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Abstract 

Purpose: To evaluate the long-term survival following brachytherapy and 
following cystectomy of patients with invasive bladder cancer treated in our 
institution. 

Materials and Methods: Between 1988 and 2000 108 patients with solitary, 
organ confined T1-T2 invasive bladder cancer of ≤5 cm were treated with a 
transurethral resection, and a course of external beam radiotherapy (30 Gy) 
followed by 40 Gy brachytherapy. The overall and disease specific survival rates 
of these patients are compared with those of 77 patients with T1-T2 invasive 
bladder cancer treated with cystectomy between 1988-2003.  

Results: The 5/10 year overall survival rates were 62%/50% after 
brachytherapy and 67%/58% after cystectomy (p=0.67). The 5/10 year disease 
specific survival rates were 73%/67% after brachytherapy and 72%/72% after 
cystectomy (p=0.28). When adjusted for age, multiplicity, T-stage, N-stage and 
grade, the 5/10 year overall survival rates were 65%/53% after brachytherapy 
and 62%/51% after cystectomy, respectively. The adjusted disease specific sur-
vival rates were 75%/70% after brachytherapy and 66%/66% after cystectomy 

Conclusions: This study does not provide evidence regarding survival against 
the use of bladder preservation with brachytherapy for patients with solitary, T1-
T2 invasive bladder cancer of ≤ 5 cm diameter, seeking bladder-sparing alterna-
tives to radical cystectomy. 
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Introduction 

Conservative treatment is now standard care for numerous malignancies 
including breast cancer, laryngeal cancer, anal cancer and soft-tissue sarcomas. 
For patients with invasive bladder cancer radical surgery is still considered 
standard treatment. Nonetheless, there are bladder-preserving alternatives for 
these patients, such as treatment with brachytherapy after transurethral 
resection (TUR) and external beam radiotherapy (EBRT). This treatment strategy 
has proven to be effective for patients with solitary, organ confined, invasive 
bladder cancer (tumour category T1-T2) with a diameter of less than 5 cm. 
Reports mention high local control rates of 70-90% and excellent maintenance of 
bladder function.1-10 Despite these results there remains a reluctance to accept 
brachytherapy as a reasonable alternative to radical cystectomy. An important 
reason for this could be the commonly held belief that bladder-sparing strategies 
lead to inferior survival. To become a reasonable alternative to cystectomy, a 
bladder-sparing approach should not compromise survival. Above this, the 
bladder-sparing alternative should have excellent bladder sparing capacities. 

For many years it has been the policy at our institute to offer patients with 
solitary, T1-T2 invasive bladder cancer smaller than 5 cm the option of bladder 
preservation with brachytherapy. We recently published our updated results.10 
Based on local control rates brachytherapy appears to be a reasonable 
alternative to cystectomy. The purpose of this study was to establish whether this 
could be sustained in the light of evidence from our own patients regarding 
survival as well. The following analysis reports on the survival rates after 
brachytherapy and cystectomy in our institution. Furthermore we describe the 
chance of bladder preservation after brachytherapy, based on our previously 
published results.10 

Patients and Methods 

This is a retrospective review over patients treated between 1988-2003. In 
that time period the UICC TNM-staging changed. One of the inclusion criteria for 
brachytherapy is organ confined disease. Up to 1997 that included stage T3a 
(tumour invades in deep muscle). From 1997 onwards, T3a became T2b. We 
converted all stages to the 2002 TNM-system of the International Union Against 
Cancer11, so a T3a tumour before 1997 is included in the analysis as T2 tumour. As 
no resected specimens are present for brachytherapy patients, pathological 
classification is not available for these patients. In order to be able to compare 
tumour classifications between brachytherapy and cystectomy, for both only 
clinical staging was used. 

Brachytherapy 
Patients with histologically confirmed bladder cancer with the following 

criteria were offered brachytherapy: solitary lesion with a diameter ≤5 cm; clinical 
T1G3 and T2 stages; fit for surgery; and adequate bladder capacity (estimated 
subjectively by patient-interviews). Before referral all patients had undergone TUR 
of the tumour. Evaluation of clinical tumour classification was determined by 
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pelvic-abdominal CT, chest X-ray, TUR, and physical examination. Between 1987-
2000 108 patients were treated with brachytherapy. 

