
Abstract. Background/Aim: Transurethral resection of
bladder tumors (TURBT) guided by photodynamic diagnosis
(PDD) with 5-aminolevulinic acid (5-ALA) has been shown
to be superior to conventional white light (WL) cystoscopy
with regard to diagnostic accuracy, for non-muscle invasive
bladder cancer (NMIBC); however, PDD is usually
performed prior to WL TURBT. The objective of this study
was to investigate the diagnostic significance of 5-ALA-
mediated PDD following TUR of NMIBC. Patients and
Methods: In 83 NMIBC patients, all visible tumors were
completely resected under the conventional WL guidance
followed by additional resection if fluorescent lesions were
observed under the blue light (BL) guidance, and random
biopsy was further conducted. Results: With the BL source,
39 (47.0%) patients were judged to have fluorescent lesions.
Twenty (51.3%) of the 39 patients with positive findings by
PDD were diagnosed with residual cancer by additional
resection, while random biopsy detected cancers in 2 (4.5%)
of the 44 patients with negative findings by PDD.
Accordingly, the sensitivity, specificity, positive predictive
value and negative predictive value in diagnosing residual
cancer by our PDD system were 90.9, 68.9, 51.3 and 95.5%,
respectively. Univariate analysis showed that the presence of

residual cancers shown by WL TURBT was significantly
associated with the preoperative findings of urinary cytology,
tumor multiplicity, pathological T stage and tumor grade, of
which only the preoperative finding on urinary cytology was
shown to have an independent impact on the diagnosis of
residual cancer. Conclusion: 5-ALA-mediated PDD following
standard WL TURBT could improve the diagnostic accuracy
in NMIBC patients, particularly those who are positive for
preoperative urinary cytology. 

Approximately 75% of newly diagnosed bladder cancers
(BCs) are non-muscle invasive BCs (NMIBCs), characterized
by a high recurrence rate raging between 50–70% (1). The
standard-of-care for patients with NMIBC has been
transurethral resection of bladder tumors (TURBT). During
TURBT, white light (WL) cystoscopy is the conventional
method for detecting BCs; however, its ability to exactly
diagnose BCs is not entirely satisfactory due to limitations in
visualizing small and/or flat malignant lesions. Therefore,
such lesions are sometimes unrecognized without resection
under the WL guidance, which could be a possible cause for
high postoperative recurrence rate in NMIBC patients (1-3). 

In recent years, several types of novelties in imaging
technology have been introduced into clinical practice in
order to improve clinical outcomes of TURBT for NMIBC
patients by detecting tumorous lesions that are missed or
inadequately resected due to suboptimal visualization under
WL guidance (4-10). Of these, photodynamic diagnosis
(PDD) involving the oral instillation of 5-aminolevulinic acid
(5-ALA), which is metabolized to the photoactive compound
and emits red fluorescence under the blue light (BL) source,
is regarded as a promising approach in the improvement of
diagnostic accuracy during TURBT for NMIBC patients (7).
In fact, there have been several studies showing the
superiority of the TURBT using 5-ALA-mediated PDD to
that using WL cystoscopy (8-10). To date, however, the
utilities of this approach have been investigated by
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conducting the PDD prior to initiation of conventional WL
TURBT, which requires complicated procedures for
recording tumorous lesions (11, 12), maybe resulting in the
achievement of incorrect outcomes in some patients, such as
those with multiple tumors.

Considering these findings, we evaluated whether
additional resection of fluorescent lesions visualized by 5-
ALA-mediated PDD following the complete resection of
visible tumors by WL TUR could improve diagnostic
accuracy in a total of 83 patients with NMIBC.

Patients and Methods

Patients. This was a retrospective study including a total of 83
patients with lesions suspicious for BC on preoperative WL
cystoscopy who underwent TURBT combined with PDD using 5-
ALA and were subsequently diagnosed with NMIBC on
pathological examinations at our institution between January 2018
and March 2020. The design of the study was approved by the
Research Ethics Committee of our institution, and the need to obtain
informed consent to be involved in it from all of the included
patients was waived because of its retrospective fashion.

