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29.83  years. The median survival for these patients was 
11.5 months. Of the 24 patients, 19 (79%) had muscle inva-
sive bladder cancer at ≥T2 at the time of diagnosis. The 
type of neurogenic bladder (neurogenic detrusor overac-
tivity or acontractility) and the form of bladder drainage 
do not appear to influence the risk. Long-term indwelling 
catheter drainage played only a minor role in the investi-
gated patients.
Conclusions  The significantly younger age at onset and 
the frequency of invasive tumours at diagnosis indicate that 
spinal cord injury influences bladder cancer risk and prog-
nosis as well. Early detection of bladder cancer in patients 
with spinal cord injury remains a challenge.

Keywords  Bladder cancer · Spinal cord injury · 
Neurogenic bladder dysfunction · Bladder management · 
Risk factors

Introduction

Urinary bladder cancer is the 5th most common can-
cer in men and the 17th most common cancer in women 
[1] worldwide. Main risk factors for bladder cancer are 
tobacco smoking, associated with about 50% of all bladder 
cancer cases in men and women [2], and exposure to occu-
pational carcinogens, associated with 7.1% of the cases in 
men and 1.9% of the cases in women [3]. Bladder cancer 
in patients with spinal cord injury (SCI) was subject of up 
to now only 17 published studies [4–20]. It was concluded 
that SCI may be a risk factor for urinary bladder cancer. 
As the life expectancy of people with SCI is improving 
due to medical advances in the management of paraplegia 
and neuro-urology [21, 22], this issue is likely to become 
increasingly important. However, the pathomechanism 

Abstract 
Introduction  Life expectancy for people with spinal 
cord injury has shown a marked increase due to mod-
ern advances in treatment methods and in neuro-urology. 
However, since life expectancy of people with paralysis 
increases, the risk of developing of urinary bladder cancer 
is gaining importance.
Materials and methods  Single-centre retrospective evalu-
ation of patient data with spinal cord injuries and proven 
urinary bladder cancer and summary of the literature.
Results  Between 1998 and 2014, 24 (3 female, 21 male) 
out of a total of 6599 patients with spinal cord injury were 
diagnosed with bladder cancer. The average age at bladder 
cancer diagnosis was 57.67 years, which is well below the 
average for bladder cancer cases in the general population 
(male: 73, female: 77). All but one patient had a latency 
period between the onset of the spinal paralysis and tumour 
diagnosis of more than 10 years. The median latency was 
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leading to an increased bladder cancer risk in patients with 
SCI is unknown. Further, no criteria are available to com-
pensate bladder cancer in SCI patients as a sequela of the 
injury.

The objective of this study is to present information that 
allows to compensate bladder cancer cases as a sequela of a 
spinal cord injury, based on patient database analysis at the 
Centre for Spinal Cord Injuries of the BG Trauma Hospital 
Hamburg in association with data from the relevant litera-
ture, and to demonstrate the need for an early detection of 
the disease.

Materials and methods

The patient database of the Centre for Spinal Cord Injuries at 
BG Trauma Hospital Hamburg was retrospectively searched 
to identify patients with SCI who developed bladder cancer 
in the period between January 1998 and December 2014. The 
data records of 6599 SCI patients were evaluated. Patient 
characteristics, data of spinal cord injury, tumour characteris-
tics, bladder management, risk factors, tumour treatment and 
outcome data were extracted from patient charts. The study 
included all consecutive SCI patients presented to our insti-
tution as inpatient or outpatient between January 1998 and 
December 2014. There was no screening strategy for bladder 
tumours in our institution, so the tumours were diagnosed 
during regular “check-up”-procedures (sonographically or 
cystoscopically) or if they became symptomatic, with hae-
maturia, hydronephrosis or frequently recurrent urinary 
tract infections. There was no regular follow-up of tumour 
patients, but all SCI patients were included in our system 
of “life-long surveillance”. Therefore, in fact, the follow-up 
time is different and depends on the date of SCI (entrance in 
our clinic) in the study period.

Moreover, a selective literature search was performed 
using MEDLINE/PubMed database on the search items 
“bladder cancer AND spinal cord injury”. The search was 
performed up to October 31, 2015. The search revealed 184 
hits, thereof 60 case reports and 23 reviews. After exclu-
sion of papers not presenting the required original data 
on SCI to answer our questions, 17 studies remained for 
evaluation. References known to the authors or cited in 
the searched literature were also used. Medians and means 
including standard deviation were calculated using Micro-
soft™ Excel™.