Cystectomy 
Between 1988-2003 246 patients were treated with cystectomy. Evaluation 

before cystectomy did not differ from evaluation before brachytherapy. From 
these 246 patients, patients with clinical stage T1G3 and T2 tumours with a 
diameter ≤5 cm were selected. Patients who had previous irradiation for bladder 
cancer or neo-adjuvant chemotherapy were excluded from analysis. If the 
diameter was unknown, patients were not excluded from the analysis. Also 
patients with multiple bladder tumours were not excluded. The inclusion of 
multiple tumours and tumours of unknown diameter will be addressed in the 
discussion. In total 77 cystectomy patients were selected. They were no candi-
dates for brachytherapy for the following reasons; multiple bladder tumours (60), 
previous irradiation (3), patients’ choice (2), tumour location not suitable (3), 
inadequate bladder capacity (2), unknown (7).  

Treatment, brachytherapy 
108 patients underwent brachytherapy. They received pelvic EBRT (30 Gy in 2 

Gy fractions) to prevent scar metastases caused by tumour manipulation12. 
Within two weeks following completion of EBRT a suprapubic cystostomy was 
performed. Hollow nylon tubes for afterloading with 192Iridium were then inserted 
into the tumour area parallel and halfway through the bladder wall. To aid 
recognition of the target area on treatment planning, 4-5 small silver seeds were 
inserted at the boundaries of the tumour area with a 0.5-1 cm margin. Usually 
three tubes in a single plane were adequate to encompass the target area. 
Subsequently the tubes were brought to the abdominal wall. A suprapubic or 
transurethral catheter allowed bladder drainage. 

In 24 patients tube insertion was combined with a partial resection limited to 
the macroscopic lesion (pathologically staged pT0 in 5, pT1 in 3, pT2 in 12, and 
pT3 in 4 patients). Reasons for tumour resection were: location in the bladder 
dome and/or evidence of residual tumour at surgery not amenable to brachy-
therapy only on the basis of the volume of tissue palpated at surgery. Lymph 
node dissection as a staging procedure was not performed routinely. Only in 
case of suspected nodes on CT-scan or suspicion during the surgical procedure 
a modified lymph node dissection was done. Of the 11 lymph node dissections, 
three were tumour positive.  

Treatment planning was performed a week post-surgery. Iso-dose curves 
were generated and the iso-dose encompassing the tumour area as marked 
with the silver seeds was selected as a reference. A dose of 40 Gy was delivered 
by the implant with 192Iridium. The mean application time was 71h ranging from 
36h-102h and the mean dose rate was 59 cGy/h ranging from 40-110 cGy/h. 
Immediately after completion of treatment the tubes were removed percuta-
neously without need of anaesthesia or analgesics. The urinary catheter was 
removed 3 weeks post-operatively after cystographic confirmation of absence 
of urinary leakage. 
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Treatment, cystectomy 
77 patients underwent a pelvic iliac lymphadenectomy with a radical 

cystectomy and urinary diversion. The neighbouring organs, (prostate and semi-
nal vesicles in males, uterus and adnexa in females) were also removed in most 
cases. The type of urinary diversion, either incontinent/continent with/without an 
orthotopic reconstruction depended primarily on the time period in which the 
cystectomy was performed. From 1995 onwards, a sexuality preserving cystec-
tomy was performed in suitable patients, with preservation of the vasa 
deferentia, prostate and seminal vesicles in males, and all internal genitalia in 
females.13 

Follow-up 
Patients were followed by regular CT-scan of the abdomen and chest X-ray. 

For patients treated with brachytherapy the follow-up included cystoscopy with 
urine cytology every three months the first three years, hereafter two times a 
year. Transurethral resection or biopsies were performed when in doubt of tumour 
recurrence. Superficial bladder recurrences were treated by TUR with/without 
additional intravesical chemo- or immunotherapy. Invasive recurrences were 
treated by salvage cystectomy, provided that no systemic disease was apparent 
and general condition was sufficient. The median follow-up for the patients 
treated with brachytherapy was 54 months (range 1-178 months); 44% has been 
followed up 5 years or more, and 17% 10 years or more. The median follow-up for 
the patients treated with cystectomy was 24 months (range 1-174 months). For 
patients still alive, median follow-up was 30 months for the cystectomy group and 
68 months for the brachytherapy group. 

