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Abstract

Background: Transurethral resection of bladder tumor (TURBT) is a central compo-
nent in the diagnosis of non–muscle-invasive bladder cancer (NMIBC) and can be
guided by several optical imaging techniques for better visualization of lesions.
Objective: To investigate if a change in tumor microenvironment (TME) composi-
tion could be observed as an effect of hexaminolevulinate (HAL)-assisted blue light
cystoscopy (BLC) in TURBT samples from patients with bladder cancer.
Design, setting, and participants: This was a retrospective study of 40 patients with
bladder cancer who underwent either BLC-guided TURBT (n = 20) or white light
cystoscopy (WLC)-guided TURBT (n = 20) before radical cystectomy (RC). Tissue
samples (n = 80) were collected from paired TURBT and RC specimens for all 40
patients. Tumor tissue was stained using multiplex immunofluorescence and
immunohistochemistry.
Outcome measurements and statistical analysis: Immune cell infiltration was assessed
according to the proportions of each immune cell or immune evasion marker and
the relative change from TURBT as baseline was calculated. Statistical comparisons
between groups were performed using the Wilcoxon rank-sum test or the paired-
sample Wilcoxon test.
Results and limitations: Comparison of relative changes in the TME revealed a signif-
icant decrease in stromal infiltration of cytotoxic T cells (p = 0.024), B cells
(p = 0.041), and stromal cells expressing PD-1 (p = 0.011) in patients treated with
BLC-guided TURBT compared to WLC-guided TURBT.
Conclusions: Our pilot study showed that HAL-BLC during TURBT in bladder cancer
may influence the immune cell composition and TME.
Patient summary: Weinvestigated thepotential therapeutic effect of blue light versus
white light for guidance in removing bladder tumors via the urethra in patients with
bladder cancer. For blue light guidance, a compound called hexaminolevulinate is
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used to visualize tumor tissue. We found changes in immune cell composition that
may have been influenced by the blue light guidance.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction cystectomy (RC); (2) no adjuvant therapy, including neoadjuvant
A significant challenge of traditional white light cystoscopy
(WLC) during transurethral resection of bladder tumor
(TURBT) is the lack of visibility of certain types of lesions,
such as carcinoma in situ (CIS), flat dysplasia (premalignant),
and very small tumors. The operating clinician must be able
to evaluate suspicious tissue concurrently. It is speculated
that incomplete detection of these lesions plays a substantial
role in the higher risk of early recurrence often seen in blad-
der cancer [1]. Different optical techniques are used to aid
traditional WLC, including photodynamic diagnosis (PDD).
PDD uses light exposure after intravesical instillations of a
photosensitizer such as hexaminolevulinate (HAL) [2].
Administration of HAL leads to preferential accumulation
of photoactive porphyrins in bladder lesions, which release
energy as red fluorescent light upon illuminationwith a blue
light cystoscopy (BLC) system, which helps visualize tumors.
Thus, PDD enhances tumor detection and improves complete
tumor resection during TURBT. It has been shown that
HAL-assisted BLC-TURBT reduces recurrence rates among
patients with bladder cancer in comparison to WLC [3–8].

Alongside possible diagnostic value, there is a possible
therapeutic effect of other photodynamic procedures, such
as 5-aminolevulinic acid (5-ALA) with red light and HAL
with white light, in bladder cancer [9,10]. Photodynamic
therapy (PDT) is defined as cell death induced by adminis-
tration of a photosensitizer along with light exposure of a
specific wavelength. The mechanism of PDT is complex
and not fully elucidated. It is generally believed that the
production of reactive oxygen species (ROS) and resulting
cell damage are the main mechanisms responsible for the
PDT effect; however, other indirect mechanisms of cell
death have been proposed, such as inflammatory reactions
and vascular damage [11,12]. Cell death followed by local
inflammatory reactions could induce an antitumor immune
response [11,13]. A plausible hypothesis is that HAL-BLC
might induce a PDT-like effect. A recent study using an
orthotopic model of bladder cancer in rats demonstrated a
treatment effect of HAL-BLC, with evidence of immune acti-
vation in terms of tumor infiltration by CD3+ and CD8+ T
cells [14]. A change in the tumor microenvironment (TME)
may indicate a potential clinical treatment effect beyond
pure visualization and detection. The aim of this study
was to assess if any measurable change in the TME could
be observed in bladder cancer patients as a result of BLC-
guided in comparison to WLC-guided TURBT.

