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Abstract

Background Intratumoral hemorrhage, though less common, could be the first clinical manifestation of glioma

and is detectable via MRI; however, its exact impacts on patient outcomes remain unclear and controversial. The

2021 WHO CNS 5 classification emphasised genetic and molecular features, initiating the necessity to establish

the correlation between hemorrhage and molecular alterations. This study aims to determine the prevalence of
intratumoral hemorrhage in glioma subtypes and identify associated molecular and clinical characteristics to improve
patient management.

Methods Integrated clinical data and imaging studies of patients who underwent surgery at the Department
of Neurosurgery at Peking Union Medical College Hospital from January 2011 to January 2022 with pathological
confirmation of glioma were retrospectively reviewed. Patients were divided into hemorrhage and non-
hemorrhage groups based on preoperative magnetic resonance imaging. A comparison and survival analysis
were conducted with the two groups. In terms of subgroup analysis, we classified patients into astrocytoma, IDH-
mutant; oligodendroglioma, IDH-mutant, 1p/19g-codeleted; glioblastoma, IDH-wildtype; pediatric-type gliomas;
or circumscribed glioma using integrated histological and molecular characteristics, according to WHO CNS 5
classifications.

Results 457 patients were enrolled in the analysis, including 67 (14.7%) patients with intratumoral hemorrhage.
The hemorrhage group was significantly older and had worse preoperative Karnofsky performance scores. The
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hemorrhage groups.

hemorrhage.

System Neoplasms

hemorrhage group had a higher occurrence of neurological impairment and a higher Ki-67 index. Molecular analysis
indicated that CDKN2B, KMT5B, and PIK3CA alteration occurred more in the hemorrhage group (CDKN2B, 84.4% vs.
62.2%, p=0.029; KMT5B, 25.0% vs. 8.9%, p=0.029; and PIK3CA, 81.3% vs. 58.5%, p=0.029). Survival analysis showed
significantly worse prognoses for the hemorrhage group (hemorrhage 18.4 months vs. non-hemorrhage 39.1 months,
p=0.01). In subgroup analysis, the multivariate analysis showed that intra-tumoral hemorrhage is an independent

risk factor only in glioblastoma, IDH-wildtype (162 cases of 457 overall, HR=1.72, p=0.026), but not in other types

of gliomas. The molecular alteration of CDK6 (hemorrhage group p=0.004, non-hemorrhage group p <0.001),

EGFR (hemorrhage group p=0.003, non-hemorrhage group p=0.001), and FGFR2 (hemorrhage group p=0.007,
non-hemorrhage group p=0.001) was associated with shorter overall survival time in both hemorrhage and non-

Conclusions Glioma patients with preoperative intratumoral hemorrhage had unfavorable prognoses compared
to their nonhemorrhage counterparts. COKN2B, KMT5B, and PIK3CA alterations were associated with an increased
occurrence of intratumoral hemorrhage, which might be future targets for further investigation of intratumoral
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Background

Gliomas are a heterogeneous group of primary brain
tumors, with an annual incidence of six cases per 100,000
worldwide [1]. Common symptoms associated with adult
diffuse gliomas are epilepsy, neurocognitive alterations,
and signs of elevated intracranial pressure [1], and cur-
rent standard treatments include temozolomide chemo-
therapy, radiotherapy, and surgery [1]. However, even
with ongoing improvements in treatment, the prognosis
for some glioma subtypes remains quite dismal, with a
median survival of less than two years for glioblastoma,
the most common primary malignancy of the central
nervous system [2]. Magnetic resonance imaging (MRI)
is a non-invasive method to visualize intracranial lesions
and can detect imaging-based prognostic factors early
in disease management [3]. Intratumoral hemorrhage,
diagnosed by preoperative MR, is a feature occasionally
seen in brain tumor patients [3]. Although intratumoral
hemorrhage occurs less frequently than other common
symptoms mentioned above for gliomas (2.5% for glio-
blastomas [4]), it can be the first sign of glioma and may
lead to unfavorable outcomes [5, 6].

However, the exact impact of tumor-associated hem-
orrhages on patient outcomes remains unclear, and
this is incredibly disappointing in light of the newly
released 2021 World Health Organization classifica-
tions (WHO CNS 5 classification) [7]. These diagnos-
tic criteria emphasize genetic and molecular features,
but ignore hemorrhages. This update has also changed
the classification for specific tumor types. For example,
IDH-wildtype diffuse astrocytoma with WHO grades II
to III in the previous version of classification could be
upgraded to glioblastoma if it has any of the molecular
alterations of EGFR amplification, chromosome+7/-10,
or TERT promoter mutation in the latest classification

[7]. As a result, the incidence of hemorrhage in different
glioma subtypes might also now be diagnostically reclas-
sified accordingly. Therefore, an updated investigation of
glioma-related hemorrhage is urgently needed and may
provide valuable insights into the stratified clinical man-
agement of patients with distinct molecular and clinical
characteristics.