Statistical analysis 
The distribution of potential prognostic factors between both treatment-

groups was compared using the two-sided Student t-test or Chi-square test. The 
Kaplan–Meier method was used to estimate survival with the last day of 
irradiation (brachytherapy) or date of cystectomy as starting point. Overall 
survival (OS) was defined as time to any cause of death; patients who were alive 
at the end of follow-up were censored at that date. Disease specific survival 
(DSS) was defined as time to death with disease or treatment related death; 
patients who died without urothelial cancer or were alive at the end of follow-up 
were censored at that date. The log-rank test was used to compare groups in 
terms of survival. Multivariable analysis was done using Cox proportional hazard 
analysis. The Cox proportional hazard model was also used to adjust the 
difference in prognosis between the two treatments for potential prognostic 
factors. The following factors were used: T-category (T1 vs. T2), grade of differen-
tiation (G2 vs. G3 vs. Gx), N-stage (N0 vs. Nx), age (linear) and tumour multiplicity 
(solitary vs. multiple). Tumour diameter was not available for the majority of 
cystectomy patients (69%) and therefore not used in the analysis. This is further 
addressed in the discussion. Adjusted survival curves were calculated using the 
“corrected group prognosis” method, which is based on averaging individual 
survival curves, rather than calculating survival for a single patient group with 
identical values of the covariates to be adjusted for.14 No adjustments for 
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multiple comparisons (such as the Bonferroni correction) were made. However, 
this aspect was taken into account when drawing conclusions. 

Results 

Patient and tumour characteristics are shown in table 1. 

Table 1: Patient and tumour characteristics 

 Brachytherapy Cystectomy  
 No. patients No. patients p-value 

Median age (range) 63 years (31–88) 63 years (36–84) 0.79† 
< 50 y 16 (15 %) 13 (17 %)  
50 – 60 y 26 (24 %) 15 (20 %)  
60 – 70 y 42 (39 %) 28 (36 %)  
>70 y 24 (22 %) 21 (27 %)  

Gender      
M 89 (82%) 62 (81%) 
F 19 (18%) 15 (19%) 0.78* 

T-stage      
T1 17 (16%) 28 (36%) 
T2 91 (84%) 49 (64%) 0.002* 

N-stage      
N0 101 (93%) 70 (91%) 
N unknown 7 (7%) 7 (9%) 0.70* 

Grade      
G2 26 (24 %) 16 (21%) 
G3 80 (74%) 58 (75%) 
Gx 
(Adeno/squamousca) 

2 
(2/0) 

(2%) 
3 

(2/1) 
(4%) 

0.63* 

Tumour Ø      
< 3 cm 77 (72%) 12 (16%) 
3-5 cm 26 (23%) 11 (14%) 
unknown 5 (5%) 54 (70%) 

0.000* 

No. of tumours      
Solitary 108 (100%) 17 (22%) 
Multiple 0 - 60 (78%) <0.001* 

† T-test, *Pearson chi square. 

 
Significant differences were observed in tumour stage distribution (T1 vs. T2), 

tumour multiplicity (solitary vs. multiple) and tumour diameter. The brachytherapy 
group appeared to have a higher proportion of T2 tumours than the cystectomy 
group. All tumours in the brachytherapy group were solitary vs. 22% of the 
cystectomy tumours. The majority of the brachytherapy tumours were <3 cm, 
while for the majority of the cystectomy group (69%) the tumour diameters were 
unknown.  

Survival of brachytherapy versus cystectomy 
The overall survival and disease specific survival of the two treatment groups 

are shown in figures 1 and 2. 
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Figure 1: Overall survival 

 
 
Figure 1: Disease specific survival 

 
The 5/10 year overall survival rates were 62%/50% following brachytherapy 

and 67%/58% following cystectomy (p=0.67). The 5/10 year disease specific 
survival rates were 73%/67% following brachytherapy and 72%/72% following 
cystectomy (p=0.28).  
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The results of the uni-variable and multi-variable analyses are shown in tables 
2 and 3. 
 