2. Patients and methods

2.1. Patients, biological samples, and clinical follow-up

In total, 40 patients with bladder cancer were included in this retrospec-

tive study (Supplementary Fig. 1). The following criteria for patient

selection were used: (1) primary tumor and subsequent radical
chemotherapy, administered between TURBT and RC; and (3) tumor pre-

sent at the time of RC (pT1–T4a). Formalin-fixed, paraffin-embedded

(FFPE) tissue samples (n = 80) from TURBT and RC for all 40 patients

were included. In the overall cohort, 20 patients had undergone HAL-

BLC-guided TURBT before RC and 20 had undergone WLC-guided TURBT

before RC (Fig. 1A). The two patient groups were matched on the basis of

tumor stage, grade, treatment history, age, and sex. All clinical informa-

tion was collected and managed using REDCap electronic data capture

tools hosted at Aarhus University. Patients were treated between 2012

and 2020. TURBT was performed at either Aarhus University Hospital

or Regional Hospitals in Viborg and Holstebro, Denmark. All RCs were

performed at Aarhus University Hospital, Denmark, and patients pro-

vided informed written consent to take part in future research projects.

The study was approved by The Danish National Committees on Health

Research Ethics (#1708266).

2.2. Immunofluorescence, immunohistochemistry, and imaging

Five FFPE sections (3 lm) were stained per patient (Fig. 1B). The tyra-

mide signal amplification strategy was used for multiplex immunofluo-

rescence detection of panel 1 (CD3, CD8, FOXP3) and panel 2 (CD20,

CD68, CD163). The strategy we used is similar to that described by Taber

et al. [15]. Chromogenic immunohistochemistry was used to detect PD-

1, PD-L1, and pan-cytokeratin. Detailed information on the staining pro-

tocols and antibodies used is presented in the Supplementary material.

2.3. Digital image analysis

Digital image analysis was performed using the Visiopharm

v2020.08.2.8800 image analysis software (Visiopharm A/S, Hørsholm,

Denmark). For each tissue section, the fluorescent- or chromogenic-

stained image was aligned to its corresponding pan-cytokeratin–

stained image. Image analysis protocol packages were developed to (1)

define carcinoma and stromal regions of interest (ROIs; Fig. 1C) and

(2) identify and quantify positively stained cells. For PD-1 and PD-L1,

identification was based on positive brown stains in close proximity to

a nucleus. For panels 1 and 2, identification was based on co-

localization of selected markers in close proximity to a nucleus (Fig. 1D).

Manual area control was performed on all sample sections to ensure

correct alignment and exclude large areas with ulcerations, necrosis, or

staining artifacts. Separation of areas with carcinoma cells from stromal

areas was based on pan-cytokeratin staining. Only ROIs with a cell count

>200 were used for analysis. An intensity threshold was chosen for each

marker to separate each fluorophore from the background according to a

subjective assessment of the lowest threshold possible for each marker.

