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Abstract

Imaging is essential in brain glioma diagnosis, treatment 
and follow up. Diversity in genetic and phenotypic archi-
tectures of brain glioma makes imaging evaluation chal-
lenging. Glioma appearance on follow up examination 
correlates with the response to therapeuric scheme and 
therapy side effect. Standard magnetic resonance (MR) 
imaging and advanced  techniques (diffusion, perfusion, 
spectroscopy) are crucial in evaluation of post-treatment 
response of brain gliomas. The Response Assessment in Neu-

ro Oncology criteria evolved as an objective guide for im-
aging assessment of response to treatment  in brain gli-
omas. This article presents MR imaging of  brain gliomas 
response to therapy (complete, partial response, stable 
disease, progress or reccurrence) and the side-effects of 
the various therapeutic schemes (surgery, radiation, che-
motherapy, antiangiogenic therapy, immunotherapy in-
duced toxicity). Pseudoprogression and pseudoresponse 
are also discussed. 
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1. Introduction 
The incidence rate of brain gliomas is about 5 per 
100,000 person-years. It constitutes 2% of all adult 
cancers [1-7]. According to the World Health Organi-
sation (WHO), gliomas are categorised as grades I-IV, 
on the basis of their histological appearance [7, 8]. 
The most aggressive form, particularly in adults, is 
that of glioblastoma multiforme (GBM), with the dif-
fuse type being by far the more frequent [1-8]. Ma-
lignant gliomas correlate with 80% of all malignant 
brain tumours [1-8]. Brain tumour heterogeneity is 
related to the variability of genetic, metabolic and 
microenvironment composition of brain tumour 
cells. A new concept for brain glioma classification 
and treatment has been derived from genomic profil-
ing [8-10]. According to the status of the catalyst isoc-
itrate dehydrogenase (IDH) [10], diffusely infiltrating 
gliomas are classified into three separate groups, 
each group with its specific natural history, response 
to treatment and outcome. IDH mutant 1p/19q co-de-
leted tumours develop better prognosis and are most 
often associated with oligodendroglial tumours; 
IDH-mutant, 1p/19q non-co-deleted tumours have 
intermediate outcome and are most often associated 
with astrocytic histological type and IDH wild-type, 
develop mostly poor prognosis and are associated 
with high-grade (III or IV) tumours [8-10].

Brain gliomas treatment is individualised, accord-
ing to the location of brain lesion, histologic grade, 
genotype, patient clinical status and  resectability, in 
order to improve prognosis and side effects limita-
tion [11-13]. For IDH [10-13], wild-type (high grade 
gliomas), therapy is directed to local safe resection 
with minimal induced deficit. For diffuse astrocy-
tomas, oligodendrogliomas and low grade gliomas 
the use of intraoperative navigation, fusion, digital 
tractography, cortical mapping, and intraoperative 
neuromonitoring constitute a great aid [14-21]. Ra-
diation and chemotherapy (temozolomide-alkylating 
agent) according to the Stupp protocol (also known 
as chemoradiation), are applied when necessary and 
improve survival significantly [22-26]. Antiangiogen-
ic agents  such as bevacizumab,  an antibody against 
vascular endothelial growth factor (VEGF), are con-
sidered second-line agents with poor survival bene-
fit that is usually reserved for recurrent disease. Re-

section with clear margins is not possible for diffuse 
astrocytomas and oligodendrogliomas due to their 
highly infiltrative nature. Newer therapies, such as 
immunotherapy [27-29], nanotechniques, hyperther-
mia, receptor mediated transport, cell–penetrating 
peptides and cell mediated delivery demonstrate 
promising results. Low grade gliomas are also not 
so well curable, although they bear a more indolent 
clinical course, frequently exhibiting gliomagenesis 
to high-grade glioma in a high percentage of patients. 
The individualised therapeutic scheme (time, extent 
of surgery, radiation therapy, chemotherapy) is bal-
anced between survival benefits and treatment-relat-
ed side effects.

Despite advanced treatment techniques and proto-
cols, the median survival rate of brain tumours is still 
poor [6]. High-grade gliomas (HGG) have a survival 
rate of only 2 years for 26.5%  whereas low-grade gli-
omas (LGG) have a 5-year survival of 58–72% [1-6]. 

 
2a. Normal postoperative status
During craniotomy the bone flap is replaced at the 
end of the procedure. According to its location, the 
flap is named as frontal, bifrontal etc. Skin closure 
is performed with metallic scalp clips, that produce 
artefacts on CT and MR images. In the early postop-
erative period, scalp swelling is common. It is formed 
from a mixture of oedematous fluid, haemorrhage, 
cerebro-spinal fluid (CSF) and air. Swelling typically 
resolves over several weeks [30-32]. The margins of 
bone flaps initially are well defined, straight-edged 
with “tram-track” discontinuities. With time, they 
become more rounded. 