All applicable institutional and governmental regula-
tions concerning the ethical use of the data were observed. 
The approving institutional review board was the Institu-
tion for Statutory Accident Insurance and Prevention in 
the Health and Welfare Services (address: Pappelallee 33, 
22089 Hamburg, date June 22, 2015).

Results

Hamburg data

Totally, 24 spinal cord injured patients with bladder can-
cer were identified (Table 1). A superficial carcinoma of 
the urinary bladder was detected in three more patients 
during their initial treatment after the onset of paralysis. 
These patients were excluded from further analysis.

The simple incidence rate of bladder cancer in a total 
number of paraplegic patients treated over the study period 
at BG Trauma Hospital Hamburg was calculated as 0.36%.

Three of the cancer patients were women, and 21 were 
men (Fig.  1). Median age at diagnosis of the tumour 
for the whole group was 54.5 years (mean 57.67, stand-
ard deviation 11.83  years), for men 55.0  years (mean 
57.71, standard deviation 11.93  years) and for women 
51.0 years (mean 57.33, standard deviation 13.65 years). 
Median age at diagnosis for the SCI patients was lower 
for men (by 18.5 years) than for the general population, 
for women it was no less than 26  years lower (Robert 
Koch Institute (RKI) data 2010: Median men 73, women 
77 years [23]).

Histology results showed 19 urothelial cell carcinoma 
(transitional cell carcinoma—TCC, median age 54.0, mean 
56.58 years, standard deviation 11.91 years), four squamous 
cell carcinoma (SCC, median age 67.5, mean 65.00 years, 
standard deviation 10.80 years) and one completely undif-
ferentiated carcinoma. The proportion of SCC was thus 
16.7%. The relative incidence of squamous cell carcinoma 
in the general population is presumed to be 3–6.8% [24, 
25]. It is worthy of note that the patients diagnosed with 
squamous cell carcinoma were 8.5 years older on average 
(mean values) than those with urothelial cell carcinoma.

Median latency (Fig.  2) between the onset of paraly-
sis and discovery of the tumour was 31.5  years (mean 
29.83  years, standard deviation 11.39  years), 29.0 for 
TCC (mean 27.31, standard deviation 10.33  years) and 
for SCC 36.50  years (mean 35.75, standard deviation 
13.4 years). Median latency for SCC was thus 7.5 years 
longer than for TCC. The shortest time span between the 
onset of paraplegia and bladder cancer (TCC) was 8 years 
in one male patient.

The distribution of SCI levels is shown in Fig.  3. A 
total of 21 out of 24 patients had a lesion of the upper 
motor neuron with neurogenic detrusor overactivity, 
while three patients whose level of SCI was below L1 
had lower motor neuron lesion with acontractile detrusor.

The course of the disease was followed in all 24 
patients. The prognosis was poor. Twelve of the 24 
patients had died of their cancer after 1 year (Fig. 4). All 
the deaths were tumour-associated. Median survival for 



985Int Urol Nephrol (2017) 49:983–994	

1 3

Ta
bl

e 
1  

D
at

a 
of

 p
at

ie
nt

s 
w

ith
 b

la
dd

er
 c

an
ce

r 
an

d 
SC

I 
at

 th
e 

B
G

 T
ra

um
a 

H
os

pi
ta

l H
am

bu
rg

A
IS

 A
SI

A
 I

m
pa

ir
m

en
t 

Sc
al

e 
[3

3]
; 

U
T

I 
ur

in
ar

y 
tr

ac
t 

in
fe

ct
io

n;
 R

E
 r

efl
ex

 e
m

pt
yi

ng
; 

IC
 i

nt
er

m
itt

en
t 

(s
el

f-
) 

ca
th

et
er

iz
at

io
n 

(a
- 

by
 a

tte
nd

an
t)

; 
In

dC
 i

nd
w

el
lin

g 
ur

et
hr

al
 c

at
he

te
ri

za
tio

n;
 S

A
R

S 
sa

cr
al

 
an

te
ri

or
 r

oo
t 

st
im

ul
at

io
n;

 S
P

C
 s

up
ra

pu
bi

c 
ca

th
et

er
iz

at
io

n;
 C

re
de

 C
re

de
 m

an
oe

uv
re

; 
pa

ll
. 

pa
lli

at
iv

e;
 r

ad
. 

