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Abstract: Objective: To determine the efficacy and safety of bevacizumab (Bz) combined with temozolomide (TMZ)
in the treatment of recurrent malignant gliomas and its influence on serum tumor markers (STMs). Methods: The
clinical data of 73 patients with recurrent malignant gliomas admitted to the First People’s Hospital of Shuangliu
District from April 2016 to June 2018 were analyzed retrospectively. Patients were divided into two groups accord-
ing to different therapies: the control group (n=33) treated with TMZ, and the research group (n=40) treated with
Bz combined with TMZ (Bz+TMZ). The overall response rate (ORR), disease control rate (DCR) and incidence of
adverse reactions (ARs) were observed after 4 courses of treatment. The levels of STMs were detected. Additionally,
the Karnofsky Performance Scale (KPS) score and quality of life (QoL) before and after treatment were compared
between the two groups. The 1-year and 2-year survival rates as well as median survival time (MST) were also
compared after 2-year follow-up. Treatment satisfaction was recorded and compared. Results: After treatment, the
research group exhibited better ORR and DCR than the control group; The incidence of ARs differed insignificantly
between the two arms; The serum levels of Vascular endothelial growth factor (VEGF), epidermal growth factor
(EGF) and transforming growth factor B (TGF-B) in the research group were statistically lower than those in the
control group; The KPS score and QoL score increased significantly in both arms, and were higher in the research
group compared with the control group; the research group was also superior to the control group in treatment sat-
isfaction. The research group showed higher 1-year and 2-year survival rates than the control group. Conclusions:
BZ+TMZ is effective in treating recurrent malignant gliomas, which can improve the QoL and survival of patients.
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Introduction

Malignant glioma is a common malignancy of
the central nervous system, with high preva-
lence, rapid progression, and increased risk of
death in patients [1]. With the population aging,
the incidence of malignant gliomas is increas-
ing, especially glioblastoma, which accounts
for 46.1% of primary malignant central nervous
system tumors, with the highest incidence
found in the elderly [2]. The main pathological
types of the disease include glioblastoma, ana-
plastic astrocytoma, anaplastic oligodendrocy-
toma, and anaplastic oligodendrocytoma [3].
The major clinical manifestations are cranial

hypertension symptoms (headache, nausea
and vomiting, visual impairment, etc.) that
occur in 90% of patients, as well as other pre-
sentations such as mental changes, seizures,
and focal neurological symptoms. The severity
of symptoms is related to the size and location
of the tumor, as well as the age of the patient
[4].

Malignant gliomas are mostly located in the
cerebral hemisphere, with rapid tumor growth
and obvious peritumoral space-occupying
effect [5]. Currently, magnetic resonance imag-
ing (MRI) is most widely used to assist the diag-
nosis of the disease in clinic, and the MRI lesion
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site is characterized by a mass with mixed den-
sity and uneven ring enhancement with edema
zone surrounding it [6]. At present, the primary
clinical treatment scheme is to maximize the
surgical resection on the premise of guarantee-
ing the neurological function, combined with
drug therapy after surgery. Although this
scheme can prolong the survival of patients, it
is difficult to completely remove the tumor due
to high degree of malignancy, strong invasive-
ness and other biological characteristics, as
well as the susceptibility to relapse induced by
the residual tumor cells [7, 8]. The prognosis of
recurrent malignant gliomas is poor and there
is currently no recognized optimal treatment
plan [9].

Dose-dense regimen of temozolomide (TMZ) is
the most extensively used clinical treatment,
but the effect is not ideal [10, 11]. Bevacizumab
(Bz) is a human vascular endothelial growth
factor receptor (VEGFR) monoclonal antibody,
which can specifically bind to vascular endothe-
lial growth factor (VEGF), block the downstream
conduction pathway, reduce tumor angiogene-
sis, and inhibit tumor growth [12, 13]. Malignant
gliomas are rich in tumor blood vessels.
Therefore, anti-angiogenesis therapy has be-
come a vital strategy for the treatment of malig-
nant gliomas [14]. VEGF, epidermal growth fac-
tor (EGF) and transforming growth factor 3
(TGF-B) are important serological indicators
and common monitoring factors in the progres-
sion of glioma [15]. However, the employment
of Bz combined with TMZ (Bz+TMZ) on recur-
rent malignant gliomas is rarely reported [16].

