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Abstract

Background: The advantages of photodynamic diagnostic technology using 5-aminolevulinic acid (ALA-PDD) have
been established. The aim of this prospective cohort study was to evaluate the usefulness of ALA-PDD to diagnose
upper tract urothelial carcinoma (UT-UC) using the Olympus VISERA ELITE video system.

Methods: We carried out a prospective, interventional, non-randomized, non-contrast and open label cohort pilot
study that involved patients who underwent ureterorenoscopy (URS) to detect UT-UC. 5-aminolevulinic acid hydro-
chloride was orally administered before URS. The observational results and pathological diagnosis with ALA-PDD
and traditional white light methods were compared, and the proportion of positive subjects and specimens were
calculated.

Results: A total of 20 patients were enrolled and one patient who had multiple bladder tumors did not undergo
URS. Fifteen of 19 patients were pathologically diagnosed with UT-UC and of these 11 (73.3%) were ALA-PDD posi-
tive. Fourteen of 19 patients were ALA-PDD positive and of these 11 were pathologically diagnosed with UC. For the
92 biopsy specimens that were malignant or benign, the sensitivity for both traditional white light observation and
ALA-PDD was the same at 62.5%, whereas the specificities were 73.1% and 67.3%, respectively. Of the 38 specimens
that were randomly biopsied without any abnormality under examination by both white light and ALA-PDD, 11 speci-
mens (28.9%) from 5 patients were diagnosed with high grade UC. In contrast, four specimens from 4 patients, which
were negative in traditional white light observation but positive in ALA-PDD, were diagnosed with carcinoma in situ
(@s).

Conclusions: Our results suggest that ALA-PDD using VISERA ELITE is not sufficiently applicable for UT-UC. Neverthe-
less, it might be better particularly for CIS than white light and superior results would be obtained using VISERA ELITE
Il video system.
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Trial registration: The present clinical study was approved by the Okayama University Institutional Review Board prior
to study initiation (Application no.: RIN 1803-002) and was registered with the UMIN Clinical Trials Registry (UMIN-

CTR), Japan (Accession no.: UMINO00031205).

Keywords: Photodynamic diagnosis, 5-Aminolevulinic acid, ALA-PDD, Upper urinary tract urothelial carcinoma,

VISERA ELITE video system

Background

Photodynamic diagnostic (PDD) technology using
5-aminolevulinic acid (ALA-PDD) is currently being
used for the diagnosis of brain tumors in Japan. For
patients with bladder cancer, the sensitivity and speci-
ficity of ALA-PDD using scopes and video systems
produced by Karl Storz SE & Co. KG (Tuttlingen, Ger-
many) can be as high as 75.8% and 68.2%, respectively
[1]. Thus, in 2017 Japanese national health insurance
approved ALA-PDD for visualization of non-muscle-
invasive bladder cancer at the time of transurethral
resection of bladder tumors (TURBT). ALA is an
amino acid that is naturally present in living animals
and plants, as well as in commonly consumed foods
and beverages, and protoporphyrin IX (PpIX), which
is also present in the human body. Neither compound
shows toxicity and the safety of both has been con-
firmed in healthy individuals [2]. The premise for ALA-
PDD is that orally ingested ALA accumulates as PpIX
in tumor cells to a greater degree than in normal cells.
Upon excitation with visible blue light (375-445 nm),
PpIX emits red light (600-740 nm).

Upper tract urothelial carcinoma (UT-UC) includes
renal pelvic and ureteral cancer, which are the same
as bladder cancer from a pathological perspective.
Although standard treatment for UT-UC is total neph-
roureterectomy and partial cystectomy, techniques
involving endoscopic diagnosis and resection with URS
have been developed [3, 4]. However, small satellite
tumors, flat tumors and carcinoma in situ (CIS) in the
upper urinary tract are difficult to diagnose and treat
endoscopically [5, 6]. ALA-PDD allows visualization
of lesions that cannot be diagnosed by conventional
observation using white light, thus increasing the like-
lihood of accurate diagnosis and effective treatment
in patients with UT-UC [7, 8]. ALA-PDD performed
for UT-UC patients using a ureteroscope and a video
system produced by Karl Storz SE & Co. KG. has been
described [9, 10], but no similar study has been carried
out using a video system manufactured by Olympus
Co., Ltd. (Tokyo, Japan).