At postoperative imaging, it can be difficult to 
determine the precise location of fluid collections 
(blood, CSF and air), but they are more often extradu-
ral than subdural [30-32]. Extradural fluid collections 
immediately beneath the bone flap are to be expect-
ed after craniotomy. Small amounts of haematoma in 
the scalp can be seen as thin (1–3 mm thick) extra-
dural collections. The intraoperative use of haemo-
static agents, such as oxidised regenerated cellulose, 
can accelerate the formation of methaemoglobin, 
which produces areas of hyperintensity on T1- and 
T2-weighted images earlier than expected. The nor-
mal dura mater appears as a thin hypointense layer 
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on both T1- an T2-weighted MR images compared to 
gray matter.

After craniotomy, normal postoperative contrast 
enhancement (Fig. 1) on MR imaging is seen earlier 
and lasts longer than on CT. Between the margins of 
the bone flap and the calvaria, neovascular granula-
tion tissue forms and may enhance within the first 
year after surgery. The dura mater after surgery en-
hances in a smooth linear pattern as early as 9 hours 
and can last as long as 40 years [30-32]. The surgi-
cal margins of brain parenchyma may begin to en-
hance within 17 hours. Initially they appear as thin 
linear areas of enhancement in some patients. This 
enhancement increases with time. In the 6th postop-
erative day, the enhancement pattern becomes thick-
er and nodular and is seen in all patients. It usually 
resolves within 1 month after surgery [30-32]. Some 
amount of intracranial air, most often in the subdu-
ral space over the frontal lobe, should be expected on 
early postoperative imaging. In a retrospective anal-
ysis of CT findings in patients who underwent supra-
tentorial craniotomy, pneumocephalus was present 
in 100% of patients 2 days after surgery, in 75% of 
patients 7 days after surgery, in 59.6% of patients in 
the 2nd postoperative week, and in 26.3% of patients 
in the 3rd postoperative week. No pneumocephalus 

was found after 3 weeks [30-32]. 

2b. Postoperative complications-any deviation 
from normal postoperative status 
The most common post-surgical complication is iat-
rogenic stroke with an incidence of 1.6%. Iatrogenic 
ischaemic stroke is related to the proximity of the 
brain tumour to the central perforating arteries. It 
carries a nine-fold increased risk of hospital mortal-
ity [30-32]. The second most common post-surgical 
complication is intracranial haemorrhage with an 
incidence of 1.0% (1.1% of patients require surgical 
evacuation). 

A less common or rare complication is post-surgi-
cal infection. It typically develops in patients with 
a depressed immune status. It can manifest as bone 
flap infection (44%), subdural empyema, cerebritis, 
abscess and meningitis (incidence of approximately 
0.1%). Early recognition is extremely important in or-
der to restrict morbidity and mortality. Bone flap in-
fection develops 1–2 weeks after surgery but may not 
manifest for months. Diffusion-weighted imaging is 
less sensitive in depicting infection in post-operative 
patients, especially in extradural location [32], with 
false-negative rates of 47% for extradural abscesses 
and 29% for subdural empyema. Thus, the absence of 

Fig.  1. A 45-year-old male with residual tumour, three days after operation for anaplastic astrocytoma. a) Axial contrast enhanced 
T1-w MR image demonstrates  the postoperative cavity with an expected minimal peripheral enhancement (thin arrow) and ad-
jacent increased nodular enhancement (thick arrow),  b) rCBV map shows decreased rCBV values of the wall of the postoperative 
cavity (thin arrow) and increased values at the center of the enhancing nodule (thick arrow),  c) MRS with long TE, at the center of 
the enhancing and increased r CBV value–nodule,  illustrates increased levels of choline peaks  at the position 3.2 p.m. 
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restricted diffusion within a postoperative fluid col-
lection does not reliably exclude the possibility of in-
fection [31, 32]. 

Tension pneumocephalus is a neurosurgical emer-
gency. CT appearances include the “peaking” sign 
(subdural air collections compress the frontal lobes) 
and the “Mount Fuji” sign (widening of the inter-
hemispheric space from compression and separation 
of the frontal lobes). Diagnosis should only be made 
with clinical correlation, since similar findings may 
be seen in asymptomatic patients.

