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Purpose—To assess the impact that improved detection of non-muscle invasive bladder cancer
with hexaminolevulinate (HAL) fluorescence cystoscopy may have on early recurrence rates.

Materials and methods—This prospective, randomized study enrolled 814 patients suspected
of having bladder cancer at increased risk for recurrence. All patients underwent white light
cystoscopy and mapping of lesions, followed by transurethral resection of the bladder (TURB)
where indicated. Patients in the fluorescence group also received intravesical hexaminolevulinate
solution at least one hour before cystoscopy to induce fluorescence of cancerous lesions, and
underwent additional inspection with blue light before and after TURB. Adjuvant intravesical
therapy was based on risk. Follow up cystoscopies at 3, 6 and 9 months were conducted with
white light.

Results—Detection was carried out as a within-patient comparison in the fluorescence group. In
this group, 286 patients were found to have at least one Ta or T1 tumor (ITT). In 47 (16%), at least
one of the tumors was seen only with fluorescence (p=0.001). During the 9 month follow-up
period (ITT), there were tumor recurrences in 128/271 patients (47%) in the fluorescence group
and 157/280 patients (56%) in the white light group (p=0.026). The relative reduction in
recurrence rate was 16%.

Conclusions—HAL fluorescence cystoscopy significantly improves detection of Ta and T1

lesions and significantly reduces the rate of tumor recurrence at 9 months.

Keywords
bladder cancer; Hexvix; HAL; fluorescence cystoscopy; recurrence

Introduction

Cystoscopy, even when performed by experienced urologists, can miss clinically important
papillary tumors and carcinoma in situ (CIS). Repeat TURB carried out only a few weeks
after the initial resection demonstrates that incomplete resection is common.! Residual
tumor is found in 30% to 44% of patients resected up to 8 weeks after the original
surgery,2~ and the rate can be as high as 70% for high-grade tumors.>-6

Fluorescence cystoscopy uses photoactive compounds to enhance the visual demarcation
between normal and neoplastic tissue. Endogenous aminolevulinic acid (ALA) is a natural
precursor of the photoactive intermediate, protoporphyrin IX (PplX). Intravesical
hexaminolevulinic acid, a hexyl ester of 5-ALA, induces accumulation of PplX in malignant
cells, which fluoresce when exposed to light between 375nm and 440nm,” 8 enabling the
detection of more exophytic tumors and CIS than white light cystoscopy.®-13

The objective of this international study was to assess the impact that improved detection of
bladder cancer with hexaminolevulinate cystoscopy has on tumor recurrence.

J Urol. Author manuscript; available in PMC 2015 February 13.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stenzl et al.

Methods

Patients

Page 3

Twenty-eight centers (19 USA and Canada; 9 Europe) enrolled patients with suspected Ta
and/or T1 bladder cancer on the basis of outpatient cystoscopy. Eligible patients were at
increased risk for recurrence based on the presence of more than one initial or recurrent
papillary bladder tumor or a recurrence within 12 months of a previous bladder cancer.
Patients with gross hematuria, porphyria, and those who received Bacillus Calmette-Guerin
(BCG) or multiple instillation chemotherapy in the three months prior to initial TURB were
excluded.

The trial was conducted in accordance with the International Conference on Harmonization
(ICH) guidelines for Good Clinical Practice (GCP) and the Declaration of Helsinki (10
September 2004 version). All patients provided written informed consent

Hexaminolevulinate treatment

Hexaminolevulinate (HAL, Photocure, Norway) was supplied as 85mg powder for
reconstitution in 50mL of phosphate buffered saline. The solution was instilled into the
bladder and was to be retained for one hour. A xenon light source (D-light C system® (Karl
Storz Co, Tittlingen, Germany)) was used for blue and white light cystoscopy.

Randomization and treatment protocol

Randomization was carried out centrally and was stratified for patients presenting with
initial and recurrent bladder cancer. Patients in the white light group underwent cystoscopy
and mapping of bladder lesions followed by TURB with white light (Figure 1).

