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Abstract

This article presents the results of a clinical study that examined the diagnostic efficacy of fluorescent diagnostics (FD) of non-muscular-invasive
bladder cancer using a photosensitizer of FD of malignant neoplasms — 5-aminolevulinic acid hexyl ester (5-ALA HE) compared with standard cys-
toscopy. The study involved 110 patients. The study began with intravesical administration of 50 ml of 0.2% solution of 5-ALA HE, the exposure time
was 1 hour, after which the drug was removed from the organ. During the next hour, the mucous membranes were examined in two cystoscopy
modes, followed by a standard transurethral resection of all urothelium sites with suspicion for tumor lesion based on white light and visible red
fluorescence, and a control blind biopsy from the visually unchanged and non-fluorescent mucous tissue in each patient. The results of the study
indicate the high effectiveness of the developed FD methodology with 5-ALA HE in detecting non-muscular-invasive bladder cancer during intra-
vesical administration of the drug, due to selective accumulation of hexasens-induced PPIX in the tumor tissue compared with healthy mucosa.
Compared with the results of standard cystoscopy, fluorescence diagnostics significantly increased diagnostic sensitivity by 24.4% (from 75.1% to
99.5%), diagnostic accuracy - by 15.8% (from 82.4% to 98.2%) and a negative predictive value - by 33.2% (from 65.8% to 99%) (p<0.05). Addition-
ally, a total of 37 (33.6%) patients was found to have 63 foci of fluorescence with a diameter of 2.5 to 3.0 mm. 59 of these were morphologically
confirmed to contain cancer cells.
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MOBbLILLEHNE 3PDPEKTUBHOCTHN ONATHOCTUKH
PAKA MOYEBOTO MY3bIP4 MNP UCMOJIbAOBAHNA
LNCTOCKOMNNU C TEKCUJTOBLIM 3PUPOM 5-AJIK
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B.A. Yuccoe?®, E.B. Punonenko'
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Pesiome
B paboTe oTpaxeHbl pe3ynbTaThl KIMHUYECKOTO UCCIIe0BAHUA, B KOTOPOM 13yUeHa AnarHoctuyeckasn 3GpGeKTMBHOCTb GriyopecLieHTHON
AvarHocTukm (Ofl) HeMblLEeYHO-MHBA3MBHONO paka MOYEBOro My3blpsA C MCMoMb3oBaHMeM npenapata Ana O[] 3nokayecTBeHHbIX HOBOOO-
pa3oBaHU — rekcnnosoro 3dupa 5-ammHoneBynmHoBol KucnoTbl (M 5-AJIK) B cpaBHEHMM CO CTaHAAPTHOW LucTockonuei. B nccnepo-
BaHue yyactsoBanu 110 naymeHTOB. ViccnefoBaHve HaunHanu ¢ BHyTpuny3bipHoro seeaeHuna 50 mn 0,2%-ro pacteopa 3 5-AJIK, spema
SKCMO3MLMN cocTaBuiio 1 4, nocne Yyero npenapat yaansany us opraHa. B TeyeHne nocnepyiolero yaca npoBOAWIIM OCMOTP C/IU3UCTON B
IBYX peXunmMax LMcTockonmm. 3aTemM NPOBOAUIIN TPaHCYPeTabHYI0 peL3eKLMio BCeX MOA03PUTESNIbHbIX yHaCTKOB YPOTENVA Ha OMYX0JIeBOe
nopaeHue B 6eIOM CBETE U 13 30H Br3yasbHOW KpacHOW GiyopecLieHLnN, a TakKe y KaXKAoro nauneHTa oCyLecTBAANN KOHTPOJIbHYIO
«cnenyw» G1ONCHI0 U3 BM3yaslbHO HEVM3MEHEHHON 1 HedyopecumpyoLWen CM3ncToi. PesynbTaTbl UCCIEAOBAHNA CBUAETENLCTBYIOT O
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BbICOKOW 3P PeKTUBHOCTU pa3paboTaHHON MeToanKU. DiyopecLieHTHaA fMarHOCTIKa Mo CPaBHEHWIO C pe3y/ibTaTaMu CTaHAAPTHOW LICTO-
CKOMMWUN AOCTOBEPHO MOBbICKIA YYBCTBUTENIbHOCTb ANArHOCTUKM Ha 24,4% (c 75,1% Ao 99,5%), TOYHOCTb JMarHOCTUKM — Ha 15,8% (c 82,4%
110 98,2%) 1 oTpuLaTeNIbHYI0 MPOrHOCTUYECKYIO LIEHHOCTb — Ha 33,2% (c 65,8% A0 99%) (p<0,05). lononHUTENbHO, B 06LLEN CIOXKHOCTN Y 37
(33,6%) 60nbHbBIX, 06HAPYXEHbI 63 OYara GpayopecLeHUr AUaMmeTpom oT 2,5 fo 3,0 MM, Ha HeM3MeHeHHbIX B 6e510M CBeTe yuacTKax C/in3u-
cTol 0605104KY, B 59 13 KOTOPbIX MOPHONOrMYECKN MOATBEPKAEH Pak MOUYEBOTO My3bIpA.