The aim of this prospective cohort study was to evalu-
ate the usefulness of ALA-PDD for diagnosis of UT-UC
using the VISERA ELITE video system produced by
Olympus Co., Ltd.

Methods
All methods were carried out in accordance with relevant
guidelines and regulations.

Study design

We carried out a pilot, prospective interventional, non-
randomized, non-contrast and open label cohort study.
Enrollment began following approval by the review
board. Patients who were suspected of having UT-UC
and were undergoing ureterorenoscopy (URS) were
enrolled. Since this study was a pilot study, 20 cases were
considered based on the annual number of cases treated
at our institution. The primary endpoint was the propor-
tion of positive subjects and secondary endpoints were
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and adverse events for
ALA-PDD.

Patients

Patients that were enrolled in the study were adults who
were suspected of having UT-UC and were undergoing
URS. All patients were aware of the conditions associated
with the disease, and provided informed consent to par-
ticipate. All enrolled patients agreed to use contraception
until 1 month after the administration of 5-ALA. Exclu-
sion criteria were patients with porphyria, allergy to por-
phyrin or 5-ALA, hepatic dysfunction, use of drugs that
induced photosensitivity, pregnancy, or severe underly-
ing diseases such as cardiovascular diseases or infection.

Protocols
On the day of the URS, 20 mg/kg of 5-aminolevulinic
acid hydrochloride (5-ALA HCI) was orally adminis-
tered over 180 min (range: 120-240 min) before the
scheduled insertion time for the ureteroscope. After oral
administration of 5-ALA HCI, patients drank 250 mL of
an L-arginine-intensive drink and 500 mL of fruit juice
to maintain blood pressure. At the time of examination,
normal observations using white light and ALA-PDD
using visible blue light were carried out using a two-
color LED light source (ALADUCK LS-DLED, SBI Phar-
maceuticals, Tokyo, Japan). All endoscopic images were
recorded.

After the procedures, patients had proper shading to
prevent photosensitivity for up to 48 h after ingesting
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5-ALA HCI and light exposure of less than 500 Ix was
maintained. Hematologic and biochemical examinations
were performed on postoperative days (POD) 1 and 3
and the occurrence of adverse events was noted.

5-ALA (5-aminolevulinic acid)

5-ALA HCI was supplied as a white powder similar to
that for ALAGLIO by SBI Pharmaceuticals (SBI Phar-
maceuticals, Tokyo, Japan). The chemical compound was
stored according to strict quality control guidelines and
detailed usage records were maintained by the Division
of Clinical Research of New Drugs and Therapeutics in
the Center for Innovative Clinical Medicine, Okayama
University Hospital.

Endourological techniques

The endourological techniques and URS procedures per-
formed at our institution for observation of the upper
urinary tract and ablation of tumors were previously
described [11, 12]. All the patients underwent URS using
“no-touch” technique, which is without any insertion
of guidewire or ureteral catheter prior to ureteroscope,
under general anesthesia in a lithotomy position. Before
the procedures, 10 uM PpIX in a glass vial was observed
using blue light and the ureteroscopes were confirmed to
glow red. After cystoscopy, a 6/7.5 Fr semi-rigid uretero-
scope (E-line, Richard Wolf, Knittlingen, Germany) was
inserted with or without a guidewire as high as possible,
and then changed to an 8.4 or 7.95 Fr flexible uretero-
scope (URF-P5 or P6, Olympus Co. Ltd., Tokyo, Japan).
At observation, white light and blue light, switched with
a foot pedal, were alternately used. When abnormali-
ties, such as a tumor or red fluorescence, were observed,
cold cup biopsies were performed using 3.3 Fr Forceps'
(Cook Medical, Bloomington, IN, USA) without any
hemostatic technique. Among patients who had preop-
erative positive urine cytology and had no abnormality,
cold cup biopsies from the renal pelvis and ureter were
randomly performed. All endourological procedures
were performed using the VISERA ELITE video system
and camera head produced by Olympus Co., Ltd.