3. Post-treatment response of brain gliomas
Different criteria were used to assess treatment re-
sponse of high grade gliomas, such as perilesional 
mass effect and tumour size, since 1977. The first 
objective criteria (Macdonald criteria) for radio-

logic evaluation of high-grade gliomas response to 
treatment were published in 1990 [33]. Tumour en-
hancement on CT was evaluated in accordance with 
decreased need for steroids and stable or improved 
clinical status. Contrast medium enhancement is  
sensitive but not a specific marker of tumour regres-
sion and may represent post-therapy changes. MR 
imaging [34-45], in addition to morphological char-
acteristics (size, necrosis, oedema), offers crucial in-
formation on the non-enhancing part of the tumour 
(T2-w/FLAIR) and has become the standard neuroim-
aging technique used to assess treatment response. 
The Response Assessment in Neuro-Oncology (RANO) 
criteria released new standardised response criteria 
for clinical trials in brain tumours in 2010. This RANO 
system offers detailed and reproducible evaluation 
brain tumour response to therapy. Although other 

Fig. 2. Follow up in a 51-year-old female  with a stable fibrillary low grade astrocytoma diagnosed by stereotactic biopsy, 11 
years ago. I. Axial MRI, at the time of the initial diagnosis: a) FLAIR shows a diffuse area of increased signal intensity of the 
brain stem and right cerebellar peduncle (arrow) with b) ADC map shows,  increased ADC values (arrow), c) rCBV map,  rCBV 
values are within normal limits (arrow) and d) short TE MRS shows  increased values for the metabolite myoinositol  at 0.962 
(arrow). II. Follow up examination -11 years after the initial diagnosis a) FLAIR shows unchanged findings (arrow), b)  axial 
contrast-enhanced T1-w MR image shows no contrast enhancement and c) rCBV map shows normal CBV values. 
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criteria have been published over the last years, the 
RANO criteria are currently the most widely used in 
clinical practice [34-45].

3a. Practical points
Practical points on measurements
Brain lesions can be solitary or multiple, measurable 
or non measurable. A measurable lesion is one with 
sharp, well defined margins, with two perpendicular 
diameters of at least 10 mm, visible on more than 2 
axial slices, hyperintense on T2/FLAIR images, show-
ing contrast-enhancement. A non-measurable lesion 

is a contrast enhancing lesion with either unidimen-
sionally measurable lesion or with maximal perpen-
dicular diameters of less than 10 mm, with ill-defined 
margins. Non-measurable brain lesions usually rep-
resent the most common imaging feature of low-
er-grade tumours. In the case of multiple lesions, the 

Fig. 3. Follow up of a low-grade astrocytoma-Gliomagenesis. I. 
Baseline axial MR images, of a low grade astrocytoma, at the 
time of the diagnosis a) FLAIR sequence shows abnormal sig-
nal intensity at the right frontal lobe, b) post-gadolinium T1-w 
image shows no contrast enhancement. II. Progression to high 
grade (IV) astrocytoma, on follow up examination 4 years lat-
er, a) FLAIR sequence shows significant increment of abnormal 
signal at the right frontal lobe with more heterogeneous ap-
pearance (arrow) and b) post-gadolinium T1-w image demon-
strates inhomogeneous contrast enhancement (arrow). 

Fig.  4. Serial follow up examinations of a patient with ana-
plastic astrocytoma  at 1st, 3rd, 9th postoperative month and 
1st month after γ-knife operation. I. Normal postoperative 
status: 1 month post operative, a cavity is seen a) FLAIR 
shows minimal brain oedema, b) contrast-enhanced T1-w 
image showing postoperative meningeal enhancement, II. 
Stable disease, 3 months post operative, with unchanged 
findings both on FLAIR (a) and contrast-enhanced T1-w (b) 
images. III. Recurrence, 9 months post operative, a) FLAIR, 
shows moderate brain oedema, b) contrast-enhanced T1-w 
image shows enhancement and c) CBV map shows high  
rCBV values,  IV. Irradiation necrosis, 1 month after γ-knife 
treatment, a) FLAIR shows increase of the extent of brain oe-
dema, b) contrast-enhanced T1-w image shows increase of 
the extent of enhancement and c) PWI shows normal rCBV 
value. 
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largest lesions are preferably measured, but empha-
sis should also be placed on lesions that allow repro-
ducible measurements.

Practical points on timing
It is important to perform MR imaging at follow ex-
aminations within specific time periods, according to 
the RANO criteria. 

• The first follow up examination is suggested to 
take place within 3 days post operatively to assess the 
extension of any residual lesion (Fig. 1). Contrast en-
hancement in the margins of the postoperative cavity 
corresponds at that period of time to residual tumour 
(“diagnostic window”). Diffusion-weighted imaging 
shows the cytotoxic oedema, a normal postoperative 
complication. Analogous to ischaemic stroke, most 
of those areas of restricted diffusion finally enhance 
after 48 hours and are attributed to the presence of 
granulation tissue.