KnioueBble cioBa: rekcmoBblii SGrp 5-aMUHONEBYNMHOBON KUCIIOTbI, Pak MOYEBOrO Ny3blpA, GpiyopecLieHTHasA AVarHocTuKa.

Ana yntnposanmaA: KanpuH ALl TpywuH A.A., lTonosaweHko M.M., MiBaHoBa-PagkeBuy B.U., Ynccos B.U., ®unoHeHko E.B. MNoBbiweHne
30 GEKTVBHOCTY AMArHOCTUKM paka MOYEBOro My3blips MPU MCMOJSIb30BAHUN LIMCTOCKONWM C rekcunoBbiM 3dupom 5-AJIK // Biomedical Pho-
tonics. - 2019.-T.8, N2 1. - C. 29-37. Doi: 10.24931/2413-9432-2019-8-1-29-37.
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Introduction

The number of newly diagnosed cases of malignant
neoplasms in the world is growing steadily, and bladder
cancer (BC) is no exception. In the general structure of
cancer incidence, this pathology has the 9th place [1].
In Russia, in 2017, bladder cancer accounted for 2.7%
and had 70% in the total prevalence of all genitourinary
system neoplasms. Bladder cancer is the second most
prevalent urological disease and the third in the group
in terms of lethality. Every year, over 13,000 patients in
our country are registered with the diagnosis of bladder
cancer diagnosed for the first time, and more than 6,000
patients with the disease die each year. Over the past
ten years, an increase in incidence of 24.35% has been
recorded, with an average annual increase of 2.15% [2].

An extremely important task is early detection of
bladder tumors, the morphological structure of which in
more than 90% of cases is represented by urothelial can-
cer. When bladder cancer is first diagnosed, 70-85% of
cases are those of a non-muscle-invasive tumor (Ta, Tis,
T1), which is diagnosed in the Russian Federation in no
more than 30% of cases, which is significantly inferior to
world best practices, where this figure reaches 80% [3, 41.

The problem of identifying early forms of bladder
cancer is an urgent topic in modern oncourology, obvi-
ously related not only to untimely diagnosis of malig-
nant tumors, but also to incorrect staging, where the er-
ror rate reaches 73% [5]. Bladder tumors with invasion no
deeper than the mucosal/submucosal layer often remain
unnoticed due to the impossibility of visualization of all
the foci during standard cystoscopy in white light due to
its resolution [6]. In some cases, this routine diagnostic
method does not allow to determine the true boundar-
ies of the lesion, to obtain sufficient information about
the number of multifocal lesions, to assess the depth
of the invasion, to visualize the foci of carcinoma in situ
(CIS), and it also does not provide a sufficiently complete
quantitative and prognostic characteristic of Ta and T1
tumors [7].

An inadequate assessment of tumor lesions in uro-
thelium after transurethral resection (TUR) can lead to

errors in the choice of treatment tactics, and also leads to
a high risk of residual Cis, Ta, T1 foci, while in 81% of pa-
tients relapses are localized in the surgical area [8]. More-
over, standard cystoscopy does not make it possible to
remove the tumor tissue completely, and its residual
fragments often remain in the surgical margin of the re-
section, as it is diagnosed in 40-70% of secondary TUR
[9]. These are not true recurrences, and they are more as-
sociated with many undetected tumor buds, fuzzy visu-
alization of malignant changes in the resection margin,
and false negative results of the biopsy taken randomly
[101.

