
Radiotherapy and Oncology 141 (2019) 130–136
Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal .com
Original Article
Long-term survival and complications following bladder-preserving
brachytherapy in patients with cT1-T2 bladder cancer
https://doi.org/10.1016/j.radonc.2019.09.026
0167-8140/� 2019 Elsevier B.V. All rights reserved.

⇑ Corresponding author.
E-mail address: basvanrhijn@hotmail.com (B.W.G. van Rhijn).

1 Authors contributed equally.
Charlotte S. Voskuilen a,1, Judith Bosschieter a,b,1, Erik van Werkhoven c, Kees Hendricksen a, André N. Vis b,
Thelma Witteveen d, Bradley R. Pieters e, Max Burger f, Axel Bex a,g, Henk G. van der Poel a, Luc M. Moonen d,
Simon Horenblas a, Jakko A. Nieuwenhuijzen b, Bas W.G. van Rhijn a,f,⇑
aDepartment of Urology, Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital, Amsterdam; bDepartment of Urology, Amsterdam UMC, Vrije Universiteit Amsterdam,
Cancer Center Amsterdam; cDepartment of Biostatistics, Netherlands Cancer Institute – Antoni van Leeuwenhoek Hospital; dDepartment of Radiation Oncology, Netherlands Cancer
Institute – Antoni van Leeuwenhoek Hospital, Amsterdam; eDepartment of Radiation Oncology, Amsterdam UMC, University of Amsterdam, Cancer Center Amsterdam, The
Netherlands; fDepartment of Urology, Caritas St. Josef Medical Center, University of Regensburg, Regensburg, Germany; and gDepartment of Urology, Royal Free London NHS
Foundation Trust, University College London, United Kingdom
a r t i c l e i n f o

Article history:
Received 9 May 2019
Received in revised form 25 September
2019
Accepted 26 September 2019
Available online 17 October 2019

Keywords:
Brachytherapy
Bladder-preserving therapy
Bladder cancer
Interstitial radiotherapy
Urinary bladder neoplasm
a b s t r a c t

Background and purpose: Radical cystectomy (RC) is considered standard treatment for muscle-invasive
bladder cancer (BC) and high-risk non-muscle invasive BC. In selected cases, bladder-sparing treatment
using brachytherapy can be offered. We examined the outcome after brachytherapy in comparison to
RC in terms of survival, complications and bladder preservation in patients with cT1G3-T2N0M0 BC.
Materials and methods: Between 1988 and 2016, 301 patients underwent brachytherapy in two centres.
Overall survival (OS) and disease specific survival (DSS) after brachytherapy and RC were assessed using
Kaplan-Meier curves. Cox proportional hazards modelling was used to determine variables associated
with OS and DSS. Local recurrences, bladder preservation and salvage cystectomy (SC) after brachyther-
apy were reported. Complications after brachytherapy, RC and SC were compared using CTCAE criteria.
Results: Median follow-up was 9.6 years (95% confidence interval (CI): 8.8–10.4) after brachytherapy and
10.6 years (95% CI: 10.0–11.2) after RC. Five/10-year OS was 66%/49% after brachytherapy and 68%/53%
after RC (p = 0.4). Five/10-year DSS was 73%/67% after brachytherapy and 75%/65% after RC (p = 0.8).
Intravesical recurrence occurred in 58/259 brachytherapy patients after which salvage cystectomy was
performed in 32 patients. In total, 84% of brachytherapy-treated patients preserved their bladder. The
brachytherapy cohort experienced less high grade complications than the RC cohort (p = 0.02).
Conclusion: In selected patients with solitary, �5 cm cT1G3-T2N0M0 bladder tumours brachytherapy is a
bladder-sparing therapy with good survival outcome and with a favourable complication rate compared
to RC.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 141 (2019) 130–136
Radical cystectomy (RC) is still considered standard of treat-
ment for patients with non-metastatic muscle-invasive bladder
cancer (MIBC) and high-risk non-muscle-invasive bladder cancer
(NMIBC) refractory to intravesical therapy in most countries [1].
However, RC has significant morbidity and mortality [2].

