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AB
ST

RA
CT Brain tumors account for less than 3% of all neoplasms. Post-radiation 

treatment necrosis is one of the most serious late sequels beyond radiotherapy. 
This review aimed to describe the recurrent brain tumor and radiation-induced 
necrosis. The MRSI is a safe, accurate, and informative tool for distinguishing 
between recurrent brain tumors and radiation-induced necrosis.
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INTRODUCTION

Central Nervous System (CNS) tumours represent less than 3% of 
all malignancies. They have very specific anatomic, physiological, 
pharmacological, immunological, and functional characteristics, 
and pose challenges unique in all of the oncology [1]. The clinical 
manifestations are diffuse, varied, and highly dependent on 
anatomic location [1, 2]. 

Radiation-induced necrosis is one of the most serious late sequels 
of radiotherapy and appears from six months to years after 
the therapy it may be progressive and irreversible [3], due to 
destroyed of the white matter by vascular damage, demyelination, 
and necrosis. Post-radiation, the damage also involves injury 
to the endothelium which leads to aggregation of platelets and 
formation of thrombus, then the abnormal proliferation of 
endothelium and deposition of intraluminal collagen occur [4]. 

Pseudo progression without tumour recurrence is seen as a 
radiographic elevation in enhancement plus/minus oedema on 
the MRI. It is a transient elevation in enhancement that stabilizes 
or resolves and needs no changes in the treatment [5-9]. The 
incidence of post-radiation necrosis in Glioblastoma Multiform 
(GBM) lies between 14% and 50% [6, 9-13]. 

Up to date, dynamic MRI (dynamic susceptibility contrast) or 
perfusion MRI is the only imaging with a promise to reliably 
distinguish between pseudoprogression and progression.

This review illustrated the differentiation of recurrent brain 
tumours from radiation-induced necrosis and thereby identifying 
pseudo-progression.

LITERATURE REVIEW

Epidemiology

Globally, brain tumours whether benign or malignant rank in 
the 20th position in the list of incidences of new cases of cancer 
worldwide estimated by GLOBOCAN “Global Cancer Statistics 
Online Database 2020”. They recorded 308,102 (1.6% of all 
cancer sites) new cases of CNS tumours, with 251,329 (2.5%) 
deaths in 2020 [14]. In the United States, approximately 23,130 
low-grade gliomas and 68,000 new cases of high-grade gliomas are 
diagnosed annually [15].  Recently, gliomas accounted for more 
than 80% of malignant brain tumours. Glioblastoma (GBM) a 
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grade IV tumour is the most common primary malignant brain 
tumour. The rest are grade III tumours such as anaplastic tumours 
(astrocytoma, oligodendroglioma, and oligoastrocytoma). Males 
are more often diagnosed with glioma than females [16]. Different 
studies in the USA suggested that 14 per 100,000 individuals will 
be detected with a brain tumour [16, 17]. Children below 14 years 
of age and the elderly have an increasing incidence rate of brain 
tumours [18]. This increase in new cases is due to advancements in 
diagnostic neuroimaging such as MRI, more neurosurgeons and 
histopathologists, improvements in care for those age categories, 
and progression in the approaches to health care [16].

