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ABSTRACT

Introduction: Neoadjuvant chemotherapy followed by radical cystectomy (RC) and
pelvic lymph node dissection (PLND) is the standard radical management for muscle-
invasive bladder cancer (MIBC). However, major pelvic surgery is not suitable for all
patients and combined modality therapy (CMT) offers an alternative for patients who
want to retain their bladder. Brachytherapy (BT) as part of CMT has been offered in
selective cases of bladder cancer.

Objectives: To evaluate the clinical effectiveness of BT for solitary urinary bladder
tumours in terms of survival, local recurrence, and adverse events.

Methods: A systematic review was conducted using defined search terms using online
databases. Articles that discussed the use of BT as part of multi-modality treatments
for MIBC were included.

Results: Searches returned 112 articles of which 20 were deemed suitable for analysis.
15 of the 20 articles reported overall survival (OS) at 5 years: 2747 patients were at
risk and 1670 were alive after 5 years (60.7%): 7 studies reported OS at 10 years, with
817 patients at risk and 350 alive after 10 years (42.85%). Disease specific survival
(DSS) at 5 years was reported in 4 studies: 371 patients were at risk and 279 alive
(75.2%) at 5 years. Local recurrence was reported across all 20 studies with an average
rate of 14.8% (0-32%).

Conclusion: There is low quality evidence to suggest that CMT with a BT boost is well

tolerated and results in a DSS and OS at 5 years of around 75% and 60% respectively.



INTRODUCTION

Neoadjuvant chemotherapy followed by radical cystectomy (RC) and pelvic lymph
node dissection (PLND) is the standard radical management for muscle invasive
bladder cancer (MIBC) (1). Surgical techniques continue to advance, with robotic
cystectomy (RARC) becoming increasingly popular. RARC results in less blood loss and
a reduction in immediate post-surgical complications when compared to open
retropubic surgery (2,3), however to date no longer term advantages have been

demonstrated.

However, major pelvic surgery is not suitable or acceptable for all patients. Bladder
preservation using combined modality therapy (CMT): maximal transurethral
resection of the bladder tumour, chemotherapy and radiotherapy, is an alternative for
selected patients, with comparable outcomes to RC when salvage cystectomy is
offered for muscle-invasive recurrence (4). CMT usually incorporates external beam
radiotherapy (EBRT) without a brachytherapy (BT) boost. BT is well established
technique for the treatment of certain cancers (e.g. adenocarcinoma of the prostate,
and squamous cell carcinoma of the cervix), however its use to treat bladder cancers
is not common practice. Bladder BT involves the delivery of high dose localised
radiation using sealed radioactive sources passed either directly into the tumour, or
through flexible catheters placed through and in close proximity to the tumour.
Robotic-assisted laparoscopic brachytherapy (RALB) is a further refinement allowing

the placement of these catheters using a minimally invasive technique (5).

To date only one systematic review has attempted to compare the outcomes from RC
and CMT with a brachytherapy boost (6). However, the authors concluded that due to
the retrospective nature of the data analysed any differences in overall survival and
cancer-specific survival were likely to reflect selection bias rather than a true

treatment effect.

Other reviews have been conducted analysing RC versus CMT without the use of BT

(7,8). In a 2015 review by Arcangeli et al. CMT was not associated with a statistically
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significant survival advantage (5-year OS: 57% v 52% p = 0.4). Similarly, in a 2018
systematic review by Garcia-Perdomo et al. no difference in OS was found between
CMT or RC (HR 1.06; 95%Cl:0.85-1.31), however cancer-specific survival was better in
the RC arm (HR:1.23 ;95%Cl: 1.04-1.46) (7).

The purpose of this systematic review is to assess available evidence on survival,
recurrence rates and toxicity for patients who receive CMT that includes BT (CMT-BT)
for MIBC and includes studies described in previous reviews in addition to those

published since 2014.

METHODS

Data sources
A systematic review was conducted using the Preferred reporting items of systematic

reviews and meta-analysis (PRISMA) guidelines using predefined search terms (Figure
1) (9) for ~ 50 days throughout January and February 2019. The detailed protocol for
this systematic review is also registered on PROSPERO (CRD42019129349). The
following databases were searched by two independent investigators (LM and CB):
PubMed, OVID (Medline + EMBASE), Google Scholar, and conference sites (British Uro-
oncology Group/ESTRO). Hand searching and retrospective searching of relevant

published literature was also undertaken.

Search strategy
The search terms were “brachytherapy OR interstitial radiotherapy AND urinary

bladder cancer OR bladder tumour/cancer/neoplasm/muscle invasive bladder cancer
AND survival*”. Abstracts and full manuscripts were individually read by two authors
with any discordance mediated by a third member (MVH). Data on the treatment of
MIBC with BT is primarily reported in retrospective studies. This is one of the
justifications for conducting this review, as systematically reviewing these individual
studies will provide missing information. A detailed description of the searches can be

found in the supporting material.



