SCANDINAVIAN JOURNAL OF UROLOGY
2025,VOL. 60, 115-123
https://doi.org/10.2340/sju.v60.43993

| MJS

ORIGINAL RESEARCH ARTICLE

Use of Photodynamic diagnosis (PDD) at primary TURB: Potential influence on
recurrence and progression rates in NMIBC: a registry-based study using a country

cohort

Linea Blichert-Refsgaard? Maria S. Lindgren?, Maria O. Sundelin?, Charlotte Graugaard-Jensen?, Mette Nergaard® and

Jorgen B. Jensen?®

aDepartment of Urology, Aarhus University Hospital, Aarhus N, Denmark; ®PDepartment of Clinical Epidemiology, Aarhus University

Hospital, Aarhus N, Denmark

ABSTRACT

Objective: To investigate whether department-level use of photodynamic diagnosis (PDD) for primary
transurethral bladder resections (TURBs) is associated with recurrence and progression rates in a
non-selected, national cohort. Non-muscle invasive bladder cancer (NMIBC) has high global prevalence,
and is characterized by high recurrence risk and risk of progression to muscle-invasive bladder cancer.
Treatment effects and long-term outcomes rely on diagnostic accuracy, which may be enhanced using
PDD for TURB. PDD-use in Denmark has varied between departments.

Material and Methods: We identified all Danish patients with primary NMIBC during 2011-2017 via the
Danish National Patient Registry (DNPR) and divided them into four groups based on the treating depart-
ment’s annual PDD use. We included 8,502 patients; 76% men, median age at diagnosis: 70 years (inter-
quartile range [IQR]: 63, 77). Primary outcomes were recurrence- and progression risk differences (RDs)
at 2 and 5 years depending on the PDD-exposure group. Results were additionally stratified by baseline
pathological risk group.

Results: The PDD-use varied from <40% of primary TURBs in group 1 to >74% in group 4. Overall 2-
and 5 years recurrence risks were 39.9% [95% Cl: 38.8; 41.0] and 48.1% [95% Cl: 46.9; 49.3], while risks
of progression were 17.5% [95% Cl: 16.7; 18.4] and 22.9% [95% Cl: 21.9; 23.9]. PDD-exposure groups
2-4 had lower recurrence- and progression risks compared to group 1, most pronounced for high-risk
NMIBC.

Conclusions: PDD-use in primary TURBs correlates with reduced 2- and 5 years recurrence- and progres-
sion risks in NMIBC. The PDD benefit was most noticeable in higher risk NMIBC. Photodynamic diagnosis,
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Introduction

Annually, 2,000 new patients are diagnosed with bladder cancer
(BC) in Denmark [1]. Approximately 75% of BC patients present
with non-muscle invasive bladder cancer (NMIBC). Based on the
high risk of recurrence up to 78% [2, 3], adjuvant intravesical
instillation therapy with mitomycin C (MMC) or bacillus Calmette-
Guerin vaccine (BCG) is recommended in guidelines [4-6].

Due to repeated transurethral resections of the bladder
(TURBs), follow-up cystoscopies, and instillation therapy, NMIBC
is one of the most costly cancers from diagnosis to death [7], and
a disease with a potentially large influence on the patient’s
quality of life.

Photodynamic diagnosis (PDD) is a well-established diagnostic
enhancing tool. In several clinical studies, PDD provided a higher
detection rate of carcinoma in situ (CIS) during TURB than
conventional white light cystoscopy [8, 9]. Moreover, some

randomized clinical trials have shown a reduced recurrence rate
associated with the use of PDD [10-12] while another reported
no recurrence-reducing effect of PDD [13].

We aimed to assess whether the 2- and 5-year recurrence-
and progression risks of NMIBC, depended on the treating
department’s level of PDD-use during primary TURBs through a
nationwide, population-based study.

