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Purpose: The aim of this study was to evaluate the efficacy and safety of hexaminolevuli-
nate fluorescence cystoscopy in the diagnosis of bladder cancer. 
Materials and Methods: In a prospective design, we included patients who had a bladder 
lesion suggesting bladder cancer. Patients with massive hematuria, urethral Foley 
catheter insertion, chronic retention state, or urinary tract infection were excluded. 
After the bladder was emptied, hexaminolevulinate was gently administered into the 
bladder. One hour later, cystoscopy under white light and blue light was performed. 
After marking the lesions confirmed with white light or blue light, transurethral re-
section of the bladder lesion and pathologic confirmation were done. Transurethral re-
section of the lesions that were negative in both white and blue light was also performed. 
Results: From April 2010 to September 2010, 30 patients were enrolled. From the total 
of 30 patients (25 men and 5 women; mean age, 60.4±9.22 years), 134 specimens were 
extracted. Among these, 101 specimens showed positive results by blue light cystoscopy 
(BLC). The sensitivity of BLC and white light cystoscopy (WLC) was 92.3% and 80.8%, 
respectively (p=0.021). The specificity of BLC and WLC was 48% and 49.1%, re-
spectively (p>0.05). The positive and negative predictive values of BLC were 71.2% and 
81.8%, respectively, whereas those of WLC were 72.0% and 68.6%, respectively. With 
WLC, 48 specimens showed negative findings, but of that group, 15 specimens (31.2%) 
were revealed to be malignant with BLC. There were no significant side effects in the 
24 hours after the instillation of hexaminolevulinate. 
Conclusions: Photodynamic diagnosis with hexaminolevulinate helps to find tumors 
that could be missed by use of WLC only. Photodynamic diagnosis might be valuable 
in complete resection as well as for more accurate diagnosis of bladder tumor.
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INTRODUCTION

Urothelial carcinoma of the bladder is the sixth most fre-
quent malignant disease in industrial countries [1] and the 
second common cancer of the urogenital system in Korea. 
Approximately 70% of all patients with newly diagnosed 
urothelial cancer have nonmuscle-invasive bladder cancer 
[2]. Initial treatment of such tumors consists of transure-
thral resection (TUR), but at the first follow-up, the re-

currence rate is between 3.4% and 45.8% [3,4]. The proba-
bilities of recurrence and progression for Ta and T1 bladder 
cancer at 1 year range from 15 to 61% and from ＜1 to 17%, 
respectively. At 5 years, the probabilities of recurrence and 
progression range from 31 to 78% and from ＜1 to 45%, re-
spectively [5].

Although white light cystoscopy (WLC) is still regarded 
as the gold standard for the diagnosis of bladder cancer, its 
sensitivity and specificity are not entirely satisfactory 
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TABLE 1. Baseline characteristics of the patients

Characteristic Value

No. of patients
Age (yr)
Gender
    Male
    Female
Body mass index (kg/m2)
History of bladder tumor
Urine cytology
    Malignant
    Suspicious
    Atypical
    Negative
Pathologic status
    pTa
    pT1
    pT2
    G1
    G2
    G3

              30
60.43±9.22 (35–80)
 
              25 (83.3)
                5 (16.7)
24.73±4.23 (8.62–31.19)
              14 (46.7)
 
                6 (20)
                2 (6.6)
              10 (33.3)
              12 (40)
 
              10
              12
                2
                6
              15
                6

Values are presented as mean±SD (range) or number (%).

[6,7]. Small bladder cancers or flat lesions such as carcino-
ma in situ (CIS) can be easily overlooked. It has been esti-
mated that approximately 10 to 20% of tumors are not dis-
covered by conventional WLC [8]. Such remnant tumors 
could lead to a significant increase in incomplete resection 
of tumors, which in turn would lead to a high risk of re-
currence of bladder cancer. Resection or complete destruc-
tion of a bladder cancer is considered the main factor pre-
venting the recurrence of bladder cancer. 

To resolve these problems, fluorescence cystoscopy has 
been studied and, more recently, photodynamic diagnosis 
(PDD) has been viewed as a valuable aid to TUR of bladder 
cancer [9]. 

To date, two PDD agents have been studied in larger tri-
als: delta-aminolevulinic acid (ALA) and its derivative, 
hexaminolevulinate (HAL; Hexvix, PhotoCure, Norway) 
[10-12]. ALA was the first product used for PDD. After the 
improved ester HAL was introduced, PDD came into broad 
practical use. The basis of PDD is the preferential accumu-
lation of the photoactive porphyrin in neoplastic tissue, re-
sulting in red fluorescence-emitting tumors. HAL and 
5-ALA have been studied in many large trials. Compared 
with 5-ALA, HAL provides the benefits of increased se-
lectivity, brighter fluorescence, and a shorter instillation 
time. HAL generates up to four times the levels of the fluo-
rescent molecule, protoporphyrin IX, in half the time. 

The European Association of Urology Guidelines state 
that fluorescence cystoscopy, performed in blue light and 
using a porphyrin-based photosensitizer, may help in dis-
covering suspicious areas not visible in white light [9]. 
However, there were previously no data for HAL cysto-
scopy in Korean patients.

