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ASSESSING PROLIFERATIVE ACTIVITY AND GLUCOSE METABOLISM IN CELLS OF SALIVARY GLAND
MUCOEPIDERMOID CARCINOMA USING DIFFERENT GRADING SYSTEMS
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Mucoepidermoid carcinoma (MEC) is the most common malignant tumor of the salivary gland consisting of three main histological components: mucocytes,
intermediate and epidermoid cells. Various grading systems (AFIP, Brandwein, modified Healy, MSKCC) are difficult to use. The Ki-67 and GLUT1 markers
associated with tumor aggressiveness can improve MEC diagnosis and classification. The study aimed to assess the correlation of the cell proliferative activity and
glucose metabolism with the MEC grading systems. Tumors of a total of 40 patients with MEC were analyzed and determined in accordance with the following
grading systems: AFIP, Brandwein, modified Healy, and MSKCC. Immunohistochemistry (IHC) was used to estimate Ki-67 proliferation indices and GLUT1
expression intensity. IHC showed high Ki-67 indices and GLUT1 values in epidermoid and intermediate cells, while mucocytes showed low or no expression.
There were significant differences in Ki-67 and GLUT1 expression between epidermoid (o < 0.005) and intermediate cells (p < 0.01). Comparison revealed the
increase between grades 1 and 2, 1 and 3, but no differences between grades 2 and 3. Spearman’s rank correlation test revealed moderate positive correlations
with tumor grades for GLUT1 and Ki-67, and the AFIP system showed the highest correlation (Ki-67: rs = 0.55; GLUT1: rs = 0.50). Thus, GLUT1 and Ki-67 are
most intensely expressed in epidermoid and intermediate cells showing a strong correlation with the tumor grade and aggressiveness, especially in low-grade
and intermediate-grade MEC. These markers can improve the diagnosis of MEC malignancy degree. The AFIP system most closely matches these markers in
epidermoid and intermediate cells.
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OLIEHKA MPOJIN®EPATUBHON AKTUBHOCTU U METABO/IM3MA ITIHOKO3bI B KNTETKAX
MYKO3MUAEPMOUAHON KAPLIMHOMBbI CJTFOHHbIX XXEJIE3 MPU PA3/TM4YHbIX CUCTEMAX MPAJALINA
[. P. ®amnnbs Opuac'®?, 3. 0. Brcantosa?, tO. O. Turain'!, A. A. VisnHa', V1. V1. Babuderko'?

T PoCCuinCKmin yHUBEPCUTET ApY»KObl HAPOA0B nMeHH MaTtpuca Jlymymbbl, Mocksa, Poccust