Panel 1 and panel 2 stains were aligned to the same section restained

for pan-cytokeratin, which allowed direct cell-to-cell alignment and

resulted in minimal errors in the alignment process. PD-1 and PD-L1

images (FFPE sections #3 and #5, respectively) were aligned to section

#4 stained for pan-cytokeratin. To ensure more precise ROI identifica-

tion, we created a border ROI, defined as a region between the carcinoma

ROI and the stroma ROI. The border had a total width of 28 lm, with 14

lm into the carcinoma ROI and 14 lm into the stromal ROI. The border

ROI was discarded, as this comprised potential misalignment and natural

variations between, for example, PD-1 and pan-cytokeratin sections

(visualized in Supplementary Fig. 2).
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Fig. 1 – Overview of the cohort and study design. (A) Flowchart showing the distribution of the 40 patients in treatment groups. (B) Five serial sections from
formalin-fixed, paraffin-embedded tumor specimens were stained and scanned. (C) Digital image analysis was used to identify carcinoma and stroma ROIs on
the basis of pan-cytokeratin (A1/A3) staining. Red dashed lines divide tissue into carcinoma and stroma ROIs. (D) Identification of immune cells on the basis of
co-localization of selected protein markers (left). Examples of staining results for PD-1 and PD-L1 (right). Cells were quantified within each ROI. WLC = white
light cystoscopy; BLC = blue light cystoscopy; TURBT = transurethral resection of bladder tumor; RC; radical cystectomy; mIF =multiplex immunofluorescence;
PanCK = pan-cytokeratin (A1/A3); ROI = region of interest; CTL = cytotoxic T cell; Treg = regulatory T cell. Created with Biorender.com.
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2.4. Statistical analysis

Statistical comparisons between groups were performed using the

Wilcoxon rank-sum test or a paired-sample Wilcoxon test, with p values

<0.05 considered significant. Data analysis was performed using R v4.2.2

(RStudio Team) [16].
3. Results

3.1. Clinicopathological data and staining results

To investigate the immune microenvironment in bladder
cancer patients treated with WLC-guided or BLC-guided
TURBT, we analyzed paired TURBT and RC samples from
20 patients who underwent to WLC-TURBT and 20 who
underwent BLC-TURBT. Patient characteristics are summa-
rized in Table 1 and Figure 2 shows representative images
of stained tumor samples.
3.2. Changes in the TME between paired samples in the two
treatment groups

By comparing paired TURBT and RC samples, we investi-
gated changes in the TME in each treatment group. We
sought to explore changes in the proportion (immune cell
count/total cell count) of different immune cell types and
immune evasion markers from TURBT to RC, stratified by
TURBT type. Results for carcinoma ROIs are shown in Fig-
ure 3 and for stroma ROIs in Figure 4. We wanted to inves-
tigate specifically how immune infiltration changed in the
two regions to observe differences between WLC- and
BLC-guided TURBT.

In the BLC group, the proportional cytotoxic T-cell (CTL)
infiltration in carcinoma regions was significantly higher in
RC samples than in TURBT samples (p = 0.02). By contrast, in
the WLC group the proportional M1 macrophage infiltration
was lower in RC samples than in TURBT samples (p < 0.001).



Table 1 – Clinicopathological data

Parameter WLC
(n = 20)

BLC
(n = 20)

p
valuea

Median time from TURBT to RC,
d (IQR)

38 (33–46) 38 (31–48) 0.6

Sex, n (%) 0.3
Female 4 (20) 7 (35)
Male 16 (80) 13 (65)

Smoking, n (%) 0.7
Yes 4 (20) 6 (30)
Former 13 (65) 10 (50)
No 3 (15) 4 (20)

Median age at TURBT, yr (IQR) 71 (69–77) 75 (67–76) >0.9
T stage at TURBT, n (%) 0.057
T1/T1a/T1b 6 (30) 12 (60)
T2/T2a/T2b 14 (70) 8 (40)

High grade at TURBT, n (%) 20 (100) 20 (100)
Carcinoma in situ at TURBT, n

(%)
3 (15) 7 (35) 0.14

Histotype at TURBT, n (%) >0.9
Pure urothelial carcinoma 16 (80) 16 (80)
Mixed urothelial carcinoma 4 (20) 4 (20)

T stage at RC, n (%) 0.2
T1/T1a/T1b 3 (15) 7 (35)
T2/T2a/T2b 5 (25) 8 (40)
T3/T3a/T3b 9 (45) 3 (15)
T4/T4a 3 (15) 2 (10)