In this study, patients with recurrent malignant
gliomas were treated with Bz+TMZ to explore
the efficacy and safety of this combination ther-
apy and its influence on serum tumor markers
(STMs). The combined antivascular targeted
therapy and chemotherapy may help with explo-
ration of the mechanism of tumor recurrence,
and thus to provide more monitoring indicators
for clinical evaluation and treatment effect of
malignant gliomas.

Materials and methods
Patient data
In this retrospective study, 73 patients with

recurrent malignant gliomas admitted to the
First People’'s Hospital of Shuangliu District
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during April 2016 and June 2018 were enrolled
and divided into two groups: the control group
(n=33) treated with TMZ monotherapy, and the
research group (n=40) treated by Bz+TMZ. In
the control group, there were 19 males and 14
females with an average age of (54.83+9.12)
years old (range: 30-72). In the research group,
the male to female ratio was 25:15 females,
and the mean age was (55.06+9.74) years old
(range: 28-70). This study was approved by the
Ethics Committee of our hospital, and the sub-
jects and their families were informed and
signed a fully informed consent.

Inclusion and exclusion criteria

Inclusion criteria: (1) Meeting the diagnostic
criteria of malignant gliomas [17]; (2) World
Health Organization (WHO) classification IlI-1V;
(3) First relapse confirmed by MRI; (4) Karno-
fsky Performance Scale (KPS) score >60; (5)
Presence of measurable or evaluable lesions;
(6) No contraindications of chemotherapy, and
high compliance with treatment and follow-up.

Exclusion criteria: (1) Prior Bz treatment; (2)
Severe primary heart, liver, kidney and other
organ diseases, or coagulation dysfunction; (3)
Bleeding tendency, history of cerebral hemor-
rhage/cerebral embolism/severe hypertension,
or severe intracranial infection; (4) Cognitive
impairment, or central nervous system and
severe peripheral nerve diseases; (5) Incom-
plete clinical data.

Treatment methods

This study was a retrospective study, and
patients were divided into a control group and a
research group according to different treat-
ment regimens. The control group was treated
with TMZ monotherapy, while the research
group was treated with the combination thera-
py of Bz+TMZ. Both groups were given 100-120
mg/m?> TMZ capsules (dose-dense regimen)
(Tasly, Jiangsu, China, H20040637) on an
empty stomach at an interval of 1 week after
continuous treatment for 7 days, and contin-
ued to take the drug for 7 days at an interval of
1 week, with 28 days as a course of treatment.
In the subsequent chemotherapy, the dose of
TMZ could be reduced by 80 mg/m? if the bone
marrow was suppressed and the neutrophil
count was >1.5 x 10%L. On this basis, the
research group received 5 mg/m? Bz injection
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(Qilu Pharmaceutical, Jinan, China, S20190040)
diluted in 100-250 mL 0.9% sodium chloride
solution, for intravenous drip once every two
weeks for more than 90 min. If there were no
adverse reactions (ARs), the infusion time could
be reduced to 60 min. Patients in both arms
were evaluated once after 2 courses of chemo-
therapy. Chemotherapy was discontinued for
patients with progressive disease (PD). Those
with stable disease (SD) or partial response
(PR) continued the original chemotherapy
after another two courses of chemotherapy,
with a total of 4 courses, and the treatment effi-
cacy was evaluated until the completion of
chemotherapy.

