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Abstract. Background/Aim: Non-muscle invasive bladder
carcinoma (NMIBC) is highly recurrent. We studied if 5aminolevulinic acid (5-ALA) instillations before
transurethral resection of bladder tumours (TURBT) and
cystoscopy extend the time to recurrence during follow-up
with NMIBC patients. Patients and Methods: A prospective
multicenter study enrolled 328 NMIBC patients. All TURBTs
and control cystoscopies during the one-year study period
were done with or without 5-ALA instillations. The primary
endpoint was time to recurrence. The secondary endpoints
were time to recurrence after 7.5, 10.5, and 13.5 months and
the number of patients with progressive disease. Results: The
overall median follow-up time was 80.4 and 87.0 months for
the control and study groups, respectively. There was no
statistical difference in time to first recurrence between the
two groups. Conclusion: We could not obtain significant
differences between the control and 5-ALA groups in tumour
recurrence among patients with NMIBC.

At the time of detection, approximately 75% of bladder
tumours were non-muscle invasive (NMI), presenting with
the following tumour stages: Ta, carcinoma in situ (CIS), and
T1 (1). According to UICC 2009 classification Ta stage is
defined as “papillary tumour confined to the mucosa”, T1 as
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“papillary tumour invading the lamina propria” and
Carcinoma in situ as “flat high grade tumour which is
confined to the mucosa” (2). During surveillance,
recurrences are found in 50-70% of patients and 10-20% will
subsequently progress to muscle-invasive disease (3-5). At
presentation, approximately 70% of NMIBC patients have a
Ta stage tumour, 20% a T1 stage, and 5-10% carcinoma in
situ (CIS) (6-7). Early stage NMI bladder carcinoma
(NMIBC) tumours are difficult to diagnose because of their
multifocal nature or because they appear as flat lesions with
no thickening of the epithelium, such as CIS and dysplasia,
which are often covered by non-specific inflammatory
changes of the urothelial membrane (8). The quality and
completeness of transurethral resection of bladder tumours
(TURBT) depends on the experience of the urologist and the
visibility of the tumours. Detection failure can lead to
residual tumours and/or recurrence or even progression.
After conventional white light TURBT, prevalence of
residual tumours have been up to 43% indicating an
incomplete resection in the first TURBT (9).
Conventional cystoscopy is suboptimal for the detection
of flat or small bladder tumours. Photodynamic diagnosis
(PDD), also referred to as fluorescence or blue light
cystoscopy, is an adjunct to white light cystoscopy, and is
used to improve the detection of bladder tumours. Kriegmair
et al. first reported the intravesical administration of 5-ALA
(Medac, Wedel, Germany) for use in fluorescence
cystoscopy (10). In that study, no adverse events were noted
(10). Hungerhuber et al. found that the advantage of PDD
was most pronounced in the detection of CIS and dysplasia,
as 43.4% of carcinoma in situ and 30.7% of grade 2
dysplasia were detected only by PDD (11). To date, a lot of
data have accumulated on 5-ALA cystoscopy, including data
on long-term follow-up (12-16). More recently,
hexaminolevulinic acid (HAL, Hexvix©, Photocure ASA,
Oslo, Norway) was designed by esterification of the
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Figure 1. After randomization, treatments in the A group were done with a blue light and in the B group with a white light. During a one-year study
period, control cystoscopies were realized every three months in both groups. WL: White light group; 5-ALA: 5-aminolevulinic acid group; TUR:
transurethral resection of bladder tumour.

molecule. This 5-ALA derivative seemed more practical to
use, having an instillation time of only 1 h preceding
cystoscopy compared to that of 2-4 h for 5-ALA. 5-ALA is
not officially approved for fluorescence cystoscopy, whereas
HAL has been approved since May 2010 as a compound for
use only in the diagnosis for bladder cancer in Europe and
USA. The aim of the present study was to evaluate and
compare the diagnostic efficacy between 5-ALA-induced
blue light cystoscopy/TURBT and WL cystoscopy/TURBT
in suspicious lesions with respect to tumour recurrence.
More specifically, we were interested in the effect of
repeated 5-ALA instillations during follow-up.