Aetiology 

In the USA, brain tumours are more often detected in Caucasians 
than in the African American population. Most risk factors are 
not related to any significant predisposition, yet the presence 
of hereditary syndromes is a significant risk factor for the 
development of CNS tumours [19]. Many of these hereditary 
syndromes are correlated with one or more types of CNS 
tumours, such as tuberous sclerosis with subependymal giant 
cell astrocytoma [16], neurofibromatosis types 1 and 2 with low-
grade astrocytoma [20].  Nevoid basal cell carcinoma (BCC), Li-
Fraumeni, and Turcot syndromes are found in 2–8% of all cases 
of CNS tumours. Ionizing radiation of the cranium is a potent 
risk factor even beyond the wide range of frequent exposures 
[16, 17, 21]. Other risk factors, shown by Newton, are a prior 
primary systemic malignancy, traumas, medication, viruses, 
ingestion of N-nitroso compounds, oxidants, and antioxidants, 
alcohol ingestion, smoking, and exposure to electromagnetic 
fields [22]. Other studies showed a correlation between cellular 
mobile phones and brain tumours or head and neck cancer. 
Authors from Denmark did a nationwide review including more 
than 420 thousand cell phones and estimated that the overall 
incidence of tumours was not increased compared to the control 
group [23]. Studies of molecular epidemiology in adult patients 
with HGG are promising for further publication [17]. In one 
study with 155 patients and 157 controls looked for a correlation 
between human leukocyte antigens (HLAs) and associated 
polymorphisms (HLA-A, -B, -C, -DRB1) and GBM, the two 
haplotypes were positively related with the occurrence of GBM 
(p=0.01, p<0.001, respectively) [24]. Another study revealed 
polymorphisms of ERCC1 and ERCC2 including 450 glioma 
patients and 500 controls [17]. A study, with 556 astrocytoma 
cases involved, looking for the p53 expression, murine double 
minute-2 (MDM2), epidermal growth factor receptor (EGFR), 
and O6-methylguanine-DNA-methyltransferase (MGMT) [25]. 
The data showed an inverse relationship between p53 mutation 
and MDM2 or EGFR. The p53 mutations were more often found 
in GBM among black people than among white (p=0.004) [17]. 
In addition, interleukin (IL)-4RA Ser478Pro TC, CC and IL-
4RA Gln551Arg AG, AA was positively correlated to GBM, 
whereas IL-13-1,112 CT, TT had a negative correlation [22].

Histopathological classification

According to the WHO classification, the gliomas are graded 
from I to IV according to the lesions. The grade I lesions are 
biologically indolent and grade IV is the most malignant lesions 
with poor prognosis [26]. The diffuse growing tumours are the 
most prevalent such as astrocytomas, oligodendrogliomas, and 

mixed oligoastrocytomas. These subtypes may be subject to 
malignant transformation and degenerate into the most aggressive 
and poorer form of glioma, the GBM [1]. The critical feature that 
shows the transformation from a grade II tumour to an anaplastic 
astrocytoma is the presence of harry mitotic activity, and in most 
cases of anaplastic gliomas, the Ki-67 indices range from 5% to 
10%. The presence of microvascular proliferation and/or necrosis 
in a malignant astrocytoma upgrades the tumour to a GBM, which 
is accompanied by nuclear pseudo-palisading as a pathognomonic 
feature for GBM [27].

Pathology 

The appropriate therapeutic strategies depend on the appearance 
of the tumour or the tumour type. The classification and tumour 
grade direct the management decisions and define the prognosis 
[22]. Historically, LGGs have been considered a homogeneous 
group of tumours correlated with a more favourable prognosis 
[2]. LGGs are well-circumscribed, benign, and typically curable. 
The pilocytic astrocytomas are grade I brain astrocytomas. They 
tend to have a better prognosis and the transformation to HGG 
is rare [28]. The diffusely infiltrated LGGs classified as grade II 
(WHO), are the most prevalent and comprise astrocytoma, 
oligodendroglioma, and mixed oligoastrocytoma [2]. Whereas 
the anaplastic term refers to grade III tumours such as anaplastic 
astrocytomas, oligodendrogliomas, and oligoastrocytomas. The 
GBM is a grade IV glioma [27].

Grading systems

There were several grading systems such as Kernohan, Ringertz, 
and St. Anne-Mayo systems in the past, which used abnormalities 
such as nuclear and endothelial proliferation, mitoses, and necrosis. 
The most widely used system is the WHO system [29]. WHO 
grade I gliomas are well circumscribed with low proliferative 
potential, and the cure post-surgical resection is high. Grade 
II gliomas are infiltrative, as a rule, recur, and may transform to 
high grades malignancy [1]. Grades II to IV is malignant gliomas 
characterized by a tendency to infiltrate neighbouring tissue. This 
diffuse infiltration makes complete resection of all brain tumour 
tissues impossible [27].