• Post-treatment follow up includes MR examina-
tion every 6 months for low grade gliomas (Figs. 2, 3) 
and every 3 month intervals for high grade gliomas 
(Figs. 4, 5) to evaluate any tumour recurrence.

• An MR examination should include T2-w, FLAIR and 
T1-w sequences with and without contrast medium ad-
ministration in three planes, T2 Gradient Echo when it 
is needed, as well as advanced MR imaging, including 
diffusion weighted imaging (DWI), perfusion weighted 

imaging (PWI) and spectroscopy,  when needed.
• Ideally the examinations should match each other 

as closely as possible; same technique of examination 
should be used. Proper use of contrast is especially 
important (dose, concentration and optimal delay 
time). 

3b. Post-treatment response criteria
Brain tumour imaging techniques, both conventional 
and advanced MR imaging (DWI, PWI, and spectros-
copy) focus on a new appearing or a pre-existing le-
sion and examine both the enhancing part and the 
non-enhancing T2/FLAIR component. 

Brain tumour post-treatment assessment is based 
on imaging and clinical criteria (clinical status and 
corticosteroid use). Accordingly, treatment response 
is classified into 4 categories [33-45]. The results are 
compared to the baseline scan. Complete response 
is associated with a disappearance of the enhancing 
part, stable or improved non-enhancing (T2/FLAIR) 
part, and no lesion for at least 4 weeks on imaging. 
The patients must be off corticosteroids (or on phys-
iologic replacement doses only) and stable or im-
proved clinically. In partial response, there is greater 
than 50% decrease in the total diameters of the mea-
surable enhancing lesions, improved non-enhanc-
ing (T2/FLAIR) part, and no new lesion on imaging 
for at least 4 weeks. The patient must be at the same 

Fig. 5. Recurrence in a male patient who was operated and irradiated for anaplastic astrocytoma, one year prior to current 
MR imaging. Axial views a) FLAIR images show diffuse brain oedema of the right temporo-parietal lobe, b) contrast-en-
hanced T1-w image shows intense enhancement (arrow) and c) increased rCBV values are shown at the corresponding maps  
at the area of maximal contrast medium enhancement (arrow). 
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Fig. 6. Spectrum of radiation effect on brain parenchyma  in 
three different patients. I. Early delayed phase MR imaging in 
a 72-year-old female with irradiated low grade astrocytoma 7 
years ago. a) FLAIR sequence shows bilateral periventricular 
brain oedema, b) post-gadolinium T1-w showing no contrast 
enhancement and c) normal rCBV values at corresponding 
maps. II. Late de layed phase in a 65-year-old male with post-
irradia tion leukoenchephalopathy operated for anaplastic 
astrocytoma 1 year after irradiation. Late delayed phase a) 
FLAIR sequence shows unilateral periventricular brain oe-
dema, b) post-gadolinium scan shows swiss cheese enhance-
ment, c) normal rCBV values at corresponding maps. III. Late 
delayed phase in a 56-year-old male with post-irradiation 
necrosis, who was operated for brain glioma 1 year ago and 
underwent chemoradiation scheme. Late delayed phase, a) 
post gadolinium scan shows peripheral contrast medium en-
hancement, with b) normal rCBV values at the corresponding  
map and c) MRS-increased choline levels. 

or lower dose of corticosteroids, stable or improved 
clinically. Stable disease (Figs. 2, 4) correlates with 
stable imaging results, with  the patient at the same 
or lower dose of corticosteroids, stable or improved 
clinically.

Progressive disease may comprise any of the fol-
lowing (Fig. 3): 

• greater than 25% increase in the total diameters 
of enhancing parts compared to baseline scan (if no 
decrease) or best response on stable or increasing 
dose corticosteroids;

• significant increase in T2/FLAIR non-enhancing 
lesion on stable or increasing doses of corticosteroids 
compared to baseline scan or best response after ini-
tiation of therapy not caused by comorbid events 
(e.g. radiation therapy, demyelination, ischaemic 
injury, infection, seizures, postoperative changes or 
other treatment effects);

• progression of non-measurable lesions;
• any new lesion;
• clear clinical deterioration not attributable to 

other causes apart from the tumour (e.g. seizures, 
medication adverse effects, complications of thera-
py, cerebrovascular events, infection etc) or changes 
in corticosteroid dose.