Materials and methods
Setting

The Danish population was approximately 5.7 million people in
2017 [14]. The public Danish Health Care system provides free
medical services to all Danes. In Denmark, PDD was imple-
mented in 2007. In the period 2011-2017, Denmark had 16 indi-
vidual public urological departments. Because of centralization,
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this number decreased to 14 departments during this period.
The Danish National Patient Registry (DNPR) was created in 1977
and is internationally considered one of the most comprehen-
sive of its kind [15]. The validity of the coding in the DNPR is gen-
erally found to be high, which also applies to the codes related
to NMIBC treatment [16, 17]. The DNPR is daily updated by the
treating department and contains all information on TURBs,
PDD-use, and treatment courses of adjuvant instillation therapy
[18]. Both TURB, PDD usage, and instillation therapy have their
own specific codes in the DNPR (Supplementary Table 1).
Following a TURB, pathological diagnoses are registered in the
National Pathology Registry using SNOMED codes that contain
information on histological subtype, tumor stage, and tumor

grade. Because of the unique Civil Personal Register (CPR) num-
ber assigned to all Danes, diagnoses, treatments, and patholog-
ical data can be linked on an individual level [19].

In Denmark the majority of patients are treated for NMIBC at
public hospitals and the DNPR registration from private hospitals
is known to be less complete [15].

Study population

Through the DNPR, we identified all Danish patients diagnosed
with primary NMIBC from 2011 to 2017. Inclusion additionally
required the following diagnoses registered in DNPR: BC, patho-
logical diagnosis of neoplastic bladder lesions, and one of the

Table 1. Baseline characteristics of Danish patients stratified by annual departmental use of photodynamic diagnosis (PDD), 2011-2017.

Overall Group 1 Group 2 Group 3 Group 4
PDDuse? <40% 40-58% 59-73% >74%
Number of departments® 26 28 25 25
Individual patients 8,502 1,410 2,570 1,779 2,743
Median age (IQR) 70(63,77) 70 (63,77) 70 (63,76) 71 (64,78) 70 (63,77)
Sex
Males 6,466 (76%) 1,075 (76%) 1,954 (76%) 1,343 (75%) 2,094 (76%)
Females 2,036 (24%) 335 (24%) 616 (24%) 436 (25%) 649 (24%)
PDD use (individuals) 4,585 (54%) 338 (24%) 1,044 (41%) 1,058 (59%) 2,145 (78%)
SS MMC 38 (0.4%) 25 (1.8%) 0 (0%) 3(0.2%) 10 (0.4%)
Adjuvant MMC 52 (0.6%) 15 (1.1%) 12 (0.5%) 15 (0.8%) 10 (0.4%)
Adjuvant BCG 1,146 (13%) 158 (11%) 429 (17%) 279 (16%) 280 (10%)
Adjuvant treatment total® 1,184 (14%) 169 (12%) 436 (17%) 291 (16%) 288 (10%)
Cystectomy within 60 days 270 (3.2%) 83 (5.9%) 112 (4.4%) 41 (2.3%) 34 (1.2%)
Radiotherapy within 60 days 108 (1.3%) 18 (1.3%) 29 (1.1%) 12 (0.7%) 49 (1.8%)
Histology?
PUNLMP 39 (0.5%) 9 (0.6%) 7 (0.3%) 4 (0.2%) 19 (0.7%)
pTa low grade 3,738 (44%) 605 (43%) 1,089 (42%) 747 (42%) 1,297 (47%)
pTa undefined 177 (2.1%) 19 (1.3%) 44 (1.7%) 30 (1.7%) 84 (3.1%)
pTa high grade 1,566 (18%) 229 (16%) 468 (18%) 335 (19%) 534 (19%)
cIs 553 (6.5%) 71 (5.0%) 163 (6.3%) 109 (6.1%) 210 (7.7%)
pTia 1,057 (12%) 188 (13%) 324 (13%) 266 (15%) 279 (10%)
pT1 undefined 471 (5.5%) 99 (7.0%) 177 (6.9%) 104 (5.8%) 91 (3.3%)
pT1b 715 (8.4%) 150 (11%) 246 (9.6%) 163 (9.2%) 156 (5.7%)
T undefined® 186 (2.2%) 40 (2.8%) 52 (2.0%) 21 (1.2%) 73 (2.7%)
Total CIS detectionf 902 (11%) 118 (8.4%) 287 (11%) 194 (11%) 303 (11%)
Smoking-related comorbidity
COPD or Emphysema 199 (2.3%) 44 (3.1%) 65 (2.5%) 33(1.9%) 57 (2.1%)
AA 46 (0.5%) 9 (0.6%) 21 (0.8%) 6 (0.3%) 10 (0.4%)
HDs¢ 138 (1.6%) 36 (2.6%) 47 (1.8%) 31 (1.7%) 24 (0.9%)
Period (time)
2011-2013 4,869 (57%) 1,130 (80%) 1,927 (75%) 334 (19%) 1,478 (54%)
2014-2017 3,633 (43%) 280 (20%) 643 (25%) 1,445 (81%) 1,265 (46%)

