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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Introduction: The aim of this study was to investigate
the clinical, morphological, and functional predictors of
rehabilitation potential (RP) in patients following the removal
of intracranial meningiomas. The primary objective was to
assess the prognostic significance of tumor biomarkers (Ki-67,
CD34), the depth of brain invasion, and the extent of surgical
intervention in relation to functional recovery and the likelihood
of recurrence. Meningiomas exhibit a wide biological spectrum
that affects recurrence risk, neurological outcomes, and
rehabilitation potential. In this context, a key aspect of the
study was the correlation between the tumor’s morphological
characteristics and clinical outcomes, including changes in
functional independence scales (AKPS, AFIM) and long-term
recovery metrics. The data obtained are intended to optimize
individualized prognosis, improve surgical planning, and
enhance the post-operative rehabilitation strategy for patients
with central nervous system tumors.

Methods: The study included 124 patients (mean age 49.1
+ 7.6 years, range 32-68 years) who underwent surgical
treatment for meningiomas during the period 2017-2024. The
extent of resection, histological subtype, Ki-67 proliferation
index, microvessel density (CD34), and postoperative clinical-
functional parameters were evaluated. Functional status was
assessed preoperatively and three months postoperatively using
the Karnofsky Performance Scale (KPS) and the Functional
Independence Measure (FIM).

Results: Grade I tumors demonstrated significantly lower Ki-
67 (2.0-2.5%) and CD34 (6-10 vessels/HPF) values compared
to Grade II (7.4%) and Grade III (17.9%) tumors (p < 0.001).
Brain invasion >3 mm independently increased the risk of
early recurrence (OR = 3.8; p < 0.001). Ki-67 >8% and CD34
>15 vessels/HPF were identified as independent predictors of
recurrence (Cox regression). A high rehabilitation potential
(AKPS >15 and AFIM >20) was achieved in 73% of patients
with Grade I tumors versus 10% with Grade III tumors (p <
0.001).

Conclusion: Low Ki-67 and CD34 values, combined with the
absence of brain invasion, reliably predict favorable recovery
and a low risk of recurrence. Aggressive morphological
features necessitate early adjuvant therapy and more intensive
rehabilitation interventions.

Key words. Meningioma, Ki-67, CD34, brain invasion,
recurrence, functional outcomes, rehabilitation potential.

Introduction.

According to current epidemiological data, meningiomas
account for approximately 30-35% of all primary intracranial
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tumors in adults, ranking first among benign brain neoplasms
[1-4]. Despite their generally favorable course, about 20—
25% of meningiomas exhibit atypical or anaplastic features,
characterized by increased mitotic activity, brain parenchymal
invasion, and a high risk of recurrence [4-7]. The most common
clinical manifestations include neurological deficits, seizure
syndromes, and symptoms of intracranial hypertension.
However, the severity of these symptoms does not always
correlate with tumor size, underscoring the importance of
histological characteristics as key prognostic markers [8,9].

In recent years, there has been growing interest in identifying
biological and histopathological factors that influence not only
the risk of recurrence but also the pace of functional recovery
after surgical resection of meningiomas. In this context, particular
attention has been paid to the tumor’s proliferative activity (e.g.,
Ki-67 index), angiogenesis (CD34), the degree of brain tissue
invasion, and the extent of resection according to Simpson
classification [10-12]. Specifically, a low Ki-67 index (<4%) is
associated with slower tumor growth and better postoperative
outcomes [13], while limited vascular invasion (CD34 < 12
vessels/HPF) and absence of diffuse brain infiltration predict
reduced neuronal damage and higher recovery rates [14].

Modern neurosurgical and rehabilitation approaches
increasingly require personalized prognostic assessment,
including the consideration of tumor morphological features.
Postoperative functional status is traditionally evaluated using
the Karnofsky Performance Status (KPS) and the Functional
Independence Measure (FIM), which provide a quantitative
description of recovery level and patient dependency [15-17].
However, to date, the impact of specific histopathological
predictors on KPS, FIM scores, and overall rehabilitation
potential (RP) remains insufficiently studied.

Thus, meningiomas demonstrate a broad biological spectrum
that significantly affects recurrence risk, neurological outcomes,
and recovery potential. Determining the relationship between
tumor histopathology and functional treatment outcomes
is therefore crucial for optimizing postoperative patient
management. Understanding the influence of the tumor’s
biological properties on recovery and recurrence risk is essential
for personalized therapy and rehabilitation strategies [18-35].

The aim of this study was to assess the impact of
histopathological predictors (Ki-67, CD34, brain invasion, and
extent of resection) on functional recovery and rehabilitation
potential in patients with intracranial meningiomas.

Materials and Methods.

The study employed a mixed design: retrospective enrollment
based on archival data was conducted in 2017-2018, while
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prospective observation was carried out during 2019-2024 at
the Neurosurgery Department of the Multidisciplinary Clinic
of Samarkand State Medical University. Prior to initiation,
the study received official approval from the Local Ethics
Committee (Protocol No. 12 dated April 5, 2017). Patient
enrollment was performed exclusively after obtaining written
informed consent for participation in the study and processing
of medical data.

