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Fluorescence Emitted by Papanicolaou-Stained Urothelial
Cells Improves Sensitivity of Urinary Conventional
Cytology for Detection of Urothelial Tumors

Kinan Drak Alsibai® i, Ghislaine Daste® i, Sophie Ferlicot®, Monique Fabred,
Karine Steenkeste®, Julia Salleronf, Yacine Hammoudig,
Marie-Pierre Fontaine-Aupart®, Pascal Eschwege”

Abstract

Background: Urinary conventional cytology (UCCy) is easy to per-
form, but its low sensitivity, especially for low-grade urothelial neo-
plasms (LGUNS), limits its indications in the management of patients
at risk of bladder cancer. The authors aim at obtaining a complemen-
tary test that would effectively increase the sensitivity of UCCy on
voided urines by analyzing fluorescence of Papanicolaou-stained
urothelial cells with no change of method in slide preparation.

Methods: In this retrospective study of 155 patients, 91 Papanico-
laou-stained voided urines were considered satisfactory under fluo-
rescence microscopy (FMi). The results of FMi were compared with
UCCy (using transmission microscopy) and correlated to cystoscopy,
histology and follow-up data.

Results: The results are given for all patients and for two groups of
them according to the patients’ main complaints (group 1: 33 patients
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followed up for a previously treated bladder tumor; group 2: 58 pa-
tients with persistent urinary symptoms). Overall negative predictive
value (NPV) and sensitivity of FMi were 100% vs. 73.7% and 64.3%
respectively for UCCy (P = 0.0001). Sensitivity of FMi for LGUN
was unexpectedly high with a value of 100% vs. 46.2% for UCCy
(P =0.0002). FMi was significantly superior to UCCy for detecting
urothelial tumors in every group of patients and would allow a bet-
ter characterization of atypical urothelial cells (AUCs) defined by the
Paris System for Reporting Urine Cytology (TPS).

Conclusions: Because of its sensitivity and NPV of 100%, FMi could
complement UCCy to screen voided urines allowing a better detec-
tion of primary urothelial tumors or early recurrences of previously
treated urothelial carcinoma. Moreover, this “dual screening” would
allow completing efficiently cystoscopy to detect flat dysplasia, carci-
noma in situ (CIS) and extra bladder carcinoma.

Keywords: Voided urines; Papanicolaou stain; Cytology; Fluores-
cence; Urothelial tumors

Introduction

Bladder urothelial carcinoma is the 10th most frequent cancer
worldwide and about 543,000 new cases were diagnosed in
2018 [1]. The techniques used for the primary diagnosis and
the follow-up of urothelial tumors are currently cystoscopy and
urinary conventional cytology (UCCy). Cystoscopy has a good
sensitivity for detection of urothelial tumors that varies between
69.2% and 97% depending on the type of cystoscope and the
methodology (white light endoscopy and photodynamic diag-
nosis) [2, 3]. But it is an operator-dependent, invasive and ex-
pensive medical tool which often fails to detect flat tumors such
as carcinoma in situ (CIS) and is not suited for the detection of
upper urinary tract tumors. UCCy is an easy and reliable tech-
nique for cytopathologists with high specificity but low over-
all sensitivity. Several studies reported its excellent sensitivity
(80-90%) in the detection of high-grade urothelial carcinoma
(HGUC) and its dramatic decrease to 12-17% for grade 1 (G1)
and to 26-61% for grade 2 (G2) carcinomas [4, 5]. At that time,
it was difficult to accurately assess UCCy’s performance in G1
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and G2 carcinomas, due to low inter-observer reproducibility in
cytology and histology [6, 7]. These findings partly explain evo-
lution in successive editions of the World Health Organization
(WHO) classification over the last 30 years. Consequently, since
2004, most of G1 and half or two-thirds of G2 carcinomas have
been considered as low-grade urothelial carcinomas (LGUCs).

Another problem is the identification of atypical urothe-
lial cells (AUCs) in urine. This category remained undefined
during many years and its cytodiagnosis was very subjective.
As a result, a diagnosis of AUC included specimens with little
chance of a significant injury as well as specimens with higher
risk of malignancy. According to a study carried out in 2013
on 16,299 cytology specimens, an 8% atypia rate was reported
with only 21% of these progressing to a malignant diagnosis
[8]. Others authors tried to better define AUC by analogy with
the Bethesda System for cervical smears and separated AUC-
US (atypical urothelial cells of undetermined significance) and
AUC-H (atypical urothelial cells cannot exclude high grade)
specially Piaton et al [9]. In 2016, the Paris System (TPS) clar-
ified the morphological criteria necessary to include abnormal
cells in the “AUC” category [10]. The comparative studies be-
fore and after TPS show that its stringent cellular criteria sig-
nificantly decrease AUC category and increase the sensitivity
of UCCy in diagnosing HGUC but do not improve diagnosis
of low-grade urothelial neoplasms (LGUNs) [11-15].