Apparatus for PDD. 5-ALA-mediated PDD was performed using a
D-LIGHT System (Karl Storz GmbH & Co., Tuttlingen, Germany),
consisting of D-Light C with a filter for transmitting BL,
HOPKINSII PDD telescope with a filter for shielding from BL and
a video camera system, which enables to switch between the BL and
WL modes for the fluorescent and conventional observations,
respectively. 

Procedure for TURBT combining with PDD. In all included patients
in this study, a solution of 5-ALA was orally administrated at 20
mg/kg body weight approximately 3 hours prior to TURBT. TURBT
was initially performed with the conventional WL source as
previously reported (13). Briefly, under general anesthesia, evidently
visible tumors were completely removed, and the muscle layer at
the bottom of index tumor was resected in order to prevent residing
tumor. After completing the resection of all tumors, PDD with the
BL source was then performed, and if fluorescent lesions were
detected, these were additionally resected. Finally, a random cold-
cup biopsy of vesical mucosa was performed under the WL
guidance targeting the trigone, posterior wall, bilateral lateral walls,
dome and anterior wall (14). Pathological examinations of resected
and biopsy specimens were carried out according to the 2002
American Joint Committee on Cancer TNM system and graded
according to the 2004 World Health Organization/International
Society of Urologic Pathology classification.

Statistical analysis. All statistical analyses were performed with
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), and p<0.05 was considered significant. Logistic regression
analysis was used to evaluate factors that predict the presence of
residual cancer lesion by our PDD system after complete resection
of visible tumors with the WL source.

Results
Major clinicopathological findings of the 83 patients
included in this study are summarized in Table I. As shown
in Table II, of these 83, 39 (47.0%) were judged to have
fluorescent lesions under the observation by the BL guidance
after WL TURBT, while there was no positive finding in the
remaining 44 (53.0%). Of the 39 patients with positive
findings on the PDD, 20 (51.3%) were diagnosed as having
residual cancer by additional resection of fluorescent lesions
detected by the BL source. In addition, random biopsy
detected cancers in 2 (4.5%) of the 44 patients with negative
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Table I. Major clinicopathological characteristics of 83 NMIBC
patients.

Gender (%) 
  Male                                                                                  75 (90.3)
  Female                                                                                 8 (9.7)
Median age (years, interquartile range)                            72 (67-80)
Median body mass index                                              23.2 (21.2-25.0)
(kg/m2, interquartile range) 

Preoperative urinary cytology (%)
  Negative (class I, II or III)                                               61 (73.5) 
  Positive (class IV or V)                                                   22 (26.5)
Maximal tumor diameter (mm, %)
  <15                                                                                    58 (69.9) 
  ≥15                                                                                     25 (30.1)
Tumor multiplicity (%)
  Single                                                                                65 (78.3) 
  Multiple                                                                            18 (21.7)
Pathological T stage (%)                                                            
  Carcinoma in situ                                                               8 (9.6) 
  Ta                                                                                       58 (69.9)
  T1                                                                                     17 (20.5)
Tumor grade (%) 
  Low                                                                                   45 (54.2) 
  High                                                                                   38 (45.8)

Table II. Association between PDD and pathological outcomes.

                                                  Pathologically confirmed cancer 

                                       Negative               Positive                     Total

PDD 
  Negative                            42                          2                            44 
  Positive                              19                         20                           39 
  Total                                   61                         22                            83

                   Accuracy of PDD (%, 95% confidence interval)

Sensitivity                                                     90.9 (70.8-98.9) 
Specificity                                                     68.9 (55.7-80.1) 
Positive predictive value                              51.3 (34.8-67.6) 
Negative predictive value                            95.5 (84.5-99.4)

PDD, Photodynamic diagnosis.



findings on the PDD, while additional malignant lesions
were not diagnosed in the 39 patients positive for the PDD
by random biopsies. Therefore, the sensitivity, specificity,
positive predictive value and negative predictive value in
diagnosing residual cancer lesions by our 5-ALA-mediated
PDD system were 90.9, 68.9, 51.3 and 95.5%, respectively.  