The aim was to identify prognostic factors associated with
functional recovery and rehabilitation potential in patients with
intracranial meningiomas following surgical intervention. A
total of 124 patients with histologically confirmed intracranial
meningiomas who were hospitalized and underwent surgery
between 2017 and 2024 were included in the study. The mean
age was 49.1 £ 7.6 years (range: 32-68), with 78 women (62.9%)
and 46 men (37.1%), consistent with literature reports on the
predominance of women among meningioma patients [Louis et
al., 2021; Wiemels et al., 2010].

Histological verification was performed according to the
2021 WHO Classification of Tumors of the Central Nervous
System [Louis et al., 2021]: Grade I (benign meningiomas):
82 patients (66.1%); Grade II (atypical): 32 patients (25.8%);
Grade III (malignant/anaplastic): 10 patients (8.1%).

Inclusion criteria: Age between 32-68 years; Presence
of a single intracranial meningioma confirmed by MRI and
histology; Undergoing surgical resection of the tumor; Written
informed consent for participation. Exclusion criteria: Prior
neurosurgical operations or radiotherapy to the CNS; Multiple
CNS tumors or systemic malignancies; Severe comorbid
somatic or neuropsychiatric conditions (e.g., stroke, dementia,
autoimmune disorders); Coagulopathies or active infections.

Tumor Characteristic Assessment:

The extent of resection according to the Simpson classification
was determined based on the operative report and confirmed by
control MRI performed 72 hours after surgery.

Following surgical removal, tumor classification and
assessment included: Proliferation Index (Ki-67, %):
determined via immunohistochemistry according to the protocol
by Baay et al. (2018); Angiogenesis (CD34): measured as the
average number of microvessels per high-power field (HPF)
[Ribalta et al., 2004]; Brain Invasion: assessed histologically
in millimeters and by visual morphologist evaluation; invasion
>3 mm was considered significant.

Functional Recovery Assessment: Karnofsky Performance
Status (KPS): evaluated before and 3 months after surgery
[Mor et al., 1984]; Functional Independence Measure
(FIM): standardized assessment scale ranging from 18
(complete dependence) to 126 (complete independence)
[Keith et al., 1987]; Rehabilitation Potential (RP): defined
by improvements in KPS and FIM scores and return to
independent living; KPS (Karnofsky Performance Status):
Quantifies physical activity and self-care ability, ranging
from 0 to 100: 100 = fully active, no restrictions; 70-80 =
self-sufficient with activity limitations; 40-50 or below =
significant dependence on external assistance. AKPS (Delta
KPS): Difference in KPS score before and 3 months after
surgery, reflecting the trajectory of functional recovery.
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Example: Pre-op KPS = 65; post-op KPS = 80 > AKPS = +15
points.

FIM (Functional Independence Measure): Assesses the
patient's ability to perform self-care, mobility, communication,
and social interaction. Scores range from 18 (full dependence)
to 126 (full independence). AFIM (Delta FIM): Change in FIM
score, indicating rehabilitation progress. Example: Pre-op FIM
= 80, post-op FIM = 105 — AFIM = +25 points.

The study was conducted in full accordance with the principles
of the Declaration of Helsinki (WMA, 2013) and approved by
the institution’s Local Ethics Committee (Protocol No. 12,
dated 05.04.2018). All participants provided written informed
consent for participation, processing of personal and medical
data, histological and immunohistochemical analysis, and
postoperative clinical and functional assessment. Confidentiality
and the right to withdraw at any stage without affecting the
quality or scope of medical care were ensured.

Statistical Analysis: Data analysis was performed using SPSS
version 13.0.

Statistical methods included: Shapiro-Wilk test for normality.
ANOVA with Tukey’s post hoc test for quantitative variables.
Chi-square and Mann—Whitney U tests for qualitative variables.
Multiple logistic regression analysis to identify independent
predictors of high rehabilitation potential (odds ratio, 95% CI,
p <0.05).

Results.

Tumor Characteristics and Resection Outcomes:

Simpson I-II resection was achieved in 86% of Grade I
tumors, 69% of Grade 11, and 40% of Grade III tumors (p <
0.001). Tumor localization was as follows: convexity (41%),
parasagittal (26%), skull base (22%), and posterior cranial fossa
(11%).

One of the key factors determining the success of surgical
treatment for meningiomas is the extent of tumor resection. In
the present study, Simpson Grade I-II resection was achieved in
86% of patients with Grade I meningiomas, 69% of those with
Grade 11, and only 40% of patients with Grade III tumors. The
differences between malignancy grade groups were statistically
significant (> = 17.8; p < 0.001), highlighting the increasing
difficulty of achieving radical resection as tumor aggressiveness
increases. This trend suggests that Grade III tumors are
generally more invasive, exhibit greater vascularization, and
often adhere tightly to critical anatomical structures, which
limits the feasibility of complete resection without significant
risk to neurological function. In contrast, Grade I meningiomas
typically have well-defined margins and are located in more
surgically accessible regions, allowing for higher rates of
radical resection.