In an effort to preserve the bladder, alternative treatment
strategies have been developed. Trimodal therapy (TMT), compris-
ing transurethral resection of the tumour (TURBT), followed by
concurrent chemoradiation has been recognized as an alternative
to RC for select patients in several international guidelines [1,3].
Another bladder preservation strategy includes a combination of
TURBT, low-dose external beam radiation (EBRT) and brachyther-
apy. According to Dutch guidelines, this combination can be
offered to patients with solitary cT1G3/T2G1-3, �5 cm, cN0M0
bladder cancer (BC) as a bladder-sparing alternative to RC [4–6].
However, despite promising results achieved with brachytherapy,
its use remains controversial [7]. The main concern is long-term
oncological safety and late toxicity.

Given the lack of prospective studies comparing brachytherapy
to RC, we performed an observational study to examine outcome in
terms of survival, complications and bladder preservation of
brachytherapy for cT1G3-T2N0M0 BC. In addition, we compared
survival and complications of patients treated with brachytherapy
with a matched population of patients treated with RC for cT1G3-
T2N0M0 BC.
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Materials and methods

We retrospectively analysed patients who underwent
brachytherapy or RC for cT1G3-T2 BC between 1988 and 2016 in
two hospitals in Amsterdam: the Netherlands Cancer Institute
(NCI-AVL) and the Amsterdam UMC Vrije Universiteit Amsterdam
(VUMC). In the NCI-AVL, patients were identified from a prospec-
tively maintained institutional BC database. In the VUMC, patients
treated with brachytherapy were retrospectively identified.
Patients with non-urothelial histology were excluded from analy-
sis. Previously, the outcomes of two smaller series with a shorter
follow-up were described by Nieuwenhuijzen et al. (n = 108) [8]
and Bosschieter et al. (n = 26) [9]. We now present the results of
a larger cohort with a median follow-up of 10 years.
Brachytherapy

Selection criteria for brachytherapy are shown in Table 1. Diag-
nosis and staging consisted of TURBT and computed tomography
(CT) of the chest/abdomen/pelvis. Tumour size was estimated at
cystoscopy. All patients underwent EBRT (15–20 � 2 Gy) prior to
brachytherapy catheter insertion to prevent tumour cell seeding
[10]. The clinical target volume included only the bladder. Up to
two weeks after EBRT, the flexible plastic tubes for afterloading
interstitial radiation therapy were inserted. Either an open retrop-
ubic approach or a robot-assisted laparoscopic (RAL) approach was
used as previously described [9]. In brief, 3 to 4 brachytherapy
catheters were inserted through the bladder wall at the tumour
area with a minimal bilateral 5 mm margin from the tumour/scar.
Entry and exit sites into the bladder were marked with metal clips.
In case of a RAL-approach, the tumour area was identified by
simultaneous cystoscopy. In some cases, the insertion of
brachytherapy catheters was combined with partial cystectomy
(PC) of the tumour/scar. In the VUMC, a pelvic lymph node dissec-
tion (LND) was routinely performed. In the NCI-AVL, a limited LND
was performed in case of suspicion of lymph node metastasis
(LNM) during surgery. In case of proven LNM at pathology, adju-
vant chemotherapy was considered. Afterloading therapy for
VUMC patients consisted of pulsed-dose rate (PDR) brachytherapy
in the Academic Medical Center (29 � 1.04 Gy, Paris-system
dosimetry) [11]. In the NCI-AVL, patients were treated with
40 Gy low-dose rate brachytherapy until 2003. From 2003
onwards, either high-dose rate (10 � 2.5 Gy) or PDR
(29 � 1.02 Gy) brachytherapy was used. These radiation schedules
are considered radiobiologically equivalent.
Radical cystectomy

