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Abstract: Objective: To investigate the expression levels of epidermal growth factor (EGF) and vascular endothelial 
growth factor (VEGF) in patients with recurrent glioma and to explore their correlation with patient prognosis follow-
ing radiosurgery. Methods: A retrospective analysis was conducted on 83 patients with recurrent glioma who re-
ceived radiosurgery treatment (observation group). An additional 83 patients who underwent decompressive crani-
ectomy for traumatic brain injury were included as the control group. EGF and VEGF concentrations in cerebrospinal 
fluid (CSF) were measured and compared between the two groups. In the observation group, EGF and VEGF levels 
were further analyzed according to various clinical parameters. After a 1-year follow-up, patients in the observation 
group were categorized into a survival group (n = 44) and a death group (n = 39) based on prognosis. Differences 
in clinical characteristics and EGF/VEGF expression between the two subgroups were compared, and prognostic 
factors were analyzed. Receiver operating characteristic (ROC) curve analysis was used to assess the predictive 
value of EGF and VEGF for patient prognosis, and Kaplan-Meier survival analysis was conducted based on high and 
low expression levels of these biomarkers. Results: CSF levels of EGF and VEGF were significantly elevated in the 
observation group compared to the control group. Among patients with glioma, those with WHO grade III-IV tumors 
exhibited higher EGF levels than those with grade II tumors. EGF and VEGF levels were also significantly higher in 
patients with a Karnofsky Performance Status (KPS) score <80 and in the death group compared to those with a 
KPS ≥80 and the survival group (P<0.05). Multivariate logistic regression analysis identified VEGF ≥300.94 ng/L, 
EGF ≥102.50 ng/L, and WHO grade III-IV glioma as independent predictors of poor prognosis following radiosurgery. 
ROC analysis showed optimal prognostic cutoff values of 301.48 ng/L for VEGF (AUC = 0.747) and 100.98 ng/L for 
EGF (AUC = 0.793). Combined analysis of EGF and VEGF yielded an AUC of 0.803 for prognosis prediction. Kaplan-
Meier survival curves showed that patients with low VEGF expression had significantly longer overall survival than 
those with high VEGF expression (P<0.05). Conclusion: Elevated CSF levels of EGF and VEGF are closely associated 
with tumor severity and poor prognosis in recurrent glioma. These biomarkers may serve as valuable indicators for 
predicting radiosurgical outcomes and guiding clinical decision-making.
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Introduction

Glioma is the most common primary tumor of 
the central nervous system and is character-
ized by a high incidence, frequent recurrence 
rate, and poor prognosis [1, 2]. Despite advanc-
es in therapeutic strategies that have impro- 
ved patient quality of life, the clinical outcomes 
of glioma - particularly in cases of recurrence - 
remain unsatisfactory [3-5]. Patients with re- 
current glioma often face limited treatment effi-
cacy and reduced survival, underscoring the 
urgent need for improved therapeutic approach-

es and prognostic evaluation. Radiosurgery is  
a precise, localized treatment modality that 
delivers high-dose irradiation to tumor tissue 
while minimizing damage to surrounding heal- 
thy brain structures, thereby achieving tumor 
control [6, 7]. However, treatment responses 
and prognoses vary significantly among pa- 
tients, even when radiosurgery is employed. 
This variability has prompted increased res- 
earch interest in understanding the underlying 
mechanisms of glioma recurrence and identify-
ing reliable biomarkers for prognostic assess-
ment in the neurosurgical field.

http://www.ajtr.org
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Epidermal growth factor (EGF) is a biologically 
active polypeptide that binds to specific cell 
membrane receptors, activating intracellular 
signaling pathways that regulate cell prolifera-
tion, differentiation, migration, and apoptosis 
inhibition [8]. Overexpression of EGF and its 
receptors has been reported in multiple malig-
nancies and is often associated with tumor pro-
gression and poor prognosis [9]. Similarly, vas-
cular endothelial growth factor (VEGF) promotes 
angiogenesis by increasing vascular permeabil-
ity, facilitating tumor growth and metastasis 
[10-12].