Aside from controversies over the clinical implications
of intratumoral hemorrhage, the tumor types associated
with higher hemorrhagic risk are also unclear. Previous
studies have adopted the older 2016 WHO classifica-
tion [4] or analyzed heterogeneous patient populations,
including primary and metastatic brain tumors [8, 9].
Although there is evidence that in brain metastasis
patients, intratumoral hemorrhage before surgery is
an independent predictor for worse survival time [10],
studies with large homogeneous cohorts are lacking for
intratumoral hemorrhage associated with glioma. Under-
standing how hemorrhage affects outcomes in glioma
patients is particularly crucial because intratumoral hem-
orrhage can be the first presentation for specific subtypes
of gliomas, such as glioblastoma (GBM) [6].

To date, only a few studies focused on glioma-asso-
ciated intratumoral hemorrhage, and most of them
employed the old 2016 WHO classifications with hetero-
geneous patient populations [4, 9, 11, 12]. Therefore, this
study aims to establish the prevalence of intratumoral
hemorrhage in glioma subtypes based on the new WHO
classifications and identify distinctive molecular and
clinical characteristics among hemorrhagic patients com-
pared to non-hemorrhage patients. With a large cohort
of only primary brain tumors, this study offers reliable
insights into potential hemorrhage-associated molecular
markers as predictors of survival, as well as guidance for
clinical management.
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Methods

Study cohort

This study is a retrospective cohort study and is reported
following the STROBE guidelines. A retrospective review
of integrated clinical data and imaging studies of patients
who underwent surgery at the Department of Neuro-
surgery at Peking Union Medical College Hospital from
January 2011 to January 2022 was carried out with patho-
logical confirmation of glioma. Patients with compre-
hensive clinical and imaging data were finally enrolled
for analysis and divided into hemorrhage and non-hem-
orrhage groups based on their MRI presentations. This
study was approved by the hospital’s Institutional Ethics
Review Board (S-424).

Clinical data acquisition

Clinical and radiological information was collected ret-
rospectively from patients’ medical records and exami-
nations. This information included patient gender, age
at diagnosis, body mass index (BMI), preoperative Kar-
nofsky performance score (KPS), and clinical symptoms.
Histopathological data were obtained from reports from
the Department of Pathology of Peking Union Medical
College Hospital, and these data included the Ki-67 index
and histological grade of the tumors. Additionally, sur-
vival status and survival time were acquired via regular
follow-up. Overall survival (OS) was defined as the time
from the surgery date to the patient’s death or final fol-
low-up (treated as censored values).

Imaging assessment and definition of intratumoral
hemorrhage

The radiological features of the patients were collected
from their preoperative magnetic resonance imaging
(MRI) results using 3.0-Tesla equipment (Discovery
MR750, GE, US) before treatment. Two authors (X.K.
and Y.G.) who were blind to patient identification, inde-
pendently assessed the imaging data for each patient and
determined whether there was intracerebral hemorrhage
within a tumor. A third author (Y.S.) assessed the imag-
ing data to break the tie if a disagreement occurred. An
MRI diagnosis of intratumoral hemorrhage was based
on precontrast T1-weighted and T2-weighted imaging,
as defined by standard MRI criteria with hyperintensity
on T1-weighted images and hyper- or hypointensity on
T2-weighted images, or purely low signal intensity on
both T1 and T2-weighted images [3]. Patients with inde-
terminate hemorrhage underwent further CT imaging
screening if necessary.

Molecular analysis and integrated classification

We analyzed molecular alterations of each patient using
second-generation sequencing, polymerase chain reac-
tion-based assay, and fluorescence in situ hybridization

Page 3 of 14

methods. Sixty molecular markers were screened, includ-
ing EGFR, TERT, CDKN2A/B, MYB, and MYBL1, which
have been indicated as significant in the development
mechanism and prognosis prediction of gliomas in pre-
vious studies. All patients were then re-classified into
astrocytoma, IDH-mutant; oligodendroglioma, IDH-
mutant, 1p/19q-codeleted; glioblastoma, IDH-wildtype;
pediatric-type gliomas; or circumscribed glioma using
integrated histological and molecular characteristics by
an experienced pathologist, according to WHO CNS 5
classifications. We used the new classification to conduct
subgroup analysis in the subsequent analysis.

