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Abstract 
The distinction of radiation-induced brain necrosis (RBN) and recurrent glio- 
blastoma multiform (rGBM) remains a diagnostic challenge due to their si-
milarly on routine follow-up imaging studies and also their clinical manife-
stations. Our purpose of this review article is to evaluate the role of advanced 
MR imaging techniques such as Perfusion-weighted imaging (PWI), Diffu-
sion-weighted imaging (DWI) and Magnetic resonance spectroscopy (MRS) in 
the differentiation of RBN and rGBM and their complications together with 
our experience and knowledge gained during our neuroimaging practice. 
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1. Introduction 

It is well-known that GBM is one of the deadliest forms and fast-growing pri-
mary brain tumors in adults, with a poor prognosis despite maximal treatment, 
the standard treatment of patients with GBM include surgical resection and post-
operative chemoradiotherapy [1] [2]. However, most patients develop relapse 
process after the first treatment which can be treated with re-resection, systemic 
treatment with targeted agents or cytotoxic chemotherapy, reirradiation, or ra-
dio-surgery [3]. Some previous studies indicate that the therapeutic effect of re-
current tumors is not as sensitive as those of primary tumors and in most cases 
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of recurrent tumors may invade brain functional areas and lost thus become un-
resectable. Currently, there is no effective standard treatment for recurrent GBM 
[4] [5]. 

RBN is a serious complication of central nervous system caused by combina-
torial therapy of brain tumors. The combinatorial therapy is often used to im-
prove the prognosis and to prolong the survival time of glioma patients, but it 
causes radiation damage to the CNS, which is the most common side effect in 
gliomas within two years after treatment [6] [7]. Many radiologists believe that 
conventional CT or MR scan is not effective tool to differentiate recurrence gli-
omas from radiation necrosis due to their similar characteristics and clinical 
manifestations [8]. In this review article, we will focus the usefulness of advanced 
MRI techniques in the differentiation of treatment-induced necrosis and recur-
rent glioblastoma multiform. 

2. Discussion 

The Imaging differentiation between radiation-induced brain necrosis from re-
current tumor in treated patients with glioblastoma remains a diagnostic chal-
lenge [9]. Early stage radiation-induced brain necrosis has no specificity on CT 
and conventional MRI, which makes it difficult to differentiate from early stage 
of tumor recurrence, and this may cause to be misdiagnosed and delayed treat-
ment [10] [11]. When the characteristic manifestations of radionecrosis appear 
on MRI, the pathological changes are often in serious stage [12]. However, the 
traditional imaging methods cannot distinguish the changes and progress of brain 
tumors after treatment, but the new advanced imaging diagnosis method such as 
Perfusion-weighted imaging (PWI), Diffusion-weighted imaging (DWI) and Mag- 
netic resonance spectroscopy (MRS) play very important role to differentiate radi-
ation-induced brain necrosis from recurrent GBM. 

2.1. Radiation-Induced Brain Necrosis 

Radiation-induced brain necrosis is one of the serious complications of radio-
therapy for nervous system tumors [13]. In recent years, with the clinical de-
velopment of improved fractionation techniques (hyperfractionation and hy-
pofractionation), precise Stereotactic radiosurgery (SRS), conformal radiation 
therapy, and the clinical application of radiosensitizers and radioprotectants it 
is very important to delve and understand more comprehensively the imaging 
and histological changes of the central nervous system in different periods af-
ter receiving different fractionated regimens, different volumes and doses of 
radiation, or after receiving therapeutic radiation of combined treatment re-
gimens [14] [15]. Since the emergence of non-invasive neuroimaging diagnosis 
the understanding of brain radiation injury has been greatly improved, and has 
attracted the attention of more and more researchers. Brain radiation injury 
can be divided into acute radiation injury, early delayed injury and late radia-
tion injury [16] [17]. 
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1) Acute radiation brain injury 
Acute radiation injury (occurs hours to 3 weeks) it refers to temporary symp-

toms during or at the end of radiotherapy [18]. It is a rare clinical entity, mainly 
is due to the damage of blood-brain barrier and increased permeability, resulting 
in brain edema, increased intracranial pressure and transient neurological im-
pairment [19]. When the volumes of intracranial tumors or craniofacial tumors 
contain parts of brain tissues, the acute radiation injury is generally mild when 
the dose and fractionation method of conventional radiotherapy is used. Acute 
radiation reactions often occur during whole brain or sub whole brain irradia-
tion with several cytotoxic drugs such as cisplatin, cytarabine, methotrexate, in-
terferon and interleukin-2 [20]. 

