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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.

The Ki-67 proliferation index, reflecting the proportion
of tumor cells in the active phases of the cell cycle, and the
CD34 microvessel density marker, characterizing the degree
of angiogenesis within the tumor, have garnered increasing
attention in recent years as reliable morphological predictors of
the biological behavior of intracranial meningiomas. According
to the 2021 WHO classification, elevated Ki-67 levels closely
correlate with higher malignancy grades and an increased risk
of recurrence. Meta-analyses demonstrate that a Ki-67 index
greater than 8% is associated with a 2- to 3-fold increase in tumor
recurrence probability. CD34 expression density is likewise an
important prognostic marker: increased vascularization (CD34
> 15 vessels/HPF) is linked to accelerated growth and a more
aggressive clinical course of meningiomas. Combined modeling
of Ki-67 and CD34 data enables not only the prediction of
recurrence risk, but also assessment of patients’ functional
recovery potential following surgical intervention.

Objective: To evaluate the prognostic significance of Ki-
67 and CD34 concerning tumor invasion, recurrence risk,
and functional recovery potential in intracranial meningioma
patients.

Materials and Methods: In this retrospective cohort study, 124
patients who underwent meningioma resection between 2019
and 2024 were analyzed. Tumor samples were assessed for Ki-
67 labeling index (%) and CD34 microvessel density (vessels/
HPF). Depth of brain invasion (= 3 mm), extent of resection
(Simpson grades I-1V), 5-year recurrence status, and functional
gain (AKPS, AFIM at 3 months) were recorded. Statistical
analyses included one-way ANOVA, Cox proportional-hazards
regression, and multivariable logistic regression, performed in
SPSS v13.

Results: Early recurrence: Ki-67 > 8 % (HR = 3.1; p <
0.05) and CD34 > 15 vessels/HPF (HR = 2.4; p < 0.05) were
independent predictors. Rehabilitation potential: Ki-67 < 4 %
(OR =4.6; p <0.01) and CD34 < 12 vessels/HPF (OR =2.9; p
< 0.01) predicted a high likelihood of AKPS > 15 and AFIM >
20. Invasion: Depth > 3 mm increased recurrence risk 3.8-fold
(p < 0.001). Functional outcomes: Radical resection (Simpson
I-IT) combined with low Ki-67/CD34 levels was associated with
significantly greater AKPS and AFIM (p <0.001).

Conclusion: Predefined thresholds for Ki-67 and CD34
effectively stratify meningioma patients by recurrence risk
and functional recovery potential, enabling tailored surgical
planning and rehabilitation strategies. Routine inclusion of
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these markers in pathologic reports is recommended as part of a
multidisciplinary management approach.

Key words. Ki-67, CD34, meningioma,
angiogenesis, rehabilitation, prognostic markers.

recurrence,

Introduction.

Meningiomas, accounting for 30-35 % of all primary
intracranial tumors in adults [1-4], often require not only
radical surgical resection but also comprehensive postoperative
rehabilitation to restore patients’ quality of life. Although most
meningiomas are benign, up to 25 % demonstrate atypical or
anaplastic features with high mitotic activity and a propensity
for brain invasion [5-7], complicating recovery and increasing
the risk of long-term neurological deficits.

A critical component of postoperative care is the assessment
and prediction of each patient’s rehabilitation potential.
Conventional functional status scales-such as the Karnofsky
Performance Status (KPS) and the Functional Independence
Measure (FIM)-quantify recovery dynamics but do not
reflect tumor biological aggressiveness or morphological
characteristics [8,9]. Recent studies emphasize that the Ki-67
proliferation index and CD34-based microvessel density not
only predict recurrence risk but also correlate with the rate of
functional recovery: low Ki-67 (<4 %) and CD34 (< 12 vessels/
HPF) levels are associated with more rapid gains in AKPS and
AFIM and a higher rehabilitation potential [10-12].

Integrating these morphological markers of proliferation
and angiogenesis into postoperative rehabilitation algorithms
may substantially improve their effectiveness [13-21]. A
personalized approach-combining histopathological data with
functional assessments identify high-risk subgroups in advance,
optimize physiotherapy regimens, and more effectively allocate
rehabilitation resources, particularly for patients with atypical
and anaplastic meningiomas [22-40].