Table 2.   Univariate analysis for overall and disease specific survival 

 5-yr. Est. (standard error) 10 yr. Est. (standard error) p-value 
 Overall Survival  
Age (years)    `  

< 50 y 0.65 (0.09) 0.65 (0.09)  
50 – 60 y 0.76 (0.07) 0.65 (0.11) 0.12 
60 – 70 y 0.58 (0.07) 0.48 (0.08)  
>70 y 0.53 (0.09) 0.21 (0.10)  

Gender      
M 0.63 (0.05) 0.51 (0.06) 
F 0.62 (0.09) 0.46 (0.11) 

0.67 

T-stage      
T1 0.78 (0.07) 0.65 (0.10) 
T2 0.58 (0.05) 0.47 (0.06) 

0.046 

N-stage      
N0 0.64 (0.04) 0.51 (0.05) 
Nx 0.28 (0.16) - - 

0.60 

Grade      
G2 0.62 (0.08) 0.53 (0.09) 
G3 0.64 (0.05) 0.49 (0.07) 
Gx - - - - 

0.52 

No. of tumours      
Solitary 0.61 (0.05) 0.49 (0.06) 
Multiple 0.70 (0.08) 0.62 (0.09) 

0.60 

Treatment type      
Cystectomy 0.67 (0.06) 0.58 (0.08) 
Brachytherapy 0.62 (0.05) 0.50 (0.06) 

0.67 

 Disease specific survival  
Age (years)      

< 50 y 0.74 (0.09) 0.74 (0.09)  
50 – 60 y 0.82 (0.07) 0.70 (0.12) 0.42 
60 – 70 y 0.64 (0.07) 0.58 (0.08)  
>70 y 0.68 (0.10) 0.68 (0.10)  

Gender      
M 0.73 (0.04) 0.70 (0.05) 
F 0.65 (0.09) 0.50 (0.12) 

0.25 

T-stage      
T1 0.82 (0.07) 0.82 (0.07) 
T2 0.68 (0.05) 0.61 (0.06) 

0.07 

N-stage      
N0 0.71 (0.04) 0.66 (0.05) 
Nx 0.69 (0.18) - - 

0.53 

Grade      
G2 0.72 (0.08) 0.72 (0.08) 
G3 0.71 (0.05) 0.64 (0.06) 
Gx - - - - 

0.30 

No. of tumours      
Solitary 0.71 (0.05) 0.66 (0.06) 
Multiple 0.74 (0.07) 0.62 (0.07) 

0.83 

Treatment type      
Cystectomy 0.72 (0.06) 0.72 (0.06) 
 0.73 (0.05) 0.67 (0.06) 

0.28 
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Tumour stage and age showed an association with overall survival on uni- 
and multi-variable analysis. The other variables, including treatment type 
(brachytherapy vs. cystectomy), were not found to be associated with overall 
survival. For disease-specific survival no clear prognostic factor was found. 
 
Table 3:  Multiple proportional hazard analysis for overall and disease specific survival 

 Hazard Ratio (95% confidence interval) p-value 

  Overall Survival  

Age (years) 1.0 (1.0 – 1.1) 0.010 

Tumour stage (T2 v. T1) 2.2 (1.0 – 4.7) 0.043 

Nodes (Nx vs. N0) 1.8 (0.7 – 4.8) 0.21 

Grade    
G3 vs. G2 1.1 (0.6 – 2.0) 0.74 
Gx vs. G2 2.5 (0.6 – 11.5) 0.23 

No. of tumours    
(Solitary vs. Multiple) 1.4 (0.5 – 3.4) 0.51 

Treatment type    
(Cystectomy vs. Brachytherapy) 1.6 (0.7 – 3.6) 0.22 

  Disease Specific Survival  

Age (years) 1.0 (0.98 – 1.04) 0.53 

Tumour stage (T2 v. T1) 2.4 (1.0 – 6.1) 0.059 

Nodes (Nx vs. N0) 0.8 (0.2 –3.5) 0.79 

Grade    
G3 vs. G2 1.1 (0.5 – 2.4) 0.83 
Gx vs. G2 3.3 (0.7 – 15.8) 0.13 

No. of tumours    
(Solitary vs. Multiple) 1.3 (0.5 – 3.7) 0.61 

Treatment type    
(Cystectomy vs. Brachytherapy) 2.0 (0.8 – 5.1) 0.14 

 
The overall survival and disease specific survival of the two treatment groups 

adjusted for age, tumour multiplicity, T-stage, N stage and grade are shown in 
figures 3 and 4. The adjusted 5/10 year overall survival rates were 65%/53% 
following brachytherapy and 62%/51% following cystectomy. The adjusted 
disease specific survival rates were 75%/70% following brachytherapy and 
66%/66% following cystectomy. None of both curves suggests decreased survival 
after bladder preservation. 
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Figure 3. Overall survival adjusted for T-stage (T1 vs. T2), grade of differentiation (G2 vs. 
G3 vs. Gx), N-stage (N0 vs. Nx), age (linear) and tumour multiplicity (solitary vs. 
multiple) 

