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vadaze statistikurad sarwmunod (р<0,05) gan-
sxvavdeba erTmaneTisgan. Tumca, erTnairi fo-
rovanobis mqone nimuSebis gamZleobis zRvris 
saSualo maCveneblebs, maTi hidrataciis vadis-
gan damokidebulebiT, aqvs tendencia Semcirebi-
saken, magram es cvlilebebi dakvirvebis uki-
dures vadebzedac ki ar aRwevs statistikur 
sarwmunoobas, rac dasturdeba statistikuri р 
maCveneblis mniSvnelobebiT - 0,07; 0,759 da 0,124 
forovanobis 40%-, 30%- da 20%-is nimuSebSi, Se-
sabamisad.

polilaqtidis da trikalcifosfatis bazaze 
3D-beWdvis teqnologiiT damzadebuli masalis 
nimuSebis gamZleobis zRvari damokidebulia maT 
forovanobaze: rac naklebia forebis moculo-
ba, miT gamZlea nimuSebi. nimuSebis fiziolo-
giur xsnarSi 20 dRis ganmavlobaSi hidrata-
cia, forebis moculobisagan damoukideblad, 
ar iwvevs gamZleobis statistikurad sarwmuno 
cvlilebebs, Tumca yvela gamokvleul nimuSSi 
aRiniSneba gamZleobis zRvris saSualo mniSvn-
elobebis Semcirebis tendencia.
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Urothelial carcinoma represents the most common type of 
bladder cancer (>90%) and is the most frequent malignancy of 
the urinary tract [1]. It is the ninth most common cancer around 
the world, with the greater incidence in men [1]. Most of the 
cases of urothelial carcinoma are non-muscle invasive at the 
time of diagnosis [2]. However, in almost 70% of cases the re-
currence is developed within 5 years of operation and 10-20% 
of them is present with more advanced, metastatic disease [3]. 
Therefore, under the similar pathologic staging and grading, the 
recurrence and progression of urothelial carcinoma vary signifi-
cantly among individuals, which is attributed to tumor hetero-
geneity [4].

There are four major types of tumor heterogeneity, including 
(1) molecular and cellular differences between the same tumors 
in different patients (intertumoral heterogeneity), (2) differences 
in cancer cell types and/or molecular attributes within one tumor 
in a single patient (intratumoral heterogeneity), (3) differences 
in between primary and metastatic lesions and/or two metastatic 
lesions in one patient (intermetastatic heterogeneity), (4) differ-
ences in cancer cell types and/or molecular attributes in single 
metastatic lesion (intrametastatic heterogeneity) [5]. There are 
many different levels of tumor heterogeneity in each subtype 
and includes heterogeneity at the tissue, cellular and molecular 
level [5]. Frequently the morphologic heterogeneity of urothe-
lial carcinomas, reflect their molecular heterogeneity [6]. Pap-
illary urothelial cancers represent the heterogeneous group of 
lesions, with three major entities, including papillary urothelial 
neoplasms with low malignant potential (PUNLMP), low grade 
papillary urothelial carcinomas (LGPUC) and high grade papil-
lary urothelial neoplasms (HGPUC) [7,8]. First one is charac-
terised with relatively low recurrence rate [9]. However, due to 
higher tumor heterogeneity predicting the recurrence in patients 
with papillary bladder carcinoma is extremely difficult and cur-
rently there are lots of studies ongoing, which are investigating 
an additional morphometric, histopathological and immunohis-
tochemical characteristics of papillary urothelial neoplasms.

Sangwan et al. [10], previously showed that mean nuclear 
area (MNA) measured by image analysis, as well as high pro-

liferation index, measured as Ki67 labelling index represent two 
independent prognostic factors in patients with papillary uro-
thelial neoplasms [10]. Akkalp et al., investigated the prognos-
tic value of the presence of mitosis in haematoxylin and eosin 
stained specimens. They found that recurrent cases were char-
acterised with the presence of ≥5 mitosis per HPF [11]. In ad-
dition, several studies identified the differential expression of 
cytokeratins to be predictive of the recurrence of non-invasive 
bladder carcinomas. For example, Jung et al., found that the loss 
of CK5/6 represents an independent prognostic factor for dis-
ease recurrence [12]. Jiang et al., also demonstrated the variable 
staining pattern of CK20 and CK7, which was corresponding 
the expression pattern in matched lymph node metastasis [13]. 