IQR: interquartile range; SS: single shot; MMC: mitomycin C; BCG: Bacillus Calmette-Guérin; COPD: Chronic obstructive pulmonary disease; AA: Atherosclerosis

and/or Aneurysm.

2Percentage of primary transurethral bladder resections (TURBs) performed with PDD.

bEvery department count for one every year - the department’s percentage PDD-use is calculated on an annual basis as the number of TURBs per year

performed with PDD out of the total number of TURBs.
cAdjuvant intravesical treatment with either MMC or BCG.

dBaseline histology (primary TURB). pT1a: superficial subepithelial invasion, pT1b: deep subepithelial invasion.

T undefined: The majority of patients in the T_undefined-group had a pathological registration of ‘at least pT1;, which could represent a more invasive tumor

stage than registered.
fiIncludes concomitant carcinoma in situ (CIS).

9Heart Disease: Angina pectoris, unstable angina pectoris, AMI and chronic ischemic heart disease.
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following procedures as the first registered procedure: cystos-
copy alone, cystoscopy with a biopsy, or TURB. The codebook
shows all codes used in the sampling (Supplementary Table 1).

We excluded all patients with a cancer diagnosis other than
bladder cancer, prostate cancer, and non-melanoma skin cancer
at the time of diagnose. Furthermore, we excluded all patients
treated at private hospitals because of the lower completeness
of registration [15].

To avoid confounding by indication in direct PDD-use, we
divided the urological departments into exposure groups
depending on the annual percentage of total primary TURBs
performed with PDD. We used the national quartiles of PDD-use
at primary TURBs as cut-off points, leaving four exposure groups
(PDD-exposure group 1-4). The patients were classified
according to the exposure group of their treating department in
the year of their primary TURB.

We included information on smoking related comorbidity in
Table 1 as surrogate markers of significant smoking.

Definitions

According to the Danish clinical guidelines, the first follow-up
flexible cystoscopy is scheduled 4 months after the primary
TURB [5].

A repeat TURB (reTURB) was defined as an additional
pathological BC diagnosis registered in the National Pathology
Registry within 60 days from the primary pathological NMIBC
registration if no cystectomy code was registered in DNPR
during this period. In the case of reTURB, the patient is classified
according to the most advanced histological finding as the
primary histology.

Recurrence was defined as registration of an additional
pathological bladder cancer diagnosis in the National Pathology
Registry at least 60 days after primary TURB.

As recommended by the International Bladder Cancer Group
(IBCG) [20], the definition of progression in this study was
defined as an increase in T stage from pTa or CIS to pT1,
development of pT2 or greater or lymph node (N+) disease or
distant metastasizes (M1), or an increase in grade from low
grade to high grade including CIS. In addition, transition to more
radical treatment (cystectomy, systemic chemotherapy, or
radiation therapy) at least 60 days after primary TURB was also
considered as progression in our study. Cystectomy, systemic
chemotherapy, or radiation therapy provided within 60 days
was considered as treatment of the primary diagnosis, and
therefore not a progression.