2) Early delayed brain injury 
Early delayed radiation injury is usually a transient and reversible white mat-

ter injury within a few weeks or three months after radiotherapy, mainly demye-
lination of oligodendrocytes with axonal edema. The most common is children 
with acute lymphoblastic leukemia who received 18 - 24 gy prophylactic whole 
brain irradiation, especially those less than 3 years old. About half of them de-
veloped typical “sleep disorder” after 3 - 8 weeks [21] [22]. 

3) Late stage radiation-induced brain injury 
The clinical symptoms and signs of late stage radiation brain injury and whether 

the injury is fatal or not depends on the irradiation site, dose and volume, ac-
cording to the volume range of therapeutic radiation, late radiation injury can be 
divided into two categories. a) Localized radiation-induced brain necrosis which 
is the same as local tumor, accompanied by local nervous tissue abnormalities 
and increased intracranial pressure, clinical symptoms usually appear in 10 months 
to several years after radiotherapy, about 70% of patients have symptoms within 
2 years after radiotherapy [23] [24]. b) Diffuse radiation-induced brain necrosis: 
The most characteristic histological changes of late stage radiation brain injury 
are eosinophilic cells and cellulose exudation and spreading along the gray white 
matter junction [7]. On CT studies of early radiation-induced brain injury may 
show low-density changes involving one or both cerebral hemispheres several 
months after whole brain irradiation, which indicate that there is diffuse white 
matter abnormalities [25]. This syndrome is common in children with acute lym-
phoblastic leukemia who received intrathecal methotrexate together with whole- 
brain radiotherapy, and can also occur in patients who received whole brain or 
sub whole brain radiotherapy alone. The symptoms of diffuse white matter in-
jury after radiotherapy and chemotherapy usually appear one year after radio-
therapy. The most obvious clinical features of severe diffuse white matter injury 
are mental symptoms, including personality changes, memory loss, attention 
loss, and dementia. Children mainly show delayed growth and mental develop-
ment. 

2.2. Recurrent Glioblastoma 

The recurrence of GBM is mostly local, that is, about 2/3 of the tumor recur-
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rence is within 2 cm of the edge of the primary tumor. One third of the recurrent 
GBM is far away from the primary tumor, that is, located in different cerebral 
lobes, contralateral cerebral hemisphere, or even infratentorial [3]. The genetic 
relationship between primary tumors and distant recurrent tumors remains large-
ly unknown. Some studies speculate that distant recurrence 5 - 10 years after the 
first operation is actually a new primary tumor; these tumors grow indepen-
dently and may be caused by adjuvant radiotherapy or chemotherapy [26] [27]. 
However, other studies have found sufficient genetic similarity between distant 
recurrent tumors and primary tumors, suggesting that distant recurrent tumors 
are distant recurrence of primary tumors rather than independent primary GBM 
[28]. 

3. Differentiation between RBN and Recurrent  
GBM Using MRI Sequences 

The differential diagnosis of postoperative tumoral recurrence and radiation in-
jury remain a scientific and clinical challenge to many experts with the develop-
ment of MRI fusion technology this ideal multimodal imaging provide more in-
formation in the differential diagnosis of postoperative recurrence and radia-
tion-induced brain injury after glioma treatment. 

1) Perfusion-weighted imaging (PWI) 
PWI is a well established MRI application that can reflect the distribution of 

microcirculation and blood perfusion, and can provide information on hemo-
dynamics of tissue or lesion, the perfusion curve can be used to calculate the rel-
ative cerebral blood volume (rCBV), relative cerebral blood flow (rCBF) and 
mean transit time (MTI') [29]. These indexes can provide semi quantitative he-
modynamic parameters and quantitatively describe the structure and function of 
microvessels in the target area. Currently, the main parameter of PWI for diffe-
rentiating radiation necrosis from tumor recurrence is CBV due to the lack of 
neovascularization in typical radionecrosis, vascular endothelial cell necrosis, 
vascular wall cellulose necrosis and vitreous degeneration, angiogenic edema, 
vascular lumen stenosis and other changes, hence, as the CBV values decrease 
the blood supply of the recurrent tumor increases due to a large number of new 
blood vessels. PWI can show the change of rCBV in radiation-induced brain in-
jury area, which is related to the severity of injury and radiation dose. However, 
some studies do not support the above results, sometimes there is no significant 
difference in blood perfusion between radiation necrosis and recurrent tumor 
[30] [31]. This could be that the blood-brain barrier (BBB) is damaged by radia-
tion injury and the leakage of contrast medium through BBB affects the local 
magnetic field, and affects the measurement of CBF and CBV. In the clinical 
follow-up process of GBM after radiotherapy, the new abnormal enhancement 
lesions are often mixed lesions with radiation damage and tumor tissues, but the 
proportion of different lesions is different, and some lesions remain to be the 
main target. The degree of tumor neovascularization is not always obvious when 
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some low-grade gliomas recur. In addition, tumor recurrence usually occurs af-
ter irradiation of brain tissues; therefore, there is still some overlap between rad-
iation injury and tumor recurrence CBV. 