High grade at RC, n (%) 20 (100) 20 (100)
Carcinoma in situ at RC, n (%) 9 (45) 8 (40) 0.7
Histotype at RC, n (%) 0.7
Papillary urothelial
carcinoma

0 (0) 1 (5.0)

Pure urothelial carcinoma 17 (85) 15 (75)
Mixed urothelial carcinoma 3 (15) 4 (20)
No tumor 0 (0) 0 (0)

N stage at RC, n (%) 0.13
N0 13 (65) 18 (90)
N+ 7 (35) 2 (10)

M stage at RC, n (%) >0.9
M0 19 (95) 20 (100)
M+ 1 (5.0) 0 (0)

Recurrence after RC, n (%) 9 (47) 3 (15) 0.029
Unknown 1 0

Systemic treatment after RC, n
(%)b

6 (30) 2 (10) 0.2

Survival, n (%) 0.017
Alive 11 (55) 16 (80)
Died from bladder cancer 9 (45) 2 (10)
Died from other cause 0 (0) 2 (10)

Median follow-up, d (IQR) 580 (280–
718)

1780 (1529–
2634)

<0.001

WLC = white light cystoscopy; BLC = blue light cystoscopy;
TURBT = transurethral resection of bladder tumor; RC = radical cystec-
tomy; IQR = interquartile range.
a Pearson’s v2 test, Wilcoxon rank-sum test, or Fisher’s exact test, as
appropriate.

b Patients receiving chemotherapy or immunotherapy (PD-1 or PD-L1
inhibitor) because of recurrence.
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Furthermore, carcinoma regions had higher expression of
PD-1 at the time of RC than at TURBT in the WLC group
(p = 0.02).

The proportions of several immune cell types in the stro-
mal region significantly differed between TURBT and RC in
the two treatment groups (T helper cells, regulatory T cells,
M1 and M2 macrophages, and cells expressing PD-L1). The
proportions of these four cell types and cells expressing
PD-L1 were lower in RC samples than in TURBT samples
in both groups. Interestingly, differences in B cells and cells
expressing PD-1 were significant in only one of the patient
groups. The proportion of stromal B cells was significantly
lower in RC samples than in TURBT samples in the BLC
group (p = 0.04) but not in the WLC group (p = 0.6). We
observed a decrease in stromal PD-1 expression in patients
who underwent BLC-guided TURBT (p = 0.005).

3.3. TME differences between patient groups

We compared changes in immune cell infiltration and
immune evasion markers between WLC-guided and
BLC-guided TURBT. The immune cell fraction in the TURBT
sample was defined as the baseline and the change was
calculated relative to this (Fig. 5).

Comparison of the relative changes in the TME, we found
no significant difference between the WLC-guided and BLC-
guided TURBT groups for carcinoma regions. However, we
observed significantly lower stromal infiltration by CTLs
(p = 0.024), B cells (p = 0.041), and cells expressing PD-1
(p = 0.011) in the BLC group than in the WLC group.
4. Discussion

We evaluated immune cell infiltration and immune evasion
markers in bladder tumors and the surrounding stromal
environment following BLC-guided TURBT to investigate
the change in immune contexture as a possible therapeutic
mechanism underlying the long-term clinical effect seen
after BLC-guided TURBT.

The fraction of several immune cells and immune eva-
sion markers significantly differed between TURBT and RC
in the two treatment groups, which may be because of dif-
ferences in the tissue composition of the two sample types.
In general, we detected a decrease in immune cells in the
stromal region, which may be explained by the difference
in size of tissue available from TURBT and RC samples.
The TURBT samples were considerably smaller in stromal
region size in comparison to RC samples, in which the stro-
mal region was composed of large areas of muscle and adi-
pose tissue with a lower amount of immune cells. This
could result in lower stromal immune-cell fractions in RC
samples than in TURBT samples. Consequently, to compen-
sate for differences in tissue composition between TURBT
and RC samples, we calculated the relative change in
immune cell infiltration to obtain a more reliable relative
comparison between BLC-TURBT and WLC-TURBT.