Statistical analysis

Normally distributed random variables were expressed
as means*standard deviations (SDs), and differences
between groups for such variables were determined by
Student’s t-test. Non-normally distributed variables were
expressed as medians (first quartile, third quartile), and
comparisons of differences in these variables between
groups were conducted by the Kruskal-Wallis H test.
Comparisons of categorical variables were performed
using the chi-squared test. Additionally, a waterfall heat
map was utilized to visualize the molecular signatures of
the hemorrhage and non-hemorrhage groups. Survival
analysis was performed using the Kaplan-Meier method
and Log-Rank test, and the results are presented using
Kaplan-Meier curves. Univariate Cox and multivariate
Cox regression were utilized for prognostic risk factor
screening in different glioma groups, including glioblas-
toma, astrocytoma and oligodendroglioma. The predic-
tive value of baseline characteristics for intratumoral
hemorrhage is investigated utilizing logistic regression.
A two-sided P<0.05 was considered to indicate statisti-
cally significant test results for all tests. All statistical and
graphical analysis was performed using SPSS (version
26.0, IBM, USA) statistical software and R Studio (PBC &
Certified B Corp.®, USA) software, respectively.

Results

Baseline characteristics of glioma patients with and
without intratumoral hemorrhage

A total of 457 glioma patients with comprehensive imag-
ing data were retrospectively enrolled in this study,
including 67 (14.7%) patients with intratumoral hemor-
rhage. Among the enrolled patients, 263 were males,
and 58.2% of the hemorrhage patients were male. The
median age of all patients was 49.0, and patients with
hemorrhage were older than non-hemorrhage patients
(53.0 vs. 48.0, p=0.012). The median preoperative KPS
for patients in the hemorrhage group was 80, worse than
those in the non-hemorrhage group, with a median KPS
of 90 (p=0.015). In terms of clinical presentations, neu-
rological impairment was the most common symptom in
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both groups but tended to occur more in the hemorrhage
group (74.6% vs. 53.9%, p=0.002). However, intracranial
hypertension was more common in the non-hemorrhage
group (28.4% vs. 45.5%, p=0.013). A significant differ-
ence in tumor growth was also observed between the two
groups, with higher Ki-67 in the hemorrhage group (20%
vs. 10%, p=0.001). However, there was no difference in
histological grade or WHO CNS 5 classification between
the two groups. Finally, glioblastoma, IDH-wildtype, was
the most common glioma subtype in the hemorrhage
group (33/67, 57.9%). The detailed information is shown
in Table 1.

Survival and subgroup analysis of patients with and
without intratumoral hemorrhage

We explored the survival of patients with and without
intratumoral hemorrhage and found that the median
overall survival (mOS) of patients in the two groups
was 184 months and 39.1 months, respectively, and
that patients with intratumoral hemorrhage had a sig-
nificantly worse prognosis compared to those in the non-
hemorrhage group (p=0.010, Fig. 1). Further subgroup
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survival analysis showed that the baseline factors con-
siderably influencing the prognosis of patients with-
out hemorrhage were less prevalent in the hemorrhage
group, including age, KPS score and pathology subtypes
(Figure S1). Patients older than 60, with KPS less than 70,
and with glioblastoma tended to have shorter survival
times (p<0.001, p<0.001, and p=0.002, respectively) in
the non-hemorrhage group. However, in the hemorrhage
group, age and WHO CNS 5 classification displayed no
statistical significance in patient prognosis (p=0.728 and
p=0.125, respectively), but KPS<70 led to a significantly
poorer prognosis (p=0.029).

Furthermore, the subgroup analysis in most tumor
types did not show significant differences between hem-
orrhage and non-hemorrhage groups among astrocy-
toma, grade 2 or 3 and grade 4, and oligodendroglioma
(p=0.075, p=0.067 and p=0.797, respectively). However,
among glioblastoma patients, those with hemorrhage had
significantly lower mOS (11.3 months vs. 15.2 months,
p=0.017, Fig. 2).

Table 1 Baseline characteristics of glioma patients with and without intratumoral hemorrhage