GBMs has abundant blood supply and relatively high blood flow, the cerebral 
blood flow (CBF) can be evaluated by using PWI. The CBF of recurrent GBM is 
relatively high, the local blood flow perfusion is rich and the tissue activity is 
high. Sugahara et al. [32] study found that when the rCBV is less than 0.6 ml/100g 
can be diagnosed as radiation-induced necrosis, and when the rCBV is greater 
than 2.6 ml/100g can be considered as a tumor recurrence but when the rCBV is 
between 0.6 and 2.6 ml/100g, it is difficult to determine whether it is tumor pro-
gression or imaging changes after treatment, and therefore it will need a further 
imaging studies to reach an accurate diagnosis. 

2) Diffusion-weighted imaging (DWI) 
DWI can capture the diffusion motion of water molecules inside brain vo-

lumes that can be used to describe the structure of the tissue at the cellular level 
by using apparent diffusion coefficient (ADC) [33]. The ADC values in DWI can 
reflect the density of tumor cells and the changes of tissue structure at the cellu-
lar level, the higher the density of tissue cells, the more limited the water mole-
cules movement and the lower the ADC values. There are many clinical studies 
on DWI in the differentiating postoperative recurrence of GBM from radia-
tion-induced brain injury but their results are different [34]. This could be due 
to the selection of ROI and some other factors, Because of the complex patholo-
gy of the operation area after operation and radiotherapy, some enhanced le-
sions may have both recurrent tumor components and tissue response to treat-
ment. Gliosis and macrophage infiltration may reduce ADC value, and necrosis 
and bleeding may also have a greater impact on ADC value. In order to reduce 
the error, it’s better to analyze the ADC value of the whole lesion instead mea-
suring the ROI manually. DWI is a routine scanning sequence in clinic, the ADC 
value of tumor parenchyma has an important reference value in differentiating 
postoperative recurrence of glioma from radiation-induced brain injury. How-
ever the different measurement of regions of interest has a great impact on the 
results, which still needs further study. 

3) Magnetic resonance spectroscopy (MRS) 
MRS is a noninvasive technique for quantitative detection of metabolites in 

tissues. Proton magnetic resonance spectroscopy (1H-MRS) is commonly used in 
clinic. 1H-MRS is able to detect the metabolites such as n-acetylaspartic (NAA), 
creatine (CR), choline (CHO), lipid (LIP) and lactic acid which enrich the diffe-
rential thinking of brain tumor recurrence and radiation-induced brain necrosis 
[35]. The peak of NAA decreases when the nerve cells are destroyed due to the 
infiltrative growth of tumor cells, the higher degree of malignancy, the lower 
peak level of the NAA. The increase of CHO complex may be due to the abnor-
mal increase of membrane metabolism of tumor cells. Creatine (Cr) shows high 
energy pathway in energy metabolism, and its decrease is related to energy dep-
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letion and lack of blood flow due to rapid cell proliferation. The presence of lac-
tic acid (LAC) indicates lack of energy metabolism, and the presence of lipid 
(LIP) is a sign of necrotic tissues, which cannot be detected in low-grade tumors, 
while the lipid peak are more obvious in high-grade tumors due to necrosis [36]. 
Talor et al. [37] found that the levels of NAA, creatine and choline drop off in 
the area of radiation necrosis, while the levels and peak values of creatine and 
choline increase moderately in the area of tumor recurrence. Another study 
done by Zeng et al. [38] were used 3D MRS to evaluate the new enhanced lesions 
in the original area after glioma treatment, and found that the CHO/NAA and 
Cho/Cr ratios of radiation-induced brain necrosis were lower than those of tu-
mor recurrence. 

4. Conclusion 

Reaching accurate differential diagnosis of glioma recurrence and radiation-induced 
brain injury after GBM therapy is great important for the choice of treatment 
and prognosis of patients. The follow-up observation of MRI can help to distin-
guish the recurrence of tumor and change after treatment. Perfusion and diffu-
sion imaging, magnetic resonance spectroscopy and texture analysis can reflect 
the information of tissue function and metabolism from many aspects, and can 
effectively identify from one other. 
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