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Background: This retrospective study compared two types of gliomas and two
subtypes of multiple gliomas.

Methods: The clinical manifestations, magnetic resonance imaging (MRI)
findings, pathological characteristics, and clinical outcomes of 188 patients
with unifocal and 94 patients with multiple gliomas (59 with multifocal and 35
with multicentric gliomas) were analyzed.

Results: Compared with patients with unifocal glioma, those with multiple gliomas
were older (P=0.001) and more likely to be male (2 = 4.857, P=0.028). Patients with
multiple gliomas had smaller extent of surgical resection (X2 = 161.016, P<0.001)
and a worse prognosis ()(2 = 43733, P<0.001) than those with unifocal gliomas.
Multiple gliomas were more likely to have a non-superficial location (x2 = 51758,
P<0.001), obvious peritumoral oedema (x> = 9.688, P=0.008), intense
enhancement (x® = 24.547, P<0.001), a higher WHO grade (P=0.001), a lower
ratio of isocitrate dehydrogenase (IDH) mutation (x?> = 51.770, P<0.001), and
codeletion of 1p19q (x> = 8.637, P=0.003). Tumor location and IDH status were
identified as independent risk factors for multiple gliomas (P<0.001 and P=0.003,
respectively). Deep tumor location was found to be the only factor related to
unfavorable overall survival (OS) in multiple gliomas. Patients with multifocal
gliomas were more likely to be male than patients with multicentric gliomas (xz =
6.521, P=0.011). The locations of multifocal and multicentric gliomas were
significantly different (P=0.048). WHO grade was identified as an independent
prognostic factor (P=0.034) in patients with multicentric gliomas but not in those
with multifocal gliomas.

Conclusions: The demographic characteristics, extent of resection, radiological
features, pathological features and prognostic factors differ between patients
with multiple gliomas and those with unifocal gliomas. The clinical and
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radiological features differ between patients with different subtypes of multiple
gliomas. Multiple gliomas located only in superficial regions are more likely to be
multicentric gliomas and the prognosis is solely related to the WHO grades,
providing valuable guidance for clinical treatment.

multicentric gliomas, multifocal gliomas, diagnosis, differentiation, prognosis

1 Introduction

Gliomas account for 22% of all primary brain and other central
nervous system tumors (1). Adult diffuse glioma is the most
common primary malignant tumor of the central nervous system
(2). Gliomas are very heterogeneous (3, 4) and may include a single
lesion (unifocal glioma) or multiple lesions. Multiple gliomas can be
divided into clearly-defined multicentric and multifocal subtypes
(5). Multifocal gliomas communicate through white matter fibers
between two lesions, have multiple satellite foci adjacent to the main
tumor, or have separate lesions abutting the ventricular system.
Multicentric gliomas are isolated lesions in different lobes or
hemispheres that are not characterized as multifocal gliomas (6).

Previous studies focused on the differentiation of multiple
gliomas from other multiple brain lesions (7) and the comparison
of multiple gliomas with unifocal gliomas (8, 9). Recent radiological
studies have focused on white matter involvement sites, accurate
segmentation of the lesions (10), and prognostic imaging markers
(11, 12). However, these studies mainly focused on high-grade
multiple gliomas and did not include low-grade multiple gliomas,
and the two subtypes of multiple gliomas have rarely been
compared in the literature. Therefore, this study compares the
clinical, radiological, and pathological differences between
unifocal and multiple gliomas in low-grade and high-grade
gliomas. Furthermore, multifocal and multicentric gliomas are
also compared in this study.

2 Materials and methods

The institutional review board of Beijing Tiantan Hospital,
Capital Medical University approved this retrospective study.

2.1 Patient selection

A total of 955 consecutive adult patients with cerebral glioma
(aged 18-87 years; mean age, 46.49 + 13.55 years) were recruited for
this study from the neuro-oncology database of our institution
between January 2020 and December 2020. Patients =18 years old
with cerebral gliomas and available surgical treatment data were
included. Patients <18 years with uncertain pathology results,
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recurrent glioma, spinal cord glioma, missing surgical treatment
data or preoperative magnetic resonance imaging (MRI) data, or
preoperative MRI without fluid-attenuated inversion recovery
(FLAIR) images were excluded from the study. A patient
flowchart is shown in Supplementary Figure 1. The pathological
grades of all recruited patients were readjusted according to the
2021 World Health Organization (WHO) classification of central
nervous system tumors (13).

