
Treatment response assessment in glioblastoma with GRASP DCE-MRI

Björn Vankan b, Vichyat Var b,c, Nikki Rommers b,d, Marios N. Psychogios b,c,  
Ramona A. Todea a,b,c,*

a Department of Neuroradiology, University Hospital Zurich, Rämistrasse 100, CH-8091 Zurich, Switzerland
b University of Basel, Petersplatz 1, 4001 Basel, Switzerland
c Department of Neuroradiology, Clinic of Radiology and Nuclear Medicine, University Hospital of Basel, Petersgraben 4, 4031 Basel, Switzerland
d Department of Clinical Research, University Hospital of Basel, Spitalstrasse 8/12, 4031 Basel, Switzerland

A R T I C L E  I N F O

Keywords:
Treatment-related changes
Tumor progression
Glioblastoma
Signal-intensity time-curve analysis
GRASP DCE-MRI

A B S T R A C T

Purpose: Following radiochemotherapy, glioblastoma patients often develop new or enlarging contrast-enhancing 
lesions, posing a critical challenge in distinguishing treatment-related changes (TRC) from tumor progression 
(TP). This study investigates the diagnostic accuracy of Golden Angle Radial Sparse Parallel Dynamic Contrast- 
Enhanced (GRASP DCE) MRI parameters derived from the signal intensity curve over time to discriminate TRC 
from TP.
Methods: Sixty-six glioblastoma patients, between 01/2017 and 12/2021, who underwent radiochemotherapy 
and developed new or enlarging contrast-enhancing lesions suspicious for TP, were analyzed. A diagnostic ac-
curacy analysis using the area under the receiver operating characteristic curve (AUROC) assessed the effec-
tiveness of GRASP DCE-MRI kinetic parameters in distinguishing TRC from TP.
Results: 138 DCE-MRI scans were classified into TRC (n = 63) vs. TP group (n = 75) according to the lesion 
outcome on serial MRI follow-up and the pathology results. The peak enhancement percentage (PE%), the initial 
area under the curve 30 s (iAUC 30) and 60 s (iAUC 60) were consistently lower in the TRC than in the TP group. 
Both PE% (Sensitivity 89 % (95 % CI [83, 96]), Specificity 87 % (95 % CI [78, 95])) and iAUC30 (Sensitivity 80 
% [71, 88]), Specificity 81 % [71, 91]) showed very high accuracy in discriminating TRC from TP. The best 
threshold for PE% to differentiate both groups was 40.7 %.
Conclusion: Peak enhancement derived from GRASP DCE-MRI demonstrated the highest accuracy in dis-
tinguishing treatment-related changes from tumor progression in glioblastoma. This reproducible, easily inter-
pretable metric may aid neuroradiologists in evaluating new or enlarging lesions post-radiochemotherapy, 
improving clinical decision-making.

1. Introduction

Glioblastoma is the most common malignant brain tumor in adults, 
with higher incidence in males (4.09/100000) [1]. The current standard 
treatment involves maximal safe resection followed by concurrent 
radiochemotherapy [2].

Assessing treatment response in glioblastoma relies on the updated 
RANO 2.0 (Response Assessment in Neuro-Oncology) criteria [3]. 

However, RANO 2.0 criteria struggles to differentiate TRC from TP 
particularly within the first 3 months after concurrent radio-
chemotherapy, due to the overlapping imaging patterns of TRC and TP 
[4–6]. Lesions with a higher tumor burden exhibit more neo-
vascularization and leaky vasculature than those dominated by radio-
necrosis this characteristic that can be leveraged using DCE-MRI [6,7].

In DCE-MRI, contrast agent concentration is influenced by perfusion, 
capillary leakage, and interstitial volume. Early uptake primarily 
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reflects perfusion and leakage, as backflux is minimal [8,9]. In malig-
nant tumors, contrast reaches abnormal vessels and leaks into tissue 
faster than in benign ones, providing potential for distinguishing TP 
from TRC [10,8]. Semiquantitative parameters such as the peak 
enhancement percentage and the area under the signal 
intensity-time-curve can be directly derived from these curves, offering 
high reproducibility compared to complex pharmacokinetic modeling 
[8,9,11], and may aid in differentiating TRC from TP.

This study aims to assess the diagnostic accuracy of kinetic param-
eters extracted from GRASP DCE-MRI, including the peak enhancement 
percentage and the initial area under the curve in discriminating be-
tween treatment-related changes and tumor progression in glioblastoma 
patients.

