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Abstract

Inflammatory blood markers are vital for immune responses and predicting cancer outcomes. Their roles in
brain gliomas remain unclear. The aim of this study is to evaluate the diagnostic significance of these markers
in patients with gliomas, taking into account various histological subtypes and malignancy grades. Material
and Methods. This prospective study enrolled 139 patients with newly diagnosed supratentorial adult-type
diffuse gliomas. The cohort was stratified based on tumor grade and genetic mutations, comprising 25 cases
of grade 2 diffuse gliomas (of them 7 with oligodendroglioma), 25 cases of gliomas grade 3 (of them 8 with
oligodendroglioma) or 4 and 89 patients with glioblastoma. The pre-operative neutrophil-lymphocyte ratio
(NLR), lymphocyte-monocyte ratio (LMR) and platelet-lymphocyte ratio (PLR) were calculated. Results. The
LMR in the glioma grade 2 group was higher than that in the glioma grade 3, 4 and glioblastoma groups (3.71
vs 3.09 vs 3; p<0.05) with areas under the curve (AUCs) of 0.6552 (0.4930-0.8174) and 0.6586 (0.5583—
0.7590) respectively. LMR was higher in patients with IDH1/2-mutation gliomas (3.44 vs 3.0; p=0.039). No
differences in LMR were observed between patients with oligodendroglioma and glioma without codeletion
1p/19q (3.43 vs 3.19; p=0.76). LMR in all cohorts was not affected by use of corticosteroids. The NLR was
higher in glioblastoma patients than in patients with glioma grade 2 (2.9 vs 1.96, p<0.05). Increase of NLR in
glioblastoma patients were correlated with the corticosteroids (3.7 vs 8.0, p<0.05 and 1.95 vs 3.79, p<0.05,
respectively). Conclusion. Thus, LMR has the potential to serve as a promising, additional, independent of
the appointment of corticosteroids, diagnostic biomarker for diffuse gliomas of the adult type. An increase in
the malignancy grade is associated with a decrease in LMR. NLR is not a reliable biomarker. Corticosteroids
can increase NLR during steroid treatment, potentially affecting its reliability as a biomarker.
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AHHOTauusa

KnetoyHble Mapkepbl BOCNAneHus, SBnaoWwmnecs KnoyYeBbIM1M MeamaTopamMmm MMMYHHOMO OTBETA, yXe Npoae-
MOHCTPMPOBAanu CBOK NMPOrHOCTUYECKYH0 3HAYMMOCTb NPY PasnnYHbIX OHKONornyecknx 3abonesaHnax. OgHako
WX porib B NMaToreHese 1 NPOrpeccrpoBaHnm rMOM OCTaeTcs HemdyyeHHow. Llenb nccnepoBanusa — oueHnTb
OMarHoCTUYECKYH0 LIEHHOCTb AaHHbIX BMoMapKepoB NMpy pasHbIX MMCTOMOMMYECKUX TUMax rMUOM U PasnmnyHbIX
CTeneHsx ux 3nokavyectBeHHocT. MaTepuan u meToabl. B nccnegosanmve BkntoveHo 139 naumeHTOB ¢ BnepBble
OMarHoCTMPOBaHHbIMU AN EY3HLIMU MManbHBIMK OMyX0sAMM B3POCOrO TUNa CynpaTeHTopuanbHON nokanmsa-
umn. CTpatndmkaumsa naumMeHToB NPOBOAMIACE MO CTENEHN 3NIOKaYECTBEHHOCTUN ONMYXONW, HaNUYMIo MyTaumm B
reHax IDH1/2 n xogeneuun 1p19q. CornacHo rmcTonorniyeckon BeprdmkaLmm, B KOropTe BbISIBNEHO 25 crnyyaes
anddysHon rmmombl grade 2, 25 cnyyaes anddysHon rmuomel grade 3 nnu 4, y 89 naumeHToB BepnduLmpo-
BaHa rmuobnactoma. AHanv3vpoBanvchb Hanuyve ConyTCTBYOLMX 3aboneBaHnii, TekyLlas MegnkaMeHTo3Has
Tepanwus, BKNoYas NpYMEHEHUe rMIOKOKOPTUKOCTEPOUAO0B, MOMEKYNSAPHO-TeHeTUYeckne 1 Mopdonornyeckme
ocobeHHOCTM onyxonu. B npegonepaunoHHOM nepuoae BbIMOMHANCSA PasBepPHYTbIN KIMHWYECKUA aHanu3 ne-
pvcbepryeckon KpoBu € onpeaeneHnem abcomtoTHbIX NokasaTenen MOHOLMUTOB, HEUTPOUIOB, NMMAOLIMTOB,
a TaKke 3Ha4YeHu KneToyHblx mapkepos BocnaneHns (NLR (HenTpodunbHo-nMMgoumMTapHoe COOTHOLLEHUE),
LMR (numdoumtapHo-MoHoUmMTapHoe cooTHoLeHne), PLR (TpombBounTapHo-nnMdoumTapHOe COOTHOLLEHNE).
PesynbTtatbl. 3HaveHue LMR B rpynne ¢ rmvomon grade 2 6bino Bbille, YeM Y NaLMEHTOB C runomon grade 3,
4 v rmmobnactomoii (3,71 vs 3,09 vs 3; p<0,05) ¢ nnowaasamu noa kpusow (AUCs) of 0,6552 (0,4930-0,8174) n
0,6586 (0,5583-0,7590) cooTBETCTBEHHO. BbisiBNEHbI 3Ha4MMo 6onee Bbicokne nokasateny LMR y naumeHToB ¢
rmmomamm ¢ Hannyivem mytauui IDH1/2 no cpasHenwto ¢ IDH-wild type (3,44 vs 3,0; p=0,039). MNMprmeyaTensHo,
yto Tepanusa [KC He oka3ana CyLueCTBEHHOro BNUsHMS Ha ypoBeHb LMR Hu B 0gHOWM U3 uccnegyembix NOArpynmn.
Mpwv rmnobnactomax ypoeHb NLR 6bin BbiLe, 4eM y naumeHToB ¢ rmnomamm grade 2 (2,9 vs 1,96, p<0,05). Mo-
BbiLeHne ypoBHs NLR npsmo koppenupoano ¢ HasHavenmeMm IKC (3,7 vs 8,0, p<0,05 n 1,95 vs 3,79, p<0,05,
respectively). MNpu cTaTucTyeckoM aHanm3e onpeaeneHa nonoXxuTenbHast KOppenauus Mexay npuMeHeHnemM
'KC un noebiweHnem NLR B rpynnax naumeHToB ¢ rmuobnactomon u rmmomamm grade 2 (3,7 vs 8,0, p<0,05 n
1,95 vs 3,79, p<0,05, cooTBeTCTBEHHO). 3akntouyeHue. MonyyeHHble AaHHble NO3BONAT paccmaTtpmeate LMR
B Ka4eCTBe NepCrnekTMBHOro, AOMOMHUTENBHOTO, He 3aBucsLLero ot HasHaveHns 'KC, gnarHoctuyeckoro 6uo-
mapkepa npv anddysHbIX rmrnomax B3pocnoro Tina. C noBbILEHNEM CTENeHN 3MOKaYeCTBEHHOCTW PEerncTpu-
poBarnock ymeHblueHe LMR. NLR He sBnsieTca 4OCTOBEPHBIM AMArHOCTUYECKMM MokasaTeneM. YBennyeHue
[aHHOro GuomMapkepa ConpspKeHO ¢ HasHadeHneM nauueHtTam MKC, 4To CHUXKaeT ero LeHHOCTb.