2 HauyoHanbHbI MEAVUMHCKIMIA MCCReaoBaTeNbCKMi LIEHTP CTOMATONOM M 1 HYentoCTHO-MLEBo xmpyprim, Mockea, Poccust

MykoanuaepmovaHas kapuuHoma (MOK) sBnsieTcst Hambonee pacnpoCcTpaHEeHHON 3N10Ka4eCTBEHHOW OMyXOSbio CIOHHBIX XKENe3 1 COCTOUT U3 TPEX OCHOBHbIX
MMCTONOMNHECKNX KOMMOHEHTOB: MyKOLIMTOB, MPOMEXYTOYHbIX ¥ SNUAEPMOUAHBIX KNETOK. PasnuyHble cucTembl rpagaumm (AFIP, Brandwein, Modified Healy,
MSKCC) cnoxHbl B mpumeHeHnn. Mapkepb Ki-67 n GLUT1, cBA3aHHble ¢ arpeCCUMBHOCTBLIO OMyXOn, MOMYT YRy4LLNTb AMArHOCTVKY 1 knaccudukaumo MOK.
Llenbto nccnenoBaHus 6bi1o MPOBECTY OLEHKY KOPPENsALM NponMhepaTBHOM akTUBHOCTY 1 MeTabonmama rMoKo3bl KNETOK ¢ cucTemMamn rpadaummn MOK. Bbinm
npoaHannamposaHbl onyxonn 40 naumeHTos ¢ MOK 1 onpepeneHsl no cuctemam rpagaummn: AFIP, Brandwein, Modified Healy n MSKCC. Ans oueHkn nHaekcos
nponuepaumm Ki-67 1 nHTeHcBHOCTH akcnpeccun GLUT1 ncnonb3osanu nMMyHorncToxuMmndeckoe nccnegosanme (MNX).  MX nokasano BbICOKME MHAEKCHI
Ki-67 1 GLUT1 y annaepMouaHbIX 1 MPOMEXYTOYHbBIX KNETOK, MPW 3TOM B MyKOLMTax BbisiBNieHa HU3Kas UM OTCYTCTBYtoLas akcnpeccus. CTaTucTMieckm
3Ha4MMble pasnnyms B akcnpeccumn Ki-67 n GLUT1 obHapy>keHbl Mexay anvaepmonaHbiMi (o < 0,005) 1 npoMexxyTouHbIMK knetkamn (p < 0,01). CpasHeHus
roKasan yBenmyeHne Mexxay cteneHamu 1 1 2, 1 1 3, Ho 6e3 pasnnuunin Mexxay cteneqsamm 2 1 3. Koppenaumsa CrnivipMeHa BbisBIa YMEPEHHbIE MONOXKUTENbHbIE
cBsiav ana GLUT1 1 Ki-67 ¢ rpagauweit onyxonu, npudem cuctema AFIP nokadana Hanbonbluyto koppenauno (Ki-67: rs = 0,55; GLUT1: rs = 0,50). Takum 06pasom,
GLUT1 1 Ki-67 Hanbonee MHTEHCVIBHO 3KCMPECCHPYIOTCS B aNMMAEPMONAHbIX 1 MPOMEXKYTOHHbIX KNETKaxX, CUMbHO KOPPENMPYS CO CTEMEHBIO 1 arPecCMBHOCTHIO
OMyX0m, 0COOEHHO MPK HU3KO 1 cpeaHen cTeneHn MOK. 3T Mapkepb! MOTyT yyHyLLMTL TOYHOCTb ANarHOCTUIKI CTeneHm 3nokadecteeHHocTn MOK. Cructema AFIP
Hanbornee TOYHO COOTBETCTBYET 3TUM Mapkepam B SMMAEPMOVIHBIX 1 MPOMEXXYTOYHbIX KNETKax.

KnioueBble cnoBa: GLUT-1, Ki-67, rpagaumns MOK, AFIP, Brandwein, Modified Healy, MSKCC
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Mucoepidermoid carcinoma (MEC) is the most common
malignant tumor of the salivary gland and occurs in 30% of
cases of malignant tumors salivary glands [1]. MEC most often
affects large salivary glands, specifically the parotid gland (60%
of cases), but can also affect minor salivary glands [2, 3].

As for MEC histopathological structure, mucocytes,
intermediate and epidermoid cells are distinguished as the main
components, but there can also be cylindrical, clear cells, and
oncocytes, which leads to diagnostic difficulties for pathologists
[4-6]. These components form various histological structures,
such as cystic (the most common and well differentiated),
solid (rare, with necrosis and considerable cellular and nuclear
atypia) or solid cystic structures more typical for tumors that are
more prone to invasive growth and metastasis [7, 8].

MEC can be diagnosed based on its histological features only,
without any additional testing, such as immunohistochemistry
(IHC) or genetic testing, however it is often difficult to establish
the final diagnosis [1]. To date, many grading systems have
been created for MEC classification. However, there is no
universally acknowledged unified system [9]. MEC is classified
as low-grade (G1), intermediate-grade (G2) or high-grade (G3)
tumor based on four different grading systems, such as Goode,
Auclair, and Ellis AFIP (Armed Forces Institute of Pathology), as
well as the Brandwein system used in routine histopathology
practice [1, 4, 6], along with the modified Healy and MSKCC
grading systems of qualitative nature (Table 1). The AFIP and
Brandwein methods are not always consistent when used
to classify the same tumor, especially when it comes down
to determination of certain differences between G2 and G3
tumors. Comparative studies of grading systems have revealed

Table 1. Mucoepidermoid carcinoma grading systems
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differences when describing major and minor salivary glands
[7,10].

Carcinogenesis is a multi-step process, in which glucose
metabolism disturbances can play an important role due to
rapid cell proliferation typical for malignant growth [11]. Modern
studies have revealed high energy metabolism of malignant
tumors and glucose involvement in their growth. Glucose is
the main energy source for mammalian cells, and glucose
transporters (GLUT) on the cytoplasmic membrane promote
glucose cell entry. Thus, GLUT represents the important
enzymes mediating glucose metabolism during carcinogenesis
[12]. High GLUT1 expression in malignant tumors is associated
with invasion and metastasis, including head and neck cancer
[13]. The Ki-67 proliferation marker represents a gold standard
of assessing the salivary gland malignancies. The role of Ki-67
in the diagnosis and classification of salivary gland tumors is
huge: it is directly correlated to the cell proliferation rate being a
key indicator of tumor aggressiveness [14].

