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Objective: We investigated the role of bevacizumab (BV) in high-grade meningiomas (HGMs) by retrospective analysis.
Methods: We retrospectively analyzed the clinical data of 139 patients with HGMs. The chi-square test was used to compare
progression-free survival (PFS) and overall survival (OS) between patients who received BV and those who did not. According to
whether they received BV treatment, we divided the patients into the BV group and non-BV group, and the effect of BV on PFS and
OS was compared. In addition, we compared Karnofsky performance status (KPS) and steroid doses between the BV and non-BV
groups.

Results: There were statistically differences in PFS and OS between the BV and non-BV groups at 12 and 36 months after surgery
(P<0.05). However, there was no significant difference in PFS and OS between the two groups at 60 months postoperatively (P>0.05).
Using survival curves drawn by the Kaplan Meier method, we found that the PFS and OS of the BV group were greater than those of
the non-BV group, and the difference was statistically significant (P<0.05).

Conclusion: BV could improve PFS and OS at 12 and 36 months after surgery in patients with HGMs. In addition, BV was
associated with lower preoperative steroid use.
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Plain Language Summary

When we realized the miraculous efficacy of bevacizumab in gliomas, we wondered if it could be equally effective in high-grade
meningiomas. Surprisingly, bevacizumab did improve survival in patients with meningiomas in the short term. The results may offer
hope for patients who cannot be treated with surgery.

Introduction

Meningiomas are the most frequent intracranial tumors arising from the meninges of the brain, with a reported incidence
that increases with age (median age of 65 years and an incidence of 7.86 per 100,000 population), and an overall 1%
lifetime risk.'” According to the 2016 World Health Organization (WHO) Grading System, 80% of meningiomas are
WHO 1, 15-20% are WHO II and III, with the latter also called high-grade meningiomas (HGMs).'~*

Peritumoral brain edema (PTBE) is a common complication of meningiomas. PTBE may raise morbidity and
mortality by increasing brain shift and intracranial pressure, making the surgical removal challenging, and it also is
a predisposing factor to perioperative epilepsy.”* In addition, PTBE is a risk factor for postoperative intracranial
hematoma and neurological deficit.’ Several studies have investigated mechanisms that support PTBE development in
meningiomas.® PTBE in meningiomas has been linked to the expression of aquaporin-4,” aquaporin- 5,* N-cadherin and
B-catenin,’ collagen XVIII,'® matrix metalloproteinase-9,'" and vascular endothelial growth factor A (VEGF-A).'? In this
process of tumor neovascularization, the signal protein VEGF contributes a vital role."> Bevacizumab (BV) was
engineered as a humanized monoclonal antibody to VEGF receptors and interferes with the binding and signal

transduction necessary for tumor vascularization leading to a regression of tumor blood supply.'® Clinical trials'>'®
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have shown that BV, a monoclonal antibody against VEGF-A, provides an effective treatment for brain edema. Currently,
several studies show promise regarding the efficacy of targeting VEGF-regulated angiogenesis in meningiomas,
especially in patients with higher-grade/recurrent meningiomas; however, data have not been conclusive.'”'®
Therefore, we conducted a systematic review of clinical data of patients with HGMs to comprehensively evaluate the

efficacy and safety of BV in the treatment of HGMs.

Methods

Patients

The inclusion criteria of patients were: (1) HGMs on pathological examination. (2) The patient had no history of other
intracranial tumors. (3) Patients had radiographically confirmed cerebral edema, which was not relieved by treatment
with steroids. (4) The patient does not have any history of anti-tumor treatment (5) The patient agrees to sign the written
informed consent. Low-grade meningiomas have a good prognosis after craniotomy, so we did not include patients with
low-grade meningiomas in this study. We retrospectively analyzed the clinical data of 139 patients with HGMs. The
hospital academic ethics committee approved the study. This research follows the Declaration of Helsinki.

Imaging Examination

Edema volume was measured on FLAIR and T2-weighted imaging using a method previously described by Bitzer.'® The
volume of cerebral edema is assumed to be an ellipsoid sphere. Therefore, V =n/6 x ABC calculates the volume. Volume
is measured by drawing mutually perpendicular diameters (A & B) of the largest cross-section of cerebral edema in the
axial plane and the maximum height of sagittal cerebral edema (C). These measurements are substituted into the formula
above to complete the volume calculation.