The aim of our study was to investigate the morphometric, 
histopathological and immunohistochemical characteristics 
of non-invasive papillary urothelial neoplasms, low and high 
grade papillary urothelial carcinomas, including nuclear area, 
stromal/parenchymal index, mitotic counts as defined by H&E 
and PHH3 staining, as well as proliferation activity, based on 
Ki67 labelling index and tumor tissue heterogeneity, based on 
the staining of cytokeratin 5, 7 and 20 (CK5, CK7, CK20).

Material and methods. Formalin fixed and paraffin embed-
ded tissue material was retrieved from the Research, Diagnostic 
and Teaching Laboratory of Tbilisi State Medical University, 
Georgia. Study included altogether 81 tissue samples, divided 
into two following histopathological groups: normal urothelial 
epithelium (n=10), urothelial papilloma (n=15), urothelial neo-
plasms with low malignant potential (PUNLMP) (n=8), non-
invasive low grade papillary urothelial carcinomas (LGPUC) 
(n=29) and non-invasive high grade papillary urothelial carci-
nomas (HGPUC) (n=19). In addition to basic study cohort, we 
have analysed 12 cases of relapsed papillary urothelial carcino-
mas (6 LGPUC and 6 HGPUC).

Standard haematoxylin and eosin stained specimens, were 
evaluated for the following nuclear features: nuclear area, nucle-
ar perimeter and nuclear circularity using digital image analysis 
software QuPath. QuPath employs a machine learning approach, 
for significantly distinguishing various morphometric features. 
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The following algorithm of morphometric evaluation has been 
used: 10 HPF images were taken from each case and included in 
the program. After adjustment the staining vectors, the cell de-
tection classifier has been applied which is based on the recogni-
tion of cell nuclei. Detected cells were analysed for the major 
nuclear features, including nuclear area, nuclear perimeter and 
nuclear circularity. Detection measurements were visualised as 
tables and histograms. In addition, the nuclear polymorphism 
has been also calculated, based on the variability of the nucle-
ar area, perimeter and circularity. the presence of mitosis was 
counted manually, in the same images in QuPath software.

Tissue sections were stained using standard immunohisto-
chemical procedure. Ready to use antibodies against the follow-
ing antigens were used: Ki67 (K2), CK5(XM26), CK7 (RN7), 
CK20 (Ks20.8) (Leica). Staining and visualisation has been 
performed using Bond polymer refine detection system. The 
expression of all markers was evaluated as the percentage of 

marker positive cells, using digital analysis software QuPath. 
Following steps of image analysis has been applied: 10 HPF im-
ages were taken from each case, for each marker and included in 
the program. staining vectors were adjusted and the positive cell 
detection classifier was run. Detected positive and negative cells 
were transformed as detection points and recorded. In addition, 
for the evaluation of staining and therefore tumor phenotypic 
heterogeneity the results were visualised as histogram. In addi-
tion, the tumor tissue phenotypic heterogeneity was calculated 
as following: First, the intensity of the staining was evaluated as 
negative (0), weak (1+), moderate (2+) and strong (3+) by eye 
together with the percentage of each intensity for each tissue 
section and cases were classified as following: low heterogene-
ity – containing one of each above mentioned intensity in >50% 
of cells and high heterogeneity – containing ≥2 intensities in 
<50% of cells. Mitotic counts were obtained manually in the 
same software.

Fig. 1. The morphometric evaluation algorithm in QuPath: a. adjustments of staining vectors, 
B. cell detection, c. nuclear feature analysis, d. visualisation of the results

Fig. 2. a. urothelial papilloma, H&e, x100, B. urothelial neoplasm with low malignant potential (PUnlMP), H&e, x400, 
c. non-invasive low grade papillary urothelial carcinoma (lGPUc), H&e, x400, 

d. non-invasive high grade papillary urothelial carcinoma (HGPUc), H&e, x400, 
e. non-invasive lGPUc showing relatively homogenous distribution of nuclear features, 

reflecting relatively lower level of nuclear polymorphism, 
F. non-invasive HGPUc showing relatively heterogeneous distribution of nuclear features, 

reflecting relatively higher level of nuclear polymorphism
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Comparisons between groups were made using Mann-Whit-
ney U test and Kruskal-Wallis test. The Kruskal-Wallis test is a 
nonparametric (distribution free) test, and is used when the as-
sumptions of one-way ANOVA are not met. The Kruskal-Wallis 
test can be used for both continuous and ordinal-level dependent 
variables. Correlations were assessed using Spearman’s rank 
correlation. The Spearman’s rank correlation is also used when 
data is non-parametrically distributed. P values <0.05 were con-
sidered as significant. All statistical tests were performed using 
SPSS software V20.00.

