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ABSTRACT. Background. Urine cytology is deemed a sensitive method in detection of high-grade urothelial carcinoma. In
contrast, detection of low-grade urothelial carcinoma (LGUC) and its differentiation from reactive lesions is difficult with
urinary cytology. Objective. Our study aims to determine the effectiveness of morphometric parameters in differentiating
reactive urothelial cells from LGUC by cytological examination of urine specimens. Methods. Voided urine samples were
used for the study, while the cases were randomized into two groups: those diagnosed with LGUC (first group; N=10) and
those which were not diagnosed with LGUC (second group; N=10). The morphometric parameters of major nuclear diameter
(MaND), minor nuclear diameter (MiND), mean nuclear area (MNA), cell diameter (CD), mean cell area (MCA), as well as
MaND/CD, MiND/CD, MiND/MaND and MNA/MCA ratios were measured on 100 urothelial cells for each case through
Scopelmage® 9.0 software. Results. A statistically significant difference was found between the mean values of MiND/CD
(p=0.017) and MNA/MCA (p=0.002) ratios of groups. The mean value of both parameters in the first group constituted 0.2
and higher, and below 0.2 in the second group. Conclusion. The ratios of MiND/CD and MNA/MCA in urothelial cells
proved significantly higher in patients with LGUC than benign/reactive cases. The reliability of these findings in
differentiating LGUC from benign/reactive lesions needs to be verified through studies examining a large number of cases.
These parameters can be assessed much faster through a special software enabling an automatic measurement and thus can be
used in routine cytological examination.
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Introduction

Urinary cytology constitutes a significant
percentage of non-gynecological cases in routine
cytopathology practice, and it continues to be one of
the difficult specimens for (cyto)pathologists. The
inadequate  cellularities of samples, cellular
degeneration prior to fixation, as well as unrealistic
expectations for diagnosing low-grade urothelial
carcinoma (LGUC) are the main challenges encoun-
tered in urinary cytology practice (1). The ability to
consistently diagnose LGUC in urine specimens
remains controversial, as the reported sensitivity of
urinary cytology in detection of LGUC is as low as
10% (2). Some cytological diagnostic criteria were
attempted to be determined for LGUC, while
McCroskey et al. reported that most of the features
described previously as diagnosticwere observed
almost equally in cases negative for LGUC (2).

These features of urine cytology were also
reflected in the reporting system elaborated in 2015.
Accordingly, The Paris System for Reporting
Urinary Cytology (TPS) focused primarily on
detection of high grade wurothelial carcinoma
(HGUC) while minimizing the detection of LGUC,
since cytology has a high sensitivity of detecting the
former with a poor sensitivity for the latter (1).

While the presence of three-dimensional
papillary structures with fibrovascular cores is a
unique diagnostic clue of LGUC in cytology,
however, it is only seen in about 2% of cases.
Nevertheless, this type of papillary structures can be
observed in any low-grade papillary lesion,
including papillomas, papillary urothelial neoplasia
of low malignant potential, and LGUC. To this end,
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“low-grade urothelial neoplasm (LGUN)” was
recommended as a diagnostic category for similar
cases in TPS (1, 2).

Aim

The main purpose is to determine the effective-
ness of morphometric parameters in differentiating
benign/reactive urothelial cells from LGUC by
cytological examination of voided urine specimens.

Material and methods

Case selection: Ten urine cytology specimens
of cases with histologically confirmed diagnosis of
LGUC (1st group) and the urine cytology specimens
of 10 benign/reactive cases (2nd group) were
selected for the current study. All specimens were
Papanicolaou stained conventional smears prepared
from voided urine specimens through centrifugation,
and each case had two slides. Cases with LGUC
diagnosis were confirmed histologically within one
month after collecting the urine sample. Other 10
benign/reactive cases were patients who underwent
poliomavirus screening following renal
transplantation, or who were diagnosed with cystitis
without any history of urothelial carcinoma before
and within six months after the urine sample has
been collected.