Statistical analysis

We started follow-up at date of primary NMIBC diagnosis and
calculated pseudo-observations for the cumulative incidence
proportion under competing risk of death at 2 and 5 years. We
used pseudo-observations in a generalized linear model result-
ing in estimates of risks and risk differences (RDs) using PDD
exposure group as the explanatory variable. The outcomes were
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recurrence or progression within 2 and 5 years (risks and RDs),
PDD exposure group 1 was the reference.

Aalen-Johansen curves were used to present the unadjusted
estimates (cumulative incidents over time under the competing
risk of death).

All estimates were presented with 95% confidence intervals.
We adjusted the estimates for the calendar year of the primary
TURB (2011-2013 or 2014-2017), baseline tumor pathological
risk group (low/intermediate vs. high), and the use of adjuvant
instillation therapy (yes or no).

In sub-analyses, we stratified the analyses by baseline
pathological risk group; patients with pTa low grade (EORTC
low- and intermediate risk) were included in the low-grade
analysis, while patients with pTa high grade, CIS, and pT1 were
included in the high-risk analysis.

We used STATA 17 in all data management, analyses, and
graphics manufacturing.

Results

We identified 8,502 patients diagnosed with primary NMIBC in
Denmark from 2011 to 2017; 76% men, with a median age at
diagnosis of 70 years (interquartile range [IQR]: 63, 77) (Figure 1).

Using the national quartiles of the annual percentage PDD-
use in primary TURBs in the distribution of departments into
PDD-exposure groups resulted in four exposure groups (Table 1).
Departments in group 1 used PDD in less than 40% of primary
TURBs, departments in group 2 in 40-58%, departments in
group 3in 59-73%, and departments in group 4 in 74% or more.

The differences in patient volume in the Danish urological
departments caused a slightly unequal individual patient
distribution in the PDD-exposure groups (Table 1).

Figure 2 shows the Aalen-Johansen graphs of the overall,
unadjusted recurrence and progression risks under the
competing risk of death (2.1) and the cumulative incidences
according to PDD exposure groups (2.2).

The overall risks of recurrence after 2 and 5 years were 39.9%
[95% Cl: 38.8; 41.0] and 48.1% [95% Cl: 46.9; 49.3] (Table 2). The
risk of recurrence was lower after both 2 and 5 years in PDD-
exposure groups 2, 3, and 4 compared to group 1. PDD-use
> 40%, low baseline pathological risk group, and the use of
adjuvant instillation therapy all resulted in reduced 2-year
recurrence risk (Table 2).

The overall 2 and 5-year progression risks was 17.5% [95% Cl:
16.7; 18.4] and 22.9% [95% Cl: 21.9; 23.9], respectively (Table 2).
The progression risk was lower in PDD-exposure groups 2, 3,
and 4 compared to group 1. The most influential factor to the
progression risk was the baseline pathological risk group. Use of
adjuvant instillation therapy also reduced the 2- and 5 year
progression risks.

Table 3 shows estimates of the 2- and 5-year cumulative
recurrence and progression risks stratified by baseline
pathological risk group: low-grade pTa (low- and intermediate
risk) versus high-risk NMIBC. In the low-grade analysis, only
PDD-exposure group 3 had a lower risk of recurrence and
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Inclusion flow:

N: sample size, number of individuals
TURB: Transurethral bladder resection

NMIBC: Non-muscle invasive bladder cancer

f Histology at debut > T2:

No relevant bladder procedure
(Cystoscopy, TURB, instillation
treatment}

N =879

First known procedure is
cystectomy, chemotherapy,
radiotherapy or
immunotherapy.

N=1,512

.

/ Treating department makes less \
than 10 TURBs / year
or
Doubt about connection between

4

'L N = 4,495

Treatment at private

hospital

N =589

Patients diagnosed
in 2002-2010

N=14,473

primary TURB and histology

N=1,130
\ 4

Figure 1. Inclusion flow.
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Figure 2. Therisk of recurrence (a) and progression (b) of non-muscle invasive bladder cancer over time: The unadjusted overall risks (2.1) and risks depend-
ing on the treatment department’s use of Photo Dynamic diagnosis (PDD) in primary Trans Urethral Resections of the Bladder (TURBs) (2.2).

progression as compared to the reference. In the high-risk
analysis, PDD-exposure groups 2, 3, and 4 were associated with
a reduced risk of recurrence and progression compared to PDD-
exposure group 1.