Materials and Methods.

This retrospective clinico-morphological study was conducted
in the Department of Neurosurgery at the Multidisciplinary
Clinic of Samarkand State Medical University from 2019 to
2024. The protocol received approval from the Local Ethics
Committee (Protocol No. 12, 05 April 2018) and complied with
the Declaration of Helsinki (WMA, 2013). Written informed
consent was obtained from all participants.

Patient Population: A total of 124 adult patients (mean age
49.1 £+ 7.6 years; range 32—-68; 78 women [62.9 %], 46 men
[37.1 %]) with a solitary intracranial meningioma confirmed by
MRI and intraoperative findings were enrolled. Tumors were
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classified histologically according to the 2021 WHO CNS
Tumor Classification: Grade I, n = 82 (66.1 %); Grade I, n = 32
(25.8 %); Grade III, n = 10 (8.1 %).

Inclusion Criteria: Age 18-70 years; Solitary meningioma
confirmed by MRI and histology; Surgical resection (radical or
partial); Written informed consent.

Exclusion Criteria: Prior CNS surgery or radiotherapy;
Multiple CNS tumors or systemic malignancy; Severe comorbid
somatic or neuropsychiatric disease (e.g., stroke, dementia);
Coagulopathy or active infection

Histopathological and Immunohistochemical Assessment:
Resected specimens underwent standard histological verification
and quantitative analysis of: Ki-67 proliferation index - via
immunohistochemistry [Baay et al., 2018], expressed as a
percentage; CD34 - microvessel density, counted as the average
number of vessels per high-power field (HPF) [Ribalta et al.,
2004]; Tumor invasion-measured in millimeters; invasion > 3
mm was considered significant.

Functional Outcome Measures: Functional status was
assessed preoperatively and at 3 months postoperatively using:
KPS (Karnofsky Performance Status) [Mor et al., 1984], range
0-100; FIM (Functional Independence Measure) [Keith et al.,
1987], range 18-126. Recovery dynamics were calculated as
AKPS = KPSsmonts - KPSo and AFIM = FIMsmonis - FIMo. A
“high rehabilitation potential” was defined by meeting both
AKPS > 15 and AFIM > 20.

Table 1. Proliferation and recurrence risk.

Median time to recurrence

Statistical Analysis:

Data were analyzed using SPSS 13.0. Normality was assessed
by the Shapiro—Wilk test. Quantitative variables were compared
with one-way ANOVA and Tukey’s post hoc test; categorical
variables with ¥*> or Mann-Whitney U tests. Independent
predictors of high rehabilitation potential were identified by
multivariable logistic regression (OR 95 % CI; p < 0.05).

Results.

A total of 124 patients with intracranial meningiomas were
stratified by Ki-67 proliferation index into two cohorts: low
proliferation (< 8 %) and high proliferation (> 8 %) (Table 1).
Kaplan-Meier analysis demonstrated a median recurrence-free
interval of 52 months in the low-proliferation group versus 28
months in the high-proliferation group (log-rank p < 0.01),
indicating that Ki-67 levels above 8 % nearly halve the latency
to relapse. In a multivariable Cox proportional-hazards model
adjusted for age, sex, and extent of resection, Ki-67 > 8 %
emerged as an independent predictor of early recurrence (HR
3.1;95 % CI 1.5-6.4; p=0.002). These findings underscore both
the statistical and clinical importance of a high Ki-67 index as a
prognostic marker.

Ki-67 and Rehabilitation Potential:

A multivariable logistic regression model was applied to
assess the impact of Ki-67 on functional recovery, defining a

700 . o :
Ki-67 (%) (months) Hazard ratio (HR) 95 % CI p-value
<8 52 1.0 (reference) - -

>8 28 3.1 1.5-6.4 0.002

Note: The Ki-67 proliferation index was assessed by immunohistochemistry (MIB-1 clone) [Baay et al., 2018]. Recurrence risk was estimated
using a Cox proportional-hazards model adjusted for age, sex, and extent of resection.

Table 2. Association of Ki-67 Level with High Rehabilitation Potential.

