most common reasons

for incompletion of protocol; interestingly, five (13.2%) patients opted

to stop treatment due to logistical challenges with repeated hospital

visits and time commitment of treatment. Adverse events were expe-

rienced in 20 (35.1%) patients throughout the treatment duration. The

most common adverse events were allergic rash (10.5%), urinary tract

infection (8.8%) and bladder spasm (8.8%). Adverse events led to

incompletion of protocol in 11 (19.3%) patients, but were tolerable in

the remainder.

3.4 | Clinical outcomes of HR-NMIBC patients

treated with HIVEC and MMC

At a median (IQR) of 18 (12.5–25) months, 25 (43.9%) patients experi-

enced local recurrence, where 11 (19.3%) showed evidence of pro-

gression (three [5.3%] tumour grade progression and eight [14.0%]

tumour stage progression). Median (IQR) time to recurrence and pro-

gression was 5 (3–14.5) and 9 months,5–17 respectively. Four (7.0%)

patients progressed to muscle invasion (pT2 disease). Five (8.8%)

patients required radical treatment, of which two had RC for recurrent

high-risk disease and three underwent external beam radiotherapy

(EBRT) for muscle-invasive (pT2) disease. One patient with progres-

sion to muscle-invasive BC was treated with best supportive care.

The 12-month RFS, PFS and OS rates in this cohort were 67.5% (CI:

53.5–78.2), 82.2% (CI: 69.5–90.0), and 94.7% (confidence interval
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[CI] [84.6, 98.3]), respectively (Figure 1). Using multivariate analysis,

no factors were identified as significant predictors of recurrence, pro-

gression or death in this cohort.

3.5 | Subgroup analyses

We were unable to demonstrate significant difference in rates of

recurrence or progression between patients with new and recurrent

tumours (p = 0.15 and p = 0.15, respectively). Patients who had

received prior BCG before HIVEC were not at higher risk of develop-

ing disease recurrence during treatment (p = 0.49) but were signifi-

cantly more likely to develop progressive disease within the follow-up

period (31.3% vs. 7.1%, odds ratio [OR] 5.85, CI [1.2, 28.5], p = 0.04).

There were no differences in recurrence or progression risk

between patients with and without CIS at time of referral (p = 0.85

and p = 0.74, respectively) nor was a difference demonstrated in

terms of recurrence or progression between patients who completed

the 6 + 3 versus 6 + 3 + 3 protocol (having removed patients who

did not complete treatment protocol due to recurrence) (p > 0.99 and

p > 0.95, respectively).