KnioyeBble croBa: LepebpanbHbie onyxonu, rMmoMbl, Mapkepbl BocnaneHusi, LMR.

Introduction by these neoplasms [1]. Among primary intracerebral
According to global epidemiological data, approxi-  tumors, diffuse gliomas are the most common subtype
mately 320,000 new cases of primary central nervous  [2]. The 5th edition of the WHO classification of CNS
system (CNS) tumors are diagnosed every year, withan ~ tumors categorizes astrocytomas as grades 2, 3, and
estimated mortality of about 250,000 patients affected 4, oligodendrogliomas as grades 2 and 3, and gliob-

CUBMPCKUM OHKONMOTUYECKUI XKYPHAT. 2025; 24(5): 40-52 41



CLINICAL STUDIES

lastomas as grade 4 [3]. Notably, all grade 2gliomas
are classified as low-grade tumors; conversely, grade
3 and 4 diffuse gliomas as well as glioblastomas, are
associated with a significantly poor prognosis and are
classified as malignant neoplasms.

Treatment of diffuse glioma patients includes
neurosurgical procedures, adjuvant radiation therapy
and systemic anti-tumor therapies, including chemo-
therapy and targeted therapy [4, 5]. It is important to
note that the specific anti-tumor regimen is not only
adapted to the histological subtype of diffuse glioma
but is also strongly influenced by the extent of resec-
tion [4]. The extent of tumor resection can substan-
tially impact the necessity for subsequent anti-tumor
therapy, particularly in cases of low-grade diffuse
glioma. For histological classifications such as grade
3 and 4 astrocytomas, grade 3 oligodendrogliomas
and glioblastomas, radiation and chemotherapy are
required regardless of surgical outcome. Although
glioblastoma has distinctive radiographic characteris-
tics, it is often difficult to differentiate diffuse gliomas
of varying grades of malignancy using MRI data.
Therefore, there is an urgent need for pre-operative
confirmation of histological diagnosis to facilitate
optimal neurosurgical planning and comprehensive
treatment of the patient.

Advanced imaging techniques such as magnetic
resonance imaging (MRI) and positron emission to-
mography (PET) have been developed in recent years
and have made it easier to improve the accuracy of
pre-operative diagnostics [6, 7]. Liquid biopsy has
proven to be a very promising diagnostic approach in
general oncology and neuro-oncology [8]. Circulating
nucleic acids have been identified as having significant
diagnostic potential in gliomas of different malignan-
cies [9]. However, the high costs associated with these
techniques limit their availability in many health care
settings. Therefore, there is still a critical need for a
cost-effective, rapid and unambiguous method of dif-
ferential diagnosis of brain gliomas.

