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Abstract

Glioblastoma (GBM) remains one of the most aggressive primary brain tumors, with surgical
resection serving as the cornerstone of initial management. This systematic literature review
synthesizes evidence from studies published between 2020 and 2025 on the influence of age
and gender on overall survival (OS) outcomes in patients undergoing surgical treatment
for GBM. A comprehensive search of academic databases identified 28 relevant studies,
encompassing retrospective cohorts, meta-analyses, population-based analyses, and case
reports. Key findings indicate that advanced age at diagnosis is consistently associated with
poorer OS, with hazard ratios (HR) typically exceeding 1.02 per year increment, reflecting
accelerated mortality risk in older patients. Gender disparities reveal mixed results: while
some studies report a survival advantage for females (HR 0.71-0.85), others observe no
significant difference or even higher short-term mortality in women, potentially influenced
by tumor biology, treatment tolerance, or comorbidities. Extent of resection emerges as a
critical modifier, with gross total resection (GTR) extending median OS by 6-24 months
across age and gender strata. These insights underscore the need for personalized surgical
strategies, considering demographic factors to optimize multimodal therapy. Limitations
include heterogeneity in study designs and adjuvant protocols. Future research should
prioritize prospective trials to elucidate molecular underpinnings of these disparities.
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BO3PACT U NOJ1 KAK NPOFHOCTUYECKUE ®AKTOPbI OEGLLEWN
BbIXXUBAEMOCTU NPU XUPYPTUYECKOM JIEMEHUU TMTUMOBJTIACTOMBbI:
CUCTEMATUYECKUWU OB3OP JINTEPATYPbI

Oumnak Yaynarauu',?, A6xu TumascuHa’

Ykropoickuii HallMOHAIbHBIM YHUBEPCUTET, YSKropof, YKpanHa

MexkmyHapoIHbIN yHUBepcuTeT Ikanan-Abana, Ixanan-A6an, Kelpreisctan
SMenuinHCcKui dhakyabTeT KaTMaHycKoro yHMBepcuTeTa, JIxynuxenb, KaBpe, Heman

AHHOTanua

Imnobnactoma ('BM) ocraeTcsi ogHOI M3 Haubojee arpecCUBHBIX IMEPBUYHBIX OIYXOJIei
TOJIOBHOTO MO3ra, IpU 3TOM XUPYpPIrUUYecKoe yhajleHue SIBASIeTCS KPaeyrojbHbIM KaMHEM
MepBOHAYAJIBHOTO JieueHMs. JIaHHBII CUCTEMATUUYECKUii 0030p JUTepaTypbl 06001IaeT
JaHHbIe MCC/IeIOBaHMIA, OIMyOaMKOBaHHBIX B mepuon ¢ 2020 mo 2025 rom, o BIAMSIHUMU
BO3pacTa 1 1oJja Ha o011y BbbKBaeMocTb (OB) y maiieHTOB, TlepeHeclInX XUPypruueckoe
neuyenye I'BM. B pe3ynbTraTe BCECTOPOHHEIO MOMCKA B aKaJeMUUeCKMX 60asax JaHHbIX ObIIO
BbISIBJIEHO 28 peieBaHTHBIX MCCIeNOBaHMIA, BKIOUYAKIIUX PETPOCHEKTUBHbIE KOTOPTHbIE
MCCIeAOBaHMSI, MeTaaHAIM3bI, TTOMYJ/ISIIIMOHHbBIE aHAIM3bI ¥ OTYETHI O CIyJasix 3a601eBaHMsI.
OcCHOBHbIe pe3ynbTaTbl IMOKA3bIBAKT, UTO IIOKWUJIOM BO3PacT Ha MOMEHT I[IOCTaHOBKU
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IMarHo3a HeM3MEeHHO acCOIMUPYeTCs ¢ Xymliei obieit BbkuBaeMocTbio (OB), ripu aTom
Koo duumenTsr pucka (KO) o6pryHO mpeBbimamT 1,02 Ha KaskAblii TOf, YBEIUYEHUS, UTO
OTpa’kaeT YCKOPEHHBI PUCK CMEPTHOCTU Y TOXWJIBIX INMalMeHTOB. [eHOepHble pa3nnuus
IOKAa3bIBAIOT MPOTUBOPEUMBBIE PE3YJIbTaThl: B TO BpeMs KaK HEKOTOpPbIe MCCIeLOBAHMS
COOOIIAIOT O IpPeMMYIIeCcTBe B BbDKMBaemocTu mjst skeHimuH (KO 0,71-0,85), apyrue He
HAOJII0AI0T CYIeCTBEHHOM Pa3HUIIbI UM AaXke OTMEYAloT 60Jiee BHICOKYIO KPAaTKOCPOUHYIO
CMEPTHOCTbD Y KeHIIVH, UTO MTOTEHIIMAIbHO MOXKeT ObITh O0YC/IOBIEHO 6MOIOTMEN OITyXO0JIN,
MIepeHOCUMOCTBIO JIeUeHUs] MM COIMYTCTBYIOUMMMU 3ab6oneBaHusimu. O6beM pe3eKIun
BBICTYTIAeT B KaueCTBe KPUTUUECKOTO MoAUdUKATOpa, IpM 3TOM MOJTHAsSI pe3eKLys OIMyX0In
(TIBO) yBenuumBaeT MeaaHHyo OB Ha 6-24 mecsla B 3aBMCMMOCTM OT BO3pacTa U IoJa.
OTU [OaHHbIE TOJUEPKMBAIOT HEOOXOOMMOCTDH I1ePCOHATM3UPOBAHHBIX XUPYPTrUUECKUX
cTpaTeruit ¢ yuetom gemorpaduueckux (GakTOpoB [/ ONTUMMU3ALUU MYIbTUMOAATbHOM
Tepanuu. OrpaHMYeHMS BKIIOYAIOT HEOJHOPOSHOCTD AM3aliHa UCCAeJOBaHMI U ITIPOTOKOJIOB
aIbIOBAHTHOV Tepanmuu. B Oygymmx MccaegoBaHUSIX ClefdyeT OTHaBaTh IPUOPUTET
MPOCHEKTUBHBIM UCIIBITAHUSIM [IJIS1 BBISICHEHUS MOJIEKY/ISIPHBIX OCHOB 3TUX Pa3/INUMIA.

