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Translational image research in brain tumor clinical trials

EORTC-26101 phase Il trial | | EORTC-26101 phase lli tia European Organization for Research and Treatment of Cancer (EORTC) 26101

(n=159 patients) (n=437 patients) .
' T | Trial (wick et al. N Engl s Med. 2017)

Inclusion criteria:
+ Anatomical MRI (T1-w, cT1-w, FLAIR, T2-w) and DSC-MRI at
baseline and first follow-up
Exclusion criteria:

e e s « Randomized, controlled phase 2 and 3 clinical trial with 596 patients conducted at

+ Heavy motion artifacts (n=14)
; ey e

ion during DSC-MRI or cT1-w

e e 37 institutions in Europe
| « Randomizing patients for receiving bevacizumab (Avastin®) + lomustine vs.

n=254 patients

- =161 patiens i he BEV teaiment am lomustine in patients with glioblastoma at first recurrence

(including 40 patients receiving BEV
monotherapy and 121 patients receiving

BEVslomusine) « First brain tumor trial with standardized MRI protocol

+ n=93 patients in the non-BEV treatment arm
(all receiving lomustine monotherapy)

l

Processing of MRI

from baseline and 1t follow-up Purpose of the Secondary an aIySiS of the EORTC-26101 trial (Kickingereder et al. Radiology 2020)

DSCI-MRI preprocessing

+ Central processing of DSC-MRI raw data with calculation of leakage
corrected whole-brain relative CBV (rCBV) and CBF (rCBF) as well as
tumor metabolic rate of oxygen (TMRO2) maps

+ Standardization of rCBV, rCBF and TMRO2 intensities by calculating

e e G « To perform longitudinal characterization of intratumoral angiogenesis and

> ; jMsals’;:!‘,t::lain extra;:tign, image co-registration, deep- T . M . 1
| e e oxygenation by using dynamic-susceptibility contrast agent—enhanced (DSC) MRI
Extraction of quantitative imaging parameters

€ CETiCaE mlNTURCE o it s and evaluate its potential for predicting outcome from administration of

baseline and dynamics (change) in these parameters between
baseline and first follow-up MRI
+ Contrast-enhancing tumor volume and non-enhancing T2/FLAIR-signal

ity volume at baseline and ics (change) in these beVaCiZ u m ab .

volumes between baseline and first follow-up MRI

l

Predictive analytics

Identification of predictive imaging parameters for
stratifying treatment response to BEV by means of overall

survival (OS) | l K

HD

Heidelberg University Hospital | Philipp Vollmuth (né Kickingereder)



Longitudinal characterization of intratumoral angiogenesis and

oxygenation by using DSC-MRI

Tumor vasculature

Oxygen:glucose uptake ratio / 6

Baseline

First follow-up

Kickingereder et al. Radiology 2020

Workflow performed within this study...

« Automated processing of MRI data using deep-

Iearning algorithms (based on Isensee et al. Human Brain Mapp
2019, Kickingereder et al. Lancet Oncol 2019)

« Automated non-invasive quantification of
intratumoral angiogenesis (tumor blod flow and
volume [CBF, CBV]) and oxygenation (tumor
metabolic rate of oxygen [TMROZ2]) from DSC-

MRI (based on Ostergaard et al. Cancer Res 2013)

» Predictive analytics (assocation of imaging
biomarkers with study endpoints)

UK
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Longitudinal characterization of intratumoral angiogenesis and
oxygenation by using DSC-MRI

A BEV subgroup non-BEV subgroup

3.0 decreasing nCBV . P<.001 30 decreasing nrCBY p=7 .
— increasing nrCBY . — increasing nrCBV ey r e S u S .
5 A 2

. « Treatment with bevacizumab (experimental treatment arm) led to a significant
decrease in tumor angiogenesis and oxygenation parameters (median change of -
. p 16% for CBV (p<0.001), -18% for CBF (p<0.001) and -18% for TMRO2 (p<0.001)

g R e « Treatment without bevacizumab (control treatment arm with lomustine
N = chemotherapy) did not lead to a significant change in tumor angiogenesis and
; oxygenation parameters (median change of +1% for CBV (p=0.79), +1% for CBF (p=0.97) and 0%
g, for TMRO2 (p=0.64)

c Anti-aniogenic treatment with bevacizumab selectively decreases
‘e e intratumor angiogenesis and oxygenation, thereaby reflecting its
: . effectiveness for extending progression-free survival

nTMRO2 value
- "