The results presented in Figure 1 clearly demonstrate the
dependence of surgical radicality on the histological grade
of meningiomas. In patients with benign tumors (Grade I),
complete or subtotal resection according to Simpson I-II was
achieved in the vast majority of cases (86%), reflecting their
well-defined growth boundaries, lower vascularization, and
relatively accessible locations.

In Grade II meningiomas, the proportion of radical resections
decreased to 69%, which can be explained by their increased
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Figure 1. Frequency of Simpson I-1I resections in patients with meningiomas of different histological grades (Grade I-11I).
Note: The diagram illustrates the proportion of radical resections (Simpson I-II) within each group. The highest rate of radical removal was

observed in Grade I tumors, whereas the lowest was recorded in Grade I11.
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Figure 2. Distribution of intracranial meningiomas by anatomical localization.
Note: The figure illustrates the proportion of meningiomas located at the convexity, parasagittal region, skull base, and posterior cranial fossa.

Convexity meningiomas were the most frequent.

biological aggressiveness and closer interaction with surrounding
tissues. The most pronounced limitations in surgical radicality
were observed in Grade III meningiomas, where Simpson I-II
resection was achieved in only 40% of cases. This is attributable
to deep invasion into brain tissue, marked angiogenesis, and
frequent occurrence in surgically challenging locations, where
the risk of damaging critical neurovascular structures restricts
the possibility of complete removal.

Thus, the data confirm that the histological grade of a
meningioma is one of the key factors determining both the
surgical strategy and its outcomes. While radical resection
can be achieved in the majority of Grade I cases, patients
with Grade III tumors require additional strategies, including
combined approaches, early initiation of adjuvant therapy, and
more intensive rehabilitation.

The distribution of tumors by anatomical localization also
has important clinical and surgical implications (Figure 2). The
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most common tumor localization in the study was convexity
meningiomas (41%), followed by parasagittal (26%), skull
base (22%), and posterior fossa meningiomas (11%). This
pattern aligns with established data in the literature, where the
predominance of supratentorial meningiomas is attributed to
larger surface area and specific vascular anatomy. Notably, skull
base and posterior fossa meningiomas, although less frequent,
are often associated with greater technical complexity during
resection and a higher risk of postoperative complications. This
partially explains the lower rates of radical resections observed
in Grade II and III groups, where such challenging localizations
are more prevalent than in typical convexity-based Grade I
tumors.

Thus, these findings emphasize the importance of considering
both histological grade and anatomical localization when
predicting the feasibility of radical meningioma resection and
assessing postoperative risk.



Histological Subtypes and Proliferative Activity:

The findings presented in Table 1 clearly demonstrate a strong
association between the histological subtype of meningioma, the
level of proliferative activity (Ki-67), and angiogenesis (CD34).
A statistically significant increase in both markers was observed
from Grade I to Grade III tumors (p < 0.001), highlighting the
progressive biological aggressiveness associated with higher
tumor grades.

Proliferative Activity (Ki-67): The lowest Ki-67 levels were
found in meningothelial (1.82 + 0.12%) and psammomatous
(2.15 + 0.21%) meningiomas, consistent with their favorable
biological behavior. The fibrous subtype showed a mean
value of 2.65 + 0.22%, while atypical (Grade II) meningiomas
demonstrated a significantly higher index of 7.65 + 0.40%. The
highest Ki-67 value was recorded in malignant meningiomas
(Grade III), averaging 18.73 = 1.37% (p < 0.001 vs. Grade I
and II), reflecting a high mitotic potential. The wide range
within this group [13.36-25.54%] also indicates considerable
heterogeneity among Grade III tumors.

Angiogenesis  (CD34):  Microvascular  density  also
progressively increased with tumor grade, from 6.41 + 0.57
vessels/HPF in psammomatous tumors to 21.55 + 2.11 vessels/
HPF in Grade III meningiomas (p < 0.001 compared to Grade I
and II). These results are consistent with the understanding that
angiogenesis plays a crucial role in the growth and invasiveness
of high-grade meningiomas.

Correlation Between Ki-67 and CD34: Correlation analysis
confirmed a statistically significant relationship between

=

Grade] m——

0 1

Tumor category

the level of proliferative activity, as measured by Ki-67, and
the degree of angiogenesis, assessed via CD34 expression.
Pearson’s correlation coefficient was r = 0.72, indicating a
strong positive correlation; the p-value was < 0.001, confirming
high statistical reliability. This means that an increase in the
proportion of actively dividing cells (high Ki-67) is associated
with increased microvascular density (high CD34). This pattern
was consistently observed with progression from benign (Grade
I) to atypical (Grade II) and malignant (Grade I1I) meningiomas,
with a synchronous rise in both markers: Grade II (atypical): Ki-
67 =7.65%, CD34 = 16.02 vessels/HPF; Grade III (malignant):
Ki-67 = 18.73%, CD34 = 21.55 vessels/HPF This correlation
has important biological and clinical implications. A high
proliferative index combined with marked angiogenesis may
indicate a potentially more aggressive tumor course and an
elevated risk of recurrence.