Rationale for inclusion and exclusion criteria
Due to the relatively uncommon use of BT as a technique to treat MIBC, it was

expected that many included studies would be retrospectives of small-medium cohort
sizes, and to the best of our knowledge there has not been a randomised controlled
trial looking at RC versus CMT (including BT). We included all studies that treated
patients with tumours that had spread into the detrusor muscle and did not exclude
the study if they also included patients with intermediate or high-grade non-muscle
invasive bladder cancer (NMIBC). Publications were considered from anywhere in the
world if the full text was available in English. To reduce bias, enhance credibility, and
provide an accurate generalisation of the results, studies that followed up patients for
at least 6 months were considered. No publication year limitation was set and all

studies that met the inclusion criteria were considered.

Study selection and data extraction
Duplicates were removed and articles selected according to our inclusion criteria,

irrelevant studies were removed based on title and abstract screening. After screening
the titles and abstracts, full-text reports were assessed for eligibility. Any
discrepancies were discussed with a third review author (MVH). The following data
was extracted under the following headings: Authors and year of publication, type of
study, country of origin, number of patients, BT technique + EQD2 (Gy), EBRT EQD2
(Gy), stage, reported outcomes, median follow up (FU) (months), 5y OS (%), 5y DSS

(%), and local recurrence rate (%).

Risk of bias individual studies
The Joanna Briggs Checklist for Quasi experimental non-randomised studies was used

to critically analyse the risk of bias in each individual study and determine the quality

of the studies available (10) (table 3).

Sources of funding
No funding was declared for included studies except for the large multi-centre

retrospective by Koning et al. (11) - they declared that their department received

grants from Nucletron/Elekta for unrestricted research.



Data synthesis
The summary measures were based on the 5y OS rates, 5y DSS rate, and local

recurrence (%) of MIBC treated with CMT that included BT.

Outcomes included in the study were:
e 5-year survival defined as patients surviving 5 years or more after CMT-BT
e DSS defined as % of people in the study who had not died from MIBC within a
defined time period (2 or 5 years)
e Disease recurrence outcomes defined as local recurrence of disease within
the bladder either superficial, infiltrating or both after CMT-BT followed up

for at least 6 months

Analysis
Statistical data and error reporting within included studies was not sufficiently

homogenous, therefore a systematic narrative synthesis was undertaken instead of a

meta-analysis according to Cochrane’s narrative synthesis guidelines (12).

Results

Identified studies and their characteristics
112 articles were identified through database searches, after duplicates were

removed 81 articles remained. A further 54 articles were removed after the
inclusion/exclusion criteria were applied, reasons for exclusion can be found in figure
1. Twenty-seven articles were deemed suitable for a full text read, with seven

subsequently being excluded leaving 20 remaining articles for final analysis.

In all studies patients had transurethral resection of their bladder tumours (TURBT)
carried out to confirm histology, staging (presence of muscle invasion), and in some
cases debulking of the tumour before EBRT. The decision as to whether the patient
was suitable for BT was a joint decision between the urologist and radiation oncologist

based on a post-TURBT cystoscopy. Partial cystectomies were carried out for select



cases, specifically for patients that had diverticular tumours (13-15), distal ureteric
tumours (14,16) , or thick (1cm+) residual tumours located at the bladder dome
(14,17). In one study, nine patients had partial cystectomies, as it was deemed
necessary for the correct insertion of the catheters (18). Detailed study descriptions

and results are contained in Table 1.

The median age of a patient was 64.8 years (58.3-73): 80.8% (n = 2243) were male and
19.2% (n = 532) female. All tumours were staged according to the Union for
international cancer control cTNM method. The majority of tumours were within
radical treatment intent range T1-T3, except for three studies which included patients
with T4 tumours (11,16,19). These patients had previously received EBRT, which was
unsuccessful, and were subsequently offered salvage BT for local control. All patients
received EBRT before BT except for two studies. In one of these studies patients
received BT as a monotherapy with or without adjuvant chemotherapy (20): and in
the other, BT was delivered as a monotherapy, with EBRT or RC being offered if
unsuccessful (21). BT was delivered via a range of techniques. Fifteen studies delivered
BT to patients via low dose rate (LDR) or a combination of LDR and later pulsed dose
rate (PDR) if the study included patients over many years (due to changes in
technology). LDR brachytherapy (dose rate range 0.4-2Gy/h) was initially delivered
using caesium-137 which was later replaced by iridium-192. PDR brachytherapy is
radiobiologically comparable to LDR brachytherapy, however the treatment is
delivered using a remote afterloading technique. The radiation is then delivered as
short pulses over several hours. Two studies delivered pulsed high dose rate (10 x

2.5Gy — 3# per day on consecutive days) BT via catheters implanted by RALB (5,14).

Efficacy outcomes
15 out of the 20 studies included in this review report OS outcomes at 5 years.