Results and discussion. Study of the nuclear feature distri-
bution showed the following results: in normal urothelium the 
mean nuclear area was 56±20, in urothelial papilloma mean 
nuclear area was 102±45, in PUNLMP the mean nuclear area 
was 155±63, in non-invasive LGPUC the mean nuclear area was 
241±96 and in non-invasive HGPUC mean nuclear area was 
269±102. In normal urothelium, the mean nuclear perimeter was 
20±6, in urothelial papilloma the mean nuclear perimeter was 
42±12, in PUNLMP the mean nuclear perimeter was 51±21, in 
non-invasive LGPUC the mean nuclear area was 62±33 and in 
non-invasive HGPUC the mean nuclear perimeter was 64±35. 
Nuclear circularity in normal urothelium and in urothelial papil-
loma was 0.9±0.1, in PUNLMP it was 0.8±0.2, in non-invasive 
LGPUC nuclear circularity was 0.7±0.3 and in non-invasive 
HGPUC it was 0.6±0.4.

The study of the mitotic count evaluated in standard H&E 
stained sections did not detect any mitosis in normal urothelium 
and in urothelial papilloma, in PUNLMP the average mitotic 
count was 1.5±0.5, in non-invasive LGPUC it was 3.5±0.2 and 
in non-invasive HGPUC it was 12±1.5. Mitotic count evaluated 
as the PHH3 positive cell count also did not show the presence 
of any mitosis in normal urothelium and in urothelial papilloma. 
IN PUNLMP, the average number of PHH3 positive cells was 
1.7±0.3, in non-invasive LGPUC it was 4.1±1.1 and in non-in-
vasive HGPUC it was 11.6±2.

The study of the proliferation activity based on Ki67 labelling 
index showed the following results: in normal urothelium the 
immunohistochemical expression of Ki67 was not detected. In 

urothelial papilloma the mean Ki67 labelling index was 0.7±0.2, 
in PUNLMP the mean Ki67 labelling index was 2.9±0.8, in non-
invasive LGPUC the mean Ki67 labelling index was 5.5±1.3 
and in non-invasive HGPUC the mean Ki67 labelling index was 
15.2±3.2.

The study of different cytokeratin distribution in groups 
showed the following results: the mean CK5 positivity was 
17±2.9 in normal urothelium, 23±3.1 in urothelial papilloma, 
27±3.3 in PUNLMP, 52±5.6 in non-invasive LGPUC and 
59±7.8 in non-invasive HGPUC. The mean positivity for CK7 
was 95±4.2 in normal urothelium, 74±6.8 in urothelial papil-
loma, 63±5.7 in PUNLMP, 47±3.6 in non-invasive LGPUC and 
59±7.8 in non-invasive HGPUC. The mean positivity for CK20 
was 15±4.8 in normal urothelium, 21±6.2 in urothelial papil-
loma, 24±7.7 in PUNLMP, 48±9.3 in non-invasive LGPUC and 
54±10.2 in non-invasive HGPUC.

The analysis of the nuclear features in study groups indicated 
that the mean nuclear area is significantly increased in PUN-
LMP, non-invasive LGPUC and non-invasive HGPUC com-
pared to normal urothelium and urothelial papilloma, reaching 
its maximum in HGPUC, similar to nuclear perimeter, which is 
also characterised with the similar distribution pattern.

The analysis of nuclear circularity showed that the maximum 
circularity is detected in normal urothelium and urothelial pap-
illomas. Whilst in PUNLMP the nuclear circularity is slightly 
decreased. In non-invasive LGPUC and non-invasive HGPUC 
the level of nuclear circularity is significantly decreased. In ad-
dition, mentioned nuclear features were characterised with sig-
nificant heterogeneous distribution in non-invasive LGPUC and 
HGPUC.

With regard to mitotic count, there were no mitosis detected 
in normal urothelium and urothelial papilloma, neither by evalu-
ation of H&E stained tissues, nor by the evaluation of PHH3 
immunohistochemistry. Mitotic count was generally lower in 
all PUNLMP cases, whilst it was significantly increased in non-
invasive LGPUC and non-invasive HGPUC. Mitotic count was 
also characterised with significant heterogeneity in non-invasive 
LGPUC and HGPUC.

