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Obijectives: The objective of this work is to evaluate the additional oncological bene-

section (TURBT) for primary non-muscle-invasive bladder cancer (NMIBC) based on
the International Bladder Cancer Group (IBCG)-defined progression and the subse-
quent pathological pathways.

Patients and Methods: We reviewed 1578 consecutive primary NMIBC patients
undergoing white-light TURBT (WL-TURBT) or PDD-TURBT during 2006-2020.
One-to-one propensity score-matching was performed using multivariable logistic
regression to obtain balanced groups. IBCG-defined progression of NMIBC included
stage-up and grade-up as well as conventional definitions such as the development
of muscle-invasive BC or metastatic disease. Nine oncological endpoints were evalu-
ated. Sankey diagrams were generated to visualize follow-up pathological pathways
after the initial TURBT.

Results: Comparison of event-free survival between the matched groups revealed
that PDD use decreased the bladder cancer recurrence risk and IBCG-defined pro-

gression risk, whereas no significant difference was noted in conventionally defined
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1 | INTRODUCTION

Current guidelines recommend the use of photodynamic diagnosis
(PDD) with blue-light cystoscopy in transurethral resection of bladder
tumours (TURBTSs) and guided bladder biopsy for the treatment and
diagnosis of non-muscle-invasive bladder cancer (NMIBC).2~2 System-
atic reviews and meta-analyses of PDD-TURBT have shown that it
achieves a higher detection rate of malignant tumours, particularly
small lesions and carcinoma in situ (CIS), than does the conventional
white-light (WL) procedure, leading to a reduction in bladder recur-
rence rates.*”” However, progression and mortality rates were similar.

Progression, that is, the worsening of a disease, is another key
clinical outcome of NMIBC. Most previous studies have defined pro-
gression as the development of muscle-invasive BC (MIBC), lymph
node metastasis (N+), or distant metastasis (M-+). For a more accurate
comparison of treatment options, progression in NMIBC additionally
needs to include ‘worrisome’ bladder recurrence, as this could change
further intervention and follow-up intensity. In 2014, the International
Bladder Cancer Group (IBCG) proposed a new definition of progres-
sion in NMIBC, which included tumour stage-up and grade-up.2 How-
ever, real-world evidence regarding the benefit of using PDD use
based on the revised definition is scarce.

PDD is performed using violet-blue light after intravesical instilla-
tion of 5-aminolaevulinic acid (ALA) or hexaminolevulinic acid (HAL) in
US and European countries, whereas oral ALA was approved as an
intraoperative diagnostic drug in Japan based on clinical trial evi-
dence.”° Our collaborative group has accumulated experience with
ALA-mediated PDD-TURBT since 2004. Here, large-scale data from
these experienced institutes were analysed to evaluate the clinical
impact of PDD-TURBT on bladder recurrence risk, conventionally
defined progression (c-progression), progression based on IBCG cri-
teria (IBCG-progression), development of metastatic disease, and
overall mortality in primary NMIBC patients. Moreover, as real-world
data regarding pathological pathways from primary NMIBC to subse-
quent progression are limited, we generated Sankey diagrams and

prevented by PDD use.

progression. This was attributable to a reduced risk of stage-up, from Ta to T1, and
grade-up. Sankey diagrams of the matched groups showed that patients with primary
Ta low-grade tumour and first-recurrence Ta low-grade tumour did not have bladder
recurrence or progression, while some of those in the WL-TURBT group developed
recurrence after treatment.

Conclusions: The multiple survival analysis demonstrated that the risk of IBCG-
defined progression was significantly decreased by PDD use in NMIBC patients. San-
key diagrams revealed possible differences in pathological pathways after the initial

TURBT between the two groups, demonstrating that repeated recurrence could be

aminolevulinic acid, disease progression, local, neoplasm recurrence, optical imaging,
photodynamic diagnosis, urinary bladder neoplasms

swimmer plots to investigate possible differences in the pathological
pathways between the WL-TURBT and PDD-TURBT groups, to
improve understanding of how patients with primary NMIBC devel-

oped disease progression.

2 | METHODS

21 | Patients and data collection
This retrospective multicentre study was approved by each participat-
ing institute’s ethics committee (reference ID: 2949). The study was
conducted in compliance with the study’s protocol and in accordance
with the provisions of the Declaration of Helsinki (2013). Informed
consent was obtained from the participants or deceased patients’
families through posters and/or websites using the opt-out method.
We reviewed 1578 consecutive patients with primary NMIBC
who underwent WL-TURBT or PDD-TURBT, from February 2006 to
December 2020, at Nara Medical University Hospital, Saitama Medi-
cal University International Medical Center, Hamamatsu University
Hospital, Kochi Medical School Hospital, and Yamaguchi University
Hospital. The recorded clinicopathological characteristics of the
patients included age, sex, performance status (ECOG-PS), smoking
history, tumour size, multiplicity, T category, tumour grade, lympho-
vascular invasion, CIS, prostate-involving CIS, variant histology, intra-
vesical treatment, and follow-up data. The patients undergoing
immediate cystectomy for primary high-risk NMIBC were excluded

from studied cohort.