All patients (1=457)  Hemorrhage Group

Non-hemorrhage Group P

(n=67) (n=390) value
Gender 1.000
Male 263,57.5% 39,582% 224,57.4%
Female 194, 42.5% 28,41.8% 166, 42.6%
Mean Age, year (median [IQR]) 49.0 [36.0, 59.0] 53.01[425,625] 48.0(35.2,58.0] 0.012
Age, year 0.013
<60 345,75.5% 42,62.7% 303,77.7%
>60 112,24.5% 25,37.3% 87,22.3%
Mean BMI, kg/m2 241+35 240+£35 242+35 0.666
BMI, kg/m? 0278
<24 221,48.4% 37,552% 184,47.2%
>24 236,51.6% 30, 44.8% 206, 52.8%
Median Preoperative KPS 90.0 [80.0, 100.0] 80.0 [80.0,95.0] 90.0 [80.0, 100.0] 0.015
(median [IQR])
Preoperative KPS 1.000
<70 41,9.0% 6,9.0% 35,9.0%
>70 416,91% 61,91.0% 355,91.0%
Clinical symptoms
Intracranial hypertension 196, 43.0% 19, 284% 177,45.5% 0.013
Neurologic impairment 259, 56.9% 50, 74.6% 209, 53.9% 0.002
Epilepsy 139,30.8% 15,22.7% 124,32.2% 0.162
Ki-67, % (median [IQR]) 10.0 [3.0,30.0] 20.0 [5.0,50.0] 10.0 [2.0,30.0] 0.001
WHO5 CNS classification 0.297
Astrocytoma, IDH-mutant 63, 18.9% 11,19.3% 52,18.8%
Oligodendroglioma, IDH-mutant and 86, 25.8% 11,19.3% 75,27.2%
1p/19g-codeleted
Glioblastoma, IDH-wildtype 162, 48.6% 33,57.9% 129, 46.7%
Pediatric-type diffuse high-grade glioma 7,2.1% 0,0.0% 7,2.5%
Pediatric-type diffuse low-grade glioma 7,2.1% 2,3.5% 5,1.8%
Circumscribed glioma 8,2.4% 0,0.0% 8,2.9%
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Fig. 1 Survival analysis of patients with and without hemorrhage in the whole group. The median overall survival (mOS) times of glioma patients with
intratumoral hemorrhage and without hemorrhage were 18.4 months and 39.1 months, respectively (P=0.01)

Univariate and multivariate analysis of clinical
characteristics related to survival

Cox regression was used to identify variables with signifi-
cant impact on the survival of glioma patients. In the sub-
group analysis of astrocytoma (IDH mutant, WHO grade
2 and 3), oligodendroglioma (IDH mutant and 1p/19q
co-deleted, WHO grade 2 and 3) and astrocytoma (IDH
mutant, WHO grade 4), the cox regression result showed
no significant impact of hemorrhage on prognosis (Figure
S2, Figure A-C). In the subgroup analysis of patients with
GBM, the univariate Cox regression analysis indicated
that intratumoral hemorrhage was a significant adverse
risk factor associated with a worse prognosis (HR=1.7,
p=0.018, Fig. 3A). In multivariate analysis, both preoper-
ative KPS and intratumoral hemorrhage were significant
independent risk factors, with intratumoral hemorrhage
as a negative poor prognostic factor (HR=1.72, p=0.026,
Fig. 3B and C).

Molecular signatures of patients with intratumoral
hemorrhage

The molecular alterations in the with and without hem-
orrhage groups are summarized in Table 2; Fig. 4. A total
of 167 patients had comprehensive molecular profiles: 32
in the hemorrhage group and 135 in the non-hemorrhage
group. Alterations of CDKN2B, KMT5B, and PIK3CA
were significantly different between the two groups,
with higher alteration rates in the hemorrhage group
(CDKN2B, 84.4% vs. 62.2%, p=0.029; KMT5B, 25.0% vs.
8.9%, p=0.029; and PIK3CA, 81.3% vs. 58.5%, p=0.029),
indicating that these molecular alterations may relate to
the occurrence and potential mechanism of intratumoral
hemorrhage. Other molecular alterations showed no sta-
tistical differences between the two groups (Table 2).

Implications of molecular alterations for survival in
patients with intratumoral hemorrhage

Due to the statistical significance of molecular altera-
tions on the prognosis of patients with glioma, Kaplan-
Meier survival analysis was also conducted to clarify the



Shi et al. BMC Neurology

Survival probability

Survival probability

1.00

wihautnemarriage-

with hemormhage:

(2024) 24:202

= without hemorrhage =+ with hemorthage

I
Astrocytoma, IDH-mutant, WHO grade 2 or 3
median OS (95% CI)
without hemorrhage 15 NA
with hemorrhage 6 59.7months (55.4-NA)
HR: 6.09, P = 0.075
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120
Follow up time(m)
Number at risk
41 15 10 10 9 8 8 & 6 6 5 4 2 1 0o 0 0 0 0 0 0 0
g 6 5 5 4 4 4 4 4 4 3 1 1 1 o ¢ 0 0 0 0 0 0

) % W e e 10

%
Follow up time(rn)

== without hemorrhage =+ with hemorrhage

1.00
Astrocytoma, IDH-mutant, WHO grade 4
0.75 N median OS (95% CI)
without hemorthage 21 53.6 months (26.9-NA)
with hemorrhage 5 214 months (16.8-NA)
050]  —mmmmemmmes b HR: 3.06, P = 0.067
0.25
0.00
] 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120
Follow up time(m)
Number at risk
without hemorthage-| 21 17 15 12 12 g 9 8 6 5 5 3 1 1 ol 0 0 0 0 0 0
with hemorthage- 5 4 4 3 2 1 1 1 0 0 0 0 0 0 ol 0 0 0 Qo ol 0

) T8

S 6 &
Followe up time(m)