Patients and Methods

Inclusion criteria were suspected primary or recurrent NMIBC
based on at least one documented imaging procedure such as
cystoscopy, sonography, X-ray (urography, CT), positive cytology
or positive BTA stat test (BTA stat®, RB Incorporation, Ahmedabad,
Gujarat, India). The patient was required be at least 20 years of age.
Patients with grade 3 disease and those with T category higher than
T1 were excluded from the study. Bladder instillations for
prevention of recurrence were not allowed in the first year.
A total of 328 patients were enrolled in a prospective randomised
multicenter study conducted by the FinnBladder Group between 8
October 2002 and 17 December 2007. After receipt of written
informed consent signed by the patients, the FinnBladder
randomization center was contacted by telephone or fax, after which
each patient was registered and allocated to one of two treatment
groups. In the 5-ALA group, cystoscopies and TURBTs were
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performed two hours after 5-ALA instillation. 5-ALA was used
similarly preceding the TURBT and four cystoscopies during the
first year of follow-up. The 5-ALA (Medac GmbH, Wedel,
Germany) used in the study was a dry powder dissolved just before
its instillation in the urinary bladder (1.5 g of 5-ALA dissolved in
50 ml of solvent containing 1.4% of sodium bicarbonate). In the
white light (WL) group, these operations were done conventionally
without the preceding 5-ALA instillation (Figure 1).
The cystoscopes were from Olympus (Olympus Europa SE &
CO.KG, Hamburg, Germany) and Wolf (Richard Wolf GmbH,
Knittlingen, Germany).
The study was done in accordance with Good Clinical Practice
and the Declaration of Helsinki and was approved by the local
medical ethics committee, Helsinki University Hospital, Helsinki.
The study protocol stipulated that patients with CIS and
dysplasia were to be included and followed for up to 3 months.
However, during the final analysis, the CIS and dysplasia patients
were finally removed from the study because of the small numbers
and the fact that instillation therapy had been started in many of
them. As many as 139 (42.4%) patients were ineligible for the
follow-up analysis. Randomization characteristics of the remaining
189 eligible patients are shown in Table I. The reasons for
ineligibility are listed in Table II.
Patients were evaluated every 3 months during the first year, and
thereafter according to local practice. The evaluation involved
cytology, BTA stat tests, cystoscopy and biopsies of suspicious lesions.
The sample size calculation was based on the assumed 12-month
tumour rates of 60% for the WL group and 40% for the 5-ALA
group. Using the non-parametric logrank-based statistics in a twotailed test with an alpha value of 0.05 and a beta value of 0.10, 131
patients were calculated to be required in each group. However,
after taking into account an expected 10% of patients dropping out
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Table I. Randomization characteristics of eligible patients.
Eligible for analysis
Gender
Male
Female
Age (years)
Median
1st quartile
3rd quartile
Primary tumors
Recurrent tumors
T category and grade
PUNLMP
pTaG1
pTaG2
pT1G1
pT1G2
Cytology
Negative
Positive
Inadequate
Not available
BTA stat
Negative
Positive
Not available

