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Abstract: Adult brainstem gliomas are characterized into subtypes depending on clinicopathologic and
radiographic characteristics. Among them, brainstem glioblastoma is the most malignant and has the
poorest prognosis, with surgical resection for this condition posing a great challenge and risk. Postoperative
synchronous radiotherapy and temozolomide (TMZ) chemotherapy, or “Stupp’s regimen”, is the standard of
care for glioblastomas. However, antiangiogenic therapy, which is widely used for different cancers, is now an
alternative treatment for malignant tumors. Angiogenesis is one of the pathological features of glioblastoma
and is involved in tumor progression and metastasis. Besides, previous studies suggested a better response
to antiangiogenic therapy in some solid tumors with 7P53 mutation than 7P53 wide-type. Apatinib is a
novel, oral, small-molecule tyrosine kinase inhibitor that mainly targets vascular endothelial growth factor
receptor-2 (VEGFR-2) to inhibit angiogenesis. In addition, apatinib can cross the blood-brain barrier and
improve encephaledema. This report describes the use of concurrent apatinib and dose-dense TMZ in a
clinically inoperable patient who had a refractory brainstem glioblastoma with a TP53 germline mutation.
He obtained an ongoing progression free survival (PFS) of nearly 16.0 months after resistance to TMZ

maintenance. Due to the patient’s circumstances, apatinib and TMZ was considered an effective and safe

treatment method.
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Introduction

Brainstem glioma comprises a rare and heterogeneous
group of brain tumors that primarily occur within the
brainstem. Its incidence only accounts for 1-2% of all brain
tumors (1). The clinical course of adult brainstem gliomas
varies significantly depending on clinicopathologic and
radiographic characteristics, but the prognosis is poor with
a median overall survival (OS) of 8 months for high-grade
gliomas that undergo biopsy (2). A standard treatment for
adult brainstem gliomas has not been determined due to the
lack of prospective clinical trials. Based on the results of the
EORTC-NCIC randomized phase III trial, postoperative
radiotherapy with concurrent and adjuvant temozolomide
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(TMZ) chemotherapy is recommended by NCCN Clinical
practice guideline as standard treatment of patients with
newly diagnosed glioblastoma and good performance status
(PS) (3). However, due to their location in the brainstem,
surgical resection of gliomas is not usually considered a
safe treatment option, leaving biopsy as the only means
for pathological examination. In the subset analysis of 93
patients who had biopsy only in the EORTC-NCIC trial, the
addition of concurrent and adjuvant TMZ chemotherapy to
radiotherapy achieved a median survival of 9.4 months (4).
For this reason, combined management with radiotherapy,
chemotherapy, and targeted therapy for patients with
brainstem gliomas is of great clinical significance.
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Figure 1 Immunohistochemical results. (A) Hematoxylin & eosin staining of the tumor demonstrated atypical tumor cells with marked

hyperchromatism; (B) immunohistochemistry-SP method staining demonstrates positivity of GFAP in neoplastic cells. These findings were

consistent with the diagnosis of glioblastoma. Magnification, x200.

MGMT (O6-methylguanine-DNA methyltransferase) is
a DNA repair enzyme that exerts its effect by repairing the
toxic DNA adducts of O6-methylguanine induced by TMZ,
thus abrogating the effects of TMZ chemotherapy (5). A high
level of MGMT expression together with MGMT activity
is usually observed in populations without methylation of
MGMT (6). In several clinical trials, MGMT promoter
methylation predicted response to TMZ chemotherapy and
was associated with better survival in high-grade gliomas
including glioblastoma when compared to unmethylated
group (7-10).

Here, we describe the first case of an adult with MGMT
methylation-negative refractory brainstem glioblastoma
with a TP53 germline mutation who responded to
concurrent apatinib and dose-dense temozolomide. We
present the following article in accordance with the CARE
reporting checklist (available at https://apm.amegroups.
com/article/view/10.21037/apm-22-22/rc).

Case presentation

A previously healthy 28-year-old man was admitted to
hospital with progressive dizziness and diplopia of 6 months
duration. He had also developed gait instability, tinnitus
in the left ear, as well as perioral and tongue paresthesia in
2 weeks. His father had died of a brain tumor and intestinal
cancer 20 years prior.