Morphometric examination: A morphometry
was performed on randomly selected 100 urothelial
cells for each case through Scopelmage® 9.0
software. Morphometric parameters of major nuclear
diameter (MaND), minor nuclear diameter (MiND),
mean nuclear area (MNA), cell diameter (CD), mean
cell area (MCA), as well as ratios of MaND/CD,
MiIND/CD, MiND/MaND and MNA/MCA were
measured for each cell (Figure 1).

Figure 1. Measurement of Mean Cytoplasmic Area (a), Mean Nuclear Area (b), Major Nuclear Diameter (c) and Cytoplas-
mic Diameter (d).
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Only non-overlapping isolated cells with well-
preserved cytoplasm and individual cells with clear
cytoplasmic and nuclear borders in some clustered
groups were selected for measurement. Three-
dimensional cell clusters, degenerative and swollen
cells with vacuolar cytoplasm, as well as cells
thoroughly or partially covered with inflammatory
and red blood cells were excluded from the study.

Statistics: The mean value of morphometric
parameters for each case, as well as the mean value

and standard deviation of these parameters in each
group were calculated. Independent sample t test
was used for determination of the p value and p
value < 0.05 was considered significant.

Results

The mean value of morphometric parameters
for each case, the mean value and standard deviation
of these parameters for each group were shown in
tables 1 and 2.

Table 1
Mean value of morphometric parameters in the first group (LGUC cases)

No MaND MiIND MNA MCA CD (um) MaND/ MiIND/ MIND/ MNA/
(um) (um) (um?) (um?) CD CD MaND  MCA

1 7.597 5.500 38.417 176.209 18.780 0.446 0.320 0.734 0.339
2 8.003 5.082 38.844 154.045 16.541 0.505 0.323 0.649 0.280
3 8.393 6.186 50.084 168.096 19.782 0.444 0.326 0.747 0.327
4 6.211 3.797 24.372 90.664 15.122 0.441 0.270 0.626 0.328
5 4.895 2.684 14.950 77.883 14.586 0.357 0.207 0.588 0.227
6 6.653 4212 32.112 107.277 14.212 0.478 0.310 0.660 0.322
7 7.378 4911 40.863 222.444 19.609 0.418 0.281 0.675 0.250
8 10.362 7.942 83.287 457.578 29.537 0.367 0.279 0.769 0.201
9 8.680 6.227 57.410 231.051 20.732 0.443 0.319 0.729 0.276
10 6.650 4.547 35.023 130.997 15.353 0.464 0.316 0.692 0.293

Mean  7.482+ 5.109+ 41.536+ 181.624+  18.425+ 0.436+ 0.295+ 0.687+ 0.284+
value 1.51 1.466 18.909 109.726 4.576 0.045 0.037 0.057 0.046

Table 2

Mean value of morphometric parameters in the 2" group (benign/reactive cases)

No MaND MiND MNA MCA CD (um) MaND/ MiND/ MiND/ MNA/
(um) (um) (um?) (um?) CD CD MaND MCA

1 6.905 4.974 38.361 973.317 41.158 0.173 0.124 0.725 0.046
2 5.696 3.483 22.328 541.598 30.277 0.209 0.127 0.620 0.060
3 5.975 3.977 27.079 458.728 30.294 0.221 0.145 0.677 0.079
4 5.574 3.709 24.471 452.541 30.214 0.205 0.137 0.670 0.068
5 4.466 2.747 16.564 203.434 19.972 0.274 0.169 0.625 0.132
6 5.383 3.259 21.410 262.397 22.142 0.273 0.164 0.622 0.115
7 5.231 3.491 21.448 320.629 24.179 0.235 0.158 0.684 0.089
8 4.849 3.401 20.698 398.162 28.133 0.187 0.134 0.716 0.068
9 4.693 2.703 15.737 176.052 19.577 0.248 0.146 0.602 0.096
10 4.987 3.451 21.206 207.675 19.285 0.288 0.198 0.700 0.132

Mean  5.376+ 3.520+ 22.93+ 399.453+  26.523+ 0.231+ 0.150+ 0.664+ 0,089+
value 0.713 0.642 6.349 237.104 6.887 0.039 0.022 0.044 0,029

The mean values of parameters such as MaND,
MiIND and MNA, as well as MaND/CD, MiND/CD
and MNA/MCA ratios were higher in urothelial cells
of LGUC cases. However, the mean values of MCA
and CD were higher in benign/reactive cases. The
MiND/MaND ratio presented almost a similar value
in both groups.