Univariate and multivariate analyses were then performed
to identify parameters associated with the presence of
residual cancers following WL TURBT (Table III). Of
several parameters examined, the preoperative findings on
urinary cytology, tumor multiplicity, pathological T stage and
tumor grade were shown to have significant impact on the
presence of residual cancer lesions. Of these 4 parameters,
only the preoperative findings on urinary cytology were
independently related to the diagnosis with the presence of
residual cancer lesions by our PDD system.

Discussion

It has been well characterized that despite comprehensive
progress in the management of patients with NMIBC, including
diagnosis, treatment and follow-up, they still experience a
frequent postoperative recurrence ranging between 50–70%,
which may be attributed, at least in part, to overlooking of
tumorous lesions, particularly flat and/or small lesions, during
conventional WL TURBT (1-3). In recent years, therefore, new
imaging technologies, such as PDD and narrow band imaging,
have been introduced into TURBR for NMIBC in order to
enhance the tumor visualization and to subsequently improve
diagnostic accuracy in patients with NMIBC (4-10). In
particular, the significance of 5-ALA-mediated PDD during
TURBT has been intensively investigated, and its feasibility has
been clearly demonstrated (6-10). For example, Hungerhuber et
al. analyzed TUR specimens from 4630 lesions, and repotted
that of all tumorous lesions, 92.0% were detected by 5-ALA-
mediated PDD, while 76.3% were detected under WL guidance

(9). Similarly, a multicenter phase III study for 61 NMIBC
patients undergoing TUR with orally applied 5-ALA showed
that the sensitivity of the BL source was significantly higher
than that of the WL source (6). However, these previous studies
have conducted PDD prior to WL TURBT, which may make it
difficult to clearly record tumorous lesions in some patients,
especially those with multiple tumors (11, 12), and thus could
lead to draw incorrect outcomes in the accuracy of PDD.
Considering these findings, we completely resected visible
tumors under WL guidance, and subsequently performed 5-
ALA-mediated PDD in order to exactly assess whether the PDD
could enhance the diagnostic accuracy in patients with NMIBC.

In this series, following the resection of all visible tumors,
fluorescent lesions under the BL guidance were detected in 39
of the 83 included patients, and 20 of these 39 patients with
positive findings by PDD were diagnosed with residual cancer
by additional resection of fluorescent lesions. Accordingly, it
could be concluded that at least 20 (23.7%) of the 83 patients
benefited from our PDD system. As mentioned above, due to
the different timing of the PDD in this study from those in
previous studies (6-10), it is difficult to simply compare the
outcomes among them; however, the real benefit for accurately
diagnosing NMIBC may be achieved in approximately 25% of
patients undergoing TURBT combined with 5-ALA-mediated
PDD, irrespective of the timing of PDD (6-10). For example,
Nakai et al. reported that 25.4% of tumor specimens were
diagnosed as positive by the PDD preformed prior to TURBT
(6). Collectively, these findings suggest that our PDD system
could provide the diagnostic accuracy of NMIBC similar to
that in conventional PDD followed by TURBT.

The low specificity in the diagnosis of NMIBC is a well-
known disadvantage of the PDD, including that using 5-ALA
(15, 16). In several previous studies, the specificity of PDD
was reported to be approximately 60%, which was generally
lower than that of conventional WL examinations (6-10, 17,
18). Low specificity of PDD reflects high proportion of
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Table III. Factors predicting pathological outcomes in patients with positive findings on PDD.