Data analysis

The observational results and pathological diagnoses, the
proportion of positive subjects, positive specimens, sen-
sitivity, and specificity were calculated. Adverse events
were also investigated and severity was categorized using
the Clavien-Dindo classification.

Results

Characteristics of the 20 patients enrolled in this study
are shown in Table 1. A total of 5 patients (25%) had posi-
tive preoperative urine cytology and no abnormalities on
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Table 1 Patient characteristics before URS using ALA-PDD

Number of (%)
patients
Median age (IQR) 71 (67-79)
Gender
Male 16 (80)
Female 4 (20)
Co-morbidities
Malignancy 2 (10)
Urothelial carcinoma 1 (5)
UT-uc 0
Bladder cancer 1 )
Other 0
Cardiovascular diseases 5 (25)
Diabetes mellitus 6 (30)
Other 4 (20)
None 7 (35)
Laterality
Right 8 (40)
Left 9 (45)
Bilateral 2 (10)
Unknown 1 (5)
Disease site
Renal pelvis 6 (30)
Clinical stage
<cTl2 3 (15)
>cT2 3 (15)
Ureter 7 (35)
Clinical stage
<cT2 4 (20)
>cT2 3 (15)
Unknown (no lesion on CT or MRI) 7 (35)
Urine cytology
Positive 13 (65)
Negative 7 (35)

CT urography. Another 5 patients (25%) had abnormali-
ties on CT urography but negative urine cytology.

The median (IQR) time from oral administration of
5-ALA HCI to biopsy was 246 (227-269) minutes. One
patient had multiple tumors in the bladder and URS was
aborted. Among the 19 remaining patients, biopsy was
not performed because of absence of any abnormality
in one patient, for whom URS was performed as follow-
up. Fifteen patients were pathologically diagnosed with
UT-UC and of these, 11 (73.3%) were ALA-PDD posi-
tive. Fourteen of 19 patients were ALA-PDD positive
and of these, 11 were pathologically diagnosed with UC.
Among the 50 specimens that are ALA-PDD positive, 25
(50%) were pathologically diagnosed with UC, 17 (34%)
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were not malignant, and the status for 8 (16%) could not
be determined because the specimens were too small.
Among the 7 patients that were ALA-PDD positive and
white light negative (Fig. 1), 4 were diagnosed with CIS.
Of the 38 specimens from 12 patients that showed no
abnormalities under examination by both white light and
ALA-PDD, 11 specimens (28.9%) from 5 patients were
diagnosed with high grade UC. Comparing white light
and ALA-PDD, 4 specimens taken from definite tumors
in 2 patients were ALA-PDD negative but diagnosed
with UC. On the other hand, 4 specimens which were
white light negative and ALA-PDD positive taken from
4 patients were diagnosed with CIS. Of the 31 specimens
diagnosed with high grade UC, 18 and 13 (58% and 42%)
were ALA-PDD positive and negative, respectively. For
specimens from patients with low grade UC, 7 (78%) of
9 were ALA-PDD positive, but 2 (22%) specimens were
ALA-PDD negative.

For observational accuracy calculations, 2 patients who
had pathological diagnoses were excluded and 18 patients
were enrolled. Based on the results for these 18 patients,
the sensitivity and specificity of ALA-PDD were calcu-
lated to be 80.0% and 33.3%, respectively, whereas for
white light observation the respective values were 86.7%
and 66.7% (Table 2). Considering biopsy specimens that
could be diagnosed as malignant or benign (n=92), the
sensitivity of white light observation and ALA-PDD was
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the same at 62.5%, whereas the specificities were 73.1%
for white light and 67.3% for ALA-PDD, respectively.
The PPV and NPV of ALA-PDD were 59.5% and 70.0%,
respectively. The combined observation had the highest
sensitivity at 72.5%, but the lowest specificity at 51.9%.
For adverse events, all patients took the first 50 mL
of drug solution including 5-ALA HCl; however, two
patients complained of nausea and one vomited 2 h after
taking 5-ALA HCI. Other symptoms included elevated
serum aminotransferase that required no additional
treatment (Clavien-Dindo Grade I) in 6 patients and
hypotension requiring vasopressors (Grade II) in one
patient. No allergic episodes, cardiovascular complica-
tions or photosensitivity were observed in our study.

