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Response assessment in glioblastoma

T1w+Gd

Images: Wen et al. J Clin Oncol 2010:1963

pre-treatment post-treatment

T1w+Gd

Response !
⇒ accellerated approval (FDA, 2009)
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? Response assessment
with imaging



Imaging in neuro-oncology trials

Historically no involvement of Radiology
• imaging performed according to local protocols

• wide variety of scanning equipment and implementation 

• generally no ‘advanced’ imaging

• no quality assurance.

⇒ Considerable variations in patient selection/outcome assessment.

⇒ Limited diagnostic accuracy.
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T1w+C

clinical trials

⇒ enhancing tumour size 
(in 2 dimensions)

brain tumour centre the ‘MRI lab’

⇒ tumour size (3D)
⇒ cellularity (DWI)
⇒ blood volume (perfusion MRI)
⇒metabolism (MRS)
⇒ function

in vivo mapping of tumour biology
⇒ vascular architecture
⇒ oxygenation/oxygen extraction
⇒metabolism and pH
⇒ protein (amide/amine) content
⇒ white matter infiltration
⇒ …

Imaging in neuro-oncology
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Imaging in neuro-oncology trials
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T2-weighted imaging (T2w)
sensitive to any parenchymal change

post-contrast imaging (T1w+C)
enhancement due to 
- vascularisation
- blood-brain barrier breakdown

T2w T1w+C

bidemensional measurement of solid enhancement

⇒ no accurate reflection of tumour size
⇒ substantial inter-rater variability
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Imaging in neuro-oncology trials

With (automated) 3D methods:
⇒ improved sensitivity to progression
⇒ reduced inter-rater variability
! currently not the standard



Treatment monitoring challenges

• Pseudoresponse
anti-angiogenic agents: normalisation of vasculature

⇒ tumour appears to disappear

⇒ T2-abnormalites: unspecific (tumour, oedema, gliosis).

• Pseudoprogression
radiation, chemo-, immunotherapy

⇒ enhancement and oedema indistinguishable from tumour

⇒ inaccurate patient selection and trial endpoints.
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3 months

3 months

pat1 after

chemorad

tumour progression

or

pseudoprogression

???pat2 after

chemorad

Pseudoprogression



T1w+Gd T1w+GdrCBV

pseudo

progression

Perfusion MRI



tumour progression

Perfusion MRI

pooled sensitivity
• 87% (0.82-0.91) 
• 90% (0.85-0.94)

pooled specificity
• 86% (0.77-0.91) 
• 88% (0.83-0.92)

van Dijken et al. Eur Radiol 2017, Patel et al. Neuro Oncol 2017



Perfusion MRI in clinical trials?

• Improved assessment of treatment response.

• Accurate patient inclusion (true progression).

• Timely patient inclusion.

• Takes ± 2 min scanning time.

• Performed at >80% of institutions in Europe.
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! currently not the standard

Thust et al. Eur Radiol 2018:3306 



Perfusion MRI in clinical trials?
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the time is ripe !
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Linking with the MRI lab

• Advances in imaging.

• Advances in image analysis.

• Imaging (bio)marker development.
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images courtesy Esther Warnert

Novel MR imaging sequences: CEST
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protein content glucose dynamics

Johns Hopkins Medical Center



@MarionSmits .

Desmond et al MRM 2017:1110-20

T1w+C CEST

T1w+C CEST

RESPONSE NO RESPONSE

T1w+C FLAIR

T1w+C CEST

T1w+C FLAIR

T1w+C CEST

baseline

1 week

1 month

CEST for SRS treatment response



radiomics (imaging) data

clinical data

genomic data

premise: there exists a correlation between medical image 
features and underlying biological information.

Advances in image analysis: radio(geno)mics
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machine learning

prediction

data preparation

figures courtesy of

Biomedical Imaging Group Rotterdam
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Imaging (bio)markers
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Ma et al. Nature 2013;495:187
MR Fingerprinting

fully quantitative MRI < 1 min scan time



there is an immense clinical need for

• accurate diagnosis of various phenotypes

• early detection of disease (changes)

• close and precise monitoring of disease/treatment response

• early prediction of response to treatment 

• wide availability of – advanced – diagnostic tools.

With the advancement of precision medicine

23



• Challenges for response assessment with MRI

• due to current and future therapeutic regimes

• conventional MRI practically meaningless.

At present no reliable MR imaging marker of response in clinical trials
for assessing high-dose radiotherapy/immunotherapy/anti-angiogenic agents

• Perfusion MRI is ready for use.

• New imaging techniques on the horizon.

• Involvement of imaging experts in clinical trials essential.

Conclusions
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Thank you for your attention
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