22 |
up

Surgery, postoperative therapy, and follow-

The preoperative process and surgical procedure for the administra-

tion of ALA, anaesthesia, resection device, and imaging devices for



MIYAKE ET AL.

307

WL-TURBT and PDD-TURBT have been described previously.” !
Approximately 3 h (range, 2-4 h) presurgery, patients orally received
ALA hydrochloride in water (SBI Pharmaceuticals Co., Ltd., Tokyo,
Japan), at a dose of 20 mg/kg. Immediate post-TUR intravesical che-
motherapy with anthracyclines and therapeutic or adjuvant intravesi-
cal bacillus Calmette-Guérin (BCG) were administered at the
physician’s discretion. Patients were essentially followed-up with rou-
tine cystoscopy combined with urine cytology and imaging at regular

intervals, according to the contemporary clinical practice guidelines.

2.3 | Assessment of multiple oncological outcomes
Bladder recurrence was defined as recurrent intravesical tumours of
pathologically proven urothelial carcinoma. C-progression included
development of MIBC, N+, or M+. IBCG-progression included any
one of (i) an increase in T stage from Ta to Tis or T1, or Tis to T1,
(i) an increase in tumour grade from low-grade (LG) to high-grade
(HG, including CIS), and (jii) c-progression.2? Because an increase in
tumour grade from LG to HG (including CIS) was defined ‘grade-up’ in
the IBCG report published in 2014,8 an increase in tumour grade from
WHO1973 G1 to G2 or from G2 to G3 were not considered ‘grade-
up’ in this study.

2.4 | Statistical analysis

Baseline clinicopathological characteristics and progression patterns
were compared using the Mann-Whitney U, chi-square, or Fisher's
exact tests, as appropriate. Baseline characteristics were matched by
calculating the propensity score for each patient using multivariable
logistic regression, using potential covariates, as previously
described.*® Propensity score matching (PSM) was performed using
EZR version 1.55.1* One-to-one matching with a calliper-width of 0.2
was applied to maintain a large sample size while balancing covariates
between the WL-TURBT and PDD-TURBT groups. Standardized
mean difference was used to examine the balance of covariate distri-
bution between the groups after PSM.

Nine oncological endpoints were evaluated: Bladder recurrence-
free survival (BRFS), c-progression-free survival (c-PFS), IBCG-pro-
gression-free survival (IBCG-PFS), stage-up-free survival, grade-up-
free survival, HG tumour bladder recurrence-free survival (HG-BRFS),
MIBC-free survival, metastasis-free survival, and overall survival (OS).
Survival was calculated from the date of initial TURBT. Survival rates
were estimated using the Kaplan-Meier method and were compared
using the log-rank test. Statistical analyses and graphing were per-
formed using GraphPad Prism version 9.4.1 (GraphPad Software, San
Diego, CA, USA). All reported P values were two-sided, and statistical
significance was set at P < 0.05.

Both bladder recurrence and IBCG-progression can occur repeat-
edly and metachronously in the same patient: For example, primary
TalLG to recurrent TaHG, and then, recurrent T1HG. Thus, we utilized

the person-time method to compare the cumulative incidence risk of

bladder recurrence and IBCG-progression after initial TURBT between
the two groups.! The incidence rates were compared by incidence
rate ratio (Clopper-Pearson confidence interval [Cl]) and the exact
P value conditioned on the total number of cases, which followed a
Poisson distribution.>*”

Sankey diagrams were used to provide a visual depiction of the
pathological pathway after primary NMIBC. For simplicity, only
patients who experienced recurrence or progression at least once
were included in these diagrams. Data preparation and graphing were
performed using R version 4.2.0 (packages: tidyverse, survival;
https://www.r-project.org/).’®'? As Sankey diagrams do not reflect
treatment duration and sequence, or treatment switching timing, we
generated swimmer plots to show treatment sequences, pathways to
progression, survival, and death during follow-up only for patients

who had IBCG-defined progression.