Furthermore, other outcomes including disease-free survival and disease-specific
survival were also reported (Table 1). The median time to follow up was 40 months
(range 12-196 months). Due to study heterogeneity 5-year OS ranges from 12-89%
with a median of 60.7% of patients alive at 5 years (2747 patients in total and 1670

alive at 5 years, Figure 2). Seven studies reported OS at 10 years (range 25-67%), with
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817 patients at risk at the start and 350 alive after 10 years (42.8%). DSS was reported
in five studies (range 70-82.8%), one of which reported 87% of patients were symptom
and disease-free at two years (14). Four studies reported that at five years a combined
number of 371 patients were at risk and 279 alive (75.2%). Local recurrence (LR) was
reported across all studies. The median LR rate was 14.8% (range 0-32%). Of note the
study that reported a 0% LR rate was small (n = 16) and included only patients with

recurrent tumours (20).

Adverse events
Acute and late adverse events (AE) were recorded across most studies except by Zhou

et al. who reported no complications following brachytherapy. The most commonly
used reporting system was the Radiation Therapy Oncology Group (RTOG), used by
seven studies followed by the Common Terminology Criteria for Adverse Events

(CTCAE), used for five (Table 4). AEs of any grade occurred in 491 (16.5%) patients with

8.9% (267/2974) being in the acute phase (< 3 months) and 7.5% (224/2974) as late

AEs. Acute side effects experienced by patients were largely confined to the bladder
and included 36 patients (1.2%) with G3-4 urinary frequency and 10 (0.3%) with
hydronephrosis. Significant late effects include bladder necrosis, reported in 164
(5.8%) patients. Other common adverse effects included wound healing issues, urinary
frequency, haematuria, and bladder necrosis, a complete description can be found in

Table 2.

Discussion

The main outcomes reported in studies investigating the efficacy of CMT-BT for MIBC
were OS and DSS. When adjusted for stage, OS was consistent across the studies,
however the studies that reported the highest OS (70-80%) included NMIBC in their
results and had a small number of patients (18,22,23). The average DSS at 5 years was
75.2%. There is no randomised data comparing RC and CMT-BT. As only a select
patient population is suitable for the latter, any comparison would be associated with
an inherent selection bias. For example, DSS post RC has been reported to range from

52.3% to 58.9% (median follow-up ranging from 6.1-6.7 years), but these figures

8



reflect the inclusion of patients with tumours not amenable to CMT-BT (24). When
adjusted for age, stage and grade, no statistically significant difference has been
demonstrated for 5-year DSS between BT and RC (25). Bladder preservation with CMT
alone is also an accepted management option for suitable patients, with overall
survival and disease specific survival comparable to RC when salvage cystectomy is
used for muscle invasive local recurrences (2). Based on this approach, bladder
preservation with CMT-BT could also be considered with the option of a salvage
cystectomy if required. The median LR rate across all of studies was 14.8%, some
studies did report high local recurrences (> 30%) (21,26,27). In the study by Van der
Steen-Banasik et al. (26) twenty-five local recurrences occurred within the bladder,
thirteen of which had a salvage cystectomy. Two of the LR where non-infiltrating and
were treated successfully with chemotherapy (Mitomycin C), and the other ten were
inoperable due to metastasis. They also reported that nine (11.8%) were true implant
recurrences where the BT boost was delivered. Similarly, in the Williams et al. (21)
study eleven patients (7%) required a cystectomy due to local recurrences within the
bladder. These higher percentages agree with studies that treated patients with CMT
without brachytherapy. A retrospective study (n = 155) that included patients treated
with CMT from 2006-2012 reported a LR rate of 32.9% and a distant recurrence rate
of 21% (28). In our study differences were observed in the reported results across

several clinical variables — as discussed below.

There was heterogeneity regarding eligibility criteria for CMT-BT within the cohort of
studies analysed. However, for the majority the consensus was that the optimal
patients had small (<5cm diameter), solitary, histologically proven transitional cell
carcinoma with no evidence of concomitant carcinoma in situ. Tumour stage was an
independent predictor for DSS in some studies. Van Onna et al. reported a hazard ratio
19.8 (p = 0.01) for T3 versus T1 tumours (18). Van der steen-Banasik et al. reported a
S5y DDS of 80% for T1 and 60% for T2b (27). Nieuwenhuijzen et al. reported that

tumour stage and age showed an association with OS, but not with DSS (29).

The majority of patients received a short course of EBRT before the BT boost, with the
clinical target volume (CTV) being the whole bladder or the whole bladder + regional
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lymph nodes. EBRT was deemed essential before the BT to lower the risk of graft
metastases when surgically implanting the catheters, whilst also irradiating regional
lymph nodes. Patients who did not have their nodes irradiated underwent dissection
after EBRT. However, a study looking at bladder only versus whole pelvis
chemoradiation reported no difference in 5y OS (52.9% vs 53% p = 0.8) or organ
preservation (58.9% vs 57.1% p = 0.8) (29). In addition, the nodal doses delivered
within the CMT-BT studies (20x2Gy/fraction and 3-4x3.5Gy/fraction) were lower than
the standard doses used to treat microscopic nodal disease. In view of this the role of

pelvic nodal irradiation is debatable.