2.2 Image acquisition and assessment

All patients underwent preoperative MRI within two weeks of
surgery or biopsy (Supplementary Tables 1, 2). The preoperative
MRI scanning protocol included pre- and post-contrast imaging.
Pre-contrast imaging included sagittal and axial T1WI, axial T2WTI,
and FLAIR. After pre-contrast scanning, the contrast media
(dimeglumine gadopentetate; 0.2 ml/kg; Beilu®, Beijing Beilu
Pharmaceutical Co., LTD, Beijing, China) was injected into the
antecubital vein. Post-contrast scanning was performed
immediately thereafter, including the acquisition of sagittal, axial,
and coronal T1WI images. Postoperative MRI was performed
within 72 h of tumor resection or biopsy. The scanning protocol
for the postoperative MRI and subsequent MRI during follow-up
was the same as that for the preoperative MRL

After the identification of the glioma type, the radiological
features, including tumor location, peritumoral oedema, extent of
tumor enhancement, and proportion of enhancing lesions, were
evaluated for each patient. The tumor location was classified as deep
(basal ganglia, internal capsules, thalamus, brainstem, corpus
callosum, or subventricular zone), superficial (frontal lobe,
parietal lobe, temporal lobe, occipital lobe, insula, or other
regions that did not meet the criteria for deep location), or both
(6,14, 15). On T2WI and FLAIR images, hyperintense areas outside
the tumor margin that correspond to hypointensity on TIWT are
determined as peritumoral edema (16, 17). The maximum width of
the peritumoral oedema was measured using Neurosoft PACS
software (http://www.neusoft.com) on FLAIR images and was
classified as zero, <10 mm, or >10 mm (18, 19). The extent of
tumor enhancement was classified as none, mild, or marked,
according to the Visually Accessible Rembrandt Images
(VASARI) feature set (20). The proportion of enhancing lesions
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was defined as the number of enhanced lesions divided by the total
number of lesions in patients with multiple gliomas.

The identification of multiple gliomas and subtyping were
independently performed by two authors (LF and YZ, with two
and three years of experience, respectively). Inconclusive cases were
reviewed by a senior neuroradiologist (CX, with 20 years of
experience). The radiological features were evaluated using
Neurosoft PACS software.

2.3 Clinical and pathological assessment

Clinical data, including patient age, sex, and surgical data, were
collected. The patient age was recorded on the date of the
preoperative MRI examination. The type of surgery was classified
as gross total resection (GTR), non-GTR, biopsy, and intact lesion
(s) for multiple gliomas. Based on postoperative MRI imaging and
surgical records, GTR was defined as the removal of >95% of the
tumor mass (postoperative tumor volume/preoperative tumor
volume <5%), and non-GTR was defined as subtotal resection
and partial resection (6, 21, 22). Intact lesion(s) indicated that the
lesion was not resected or biopsied.

Histopathological diagnoses and immunohistochemical
statuses were collected from the neuropathology reports. The
expression levels of alpha-thalassemia X-linked(ATR-X), P53,
oligodendrocyte transcription factor 2, glial fibrillary acidic
protein, epidermal growth factor receptor, vascular endothelial-
derived growth factor, and phosphatase and tensin homologue were
determined using immunohistochemistry (IHC). Complete
deletion of both the short arm of chromosome 1 (1p) and the
long arm of chromosome 19 (19q) (1p/19q codeletion) was
identified using clinical fluorescence in situ hybridization assays.
The statuses of isocitrate dehydrogenase (IDH), telomerase reverse
transcriptase (TERT) promoter, and O (6)-methylguanine-DNA
methyltransferase promoter methylation were determined using
IHC or next-generation sequencing (23).

