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ABSTRACT
Up to now, no proven effective medical therapy for surgery and radiation-refractory anaplastic menin-
gioma (AM) exists. Patients with vascular endothelial growth factor receptor 2 (VEGFR-2) positive
meningiomas showed significantly shorter progression-free survival. Apatinib is a small-molecule anti-
angiogenic agent that selectively inhibits VEGFR-2. We report three cases of recurrent AM (VEGFR-2
positive) treated with apatinib. After apatinib treatment, the best outcome for all three patients was the
partial response. The Progression-free survival was 17.3 months, 10.3 months, and 14+ months, respec-
tively. The third patient lost follow-up after the last review. The overall survival was 28.5 months and
18 months, respectively. The main adverse events were hypertension, hand-foot syndrome, and myelo-
suppression. Apatinib is active in recurrent AM patients and this is the first report in the world. It is
promising to launch a Phase II clinical trial of apatinib to further evaluate its efficacy on AM.
Background: Anaplastic meningioma (AM) are rare and aggressive tumors with high recurrence rates
despite optimal surgical or medical management. Up to now, no proven effective medical therapy,
surgery, or radiation-refractory for AM exist. The progression-free survival (PFS) of patients with vascular
endothelial growth factor receptor 2 (VEGFR-2)-positive meningiomas was significantly low. Apatinib
(YN968D1) is a small-molecule antiangiogenic agent that selectively inhibits VEGFR-2.
Case presentation:

Case #1: A 47-year-old Asian female patient with malignant meningioma underwent four operations and
three radiotherapies. She was given a 500 mg apatinib daily oral treatment, and the dosage was halved to
250 mg 3 months into the treatment. According to the Response Assessment in Neuro-Oncology (RANO)
evaluation criteria, the best outcome during treatment was the partial response (PR) 6 months after the
treatment. The PFSwas 17.3months, whereas the overall survival (OS) was 28.5months. The best change in the
Karnofsky performance scale (KPS) was a 10-point increase. The main adverse events included anemia (grade
II), thrombocytopenia (grade II), and proteinuria (grade I).

Case #2: A 71-year-old Asian woman with AM underwent two operations and two gamma knife
stereotactic radiotherapies. She was given a 500 mg apatinib daily oral treatment with a follow-up
period of 18 months. apatinib was taken orally for 10 months. According to the RANO evaluation criteria,
the best outcome during treatment was PR. The PFS was 10.3 months, whereas the OS was 18 months.
The best change in KPS was a 20-point increase. The main adverse events included hypertension (grade
II), hand–foot syndrome (grade II), and fecal ocular blood (grade II).

Case #3: A 16-year-old Asian girl with AM underwent two operations and two radiotherapies. She was
given a 250 mg apatinib daily oral treatment with a follow-up period of 16 months. Apatinib was taken
orally for 8 months. The patient did not follow-up after the last review of the brain-enhanced magnetic
resonance imaging. According to the RANO evaluation criteria, the best outcome during treatment was
PR. The PFS was 14+ months, and the best change in KPS was a 10-point increase. The main adverse
events included hypertension (grade I) and hand–foot syndrome (grade I).
Conclusion: Apatinib is actively used in treating patients with recurrent AM. A randomized trial and phase II
clinical trial of this inhibitor should beperformed to further evaluate its efficacy in treatingmalignantmeningioma.

ARTICLE HISTORY
Received 21 April 2019
Revised 20 October 2019
Accepted 27 February 2020

KEYWORDS
Apatinib; anaplastic
meningioma; VEGFR-2;
recurrence

Background

Meningiomas account for 33.8% of all primary brain tumors
and are therefore the most common type of primary tumor in
the central nervous system.1 Approximately 80% of menin-
giomas are classified according to the WHO grading system as
WHO grade I. Atypical WHO grade II meningiomas account