Differences in techniques to deliver BT also had an impact in the studies’ results. For
instance, the study with the largest patient cohort, a multicentre retrospective (n =
1040), reported a 5y OS rate of 62%, with a LR rate of 13%. The BT technique utilised
had an impact on the success of the treatment, with PDR being superior to LDR for
local control upon multivariate analysis (p = 0.0034), HDR was excluded due to small
patient numbers. However, BT technique was deemed non-significant on overall
survival ( p = 0.53) The increased clinical effectiveness of PDR compared to LDR-BT
was thought to be due to advancements in 3D dose optimisation software and the
efficacy of PDR (11). Furthermore, the study by Aluwini et al. (15) included patients
who had been treated prior to 1992 with LDR, and subsequent patients treated with
PDR. They reported a LR rate of 22.2% in the LDR group and 19.6% in the PDR group
(no statistically significant difference). Two studies used RALB to place the catheters
instead of open surgery (5,30). Patients had a shorter mean duration of hospital stay
and quicker recovery times compared to open catheter insertion. In the Bosschieter
et al. the average hospitalisation stay time for RALB was five days whereas as other

studies estimate the average hospitalisation stay for open surgery as 16 days (31).

CMT-BT related adverse events were clinically acceptable. In the acute setting grade
3-4 urinary symptoms (frequency, reflux, leakage) were the most common symptoms,
along with delayed wound healing. The incidence of the latter declined as BT
techniques evolved, and was uncommon after 1983 (19,27,32). Other AEs directly
related to the BT catheters were rare. However, in the study by Moonen et al. two
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patients had their sigmoid colon perforated due to improper placement of the BT
catheters, and death has also been reported due to surgical complications
(2.2%)(16,21). In the studies with robust reporting of adverse events, the acute grade
5 complication rate was 0.2%. This is comparable to the 90 day mortality rate post RC,
although the patient populations will differ (2). 7.5% of patients experienced a late AE
post CMT-BT; with most reported complications being grade 3-4 (only 0.2% of formally
documented late complications were Grade 1-2). The most commonly reported late
grade 3-4 AEs related to bladder necrosis (5.2%), but were usually asymptomatic
findings at follow-up cystoscopy. Of note, none of the studies in this review assessed
Patient Reported Outcome Measures (PROMS) or objective measures of long-term

bladder function (urodynamics).

None of the studies analysed in this review assessed patient quality of life (QOL) with
validated tools. However, other studies have assessed QOL post-cystectomy and post
bladder preservation with CMT alone. One study reported that potential changes in
bowel habit and psycho-sexual health following RC were significant factors when
deciding on treatment (33). Loss of sexual desire and orgasm disorders are frequently
reported post cystectomy for women (34) whilst men may experience erectile
dysfunction (35). In line with CMT alone, CMT-BT has the potential to offer selected
patients with bladder cancer both curative treatment with a smaller detrimental long-

term impact on their psychosexual wellbeing (35).

Conclusion

Brachytherapy as part of CMT for MIBC is not a standard technique. Most
retrospective studies have been confined to highly-specialised centres, largely located
in the Netherlands. There is no randomised data available comparing the efficacy of
CMT-BT, CMT alone, and RC, and all retrospective series are prone to selection bias.
Our systematic review demonstrates that CMT-BT confers a 5-year DSS of 75%, and a
5-year OS of 60%. It is an effective treatment in experienced centres for a selected
patient population who wish to preserve their bladder. In such patients, CMT-BT is

well tolerated with an acceptable safety-profile.
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Table 1: Included studies details and results

STUDY DETAILS

RESULTS

Author

Bosschieter et al.

(5)

Zhou et al. (20)

Van der Steen-
Banasik et al.
(14)

Aluwini et al.
(15)

Koning et al. (11)

Van der Steen-
Banasik et al.
(26)

Van onna et al.
(18)

Year
of
pub.

2017

2017

2016

2014

2011

2009

2008

Type of study

Retrospective
(multi-centre)

Retrospective
analysis

Retrospective

Retrospective

Multi-centre
retrospective
study

Prospective
registration
study

Retrospective
analysis

Country

Netherlands

China

Netherlands

Netherlands

Netherlands

Netherlands

Netherlands

Median
age

73 (61—
77)

58.3
(43-65)

70

67.9
(36-88)

66 (28—

92)

68.3
(8.9)

64

Male/female
patients

15/8

13/3

57 (both)

133/49

811/229

67/9

92/19

Selection criteria

Solitary T1G3 or T2G1-3 UC of 5
cm or cNOMO UraC

The average size tumour treated
was 9.3cm (3.5-21.2cm). All
tumours were recurrences.

T2 solitary bladder tumour
diameter 5 cm without carcinoma
in situ (CIS)

Solitary, histologically proven MIBC
(urothelial carcinoma) without
clinical evidence of nodal or distant
metastases. Exclusion criteria were
CIS, tumour at the bladder neck or
trigone, diameter of the (tumour)
area to be treated >5 cm, and
multifocal tumours.

Stage pT1-T3, cNO or pNO, cMO,
unifocal carcinoma and size <5 cm
diameter.

Solitary T1, Grade 3 or T2 tumours
< 5 cmin patients fit for surgery
and with sufficient bladder
function

Patients with a solitary T1G3—
T2Gall, tumour <5 cm

without CIS or metastases, who
were fit for surgery.