2.4 Survival assessment

Overall survival (OS) was calculated as the time between the
date of neurosurgery and the date of death due to glioma.
Progression-free survival (PFS) was assessed as either the time
between the date of neurosurgery and tumor progression or the
time between the date of neurosurgery and the date of death due to
glioma (15, 24). Tumor progression was defined using MRI findings
according to the response assessment in neuro-oncology criteria
(25). Follow-up was conducted using the outpatient or inpatient
system or via telephone when necessary. Patients with lower-grade
gliomas underwent follow-up at six months while those with high-
grade gliomas underwent follow-up at three months. All patients
underwent surgical treatment. Patients diagnosed with WHO grade
3 and 4 gliomas, as well as those diagnosed with high-risk WHO
grade 2 gliomas (defined as patients over 40 years of age or patients
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without total resection), were also given radiotherapy and
chemotherapy. The final follow-up was conducted in October
2023, and the median follow-up time was 30 months (95%
confidence interval (CI): 26.2-33.8). Loss to follow-up and
survival at the last follow-up were defined as censoring.

2.5 Statistical analysis

Of the 955 patients with cerebral glioma included in this study,
94 had multiple gliomas and 861 had unifocal gliomas.

Random sampling was conducted in the unifocal glioma cohort
by labelling the cohort according to the time order of the
pathological results and generating random numbers. A total of
188 patients with unifocal gliomas were randomly selected for the
analysis. Then, the data of the 188 selected patients were compared
with the data of the total cohort (861 patients) to determine if the
selection was random and eliminate the possibility of selection bias.

The clinical, radiological, and pathological factors of patients
with unifocal and multiple gliomas were compared. Logistic
regression analyses were conducted for factors with significant
differences to identify independent risk factors. The characteristics
of patients with multifocal and multicentric gliomas were also
compared. The Shapro-Wilk test were used to check the
normality of the distribution of continuous variables. Non-
parametric tests (Mann-Whitney U test) were used when the
distribution of a continuous variable was non-normal. Two-
sample t-tests were used to compare continuous variables with
normal distribution. The chi-square test or Fisher’s exact test were
used to compare categorical variables, such as sex, radiological
features, surgical data, histopathological diagnosis, and
immunohistochemical status.

OS and PFS were assessed using Kaplan-Meier survival curves
and compared using the log-rank test. Univariate survival analyses
were conducted using a Cox proportional hazards regression analysis.
The multivariate Cox proportional hazards regression was unreliable
to assess unifocal glioma due to the multicollinearity present within
the dataset. Therefore, the multivariate survival analysis performed
on the unifocal glioma dataset was based on penalized Cox models
from the “scikit-survival” and “scikit-learn” packages in Python
(version 3.8). Multivariate survival analysis of the multiple glioma
datasets was performed using Cox proportional hazards regression in
SPSS (version 26; IBM, Armonk, NY, USA). Statistical significance
was set at P<0.05.

3 Results

A total of 861 patients (90.2%) had unifocal gliomas and 94
(9.8%) had multiple gliomas, including 59 (62.8%) with multifocal
gliomas and 35 (37.2%) with multicentric gliomas (Figure 1). The
188 randomly selected patients with unifocal glioma were
statistically representative of the entire unifocal glioma cohort
(Supplementary Table 3), eliminating the risk of selection bias.
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FIGURE 1

Typical manifestations of multifocal and multicentric gliomas (A), Multifocal gliomas type 1: Two separate lesions communicate through white matter
fibers, appearing as hyperintense signal on an axial fluid-attenuated inversion recovery (FLAIR) image (arrow). (B, C), Multifocal gliomas type 2:
Separate lesions abutting the ventricular system are shown on an axial FLAIR image and post-contrast T1-weighted image. (D), Multifocal gliomas
type 3: Satellite foci adjacent to the main tumor are shown on a sagittal post-contrast T1-weighted image. (E) Multicentric gliomas: Isolated lesions

in different hemispheres are shown on an axial FLAIR image

3.1 Clinical, pathological, and radiological
characteristics of patients with unifocal
and multiple gliomas

Patients with multiple gliomas were older (P=0.001) and
more likely to be male (x2 = 4.857, P=0.028) than those with
unifocal gliomas. Patients with multiple gliomas underwent
smaller extent of surgical resection (¥2 = 161.016, P<0.001) and
had a worse prognosis (32 = 43.733, P< 0.001) than those with
unifocal gliomas.