Diagnosis and staging before RC was similar to diagnosis and
staging before brachytherapy. All RC patients underwent PLND.
None of the patients were treated with neoadjuvant chemother-
apy. Adjuvant chemotherapy was considered in case of pN+ dis-
ease. In order to create more comparable groups in terms of
estimated risk of recurrence and survival, we excluded patients
who underwent RC instead of brachytherapy for oncological rea-
sons (i.e. multiple tumours, tumour size >5 cm or concomitant
CIS). Patients who underwent RC instead of brachytherapy due to
impaired bladder capacity, patient’s preference or due to a tumour
location unsuitable for brachytherapy (i.e. tumour located in the
bladder neck or the prostatic urethra) were included in the RC
cohort.
Follow-up and salvage treatment

Follow-up included a yearly CT-abdomen/pelvis and chest X-
ray for both patient groups. Follow-up after brachytherapy also
included cystoscopy with urine cytology at 3-monthly intervals
for the first 2 years and 6-monthly intervals thereafter. Bladder
function after brachytherapy was assessed by interviews. Transur-
ethral resection was performed when in doubt of tumour recur-
rence. NMIBC recurrences were treated by TUR with or without
additional intravesical chemo- or immunotherapy. MIBC recur-
rences were treated by salvage cystectomy (SC), provided that no
systemic disease was found and general condition was sufficient.
Whilst SC was not systematically offered to all patients with
NMIBC recurrence, patients with a high-risk tumour or failed
intravesical treatment were also considered for SC.
Complications

Acute (�90 days) and late (>90 days) complications after
brachytherapy, RC and SC were retrospectively assigned according
to the Common Terminology Criteria for Adverse Events (CTCAE)
v5.0 [12].
Statistical analysis

Median follow-up was calculated using the reverse Kaplan-
Meier method. Bladder recurrence after brachytherapy was
defined as a lesion in the bladder confirmed by histological evalu-
ation. Pelvic LN recurrences and pelvic soft tissue recurrences after
brachytherapy were separately reported. Local recurrence after RC
was defined as recurrence in soft tissue in the true pelvis.

Kaplan-Meier curves for overall survival (OS), disease-specific
survival (DSS) after brachytherapy and RC were constructed and
compared using the log-rank test. Starting point for time-to-
event analyses was the implantation date of brachytherapy cathe-
ters or date of RC. OS was defined as time-to-death (any cause).
DSS was defined as time-to-death due to BC or treatment related
death. A multivariable Cox proportional-hazard model was used
to evaluate potential prognostic factors for OS and DSS. Statistical
analyses were performed using IBM SPSS Statistics version 25.0
(Armonk, NY, IBM Corp.). Tests were two-sided and the signifi-
cance level was set at 0.05.

Results

In total, 301 patients underwent brachytherapy (NCI-AVL
n = 294, VUMC n = 7) between 1988 and 2016 Patients with variant
histology (n = 9) and patients with urachal adenocarcinoma
(n = 26) and patients with cN+ (n = 7) were excluded, leaving a
total of 259 evaluable brachytherapy patients. Baseline character-
istics are shown in Table 2. An open and a robot-assisted laparo-
scopic approach was used in 91% (235/259) and 9.3% (24/259) of
patients, respectively. PC was performed in 32/259 (12%) of
patients. Reasons for PC were: tumour in a diverticulum (n = 10,
31%), tumour in the bladder dome (n = 11, 34%), residual macro-
scopic tumour after TURBT (n = 6, 19%) and concurrent ureteral
reimplantation (n = 2, 6.2%). In three patients (9.4%), the reason
for PC was not recorded. In total, 16/259 patients (6.2%) underwent
ureteral reimplantation, because the tumor was close to the uret-
eral orifice and resection was performed. LND was performed in
32/259 (12%) brachytherapy patients. Seven patients underwent
elective LND (VUMC) and 23 patients underwent LND due to sus-
picious LN during surgery. Additionally, one patient underwent
LND as a staging procedure in the referring hospital and one
patient insisted on undergoing LND. Six out of 32 (19%) patients
had LNM proven at pathology. These patients all had suspicious
LN during surgery. Two of these 6 patients with LNM received
adjuvant chemotherapy.

