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Case Report

Apatinib treatment for symptomatic pseudoprogression after 
standard treatment for glioblastoma multiforme: a case report
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Abstract: Apatinib, a novel tyrosine kinase inhibitor, has anti-angiogenetic effect just as bevacizumab. 
Although bevacizumab has been used successfully in treating cerebral radiation necrosis, there has yet not any 
report on that apatinib can treat pseudoprogression with symptoms. Here we report a case of glioblastoma 
multiforme (GBM) patient with pseudoprogression after receiving the concurrent chemoradiotherapy, 
which was successfully treated by apatinib. A 51-year-old woman had multiple intracranial lesions (left 
parietal and right frontal), the primary left parietal lesion was surgically removed and was pathologically 
confirmed as glioblastoma (WHO grade IV). Then the patient received postoperative temozolomide with 
concurrent chemoradiotherapy. Three weeks after the radiotherapy, the patient experienced increased 
intracranial pressure and seizure. Magnetic resonance imaging (MRI) T1 enhancement examination showed 
an increase of abnormal enhancement range in the area of irradiation. After multiple disciplinary team 
(MDT) discussion, the patient was diagnosed with pseudoprogression after radiotherapy. Then she was 
given apatinib for 8 weeks at a dose of 500 mg qd. During the treatment period, the clinical symptoms and 
corresponding nerve images of the patient have been rapidly improved. In 12 months after the radiotherapy, 
progression of tumor in the primary site has not been discovered. Apatinib showed a good therapeutic effect 
and tolerance for the development of pseudoprogression advances with obvious symptoms.
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Introduction

Glioblastoma multiforme (GBM) is the most common 
malignancy of the nervous system in adults. At present, 
max imal ly  sa fe  surgery  a longs ide  pos topera t ive 
temozolomide with concurrent chemoradiotherapy has 
become the standard treatment for patients with GBM (1).  
Although concurrent chemoradiotherapy brings about 
a curative effect, the incidence of pseudoprogression 
increases markedly in the target area after radiotherapy. 
Hoffman et al. first observed and reported the phenomenon 
of pseudoprogression in 1979 (2). de Wit et al. described 
the phenomenon in more detail in 2004 (3). However, it 

was not until 2008 that Taal et al. named this phenomenon 
“pseudoprogression” for the first time (4).

Bevacizumab, a monoclonal antibody against vascular 
endothelial growth factor (VEGF), has been successfully 
used in treating nervous system radiation necrosis (5). 
Previous studies have confirmed a very similar pathology 
between radionecrosis and pseudoprogression, which is a 
specific type of radiation injury (6). Therefore, selectively 
blocking the pathway of VEGF signaling can be used as an 
effective treatment method for pseudoprogression. Apatinib 
(Hengrui Pharmaceutical Co., Ltd., Shanghai, China) is a 
tyrosine kinase inhibitor that selectively inhibits the VEGF 
receptor-2 (VEGFR-2), which is a novel VEGF downstream 
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receptor. Apatinib has been approved in China for treating 
patients with advanced or recurrent gastric adenocarcinoma 
or gastroesophageal adenocarcinoma who undergo at least 
two systemic chemotherapy regimens (7). Application 
of apatinib for treating GBM pseudoprogression after 
concurrent chemoradiotherapy has not been reported to 
date. Recently, apatinib was successfully administered to 
a patient with GBM who had pseudoprogression within a 
short time after radiotherapy. The details of this case are as 
follows.

Case presentation

A 51-year-old female patient presented with right-
limb paralysis as onset. In June 2016, T1-enhanced 
magnetic resonance imaging (MRI) of the head showed an 
abnormally enhanced occupancy signal in the left parietal 
and right frontal areas. Moreover, in July 2016, the left 
parietal lesion was surgically removed and pathologically 
confirmed as GBM (World Health Organization, grade 
IV). A postsurgery Gd-enhanced T1-weighted MRI was 
performed, as shown in Figure 1. She then received a 
postoperative 6-week intensity-modulated radiation therapy 
(IMRT) during which temozolomide [75 mg/m2, once daily 
(qd)] chemotherapy was synchronized. The IMRT was 
arranged as follows. In the first phase, radiation was given  
2 cm outside the range of fluid attenuated inversion 
recovery (FLAIR) abnormal signal at an exposure extent of 
40 Gy/20 f. This was followed by an MRI re-examination 