C
ys

tE
 r

ad
ic

al
 c

ys
te

ct
om

y;
 I

lC
o 

ile
um

 c
on

du
it;

 U
C

N
 u

re
te

ro
cu

ta
ne

os
to

m
y;

 M
ai

nz
 I

 
M

ai
nz

-I
-P

ou
ch

; r
ec

ur
r. 

re
cu

rr
en

ce
; d

 d
ec

ea
se

d;
 w

pf
 w

ith
ou

t p
at

ho
lo

gi
ca

l fi
nd

in
gs

; r
eo

p.
 r

eo
pe

ra
tio

n;
 n

um
be

rs
 in

 p
ar

en
th

es
es

—
di

ed
 a

ft
er

 (
) 

m
on

th
s

G
en

de
r 

(m
/f

)
L

ev
el

 o
f 

pa
ra

ly
si

s
A

IS
A

ge
 a

t 
pa

ra
ly

si
s 

(y
ea

rs
)

A
ge

 a
t 

tu
m

ou
r 

di
ag

no
si

s 
(y

ea
rs

)

L
at

en
cy

(y
ea

rs
)

T
um

ou
r 

st
ag

e
H

is
to

lo
gy

B
la

dd
er

 
m

an
ag

e-
m

en
t

L
en

gt
h 

of
 

in
dw

el
lin

g 
ca

th
et

er
i-

za
tio

n

St
on

es
/U

T
I

T
he

ra
py

U
ri

na
ry

 
di

ve
rs

io
n

C
ou

rs
e

Su
rv

iv
al

 
(m

on
th

s)

1
m

C
5

C
29

48
19

>
T

1
T

C
C

R
E

N
o

N
o/

no
pa

ll.
 T

U
R

-
B

–
d

(2
)

2
m

C
3

B
26

44
18

pT
1G

3
T

C
C

IC
N

o
N

o/
no

ra
d.

 C
ys

tE
Il

C
o

R
ec

ur
r.

A
liv

e 
17

3
m

C
5

A
21

41
20

pT
3a

G
3p

N
0

T
C

C
R

E
N

o
N

o/
ye

s
ra

d.
 C

ys
tE

Il
C

o
w

pf
A

liv
e 

28

4
m

C
5

A
24

54
30

pT
4a

G
3p

N
0

T
C

C
R

E
N

o
N

o/
ye

s
ra

d.
 C

ys
tE

Il
C

o
d

(9
)

5
m

D
3

A
21

54
33

cT
3-

4G
3c

N
2

T
C

C
R

E
N

o
N

o/
no

pa
ll.

 T
U

R
-

B
–

d
(1

)

6
m

D
12

A
38

71
33

cT
3b

G
3c

N
1

T
C

C
R

E
N

o
N

o/
no

pa
ll.

 
C

he
m

o
–

d
(1

2)

7
m

C
4

A
43

62
19

pT
2a

G
2-

3
SC

C
R

E
N

o
N

o/
no

pa
ll.

 T
U

R
-

B
–

d
(4

)

8
m

D
6

A
20

48
28

pT
2a

G
3

T
C

C
R

E
, I

C
N

o
N

o/
ye

s
ra

d.
 C

ys
tE

Il
C

o
d

(1
3)

9
m

D
10

A
15

61
46

pT
3b

G
3p

N
0

T
C

C
R

E
, I

nd
C

2 
ye

ar
s

N
o/

ye
s

ra
d.

 C
ys

tE
U

C
N

d
(4

2)

10
m

C
6

B
19

35
16

pT
3a

G
3p

N
2

T
C

C
R

E
N

o
N

o/
no

ra
d.

 C
ys

tE
Il

C
o

d
(1

1)

11
m

C
5

C
18

51
33

cT
4c

N
2M

1
SC

C
IC

, I
nd

C
2 

m
on

th
s

N
o/

no
pa

ll.
 

C
he

m
o

–
d

(7
)

12
f

D
4

A
18

51
33

pT
2b

G
2p

N
0

T
C

C
R

E
, S

A
R

S
N

o
N

o/
no

ra
d.

 C
ys

tE
M

ai
nz

 1
R

eo
p.

A
liv

e 
53

13
m

L
1

A
30

68
38

pT
4G

3
T

C
C

C
re

de
, 

SP
C

10
 y

ea
rs

ye
s/

ye
s

pa
ll.

 T
U

R
-

B
–

d
(5

)

14
m

C
5

B
48

56
8

pT
aG

1
T

C
C

IC
(a

)
N

o
N

o/
no

T
U

R
-B

–
w

pf
A

liv
e 

10
1

15
f

D
2

A
23

48
25

pT
2a

T
C

C
IC

N
o

Y
es

/y
es

ra
d.