Survival probability

witnout nemorage-

with hemorrhaga

g
2
e
5
£
H
s
@

without nemorhage-

with hemorrhago

0.75

Page 6 of 14

-+ without hemorthage = with hemorrhage

Eaa——

Oligodendroglioma, IDH-mutant, 1p/19q-codeleted
N median O (95% CI)

without hemorrhage 75 NA
with hemorrhage 11 NA
HR: 1.32, P = 0.797
0 6 12 18 24 30 36 42 48 54 B0 66 72 78 84 90 96 102 108 114 120
Follow up time(m)
Number at risk
75 55 52 47 46 44 36 31 25 22 20 16 11 10 8 3 3 2 2 0 0
1 8 7 6 5 4 4 4 3 3 2 2 2 1 1 0 0 0 0 0 0

Bs 114

S G & 7
Follow up time(m)

-+ without hemorthage = with hemorrhage

Glioblastoma, IDH-wildtype, WHO grade 4

median OS (95% CI)
15.2 months (12.6-21.5)
11.3 months (8.5-15.8)

129
33

without hemorrhage
with hemorrhage

HR: 1.74, P = 0.017

G 6 12 18 24 80 36 42 48_54 60 66 72 78 84 90 96 102 108 114 120
Follow up time(m)
Number at risk
129 87 60 42 32 21 16 10 6 5 3 2 2 2 1 1 1 1 1 0 0
38 2 10 5 2 2 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
T s % % = % % % 4 R I R

S G & 7
Follow up time(m)

Fig. 2 Survival analysis of patients with and without hemorrhage in pathological subgroups. This figure depicts that patients with and without intra-
tumoral hemorrhage showed no significant difference in astrocytoma, IDH mutant, WHO grade and 3 (Fig. 2A, p=0.075), oligodendroglioma (Fig. 2B,
p=0.797) and astrocytoma, IDH mutant, WHO grade 4 (Fig. 2C, p=0.067). Within the group of glioblastoma, patients with intratumoral hemorrhage have
significantly shorter survival time than those without hemorrhage (Fig. 2D, p=0.017)
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Table 2 Genetic alterations of glioma patients with and without intratumoral hemorrhage
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gene alteration All patients  Patients with intra-tumoral hemorrhage  Patients without intra-tumoral hemorrhage P value
(n=167)" (n=32) (n=135)
ACVR1 alteration 2,1.2% 1,3.1% 1,0.7% 0.3474
ATRX alteration 31,18.6% 8, 25.0% 23,17.0% 04302
BCOR alteration 5,3.0% 1,3.1% 4,3.0% 1
BRAF alteration 88,52.7% 20,62.5% 68, 50.4% 0.2989
CDK4 alteration 100, 59.9% 21,65.6% 79,58.5% 0.5914
CDKG6 alteration 103,61.7% 21,65.6% 82,60.7% 0.7575
CDKN2A alteration 97,58.1% 20,62.5% 77,57.0% 0.716
CDKN2B alteration 111,66.5% 27,84.4% 84,62.2% 0.02938*
CIC alteration 34, 20.4% 5,15.6% 29,21.5% 0.6202
EGFR alteration 106, 63.5% 20,62.5% 86, 63.7% 1
FBXW?7 alteration 2,1.2% 1,3.1% 1,0.7% 0.3474
FGFR1 alteration 80, 47.9% 16, 50.0% 64, 47 4% 0.9464
FGFR2 alteration 81,48.5% 17,53.1% 64,47.4% 0.7001
FGFR3 alteration 61,36.5% 13,40.6% 48,35.6% 0.7404
FGFR4 alteration 58,34.7% 10,31.3% 48, 35.6% 0.7999
FUBP1 alteration 21,12.6% 3,94% 18,13.3% 0.7682
H3F3A alteration 1,0.6% 0,0.0% 1,0.7% 1
HIST1H3B alteration 1,0.6% 0,0.0% 1,0.7% 1
IDH1 alteration 76,45.5% 17,53.1% 59,43.7% 0.4444
IDH2 alteration 1,0.6% 0, 0.0% 1,0.7% 1
KIT alteration 71,42.5% 12,37.5% 59,43.7% 0.6604
KMTSB alteration 20,12.0% 8,25.0% 12,89% 0.02851*
KRAS alteration 79,47.3% 17,53.1% 62, 45.9% 0.5916
MET alteration 64,38.3% 14, 43.8% 50,37.0% 0617
MYB alteration 82,49.1% 17,53.1% 65, 48.1% 0.7568
MYBL1 alteration 55,32.9% 13, 40.6% 42,31.1% 0412
MYC alteration 58,34.7% 16, 50.0% 42,31.1% 0.07009
MYCN alteration 38,22.8% 4,12.5% 34,25.2% 0.1921
NF1 alteration 12,7.2% 0,0.0% 12,8.9% 0.1255
NOTCH]1 alteration 60, 35.9% 16, 50.0% 44,32.6% 0.1009
NRAS alteration 1,0.6% 0, 0.0% 1,0.7% 1
NTRK?2 alteration 86,51.5% 15,46.9% 71,52.6% 0.7001
NTRK3 alteration 71,42.5% 14, 43.8% 57,42.2% 1
PDGFRA alteration 80,47.9% 17,53.1% 63, 46.7% 0.645
PEGS3 alteration 96,57.5% 17,53.1% 79,58.5% 0.7218
PIK3CA alteration 105, 62.9% 26,81.3% 79,58.5% 0.02856*
PIK3CB alteration 3,1.8% 0,0.0% 3,2.2% 1
PIK3R1 alteration 11,6.6% 2,63% 9,6.7% 1
PPM1D alteration 44,26.3% 9,28.1% 35,25.9% 0.9755
PTEN alteration 111,66.5% 25,78.1% 86, 63.7% 0.1785
PTPN11 alteration 53,31.7% 8,25.0% 45,33.3% 0.4843
RB1 alteration 73,43.7% 18, 56.3% 55,40.7% 0.1639
SMARCA4 alteration 9,54% 4,12.5% 5,3.7% 0.06945
SMARCB!1 alteration 1,0.6% 0, 0.0% 1,0.7% 1
TERT alteration 97,58.1% 17,53.1% 80, 59.3% 0.665
TOP3A alteration 84,50.3% 14,43.8% 70,51.9% 0.5303
TP53 alteration 49,29.3% 11, 34.4% 38,28.1% 0.6315
TSC1 alteration 1,0.6% 0,0.0% 1,0.7% 1
TSC2 alteration 12,7.2% 3,9.4% 9,6.7% 0.702
YAP1 alteration 2,1.2% 0,0.0% 2,1.5% 1
chr1p alteration 165, 98.8% 32,100.0% 133,98.5% 1
chr7p alteration 166, 99.4% 32,100.0% 134, 99.3% 1
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Table 2 (continued)