Brachytherapy
dose EQD2 (Gy)

RAL
implantation
PDB: 34.38

Interstitial: LDR
(only half-life
given)

RAL
implantation
(HDR): 25.56

Interstitial (LDR
or PDR): 26.25

Interstitial (LDR,
HDR or PDR):
64.12

Interstitial
(LDR): 35.34

Interstitial (LDR
or PDR): 52.5

EBRT
dose

EQD2
(Gy)

40

40

40

59.06

63

Reported
outcomes

DFS, LRFS,
CFSat1+
2y

OS, PFS at
5y

0S, DFS,
DSS, LC at
2y

LRFS, SCFS,
0S, CFS,
DMFS 5,

10y

LRFS, MFS,
DFS, OS
1,3, 5y

DSS, OS,
CFS 5, 10y

0S, DSS,
DFS 5, 10,
15y

Median
follow up
(months)

12

12

24

105.5

65

68.4

74.4

0S 5y
%

n/a

12

n/a

65

62

57

70

DSS%

n/a

87
(2y)

n/a

n/a

71
(5y)

82
(5y)

Local
recurrence

3(11%)

3(7%)

40 (21%)

136 (13%)

25 (33%)

30 (27%)
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Stage pT1 (n = 30), pT2 (n =81),

and pT3 (n = 11) pNO ( n=24) pNx

(n=98). Transitional cell carcinoma

n= 111 patients, adenocarcinoma Interstitial (LDR
(n = 6), other (n=5). The tumour or PDR): 60.51
grade was Grade 1-2 (n=16),

Grade 3 (n=103), Grade 4 (n=3).

instillation n=12.

LC, DRFS,
34.58 RFS, OS5, 60 73 n/a 25 (20%)
10y

Retrospective Netherlands 65 (40-

Blank et al. (23) 2007 crielyas 84)

94/28

Solitary lesion with a diameter of
<5 cm; clinical T1G3 and T2 stages;
fit for surgery; and adequate Interstitial DSS, 0S, 5 75 o
bladder capacity (estimated (LDR): 44.74 30 10y 68 65 (5y) 23 (21%)
subjectively by patient-
interviews).

Superficial and infiltrating
intravesical unifocal TCC less than pT1
5 cm in size, without iliac node (89)
involvement on intraoperative Interstitial pT2
frozen section. A few patients with (LDR): 122.55 1037 LG, 055y 76 (60)
T3, node negative tumours who pT3
refused radical surgery were (38)
accepted for the protocol.

Nieuwenhuijzen 2005 Retrospective Netherlands 63 (31-

etal. (25) analysis 88) 89/19

De Crevoisier et 2004 Retrospective France 62 (37-

al. (36) analysis 79) e

n/a 13(22%)

T2 tumours with poor degree of
differentiation, vascular invasion,
Van der steen- . pathologic findings on intravenous
banasik et al. 2002 Retrospet.:tlve Netherlands 68 (46- 58/5 pyelography, more than 1
(27) analysis 88) transurethral resection, and T3
tumours (n =8) T2G3 (n =37), and
T3a(n =4).

Interstitial (LDR 70

0,
and PDR): 4633 | 2507 | LGDSSSy 58.8 n/a (5, | 20032%)

Wijnmaalen et Retrospective
al. (37) 1997 - Netherlands 82)

67 (36- 50/16 Solid tumour surface diameter of Interstitial 25.85 DFRS, OS

0
less than 5 cm (LDR): 74.63 5y 26 48 n/a 7 (11%)

62 (34- 76/9 Unifocal tumours less than 5 cm Interstitial 12.47 LC, CSS, OS

Retrospective France
and not infiltrating deep muscle (LDR): 112.8 Sy

Pernotetal. (19) @ 1996 analysis 84)

84 69 n/a 3 (3%)
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Moonen et al.
(32)

Rozan et al. (16)

Van der werf-
messing et al.
(22)

Mazeron et al.
(38)

Straus et al. (39)

Van der werf-
messing et al.
(40)

Williams et al.
(21)

1994

1992

1989

1988

1988

1983

1981

Retrospective

. Netherlands
analysis

Retrospective

K France
analysis
Retrospective
P ) Netherlands
analysis
Retros i
peFtlve France
analysis
Ret ti
etrospective USA

analysis

Ret ti
€ rospe? ve Netherlands
analysis
Retrospective

: UK
analysis

63 (32-
79)

62 (35-
85)

65 (37-
78)

61 (34-
78)

64 (37-
78)

65
(range
not
given)
Missing
data

(i) Solitary lesions with a
diameter< 5 cm: (ii) high-grade T,
stages and T2 T3 stages (muscle
invasion but with no extension
through the bladder wall): (iii) no
history of cancer elsewhere in the
bladder: (iv) fit for surgery: (v)
adequate bladder capacity as
estimated subjectively by the
patients themselves.

Mean tumour size was 2.9 cm;
pathological stages: pTis (n = 1);
pT1, (n=98), pT2 (n=66), pT3a (n
=26); pT3b(n=9), pT4 (n=1);
unknown (n =4)

T2 or T3 growth with a diameter
upto5cm

Superficial and infiltrating unifocal
bladder tumors <5 cm in diameter
and technically amenable to partial
cystectomy. All grades and
histologies were accepted, but not
those tumors with macroscopic
extravesical extension.