Discussion

In this nationwide cohort study, we found a lowered risk of
recurrence and progression of NMIBC among patients treated in
departments with a percentage PDD-use at the primary TURBs
of more than 40%. We did not find the risk reduction to be
directly correlated to increasing use of PDD; patients in PDD-
exposure group 3 (department PDD-use: 59-73%) had a lower
risk of both recurrence and progression than patients in PDD-
exposure group 4 (department PDD-use: =74%). Theoretically,
this non-direct correlation, and the fact that PDD used at pri-
mary TURB, seemed to have a long-term (5 years) positive
impact on recurrence and progression, may indicate that
departments in PDD-exposure group 3 differ in ways not appar-
ent in this study. This could be, for example, a generally larger
use of instillation therapy outside of primary treatment, which
would not be covered by this study. However, a newer system-
atic review and meta-analysis indicates that a recurrence-reduc-
ing effect of PDD persists for at least 2 years and appears to
continue after 5 years [21].

A randomized trial conducted on 426 patients in 22 UK.
hospitals reports no recurrence-reducing effect of PDD after 3
years when compared to white light [13]. However, it is well
known that patients enrolled in clinical trials obtain better
outcomes than non-trial patients simply because recruitment
into trials is a driver for quality improvement [22]. In the case of
NMIBC, enrolment into an RCT could result in higher quality
white light TURB and thereby lowering the effect of a visual
diagnostic enhancing toll as PDD. This may not reflect real-life
clinical settings, where procedures are often performed by less
experienced surgeons. Gallagher and colleagues attempted
‘real-life experience’in a prospective cohort study published in
2017 comparing recurrence rates (PDD vs. white light) at 3
years; they reported a significantly reduced 3-year recurrence
rate associated with PDD [23]. Thus, we do find our results
based on large-scale non-selected national data conducted
prospectively in an everyday setting relevant in accomplishing
NMIBC research.

The distribution of patients into PDD exposure groups in our
study is different from most other studies where exposure is
categorized as the direct, individual PDD use per patient (yes or
no). Looking at the direct use will increase confounding by
indication bias, for example, in patients with very large tumors:
They will not receive PDD in an everyday setting since it is simply
not necessary to enhance the visualization of the tumor. This will
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Table 2. Risk of recurrence and progression in non-muscle invasive bladder cancer patients, Denmark, 2011-2017.

Cumulative two- and five-year risks*:

Recurrence risks

Progression risks

Unadjusted risks:

Overall

Adjusted risks:

PDD exposure group**:

1 (< 40%) ***

2 (40-58%)

3(59-73%)

4 (> 74%)

Calendar year group:
Group 1:2011-2013%**
Group 2:2014-2017
Pathological risk group:
Low/intermediate risk***

Two-year risk (%)
[95% Cl]

39.9[38.8;41.0]

Risk (%) (RD (%))
(RD) [95% ClI]

46.7 [43.8; 49.6]
(=5.5) ([-9.0; —1.9])
(—11.4) ([-15.0; =7.7])
(—8.4) ([-11.9; —4.9])

40.8[39.2; 42.3]
(-2.0) ((-4.2;0.2])

35.3[33.7;37.0]

Five-year risk (%)
[95% Cl]

48.1[46.9; 49.3]

Risk (%) (RD (%))
(RD) [95% Cl]

54,6 [51.2; 58.0]
(-6.5) ([-10.6; —2.3])
(-=10.9) ([-15.0; —6.8])
(=7.0) (-11.0; -3.0])
48.5[46.6; 50.4]
(-1.0) (-3.3; 1.4])

46.0 [44.0; 47.9]
(4.4) ([1.8; 6.9])

Two-year risk (%)
[95% CI]

17.5[16.7;18.4]

Risk (%) (RD (%))
(RD) [95% CI]