WL
97

68
29

69.3
62.0
77.2
70
27

%

5-ALA

70.1
29.9

65
27

51.3

72.2
27.2

69.0
60.7
76.8
72
20

55.7
6.2
20.6
17.5

52
7
15
18

20
45
17
5
10

20.6
46.4
17.5
5.2
10.3

33
12
52

34.0
12.4
53.6

54
6
20
17

92

%

48.7

70.7
29.3

All

189

133
56

78.3
21.7

69.2
61.4
77.0
142
47

56.5
7.6
16.3
19.6

106
13
35
35

12
42
24
2
12

13.0
45.7
26.1
2.2
13.0

26
6
60

28.3
6.5
65.2

%
70.4
29.6

75.1
24.9

p-Value
0.7a
0.9a

0.6b
0.3a
0.3a

32
87
41
7
22

16.9
46.0
21.7
3.7
11.6

0.3a
0.3a

59
18
112

31.2
9.5
59.3

0.2a
0.2a

All

%

56.1
6.9
18.5
18.5

0.9a
0.9a

WL: White light group; 5-ALA: 5-aminolevulinic acid group; PUNLMP: papillary urothelial neoplasia of low malignant potential; 1973 WHO
grading: Grade 1: well differentiated, Grade 2: moderately differentiated, Grade 3: poorly differentiated. aChi square statistics, bMann-Whitney
U-test.
Table II. Reasons for ineligibility.
No carcinoma in the specimen
Histological report missing
T2 or more advanced disease
CIS
pT1 G3
pTa G3
No follow-up
Ureteral carcinoma
BCG started after randomisation
5-ALA not used
Second cancer
Total

WL
27
14
10
7
5
3
1
1

%

39.7
20.6
14.7
10.3
7.4
4.4

68

5-ALA
25
11
9
9
6
1
3

3
3
1
71

WL: White light group; 5-ALA: 5-aminolevulinic acid group; BCG: bacillus Calmette-Guérin.

as well as an expected 25% of patients without tumour at
randomization or with poorly differentiated (G3) disease or T2 or
higher, the required number of patients was increased to 180
patients for each group, resulting in a total number of 360 (17).
The objective of the study was to compare the diagnostic efficacy
of 5-ALA-induced fluorescence cystoscopy/TURBT to that of white

%

35.2
15.5
12.7
12.7
8.5
4.2

4.2
4.2

52
25
19
16
11
4
4
1
3
3
1
139

37.4
18.0
13.7
11.5
7.9
2.9
2.9
2.2
2.2

light cystoscopy/TURBT with respect to tumour recurrence. The
primary endpoint was time to first recurrence. In the study protocol,
the secondary endpoints were recurrence rate at 3, 6, 9, and 12
months, number of progressions, number of lesions detected, and
disease-free status of Cis and dysplastic lesions at 3 months. After
preliminary analyses and exclusion of patients with CIS and
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Figure 2. Kaplan-Meier curves showing time to first recurrence since
randomization. WL: White light group; 5-ALA: 5-aminolevulinic acid
group; HR: hazard ratio; CI: confidence interval.

dysplasia, the secondary endpoints were modified, and these were
subsequently defined as time to recurrence after 7.5, 10.5 and 13.5
months, in addition to the number of patients with progressive
disease. The aforementioned time points correspond to the
scheduled cystoscopies at 6, 9, and 12 months, respectively, with
possible delays in performing them being taken in to account.
Recurrence was defined as a biopsy-confirmed NMIBC (TaT1) or
CIS, or positive cytology. Progression was defined as T2 or more
advanced disease. If progression was the first event without
preceding recurrence, then it was also regarded as recurrence in the
disease-free analysis. Recurrence after 7.5, 10.5, and 13.5 months
was defined as the first recurrence after the time point or
progression before the time point. Recurrences apart from
progressions before the time point were not considered as events.
For statistical analysis, we used SPSS (version 22.0.0.1, IBM, NY,
USA) provided by the Helsinki University Hospital. The KaplanMeier method was the principal tool in demonstrating the time to
recurrence, whereas the univariable Cox proportional hazards model
was the method used to estimate the statistical significance between
the two treatment groups. Chi-square statistics were used in the
cross-tabulations. The Mann-Whitney U-test was used to compare
the distributions around two medians. A p-Value less than 0.05 was
considered to be statistically significant.

Results

The overall median follow-up time was 80.4 months
(maximum 149.9 months) for the 97 patients in the WL
group and 87.0 months (maximum 153.2 months) for the 92
patients in the 5-ALA group. Regarding the primary endpoint
which was time to first recurrence, no statistical difference
was found between the two treatment groups [hazard ratio
1564

Figure 3. Kaplan-Meier curves showing time to recurrence after 7.5 (A),
9.5 (B), and 13.5 months (C). WL: White light group; 5-ALA: 5aminolevulinic acid group; HR: hazard ratio; CI: confidence interval.