                                                                                                             Univariate analysis                                                    Multivariate analysis

                                                                                            OR (95% CI)                         p-Value                          OR (95% CI)                          p-Value

Gender (female)                                                                0.37 (0.10-11.0)                         0.37                                        –                                          –
Age (≥75 years)                                                                0.53 (0.49-3.94)                        0.53                                        –                                          –
Body mass index (≥25 kg/m2)                                         0.52 (0.19-2.32)                        0.52                                       –                                          –
Preoperative urinary cytology (positive)                         8.76 (2.71-28.4)                     <0.001                         6.06 (1.69-21.7)                         0.006 
Maximal tumor diameter (≥15 mm)                                1.67 (0.57-4.84)                        0.35                                       –                                         –
Tumor multiplicity (multiple)                                          3.48 (1.11-10.9)                        0.03                           1.33 (0.32-5.57)                           0.70
Pathological T stage (carcinoma in situ or T1)              4.50 (1.53-13.2)                        0.006                         2.42 (0.47-12.6)                           0.29
Tumor grade (high)                                                          4.20 (1.40-12.6)                        0.01                          1.68 (0.39-9.41)                          0.55

CI, confidence interval; OR, odds ratio; PDD, photodynamic diagnosis.



benign, but fluorescently positive lesions under the BL
guidance; therefore, unnecessary resection of such lesions
cannot be avoided based on the findings of PDD, resulting in
the increase in surgical invasiveness during TURBT. In fact,
Stenzl et al. reported that more specimens were resected from
patients undergoing TURBT combining 5-ALA-mediated
PDD than from those undergoing conventional TURBT alone
(18). In this series, however, the specificity of 5-ALA-
mediated PDD was 68.9%, which is higher than those in
previous studies. This outcome could be explained by
complete resection of visible tumors prior to PDD, which may
contribute to remove factors leading to low specificity of
PDD, such as emphasized autofluorescence and noise effect.

Since there have been insufficient findings with respect to
the cohort who are likely to benefit from the PDD, it is of
interest to identify characteristics associated with the detection
of residual cancers following WL TURBT by our PDD
system. Out of several factors examined, a positive finding on
preoperative cytology was shown to be independently
associated with the presence of residual cancer. This finding
is agreeable considering sensitive detection of carcinoma in
situ by urinary cytology, which is usually difficult to exactly
diagnose by the WL guidance alone (19). Accordingly, it is
highly recommended to perform WL TURBT followed by 5-
ALA-mediated PDD in NMIBC patients showing positive
findings on preoperative urinary cytology.

Herein, although there are several strengths, particularly
valuable findings regarding the clinical significance of PDD
after TURBT, we would like to describe several limitations of
the study. Initially, this was conducted as a retrospective single
arm study with a small sample size; therefore, it is necessary
to confirm the findings presented in this study by conducting
a prospective randomized study including a much larger
number of NMIBC patients than those in this study.
Secondary, the outcomes of this series were analyzed on
patient basis; however, the information examined on tumor
basis should also be helpful to further clarify the significance
of our PDD system. Finally, this study focused on the
diagnostic accuracy of our PDD system, while it will be
necessary to investigate whether this system affects the
postoperative recurrence by prolonging the observation period.

In conclusion, the findings presented in this study showed
that 5-ALA-mediated PDD following standard WL TURBT
could improve diagnostic accuracy in patients with NMIBC,
particularly those with positive for preoperative urinary
cytology. Furthermore, prior resection of all visible tumors may
render the subsequent procedure of 5-ALA-mediated PDD
simpler, suggesting a possible improvement of specificity in
the diagnosis of NMIBC by 5-ALA-mediated PDD.

Conflicts of Interest    

The Authors declare no conflicts of interest.

Authors’ Contributions
Study conception and design: Hideaki Miyake, Keita Tamura,
Kyohei Watanabe. Acquisition of data: Kyohei Watanabe, Keita
Tamura, Yuto Matsushita, Hiromitsu Watanabe, Daisuke Motoyama,
Toshiki Ito, Takayuki Sugiyama, Atsushi Otsuka. Analysis and
interpretation of data: Kyohei Watanabe, Hideaki Miyake. Drafting
of the manuscript: Kyohei Watanabe, Hideaki Miyake.

References
1 Lee R and Droller MJ: The natural history of bladder cancer.