 C
ys

tE
M

ai
nz

 1
d

(1
2)

16
m

D
4

A
36

72
36

pT
4a

G
3p

N
0

T
C

C
R

E
N

o
N

o/
no

ra
d.

 C
ys

tE
Il

C
o

d
(1

7)

17
m

C
6

B
34

74
40

cT
4b

cN
2

SC
C

R
E

N
o

N
o/

ye
s

pa
ll.

 U
C

N
U

C
N

d
(1

)

18
m

L
1

A
29

67
38

pT
4a

G
3p

N
0

T
C

C
C

re
de

, 
In

dC
21

 m
on

th
s

Y
es

/y
es

ra
d.

 C
ys

tE
Il

C
o

d
(7

)

19
m

D
10

C
37

53
16

pT
aG

2 
+

 p
T

IS
T

C
C

IC
N

o
Y

es
/n

o
ra

d.
 C

ys
tE

Il
C

o
w

pf
A

liv
e 

15

20
f

C
7

A
22

73
51

pT
aG

1N
0

SC
C

R
E

N
o

Y
es

/n
o

ra
d.

 C
ys

tE
Il

C
o

w
pf

A
liv

e 
2

21
m

C
6

D
48

69
21

pT
4a

G
3N

2
T

C
C

R
E

N
o

N
o/

ye
s

ra
d.

 C
ys

tE
Il

C
o

w
pf

A
liv

e 
10

6

22
m

L
1

A
28

80
52

pT
2G

3N
0

T
C

C
C

re
de

, I
C

N
o

N
o/

ye
s

ra
d.

 C
ys

tE
Il

C
o

w
pf

A
liv

e 
8

23
m

D
2

A
21

49
28

cT
4N

2M
0

–
R

E
N

o
N

o/
no

Pa
lli

at
io

n
–

D
0

24
m

C
4

C
20

55
35

pT
3G

3N
2

T
C

C
R

E
N

o
N

o/
no

ra
d.

 C
ys

tE
Il

C
o

R
ec

ur
r.

A
liv

e 
72



986	 Int Urol Nephrol (2017) 49:983–994

1 3

the whole group was 11.5  months (mean 22.71  months, 
standard deviation 30.42  months). This means that the 
prognosis for SCI patients with bladder cancer is drasti-
cally worse than for the general population (RKI: abso-
lute 5-year survival rate (2009–2010) men 47%, women 
41% [23])—even though most of these patients had been 
monitored (neuro)urologically on a regular basis due to 
their neurogenic lower urinary tract dysfunction.

Nor did patients do much better after radical cystec-
tomy—their median survival was 15.0  months (range 
2–106  months, mean 27.47  months, standard deviation 
29.15 months).

This substantially poorer prognosis matches an unfa-
vourable tumour category: 19/24 patients were staged T2 
or higher with invasion of the muscle wall (15/19 TCC, 
3/4 SCC and 1 undifferentiated carcinoma). The oth-
ers were two T1 tumours (both TCC and poorly differ-
entiated (G3) and three pTa tumours (2 × G1 (1 × TCC, 
1 × SCC), 1 × G2 (TCC)). The only two long-term survi-
vors (currently 101 and 106 months) were one with a papil-
lary pTaG1 urothelial carcinoma, in which the tumour had 
been incidentally discovered during a cystoscopy prior to 
a botulinum A toxin injection in the detrusor muscle, and 
one patient with a radically resected pT4a urothelial cell 

Fig. 1   Age and gender in the 
24 spinal cord injury patients 
with bladder cancer

Fig. 2   Latency of bladder can-
cer in the 24 spinal cord injury 
patients with bladder cancer
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carcinoma. The incidence of invasive urothelial cell carci-
noma at initial diagnosis is about 20% in the general pop-
ulation (whereas invasive SCC accounts for around 80%) 
[26].

The type of bladder drainage was also recorded 
(Table 1). The great majority of patients drained the blad-
der by means of reflex micturition or intermittent cath-
eterisation. In a total latency of 8592  months, only 167 
“indwelling catheter months” (1.94%) were found. Inter-
estingly, the indwelling catheter rate was even lower 
in patients with SCC: 2 out of a total of 1716  months of 
latency (0.12%) compared with TCC patients: 165 out of a 
total of 6540 months of latency (2.55%).