Table 1. distribution of nuclear characteristics and mitotic count in groups

 Nuclear area Nuclear perim-
eter

Nuclear circu-
larity

Mitotic 
count/10HPF PHH3

Normal urothelium 56±20 20±6 0.9±0.1 0 0

Urothelial papilloma 102±45 42±12 0.9±0.1 0 0

PUNLMP 155±63 51±21 0.8±0.2 1.5±0.5 1.7±0.3

Non-invasive LGPUC 241±96 62±33 0.7±0.3 3.5±0.2 4.1±1.1

Non-invasive HGPUC 269±102 64±35 0.6±0.4 12±1.5 11.6±2

Table 2. distribution of Ki67, cK5, cK7 and cK20 in study groups

 Ki67 CK5 CK7 CK20

Normal urothelium 0 17±2.9 95±4.2 15±4.8

Urothelial papilloma 0.7±0.2 23±3.1 74±6.8 21±6.2

PUNLMP 2.9±0.8 27±3.3 63±5.7 24±7.7

Non-invasive LGPUC 5.5±1.3 52±5.6 47±3.6 48±9.3

Non-invasive HGPUC 15.2±3.2 59±7.8 36±2.2 54±10.2
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Fig. 3. a. urothelial neoplasm with low malignant potential (PUnlMP) showing moderate heterogeneity in cK5 staining, 
B. non-invasive low grade papillary urothelial carcinoma (lGPUc) showing high grade heterogeneity of cK5 staining

c - cK5 expression in urothelial neoplasm with low malignant potential (PUnlMP) iHc, x40
d - cK5 expression in non-invasive low grade urothelial carcinoma (lGPUc) iHc, x40

Graph 1. distribution of nuclear area and nuclear perimeter 
in study groups

Graph 2. distribution of nuclear circularity and mitotic count 
in study groups

Graph 3. The distribution of Ki67, cK5, cK7 and cK20 in study groups
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Graph 4. distribution of non-invasive lGPUc, HGPUc and relapsed cases in low and high risk groups

Ki67 proliferation marker was not detected in normal uro-
thelium and urothelial papilloma. In PUNLMP the prolifera-
tion activity was generally lower. The Ki67 proliferation index 
was also significantly increased in non-invasive LGPUC and 
HGPUC, showing the maximal labelling index in HGPUC. In 
addition, KI67 labelling index was characterised with maximal 
heterogeneity in non-invasive LGPUC and HGPUC groups. 

The analysis of the distribution of cytokeratin markers in 
groups showed quite heterogenous results. In particular, CK5 
expression was significantly increased from normal urothelium 
and urothelial papilloma, through PUNLMP and non-invasive 
LGPUC, reaching its maximum in non-invasive HGPUC. The 
expression of CK7 on the opposite was significantly decreased 
from normal urothelium to non-invasive HGPUC, whilst CK20 
was significantly increased. In addition, the mentioned cytokera-
tins were characterised with the homogenous distribution pat-
tern in normal urothelium, urothelial papilloma and PUNLMP, 
whilst they were characterised with highly heterogeneous distri-
bution patterns in non-invasive LGPUC and HGPUC. 

Providing the heterogeneity of the studied features in non-
invasive LGPUC and HGPUCs, we have further performed 
the detailed analysis of the nuclear features and markers in this 
groups. In addition, we have investigated the mentioned charac-
teristics in relapsed cases of non-invasive LGPUC and HGPUC. 
Analysis results showed that, the mentioned groups were divid-
ed into two major groups, particularly phenotype I was charac-
terised with high heterogeneity based on nuclear features and 
cytokeratin expression, higher mitotic count and higher Ki67 
labelling index, whilst phenotype II was characterised with rela-
tively low heterogeneity, lower mitotic count and lower Ki67 
labelling index. 

In non-invasive LGPUC phenotype I was detected in 13/29 
(44.8%) cases and in non-invasive HGPUC the phenotype I was 
detected in 11/19 (57.9%) cases. In relapsed cases, the pheno-
type I was detected in 4/6 (66.7%) cases in non-invasive LG-
PUC and 5/6 (83.3%) cases in non-invasive HGPUC. Based on 
this results, we may speculate that phenotype I tumors are char-
acterised with the high risk of the development of subsequent 
relapse, compared to phenotypic II tumors. 

One previous study also examined the morphometric charac-
teristics of different urothelial lesions and similar to our study, 
they have also found that nuclear area is significantly increased 
in cancerous compared to non-cancerous tissues [10]. However, 
to the best of our knowledge we are first who also investigated 
nuclear perimeter and nuclear circularity features by morphom-
etry in bladder lesions. We have found that in addition to nuclear 
area, the other morphometric characteristics, such as nuclear pe-
rimeter and nuclear circularity can be used for the distinguishing 
urothelial papilloma and PUNLMP, from the non-invasive LG-
PUC and HGPUC. In addition, providing the high heterogeneity 
of nuclear features in non-invasive LGPUC and HGPUCs, they 
can also be used to distinguish the groups, which are character-
ised with high risk of relapse. 