On admission, his cognition was intact. A general
physical examination demonstrated no evidence of
papilledema or diminution of vision, with the visual fields
full to confrontation. Both pupils measured 4 mm and
were briskly reactive. Nystagmus was not observed. Signs
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of increased intracranial pressure were noted. There were
decreased light touch and pinprick sensations over the
mandibular nerve distribution. The patient had a wide-
based, unsteady gait, and his reflexes were noted as 2+. His
Karnofsky Performance Scale score was 70.

In June 2020, 12 days after admission, initial contrast-
enhanced magnetic resonance imaging (MRI) revealed a
brainstem mass lesion as well as a right parietal lobe lesion
of abnormal signal intensity. The radiographic differential
diagnosis favored either astrocytoma or glioblastoma.
Subsequently, a computed tomography (CT)-guided
stereotactic biopsy was performed via the transcerebellar
approach.

The pathology indicated an astrocytoma morphologically
consistent with a high-grade glioma [World Health
Organization (WHO) grade IV] (Figure 1). The
immunohistochemistry panel showed that tumor cells were
H3K27M mutation negative, GFAP positive, p53 positive
(80%), and IDH-1 wildtype. The Ki-67 index was estimated
to be 40%. However, genetic analysis was not completed for
financial reasons.

Diagnosed with brainstem glioblastoma, the patient was
treated with volumetric modulated arc therapy (VMAT)
with concurrent TMZ (75 mg/m’/day) chemotherapy
for 37days from late June to early August 2020. The
dose prescription of VMAT was 54 Gy administered in
2 Gy/fraction for the gross tumor volume and 48.6 Gy
in 27 fractions for the clinical tumor volume. When the
concurrent therapy was completed, the patient’s symptoms
and signs greatly improved. Repeated MRI examinations
revealed stable disease (SD), and from the end of July 2020
adjuvant TMZ (150 mg/m’) continued to be conventionally

Ann Palliat Med 2022;11(1):394-400 | https://dx.doi.org/10.21037/apm-22-22


https://apm.amegroups.com/article/view/10.21037/apm-22-22/rc
https://apm.amegroups.com/article/view/10.21037/apm-22-22/rc

396

Baseline Chemoradiotherapy

06/02/2020 07/31/2020

Adjuvant chemo

09/13/2020

Zhu et al. Apatinib plus dose-dense TMZ for brainstem glioblastoma

TMZ (dose dense + Apa) TMZ (dose dense + Apa)

01/17/2021

08/16/2021

Figure 2 Dynamic magnetic resonance imaging manifestations of brainstem lesion during the clinical course: T1+C and T2WI. Apa,

apatinib; Chemo, chemotherapy; T1+C, contrast-enhanced T1-weighted image; T2WI, T2-weighted image; TMZ, temozolomide.

administered as a single agent on 5 days per cycle and each
cycle lasting for 28 days.

Despite this treatment, the patient was readmitted to
hospital 6 weeks later complaining of worsening dizziness
and gait instability. MRI study showed that the lesions
located in the brainstem and right parietal lobe were
unchanged, but a new lesion of the right thalamus was
observed and determined to be encephaledema by the
radiologists. The treatment regimen was then adjusted to
dose-dense TMZ (100 mg/m’ daily; 21 days on, 7 days off)
combined with oral apatinib (250 mg/day). Every 28 days
was defined as 1 cycle of concomitant therapy.

After only 1 week of combined chemotherapy and
antiangiogenic therapy, the patient reported objective clinical
improvement of his symptoms. MRI obtained 4 months
following the concurrent treatment revealed that the size of
the brainstem lesion had slightly decreased but the lesion of
the right parietal lobe remained unchanged. Furthermore,
the lesion of the right thalamus had disappeared, suggesting
that the patient achieved a partial response to the treatment.
He subsequently underwent MRI follow-up approximately
every 3 months. Thus far, he has completed more than
11 cycles of concomitant treatment and has experienced
nausea, rash, and elevation of alanine transaminase hepatic
enzymes. All these adverse events (AEs) well tolerated and
manageable. They were evaluated as grade I/1I using the
Common Terminology Criteria for Adverse Events (CTCAE
version 5.0).
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His last MRI follow-up in August 2021, showed stability
of the tumor (Figure 2). At that time, we performed whole-
exome sequencing and a 6-gene panel (Genetron Health;
Beijing, China) using paraffin-embedded samples of biopsy
tissue. A negative result was found for MGMT and isocitrate
dehydrogenase 1 (IDH 1). No loss of heterozygosity was
present in either 1p or 19q. The TP53 germline mutation
was identified, but no approved agents yet exist that target
it. These results indicated a refractory malignancy with
extremely poor prognosis. He was recently followed-up on
January 5, 2022 in good condition but refused to perform
MRI examinations of the head himself. The treatment line,
results of molecular genetics screening, and AEs are shown
in Figure 3, Table 1, and Table 2, respectively.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Discussion