Administration of BV

The recommended dose of BV in the previous literature is 5-10 mg/kg.'®*° A few believe that 15 mg/kg is reasonable.?'
The usage of BV in this study was 10 mg/kg. The patient’s steroid refractory PTBE prompted us to use BV for clinical
relief. All patients are suitable for BV therapy. However, it is ultimately up to the patient to decide whether to accept BV
treatment. Considering the longer half-life of BV, patients in the BV group completed BV treatment one week before and
two weeks after surgery, respectively.

Follow-Up Data

Overall survival (OS) represents from the first surgery to the last follow-up or death. Progression-free survival (PFS) is
from the date of the first surgery to the date of recurrence or the last follow-up. Patients in the BV group received BV one
week before and two weeks after surgery. We scored all patients with Karnofsky Performance Status (KPS) one week
before surgery, one day before surgery, one week after surgery, and three weeks after surgery. In addition, we counted the
steroid usage in the same period. All patients with meningioma underwent craniotomy for tumor resection. We evaluated
the extent of surgical resection according to the Simpson grading scale.> Gross total resection (GTR) represents Simpson
grades I and II, and sub-total resection (STR) is Simpson grades III, IV, and V. Tumor recurrence indicates intracranial
progression of the tumor at the primary and local sites. Follow-up MRI once a year after surgery. Figure 1 shows imaging
and pathological results of HGMs. (Figure 1)

Statistical Analyses

Continuous variables were expressed as Median + standard deviation (Median + SD), and categorical variables were
expressed as number (n) or percentage (%) of patients. The ¢-test or Wilcoxon rank-sum test was used to compare two
groups of continuous variables, and the chi-square test or Fisher’s exact test was used to compare two groups of
categorical variables. PFS and OS were compared between BV and non-BV groups using the chi-square test. The survival
curves of OS and PFS of the patients were plotted using the Kaplan-Meier method, and the OS and PFS of the patients in
the BV group and the groups without BV were compared using the log-rank. Univariate and multivariate Cox regression
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Figure | Imaging and pathological results of High-grade meningioma. (A) Preoperative imaging examination of WHO |l meningioma. (B) Postoperative imaging examination
of WHO Il meningioma. (C) Postoperative pathological results of WHO Il meningioma. (D) Preoperative imaging examination of WHO [ll meningioma. (E) Postoperative
imaging examination of WHO IIl meningioma. (F) Postoperative pathological results of WHO Ill meningioma.

models were used to analyze the independent risk factors of each factor on patients’ PFS and OS. We used SPSS (Version
26.0, IBM) to perform our statistical analyses. P values < 0.05 were considered statistically significant.

Results

The Demographic Characteristics

64 of the 139 patients ultimately received BV therapy. Baseline characteristics have no statistical differences between the BV
and non-BV groups (Table 1). Tumor recurrence occurred in 61 patients, including 24 in the BV group and 37 in the non-BV
group. Twenty-two patients underwent reoperation after tumor recurrence, nine in the BV group and 13 in the non-BV group.
Fifteen patients who relapsed received Gamma Knife radiosurgery (GRS), 8 in the BV group and 7 in the non-BV group.
Eleven patients received reoperation combined with GRS after the recurrence of the lesions, 4 in the BV group and seven in
the non-BV group. Thirteen patients refused treatment, including three in the BV group and 10 in the non-BV group.

Univariate and Multivariate Cox Regression Analysis

Univariate and multivariate Cox regression analysis showed that surgical resection extent (hazard ratio [HR]= 2.09, 95%
confidence interval [CI], 1.15-3.81, P<0.05), pathological grade (HR= 0.56, 95% CI, 0.32-1.01, P <0.05) and PTBE
(HR= 0.52, 95% CI, 0.29-0.94, P <0.05; Table 2) were independent risk factors for PFS in patients with HGMs.
Meanwhile, the degree of surgical resection (HR=3.03, 95% CI, 1.27-7.24, P <0.05) and pathological grade (HR=0.47,
95% CI, 0.22-1.03, P <0.05; Table 3) were also independent risk factors for OS. Table 1 shows that there was no
significant difference between the BV group and the non-BV group in the extent of surgical resection, PTBE and
pathological grades (P>0.05).
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Table | Baseline Characteristics

of All Patients

Parameter BV Group (N=64) Non-BV Group (N=75) P
Age(mean), years 57.1£10.2 53.7£10.1 0.69
Sex (N, %) 0.48
Male 26(40.6%) 29(38.7%)
Female 38(59.4%) 46(61.3%)
Resection (N, %) 0.54
GTR 40(62.5%) 50(66.7%)
STR 24(37.5%) 25(33.3%)
Pathological grade (N, %) 041
WHO I 38(59.4%) 48(64.0%)
WHO Il 26(40.6%) 27(36.0%)
KPS 64.25+9.46 61.89+11.58 0.15
Steroid dosage 40mg/d 40mg/d
PTBE volume (mm?) 97,002.7 + 28,639.5 89,537.0 * 24,686.6 0.24
Tumor size (mm°) 69,354.8 + 15,726.4 72,483.6 £ 13,516.7 0.12

Abbreviations: BV, bevacizumab; GTR, gross total resection; STR, sub-total resection; KPS, Karnofsky performance status; PTBE, peritu-
moral brain edema.