2. Materials and methods

2.1. Study design

The study was approved by the ethics committee. All participants 
had written or waived informed consent. We performed a retrospective 
monocentric study, between 01/2017–12/2021, of patients with an 
integrative diagnosis of glioblastoma. The inclusion criteria were: (1) 
adult patients who underwent (2) surgery and postoperative RCT, (3) 
had contrast-enhanced (CE) postoperative MRI within 24 h, (4) devel-
oped new or enlarging contrast-enhancing lesions ≥10 × 10 mm, (5) had 
follow-up MRIs to assess the lesion outcome as TRC or TP and (6) had 
GRASP DCE-MRI. The exclusion criteria were: (1) missing consent, (2) 
incomplete MRI follow-up (Fig. 1).

This study builds on a cohort of 83 glioblastoma patients previously 
analyzed in an earlier study [12]. In this phase, the focus was put on 
evaluating the diagnostic accuracy of DCE-MRI in distinguishing 
treatment-related changes from tumor progression.

Study data were managed with the Research Electronic Data Capture 
(REDCap) software [13,14]

2.2. Imaging protocol

All MRI scans were performed with a 3T scanner (MAGNETOM 
Skyra, Siemens Healthineers) with a 20-channel head-neck coil. Contrast 
material: 20 ml Gadoteracid (0.5 mmol/ml, Dotarem® Guerbet), via 
20G iv catheter. The treatment response was performed on T1-weighted 
post-contrast sequences according to the RANO 2.0 criteria. The dy-
namic sequences were acquired with a split-bolus technique where the 
first contrast bolus injected for the GRASP DCE-MRI served as preload to 
correct for T1-weighted leakage effects in a consecutive DSC− MRI 
acquisition [15,16]. To ensure that sufficient pre-contrast baseline data 
got recorded, the GRASP sequence was started 20 s prior to the contrast 
injection. The first 10 ml bolus of contrast was administered at an in-
jection speed of 2.0 ml/s [17]. GRASP uses a continuous acquisition of 
k-space with the following parameters: TR 4.09 ms, TE 1.92 ms, flip 
angle 12◦, FOV 240 mm, matrix size 256 × 256, voxel size 1.5-mm 
isotropic, radial views 850, slice partial Fourier 6/8, bandwidth 400 
Hz/pixel, 4:23 min total acquisition. The dynamic images were recon-
structed with a temporal resolution of 4.3 s [17].

2.3. Imaging analysis

One board-certified neuroradiologist Reader 1 (10 years of experi-
ence in radiology, 5 years in neuroradiology) assigned the 138 MRI 
follow-ups of the 66 patients to TRC (n = 63) or TP (n = 75) group 
according to the RANO criteria 2.0 and the lesion outcome on the follow- 
up MRI [18,6].

2.4. Definition of TRC and TP

TP was defined as a ≥25 % increase in sum of products of perpen-
dicular diameters of enhancing lesions in comparison to baseline (first 
MRI performed after completion of RCT at 24–35 days) or to the nadir. 
Patients that had a new lesion outside of the radiotherapy field were 
directly considered TP [3]. To minimize the risk of misdiagnosing TRC 
as TP within the first three months post-RCT, available serial follow-up 
MRIs were taken into consideration until at least 3 months after the 
completion of RCT.

TRC was defined as stabilization, partial or complete resolution of a 
new lesion inside the irradiated volume without changes on therapy in 
the serial MRI follow-ups [3].

On pathology, lesions were classified as treatment-related changes/ 
treatment response if characteristics such as “No mitosis”, “No vital 
tumor”, or “Necrosis with no vital tumor” were observed upon resection 
or biopsy. Lesions were classified as tumor if a percentage of mitosis 
between 5 % and, in very few cases, up to 20 % was present, or if there 
was evidence of “recurrence of the known glioblastoma”.

2.5. GRASP DCE-MRI analysis and postprocessing

The analysis of the signal intensity-time-curve of the DCE-MRI 
studies with the extraction of the PE% and the iAUC 30 and iAUC 60 
as parameters was performed using the postprocessing tool Olea Sphere 
v3.0 (Olea Medical SAS, La Ciotat, France) by Reader 1 and Reader 2 
(Radiology resident “in training”), both blinded to the lesion outcome at 
the time of the measurements. For each lesion at least two regions of 
interest (of at least 10 × 10 mm) were defined at the level of the “hot-
spot” in the color-coded maps.