Ko at al., also investigated the significance of Ki67 labelling 
index in non-muscle invasive bladder cancers. According to the 
results of the study of Ko et al., it has been shown that high level 
of Ki67 labelling index is associated with the increased risk of 
relapse [14]. In our study we have also found that phenotype I 
tumors which are characterised with high level expression on 
Ki67 are resembling to the relapsed cases, in which majority of 
them are also characterised with the higher expression of Ki67. 

Conclusions. Nuclear features, as well as the number of mito-
sis, Ki67 labelling index and intratumoral heterogeneity signifi-
cantly correlate with the presence of higher grade non-invasive 
urothelial lesions. In addition, it is possible to distinguish two 
major groups of non-invasive LGPUC and HGPUC, based on 
nuclear and phenotypic heterogeneity and mitotic count and 
Ki67 labelling index. I group which is characterised with higher 
intratumoral heterogeneity, higher mitotic count and higher Ki67 
labelling index, represents the high risk group of non-invasive 
LGPUC and HGPUC recurrence.
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SUMMARY

MOLECULAR CHARACTERISTICS OF THE HETERO-
GENEITY OF NON-INVASIVE PAPILLARY UROTHE-
LIAL CARCINOMAS AND THE MARKERS OF THEIR 
RECURRENCE

Kajaia D., Kochiashvili D., Muzashvili T., 
Gachechiladze M., Burkadze G.

Tbilisi State Medical University, Georgia

Urothelial carcinoma represents the most common type of 
bladder cancer (>90%) and is the most frequent malignancy of 
the urinary tract. Most of the urothelial carcinomas are non-in-
vasive at the time of diagnosis, however they are characterised 

with the risk of recurrence after surgical treatment. The aim of 
our study was to investigate the characteristics of tumor hetero-
geneity and markers of its progression in urothelial papillary 
carcinomas. Study included following groups: normal urothe-
lial epithelium, urothelial papilloma, urothelial neoplasms with 
low malignant potential (PUNLM), non-invasive low grade 
papillary urothelial carcinomas (LGPUC) and non-invasive 
high grade papillary urothelial carcinomas (HGPUC). In addi-
tion, study included relapsed cases of non-invasive LGPUC and 
HGPUC. Nuclear features and mitotic counts was assessed us-
ing digital pathology software QuPath in standard H&E stained 
specimens. In addition, the presence of mitosis was detected as 
PHH3 labelled cells by immunohistochemistry. Proliferation 
was measured as Ki67 labelling index by immunohistochem-
istry. Tumor heterogeneity was investigated by the differential 
expression pattern of CK5, CK7 and CK20 by immunohisto-
chemistry. Study results showed, that Nuclear features, as well 
as the number of mitosis, proliferation index and intratumoral 
heterogeneity significantly correlate with the presence of higher 
grade non-invasive urothelial lesions. In addition, it is possible 
to distinguish two major groups of non-invasive LGPUC and 
HGPUC, based on nuclear and phenotypic heterogeneity and 
mitotic and proliferative activity, I group which is characterised 
with higher intratumoral heterogeneity, higher mitotic count and 
higher proliferative activity, represents the high risk group of 
non-invasive LGPUC and HGPUC recurrence.

Keywords: Urothelial carcinoma, bladder cancer, normal 
urothelial epithelium, urothelial papilloma, urothelial neoplasms 
with low malignant potential (PUNLM), non-invasive low grade 
papillary urothelial carcinomas (LGPUC), non-invasive high 
grade papillary urothelial carcinomas (HGPUC).

РЕЗЮМЕ

МОЛЕКУЛЯРНЫЕ ХАРАКТЕРИСТИКИ ГЕТЕРОГЕН-
НОСТИ И МАРКЕРЫ РЕЦИДИВА НЕИНВАЗИВНЫХ 
ПАПИЛЛЯРНЫХ КАРЦИНОМ МОЧЕВОГО ПУЗЫРЯ

Каджая Д.Р., Кочиашвили Д.К., Музашвили Т.З., 
Гачечиладзе М.Д., Буркадзе Г.М.