Between 1988 and 2016 914 patients underwent RC for BC in
the NCI-AVL, of whom 227 underwent RC for cT1G3-T2N0M0 BC.



Table 1
Selection criteria for brachytherapy.

Solitary tumour with a maximum diameter of 5 cm
Clinical stage T1-T2
No concomitant carcinoma in situ elsewhere in the bladder
Tumour not located in the bladder neck or the prostatic urethra in male patients
No distant metastasis (N0M0)

Table 2
Baseline patient and tumour characteristics.

Brachytherapy RC P-value
Total number of patients 259 60

Median age in years (IQR) 64 (55–72) 60 (54–67) 0.11

n % n %

Sex Male 199 76.8 42 70.0 0.32
Female 60 23.2 18 30.0

cT stage cT1 26 10.0 6 10.0 1
cT2 233 90.0 54 90.0

Grade G2 17 6.6 4 6.7 1
G3 242 93.4 56 93.3

Histology Urothelial carcinoma 249 96.1 56 93.3 0.62
+ squamous cell diff. 7 2.6 3 5.0
+ glandular diff. 3 1.1 1 1.7

Tumour diameter <3 cm 133 51.4 13 21.7 0.006*
3–5 cm 97 37.5 26 43.3
Unknown 29 11.2 21 35.0

Prior recurrence rate Primary 232 89.6 44 73.3 0.002
Recurrence 27 10.4 16 26.7

pN stage pN0 26 81.3 55 91.7 0.2**

pN1-3 6 18.8 5 8.3
pNx 227 0

Abbreviations: Diff.: differentiation, IQR: interquartile range, RC: radical cystectomy
* Excluding patients with unknown tumour size
** Excluding patients with pNx
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These patients were no candidates for brachytherapy for the fol-
lowing reasons: multiple tumours (n = 135, 59%) tumour size
>5 cm (n = 16, 7.0%), concomitant CIS (n = 16, 7.0%), tumour loca-
tion unsuitable for brachytherapy (n = 27, 12%), impaired bladder
capacity (n = 6, 2.6%) and patients’ preference (n = 5, 2.2%). In 22
(9.7%) patients the reason for RC instead of brachytherapy was
not recorded. Patients who underwent RC instead of brachytherapy
for oncological reasons (multiplicity, tumour size >5 cm and/or
CIS) were excluded (n = 167), leaving a total of 60 RC patients for
comparison to the brachytherapy cohort. Baseline characteristics
of RC patients are also shown in Table 2. Five out of 60 (8.3%)
patients had LNM at pathology, of whom one received adjuvant
chemotherapy. In the RC group, the majority of tumours (43%)
were 3–5 cm, while in the brachytherapy group the majority of
tumours (51%) were < 3 cm (p = 0.006). In the RC group, more
patients had a history of NMIBC (27% vs 10% in the brachytherapy
group, p = 0.002).

Median follow-up was 9.6 years (95% confidence interval (CI):
8.8–10.4) after brachytherapy and 10.6 years (95%CI: 10.0–11.2)
after RC. A total of 129/259 and 27/60 patients died in the
brachytherapy and RC group, respectively. Kaplan-Meier curves
of OS and DSS are shown in Fig. 1. Five/10-year OS after
brachytherapy was 66% (95%CI: 59–71) and 49% (95%CI: 43–57),
5/10-year OS after RC was 68% (95%CI: 61–73) and 53% (95%CI:
48–59; p = 0.4). Five/10-year DSS after brachytherapy was 73%
(95%CI: 67–77) and 67% (95%CI: 60–73), 5/10-year DSS after RC
was 75% (95%CI: 66–78) and 65% (95%CI: 58–72; p = 0.8). Uni-
and multivariable analyses for OS and DSS are shown in Table 3.
No prognostic factors for OS and DSS were found.