In the fluorescence cystoscopy group, lesions were first mapped using white light
cystoscopy. Immediately after mapping, a second randomization was performed to ensure
that a thorough inspection was carried out with white light. Patients randomized to
discontinue were excluded from further efficacy analyses but were monitored for adverse
events. Patients randomized to continue in the study had their bladder mapped again using
blue light. They then had TURB using blue light to evaluate the completeness of the
resection (Figure 1).

At centers with no prior experience with fluorescence cystoscopy, the first five patients
enrolled were training patients. They were not randomized into the study and received
fluorescence cystoscopy and were only included in the safety analysis.

For all patients continuing in the study, all exophytic lesions were resected and all
suspicious lesions were biopsied. These biopsies were analyzed both by a local pathologist
and by a panel of central pathologists blinded to the decision of the local pathologist. The
central pathology panel consensus read was used as the Standard of Truth for the detection
endpoints. For the recurrence endpoint, local pathology was used because all clinical
decisions were based on local pathology.

J Urol. Author manuscript; available in PMC 2015 February 13.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stenzl et al.

Page 4

Flat lesions were graded according to the World Health Organization (WHO)/International
Society of Urological Pathology (ISUP) 1998 consensus classification of urothelial
(transitional cell) neoplasms of the urinary bladder# and according to McKenney et al, 1>
while papillary lesions were graded according to WHO 1973.16

Patients found to have high grade bladder cancer, T1, or carcinoma in situ according to the
local pathological examination were to receive intravesical BCG unless contraindicated.
Other intravesical therapy was not permitted.

Only those patients found to have histologically-confirmed Ta or T1 tumors, based on the
diagnosis of the local pathologist, entered the follow-up phase of the study.

Cystoscopy with white light was performed at 3, 6 and 9 months following initial resection
or until recurrence. Recurrence was to be confirmed histologically.

Analyses and Statistical methods

The study assessed the effects of fluorescence cystoscopy on detection of non-muscle
invasive bladder tumors and on bladder cancer recurrence. The analysis populations are
shown in Table 1. The primary detection endpoint was the proportion of patients with
histologically-confirmed Ta or T1 tumors in the fluorescence cystoscopy group who had at
least one additional histologically-confirmed Ta or T1 tumor detected with blue but not
white light.

Secondary endpoints included the proportion of patients in the fluorescence cystoscopy
group who had additional CIS lesions detected with blue light. For analysis of the detection
endpoints, an exact test for single proportion, using the cumulative binomial distribution
with a hypothesized additional detection in 10% of the patients (2-sided) was used.

False positive detection rates were derived as the number of false positive lesions (i.e.
suspected but with negative histology) detected with blue or white light divided by the total
number of lesions suspected with blue or white light, respectively. In this analysis, the
finding of dysplasia, carcinoma in situ, or T1-4 bladder cancer were considered positive.

The primary recurrence endpoint was a comparison of the proportion of patients in each
group who had a histologically-confirmed Ta or T1 tumor at baseline, and who were
subsequently diagnosed with recurrent tumors (CIS, Ta, T1-4) within 9 months. Patients
with invasive disease, with CIS only or with negative pathology were not followed for
recurrence. Patients who did not complete the 9 months surveillance and those who had
visual assessment of a lesion without biopsy were imputed to have a recurrence (ITT
Recurrence). For those that did not complete the scheduled surveillance, the recurrence was
deemed to have taken place at the time point following the last tumor-free diagnosis.

The Cochran-Mantel-Haenszel (CMH) Chi-square test with center as stratification factor (2-
sided) was used. Other efficacy and safety variables were summarized using descriptive
statistics.
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Detection was assessed as a within-patient comparison in the fluorescence cystoscopy group
only. Of the 365 patients in the ITT population in the fluorescence group, 286 had Ta and/or
T1 tumors, whereas 79 had either no tumor, muscle invasive tumors or CIS only (Table 1).
The mean and median retention times for HAL were 90 (£38) and 80 minutes, respectively.
Of the 286 patients in the fluorescence group with Ta or T1 tumors according to central
pathology assessment (ITT Detection), 47 had additional Ta or T1 tumors that were visible
only with fluorescence (16%, p=0.001, Table 2). In these 47 patients, the worst stage and
grade of tumor found with blue light was TaG2 in 27 (57%); T1G2 in 1 (2%); TaG3 in 12,
26%) and T1G3 in 7 (15%). Results in the PPS were similar with 17% of patients having at
least one Ta or T1 detected with fluorescence only (p=0.0005).