A statistically significant difference was
revealed only between the mean values of
MiIND/CD (p=0.017) and MNA/MCA (p=0.002)
ratios of two groups. The mean value of both
parameters comprised 0.2 and higher in all cases of

the first group, and below 0.2 in all cases of the
second group.

Discussion

Some attempts have been made to detect LGUC
with urinary cytology. Barkan et al. showed that the
UroVysion FISH test can increase the sensitivity of
cytology for detection of LGUC from 25 to 60 to
75%. However, they consider that the FISH result
will not impact the clinical management as low-
grade neoplasms are usually clearly visible by
cystoscopy (1). Jackson et al. detected a relation
between the size of LGUC and positivity in urine
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cytology. Namely, tumors with a size of 2 cm and
more were associated with the initial positive or
suspicious cytology result in their study (3). In
another study Onal et al. argued that the NMP22
value of urine is more sensitive than urinary
cytology to capture LGUCs by offering an
alternative to cytology (4).

The morphometric features of urothelial carcinoma
were mostly studied on paraffin-embedded tissue
samples, especially in the 90s. These studies, which
started with the measurement of diagnostic value of
morphometry in determination of urothelial
carcinoma, later suggested morphometry as the
determinant of tumor grade and prognosis (5-18).
MNA value of urothelial carcinoma higher than 95
um? was associated with poor prognosis in the
studies of Blomjous et al (6, 12). Lipponen, who has
conducted a number of studies on this subject, stated
that morphometric parameters are better than the
histopathological grade in predicting progress at
nodal or metastatic stage of urothelial carcinoma
(15). However, the morphometry has been presented
as an alternative to grading urothelial carcinoma (8,
11, 13). Pich et al. found concrete MNA values for
various grades of urothelial carcinoma; these were
35.53 um2 for G1, 38.65 um?2 for G2 and 83.62 um?2
for G3 cases (16). Some authors consider that
morphometric parameters can be critical in detecting
the proliferative activity of urothelial carcinoma (5,
10, 14).

The first morphometric study on urine samples
was carried out by Kern and MNA value was
reported as 36 um? for normal cells, 52 pm? for
benign atypical cells, 54 um? for cells from papillary
carcinoma Grade 1, 78 um? for papillary carcinoma
Grade 11, and 90 um? for transitional cell carcinoma
Grades III and IV (19). In the study of Bishop et al.
MNA value was showed as 29-55 pum? for benign
cells and 78 pm? for malignant cells (20). In another
similar study MNA value constituted 30.3 pm? for
normal urothelial cells, 60 um? for suspicious of
malignancy cases, 79.2 um? for LGUC, and 116 pm?
for HGUC cases (21). In the meantime, the attention
was directed towards the nucleocytoplasmic (N/C)
ratio in other morphometric studies conducted on
urine samples. Murphy et al. showed the N/C ratio
<0.5 for benign conditions, Boon et al. had found
N/C ratio >0.6 for high-grade neoplasms, and Manna
et al. reported N/C ratio as 0.55 for LGUC, 0.75 for
HGUC, 0.31 for suspicious cases, and 0.15 for
inflammatory cases (21-23). In our study, MNA
value was 22,9 pm? and 41,5 pm?, major diameter-
based N/C ratio was 0,23 and 0,43, minor diameter-
based N/C ratio was 0,15 and 0,29, area-based N/C
ratio was 0.08 and 0.28 in benign/reactive and
LGUC cases respectively.