]
baseline MRI 1™ follow-up MRI baseline MRI 1% follow-up MRI
Timepoint Timepoint
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Longitudinal characterization of intratumoral angiogenesis and
oxygenation by using DSC-MRI

Key results:

P value (FDR-

Timepoint Parameter HR (95% CI) :
L) * Cox Proportional Hazards Regression modeling was

nrCBV 0.80 (0.49, 1.29) 59 used to assess the interaction between the extracted

nrCBF 0.77(0.46, 1.28) 59 imaging parameters (intratumoral angiogenesis,
G TMRO2 - 0.72 (045, 2.16) 98 oxygenation, tumor volumes) and the effect of

CET (cm?)  1.01(0.99,1.02) = ¥ '

NE (cm?) 1.00 (1.00, 1.01) 95 bevacizumab treatment on overall survival

1.08 (0.40, 2.91
Change e 0.87 Eo 30, 2 49; o
CBE : .30, 2. . e :

between & = « No predictive association in terms of overall survival
SEss e nTMRO2 1.03 (0.42, 2.50) 95
(SR IR CET (cm3)  0.96 (0.94, 0.98) 011* was identified between any of the extracted imaging
MRI ' :

NE (cm3)  0.99(0.99, 1.00) 18 parameters and the effect of bevacizumab treatment

* Significant p-value for CET indicates only a predictive association for
the control treatment arm, since HR<1
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Conclusions

* Implementation of advanced MRI within a large multicenter phase Il/llI-trial is
feasible and allows in-depth analysis beyond anatomical MRI to better understand
the effects of novel treatment concepts in glioblastoma

« Anti-angiogenic treatment with bevacizumab (in contrast to lomustine

chemotherapy) leads to a significant reduction in tumor volumes, angiogenesis and
oxygenation

« Contrary to previous (uncontrolled) retrospective studies, we demonstrate that these
parameters do not sufficiently explain sensitivity to bevacizumab treatment and
overall survival benefit

Kickingereder et al. Radiology 2020 UK
Heidelberg University Hospital | Philipp Vollmuth (né Kickingereder) HD



Further reading

Kickingereder et al. Radiology 2020

ORIGINAL RESEARCH - NEURORADIOLOGY

Noninvasive Characterization of Tumor Angiogenesis
and Oxygenation in Bevacizumab-treated Recurrent
Glioblastoma by Using Dynamic Susceptibility MRI:
Secondary Analysis of the European Organization for
Research and Treatment of Cancer 26101 Trial

Philipp Kickingereder, MD, MBA + Gianduca a, MD » Mikkel Bo Hansen, PhD * Martha Nowasielski, MD, PhD +
Irada Pfliiger;, MD + Marianne Schell, MD » Fabian lsensee, PhD + Martha Foltyn, MD » Ulf Neuberger, MD +

Tobrias Kessler, MD = Felix Safmn, MD = Aﬂg‘er‘l@.MD * Sabine Heiland, PhD » Michael Weller, MD =

Micheael Plattern, MD + Andreas von Deimling MD ¢ Klaws H. Maier-Hein, PhID * Leif Ostergacrd, MD, PhDD +

Martin [. van den Beng, MD = Thierry Gorlia, PhD = Wolfgang Wick, MD » Martin Bendseas, MD