Of the 41 patients who had CIS, 19 (46%) had at least one CIS lesion that was detected only
with blue light, and 13 (32%) of these patients did not have any CIS detected by white light
(p<0.0001). Seven of the 13 patients presented with co-existing Ta tumors.

Of the 988 lesions found in patients in the fluorescence cystoscopy group, false positive was
recorded in 120 fluorescence-guided biopsies (12%). White light-guided biopsies were taken
in both the fluorescence group (before blue light inspection) and the white light group. The
false positive results for white light were 97/917 (11%) in the fluorescence group and
91/933 (10%) in the white light group. There was no significant difference in the rates of
false positive results between white light and fluorescence cystoscopy.

The recurrence endpoint was assessed by comparing the recurrence rates in patients with Ta
or T1 in both treatment groups. The ITT groups for the recurrence endpoint comprised 271
in the fluorescence cystoscopy group and 280 in the white light group (Figure 2).

The groups were similar in age, sex, race, bladder cancer history, and prior intravesical
therapy (Table 3). The mean duration since the first diagnosis of bladder cancer was 4.6
years. The proportion of patients with initial tumors was similar in both groups as was the
highest stage and grade at study entry. BCG was administered to 55 (20%) patients of the
white light group and to 50 (19%) of the patients in the fluoresence group.

During the 9-months surveillance period, 128/271 patients (47%) in the fluorescence group
and 157/280 patients (56%) in the white light group had either a pathologically confirmed
tumor recurrence or incomplete data that was imputed as a recurrence (ITT Recurrence,
p=0.026). In the fluorescence and white light groups, 45 and 55 patients respectively, were
imputed to have a recurrence. (eight and 10 respectively due lack of histological
confirmation and the remainder due to lack of 9-month follow-up). The relative reduction in
recurrence rate in the fluorescence group was 16%. At each time point (3, 6 and 9 months)
the number of recurrences was lower in the HAL group compared to the white light group
(Figure 3).
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Seventy-one patients (26%) in the fluorescence group and 78 (28%) in the white light group
did not complete the study according to the protocol and were excluded from the PPS
analysis. The PPS results were similar to those for the ITT group: 72/200 (36%) patients in
the fluorescence group and 92/202 (46%) in the white light group had a recurrence within
the 9-month study period (PPS, p=0.029). The relative reduction in recurrence rate was 22%.

Patients with a history of recurrent bladder cancer experienced a higher rate of tumor
recurrence than those with initial cancer (Table 4). Fluorescence cystoscopy resulted in a
significant reduction in recurrence for those with recurrent cancer (PPS p=0.04). Patients
with TaG1 or TaG2 tumors at baseline randomized to fluorescence were less likely to
experience a recurrence (PPS p=0.02).

Of the patients with documented recurrent tumors during the 9-month follow-up period
13/83 (16%) patients in the fluorescence group and 24/101 (24%) in the white light group
experienced recurrence of worrisome cancers, such as CIS or recurrence of T1 or muscle-
invasive disease (p=0.17). Progression to muscle invasion occurred in 7 patients in the white
light group and 5 in the fluorescence group.

A similar level of adverse events (AEs) was experienced by both groups (Table 5). Most
were mild to moderate in intensity and were expected with bladder tumor resection. No
phototoxicity was reported.

The most common serious adverse events (SAES) in both groups were hematuria and urinary
retention. Only one SAE was thought to be possibly related to hexaminolevulinate (bladder
spasm, which resulted in prolonged hospitalization). Five deaths were reported in each study
group but were not related to the study procedures.

Discussion

This international study demonstrated that HAL fluorescence cystoscopy significantly
improved the detection of Ta and T1 tumors in 16% (47) of patients (p=0.001, ITT
Detection). The number of false positive findings was low and was similar in both groups
(fluorescence 12%; white light (in fluorescence group) 11%; white light group 10%)
suggesting that the increased rate of detection in the fluorescence group was not simply a
result of taking more biopsies.