The aim of this study was therefore to evaluate the effi-
cacy of HAL fluorescence cystoscopy in the diagnosis and 
management of bladder cancer and to compare it with that 
of standard cystoscopy. 

MATERIALS AND METHODS

We conducted a prospective study at our hospital between 
April 2010 and September 2010. Our Institutional Review 
Board approved this study, and written informed consent 
was obtained from all participants before enrollment.

Thirty patients were diagnosed as having bladder cancer 
by use of cystoscopy or urine cytology. Cytology-positive re-
sults meant that malignancy or suspicious malignancy was 
observed on two consecutive urine cytology tests. 

Patients were excluded if they had massive hematuria 
(blue light is highly absorbed by blood and clots), moderate 
to severe leukocyturia, urethral Foley catheter insertion, 
chronic retention state, urinary tract infection, history of 
bladder cancer, or imaging evidence of upper urinary tract 
disease, pregnancy, hypersensitivity to porphyrins, or re-
nal or hepatic impairment. 

A solution of HAL hydrochloride (50 ml, 1.7 mg/ml, 8 mM, 
Hexvix, PhotoCure, Norway) in buffered saline solution 
was instilled via a 14-Fr Foley catheter inserted into the 

bladder and retained for 60 minutes before cystoscopy. The 
Storz D-light-C system with a xenon arc lamp as a source 
was used in all cases. One hour later, the bladder was first 
inspected under WLC, and the number and location of can-
cers were noted, followed by blue light cystoscopy (BLC) 
with all suspected lesions documented before TUR. After 
marking the lesions confirmed with WLC or BLC, TUR of 
the lesion and pathologic confirmation were followed. A to-
tal of 134 biopsy procedures were done. TUR of the lesions 
that were negative under both white and blue light was also 
performed randomly to calculate sensitivity and specificity. 

The primary endpoint was the sensitivity and specificity 
of HAL in the diagnosis and treatment of bladder cancer. 
In addition, we compared sensitivity and specificity be-
tween WLC and BLC, positive and negative predictive val-
ues, and side effects of the drug.

RESULTS

Between April 2010 and September 2010, 30 patients who 
had a bladder lesion suggestive of bladder cancer were 
enrolled. The patients’ characteristics are shown in Table 
1. A total of 25 males and 5 females were included; the mean 
age of the study sample was 60.4±9.22 years. Of the pa-
tients, 53.4% (16) had recurrent disease and 46.6% of the 
patients (14) had newly diagnosed cancer. From the total 
of 30 patients, 134 specimens were extracted and more in-
formations were in Table 2, 3. Bladder cancer was diag-
nosed in 77 specimens, and nonbladder cancer was diag-
nosed in 57 specimens. In normal tissue, 25 were normal 
tissue, 2 were squamous metaplasia, and 30 were chronic 
inflammation. Of the chronic inflammation specimens, 23 
were positive in BLC, compared with 19 positive in WLC.
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TABLE 2. Fluorescence and pathologic characteristics of 134 specimens 

Characteristic
Blue light cystoscopy White light cystoscopy

Total
Positive Negative Positive Negative

Normal
Squamous metaplasia
Chronic inflammation
Carcinoma in situ
pTa
pT1
At least pT2
Total

5
1

23
12
36
22

2
101

20
1
7
0
5
0
0

33

4
1

19
10
32
18

2
86

21
1

11
2
9
4
0

48

25
2

30
12
41
22

2
134

Values are presented as no. of patients.

TABLE 3. Fluorescence findings and pathologic diagnosis for BLC specimens

BLC (+) BLC (‐) WLC (+) WLC (‐) Total

Presence of cancer
Absence of cancer 
Total

72
29

101

5
28
33

62
24
86

15
33
48

77
57

134

BLC, blue light cystoscopy; WLC, white light cystoscopy.

There were 12 CIS lesions. With BLC, all CIS lesions 
were detected, whereas only 10 lesions (83%) were detected 
with WLC. 

1. White light cystoscopy
A total of 86 specimens showed positive results with WLC. 
Among these cases, 62 cases were confirmed bladder can-
cer, whereas 24 specimens showed negative findings with 
WLC. Therefore, the positive and negative predictive value 
of WLC were 72.1% and 68.8%, respectively. The sensi-
tivity and specificity of WLC were 80.5% (62/77) and 57.8% 
(33/57), respectively. 

2. Blue light cystoscopy
A total of 101 specimens showed positive results with BLC. 
Among these cases, 72 cases were confirmed bladder 
cancer. Thus, the positive predictive value of BLC in the 
diagnosis of bladder cancer was 71.2%. Thirty-three speci-
mens showed negative results with BLC. After examina-
tion of these lesions, 27 cases had not shown bladder cancer. 
Thus, the negative predictive value of BLC in the diagnosis 
of bladder cancer was 81.8%. 

The sensitivity of BLC in the diagnosis of bladder tumor 
was 92.3% (72/78) and the specificity was 49.1% (27/56). 
With WLC, 48 specimens were negative, but 23 of them 
were positive with BLC (47.91%). Within this group, 15 
specimens were revealed to be bladder cancer. The sensi-
tivity of BLC was higher than that of WLC (p=0.021), 
whereas the specificity of WLC and BLC showed no sig-
nificant difference.

