
Abstract. Background/Aim: Diagnostic efficacy and
treatment outcome of orally administered 5 aminolevulinic
acid (ALA) assessment for photodynamic diagnosis (PDD)
in transurethral resection for non-muscle-invasive bladder
cancer (NMIBC) in clinical practice. Patients and Methods:
A retrospective analysis was performed of 105 patients who
underwent PDD transurethral resection using orally
administered ALA and were pathologically diagnosed with
Ta, T1, or Tis at the Ishikawa Prefectural Central Hospital
from December 2018 to May 2022. Results: Fluorescent light
had a significantly higher sensitivity but a lower specificity
in detecting carcinoma compared to white light (91.7% vs.
77.1%; p<0.05 and 43.0% vs. 85.2%; p<0.05, respectively),
as well as in detecting carcinoma in situ lesions (80.4% vs.
28.6%; p<0.05 and 23.3% vs. 84.5%; p<0.05, respectively).
The cumulative frequency of recurrence and progression 1
year after treatment were 26.3% and 12.3%, respectively.
Multivariate analyses indicated that a Bacillus Calmette-
Guérin (BCG) history instillation was an independent
predictive factor for intravesical recurrence (hazard
ratio=4.439; p=0.002) and disease progression (hazard
ratio=8.534; p=0.005). The 1-year cumulative recurrence
rates were 66.2% and 16.5%, respectively (p<0.001), and

progression rates for patients with and without prior BCG
intravesical instillation were 50.4% and 3.5%, respectively
(p<0.001). Conclusion: Sufficient diagnostic accuracy and
relatively good treatment outcome was shown in PDD-
transurethral resection using ALA. However, prior BCG
intravesical instillation for NMIBC patients was a poor
prognostic factor of cancer recurrence and progression, and
may be useful for clinicians in their postoperative follow-up.

Transurethral resection of bladder tumor (TURBT) by
intraoperative cancer detection under white light (WL) (1) is
the standard therapy for non-muscle-invasive bladder cancer
(NMIBC) in clinical practice, which accounts for
approximately 70% of bladder cancers (BCs). However,
about 50% of NMIBCs recur, and BC invades the muscle
layer in the recurrence process in 15%-30% of cases (2).
Therefore, improving TURBT quality and increasing the
complete tumor resection rate is essential to reduce the
recurrence risk. The protoporphyrin IX precursor called 5-
aminolevulinic acid (ALA) is attracting attention as a new
generation photosensitive material for photodynamic
diagnosis (PDD). PDD assisted TURBT using orally
administered ALA has demonstrated clear advantages in
Japan in terms of increased tumor detection and improved
oncological outcome (3-7). Clinical data originating from
Japan are not yet sufficient, although ALA was made
available under the Japanese public medical insurance
system in 2017. 

Recently, the Bacillus Calmette-Guérin (BCG)
unresponsive disease concept was advocated; a group of
diseases that recur despite adequate BCG intravesical therapy
and are considered ineffective for reintroduction of BCG
intravesical therapy (8, 9). However, it is unclear how prior
BCG intravesical treatment affects outcomes after TURBT
for NMIBC in the PDD era.

Hence, this study aimed to determine the diagnostic
accuracy of PDD-assisted TURBT using ALA in real
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clinical practice, and to retrospectively identify prognostic
factors for predicting recurrence and progression after PDD-
assisted TURBT.

Patients and Methods
Patients. A total of 130 patients underwent PDD-TURBT using
orally administered ALA at the Ishikawa Prefectural Central
Hospital from December 2018 to May 2022. Of these, 105 patients
pathologically diagnosed with Ta, T1, or Tis BC were included in
this retrospective study. The Medical Ethics Committee of Ishikawa
Prefectural Central Hospital approved this study.

Data collection and variable definitions. The patients’ clinical
characteristics including age, sex, previous recurrence status,
positive preoperative urinary cytology presence, BCG intravesical
infusion therapy history, and postoperative intravesical infusion
therapies were retrospectively reviewed, as shown in Table I. The
oncological variables were assessed according to a web-based
calculator (10), including tumor size and multiplicity, pathological
T stage, tumor grade, and European Association of Urology (EAU)
prognostic factor risk classification (11). The Common Terminology
Criteria for Adverse Events v5.0 was used to assess ALA-related
adverse events.

Cumulative intravesical recurrence and progression were defined
as the time from the initial transurethral resection day to the first
intravesical recurrence, and the time from the appearance of bladder
muscle layer invasion or metastasis, respectively.