These results are in line with previous studies that have shown improved detection of lesions
with HAL fluorescence cystoscopy.®11-13. 17 |n this study, many of the additional tumors
detected through blue light inspection were clinically significant and included grade 2 and 3
tumors and T1 tumors that had been overlooked during white light inspection. Furthermore,
fluorescence cystoscopy revealed CIS in 32% (13/41) of patients whose condition went
undetected with white light. Among seven patients with Ta disease, co-existing CIS was
detected only with fluorescence cystoscopy.

Improved detection of tumors would be expected to benefit the patient through better disease
staging, which can result in more appropriate management, and through more complete
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tumor mapping, which would result in a more complete resection. The tumor recurrence rate
provides an objective measure of these expected benefits and our results demonstrated
significantly lower recurrence rates among patients who underwent fluorescence cystoscopy.

According to the ITT analysis, the relative reduction in cancer recurrence with fluorescence
cystoscopy at 9 months was 16% (p=0.026), and was 21% for the PPS. Recurrence of
worrisome disease (CIS, T1, or muscle invasive bladder cancer) occurred in 16% of patients
in the fluorescence group and 24% in the white light group (p=0.17).

The absolute decrease in tumor recurrence at 9 months was 9% in the ITT analysis,
suggesting that only 11 patients need to be treated in order to avoid one recurrence. This
compares favorably with other treatments,8 particularly since HAL fluorescence cystoscopy
requires only one instillation of hexaminolevulinic acid and is associated with minimal
toxicity.

Our findings are similar to those of several small randomized studies that reported improved
rates of recurrence with fluorescence cystoscopy using ALAZ 319 and HAL.20 However, a
recent multi-institutional study of ALA reported that while fluorescence detected more
bladder cancers, there was no difference in the rate of tumor recurrence.?! ALA requires a
much longer retention time than HAL. The median instillation time with ALA in this study
was only 2.1 hours, and the participating urologists had limited experience with
fluorescence. These factors may have resulted in the failure to demonstrate a significant
difference in time to recurrence.

This study focused on patients with Ta and/or T1 bladder cancer at increased risk for
recurrence who had not received BCG or multidose intravesical chemotherapy within 3
months. Therefore, the applicability of these findings to patients with other types of bladder
cancer is uncertain. An additional limitation is that subset analyses of the recurrence rates by
type of cancer were not pre-specified and adequately powered and should only be
considered hypothesis generating.

Bladder cancer is the most expensive cancer to treat per patient, with the lifetime cost per
patient estimated at up to $200,000.22 Approximately 75% of the post-diagnosis costs relate
to pre- and intra-operative management, post-surgical complications, and frequent
diagnostic testing.23 While fluorescence diagnosis incurs initial expense, analyses suggest
that this can be offset by improved disease-free survival.24 2> Zaak et al demonstrated that
by using fluorescence cystoscopy in 115 patients, at least 20 TURBSs could be avoided over
a 5-year period.28 Malmstrom et al concluded that if fluorescence cystoscopy were used
only in high-risk patients it could save $655,000 in the first year alone, with significant
savings if it were used for all TURBs in high and medium-risk patients.2’” Actual cost
savings will, of course, be affected by local treatment and monitoring protocols.

Conclusion

Hexaminolevulinate-induced fluorescence cystoscopy significantly improves detection of
bladder cancer leading to a more complete resection and significantly better disease-free
survival. This novel change in endoscopic imaging is safe and easily learned.
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Figure 3.
Kaplan-Meier plot of time to recurrence by treatment (ITT).
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Table 1
Analysis populations
Hexvix group White light group

Population number of patients number of patients
Safety Set All patients receiving HAL, and with safety data, includes 421 381

training patients in the fluorescence cystoscopy group re-

randomized out of the study.
All patients randomized Excludes patients re-randomized out of the fluorescence 395 384

cystoscopy group.
ITT Set for detection primary Patients receiving HAL, inspected with white and blue 3652 n/al
endpoint analysis light, with histologically-confirmed results by central

pathology consensus diagnosis.
PPS for detection primary endpoint ~ Same as ITT set but excluding protocol violations such as 352 n/al

HAL retention time or equipment failure.
ITT Subset for recurrence primary Patients receiving HAL, inspected with white and blue 271 280
endpoint analysis light, with histologically-confirmed Ta or T1 tumors

(local pathology read) at baseline.
PPS Subset for recurrence primary ~ Same as ITT set but excluding patients who did not 200 202

endpoint complete the study according to the protocol.