A total of 15 out of 24 patients underwent radi-
cal cystectomy (plus 4 palliative transurethral bladder 
tumour resection (TUR-B), 2 palliative chemotherapy, 
each with TUR-B with re-TUR-B, palliative ureterocu-
taneostomy (UCN) without cystectomy and pallia-
tive treatment only). Of the cystectomies, drainage in 
twelve cases was by ileum conduit, two in the form of a 
Mainz pouch I (both women with TCC) and one UCN.

Only 5/24 patients had a previous history of bladder 
stones. 10/24 patients had suffered recurrent urinary tract 
infections (3 or more episodes per year). No valid details 
of smoking were documented for 16 out of 24 patients in 
the Hamburg database.

Fig. 3   Distribution of paralysis 
level in the 24 spinal cord injury 
patients with bladder cancer

Fig. 4   Kaplan–Meier curve 
of the 24 spinal cord injury 
patients with bladder cancer
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Discussion

Incidence of urinary bladder cancer in SCI patients

The figures for the incidence of bladder cancer in patients 
with SCI in the literature are heterogeneous and partly 
debatable. Whereas in some mainly older studies [4, 5, 
8, 12] an excessively high risk was reported, later studies 
show lower but still significantly above-average disease 
rates compared with the general population. However, it 
is worthy of note that most studies give only simple inci-
dence rates with very varied follow-up and do not esti-
mate age- or gender-specific rates. The raw incidence 
figures in more recent studies fluctuate between 0.11 and 
2.43%. In an older, small study by Kaufman et al. [5], it 
was as high as 9.58% (Table 2).

Subramonian et  al. [17] gave an age-standardised 
incidence of 30.7 per 100,000 person years (95% CI 
0.4–61.1). In the population at large in the same region, 
the incidence standardised against the European general 
population was 14.4/100,000 person years (95% CI 13.9–
14.9). This difference was not significant, however.

Groah et  al. [14] calculated the age-adjusted inci-
dence rate in 3670 SCI patients at 18.6/100,000 person 
years (for patients without indwelling catheters) and up 
to 77/100,000 person years for patients with indwelling 
catheter. When adjusted by age and sex, the morbidity 
rate was 15.2 times higher (95% CI 9.2–23.3) than for the 
general population.

A population-based study [29] of 54,401 SCI patients 
from Taiwan showed a lower incidence of urinary bladder 
cancer in patients with SCI (2.56/100,000 person years) 
than in the population for comparison (2.82/100,000 
person years), although it was higher in under-fifties 
(adjusted hazard ratio 1.28, 95% CI 0.64–2.59).

In contrast, another recent population-based study 
from Taiwan found a bladder cancer incidence rate of 
68.90 per 100,000 person years in 1816 SCI patients with 
a maximum follow-up of 11 years [30]. The SCI patients 
had a bladder cancer incidence that was 5.74 times 
greater than the incidence in a healthy control group. 
The adjusted hazard ratio was 6.51 (95% CI 2.56–16.52, 
p < 0.001). Interestingly, the overall bladder cancer risk 
was not significantly different between the SCI patients 
and a comparable group of non-SCI-patients with 
indwelling catheters (adjusted hazard rate 9.11, 95% CI 
3.90–21.29, p < 0.001).

By comparison, the Robert Koch Institute sets the 
age-standardised (against the European population) inci-
dence rate of bladder cancer in 2011 at 17.8/100,000 for 
male and 5.2/100,000 for female inhabitants of Germany 
[31]. The “GLOBOCAN-Project” by the International 

Agency for Research on Cancer (IARC) which is part of 
the WHO [1] estimates the age-standardised incidence 
of bladder cancer for both sexes in Germany for 2012 
at 13.4/100,000 inhabitants (men 22.7/100,000; women 
5.5/100,000).

Age structure and duration of SCI

All the studies, however, reported unanimously that the 
average age of SCI patients at the time of diagnosis was 
between 48 and 61 years, hence approximately 15–30 years 
below the average age of the general population [4–20].

Average latency between the onset of paralysis and devel-
oping bladder cancer in all the studies with a larger number 
of patients (n ≥ 10 patients) was between 21 and 34 years. 
The variation of the reported latency is wide, although blad-
der cancer in patients with fewer than 10 years of paralysis 
is a rare exception in all studies (Table 2).