Research suggests that systemic immune inflam-
mation plays a key role in the oncogenic process
[10—12]. The primary focus of the study was to assess
the local immune response within tumors. Repro-
grammed immune cells have been shown to contribute
approximately 30 percent of the cellular composition
of malignant gliomas, facilitating tumorogenesis
[13]. In addition, intracellular inflammatory signal-
ing pathways were clarified and key cytokines were
characterized. However, research on systemic immune
inflammation in gliomas is still in its early stages and
should be further explored.

Numerous studies have been carried out to evalu-
ate the diagnostic and prognostic relevance of cellular
inflammatory markers in patients with glioma [ 14—18].
It should be stressed that most of these studies did not
stratify tumors according to histological classification
and grade of malignancy. Moreover, the existing lit-
erature largely ignored the effect of glucocorticoster-

42

oid (GCS) therapy on patients, despite its significant
impact on the dynamics of the immune system. The
prognostic effects of inflammatory biomarkers in
patients with glioblastoma have been previously as-
sessed, including the effects of GCS [19].

This study aimed to assess the diagnostic utility of
systemic inflammatory markers — including neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and lymphocyte-to-monocyte ratio (LMR) —
across histological subtypes and malignancy grades of
glioma, with particular consideration of GCS.

Material and Methods

The research involved 139 patients, all newly diag-
nosed with supratentorial adult-type gliomas. Patients
underwent surgery in the Department of Brain and
Spinal Cord Tumor Surgery at the National Research
Medical Centre of Almazov in the period from 2021
to 2024. Before being included in the study, informed
consent was obtained from each of the participants.
The exclusion criteria included diagnosis of immuno-
deficiency, autoimmune disease or neoplasms outside
the central nervous system.

The study also excluded individuals who had previ-
ously undergone radiation therapy, chemotherapy, or
immunotherapy. Each patient included in the research
was assessed by a team of specialists: a general prac-
titioner, otolaryngologist, dentist and neurologist. The
presence of acute or chronic inflammatory conditions
during the period of exacerbation, use of antibacterial
agents and antibiotics at the time of enrolment and
continued treatment with anticonvulsants were also
considered disqualifying factors.

Venous blood samples were collected from pa-
tients three days prior to surgical intervention in
the morning, followed by a comprehensive clinical
haematological examination and the quantification of
C-reactive protein (CRP). Patients with CRP levels
above 5 ng/ml were excluded from the study cohort.
Clinical haematological analysis, including extended
leukocyte differentiation, was performed with the
use of the Sysmex XN-550 haematological analyser,
using Sysmex reagents and control materials sourced
from Japan. Inflammatory markers, including the
NLR, LMR and PLR, were calculated from absolute
counts of lymphocytes, neutrophils, monocytes, and
platelets to evaluate the systemic inflammation in
neuro-oncologic diseases.

The study included only patients who underwent
scheduled neurosurgical interventions. Histopathologi-
cal diagnosis was made by analyzing surgical tumor
samples according to standardized criteria described
in the Fifth Edition of the World Health Organisation
Central Nervous System Tumor Classification [3].
Histological sections were stained with haematoxylin
and eosin, in addition to immunohistochemistry (IHC)
panels including anti-GFAP (poly, DakoCytomation),
anti-ATRX (Abcam), anti-EGFR (Abcam), anti-
MGMT (NovusBiologics), anti-Ki-67 (Dako), anti-
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IDH1R132H (Dianova), and for differential diagnosis
Syn (DakoCytomation) and NB (Leica), CD99 (12E7,
DakoCytomation). Fluorescence in situ hybridization
(FISH) was used to assess for the presence of'a 1p/19q
codeletion. FISH was performed using two-color
DNA probe test systems to detect deletions of the
SRD (1p36) (Cytocell) and GLTSCR1 (19q13) (Fast
Probe, Wuhan Healthcare) genes. Mutational analy-
sis of the IDHI (exon 4) and IDH2 (exon 4) genes
was performed via high-resolution melting analysis
(HRMA) of PCR products, followed by subsequent
DNA sequencing to elucidate genetic alterations. The
prepared specimens were viewed and evaluated by
two independent pathologists. The final diagnosis was
made by a multidisciplinary team including a patholo-
gist, an oncologist, a neurosurgeon and a radiologist,
based on the results of a molecular-histological con-
clusion of the biopsy material, taking into account
the clinical course of the disease, the radiological ap-
pearance and the macroscopic intraoperative features
of the tumor.

Statistical analysis was performed using thePrism
GraphPad 10 program (GraphPad Software, USA).
The normality test was performed using Kolmogorov—
Smirnov, Shapiro—Wilk tests. We used the mean +
standard deviations for normally distributed data, and
median (rank) for non-normally distributed data. Non-
parametric group comparisons were conducted using
the Mann—Whitney U test. The diagnostic accuracy
of preoperative inflammatory markers was evaluated
using ROC curve analysis, with AUC quantification.
Statistical significance was set at p<0.05. The resulting
graphs were performed using the Prism GraphPad 10
program (GraphPad Software, USA).

Results

Patients were stratified into three cohorts based on
histopathological classification: grade 2 glioma (n=25,
of them 7 with oligodendroglioma), IDH1 mutated
grade 3 and 4 gliomas (n=25, of them 8 with oligoden-
droglioma), and glioblastoma (n=89) (Table 1).