Surgical procedure. ALA (ALAGLIO®; SBI Pharmaceuticals,
Tokyo, Japan) was diluted in 50 ml of water and administered orally
at 20 mg/kg, usually 3 h (range=2-4 h) before surgery in clinical
practice. Cystoscopic observation and tissue collection were

alternately performed under a WL and fluorescent light (FL) source.
A Storz D-LIGHT C/AF System (KARL STORZ GmbH, Tuttlingen,
Germany) and an IMAGE1 S™ Camera Systems (KARL STORZ
GmbH) were used to carry out PDD assistance during surgery.

Protocol for follow-up after TURBT. Whether adjuvant intravesical
infusion therapies were performed depended on the judgment of the
individual physician based on pathological results after TURBT.
Postoperative follow-up protocols included cystoscopy and urine
cytology every 3-6 months at the individual physician’s discretion.

Diagnostic accuracy in PDD-TURBT. PDD-TURBT’s diagnostic
accuracy was examined by comparing endoscopic findings
according to WL or FL with pathology results, and determining the
sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) in accordance with previous reports (12).

Statistical analyses. Significant differences between WL and FL
were determined by McNemar’s test for sensitivity and specificity,
and by chi-square test for PPV and NPV. The Kaplan-Meier method
was used to calculate the cumulative intravesical recurrence and
progression rates and statistically compared using the log-rank test.
The Cox proportional hazards models were used to perform the
univariate and multivariate analyses to evaluate the prognostic
variables affecting recurrence and progression. The GraphPad Prism
version 6.07 (GraphPad Software Inc., San Diego, CA, USA) and
IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA)
were used to perform statistical analyses. Statistical significance was
defined as a p-value <0.05.
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Table I. Patient characteristics.

                                                                                                     N=105

Age, years, median (IQR)                                                       72 (69-77)
Sex                                                                                                     
   Male                                                                                       88 (83.8)
   Female                                                                                    17 (16.2)
Past history                                                                                       
   Primary case                                                                          59 (56.2)
   Recurrence case                                                                     46 (43.8)
Preoperative cytology                                                                      
   Positive                                                                                   55 (52.4)
   Negative                                                                                 47 (44.8)
   Not available                                                                            3 (2.8)
Prior BCG therapy                                                                    17 (16.2)
Operation time, min, median (IQR)                                        36 (23-52)
Adjuvant instillation                                                                         
   Immediate single instillation with THP                               78 (74.3)
   THP maintenance                                                                  26 (24.8)
   BCG                                                                                       48 (45.7)
   None                                                                                       31 (29.5)

IQR: Interquartile range; BCG: Bacillus Calmette-Guérin; THP:
pirarubicin. Data presented as n (%), unless otherwise noted.

Table II. Oncological findings.

                                                                                                     N=105

Multiplicity                                                                                       
   Single                                                                                     50 (47.6)
   Multiple                                                                                  55 (52.4)
Tumor size                                                                                        
   <1 cm                                                                                     32 (30.5)
   1-3 cm                                                                                    47 (44.8)
   ≥3 cm                                                                                       3 (2.9)
   Unknown                                                                                23 (21.9)
Pathological T stage                                                                         
   Ta                                                                                            58 (55.2)
   T1                                                                                           24 (22.9)
   Tis                                                                                           12 (11.4)
   Ta+Tis                                                                                      7 (6.7)
   T1+Tis                                                                                      4 (3.8)
Grade                                                                                                 
   Low                                                                                        23 (21.9)
   High                                                                                        69 (65.7)
   Unknown                                                                                13 (12.4)
EAU risk classification                                                                    
   Low                                                                                        12 (11.4)
   Intermediate                                                                           32 (30.5)
   High                                                                                        50 (47.6)
   Very high                                                                                  7 (6.7)
   Unknown                                                                                  4 (3.8)

EAU: European Association of Urology. Data presented as n (%).



Results

Clinical and oncological findings. This study included 327
total specimens from 105 patients. The median follow up
period was 365 days [interquartile range (IQR)=174-719
days]. Table II shows the clinicopathological outcomes. The
median tumor size was 1.0 cm (IQR=0.5-1.5 cm). Of the 105
patients, 58 (55.2%), 24 (22.9%), 12 (11.4%), 7 (6.7%), and
4 (3.8%) were in pathological stage Ta, T1, Tis, Ta+Tis, and
T1+Tis, respectively. Tumor grade was low grade in 23
patients (21.9%), high grade in 69 (65.7%), and unknown in
13 (12.4%). According to the EAU risk classification, 12
patients (11.4%) were at low-risk, 32 (30.5%) were at
intermediate-risk, 50 (47.6%) were at high-risk, 7 (6.7%)

were at very high-risk, and 4 (3.8%) were unknown,
respectively. Prior intravesical BCG treatment was
administered in 17 patients (16.2%) and complete resection
was achieved in 92 patients (87.6%).