In order to address the shortfalls of UCCy, different uri-
nary biomarkers have been introduced as a complement or
substitution for UCCy [16, 17]. These tests are based on the
immunodetection of several antigens or on molecular biology
techniques. ImmunoCyt/uCyt™ is an immunofluorescence
assay and UroVysion™ FISH is a multitarget fluorescence in
situ hybridization (FISH) that detects aneuploidy [18-20]. BTA
TRAK® and NMP22® Test Kit quantify respectively the hu-
man complement factor H-related protein and the nuclear ma-
trix protein 22 in urine [21, 22]. BTA stat® and NMP22® Blad-
der Chek are only qualitative tests [23, 24]. These tests have
a variable sensitivity and often a lower specificity than UCCy
[25]. They require specialized technical scores and expensive
equipment, specific skills of pathologists and preparation of
additional samples. As a consequence, their high cost/benefit
ratio limits their access to an entire population [26].

More recently molecular tests study mutations, methylation
or expression of specific genes [27-29]. Specially Kavalieris et
al [29] described the Cxbladder Monitor combining phenotypic
(clinical and patient data) and genotypic (gene expression) urinary
biomarkers. This test exhibited sensitivity and negative predictive
value (NPV) of 93%, outperforming other tests as NMP22 Blad-
der Chek® and UroVysion® FISH. The authors concluded that the
use of Cxbladder Monitor could reduce the number of cystosco-
pies for the evaluation of recurrent urothelial carcinoma and is
able to accurately triage out patients who present hematuria [30].

Actually, although these tests including the Cxbladder
Monitor are approved by Food and Drug Administration (FDA),
they are not recommended in American Urological Association
(AUA) or European Association of Urology (EAU) guidelines
for detection or follow-up of bladder cancer [31, 32]. Only
UroVysion® FISH can be used to assess response to intravesical
BCG and UroVysion® FISH and ImmunoCyt™ to adjudicate
on AUC in patients with non-muscle-invasive bladder cancer
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(NMIBC) (expert opinion, AUA) [31].

Liquid-based cytology (LBC) procedures have allowed
improving the slides cellularity and decreasing the rate of un-
satisfactory slides, but did not significantly improve the sensi-
tivity of cytodiagnosis for LGUN compared with cytocentrifu-
gation methods [33, 34].

Hence, despite its poor performance for LGUN and its dif-
ficulty to characterize atypical cells, UCCly is still the preferred
diagnostic tool. The search for alternative or complementary
methods, offering both performance and simplicity, is there-
fore critical for the improvement of the diagnosis of LGUN.

Some studies have reported fluorescence microscopy obser-
vation of dysplastic or tumoral cells. Millot et al [35] reported
a particular auto-fluorescence emission from cells of high- and
low-grade intra-epithelial lesions on unstained cervical smears.
Another study reported an induced fluorescence on urothelial
cells of HGUC (15/16 cases), LGUN (26/31 cases) and CIS (9/11
cases) from bladder washing after endoscopy with 5-aminole-
vulanic acid [36]. In our first publication [37], we studied and
monitored the fluorescence properties of classical Papanicolaou-
stained urothelial cells from urines or cell lines to investigate
metabolic changes in normal and tumoral cells. We observed dif-
ferent fluorescence patterns on urothelial cells in various clinical
conditions. An intense peri-membrane fluorescence was always
observed on urothelial carcinoma cells but also on some reactive
or regenerative urothelial cells occurring in inflammation or lithi-
asis and contrasting by intra-cellular localization and low inten-
sity fluorescence of normal, quiescent urothelial cells. These dif-
ferent fluorescence patterns could be used for detecting urothelial
carcinoma in addition to UCCy. This method does not require
supplementary urinary samples nor changes to the Papanicolaou
staining protocol, unlike other methods using fluorescence as a
photodynamic diagnosis [36, 38].