22.4[20.0; 24.8]
(-4.0) ([-6.9; —1.2])
(-8.3) ([-11.2; =5.5])
(-5.9) ([-8.6; —3.1])

17.7 [16.5; 18.9]
(-0.3) ([-2.0; 1.4])

11.0[9.9; 12.0]
(12.0) ([10.5; 13.8])

Five-year risk (%)
[95% Cl]

22.9([21.9;23.9]

Risk (%) (RD (%))
(RD) [95% ClI]

28.5[25.5;31.5]
(-5.2) ([-8.8; —1.6])
(-9.5) ([-13.0; —6.0])
(-6.2) ((-9.7; -2.7])

23.2[21.6; 24.8]
(-0.7) (-2.7;1.3)

17.1115.6; 18.5]
(10.6) ([8.5; 12.7])

High risk (9.1) ([6.9; 11.4])
Total adjuvant instillation

treatment****:

No*** 40.7 [39.5; 41.9]
Yes (=5.8) ([-8.9; —2.6])

Multivariate, adjusted risks:
PDD exposure group 1, low/
intermediate, and no adjuvant
instillation treatment***

42.0[38.8;45.1]

49.0[47.7; 50.4]
(-6.8) ([-10.3; -3.2])

52.2[48.4;55.9]

18.1[17.1; 19.0] 23.4[22.3; 24.6]
(-3.8) ([-6.1;-1.5]) (=3.9) ([-6.8; —1.0])

15.5[13.1;18.0] 21.9[18.7; 25.0]

PDD exposure group:

.2 (-5.2) ((-8.8;-1.6]) (=5.7) ([-9.9;-1.5]) (—3.6) ([-6.4,-0.7]) (—4.1) (7.7, -0.5])
-3 (=11.2) ([-14.9; -7.5]) (=10.6) ([-14.7; —-6.4]) (-8.0) ([-10.8; =5.1]) (-8. 7) ([-12.1;-5.2])
-4 (=7.9) ((-11.4;, -4.4]) (-6.5) ([-10.5; =2.5]) (=5.2) ([-8.0; —2.5]) (=5.1) ([-8.6; —1.6])
High grade/high risk: (12.0) ([9.6; 14.3]) (6.8) ([4.2;9.5]) (14.7) ([12.9; 16.6)) (13.0) ([10.7;15.3])
Adjuvant instillation: (=12.0) ([-15.3; -8.6]) (=10.2) ([-14.0; —6.2]) (=11.0) ([-13.6; —8.4]) (-10.0) ([-13.2; -6.8])

RD: Risk difference; PDD: Photodynamic diagnosis.

* Death as competing risk.

** Percentage of primary TURBs performed with PDD at department-level.
*** Reference group.

**** Adjuvant instillation with MMC or BCG after primary TURB (re-TURB).

however, potentially place a larger proportion of patients with
high risk tumors in the’no PDD-use’- group and thereby increase
the estimated risk-reducing effect of PDD. The Danish urological
departments have a varying use of PDD. This fact together with
the large size of the Danish registries, and thereby the large
study cohort, provided the opportunity to assess the influence
of PDD outside a clinical study setting without the risk of
confounding by indication. However, looking at PDD-use at
department level might slightly underestimate the risk-reducing
effect of PDD in the patients who are candidates for PDD,
because non-candidates are included in all PDD exposure-
groupsand thereby dilutestherisk-reducing effect. Nevertheless,
we do believe this underestimation to be smaller than the risk of
overestimating the risk-reducing effect associated with the
direct PDD-use.

Our 2- and 5-year recurrence- and progression risks were
comparable with the estimates found by both the Spanish Club
Uroldgico Espainol de Tratamiento Oncoldgico (CUETO) group

and the European Organisation for Research and Treatment of
Cancer (EORTC) group [2, 24].