Discussion

In this prospective cohort study to evaluate the effective-
ness of ALA-PDD for UT-UC diagnosis using the VIS-
ERA ELITE video system, the sensitivity and specificity
were 62.5% and 67.3%, respectively. Of the 38 specimens
that were randomly biopsied without any abnormality
under examination by both white light and ALA-PDD, 11
specimens (28.9%) from 5 patients were diagnosed with
high grade UC. On the other hand, four biopsy speci-
mens that had abnormal findings with ALA-PDD but not
with normal white light observation were diagnosed with
CIS.

followed by diagnosis with carcinoma in situ

b Slim line

Fig. 1 Two different white light negative and ALA-PDD positive lesions using flexible URS (URS-P6, a) and semi-rigid ureteroscopy (Slim line, b)
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Table 2 Diagnostic accuracy of normal white light observation, ALA-PDD and combined observation
White light ALA-PDD Combined observation
Positive Negative Total Positive Negative Total Positive Negative Total
A. Analysis by participant (n=18)
Pathological diagnosis
uc 13 2 15 12 3 15 15 0 15
Non-UC 1 2 3 2 1 3 2 1 3
Total 14 4 18 14 4 18 17 1 18
Accuracy of each observa- Sensitivity 86.7% Sensitivity 80.0% Sensitivity 100.0%
tional method Specificity 667%  Specificity 333%  Specificity 333%
PLR? 26 PLR 12 PLR 1.5
NLR® 02 NLR 06 NLR -
FPR® 13.3% FPR 20.0% FPR 0.0%
FNR? 33.3% FNR 66.7% FNR 66.7%
PPVe 92.9% PPV 85.7% PPV 88.2%
NPV 500% NPV 250% NPV 100.0%
Normal observation ALA-PDD Combined observation
Positive Negative Total Positive Negative Total Positive Negative Total
B. Analysis by biopsy specimen (n=92)
Pathological diagnosis
Urothelial carcinoma 25 15 40 25 15 40 29 11 40
Non-urothelial carcinoma 14 38 52 17 35 52 25 27 52
Total 39 53 92 42 50 92 54 38 92
Accuracy of each observa- Sensitivity 62.5% Sensitivity 62.5% Sensitivity 72.5%
tional method Specificity 73.1% Specificity 67.3% Specificity 51.9%
PLR 23 PLR 1.9 PLR 1.5
NLR 0.5 NLR 04 NLR 0.5
FPR 37.5% FPR 37.5% FPR 27.5%
FNR 26.9% FNR 32.7% FNR 48.1%
PPV 64.1% PPV 59.5% PPV 53.7%
NPV 71.7% NPV 70.0% NPV 71.1%

a

PLR: positive likelihood ratio

® NLR: negative likelihood ratio

€ FPR: false positive ratio

4 FNR: false negative ratio

¢ PPV: positive predictive value

f NPV: negative predictive value

ALA-PDD was approved only for bladder cancer
by Japanese national health insurance in 2017. This
approach is expected to have value not only for bladder
cancer diagnosis but also for treatment, namely com-
plete resection at TURBT [1, 13-16]. On the other hand,
studies describing photodynamic treatment using ALA
(ALA-PDT) [17] and some pilot studies [18, 19] involv-
ing ALA-PDD for UT-UC reported that ALA-PDT and
ALA-PDD could be effective and useful even for UT-UC
(Table 3). Among studies concerning ALA-PDT and
-PDD conducted since 2012, most used ureteroscopes
with a video system produced by Karl Storz SE & Co.