In this current work, we presented a comparative study of
performances of FMi and UCCy on voided urines of patients
before cystoscopy and evaluated the role of both combined
methods in diagnosis of urothelial tumors.

Materials and Methods

Patients’ cohort

We report a monocentric retrospective study of 155 archived
consecutive cases in the cystoscopy’s register of Urology De-
partment at Bicetre Hospital from January 2011 to January 2012.
For all patients, a voided urine specimen has been collected be-
fore cystoscopy. After exclusion of 26 cases with incomplete
clinical report, 17 others with final diagnosis of non-urinary
tract cancer (kidney, prostate, etc.) and 11 unsatisfactory urinary
slides, 101 patients (19 women and 82 men) were selected (Fig.
1). The mean age was 71.2 years (range 19 - 95).

Control cases

In order to complete the validation of FMi on normal urothelial
cells, we collected voided urines from 22 healthy volunteers,
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Potentially eligible participants (n = 155)

Excluded (n = 43)
Incomplete clinical report (n=26)

Non-urinary tract cancer (n=17)

Eligible participants (n = 112)

Excluded (n = 11)

Unsatisfactory slides

Fluorescence microscopy (n = 101)

Excluded (n = 10)

Unsatisfactory slides

Negative result (n = 39)
Absence of fluorescence tumor-type signal)

Presence of fluorescence tumor-type signal)

Positive result (n = 52)

Referred for cystoscopy (n = 39)

Referred for cystoscopy (n = 52)

Normal cystoscopy

Histopathology not done (n = 39)

Histopathology not done (n=8)
Normal cystoscopy

Final diagnosis
Urothelial tumor present (n = 0)
Urothelial tumor absent (n = 39)

Referred for histopathology (n = 44)
Abnormal cystoscopy

|

Final diagnosis
Urothelial tumor present (n = 42)
Urothelial tumor absent (n = 2)

Figure 1. Diagram of STARD.

18 men and four women between 18 and 63 years, exempt
from any urinary tract pathology and without risk factors.

Urine cytology slides preparation

Before a standard white light cystoscopy, 30 mL of voided urines
were collected in a sterile recipient that contained 10 mL of 50%
ethyl alcohol (EtOH), and transferred to the pathology depart-
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ment.

After centrifugation of the entire sample at 3,000 rpm dur-
ing 5 min, the supernatant was discarded and the pellet was
resuspended in 1 mL (when pellet was small) to 2 mL of 0.9%
NaCl. Successively, 400 pL of the resuspended pellet was
transferred in a settling chamber of Shandon Cytospin 2 (Ther-
mo-Fisher, Waltham, USA) for 10 min at 800 rpm followed by
slides spray fixation then Papanicolaou staining.

The manual procedure of Papanicolaou staining was as fol-
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lows. The slides were immersed in 95% EtOH for 10 min and
successively rehydrated in 50% EtOH (1 min) and in running
water (1 min). The slides were then stained with Harris hema-
toxylin (ref 361075 RAL Diagnostics, Martillac, France) for
3 min and transferred successively, in running water (1 min),
briefly in 0.2% HCI diluted in ethanol (5 s), in running water (1
min), in 0.2% NH,OH (30 s), in running water (1 min), in 95%
EtOH (1 min) and in 100% EtOH (1 min). Next the slides were
stained with Orange G6 (ref 361630 RAL Diagnostics, Martil-
lac, France) for 2 min then immersed in two 100% EtOH baths
for 1 min, each. This step was followed by a bath in EA 50 (ref
367600 RAL Diagnostics, Martillac, France) for 3 min and then
in two 100% EtOH baths for 1 min each.

The slides were then covered with the film Tissue-Tek®
Coverslipping (Sakura, Finetek, Europe) after two xylene baths
for 2 min.

The same technical procedure was applied to voided urines
collected from one natural micturition in volunteers.

Tissue specimen treatment

Biopsy or transurethral resection for bladder tumor under
white light or cystectomy was performed by the same academ-
ic urologic surgeon.

Conventional histopathological techniques were applied (for-
mol fixation, paraffin inclusion, hematoxylin-eosin coloration).

Microscopic observation

A conventional microscope (Olympus BX 51, Tokyo, Japan)
equipped with a continuous mercury-arc lamp (X-cite 120Q,
EXFO) and a CDD camera was used for observation with
white and fluorescent light. Excitation and emission fluores-
cence ranges were selected through bandpass filters.