Fram the Department of Neuroradiology, Heidelberg University Hospital, Im Newenheimer Feld 400, 69120 Heidelberg, Germany (PE, GB.. LE, M5, MF,
LUN., S.H., M.B.}; Center of Funcrionally Integrative Neurascience and MINDLab, Aarhus University Hospiral, Aarhus, Denmark (M.B.H., L@.): Newrology Clinic,
Heidelberg University Hespiral, Heidelberg, Germany (M. K AW WOW): Departmen: of Meurology, Medical Universiry Innshruck, [nnshruck, Ausria (M.N.1;
Medical Image Compuring, German Cancer Research Center (DKFZ), Heidelberg, Germany (EL, K.HM.H.); Clinical Cooperation Unit Neurooncology, German
Cancer Research Center (DKFZ). Heidelberg, Germany (TK., W.W); Departmens of Neuropachology, Insitute of Pathology, Heidelberg University Hospital, Heidd

berg, Germany AxD.); Clinical Cooperatian Unit Neurepashology, Gesman Cancer Research Center (DKFZ), Heidelberg, Germany (ES., Av.D.}; Depariment of
Neuralogy, Un v Hospiral and University of Zurich, Zurich, Switzerland (M.W); Diepartment of Newrology, Medical Faculty Mannheim, MCTN, University of He

delberg, Mannheim, Germany (M_E); Parrern Analysis and Leaming Group, Department of Radistion Oncalogy, Heidelberg University Hespinal, Heidelberg, Germany
{K.H.M.H.}; Diepartmens of Neuromadiology, Aarhus University Hospital, Aarhus, Denmark (L@.); Brain Tumar Center ar Erasmus MC Cancer Institute, Rotcerdam,
the Netherands (M.].v.d.B.); and Enropean Organizacion for Research and Treatment of Cancer (EORTC), Brussels, Bedgium (T.G.). Received March 13, 2020; revision
requested May 4; revision received May 8; accepred May 26. Address correspondence to K. (e-mail: philipp. kickingeredergmed soni-heidelberg. de).

Supperted by the Ele-Kroner Memarial Scholarship of the Eke Kranes-Fresenius Foundation and the Deussche Forschungsgemeinschafi (DFG, German Research
Foundation} {Projece-1D 404521405, SFB 1389-UNITE Glicblassoma, Wadk Package C02 and Priosity Programme 2177 “Radiomics: Next Generation of Biomedscal
Imaging).

Conflicts of interest are listed ar the end of this amicle.

See also the editorial by Dilkon in this isue.
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accompanying editorial by Dillon et al. Radiology 2020

REVIEWS AND COMMENTARY - EDITORIAL

MRI Biomarkers of Bevacizumab Therapy Correlate with
Progression-Free Survival but Not Overall Survival in

Recurrent Glioblastoma
William P Dillon, MD

Dr Dillon is the Elizabeth A. Guil-
laumin professor of radiology and ex-
ecutive vice-chair of the Department
of Radiology and Biomedical Imaging
at UCSE His research interests include
head and neck radiology, brain mmor
imaging, and spine pain management.
He is past president of both the Ameri-
can Society of Neuroradiology and
American Society of Head and Neck
Radiology and received the Gold Medal
from both organizations.

The treatment of glioblastoma currently consists of ag-
gressive surgical resection followed by a combination of
radiation therapy and the alkylating agent temozolomide.
Although this is more effective than radiation or a surgi-
cal procedure alone, the median overall survival in patients
with glioblastoma is still only 15 months from disease
onset and the 5-year survival remains a dismal 5%. One
strategy for treatment of recurrent glioblastoma has been

biomarkers that select patients who would demonstrate a
sustained response to this agent.

In this issue of Radiology, Kickingereder et al (3) second-
arily analyzed imaging dara obtained in a prospective clini-
cal trial (European Organization for Research and Treat-
ment of Cancer, or EORTC-26101) and compared the use
of bevacizumab with and without the alkylating agent lo-
mustine for the treatment of recurrent glioblastoma. They
correlated potential anatomic MRI and dynamic suscep-
tibility contrast MRI biomarkers obrained at baseline re-
currence and at first MRI follow-up with progression-free
survival and overall survival. MRI-derived parametric im-
ages of whole-brain Gaussian-normalized relative cerebral
blood volume (CBV), and Gaussian-normalized cerebral
blood flow (CBF), and Gaussian-normalized tumor meta-
bolic rate of oxygen consumption were processed along
with volumetric segmentation of contrast-enhanced tumor
and nonenhancing fluid-attenuated inversion recovery T2
volumes.

Participants treated with bevacizumab had signifi-
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