Although aberrant expression of EGF and VEGF 
has been documented in gliomas, studies spe-
cifically addressing their expression profiles in 
recurrent gliomas and their association with 
radiosurgical outcomes are relatively scarce. 
Therefore, this study aims to investigate the 
expression levels of EGF and VEGF in patients 
with recurrent gliomas and to evaluate their 
potential as prognostic biomarkers following 
radiosurgical treatment. The findings are ex- 
pected to provide a reference for optimizing 
prognostic assessment and guiding clinical 
management in a challenging patient popu- 
lation.

Materials and methods

General information

Patients with cerebral glioma who underwent 
radiosurgical treatment at our hospital between 
2022 and 2024 were enrolled in the observa-
tion group. During the same period, patients 
who underwent decompressive craniectomy  
for traumatic brain injury were selected as the 
control group. This study was approved by the 
General Hospital of Theater Command’s ethics 
committee.

Sample size calculation

To detect a difference in cerebrospinal fluid 
VEGF and EGF levels between glioma patients 
and patients with traumatic brain injury, a sam-
ple size calculation was performed based on 
preliminary data. The mean VEGF concentra-
tions in the two groups were estimated at  
100 ng/L and 85 ng/L, respectively, with a 
standard deviation of 20 ng/L in both groups.  
A two-sided test was used with a significance 
level (α) of 0.05 and a statistical power (1-β)  

of 90%. Using PASS version 15.0 software, the 
minimum required sample size was calculated 
to be 78 subjects per group. Allowing for a 6% 
dropout rate, the final sample size was set at 
83 participants in each group.

Inclusion and exclusion criteria

Inclusion criteria: Patients in the observation 
group were included based on the following  
criteria: (1) Histopathologically confirmed diag-
nosis of recurrent glioma (WHO grade II-IV); (2) 
Availability of complete clinical data; (3) Kar- 
nofsky Performance Status (KPS) score ≥70;  
(4) Eligibility for and receipt of radiosurgical 
treatment; (5) Age ≥18.

Patients in the control group were included if 
they met the following conditions: (1) Underwent 
decompressive craniectomy for traumatic brain 
injury; (2) No history or evidence of malignant 
tumors; (3) Age ≥18 years; (4) Availability of 
complete clinical data.

Exclusion criteria: Patients in the observation 
group were excluded if they met any of the fol-
lowing conditions: (1) Presence of other malig-
nancies or severe systemic diseases; (2) Prior 
treatment with anti-angiogenic agents or tar-
geted therapies involving the EGF/VEGF path-
way; (3) History of psychiatric disorders; (4) 
Estimated survival less than 3 months; (5) Poor 
compliance with treatment; (6) Incomplete clin-
ical data.

Exclusion criteria for the control group were as 
follows: (1) Presence of intracranial infection; 
(2) History of neurological tumors or neurode-
generative diseases; (3) Psychiatric disorders.

Methods

Data collection: For patients in the observation 
group, the following clinical data were collect-
ed: age, sex, pathological type, location of tu- 
mor recurrence, diameter of recurrent lesion, 
WHO grade, pre-treatment Karnofsky Perfor- 
mance Status (KPS) score, and primary tumor 
type.

Biomarker detection: Cerebrospinal fluid (CSF) 
samples were obtained from both the observa-
tion and control groups. The concentrations of 
VEGF and EGF in the CSF were measured using 
enzyme-linked immunosorbent assay (ELISA).
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Treatment methods: All patients in the obser- 
vation group received radiotherapy. Thermo- 
plastic head masks were used for patient 
immobilization, and CT simulation was perfor- 
med for positioning. Irradiation was delivered 
using 6MV X-rays via intensity-modulated ra- 
diotherapy (IMRT). The radiotherapy treatment 
plan was designed using the Philips Pinnacle 
3.0 planning system.