Fluorescent mode

In our previous study [37], we have tried to explain the different
fluorescence patterns observed on quiescent and reactive/regen-
erative or tumoral urothelial cells after Papanicolaou staining.
Analysis of fluorescence emitted by the different dyes of Papani-
colaou staining and by urothelial cells before and after Papanico-
laou staining, allowed concluding that the fluorescence was not
caused by cell endo-fluorophores but essentially by accumula-
tion of EAS0 in some cell constituents. This 2007 study allowed
us to define an excitation wavelength between 410 and 510 nm
and an emitted fluorescence collected at wavelengths between
520 and 580 nm. Low intensity and intra-cellular localization
characterized fluorescent signal of urothelial normal cells (FNs)
while an intense and peri-membrane fluorescence called fluores-
cent tumor-type signal (FTs) was emitted by urothelial tumoral
or active/regenerative cells (after erosion caused by inflamma-
tion or lithiasis for example). Moreover, a fluorescence reactiv-
ity similar to the FTs was emitted by polynuclear leukocytes and
was generally easy to recognize because of their nuclear forms.
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Fluorescence observation was performed on the Papanico-
laou-stained slides at % 20 objective by a pathologist trained in
fluorescence microscopy, unaware of patient status. This first
FMi screening allowed classifying slides as not interpretable
or positive FMi (with FTs) or negative FMi (without FTs).
Next, by rapidly switching from fluorescence to transmission
microscopic mode, this pathologist verified that fluorescence
was effectively emitted by urothelial cells.

The consultation of clinical patients’ reports allowed cor-
relating results of FMi with 2011 - 2012 cytological/histologi-
cal findings.

Transmission mode

Next, a pathologist specialized in Urinary Cytopathology and
Histopathology, blinded to transmission and fluorescent mi-
croscopy results, reviewed each urinary slides according to
2016 TPS and all cases of surgical pathology according to the
2016 WHO tumor classification.

Statistical method

After inclusion in patient database and before statistical anal-
yses, all patients’ information was de-identified and not made
available to researchers accessing this database. Because of this,
our study was exempt from Institutional Review Board (IRB)
approval. All patients have been managed in the Bicetre Univer-
sity Hospital according to the standards of good clinical practice
and ethical approval.

The calculation of UCCy and FMi performances used the re-
sults of cystoscopy completed by histological analysis. The data
were analyzed with the R software version 3.4.3. The McNemar
test for paired study design was used to determine the difference
in sensitivity and specificity between FMi and UCCy. In case of
small number of discordant pairs (< 10), an exact binomial test
was performed. For NPV and positive predictive value (PPV),
we used the method proposed by Moskowitz and Pepe [39].

Results

For a better understanding of the presentation of the FMi re-
sults in tables, cases with FTs were considered FMi positive
and cases without FTs were considered FMi negative.

Volunteers

In the 22 volunteers, all slides were interpretable and negative
for UCCy and FMi. So, in urines of healthy person (absence of
inflammation, lithiasis, tumor), no cell was FMi positive.

Patients’ cohort (101 cases)

Among the 101 included cases, FMi was not interpretable on
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Table 1. Results of Transmission and Fluorescence Microscopy in Groups 1 and 2 (N = 91)

Clinical diagnosis FMi result +/- uecy No. of cases Follow-up time
TPS Result +/-
HGUC (n=16) + HGUC + 11 NR
+ SHGUC + 1 NR
+ AUC + 2 NR
+ LGUN + 1 NR
+ Negative - 1 NR
LGUN (n = 26) A LGUN A 7 NR
+ AUC 5 NR
+ Negative - 14 NR
No tumor (n=49) - Negative - 36 No follow-up
- AUC + 3 No tumor (three cases), 6 - 60 months
+ Negative - 6 No follow-up (one case), no tumor (five cases), 6 - 72 months
+2 SHGUC  +* 1 CIS 18 months
+ AUC + 3 No tumor (three cases), 6 - 72 months
Statistics FMi UCCy P* (FMi vs. UCCy) FMi + UCCy P* (FMi + UCCy vs. UCCy)
HGUC + LGUN
Sensitivity, % 100 64.3 0.0001* 100 0.0001*
Specificity, % 79.6 85.7 0.3173 73.47 0.0143*
PPV, % 80.8 79.4 0.8238 76.36 0.5051
NPV, % 100 73.7 0.0001* 100 0.0001*
HGUC
Sensitivity, % 100 93.7 0.3173
LGUC
Sensitivity, % 100 46.2 0.0002*

aCIS diagnosed after 18 months. *Significant threshold: P < 0.05. AUC: atypical urothelial cell; CIS: carcinoma in situ; FMi: fluorescence microscopy;
HGUC: high-grade urothelial carcinoma; LGUN: low-grade urothelial neoplasia; NPV: negative predictive value; PPV: positive predictive value; SH-
GUC: suspicious for high-grade urothelial carcinoma; TPS: The Paris System; UCCy: urinary conventional cytology.