In total, 105/259 patients had recurrent BC after brachytherapy
vs 19/60 patients after RC (Supplementary Table 1). Median time to
recurrence was 1.6 years (IQR 0.8–3.1, range 0.1–17.2 years) after
brachytherapy and 1.1 years (IQR 0.5–2.9, range 0.2–5.2 years)
after RC. Of the patients who developed a recurrence after
brachytherapy, the recurrence site was soft tissue in the true pelvis
in 2/105 (1.9%), pelvic LN in 4/105 (3.8%), distant in 41/105 (39%)
and the bladder in 58/105 (55%) patients (Supplementary Table 1).
All patients with pelvic LN recurrence (n = 4) underwent palliative
chemotherapy and died due to metastatic disease after a median of
8 months (range 1.1–23 months). Treatment and outcome of blad-
der recurrence after brachytherapy are summarized in Fig. 2. Blad-
der recurrences (n = 58) occurred after a median follow-up of
1.9 years (IQR 0.22–3.7 years, range 0.22–17.1 years). Seventeen
out of 58 (29%) bladder recurrences were true infield recurrences
and 22/58 (38%) were located elsewhere in the bladder. In 19/58
(33%) patients, it was unknown whether the tumour was a true
infield recurrence. In 25/58 (43%) patients the recurrence was
NMIBC and in 33/58 (57%) MIBC. Thirty-two patients underwent
SC (24 for MIBC and 8 for NMIBC). Five out of 32 patients under-
went SC with palliative intent. In these cases secondary local con-
trol could not be achieved. Three more patients did not achieve
secondary local control due to a recurrence in the surgical bed after
SC. Four patients developed a local (i.e. soft tissue in the true pel-
vis) recurrence after RC and 15 patients developed distant metas-
tasis (Supplementary Table 1). These patients were all treated
with palliative intent.

The bladder was preserved in 217/259 (84%) of brachytherapy
patients. Thirty-two patients underwent SC and 10 patients under-
went cystectomy because of a small non-compliant bladder.

Complications are listed in Table 4. Early (�90 days) complica-
tions occurred in 12% (32/259) of the brachytherapy patients,
whereas after RC early complications occurred in 40% (24/60) of
patients (p < 0.001). Late (>90 days) complication rates were simi-
lar after brachytherapy and RC (18% vs 17%, p = 0.8). After RC, all



Fig. 1. Kaplan-Meier curves showing (A) overall survival and (B) disease-specific
survival for patients treated with brachytherapy (n = 259) vs radical cystectomy
(n = 60).
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late complications were grade 3–4 (10/10, 100%); whilst after
brachytherapy, 63% (29/46) of late complications were grade 3–4
(p = 0.02). Mortality �90 days was 1.7% after RC (n = 1, sepsis)
and 0.4% (n = 1, myocardial infarction) after brachytherapy. After
SC, early and late complications occurred in 31% (10/32) and 22%
(7/32) of patients, respectively. One patient died within 90 days
after SC due to kidney insufficiency.
Discussion

RC with urinary diversion is considered standard treatment for
MIBC and NMIBC refractory to intravesical therapies. In an effort to
preserve the bladder, several alternative treatment modalities have
emerged. In order to be considered as a true alternative to RC,
bladder-sparing treatments should preserve sufficient bladder
function without jeopardizing oncological outcome. In this study,
we showed that highly selected bladder cancer patients who were
treated with the combination of TURBT, pre-operative limited EBRT
and brachytherapy had similar long-term survival to selected
patients who underwent RC. Furthermore, the bladder was pre-
served in the vast majority of brachytherapy patients. In addition,
comparison to RC showed that brachytherapy was associated with
fewer complications.