Implications for therapy. Urol Clin North Am 27(1): 1-13, vii,
2000. PMID: 10696240. DOI: 10.1016/s0094-0143(05)70229-9

2 Sylvester RJ, van der Meijden AP, Oosterlinck W, Witjes JA,
Bouffioux C, Denis L, Newling DW and Kurth K: Predicting
recurrence and progression in individual patients with stage Ta
T1 bladder cancer using EORTC risk tables: a combined analysis
of 2596 patients from seven EORTC trials. Eur Urol 49(3): 466-
5; discussion 475-7, 2006. PMID: 16442208. DOI:
10.1016/j.eururo.2005.12.031

3 Sakai I, Miyake H, Harada K, Hara I, Inoue TA and Fujisawa
M: Analysis of factors predicting intravesical recurrence of
superficial transitional cell carcinoma of the bladder without
concomitant carcinoma in situ. Int J Urol 13(11): 1389-1392,
2006. PMID: 17083389. DOI: 10.1111/j.1442-2042.2006.
01562.x

4 Lee JY, Cho KS, Kang DH, Jung HD, Kwon JK, Oh CK, Ham
WS and Choi YD: A network meta-analysis of therapeutic
outcomes after new image technology-assisted transurethral
resection for non-muscle invasive bladder cancer: 5-
aminolaevulinic acid fluorescence vs hexylaminolevulinate
fluorescence vs narrow band imaging. BMC Cancer 15: 566,
2015. PMID: 26232037. DOI: 10.1186/s12885-015-1571-8

5 Chen C, Huang H, Zhao Y, Liu H, Sylvester R, Lin T and Huang
J: Diagnostic performance of image technique based transurethral
resection for non-muscle invasive bladder cancer: systematic
review and diagnostic meta-analysis. BMJ Open 9(10): e028173,
2019. PMID: 31628123. DOI: 10.1136/bmjopen-2018-028173

6 Nakai Y, Inoue K, Tsuzuki T, Shimamoto T, Shuin T, Nagao K,
Matsuyama H, Oyama M, Furuse H, Ozono S, Miyake M and
Fujimoto K: Oral 5-aminolevulinic acid-mediated photodynamic
diagnosis using fluorescence cystoscopy for non-muscle-invasive
bladder cancer: A multicenter phase III study. Int J Urol 25(8):
723-729, 2018. PMID: 29999205. DOI: 10.1111/iju.13718

7 Inoue K, Fukuhara H, Shimamoto T, Kamada M, Iiyama T,
Miyamura M, Kurabayashi A, Furihata M, Tanimura M,
Watanabe H and Shuin T: Comparison between intravesical and
oral administration of 5-aminolevulinic acid in the clinical
benefit of photodynamic diagnosis for nonmuscle invasive
bladder cancer. Cancer 118(4): 1062-1074, 2012. PMID:
21773973. DOI: 10.1002/cncr.26378

8 Inoue K, Matsuyama H, Fujimoto K, Hirao Y, Watanabe H, Ozono
S, Oyama M, Ueno M, Sugimura Y, Shiina H, Mimata H, Azuma
H, Nagase Y, Matsubara A, Ito YM and Shuin T: The clinical trial
on the safety and effectiveness of the photodynamic diagnosis of
non-muscle-invasive bladder cancer using fluorescent light-guided
cystoscopy after oral administration of 5-aminolevulinic acid (5-
ALA). Photodiagnosis Photodyn Ther 13: 91-96, 2016. PMID:
26751700. DOI: 10.1016/j.pdpdt.2015.12.011

CANCER DIAGNOSIS & PROGNOSIS 1: 201-205 (2021)

204



9 Hungerhuber E, Stepp H, Kriegmair M, Stief C, Hofstetter A,
Hartmann A, Knuechel R, Karl A, Tritschler S and Zaak D: Seven
years’ experience with 5-aminolevulinic acid in detection of
transitional cell carcinoma of the bladder. Urology 69(2): 260-264,
2007. PMID: 17320660. DOI: 10.1016/j.urology.2006.10.015

10 Kriegmair M, Zaak D, Rothenberger KH, Rassweiler J, Jocham
D, Eisenberger F, Tauber R, Stenzl A and Hofstetter A:
Transurethral resection for bladder cancer using 5-aminolevulinic
acid induced fluorescence endoscopy versus white light
endoscopy. J Urol 168(2): 475-478, 2002. PMID: 12131291.