Molecular biology

In the last three decades, the knowledge of brain tumour biology 
improved. The tumour proliferation is assessed by Ki-67/MIB-
1 labelling. Increasing values of the Ki-67 index correlates with 
increments in the grade of brain tumours. This index differentiates 
diffuse astrocytoma II and oligodendrogliomas II from anaplastic 
gliomas III and GBM [30]. About 50-60% of gliomas have 
TP53 mutations, which may be higher in HGG [31]. In terms of 
molecular biology, low-grade oligodendrogliomas show a loss of 
1p/19q, and the genotype is an unbalanced t (1;19) (p10; q10) 
with a peri-centromeric translocation. To some extent, this also 
occurs in GBM [32]. Recently, several studies showed in 70-80% of 
LGGs IDH1 mutations are related to an enzyme that participates 
in the cycle of citric acid [33]. Besides, the PI3K/mTOR pathway 
is activated in most LGGs, with methylation of the promoter area 
of the PTEN gene in 33% of patients [34]. MGMT promoter 
methylation is emerging as a potential but imperfect prognostic 
factor in the management of GBMs [27].
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Clinical manifestation

The low-grade gliomas generally occur in patients in their second, 
third, or fourth decades of age, with a mean of 37 years. They 
are more prevalent in males than in females by a ratio of 1.4:1. 
The most common symptom is a seizure, observed in two-thirds 
of the patients. Generalized tonic-clonic, simple partial, and 
complex partial seizures are recorded in respectively 43%, 23%, 
and 34% of the patients. Headache and paralysis occur in one-
third of the patients. About half of affected patients have a normal 
neurologic examination [2]. Furthermore, several neurological 

signs may be present such as the sensory deficit, motor deficit, 
papilledema, aphasia, altered mental status, dysphasia, decreased 
memory, and altered consciousness (Table 1). The functions may 
be normal or moderately impaired in 25% of the population, and 
severe symptoms may occur in 12% [35]. There are no specific or 
pathognomonic symptoms of HGG. Generally, patients may show 
up with headaches, neurologic deficits, nausea, and vomiting [27]. 

Management 

Surgical resection is the common management approach for 

Tab. 1. WHO Classification: Tumors of the 
Central Nervous System (CNS) [29] Tumours of 

Neuroepi-
thelial Tissue

Astrocytic Tumors Embryonal 
Tumors

Tumours of the 
Meninges

Mesenchymal, 
Non-

meningothelial 
Tumors

Primary 
Melanocytic 

LesionsDiffuse LOCALIZED

Astrocytic 
tumours

Astrocyto-
ma (WHO 
grade II)

Pilocytic 
astrocytoma

Medulloepithe-
lioma

Meningothelial 
Cells 

(Meningiomas)
Lipoma Diffuse me-

lanocytosis

Oligoden-
droglia tu-

mors
Fibrillary

Pleomorphic 
xanthoastro-

cytoma

Ependymoblas-
toma Meningothelial Angiolipoma Melanocy-

toma

Ependymal 
tumours

Protoplas-
mic

Subependy-
mal giant cell 
astrocytoma

Medulloblas-
toma

Fibrous 
(fibroblastic) Hibernoma Malignant 

melanoma

Mixed 
gliomas

Gameto-
cytes  

Desmoplastic 
medulloblas-

toma

Transitional 
(mixed)

Liposarcoma 
(intracranial)

Meningeal 
melanocy-

tosis

Choroid 
plexus 

tumours

Anaplastic 
astrocyto-
ma (WHO 
grade III)

 Large cell me-
dulloblastoma Psammomata’s Solitary fibrous 

tumour  

Neuronal 
and mixed 
neuronal-

glial tumours

Glioblas-
toma 

multiforme 
(WHO 

grade IV)

 Medullomyo-
blastoma Angiomatous Fibrosarcoma  

Pineal 
parenchymal 

tumours

Giant cell 
glioblas-

toma
 Melanotic me-

dulloblastoma Microcystic
Malignant 

fibrous 
histiocytoma

 