4 | DISCUSSION

Here we present our single-institution, real-world experience of one

of the larger described high-risk-only NMIBC cohorts treated with

HIVEC and MMC.16–21 Overall, HIVEC treatment served as a well-

tolerated and safe adjuvant treatment, with similar protocol comple-

tion rates to BCG7; hence, providing scope as a potential alternative

candidate for HR-NMIBC patients in an era of international BCG

shortages, or indeed, as a salvage treatment in patients in whom BCG

has failed. Oncological outcomes (RFS, PFS and OS) were promising in

this high-risk, pretreated cohort, and were similar to other high-risk

NMIBC HIVEC studies.17,18

HR-NMIBC represents almost one-third of the BC workload man-

aged at our institution,22 many of whom are unfit, or unwilling, to

receive RC. Their management options are limited to adjuvant intrave-

sical BCG,8 which has high failure rates due to toxicity and recur-

rence7,23,24; this is further compounded by poor BCG availability due

to international supply shortages. Patients who develop recurrence

during BCG treatment or who cannot tolerate the side-effects, have

sparse alternative effective options available in the clinic. One emerg-

ing treatment is intravesical hyperthermia with MMC. Hyperthemic

MMC can be delivered using two models: radiofrequency-induced

thermo-chemotherapy (RITE) using microwave radiation through a

catheter device, and recombinant systems that use recirculation sys-

tems to externally heat and instil chemotherapeutic agents, such as,

HIVEC.25

With recent evidence emerging to support the use of hyperther-

mic MMC, in both its forms, as a potential adjuvant treatment in high-

risk patients,16–21,26,27 we established a specialist HIVEC clinic in our

department. The primary focus was to explore the tolerability and

acceptability of HIVEC treatment for patients with HR-NMIBC. Our

data align with the literature for HR-NMIBC patients treated with

HIVEC, where reported adverse events during treatment are common

33%–80%,16–21 but are usually low grade (Grade 1–2), and often

short-lived (for example, bypassing and urinary frequency). In this

cohort, 20 (35.1%) patients reported an adverse event (AE) during

treatment, the most common of which were: rash, bladder spasm and

T AB L E 1 HR-NMIBC HIVEC cohort patient demographics and previous treatments received

n %

Age Median (IQR) 80.3 (76.5–86.0)

>70 years 50 87.7

Gender Male 46 80.7

Female 11 19.3

Previous treatment(s) if recurrent tumours BCG only 24 60.0

BCG + a-MMC 3 7.5

BCG + a-MMC + epirubicin 1 2.5

BCG + radiotherapy 1 2.5

a-MMC 2 5.0

MMC + epirubicin 1 2.5

No treatment 8 20.0

BCG status n = 29 Relapsing 8 27.6

Refractory 10 34.5

Unresponsive 5 17.2

Intolerant 4 13.8

None of the above 2 6.9

Abbreviations: a-MMC, ambient mitomycin-C; BCG, Bacillus Calmette–Guérin; HIVEC, hyperthermic intravesical chemotherapy; HR-NMIBC, high-risk

non-muscle-invasive bladder cancer; IQR, interquartile range; MMC, mitomycin-C.
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urinary tract infection. AEs led to treatment cessation in 11 patients

(28.9%), which is slightly higher than other reported studies (4%–

28%)16–21; this may suggest that older patient populations are less

able to tolerate HIVEC instillations.

In terms of acceptability, the definitions of HIVEC incompletion

are often inconsistently described in the literature and some report

retrospective AE data collection, which could result in underreporting.

In our study, we defined incompletion of HIVEC as the failure to com-

plete the 6 + 3 + 3 high-risk protocol. HIVEC induction was well tol-

erated (82.5% completion); however, only one-third of patients

completed the full protocol (comparable with that of BCG treat-

ment7,24). The most common reasons for lack of completion were dis-

ease recurrence and intolerability. It is worth noting that five (8.7%)

patients reported that the travel burden to hospital, and time commit-

ment required for repeated intravesical treatments, did not outweigh

the benefits, and hence opted to discontinue treatment; this travel

and time toxicity has also been described in BCG studies as a reason

why patients stop treatment early,24 highlighting the importance of

thorough patient counselling about logistics of treatment and the

need for regular risk-benefits review throughout the treatment

course.

The secondary objective of this study was to explore oncological

outcomes. As expected, recurrence events in this high-risk, heavily

pretreated cohort were common, affecting 43.9% of patients across a

median follow-up of 18 months. This likely reflects the natural history

of the disease in a cohort with predominantly recurrent tumours

(56.1%) and median EORTC risk score of five (1-year recurrence risk

of 35%–41%).15 Recurrences often occurred early in the disease

course (median time to recurrence of 5 months), highlighting the need

for rigorous high-risk follow-up protocols that include cystoscopic

review. Recurrence (and progression) rates were not significantly

higher in patients who received one versus two cycles of maintenance

HIVEC; however, further prospective data are required to explore

oncological outcomes using maintenance regimes of differential

length.