11 Tandogdu Z, Lewis R, Duncan A, Penegar S, McDonald A, Vale
L, Shen J, Kelly JD, Pickard R, N Dow J, Ramsay C, Mostafid
H, Mariappan P, Nabi G, Creswell J, Lazarowicz H, McGrath J,
Taylor E, Clark E, Maclennan G, Norrie J, Hall E, Heer R and
PHOTO Trial Management Group: Photodynamic versus white
light-guided treatment of non-muscle invasive bladder cancer: a
study protocol for a randomised trial of clinical and cost-
effectiveness. BMJ Open 9(9): e022268, 2019. PMID:
31481549. DOI: 10.1136/bmjopen-2018-022268

12 Kutwin P, Konecki T, Cichocki M, Falkowski P and Jabłonowski
Z: Photodynamic diagnosis and narrow-band imaging in the
management of bladder cancer: a review. Photomed Laser Surg
35(9): 459-464, 2017. PMID: 28537820. DOI: 10.1089/
pho.2016.4217

13 Matsushita Y, Tamura K, Motoyama D, Ito T, Sugiyama T,
Otsuka A and Miyake H: Comprehensive assessment of
oncological outcomes in 186 patients with high-risk non-muscle-
invasive bladder cancer: A single institution retrospective study.
Mol Clin Oncol 13(3): 16, 2020. PMID: 32754330. DOI:
10.3892/mco.2020.2086

14 Kumano M, Miyake H, Nakano Y and Fujisawa M: Significance
of random bladder biopsies in non-muscle invasive bladder
cancer. Curr Urol 7(2): 57-61, 2013. PMID: 24917759. DOI:
10.1159/000356249

15 Kriegmair M, Baumgartner R, Knüchel R, Stepp H, Hofstädter
F and Hofstetter A: Detection of early bladder cancer by 5-
aminolevulinic acid induced porphyrin fluorescence. J Urol
155(1): 105-9; discussion 109-10, 1996. PMID: 7490803.

16 Riedl CR, Plas E and Pflüger H: Fluorescence detection of bladder
tumors with 5-amino-levulinic acid. J Endourol 13(10): 755-759,
1999. PMID: 10646684. DOI: 10.1089/end.1999.13.755

17 Zaak D, Kriegmair M, Stepp H, Stepp H, Baumgartner R,
Oberneder R, Schneede P, Corvin S, Frimberger D, Knüchel R
and Hofstetter A: Endoscopic detection of transitional cell
carcinoma with 5-aminolevulinic acid: results of 1012
fluorescence endoscopies. Urology 57(4): 690-694, 2001. PMID:
11306382. DOI: 10.1016/s0090-4295(00)01053-0

18 Stenzl A, Penkoff H, Dajc-Sommerer E, Zumbraegel A, Hoeltl
L, Scholz M, Riedl C, Bugelnig J, Hobisch A, Burger M, Mikuz
G and Pichlmeier U: Detection and clinical outcome of urinary
bladder cancer with 5-aminolevulinic acid-induced fluorescence
cystoscopy: A multicenter randomized, double-blind, placebo-
controlled trial. Cancer 117(5): 938-947, 2011. PMID:
21351082. DOI: 10.1002/cncr.25523

19 Williamson SR, Montironi R, Lopez-Beltran A, MacLennan GT,
Davidson DD and Cheng L: Diagnosis, evaluation and treatment
of carcinoma in situ of the urinary bladder: the state of the art.
Crit Rev Oncol Hematol 76(2): 112-126, 2010. PMID:
20097572. DOI: 10.1016/j.critrevonc.2010.01.005

Received April 8, 2021
Revised May 8, 2021

Accepted May 17, 2021

Watanabe et al: 5-AL-mediated PDD Following WL TUR of NMIBC

205