(a) single lesions less than or equal
to 5 cm; (b) no evidence or CIS on
random bladder biopsies; (c)
absence of grossly positive pelvic
lymph nodes at the time of limited
pelvic lymph node dissection; (d)
absence of tumor invasion of
structures other than prostate; (e)
medical operability: (f) no previous
pelvic irradiation, and (g) adequate
bladder capacity.

Patients with a growth category
T2, or T3, with a diameter not
exceeding 5 cm

Patients with stage T1-T3.T1 (n =
47); T2 (n = 76); T3 (n =24)

30

15.68

15.41

36.42

11.81

Missing

data

LC, 0S 5y

OS 5y

0S 5y

DFS 5y

LC, 0S 2y

0s, 5, 10y

05 5, 10y

40

51

At least
60

60

22

114

Missing
data

86

80

n/a

n/a

47.5

46

n/a

n/a

n/a

n/a

n/a

n/a

2 (16%)

35 (17%)

6 (12.5%)

13 (15%)

1 (7%)

25 (6%)

46 (31%)
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Table 2: Reported acute and late adverse events related to combined modality therapy for bladder cancer*

Adverse events (N = 2974)

Acute any grade
Grade 1-2
Delay in wound healing

Early complications non-
specific
Wound infection

Transient radiation
cystitis
Urine retention

Moderate scrotal and

penile oedema
Grade 3-4

Urinary frequency
Ureteric reflux

Urinary leakage

Fistula

Wound healing problems

Psychological problems

Hydronephrosis

Gastrointestinal
complications involving
the ileum

Necrosis (bladder)

Bladder
bleeding/haematuria

Bowel complications

Radiation cystitis

Scar implant

Sigmoid perforation

Infection of the urinary
tract

Patients n (%)
267 (8.9)

43 (1.4)

27 (0.9)
6(0.2)

4(0.1)
3(0.1)

2 (0.06)
1(0.03)

216 (7.2)
40 (1.3)
36(1.2)

27 (0.9)

26 (0.8)

19 (0.6)

13 (0.4)

10 (0.3)
8(0.2)

7(0.2)

6(0.2)

5(0.1)

4(0.1)

3(0.1)

3(0.1)
2 (0.06)

Late any grade
Grade 1-2
Fistula

Urethral pain requiring
catheterisation
Grade 3-4

Necrosis without complaints
(bladder)

Necrosis with complaints
(bladder)

Telangiectasia

Urinary frequency
Recurrent cystitis

Urethra stricture requiring
surgery

Hydronephrosis that required
nephrectomy

Infection due to bladder
necrosis after TURB

Bladder necrosis that required
partial cystectomy

Persisting vesicocutaneous
fistula
Bladder calcification

Small bowel necrosis

Radiation cystitis requiring
cystectomy

Small capacity bladder
requiring palliative ileal
conduit

Enterovesical fistula requiring
urinary diversion and
temporary ileostomy
Pyelonephritis requiring
ureteric implantation

Urine leakage requiring
catheter
Grade 5

Patients n (%)

224 (7.5)
6 (0.2)
5(0.1)
1(0.03)

218 (7.3)
156 (5.2)

18 (0.6)
15 (0.5)

10 (0.3)
5(0.1)
2 (0.06)

2 (0.06)

1(0.03)

1(0.03)

1(0.03)

1(0.03)
1(0.03)

1(0.03)

1(0.03)

1(0.03)

1(0.03)

1(0.03)

0(0)
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Decreased bladder
capacity of 150cc
Recurrent bladder calculi
requiring cystectomy
Pyelonephritis secondary
to ureteral stenosis
Stone formation

Osteomyelitis
Life-threatening
pulmonary embolism
Pneumonia

Grade 5

Death due to surgical
complications
Operative death
Cardiac arrest

Myocardial infarction

*Studies 5, 11, 14-16, 18-23, 25-27, 32, 36-40

1(0.03)
1(0.03)
1(0.03)

1(0.03)
1(0.03)
1 (0.03)

1(0.03)
8(0.2)
4(0.1)

2 (0.06)
1(0.03)
1(0.03)
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Table 3: JBL appraisal checklist for included studies

Study

Bosschieter, 2017

. Isitclearinthe ". Were the 3, Were the "A. Was there a control '5. Were there %6. Was follow up %7. Were the 3. Were outcomes 5. Was appropriate statistical Comment
study what is the participants included participantsincluded group? multiple complete andif not,  outcomes of measured in a reliable way? analysis used?
‘cause’ and what is the in any comparisons  in any comparisons measurements of were differences participants

‘effect’ (i.e. there is
no confusion about
which variable comes
first)?