Thus, the limitations in the use of standard cystos-
copy and its low information value in the diagnosis of in-
traepithelial tumor formations have led to an increased
interest in studying the effectiveness of various diag-
nostic approaches capable of recognizing microscopic
tumors, often outwardly not different from surrounding
healthy tissues, and this was the beginning of the search
for new modern techniques capable of improving the
light marking of malignant neoplasms, among which
the most promising is fluorescence diagnosis (FD). This
method is based on the possibility of recognizing, with
the use of special equipment, the pathological tissues by
the characteristic fluorescence of exogenous or endog-
enous fluorochromes induced by light radiation, which
makes it possible to clarify the boundaries of a tumor
and detect foci that are not visible to the naked eye in
white light [11].

The effectiveness of the method depends on the lev-
el of accumulation and localization of the dye in individ-
ual structures of the tumor focus and the surrounding
tissue, which can be achieved by stimulating the body
to produce endogenous photoactive compounds, por-
phyrins, in particular, endogenous photoactive proto-
porphyrin IX (PPIX) [12]. The induction of this biological
substance is visualized by the high fluorescence contrast
between the tumor and the surrounding tissue, which
is important for identifying and clarifying the boundar-
ies of the spread of the tumor, as the method simultane-
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ously increases the radicalness of the surgical effect and
reduces the damage to the tissues surrounding the tu-
mor. Such a compound is 5-aminolevulinic acid (5-ALA),
one of the intermediate products of synthesis of heme,
the precursor of porphyrins, which is quickly utilized in
healthy tissues, turning into heme under the action of
ferrochelatase. Tumor tissue is found to be deficient in
this enzyme, and with excessive administration of 5-ALA,
a temporary but significant increase in the level of por-
phyrins occurs [13].

Continued research to improve the physicochemical
properties of porphyrins and the diagnostic ability of PD
has led to the development of a drug based on 5-ALA
of the second generation, 5-ALA hexyl ester (HE 5-ALA),
which is metabolized to 5-ALA in the body. Being more
lipophilic compounds than 5-ALA, esters are better at
penetrating biological membranes, so they accumulate
in cells faster and to a greater extent, and become in-
cluded in biosynthesis as PPIX precursors [14].

One of the promising directions for the use of HE
5-ALA as an agent for PD in oncourology is the diagnosis
of early stage bladder cancer in the process called fluo-
rescence cystoscopy with the use of blue light and vari-
ous photosensitizers for marking tumors by intravesical
administration [15, 16].

The purpose of the study was to increase the efficien-
cy of the diagnosis of non-muscle-invasive bladder can-
cer with intravesical administration of 5-ALA hexyl ester.

Materials and methods

The study included 110 patients, more than half of
whom had complaints were associated with a pre-can-
cer pathology of the genitourinary system, mainly those
of disuria, discomfort in the bladder, as well as macro-
and microhematuria. The study group was represented
mainly by males, in a ratio of 3.7:1, aged over 60.

At the first stage, all patients underwent an outpa-
tient screening examination in order to identify primary
patients with non-muscle-invasive bladder cancer . Sig-
nificant factors affecting the selection of patients were
cystoscopy, echographic and, in some cases, X-ray stud-
ies which were used to evaluate the number and size of
tumor foci and their localization.

Standard cystoscopy in white light mode and fluo-
rescence mode was performed with the use of the instru-
ments and equipment manufactured by Karl Storz (Ger-
many), including a hard cystoscope equipped with a spe-
cial filter with transmission characteristics corresponding
to the maximum excitation in the blue range of the PPIX
fluorescence spectrum (380-440 nm) which makes it
possible to visualize pathological changes in urothelium
against the background of surrounding healthy tissues.
A hard resectoscope equipped with fluorescence optics,
with an outer diameter of F26 was used for endo-surgical
intervention on the bladder mucosa.

BIOMEDICAL PHOTONICS T.8,N21/2019

For fluorescence diagnostics, HE 5-ALA was used,
which is an odorless, hygroscopic fine-crystalline white
powder, readily soluble in water and water-salt solutions.

The study began with the intravesical administration
of 50 ml of a 0.2% solution of HE 5-ALA, for the exposure
of 1 hour, after which the solution was removed from
the bladder. Over the next hour, a series of sequential
and successive stages were carried out, which included
standard and fluorescence cystoscopy and TUR of the
tumor in PD conditions. During cystoscopy in the white
light mode, attention was paid to the volume of the or-
gan, changes in the state and color of the mucosa at the
site where the search for pathological lesions was per-
formed. The characteristics evaluated in the visualization
of the tumor foci were their localization, macroscopic
structure (the nature of the villi structure), size, growth
pattern, quantity, condition of the surrounding mucous
membrane, relation to the mouths of the ureters, the se-
verity of the vascular pattern of the tumor itself and the
submucosal layer.