The grade 2 glioma and grade 3 and 4 glioma
(IDHI-mt) cohorts also included patients diagnosed
with oligodendroglioma (7 and 8 patients, respective-
ly). Notably, patients exhibiting IDH1-positive tumor
status in grades 2, 3, and 4 glioma were significantly
younger than those diagnosed with glioblastoma (Table
1). The mean age of patients with grade 2 glioma was
42.5 +12.5 years, comprising 14 (56 %) males and 11
(44 %) females. Conversely, the mean age of patients
with 3 and 4 glioma (IDH1-mt) was 46 + 11 years, with
7 males (28 %) and 18 females (72 %). In the glioblas-
toma cohort, the mean age was 60 + 12.5 years, with
51 (57.31 %) males and 38 (42.69 %) females.

A significant proportion of patients diagnosed with
grade 2 and grade 3 gliomas did not receive glucocor-
ticoid therapy (dexamethasone) prior to surgery, with
rates of 76 % and 56 %, respectively. In contrast, in the
glioblastoma cohort, only 25.85 % of cases were not
administered glucocorticoids, as shown in Table 1.

Comparison of preoperative

inflammatory blood markers

for glioma of different subtypes

There were no statistically significant differences
observed in lymphocyte, platelet, or platelet-lym-
phocyte ratio (PLR) levels across the three studied
cohorts (Fig. 1b, 1d, and 1g). Notably, the counts of
neutrophils and monocytes in grade 2 glioma cohort

Table 1/Tabnuua 1

Preoperative characteristics of 139 patients with cerebral gliomas
Xapaktepuctuku 139 naumeHTOB € LepebpanbHbIMU FIMOMaMM Ha AOONEPALMOHHOM 3Tane fevyeHus

Grade 2 glioma/

Parameters/ITapameTpst Tneoma grade 2 (n=25)

Glioma grade 3, 4

IDH-mutant/ Glioblastoma/
I'muo6nactoma
I'mroma grade 3, 4 (n=89)
¢ myranuei IDH (n=25)
46 = 11° 60+ 12,5
7 (28 %) 51 (57.31 %)
18 (72 %) 38 (42.69 %)

Taking dexamethasone/IIpuHuMarOT JeKcaMeTa30H

Age, years/Bospacr, et 42.5+12.5°
Male/Mysx 14 (56 %)
Female/’Ken 11 (44 %)
Yes//la 6 (24 %)
No/Her 19 (76 %)

11 (44 %)
14 (56 %)

66 (74.15 %)
23 (25.85 %)

Laboratory dates/JIaboparopHsie ToKka3arenn

Neutrophils/Hetirpodust (x10%/L)
Lymphocytes/JTumdonuts (x10%/L)
Monocytes/MonormTsI (<10°/L)
Platelets/TpomGorutsr (% 10°/L)

4.01 (1.54-15.0)"
2.11 (1.20-4.0)
0.52 (0.2-1.50)"
226 (158-401)

NLR 1.96 (0.64-8.30)"
LMR 3.71 (2.4-9.230)*"
PLR 104 (49.58-199.2)

5.30 (1.53-16.80)
2.0 (1.01-2.7)
0.60 (0.01-2.1)
268 (108-408)
2.0 (0.76-16.63)
3.09 (0.99-8.33)
114 (70.13-348.5)

7.42 (1.85-24)
2.07 (0.66-4.82)
0.81 (0.2-2.0)
245 (117-487)
2.9 (0.62-34.25)
3.0 (0.53-8.48)
117 (32.05-358.9)

Notes: mt — mutant; * — vs grade 3,4 (IDH1-mt) (p<0.05); ® — p<0.05 vs glioblastoma (p<0.05); created by the authors.

Ipumedannst: mt — MyTaIys; * — 1Mo cpaBHeHuo ¢ mromamu grade 3, 4 (IDH1-mt) (p<0,05); ® — o cpaBHeHuto ¢ mmobaactomamu (p<0,05); Tabnuma

COCTaBJIEHA aBTOpaMH.
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Table 2/Tabnuua 2
Preoperative inflammatory markers and dexamethasone intake in glioma patients

I'Ipe,qonepauMOHHble MapkKepbl BocnasrieHuda n npuem geKCaMeTa3oHa y nalyneHToB C rmmomomn

Grade 2 Grade 3,4 (IDH-mt) Glioblastoma/I'mro6actoma
Without With Without With Without With
Parameters/ dexamethasone/ dexamethasone/ dexamethasone/ dexamethasone/ dexamethasone/ dexamethasone/
TlapameTpbt Bes C nmekcamera- Bes C nekcamera- Bes C 1mexcameTaso-
JIeKcaMeTa3oHa 30HOM JIEKCaMeTa3oHa 30HOM JIEKCaMETa30Ha HOM
(n=19) (n=6) (n=14) (n=11) (n=23) (n=66)
g:fmzlc’;“ly 3.43 5.20 4.0 10.0 3.70 8.0
(“XTIPOQ /L”)”"I (1.54-11.69) (4.40-9.6) (1.53-5.52)  (3.05-16.80)°  (1.85-7.55) (2.14-24)
Lﬁ;‘;f;)‘ﬁﬁﬁ/ 2.0 3.48 2.0 2.20 1.76 2.18
(XIO"’;IL) (1.20-3.25) (2.06-4.0) (1.20-2.5) (1.01-2.7) (1.10-4.70) (0.66-4.82)
Monocytes/ 0.50 0.57 0.52 0.72 0.59 0.82
MownouuTst (x10°/L) (0.20-1.0) (0.39-1.50) (0.30-2.10) (0.01-1.21) (0.20-1.0) (0.23-2.0)"
NLR 1.86 (0.64-3.56) 2.1(1.37-2.59) 1.86(0.76—4) 5 (1.15-16.63)* 1.95 (0.62-5.0) 3.79 (0.80-34.35)"
LMR 3.75(2.4-9.23) 3.74(2.47-8.33) 3.1(0.99-6.67) 2.5(1.0-4.58) 3.6(1.3-8.2) 2.88 (0.53-8.48)