Yes
Zhou, 2017

Yes
Mascarenhas, 2017

Yes
van der Steen-Banasik, 2

Yes
Aluwini, 2014

Yes
Koning, 2011 Yes
van der Steen-Banasik, 2 Yes
van Onna, 2008 Yes
Blank, 2007 Yes
Nieuwenhuijzen, 2005 Yes
De Crevoisier, 2004 Yes
Soete, 1997

Yes
van der Steen-Banasik, 2 Yes
Wijnmaalen, 1997 Yes
Pernot, 1996 Yes
Moonen, 1994 Yes
Rozan, 1992 Yes
van der Werf-Messing,
1989

Yes
Mazeron, 1988 Yes
Straus, 1988 Yes
van der Werf-Messing,
1983

Yes
Williams, 1981 Yes

similar?

n/a

Yes

n/a

n/a

n/a
n/a
Yes

n/a
Yes
n/a

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a

receiving similar
treatment/care, other
than the exposure or
intervention of
interest?

n/a

Yes

n/a

n/a

n/a
n/a
Yes
n/a
n/a
Yes
n/a

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a

n/a

Yes

n/a

n/a

n/a
n/a

n/a
n/a
Yes

n/a

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

n/a

n/a

the outcome both
pre and post the
intervention/expo
sure?

between groups in
terms of their follow
up adequately
described and
analyzed?

Yes

Yes

Unclear
Yes
Yes

Yes
Unclear

included in any
comparisons
measured in the

same way?

n/a Yes Yes

n/a Yes Unclear
No Unclear Unclear
No Yes Unclear
n/a Yes Unclear
n/a Yes Yes
Yes Yes Yes

n/a Yes Yes
n/a Yes Yes
Yes Yes Yes
n/a Yes Yes

n/a Unclear No

n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear
n/a Yes Unclear

Include

Include

Exclude

Include

Include
Include
Include
Include
Include
Include
Include

Exclude
Include
Include
Include
Include
Include

Include
Include
Include

Include
Include

DFS, LRFS, CFS
reported using KP
method

0S and PFS measured
Pvalues

Single case study, no
endpoints measured
LC, OS, DFS,DSS
reported

OS, LRFS, CFS, SCFS,
DMFS

0S, DFS, LRFS, DMFS
0S, DSS, CFS

0S, DFS, DSS

LC, OS, DFS, LRFS,
0S, DSS

LC, DSS

No endpoints
measured

LC

0S, DFs,

LC, 0S

LC, 0S

0s

[

DFS
LC, OS
0os

0s
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Table 4: Further detail on adverse events

Study ID

Bosschieter et
al. (5)

Zhou et al. (20)

Van der Steen-
Banasik et al.
(14)

Aluwini et al.
(15)

Koning et al.
(41)

Van der Steen-
Banasik et al.
(26)

Van Onna et al.
(18)

Blank et al. (23)

Nieuwenhuijzen
etal. (25)

De Crevoisier et
al. (36)

Van der steen-
banasik et al.
(27)

Total

number

of

[ELENI

23

16

57

182

1040

76

111

122

108

58

63

Cases
n (%)

(30.4)

(0.0)

4(7)

22

(12)

168
(16)

21
(27.6)

28
(25.2)

5(4)

(1.8)

33
(56.8)

10
(15.8)

Adverse effects
system

Clavien-Dindo

Common
Criteria for
Adverse Events

Toxicity

Radiation Therapy
Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)
grading system
Multiple

Common
Criteria for
Adverse Events

Toxicity

Common
Criteria for
Adverse Events

Toxicity

Common
Criteria for
Adverse Events

Toxicity

Radiation  Therapy
Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)
grading system
Common Toxicity
Criteria for

Adverse Events

Radiation Therapy
Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)
grading system

Acute < 3 months

Non-specific grade 1 (4)
Accidentally removed BTC
necessitating RAL
repositioning (1)
Drainage of an infected
lymphocele (1)

Life-threatening
pulmonary embolism (1)
Myocardial infarction (1)

Wound healing (10)

Wound infections (6)
Temporary psychotic (2)
Urinary leakage (2)

lleus (1)

Pneumonia (1)

Cardiac failure (1)

Urgency (17)
Hydronephrosis (7)
Postoperative ileus (4)

Gastrointestinal
compilations (2)

Urinary frequency (16)
Macroscopic haematuria
(2)

Infection of the proximal
urinary tract (2)

Wound infection (4)
Urine retention (2)
Temporary psychotic (2)
Bladder bleeding
requiring relaparotomy
(1)

Postoperative paralytic
ileus (1)

Late > 3 months

Hydronephrosis developed

(1)

Infection due to bladder
necrosis after TURB (1)
Recurrent cystitis requiring
hospitalization (1)

Necrosis with complaints (12)

Necrosis (144)
Fistula (24)

Urine leakage (3)
Fistula (5)

Reduced bladder capacity (3)

Persisting  vesicocutaneous
fistula (1)
Stricture of the urethra and

ureters (1)

Urinary frequency (10)
Bladder  calcification (1
patient)

Ureteral stenosis requiring

double-J stent (1) Small bowel
necrosis (1)
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Wijnmaalen et
al. (37)

Pernot et al.
(19)

Moonen et al.
(32)

Rozan et al. (16)

Van der werf-
messing et al.
(22)

Mazeron et al.
(38)

Straus et al.
(39)