Thus, the correlation analysis confirmed a close relationship
between Ki-67 and CD34 levels (r=0.72; p<0.001), suggesting
that tumors with higher proliferative activity are also more
vascularized, facilitating invasive growth and recurrence risk.
Therefore, Ki-67 and CD34 can serve not only as morphological
indicators of tumor malignancy but also as valuable markers for
prognosis and guiding follow-up strategies.

Brain Invasion and Recurrence:

Invasion depth increased with tumor grade (Figure 3): Grade
1-0.92 + 0.07 mm, Grade II - 2.50 £ 0.14 mm, and Grade III
—4.51 £0.18 mm (ANOVA, p <0.001). Invasion > 3 mm was
observed in 4% of Grade I, 47% of Grade II, and 80% of Grade

> [NVasion =3 1117111
Grade TTT
GradeII

2 3 4

N

Depth of invasion (mm)

Figure 3. Depth of tumor invasion into the brain (mm) across Grade I-11l groups, indicating the category “invasion >3 mm. Invasion depth (mm)
reflects the mean depth of tumor infiltration into brain tissue across groups. Tumor category indicates classification by malignancy grade and the

invasion threshold of >3 mm.

Table 1. Proliferative and Angiogenic Activity Across Meningioma Subtypes.

Histological Subtype Ki-67 (%) CD34 (vessels/HPF)

(M£m) [25%;75%] [Min;Max] (M=£m) [25%;75%] [Min;Max]
Meningothelial 1.82+0.12 [1.31;2.30] [0.24; 3.67] 8.06+0.31 [6.90;9.62] [2.07; 11.70]
Fibrous 2.65+0.22 |[2.12;3.15] [0.20; 5.46] 9.60+£0.47 |[7.46;11.12] [5.22; 15.00]
Psammomatous 2.15+£0.21 |[1.87;2.51] [0.97; 3.13] 6.41 £0.57 |[5.26; 6.88] [4.31;11.17]
Atypical (Grade II) 7.65+0.40 [5.53; 8.64] [4.07; 15.88] 16.02 + 0.68 [[13.43; 18.59] [8.30; 24.80]
Malignant (Grade III) 18.73 £ 1.37 [[15.71;21.51] [13.36; 25.54] 21.55+2.11 |[19.20; 26.05] [7.55;30.99]

“*7 _ Statistically significant difference compared to Grade I and Il (p < 0.001).
Ki-67 is a proliferative index expressed as a percentage (%) and reflects the proportion of tumor cells actively undergoing division. For example,

Ki-67 = 7.4% indicates that 7.4% of the cells are in the mitotic phase.

CD34 is an immunohistochemical marker of angiogenesis, measured as the number of vessels per high-power field (vessels/HPF) under a
microscope. CD34 = 16 vessels/HPF means that, on average, 16 microvessels are observed within one high-power field at 400 magnification.
A significant increase in both Ki-67 and CD34 values was observed from Grade I to Grade Il meningiomas (p < 0.001).
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IIT patients (p < 0.001) and was associated with an increased
risk of early recurrence (OR = 3.8; p <0.001).

The five-year recurrence risk was 9.8% for Grade I, 28.1%
for Grade I, and 60% for Grade III (p < 0.001), confirming the
prognostic significance of invasion depth in meningiomas.

The data presented in Table 2 confirm the presence of
significant differences in tumor invasiveness and recurrence
rates depending on the histological grade of malignancy. Brain
tissue invasion was detected in only 4% of patients with Grade
I meningiomas, whereas this figure increased to 47% in Grade
IT and reached 80% in Grade III cases (p < 0.001), indicating
a progressive disruption of the tumor-brain interface with
increasing tumor aggressiveness.

Invasion depth also played a significant role: in patients with
tumor infiltration >3 mm, the risk of early recurrence was 3.8
times higher compared to other cases (OR = 3.8; p < 0.001).
This underscores the clinical importance of morphologically
assessing invasion depth as an independent prognostic factor.
The five-year recurrence rate increased progressively with
tumor grade: 9.8% for Grade I, 28.1% for Grade II, 60% for
Grade III (p < 0.001). These statistically significant differences
highlight the need for more intensive postoperative surveillance
and possible adjuvant therapy in patients with high-grade and
invasive meningiomas.

Thus, the presence and depth of brain invasion should be
considered key factors when planning follow-up treatment and
assessing recurrence risk in meningioma patients.