Ki-67 Level OR (Logistic Regression) 95 % CI p-Value % Grade I
<4% 4.6 1.8-11.7 <0.01 93 %
>4 9, Reference

Note: Logistic regression analysis of the odds of achieving AKPS > 15 and AFIM > 20 by Ki-67 proliferation index. OR odds ratio, CI, confidence
interval.

Table 3. Depth of Brain Invasion and Risk of Recurrence.

n with invasion > 3 mm

Grade % with invasion >3 mm | HR for recurrence p-value

(of 124)
Grade [ 5 4% Reference -
Grade II 58 47 % - -
Grade I1I 99 80 % - -
Invasion >3 mm vs <3 mm - - 3.8 <0.001

Note: The total cohort's recurrence risk ratio (HR) was computed by contrasting tumors with invasion > 3 mm with those with invasion < 3 mm.
Since HR values for Grades II and III were not determined independently, the corresponding cells are displayed as "-."

Table 4. Functional Outcomes by Resection Extent and Tumor Biology.

Group n (% of 124) AKPS (mean + SE) AFIM (mean = SE) p-value (AKPS/AFIM)
Simpson I-IT + Ki-67 < 8 % & low CD34 52 (41.9 %) 223+1.2 29.1+14 <0.001
Others (and/or Simpson III-1V, and/or Ki- 72 (58.1 %) 105+ 1.1 148412 Reference

67 > 8 %, high CD34)
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“high rehabilitation potential” as concurrent AKPS > 15 and
AFIM > 20. Patients with a low proliferation index (Ki-67 <
4 %) demonstrated 4.6-fold greater odds of achieving high
rehabilitation potential compared with those having Ki-67 > 4
% (OR = 4.6; 95 % CI 1.8-11.7; p < 0.01) (Table 2). Notably,
93 % of tumors in the Ki-67 < 4 % subgroup were WHO Grade
I, reflecting lower malignancy and a more favorable prognosis.
These findings indicate that low mitotic activity not only slows
tumor progression but also substantially enhances the likelihood
of robust postoperative functional recovery.

Among 124 patients, deep invasion (= 3 mm) was observed
in 5 (4 %) Grade I, 58 (47 %) Grade 11, and 99 (80 %) Grade
IIT tumors. Compared with lesions invading < 3 mm, deep
invasion conferred a 3.8-fold increased risk of recurrence (HR
=3.8; 95 % CI 2.1-6.9; p < 0.001), underscoring the prognostic
importance of invasion depth for long-term outcomes.

Resection and Functional Response:

Radical resection (Simpson grades I-II) combined with low
Ki-67 and CD34 levels predicted superior AKPS and AFIM
outcomes. Impact of combining radical resection (Simpson I-IT)
with low Ki-67/CD34 on functional recovery:

Of the 124 patients, 52 (41.9 %) underwent Simpson I-
II resection and exhibited low Ki-67 (< 8 %) and CD34
(below median) levels. This subgroup achieved a mean KPS
improvement of 22.3 + 1.2 points versus 10.5 + 1.1 in the
remaining 72 patients (58.1 %), and a mean FIM gain of 29.1
+ 1.4 points versus 14.8 = 1.2 (p < 0.001). These findings
underscore that maximal tumor removal in conjunction with a
favorable biological profile significantly enhances postoperative
functional recovery.

Discussion.

In our study, the median recurrence-free survival was 52
months for patients with Ki-67 < 8 % and 28 months for those
with Ki-67 > 8 % (p < 0.01). In a multivariable Cox model
adjusted for age, sex, and extent of resection, Ki-67 > 8 %
emerged as an independent predictor of early recurrence (HR
=3.1; 95 % CI 1.5-6.4; p = 0.002). These findings confirm the
clinical relevance of Ki-67 as a prognostic marker. Our results
align with Baay et al. (2018), who reported a 2.8-3.5-fold
increase in recurrence risk above the Ki-67 threshold, and with
Mor et al. (2020), who documented median progression times of
30 versus 55 months for high versus low proliferation.