(HR)=1.15, 95% confidence interval (CI)=0.77-1.73, p=0.5]
(Figure 2). The risk of first recurrence was higher in the 5ALA group although overlapping of the curves occurred in
the later part of the follow-up. The median time to recurrence
was 96.6 months in the WL group and 32.2 months in the 5ALA group.
Figures 3A-3C demonstrate that there might be a smaller
likelihood of later recurrence in the 5-ALA group compared
to the WL group, even though the difference was not
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Table III. Number of the patients treated with bacillus Calmette-Guèrin (BCG) instillations after the TURBT and timing of the beginning of the
instillation regimen.
Beginning of the
instillations (months)
5-ALA
WL

2

3

1

1

4

1

5

6

1

WL: White light group; 5-ALA: 5-aminolevulinic acid group.

significant. This tendency was most obvious starting after 7.5
months of follow-up, that is, when 5-ALA had been used in
the first two follow-up cystoscopies (Figure 3A).
During the first 13.5 months, five patients in the WL
group and seven in the 5-ALA group were treated with
bacillus Calmette-Guèrin instillations after TURBT. Table III
shows the follow-up month in which the instillation regimen
started. However, during the whole follow-up period, there
were markedly more instillation regimens started in the WL
group than in the 5-ALA group. In the WL group, 21 patients
were treated with instillation therapy in contrast to only 13
in the 5-ALA group (p=0.2, Pearson’s Chi-square).
Of the 92 eligible patients in the 5-ALA group, 91 had
data recorded for fluorescence. Of these 91 patients, 79
(87%) showed positive fluorescence of the tumour(s) at the
initial randomization cystoscopy.
A total of 52 events of biopsy-confirmed recurrence
appeared in the 5-ALA group during the first 13.5 months.
Out of the 52 events, 36 (69%) had data recorded for
fluorescence. Out of the 36 recurrences with fluorescence
data, 32 (89%) showed positive fluorescence.
Under the follow-up, two patients had progression in the
WL group and four in the 5-ALA group, while one and two
patients had advanced metastatic disease, respectively. No
local or systemic adverse reactions following 5-ALA
instillations were noticed.

Discussion

We did not find any statistically significant differences
between the two treatment groups. However, we observed
some non-significant differences. At the beginning of the
follow-up period the risk of recurrence was lower in the WL
group compared to the 5-ALA group. After two follow-up
cystoscopies, at 7.5 months, the outcome was reversed, and
a risk of recurrence seemed to be lower in the 5-ALA group.
Daneshmand et al. studied the use of PDD and flexible
cystoscopes at the surveillance of 304 patients at a high risk
of recurrence. Compared to WL only, they found 21% more
malignant tumours with PDD, which resulted in a
significantly reduced recurrence rate within 9 months