KG (Tuttlingen, Germany) to diagnose ALA-PDD and
this technique was shown to have higher accuracy for
UT-UC diagnosis than methods involving white light [10,
20-22] and CT urography [22]. Thus, before carrying out
the present study, we confirmed that PpIX fluorescence
could be observed using a ureteroscope with the VISERA
ELITE video system [23]. Our present study revealed
that sensitivity and specificity values for ALA-PDD for
UT-UC were lower than other studies for UT-UC and
slightly lower than those for bladder cancer. These out-
comes could be due to differences in: (1) cystoscopes and
ureteroscopes; (2) image quality; and (3) video system
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Table 3 Previous studies describing use of ALA-PDT/PDD to diagnose UT-UC

References Country Study design Objective  Sample size  Video system supplier Sensitivity (%)  Specificity (%)
Waidelich [17] Germany  Pilot study PDT® 4 Not stated - -

Somani et al. [18] UK Pilot study PDDP 4 Karl Storz - -

Audenet et al. [19] France Review - - - - -

Ahmad et al. [20] UK Prospective cohort ~ PDD 26 Karl Storz 100 62.5
Aboumarzouk et al. [21] UK Prospective cohort ~ PDD 32 Karl Storz 9% 100
Aboumarzouk et al. [22] UK Prospective cohort ~ PDD 30 Karl Storz 94 100

Bondad et al. [25] UK Retrospective Unknown 24 - - -

Kata et al. [9] UK Review PDD - Karl Storz - -

Kata et al. [10] UK Prospective cohort ~ PDD 54 Karl Storz 95.8 96.6

Osman et al. [7] Bahrain Review - - - - -

This study (2019) Japan Prospective cohort ~ PDD 20 VISERA ELITE, Olympus ~ 62.5 67.3%

@ PDT photodynamic therapy
b PDD photodynamic diagnosis

quality. First, images obtained using ureteroscopy are
dark and small because ureteroscopes are longer and
thinner than cystoscopes. Second, image processing soft-
ware that optimizes gradations of collected images has
not been available yet. Third, neither the VISERA ELITE
nor camera head are designated for ALA-PDD, and thus
surgeons must insert a special filter between the camera
head and the endoscope. Use of the newest video system
such as the VISERA ELITE II could produce a higher
sensitivity and specificity since we did perform additional
ex vivo experiments to evaluate which video system was

better for ALA-PDD using ureteroscopy, and found that
images produced by the VISERA ELITE II were superior
to those obtained using VISERA ELITE (Fig. 2).
Interestingly, 11 of the 38 (28.9%) specimens that
exhibited no abnormalities in either white light or ALA-
PDD examinations were pathologically diagnosed with
high grade UC. The reasons for this result are unclear, but
some abovementioned factors may have contributed to
this outcome. To our knowledge there are no studies that
examined random biopsy samples taken from the upper
urinary tract, and additional investigations are needed.

a URF-P6

VISERA ELITE

(URS-P6,

swabs containing 3 pM PplIX by blue light

VISERA ELITE II VISERA ELITE II

Fig. 2 Ex vivo experiments for evaluation of ELITE and ELITE II. Cotton swabs containing 0 or 3 uM PplX are observed using the same flexible URS

a) and semi-rigid ureteroscopy (Slim line, b) by white light or blue light (ALA-PDD) at a distance of 5 mm. In both case of flexible URS and
semi-rigid ureteroscopy, a higher fluorescent intensity with ELITE Il (white arrows) compared to ELITE (black arrows) is seen observing the cotton

b Slim line

VISERA ELITE

Bhue light,
0 uM PpIX
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According to European guidelines [24], diagnostic ure-
teroscopy is strongly recommended to diagnose UT-UC
tumor type and tumor grade. Furthermore, endoscopic
management for UT-UC is the primary treatment option
as a kidney-sparing surgery for patients with low-risk
tumors (unifocal tumor; tumor size<2 cm; low-grade
cytology; low-grade URS biopsy; no invasive aspect on
CT urography). Although in our study 2 specimens from
one patient with low grade UC were ALA-PDD negative,
low grade UC can be positive even in normal white light
observation. In addition, 4 specimens diagnosed with
CIS were negative in normal observation but positive in
ALA-PDD. Hence, our results indicate that ALA-PDD
might be an effective method for detection of CIS in the
upper urinary tract.