The transition to fluorescence mode made it pos-
sible to identify the following types of sites: Type I: sites
suspicious of cancer in white light and not fluorescent
in blue light; Type Il: sites suspicious of cancer in white
light and fluorescent in blue light; Type lll: additional foci
that fluoresce in blue light with sizes from 2.5 to 3.0 mm
in diameter and are not visible in ordinary light; Type IV:
non-fluorescent normal white parts of the unchanged
mucosa. After the completion of the mucosal examina-
tion in the two modes of cystoscopy, a standard TUR was
performed in respect of all urothelium sites suspicious
for tumor lesion in white light and the sites of visual red
fluorescence, and in each patient a control “blind” biopsy
was performed from a visually unchanged and non-flu-
orescent mucosa. Electroresection of the mucosa of the
bladder was carried out within the mucosa or with the
removal of the base of the pathological focus with mus-
cle wall in order to determine the depth of the invasion
in case the tumor nature of the changes is confirmed.
After the completion of all stages of the study, a second
blue-light inspection was performed to control the radi-
cal extent of TUR. Any fluorescent sites that were detect-
ed were resected. All the collected histological material
was subjected to a routine study, the result of which was
final in the diagnosis of intravesical pathology and made
it possible to determine the nature of morphostructural
changes in the bladder mucosa. The average number of
foci studied in one patient was 3.2.

Focal formations of the bladder mucosa identified
during cystoscopy in the two diagnostic modes were
marked in accordance with the classification developed
by P. A. Herzen Moscow Oncology Research Center: V (+):
the tumor is determined visually when viewed in white
light, V (-): when viewed in white light, the tumor is not
determined; F (+): a focus of fluorescence, F (-): fluores-
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cence is not determined; T (+): elements of a malignant
neoplasm were detected, T (-): elements of a malignant
neoplasm were not found. Depending on the results
of standard and fluorescence cystoscopy and morpho-
logical data, a calculation was performed of true posi-
tive (TP), true negative (TN), false positive (FP), and false
negative (FN) results.

Results

The total number of foci studied in the two modes
of cystoscopy in all patients was 352: 179 (50.8%) with
visually detectable pathology suspicious of the tumor
process; 173 (49.2%) unchanged in the white light. Fluo-
rescence was recorded in 241 (68.5%) of the foci; in the
remaining 111 (31.5%), no fluorescence was observed.
The bright fluorescence of HE 5-ALA-induced PPIX was
visualized in 178 (99.4%) foci (V(+)F(+)) which in white
light were found to have a cellular or rough mucosa with
hypervascularization elevated relative to the surround-
ing tissues, and also those with single or multiple papil-
lomatous growths. The majority of the villous formations
had microscopic dimensions, less than 0.5 cm (79.6%),
while the rest were up to 3.0 cm (12.5%) and over 5.0 cm
(7.9%). Additionally, in 37 (33.6%) patients, 63 (36.4%) foci
of fluorescence with a diameter of 2.5 mm to 3.0 mm
were detected, unchanged in white light (V(-)F(+)), with
the maximum number of such lesions found in one pa-
tient being 3. From the point of view of increasing the
efficiency of bladder tumors diagnosis, the PD method
is aimed at identifying these very areas that cannot be
detected in white light but are highly likely to be tumors,
and, therefore, are of considerable practical interest. Flu-
orescence was not determined in one focus with the clin-
ical picture of hyperemia, which was highly suspicious of
tumor changes (0.9%) (V(+H)F(-)), and in all 110 (99.1%) ar-
eas of control biopsies (V(-)F(-)) (Table 1).

A histological examination of all urothelium biopsy
specimens (n = 241) resected in the foci with bright fluo-
rescence verifiedurothelial cancer (T+) in 236 (97.9%) of
them, and non-specific inflammatory process in the re-
maining 5 (2.1%). Moreover, of 236 F(+)T(+) foci: there
were 177 foci of V(+) and 59 foci of V(-); and among 5 foci
F(+) T(-): there was 1 focus of V(+) and 4 foci of V(-).