Follow-up

Patients in the observation group were strati-
fied into high-expression and low-expression 
subgroups based on the median VEGF and EGF 
levels. All patients were followed up after treat-
ment, and overall survival (OS) was recorded. 
OS was defined as the time interval from the 
completion of treatment to death or the last 
follow-up date.

Statistical analysis

Data analyses were performed using SPSS 
22.0 software. Categorical data were express- 
ed as n (%) and compared using the chi-square 
test. Continuous data were presented as mean 
± standard deviation (SD), and comparisons 
among multiple groups were conducted using 
one-way analysis of variance (ANOVA). Logistic 
regression analysis was employed to identify 
independent factors associated with patient 
prognosis. Receiver operating characteristic 
(ROC) curve analysis was performed to evalu-
ate the predictive value of CSF VEGF and EGF 
levels for clinical outcomes. Kaplan-Meier sur-
vival analysis was used to compare OS between 
high-expression and low-expression groups of 
VEGF and EGF. A P value <0.05 was considered 
statistically significant.

13.95 ng/L) versus the control group (72.11± 
10.24 ng/L). These differences were statisti-
cally significant (t = 31.593 and 15.999, res- 
pectively; both P = 0.000). See Figure 1.

Comparison of VEGF and EGF levels among 
patients with different clinical characteristics 
in the observation group

Within the observation group, patients with 
WHO grade III-IV gliomas exhibited significantly 
higher EGF levels compared to those with grade 
II tumors (P<0.05). Additionally, patients with 
pre-treatment KPS scores <80 had significantly 
higher levels of both EGF and VEGF than those 
with a KPS ≥80 (P<0.05). See Table 1.

Comparison of VEGF and EGF levels between 
survival subgroups in the observation group

By the end of the follow-up period, 39 patients 
in the observation group had died, resulting in 
a survival rate of 53.01%. The mean VEGF level 
in the deceased subgroup was 320.44±44.48 
ng/L, significantly higher than that in the survi- 
ving subgroup (283.65±38.03 ng/L). Likewise, 
the EGF level was significantly higher in the 
deceased group (109.83±11.56 ng/L) than in 
the surviving group (96.00±12.69 ng/L). These 
differences were statistically significant (t = 
4.062 and 5.165, respectively; both P = 0.000). 
See Figure 2.

Comparison of clinical characteristics between 
survival subgroups in the observation group

Statistically significant differences were obser- 
ved between the deceased and surviving pa- 
tients regarding WHO grade and pre-treatment 
KPS scores (P<0.05). See Table 2.

Figure 1. Comparison of VEGF and EGF levels between the observation 
group and the control group. Note: VEGF, vascular endothelial growth factor; 
EGF, epidermal growth factor.