KiroueBsle ciioBa: rimobnacroma, 'BM, rimoma, mporHocTuueckuit pakTop, XMpypruueckoe
BMeIlaTeIbCTBO
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Introduction

Glioblastoma multiforme (GBM), classified as a World Health Organization grade IV
astrocytoma, represents the most common and lethal primary malignant brain tumor
in adults [1]. Characterized by rapid proliferation, extensive infiltration, and resistance
to therapy, GBM carries a dismal prognosis, with median overall survival (OS) hovering
around 12-15 months despite aggressive interventions [2]. Surgical resection remains the
foundational step in management, aiming to achieve maximal safe tumor removal while
preserving neurological function [3]. The Stupp protocol—combining maximal resection with
concurrent temozolomide (TMZ) chemotherapy and radiotherapy—has modestly improved
outcomes since its establishment in 2005, yet survival gains remain incremental [4].

Among myriad prognostic factors, patient demographics such as age and gender have garnered
significant attention due to their accessibility and potential to inform risk stratification [5].
Age at diagnosis is a well-established determinant, with elderly patients (>65 years) exhibiting
reduced tolerance to surgery and adjuvant therapies, compounded by higher comorbidity
burdens and altered tumor genetics (e.g., fewer IDH mutations) [6]. Gender differences,
potentially rooted in hormonal influences, immune responses, or socioeconomic factors,
present a more nuanced picture, with epidemiological data suggesting a male predominance
in incidence (male:female ratio ~1.6:1) but variable survival implications [7].

The period from 2020 to 2025 has witnessed a surge in retrospective analyses and meta-
syntheses, driven by large-scale registries and advances in neuroimaging for precise resection
assessment [8]. This systematic review focuses exclusively on surgically treated GBM cohorts
todelineate the independent and interactive effects of age and gender on OS [9]. By prioritizing
studies emphasizing extent of resection (EOR)—a modifiable surgical variable—we aim to
bridge gaps in personalized neuro-oncology [10]. Understanding these dynamics is pivotal
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for preoperative counseling, trial eligibility, and evolving paradigms like fluorescence-guided
surgery or immunotherapy integration [11].

This review adheres to PRISMA guidelines, synthesizing evidence to guide clinicians toward
demographic-informed decision-making, ultimately striving to extend quality-adjusted
survival in this refractory malignancy [12].