for 5% to 15% of all meningiomas. Anaplastic or malignant
meningiomas are classified as WHO grade III and account for
1% to 3% of all cases.2,3 Atypical and anaplastic meningiomas
(AM) usually recur after a maximum safe resection and radia-
tion therapy. Few medical options are available for treating
progressive/recurrent and atypical meningiomas/AM. The
new chemotherapeutic options for treating meningiomas
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have been proven ineffective over the past decade.4 The vas-
cular endothelial growth factor (VEGF) and vascular endothe-
lial growth factor receptors (VEGFRs) play important roles in
mediating angiogenesis and the formation of peritumoral
edema. VEGFR-2-positive cranial meningiomas showed sig-
nificantly higher recurrence and regrowth rates compared
with other types of VEGFs. Several promising clinical trials
for VEGFR inhibitors, such as sunitinib and bevacizumab,
have been published.5 This paper reports the application of
apatinib as a novel VEGFR inhibitor in three cases of recur-
rent AM.

Case #1

Case description
In August 1999, a 47-year-old Asian female patient underwent
a right temporal tumor resection. Her postoperative pathology
was atypical meningioma WHO Ⅱ. The patient underwent
radiotherapy 1 month after surgery. In January 2009 or
9.34 years later, the tumor recurred and a second tumor
resection was performed. Her second postoperative pathology
was AM WHO Ⅲ. The second radiation therapy (intensity-
modulated radiation therapy or IMRT) was conducted 1
month after surgery. In December 2014 or 5.98 years after
the second postoperative radiotherapy, malignant

meningiomas recurred for the third time, and another
tumor resection was performed. The postoperative pathology
remained AM WHO Ⅲ. Postoperative local IMRT was con-
ducted again. In May 2016, a brain-enhanced MRI examina-
tion revealed the recurrence of a fourth tumor (Figure 1). The
patient was admitted to our hospital, and the VEGFR-2 was
positive (Figure 2). The patient was given a 500 mg apatinib
daily oral treatment.

Follow-up and efficacy
The brain-enhanced MRI was reviewed at least once every 3
months during the apatinib treatment. Routine laboratory
tests, including complete blood count, biochemical analysis,
coagulation function test, urine analysis, and fecal occult
blood test, were performed every 2 weeks. Apart from adverse
reactions, the quality of life was recorded by using the
Karnofsky performance scale (KPS). The efficacy was evalu-
ated by using the Response Assessment in Neuro-Oncology
(RANO) criteria, and the safety was assessed by using the
National Cancer Institute-Common Terminology Criteria
Adverse Events 4.0 (NCI-CTCAE 4.0).

The follow-up period was 28.5 months, and apatinib was
taken orally for 15 months. Three months into the treatment,
the drug dose was reduced to 250 mg after the patient experi-
enced grade II adverse reactions. According to the RANO

Figure 1. Treatment timeline (Op: operation, RT: radiotherapy).

Figure 2. (a) The brown–yellow granules of the cell membrane and cytoplasm of vascular endothelial cells showed positive VEGFR2 (a × 100). Contrast-enhanced MRI
(ceMRI) before treatment: transversal (b), and sagittal (c). ceMRI after treatment: transversal (e), and sagittal (f). e pathology of AE grade 3 (d × 200).
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evaluation criteria, the best outcome during treatment was the
partial response (PR) 6 months after the treatment. The pro-
gression-free survival (PFS) was 17.3 months, and the overall
survival (OS) was 28.5 months. The best change in KPS was
a 10-point increase. The main adverse events included anemia
(grade II), thrombocytopenia (grade II), and proteinuria
(grade I). The patient underwent a fourth operation after the
tumor recurred and was orally treated with pazopanib
(400 mg votrient daily) after surgery. After 2.5 months, the
tumor progressed and the patient received optimal supportive
treatment. The patient eventually died in September 2018.

Case #2

Case description
In December 2014, a 71-year-old Asian woman underwent her
first left parietal tumor resection, and the postoperative pathol-
ogy was atypical meningioma (WHO grade II). The patient
received gamma knife radiotherapy in May 2015. The tumor
recurred in January 2016 or 13.2 months after the first operation,
and a second tumor resection was performed. The postoperative
pathology was AM (WHO grade III). Gamma knife stereotactic
radiotherapy was performed again 1 month after surgery. In
July 2016 or 5 months after the second radiotherapy, the brain
MRI (Figure 5a–c) revealed the recurrence of the tumor (Figure
3). The patient was admitted to our hospital, and the VEGFR-2
was positive (Figure 4). The patient was given a 500 mg apatinib
daily oral treatment.