Although brachytherapy for BC is being used since 1980, it is
not universally recognized as a therapeutic option for selected BC
as, for example, is the case in localized prostate cancer. The main
reason could be concern regarding oncological outcome. Several
observational studies on survival after brachytherapy are available.
In a multicentre cohort comprising 1040 brachytherapy patients, 5
and 10-year OS was 62% and 44% respectively [7]. Some smaller
single centre studies reported 5-year OS rates between 63% and
67% after brachytherapy [13–15]. These findings are in line with
our results (5 and 10-year OS after brachytherapy of 66% and
49%, respectively).

Unfortunately, prospective studies comparing outcomes after
brachytherapy and RC are lacking. Besides our previous reported
results in a smaller cohort [8], there is one other group that has
evaluated the outcome after RC and brachytherapy retrospectively.
Van der Steen-Banasik et al. compared outcome of 76 brachyther-
apy patients to 65 matched RC patients with solitary tumours
�5 cm [16]. They found 5/10-year OS rates of 57%/33% in the
brachytherapy group vs 52%/42% in the RC group (p = 0.7). In our
study, OS and DSS after brachytherapy were also similar to OS
and DSS after RC. However, these results should be interpreted
with caution because of the limitations of a retrospective study
design. This resulted in several differences between RC and
brachytherapy groups. The RC group included more patients with
a history of NMIBC, who are known to have a worse prognosis as
compared to patients with primary MIBC [17]. Additionally,
tumours were larger in the RC group (43% 3–5 cm in the RC group
vs 38% in the brachytherapy group). Finally, a selection bias could
not be avoided. Therefore, our analysis does not demonstrate a
comparison of two totally equal patient groups but rather shows
the results of two treatment strategies in a selective subgroup of
bladder cancer patients. The results demonstrate that outcomes
of brachytherapy are promising in terms of tumour control and
OS. Furthermore, with this strategy, the bladder can be preserved
in a selected group of patients. Moreover, brachytherapy resulted
in less early complications as compared to RC (12% vs 40%,
p < 0.001). Although late complication rates did not differ between
the two groups (18% vs 17%), the late complications were of a
higher grade in the RC group (10/10, 100% after RC and 29/46,
63% after brachytherapy, p = 0.02). However, due to the retrospec-
tive character of our study low grade late complications are likely
to be underscored in our cohort. This also explains the relatively
high percentage of high grade complications as compared to low
grade complications in both groups.

An important concern regarding brachytherapy is that it repre-
sents incomplete cancer surgery with the potential inability to sal-
vage patients who recur. In our study, 58 patients developed a
bladder recurrence after brachytherapy of whom 32 underwent
SC. Our SC rate (32/259, 12%) is comparable to those of other
brachytherapy series [16,18]. Importantly, secondary local control
could be achieved in the majority of patients. Studies have shown
that primary tumour stage at time of SC drives outcomes and that
there is no difference in survival compared to stage-matched
patients undergoing primary RC [19]. This underlines the impor-
tance of timely diagnosis in case of recurrence. Therefore, close



Table 3
Cox proportional hazard analysis for overall survival and disease-specific survival.

Overall survival Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Age (continuous) 1.03 1.02–1.05 <0.001 1.03 1.02–1.05 <0.001
Sex Male 1 1

Female 0.90 0.61–1.31 0.6 1.05 0.71–1.56 0.8
cT stage T1 1 1

T2 1.24 0.74–2.08 0.4 1.26 0.75–2.14 0.4
Grade G2 1 1

G3 1.29 0.71–2.34 0.4 1.35 0.73–2.47 0.3
Tumour diameter <3cm 1 1

3–5 cm 1.38 0.98–1.93 0.07 1.39 0.98–1.97 0.06
Unknown 1.01 0.61–1.65 0.7 1.07 0.63–1.83 0.6