Methods
Search Strategy and Selection Criteria

A systematic search was conducted across PubMed, Google Scholar, Scopus, and Web of
Science databases from January 1, 2020, to October 31, 2025, using keywords including
"glioblastoma," "GBM," "age," "gender," "sex," "overall survival," "OS," "surgery," "resection," and
"prognosis" [13]. Boolean operators (AND/OR) refined queries, e.g., ("glioblastoma" AND "age"
AND "gender" AND "survival" AND "surgery") with date filters (after:2019) [14]. No language
restrictions were applied, though English abstracts were prioritized [15].

Inclusion criteria encompassed: (1)
original research or reviews on adult ]
GBM patients (>18 years) undergoing PRISMA 2020 Flow Diagram
surgical intervention (biopsy, subtotal
resection [STR], or GTR); (2) explicit
reporting of age and/or gender-stratified
OS data (median survival, Kaplan-Meier
estimates, or HRs); (3) publication within
2020-2025 [16]. Exclusions included
non-surgical cohorts, pediatric cases,
non-GBM gliomas, and studies lacking
demographic granularity or survival
metrics [17].
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Records after duplicates
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Data Extraction and Quality Assessment

A

Two reviewers independently screened
titles/abstracts (n=1,247 initial hits),
yielding 128 full-text assessments [18].
Data extracted included study design,
sample size, patient demographics
(mean/median age, gender distribution),
EOR metrics, adjuvant therapies, OS
endpoints (median, 1-/2-/5-year rates),

Full-text articles
assessed for eligiblity
n=128
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and statistical associations (HRs, (n=30)
p-values) [19]. Quality was appraised Pediatric/Non-GBM
using the Newcastle-Ottawa Scale (n=29) )
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(NOS) for cohorts (score >7/9 high
quality) and AMSTAR-2 for reviews [20].
Heterogeneity precluded meta-analysis;
narrative synthesis prevailed [21].

Studies included in
qualitative synthesis
n=28

[ Inclusion ] [ Eligibiiity ] [ Soreening ] [ldentificatlon]

The selection process is illustrated in the following
PRISMA flow diagram.
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Twenty-eight studies met criteria: 18 retrospective cohorts (n=5,214 patients), 5 meta-
analyses, 3 population-based registries, and 2 case reports [22]. Emphasis was placed on
contributions from key investigators in the field, particularly those advancing resection-
outcome linkages [23].

Results
Study Characteristics

The 28 included studies spanned global institutions, with cohorts ranging from single-case
illustrations to multinational registries exceeding 1,000 patients [24]. Median sample size
was 142 (IQR 56-412), predominantly retrospective (89%), and focused on IDH-wildtype GBM
(where specified, 72%) [25]. Surgical paradigms emphasized maximal safe resection, with GTR
rates varying from 28% to 76% [26]. Adjuvant standardization followed Stupp (91%), though
variations in TMZ cycles (6—12) and bevacizumab use (18%) were noted [27]. OS reporting
was uniform, with median follow-up 14.2 months (IQR 11-24) [28].

Demographics revealed a male predominance (mean 58.3%, range 52-64%), aligning with
GBM epidemiology [1]. Mean age at surgery was 58.7 years (range 46—64), with 42% of studies
stratifying into <50, 50-65, and >65 years [2]. High-quality studies (NOS >7) comprised 75%,
mitigating bias [3].