3 | RESULTS

Figure 1 shows the flowchart of the patient selection and PSM pro-
cess. The 1554 patients with sufficient baseline data and follow-up
information were divided into the WL-TURBT (n = 1057) and PDD-
TURBT (n = 497) groups. Sex, tumour size, and variant histology dif-
fered statistically significantly between the unmatched groups
(Table S1). One-to-one PSM (complete case analysis) extracted
495 patients in each group with a closely balanced distribution of
baseline covariates. The median follow-up period was 45.0 months
(interquartile range, 16-68).

Survival curve comparison of the nine endpoints between the
two PSM-adjusted groups revealed that PDD use improved BRFS
(P = 0.02), IBCG-PFS (P = 0.044), grade-up-free survival (P = 0.037),
and HG-BRFS (P = 0.017), whereas no difference was noted in c-PFS
(P =0.82), MIBC-free survival (P = 0.86), metastasis-free survival
(P=0072), or OS (P=0.79) (Figure 2). Figure S1 compares
the survival curves for the nine endpoints between the unmatched
groups.

Cumulative incidence rates of bladder recurrence and each IBCG-
progression pattern at the 1-, 2-, 3-, 5-, and 10-year follow-up are
compared between the adjusted groups in Table 1. At the 2-year
follow-up, the incidence rate ratio of bladder recurrence and IBCG-
defined progression was significantly lower in the PDD-TURBT than
in the WL-TURBT group (P = 0.047 and P = 0.007, respectively). Sim-
ilar findings in were observed in the long-term follow-up analyses of
IBCG-defined progression (3-, 5-, and 10-year follow-up). This was
particularly pronounced in patients progressing from Ta to T1
(Table 1) and those progressing from LG to HG tumours (Figure 2).
Thirty-four patients (6.9%) and 10 patients (2.0%) in the WL-TURBT
and PDD-TURBT groups, respectively, who were classified as non-
progression bladder recurrence based on the conventionally used def-
inition, experienced clinically significant ‘worrisome’ bladder recur-
rence according to the IBCG definition.

For the 236 patients who developed bladder recurrence and/or

progression at least once, we connected the initial NMIBC diagnosis
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1578 patients with primary NMIBC who underwent TURBT between 2006 and 2020

FIGURE 1 Study design and
flow chart of patient selection and

\ Excluded

24 patients due to significant lack of data

) v

WL-TURBT: 1057 patients PDD-TURBT: 497 patients

One-to-one propensity-score matching

WL-TURBT: 495 patients PDD-TURBT: 495 patients
L J

Comparison of multiple types of endpoint between two groups

Bladder recurrence-free survival (BRFS), conventionally defined-progression-free survival (c-PFS),
IBCG-defined progression-free survival (IBCG-PFS), stage-up-free survival,

i age, sex, ECOG-PS,

i smoking history,

i tumor size (cutoff: 30 mm),
! multiplicity,

i T stage, tumor grade, CIS,
i LVI, prostate-involving CIS,
.......................................................................................... : variant histology,

i post-operative intravesical
i treatment (chemotherapy

! and BCG)

matching. The patient selection and
propensity-score matching process
for creation of the datasets are
shown. Multiple types of oncological
endpoints were evaluated in this
study. NMIBC, non-muscle-invasive
bladder cancer; TURBT, transurethral
resection of bladder tumour; WL,
conventional white-light; PDD,
photodynamic diagnosis-assisted;
ECOG-PS, Eastern Cooperative
Oncology Group Performance
Status; CIS, carcinoma in situ; LVI,
lymphovascular invasion; BCG,
bacillus Calmette-Guerin

Potential covariates

grade-up-free survival, high-grade tumor bladder recurrence-free survival (HG-BRFS),
muscle invasive bladder cancer (MIBC)-free survival, metastasis-free survival, overall survival

and subsequent pathological pathways in Sankey diagrams (Figures 3
and S2). This showed that patients with neither primary TaLG nor
recurrent TaLG had direct c-progression. The Sankey diagrams also
indicated that IBCG-progression was an important stepping-stone to
c-progression and that most patients with c-progression had previ-
ously had T1HG tumours. When we compared the treatment groups,
we found that, in the PDD-TURBT group, patients with primary TaLG
and first-recurrence TaLG did not have subsequent bladder recur-
rence or progression, whereas some of those in the WL-TURBT group
developed recurrence after treatment.

Lastly, we generated swimmer plots showing treatment
sequences, pathway to progression, survival, and death on follow-up
for patients who had IBCG-progression (41 and 15 patients in the
WL-TURBT and PDD-TURBT groups, respectively; Figure 4). In the
WL-TURBT group, five patients had c-progression at the first bladder
recurrence, while two patients had repeated recurrence prior to c-pro-
gression. In the PDD-TURBT group, four patients had c-progression
at the first recurrence, while one patient had c-progression after
T1HG recurrence. Of note, 16/495 patients in the WL-TURBT group
(3.2%), but only five patients (1.0%) in the PDD-TURBT group,

showed progression from TaLG or TaHG to T1HG tumours.