Prior studies on urine samples had concurred
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with the fact, that cytomorphometric analysis is
superior to conventional urine cytology in detecting
malignant cells (20, 24, 25). These studies stated that
especially the MNA and N/C ratio are generally
successful in differentiating malignant cells from
benign cells (20, 25). In the first studies aiming to
determine LGUC in urine samples, increased N/C
ratio was presented as a key cytologic criterion (26).
For the first time, Shin et al. reported that the
MNA/MCA ratio is efficient with good sensitivity
and specificity for differentiating malignant
urothelial cells, both high- and low-grade, from the
benign ones, since the value of parameter in cases of
LGUC was significantly higher than that of the
benign urothelial cells (27). In another study where
morphometry and immunocytochemical markers
were used together, a similar result was reached
(21). However, according to Ohsaki et al. only a
linear factor is statistically significant as a nuclear
parameter in differentiating reactive renal tubular
cells in renal disease from LGUC (28). Similarly, in
our study, the MNA/MCA ratio was efficient in
differentiation of LGUC and benign/reactive cases
and the cut-off value was determined as 0.2 for the
parameter. In addition, the more accessible voided
urine and conventional smear method were used in
our study, as it was infeasible to demonstrate the
definite superiority of liquid-based cytology for
discriminating malignant urothelial cells from
benign cells through cytomorphometric analysis in
previous studies (27).

Conclusion

In our study, MiND/CD and MNA/MCA ratios
of urothelial cells derived from voided urine was
significantly higher in cases with LGUC than
benign/reactive cases. The reliability of these
findings in  differentiating LGUC  from
benign/reactive lesions needs to be verified through
studies examining a large number of cases. The most
remarkable limitation of this study lies in the high
number of working hours allotted for the
measurement of morphometric parameters, as the
measurement of all parameters on 100 cells for each
case by one person encompasses a full working day.
This is our humble opinion that these parameters can
be assessed much faster with a special software
enabling automatic measurement, which thus can be
used in a routine diagnosis process.

Prospects for further development is to
determine the effectiveness of morphometric
parameters in differentiating cells from LGUC by
cytological examination.
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MycaeB xk.C., Mertinai H.®., Illona P.®., T'acanoB A.B., [Jamipai A.H., BaxmanieBa X.A.
Baxausicte MopdoMeTpnuHMX napamMeTpiB B Audepenuianii 100posAKicCHUX/peaKTHBHUX YpoTeaiaJbHHUX
KJITHH BiJ ypoTeniaJIbHOI KAPUMHOMM HHU3BKOI0 CTyIeHsl 3JIOSKICHOCTi: KOMN'IOTepHe NO0C/iIKeHHS
3paskiB ceui.