Results

Comparison of VEGF and EGF 
levels between the observa-
tion and control groups

A total of 83 patients were 
included in each group. The 
mean CSF VEGF level was sig-
nificantly higher in the obser-
vation group (300.94±44.90 
ng/L) compared to the control 
group (122.78±24.97 ng/L). 
Similarly, the EGF level was 
significantly elevated in the 
observation group (102.50± 
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Table 1. Comparison of VEGF and EGF levels among patients with 
different clinical characteristics in the observation group
Index n VEGF (ng/L) EGF (ng/L)
Age
    ≥60 52 304.96±47.35 101.96±15.50
    <60 31 294.18±40.30 103.41±11.05
t 1.059 0.458
P 0.293 0.648
Sex
    Male 49 299.59±46.32 102.37±15.06
    Female 34 302.88±43.39 102.68±12.40
T 0.326 0.098
P 0.746 0.922
Tumor location
    Cerebral lobe 39 299.61±45.31 102.69±14.81
    Brainstem and cerebellum 44 302.11±45.03 102.33±13.31
T 0.252 0.117
P 0.802 0.907
WHO Classification
    Grade II 35 304.39±47.34 104.67±11.48
    Grade III-IV 48 296.20±41.53 99.52±10.80
T 0.819 2.089
P 0.415 0.040 
Pre-treatment KPS score
    ≥80 42 318.27±46.13 105.88±14.02
    <80 41 288.90±40.69 99.20±13.23
T 2.555 2.233
P 0.013 0.028
Maximum diameter of tumor
    ≥3 cm 41 308.51±48.03 104.35±15.06
    <3 cm 42 293.55±40.86 100.69±12.70
T 1.530 1.198
P 0.130 0.234
Primary tumor type
    Anaplastic astrocytoma 4 305.97±74.19 108.37±19.68
    Glioblastoma 67 301.28±43.84 101.3±13.91
    Oligodendroglioma 5 297.19±54.75 106.43±14.40
    Diffuse midline cell tumor 7 297.48±40.32 106.99±11.26
F 0.042 0.744
P 0.988 0.529
Note: VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; KPS, 
Karnofsky Performance Status.

Logistic regression analysis of prognostic fac-
tors

A logistic regression analysis was conducted to 
identify independent factors associated with 
patient prognosis. Survival status was set as 

the dependent variable (sur-
vival = 0, death = 1), while the 
following were included as in- 
dependent variables: WHO gr- 
ade (grade II = 0, grade III-IV = 
1), pre-treatment KPS sco- 
re (≥80 = 0, <80 = 1), VEGF le- 
vel (categorized by the mean: 
<300.94 ng/L = 0, ≥300.94 
ng/L = 1), and EGF level 
(<102.50 ng/L = 0, ≥102.50 
ng/L = 1). The analysis re- 
vealed that VEGF ≥300.94 
ng/L, EGF ≥102.50 ng/L, and 
WHO grade III-IV glioma were 
independently associated wi- 
th poor prognosis in patients 
with recurrent glioma treated 
with radiosurgery. See Table 
3.

ROC curve analysis results

ROC curve analysis showed 
that the cutoff values were 
301.48 ng/L for VEGF and 
100.98 ng/L for EGF, corre-
sponding to areas under the 
curve (AUC) of 0.747 and 
0.793, respectively. When bo- 
th biomarkers were combined, 
the AUC increased to 0.803. 
See Table 4 and Figure 3.

Comparison of survival 
between high and low VEGF 
expression groups

Patients with VEGF levels 
≥300.94±44.90 ng/L ng/L 
were classified into the high-
expression group (n = 44), whi- 
le those with levels <300.94 
44.90 ng/L were classified 
into the low-expression group 
(n = 39). In the high-expres-
sion group, 30 patients died, 
and the median OS was 8.28 

months (7.44, 9.12). In contrast, the low-ex- 
pression group had 9 deaths, with a median  
OS of 11.07 months (10.42, 11.72). The differ-
ence in OS between the two groups was statis-
tically significant (Log-rank test = 22.091, 
P<0.05). See Figure 4.
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Figure 2. Comparison of VEGF and EGF levels between the survival group 
and the death group. Note: VEGF, vascular endothelial growth factor; EGF, 
epidermal growth factor.

Table 2. Comparison of clinical characteristics between survival 
and death groups in the observation cohort

Index Survival group  
(n = 44)