Follow-up and efficacy
The observed indicators and evaluation methods during the
treatment were the same as those in case 1. The follow-up
period was 18 months. Apatinib was taken orally for
10 months. According to the RANO evaluation criteria, the
best outcome during treatment was PR. The PFS was
10.3 months, whereas the OS was 18 months. The best change
in KPS was a 20-point increase. The main adverse events
included hypertension (grade II), hand–foot syndrome
(grade II), and fecal ocular blood (grade II). The patient
eventually died in January 2018.

Case #3

Case description
A 16-year-old Asian girl was admitted to the hospital in
July 2011 for epileptic seizures. The brain MRI examination
revealed a tumor in her left temporal lobe. In July 2011, a left

temporal lobe tumor resection was performed, and the tumor
base was located on the cerebellar curtain. The postoperative
pathology was atypical meningioma (grade II). In April 2016
or 4.76 years after the first operation, the tumor recurred and
a second tumor resection was performed. The postoperative
pathology was AM (WHO grade III), and the VEGFR-2 was
positive (Figure 7). The tumor recurred a month after surgery.
Therefore, IMRT (DT:60 Gy/30 f/6 w) was performed on the
tumor bed. Unfortunately, the tumor did not shrink after
radiation. The patient was given a 250 mg apatinib daily
oral therapy (Figure 6).

Follow-up and efficacy
The observed indicators and evaluation methods during the
treatment were the same as those in case 1. The follow-up
period was 16 months, and apatinib was taken orally for 8
months. The patient did not follow-up after the last review of
the brain-enhanced MRI (Figure 8). According to the RANO
evaluation criteria, the best outcome during treatment was
PR. The PFS was 14+ months, and the best change in KPS
was a 10-point increase. The main adverse events included
hypertension (grade I) and hand–foot syndrome (grade I).

Discussion and conclusion

Meningioma is the most common primary intracranial neo-
plasm. Grade III tumors have high frequencies of local

Figure 3. Treatment timeline (Op: operation; SRS: stereotactic radiosurgery).

Figure 4. The brown–yellow granules of the cell membrane and cytoplasm of
vascular endothelial cells showed a positive VEGFR2 (×200).
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invasion, recurrence, and metastasis. The outcome for
patients with progressive grades II and III meningiomas
remains poor, with most patients reporting 5-year survival
rates of 28% to 61%. Despite maximal surgical resection and
radiotherapy, a subset of these patients will recur and require
additional treatment. Numerous conventional chemotherapies
(including temozolomide, hydroxyurea, irinotecan, and triple
therapy with cyclophosphamide+ doxorubicin+ vincristine)
and hormonal therapies (including progesterone and estrogen
modulators somatostatin analogs) have been proven
ineffective.4–10 Targeted therapies should theoretically have
better efficacy and safety profiles compared with systemic
cytotoxic chemotherapy or radiotherapy. However, the inhi-
bitors of platelet-derived growth factor receptors (PDGFRs;
imatinib) and epidermal growth factor receptors (EGFRs;
gefitinib and erlotinib) have been proven ineffective in clinical
trials.11

VEGF is upregulated in almost all meningiomas and has
been associated with neovascularization, tumor growth, and
edema. VEGFR-2 is known as the main mediator of angio-
genesis, and the inhibition of VEGFR-2 activity blocks the
sarcoma cells in mice.12 VEGFR-2 also predicts a decreased
survival rate among patients with soft tissue sarcomas, such as

undifferentiated pleomorphic sarcoma, leiomyosarcoma,
synovial sarcoma, liposarcoma, and angiosarcoma.13

Nakada S. et al.14 recently revealed that patients with
VEGFR-2-positive meningiomas had a significantly short
PFS. WHO grade II/III and the tumor location were sig-
nificantly associated with recurrence. They suggested that
VEGFR-2 inhibitors might be among the best candidates
for the molecular therapy of recurrent meningiomas.
Therefore, inhibitors of VEGFR-2 and the downstream
molecules in its signaling pathway might be good candi-
date agents for the molecular therapy of recurrent
meningiomas.