The use of adjuvant installation therapy appears extremely
low when comparing guidelines and the registered primary
histology. At least patients with primary histology of pTa high-
grade, CIS, or pT1 should receive BCG according to EAU
guidelines [4, 6]. The adherence to guidelines with regard to
BCG therapy in high-risk NMIBC has previously been assessed
and found to be relatively low worldwide, in Europe/Australia
the adherence rate is estimated to be 65%, no Danish studies
were included in the analyses [25]. The reported BCG-use in this
study seems reliable regarding treatment after primary TURBs in
Denmark. Data on adjuvant instillation therapy after recurrent
NMIBC were not included in this study.

Compared to the EAU guidelines, the Danish guidelines have
lower strength of recommendation on perioperative single shot
(SS) MMC use [4-6, 26]. Use of perioperative SS MMC is not
included in the analysis of this study. We found an extremely
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Table 3. Sub-analyses: Stratified on primary pathological risk group, non-muscle invasive bladder cancer patients, Denmark, 2011-2017.

Cumulative two- and five-year recurrence- and progression risks*:

Low/intermediate risk (pTa low grade):
N=3,738

High risk (pTa high grade, CIS and pT1):
N=4,518

Risk of recurrence:
Unadjusted risks:

Overall
Adjusted risks:

PDD exposure group**:

1 (< 40%) ***

2 (40-58%)
3(59-73%)

4 (= 74%)

Risk of progression:
Unadjusted risks:

Overall
Adjusted risks:

PDD exposure group**:

1 (< 40%) ***
2 (40-58%)
3(59-73%)
4 (=2 74%)

Two-year risk (%)
[95% conf. interval]
35.3[33.7;37.0]

Risk (%) (RD (%))
(RD) [95% conf. interval]

37.71[33.3;42.1]
(-1.6) ([-7.0; 3.8])
(-7.6) ([-13.1; =2.1])
(-1.1) ([-6.3; 4.1])

Two-year risk (%)
[95% conf. interval]
11.0[9.9; 12.0]

Risk (%) (RD (%))
(RD) [95% conf. interval]

13.4[10.3; 16.4]
(-1.2) ([-4.9; 2.5])
(-5.4) ([-9.1; -1.8])
(—2.8) ([-6.3; 0.7])

Five-year risk (%)
[95% conf. interval]
46.0 [44.1;47.9]

Risk (%) (RD (%))
(RD) [95% conf. interval]

49.4[44.0; 54.8]
(-3.5) ([-10.1;3.2])
(-10.0) ([-16.4; —3.5])
(-1.2) ([-7.5; 5.1])

Five-year risk (%)
[95% conf. interval]
17.1[15.6; 18.5]

Risk (%) (RD (%))
(RD) [95% conf. interval]

20.4[16.1; 28.6]
(-2.4) ([-7.6; 2.9])
(-7.4) ([-12.3; -2.6))
(-3.3) ([-8.3; 1.7])

Two-year risk (%)
[95% conf. interval]
44.5[42.9; 46.0]

Risk (%) (RD (%))
(RD) [95% conf. interval]

54.6 [50.8; 58.5]
(-9.1) ([-13.9; -4.3])
(—14.9) ([-20.0; —10.0])
(—=13.6) ([-18.4; -8.9])

Two-year risk (%)
[95% conf. interval]
23.1[21.8;24.4]

Risk (%) (RD (%))
(RD) [95% conf. interval]

29.6[26.1;33.1]
(-6.3) ([-10.5; -2.2])
(-10.8) ([-15.0; =6.5])
(=7.1) ([-11.3; -3.0])

Five-year risk (%)
[95% conf. interval]
50.4[48.7; 52.0]

Risk (%) (RD (%))
(RD) [95% conf. interval]

58.9 [54.6; 63.2]
(-8.4) ([-13.7; -3.0))
(-=11.9) ([-17.2; -6.6])
(=11.1) ([-16.4; —=5.9])

Five-year risk (%)
[95% conf. interval]
27.7 [26.2; 26.1]
Risk (%) (RD (%))
(RD) [95% conf. interval]

33.9[29.8;38.0]
(-6.3) ([-11.3; -1.4))
(-10.4) ([-15.2; =5.6])
(—6.5) (-11.4; -1.7])

RD: Risk difference; N: number of individuals; CIS: Carcinoma in situ; PDD: Photodynamic diagnosis.