gene alteration All patients  Patients with intra-tumoral hemorrhage  Patients without intra-tumoral hemorrhage  Pvalue
(n=167)" (n=32) (n=135)

chr7q alteration 152,91.0% 30,93.8% 122,90.4% 0.7384

chr10p alteration 162,97.0% 30, 93.8% 132,97.8% 0.2442

chr10q alteration 166, 99.4% 32,100.0% 134,99.3% 1

chr17 alteration 152,91.0% 30,93.8% 122,90.4% 0.7384

chr19q alteration 144, 86.2% 31,96.9% 113,83.7% 0.08224

" The results of molecular alteration are available only in 167 out of 457 patients due to retrospective design and lack of tissue specimen

association of molecular markers and survival time for
patients with and without hemorrhage in an attempt to
find potential clues for prognostic prediction and more
informed clinical decision making. The molecular altera-
tion of CDK6, EGFR, and FGFR2 was each associated
with shorter overall survival time of patients in both the
hemorrhage and non-hemorrhage groups (Fig. 5), and the
alteration of CDKN2A/B, FGFR3, MET, MYB, MYBL],
IDH1, and TERT showed prognostic significance in the
non-hemorrhage group but displayed no difference in the
hemorrhage group (Figure S3). Additionally, no correla-
tion was observed between other molecular alterations
and the survival time of patients in either group (Figure
S4).

Construction of Hemorrhage Prediction Model using
Clinical and Imaging features

Because intratumoral hemorrhage is a significant nega-
tive prognostic factor in glioma patients, Cox regres-
sion analysis was used to screen features and construct
a model to predict the presence of intratumoral hemor-
rhage among glioma patients (Fig. 6A). Patients with het-
erozygous T1 signalling, hypertension, cystic lesions, and
necrosis tend to have an intratumoral hemorrhage. The
model was then applied to the current cohort and could
separate patients with hemorrrhage from those without
hemorrhage (Fig. 6B).

Discussion

This study employs preoperative MRI to reveal the inci-
dence of intratumoral hemorrhage in glioma and its
negative impact on survival. Surprisingly, the subgroup
analysis showed that preoperative intratumoral hemor-
rhage overshadowed other factors typically associated
with a poorer prognosis, indicating that preoperative
intratumoral hemorrhage might be a more critical indi-
cator for clinicians. Furthermore, we identified several
molecular alterations potentially linked to the worse
prognosis of both groups, including alterations in CDK6,
EGFR, and FGEFR2. Finally, various clinical presenta-
tions and molecular alterations were associated with an
increased occurrence of intratumoral hemorrhage, such
as higher Ki-67 levels and changes in CDKN2B, KMT5B,

and PIK3CA, which might be potential targets for future
research in preoperative intratumoral hemorrhage.