Adult brainstem gliomas are uncommon and have various
prognoses depending on the clinical, radiological, and
histological characteristics. Guillamo ez 4/. found WHO
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Figure 3 Timeline of the clinical course. TMZ, temozolomide; SD, stable disease; PD, progressive disease; PR, partial response.

Table 1 Results of molecular genetics screening

ltem Result

MGMT promoter methylation Negative
Loss of heterozygosity of chromosome 1p Negative
Loss of heterozygosity of chromosome 19q Negative
IDH1 R132 mutation Negative
IDH2 R172 mutation Negative
TERT C228T mutation Negative
TERT C250T mutation Negative
BRAF V600E mutation Negative
H3F3A K27M mutation Negative
HISTIH3B K27M mutation Negative
TP53 mutation Positive

MGMT, O6-methylguanine-DNA methyltransferase; IDH, isocitrate
dehydrogenase; TERT, telomerase reverse transcriptase; BRAF,
V-Raf murine sarcoma viral oncogene homolog B.

Table 2 Adverse events with the combination therapy of apatinib
and temozolomide

Adverse event Grade
Nausea Grade 2
Fatigue Grade 1
Rash Grade 2

Elevation of alanine transaminase Grade 1

high-grade pathology (grade III/IV) to be associated
with an extremely poor prognosis for brainstem glioma
patients despite aggressive treatment with radiotherapy
and chemotherapy (11). Nevertheless, the patient in
our study failed standard Stupp’s regimen but achieved
progression-free survival (PFS) of nearly 16.0 months
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following a combination of dose-dense TMZ chemotherapy
and apatinib treatment after resistance to adjuvant
temozolomide chemotherapy. The patient is still alive and
without disease progression.

It’s well established that angiogenesis is involved in
tumor progression and metastasis. Glioblastomas are usually
distributed with numerous microscopic microvessels, and
endotheliosis has been defined as a pathological feature.
In the growth, invasion, and metastasis of glioblastoma,
angiogenesis plays a critical role. Thus, antiangiogenesis
is a potential target for patients with glioblastoma.
The processes of angiogenesis are primarily driven by
the interaction of vascular endothelial growth factor
(VEGF) and its tyrosine kinase receptor (VEGFR
family), especially VEGFR-2 (12). As a result, new blood
vessels are formed that contribute to tumor growth and
metastasis. Additionally, these vessels are structurally
and functionally abnormal, leading to the formation of
a tumor microenvironment characterized by low oxygen
tension and high interstitial fluid pressure, which is
typical of histological subtypes with more aggressive
clinical behavior (13). Apatinib is an oral small-molecule
inhibitor that potently targets VEGFR-2 to inhibit
angiogenesis and can cross the blood-brain barrier (14).
As an antiangiogenic agent, apatinib can normalize tumor
vessels and prevent tumor metastasis. It has been approved
for the treatment of metastatic adenocarcinoma of the
stomach or gastroesophageal junction in China based on the
results of randomized phase III trial (15). However, apatinib
treatment has not been well studied in gliomas, especially
adult brainstem glioblastoma.