тбилисский государственный медицинский университет, 
грузия

Уротелиальная карцинома составляет >90% опухолей 
мочевого пузыря, также являясь самой распространенной 
патологией мочевыводящих путей. Большинство папилляр-
ных карцином мочевого пузыря в момент обнаружения не-
инвазивны, однако характеризуются определённым риском 
развития рецидива. 

Целью исследования явилось определение маркеров опу-
холевой гетерогенности и прогрессии в уротелиальных па-
пиллярных карциномах. 

Исследование состояло из следующих групп: нормаль-
ный уротелий, уротелиальная папиллома, уротелиаль-
ные неоплазии с низким потенциалом злокачественности 
(PUNLM), неинвазивная уротелиальная папиллярная кар-
цинома низкой степени злокачественности (LGPUC) и не-
инвазивная уротелиальная папиллярная карцинома высокой 
степени злокачественности (HGPUC). Исследование также 
включало случаи рецидивов LGPUC и HGPUC. Ядерные 
показатели и митотическая активность изучены в препара-
тах, окрашенных стандартным гематоксилином и эозином 
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с использованием программы цифровой патологии QuPath. 
Для оценки митотической активности использовано анти-
тело PHH3. Пролиферативная активность оценена Ki67 
индексом, иммуногистохимическим методом. Опухолевая 
гетерогенность изучена маркерами CK5, CK7 и CK20 имму-
ногистохимическим методом. 

Результаты исследования показали, что ядерные пока-
затели, также как количество митозов, пролиферативный 
индекс и опухолевая гетерогенность достоверно ассоци-
ируются с наличием высокой степени поражения. Воз-
можно выделение двух групп с различным фенотипом в 
LGPUC и HGPUC, из которых первый фенотип характе-
ризуется высокой интраопухолевой гетерогенностью, вы-
сокой митотической и пролиферативной активностью и 
представляет группу высокого риска развития рецидива 
LGPUC и HGPUC.
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Sardis buStis arainvaziuri papiluri karci-
nomebis heterogenulobis molekuluri maxasi-
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uroTeluri karcinoma warmoadgens Sardis 
buStis simsivneebis 90%-ze mets. igi aseve aris 
saSarde gzis yvelaze gavrcelebuli simsivnuri 
paTologia. Sardis buStis papiluri karci-
nomebis didi nawili dadiagnozebis dros ara-

invaziuria, Tumca isini xasiaTdebian recidivis 
ganviTarebis garkveuli riskiT. 
kvlevis mizans Seadgenda simsivnis heterogenu-

lobis da progresiis molekuluri markerebis 
Seswavla uroTelur papilur karcinomebSi. kvle-
va moicavda Semdeg sakvlev jgufebs: normalur 
uroTeliums, uroTeliur papilomas, uroTelur 
neoplaziebs dabali avTvisebianobis potenci-
aliT (PUNLMP), arainvaziur dabali xarisxis 
avTvisebianobis uroTelur papilur karcino-
mas (LGPUC) da arainvaziur maRali xarisxis av-
Tvisebianobis papilur uroTelur karcinomas 
(HGPUC). kvleva moicavda LGPUC da HGPUC-is re-
cidivul SemTxvevebs. birTvuli maxasiaTeblebi 
da mitozuri aqtivoba Sefasebuli iyo standar-
tul hematoqsiliniT da eoziniT SeRebil anaT-
lebSi, cifruli paTologiis programis QuPath-
is gamoyenebiT; garda amisa, mitozuri aqtivoba 
Sefasebuli iqna PHH3-iT. proliferaciuli aq-
tivoba Sefasebuli iyo Ki67 moniSvnis indeqsiT, 
imunohistoqimiuri meTodiT. simsivnis hetero-
genuloba Sefasda CK5, CK7 da CK20-is imunohis-
toqimiuri gamokvleviT. 
kvlevis Sedegebma aCvena, rom birTvuli maxa-

siaTeblebi, isive rogorc mitozebis raodenoba, 
proliferaciuli indeqsi da simsivnis hetero-
genuloba sarwmunod asocirdeba maRali xaris-
xis dazianebebis arsebobasTan. SesaZlebelia 
ori fenotipurad gansxvavebuli jgufis garCeva 
LGPUC da HGPUC-Si, romelTagan pirveli fenotipi, 
romelic xasiaTdeba maRali intrasimsivnuri het-
erogenulobiT, maRali mitozuri da prolifer-
aciuli aqtivobiT, warmoadgens LGPUC da HGPUC 
recidivis ganviTarebis maRal risk-jgufs.
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