PE®EPAT. AktyansHicTb. [{uTONOriuHe HOCTIHKEHHS Ce4i BBAXKAETHCS UyTIMBUM METOIOM BHSBIICHHS
ypoTelniaibHOT KapIIMHOMH BUCOKOTO CTYIEHS 3JI0sKiCHOCTI. Ha BinmMiHy BiJ 1IbOTO, BUSBJICHHS ypOTeTiaibHOT
KapLUMHOMH HH3bKOTO cryrneHs 3noskicHocti (YKHC) i T qudepeHuianis BiJl peakTHBHUX YpaXkKeHb yTPYIHEHO
3a JIOTIOMOTOI0 LIUTOJIOTIYHOTO JOCiikeHHs cedi. Mera. Harie nociifpkeHHsS crpsiMOBaHE Ha BH3HAYEHHS
e(peKTUBHOCTI MOP(QOMETPUYHUX MapaMmeTpiB y IuQEepeHIiIoBaHHI pPEaKTUBHUX YPOTEiajJbHUX KIITHH Bij
YKHC nmisxoM IUTONIOTIYHOTO OCTIKEHHS 3pa3kiB ceui. Meromam. [l TOCTiIKCHHS BUKOPUCTOBYBAJIHCS
3pa3KH cedi 3 CEUOBHUIYCKaHHSM, a MallieHTH OyJIM paHA0Mi30BaHI Ha JBi IPpyMNu: Ti, y IKUX OyB JliarHOCTOBaHUI
YKHC (nepua rpyna), i Ti, sskum He OyB niarnocroBannii YKHC (npyra rpyna). MopdomerpuyHi napamerpu:
BEJIMKHA JiaMeTp sIpa, MAIWN AiaMeTp sapa, CepelHs TUIoIa sAapa, JiaMeTp KIITHHU, CEpeIHs TUIOIa KIITHHH,
a TakoX iX cmiBBimHOMmEHHA BuMipfoBad Ha 100 ypoTemialbHUX KIITHHAX Ui KOXXKHOTO BHUMAIKy 3a
JIOTIOMOT 010 TIporpaMHOTo 3abe3medeHHs Scopelmage® 9.0. Pe3yabpTaTu. CTaTHCTUYHO 3HAUYYIIA Pi3HALL Oyina
BUSIBJICHA MIXK CEPEIHIMU 3HAYCHHSAMH BIJHOCHH Majuii miamerp siapa / miametp kiaituan (p = 0,017) i cepenus
rwioma siapa / cepenss mwioina kiituau (p = 0,002) mis rpyn. Cepenne 3HaueHHs 000X MMOKAa3HUKIB B TEpIIii
rpymi cknano 0,2 i Bumie, y apyriit - Hiokue 0,2. [lincymok. CriBBiHOLICHHSI MUl fiaMeTp sapa / Aiamerp
KJIITHHH 1 CepeiHs TUIola siapa / cepeiHs IUIoNla KIITHHU B YPOTEIialbHUX KIITHHAX BHUSBUIUCS 3HAYHO BHIIE
y nanientiB 3 YKHC, Hix y 100posikicHUX/peakTHBHUX BUnaakiB. HaxiliHicTh 1uX pe3ynbTaTiB B qudepeHmiarii
YKHC Bin 100posiKiCHUX/peaKTHBHUX ypa)KeHb IOBHHHA OYTH MiJTBEPPKEHA JTOCHTIPKEHHSMH, 110 BUBYAIOTh
BEJIMKY KUIbKicTh BunaikiB. L[i mapamerpu MoxyTh OyTH omiHeHi Ha0araTo MIBHIIIE 3a IOMOMOIOO
CHELiaJIbHOTO TPOrpaMHOro 3abe3ledeHHs, 110 3a0e3nedyye aBTOMAaTHYHE BHUMIPIOBAHHS, i, TAKUM YHHOM,
MOXYTh BUKOPHCTOBYBATHCS NIPH PYTHHHOMY LIUTOJIOTIYHOMY JOCTI/DKEHHI.

KurouoBi cioBa: Mmopdomerpisi, ypoTeriaabHas KapIIMHOMA, ce4a, IIUTOJIOTIS.

Mycaes J:x.C., Metuiiu H.®., lllonan P.®., I'acanoB A.b., Jamupiau A.H., baxmanueBa X.A.
Baxnocts Mopdomerpnyecknx mnapamerpoB B auddepeHnuanuu A00pOKaYeCTBEHHBIX/PEaKTHBHBIX
YPOTeTHAJbHBIX KJETOK OT YPOTeJHAIbHOH KapUMHOMBI HHU3KOH CTemeHH 3/10KA4eCTBEHHOCTH:
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KOMIBIOTEPHOE HCCIeJ0BaHHe 00PAa30B MOYH.