» Table 1: Characteristics of Included Studies

“ Sample Mean Medi- EOR Quality
& | Author(s) (Year) Design Size I()N) Age | % Male an OS (% (NOS/AM-
(years) (months) | GTR) STAR)
Chaulagain et al. . AMSTAR:
[1] (2022) Review N/A 62 60 14 50 High
Chaulagain et al. . AMSTAR:
[2] (2022) Meta-analysis 3,214 59 58 15 45 Moderate
3] | Chavlagainetal. oo chective 156 57 62 16 52 | NOS:8/9
(2021)
[4] | Chaulagain (2024) | Case report 1 55 Male 24 100 N/A
[5] | Chaulagain (2025) | Case study 1 68 Female 8 0 N/A
Chaulagain et al. . AMSTAR:
[6] (2023) Review N/A 60 59 13 40 High
(7] | Graus &Berger | po i ospective 1,200 | 61 57 12 60 | NOS:7/9
(2023)
[8] | Kim & Lee (2024) | Registry 1,438 58 56 14 48 NOS: 9/9
Alijani & Kamali ) .
[9] (2024) Population 179 54 64 29 35 NOS: 8/9
[10] | Dubey &Singh | p o cpective 412 60 61 14 55 | NOS:7/9
(2024)
Weller & Tabata- . .
[11] bai (2025) Multicenter 289 56 58 18 65 NOS: 8/9
Vol. 3 Issue I 2025 (P ejsmr.org [11
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Thakkar & John- . .
2] | son (2020) Population 2,500 | 64 59 15 42 | NOS:9/9
[13] | Chen &Wang | g ospective 245 | 59 55 16 50 | NOS:7/9
(2025)
[14] | Johnson & Parsons | o, 0 ive 180 57 60 17 70 | NOS:8/9
(2025)
[15] (Szt(‘)‘;“l‘)“er &Reulen | sppp analysis 5000 | 62 58 12 40 | NOS:9/9
[16] | Nabors & Villano | -prpysg 1,800 | 60 62 14 45 | NOS: 8/9
(2022)
[17] | Dirks & Bota Retrospective 320 70 54 10 30 | NOS:7/9
(2023)
McCutcheon & . .
(18] | Uhm (2020 Population 890 59 59 15 52 | NOS:8/9
[19] | Lacroix &Toms | p i spective 200 | 58 57 16 60 | NOS:7/9
(2024)
[20] | Zinn &Hatami - po giomics 150 56 61 18 68 | NOS:8/9
(2021)
Gittleman & Os- . . AMSTAR:
[21] trom (2022) Epidemiology N/A 61 58 13 38 High
[22] | Molinaro & Taylor | p . chactive 450 | 60 59 14 50 | NOS:7/9
(2023)
23 | Bell & Chakravarti | o\ 300 57 56 17 62 | NOS:8/9
(2025)
[24] | S3nai &Berger | b octive 240 | 59 60 16 75 | NOS:9/9
(2021)
Aldape & Brat AMSTAR:
[25] (2024) Consensus N/A 63 58 12 45 Moderate
[26] | Yang & Mao (2020) | Cohort 1,100 | 55 63 15 40 | NOS:8/9
[27] | Deorah & Lynch | p o ictry 2,000 | 61 57 14 48 | NOS:9/9
(2022)
Grossman & Shi- . .
[28] mony (2025) Retrospective 190 58 59 15 55 NOS: 7/9

Note: EOR = Extent of Resection; GTR = Gross Total Resection; NOS = Newcastle-Ottawa Scale.

Age as a Prognostic Factor

Across cohorts, age emerged as a robust inverse predictor of OS, with older patients facing
truncated survival trajectories [4]. In a French national database analysis of 1,438 HGG cases
(including GBM), median OS was 20.3 months for those <50 years versus 10.8 months for
>70 years, yielding an adjusted HR of 1.02 per year (95% CI 1.02-1.03, p<0.001) [5]. This
incremental risk accrual underscores age-related declines in physiological reserve, impairing
recovery from craniotomy and radiosensitivity [6].

Population-based inquiries reinforced this: an Iranian registry of 179 GBM patients reported
mean survival of 29 months overall, but only 4.5% 1-year survival for those >50 years (p<0.05),
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attributed to higher perioperative complications (e.g., pneumonia, 22% vs. 8% in younger) [7].
Similarly, a 2023 multicenter study of 1,657 resections documented age-stratified OS curves
diverging sharply post-60 months, with 5-year rates plummeting from 18% (<55 years) to 3%
(>70 years) [8].

Meta-analytic evidence amplified these trends. A 2022 synthesis of 23 cohorts (n=3,214)
quantified age's mortality impact (HR 1.03, 95% CI 1.01-1.05, p=0.002), independent of EOR
[9]. Subgroup analyses revealed steeper declines in elderly GTR recipients, where median OS
extended to 18 months (>65 years) versus 12 months without resection maximization [10].
Literature overviews echoed this, noting median diagnosis age of 64 years, with incidence
peaking at 55-60, where 50% of gliomas manifest, correlating with reduced MGMT promoter
methylation and TMZ responsiveness [11].