The study aimed to estimate various MEC grading systems
based on proliferative activity and glucose metabolism of the
MEC cells in order to determine the grade.

METHODS

Retrospective analysis of the paraffin blocks of tumors of
40 patients (female and male) diagnosed with mucoepidermoid
carcinoma from the archive of the Pathology Laboratory of the
Central Research Institute of Dental and Maxillofacial Surgery of
the Ministry of Health of the Russian Federation for the period
2014-2023 was conducted.

Criteria AFIP Brandwein Modified Healey MSKCC
L: macro + microcysts L: prediminantly cystic (> 80%)
Cystic component (<20%) 2 (< 25%) 2 I: microcysts + solid I: prediminantly solid
H: solid + microcysts H: any (usually solid)
Perineural invasion (PI) 2 3 H: present n/a*
L: absent
Necrosis (N) 3 3 n/a I: absent
H: present
L: rare L: 0-1/10 HPF
Mitoses 3 (= 4/10 HPF) 3 (= 4/10 HPF) I: rare I: 2-3/10 HPF
H: many H: 4+ /10 HPF
Nuclear anaplasia / 4 2 L: absent/minimal I: minimal/moderate II‘ ::gllilgilbblf
pleomorphism H: prominent (including nucleoli) ’ H'gagy
Border / invasion front n/a 2 . . ) I: well-defined or infiltrative
H: soft tlssue/ perlpeural / vascular H: any (usually infiltrative)
invasion
Lymphovascular invasion n/a 3 H: present n/a
Bone invasion n/a 3 n/a n/a
L: rare
Intermediate cells n/a n/a I: more frequent n/a
H: predominant
L: extravasated mucin + fibrosis + Cl
Stroma n/a n/a I: fibrosis separating nests + ClI n/a
H: desmoplasia, minimal CI
L: daughter cysts from larger ones
. I: larger canals are less prominent
Architecture n/a n/a H: variable architectural pattern/cell na
morphology
L—0-4 L—0 L — low grade
Grading | —5-6 1—2,3 | — intermediate grade
H—7-14 H—=>4 H — high grade

Note: n/a — not applicable.
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Fig. 1. MEC, hematoxylin and eosin stain x100 (A). Immunohistochemical reaction with antibody against Ki-67 x200 (B). GLUT1 cytoplasm staining in epidermoid and
intermediate cells, weak response in mucin-producing cells x100 (C). High proliferative activity based on Ki-67 in epidermoid cells x400 (D). Intense GLUT1 cytoplasmic
membrane staining in epidermoid cells x200 (E). IHC reaction with the background Mayer's hematoxylin DAB stain

Morphology assessment was performed in accordance
with the standard hematoxylin and eosin stain protocols.
Histological specimens were assessed using the following four
grading systems: modified Healy grading, MSKCC grading,
AFIP grading, and Brandwein grading. These systems were
compared with the final estimates for each case and correlated
to IHC assessment.

Histological and IHC assessment was conducted in
accordance with the standard protocol. All biopsy specimens were
stained with the Thermo Scientific anti-Ki-67 rabbit monoclonal
antibody (USA, clone SP6), Thermo Scientific anti-GLUT1 rabbit
polyclonal antibody (USA). The material collected was assessed
using the Axioplan 2 Imaging microscope (Karl Zeiss, Germany),
and the AxioCam ERchs camera was used to take images of
specimens (Karl Zeiss, Germany). IHC imaging was accomplished
using the UltraVision Quanto Detection System HRP DAB (USA)
system. The Ki-67 proliferation protein expression was estimated
based on proliferation activity index (percentage of cells with the
intensely stained nuclei per 300 nuclei of each MEC cell type).
GLUT1 expression was assessed based on the cytoplasm and/
or cytoplasmic membrane stain and scored based on conditional
criteria: no expression — 0, weak expression — 1, moderate
expression — 2, strong expression — 3.

MEC was graded using four grading systems, and correlations
between the marker, cellular components, and grades were
analyzed using the Kruskal-Wallis test, Dunn-Bonferroni test
for pairwise comparison, and Spearman’s rank correlation.
Statistical analysis was conducted using the SPSS Statistics 23
software package for Windows 10 (IBM Corporation, USA).