A non-superficial location (x2 = 51.758, P<0.001), severe
peritumoral oedema (¥2 = 9.688, P=0.008), and increased
enhancement intensity (x2 = 24.547, P<0.001) were more
common in the multiple gliomas group.

Patients in the multiple gliomas group had higher WHO grades
(P=0.001) and a lower ratio of IDH mutation (2 = 51.770,
P<0.001) and rate of 1p19q codeletion (¥2 = 8.637, P=0.003) than
those in the unifocal gliomas group (Table 1).

After multivariate logistic regression analysis, tumor location
and IDH status were identified as independent risk factors for
multiple gliomas (P <0.001 and P =0.003, respectively)
(Supplementary Table 4). The model demonstrated an accuracy
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(ACC) of 0.82 (95% CI: 0.73-0.92), a sensitivity (SEN) of 0.38 (95%
CI: 0.12-0.65), and a specificity (SPE) of 0.95 (95% CI: 0.89-1.00).

3.2 Clinical, pathological, and radiological
characteristics of patients with multifocal
and multicentric gliomas

Patients with multifocal gliomas were more likely to be male
than those with multicentric gliomas (2 = 6.521, P=0.011).
Multifocal gliomas tended to involve both the superficial and
deep cerebral parenchyma simultaneously (66.1%, 39/59), while
multicentric gliomas were more likely to be located superficially
(54.3%, 19/35) (P=0.048). There were no differences in genetic
expressions between the two types of gliomas (Table 1).

3.3 Survival analysis of patients with
unifocal and multiple gliomas

At the end of the follow-up period, 52.7% (99/188) of the
patients with unifocal gliomas and 14.9% (14/94) of the patients
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TABLE 1 Clinical, radiological and pathological characteristics of studied groups.

Unifocal Multiple Chi-square = Multifocal = Multicentric Chi-square
Characteristics (n=188) (n=94)  p Value value (n=59) (n=35) p Value value
Age (y), mean + SD 465 + 13.6 524 + 143 0.001° 54.1 12,6 49.6 +16.7 0.178"
Sex 0.028 4.857 0.011 6.521
Male 96 (51.1%) 61 (64.9%) 44 (74.6%) 17 (48.6%)
Female 92 (48.9%) 33 (35.1%) 15 (25.4%) 18 (51.4%)
Surgical treatment <0.001 161.016 0.451°
Biopsy 11 (5.9%) 22 (23.4%) 13 (22%) 9 (25.7%)
non-GTR 64 (34.0%) 7 (7.4%) 5 (8.5%) 2 (5.7%)
GTR 113 (60.1%) 15 (16.0%) 12 (20.3%) 3 (8.6%)
Lesion (s) left - 50 (53.2%) 29 (49.2%) 21 (60.0%)
Survival status <0.001 43.733 0.753 0.568
Died 38 (20.2%) 49 (52.1%) 30 (50.8%) 19 (54.3%)
Alive 99 (52.7%) 14 (14.9%) 8 (13.6%) 6 (17.1%)
NA 51 (27.1%) 31 (33.0%) 21 (35.6%) 10 (28.6%)
Location <0.001 51.758 0.048
Superficial 146 (77.7%) 36 (38.3%) 17 (28.8%) 19 (54.3%)
Deep 12 (6.4%) 4 (4.3%) 3 (5.1%) 1 (2.9%)
Both 30 (16.0%) 54 (57.4%) 39 (66.1%) 15 (42.9%)
Edema 0.008 9.688 0.05*
Omm 132 (70.2%) 49 (52.1%) 25 (42.4%) 24 (68.6%)
10mms< 8 (4.3%) 4 (4.3%) 3 (5.1%) 1(2.9%)
>10mm 48 (25.5%) 41 (43.6%) 31 (52.5%) 10 (28.6%)
Enhancement <0.001 24.547 0.119 4.254
intensity
None 71 (37.8%) 15 (16.0%) 11 (18.6%) 4 (11.4%)
Mild 38 (20.2%) 11 (11.7%) 4 (6.8%) 7 (20.0%)
Marked 75 (39.9%) 67 (71.3%) 44 (74.6%) 23 (65.7%)
NA 4(2.1%) 1 (1.1%) 0 1(2.9%)
Proportion of - 0.379°
enhancing lesion (%)
Median - 50 66.7 50.0
WHO grades 0.001° 0.122 4204
Gradel 2 (1.1%) 0 0 0
Grade2 66 (35.1%) 17 (18.1%) 9 (15.3%) 8 (22.9%)
Grade3 39 (20.7%) 14 (14.9%) 6 (10.2%) 8 (22.9%)
Grade4 78 (41.5%) 62 (66.0%) 43 (72.9%) 19 (54.3%)
NOS 3 (1.6%) 1(1.1%) 1 (1.7%)
IDH1/2 <0.001 51.770 0738
Mutation 103 (55.7%) 10 (10.8%) 7 (12.1%) 3 (8.6%)
Wild type 82 (44.3%) 83 (89.2%) 51 (87.9%) 32 (91.4%)