Adverse events of ALA-PDD have been reported as
liver toxicity, allergic episode, cardiovascular complica-
tions, photosensitivity, hypotension, nausea and vomit-
ing [9, 25]. In our study, no severe adverse events were
observed outside of hypotension in one patient because
of some preventative measures such as oral intake before
the procedure, shading for 48 h to avoid photosensitivity,
and other factors. However, one patient who had vom-
ited 2 h after administration of 5-ALA was diagnosed
with high grade UC while any abnormality could not
be observed under examination by both white light and
PDD. The fact suggests the possibility that vomiting had
some effect on ALA-PDD.

The present study has several limitations. Although this
pilot study was prospective, it was performed at a single
center, was non-randomized and included small number
of patients (n=20). Second, there were 2 patients who
underwent protocol URS after endoscopic laser ablation
and cognitive bias could be associated with the previous
procedure. Third, we evaluated the usefulness of ALA-
PDD only in the diagnostic process and not the treatment
process. Fourth, we did not compare endoscopic devices
including semirigid/flexible ureteroscopes, light cables,
and video systems, and did not evaluate their compat-
ibility with ALA-PDD. Despite these limitation, the
ureteroscopy with ALA-PDD might be more useful for
diagnosis in patients with UT-UC, particularly with CIS.

Conclusions

Our results of this pilot study suggest that ALA-PDD
using VISERA ELITE is not sufficiently applicable for
UT-UC. Nevertheless, it might be better particularly
for CIS than white light and superior results would be
obtained using VISERA ELITE II video system. Further
studies on patient selection, endoscopic equipment and
image processing methods are needed for the broad
application of ALA-PDD for UT-UC diagnosis.

Page 7 of 8

Acknowledgements
The authors thank the clinical laboratory technicians of Okayama University
Hospital for their technical support.

Authors’ contributions

K.W.: Research conception and design, obtaining funding, data acquisition,
data analysis and interpretation, drafting and editing the manuscript; M.A.:
Research conception and design, data analysis and interpretation, drafting
and editing the manuscript, approval of the final manuscript; RT.: Data acquisi-
tion; T.S.: Obtaining funding, data acquisition, data analysis and interpretation,
drafting the manuscript; S.W.: Data analysis; Y.M.: Data analysis; Y.M.: Data
analysis and interpretation; H.N.: Revision of the manuscript; H.A.: Data analysis
and interpretation, revision of the manuscript; S.K.: Data acquisition; T.l.: Data
analysis and interpretation; S.N.: Data acquisition; A.T.: Data acquisition; T.S.:
Data acquisition; K.E.: Data acquisition, revision of the manuscript; YK.: Data
acquisition; M.W.: Critical revision of the manuscript; TW.: Critical revision of
the manuscript; Y.N: Supervision of this study. All authors read and approved
the final manuscript.

Funding

This work was funded by SBI Pharma Co,, Ltd. for joint research with Okayama
University. Additionally, the 5-ALA HCl and ALADUCK LS-DLED used in the
study was provided free of charge by SBI Pharma Co,, Ltd.

Availability of data and materials

The full dataset collected and analyzed during this study include individual
data. Thus, it is available only from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The present clinical study was approved by the Okayama University Institu-
tional Review Board prior to study initiation (Application no.: RIN 1803-002)
and was registered with the UMIN Clinical Trials Registry (UMIN-CTR), Japan
(Accession no.: UMIN000031205). The patients reviewed documents describ-
ing this study and received individual counseling. Then, informed consent
was obtained from all patients by written consent to participate prior to
enroliment.

Consent for publication
Not applicable.

Competing interests
All the authors have no conflicts of interest to be disclosed.

Author details

! Department of Urology, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, 2-5-1, Shikata-cho, Kita-ku, Okay-

ama 700-8558, Japan. 2 Department of Urology, Kagawa Prefectural Central
Hospital, 1-2-1, Asahi-machi, Takamatsu 760-8557, Japan. > Department

of Urology, Fukuyama City Hospital, 5-23-1, Zao-cho, Fukuyama 721-8511,
Japan. 4 Okayama Urological Research Group: OURG, 2-2-7-1, Ima-cho, Kita-ku,
Okayama 700-0975, Japan.