Tumour characterisation and prognosis

The special histopathology and particularly aggressive 
nature of bladder tumours in SCI patients have already been 
described in earlier studies. The proportion of tumours that 
had already invaded the muscle at the time of diagnosis was 
higher [9, 20], as was the proportion of squamous cell car-
cinomas due to loss of differentiation (summary in [32] and 
Table  2). Our own data confirm this, with 19/24 invasive 
tumours and a proportion of SCC of 4/24.

The poor prognosis for the patients presented here, with a 
median survival of only 11.5 months, also corresponds to the 
numbers given in the literature. Broecker et al. [6] reported a 
median survival of 13 months, Hess et al. [16] only 7.8 months. 
The 1-year survival rates were 56% [16], 61% [13], 70% [11], 
respectively, and 50% in our own patient group.

Studies on mortality/causes of death

The few available mortality data associated with cancer of 
the urinary bladder in SCI patients support the assumption 
of a significantly higher risk of bladder cancer as the cause 
of death for patients with SCI.

El-Masri and Fellows [7] calculated it at 20 times higher 
for SCI patients.

In a recent evaluation by the National SCI Statistical 
Centre and the National Centre for Health Statistics in 
the USA, data from 45,486 patients whose paralysis was 
caused by traumatic injury were analysed starting from 
1936 (approx. 92% of the injuries were acquired after 1970) 
[27], corresponding to 566,532 years of follow-up. Among 
the 10,575 fatalities, 99 were caused by cancer of the uri-
nary bladder. The standardised mortality rate (SMR) for all 
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patients with SCI was 6.69 (male: 5.96, 95% CI 4.71–7.44, 
female: 12.21, 95% CI 7.56–18.66), which means that their 
risk of death from bladder cancer is higher by a factor of 
6.7 (95% CI 5.4–8.1) compared with the general popula-
tion. Particular risk factors were identified as more than 
10  years duration of paralysis (1–9  years SMR 1.4, 95% 
CI 0.57–2.93; 10–19 years SMR 3.96, 95% CI 2.34–6.25; 
20  years and longer SMR 17.83, 95% CI 14.00–22.39), 
especially for the age group 30–59 years (SMR 19.83, 95% 
CI 15.49–25.02). In cases of motor functionally complete 
injury (AIS A, B or C [27, 33]), the SCI level influenced 
the mortality rate: SMR was 6.03 (95% CI 2.43–12.43) in 
high-level tetraplegics (C1–C4). For tetraplegics with lower 
level of injury C5–C8, it was 14.75 (95% CI 10.09–20.82), 
and in paraplegics T1–S3 12.63 (95% CI 9.34–16.70). Mor-
tality due to bladder cancer in patients with motor function-
ally incomplete injury (AIS D), patients with a duration of 
paralysis of less than 10 years or those depending on long-
term-assisted breathing was not significantly higher.

A study in England and Wales [34] of 207 women with 
spinal cord injury showed the odds ratio of death from 
bladder cancer at 12.0 (95% CI 1.5–99.7).

Groah et al. [14] calculated the bladder cancer mortality 
risk (SMR) per 100.000 person years, standardised by age 
and gender of the general US population at 70.6 (95% CI 
36.9–123.3).

Indwelling catheters and urinary bladder cancer

It has been suggested that chronic indwelling transurethral 
and suprapubic catheters are a risk factor for developing 
bladder cancer [14]. According to a recent meta-analysis 
[35], 1% of all SCI patients with long-term indwelling 
catheters later developed a carcinoma of the urinary blad-
der. However, more than half of the reported carcinomas in 
those with SCI did not have an indwelling catheter. There-
fore, it appears that there are also other factors responsible 
for the increase in bladder cancer in SCI patients.

In many studies, especially from the USA, more than 
half the cancer patients had an indwelling catheter (Stone-
hill et al. [11] 88%, West et al. [13] 62%, Groah et al. [14] 
71%, Kalisvaart et al. [20] 64%, Nahm et al. [27] 42.9%).

Groah et  al. [14] calculated a relative risk (RR) for 
patients using indwelling catheters compared to bladder 
management without indwelling catheters of 4.9 (95% CI 
1.3–13.8, p < 0.02), Stonehill et  al. [11] of 12.8. Bladder 
cancer incidence rose after 10–19 years with an indwelling 
catheter to 86.8 per 100,000 person years, and to 398 per 
100,000 person years after more than 20 years (relative risk 
4.6, 95% CI 1.5–14.0) [14].