Low grade gliomas in post-treatment assessment 
may demonstrate residual lesion, post irradiation 
necrosis or progression in a similar manner with 
high grade gliomas. Typical findings for progressive 
lower-grade glioma are increasing non-enhancing 
lesions on T2-w or FLAIR and development of con-
trast enhancement, decreased ADC values or increase 
in rCBV values, indicating malignant transforma-
tion-gliomagenesis. Increment in rCBV values may 
precede by 12 months the development of contrast 
medium enhancement, because it is not associated 
with dysfunction or breakdown of blood brain bar-
rier. 

Assessment with MR imaging is not without pitfalls 
[34-45]. New contrast-enhancing lesions are not al-
ways indicative of tumour recurrence. Non-tumoural 
increase (pseudoprogression, radiation necrosis) and 
decrease (pseudoresponse) in enhancement have 
been observed [46-50]. It is well-established that the 
T2/FLAIR hyperintensity surrounding an enhancing 
tumour comprises not only vasogenic oedema but 
also neoplastic infiltration. After surgery, radiation 
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therapy and temozolomide, therapy-related inflam-
matory changes also present as T2/FLAIR hyperin-
tensity. Neoplastic infiltration is associated with loss 
of gray–white matter differentiation and increased 
mass effect. On the other hand, inflammatory and 
therapy related changes typically spare the brain 
cortex. T2-w images are recommended for more ac-
curate evaluation of blurring of the grey-white junc-
tion, findings that may be subtle on FLAIR.

4. Tumour recurrence
Due to the absence of objective criteria, the diagnosis 

of tumour recurrence may be challenging (Figs. 4c, 
5, 6), even through histopathologic analysis. Recent 
reports showed only minimal reproducibility in the 
final diagnosis of active tumour and treatment effect 
[51-56]. 

5. Therapy consequences on post-treatment 
response
5a. Radiation therapy
According to current guidelines recommendation, 
radiation therapy is focused on the surgical cavity 
and a 20 mm margin that corresponds to the most 

Fig. 7. Smart syndrome. I. Patient operated and irradiated for anaplastic astrocytoma  seven  years ago. a) FLAIR sequence 
illustrates cortical swelling of the right occipital lobe with a gyriform hyperintensity (arrow), b) Contrast-enhanced T1-w image 
shows no enhancement (arrow) and c) DWI shows restricted diffusion (arrow). II. 2 weeks later a self-limited response  is seen, 
a) FLAIR sequence b) post-gadolinium scan c) and DWI b value -1000, with normal findings. The patient passed away.
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frequent site of recurrence. For accurate planning, a 
pre-operative brain CT scan is performed and fused 
with a post-operative MR imaging. The pre-operative 
CT scan also provides information about the isodose 
curves (lines with the same percentage of radiation 
dose). A graph is plotted with the radiation dose that  
is received in each brain region. 

Radiation therapy induced brain parenchyma in-
jury may involve brain vessels, myelin sheaths and 
neuronal cells [57, 58]. Radiation induced injury is 
related to the radiation dose and the time elapsed 
since radiation exposure. The injuries induced by ra-
diation are classified as acute, subacute or chronic 
[57, 58]. Acute phase changes are attributed to en-
dothelial injury that develops from the first days to 
several weeks after irradiation exposure. Changes 
are initially related to vascular permeability that re-
sults in brain oedema and subsequently with vascu-
lar damage. Patients typically present signs of brain 
oedema (headache and drowsiness). Conventional 
and advanced MR imaging does not show any specif-
ic findings, it may be normal or show brain oedema 
in both hemispheres with spontaneous resolution on 
follow up examinations. 

Subacute or early delayed phase (Fig. 6 I, II) chang-
es are attributed in addition to vascular damage to 
demyelination due to decreased oxygen supply. They 
develop one to six months after therapy. Patients typ-
ically present signs of brain oedema and attention or 
memory deficit. MR imaging may demonstrate brain 
oedema or non-specific signal intensity changes of 
the white matter, basal ganglia or cerebral pedicles 
with spontaneous resolution. Advanced MR imaging 
does not seem to offer any specific finding. 

In the late delayed phase (Fig. 6 I, II) the chang-
es are attributed to a more serious injury; in ad-
dition to vascular injury and demyelination, glial 
cell involvement also occurs. Usually it is observed 
3-12 months from the initiation of radiotherapy, al-
though it can develop many years or decades later. 
The damage is irreversible. Conventional MR imag-
ing can demonstrate diffuse leukoenchepalopathy or 
focal postirradiation necrosis (PIN). Post irradiation 
leukoenchepalopathy is most often located periven-
tricularly or subcortically.  It may not exhibit any 
contrast enhancement. Focal PIN constitutes the 
more serious complication of the spectrum of post-