In this study, disease progression was identified in 11 (19.3%)

patients (median time to progression of 9 months), which was higher

than expected. A median EORTC progression score of eight would

usually confer a progression risk of 4%–7% at 12 months.15 The high

progression rate in this study potentially reflects high levels of pre-

treatment in this group, which may alter the biology of the disease

and subsequent treatment responses. It was most pronounced in

patients pretreated with BCG who had a significantly higher risk of

progression (p = 0.041); alternatively, it could reflect the nature of

this cohort—with a median age of 80.3 years, it is likely that this group

have higher competing morbidities, and hence, higher morbidity and

mortality risk of curative primary RC.28,29

Disease progression was identified and treated early (median time

from progression to definitive treatment of 3 months), which was

expedited by low thresholds for repeat tissue sampling, and early tri-

age to radical therapy in those who were eligible. Only two patients

who progressed despite BCG and HIVEC failure underwent RC, which

likely reflects patients who initially opted for bladder-preserving intra-

vesical strategies, before proceeding with radical surgery as a last

resort. Overall, the 12-month RFS, PFS and OS rates were promising,

with slightly higher rates than other high-risk HIVEC studies.17,18

Higher RFS, PFS and OS have been reported in one randomised trial

of BCG versus HIVEC,16 which excluded patients with CIS, enrolled

fewer patients with recurrent tumours or prior treatment, and had a

lower median age; and the second, a large prospective observational

cohort in Spain,30 which again had a lower median age difference

(10 years younger), lower frequency of recurrent disease, and fewer

pretreatment patients.

Therefore, in this single institution, real-world study, we have

demonstrated that HIVEC with MMC was safe, tolerable and had rea-

sonable oncological outcomes in this elderly, un-selected, high-risk

patient cohort. Limitations of this study include patient numbers, lack

of prospectively collected clinical outcome data and that the experi-

ences and outcomes from this study relate to a single, tertiary-centre

T AB L E 2 Index tumour characteristics at time of referral for

HIVEC and MMC therapy

n %

Recurrent tumour No 17 29.8

Yes 40 70.2

Grade LGa 1 1.8

HG 56 98.2

Stage pTis 6 10.5

pTa 30 52.6

pTa + CIS 11 19.3

pT1 8 14.0

pT1 + CIS 2 3.5

Total with CIS Yes 19 33.3

No 38 66.7

No of tumours Single 29 50.9

Multifocal 22 38.6

CIS only 6 10.5

Size <3 cm 46 80.7

≥3 cm 11 19.3

EORTC recurrence score 0 0 0

1–4 21 36.8

5–9 32 56.1

10–17 4 7.0

Median (IQR) 5 (4–7.5)

EORTC progression score 0 2 3.5

2–6 20 35.1

7–13 24 42.1

14–23 11 19.3

Median (IQR) 8 (5–11)

Abbreviations: IQR, interquartile range; LG, low grade; HG, high grade;

CIS, carcinoma in situ; EORTC, European Organisation for Research and

Treatment of Cancer.
aLGpTa tumour with squamous variant pathology.
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T AB L E 3 HIVEC protocol adherence and treatment tolerability

No. induction instillations Median (IQR) 6 (6–6)

Completion of induction Yes 47 82.5

No 10 17.5

Reinduction Yes 6 10.5

No 51 89.5

Number maintenance doses Median (IQR) 3 (0–6)

No. complete maintenance cycles 0 21 36.8

1 36 63.2

2 19 33.3

3 3 5.3

Reason treatment not complete (n = 38) Intolerability 11 28.9

Recurrence 11 28.9

Patient choicea 5 13.2

Medical comorbidities/frailty 5 13.2

COVID 2 5.3

Death 2 5.3

Other 2 5.3

Adverse events No 37 64.9

Yes 20 35.1

Adverse event description (n = 20) Bladder spasm 5 8.8

Dysuria 1 1.8

Urinary frequency 2 3.5

Urinary urgency 0 0.0

Urinary incontinence 2 3.5

Urinary tract pain 1 1.8

Urinary tract infection 5 8.8

Haematuria 1 1.8

Rash 6 10.5

Other 2 3.5

Abbreviation: IQR, interquartile range.
aFor example, transport challenges to and from the department, finding the treatment too time consuming, other life commitments, opting for a watch and

wait approach.