14.7% of glioma patients in the study showed intratu-
moral hemorrhage on preoperative imaging. This is simi-
lar to the fraction reported in the literature, reaffirming
that intratumoral hemorrhage is not a rare complication
among glioma patients [4, 8, 11]. However, previous stud-
ies have often combined all types of brain tumors into a
single group and have yet to include genetic and molecu-
lar signatures in subgroup analysis. Our study stratifies
patients based on the updated 2021 WHO 5 classifica-
tion, thus providing a more clinically relevant report on
the effects of hemorrhage. Comparable to prior data,
the higher tumor grade and astrocytomas/glioblastomas
are associated with the highest occurrence of intratu-
moral hemorrhage in primary brain tumors [11]. Nev-
ertheless, previous reports on intratumoral hemorrhage
have primarily focused on metastatic brain tumor [13,
14] and rarely on primary brain tumors. In contrast, our
study includes only adult diffuse glioma patients, and our
results can, therefore, more accurately reflect the clinical
outcomes of this specific patient population. In summary,
the current study provides the most updated data on the
incidence of intratumoral hemorrhages among adult gli-
oma patients.

The survival analysis in this study suggests that even
with similar preoperative performance between the two
groups, the hemorrhage group had significantly higher
Ki-67, more frequently exhibited neurologic impairment
and had a worse prognosis (Table 1). Intratumoral hem-
orrhage was also an independent adverse prognostic fac-
tor in both univariate and multivariate analyses (Fig. 3).
This finding is essential since although the outcomes of
glioma patients might depend on various factors, the
imaging-based intratumoral hemorrhage remains the
independent adverse prognostic factor, highlighting the
inclusion of such a feature into clinical management con-
siderations. Moreover, this negative impact of hemor-
rhage can be used clinically to aid outcome prediction.
For instance, Kong et al. applied susceptibility-weighted
imaging based on microhemorrhage features in tumors
to differentiate lower-grade gliomas from higher-grade
ones [15]. More importantly, intratumoral hemorrhage is
a feature that can be easily detected by noninvasive MRI
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imaging even before the surgery, thus offering an oppor-
tunity to tailor management. The results of our study
support the predictive value of intratumoral hemorrhage
and the use of simple, noninvasive imaging to stratify gli-
oma patients preoperatively.

Interestingly, in subgroup analysis, the factors usu-
ally associated with worse prognosis, such as lower KPS,
older age, and glioblastoma, became less predictive of
outcome in intratumoral hemorrhage. This suggests that
hemorrhage can be an independent negative predic-
tor of survival, overriding the effects of age, KPS, and
WHO classification. Consequently, this highlights the
importance of clinical management modification in this
subgroup of glioma patients. Some researchers have rec-
ommended anti-angiogenic treatment in malignant gli-
oma, but its effectiveness, especially for patients already
exhibiting intratumoral hemorrhage, remains to be deter-
mined, and future studies are needed [16].

Moreover, our study showed that Ki-67, an indicator
of cell proliferation, differed significantly between hem-
orrhage and non-hemorrhage groups (Table 1); however,
in the Cox analysis (Fig. 3), it was shown as a non-inde-
pendent risk factor (p=0.440), which indicates that the
cell proliferation might be related to intratumoral hem-
orrhage. This aligns with prior research, which shows
glioblastomas with different microvascular patterns
have significantly different Ki-67 indices and survival
times [17]. High proliferative activity with high oxygen
consumption is more likely to cause hypoxia in tumors,
stimulating HIF-1a overexpression [18] and thus pro-
moting angiogenesis. Previous studies have reported that
the intensity of microvessels increased with higher astro-
cytoma grade [19], and gliomas of different grades have
different neovascularity [20]. The angiogenesis and the
newly generated vessels, which lack tight junctions and
are fragile, increase the risk of vessel rupture and hem-
orrhage [21, 22]. These results suggest angiogenesis as a
potential explanation for the correlation between Ki-67
and tumor-associated hemorrhage.

Surprisingly, hemorrhage did not correlate with glioma
grade or classification (Table 1), considering that high-
grade gliomas have more proliferation. However, the
hemorrhage group did tend to have a higher percentage
of high-grade gliomas (Table 1). Glioblastomas and astro-
cytomas also had a higher percentage of hemorrhage
than oligodendrogliomas (Table 1). The higher rate of
astrocytomas may be because 53.2% were graded 4. The
insignificance may be due to the small sample size, which
deserves further investigation.

Considering that intratumoral hemorrhage is asso-
ciated with a worse prognosis, it is critical to identify
biomarkers related to the presence of hemorrhage. The
alterations of CDKN2B, KMT5B, MAP2K1, PIK3CA,
and chr9p were associated with hemorrhage (Table 2),
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and this may be due to the fact that most of them affect
glioma cell proliferation and invasion. KMT5B encodes
a kind of histone lysine methyltransferases (KMTs),
which employs H4K20mel as a substrate, giving rise
to H4K20me2 [23]. Previous studies have shown that
KMT5B overexpression reduces the proliferation of glio-
blastoma cells [24], and enhanced activity of KMT5B can
suppress VEFGR2 expression in endothelial cells [25]. In
our study population, all KMT5B alterations were point
mutations and likely caused loss of function, which may
explain why patients with intra-tumoral hemorrhage
tended to have more KMT5B alterations.