Two promising clinical trials on VEGFR inhibitors have
been published.15 One of these trials evaluated the efficacy of
sunitinib in 36 patients with malignant meningioma. The PFS
rate was 42%, which satisfied the primary end-point of the
study. Meanwhile, the median PFS and OS were 5.2 and
24.6 months, respectively, and the 2-year PFS and OS were
14.6% and 51.7%, respectively. One patient achieved
a complete response, and another one achieved a partial
response. VEGFR2 expression showed a strong association
with response to sunitinib, thereby suggesting that VEGFR2
may be a good prognostic marker.16 The second trial

Figure 5. ceMRI before apatinib treatment: transversal (a), and sagittal (b). ceMRI after treatment: transversal (d), and sagittal (e). Flair images showed a significant
relief of peritumoral edema (before treatment c vs. after treatment f).

Figure 6. Treatment timeline (Op: operation; IMRT: intensity-modulated radiation therapy).
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evaluated the efficacy of bevacizumab in 14 patients with
recurrent/progressive meningioma. The median PFS and
PFS-6 were 17.9 months and 85.7%, respectively.
Bevacizumab showed significant anti-edema advantages.17

On the basis of these trials, we conducted a clinical trial to
evaluate the efficacy of apatinib in treating malignant menin-
giomas. Apatinib, also known as YN968D1, is a new small
molecular tyrosine kinase inhibitor for VEGFR that was
approved for sale in China in 2014 and was used for treating
patients with advanced gastric cancer who had failed
their second-line and the above treatments.18 Several phase
Ⅱ trials showed that patients with advanced non-squamous,
non-small-cell lung cancers, metastatic breast cancer, and
hepatocellular carcinoma demonstrated significant improve-
ments in their survival after taking apatinib.19–21 Therefore,
apatinib shows potential in treating a broad range of advanced
solid tumors. Apatinib is a small-molecule antiangiogenic
agent (molecular weight: 493.58 Da) that selectively inhibits
VEGFR-2 and mildly inhibits c-Kit and c-Src tyrosine kinases.
Apatinib can also selectively compete for the adenosine tri-
phosphate binding site of intracellular VEGFR-2 to block
downstream signal transduction and inhibit tumor
angiogenesis.22

The literature review identifies sunitinib, valatinib, and
bevacizumab as VEGF/VEGFR inhibitors in recurrent/pro-
gressive meningioma. Sunitinib malate (SU011248, Sutent,
Pfizer) is an orally administered tyrosine kinase inhibitor
that targets VEGFR, PDGFR, and KIT. A phase Ⅱ study

Figure 8. Postoperative ceMRI: transversal view (a), coronal view (b), and sagittal view (c). Postradiotherapy ceMRI: transversal view (d), coronal view (e), and sagittal
view (f). ceMRI after treatment: transversal view (g), coronal view (h), and sagittal view (i).

Figure 7. The brown–yellow granules of the cell membrane and cytoplasm of
vascular endothelial cells showed a positive VEGFR2 (×200).
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evaluated the efficacy of sunitinib in patients with malignant
meningioma. A retrospective review by Lou et al. evaluated
the use of bevacizumab-based therapy in treating recurrent/
progressive meningiomas. In another phase Ⅱ clinical trial,
valatinib showed some effects on recurrent or progressive
radiation and surgery refractory meningiomas. These litera-
ture reviews are summarized in Table 1.16,17,23,24 Tian et al.25

found that apatinib had higher antitumor activity in vivo and
in vitro compared to valatinib and sunitinib. Given these
considerations, we carried out an apatinib therapeutic regi-
men, and the preliminary results showed the good anti-tumor
and anti-edema effects of this inhibitor. However, if the good
response data mainly based on the results of MRI may be an
effect of pseudoresponse similar to what is known with bev-
acizumab. Further research must be confirmed to confirm this
finding. The effect of apatinib may become more pronounced
when combined with other drugs.

This report is the first to investigate the treatment of
malignant meningiomas by using apatinib. The results suggest
that a phase Ⅱ clinical trial should be conducted to further
evaluate the efficacy of apatinib in treating malignant
meningioma.
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