1 . » .
Not applicable, False positive analysis only

2E><c|usion from ITT for detection:
13 patients re- randomization out of fluorescence group
4 withdrawn before treatment
2 no cystoscopy
2 no blue light inspection

9 no consensus pathology data available at baseline
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Table 2

Detection endpoints

HAL fluorescence group, n=365 (ITT Detection)

Total, n (% of patients in the ITT Detection Patients with at least one lesion of each type detected
group with stated tumor type) only with fluorescence
Patients with Ta or T1 tumors 286 (78.4%) 47 (16.4%)
(95% ClI: 12.3 - 21.2)%
Patients with Ta tumors 262 (71.8%) 41 (15.6%)
Patients with T1 tumors 63 (17.3%) 8 (12.7%)
Patients with CIS 41 (11.2%) 19 (46.3%)

Note: patients may have more than one tumor type
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Table 3

Baseline characteristics (ITT Recurrence group)

Fluorescence group

White light group
=280

Sex, male : female (%)

Ethnic group, n (%)

212 :59 (78.2% : 21.8%)

223 :57 (79.3% : 20.4%)

White 250 (92.3%) 270 (96.4%)
Black | 4 (1.5%) | 3 (1.1%)
Hispanic | 4 (1.5%) | 2 (0.7%)
Asian | 2 (0.7%) | -
Other | 11 (4.1%) | 5 (1.8%)
Mean (SD) age, years | 68.0 (10.8) | 69.6 (10.7)
Mean (SD) height, cm | 172 (8.9) | 173 (9.6)
Mean (SD) weight, kg | 82.0 (16.0) | 835 (18.1)
Bladder cancer history, n (%)
Initial 101 (37.3%) 123 (43.9%)
Recurrent 170 (62.7%) 157 (56.1%)
Mean years (SD) with Bladder cancer 4.4 (4.9) 5.0(5.8)
Prior intravesical chemotherapy 51 (19.4%) 55 (20.4%)
Mean years (SD) received chemotherapy 22(4.9) 19(2.2)
Prior intravesical BCG, n(%) 53 (20.2%) 65 (24.3%)
Years received BCG, mean (SD) 29(3.1) 39 4.4
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Recurrence rates in groups stratified by risk

Table 4

Page 16

N Recurrence, fluorescence group Recurrence, white light P value
group
Patients with initial cancer at baseline 224 42/101 (41.6%) 60/123 (48.8%) 0.31
Patients with recurrent cancer at baseline 327 86/170 (50.6%) 97/157 (61.8%) 0.04
Patients with TaG1 or TaG2 at baseline 422 99/218 (45.4%) 113/204 (55.4%) 0.02
Patients with TaG3, Ta and CIS, T1, T1 and CIS at 156 40/73 (54.8%) 47/83 (56.6%) 0.48

baseline
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Adverse events

Table 5

Fluorescence group, n=365

White light group, n=361

Patients experiencing AEs, n (%) 202 (48.0%) 193 (50.7%)
Total AEs, n 562 476
Mild to moderate, n 525 455
Most common AEs
Renal and urinary disorders 31.4% 32.0%
all patients/treatment-related
- Haematuria 63 (15%)/11 (2.6%) 64 (16.8%)
- Dysuria 40 (9.5%)/5 (1.2%) 28 (7.3%)
- Bladder spasm 20 (4.8%)/4 (1.0%) 18 (4.7%)
- Urinary retention 19 (4.5%)/4 (1.0%) 14 (3.7%)
- Bladder pain 17 (4.0%)/4 (1.0%) 13 (3.4%)
Serious AEs, 51 39
Patients, n (%) 39 (9.3%) 32 (8.4%)
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