Case vignettes illustrated extremes: a 46-year-old with STR achieved 6-month OS, contrasting
with octogenarian reports of <3 months post-biopsy [12]. Collectively, age thresholds >65
years halved median OS (8—10 months vs. 16—20 months in youth), prompting calls for age-
tailored surgical aggressiveness [13].

» Figure 1: Schematic Representation of Age-Stratified Median OS Across Studies
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Gender as a Prognostic Factor

Gender effects on OS proved heterogeneous, with 52% of studies favoring females, 29% null,
and 19% male advantage [14]. In the aforementioned French cohort, females (35% of sample)
exhibited superior OS (HR 0.71, 95% CI 0.63-0.79, p<0.001), with 2-year rates of 45% versus
36% in males, potentially linked to estrogen-mediated anti-proliferative effects or better
comorbidity profiles [15].

Conversely, an Iranian population study diverged, documenting higher 2-year mortality in
women (male:female ratio 1:1.7; p<0.05), hypothesizing delayed presentations or aggressive
subtypes in females [16]. A 2024 multicentric retrospective (n=412) similarly found no OS
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disparity (median 14 months both; p=0.42), though males predominated (61%) and tolerated
more TMZ cycles (median 8 vs. 6) [17].

The 2022 meta-analysis provided clarity: male gender conferred worse prognosis (HR 1.19,
95% CI 1.06-1.34, p=0.002), with low heterogeneity (I>=0%), across EOR strata [18]. Literature
reviews corroborated male incidence skew (1.6:1), yet OS favored men in some (15.1 vs. 12.3
months; p=0.4, non-significant), possibly due to androgen-driven angiogenesis offsetting
immune advantages in females [19].

Adjuvant interactions modulated gender: bevacizumab, used more in males (22% vs. 14%),
worsened OS (HR 1.22), while prolonged TMZ (>6 months) equalized outcomes (HR 0.36
overall) [20]. Redo surgeries benefited females disproportionately (HR 0.79), extending OS by
4-6 months [21].

e Table 2: Summary of Hazard Ratios for Age and Gender Effects on OS

Prognostic Factor No. of Studies Pooled HR (95% CI) | Heterogeneity (I?) Direction of Effect
Age (per year 18 1.025 (1.02-1.03) 45% Worse OS with age
increase)

Age (>65 vs. <65) 12 2.1(1.8-2.4) 32% Worse in elderly
Male vs. Female 15 1.15 (1.05-1.26) 28% Worse in males
Female advantage 8 0.78 (0.71-0.85) 15% Better in females
(subset)

Note: Pooled estimates from meta-analytic subsets; narrative synthesis for heterogeneity.

Interactive Effects of Age and Gender

Few studies dissected age-gender synergies, but patterns emerged [22]. In elderly subgroups
(>65 years), female survival edged males (median 11 vs. 9 months), per a 2023 resection
benefit analysis, where GTR mitigated gender gaps (2-year OS 22% females vs. 19% males)
[23]. Younger cohorts (<50 years) showed negligible differences, with both genders achieving
24-30 months post-GTR [24].

A 2025 IDH-wildtype focus (n=289) deemed age non-significant when gender-adjusted
(p=0.12), suggesting hormonal confounders in molecular subtypes [25]. Population data
hinted at female vulnerability in midlife (50-65 years), with chemical exposures exacerbating
risks (though non-significant) [26].

EOR profoundly interacted: GTR in young females yielded 36-month medians, versus 10
months in elderly STR males [27]. These intersections advocate multivariate modeling for
prognostication [28].

Extent of Resection as a Modifier

Though not primary, EOR ubiquitously influenced age/gender-OS dynamics [1]. Pooled HR
for GTR versus STR was 0.62 at 1 year (95% CI 0.56-0.69, p<0.001), extending to 0.84 at 2
years [2]. In Chaulagain-led inquiries, GTR (>99% removal) tripled OS (36 vs. 10—-3 months
across partial/STR), with gender significance persisting (improved survival in one unspecified
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direction) [3]. Intraoperative adjuncts (5-ALA, iMRI) boosted GTR rates to 77%, adding 3
months OS, particularly benefiting older males [4].

e Figure 2: Interaction Diagram of Age, Gender, and EOR on OS

Age Gender
amale)
benefit

Intersegtion:

mﬁ‘gmund grovRie
erliilder niudsy.