In the study of 178 urothelium tissue samples repre-
sented in white light by foci of intense hyperemia highly
suspicious of cancer and emitting bright fluorescence
(V(+)F(+)) in blue light mode, tumor changes were de-
tected in 177 (99.4%) of them (T(+)). In one (0.6%) biopsy
sample collected in a cancer-suspected vascularization
site, which in the blue light mode had a brightly fluores-
cent epithelium (V(+)F(+)), no tumor changes were found
during histological examination, and a metaplastic pro-
cess had place (T(-)).

A histological examination of 63 foci of additionally
detected red fluorescence which in the white light mode

Ta6nuuya 1

Pe3ynbTaThl cCTaHAAPTHOM U GAYOPECLLEHTHOW LLUCTOCKOMUU
¢ '3 5-AAK npu BHYTpUNY3bIPHOM BBEAEHUU

Table 1

Results of standard and fluorescent cystoscopy with 5-ALA
HE with intravesical administration

Pesynbratbl cTaHgapTHOM Luctockonum n O[]

V(+)F(+) V(-)F(+) V(+)F(-) V(-)F(-)
178 (73,8%) 63 (26,2%) 1 (0,9%) 110 (99,1%)
F(+) n=241 F(-) n=111

«V(+)» — B 6enom cBeTe onpegensaeTca onyxonb, «V(-)» —
onyxonb B 6enom cseTe He onpepgensaetca, «F(+)» — yyacTkm
dnyopecumpytollein TKaHu, «<F(-)» — yuacTku He dnyopecumpy-
IoWen TKaHW.

V(+) — tumor is detected in white light, V(=) — tumor is not
detected in white light, F(+) — areas of fluorescent tissue, F(-) —
areas of non-fluorescent tissue.

looked like urothelium without pathological changes
(V(-)F(+)) revealed transitional cancer (T(+)) in 59 (93.6%)
of the foci. In all these cases, tumor growth was deter-
mined in multifocal buds not visible in the white light
mode. In the remaining 4 (6.4%) foci of additional fluo-
rescence (V(-)F(+)), which seemed unchanged in stan-
dard cystoscopy, inflammatory changes of a nonspecific
nature were diagnosed: granular and glandular cystitis
(TE)).

In one focus (0.9%) of hypervascularization suspi-
cious of a tumor process, but without fluorescence phe-
nomena (V(+)F(-)), a nonspecific inflammatory process
of glandular cystitis type was histologically diagnosed
(T(-)) (Table 2). All data of histological examination of
biopsy specimens performed according to the results
of cystoscopic examination in the two imaging modes
were statistically significant (p < 0.05). (Table 2.). It should
be noted that in foci with visually unchanged mucosa,
fluorescence was more intense with tumor lesions than
in epithelium with a non-specific inflammatory process.

The morphological structure of tumors in all urothe-
lium biopsy specimens was represented by transitional
cell carcinoma of varying degrees of differentiation.
Stages Ta-T1 and Tis were diagnosed in 156 (87.6%) and
21 (11.8%) foci of V(H)F(+), respectively, including low
grade (G1): 51.1%, intermediate grade (G2): 38.6%; and
high grade (G3): 10.3%. In 9 (15.3%) additionally identi-
fied foci with malignant changes in the surface epithe-
lium (V(-)F(+)), Ta-T1 stages were established, and Tis was
found in 50 (84.7%), with the degree of tumor differen-
tiation being mainly G1 and G2. Almost the same per-
centage of CIS cases was found in tumors with exophytic
growth and those almost undetectable in the white light
mode. In the first case, the surface epithelium in the CIS
localization zone was accompanied by the phenomena
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Ta6nauua 2
ConoctaBAe€HUE pPe3yAbTaToOB CTaHAAPTHOM M GpAYOPECLLEHTHOM LUCTOCKOMUU C AQHHBIMU TMCTOAOTMUECKOro UCCAEAOBaHUSA

Table 2
Comparison of standard and fluorescent cystoscopy results with histological examination data

McTonornyeckoe nccnegoBaHume V(+)F(+) V+)F(=) VIOF() V)F(+)
T(+) n=236 177 (75,0%) - - 59 (25,0%)
T(-) n=116 1 (0,9%) 1 (0,9%) 110 (94,8%) 4 (3,4%)
n=352 n=178 n=1 n=110 n=63

«V(+)» — B 6enom cBeTe onpepenaeTca onyxonb, «V/(-)» — onyxonb B 6eniom ceeTe He onpependaetcs; «F(+)» — yuacTku pnyopec-
umpytowen TkaHu, «F(-)» — yyactkn He dnyopecumpytowein TkaHu. «T(+)» aaHHble MOPPONOrmyeckoro NCCnefoBaHNA NOATBEPX-
fatoT Hannume PMIT; «T(-)» faHHble MOpPdONOrnMYecKoro nccnefoBaHna He NoATBEPKAAT Hanuure PMI.