Fig  8. A 62-year-old female patient, who was operated for grade 
II astrocytoma and underwent chemoradiation scheme. I. Glioma-
genesis: transformation of grade II to grade III astrocytoma, 4 years 
after the initial diagnosis a). FLAIR sequence shows diffuse brain 
oedema in the left parieto occipital lobe; b) post-gadolinium T1-w 
shows no enhancement; c) MRS shows increased peak of choline. 
II. Pseudoprogression: 3 months after chemoradiation a). FLAIR 
sequence shows increasing brain oedema; b) post-gadolinium T1-w 
image shows increased enhancement with c) low rCBV values. III. 
True progression: Follow examination 1 year later a) FLAIR sequence 
shows further extension of brain oedema with  b) DWI b- value 1000 
restricted diffusion and  c)  increased rCBV values. IV. Pseudo-re-
sponse: 9 months after bevacizumab therapy a) DWI b- value 1000 
shows restricted diffusion, b) ADC map decreased ADC values and c) 
decreased rCBV,  at rCBV maps. The patient passed away.
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irradiation injuries. It is seen in about 5-24% of ir-
radiated patients with higher incidence in patients 
on chemoradiation and has a tremendous impact on 
patient quality of life [52-58]. PIN is worsening with 
time. Discrimination between normal ageing and vas-
culopathy is difficult. 

In conventional MR imaging, PIN presents with 
varying MR patterns [52-58]. Most frequently PIN is 
visualised as a cystic white matter or cortical (deep 
cortex only) lesion in the irradiated area. Micro-
haemorrhages may coexist. Usually the deviation of 
midline structures is minimal or is not seen. Typical 
imaging patterns on contrast-enhanced images are 
those of  “soap bubbles appearance”, “Swiss cheese” 
(Fig. 6 II) or islands of contrast enhancement, al-
though nodular or peripheral enhancement (Fig. 4 
IV) may be detected. 

Radiation therapy versus recurrent neoplasm
A serious diagnostic dilemma is the discrimination 
between  recurrent neoplasm and  radiation changes, 
especially PIN [52-56]. These two entities overlap con-
siderably, even on histopathology analysis. At follow 
up examination both lesions may remain unchanged 
or show an increase in size. Differences in the degree 
of contrast enhancement between reccurrence (in-
creased value, 5.85%) and irradiation necrosis (low 
value, 1.9%), may contribute in the differential diag-
nosis. Conventional MR imaging may be inadequate 
for reliably distinguishing the two entities. 

In the case of brain reccurrence, the motion of pro-
tons is restricted due to increased cellular population, 
whereas in PIN proton motion is almost free due to 
necrosis. Thus tumour recurrence is associated with 
low apparent diffusion coefficient (ADC) values and 
PIN with higher values [59-71]. Although there is a 
difference in ADC values between these two entities, 
a significant overlap was recorded that  relies on the 
intrinsic heterogeneity of GBM, with regions of high 
cellularity admixed with areas of necrosis, oedema, 
and microhaemorrhage. In addition, PIN has been 
found to consist not only of necrosis as expected, but 
also of foci of gliosis, fibrosis, vessels and cells such as 
macrophages that reduce proton motion and conse-
quently reduce ADC values. In clinical practice how-
ever, reccurrence and radiation necrosis are found to 
coexist in about 33% [59-71]. All of these factors limit 

the efficiency of DWI technique. The recommend-
ed ADC cut-off value in discriminating recurrent 
neoplasm from radiation necrosis is 1.3×10-3 mm2/s. 
With the use of a higher b-value diffusion coefficient 
(b-value 4000 sec/mm2) additional information can 
be gathered [59-71]. 

In the case of a reccurring tumour, new vessel for-
mation in PWI [59-71] produces an increase in rCBV 
values, in contrast to therapy-related changes (i.e. 
radiation necrosis, chemoradiation effects), in which 
ischaemic changes and cellular necrosis are asso-
ciated with low rCBV values. The presence of small 
micro-haemorrhagic foci in case of reoccurrence 
reduces the mean rCBV values. The optimal cut-off 
thresholds vary significantly among studies. The re-
ported rCBV cut-off ratios calculated for recurrence 
and radiation necrosis are over 2.6 and below 0.6 re-
spectively [59-71]. It seems that lesions with higher 
rCBV values transform faster in higher degree glio-
mas in comparison to lesions with low rCBV values. 
Differences in the parameter results can result from 
tumour heterogenicity, variability in post-process-
ing software, use of contrast preloading, selection of 
ROIs (size, number, location), and the evaluated DSC 
parameter (mean, maximum or histogram-derived 
percentile). 