with a simultaneous integrated boost technique conducted 
for a right frontal lesion in the range where the T1 was 
enhanced. Moreover, the left parietal lesions within 
the surgical cavity were irradiated at 24 Gy/10 f, with 
simultaneous radiation to the area with FLAIR abnormal 
signal at 18 Gy/10 f. The dose distribution is shown in 
Figure 2. After 3 weeks of concurrent chemoradiotherapy, 
the patient was admitted to the hospital again due to 
severe headache and frequent seizures. No significant 
improvement was observed in the symptomatic treatment 
therapy of mannitol plus dexamethasone for 1 week. 
Enhanced T1-enhanced MRI scan showed that the 
abnormally enhanced range of the original left parietal and 
right frontal lesions significantly increased compared with 
that before radiotherapy, as shown in Figure 3. After fusion 
of the T1-enhanced MRI with the IMRT dose distribution 
image, the right frontal and left parietal abnormality 
enhancement signals were found to lay entirely within the 
90% prescription dose field, as shown in Figure 4. The 
postoperative molecular pathological results showed that 
the O6-methylguanine-DNA methyltransferase (MGMT) 
promoter methylation was positive in the left parietal lesion. 
After a multidisciplinary team discussion, the patient was 
diagnosed with pseudoprogression after chemoradiotherapy. 
Continuous temozolomide monotherapy chemotherapy 
(250 mg/m2 days 1–5 q28d) was given as originally 
planned due to the poor result of previous dexamethasone 
treatment. Apatinib, as the concurrent treatment therapy, 
was given to the patient at a dose of 500 mg qd. During 

Figure 1 Gd-enhanced T1-weighted MRI postsurgery. MRI, 
magnetic resonance imaging.

Figure 2 The dose distribution of radiotherapy.
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this treatment, symptoms of headache and rapid onset of 
seizures disappeared immediately. After 1 week of treatment 
with apatinib, MRI examination showed that the scope of 
the original abnormally enhanced signal was significantly 
reduced and the peripheral edema was alleviated compared 
with the images before treatment, as shown in Figure 3. 
The patient was treated with apatinib (500 mg qd) for  
8 weeks, during which the drug was well tolerated and the 
patient did not show serious adverse effects to apatinib 
therapy. MRI scan showed no significant abnormally 

enhanced signal in the area of the primary lesion 14 months 
after the surgery (in September 2017), supporting the 
diagnosis of pseudoprogression after initial radiotherapy 
and chemotherapy, as shown in Figure 3.

Discussion

The phenomenon of pseudoprogression of tumors after 
radiotherapy of the nervous system was reported more 
than 30 years ago. The incidence of pseudoprogression has 
increased significantly in recent years due to the prevailing 
application of the Stupp regimen involving temozolomide 
concurrent chemoradiotherapy (8). According to the 
latest meta-analysis, 36% (95% CI, 33–40%) of the 
patients from 73 studies were eventually proven to have 
pseudoprogression (9). Patients with malignant glioma 
who received the Stupp regimen had an incidence of 
pseudoprogression of up to 50% (8,10). Although the 
pathological diagnosis is still considered to be the “golden 
standard” for distinguishing the progression of actual tumor 
and pseudoprogression, it cannot be widely used because 
of its invasive operation and a large influence of the site of 
the tumor. In addition, although functional MRI and other 
imaging modalities, such as positron emission tomography, 
can assist the diagnosis of pseudoprogression disease, no 
universally accepted standard still exists for diagnostic 
imaging (8,11).

Patients with malignant gliomas with MGMT promoter 
methylation or isocitrate dehydrogenase (IDH) mutations 
are more likely to have pseudoprogression after treatment 
with the Stupp standard regimen (12,13). The reasons may 

Figure 4 Fusion of the MRI T1 enhancement image with the 
IMRT dose distribution image. MRI, magnetic resonance imaging; 
IMRT, intensity-modulated radiation therapy.

Figure 3 The characteristics of MRI with the patient in different periods. (A) Periodic Gd-enhanced T1-weighted MRI changes with the 
patient. (B) Gd-enhanced T1-weighted MRI after 1 week of apatinib treatment. (C) Gd-enhanced T1-weighted MRI after 14 months of 
surgery. MRI, magnetic resonance imaging.
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result from the previously mentioned two factors, which 
can lead to an increased sensitivity to radiotherapy and 
chemotherapy. Brandes et al. retrospectively analyzed data 
of 103 patients with GBM who underwent adjuvant Stupp 
regimen. Of these, 32 (64%) of 50 patients who presented 
with imaging progression in 1 month after surgery were 
subsequently confirmed with pseudoprogression. Moreover, 
the incidence of pseudoprogression was 91.3% (21/23) in 23 
patients with MGMT-initiated methylation (12). The study 
by Li et al. had similar conclusions (13).