Functional Recovery (FR) and Rehabilitation Potential (RP):

The results presented in Table 3 demonstrate a significant
improvement in patients’ functional status following surgical
treatment of meningiomas. The average preoperative Karnofsky
Performance Scale (KPS) score was 68.4 4 1.5 (interquartile
range [65; 70], range [60; 75]). Three months after surgery, this
score significantly increased to 79.5 + 1.4 ([75; 85], range [65;
90]; p <0.001). This improvement confirms the effectiveness
of surgical intervention in restoring daily functional activity
and reducing neurological deficits. The average difference

High Rehabilitation Potential (%)

AKPS (points)

0

Functional recovery
indicators

Grade I1I

between pre- and postoperative scores was +11.1 points,
reflecting a positive trajectory and successful recovery in most
cases. Importantly, statistically significant improvement was
also observed in patients with Grade II and Grade III tumors,
underscoring the relevance of surgical intervention even in more
aggressive tumor forms-provided that appropriate postoperative
monitoring and rehabilitation measures are implemented. The
graphical comparison of AKPS and AFIM alongside the rate of
high rehabilitation potential (Figure 4) underscores significant
differences in patient recovery capacity according to the
meningioma’s malignancy grade.

The indicators of functional recovery (Table 4), including
AKPS and AFIM, as well as rehabilitation potential (RP),
demonstrated a clear dependence on the malignancy grade
of the meningiomas. The greatest increase in Karnofsky
Performance Scale scores (AKPS) was observed in patients
with Grade I tumors, averaging 18.2 + 1.1 points, compared to
11.4 + 1.3 points in Grade II and only 4.1 + 0.9 points in Grade
III. The differences between Grade I/Il and Grade III groups
were statistically significant (p < 0.001). Similarly, recovery
as measured by the Functional Independence Measure (FIM)
showed the following improvements: 25.1 1.2 points for
Grade I, 14.2 &+ 1.6 for Grade II, and 6.3 + 1.1 for Grade III, with
statistically significant differences observed when compared to
Grade III (p < 0.001). These findings indicate a notably higher
recovery potential among patients with benign meningiomas. The
proportion of patients classified as having a high rehabilitation
potential (High RP)-defined as those achieving substantial
functional improvement-was also the highest in the Grade I
group (73.2%), followed by Grade II (34.5%), and significantly
lower in Grade III (10.1%) (p < 0.001). These results emphasize
that patients with well-differentiated tumors not only achieve
better clinical outcomes but also have a markedly higher
likelihood of successful postoperative rehabilitation.

Thus, the KPS scale serves as a reliable and sensitive tool
for assessing functional status, providing an objective measure
of recovery quality following the resection of intracranial

|
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Figure 4. Comparison of Functional Recovery and Rehabilitation Potential by Meningioma Grade.
Note: FR - Functional Recovery. AKPS (Delta Karnofsky Performance Status) - the change (increase or decrease) in Karnofsky score, which
assesses a patient’s functional status on a scale from 0 to 100 (where 100 indicates full activity). For example, AKPS = +18 means the patient's
functional status improved by 18 points following treatment or surgery. AFIM (Delta Functional Independence Measure) - the change in FIM
score, which evaluates a patient’s ability to perform daily activities independently. The FIM covers both cognitive and motor functions. AFIM =
+25 indicates a 25-point improvement in the patient’s level of independence after rehabilitation.
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Table 2. Comparative Characteristics of Tumor Invasion Depth by WHO Grade.

Grade M=£m (Mm) IQR [25%;75%], Mmm Range [Min;Max], mm
Grade I 0.92 +0.07 [0.76; 1.14] [0.23; 1.63]
Grade 11 2.50+£0.14 [2.03; 3.04] [1.03; 4.08]
Grade 111 4.51+£0.18 * [3.99; 5.24] [1.88; 6.06]
Invasion >3 mm 3.85+021%* [3.10; 4.50] [3.00; 6.10]

“*7 _ Statistically significant difference compared to Grade I and Il (based on one-way ANOVA with Tukey’s post hoc test, p < 0.001). Brain
invasion was observed in 4% of Grade I, 47% of Grade 11, and 80% of Grade Il meningiomas (p < 0.001). Invasion >3 mm significantly increased
the risk of early recurrence (OR = 3.8, p < 0.001).

Table 3. Assessment of Karnofsky Performance Scale (KPS) Before and After Surgery.

Group Preoperative KPS (points) KPS at 3 Months Postoperative (points)
Grade [ 67.2+1.5 85.4 +1.2*%

Grade II 593+1.8 70.7 £ 1.5%

Grade 111 48.4+2.1 525+17

* — Statistically significant improvement compared to preoperative level (p < 0.001). Data are presented as mean + standard error (M + m).
Statistical analysis was performed using the paired t-test.

Table 4. Functional Recovery and Rehabilitation Potential According to Tumor Grade.