MRI spectroscopy [72-75] in brain tumour follow 
up assessment, may provide useful information re-
garding the peritumoural oedema, by discriminating 
oedema (normal metabolic rations) from tumour in-
filtration (increased choline and decreased NAA). It 
can give information about treatment effectiveness 
and discrimination between recurrent or residual tu-
mour high Cho/NAA ratios and post irradiation in-
jury (low Cho/NAA ratio). Thus it can contribute to 
further treatment planning. The optimal cut-off cho-
line/NAA ratio is still on debate, with a reasonable 
point may be the value of 2.2 [72-74]. Technical diffi-
culties in spectroscopy arise from artefacts induced 
by haemorrhagic foci, bone, lipids and haemosiderin. 
Difficulties are also induced by lesions located in the 
periphery of the brain hemispheres and close to the 
calvaria. Another concern about spectroscopy is the 
lack of standardisation of imaging acquisition (e.g. 
1.5T, 3T, short TE, long TE, single-voxel, multivoxel) 
among studies. 

Bevacizumab, alone or in combination with other 
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agents, can reduce radiation necrosis by decreasing 
capillary leakage and the associated brain oedema.

SMART syndrome (migraine attacks after radiation 
therapy in a stroke-like pattern) is a rare syndrome 
seen in patients following cranial irradiation for 
central nervous system (CNS) malignancies [75-77]. 
Patients present with complex migraines and focal 
neurologic findings. It appears to be reversible, with 
possible age- and gender-related relations. 

Radiation-induced vascular injury may produce a 
reversible vascular deregulation that leads in blood-
brain barrier disruption and brain oedema, analo-
gous to posterior reversible encephalopathy syn-
drome (PRES). The posterior cerebral hemispheres, 
primarily in the parieto-occipital region or cerebel-
lum, are the typical locations. On MR imaging SMART 
syndrome typically shows gyriform cortical swelling 
with T2 hyperintensity (Fig. 7) and possible contrast 
enhancement [75-77]. In DWI some cases also show 
diffusion restriction. Other causes that cause similar 
imaging and should be ruled out are local tumour re-
currence and leptomeningeal or ischaemic disease. 
MR imaging features improve or resolve sponta-
neously as does the clinical status, on follow-up im-
aging.

5b. Chemotherapy induced neurotoxicity
Chemotherapy induced toxicity depends on the toxic 
profile of the drug administered and the total dose dose 
[78-80]. The most common leukotoxic agent is metho-
trexate. Other commonly used agents are carmustine, 
cisplatin, cytaribine, fluorouracil and interleukin-2. 
The incidence of neurotoxicity is variable and depends 
upon the route of administration. It may occur in less 
than 10% of cases treated with intravenous methotrex-
ate, but in up to 40% of cases treated with intrathecal 
methotrexate. It can manifest 1-2 weeks after initial 
administration. CNS toxicity is related with various 
structures, especially the white matter, producing 
toxic leukoencephalopathy. Clinical manifestation 
and imaging features are similar to post radiation leu-
koencephalopathy. MR imaging usually demonstrates 
frontoparietal white matter, non-enhancing T2 hyper-
intensity, sometimes depicts periventricular and deep 
white matter mainly diffuse or focal involvement. In 
the acute phase these lesions on DWI may restrict dif-
fusion [81]. Other causes of toxic leukoencephalopathy 

are imaged with analogous imaging characteristics. 
After discontinuation of chemotherapy the imaging 
findings are normalised [81].

A secondary form of hypophysitis is a well rec-
ognised chemotherapy-related side-effect of ipili-
mumab (immune–check–point inhibitor), the most 
established drug in the category [82-85]. Its inci-
dence is estimated to be 4-9% of patients treated 
with this drug. Ipilimumab is a drug that blocks the 
T-cell inhibitor molecule CTLA-4 (Cytotoxic T Lym-
phocyte Antigen 4). Its function is the augmentation 
of the immune response. Many adverse autoimmune 
systemic reactions, such as colitis, dermatitis and 
arthritis may occur [82-86]. Importantly, many pa-
tients will go on to develop varying degrees of hy-
popituitarism, necessitating hormone replacement. 
Life-threatening hormonal imbalance can be caused, 
especially  hypercortisolism. On imaging it is easy to 
diagnose, once one is familiar with the imaging ap-
pearance. MR imaging features are diffuse enlarge-
ment of the pituitary gland, often hypointense on 
T1-w imaging, with variable thickening/enlargement 
of the infundibulum. Follow-up imaging after drug 
cessation with concomitant introduction of steroids 
reveals complete resolution of abnormal findings and 
clinical symptoms. 

