
Transverse (T1w BLADE fs) and coronal (T2w TIRM dark fluid fs) MR images (1A, B) 
12 months and (1C, D) 16 months after the operation. The patient developed 
a progressive tumor recurrence contiguous with residual tumor with subsequent 
extension along neighboring white matter tracts.
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Malignant brain tumors (glioma WHO 
grade III-IV) are notoriously difficult 
to treat despite an intensive combi-
nation of surgery, radiation and  
chemotherapy. Although there is an 
increasing number of 5-year survivors 
with this combined modality therapy, 
the median survival remains in the 
order of 14 months [1]. Pathological 
studies have demonstrated preferen-
tial tumor cell dissemination spread 
along white matter tracts and brain 
vessels [2], which limits the efficacy 
of both microsurgical resection and 
radiation therapy. The target for post-
operative therapeutic radiation after 
maximal safe resection includes the 
resection cavity and any residual 
tumor visible on the postoperative 
T1-weighted Gadolinium-enhanced 
MRI. When surgery is not possible 
due to a high risk of neurological 
damage, a diagnostic biopsy is under-
taken, followed by radiotherapy. To 
maximise the probability of including 
relevant microscopic spread from a 
glioblastoma (glioma WHO grade IV), 
uniform wide planning margins of up 
to 30 mm are typically added (Fig. 2B, 
green line). Some centres further 
extend this to include all visible 
edema on the T2-weighted imaging. 
Recent studies on the pattern of 
relapse in patients with high-grade 
glioma (HGG), predominantly glio-
blastoma, have suggested that tumor 
recurrence after maximal combined 
modality therapy occur within 2 cm 
of the original tumor location [3, 4]. 
This has led to a suggestion that a 
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reduced margin, for example 1 cm, 
may be sufficient for the high-dose 
volume [3]. 

The addition of temozolomide chemo-
therapy as a radiation sensitizer and 
as adjuvant therapy is reported to be 
associated with an increased risk of 
normal brain toxicity (radionecrosis) of 
up to 20% [5]. Radiation-related side 
effects are dependent on both the pre-
scription dose and the irradiated vol-
ume. A dose of at least 60 Gy has been 
shown to be necessary to control HGG, 
therefore it is compelling to instead 
reduce the planning target volume (PTV) 
where possible without compromising 
efficacy. Our aim is to derive a biologi-
cally targeted volume to ensure cover-
age of the regions at greatest risk of 
microscopic infiltration whilst exclud-
ing uninvolved brain. To this end, we 
have explored diffusion tensor imaging 
(DTI) and fractional anisotropy (FA) to 
identify areas of tumor infiltration, 
beyond that visible on T1w contrast-
enhanced MRI. The method is derived 
from the isotropic (p) and anisotropic 
(q) maps of water diffusivity [6] and 
based on clinically validated data from 
patients with HGG [7]. 

Our technique is best illustrated using 
a clinical case as an example. This 
patient with histologically confirmed 
glioblastoma (GBM), showed tumor 
progression after surgery and radiation 
and developed a new lesion in the 
right thalamus (Fig. 1). The initial pre-
operative work-up included DTI to 
assist the neurosurgeons in the identi-
fication and avoidance of apparently 
uninvolved white matter tracts to mini-
mize the neurological sequelae of the 
surgery. All the MR imaging was done 
using a MAGNETOM Avanto 1.5T whole 
body scanner (Siemens Healthcare, 
Erlangen, Germany). These same scans 
were further analysed to extract data 

Fusion of the MRI at recurrence 12 months post op with the DTI at  
recurrence 12 months post op suggests a route of spread via the radio-
logically abnormal right corticospinal tract. 
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