* Death as competing risk.
** Percentage of primary TURBs performed with PDD at department-level.
*** Reference group.

sparse recording of this code in the primary TURB registration in
all PDD-exposure groups. We do not deem this exclusion likely
to significantly affect the outcome, especially not the results of
the high-risk NMIBC [27].

Entry into the register (2011-2013 or 2014-2017) is unequally
distributed between the PDD exposure groups; one could argue
that newer cystoscopies etc. would provide a reduced risk due
to entering time alone, but the adjusted analyses did not confirm
this hypothesis. The Aalen-Johansen curves of the unadjusted,
estimated cumulative risks showed a difference already after 2
years. Therefore, the shorter registered follow-up in PDD-
exposure group 3 did likely not influence the results of the
recurrence and progression risks.

When stratifying on baseline pathological risk group, PDD
appeared to have the largest risk reducing effect in high-risk
NMIBC, with regard to both recurrence and progression.
Unfortunately, we lacked information on tumor size and
numbers and therefore, the baseline pathological risk groups
included all pTa high grade in the high-risk group. The single
pTa high grade tumors smaller than three centimeters is
included in the EORTC intermediate risk group and are
therefore misclassified in our analyses. Although this
introduced a misclassification bias in the sub-analyses, it would
most likely bias our results toward no difference, and we would
therefore underestimate the difference in PDD’s risk reducing
effect depending on pathological risk group. Burger and
colleagues published a meta-analysis in 2013 reviewing raw

data from prospective studies assessing the 1-year recurrence
rates in normal white light TURB versus blue light TURB, and
found the beneficial effect of PDD to be independent of risk-
group [28]. Gallagher et al. have also assessed the association
between PDD-use and a lower 1-year recurrence rate in all risk
groups compared to white light TURBs, but the significant
difference was only maintained until 3 years in the high-risk
group in the all patients analyses [23]. A Cochrane systematic
review from 2021 including 16 randomized controlled trails,
4325 patients, assessing the effect of PDD-enhanced TURB
compared to white light-based TURB on recurrence and
progression of NMIBC also found that the risk reducing effect
of PDD depended on the pathological baseline risk-group.
Similar to our findings, they concluded that low-risk patients
may have little or no risk-reducing effect of PDD with regard to
either recurrence or progression, PDD may reduce the risk of
recurrence in intermediate- and high-risk patients, and the risk
of progression with regard to high-risk patients (low-certainty
evidence) [29]. It has been estimated that the majority of
recurrences in intermediate- and high risk T1 is due to
overlooked and/or residual tumors [30]. This could be a part of
the explanation to why the diagnostic enhancing tool of PDD
shows the greatest effect in the high-risk analyses. Since the
histology is unknown before primary TURB, another strategy
could be to focus PDD-use at high-risk recurrence. However, in
this study we focused on the primary TURB since this cohort
would be homogenous regarding previous TURBs and
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instillation therapies. Future studies should assess the effect of
PDD on recurrent NMIBC.

Additional limitations of our study are mainly due to design.
It was not possible to extract information on tumor size and the
amount of tumors from the registry; these factors are included
in the EORTC and the CUETO (only number of tumors) NMIBC
risk scoring systems [2, 24]. The education level and skills of the
surgeon, who performed the TURB, are not available either and
it is reasonable to assume this has an impact on the risk of
recurrence and progression of NMIBC as well. If one or more of
these factors systematically differed between the groups, it
could potentially influence the result. However, we do not have
any reason to believe this to be the case. The work-up of
hematuria and primary diagnosis of NMIBC are performed at all
Danish urological departments without any patient-selection,
and the education of Danish urologists are standardized at a
national level.

In conclusion, high use of PDD in primary TURBs appears to
be associated with lower risk of recurrence and progression of
NMIBCafter both 2 and 5 years. Stratified on primary pathological
NMIBC risk-group, the risk reducing effect of PDD-use appears
most pronounced for high-risk tumors.
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