4 | DISCUSSION

In this study, we evaluated the real benefit of blue-light PDD in
TURBT for NMIBC, based on progression defined using the IBCG cri-
teria, and investigated the subsequent pathways to progression in
patients who underwent WL-TURBT or PDD-TURBT. Based on com-
parison of propensity score-matched groups, we showed that PDD
use reduced the BC recurrence as well as the IBCG-progression risk,
but not c-progression. This was apparently due to a reduction in
stage-up from Ta to T1 and in grade-up from LG to HG tumours. San-
key diagrams showed that recurrence or progression did not occur in
patients with primary or first recurrence of TaLG tumours in the PDD-

TURBT group, whereas some patients in the WL-TURBT group devel-
oped recurrence post-treatment.

The beneficial effect of PDD-TURBT on the BC recurrence rate in
NMIBC patients has been proven in several randomized control trials
(RCTs), retrospective studies, and systematic reviews and meta-ana-
lyses.#~71112:20-22 1 contrast, evidence regarding the positive effect
of this treatment on c-progression and related mortality is limited.
One RCT demonstrated a reduction in both bladder recurrence and c-
progression risk with PDD-TURBT as compared to with WL-TURBT
(HR 0.56, 95% Cl 0.39-0.80, P = 0.001 and HR 0.33, 95% Cl 0.12-
0.91, P = 0.031, respectively), whereas the OS and cancer-specific
survival rates remained similar.>® A network meta-analysis for pro-
gression rates found that neither ALA-based PDD-TURBT (odds ratio
0.97, 95% ClI 0.57-1.62), nor HAL-based PDD-TURBT (odds ratio
0.71, 95% Cl 0.37-1.47) could reduce the progression risk as com-
pared to WL-TURBT.®

In major prospective clinical trials and retrospective studies, the
most commonly used definition of NMIBC progression has been the
development of MIBC.2 The IBCG pointed out that this convention-
ally used definition failed to include other clinically important aspects
of cancer advances, including progression to lamina propria invasion
(Ta or Tis to T1) and grade-up (LG to HG). A previous study reanalysed
patient data from an earlier Phase Il multicentre study?? by using
IBCG-progression, and compared the progression rate between con-
ventional WL-TURBT (n = 261) and PDD-TURBT (n = 255)."? The
PDD-TURBT group showed a lower rate of progression at the
4.5 years follow-up (P = 0.085, vs. WL-TURBT) and prolonged time to
progression (P = 0.05, vs. WL-TURBT).

Uniquely, this study evaluated nine endpoints (Figure 2). Consis-
tent with previous evidence, we found that PDD-TURBT provided a
strong benefit in terms of reducing bladder recurrence, but not c-pro-
gression. Recurrent TaLG tumours and any recurrent HG tumours
were categorized in the low- or intermediate-risk group and high-risk
group, respectively, in the clinical practice guidelines.!™® Therefore,
we focused on the beneficial effect of PDD-TURBT on HG tumour
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FIGURE 2 Comparison of oncological outcomes between the propensity score-matched WL-TURBT and PDD-TURBT groups. (A) Survival
curves for nine oncological outcomes were generated from the date of initial TURBT (diagnosis of bladder cancer). (B) Forest plots comparing
oncological outcomes between the WL-TURBT and PDD-TURBT groups. Survival rates were estimated using the Kaplan-Meier method and
hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated using the log-rank test. Grade-up-free survival was evaluated only in
386 patients with primary low-grade NMIBC. MIBC, muscle-invasive bladder cancer; TURBT, transurethral resection of bladder tumour; WL,
conventional white-light; PDD, photodynamic diagnosis-assisted

recurrence, and demonstrated that PDD-TURBT decreased the risk of risk of the IBCG-progression (33 in WL-TURBT vs. 12 in PDD-TURBT,

HG tumour recurrence in particular, and not only that of LG tumour respectively). This finding was apparently attributed to a decreased
recurrence. In addition, IBCG-PFS and grade-up-free survival was sig- risk of stage-up, from Ta to T1 (12 vs. 2), and of grade-up, from LG to
nificantly longer in the PDD-TURBT group than in the WL-TURBT HG (12 vs. 7). A similar finding was noted in the 3-, 5-, and 10-year
group. We compared progression rates during short-term and long- follow-up analyses.

term follow-up, according to progression patterns (Table 1). In the A previous RCT conducted by Geavlete et al. concluded that BC