10 slides because of a diffuse or a too low fluorescence proba-
bly related to impaired staining. On slides considered satisfac-
tory under FMi, the number of abnormal urothelial cells with
FTs varied between 3 and more than 100 per slide in our series.

Statistical analyses were applied on total patients cohort
(n=91) and on two groups of them separated according to the
patient’ chief complaint: group 1 (n = 33) included patients
followed up for a previous bladder tumor, group 2 (n = 58)
included patients with persistent urinary symptoms.

All patients

Patients with urothelial tumor

All 42 urothelial tumors (16 HGUCs and 26 LGUCs) were pos-
itive for FMi (sensitivity of 100%), whereas overall sensitivity
of UCCy was 64.3% (P =0.0001). FMi was significantly supe-
rior to UCCy for detecting urothelial tumors with a sensitivity

208 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

of 100% vs. 93.7% for HGUC (P = 0.0001) and vs. 46.2% for
LGUC (P =0.0002). The combination of the two tests together
increased sensitivity and NPV to 100% (vs. 64.3% and 73.7%,
respectively, for UCCy alone, P < 0.05) and decreased specific-
ity to 73.47% (vs. 85.7% for UCCy alone, P < 0.05).

An urothelial tumor was found in 70% of AUCs (7/10) as-
sociated with positive FMi. LGUC was found in about 2/3 of
negative cytology cases associated with positive FMi (Table 1).

Patients without urothelial tumor

Of the 49 cases without a proven contemporary tumor, 36 cas-
es were negative for UCCy and FMi. No tumor was found dur-
ing the follow-up of all AUCs (six cases: three with positive
FMi and three with negative FMi) and of all negative cytology
cases (n = 6) with positive FMi. A CIS was diagnosed after 18
months in an SHGUC with positive FMi.

No tumor was detected during the contemporary examina-
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Figure 2. Normal urothelial cells. Intermediate and deep urothelial cells showing a nucleus with homogeneous chromatin, regular
borders and a nuclear/cytoplasmic ratio (N/C) < 0.5 (a). These cells emit a homogeneous and low intracellular fluorescence sig-
nal (b). Note the same fluorescence pattern of the malpighian cell. Transmission (a) and fluorescence microscopic (b) observa-

tions of Papanicolaou-stained urothelial cells.

tion or during the follow-up in AUC associated with negative
FMi.

In less than 20% of cases, FTs was not related to tumor
but might be explained by modifications of cell morphology
and/or cell physiology induced by different urinary disrup-
tions (Table 1).

Transmission and fluorescence microscopic observations
are illustrated in Figures 2-5.

™

Group 1
Patients with urothelial tumor

Among 33 patients monitored for previously treated urothelial
tumor, 22 had a positive cystoscopy followed by surgery. The
histopathological analysis found 17 LGUCs and five HGUCs.

Figure 3. HGUC. Several urothelial deep cells are characterized by a high nuclear/cytoplasmic (N/C) ratio > 0.7, coarse chroma-
tin, hyperchromasia and irregular nuclear membrane; other cells show degenerative alterations (a). A strong and peri-membrane
fluorescence signal is emitted by all these cells (b). Transmission (a) and fluorescence microscopic (b) observations of Papani-
colaou-stained urothelial cells. HGUC: high-grade urothelial carcinoma.
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k-

Figure 4. LGUN. A cluster of urothelial deep cells showing a slightly increased nuclear/cytoplasmic (N/C) ratio, sometimes ec-
centric and grooved nuclei (a). These cells emit a strong and peri membrane fluorescence signal (b). Transmission (a) and fluo-
rescence microscopic (b) observations of Papanicolaou-stained urothelial cells. LGUN: low-grade urothelial neoplasia.