3. Side effects
Side effects of HAL are rarely reported. We checked urinary 

retention, nausea, vomiting, constipation, pain, fever, skin 
lesions, elevated liver enzymes or bilirubin, and sepsis. 
However, the examination was well tolerated and there 
were no significant side effects in the 24 hours after the in-
stillation of HAL.

DISCUSSION

PDD has recently been viewed as a valuable aid to TUR of 
bladder cancer as reflected in current guidelines. The origi-
nal substance used for fluorescence endoscopy was ALA 
(5-aminolevulinic acid). Improved tumor detection by 
ALA-induced fluorescence endoscopy has been demon-
strated by several investigators and averages 20% com-
pared with conventional WLC.

Kriegmair et al. [13] showed that sensitivity of the PDD 
group was 97% and the specificity was 67%, with 73% and 
69% in the WLC group. Filbeck et al. [14] showed similar 
results of 96% and 67% in the PDD group for sensitivity and 
specificity versus 68% and 66% in the WLC group. 

In addition, Daniltchenko et al. [15] studied the 
long-term benefits of 5-ALA in TUR of superficial bladder 
cancer in 102 patients with a median follow-up of 42 
months for the PDD group and 39 months for the WLC 
group. The recurrence-free survival rate was higher in the 
PDD group (41%) than in the WLC group (25%). 

By comparison with ALA, HAL provides deeper tissue 
penetration and improved accumulation in neoplastic 
cells. Lange et al. [16] showed a high level of demarcation 
between red fluorescence malignant cells and blue light 
normal tissues.

Schmidbauer et al. [17] studied 52 patients with bladder 
cancer and calculated that HAL imaging has 96% sensi-
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tivity compared with 73% for WLC. After several studies 
indicated that HAL cystoscopy has the potential for im-
proved detection in superficial bladder cancer, open, large 
randomized studies comparing the effectiveness of PDD 
using HAL with WLC showed similar results.

Jichlinski et al. [18] reported that among 45 patients, a 
total of 43 were diagnosed by fluorescence cystoscopy com-
pared with 33 diagnosed by white light for sensitivity of 
96% and 73%. HAL cystoscopy was found to be particularly 
useful for finding CIS in 13 patients, because all except 1 
were diagnosed or confirmed by HAL cystoscopy. Jocham 
et al. [12] reported that 96% of all tumors were detected 
with HAL imaging compared with 77% by use of standard 
cystoscopy. This difference was particularly noticeable for 
dysplasia (93% vs. 48%), CIS (95% vs. 68%), and superficial 
papillary tumors (96% vs. 85%). Overall, 17% of patients 
received more appropriate treatment. 

The diagnostic accuracy in our series was significantly 
improved for BLC (92.3%) by comparison with WLC 
(80.5%). We demonstrated that 29.5% of our patients re-
ceived a diagnosis of bladder cancer by BLC, whereas they 
were diagnosed as having no cancer on WLC. These addi-
tional findings of cancers have a significant impact on more 
complete treatment. 

CIS is an emphasized target of PDD. CIS is highly pre-
dictive of progression to invasive cancer and requires 
prompt treatment but is not easily detected under WLC. 
The results obtained by Geavlete et al. [19] described a CIS 
detection rate of 95.7% for BLC, superior to WLC, which 
diagnosed only 51% of the CIS lesions. Other studies 
showed similar results of a CIS detection rate of 97% for 
BLC and 58% for WLC. Our study also showed that 100% 
(12/12) of CIS lesions were detected by BLC. 

No local or systemic adverse events were reported, in-
cluding urinary retention, nausea, vomiting, constipation, 
pain, fever, skin lesion, elevated liver enzyme or bilirubin, 
or sepsis. In our study, a total of 30 patients were enrolled 
and our mean follow-up period was 21.1 months and the 
bladder cancer recurrence rate was 20% (6 patients). 
Among those patients, 3 patients showed T1 stage bladder 
cancer and among them, 2 patients experienced recurrence 
with T2 stage bladder cancer and were treated by radical 
cystectomy. Another 3 patients showed Ta stage bladder 
cancer and recurrence of the same stage bladder cancer. No 
recurrence was found in the patients with CIS lesions. 

This study had some limitations. Whereas an increased 
bladder cancer detection rate has an impact on tumor de-
tection and more precise treatment of bladder cancer, there 
are insufficient data about the relation between increased 
diagnostic accuracy and the bladder cancer recurrence rate 
or survival benefit. Lately, some studies have shown that 
PDD leads to improved treatment in 1 of 5 patients and re-
duces residual cancer rates and increases cancer-free sur-
vival significantly. Additional studies about PDD and the 
bladder cancer survival rate are needed.

CONCLUSIONS

PDD with HAL helps to detect cancer lesions that could be 
missed with WLC only, especially CIS lesions. PDD might 
be valuable in complete resection as well as for more accu-
rate diagnosis of bladder cancer. 
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