Table 2 Univariate and Multivariate Cox Regression Analysis for Progression-Free Survival

Parameter HR Comparison UV HR (95% CI) UV p MV HR (95% CI) MV p*
Age 260 vs<60 years 1.11(0.72-1.69) 0.67

Gender Male vs female 1.36(0.81-2.29) 0.25

Resection GTR vs STR 1.93(1.3-3.28) 0.02 2.09(1.15-3.81) 0.01
Pathology WHO Il vs WHO Il 0.53(0.34-0.83) 0.03 0.56(0.32-1.01) 0.04
PTBE (mm®) 295,000 vs<95,000 0.39(0.22-0.69) 0.02 0.52(0.29-0.94) 0.03
Tumor (mm?) 270,000 vs<70,000 0.81(0.53-1.25) 0.35

KPS 280 vs<80 0.85(0.45-1.59) 0.6l

Notes: *Those variables found significant at p < 0.05 in univariable analyses were entered into multivariable Cox-regression analyses.
Abbreviations: BV, bevacizumab; GTR, gross total resection; STR, sub-total resection; PTBE, peritumoral brain edema; Cl, confidence interval; HR,
hazard ratio; UV, univariable; MV, multivariable.

Table 3 Univariate and Multivariate Cox Regression Analysis for Overall Survival

Parameter HR Comparison UV HR (95% CI) UV p MV HR (95% CI) MV p*
Age 260 vs<60 years 1.32(0.95-1.78) 0.09

Gender Male vs female 0.93(0.66—1.31) 0.68

Resection GTR vs STR 2.71(1.92-3.84) 0.02 3.03(1.27-7.24) 0.01
Pathology WHO Il vs WHO Il 0.46(0.34-0.64) 0.03 0.47(0.22-1.03) 0.05
PTBE (mm®) 295,000 vs<95,000 0.71(0.49-1.03) 0.07

Tumor (mm?) 270,000 vs<70,000 1.11(0.82-1.51) 0.49

KPS 280 vs<80 0.92(0.67-1.26) 0.58

Notes: *Those variables found significant at p < 0.05 in univariable analyses were entered into multivariable Cox-regression analyses.
Abbreviations: BV, bevacizumab; GTR, gross total resection; STR, sub-total resection; PTBE, peritumoral brain edema; Cl, confidence interval; HR,
hazard ratio; UV, univariable; MV, multivariable.

PFS and OS of the BV and the Non-BV Group

Table 4 reflects the PFS and OS levels of the BV and the non-BV group. Within six months after surgery, 3 patients in the
BV group had tumor recurrence, and the progression-free survival at 6 months (PFS-6) was 95.3%, while 6 had tumor
recurrence in the non-BV group, and the PFS-6 was 92.0% (P>0.05). At 12 months after surgery, the progression-free
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Table 4 PFS and OS at Different Periods in BV and Non-BV Groups

Parameter BV Group Non-BV Group P
PFS
PFS-6 95.3% (61/64) 92.0% (69/75) 0.43
PFS-12 92.2% (59/64) 80.0% (60/75) 0.04
PFS-36 84.4% (54/64) 65.3% (49/75) 0.0l
PFS-60 62.5% (40/64) 50.1% (38/75) 0.16
oS
Os-12 98.4% (63/64) 89.3% (67/75) 0.03
0Os-36 92.2% (59/64) 80.0% (60/75) 0.04
0OS-60 79.7% (51/64) 74.7% (56/75) 0.48

Abbreviations: PFS, progression-free survival; OS, overall survival; BV, bevacizumab; PFS-6, progression-
free survival at 6 months; PFS-12, progression-free survival at 12 months; PFS-36, progression-free survival at
36 months; PFS-60, progression-free survival at 60 months; OS-12, overall survival at 12 months; OS-36,
overall survival at 36 months; OS-60, overall survival at 60 months.