The value of the maximum PE% was automatically provided by the Fig. 1. Flow diagram with the patients included in the study.
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Olea software. The iAUC30 and iAUC60 were calculated using the 
trapezoidal method by two other readers Reader 3 and Reader 4.

2.6. Statistical analysis

The comparison of perfusion parameters between groups was per-
formed using the Wilcoxon rank sum test. The best threshold for the 
respective parameter for discriminating between TRC and TP was 
determined by maximizing Youden’s index at a minimum sensitivity of 
60%. Diagnostic accuracy was based on the respective best threshold 
value that results in the best combination of specificity and sensitivity 
for discrimination of the two TRC groups. The TP are considered as 
“cases” (i.e. true positive), and the TRC as “controls” (i.e. true negative).

The Receiver operating characteristic curve curve with its 95 % 
confidence interval (CI) (according to DeLong’s method to define the 
variance of the AUC) was used to evaluate the accuracy of the perfusion 
parameters to discriminate TRC from TP [19]. Furthermore, sensitivity 
and specificity were calculated with bootstrap resampling and averaging 
methods by Fawcett [20]. The accuracy for the best cut-off was calcu-
lated with 95 % CI according to Blaker [21]. All statistical analyses were 
performed in R [22].

A diagnostic accuracy analysis of PE%, iAUC30, and iAUC60 was 
first conducted to identify a threshold that could discriminate between 
TRC and TP following the completion of radiochemotherapy. Given the 
challenges of the RANO 2.0 criteria in differentiating TRC from TP, 
particularly within the first 3 months post-radiochemotherapy, a second 
analysis was conducted using only MRIs from the first 3 months to 
establish thresholds and assess diagnostic accuracy, aiming to offer a 
preliminary distinction between TP and TRC. 

“This article follows the STARD reporting guidelines.”

3. Results

3.1. Baseline characteristics of the patients

The final cohort encompassed 66 patients (the mean age was 59 ±
13 years, 42 males). All patients underwent surgery for both diagnostic 
and treatment purposes. Of these, 51 received combined radio-
chemotherapy with Temozolomide, 45 received additional Temozolo-
mide, and 15 were treated with radiotherapy alone as part of first-line 
therapy. 9 patients had a re-resection (See Table 1 and Fig. 1).

In total 138 scans were analyzed and classified into the TRC (n = 63 
MRI scans) and TP (n = 75 MRI scans) group according to the MRI 
follow-up. 9 follow-ups were also confirmed histological and molecular 
as being a tumor progression.

Multiple visits per patient were available with a mean number of 
scans per patient of 2.62 (SD: 1.08). All MRI follow-ups were considered 
independent of one another. Therefore, it was concluded that no cor-
rections were needed to account for multiple scans in one patient. 
Within the first 3 months after completing RCT, 33 MRI follow-ups were 
classified as TRC and 29 as TP. Therefore, for the diagnostic accuracy 
analysis of DCE-MRI in discriminating between TRC and TP during this 
period, 62 DCE-MRI perfusion studies were analyzed.

3.2. Diagnostic accuracy of GRASP DCE-MRI to discriminate TRC from 
TP in different time windows after completion of RCT

The PE% was consistently lower in the TRC group than in the TP 
group. The median PE% with [Interquartile range (IQR)] for TRC vs. TP 
was 29 % [26, 35] vs. 53 % [45, 69]. The best threshold to discriminate 
between both groups was 40.7 % (AUC: 0.94, sensitivity: 89 %, speci-
ficity: 87 %, accuracy: 88 %) (See Table 2 and Fig. 2).

The median iAUC30 was also consistently lower in the TRC group 
than in the TP group. The iAUC30 for TRC vs. TP with [IQR] was 949 
[756, 1196] vs. 1633 [1340, 2058]. The best threshold was 1304, (AUC: 
0.90, sensitivity: 80 %, specificity: 81 %, accuracy: 80 %).

The iAUC60 was also consistently lower in the TRC group than in the 
TP group: The median iAUC60 with [IQR] for TRC was 1847 [1439, 
2386] vs. 3337 [2670, 3965] for TP. The best threshold was 2614 (AUC: 
0.89, sensitivity: 79 %, specificity: 83 %, accuracy: 80 %) (See Table 2).

The second analysis considering the diagnostic accuracy of PE%, 
iAUC30 and iAUC60 within the first 3 months after completion of 
radiochemotherapy also consistently showed a high diagnostic accuracy 
and similar values of the permeability parameters compared to the first 
analysis. For instance, the median PE% within the first 3 months post- 
RCT was 29 % [26, 34] for TRC and 62 % [49, 69] for TP, with an 
optimal threshold of 49 % (AUC 0.93, sensitivity: 76 %, specificity: 100 
%, accuracy: 89 %) (See Table 2 and Fig. 2).