V(+) - tumor is detected in white light, V(-) - tumor is not detected in white light, F(+) — areas of fluorescent tissue, F(-) — areas
of non-fluorescent tissue, T(+) —the presence of bladder cancer is confirmed by morphology, T(-) - the presence of bladder cancer
is not confirmed by morphology .

Puc. 1. Y4acToK ypoTenus c KapTUHOW runepeMmnm nogo3puTesibHOro Ha paK xapakrtepa (a), dnyopecumpytowmin spkum ceeveHunem (b)
Fig. 1. An area of urothelium with hyperemia with cancer-like characteristics (a), with bright fluorescence (b)

Puc. 2. Y4acToK cnM3ucTon 060/104KM HEU3MEHEHHbDIN B pexkume 6enoro ceeta (a), pnyopecumpyowmin apkum ceedeHuem (b)
Fig. 2. An area of the mucous membrane almost unchanged in the white light mode (a), with bright fluorescence (b)
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Ta6auua 3

OueHKa pe3yAbTaToB LMCTOCKONUKU B 6enom cBeTe
Table 3

Evaluation of the results of cystoscopy in white light

Bcero ‘

Mopdonoruueckoe nccnegosanue

‘ OueHKa pes3ynbTaToB

Lncrockonus B 6enom cBeTe
T(+) T(-)
nn177;nmn?2
0 0 !

V(+) 179 177 (97,6%) 2 (2,4%) TP177:FP 2

1059, MO0 114
— 0, 0 g

V(-) 173 59 (34,2%) 114 (65,8%) EN 59: TN 114

«V(+)» — B 6eniom cBeTe onpepnenseTcs onyxorb, «V(-)» — onyxonb B 6enom cBeTe He onpegenseTcs. «T(+)» — Mopdonornyeckm
noaTBepKAeHa TKaHb onyxonu, «T(-)» — Mopdonornyeckn NogTBepKaeHa TKaHb MOYEBOro Ny3bIps.

WM - nctnHHononoxuntenbHbin. MO — ncTHHoOTpuruatenbHbli. JITT — noXXHONonoXutenbHbin. J10 — noXXHOOTpULATENbHbIN.

V(+) - tumor is detected in white light, V(-) - tumor is not detected in white light, T(+) —the presence of bladder cancer is
confirmed by morphology, T(-) - the presence of bladder cancer is not confirmed by morphology .

TP - true positive. TN — true negative. FP - false positive. FN - false negative.

Ta6nuua 4
OueHKa pe3yAbTaToB GpAYOPECLLEHTHOM LUCTOCKONMUU

Table 4
Evaluation of the fluorescent cystoscopy results

d)nyopecuel-rruaﬂ gqucrockonun

F(+) 241

F(-) 111 =

Mopdonornuyeckoe nccnegosatune

236 (97,9%)

OueHKa pe3ynbTaToB

VN 236; 1M 5
. ;
5(2,1%) TP 236;FP 5
JIO 0; MO 111
o !
111 (100%) FNO; TN 111

«F(+)» — yuacTkn pnyopecuumpytowen TkaHu, «<F(-)» — yyacTkn He ¢pnyopecuumpytoLen TkaHu, «T(+)» — mopponornyeckmn noa-
TBEpKAEHa TKaHb onyxonu, «T(-)» — MopdOonornyeckn NoATBEPKAEHa TKaHb MOYEBOTO My3bIpA.

WM - nctnHHononoxutenbHbin. MO — CTUHHOOTpMLATeNbHbIA. JTTT — NoOXXHONONOXUTENbHbIN. J1O — NOXXHOOTPULATENbHbIN.

F(+) — areas of fluorescent tissue, F(-) — areas of non-fluorescent tissue, T(+) —the presence of bladder cancer is confirmed by
morphology, T(-) - the presence of bladder cancer is not confirmed by morphology.