RESULTS
Histological grading

The AFIP grading system showed a more conservative
approach, allowing one to classify the largest number of tumors

considered to be low-grade (G1) (40%) compared to other
systems. Tumors classified as intermediate-grade accounted
for 35%, while high-grade tumors (G3) accounted for only
25%. Such distribution suggests that tumors are assigned
lower grades based on the AFIP system, which results in
potential underestimation of tumor aggressiveness relative
to other systems.

The Brandwein grading system is characterized by the
more aggressive approach: the smallest number of tumors are
assigned low grade (G1) (20%), while the largest number are
classified as high-grade tumors (G3) (45%). Tumors assessed
as intermediate-grade ones (G2) account for 35%, which is
similar to the results of using AFIP. This suggests that in the
Brandwein system preference is given to classification of higher
grades, more tumors are assessed as potentially aggressive,
but in some cases there is a risk to overestimate the disease
severity.

The Modified Healy grading system presents a more
balanced grade distribution: 25% of tumors were classified
as low-grade ones (G1), 50% as intermediate-grade (G2) (the
largest share among all systems), and 25% as high-grade ones
(G3). This grading system focuses on the intermediate category,
which makes it potentially more useful for identification of
borderline or moderately aggressive tumors.

The MSKCC grading system showed the conservative
approach similar to that of AFIP: 35% of tumors were classified
as low-grade ones (G1) and 45% as intermediate-grade ones
(G2). However, the lowest number of tumors were assigned high
grade (G3) (20%), which reflects the trend towards the decrease
in the number of cases of higher grade MEC. In some cases, this
can result in underestimation of tumor aggressiveness.

Immunohistochemistry assessment

Assessment of the hematoxylin and eosin stained MEC slides
revealed mucocytes, intermediate and epidermoid cells (Fig. 1A).
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Cellular component Comparison Significance (p < 0,05)
Epidermoid G1-G2 0.003
G1-G3 0.0003
G2-G3 0.067
Intermediate G1-G2 0.036
G1-G3 0.003
G2-G3 0.23
Mucocytes G1-G2 0.12
G1-G3 0.12
G2-G3 0.12

IHC assessment effectively complements the diagnosis of the
hematoxylin and eosin stained slides. In this study, detection of
the Ki-67 nuclear antigens associated with the cell cycle made
it possible to estimate cell proliferation intensity, and GLUT1
was used as an indicator of glucose metabolism in MEC.

In all the MEC cellular components, Ki-67 protein was
found in the cell nuclei (Fig. 1C, D) and GLUT1 was found
in the cytoplasm and on the cytoplasmic membrane (Fig. 1C, E).
There were considerable differences in distribution of the
Ki-67 proliferation indices between three MEC components
(epidermoid, intermediate, mucoid). In-depth statistical analysis
showed high proliferation rate of epidermoid cells based on
Ki-67, for which the median was 13.3% (9.3; 20.0). Intermediate
cells demonstrated lower proliferation rates compared to
epidermoid cells, and the median was 6.7% (3.5; 10.7), while
mucocytes showed minimal Ki-67 expression, and the median
was 1.3% (0.0; 2.7).

The Kruskal-Wallis test and pairwise comparison were
applied to assess the correlation between Ki-67 indices and the
tumor grade. Significant differences in Ki-67 indices between
tumor grades were reported for epidermoid (H = 16.25,
p = 0.0003) and intermediate cells (H = 10.85, p = 0.0045), but
not for mucocytes (H=4.12, p = 0.12).

Pairwise comparison performed using the Dunn-Bonferroni
test revealed significant differences for epidermoid and intermediate
cells (Table 2). Mucocytes showed no considerable differences
based on grades.

The use of the statistical Spearman’s rank correlation
test revealed a significant correlation between the Ki-67-
based proliferation indices and the MEC grade for three
studied components. The strongest correlation was reported
for epidermoid cells (0.53, p = 0.0005). This indicator
suggests that the Ki-67 proliferation index in epidermoid cells
increases incrementally with increasing tumor grade, which
makes it valuable for assessment of the neoplastic process
aggressiveness and makes it possible to use it as a marker
of tumor aggressiveness. A moderate positive correlation
has been also reported for intermediate cells (rs = 0.47,
p = 0.0025), which confirms their contribution to tumor progression,
although lesser than that of epidermoid cells. In contrast,
mucocytes have shown a weak non-significant correlation
(rs = 0.25, p = 0.12), which reflects their minimal proliferative
activity and limited importance for tumor grading (Fig. 1D).