In fact, there’ve been several clinical studies focusing
on combined apatinib and TMZ treatment for high-grade
gliomas. In single-arm phase II trial which included 20
patients with recurrent glioblastoma who were experiencing
relapse from standard chemoradiotherapy (TMZ and
radiotherapy), treatment with apatinib (500 mg/daily) and
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dose-dense TMZ (100 mg/m’) was instead administered
and demonstrated an objective response rate of 45%, a
disease control rate of 90%, a median PFS of 6 months,
and a median OS of 9 months (16). A prospective single-
arm exploratory study including 15 recurrent glioblastoma
patients thereafter yielded similar results, with a median PFS
of 3.1 months and median OS of 8.7 months (17). These
results were further confirmed in a retrospective analysis
by Ge ez al. that showed a median PFS of 4.9 months and
a median OS of 8.2 months (18). In addition, in a case
report similar to ours, an adult with a brainstem anaplastic
astrocytoma benefited from an initial treatment of combined
radiotherapy, TMZ, and apatinib (500 mg/day) and had PFS
of over 8 months (19). However, the patient in our report
was pathologically diagnosed with glioblastoma and treated
with low dose apatinib after resistance to temozolomide
chemotherapy. Previous studies have shown that combined
antiangiogenic therapy plus TMZ can significantly improve
the survival rate when compared with TMZ monotherapy
(20,21). In addition, the efficiency and safety of a low dose
have been confirmed in other solid tumors, including non-
small cell lung cancer, ovarian cancer, and gastric carcinoma
(22-24). That is to say, to the best of our knowledge, we
present the first case of low-dose apatinib combined with
dose-dense TMZ for the treatment of adult brainstem
glioblastoma.

Gliomas are typically subdivided into four grades (I-IV)
according to the WHO. Among them, grade IV gliomas
are the most malignant. Surgical resection is considered the
optimal treatment, and postoperative radiotherapy together
with adjuvant therapy (i.e., “Stupp’s regimen”: adjuvant
TMZ chemotherapy for at least 6 cycles post-concurrent
TMZ and radiotherapy) are strongly recommended in
the guidelines (4). Despite this, the PFS and OS for high-
grade gliomas are unsatisfactory. It has been reported that
the 5-year survival rate in patients with glioblastoma is
only 9.8% after receiving standard Stupp’s regimen (9).
Furthermore, only a subset of malignant gliomas respond
to TMZ. The sensitivity to TMZ chemotherapy involves
complex molecular mechanisms in which MGMT plays
an important role. MGMT methylation is associated
with better survival outcomes in patients with high-
grade gliomas who have received TMZ chemotherapy.
Our patient had a MGMT methylation-negative WHO
grade IV brainstem glioblastoma, so he could not undergo
complete surgical resection due to the tumor’ location, and
therefore the disease progressed after 1 cycle of adjuvant
TMZ chemotherapy. Additionally, radiological findings
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revealed a new lesion of encephaledema, which may
explain the insensitivity to TMZ monotherapy following
chemoradiotherapy observed in this case. As solid tumors,
malignant gliomas such as glioblastoma are also highly
angiogenic with many VEGFR-2 molecules distributed
on the surface of the gliomal microvascular endothelial
cells (25,26), which can therefore be targeted by apatinib.
Furthermore, increasing evidence suggests a better response
to antiangiogenic agents in malignant tumors with 7P53
mutation than 7P53 wide-type. A study by Wheler et al
demonstrated that the 7P53 mutation upregulated VEGF-A
and VEGFR-2 in multiple cancers and was significantly
associated with favorable outcomes in patients who have
received VEGF/VEGFR inhibitors (27). The TP53
mutation has been reported in 32% of all glioblastomas,
but whether it predict favorable prognosis to Apatinib in
brainstem gliomas patients remains explored. In addition to
inhibiting angiogenesis, apatinib has been shown to enhance
the antitumor activity of TMZ in glioma cells by improving
the anaerobic tumor microenvironment iz vitro (28). This
suggests synergistic effects of concurrent TMZ and apatinib
treatment and highlights the benefits for patients with
malignant gliomas.

Conclusions

This report is the first case study to demonstrate the
effectiveness of using low-dose apatinib and dose-dense
TMZ for brainstem glioblastoma and the mild level of
toxicity that results from the treatment. Although drawing
definitive conclusions is difficult on the basis of such limited
experience, apatinib combined with TMZ may be an
alternative treatment for patients with clinically inoperable
and MGMT methylation-negative malignant gliomas.
Further studies are required to elucidate the efficiency
and safety of combined apatinib and TMZ for brainstem
malignant gliomas.
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