Prior recurrence rate Primary 1 1
Recurrence 1.03 0.66–1.61 0.9 1.07 0.63–1.74 0.7

Treatment RC 1 1
Brachytherapy 1.17 0.77–1.77 0.5 1.17 0.75–1.81 0.5

Disease-specific survival Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Age (continuous) 1.01 0.99–1.02 0.6 1.01 0.99–1.03 0.5
Sex Male 1 1

Female 1.17 0.75–1.84 0.5 1.20 0.75–1.92 0.4
cT stage T1 1 1

T2 1.49 0.72–3.07 0.3 1.47 0.70–3.08 0.3
Grade G2 1 1

G3 2.20 0.80–6.00 0.12 2.23 0.81–6.14 0.12
Tumour diameter <3cm 1

3–5 cm 1.37 0.88–2.11 0.15 1.35 0.87–2.11 0.2
Unknown 1.13 0.65–1.74 0.7 1.20 0.63–2.30 0.6

Prior recurrence rate Primary 1 1
Recurrence 0.96 0.54–1.74 0.9 1.08 0.59–1.99 0.8

Treatment RC 1 1
Brachytherapy 0.92 0.56–1.50 0.7 0.98 0.58–1.67 0.9

Abbreviations: CI: Confidence interval, HR: Hazard ratio, RC: radical cystectomy.

Fig. 2. Bladder recurrence and local control after salvage treatment in brachytherapy patients. Abbreviations: BCG: Bacillus Calmette-Guérin, MIBC: Muscle-invasive bladder
cancer, NMIBC: Non-muscle-invasive bladder cancer, TUR: transurethral resection.
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follow-up as outlined in the Material and Methods section is rec-
ommended after bladder-preserving treatment.

The value of a LND has not been established in bladder-sparing
treatment modalities. In our study LND was not routinely per-
formed in the majority of brachytherapy patients, whereas pelvic
LND is a pivotal step in RC. The benefit of LND in brachytherapy
patients is thought to be limited, since the selection criteria for
brachytherapy include favourable prognostics (maximal cT2, soli-
tary tumour and <5 cm). Pelvic LNM are less common in these
patients. In our study, six patients had LNM at pathology. All these
patients underwent LND due to clinically suspicious LN during sur-
gery. On the other hand, four patients without suspicious LN dur-
ing surgery developed a recurrence in the pelvic LN. In theory,
patients who were not treated with LND could have been denied
the option of adjuvant chemotherapy in case of LNM. Determining
the value of a LND in brachytherapy patients would require a very
large study. Until then, partly based on the described results here,
we continue to perform LND in case of suspicious nodes. Similarly,
the value of neoadjuvant chemotherapy in the context of TMT
remains unclear. While neoadjuvant chemotherapy has a proven



Table 4
Complications after brachytherapy, radical cystectomy and salvage cystectomy determined according to the Common Terminology Criteria for Adverse Events (CTCAE).

Brachytherapy
n = 259

RC
n = 60

SC
n = 32

n % n % n %

Complication rate �90 days 32 12 24 40 10 31
Complication rate >90 days 46 18 10 17 7 22

Grade 1–2 complications �90 days
Ileus 1 0.4 4 6.7 – –
Urinary tract infection 3 1.2 1 1.7 1 3.1
Wound infection 2 0.7 – – – –
Abdominal abscess 2 0.7 – – – –
Pneumonia – – 1 1.7 – –
Bladder spasms 1 0.4 – – – –
Delirium 1 0.4 – – – –
Hematuria 1 0.4 – – – –