Received: 8 January 2021 Accepted: 15 March 2021
Published online: 25 March 2021

References

1. InoueK, Anai S, Fujimoto K, Hirao Y, Furuse H, Kai F, et al. Oral 5-aminole-
vulinic acid mediated photodynamic diagnosis using fluorescencecystos-
copy for non-muscle-invasive bladder cancer: a randomized, double-
blind, multicentre phase II/1ll study. Photodiagnosis Photodyn Ther.
2015;12:193-200.

2. Mustajoki P, Timonen K, Gorchein A, Seppaldinenet AM, Matikainen E,
Tenhunen R. Sustained high plasma 5-aminolaevulinic acid concentration
in a volunteer: no porphyric symptoms. Eur J Clin Invest. 1992;22:407-11.



Wada et al. BMC Urol

(2021) 21:45

Fiuk JV, Schwartz BF. Upper tract urothelial carcinoma: paradigm shift
towards nephron sparing management. World J Nephrol. 2016;5:158-65.
Raman JD, Park R. Endoscopic management of upper-tract urothelial
carcinoma. Expert Rev Anticancer Ther. 2017;17:545-54.

Sasaki K, Wada K, Araki M, Kobayashi Y, Sugimoto M, Ebara S, et al. Diag-
nostic ureteroscopy for cases clinically suspected of carcinoma in situ of
the upper urinary tract. Acta Med Okayama. 2017;71:227-32.

Gillan A, EI-Mokadem |, Rai B, Lang S, Alcorn J, Shams Ud Din A, et al.
Carcinoma in situ is significantly underdetected by prenephroureterec-
tomy ureteroscopy in the management of uppertracturothelial cancers.
Biomed Res Int. 2015;2015:547586.

Osman E, Alnaib Z, Kumar N. Photodynamic diagnosis in upper

urinary tract urothelial carcinoma: a systematic review. Arab J Urol.
2017;15:100-9.

Soria F, Shariat SF, Lerner SP, Fritsche HM, Rink M, Kassouf W, et al. Epide-
miology, diagnosis, preoperative evaluation and prognostic assessment
of upper-tract urothelial carcinoma (UTUC). World J Urol. 2017,35:379-87.
Kata SG, Nabi G, Eljamel S, Chlosta P, Moseley H, Aboumarzouk OM. Pho-
todynamic diagnostic ureterorenoscopy with orally administered 5-ami-
nolaevulinic acid as photosensitiser: how | do it. Urol Int. 2014;93:384-8.
Kata SG, Aboumarzouk OM, Zreik A, Somani B, Ahmad S, Nabi G, et al.
Photodynamic diagnostic ureterorenoscopy: a valuable tool in the
detection of upper urinary tract tumour. Photodiagnosis Photodyn Ther.
2016;13:255-60.

. Takao A, Saika T, Uehara S, Monden K, Abarzua F, Nasu Y, et al. Indica-

tions for ureteropyeloscopy based on radiographic findings and urine
cytology in detection of upper urinary tract carcinoma. Jon J Clin Oncol.
2010;40:1087-91.

Araki M, Uehara S, Sasaki K, Monden K, Tsugawa M, Watanabe T, et al. Ure-
teroscopic management of chronic unilateral hematuria: a single-center
experience over 22 years. PLoS ONE. 2012,7:e36729.

O'BrienT, Ray E, Chatterton K, Khan MS, Chandra A, Thomas K. Prospec-
tive randomized trial of hexylaminolevulinate photodynamic-assisted
transurethral resection of bladder tumour (TURBT) plus single-shot
intravesical mitomycin C vs conventional white-light TURBT plus mitomy-
cin Cin newly presenting non-muscle-invasive bladder cancer. BJU Int.
2013;112:1096-104.

Tandogdu Z, Lewis R, Duncan A, Penegar S, McDonald A, Vale L, PHOTO
Trial Management Group, et al. PHOTO Trial Management Group Pho-
todynamic versus white light-guided treatment of non-muscle invasive
bladder cancer: a study protocol for a randomised trial of clinical and
cost-effectiveness. BMJ Open. 2019,9:e022268.