AKPS AFIM RP
Grade points [25%375%] [Min;Max] points [25%375%] [Mun;Makc] g/lg)h RP [25%375%] [Min;Max]
(]
Grade [ :81,2*ﬁ: [15;21] [10;25] %Sil*i [20; 29] [15;35] 73,2*  [68; 78] [60; 84]
Grade 11 ig’ti [9; 14] [5;20] 14(;2*3% [11;17] [7;22] 345*  29;39] [21;45]
Grade III 4,1 £0,9 [3; 6] [2; 8] 6,3+1,1 [4;8] [3; 10] 10,1 [7;12] [5; 15]

Note: Values are presented as mean + standard error (M+m), interquartile range [25%,; 75%], and range [Min; Max]. High RP = High
Rehabilitation Potential. “*” - indicates statistically significant difference compared to Grade Il (p < 0.001). Statistical analysis was performed
using ANOVA followed by Tukey’s post-hoc test.

Table 5. Independent Predictors of High Rehabilitation Potential.

Predictor OR CI P Definition and Association with Rehabilitation Potential (RP)

Ki-67 < 4% 46 20-10.5 0.001 Low proliferative index; increases the likelihood of high RP more than
fourfold.

CD34 < 12 vessels/HPF 2.9 13-6.4 0.008 Reduced tumor angiogenic activity; associated with favorable recovery
outcomes.

Simpson Grade I-11 Radical tumor removal; significantly increases the probability of

X 2.5 1.1-5.6 0.027 e
Resection successful rehabilitation.
Absence of Diffuse No deep brain invasion; lowers the risk of neuronal damage and facilitates
. 32 1.4-7.2 0.005
Invasion recovery.

Note: Statistical analysis was performed using multivariate logistic regression. The significance threshold was set at p < 0.05. OR - Odds Ratio;
95% CI — 95% Confidence Interval.

meningiomas. The malignancy grade of the meningioma
has a direct impact on the depth of functional recovery and
rehabilitation prospects, which should be carefully considered
when developing an individualized patient management plan.

Predictive Model.

The regression analysis (Table 5) identified a number
of independent factors significantly associated with high
rehabilitation potential (RP) in patients following meningioma
resection. The most significant biological marker was a low
proliferative index: Ki-67 levels below 4% increased the
likelihood of high RP by more than fourfold (OR = 4.6; p =
0.001). This finding reinforces the importance of low mitotic
activity as a predictor of favorable recovery. Another important
predictor was angiogenic activity as measured by CD34
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expression. A microvessel density of less than 12 vessels/
HPF was significantly associated with improved rehabilitation
outcomes (OR =2.9; p=0.008), highlighting the role of reduced
vascular invasion in achieving better recovery. Additionally,
the extent of tumor resection showed a statistically significant
impact: complete or subtotal resections (Simpson Grade I-1I)
increased the probability of high RP by 2.5 times (OR =2.5;p=
0.027), underscoring the importance of surgical radicality in the
rehabilitation process.

Finally, the absence of diffuse tumor invasion into brain tissue
also emerged as a reliable predictor of favorable functional
recovery (OR = 3.2; p = 0.005). This is likely related to
less neuronal damage and more favorable conditions for
neuroplasticity in the postoperative period. Taken together,



these factors may serve as the foundation for a prognostic
model aimed at evaluating rehabilitation potential and guiding
personalized planning of postoperative recovery strategies.

Discussion.

The conducted study provided a comprehensive assessment
of the clinicopathological features of meningiomas of varying
WHO grades, with a particular focus on proliferative activity
(Ki-67), angiogenesis (CD34), invasiveness, functional
outcomes, and rehabilitation potential. The results underscore
the complex interrelationship between the biological behavior
of the tumor and the clinical outcomes in affected patients. It
should be noted that the small number of patients with Grade 11
and Grade III tumors reduces the statistical power of the analysis
in these subgroups, which may have led to an underestimation
of differences or to wider confidence intervals.

Ki-67 Proliferative Activity as a Marker of Tumor
Aggressiveness and Prognosis:

The Ki-67 proliferative index showed a significant increase
from Grade I to Grade III (mean 1.82% in Grade I vs. 18.73%
in Grade III; p < 0.001), reflecting enhanced mitotic activity
in high-grade meningiomas. This trend is consistent with
several international studies. For instance, Sahamie et al. (2015)
reported that Ki-67 levels above 4% significantly increase the
risk of tumor recurrence. In our study, Ki-67 < 4% was found to be
an independent predictor of high rehabilitation potential (OR = 4.6;
p=0.001), highlighting its clinical relevance not only in oncologic
prognosis but also in assessing functional recovery prospects.

Angiogenesis (CD34) and Its Role in Evaluating Tumor
Biology:

CD34, indicating microvascular density within the tumor,
also showed a progressive increase from Grade I (mean 8.06
vessels/HPF) to Grade III (21.55 vessels/HPF; p < 0.001).
In our analysis, CD34 levels below 12 vessels’HPF were
significantly associated with high rehabilitation potential (OR
= 2.9; p = 0.008). These findings are consistent with those of
Zheng et al. (2020), who emphasized the role of vascularization
in tumor aggressiveness. High vascular density correlates with
accelerated growth, invasiveness, and recurrence risk, while
moderate angiogenesis is linked to more favorable postoperative
outcomes.