F I GU R E 1 Kaplan–Meier survival curves depicting recurrence-free survival (A), progression-free survival (B), and overall survival (C) for HR-

NMIBC patients treated with HIVEC at our institution
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experience, which may not necessarily reflect broader national and

international practices. Nonetheless, this study suggests that HIVEC

with MMC may be a promising salvage therapy for patient whom

BCG has failed, and who are ineligible or unwilling to undergo

RC. Larger, Phase III prospective randomised trial data are required to

build on the evidence from the HIVEC-HR pilot Phase II trial,16 to

definitively compare the tolerability and efficacy of HIVEC to BCG in

HR-NMIBC.

5 | CONCLUSIONS

Our single-institution experience suggests that intravesical HIVEC

with MMC is deliverable, safe and tolerable. Oncological outcomes in

this predominantly elderly, pretreated cohort are promising, but dis-

ease progression rates were higher in those pretreated with BCG. Fur-

ther randomised trial data are required to definitively compare HIVEC

to BCG for patients with HR-NMIBC.

ACKNOWLEDGEMENTS

We would like to thank the whole HIVEC team at Sheffield Teaching

Hospital NHS Foundation Trust for helping to establish and deliver a

fantastic HIVEC service; in particular, Nicola Jenkinson and Sarah

Hawley who assisted in the setting up our prospective database. We

would like to thank Combat BRS for their support.

CONFLICT OF INTEREST

There are no conflicts of interest to disclose.

AUTHOR CONTRIBUTIONS

All authors prepared the manuscript and figures and approved the

submitted manuscript.

ORCID

Samantha Conroy https://orcid.org/0000-0001-7167-4908

Ibrahim Jubber https://orcid.org/0000-0002-4558-2521

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,

et al. Global Cancer Statistics 2020: GLOBOCAN estimates of inci-

dence and mortality worldwide for 36 cancers in 185 countries. CA

Cancer J Clin [Internet]. 2021 May 1 [cited 2022 Apr 6];71(3):

209–49. Available from: https://onlinelibrary.wiley.com/doi/full/10.

3322/caac.21660

2. Cumberbatch MGK, Jubber I, Black PC, Esperto F, Figueroa JD,

Kamat AM, et al. Epidemiology of bladder cancer: a systematic

review and contemporary update of risk factors in 2018. Eur Urol

[Internet]. 2018 Dec 1 [cited 2019 Feb 3];74(6):784–95. Available

from: https://www.sciencedirect.com/science/article/pii/S0302283

818306511#bib0525

3. Sylvester RJ, van der Meijden APM, Oosterlinck W, Witjes JA,

Bouffioux C, Denis L, et al. Predicting recurrence and progression in

individual patients with stage ta T1 bladder cancer using EORTC

risk tables: a combined analysis of 2596 patients from seven EORTC

trials. Eur Urol [Internet]. 2006 Mar 1 [cited 2019 Feb 4];49(3):

466–77. Available from: https://www.sciencedirect.com/science/

article/pii/S0302283805008523?via%3Dihub

4. Leal J, Luengo-Fernandez R, Sullivan R, Witjes JA. Economic burden

of bladder cancer across the European Union. Eur Urol [Internet].

2016 Mar [cited 2020 Jan 20];69(3):438–47. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/26508308

5. Witjes JA, Bruins HM, Cathomas R, et al. European Association of

Urology guidelines on muscle-invasive and metastatic bladder

cancer: summary of the 2020 guidelines. Eur Urol. 2021 Jan 1;79(1):

82–104. https://doi.org/10.1016/j.eururo.2020.03.055

6. Cumberbatch MGK, Foerster B, Catto JWF, Kamat AM, Kassouf W,

Jubber I, et al. Repeat transurethral resection in non–muscle-invasive

bladder cancer: a systematic review [Figure presented]. Eur Urol

[Internet]. 2018 Jun 1 [cited 2022 Apr 21];73(6):925–33. Available

from: http://www.europeanurology.com/article/S030228381830

1210/fulltext

7. Gontero P, Bohle A, Malmstrom PU, et al. The role of Bacillus

Calmette–Guérin in the treatment of non–muscle-invasive bladder

cancer. Eur Urol. 2010 Mar 1;57(3):410–29. https://doi.org/10.