4. Discussion

Assessing treatment response in glioblastoma patients after radio-
chemotherapy remains challenging particularly within the first 3 
months, due to overlapping imaging patterns between treatment-related 
changes and persistent or progressive tumor on morphologic sequences 
[3–6]. Accurate differentiation between these two phenomena is crucial 
to prevent unnecessary treatment escalation and exposure of patients to 
less effective second-line therapies [6].

This study evaluates the diagnostic accuracy of the peak- 
enhancement percentage and the initial area under the curve at 30 s 
and 60 s, derived from the GRASP DCE-MRI signal intensity-time curve, 
in discriminating between TRC and TP after radiochemotherapy in 
glioblastoma patients. Additionally, it aims to identify threshold values 
for these metrics that could discriminateTRC from TP.

Analysis of 138 MRI follow-ups (01/2017–12/2021) in 66 glioblas-
toma patients found that the PE% had the highest diagnostic accuracy 
among the tested parameters, achieving 88 % accuracy (sensitivity 89 
%; specificity of 87 %, AUC 0.94) in discrimiminating TRC from TP. PE 
was consistently lower in the TRC group (29 % [IQR: 26, 35]) than in the 
TP group (53 % [IQR: 45, 69]) with an optimal threshold to discriminate 
between both groups of 40.7 % (see Table 2, Fig. 2). The iAUC30 and the 
iAUC60 showed similar performance, slightly lower than the PE%, but 
maintained high diagnostic accuracy at 80 % for both parameters (See 
Table 2).

The second analysis assessed the diagnostic value of semi-
quantitative DCE-MRI parameters to discriminate between TRC and TP 
within the first 3 months after RCT, a period when RANO criteria are less 
effective [18]. Results showed that DCE-MRI parameters maintained 
high diagnostic accuracy with similar threshold values in this early 
phase. For instance, PE% within the first 3 months post-RCT was 29 % 
[IQR: 26, 34] for TRC and 62 % [49, 69] for TP, with an optimal 

Table 1 
Baseline characteristics of the patients.

Characteristic Total (n = 66)

Mean age (SD) 59 (13)
Gender – M/F (%) 42 (64,6 %), 23 

(35.4 %)
Glioblastoma integrated diagnosis 66
Operation Type ​
Complete resection 24
Subtotal resection 34
Biopsy 8
Re-resection 9/66 patients
Combined radiochemotherapy with Temozolomide 51
Radiotherapy alone 15
Additive phase with Temozolomide 45
Number of MRI visits analysed according to RANO 2.0 and the 

correspondent DCE-MRI perfusion studies
​

Total 138
Classified as TRC 63
Classified as TP 75
Histologic confirmation after re-resection 9 (TP cases)
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threshold of 49 % (sensitivity: 76 %, specificity: 100 %, accuracy: 89 %) 
(see Table 2 and Fig. 2).

These results suggest that when facing with a new or enlarging 
contrast-enhancing lesion suspicious of progressive disease in a patient 
with glioblastoma after radiochemotherapy, even within the first 3 
months post-RCT, a PE% threshold of 40.7 % could help distinguish TRC 
from TP. The iAUC30 and iAUC60 also showed higher values in TP than 
in TRC. Ultimately, when visually assessing the signal intensity-time- 

curve derived from DCE-MRI a slow or mild initial rise (PE% ≤ 40.7 
%) with a plateau phase suggests TRC, while a rapid rise (PE% > 49 %) 
followed by a plateau or washout phase indicates TP (see Figs. 3 and 4).

DSC-MRI remains the most widely used perfusion technique, 
particularly through rCBV (relative cerebral blood volume), which helps 
differentiate glioma grades and distinguish TRC from TP [23–25]. While 
DCE-MRI has shown valuable results in neurooncology, its adoption has 
been limited by variability in protocols and complex post-processing 

Table 2 
Diagnostic accuracy of the DCE-MRI parameters (PE%, iAUC 30 and iAUC 60) in discriminating between TRC and TP in glioblastoma patients after the completion of 
post-surgical radiochemotherapy. The absolute values of the PE%, iAUC30 and iAUC60 in the TRC and TP group are expressed as median [25th percentile, 75th 

percentile]. Accuracy, sensitivity, specificity and AUC are presented with 95% confidence interval.