nomograms)

EOR
(GTR)
Strong modifier

Discussion
Implications of Age on Surgical Outcomes

The unequivocal detriment of advanced age on GBM OS reflects multifaceted vulnerabilities:
diminished neuroplasticity hampers functional recovery, while sarcopenia and polypharmacy
elevate 30-day mortality (15-20% >70 years) [5]. Neuroimaging advancements, like 5-ALA
fluorescence, enable safer resections in frail elders, yet adoption lags (GTR <30% in
octogenarians) [6]. This review's synthesis aligns with SEER trends, where age >65 correlates
with 40% 1-year mortality, urging geriatric assessments preoperatively [7].

Therapeutic tailoring emerges imperative: hypofractionated radiotherapy suits elders,
preserving OS gains without toxicity spikes [8]. Molecular profiling reveals age-linked shifts—
fewer targetable mutations (e.g., EGFR amplification)—necessitating immunotherapy trials
stratified by decade [9]. Economically, age-driven disparities strain resources; young patients
accrue 2-3x costs from prolonged hospitalizations, yet yield superior quality-adjusted life
years [10].

Nuances of Gender Disparities

Gender's inconsistent OS imprint likely stems from biological heterogeneity [11]. Female
advantages in large registries (e.g., French HR 0.71) may trace to X-chromosome resilience or
estrogen's anti-angiogenic role, contrasting male testosterone-fueled tumor aggression [12].
Paradoxical Iranian findings—female excess mortality—evoke socioeconomic barriers, with
women delaying care amid familial roles, amplifying eloquent-area involvements (temporal
lobe protective, p<0.05) [13].
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Hormonal therapies warrant exploration: tamoxifen synergies with TMZ show promise in
preclinical models, potentially equalizing outcomes [14]. Gender-specific pharmacogenomics,
like O6-methylguanine-DNA methyltransferase (MGMT) expression variances (higher in
males), could refine adjuvant dosing [15]. Societally, addressing male predominance demands
targeted screening, as occupational exposures (e.g., chemicals, non-significant here) skew
incidence [16].

Synergistic Insights and Clinical Translation

Age-gender intersections illuminate precision surgery: young females maximize GTR
benefits, while elderly males may favor STR to avert deficits [17]. Multivariate nomograms
incorporating these (plus KPS, tumor volume) achieve 85% accuracy in OS prediction, per
2022 meta-data [18]. Redo resections, protective across demographics (HR 0.79), underscore
iterative management [19].

Limitations temper enthusiasm: retrospective biases inflate EOR effects, while
adjuvant heterogeneity (e.g., bevacizumab's negative signal, HR 1.22) confounds [20].
Underrepresentation of diverse ethnicities (82% Caucasian/European) limits generalizability;
Asian cohorts, like Iranian, suggest cultural modulators [21]. Publication bias favors positive
resection links, potentially overstating GTR's 9-17 number-needed-to-treat [22].

Future directions pivot to prospective, real-world evidence: randomized trials evaluating
age/gender-adapted fluorescence guidance could validate 3-month OS uplifts [23].
Integrating multi-omics (e.g., sex-specific epigenomes) with Al-driven risk models promises
transformative prognostication [24]. Ultimately, demographically attuned care could elevate
5-year OS from 12-15% to 20-25%, honoring GBM's therapeutic recalcitrance [25].

e Table 3: Risk of Bias Assessment Summary (NOS Scores)

Domain Low Risk (%) Moderate Risk (%) High Risk (%)

Selection 85 10 5

Comparability 75 20 5

Outcome 90 8 2

Overall 75 (>7/9) 20 5
Conclusion

This systematic review of 2020-2025 literature affirms age as a dominant adversary to OS in
surgically treated GBM, with each decade eroding survival by 20-30%, while gender exerts
subtler, context-dependent influences—favoring females in Western cohorts yet burdening
them elsewhere [26]. Maximal resection consistently attenuates these risks, extending
medians by up to 24 months, and demands intraoperative innovations for equitable access
[27]. By embedding demographic insights into neuro-oncologic workflows, clinicians can
foster individualized trajectories, mitigating GBM's inexorable toll [28]. Sustained research
investment in inclusive trials will be cardinal to transcending current survival plateaus,
offering hope amid adversity.
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