Death group  
(n = 39) χ2 P

Age
    ≥60 27 (61.36) 25 (64.10) 0.066 0.797
    <60 17 (35.90) 14 (35.90)
Sex
    Male 25 (56.82) 24 (61.54) 0.191 0.663
    Female 19 (43.18) 15 (38.46)
Tumor location
    Cerebral lobe 21 (47.73) 18 (46.15) 0.021 0.886
    Brainstem and cerebellum 23 (52.27) 21 (53.85)
WHO Classification
    Grade II 25 (56.82) 10 (25.64) 8.241 0.004
    Grade III-IV 19 (43.18) 29 (74.36)
Pre-treatment KPS score 
    ≥80 29 (65.91) 13 (33.33) 8.777 0.003
    <80 15 (34.09) 26 (66.67)
Maximum diameter of tumor
    ≥3 cm 20 (45.45) 21 (53.85) 0.582 0.445
    <3 cm 24 (54.55) 18 (46.15)
Primary tumor type
    Anaplastic astrocytoma 2 (4.55) 2 (5.13) 0.416 0.937
    Glioblastoma 36 (81.82) 31 (79.49)
    Oligodendroglioma 2 (4.55) 3 (7.69)
    Diffuse midline cell tumor 4 (9.09) 3 (7.69)
Note: KPS, Karnofsky Performance Status.

Comparison of survival between high and low 
EGF expression groups

Using a threshold of 102.50±13.95 ng/L, 
patients were divided into high (n = 42) and  
low (n = 41) EGF expression groups. The high-
expression group experienced 29 deaths and 

had a median OS of 8.24 
months (7.44, 9.04), whereas 
the low-expression group had 
10 deaths and a significant- 
ly longer median OS of 10.98 
months (10.25, 11.70). The 
difference was statistically 
significant (Log-rank test = 
19.891, P<0.05). See Figure 
5.

Discussion

EGF is a multifunctional gr- 
owth factor whose overex-
pression has been shown to 
promote tumor cell growth 
[13, 14]. VEGF, a principal 
mediator of angiogenesis, fa- 
cilitates tumor growth by en- 
hancing vascular permeability 
[15, 16]. Accordingly, elevated 
levels of EGF and VEGF are 
closely associated with glioma 
progression. Measuring the 
CSF levels of EGF and VEGF in 
glioma patients provides valu-
able insights into the tumor’s 
biological behavior and offers 
a theoretical basis for impro- 
ving diagnostic and therapeu-
tic strategies. This study found 
that patients with recurrent 
glioma exhibited significantly 
higher CSF levels of EGF and 
VEGF compared to patients 
who underwent decompres-
sive craniectomy for traumatic 
brain injury. These findings 
suggest that EGF and VEGF 
may play a role in the initiation 
and progression of glioma [17, 
18].

In the analysis of recurrent 
glioma patients stratified by 
clinical characteristics, EGF 
levels were higher in patients 

with WHO grade III-IV tumors compared to 
those with grade II, indicating a strong associa-
tion between EGF expression and glioma malig-
nancy. As tumor grade increases, the prolifera-
tive capacity, invasiveness, and metastatic 
potential of tumor cells are progressively en- 
hanced. Given that EGF is a critical regulator of 
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cell proliferation and migration, its elevated 
expression may serve as a key biological mark-
er indicating increased tumor aggressiveness 
[19]. Moreover, patients with a KPS score <80 
exhibited higher levels of both EGF and VEGF 
compared to those with scores ≥80. The KPS 
score is widely used to assess patients’ func-
tional status and quality of life, with lower sco- 
res reflecting poorer physical condition and 
quality of life [20]. The results of this study 
demonstrate a negative correlation between 
EGF and VEGF levels and KPS scores, which 
may be explained by the tumor-promoting eff- 
ects of these factors leading to accelerated 
tumor growth and invasion. This, in turn, likely 
contributes to the deterioration of patients’ 

Table 3. Logistic regression analysis of factors affecting patient prognosis

Index B SE Wald P OR
OR 95% CI

Lower limit Upper limit
VEGF (≥300.94 ng/L) 1.534 0.702 4.774 0.029 4.636 1.171 18.355
EGF (≥102.50 ng/L) 1.551 0.694 4.986 0.026 4.715 1.209 18.39
WHO Classification (III-IV) 1.514 0.671 5.095 0.024 4.544 1.221 16.92
Pre-treatment KPS score (<80) 1.192 0.629 3.593 0.058 3.292 0.96 11.288
Constant -3.252 0.786 17.139
Note: VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; KPS, Karnofsky Performance Status.