DCE-MRI parameter TRC group TP group Threshold Accuracy Sensitivity Specificity AUC

PE% value ​
Independent of the period after RCT 29 [26, 35] 53 [45, 69] 40.7 88 [82,93] 89 [83, 96] 87 [78, 95] 0.94 [0.89, 0.98]
Within 3 months post-RCT 29 [26,34] 62 [49,69] 48.9 89 [79,95] 76 [59,90] 100 [100, 100] 0.93 [0.86 1]

iAUC30 ​
Independent of the period after RCT 949 [756, 1196] 1633 [1340, 2058] 1304 80[73,86] 80 [71, 88] 81 [71, 91] 0.90 [0.85, 0.95]
Within 3 months after RCT 911 [703,1196] 1685 [1419,2076] 1116 84 [73,92] 97 [90,100] 73 [58,88] 0.92 [0.85,0.98]

iAUC60 ​
Independent of the period after RCT 1847 [1439, 2386] 3337 [2670, 3965] 2614 80 [73,86] 79 [69, 87] 83 [73, 92] 0.89 [0.84, 0.94]
Within 3 months after RCT 1847 [1310,2271] 3383 [3063,4071] 3050 86 [75,92] 76 [59,90] 94 [85, 100] 0.91 [0.84, 0.98]

Fig. 2. Diagnostic accuracy of the PE% and the best threshold with corresponding specificity and sensitivity to discriminate TRC from TP independent of the time- 
window after RCT in A. and within 3 months after completion of radiochemotherapy in B.
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[7,24,26–32].
To address these challenges, this study underscores the value of 

semiquantitative analysis, offering reproducible metrics without the 
need for pharmacokinetic modeling, and builds on prior research 
demonstrating high diagnostic accuracy of DCE-MRI-derived parame-
ters like iAUC and AUCR for distinguishing early tumor progression from 
pseudoprogression. In a study of 51 glioblastoma patients (15 with TRC 
and 36 with TP), who underwent DCE scans every three months starting 
within 2 months after radiochemotherapy, H. Jing et al. reported a 
similar high diagnostic accuracy for the DCE-MRI derived iAUC (sensi-
tivity: 88.9 %, specificity: 100 %) [30]. Suh et al. [31] studied 99 pa-
tients with new or enlarged lesions on follow-up MRI who underwent 
DCE scans 4–5 weeks after radiochemotherapy. They found that DCE- 

MRI parameters, including mAUCRH, AUCR50, AUCR75, AUCR90, 
and AUCRMODE, can differentiate early tumor progression from pseu-
doprogression. Consistent with the findings of this study, their study 
showed that AUCR50, representing blood flow and volume, had the 
highest specificity (87.2 % sensitivity, 83.1 % specificity), while 
mAUCRH showed the highest sensitivity (90.1 % sensitivity, 82.9 % 
specificity).

In our standard tumor protocol we have integrated both DCE- and 
DSC-MRI with the split bolus technique [16,12] with an improved 
DCE-MRI technique, the GRASP (Golden-angle radial sparse parallel) 
method [33,34], which provides both high spatial and temporal reso-
lution that allows a reliable analysis of the permeability parameters.

This study’s limitations are related to its retrospective design which 

Fig. 3. 50-year-old patient initially classified with tumor progression at 1 month and stable disease at 3 months after radiochemotherapy, according to the RANO 2.0 
criteria. DCE-MRI kinetic analysis indicated treatment-related changes at both 1- and 3-months post-RCT. The top row displays transversal FLAIR and contrast- 
enhanced T1 MPRAGE images, showing a new contrast-enhancing lesion in the radiotherapy field around the resection cavity, which remained stable between 
the two follow-ups. The signal-intensity-curve from the initial examination showed a peak enhancement of 11.5 %, and 20.6 % at the subsequent follow-up, both 
suggesting a response to first-line treatment.
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introduces selection bias. Additionally, while PE% is automatically 
generated, manually selecting start points for iAUC30 and iAUC60 may 
have introduced variability. Larger confidence intervals within the first 
three months post-RCT likely reflect the smaller sample size.

5. Conclusions

Semiquantitative analysis of GRASP DCE-MRI parameters demon-
strated high diagnostic accuracy in distinguishing TRC from TP in 
glioblastoma patients after radiochemotherapy. These easy-to interpret 
parameters could enhance neuroradiologists’ diagnostic confidence, 
improve treatment response evaluation, and complement RANO-based 
assessments in routine clinical practice.
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