Outcome measures

Primary outcome measures: (1) Evaluation of
overall response rate (ORR): Complete response
(CR): complete disappearance of the lesion,
lasting for over 4 weeks; PR: a >30% reduction
in the lesion size for at least 4 weeks, with no
new lesions; SD: a condition between PR and
PD; PD: a >20% increase in the two-diameter
product of the lesion, or the appearance of new
lesions. ORR = (CR cases + PR cases)/total
cases x 100%, disease control rate (DCR) = (CR
cases + PR cases + SD cases)/total cases x
100%. (2) Incidence of adverse reactions (ARs):
During treatment, ARs such as nausea, vomit-
ing, fever, myelosuppression and skin ulcer-
ation were observed. (3) STMs: Venous blood
was collected on an empty stomach before and
3 months after treatment. The levels of VEGF,
EGF and TGF-B were detected by ELISA in
strict accordance with the kit instructions of
human VEGF ELISA, human EGF ELISA and
human TGF-B ELISA (Jingkang Bioengineer,
Shanghai, China, Cat. Nos. JK-ELISA-00407, JK
JK-ELISA-01184 and JKSW70015).

Secondary outcome measures: (1) KPS score:
The functional state of patients was assessed
by the KPS [18]. The higher the score, the bet-
ter the patient’s health and tolerance to the
side effects brought by the treatment. It is gen-
erally considered that a KPS score above 80 is
independent, that is, self-care level; 50-70 is
divided into semi-independent, that is, living
semi-self-care, and <50 means dependent,
that s, living with considerable assistance from
others. Patients with more than 80 points had
better postoperative condition and longer sur-
vival. (2) Quality of life (QoL) score: Referring to
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the QoL standards of cancer patients [19],
patients’ QoL was evaluated from 12 dimen-
sions of appetite, spirit, sleep, fatigue, pain,
family’s understanding and cooperation, col-
leagues’ understanding and cooperation, self-
understanding of cancer, attitude towards
treatment, daily life, side effects of treatment,
and facial expression, with a total score of 60
points. Evaluation criteria: <20 points, extreme-
ly poor QoL; 21-30 points, poor QolL; 31-40
points, average Qol; 41-50 points, fair QoL;
51-60 points, good QoL. (3) Long-term survival
rate: The 1-year and 2-year survival rates of
patients were followed up and the median sur-
vival time (MST) was calculated. (4) Treatment
satisfaction: The self-made treatment satisfac-
tion questionnaire was used to evaluate the
treatment satisfaction of patients after treat-
ment. There are 20 questions in total, with 5
points for each question. A total score <70 was
considered as dissatisfied, 70-89 as satisfied,
and 290 as very satisfied. Satisfaction = (very
satisfied cases + satisfied cases)/total cases x
100%.

Statistical methods

SPSS24.0 (IBM Corp, Armonk, NY, USA) was
used for statistical analysis and GraphPad
Prism 7 was used for image rendering of
the data. Categorical variables, described as
[n(%)], were compared by the Chi-square test.
Continuous variables were expressed as Mean
+ standard deviation (X+SD); The independent
samples t-test was used for inter-group com-
parisons and paired t-test was adopted for
intra-group comparisons before and after treat-
ment. P<0.05 was considered statistically
significant.

Results
General data

There were no significant differences between
the two groups in general data such as gender,
age, body mass index (BMI), pathological grade,
time to recurrence, marital status, residence,
educational background, and smoking/hyper-
tension/diabetes history (all P>0.05) Table 1.

ORR

After treatment, the ORR was 57.50% in the
research group and 30.30% in the control
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group after treatment, with
higher score in the research

Table 1. Comparison of general information between the two groups
[n (%)] (x£SD)

T Research  Control group  t/x2 P group (P<0.05) Figure 1.
Classification
group (n=40) (n=33) value value oL r
Gender 0.183 0.668 o~ score
Male 25(62.50)  19(57.58) The QoL score, which show-
Female 15(37.50) 14 (42.42) ed no evident difference

Age (years old) 55.06+9.74 54.83+9.12 0.103 0.918

between the control group

BMI (kg/m?) 23.18+2.57 23.25+2.65 0.114 0.909 and the research group
Pathological grading 0.065 0.797 before therapy, increased
11} 28 (70.00) 24 (72.73) significantly in both arms
v 12 (30.00) 9 (27.27) after treatment, especially in
Time to recurrence (months) 15.02+4.81 15.25+4.74 0.204 0.838 the research group (P<0.05)

Marital status 0206 0649  Figure2.