PE®EPAT. AkrtyaabHocThb. lluTonorndyeckoe wWcCieOBaHHE MOYH CUYHTAETCS UYBCTBUTEIHHBIM
METOAOM BbISIBIICHHUA ypOTeﬂHaﬂbHOﬂ KapuyHOMBI BBICOKOI CTEIIEHH 3J10Ka4YeCTBEHHOCTU. B oTimuune ot 9TOTO,
BBISIBJICHHE YPOTEIHAIBLHON KapLWHOMBI HU3KoW crenenu 3iokadectBeHHOCTH (YKHC) u ee nuddepenumanus
OT PEeaKTHBHBIX MOPAXEHUH 3aTPyAHEHO C MOMOIIBIO IMTOJIOTHYECKOro uccienoBanus mouu. Iean. Hamre
UCCIE/OBaHWE HampaBlIeHO Ha ompeneneHue d(dexkTuBHOCTH MOP(OMETPHUECKHX MapaMeTpoB B
muddepeHINpOBKE peakTUBHBIX ypoTenuaibHbIX KieTok oT YKHC myTeM HHUTOJNIOTHYECKOTO HCCIIETOBaHUS
o0pasioB Moun. Metoabl. sl HMCClIeOBaHUS HCIOJIB30BAJINCH 00pa3lbl MOYM C MOYEHCITyCKaHHEM, a
MaIMeHTHl OBUTH PaHIOMH3MPOBAaHBI Ha IBE TPYIIBL Te, y KOTOpHIX ObuT mamarHoctupoBaH YKHC (mepBas
rpymma), u Te, KOTopeiM He Obu1 auarHoctupoBaH YKHC (Bropas rpymma). MopdoMeTpudeckne mapaMeTpsl:
OoJIbIIION IUaMeTp sapa, MBI AWAMETp sfApa, CPEAHsS IUIOManb Apa, JUaMeTp KIETKH, CPEAHssS IUIOManb
KJIETKH, a TAKXKE UX COOTHOLICHUs n3Mepsinu Ha 100 ypoTennanbHbIX KIETKaxX I KaXKJOro CIy4dasi C IOMOIIBIO
nporpaMMHoro obecreueHust Scopelmage® 9.0. Pe3yabraTbl. CTaTHCTHYECKM 3HauMMas pasHUIa Obuia
o0OHapy)XeHa MeX/y CPEAHUMH 3HAYSHUSIMH OTHOILEHHMH Manblid auameTp supa / nuamerp kietku (p=0,017) u
cpenHsisi Iuomanb sapa / cpemsss miomans kiaetku (p=0,002) mis rpynn. CpeaHee 3Ha4YeHHE O00O0HMX
nokasaresieil B mepBoil rpymnne coctaBwio 0,2 u Bbiie, BO BTOpoil - Huxke 0,2. 3akiawodyenue. CoOTHOIIEHUS
MaJIblil TUaMeTp sipa / AnaMeTp KJISTKH U CPEeIHss IUI0Maab sApa / cpeHss IUIOMab KIETKH B yPOTEIHAIBHBIX
KJIETKaX OKa3aJich 3HAYMTENbHO Bhile y mnanueHtoB ¢ YKHC, yem y n00pokauecTBEHHBIX/PEaKTHBHBIX
ciryyaeB. Hapexnocts 3THX pesynbraroB B audpdepenumanmn YKHC oT no0pokadyecTBeHHBIX/peaKTHBHBIX
MOPAXEHUH OJDKHA OBITh MOATBEPKIEHA MCCIEIOBAHMSIMH, M3Y4aIOIINMH OOJIBIIOE KOJIMYECTBO CIydaeB. JTH
rapaMeTpsl MOTYT OBITh OIIEHEHBI HAMHOTO OBICTpEE C MOMOILBIO CHENNAILHOTO MPOTPAMMHOTO O0ECIeUeHNs,
00€ecCIIeUuNBAONIETO aBTOMATHYECKOE M3MEPEHHE, M, TAaKUM O00pa3oM, MOTYT HCIIOJIb30BaThCs MPH PYyTHHHOM
IIUTOJIOTHIECKOM HCCIICAOBAHUH.

KnaroueBsbie ciioBa: MophoMeTpus, ypoTenuaiabHas KapLHHOMa, MO4a, IIUTOJIOTHS.
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