The survival analysis identified the following three
molecular features that had a significant prognostic
impact in both hemorrhage and nonhemorrhage groups:
CDK6, EGFR, and FGFR2. First, CDKG6 is a cell cycle reg-
ulation-related molecule, and its mutations often lead to
enhanced cell cycle protein-dependent kinase six activ-
ity and tumor growth [26], consistent with our study’s
significant prognostic differences. EGFR and FGFR2
play an essential role in tumor angiogenesis and, there-
fore, may increase the probability of hemorrhage, which
may, in turn, lead to a poorer prognosis [27]. However,
in this study, the prognostic deterioration due to these
two molecular features was not related to the presence or
absence of hemorrhage, and we, therefore, speculate that
the prognostic impact of the angiogenic effects of EGFR
and FGFR2 is more likely to arise through the promo-
tion of tumor proliferation and migration than through
hemorrhage.

Nevertheless, ten genetic alterations only affected
prognosis among patients without hemorrhage:
CDKN2A/B, FGFR3, MET, MYB, MYBL1, IDH1, TERT,
PTEN, and RB1. CDKN2A/B encode pl16/pl5 proteins
and their inactivation results in the acceleration of tumor
progression [28, 29]. FGFR3 and MET play critical roles
in tumor growth [30, 31]. MYB and MYBL1 regulate the
expression of cell cycle protein-dependent kinases, which
contribute to cancer development [32]. However, over-
expression of wild-type MYB is insufficient to transform
human epithelial cells fully; it promotes tumorigenesis
only in combination with additional genetic alterations
[33]. IDH1 mutations are prevalent and associated with
better prognosis in gliomas [34]. TERT promoter muta-
tions can lead to TERT transcription upregulation and
cell proliferation [35]. RB1 and PTEN are both negative
regulators of cells [36, 37].

The mechanisms described above indicate the effects of
these genes in the without hemorrhage group; mutations
can lead to significant differences in prognosis. However,
in the hemorrhage group, we found that hemorrhage can
mask the prognostic differences of these genes, regard-
less of their original prognostic impact. In particular,
IDH1 and TERT have a significant prognostic impact on
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gliomas to the extent that they can be used as clear cri-
teria for CNS tumor classification [38]. Still, as we previ-
ously mentioned, they do not predict survival in patients
with hemorrhage. Therefore, Particular attention should
be paid to these issues in a clinical setting, and a renewed
prognosis-related molecular profile of patients with hem-
orrhage should be developed.

Lastly, we constructed a model using imaging and clini-
cal features to predict intratumoral haemorrhage occur-
rence in glioma patients. This model included discernible
clinical presentations, such as intracranial hypertension
and intratumoral necrosis, to aid in early hemorrhage
diagnosis (Fig. 6). Many studies have examined the nega-
tive impact of intratumoral necrosis on the prognosis of
glioma patients, such as GBM and oligodendrocytoma
[39, 40]. However, the association between necrosis and
intratumoral hemorrhage has not been explored. In our
hemorrhage prediction model, necrosis is a positive risk
factor for intratumoral hemorrhage. Whether there is a
common molecular mechanism underlying these imag-
ing features is worthy of further investigation.

However, our study still has some limitations. First,
since the study was retrospective and intratumoral hem-
orrhage was defined based on imaging presentations, dif-
ferences between radiological features and anatomical
presentation may remain, leading to ambiguity during
group division. Future studies should explore the differ-
ences in patient characteristics between histological ver-
sus imaging-defined intratumoral hemorrhage. Second,
there may have been potential selection bias due to the
small sample of this retrospective study, especially the
unbalanced number in hemorrhage and non-hemorrhage
groups and the subgroup analysis of genetic alterations.
However, the unbalanced number in the two groups may
also highlight the intrinsic occurrence of intratumoral
hemorrhage among glioma patients. Therefore, future
studies with larger patient populations are needed to
validate the results of our study. Third, we pre-designed
a molecular panel that was essential in characterizing
the survival of glioma patients, however, more molecular
biomarkers might be related to intratumoral hemorrhage,
and in the future, whole-exome sequencing might be a
potential solution to address this problem.

Conclusions

This retrospective cohort study showed that glioma
patients with preoperative intratumoral hemorrhage
had a worse prognosis, regardless of age, KPS or glioma
grades. CDKN2B, KMT5B, and PIK3CA alterations were
common in the hemorrhage group, suggesting a pos-
sible mechanism for the prognostic value of intratumoral
hemorrhage. Additionally, several molecular alterations
concerning prognosis were identified in both groups and
warrant further investigation.
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