Table 4. ROC curve analysis for predicting patient prognosis
Index Cutoff value AUC (95% CI) P Sensitivity Specificity
VEGF (ng/L) 301.48 0.747 (0.64, 0.86) <0.001 0.77 0.71
EGF (ng/L) 100.98 0.798 (0.70, 0.90) <0.001 0.87 0.66
Combined factor - 0.803 (0.70, 0.90) <0.001 0.87 0.71
Note: VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; AUC, Area under the receiver operating character-
istic (ROC) curve.

Figure 3. Receiver operating characteristic (ROC) 
curve analysis. Note: VEGF, vascular endothelial 
growth factor; EGF, epidermal growth factor.

Figure 4. Kaplan-Meier survival curves compar-
ing the high-expression and low-expression VEGF 
groups. Note: VEGF, vascular endothelial growth fac-
tor.

Figure 5. Kaplan-Meier survival curves comparing 
the high-expression and low-expression EGF groups. 
Note: EGF, epidermal growth factor.
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physical condition and quality of life, resulting 
in decreased KPS scores.

In recent years, stereotactic radiosurgery has 
become a key treatment modality for recurrent 
gliomas, garnering increasing attention regard-
ing its therapeutic efficacy and prognostic fac-
tors. This technique achieves localized tumor 
control by precisely delivering high-dose radia-
tion, making it especially suitable for recurrent 
lesions located deep within the brain or adja-
cent to critical functional areas. Nevertheless, 
treatment outcomes are influenced by a variety 
of factors, including tumor molecular character-
istics, alterations in the tumor microenviron-
ment, and treatment-related toxicities [21, 22]. 
Therefore, elucidating the factors that influen- 
ce the efficacy of stereotactic radiosurgery is 
essential for optimizing treatment strategies 
and improving patient prognosis.

In this study, a one-year follow-up of patients 
with recurrent glioma revealed that 39 patients 
died, with the deceased group showing higher 
levels of EGF and VEGF. ROC curve analysis 
indicated that both individual and combined 
detection of EGF and VEGF yielded AUC exceed-
ing 0.7 for prognostic prediction. These findings 
suggest a strong association between EGF and 
VEGF expression and clinical outcomes in glio-
ma patients, suggesting that integrating these 
biomarkers with clinical characteristics can en- 
hance prognostic accuracy in clinical practice. 
Multivariate logistic regression further identi-
fied VEGF ≥300.94 ng/L, EGF ≥102.50 ng/L, 
and WHO glioma grade III-IV as independent 
predictors of poor prognosis following stereo-
tactic radiosurgery. This underscores the criti-
cal role of elevated EGF and VEGF expression, 
alongside advanced higher tumor grade, as key 
prognostic factors in patients with recurrent 
glioma.

Additionally, Kaplan-Meier survival curve analy-
sis was performed to compare overall survival 
between high and low expression groups of 
VEGF and EGF. Patients in the high-expression 
groups exhibited significantly shorter cumula-
tive survival times compared to those in the 
low-expression groups, further confirming the 
strong association between elevated EGF and 
VEGF levels and glioma progression [23-25]. 
Consequently, clinical strategies aimed at inhi- 
biting the expression of EGF and VEGF or block-
ing their signaling pathways may hold potential 

to prolong survival and improve outcomes in 
glioma patients.

In summary, this study demonstrates that EGF 
and VEGF are markedly elevated in the CSF of 
glioma patients, and their quantification pro-
vides valuable insights into tumor malignancy 
and prognosis. These findings offer important 
implications for the diagnosis and treatment of 
gliomas. However, the relatively short one-year 
follow-up limits the ability to fully assess the 
long-term prognostic impact of EGF and VEGF 
levels. Therefore, further multicenter studies 
with large cohorts and extended follow-up dura-
tions are needed to validate these findings.
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