FL and WL efficacy for total lesions and carcinoma in situ
lesions. The sensitivity, specificity, PPV, and NPV for
detecting urothelial carcinoma were 77.1% [95% confidence
interval (CI)=70.5-82.8%], 85.2% (95%CI=78.1-90.7%),
88.1% (95%CI=82.2-92.6%), and 72.3% (95%CI=64.7-
79.1%) for WL, and 91.7% (95% CI=86.8-95.2%), 43.0%
(95%CI=34.5-51.8%), 69.6% (95%CI=63.5-75.2%), and
78.4% (95%CI=67.3-87.1%) for FL, respectively. In
contrast, for detecting carcinoma in situ (CIS) lesions, WL
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Table III. White light and fluorescent light diagnostic accuracy in all 327 specimens.

                         WL(+) or      Sensitivity (%)     WL(−) or FL(−)/      Specificity (%)       Positive             Positive           Negative          Negative
                        FL(+)/total          (95%CI)              total negative               (95%CI)              lesion/             predictive            lesion/            predictive
                          positive                                               lesion                                                 WL(+)            value (%)            WL(−)            value (%)
                            lesion                                                                                                          or FL(+)            (95%CI)            or FL(−)           (95%CI)

WL                    148/192       77.1 (70.5-82.8)            115/135             85.2 (78.1-90.7)      148/168       88.1 (82.2-92.6)      115/159     72.3 (64.7-79.1)
(All tumor)

FL                      176/192       91.7 (86.8-95.2)             58/135              43.0 (34.5-51.8)      176/253       69.6 (63.5-75.2)        58/74       78.4 (67.3-87.1)
(All tumor)                                                                                                                                                                                                      
p-Value                                         p<0.05                                                     p<0.05                                        p<0.05                                      p=0.33
WL (CIS)            16/56         28.6 (17.3-42.2)            229/271             84.5 (79.6-88.6)         16/58         27.6 (16.7-40.9)      229/269     85.1 (80.3-89.2)
                                                                                                                                                                                                                         

FL (CIS)              45/56         80.4 (67.6-89.8)             63/271              23.3 (18.4-28.7)        45/253        17.8 (13.3-23.1)        63/74       85.1 (75.0-92.3)
p-Value                                         p<0.05                                                     p<0.05                                        p=0.09                                      p=0.99

WL: White light; FL: fluorescent light; CIS: carcinoma in situ; CI: confidence interval. All lesions were included in the analysis of diagnostic
accuracy of WL and FL. Positive and negative lesions indicate histological classification as tumor-positive and -negative, respectively.

Figure 1. Kaplan-Meier analyses for time to recurrence in (A) overall patients and (B) patients stratified by the European Association of Urology
risk classification. 



and FL had a sensitivity of 28.6% (95%CI=17.3-42.2%) and
80.4% (95%CI=67.6-89.8%), specificity of 84.5%
(95%CI=79.6-88.6%) and 23.3% (95%CI=18.4-28.7%), PPV
of 27.6% (95% CI=16.7-40.9%) and 17.8% (95%CI=13.3-
23.1%), and NPV of 85.1% (95%CI=80.3-89.2%) and 85.1%
(95%CI=75.0-92.3%), respectively. FL had a significantly
higher sensitivity but lower specificity for detecting
carcinoma as well as CIS lesions compared to WL (p<0.05,
Table III).