TP — true positive. TN — true negative. FP - false positive. FN - false negative.

of hyperemia or inflammation, had a pronounced cellu-
lar or rough appearance (Fig. 1), in the second, the sites
had virtually unchanged mucosa site (Fig. 2). Fluores-
cence with HE 5-ALA made it possible to detect intraepi-
thelial malignant changes more than twice as often as
with standard cystoscopy, since microscopic CIS can be
skipped during cystoscopy or considered as an area of
inflammation if a biopsy is not performed. In more than
half of the cases (54.6%), these foci of tumor growth were
isolated, in 32.6%, they were localized along the edge of
papillary growths, and in a smaller percentage of cases,
in their structure (12.8%).

With standard cystoscopy, 177 (97.6%) foci with visu-
ally determined tumor pathology were recognized as
true positive. 2 foci (2.4%) were treated as false positive
due to the absence of a malignant process in the test ma-

terial, but the endoscopic pattern was highly suspicious
of urothelial cancer. A false-negative result was found
in 59 (34.1%) foci of urothelium unchanged in the white
light, but the histological examination revealed non-
muscle-invasive bladder cancer detected only by HE-
ALK-induced PPIX fluorescence. True negative cases were
reported in 4 (2.3%) tissue samples without visually de-
tectable pathology, but with fluorescence phenomena
caused by nonspecific inflammation. 110 (63.5%) control
biopsies (V(-)F(-)) were also classified as true negative re-
sults, with tumor cells found in none of them (Table 3).
236 (97.9%) foci of bright red luminescence of HE
5-ALA-induced PPIX represented by transition-cell blad-
der cancer were classified as true positive (TP) results
of fluorescence cystoscopy: 177 (75.0%) clinically deter-
mined and 59 (25%) additionally identified. In 5 (2.1%)
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/ Positive predictive value / Negative predictive value

Puc. 3. lNokasaTtenu guarHoctuyeckomn apdpeKTnBHocTU payopecueHTHON U cTaHAapPTHON LMcTocKkonum (a, b)
Fig. 3. Indicators of diagnostic efficiency of fluorescent and standard cystoscopy (a, b)

fluorescence sites, the tumor process was not confirmed,
which indicates a false-positive result: in 4 samples of re-
sected urothelium, inflammatory changes of glandular
and granular cystitis type were diagnosed, and metapla-
siain 1 case. A truly negative result was established in 110
control studies (n = 110), in each of which there was no
fluorescence and the tumor process was not detected.

In one case (0.9%), a truly negative result was found at a
site suspicious for cancer but without fluorescence phe-
nomena, in which a nonspecific inflammatory process of
glandular cystitis type was revealed. None of the studies
found false negative results (Table 4).

The sensitivity of standard cystoscopy was 74.7%,
its specificity: 99.1%. The positive predictive value was
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99.4%, the negative predictive value was 65.8%. The ac-
curacy value was 82.8%.

The sensitivity of fluorescence cystoscopy was 100%,
and its specificity 95.6%. The positive predictive value
corresponded to 97.9%, the negative predictive value
was 100%, and accuracy rate was 98.5%. The results of
the assessment of diagnostic parameters of cystoscopy
in white light and in the fluorescence mode are shown
in Fig. 3.

As can be seen from the data presented in Fig. 3b,
PD significantly increased the sensitivity of diagnosis by
25.3% (from 74.7% to 100%), the accuracy of diagnosis by
15.7% (from 82.8% to 98.5%) and its negative predictive
value by 34.2% (from 65.8% to 100%) (p<0.05).

The sensitivity index seems to be a very important
parameter at the stage of preoperative diagnosis, since it
characterizes the possibility of identifying tumor foci that
were not detected by standard cystoscopy and makes it
possible to perform a more complete surgical removal of
the tumor.

A greater number of false-positive results was ob-
tained in PD (5 foci in 4 patients) than with standard cys-
toscopy (1 focus in 1 patient). These cases of false glow
of urothelium were observed in the foci of inflammation,
which led to a slight decrease in the specificity and posi-
tive prognostic value of PD (95.6% and 97.9%, respec-
tively) in relation to the values of white light cystoscopy
(99.1% and 99.4%, respectively) (p<0.05).

A clinically significant difference in the diagnostic ef-
ficacy of fluorescence and standard cystoscopy was as-
sumed to be a difference of more than 10%. Based on
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