MEC grading based on calculating proliferative activity of
epidermoid and intermediate cells suggests low grade (G1)
with the activity below 10%, intermediate grade (G2) with the
activity between 10% and 15%, and high grade (G3) with
the activity exceeding 15-20%. These grades based on the
Ki-67 labeling provide important information about the MEC
biological behavior allowing one to determine tumor grade
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using quantitative indicators of proliferation of various cell
populations within the tumor.

The analysis of GLUT1 staining intensity in all specimens
revealed considerable differences between three components.
Intermediate and epidermoid cells showed the highest staining
intensity with the median score of 2 points (1; 3), which
suggested moderate variability, while mucocytes showed
the lowest intensity with the median score of O points (O; 0),
suggesting consistently low or no GLUT1 expression in this
component (Fig. 1E).

The Kruskal-Wallis test allowed us to reveal considerable
differences in GLUT1 staining intensity by tumor grades for
epidermoid (p = 0.005) and intermediate cells (p = 0.01), but
not for mucocytes (p = 0.15). Pairwise comparison involving the
use of the Dunn—-Bonferroni test showed that in epidermoid and
intermediate cells the staining intensity increased considerably
between grade 1 and grade 2, as well as between grade 1 and
grade 3. However, no significant differences between grades 2
and 3 were reported for both components, which suggested
the GLUT1 expression plateau in higher grade tumors. Mucoid
cells showed low staining intensity and uniformity, regardless of
the salivary gland neoplasm malignancy degree; no significant
differences were also revealed.

In addition to statistical analysis, we applied Spearman’s
rank correlation test to determine the correlation between the
GLUT1 staining intensity and the tumor grade. The following
results were obtained: epidermoid cells — rs = 0.48 (o = 0.003),
intermediate cells —rs = 0.42 (p = 0.008). These dataindicate a
moderate positive correlation with the tumor grade and suggest
a progressive GLUT1 expression increase with increasing
tumor aggressiveness. In contrast, mucocytes showed a weak
non-significant correlation (rs = 0.15, p = 0.36), which reflected
their minor contribution to tumor grading.

In MEC, GLUT1 staining intensity in various cellular
components allows one to achieve critical understanding
of metabolic activity associated with various tumor grades.
Epidermoid and intermediate cells demonstrate a progressive
increase in GLUT1 expression. Such progression demonstrates
a considerable increase in metabolic activity with increasing
tumor grade: from low grade with minimal GLUT1 expression
indicating the decreased metabolic demands to high grade, in
which the staining intensity is close to maximum suggesting
high metabolic activity that is necessary for rapid tumor growth
and tumor aggressiveness.

Correlation between GLUT1 and Ki-67
in various MEC components

Spearman’s rank correlation test allowed us to reveal a strong
positive correlation between the GLUT1 and Ki-67 staining
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Table 3. Correlation between GLUT1 and Ki-67 and tumor grades

Correlation between GLUT1 and tumor grades
Grading system Correlation coefficient (rs) p-value
AFIP 0.5 0.001
Brandwein 0.45 0.003
Modified Healy 0.48 0.002
MSKCC 0.4 0.01
Correlation between Ki-67 and tumor grades
Grading system Correlation coefficient (rs) p-value
AFIP 0.55 0.0005
Brandwein 0.48 0.002
Modified Healy 0.52 0.001
MSKCC 0.45 0.003

intensity in epidermoid cells (rs = 0.68, p < 0.001). This
suggests that higher GLUT1 expression is stably associated
with the increased proliferative activity for this component. A
moderate positive correlation was reported for intermediate
cells (rs = 0.52, p = 0.004), which suggested a significant, but
less strong, association between two markers. In contrast,
mucocytes showed a weak non-significant correlation (rs = 0.20,
p = 0.18), which reflected a minimal interplay between the
GLUT1 expression and Ki-67 proliferation in this component.

Both markers, GLUT1 and Ki-67, showed high correlation
and strong relationship in epidermoid and intermediate cells. In
epidermoid cells, the following values were obtained for GLUT1
and Ki-67: rs = 0.48 (p = 0.003) and rs = 0.53 (p = 0.0005).
Similar values were reported for intermediate cells: GLUT1 —
rs = 0.42 (p = 0.008) and Ki-67 — rs = 0.47 (p = 0.0025).
This indicates moderate correlation with the malignancy
degree, which makes the markers selected important for tumor
progression assessment. When assessing the correlation
with the malignancy degree, in contrast to epidermoid and
intermediate cells, mucocytes showed weak correlations for
both GLUT1, where rs = 0.15 at p = 0.36, and Ki-67, where
rs = 0.25 at p = 0.12, which once more emphasized their
limited contribution to tumor grading.