Survival rates and prognostic factor. Of the 105 patients, 27
(25.7%) had tumor recurrence and 14 (13.3%) developed
MIBC or distant metastasis. The recurrence proportion 1

year after treatment was 26.3% (Figure 1A), and 1-year
cumulative recurrence rates for low-, intermediate-, high-,
and very high-risk patients according to the EAU risk
classification were 10.0%, 18.3%, 29.7%, and 100%,
respectively (p=0.004; Figure 1B). Progression 1 year after
treatment was 12.3% (Figure 2A), and the 1-year cumulative
progression rates for low-, intermediate-, high-, and very
high-risk patients were 0%, 4.2%, 17.7%, and 33.3%,
respectively (p=0.020; Figure 2B). Multivariate analysis
demonstrated that a BCG instillation history was
independently associated with intravesical recurrence [hazard
ratio (HR)=4.439; 95%CI=1.725-11.422; p=0.002] as well as
disease progression (HR=8.534; 95%CI=1.898-38.370;

in vivo 36: 2952-2959 (2022)

2955

Figure 2. Kaplan-Meier analyses for time to progression in (A) overall patients and (B) patients stratified by the European Association of Urology
risk classification. 

Figure 3. Kaplan-Meier analyses for time to (A) recurrence and (B) progression in patients with and without prior Bacillus Calmette-Guérin
intravesical instillation. 
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p=0.005) (Table IV). The 1-year cumulative recurrence rates
were 66.2% and 16.5%, respectively (p<0.001; Figure 3A),
and progression rates were 50.4% and 3.5%, respectively
(p<0.001; Figure 3B), for patients with and without prior
BCG intravesical instillation.

Treatment-related toxicities. Of the 105 patients, 9 (8.6%)
experienced liver dysfunction, of which 5 were grade 1, 3 were
grade 2, and 1 was grade 3. About 15 patients (14.3%)
experienced nausea with grade 1; 18 patients (17.1%)
experienced hypotension, of which 5 were grade 1 and 13 were
grade 2; and 2 patients (1.9%) experienced hypoxia with grade
1. No severe, life-threatening adverse reactions were observed.

Discussion

PDD-assisted TURBT using ALA is becoming increasingly
popular in Japan, and its usefulness has been reported in
several studies (3, 4, 6, 7). Moreover, several recent
systematic reviews revealed that TURBT with PDD could
reduce BC recurrence and resulted in a progression risk
reduction compared to conventional TURBT with WL (13-
15). This retrospective study found that FL had significantly
higher sensitivity and lower specificity than WL, similar to
previous reports (5, 16). PDD sensitivity was more than 50%
higher than that of WL in diagnostic accuracy for CIS,
reflecting ALA-PDD strength. Although a recent meta-
analysis reporting 1-year recurrence-free survival with ALA-
PDD was 50.4-89.6% (vs. 39.0-85.0% for WL) (14), the 1-
year recurrence rate in the present study was similar.

This present study interestingly showed that a BCG
instillation history was independently associated with
intravesical recurrence and disease progression. Intravesical
BCG immunotherapy can prevent recurrence (17-19) and
potentially lower the risk of tumor progression (20, 21).
Actually, of the 17 patients with an intravesical BCG
infusion history, 11 and 8 patients experienced recurrence
and progression, respectively. In particular, 7 patients were
diagnosed with BCG unresponsive disease; 6 patients
developed recurrence, and 5 patients developed MIBC or
metastatic disease, supporting their poor prognosis. Thus,
frequent cystoscopy and imaging tests may be necessary for
postoperative patient follow-up with a BCG administration
history or BCG unresponsive disease.

ALA’s main adverse effects reported to date include liver
dysfunction, photosensitivity, hypotension, and
gastrointestinal symptoms such as nausea, vomiting, and
abdominal pain (5, 22, 23). The present study showed that
there were fewer elevated liver enzymes, more nausea, and
no severe hypotension of grade 3 or higher was observed,
although a randomized controlled trial reported that the
incidences of elevated liver enzymes, gastrointestinal
symptoms, and severe hypotension were 18.0-24.6%, 8.1%,

and 1.6%, respectively (5). Therefore, PDD-assisted TURBT
using ALA can be safely performed.

This study has some limitations, such as its retrospective
design, small patient number, and insufficient follow-up
period to draw a firm conclusion. A comparison with
conventional TURBT is additionally necessary in order to
discuss ALA’s therapeutic effects. Moreover, various
adjuvant instillation therapy may have enhanced the
therapeutic effect after PDD assisted TURBT. Therefore, we
hope to continue examining this issue in the future with
additional patients and a longer observation period.

In conclusion, the present study showed that PDD-assisted
TURBT using ALA contributed to a higher sensitivity in
detecting tumors, particularly for CIS, compared to WL.
Additionally, BCG instillation history, particularly BCG
unresponsive disease, was a poor cancer recurrence and
progression prognostic factor for NMIBC patients
undergoing PDD-assisted TURBT, and special attention
should be paid to postoperative follow-up.
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