1016/j.eururo.2009.11.023

8. Compérat E, Gontero P, Liedberg F, Masson-Lecomte A,

Mostafid AH, Palou J, et al. Non-muscle-invasive bladder cancer

(TaT1 and CIS) EAU guidelines on 2022.

9. Catto JWF, Gordon K, Collinson M, et al. Radical cystectomy against

intravesical BCG for high-risk high-grade nonmuscle invasive bladder

cancer: results from the randomized controlled BRAVO-feasibility

study. J Clin Oncol. 2021;39(3):202–14. https://doi.org/10.1200/

JCO.20.01665

10. Cambier S, Sylvester RJ, Collette L, Gontero P, Brausi MA, van

Andel G, et al. EORTC nomograms and risk groups for predicting

recurrence, progression, and disease-specific and overall survival in

non-muscle-invasive stage ta-T1 urothelial bladder cancer patients

treated with 1–3 years of maintenance Bacillus Calmette–Guérin.

Eur Urol [Internet]. 2016 Jan 1 [cited 2022 Feb 10];69(1):60–9.

Available from: https://pubmed.ncbi.nlm.nih.gov/26210894/

11. Bandari J, Maganty A, MacLeod LC, Davies BJ. Manufacturing and

the market: rationalizing the shortage of Bacillus Calmette–Guérin.

Eur Urol Focus [Internet]. 2018 Jul 1 [cited 2022 Feb 10];4(4):481–

4. Available from: http://www.eu-focus.europeanurology.com/

article/S2405456918301664/fulltext

12. Shen Tan W, Kelly JD. Intravesical device-assisted therapies for non-

muscle-invasive bladder cancer. Nat Rev Urol [Internet]. [cited 2022

Feb 10]; Available from: www.nature.com/nrurol

13. Sousa A, Piñeiro I, Rodríguez S, Aparici V, Monserrat V, Neira P, et al.

Recirculant hyperthermic IntraVEsical chemotherapy (HIVEC) in

intermediate–high-risk non-muscle-invasive bladder cancer. Int J

Hyperth [Internet] 2016 May 18 [cited 2018 Sep 12];32(4):374–80.

Available from: http://www.ncbi.nlm.nih.gov/pubmed/26915466

14. Compérat E, Gontero P, Mostafid AH, Palou J, van Rhijn BWG,

Rouprêt M, et al. Non-muscle-invasive bladder cancer (TaT1 and CIS)

EAU guidelines on [Internet]. 2017 [cited 2018 Aug 31]. Available

from: https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-

Non-muscle-Invasive-BC_TaT1-2017.pdf

15. Sylvester RJ, van der Meijden APM, Oosterlinck W, Witjes JA,

Bouffioux C, Denis L, et al. Predicting recurrence and progression in

individual patients with stage ta T1 bladder cancer using EORTC risk

tables: a combined analysis of 2596 patients from seven EORTC tri-

als. Eur Urol [Internet]. 2006 Mar [cited 2019 Nov 8];49(3):466–77.

Available from: http://www.ncbi.nlm.nih.gov/pubmed/16442208

16. Guerrero-Ramos F, González-Padilla DA, González-Díaz A, de la

Rosa-Kehrmann F, Rodríguez-Antolín A, Inman BA, Villacampa-

Aubá F. Recirculating hyperthermic intravesical chemotherapy with

mitomycin C (HIVEC) versus BCG in high-risk non-muscle-invasive

bladder cancer: results of the HIVEC-HR randomized clinical trial.

