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TARGET AUDIENCE 
Neuroradiologists, Neurooncologists, Radiation Oncologists, Neurosurgeons, Researchers. 
PURPOSE 
Newly diagnosed glioblastomas are typically treated with surgical resection followed by radiation therapy and concurrent temozolomide (TMZ) chemotherapy, 
followed by adjuvant TMZ. Treatment outcome is generally monitored by clinical MRI. Progressive and enhancing lesions with or without clinical worsening can 
reflect either tumor progression (TP) or treatment-related changes known as pseudoprogression (PsP), which occurs in about one third of all glioblastoma patients1. 
Accurate identification of TP is critical as early surgical intervention in these patients reduces mortality and increases their quality of life. Mean diffusivity (MD) from 
DTI2 and rCBV from DSC3-5 can be helpful in differentiating PsP from TP. However, these studies did not evaluate patients with a mixture of treatment related changes 
and recurrent tumors, and these patients could be missing on enrollment to clinical trials using novel targeted drugs. The purpose of this study is to differentiate between 
the three categories (PsP, TP and mixed) towards optimal clinical management. 
METHODS 
Forty-two glioblastoma patients who had 
completed radiation therapy with or without 
TMZ chemotherapy and demonstrated 
contrast enhancing lesions within 6-months 
were included in this study. A 3T scanner 
with a 12-channel phased-array head coil 
was used. DTI data was acquired using a 
single shot spin echo EPI sequence with 
parallel imaging using GRAPPA 
(acceleration factor = 2); TR/TE = 5000/86, 
NEX = 3, FOV = 22 x 22 cm2, b = 1000 
s/mm2, number of diffusion weighting 
directions = 30, slice thickness 3 mm. DSC 
T2* weighted gradient-echo echo planar 
images were obtained during the second 
dose of contrast agent using the following 
parameters: TR/TE = 2000/45, FOV = 22 × 
22 cm2, in-plane resolution = 1.72 × 1.72 × 3 mm3, and 20 slices covering the brain. MD, FA, 
CL, CP and CS maps were computed using in house software6. Leakage corrected CBV maps 
were generated using Nordic ICE (Nordic Imaging Lab). Contrast-enhanced T1 weighted 
images, FLAIR, CBV and DTI maps were co-registered and the median values of all the 
parameters were measured from the enhancing region. The 90th percentile rCBV values were 
reported as maximum rCBV (rCBVmax)7. The 10th percentile MD values were reported as 
minimum MD (MDmin). The pathology specimen obtained after the MRI study was 
categorized as: PsP with less than 25% malignant feature (9 cases; 3F/6M); TP with over 
75% malignant feature (21 cases, 6F/15M) and; mixed response with 25-75% malignant 
features (12 cases, 5F/7M). A pair-wise comparison between the three groups was performed 
for each parameter using a Mann-Whitney U test. A multivariate logistic regression analysis 
was employed to determine the best model for different groups. 
RESULTS 
Boxplots of the various imaging parameters from the three groups are shown in Fig. 1. 
Significantly elevated rCBVmax, FA, CL, CP and decreased CS were observed in TP 
compared to PsP. There were also significant differences between mixed response and TP 
groups in rCBVmax, FA, CP and CS measurements. Receiver operative characteristic (ROC) 
curves for tumor classification of the different groups are shown in Fig.2. The best models of 
logistic regression analysis as well as sensitivity, specificity and AUCs are shown in Table 1. 
The best model to distinguish TP from non-TP (PsP+Mixed) consisted of FA, CL and 
rCBVmax, resulting in AUC 0.905.  
DISCUSSION 
Post-treatment progressive enhancing lesions usually contain a mixture of viable neoplasm 
and treatment-induced changes, which often occur in both PsP and TP and their relative 
contributions can guide clinical decision-making. DTI and perfusion imaging findings 
between viable neoplasm and treatment-induced changes are quite different and thus 
quantitative analysis could yield a better estimate of amount of each component2-3,6,7. Our 
results indicate that a combination of DTI and rCBV parameters can not only detect PsP and 
TP with a high degree of sensitivity and specificity, but can also differentiate TP from mixed 
tumors. The clinical implication being that these mixed tumors should be candidates for novel 
treatment paradigms and clinical trials while patients with TP should undergo repeat surgery.  
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Fig. 1. Box plot of imaging characteristics in PsP (white); Mixed (dotted); and TP (Grey). The outliers are represented 
by circles. * indicates significant difference (p<0.05)  
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Fig 2. Receiver operative characteristic (ROC) curves from the 
enhancing region of the tumor for identifying different groups. The 
numbers in the parenthesis show the AUC values.  

Table 1: Sensitivity, specificity and cutoff values of best models for classification  

 Model Sensitivity Specificity Cutoff  AUC 

TP vs PsP+Mixed FA+CL+rCBVmax 0.76 0.95 0.55 0.91 

PsP vs TP+Mixed FA+rCBVmax 0.79 0.75 0.77 0.81 

TP vs Mixed FA+CL+rCBVmax 0.76 1 0.65 0.90 

PsP vs Mixed MDmin 0.50 0.88 0.98 0.62 

The unit for MD is (×10-3mm2/s) Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    2259.