Neuroepithe-
lial tumours 
of uncertain 

origin

Gliosar-
coma  Supratentorial 

PNET Secretory Leiomyoma  

Embryonal 
tumours   Neuroblastoma Lymphoplas-

macytic rich Leiomyosarcoma  

   Ganglioneuro-
blastoma Metaplastic Rhabdomyoma  

   

Atypical 
teratoid/
rhabdoid 
tumour

Clear cell Rhabdomyosar-
coma  

    Choroid Chondroma  

    Atypical Chondrosarcoma  

    Papillary Osteoma  

    Rhabdoid Osteosarcoma  

    Anaplastic Osteochon-
droma  

       Hemangioma  

     
Epithelioid he-

mangioendothe-
lioma

 

     Hemangiopericy-
toma  

     Angiosarcoma  

     Kaposi sarcoma  
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brain tumours and is the primary therapy for most. The surgery 
is indicated for reducing the size of the tumour, palliating the 
effects of the mass, for control of neurological deficit, and for 
confirmation of the histopathological diagnosis [22, 36, 37]. 
Complete removal of benign gliomas can be curative. Whereas 
for GBM, and AA, most surgeons apply a gross-total or sub-
total resection, if possible. For diffusely infiltrative or multifocal 
tumours, stereotactic biopsies are more likely to elaborate 
neurological function deficits [22]. The accuracy of the size and 
location of the tumour is improved when the area is defined by 
contrast enhancement on MRI or MRSI or PET scan [2, 22].

External beam radiation therapy (EBRT) is an appropriate form 
of management for virtually all patients with HGG, as well as for 
selected LGGs that are surgically unresectable or have progressed 
beyond resection [38]. Advances in radiotherapy techniques over 
the recent decade have had a major impact on neuro-oncology. 
The majority of CNS cell populations have a low mitotic 
index and proliferate slowly, they are the prototypical “late-
responding tissues” of conventional radiobiology [1]. Stereotactic 
radiosurgery, using a Cyberknife® or a Gamma Knife® to deliver 
a single high-dose radiation fraction is another method to boost 
radiation doses in the bed of the tumour, while sparing normal 
surrounding tissues [39, 40]. The success of local therapies, such 
as surgery and radiotherapy, is highly dependent on the accurate 
estimation of the extent of the CNS tumour. Moreover, the 
unusual phenomena of pseudoprogression, pseudo response, and 
therapeutically induced inflammatory changes, rarely seen outside 
the CNS region, pose frequent diagnostic conundrums [1, 2].

Chemotherapy is also used as an adjuvant protocol for malignant 
brain tumours (i.e., mostly GBM, and AA) and for some LGG 
which progress despite primary resection and radiation [41, 42]. 
Several studies have shown the efficacy of both temozolomide and 
PCV agents in newly diagnosed and progressing LGGs [43-46]. 
Many trials which investigated recurrent tumours, reported a high 
response rate in relapsing tumours [43, 44]. However, based on the 
data of two large phase III chemotherapy studies in newly detected 
LGGs, the role of chemotherapy is better referred to. One study 
was RTOG intergroup trial 98-02 [45-47], and the other study 
was the EORTC trial that evaluated the role of temozolomide in 
newly detected patients with high-risk LGGs [15].

Recurrence of gliomas

The diffuse glioma at some stage is likely to show the progression of 
neurological signs and symptoms and is likely to recur. The majority 
of tumours progress at the tumour bed site but occasionally 
develop as a deep infiltration into dense tracts of white matter. In 
addition, leptomeningeal seeding is recorded. More than 70% of 
lesions have dedifferentiated or transformed into an HGG stage 
[48]. These are seen on the MRI scan through enhancement of 
damaged areas, which can appear after 6 -12 months, it shows 
a local volume increment of cerebral blood flow in the affected 
region. Generally, the survival of patients after tumour recurrence 
is very poor. Treatment modalities for the recurrence of gliomas 
include resection, re-irradiation, and second-line cytotoxic agents 
[1]. Pseudo-progression which confuses the interpretation of 
MRI imaging done in the first months after completion of RT 
has been described as early as 1979 [27]. In patients with disease 
progression immediately post-irradiation, nearly 50% were found 
to have improvement or at least stable disease on subsequent brain 

MRI imaging, and the incidence (of what? disease progression? 
Or disease improvement?) is reported to be as high as in patients 
with GBM [7, 49].