(Continued)
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Unifocal Multiple Chi-square = Multifocal  Multicentric Chi-square
Characteristics (n=188) (n=94)  p Value value (n=59) (n=35) p Value value
1p19q 0.003 8.637 0.290°
Noncodeletion 100 (72.5%) 48 (92.3%) 31 (88.6%) 17 (100%)
Codeletion 38 (27.5%) 4 (7.7%) 4 (11.4%) 0
TERT promoter 0.269 1.220 0.245°
Mutation 75 (55.1%) 24 (46.2%) 18 (52.9%) 6 (33.3%)
Wild type 61 (44.9%) 28 (53.8%) 16 (47.1%) 12 (66.7%)
MGMT promoter 0.810 0.058 0.571%
Methylated 100 (69.9%) 43 (68.3%) 31 (70.5%) 12 (63.2%)
Unmethylated 43 (30.1%) 20 (31.7%) 13 (29.5%) 7 (36.8%)
ATRX 0.502 0451 0.729*
Intact 122 (80.8%) 60 (84.5%) 42 (85.7%) 18 (81.8%)
Loss 29 (19.2%) 11 (15.5%) 7 (14.3%) 4 (18.2%)
P53 0.240 1.382 0.737*
Positive 125 (79.1%) 65 (85.5%) 41 (83.7%) 24 (88.9%)
Negative 33 (20.9%) 11 (14.5%) 8 (16.3%) 3 (11.1%)
Olig2 0.380° IS
Positive 111 (100%) 67 (98.5%) 44 (97.8%) 23 (100%)
Negative 0 1 (1.5%) 1(2.2%) 0
GFAP 1 -
Positive 105 (99.1%) 65 (100%) 45 (100%) 20 (100%)
Negative 1 (0.9%) 0 0 0

ATRYX, alpha-thalassemia X-linked; GFAP, glial fibrillary acidic protein; GTR, gross total resection; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA methyltransferase; NA, not
available data; Olig2, oligodendrocyte transcription factor 2; OS, overall survival; PFS, progression free time; SD, standard deviation; TERT, telomerase reverse transcriptase.

“p Value from Fisher exact test.

P Value from 2-sample t test.

p Value from Mann-Whitney U test.

Bold p Value < 0.05 is considered statistically significant

with multiple gliomas were alive. The median OS and PFS of
patients with unifocal gliomas were not determined as over half
of the patients had not experienced the respective outcome events
at the end of the study. The median OS of patients with
multiple gliomas was 25 months (95% CI: 17.81-32.19 months)
and the median PFS was 12 months (95% CI: 5.70-18.30 months).
The three-year OS rates in the unifocal and multiple gliomas
groups were 73.6% and 37.2%, respectively. Patients with
unifocal gliomas had significantly longer OS and PFS (P<0.001
and P<0.001, respectively) than those with multiple
gliomas (Figure 2A).