 
 

Figure 4. Disease specific survival adjusted for T-stage (T1 vs. T2), grade of differen-
tiation (G2 vs. G3 vs. Gx), N-stage (N0 vs. Nx), age (linear) and tumour multiplicity 
(solitary vs. multiple) 
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Brachytherapy: local control and bladder preservation 
In twenty-three out of the 108 patients treated with brachytherapy a bladder 

recurrence developed, the mean time to recurrence was 20 months. Seven 
patients had a superficial (Ta/Tis/T1) and 16 patients a muscle-invasive recur-
rence (figure 5).  
 
Figure 5. Recurrences and salvage treatments after brachytherapy 

 
 

The treatment was well tolerated, there was no treatment related mortality. 
Acute toxicity was mild. Two patients experienced serious late toxicity 
EORTC/RTOG ≥G3: one patient developed a persisting vesico-cutaneous fistula 
and the other a stricture of the urethra and ureters. The 5 and 10-year disease 
specific survival rates for patients with a preserved bladder were 68% and 59%, 
respectively. Of all long-term surviving patients 90% preserved their native 
bladders. 

Discussion 

Radical cystectomy is standard treatment for patients with muscle invasive 
bladder cancer. Certainly since orthotopic bladder substitution has become 
available, many urologists prefer early definitive therapy with continent urinary 
diversion above bladder preserving strategies. Is there a role for these bladder-
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preserving strategies? A recent study from Sweden concluded that the patient’s 
well-being after cystectomy with urinary diversion is considerably influenced due 
to changed bowel and sexual function, urinary tract infections, and a sense of 
decreased attractiveness.15 The same study concluded that despite the 
symptom distress the majority of patients would refuse alternative bladder-
sparing procedures if this decreases the prospects of survival.15 In other words, to 
become a reasonable alternative to cystectomy, a bladder-sparing alternative 
should first of all not compromise survival. Secondly, the bladder-sparing 
alternative should have excellent bladder sparing capacities. 

In this retrospective analysis we found no evidence that survival is 
compromised by the bladder-sparing technique we used. But we are well aware 
that a non-randomized comparison of survival rates following different treatment 
types has several limitations. Although we compared clinical stages T1 and T2 for 
the two treatment groups, the comparison is probably biased towards one of the 
treatment groups, especially as both treatment options were offered to patients 
during the same period.  

Brachytherapy included only those patients with solitary tumours, whereas 
the majority of the cystectomy patients had multi-focal tumours. That leads to a 
favourable bias for the brachytherapy group. In our analysis multi-focality was no 
prognostic factor influencing survival (table 3). This is according Cheng et al. who 
identified prognostic factors in 218 cystectomy patients.16 Moreover in three large 
contemporary cystectomy series multi-focality is not mentioned as a prognostic 
factor influencing survival.17-19 So it seems unlikely that the unbalance in multi-
focality has a major influence on the outcome of our analysis.  

Furthermore, the brachytherapy group included only tumours smaller than 5 
cm. Because tumour diameter is not a diagnostic criterion in the work-up for 
cystectomy, for the majority of the cystectomy group the tumour diameter was 
unknown. It is reasonable to assume that the cystectomy group consisted of 
tumours with larger diameters and thus another favourable bias for the 
brachytherapy group existed. Cancer size is a significant prognostic factor 
influencing overall and disease specific survival in cystectomy series. Cheng 
reported hazard ratios for cancer size of 1.1 per cm (95% CI: 1.02-1.2) for overall 
survival, and 1.2 per cm (95% CI: 1.02-1.3) for disease specific survival.16 At a 
survival of 60% for a patient with a tumour of 2 cm, a hazard ratio of 1.2 per cm 
would lead to a survival of 48% for a patient with a tumour of 4 cm, but otherwise 
comparable.  