Brain necrosis

Many radiation-induced side effects can occur in patients treated 
with radiotherapy, they range from cognitive sequels to necrosis 
[50]. The incidence of radiation necrosis in LGG is 3%, according 
to findings of NCCTG 86-72-51, in which the 2-year incidence 
of fatal radio-necrosis was 1% at a low dose and 5% at a high dose 
[47]. Brain necrosis is one of the serious and uncommon late 
toxic effects of radiotherapy treatment of gliomas [51]. Clinically 
and radiographically, radiation necrosis may seem the same as 
recurrent tumour through the reappearance and worsening of 
primary symptoms and neurologic deficits, and through the 
development of an irreversible, progressive, enhancing mass 
with associated oedema on imaging. However, PET, MSRI, 
and nuclear and dynamic CT scanning procedures may help 
to distinguish necrosis from recurrent tumours. Focal necrosis 
occurs because of radiotherapy alone, but massive diffuse leuko-
encephalopathy is more commonly related to chemoradiation [3]. 
Radiation necrosis may manifest itself as high-tone hearing loss 
and vestibular damage, retinopathy or cataract formation, optic 
chiasm, and nerve damage as a decline in visual acuity, blindness, 
and hormone insufficiency. Whole cranium radiotherapy can lead 
to neuropsychological changes and neurocognitive dysfunction 
[52-57].

Classically, radiation toxicity has been explained by two theories, 
the vascular and the glial hypotheses. The vascular hypothesis 
states that radiation-induced vasculopathy results in ischemia and 
necrosis. The glial hypothesis proposes that radiation causes injury 
to oligodendrocytes and the precursors of cells [58].

Differentiation of post-radiation necrosis from the 
recurrent tumour by MRSI

Longitudinal CNR ratios over time decline when there is necrosis 
and an elevation suggests a recurrence or residual tumour. MRSI 
has been observed to be of much more benefit when consistently 
applied with the meticulous acquisition of technical and post-
processing standards and integrated with perfusion, diffusion, and 
anatomic imaging [59].

Multivoxel MRSI allows simultaneous sampling of the core of the 
necrosis, the margins of the lesion defined by Gd enhancement, 
and abnormal tissue outside the margins defined by hyper-intense 
on T2-weighted MRI. This may involve remote foci and/ or 
disease infiltration [60].

In post-radiation necrosis, the ipsilateral Cho/NAA ratio is 
abnormal, which may suggest recurrence, but in radiation necrosis, 
the Cho/Chocratio is below one. In this situation might arise the 
treatment-naïve tumour, either treated tumour or post-radiation 
necrosis had either a different spectral pattern or different 
admixtures of tissue types within the MRSI voxel itself (I do not 
understand what you want to say here) [60]. Thus, the spectral 
features of radiation-induced toxicities in normal and tumour 
tissue depend upon the time interval between the radiation and 
the MRSI application. Spectral features of delayed post-radiation 
necrosis show an overall decline in Cho, Cr, and NAA peaks, in 
addition to the presence of Lip-Lac [60, 61].



− 27

A. Aseel, et al. - Recurrent brain tumour versus radiation 
induced necrosis: A review study

CONCLUSIONS
 The majority of the lesions were classified as HGG. The MRSI is 
a safe, accurate, and informative tool for distinguishing between 

the two diagnostic entities. A combination of advanced imaging 
technologies such as MRS, PET, DWI, SPECT, and MR 
perfusion assists in the differentiation of glioma recurrence versus 
post-radiation necrosis.
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