survival at 12 months (PFS-12) was 92.2% in the BV group and 80.0% in the non-BV group (P<0.05). At 36 months
post-operatively, the progression-free survival at 36 months (PFS-36) was 84.4% in the BV group compared with 65.3%
in the non-BV group (P<0.05). There was no statistical difference in the progression-free survival at 60 months (PFS-60)
between the BV group and the non-BV group (P>0.05). Within 12 months after surgery, 1 patient died in the BV group
and 8 in the non-BV group. The overall survival at 12 months (OS-12) were 98.4% and 89.3%, respectively (P<0.05). At
36 months after surgery, the overall survival at 36 months (OS-36) was 92.2% in the BV group and 80.0% in the non-BV
group (P<0.05). There was no statistical difference in the overall survival at 60 months (OS-60) between the BV group
and the non-BV group (P>0.05). The median PFS in the BV group was 35.83 + 12.65 months compared to 24.63 + 13.47
months in the non-BV group (P<0.05). The median OS was 41.25 + 12.58 months in the BV group and 30.89 + 14.10
months in the non-BV group (P<0.05). Therefore, we believe that BV can improve PFS and OS in patients with HGMs to
some extent. Using survival curves drawn by the Kaplan Meier method, we found that the PFS and OS of the BV group
were greater than those of the non-BV group, and the difference was statistically significant (P<0.05, Figure 2).

Changes in KPS and Steroid Dosage

Before BV treatment, the mean KPS of the BV group was 64.2549.46, while that of the non-BV group was 61.89+11.58
(P>0.05). After one week of BV treatment, the KPS of the BV (75.42+8.09) group increased significantly, while the KPS
of the non-BV (63.25£12.72) group had no change (P<0.05). One week after surgery, the KPS of the BV group was
84.37+7.03, while that of the non-BV group was 87.47+£9.65 (P>0.05). There was no statistical difference in KPS

Overall survival curves
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Figure 2 Survival curves drawn by the Kaplan Meier method. (A) Progression-free survival curves of the bevacizumab group and the non-bevacizumab group. (B) Overall
survival curves of the bevacizumab group and the non-bevacizumab group.
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between the BV group (92.4542.98) and the non-BV group (95.46+3.47) 3 weeks after surgery (P>0.05). There were no
significant differences in initial KPS and final KPS between the two groups. The KPS of the BV group was higher than
that of the non-BV group after the first BV treatment, so BV may increase the KPS. There was no difference in KPS
between the two groups after surgery. We believe that surgery is more effective in improving KPS than BV. Seven
patients in this study cannot receive steroid treatment due to complications. All remaining patients received steroid
therapy (40mg/d) to relieve symptoms of cerebral edema before enrollment. Despite the poor efficacy of steroids, we did
not increase the dose due to possible complications. Patients in the BV group showed improvement in symptoms after
BV treatment, so we reduced the steroid dose (20mg/d) for the BV group.

Tumor Recurrence

The 61 patients with tumor recurrence were divided into four groups based on the treatment method. Among the patients
who received reoperation combined with GRS after tumor recurrence, the median OS of the BV group was 32.31+6.84
months, while that of the non-BV group was 33.62+4.69 months (P>0.05). Among patients who underwent reoperation,
the OS was 30.5145.27 months in the BV group and 22.49+7.75 months in the non-BV group (P<0.05). Among patients
treated with GRS, the OS was 27.42+7.37 months in the BV group and 20.68+5.73 months in the non-BV group
(P<0.05). Among patients who refused treatment, the OS was 10.47+4.52 months in the BV group and 8.63+3.48 months
in the non-BV group (P>0.05). We found that OS in the BV group was significantly higher than that in the non-BV group
in patients who underwent reoperation and GRS after tumor recurrence (P<0.05). The group that rejected treatment had
the shortest OS, so we recommend that patients with HGMs receive aggressive treatment after tumor recurrence. We
believe that BV can improve prognosis to a certain extent, but the benefit is significantly lower than surgery or GRS.