Married 31 (77.50) 27 (81.82) STMs
Single 9 (22.50) 6 (18.18)

Residence 0.072 0.788 VEGF, EGF and TGF-p levels,
Urban 23 (57.50) 20 (60.61) which were not statistically
Rural 17 (42.50) 13 (39.39) different between the con-

Educational background 0.612 0.433 trol group and the research
>High school 10 (25.00) 11 (33.33) group before therapy, de-
<High school 30(75.00) 22 (66.67) creased significantly in both

History of smoking 0.557 0.455 arms  after t_reatment, with
Yes 18 (45.00) 12 (36.36) lower levels in the 'research

group (all P<0.05) Figure 3.
No 22 (55.00) 21 (63.64)

History of hypertension 0.069 0.792 Long term survival rate
Yes 11 (27.50) 10 (30.30)

No 29(72.50) 23 (69.70) The 1-year and 2-year surviv-

History of diabetes 0.017 0.894 al rates as well as the MST
Yes 9 (22.50) 7 (21.21) were significantly higher in
No 31 (77.50) 26 (78.79) the research group than in

Note: BMI, body mass index. the control group (P<0.05)
Table 4.

group, and the DCR was 87.50% in the research Treatment satisfaction
group and 63.64% in the control group. The
data revealed evidently higher ORR and DCR in
the research group compared with the control

group (P<0.05) Table 2.

After treatment, the treatment satisfaction of
the research group was 92.50%, a rate notably
higher than that of 69.70% in the control group
(P<0.05) Table 5.

Incidence of ARs
Discussion

After treatment, the incidence of ARs was

20.00% in the research group and 39.39% in
the control group, with no significant difference
between the two groups (P>0.05) Table 3.

KPS score
The KPS score, differed insignificantly between

the two arms before therapy, elevated remark-
ably in the research group and the control
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Malignant glioma is highly malignant and often
infiltrated in the brain tissue, so it is difficult to
completely remove the tumor tissue by surgery.
The faster the growth of intracranial mass, the
higher the risk of recurrence of the disease
after treatment; And those with recurrence
have a very poor prognosis and greatly short-
ened survival time [20, 21]. At present, there is
no standard or effective treatment scheme for
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Table 2. Comparison of the total effective rate between the two groups after treatment [n (%)]

Complete Partial Stable Progressive Overall Disease
Groups . h

response response disease disease  response rate control rate
Research group (n=40) 5 (12.50) 18 (45.00) 12 (30.00) 5(12.50) 23 (57.50) 35 (87.50)
Control group (n=33) 1(3.03) 9 (27.27) 11(33.33) 12(36.36) 10(30.30) 21(63.64)
X2 - - - - 5.400 5.764
P - - - - 0.020 0.016

Table 3. Comparison of the incidence of adverse reactions between two groups after treatment [n

(%)]
Groups Myelosuppression Fever Hypertension Nausea and Skin Total
P y PP yp vomiting ulceration  incidence
Research group (n=40) 2 (5.00) 1(2.50) 2 (5.00) 2 (5.00) 1(2.50) 8 (20.00)
Control group (n=33) 3(9.09) 2 (6.06) 2 (6.06) 3(9.09) 3(9.09) 13 (39.39)
X2 - - - - - 3.319
P - - - - - 0.068
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Figure 1. Comparison of KPS score between the
two groups. After treatment, the KPS score of both
groups increased significantly, and the KPS score of
the research group was significantly higher than that
of the control group. Note: ***P<0.001; KPS, Kar-
nofsky Performance Scale.

malignant gliomas in clinic [22]. While for recur-
rent malignant gliomas, the clinical treatment
methods include reoperation, concurrent che-
motherapy, radiotherapy, molecular targeted
drugs and other comprehensive treatment
methods, which can effectively control the
growth of postoperative residual tumor tissue
and prolong the survival of patients [23, 24].
Herein, we used Bz+TMZ for patients with recur-
rent malignant gliomas, hoping to provide use-
ful value for clinical practice.
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Figure 2. Comparison of QoL score between the two
groups. After treatment, the QoL score increased
significantly in both groups, and the score in the re-
search group was significantly higher than that in the
control group. Note: ***P<0.001; QoL, quality of life.