Univariable Cox regression analysis showed that patients with
unifocal and multiple gliomas had five similar risk factors (age,
tumor location, peritumoral edema, enhancement intensity, WHO
grades) and four different risk factors (extent of resection, 1p19q/
IDH/TERT status) (Supplementary Tables 5, 6). After selecting
factors in penalized cox models, patient age, deep tumor location,
WHO grade 4, marked enhancement intensity, IDH (mutation/wild
type), and TERT promoter mutation status (positive/negative) were
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identified as independent risk factors for OS in the unifocal glioma
group (Figure 3). And multivariable Cox regression analysis found
that deep tumor location was associated with a shorter OS in the
multiple gliomas group (hazard ratio: 3.365, 95% CI: 1.061-10.676,
P=0.039) (Table 2).

3.4 Survival analysis of patients with
multifocal and multicentric gliomas

The mortality rates at the last follow-up were 50.8% (30/59) and
54.3% (19/35) in the multifocal and multicentric gliomas groups,
respectively (P=0.753). The OS and PFS rates were not significantly
different between the two groups (P=0.882 and P=0.076,
respectively) (Figure 2B).

No variable was identified as risk factor in the multifocal
gliomas group (Supplementary Figure 2A). The WHO grade was
identified as a prognostic factor in the multicentric gliomas group
(P=0.034) (Supplementary Figure 2B).
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FIGURE 2
Kaplan-Meier curves comparing OS and PFS between patients with unifocal/multiple gliomas and patients with multifocal/multicentric gliomas
(A), Kaplan-Meier curves comparing the overall survival (OS) and progression-free survival (PFS) of the unifocal and multiple gliomas groups are
shown. (B), Kaplan-Meier curves comparing the OS and PFS of the multifocal and multicentric gliomas groups are shown.
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FIGURE 3
Penalized cox model of unifocal glioma group The C-index is 0.882. Patient age, deep tumor location, World Health Organization grade 4, marked
enhancement intensity, IDH (mutation/wild type), and TERT promoter mutation status (positive/negative) are independent risk factors for overall
survival in the unifocal glioma group.
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TABLE 2 Multivariate cox regression analysis of OS in multiple
gliomas patients.

Multivariable analysis

Characteristics

Hazard ratio (95%Cl) p Value
Age 1.027 (0.994-1.061) 0.116
Location
Superficial 1 0.083
Deep 3.365 (1.061, 10.676) 0.039
Both 0.626 (0.144,2.709) 0.530
Edema
Omm 1 0.423
10mms< 2.337 (0.513,10.648) 0.273
>10mm 0.970 (0.394,2.391) 0.948
Enhancement intensity
None 1 0.450
Mild 0.658 (0.058,7.517) 0.736
Marked 3.150 (0.312,31.835) 0.331
WHO grades
Gradel <0.001 0.982
Grade2 0.257 (0.012,5.364) 0.381
Grade3 0.659 (0.079,5.527) 0.701
Grade4 1 0.852
IDH1/2 (reference to wild type) = 2.999 (0.571,15.739) 0.194

The multivariate Cox regression analysis is used for variables with p Value < 0.1 in univariate
analysis. Bold p Value < 0.05 is considered statistically significant.

3.5 Analysis of 15 patients underwent
surgical treatment for more than one
lesion

Of all the 94 multiple patients, 15 patients (8, multifocal
gliomas; 7, multicentric gliomas) underwent surgical resection or
biopsy for more than one lesion (Supplementary Table 7). And the
pathological results showed that, in one patient, the different lesions
can be the same or different WHO grades. Four of the 7 patients
were still alive at the end of the follow-up. They were younger
(mean age: 35.75 vs. 54.91 years) and had a larger proportion of
lower grade glioma (75.0% vs. 0%) than the rest 11 patients.