Comparison of the relative change in stromal immune-
cell infiltration between the treatments revealed signifi-
cantly lower CTL infiltration in BLC-TURBT than in
WLC-TURBT samples. Comparison of paired TURBT and RC
samples from patients treated with BLC-TURBT revealed a
significant increase in CTLs in carcinoma regions and a trend
towards a decrease in CTLs in stromal regions. This indicates
that BLC-TURBT treatment has a greater effect on CTL infil-
tration than WLC-TURBT does. CTLs play a central role in
antitumor immunity [17]. Lamy et al. [14] used an ortho-
topic model of bladder cancer in rats to investigate immune
cell infiltration in rats receiving HAL-assisted BLC. They
observed an anti-tumor effect and an indication of immune
activation following HAL-BLC according to visual assess-
ment of immunological markers (CD3+, CD8+, and CD4+),
with observation of intratumoral CD3+ and CD8+ immune



Fig. 2 – Representative images of tumor samples stained for PD-1 and PD-L1 expression and T helper (Th) cells, CTLs, Tregs, B cells, M1 macrophages, and M2
macrophages. Representative images of (A) a PD-1 and (B) a PD-L1 staining results. (C) mIF staining results for panel 1 (CD3, CD8, FOXP3). Two images from a
tumor sample showing a T helper cell (CD3+, CD8-, and FOXP3-, light blue arrow), CTL (CD3+, CD8+, and FOXP3-, dark blue arrow), and Treg (CD3+, CD8-, and
FOXP3+, red arrow). Scale bars = 50 lm. (D) mIF staining results for panel 2 (CD163, CD68, CD20). Two images from a tumor sample showing a B cell (CD163-,
CD68-, and CD20+, orange arrow), M1 macrophage (CD163-, CD68+, and CD20-, yellow arrow), and M2 macrophage (CD163+, CD68+, and CD20-, green arrow).
Scale bars = 50lm. mIF = multiplex immunofluorescence; Th = T helper cell; CTL = cytotoxic T cell; Treg = regulatory T cell.
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Fig. 3 – Immune cell infiltration in the carcinoma region in specimens from patients treated with either WLC- or BLC-guided TURBT. Carcinoma immune cell
infiltration (Th cells, CTLs, Tregs, B cells, M1 and M2 macrophages) and immune evasion markers (PD-1, PD-L1) in TURBT and RC samples stratified by
treatment group. Immune cell infiltration was defined as the percentage of total cells in the carcinoma region classified as the respective immune cell type.
Immune evasion levels were defined as the percentage of total cells in the carcinoma region expressing PD-1 or PD-L1. The y-axes are transformed to log10
scale and a paired-sample Wilcoxon test was used to calculate p values. WLC = white light cystoscopy; BLC = blue light cystoscopy; TURBT = transurethral
resection of bladder tumor; RC; radical cystectomy; Th = T helper cell; CTL = cytotoxic T cell; Treg = regulatory T cell.
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cell infiltration. However, quantification of the total number
of CD3+ cells revealed significantly higher CD3+ infiltration
in the control group than in the HAL-BLC group, but similar
results were not observed for either CD4+ or CD8+ [14]. In
our study, we observed no relative changes in CTL
(CD3+CD8+ cells) infiltration in carcinoma regions.