7

8

9

2

1
2

1

10

11
1

12
1

13

All
7
5

(p=0.026) (18). Our results report no benefit from using
fluorescence cystoscopy, especially at the beginning of our
follow-up time. After 7.5 months, one might detect a trend of
decreasing risk of recurrence in the 5-ALA group. However,
the use of 5-ALA type of agents in a repeated manner is
hardly cost-effective using the agents currently available.
In the meta-analysis by Kausch et al. data was collected
from prospective studies comparing WL with PDD from
1999 to 2008. Those authors’ systematic review found that
20% more cases of papillary tumours and 39% more cases
of CIS were detected by using PDD. Moreover, PDD guided
cystoscopy resulted in fewer residual tumours (OR=0.28)
and a higher recurrence-free survival (p=0.00002) (19).
These findings were also supported by a further metaanalysis by Mowatt et al. who identified a higher sensitivity
for PDD over WL in the pooled estimates for analyses at
both the patient (92% vs 71%) and the biopsy level (93% vs.
65%) (20). The specificity of PDD cystoscopy was lower
than that with WL (63% vs. 81%) (20). Factors known to
negatively affect the specificity of fluorescence cystoscopy
are inflammation (21), previous intravesical chemotherapy
(22), and recent transurethral resection of bladder tumours
(TURBT) (23). Both 5-ALA and HAL appeared to be
equally effective in PDD TURBT, which is the reason why
studies with 5-ALA and HAL are grouped together in metaanalyses (24, 25).
Two prospective randomised studies that evaluated the
impact of 5-ALA fluorescence cystoscopy guided TURBT
on disease-recurrence rate provided controversial results (26,
27). The studies neither found higher tumour detection rates
with PDD compared to WL nor any difference between
groups with regard to recurrence-free and progression-free
survival rates. However, intra-patient comparison of PDD in
patients randomised to receive 5-ALA showed a higher
tumour detection rate with fluorescent light than with WL in
both studies (26, 27). A meta-analysis by Shen et al. found
similar tumour detection rates for PDD cystoscopy (91.8%)
and WL cystoscopy (90.9%) (28), but this analysis has been
criticized for the use of multiple reports from the same
series, as the findings are in contrast with those of other
meta-analyses using similar data (29).
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The most likely explanation for our, at first sight
conflicting, results is methodological in nature. In retrospect,
our primary endpoint, the time to first recurrence, was not
necessarily the adequate endpoint for estimating the possible
benefits of the repeated use of PDD as compared with
conventional WL. In theory, and as our data suggest, by
using PDD repeatedly one may detect early recurrences more
efficiently than using WL alone. As a result, the likelihood
of non-recurrence in the PDD group inevitably becomes
inferior to that in the WL group in early follow-up. Hence,
it becomes impossible to show the superiority of PDD over
WL using the Kaplan-Meier method when the time to
recurrence is measured from the time point of the
randomization cystoscopy. In fact, and although no
significant differences were found with our limited number
of patients, there was a trend indicating higher probability
for fewer later recurrences in the PDD group compared to
the WL group, especially after 7.5 months of follow-up. In
accordance with this finding, markedly fewer instillation
regimens were started in the 5-ALA group than in the WL
group during the whole follow-up period.
Another factor that possibly contributes to our conflicting
results was that our study protocol was executed by both
experienced urologists and residents with limited experience
in cystoscopy and PDD TURBT. PDD is a more technically
demanding method than WL cystoscopy. Hence, insufficient
training and experience of some individuals may have
affected our results. Experienced urologists also obtain better
results with both methods and play an important role for the
quality of conventional and PDD TURBT (30). Moreover,
our study included both patients with newly diagnosed
NMIBC and those with recurrent tumours, and the two
tumour entities are known to have very different risks of
recurrence.
There were some additional technical problems. Although
the optimum instillation time with 5-ALA to achieve the best
visible difference has been found to be 2 to 4 hours, such an
exposure time may not have been obtained in all our
patients. The equipment was not identical in each hospital,
and not infrequently, the obtained fluorescence was reported
to be problematic. The drop-out rate was also exceptionally
high, with the number of remaining eligible patients much
lower than planned. Therefore, the likelihood of achieving
statistically significant differences was lowered.
There are no standardized recommendations for the use of
PDD for surveillance at regular intervals like we did in the
present study during the first year. If PDD equipment is
available, EAU guidelines recommends its use in TURBT in
patients harboring a high grade tumour and/or positive
cytology (31). The American Urological Association (AUA)Society of Urologic Oncology (SUO) guidelines for
managing NMIBC state that “in a patient with NMIBC, a
clinician should offer blue light cystoscopy at the time of
1566

TURBT, if available, to increase detection and decrease
recurrence” (32).
To date, the technology has improved and experience with
PDD has accumulated. At present, urologists are more
familiar and skilled with the PDD technique to obtain better
results with TURBT. Regarding NMIBC, it is generally far
easier to verify that a more appropriate treatment increases
tumour detection and reduces recurrences than to show that
it improves survival. Nevertheless, reducing disease
recurrences by orderly TURBT may prevent worsening of
the disease and affect disease control, quality of life, and
overall costs. Our conclusion is that the study was
insufficiently powered to demonstrate an advantage of the
repeated use of ALA at the control cystoscopies during the
first year of follow-up but a trend for lesser late recurrences
in the ALA group was shown.
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