Adverse Reactions of BV

The adverse reactions of BV include hypertension, various bleeding, venous thrombus exfoliation, and albuminuria. In
previous reports, all kinds of bleeding were 30%, including intracranial hemorrhage, epistaxis, gingival bleeding,
conjunctival bleeding, injection-site bleeding, and hematuria.”> Besse reported in 2010 that the incidence of brain
hemorrhage in patients with brain metastases after applicated BV was 0.8%-3.3%, while non-applicated was 1.0%.%*
Khasraw reported in 2012 that the incidence of brain hemorrhage in patients with glioma or brain metastases after BV
treatment was 3.7%, while the incidence of non-BV was 3.6%.>> Most studies reported a 1-10% rate of complications in
wound healing for patients receiving BV who had previously undergone craniotomy for tumor resection or biopsy.**?’
Previous studies reported that the optimum time between cessation of BV therapy and surgery was 4 weeks. The timing
for re-initiation of BV post-surgery was at least 2 weeks.”® The interval between surgical resection and BV in other
studies ranged from 4 weeks to 18 months, but the complication rates were similar, suggesting that the risk of wound
complications is always present in patients receiving BV.*>*? In our study, there was no significant difference in
postoperative complications between the BV group and the non-BV group, which may be related to the fewer patients,
the short course of treatment and the low dose of BV. Hypertension as the only complication occurred in 8 patients.

Discussion

Several older and newer antineoplastic agents have been tried in patients with relapsed or refractory meningioma after
surgery or radiation. Disease stabilization was observed in some patients using these drugs, and only anecdotal evidence
of significant tumor shrinkage was shown in isolated cases. Notwithstanding, their toxicity is not negligible, and the cost
can be prohibitive. The VEGF-A isoform is an important regulator of angiogenesis.*®> An angiogenic and an endothelial
cell-specific mitogen, this molecule contributes to the creation of new blood vessels during embryonic life, after tissue
injury, or to bypass blocked vessels via developing collateral circulation.** VEGF-A, originally known as vascular
permeability factor, acts as a vasodilator, increasing microvascular permeability.*® In addition, tumors expressing VEGF
can grow and metastasize. PTBE is a consequence of high rates of angiogenesis in rapidly growing tumors and tissue
hypoxia.'> PTBE has also been associated with increased risk of recurrence,’® increased Ki-67 proliferative index,*” and
worse postoperative cognitive functioning®® and KPS.** Meningiomas are highly vascularized tumors and, thus,
potentially amenable to antiangiogenic therapy. A study by Lamszus et al found a correlation between VEGF content
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and meningioma grade, which was two times higher in atypical than in benign meningiomas and ten times higher in
malignant than in benign meningiomas.** These data suggest that antiangiogenic therapy may be particularly effective in
HGMs.

A PFS-6 of greater than 40% for WHO I meningioma and greater than 30% for WHO II and III meningioma is currently
viewed as an indicator of treatment efficacy.*” In 2015, Grimm et al presented Phase II clinical data of a cohort of 40
patients treated with BV for refractory meningioma after surgery or radiation therapy. PFS-6 was 87%, 77%, and 46% for
WHO grade I, II, and III meningiomas, respectively.** Another review demonstrated a median PFS of 16.8 months (range:
6.5-22 months) and that 73% of patients were progression-free at six months (PFS-6) (range: 44%-93%)."* The PFS-6 in
our study was superior to the above studies because surgery was the primary treatment, whereas BV was only used as an
adjunct to surgery. Previous studies have mainly focused on PFS-6, while little attention has been paid to the long-term
efficacy of BV in HGMs. Our study demonstrated that the PFS-12 and PFS-36 of the BV group were superior to those of
the non-BV group (P<0.05). It provides new evidence for the long-term efficacy of BV in HGMs.

Approximately 15-20% of meningioma cases are WHO grade II or III that often demonstrate rapid growth, with
cerebral or cerebellar invasion, or even remote metastases.” Patients may present with headaches, dizziness, and frank
seizures. These symptoms are due to local tumor expansion or PTBE. Steroids are a routine option for relieving symptoms
of PTBE. Previous studies suggest that BV can improve the symptoms of steroid-refractory brain edema.*' After the first
BV treatment, the patient’s clinical symptoms were relieved, so we reduced the steroid dose in the BV group. BV was
associated with lower preoperative steroid use. For steroid-refractory brain edema, BV is an effective option.

The main limitation of our study is its retrospective nature. Second, this study is a single-center retrospective study.
Therefore, in the follow-up study, we will conduct a multi-center, large sample prospective study with multiple medical
centers to further demonstrate the value of BV in HGMs.

Conclusion

Previous studies have mainly focused on PFS-6 in patients with HGMs, while less attention has been paid to long-term
efficacy. Our study provides new data on the long-term efficacy of BV in HGMs. This study retrospectively analyzed the
clinical data of 139 patients and demonstrated that BV could improve PFS and OS at 12 and 36 months after surgery in
patients with HGMs. In addition, BV can improve clinical symptoms before surgery and reduce steroid doses.
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