5c. Pseudoprogression
Pseudoprogression (PP) is defined with the presence 
of new lesions or with an increase in contrast-en-
hancing previous lesions and perilesional oedema in  
patients with high-grade brain tumours treated with 
radiotherapy. PP occurs predominantly (in almost 
60% of cases) within the first 3 months after complet-
ing treatment. The incidence of PP is around 36% for 
patients with high grade gliomas [46-50, 87-91] and 
20% in patients with lower-grade gliomas. Clinical 
deterioration may accompany PP. It might be an indi-
cator for better prognosis since it represents a more 
intense reaction to tumour response to the particular 
therapy. Therapy must be continued, discontinuation 
may produce true progression of the disease. Radia-
tion and chemoradiation produce extensive necrotic 
areas to brain parenchyma, vascular thrombosis, fi-
brinoid necrosis and inflammation with a transient 
increase in permeability of the capillary bed of the 
examined area. 
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Conventional MRI demonstrates typical “Swiss 
cheese” or “soap bubble” pattern with increased con-
trast enhancement [88-91]. DWI  is not specific for PP. 
PWI  shows decreased rCBV values (Fig. 6 II), and its 
role is critical in PP diagnosis. On follow up exam-
inations, decreased contrast enhancement  and rCBV 
values (Fig. 8 II) are recorded. 

Chemoradiation treatment-related PP [22-26] 
and radiation necrosis may show similar imaging 
findings. Chemoradiation is seen within the first 6 
months from therapy initiation and usually subsides. 
Radiation necrosis usually appears one year following 
irradiation and produces more permanent changes. 
Advanced neuroimaging is crucial in differentiating 
between PP and progressive disease, especially PWI, 
with decreased values in the case of PP and increased 
values in the case of recurrence or progression. 

Immunotherapy treatments focus on  augmenta-
tion of the immune response and may  produce sim-
ilar imaging findings with PP (new appearing lesion 
or increase in the extension of the enhancing,  al-
ready existing, lesion) within 6 months from the ini-
tiation of therapy, without clinical deterioration. At 
follow-up MR examination, 3 months later the lesion 
should disappear and this finding sets the diagnosis.

Transient seizure-related MR imaging changes pro-
duce similar imaging findings with PP and is known 
as peri-ictal pseudoprogression (PIPG). The devel-
opment of a new cortical or leptomeningeal con-
trast-enhancing lesion in combination with frequent 
seizures should raise the suspicion of PIPG. 

5d. Pseudoresponse
The human brain comprises over 100 million capillar-
ies with a total length of 400 miles, a surface area of 20 
m2 and a median intercapillary distance of about 50 μm, 
making it the best perfused organ in the body. High grade 
gliomas create hypoxic conditions due to high metabolic 
demands and provoke the increased expression of vas-
cular endothelial growth factor (VEGF) and angiogenesis 
with subsequent formation of abnormal blood vessels 
and dysfunction of blood brain tumour barrier.

Anti-angiogenic agents and bevacizumab (Anti-an-

giogenic agent) are monoclonic antibodies that block 
growth factor of VEGF and subsequent block and re-
duce cancer cell growth by reducing their blood sup-
ply. As a result, brain oedema and contrast medium 
enhancement of the area of interest are reduced. 

Conventional and advanced MR imaging tech-
niques (decreased ADC and rCBV values) demon-
strate a feature of improvement, a condition known 
as pseudo-response (Fig. 8) [47-52]. In spectroscopy, 
increased levels of choline, lipids and lactic acid are 
seen. In follow-up imaging, the infiltrative nonen-
hancing tumoural component does not seem to be 
affected and eventually increases.

6. Conclusion 
The evaluation of post-treatment response of brain 
gliomas is especially challenging in neuro-oncology. 
Surgery, radiation and chemotherapy can lead to the 
development of MRI features (contrast-enhanced and 
T2/FLAIR hyperintense lesions) that may mimic gli-
oma progression. In many of new appearing lesions, 
tumour cells and post treatment injuries may coexist. 
Conventional MR imaging evaluates morphological 
brain tumour characteristics (size, necrosis, brain oe-
dema, contrast enhancement) and physiological based 
MR neuroimaging functional characteristics such as 
cellularity (DWI), neovascularity (PWI) and metabolite 
consistency (spectroscopy). Brain lesions based on MR 
imaging are categorised according to RANO criteria. 
Even though classic and neurophysiological based MR 
imaging techniques can be extremely helpful in post 
treatment assessment of brain gliomas, the most re-
liable non–invasive method for the evaluation of the 
activity of the disease is the careful comparative ex-
amination of several follow up examinations. Atten-
tion should be focused on pseudophenomena such as 
pseudoprogression and pseudoresponse. R
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