CONROY ET AL. 7

 2
6
8
8
4
5
2
6
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://b
ju

i-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/b

co
2
.2

0
3
 b

y
 U

n
iv

ersity
 O

f S
h
effield

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [0

6
/1

2
/2

0
2
2
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se



World J Urol [Internet] 2022 Jan 17 [cited 2022 Feb 10];40(4):

999–1004. Available from: https://link.springer.com/article/10.

1007/s00345-022-03928-1

17. Doisy L, Cimier A, Adypagavane A, Walz J, Marquette T, Maubon T,

et al. Efficacy of HIVEC in patients with high-risk non-muscle inva-

sive bladder cancer who are contraindicated to BCG and in patients

who fail BCG therapy. Int J Hyperthermia [Internet]. 2021 [cited

2022 Feb 10];38(1):1633–8. Available from: https://pubmed.ncbi.

nlm.nih.gov/34775896/

18. Pijpers OM, Hendricksen K, Mostafid H, de Jong FC, Rosier M,

Mayor N, et al. Long-term efficacy of hyperthermic intravesical che-

motherapy for BCG-unresponsive non-muscle invasive bladder can-

cer. Urol Oncol [Internet]. 2022 Feb 1 [cited 2022 Feb 10];40(2):62.

e13–62.e20. Available from: https://pubmed.ncbi.nlm.nih.gov/

34470725/

19. Chiancone F, Fabiano M, Fedelini M, Meccariello C, Carrino M,

Fedelini P. Outcomes and complications of Hyperthermic IntraVesi-

cal chemotherapy using mitomycin C or epirubicin for patients with

non-muscle invasive bladder cancer after Bacillus Calmette–Guérin

treatment failure. Cent Eur J Urol [Internet] 2020 [cited 2022 Jun

30];73(3):287–94. Available from: https://pubmed.ncbi.nlm.nih.gov/

33133655/

20. de Jong JJ, Hendricksen K, Rosier M, Mostafid H, Boormans JL.

Hyperthermic Intravesical chemotherapy for BCG unresponsive non-

muscle invasive bladder cancer patients. Bl Cancer (Amsterdam,

Netherlands) [Internet]. 2018 Oct 29 [cited 2020 Dec 10];4(4):395–

401. Available from: http://www.ncbi.nlm.nih.gov/pubmed/

30417050

21. Thomsen JA, Nielsen Dominiak H, Lindgren MS, Jensen JB. Adverse

events of hyperthermic intravesical chemotherapy for non-muscle

invasive bladder cancer patients. Scand J Urol [Internet]. 2021 [cited

2022 Jun 30];55(4):281–6. Available from: https://www.tandfonline.

com/doi/abs/10.1080/21681805.2021.1938664

22. Noon AP, Albertsen PC, Thomas F, Rosario DJ, Catto JWF.

Competing mortality in patients diagnosed with bladder cancer:

Evidence of undertreatment in the elderly and female patients.

Br J Cancer [Internet]. 2013 Apr 16 [cited 2019 Mar 24];108(7):

1534–40. Available from: http://www.ncbi.nlm.nih.gov/pubmed/

23481180

23. van der Meijden APM, Sylvester RJ, Oosterlinck W, Hoeltl W,

Bono A V. Maintenance bacillus Calmette–Guerin for Ta T1 bladder

tumors is not associated with increased toxicity: results from a

European Organisation for Research and Treatment of Cancer

Genito-Urinary Group Phase III Trial. Eur Urol [Internet]. 2003 Oct

1 [cited 2019 Feb 4];44(4):429–34. Available from: https://www.

sciencedirect.com/science/article/pii/S0302283803003579?via%

3Dihub

24. Sylvester RJ, van der Meijden APM, Oosterlinck W, Hoeltl W,

Bono A V. The side effects of bacillus Calmette–Guerin in the treat-

ment of Ta T1 bladder cancer do not predict its efficacy: results from

a European Organisation for Research and Treatment of Cancer

Genito-urinary group phase III trial. Eur Urol [Internet] 2003 Oct

1 [cited 2022 Apr 20];44(4):423–8. Available from: http://www.