Comparison of the relative change between our WLC and
BLC groups revealed a significantly lower relative propor-
tion of stromal B cells in BLC samples. B cells are antigen-
presenting cells and produce antibodies that can promote
antitumor immunity. However, studies have demonstrated
that B cells have both antitumor and protumor effects,
depending on the phenotype and TME composition [18],
so it is difficult to determine the effect of the change in stro-
mal B-cell infiltration we observed.
Finally, we also observed a relative change in stromal
PD-1 expression that was significantly lower in BLC than
in WLC samples. This might reflect an increase in T-cell
activity in patients who have undergone BLC-TURBT and
downregulation of intratumoral T-cell activity in patients
who have undergone WLC-TURBT. The effect of high PD-1
expression has been difficult to assess, as studies have
reported associations with both better and worse prognosis
[19]. PD-1 is a marker of T-cell exhaustion and lower
expression in the stroma of BLC samples could be a sign of
lower T-cell exhaustion and thus a higher antitumor
immune response, indicating a treatment effect of BLC-
TURBT beyond tumor detection. It could also be a result of
the lower level of stromal CTLs observed in patients treated
with BLC-TURBT in comparison to WLC-TURBT treatment.
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Fig. 4 – Immune cell infiltration in stromal regions in specimens from patients treated with either WLC- or BLC-guided TURBT. Stromal immune cell
infiltration (Th cells, CTLs, Tregs, B cells, M1 and M2 macrophages) and immune evasion markers (PD-1, PD-L1) in TURBT and RC samples stratified by
treatment group. Immune cell infiltration was defined as the percentage of total cells in the stromal region classified as the respective immune cell type.
Immune evasion levels were defined as the percentage of total cells in the stromal region expressing PD-1 or PD-L1. The y-axes are transformed to log10 scale
and a paired-sample Wilcoxon test was used to calculate p values. WLC = white light cystoscopy; BLC = blue light cystoscopy; TURBT = transurethral resection
of bladder tumor; RC; radical cystectomy; Th = T helper cell; CTL = cytotoxic T cell; Treg = regulatory T cell.
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Although PDD is a well-established procedure for help-
ing to visualize tumors during TURBT, the treatment is not
without limitations. It is more expensive than traditional
WLC and requires prior instillation of the photosensitizer,
which is not necessary in other imaging-enhanced modali-
ties such as narrow band imaging (NBI), which is recom-
mended as an alternative to BLC-TURBT [2,20]. Even
though PDD can increase visualization of possible malig-
nant lesions, it provides no guarantee that all lesions will
be visible. Conversely, there is a risk of false positives, seen
in inflamed tissue, for example [21]. BLC-TURBT might have
a benefit over NBI because of its potential additional antitu-
mor effect, whereas NBI only uses light exposure and no
photosensitizer, and thus has no effect beyond tumor detec-
tion. Overall, few adverse events have been reported for the
HAL-BLC procedure [22–24].

To investigate changes in the TME between TURBT and
RC, we set criteria for patient selection to require the pres-
ence of tumor at the time of RC (pT1–T4a). Since it was a
requirement to have residual disease at the time of RC, we
did not include bladder cancer patients who had bladder
pathologic complete response (<T1) as a result of TURBT.
This bias might affect the results by masking the potential
PDT effect of BLC-guided TURBT.

Our study is limited by the retrospective study design
and the interobserver variability associated with manual
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Fig. 5 – Changes in the tumor microenvironment between paired TURBT and RC samples in patients treated with WLC- or BLC-guided TURBT. Changes in the
percentage of (A) intratumoral cells and (B) peritumoral cells between paired TURBT and RC samples. The Wilcoxon rank sum-test was used to calculate p
values. WLC = white light cystoscopy; BLC = blue light cystoscopy; TURBT = transurethral resection of bladder tumor; RC; radical cystectomy; Th = T helper cell;
CTL = cytotoxic T cell; Treg = regulatory T cell.
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corrections in the workflow for digital image analysis. Fur-
thermore, it should be noted that our approach does not
identify which cell types expressed PD-1 and PD-L1.
5. Conclusions

Our pilot study in bladder cancer patients showed that HAL-
BLC during TURBT may influence the immune cell composi-
tion and TME. Further studies are needed to verify this and
elucidate whether HAL-BLC has a therapeutic role in the
treatment of bladder cancer and long-term clinical effects
besides guiding the cystoscopy procedure.
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