Xu T et al. [25] found that Bz combined with iri-
notecan can improve the prognosis of patients
with recurrent malignant gliomas, improve the
treatment efficiency and prolong the survival
time. In the study of Franceschi E et al. [26], it
was found that TMZ combined with radiothera-
py for patients with recurrent malignant glio-
mas can prolong the disease progression peri-
od and reduce mortality. In the present study,
we found that patients in the research group
had higher ORR and DCR, with no significant
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Figure 3. Comparison of serum tumor markers between the two groups. After treatment, the levels of VEGF (A), EGF
(B) and TGF-B (C) decreased significantly in the two groups, and their levels in the research group were significantly
lower than those in the control group. Note: ***P<0.001; VEGF, vascular endothelial growth factor; EGF, epidermal

growth factor; TGF-B, transforming growth factor 3.

Table 4. Comparison of long-term survival between the two

groups after treatment [n (%)]

patients with recurrent gliomas
can validly improve their QoL

Groups 1-year 2-year

Median survival

survival rate survival rate  time (months)

and activities of daily living,
which agreed with our results.

Research group (n=40)
Control group (n=33)

t/x? 7.967 8.259
P 0.004 0.004

31(77.50) 28(70.00)
15 (45.45) 12 (36.36)

In the subsequent detection of

iigii'gj STMs, we observed obviously
e reduced VEGF, EGF and TGF-B in
13.910 both arms after treatment, espe-
<0.001 cially in the research group, indi-

Table 5. Comparison of treatment satisfaction between two

groups [n (%)]

cating that Bz+TMZ can more
effectively inhibit tumor deterio-
ration and growth and reduce
the levels of STMs in patients,

Research Control

Classification group (n=40) group (n=33)

x> value Pvalue

which may be related to the
mechanism of Bz in inhibiting

Very satisfied 27 (67.50) 10 (30.30)
Satisfied 10 (25.00) 13 (39.39)
Dissatisfied 3(7.50) 10 (30.30)
Treatment satisfaction 37 (92.50) 23 (69.70)

- angiogenesis. Similarly, Kwiatko-
- wski SC et al. [29] revealed that
} Bz can significantly reduce VEGF
0.011 and TGF-B in patients with re-

difference in the incidence of ARs compared
with the control group. It suggests that Bz+TMZ
can significantly improve the treatment efficacy
and DCR of patients, similar to the research
results of Xu T et al. and Franceschi E et al.
(please add references here). Besides, notably
higher KPS score and QoL score were observed
in the research group after treatment, indicat-
ing that Bz+TMZ can greatly improve the QoL
and prognosis of patients. Rades D et al. [27]
reported that patients with recurrent glioblas-
toma multiforme treated with radiotherapy
showed statistically increased KPS scores
and improved Qol, which accorded with our
research findings. Maitre P et al. [28] pointed
out that high-dose salvage re-irradiation for
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current malignant gliomas, and
effectively control tumor growth
and recurrence. In terms of prognosis, our
research identified statistically higher 1-year
and 2-year survival rates as well as MST in the
research group, indicating that Bz+TMZ can val-
idly improve the long-term survival rate and
extend patient survival, which may be related
to the efficacy of the combination therapy in
improving patients’ QoL and delaying tumor
progression. Finally, we compared the treat-
ment satisfaction, and found that the satisfac-
tion was significantly higher in the research
group, indicating that the patients were more
willing to accept the Bz+TMZ regimen. Nagane
M et al. [30] reported that Bz can significantly
improve the 1-year survival rate, MST and DCR
of patients with recurrent malignant gliomas,
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which was in accordance with our research
results.

To sum up, Bz+TMZ for patients with recurrent
malignant gliomas can significantly improve the
RR, DCR, long-term survival rate and treatment
satisfaction of patients, bolster their QoL and
prognosis, and reduce the levels of STMs with-
out increasing the incidence of ARs. Although
this study has achieved encouraging results, it
still has some shortcomings. For example, the
risk factors can be analyzed to monitor patients’
recovery after treatment, and the sample size
should be expanded to increase the credibility
of the study. In the future, we will carry out
research from the above angles.
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