Brain Invasion and Its Prognostic Significance:

Tumorinvasion into braintissue was observed in 80% of patients
with Grade I1I meningiomas, compared to only 4% in Grade I (p
<0.001). A depth of invasion >3 mm was found to increase the
risk of early recurrence by 3.8 times (p < 0.001), whereas the
absence of diffuse brain invasion was an independent predictor
of favorable functional recovery (OR = 3.2; p = 0.005). These
findings are in line with the conclusions of Marosi et al. (2008),
who noted that microscopic invasion is a hallmark of aggressive
tumor behavior. From a neurophysiological perspective, deep
invasion compromises neuronal connectivity, limiting plasticity
and reducing the brain’s capacity for functional restoration.

Extent of Resection and Its Impact on Outcome:

Complete or subtotal resection (Simpson Grade I-1I) was
identified as a significant independent predictor of high
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rehabilitation potential (OR =2.5; p =0.027). This is consistent
with findings from Sandow et al. (2014), which emphasized the
importance of radical surgical removal in reducing recurrence
risk and enhancing rehabilitation outcomes. This factor is
especially critical in patients with Grade II meningiomas, where
aggressive resection may help offset the tumor’s less favorable
biological characteristics.

Overall, the integration of morphological, biological, and
surgical variables offers a more nuanced understanding of
recovery prospects and can inform personalized strategies for
postoperative care and rehabilitation in patients with intracranial
meningiomas.

Functional Recovery and Rehabilitation Potential:

Patients with Grade I meningiomas demonstrated the most
favorable recovery outcomes: AKPS = +18, AFIM = +25,
and high rehabilitation potential (HRP) in 73.2% of cases (p
< 0.001). In contrast, Grade III patients showed significantly
poorer outcomes: AKPS =+4, AFIM = +6, with HRP achieved in
only 10.1% of cases. These findings confirm that a biologically
favorable tumor profile-low Ki-67, moderate angiogenesis,
absence of brain invasion, and complete resection-is associated
with better quality of recovery.

Prognostic Model: Practical Significance:

The combination of four factors (Ki-67 < 4%, CD34 < 12
vessels/HPF, Simpson Grade I-II resection, and absence of
diffuse invasion) enabled the construction of a predictive model
for assessing the likelihood of high rehabilitation potential.
This model has potential clinical utility in guiding surgical
decision-making and forecasting postoperative outcomes,
including the need for rehabilitation strategies. The study
confirms the prognostic value of Ki-67, CD34, and brain
invasion in meningiomas. Grade I tumors demonstrate superior
functional recovery due to low proliferative activity and limited
angiogenesis. In contrast, more aggressive tumor forms are
associated with complications, delayed recovery, and higher
recurrence rates. Histopathological characteristics-including
Ki-67 expression, CD34 expression, and depth of brain invasion
>3 mm-are significant prognostic indicators of recurrence risk
and functional outcome. These parameters can be incorporated
into routine pathological evaluation of meningiomas to improve
patient risk stratification. Based on these findings, individualized
follow-up protocols, decisions on adjuvant therapy, and timing
of neurorehabilitation can be formulated-especially for patients
with Grade II-III tumors or evidence of invasive growth.

Future Research Directions.

Further studies on meningiomas should focus on the following
areas:

Integration of molecular-genetic profiling, including
mutations in TERT, NF2, TRAF7, and others, to enhance
molecular classification and predict aggressive behavior.
Development of predictive models using machine learning,
incorporating multiparametric data (CT/MRI, histology,
clinical parameters) for automated recurrence risk estimation.
In-depth  exploration  of  tumor—microenvironment
interactions, particularly the roles of immune cells,
angiogenesis, and fibrosis in meningioma progression.



Creation of universal morphometric invasion scoring systems
suitable for routine pathological use and highly reproducible
across centers.

Limitations and Potential Sources of Bias.

Despite meaningful results, the study has several

methodological limitations:

- The retrospective nature of the analysis limits control over
confounding variables and complicates causal inference.
Underrepresentation of Grade II and III subgroups, reducing
the statistical power of comparative analyses.

Variability in immunohistochemical procedures and
interpretation of Ki-67 and CD34 expression across
laboratories.

Limited follow-up duration, which may hinder the assessment
of delayed recurrences, especially in the Grade I group.
Lack of detailed evaluation of surgical quality (e.g., Simpson
grade documentation), which may influence the interpretation

of prognostic markers.
Conclusion.