In a study from the German-speaking area (Pannek [15]: 
7/37 =  19%), the proportion of patients with indwelling 
catheters was much lower. In the present study, long-term T
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catheterisation was virtually negligible. Thus, the two Ger-
man studies also point to bladder cancer risk factors other 
than indwelling catheters.

However, the data situation in this case is a problem, 
especially as many patients change their method of drain-
age over time.

Whereas long-term catheterization is generally deemed 
a risk factor for carcinogenesis, newer studies [20] as well 
as our own data indicate that the risk of bladder cancer is 
higher than normal for SCI patients with or without perma-
nent catheters. Thus, thinking about screening or the issue 
of linkages should not be exclusively limited to patients 
with indwelling catheters.

Urinary tract infections and bladder cancer

SCI patients with consequential neurogenic bladder dysfunc-
tion are more vulnerable to urinary tract infections (UTI) than 
people with normal bladder function [36, 37]. UTI increases 
the incidence of bladder cancer by a factor of two to four 
[38–41]. Only Kjaer et al. [42] were not able to confirm this 
association. Prospective studies on this issue are lacking [43].

In Pannek’s retrospective data survey [15], 24.3% 
of patients had more than 10 UTI episodes per year, and 
another 40.6% had chronic infection. In our own study 
population, 10 out of 24 patients (41.66%) reported a his-
tory of recurrent UTI (3 or more episodes per year).

Nevertheless, the overall data situation is insufficient, 
and the inadequacy is aggravated by the problem of defini-
tion and evaluation of asymptomatic bacteriuria, which is 
common in SCI patients.

Bladder stones and bladder cancer

Spinal cord injury patients often suffer from bladder stones, 
depending on the type of drainage [44]. The hazard ratio 
with a suprapubic catheter compared to intermittent cathe-
terization was 10.5 (p < 0.0005, 95% CI 4.0–27.5) and with 
transurethral catheter 12.8 (p < 0.0005, 95% CI 5.1–31.9) 
[45]. In contrast to kidney stones, bladder stones pose an 
elevated risk of bladder cancer (relative risk, RR 1.8; 95% 
CI 1.1–2.8) [39].

Significantly higher rates of bladder stones have also 
been reported in SCI patients with bladder cancer [11]. 
Groah et  al. [14] using a multivariate regression model 
found no significant increase in bladder stones. In our study, 
5 out of 24 patients (20.8%) had a history of bladder stones.

At present, it is not possible to say whether this is an 
independent risk factor. However, the data indicate at least 
that classic “risk factors” like recurrent UTI or bladder 
stones are not an essential pre-condition for the develop-
ment of carcinoma of the urinary bladder.

Other risk factors

Information about smoking, which is by far the most 
important risk factor for bladder cancer, varies within wide 
limits in the retrospective studies. The proportion of smok-
ers was between 32 and 70% [15, 16, 20]. Non-smokers 
had a significantly better prognosis in a comparative study 
of SCI bladder cancer survivors and non-survivors [46].

With regard to other possible risk exposure (occupa-
tional exposure at the workplace, cyclophosphamide, radia-
tion to the pelvis, schistosomiasis), there are no studies 
reporting specifically on SCI patients.

Type of lower urinary tract dysfunction

Studies on a possible correlation between the type of 
lower urinary tract dysfunction and bladder tumours are 
also absent. In the Hamburg patient collective, 3 out of 24 
patients had a lesion of the lower motor neuron with acon-
tractile detrusor.

A summary of the risk factors is given in Table 3.

Prevention

Although there are no defined specific preventive measures, 
Frankel et al. [47] identified a 41% difference in the risk of 
dying of urological complications in two different hospitals 
using the identical method of analysis. This underscores the 
necessity for managing SCI patients in highly specialised 
centres, and the importance of standardised neuro-urologi-
cal follow-up care [48].

Screening

Even neuro-urological specialists with many years of expe-
rience in the management and care of patients with SCI are 
not able at present to give substantiated recommendations 
for a meaningful screening programme for bladder cancer 
in these patients.

Cameron et al. [49] concluded after a systematic review 
that no method of bladder cancer screening has yet been 
defined for SCI patients. At present, no evidence base exists 
for the use of urine tumour markers, cytology or annual 
cystoscopy with biopsies [50–53]. Sammer et al. [54] con-
cluded from a recent study on 129 patients with neurogenic 
lower urinary tract dysfunction (85 with SCI) that “surveil-
lance urethro-cystoscopy might be warranted, although the 
ideal starting point and frequency remain to be determined 
in further prospective studies”.