On the other hand, the brachytherapy group included more T2 tumours (84% 
vs. 64%). Tumour stage is a well-established prognostic factor influencing overall 
and disease specific survival. In our analysis, 10-year overall survival was 65% for 
T1 patients against 46% for T2 patients. Therefore, in this respect a favourable bias 
for the cystectomy group existed. When adjusted, the 5/10 year overall- and 
disease specific survival rates were consistently higher for the brachytherapy 
group than for the cystectomy group (figures 4&5). It is unlikely that an adjust-
ment for tumour size with the reported hazard ratios will cause the survival rates 
of brachytherapy to be below those of cystectomy. 

In this study we aimed to establish whether bladder sparing compromises 
survival based on our own data, but it is important to realize that patient numbers 
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are relatively small. This results in wide 95% confidence intervals for the difference 
between brachytherapy and cystectomy (percentage survival after brachy-
therapy minus percentage survival after cystectomy) at 5 years; DSS univariate -
14% to +16% and multivariate -6% to +24%; OS univariate -21% to +11% and 
multivariate -13% to +19%. Based on these figures we found no evidence that 
survival is compromised by the bladder-sparing technique we used, but we did 
not prove equivalence of survival either. 

A definitive answer would have to come from randomized trials. However, 
due to the different nature of the two treatments, such trials are extremely 
difficult to conduct. A trial comparing cystectomy and bladder preservation has 
never been successfully performed. In the absence of prospective randomized 
studies, decisions have to be based on the best available evidence. For this 
reason we report on a single institution experience comparing the survival 
following bladder-preservation with brachytherapy and survival following 
cystectomy. Notwithstanding the limitations of a non-randomized comparison of 
two different treatment forms, this analysis suggests that bladder preservation 
with brachytherapy does not compromise survival. 

To be a reasonable bladder-preserving alternative, brachytherapy should 
also have good bladder sparing capacities. The actuarial local control rate was 
73% at 10 years. Acute toxicity was mild, serious late toxicity was only 2%, and of 
all long-term surviving patients 90% preserved their well functioning native 
bladders10, which is similar to other studies.1-9 Of interest is the perception of well-
being after both treatments. Although cystectomy and brachytherapy series 
report a good quality of life after treatment, this has never been studied in detail. 
Bladder function is very likely to influence quality of life, but more items are of 
interest in these studies (e.g. bowel function, regular cystoscopic checks etc.).  

Comparisons with other bladder sparing strategies are difficult, but worth 
mentioning. The RTOG-group reported 3-year survival with intact bladders in 
66%20, and 5-year survival of 49%21 in T2-T4a patients after a trimodality bladder-
sparing strategy (TUR, chemotherapy and EBRT). An additional benefit is that 
patient selection is based on response to chemoradiation, which can bring 
forward the time to salvage cystectomy should it be needed.22 For patients in 
need of salvage cystectomy after radiotherapy orthotopic diversion remains a 
viable option, 23;24 and this no different after brachytherapy in our opinion.25 A 
reason for reluctance to brachytherapy could be the suggestion that 
comparable results could be obtained by TUR or partial cystectomy alone.  Herr 
et al. reported on 10-year outcome of muscle-invasive bladder cancer treated 
by TUR alone26. Only if a restaging TUR showed no, or only non-muscle invasive 
residual tumour, patients were suitable for the protocol. Even in this very 
favourable selection of patients 34% percent required salvage cystectomy 
because of progression. Kuczyk et al. reviewed the literature on partial 
cystectomy.27 Local recurrence rates were 38-78%, half of which appeared 
during the first half year. Based on these results, brachytherapy seems a better 
method for obtaining local control than TUR or partial cystectomy alone, 
although comparison of these highly selected and heterogeneous groups is 
hazardous, if even possible. 
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Conclusions 

This study does not provide evidence regarding survival against the use of 
brachytherapy for patients with solitary, T1-T2 invasive bladder cancer of ≤ 5 cm 
diameter, seeking bladder-sparing alternatives to radical cystectomy. Of all long-
term surviving patients treated with brachytherapy, 90% preserved their well 
functioning native bladders. We continue our policy to offer suitable patients the 
alternative of bladder preservation. 
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