Grade 3–4 complications �90 days
Fascial dehiscence – – 4 6.7 1 3.1
Ureteric anastomotic leak 1 0.4 3 5.0 1 3.1
Infected lymphocele 3 1.2 1 1.7 – –
Dislocated brachytherapy catheter 3 1.2 – – –
Hematuria 2 1 1.7 – –
Hydronephrosis 1 1 1.7 – –
Urinary tract infection 2 0.8 1 1.7 2 6.3
Wound infection 2 0.8 – – –
Infected urinoma 2 0.8 – – – –
Sepsis 2 0.8 – – 2 6.3
Pneumonia – – 2 3.3 – –
Ileus – – 1 1.7 – –
Intestinal anastomotic leak – – 2 3.3 1 3.1
Vesico-cutaneous fistula 1 0.4 – – – –
Dislocated abdominal drain 1 0.4 – – – –
Dehydration – – 1 1.7 – –
Arterial thrombosis – – – – 1 3.1

Grade 5 complications �90 days
Myocardial infarction 1 0.4
Sepsis 1 1.7

Grade 1–2 complications >90 days
LUTS without hematuria 7 2.7 – – –
Hematuria 5 1.9 – – –
LUTS with hematuria 2 0.8 – – –
Urethral stenosis 1 0.4 – – –
Bladder perforation 1 0.4 – – –
Urinary tract infection 1 0.4 – – –

Grade 3–4 complications >90 days
Ureteral stenosis 8 3.1 3 5.0 3 9.3
Contracted bladder 10 3.9 – – – –
Stone formation radiation ulcer 5 1.7 – – – –
Urethral stenosis 3 1.2 – – – –
Vesico-vaginal/vesico-enteral fistula 2 0.8 1 1.7 2 6.3
Incisional/parastomal herniation 1 0.4 2 3.3 1 3.1
Urostomy stenosis – – 2 3.3 1 3.1
Intestinal obstruction – – 1 1.7 – –
Sepsis – – 1 1.7 – –

Abbreviations: LUTS: Lower urinary tract symptoms, RC: radical cystectomy, SC: salvage cystectomy.
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OS benefit in MIBC patients treated with RC [20], studies have
failed to demonstrate improvements in either OS or DSS after
TMT [21,22]. Moreover, the survival benefit of neoadjuvant
chemotherapy seems especially evident in patients with cT3-4a
BC [23]. Since brachytherapy is offered to patients with maximal
cT2 BC, we believe the benefit of neoadjuvant chemotherapy in this
group will be limited.

Besides brachytherapy, other bladder-sparing treatments are
emerging. The most-studied modality is TMT. A systematic review
showed comparable survival outcomes after TMT and RC [22].
Comparison of bladder-sparing modalities is challenging because
of varying selection criteria. For example, TMT is offered to patients
with tumour stage cT2-T4, which makes it a possible treatment for
a broader range of patients. A possible benefit of brachytherapy is
that radio-sensitizing chemotherapy is not necessary because
there is no expected benefit additional to the radio-biologically
high-dose radiation to the tumour area in solitary cT1-T2 tumours.
Consequently, possible side-effects of chemotherapy may be
avoided. Furthermore, since EBRT prior to brachytherapy is low
dose the risk of bowel toxicity may be lower than in EBRT as part
of TMT.

Notwithstanding the aforementioned limitations, we believe
our study is of merit since it represents the largest study on
brachytherapy to date. Moreover, our median follow-up of 10 years
is, to the best of our knowledge, the longest described for patients
undergoing brachytherapy. Foremost, our study demonstrated that
adequate patient selection is key in minimizing treatment aggres-
siveness and possible complications without negatively affecting
oncological outcome.
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In conclusion, bladder-preserving therapy with brachytherapy
may be considered a reasonable treatment option in highly
selected patients with a solitary bladder tumour �5 cm staged
cT1G3/cT2N0M0. We reported a 10-year DSS of 67% after
brachytherapy with bladder preservation in 84% of patients. Com-
pared to RC, we found fewer high grade complications in the
brachytherapy cohort. Strict patient selection is critical and
patients should be counseled that long-term bladder monitoring
is essential since the bladder remains a potential source of
recurrence.
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