UCCy was negative in nine LGUCs and in one HGUC. AUCs
were detected in three LGUCs and in one HGUC. UCCy was
positive for HGUC in two HGUC: histologically confirmed. A
cytology suggestive of LGUN was correlated with five LGU-
Cs and one HGUC. FMi showed a FTs in nine LGUCs labeled
negative with UCCy.

All 22 urothelial tumors were positive in FMi (sensitiv-
ity of 100%). Sensitivity of UCCy decreased significantly to
54.5% (P =0.0016) (Table 2).

: 3 .‘g" a
.
‘e
()
) 20 ym

Patients without urothelial tumor

Of 11 patients without a contemporary tumor, three had a posi-
tive FMi. Two of them were treated with Bacillus Calmette-
Guerin (BCG) immunotherapy: in one case, the cytodiagnosis
was AUC, the cystoscopy showed an inflammatory bladder and
no tumoral recurrence was observed (followed by 3 years). On
the contrary, in the second case labeled SHGUC with UCCy
and contemporary negative biopsy, CIS was diagnosed 18

Figure 5. AUC. An atypical deep urothelial cell showing an increased nuclear/cytoplasmic (N/C) ratio > 0.5 and a hyperchromatic
nucleus (a). This cell emits a strong and peri membrane fluorescence signal (b). This patient had a positive cystoscopy and a final
diagnosis of HGUC. Transmission (a) and fluorescence microscopic (b) observations of Papanicolaou-stained urothelial cells.
AUC: atypical urothelial cell; HGUC: high-grade urothelial carcinoma.
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Table 2. Results of Transmission and Fluorescence Microscopy in Group 1 (33 Patients Followed Up for Previous Urothelial Neo-

plasms)
Clinical diagnosis UCCy
Cystoscopy No. of cases FMi result +/- Follow-up time
2016 WHO Stage TPS Result +/-
Positive LGUC pTa 6 + Negative - IR
Positive LGUC pTa 2 + AUC 4 IR
Positive LGUC pTa 4 + LGUN + IR
Positive LGUC pT1 1 i AUC 4 IR
Positive LGUC pT1 1 + LGUN + IR
Positive LGUC pT1 3 A Negative - IR
Positive HGUC pTa 1 + LGUN + IR
Positive HGUC pTa 1 i HGUC + IR
Positive HGUC pT1 1 + AUC + IR
Positive HGUC pT1 1 + HGUC 4 IR
Positive HGUC pT2 1 + Negative - IR
n=22
Negative No disease 8 - Negative - No follow-up
Inflammation? No tumor 1 + AUC + No tumor, 36 months
Negative® No tumor 1 + SHGUC + CIS, 18 months
Negative No tumor 1 i AUC +* No tumor, 6 months
n=11
Statistics FMi UCCy pP*
Sensitivity, % 100 54.5 0.0016*
Specificity, % 72.7 72.7 NA
PPV, % 88 80 0.0021*
NPV, % 100 444 0.1289

aBCG therapy. PBCG therapy and CIS after 18 months. *Significant threshold: P < 0.05. AUC: atypical urothelial cell; CIS: carcinoma in situ; FMi:
fluorescence microscopy; HGUC: high-grade urothelial carcinoma; IR: irrelevant; LGUC: low-grade urothelial carcinoma; LGUN: low-grade urothelial
neoplasia; NPV: negative predictive value; PPV: positive predictive value; SHGUC: suspicious for high-grade urothelial carcinoma; TPS: The Paris
System; UCCy: urinary conventional cytology; WHO: World Health Organization.

months later. So, UCCy and FMi probably detected abnormal
cells long time before the diagnosis of CIS. For the last patient
who had a partial cystectomy for pT2, we detected AUC with
FTs in urines but no tumor was observed after a short 6-month
follow-up (Table 2).

Group 2

Patients with urothelial tumor

Among 58 patients with persistent and unsolved urinary
symptoms, 19 bladder and one ureteral urothelial tumors (nine
LGUCs and 11 HGUCs) were confirmed by histology after
surgery. UCCy did not detect five LGUCs. AUC was identified
in two LGUCs and in one HGUC. SHGUC was consistent with
one HGUC. UCCy was positive for HGUC in nine histologi-
cally confirmed HGUCs.
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All 20 tumors showed FTs (sensitivity and NPV of 100%).
Sensitivity decreased significantly with UCCy to 75% (P =
0.0253) (Table 3).

Patients without urothelial tumor

No tumor was diagnosed by cystoscopy and/or follow-up in
38 patients.