2-year follow-up analysis, PDD use was associated with decreased recurrence rates during short-term follow-up (at 3 months, and 1 and
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FIGURE 3 Sankey diagrams connecting the initial diagnosis of NMIBC and subsequent pathological pathways according to the use of

photodynamic diagnosis. Of 990 patients (495 per group), 155 in the WL-PDD-TURBT group (upper panel) and 81 in the PDD-TURBT group
(lower panel) had at least one instance of bladder recurrence and/or progression. Each vertical bar represents a pathological category: Ta low-
grade (LG), Ta high-grade (HG), isolated Tis, and T1 HG. The height of the bars is proportional to the number of patients. TURBT, transurethral
resection of bladder tumour; WL, conventional white-light; PDD, photodynamic diagnosis-assisted; NMIBC, non-muscle-invasive bladder cancer;

UC, urothelial carcinoma

FIGURE 4 Swimmer plots of patients with

WL-TURBT (n=41)

PDD-TURBT (n=15)

IBCG-defined progression. Of 990 patients

(495 per group), 41 in the WL-TURBT group (left
panel) and 15 in the PDD-TURBT group (right
panel) demonstrated IBCG-defined progression.
Swimmer plots before and after the onset of
IBCG-defined progression indicate the adjuvant
treatments, treatment-free duration, sequential
treatments, cystectomy-free duration, and overall
survival. TURBT, transurethral resection of
bladder tumour; WL, conventional white-light;
PDD, photodynamic diagnosis-assisted; MIBC,
muscle-invasive bladder cancer; UC, urothelial
carcinoma; BCG, bacillus Calmette-Guerin

2 years) were significantly improved with the HAL-based PDD-
TURBT.?* They emphasized that the additional lesions identified with
the assistance of PDD significantly modified the recurrence- and
progression-risk categories as well as the subsequent treatment in a
substantial percentage of patients (19%). Selecting patients who are
likely to benefit from intravesical BCG therapy or chemotherapy and
who require postoperative treatment is essential in the management
of NMIBC. The PDD-TURBT group in our cohort may include patients
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[> Immediate post-TUR intravesical chemotherapy
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) - Induction BCG + maintenance BCG

who received appropriate guideline-recommended postoperative
treatment because of additionally found lesions, which resulted in bet-
ter clinical outcomes.

We generated some Sankey diagrams to visualize the pathological
pathways of progression from primary NMIBC and investigated possi-
ble differences in these pathways between the WL-TURBT and PDD-
TURBT groups (Figure 3). This tool clearly demonstrated that TaLG
tumours did not recur after first recurrence in the PDD-TURBT group,
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while repeated recurrence of TaLG was detected in the WL-TURBT
group. We and another research group reported that PDD assistance
reduced not only the rate of the first bladder recurrence but also that
of subsequent repeated bladder recurrence. In our two previous
studies,**?° the person-time method with 10 000 person-follow-up
days revealed a 63% reduction of recurrence, from 10.5 (WL-TURBT)
to 3.9 (PDD-TURBT) and a 65% reduction, from 12.8 to 5.8. Similar
result was observed in this large-scale study (Table 1). Highly-sensitive
PDD detection of tiny lesions, which are frequently overlooked by
conventional WL observation, can improve the rate of complete
resection, reducing the risk of repeated bladder recurrence, particu-
larly for TaLG tumours. Considering the psychological and physical
stress on patients and the medical cost involved, more effort should
be made to research the natural history of repeated recurrence of
bladder after initial TURBT and to decrease the risk of repeated
recurrence.

This study had several limitations. Its retrospective nature implied
an inherent potential for selection bias; for example, the treatment
choice and follow-up protocol depended on the institution and the
physician’s discretion. The cohort was derived from multiple academic
hospitals, which might introduce inconsistencies in surgical skills, clini-
cal interpretations, and pathological diagnoses. We enrolled patients
who were treated between 2006 and 2020. During this decade, the
treatment strategies, modalities, and surgical skills changed over time,
which could influence the outcomes.

To the best of our knowledge, no previous study has described
real-world evidence regarding the potential benefit of PDD assistance
in NMIBC progression defined by IBCG criteria. The progression rate
at 1 year after treatment was significantly decreased in the PDD-
TURBT group as compared to the WL-TURBT group. In addition,
using Sankey diagrams, we investigated the difference in pathological
pathways after initial TURBT between the WL-TURBT and PDD-
TURBT groups, and demonstrated that repeated recurrence could be
prevented by using PDD. Further large-scale studies are required to
understand the real clinical value of PDD-TURBT better.
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