Nakai Y, Inoue K, Tsuzuki T, Shimamoto T, Shuin T, Nagao K, et al. Oral
5-aminolevulinic acid-mediated photodynamic diagnosis using fluores-
cence cystoscopy for non-muscle-invasive bladder cancer: a multicenter
phase Il study. Int J Urol. 2018;25:723-9.

20.

21.

22.

23.

24.

25.

Page 8 of 8

. Stenzl A, Penkoff H, Dajc-Sommerer E, Zumbraegel A, Hoeltl L, Scholz

M, et al. Detection and clinical outcome of urinary bladder cancer with
5-aminolevulinic acid-induced fluorescence cystoscopy: a multi-
center randomized, double-blind, placebo-controlled trial. Cancer.
2011;117:938-47.

. Waidelich R, Hofstetter A, Stepp H, Baumgartner R, Weninger E, Kriegmair

M. Early clinical experience with 5-aminolevulinic acid for the photody-
namic therapy of upper tract urothelial tumors. J Urol. 1998;159:401-4.

. Somani BK, Moseley H, Eljamel MS, Nabi G, Kata SG. Photodynamic

diagnosis (PDD) for upper urinary tract transitional cell carcinoma
(UT-TCQ): evolution of a new technique. Photodiagnosis Photodyn Ther.
2010;7:39-43.

. Audenet F, Traxer O, Yates DR, Cussenot O, Rouprét M. Potential role of

photodynamic techniques combined with new generation flexible uret-
erorenoscopes and molecular markers for the management of urothelial
carcinoma of the upper urinary tract. BJU Int. 2012;109:608-14.

Ahmad S, Aboumarzouk O, Somani B, Nabi G, Kata SG. Oral 5-aminole-
vulinic acid in simultaneous photodynamic diagnosis of upper and lower
urinary tract transitional cell carcinoma—a prospective audit. BJU Int.
2012;110(11 Pt B):E596-600.

Aboumarzouk OM, Ahmad S, Moseley H, Kata SG. Accuracy of photody-
namic diagnosis in the detection and follow-up of patients with upper
urinary tract lesions: Initial 3-year experience. Arab J Urol. 2012;10:138-42.
Aboumarzouk OM, Mains E, Moseley H, Kata SG. Diagnosis of upper
urinary tract tumours: is photodynamic diagnosis assisted ureterorenos-
copy required as an addition to modern imaging and ureterorenoscopy?
Photodiagnosis Photodyn Ther. 2013;10:127-33.

Tanimoto R, Wada K, Ishizuka M, Murakami K, Ishii T, Mitsui Y, et al. Preclini-
cal ex-vivo experiment of photodynamic diagnosis using 5-aminolevulinic
acid for upper urinary tract urothelial cancer. J Endourol. 2017;31(S2):A26.
Rouprét M, Babjuk M, Burger M, Compérat E, Cowan NC, Gontero P,

et al. European Association of Urology Guidelines on Upper Urinary

Tract Urothelial Cell Carcinoma: 2020 Update. 2020. https://uroweb.org/
wp-content/uploads/EAU-Guidelines-on-Upper-Urinary-Tract-Urothelial-
Carcinoma-2020.pdf. Accessed 1st Oct 2020.

Bondad J, Aboumarzouk OM, Moseley H, Kata SG. Oral 5-aminolevulinic
acid induced Photodynamic Diagnostic Ureterorenoscopy-does the
blood pressure require monitoring? Photodiagnosis Photodyn Ther.
2013;10:39-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Upper-Urinary-Tract-Urothelial-Carcinoma-2020.pdf
https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Upper-Urinary-Tract-Urothelial-Carcinoma-2020.pdf
https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Upper-Urinary-Tract-Urothelial-Carcinoma-2020.pdf

	Photodynamic diagnostic ureteroscopy using the VISERA ELITE video system for diagnosis of upper-urinary tract urothelial carcinoma: a prospective cohort pilot study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Patients
	Protocols
	5-ALA (5-aminolevulinic acid)
	Endourological techniques
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