But in this second group, the false positive cases were
more numerous: six cases with negative cytology exhibited
FTs, three AUCs were negative FMi and one AUC was posi-
tive FMi. These 10 cases were related to lithiasis, bladder and
prostate inflammation/infection, or benign prostate hyperpla-
sia (BPH). None urothelial tumor was observed initially and
during follow-up of 6 to 72 months for nine patients whereas
the follow-up of one patient was missing.

Thus, PPV of FMi decreased to 74.1% in this second
group in relation to the frequency of inflammations and lith-
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Table 3. Results of Transmission and Fluorescence Microscopy in Group 2 (58 Patients With Persistent Urinary Symptoms)

Clinical diagnosis UCCy
Cystoscopy No. of cases FMi result +/- Follow-up time
2016 WHO Stage TPS Result +/-
Positive LGUC pTa 4 + Negative - IR
Positive LGUC pTa 2 = AUC 3 IR
Positive LGUC pTa 2 + LGUN + IR
Negative*  LGUC pTx 1 + Negative - IR
Positive HGUC pTa 3 + HGUC  + IR
Positive HGUC pTl 1 +* SHGUC + IR
Positive HGUC pT1 1 + HGUC + IR
Positive HGUC pT2 1 + AUC = IR
Positive HGUC pT2 1 + HGUC  + IR
Positive HGUC pT3 2 + HGUC aF IR
Positive HGUC pT4 2 + HGUC  + IR
n=20
Negative No disease 14 - Negative - No follow-up
Negative BPH 5 - Negative - No follow-up
Negative Lithiasis 3 - Negative - No follow-up
Negative Infection 4 Negative - No follow-up
Negative Inflammation 2 - Negative - No follow-up
Abnormal® BPH + inflammation 1 4 Negative - No tumor, 6 months
Negative BPH + inflammation 1 + Negative - No tumor, 72 months
Negative Prostatitis 2 + Negative - No tumor, 12 and 24 months
Negative Lithiasis 2 + Negative - No tumor, 0 and 12 months
Negative Lithiasis 1 - AUC +* No tumor, 60 months
Negative Inflammation 2 - AUC + No tumor, 6 and 24 months
Abnormal®  Infection 1 + AUC + No tumor, 72 months
n=238
Statistics FMi UCCy pP*
Sensitivity, % 100 75 0.0253*
Specificity, % 81.6 89.5 0.3173
PPV, % 74.1 78.9 0.6314
NPV, % 100 87.2 0.0255%*

a. Ureteral urothelial tumor. PDiagnosis confirmed by bladder biopsy. *Significant threshold: P < 0.05. AUC: atypical urothelial cell; BPH: benign
prostatic hyperplasia; FMi: fluorescence microscopy; HGUC: high-grade urothelial carcinoma; IR: irrelevant; LGUC: low-grade urothelial carcinoma;
LGUN: low-grade urothelial neoplasia; NPV: negative predictive value; PPV: positive predictive value; SHGUC: suspicious for high-grade urothelial
carcinoma; UCCy: urinary conventional cytology; WHO: World Health Organization.

iasis (Table 3).

Discussion

The cytopathologist has a pivotal role to play in the diagnosis
of'initial or recurrent urothelial tumors. Whereas UCCy can of-
ten detect HGUC, its sensitivity for diagnosing LGUN is low

and requires considerable expertise.
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This relative poor sensitivity of UCCy for LGUN may be
explained by the fact that these tumors are less likely to shed
cells in the urine as the tumor cells are more cohesive than
in cases of HGUC. When LGUC or papillary urothelial neo-
plasm of low malignancy potential (PUNLMP) does exfoliate
in urines, we observe clusters rather than single cells with mild
or inconspicuous cellular atypia. The interpretation of these
subtle changes is difficult and often unfocused because their
cytological appearance is closer to that of normal urothelial
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cells and explains inter-observers variations [6, 7]. FMi as in
others studies [18, 36] seems to confirm that the presence of
low-grade tumoral cells in urines is relatively frequent but of-
ten undetectable with UCCy. Thus, Mian et al [8] reported a
significant increase in sensitivity of about 80% for the detec-
tion of LGUC with the uCyt+/Immunocyt test used alone or
coupled to UCCy.