4 Discussion

The current study identified differences in the clinical, radiological,
and pathological characteristics of patients with multiple and unifocal
gliomas. Patients with multiple gliomas are older, predominantly male,
more likely to undergo a smaller extent of surgical resection and have a
poor prognosis than those with unifocal gliomas. Most of these results
were consistent with those of previous studies (9, 26, 27).
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The location of lesions were different between the multiple and
unifocal gliomas groups, and patients with multiple gliomas were
more likely to have obvious peritumoral oedema and more intense
enhancement on MRI. The location of the lesions in patients with
multiple gliomas in the current study differed from that in a
previous study (6), which may be due to different types of
gliomas. In the current study, WHO grades 2-4 gliomas were
included, though only glioblastomas (WHO grade 4) were
included in the previous study (6). The tendencies of patients
with multiple gliomas to have obvious peritumoral oedema and
increased enhancement intensity have not been reported previously.
However, these findings are not surprising as multiple gliomas have
a high ratio of high-grade gliomas (80.9% vs. 62.2% of unifocal
gliomas) and these two radiological signs indicate that the tumor
has malignant pathological behavior (17, 24).

In the current study, patients with multiple gliomas had a lower
ratio of IDH mutation (y2 = 51.770, P<0.001) and 1p19q codeletion
(2 = 8.637, P=0.003). The 1p19q status has been compared between
glioma types in a previous study (28), though this is the first report
comparing the IDH status between these groups. However, the
pathogenesis of multiple gliomas remains poorly understood. The
findings of the current study combined with those of previous studies
(29-31) indicate that multiple gliomas have a different pathogenesis
than unifocal gliomas. In addition, the tumor location and IDH status
were identified as independent risk factors for multiple gliomas in our
study, which may improve the understanding of the mechanisms
underlying the occurrence of multiple gliomas.

In the current study, the sex and tumor location differed
between patients with multifocal and multicentric gliomas.
Patients with multifocal gliomas were predominantly male, and
patients with multicentric gliomas were more likely to have only
superficial lesions(54.3% vs. 28.8%). These demographic and
anatomical differences between the two subtypes of multiple
gliomas indicate that there may be different mechanisms of
occurrence between these two types of tumors. Additionally, we
note that the conventional imaging features of multicentric and
multifocal gliomas show no significant differences, and whether
histological connections exist in some multicentric gliomas that
cannot be detected by conventional imaging methods still requires
further exploration with advanced imaging techniques.

Patients with multiple gliomas had a poorer prognosis than those
with unifocal gliomas, though the prognosis was not significantly
different between patients with multifocal and multicentric gliomas in
the current study, which is in accordance with the results of previous
studies (5, 8). The prognostic risk factors were further explored in the
current study, and only deep tumor location was identified as an
independent risk factor for shorter OS in patients with multiple
gliomas. This finding indicates that lesions in deep anatomical areas
must be treated differently than those in superficial locations.
Furthermore, after analyzing the two subtypes of multiple gliomas,
we found that no variables were identified as prognostic risk factors
for multifocal gliomas. However, the WHO grades were found to be a
significant prognostic factor for multicentric gliomas. This suggests
that clinicians should pay attention to distinguishing between these
two subtypes in clinical practice.
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This study is not without limitations. First, as this was a
retrospective study, bias may have been present. Second, radiological
analysis was based on routine MRI. Advanced MRI, such as diffusion
weighted imaging and magnetic resonance spectroscopy, was not
available. These advanced MRI modalities may provide more
information regarding gliomas and should be considered in future
studies. Third, molecular indices such as the Ki-67 levels were not
analyzed. However, some genes were analyzed in the current study.
Therefore, molecular indices should also be considered in future studies.

In conclusion, the clinical, radiological, and pathological
characteristics of patients with unifocal and multiple gliomas and
patients with multifocal and multicentric gliomas were compared in
the current study. Patients with multiple gliomas differ from those
with unifocal gliomas in terms of demographic characteristics,
surgery, and prognosis. Clinical, radiological, and pathological
features differ between patients with unifocal and multiple
gliomas and patients with multifocal and multicentric gliomas.
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