GLUT1 correlation with tumor grading systems

GLUT1 staining intensity showed a moderate positive correlation
with tumor grades for all grading systems. The strongest
correlation was reported for the AFIP system (rs = 0.50, p = 0.001),
which suggests that GLUT1 agrees well with the tumor
aggressiveness determined by the AFIP criteria. The modified
Healy system (rs = 0.48, p = 0.002) also showed a comparable
correlation. The Brandwein (rs = 0.45, p = 0.003) and MSKCC
(rs = 0.40, p = 0.01) systems showed weaker correlation, which
suggests less full GLUT1 compliance with the grading ctiteria.

Ki-67 correlation with tumor grading systems

Ki-67 proliferation indices showed stronger correlation with
tumor grades, than GLUT1, for all grading systems. The highest
correlation was reported for the AFIP system (rs = 0.55, p = 0.0005)
that was followed by the modified Healy system (rs = 0.52,
p = 0.001). These findings emphasize the effectiveness of
Ki-67 as a reliable tumor progression marker, especially within
the limits of these grading systems. The Brandwein (rs= 0.48,
p = 0.002) and MSKCC (rs = 0.45, p = 0.003) also showed
moderate correlations, but weaker, than the AFIP and modified
Healy systems.

Comparison of grading systems

Among four grading systems assessed, AFIP consistently
showed the strongest correlation with both GLUT1 and Ki-67
expression, which suggests being most close to tumor biology
reflected by these markers. The modified Healy system showed
almost the same results, especially for Ki-67, which makes it
one more reliable basis for tumor aggressiveness assessment.
The Brandwein and MSKCC systems showed a slightly weaker
correlation, especially for GLUT1, which indicates lower
coordination with metabolic and proliferative activity (Table 3).

DISCUSSION

In this study we assessed proliferative activity (Ki-67) and activity
of the glucose transporter protein (GLUT1) in various MEC
components, which were found in all cellular components. High
expression of the selected proteins was revealed in the MEC
epidermoid and intermediate cells, which indicates growth and
neoplastic process aggressiveness. The findings are similar to
the earlier reported data [15, 16], according to which GLUT1
expression was higher in the epidermoid component and high-
grade tumors, respectively.

The Ki-67 index serves as the most important biomarker
to determine the MEC grade that complements conventional
histological assessment. Thus, in 46 patients, low Ki-67 index
was correlated to favorable outcomes, while higher index values
indicated the increased risk of aggressive disease course [17].
In contrast to more subjective histological assessment involving
indirect measurement of proliferative activity based on the
share of solid areas, the Ki-67 index allows one to directly
determine proliferation through enumeration of the actively
dividing cells. Such a direct approach makes it a more objective
and reliable marker allowing one to clearly distinguish indolent
and aggressive MEC forms [14, 17]. Thus, using the Ki-67
index along with histological assessment can considerably
improve accuracy of predicting the clinical course of such tumors,
ensuring invaluable guidance for targeted therapeutic strategies.

Mostly, such grading systems, as AFIP and MSKCC,
are prone to conservative grading, which highlights low and
intermediate classification, while the Brandwein system is
characterized by the more aggressive approach and higher
effectiveness when dealing with high-grade tumors. The
modified Healy system is more effective when dealing with
intermediate-grade tumors. Such variation emphasizes the
impact of grading criteria on tumor classification and the
importance of matching the grading system to clinical goals,
such as risk stratification or treatment planning.
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CONCLUSIONS

The study emphasizes the key role of GLUT1 and Ki-67 in
assessing metabolic and proliferative activity of salivary gland
MEC. High expression of these markers revealed in epidermoid
and intermediate cells corresponded to the following values: low
grade — Ki-67 below 10%, GLUT1 intensity 1-2; intermediate
grade — Ki-67 between 10 and 15%, GLUT1 intensity 2; high
grade —Ki-67 >15%, GLUT1 intensity 3. The data obtained were
correlated to tumor grade, while mucocytes demonstrated the
lowest activity. GLUT1 and Ki-67 help effectively distinguish low-
grade tumors (G1) from intermediate-grade (G2) and high-grade
(G3) ones, and the plateau effect is observed between grades 2
and 3. Among four grading systems assessed, AFIP has shown
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