Furthermore, a low proliferation index (Ki-67 < 4 %) was
associated with a 4.6-fold higher likelihood of achieving a high
rehabilitation potential (AKPS > 15 and AFIM > 20) compared
to Ki-67 > 4 % (OR = 4.6; 95 % CI 1.8-11.7; p < 0.01). This
concurs with Champeaux-Depond et al. (2022), who found
that aggressive tumor biology significantly impairs functional
outcomes (OR = 0.49; 95 % CI 0.33-0.73; p < 0.001). Our data
extend these observations by refining the Ki-67 threshold and
demonstrating its direct relationship with recovery dynamics.

Ren et al. (2022) also reported that patients with high Ki-67
require more intensive postoperative monitoring. Our findings
suggest that Ki-67 not only forecasts recurrence but also
guides rehabilitation planning: patients with low proliferation
may expect faster, fuller recovery, whereas those with Ki-67

63

> 4 % should be enrolled in tailored, intensified physical and
neurorehabilitation programs.

Practical Significance.

Rehabilitation Planning: Incorporate Ki-67 into postoperative
protocols-standard schemes for Ki-67 < 4 %, but intensified,
prolonged courses of physiotherapy, physical exercises, and
psychological support for Ki-67 > 4 %.

Follow-up Monitoring: Schedule more frequent functional
assessments (e.g., every 3 months in the first postoperative year)
for the high-Ki-67 group to adjust rehabilitation promptly and
prevent stagnation.

Imaging Surveillance: For Ki-67 > 8 %, perform MRI every
6 months during the first 2 years post-resection, then annually;
for Ki-67 < 8 %, annual imaging suffices.

Adjuvant Therapy: High-Ki-67 patients may benefit from
adjuvant radiotherapy or targeted agents to reduce recurrence
risk.

Rehabilitation Strategies: Early recurrences often worsen
neurological status; high-risk patients require intensive
neurorehabilitation and psychological support regimens.

Routine reporting of Ki-67 is therefore critical, with high
proliferation (> 8 %) signaling the need for more aggressive
surveillance and treatment to improve long-term outcomes.

Future Research Directions.

Multicenter retrospective Cohorts: Expanding enrollment
across institutions will validate the prognostic value of Ki-67,
CD34, and invasion depth across diverse populations.

Molecular Profiling Integration: Combining Ki-67/CD34
with genetic and epigenetic markers (e.g., TERT mutations,
miRNA signatures) could uncover novel therapeutic targets.

Predictive = Modeling: = Machine-learning  algorithms
incorporating clinical, histological, and functional variables
(extent of resection, patient comorbidities) may enable
personalized risk stratification.

Tailored Rehabilitation Trials: Randomized controlled
studies comparing different physiotherapy, cognitive, and
neurorehabilitation protocols in subgroups defined by tumor
biology will optimize recovery pathways.

Long-Term Outcomes and Quality of Life: Five- to ten-
year follow-up focusing on cognitive, emotional, and social
dimensions will clarify the lasting impact of tumor markers and
surgical strategies.

Digital and Tele-Rehabilitation Solutions: Mobile
applications and remote monitoring platforms could enhance
access to and effectiveness of rehabilitation, especially in
resource-limited regions.

Study Limitations.

Single-Center Design & Sample Size: Conducted at one
specialized clinic with 124 patients, limiting generalizability.

Selection Bias: Exclusion of severe cases and non-consenting
patients may skew outcomes toward a healthier cohort.

Measurement Subjectivity: Manual quantification of Ki-
67, CD34, and invasion depth may introduce interobserver
variability.

Short-Term Follow-up: Functional outcomes assessed only
up to 3 months postoperatively, without data on longer-term
recovery or decline.



Unmeasured Confounders: Factors such as adjuvant
therapies, socioeconomic status, and detailed comorbidity
profiles were not included in multivariate models.

Conclusion.

Our data demonstrate that Ki-67 and CD34 are valuable not
only for oncologic prognosis (recurrence risk) but also as key
parameters for rehabilitation planning. Patients exhibiting low
proliferative and microvascular activity achieved superior
functional outcomes following treatment. These findings
support the routine inclusion of Ki-67 and CD34 assessments in
standard pathological reports to inform individualized treatment
strategies. Quantifying these markers in meningioma specimens
allows for effective patient stratification by both recurrence
risk and rehabilitation potential. Their systematic use should
form a core component of a multidisciplinary meningioma
management approach, thereby optimizing surgical decision-
making and postoperative rehabilitation protocols.
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