In this context, it should be mentioned that cystoscopy 
in a spinal cord lesion above T6 can trigger autonomic dys-
reflexia, which may result in complications ranging from 
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hypertensive crisis to brain haemorrhage or life-threatening 
bradycardia [55]. Therefore, in those with injuries at T6 
and above, cystoscopy needs to be done under anaesthesia 
or by a urology team that is very experienced in the evalua-
tion and management of autonomic dysreflexia.

The recommendation expressed in various guidelines 
[56–60], that screening for bladder cancer should be per-
formed in permanently catheterised patients after 10 years 
irrespective of the presence of neurogenic bladder dysfunc-
tion, is probably not adequate for patients with spinal cord 
injury in view of the most recent data. Any considerations 
in relation to screening for these patients must be based 
on the “years since injury”, without regard to the presence 
of classic risk factors such as the UTI rate or history of 
bladder stones, and irrespective of the type of neurogenic 
lower urinary tract dysfunction or bladder management.

The current EAU Neuro-Urology Guidelines [60] do not 
make any recommendation about screening.

In a decision analysis model for cost-effectiveness, gen-
erated for surveillance cystoscopy and cytology after aug-
mentation cystoplasty in children with spina bifida, Eliott 
stated that the risk of bladder cancer in a general SCI popu-
lation is not high enough to warrant screening. However, 
“this finding should not stop us from working to identify 
risk factors that place certain SCI subpopulations at a suf-
ficiently high risk that they would warrant screening” [61]. 
In the view of the authors of this paper, medical benefit 
should weigh higher than cost-effectiveness.

Treatment standards

The same treatment guidelines as for patients without SCI 
apply basically to both superficial and invasive tumours. 
Radical cystectomy is the treatment of choice, also for SCI 
patients with muscle invasion. The issue of urine drain-
age after radical cystectomy has to be addressed to a high 

degree with case-by-case decisions, including the specific 
paralysis situation of each patient and possible functional 
deficits that can no longer be compensated for after radical 
cystectomy.

A very critical approach should be adopted with regard 
to the possibility of orthotopic bladder replacement, which 
is an option suitable only for a few individual cases. The 
same applies to creating a pouch with a continent stoma 
that can be catheterised. Only a small number of isolated 
case reports on this kind of procedure are in existence at 
present [62].

In most cases, an ileum conduit for urine drainage will 
probably be the most recommendable solution in view of 
quality of life [63].

Conclusions

Data from all observations agree that the age of SCI 
patients who develop the disease is well below that of the 
normal population indicating that bladder cancer is causa-
tively associated with SCI.

The proportion of invasive tumours and squamous loss 
of differentiation is higher. Accordingly, the prognosis is 
much poorer than for the general population.

Available data indicate that the years since injury (hence, 
the duration of neurogenic bladder dysfunction) could be a 
crucial risk factor.

Long-term permanent catheterization must definitely 
be deemed a risk factor for carcinogenesis, although more 
recent studies and our own data show that the type of blad-
der drainage does not seem to be the crucial factor in asso-
ciation with SCI, nor does the level of injury or the form of 
neurogenic bladder dysfunction (neurogenic detrusor over-
activity or acontractile detrusor) appear to stratify the risk 
according to the Hamburg data.

Table 3   Summary of issues affecting bladder cancer risk in SCI patients

ISSUE Bladder cancer risk in SCI patients

Duration of SCI Average latency between the onset of SCI and developing bladder cancer was 
between 21 and 34 years. There is a wide variation of the reported latency, 
although bladder cancer in patients with fewer than 10 years of paralysis is a rare 
exception

Bladder management, indwelling catheter Probably irrelevant (according our data), whereas early studies assumed that 
indwelling catheters are causative for bladder cancer in SCI patients. Neverthe-
less, long-term catheterization must be deemed a risk factor for carcinogenesis

SCI lesion height, kind of neurogenic bladder dysfunction Probably irrelevant (according to our data)

Urinary tract infection Data situation is insufficient, partly due to difficulties in definition of urinary tract 
infection in SCI

Bladder stones Insufficient data

Smoking There are not sufficient data to assess the influence of smoking in SCI patients



993Int Urol Nephrol (2017) 49:983–994	

1 3

These data indicate that bladder cancer is a sequela 
of spinal cord injury if the latency is more than 10  years 
although the pathomechanism remains unclear. Thus, pro-
spective multi-centre studies are urgently needed to eluci-
date the underlying pathomechanism.
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