Several authors have tried to better define AUCs [9, 40-
42]. Recently, TPS has attempted to outline some of the most
common patterns that may be encountered in atypical urine
specimens and their associated risk of an underlying urothe-
lial neoplasm [10]. The criteria outlined by TPS facilitated
the standardization of urine cytology report, significantly in-
creased the sensitivity of diagnosing HGUC and refined the
category “AUC” but did not improve diagnosis of LGUN [13].
So for some authors, there was histological evidence of urothe-
lial carcinoma in 70% of AUCs after the TPS [12]. This finding
was not confirmed by another study [43].

In addition, the UCCy interpretation was challenged by
the fact that lithiasis, infections, urinary tract instrumentation
and BCG immunotherapy may cause changes in the urine cy-
tology features, and in turn lead to an erroneous positive cy-
to-diagnosis [44]. A large part of these reactive atypia would
not be recruited into the AUC category after re-evaluating the
same samples according to the TPS criteria [13].

Several biomarkers have emerged to help the early detec-
tion of bladder carcinoma. Although some are more sensitive
than UCCly, they are usually less specific and some of them
have a low sensitivity for LGUN. So few have made the suc-
cessful transition into the clinic [16, 45]. For the diagnostic of
de novo tumors and monitoring of recurrent bladder cancer,
cystoscopy stands as the best reference method. UCCy must
be associated with cystoscopy during the surveillance of inter-
mediate and high-risk patients and can be used as an adjunct
to cystoscopy to detect de novo bladder tumor in patients with
hematuria or other suggestive symptoms [31, 32].

Nevertheless, a significant improvement of cytological de-
tection for LGUN would allow better managing the majority
of patients. The annual incidence rate of bladder cancers var-
ies from 2.3 to 32 per 100,000 depending on the countries, of
which 70% are NMIBCs. These NMIBCs have a very high re-
currence rate (up to 70% within 2 years of primary treatment)
and 10-30% will develop to invasive disease after treatment.
The most of them are low-grade Ta/T1 primary tumors [1, 30,
46]. Among the LGUCs, 40% will recur and 15% progress in
high-grade carcinoma. Among the HGUCs, 70% will recur
and 30% will progress to muscle-invasive carcinoma [46].

The results obtained with FMi seemed to improve UCCy
sensitivity for high- and low-grade urothelial tumors.

1) Improvement of LGUN detection. FMi, with a sensi-
tivity and NPV of 100% filled UCCy insufficiency. This gain
is particularly important for LGUN detection, even in the ab-
sence of obvious changes in cellular morphology. In our series,
the association of a FTs and a negative cytology was correlated
with 15 LGUCs and one HGUC in histology.

2) AUC characterization. FMi appears to be a good tool
for confirming the tumor nature of uncertain diagnosis as
AUC. When AUC was associated with FTs, these atypia were
related to an urothelial tumor in about 70% of cases. The phe-
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notype associating AUCs and NFs was never associated with a
histologically confirmed tumor in our series.

Almost 50% of AUCs and less than 20% of FTs were not
related to tumor but might be explained by modifications of
cell morphology and/or cell physiology induced by different
urinary disruptions.

3) Methodology. In contrast to the existing biomarkers
that are more time-consuming, more expensive and require the
preparation of additional samples, fluorescence localization
after Papanicolaou staining is quickly performed on the same
slides than UCCly.

For all these reasons, we think that FMi coupled with
UCCly is able to accurately triage out patients who have a low
probability of UC with a high overall test-negative rate, high
level of sensitivity and high NPV.

These results will be confirmed in a larger number of pa-
tients with tumoral or benign urologic conditions, which is
currently the object of another ongoing clinical study.

In addition, an automated process for analyzing cells as
described in the patent [47] will be completed by an algo-
rithm built with TPS cytological criteria and fluorescence
parameters on voided urine slides after LBC procedure.
This algorithm would allow automatic and rapid screening
with both FMi and UCCly. This rapid shift to automatic dual
screening can explain the short series of patients in this pre-
liminary retrospective study. The selection bias was reduced
by the homogeneity of our study: strict criteria of inclusion
and exclusion, precise definition of the two different fluores-
cent signals, normal and tumoral-type, intervention of a sin-
gle experienced pathologist and a single university urologist
surgeon that limited inter observer variations for FMi and
cystoscopy.

Conclusions

The association of UCCy with FMi effectively addresses the
issue of LGUN detection. According to our results, with the lo-
cal cytopathology expertise, FMi performed on urothelial cells
from voided urine is more sensitive than UCCy, making the
former a valuable complementary method in the diagnosis of
urothelial tumors and follow-up of patients.
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