The diagnosis of pseudoprogression in this study was 
mainly based on the following features: (I) symptoms 
appearing in the short term after radiotherapy (within 1 
month); (II) an abnormally enhanced signal completely 
within the scope of prescription dose irradiation; and (III) 
the molecular pathological examination of postoperative 
specimens showing MGMT promoter methylation.

“Pseudoprogression” after radiotherapy of the nervous 
system tumors is considered to be a reversible radioactive 
injury occurring within the short term after radiotherapy 
(mostly within 3 months after radiotherapy). However, its 
specific mechanism is still not clear. Most scholars believe 
that pseudoprogression has pathological features similar to 
those of radioactive necrosis. The main manifestations are 
vascular endothelial damage caused by ionizing radiation, 
blood vessel barrier occlusion, and small vessel occlusion, 
further leading to vasogenic brain edema, hypoxia in brain 
tissues, concomitant VEGF upregulation, increase in 
vascular permeability, and hypoxia (14). The corresponding 
imaging features are contrast agent extravasation resulting 
in the expansion of the scope of enhanced signal and 
broadening of the peripheral edema zone. The main 
physiological effect of VEGF on endothelial cells is 
achieved by activating its receptor VEGFR-2. Therefore, 
it has been speculated that blocking VEGF/VEGFR-2 
signaling pathway can effectively reduce vascular 
permeability. Apatinib actively competes with VEGFR-2 
to attach to the adenosine triphosphate (ATP) binding site 
in cells. Its corresponding animal test indicated that the 
inhibitory concentration (IC50) for VEGFR-2 was only  
2 nM (15). In addition, the oral administration of apatinib 
is more convenient than the intravenous infusion of 
bevacizumab. For these reasons, the patient in the present 
case study was given a lower dose of apatinib (500 mg qd) to 
treat the radiotherapy-associated pseudoprogression.

Be fo re  the  adven t  o f  an t i - ang iogen i c  d rugs , 
corticosteroids were the main treatment for symptomatic 
pseudoprogression and radiation necrosis. However, their 

treatment effect is still not satisfactory for some patients and 
entails additional side effects. In this study, no significant 
improvement was observed in the symptoms of increased 
intracranial pressure and frequent seizures within 1 week 
after treatment with dexamethasone. Fortunately, the patient 
had significant improvement in her symptoms within 1 week 
after receiving the treatment with apatinib. Both the range 
of abnormal enhancement (T1 enhancement) and the edema 
zone (T2/FLAIR) were narrowed in subsequent imaging 
examinations. This treatment response was consistent with 
that reported in previous studies on treatment of radiation 
necrosis using bevacizumab (5,16-18). Torcuator et al. 
used bevacizumab to treat 6 patients with pathologically 
confirmed radiation necrotic lesions and found that the 
abnormal MRI T1 and FLAIR signal ranges were reduced 
by 79% and 49%, respectively, after treatment (17). Sadraei 
et al. successfully used low-dose bevacizumab to treat 24 
patients with radiation necrosis and achieved a reduction of 
the abnormal MRI T1 range by about 50% and a narrowing 
of the abnormal range of FLAIR (18). Interestingly, in this 
study, an MRI review was performed on the 8th day after 
the application of apatinib because the patient showed rapid 
improvement in symptoms. The results showed that the 
associated enhancement of symptoms and peripheral edema 
both was significantly improved when compared with those 
before treatment, indirectly reflecting the high inhibitory 
effect of apatinib on the VEGF-VEGFR-2 pathway. 

In this study, the patient was administered apatinib 
(500 mg qd) at a lower than usual therapeutic dose. This 
was because, in addition to the previous experience with 
bevacizumab, the highly active inhibitory effect of apatinib 
on the VEGFR-2 target was also considered (IC50 only 
2 nM) in the present case. Furthermore, apatinib was 
generally well tolerated by the patient during the treatment 
process, and she did not experience any serious treatment-
related side effects until the end of treatment, possibly due 
to the lower dose of medication.

Apatinib treatment was given for 8 weeks with reference 
to the application of bevacizumab. During the follow-up 
of up to 13 months after discontinuation, the patient did 
not show any pathological changes, or recurrence of the 
tumor in the original site, or appearance of the aggravation 
of the original symptoms, supporting the diagnosis of 
pseudoprogression.

Conclusions

This study was novel in attempting the application of 
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apatinib to a patient with GBM after radiotherapy. The 
results showed a significant improvement in clinical 
symptoms and abnormal imaging (T1 c+ and FLAIR). 
Also, the drug was well tolerated by the patient. Therefore, 
phase II clinical studies should be conducted to explore 
the optimal dosage and duration of apatinib in treating 
pseudoprogression following radiotherapy.
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