Notes: mt — mutant, * — vs glioma grade 3,4 (IDH1-mt) without dexamethasone (p<0.05); * — vs glioblastoma without dexamethasone (p<0.05); created
by the authors.

[pumeyanne: mt — MyTanust; * — o cpaBHenuto ¢ nmmomamu grade 3,4 (IDH1-mt) 6e3 nexcamerasona (p<0,05); ® — o cpaBHeHHIO ¢ LMOOIACTOMaMHK
(p<0,05); Tabnuia cocTaBieHa aBTOPaMH.
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Fig. 1. Violin diagram illustrating the distribution of preoperative inflammatory marker levels in different grades of glioma groups.
Notes: the central dashed line indicates the median value, while the flanking dashed lines demarcate the first and third quartiles;
a — neutrophils, b — lymphocytes, ¢ — monocytes, d — platelets, e — NLR, f — LMR; g — PLR; created by the authors
Puc. 1. Anarpamma, unniocTpupytoLas pacnpegeneHve npefonepauoHHbIX YPOBHe MapkepoB BOCNAaneHns B pasnunyHbIx rpynnax
rmvom grade 2, 3 n 4 (IDH1-mt) n rmmobnacTom. MNpumevaHus: LeHTpanbHas NyHKTUPHasi NIMHNA yKa3biBaET Ha CpefiHee 3Ha4yeHne, B TO
BpPeMsi kak OOKOBblE MYHKTUPHbIE NMHUW PasrpaHNYMBaOT NEPBbIA U TPETUIN KBApPTUNK; a — HEeWTPOdUIbI, B — NUMOLUTBI, C — MOHOLIW-
Tbl, d — TpoMBoumThl, € — NLR, f — LMR, g — PLR; pucyHOK BbINonHeH aBTopamm
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[4.01 (1.54-15.0) and 0.52 (0.2-1.50), respectively]
were significantly lower compared to those in the
glioblastoma cohort [37.42 (1.85-24) and 0.81 (0.2—
2.0), respectively] (Fig. 1a, 1c).

The analysis revealed that the NLR and LMR
exhibited no significant differences between grade 3
and 4 glioma (IDH-mutant) and glioblastoma groups.
Notably, the LMR was found to be significantly higher
in the grade 2 glioma group with a mean value of 3.71
(range: 2.4-9.230) than in the grade 3 and 4 glioma
(IDH-mutant) and glioblastoma groups (3.09, range:
0.99-8.33 and 3.0 (range: 0.53-8.48), respectively
(Fig. 1f). Conversely, the highest NLR values were
recorded in glioblastoma patients, with a mean of 2.9
(range: 0.62-34.25), demonstrated a statistically sig-
nificant difference compared to the NLR in low-grade
glioma patients, which was 1.96 (range: 0.64—8.30)
(Fig. 1e).

The analysis of hematological parameters, specifi-
cally neutrophils, lymphocytes, monocytes, NLR and
LMR, was conducted in relation to the administration
of GCS prior to surgical intervention (Table 2). In

patients receiving GCS, a statistically significant el-
evation in neutrophil counts was observed in the grade
3 and 4 glioma and glioblastoma cohorts (Fig. 2a).
Furthermore, NLR values were markedly increased
in patients with gliomas undergoing treatment with
dexamethasone (Fig. 2d). The administration of dex-
amethasone was found to influence monocyte levels
exclusively in the glioblastoma patient group (Fig.
2¢). Notably, the LMR index exhibited no significant
variation between patients receiving dexamethasone
and those who were not across all three patient cat-
egories (Fig. 2e).

Diagnostic value of inflammatory

blood markers in glioma diagnosis

and glioma grading

According to the ROC analysis, two biomarkers
showed significant diagnostic value: NLR and LMR
(Fig. 3). The optimal ratio of sensitivity and specificity
for the diagnosis of grade 2glioma compared to gliob-
lastoma was observed for NLR value <2.5 (72.0 %
and 61.3 %, respectively) and for LMR >3.57 (64 %
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Fig. 2. Violin diagram comparing preoperative inflammatory marker levels across glioma grades, stratified by dexamethasone adminis-
tration status. Notes: central lines represent medians, with outer boundaries indicating interquartile ranges;
a — neutrophils, b — lymphocytes, ¢ — monocytes, d — NLR, e — LMR; created by the authors
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and 59 %, respectively). The area under the ROC curve
(AUC) was 0.7157 (95 % CI: 0.6087—0.8227) for NLR
and 0.6586 (95 % CI: 0.5583-0.7590) for LMR, which
characterized the quality of the model as satisfactory
(Table 3, Fig. 3). However, NLR values were influenced
by the administration of GCS (Table 2), whereas LMR
was unaffected by this therapeutic intervention, estab-
lishing LMR as a more robust independent marker.
When differentiating the diagnosis of grade 2 glioma
from more aggressive glial tumors (grade 3 and 4 with
IDHI mutation and glioblastoma), the optimal ratio

of sensitivity and specificity (72 % and 58 %, respec-
tively) was observed at LMR levels >3.4 (AUC 0.6579,
95 % CI: 0.5635-0.7522). In the differential diagnosis
of grade 2 glioma from grade 3 and 4 glioma with
IDH1 mutation, satisfactory sensitivity and specificity
(72 % and 68 %, respectively) were also maintained at
LMR > 3.4 (AUC 0.6552, 95 % CI: 0.4930-0.8174).
The study showed that LMR, compared with other cel-
lular biomarkers, has significant diagnostic value for
patients diagnosed with low-grade glioma.
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Fig. 3. The diagnostic value of preoperative inflammatory markers in glioma diagnosis. Grade 2 glioma vs grade 3 and 4 glioma

(IDH-mt), grade 2 glioma vs glioblastoma, grade 2 glioma vs grade 3 and 4 glioma (IDH-mt) + glioblastoma.

Notes: created by the authors

Puc. 3. OunarHoctuyeckas LEHHOCTb NpefonepaumoHHbIX MapKepoB BOCNaneHns B AuarHocTvke rmuombl. Mruomel grade 2 vs rmvombl
grade 3, 4 (IDH-mt); rmnoma grade 2 vs rmuobnactombl; rmmoma grade 2 vs rnvomsbl grade 3, 4 (IDH-mt) + rmuo6nacTtoma.
MpuMeyaHue: puCyHoK BbINOSHEH aBTOpaMu
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Table 3/Tabnuua 3
Diagnostic value of various inflammatory markers in glioma diagnosis

[dunarHocTuyeckas LLleHHOCTb pPa3sIMdHbLIX MapkKkepoB BocCnaslieHnusa B AUarHoCTuke rmmomMbl

Grade 2 vs grade 3, 4

Grade 2 vs glioblastoma/ (IDH-mt) + glioblastoma/

I\l\//[I TS S AT EEE DS IR Grade 2 vs mrobnactoma Grade 2 vs grade 3, 4
apKepbl (IDH-mt) + mxo6mactoma
AUC (95 % CI) p-value AUC (95 % CI) p-value AUC (95 % CI) p-value

0.5888 0.7157 0.6876

NLR (0.4292-0.7484) 0.28 (0.6087-0.8227) 0.001 (0.5798-0.7954) 0.003
0.6552 0.6586 0.6579

LMR (0.4930-0.8174) 0.059 (0.5583-0.7590) 0.01 (0.5635-0.7522) 0.001

PLR 0.6232 013 0.5676 030 0.5798 0.20

(0.4670-0.7794) (0.4708-0.6888)

Notes: AUC — Area Under the ROC Curve; created by the authors.

(0.4546-0.6807)

TIpumeuanus: AUC — mnomans nox kpusoid ROC; Tabnuia cocTaBieHa aBTOpamMH.
Table 4/Tabnuua 4

Preoperative LMR in glioma patients
MNpeponepaunoHHas LMR y nauvMeHTOB € rmMomMon

Patients/ITaunenTs! (n=139) LMR p-value
1p/19g-codeletion status/c xonmenernmeit 1p/19q
Oligodendroglioma/Onuronenaporiroma (n=15) 3.43 (0.99-6.67)
Glioma without 1p/19g-codeletion / 0.7690
I'mroma 6e3 xoxenenyn 1p/19q (n=124) 3.19(0.53-9.23)
IDH1/2-mutation status/c myrtarueii IDH1/2
Glioma grade 2, 3, 4 IDH-mt/
I'mnoma grade 2, 3, 4 IDH-mt (n=50) 344 (099-923) 0.0392

Glioblastoma IDH-wt/Imo6acroma IDH-wt (n=89)

Notes: wt — wild type, mt — mutant; created by the authors.

3.0 (0.53-8.48)

Ipumevanus: Wt — TUKU# TUI, Mt — MyTals; TabJIHIa COCTaBICHA aBTOPAMHU.

Comparison of LMR for glioma of different

IDH1-mutation and 1p/19q-codeleted status

The LMR index was evaluated when all patients
(n=139) were divided into groups depending on the
presence of the IDH1 gene mutation and the presence
of 1p/19g-codeletion (table 4). No significant differ-
ences in the value of LMR were found in the group of
patients with oligodendroglioma and glioma without
1p/19q codeletion (Fig. 4a). However, in patients with
glioma with a mutation in the IDH1 gene, the LMR
value was significantly higher than in patients in the
glioblastoma IDH-wt group (Fig. 4b).

The LMR was assessed in a cohort of 139 patients
stratified based on the presence of the IDH1/2 mutation
and the occurrence of 1p/19q codeletion (Table 4).
No statistically significant differences in LMR values
were observed between the oligodendroglioma and
other glioma (without 1p/19q codeletion) patient groups
(Fig. 4a). Conversely, patients harboring the IDH1/2
mutation exhibited a markedly elevated LMR compared
to those with glioblastoma IDH-wildtype (Fig. 4b).

Discussion

The hypothesis that there is a relationship between
inflammatory responses and tumorigenesis was first
proposed by Rudolf Virchow in the 19th century, who
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Fig. 4 Preoperative LMR in glioma patients. Violin diagram showing
comparative results of LMR in oligodendroglioma vs glioma without
codeletion 1p/19q (a); glioma IDH1/2-mt vs glioma IDH-wt (b). The
dashed line in the middle represents the median and the dashed
lines on both sides represent the interquartile range. Notes: wt —
wild type, mt — mutant, ns — nonspecific; created by the authors
Puc. 4. MNMpeponepaunoHHas LMR y naumeHToB ¢ rmmomoin. OQuna-
rpaMma, nokasblBatoLLas cpaBHUTeNbHble pedynbtatel LMR npu
onurogeHgpornuome u rmuome 6e3 koguposanus 1p/19q (a);
rnunome IDH1/2-mt n rmmobnactome (b). MyHKTMPHAA NnHWA no-
cepeavHe npeactasnsieT coboit Megnany, a NyHKTUPHbIE NUHUN
¢ 06eunx CTOPOH NPeACTaBnsioOT MEXKBAPTUIbHbIV AMana3oH.
Mpumeyanus: wt — gukuii TMN, mt — MyTaHT, NS — Hecneuuduye-
CKWI; PUCYHOK BbIMOIHEH aBTOpaMm
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elucidated the infiltration of leukocytes into neoplastic
tissue [10, 11]. Recent decades have produced consid-
erable evidence that inflammation is a key factor in
the development and etiology of neoplastic diseases.
Inflammatory processes are mediated by active in-
volvement and regulation of immune cells, including
neutrophils, lymphocytes and monocytes, in addition
to platelets. Numerous studies have highlighted the
important diagnostic and prognostic implications
of these blood markers in different malignancies, in
isolation or in combination [20-24].

The re-evaluation of immunological deficits asso-
ciated with the central nervous system, together with
the role of the immune system in tumorigenesis, has
stimulated research into the inflammatory mechanisms
underlying intracerebral neoplasms, in particular dif-
fuse gliomas [13, 25-27]. At the same time, there has
been a worldwide interest in the local immune mi-
croenvironment to understand its complexity and its
implications for tumor behavior [13, 28, 29]. Recent
research has shown that the tumor microenvironment
in gliomas has features similar to chronic inflammation,
suggesting that there is a significant interaction between
tumor biology and the immune response [29-31].

Gliomas are known to express chemokines that
facilitate the recruitment of immune cells that differen-
tiate into tumor-associated macrophages, neutrophils,
and myeloid suppressor cells, which are also affected
by cytokines. These immune components contribute
to tumorigenesis while simultaneously impairing the
effector lymphocytes’ ability to function. In view of
these findings, it is reasonable to assume that systemic
inflammatory markers such as NLR, LMR and PLR
can serve as reliable and sensitive biomarkers for the
diagnosis and prognostic evaluation of glioma.

Numerous clinical studies have been conducted to
elucidate the diagnostic and prognostic relevance of
NLR and LMR in glioma [14—18, 32—34]. In addition,
consensus research has identified NLR as the most
relevant and reliable biomarker in this context [14, 15,
17,18, 34]. NLR serves as an indicator of both a non-
specific neutrophil-mediated immune response and a
specific adaptive immune response against cancer, me-
diated by lymphocytes. NLR has already been shown
to be of diagnostic value in glioma patients compared
to neoplasms such as meningioma, schwannoma and
adenoma [17, 18, 35].

In preoperative diagnosis of gliomas of different
grades of malignancy, a positive correlation has been
established between NLR and tumor grade [14, 18,
34, 35]. However, these studies did not account for the
administration of GCS by patients, despite evidence
indicating that dexamethasone, commonly prescribed
to reduce peritumoral edema, affects immune system
functioning [36]. In our study, statistically significant
differences in median NLR values were observed when
comparing patient groups with grade 2 glioma and
glioblastoma (1.96 vs 2.9; p<0.05) (Table 1, Fig. 1).
However, it should be noted that in patients with
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glioblastoma, as well as in the group with grade 3
and 4 gliomas receiving GCS, there was an observed
increase in neutrophils and NLR compared to patients
who were not administered this therapy (8.0 vs 3.7,
p<0.05; 3.79 vs 1.95, p<0.05; 10.0 vs 4.0, p<0.05; 5.0
vs 1.86, p<0.05, respectively) (Table 2, Fig. 2). The
NLR median was almost identical for patients not re-
ceiving dexamethasone in the groups with grade 2, 3
and 4 glioma and glioblastoma (1.86 vs 1.86 vs 1.95;
p>0.05). Therefore, our data show that NLR is a bi-
omarker that is dependent on GCS, which significantly
reduces its diagnostic value (Tables 1 and 3).

Currently, LMR is recognized as a biomarker for
anti-cancer immunological activation in general oncol-
ogy. The increase in its value is related either to the
high number of effector lymphocytes, which leads to
an adequate immune response, or to the reduction in
monocytes. Monocytes play a dual role in the pathol-
ogy of cancer. After differentiation, these cells can
either play a protective function by helping to destroy
the neoplasm or reprogramme themselves to support
the growth of the tumor. Our data reveal no correla-
tion between blood lymphocyte levels in patients and
glioma grade (Table 1, Fig. 1, Table 3, Fig. 3). As
expected, glucocorticoids were not found to affect
lymphocyte levels (p>0.05) (Table 2, Fig. 2). However,
absolute monocyte counts increased with tumor malig-
nancy (0.52 vs 0.60 vs 0.81) (Table 1, Fig. 1, Table 3,
Fig. 3). Statistical significance was reached only when
comparing values for low-grade diffuse glioma (grade
2) and glioblastoma (0.52 vs 0.81; p=0.0044) (Table 1,
Fig. 1). Notably, dexamethasone increased monocytes,
but only in the glioblastoma patient’s group (0.59 vs
0.82; p=0.0152) (Table 3, Fig. 3).

The relevance of LMR in glioma patients remains
controversial in the neurooncology community. Al-
though some studies have questioned its predictive
effects, others have demonstrated its relevance [15,
17,18, 33, 35]. A key observation is that many studies
evaluating LMR did not stratify patients with glioma
by histological subtype or grade of malignancy or
considered the effect of dexamethasone. Our previ-
ous cohort study in glioblastoma patients identified
LMR as a key biomarker predictive of the risk of early
relapse, independent of dexamethasone therapy [19].
This analysis revealed a correlation between increasing
grade and decreasing LMR. In particular, the median
LMR for grade 2 glioma was 3.71, while for grade
3 and 4 gliomas, the median LMR was 3.09, and for
glioblastoma patients, it was 3.05 (p<0.05). It should
be noted that LMR levels remained unchanged with
corticosteroid treatment in all patient groups.

The findings suggest that there is no correlation
between the number of lymphocytes and tumor malig-
nancy; however, there is a correlation with increased
monocytes. This suggests that the LMR is primarily
driven by absolute monocyte counts. Notably, in the
glioblastoma cohort, monocytes were significantly in-
creased in patients receiving corticosteroids, although
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the LMR was not affected. These results highlight the
complex mechanisms and interactions between the im-
mune cell populations and support the use of composite
biomarkers for diagnostic evaluation rather than rely-
ing on absolute monocytes and lymphocytes alone.

In addition, the LMR was assessed in cohorts of
patients stratified by presence or absence of IDH/2
gene mutations and 1p/19q codeletion (Table 4,
Fig. 4). According to the fifth edition of the WHO clas-
sification system, these genetic alterations are critical
to the definitive histological diagnosis. No statistically
significant differences in LMR values were observed
between patients with and without oligodendroglioma
(3.43 vs 3.19; p=0.76). Conversely, in a cohort of
patients without IDHI1 and IDH2 mutations, LMR
was found to be significantly lower (3.44 vs 3.0;
p=0.039). These findings highlight the differential
immune responses associated with low-grade and
high-grade gliomas. In neurooncology, it has been
well documented that platelets activate neoplastic
cells through cytokine signaling, which is important
for thrombosis, angiogenesis, cell migration and dis-
semination of cancer.

In addition, platelets contribute to evasion of immu-
nological surveillance and are involved in inflammatory
responses [37]. Consequently, the presence of thrombo-
sis and increased platelet counts in patients with onco-
logical diseases correlate with poor prognosis. However,
the specific role of platelets in glioma progression and
clinical course remains unclear. Our findings suggest that
there is no significant correlation between the number
of platelets and the histological grade of gliomas (226
vs 268 vs 245; p>0.05) (Table 1, Fig. 1).

The PLR Inflammatory Index is recognized as a
reliable independent biomarker indicating the progres-
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sion of cancer. Its diagnostic and prognostic useful-
ness has been demonstrated in various malignancies,
including esophageal and gastric cancer, lung cancer
and colorectal cancer [20, 23, 24, 37]. In a previous
study involving a cohort of patients with glioblastoma,
PLR was shown to be of significant prognostic im-
portance [19]. However, its diagnostic effectiveness
in distinguishing gliomas of different malignancies
is still limited. Although an increasing trend in PLR
values was observed with increasing grade of glioma,
statistical significance was not reached (104 vs 114 vs
117; p>0.05) (Table 1, Fig. 1).

Conclusion

The immune system plays a dual role in tumorigen-
esis: it can prevent cancer through antitumor functions,
and it can also promote tumor growth. Inflammatory
cell markers are key agents in these mechanisms and
their prognostic and diagnostic relevance warrants
investigation. Our results suggest that LMR is an ad-
ditional potential diagnostic marker in glioma patients
regardless of corticosteroid therapy. Of course, it
seems incorrect to make a preliminary diagnosis based
on LMR alone, but this biomarker may be an additional
tool in the pre-operative differential diagnosis. NLR
is correlated to corticosteroid use, thereby reducing
its diagnostic utility. In addition, the PLR showed no
significant correlation with the grade of malignancy.
Thus, the increased LMR levels observed in low-grade
gliomas, as opposed to malignant gliomas, indicate
increased activation of the immune response. This may
explain the favorable and prolonged clinical course
often observed with low-grade diffuse glioma, which
may reflect underlying immunological mechanisms,
and require further investigation.
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