Van der werf-
messing et al.
(40)
Williams et al.
(21)

66

85

40

205

98

85

14

394

147

43 Radiation  Therapy

(65.1) = Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)

grading system

32 Radiation  Therapy

(37.6) Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)

grading system

14 Radiation  Therapy

(35) Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)

grading system

13 Not stated
(6.3)

9 Not stated
(9.1)

7 Not stated

(8.2)

6 Radiation  Therapy

(42.8) = Oncology
Group/European
Organization for
Research and
Treatment of Cancer
(RTOG/EORTC)

grading system
114 Not stated
(28.9)

53 Not stated
(36)

Frequency in urination
(9)

Mental distress (6)
Vesicocutaneous fistula

()

Delay in wound healing
(27)

Wound infections (3)
Urinary leakage (3)
Psychological problems
(3)

Sigmoid perforation (1)
Osteomyelitis (1)
Haematoma (1)
Accidental perforation of
the sigmoid colon due to
improper placement of
catheters (2)

Urinary leak (5)

Death due to surgical
complications (3)

Non-specific
complications (4)
Necrosis
complaints (2)
Death due to surgical
complication (1)

Stone formation (1)
Bowel complications (1)

without

Urinary leakage (5)

Transient radiation
cystitis (3)

Decreased bladder
capacity of 150cc (1)

Recurrent bladder calculi
requiring cystectomy (1)

Moderate scrotal and
penile oedema (1)
Necrosis without
symptoms (62)

Stone formation (29)
Ureteric reflux (36)
Suprapubic urinary leak
(12)

Scar implant (3)
Operative death (2)

Telangiectasia (15)
Necrosis without complaints
()

Necrosis with complaints (2)

Severe radiation cystitis (3)
Hydronephrosis that required
nephrectomy (2)

Stenosis requiring surgery (1)

Necrosis required partial
cystectomy (1)
Urinary diversion and

temporary ileostomy for an
entero-vesical fistula (1)
Chronic cystitis and
haematuria (1)

Ureteral implantation due to
pyelonephritis (1)

Chronic cystitis (1)
Pyelonephritis secondary to
ureteral stenosis (1)

Necrosis with symptoms (4)
Bladder cystitis (1)
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Figure 1: Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram of included
studies on the treatment of MIBC with brachytherapy

)

Identification

Records identified through

(n = 80) & Ovid Medline+
Embase (n = 32)

Additional records identified
through other sources

(n=0)

[

)

Screening
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Records after duplicates removed

Y

Eligibility

Records screened

(n=81)

v

Full-text articles
assessed for eligibility

(n=27)

Included

v

Studies included in
qualitative synthesis

(n=20)

Records excluded
(n=54)

*  Review/opinion (22)
Prostate/cervix/iung
brachy [12)
Sarcoma not MIBC (7)
Cystectomy (3)
No brachy data 2}
Animzl study (2)
Full text not avzilzble
in English {4)

Full-text articles excluded, with
reasons

{n=7)
*  Duplicate of published
results (2)
®  Fulltext not in English
3]
®  Survival not measured
(2}
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Figure 1: 5-year survival of patients treated with combined-modality therapy (including brachytherapy) 1981-2017
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Supporting material

Please find detailed information as to how we carried out our searching and sifting
process.

Search Search terms Hits

1 brachytherapy[MeSH Terms]) OR brachytherapy[Title/Abstract]) OR 23317
interstitial radiotherapy[Title/Abstract]

2 urinary bladder neoplasms[MeSH Terms]) OR bladder 58616

tumour([Title/Abstract]) OR bladder cancer[Title/Abstract]) OR urinary
bladder neoplasm[Title/Abstract]) OR muscle invasive bladder
cancer|[Title/Abstract]

3 survival[MeSH Terms]) OR survival[Title/Abstract]) OR treatment 1628693
outcome[MeSH Terms]) OR treatment outcome[Title/Abstract]) OR
treatment result[Title/Abstract]

4 1AND 2 AND 3 80
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search of
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Figure 1: PubMed search details

¥ Saarch History (4
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Figure 2: Ovid search details
e AMED (Allied and Complementary Medicine) 1985 to May 2019*
e  CityLibrary Journals@Ovid
e EBM Reviews - ACP Journal Club 1991 to April 2019
e EBM Reviews - Cochrane Central Register of Controlled Trials March 2019
e  EBM Reviews - Cochrane Database of Systematic Reviews 2005 to April 24, 2019
e EBM Reviews - Cochrane Methodology Register 3rd Quarter 2012
e  EBM Reviews - Database of Abstracts of Reviews of Effects 1st Quarter 2016
e  EBM Reviews - Cochrane Clinical Answers April 2019
e  EBM Reviews - Health Technology Assessment 4th Quarter 2016
e  EBM Reviews - NHS Economic Evaluation Database 1st Quarter 2016
e  Embase 1974 to 2019 Week 17
e  Global Health 1973 to 2019 Week 16
° HMIC Health Management Information Consortium 1979 to January 2019
e Journals from Ovid

e  Maternity & Infant Care Database (MIDIRS) 1971 to March 2019
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