Morphological markers such as Ki-67 < 4%, low CD34
expression, and absence of brain invasion define a subgroup of
patients with a favorable prognosis and high recovery potential.
These parameters should be considered essential tools in
planning postoperative follow-up and rehabilitation strategies.
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I'meromaTtosiornyeckue MpeIukTophl H GYyHKIHOHAIBLHOE
BOCCTAHOBJIEHHE Y TANHEHTOB C BHYTPHYepPemMHbBIMH
MEHHHTHOMAaMH

AHHOTAIINA

Beenenne: llenpio gaHHOTO HMCcieqOBaHMs OBLIO HM3Yy4YUTH
KIIMHUKO-MOP(}OJIornYecKkre U (pyHKINOHAIBHBIE IPEIUKTOPHI
peadunuranonHoro  moreHnuana (PII) y  maumenros
rocie yJajueHus: BHYTPHUYEPENHBIX MEHHHTHOM. OCHOBHOU
3ajayeil SBISUIACh OIIEHKA MPOTHOCTUYECKOW 3HAYMMOCTH
ouomapkepoB omyxonu (Ki-67, CD34), rmyOuHbBl WHBa3uM B
MO3T 1 00bEMa XHUPYPrUUeCcKOT0 BMENIATEILCTBA B OTHOIICHUN
(YHKIIMOHAJIBHOTO BOCCTAHOBJICHHS ¥ BEPOSITHOCTH PELM/IMBA.
MEHUHTHOMBI  JIEMOHCTPUPYIOT HIMPOKHH OHOIOTHYECKHN
CIIEKTp, BIUSIOIIMA HAa PUCK PENHINBA, HEBPOJIOTHYECKHE
UCXOIBl ¥ TOTEHHWAN peadwiuTanuu. YYHuTBIBas IToO,
Ba)XHBIM AaCHEKTOM HCCIIEZOBAaHUS CTaJl0 COIOCTaBICHHE
MOP(OIIOTHYECKUX XaPAKTEPUCTUK OIMYXOJH C KIMHUYECKUMHU
WCXOJaMH, BKJIIOYas M3MEHEHUs B MIKajax (YHKIHMOHAJIBHOU
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nezasucumoctu (AKPS, AFIM) u nonrocpounsie mokasarenu
BoccTaHoBNieHusl. [lonydeHHblE [aHHBIE HaMpaBlIeHbl Ha
ONTUMM3ALMIO HHAMBUIYAIBHOTO IPOTHO33, YIIyUIIEHUE
IUTAHUPOBAHMS XUPYPTUUECKOro JIEUEHUS U IOCIeAyIomen
peadunuTanuy nanueHToB ¢ omyxossmu LIHC.

Metoasl: B wucciengoBanue BKIIOYEHBI 124 mamueHTa
(cpemuuii Bo3pact 56 = 12 net; 61 % >KEHIIUHBI), IepeHECIIINE
XUPYprudeckoe JjeueHue MeHUHruoMm B mepuon 2019-2024

rr.  OneHuBauch O0O0BEM  pPE3EKIUH, T'MCTOJIOTHYECKHN
nmoAaTHn,  wHAeKc  mponmudepannu  Ki-67,  mimoTHOCTH
mukpococynoB  (CD34), a Takke IOCIICONepaiOHHBIC

KIIMHUKO-(YHKIIMOHAIbHBIE TTOKa3aTenn. OyHKIMOHaIbHBINA
CTaTyC OLEHHUBAJCS OO0 M depe3 3 Mecslla Mocie ONepanuu
¢ wucnosbzoBanueM Imkansl KapHoBckoro (KPS) um mikamsr
¢ynkronanpHON HezaBucumocTH (FIM).

Pesyabrarsr: Onyxonu Grade | nmenu 3HaunTenbHO Ooiee
Huskue 3HaueHus Ki-67 (2,0-2,5 %) u CD34 (6-10 cocymos/
HPF) o cpaeuenuto ¢ Grade 11 (7,4 %) u Grade III (17,9 %)
(p < 0,001). MuBaszust >3 MM HE3aBUCHMO yBEJIMYHBAJa PUCK
pannero peuunusa (OP = 3.8; p < 0,001). Ki-67 >8 % n CD34
>15 cocynos/HPF sBnsunch He3aBHCHUMBIMHU IIPETUKTOPaMHU
petmmuBa (Cox-perpeccusi). Bricokuil peaOMINTAIIMOHHBIN
norernman (AKPS >15 u AFIM >20) 6bu1 nocturuyT y 73 %
narrienToB ¢ Grade I mpotus 10 % ¢ Grade III (p < 0,001).

3akarouenue: Huskue 3nauenus Ki-67 u CD34 B couerannn
C OTCYTCTBHEM HWHBAa3UM B MO3TOBYIO TKaHb JOCTOBEPHO
MIPEACKa3bIBAlOT  OJIATONPHSATHOE  BOCCTaHOBIEHHE W
HU3KUH DPHCK penuauBa. ATrpeccHBHBIE MOPQOIOTHUECKHE
XapaKTEepUCTUKU TpeOyloT paHHEW aJbIOBaHTHOM Tepamuu u
pacuIMpeHHOro peadbMINTallMOHHOTO BMEIIATEILCTBA.
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