europeanurology.com/article/S0302283803003713/fulltext

25. Lammers RJM, Witjes JA, Inman BA, Leibovitch I, Laufer M, Nativ O,

et al. The role of a combined regimen with intravesical chemotherapy

and hyperthermia in the management of non-muscle-invasive blad-

der cancer: a systematic review. Eur Urol [Internet] 2011 Jul [cited

2018 Sep 12];60(1):81–93. Available from: http://www.ncbi.nlm.nih.

gov/pubmed/21531502

26. Arends TJH, Nativ O, Maffezzini M, et al. Results of a randomised

controlled trial comparing intravesical chemohyperthermia with

mitomycin C versus Bacillus Calmette–Guérin for adjuvant treatment

of patients with intermediate- and high-risk non–muscle-invasive

bladder cancer. Eur Urol. 2016 Jun 1;69(6):1046–52. https://doi.

org/10.1016/j.eururo.2016.01.006

27. Tan WS, Panchal A, Buckley L, et al. Radiofrequency-induced

thermo-chemotherapy effect versus a second course of Bacillus

Calmette–Guérin or institutional standard in patients with recurrence

of non–muscle-invasive bladder cancer following induction or main-

tenance Bacillus Calmette–Guérin therapy (HYMN): a phase III,

open-label, randomised controlled trial. Eur Urol. 2019 Jan 1;75(1):

63–71. https://doi.org/10.1016/j.eururo.2018.09.005

28. Liberman D, Lughezzani G, Sun M, Alasker A, Thuret R, Abdollah F,

et al. Perioperative mortality is significantly greater in septuagenarian

and octogenarian patients treated with radical cystectomy for

urothelial carcinoma of the bladder. Urol Int. 2011 Mar [cited 2022

Feb 8];77(3):660–6. Available from: https://pubmed.ncbi.nlm.nih.

gov/21256568/

29. Izquierdo L, Peri L, Leon P, Ramírez-Backhaus M, Manning T,

Alcaraz A, et al. The role of cystectomy in elderly patients – A multi-

centre analysis. BJU Int [Internet]. 2015 Oct 1 [cited 2022 Feb 8];

116:73–9. Available from: https://onlinelibrary.wiley.com/doi/full/

10.1111/bju.13227

30. Plata A, Guerrero-Ramos F, Garcia C, González-Díaz A, Gonzalez-

Valcárcel I, de la Morena JM, et al. Long-term experience with hyper-

thermic chemotherapy (HIVEC) using mitomycin-C in patients with

non-muscle invasive bladder cancer in Spain. J Clin Med [Internet].

2021 Oct 30 [cited 2022 Feb 10];10(21):5105. Available from:

https://www.mdpi.com/2077-0383/10/21/5105/htm

How to cite this article: Conroy S, Pang K, Jubber I,

Hussain SA, Rosario DJ, Cumberbatch MG, et al.

Hyperthermic intravesical chemotherapy with mitomycin-C

for the treatment of high-risk non-muscle-invasive bladder

cancer patients. BJUI Compass. 2022. https://doi.org/10.

1002/bco2.203

8 CONROY ET AL.

 2
6
8
8
4
5
2
6
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://b
ju

i-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/b

co
2
.2

0
3
 b

y
 U

n
iv

ersity
 O

f S
h
effield

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [0

6
/1

2
/2

0
2
2
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se


	Hyperthermic intravesical chemotherapy with mitomycin-C for the treatment of high-risk non-muscle-invasive bladder cancer p...
	1  INTRODUCTION
	2  METHODS
	2.1  Patients
	2.2  Intravesical MMC
	2.3  Primary and secondary outcomes
	2.4  Statistical analysis

	3  RESULTS
	3.1  Baseline patient demographics
	3.2  Tumour characteristics at time of referral for HIVEC therapy
	3.3  HIVEC protocol adherence and tolerability
	3.4  Clinical outcomes of HR-NMIBC patients treated with HIVEC and MMC
	3.5  Subgroup analyses

	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES


