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Background. – Response Assessment in Neuro-Oncology Criteria (RANO), are used to asses response to
first-line treatment of glioblastoma (GBM). Differentiation between response and pseudoresponse under
treatment with Bevacizumab (BVZ) remains challenging. This study evaluates ADC changes in patients
with radiographic pseudoresponse under treatment with (BVZ).
Methods. – Patients (n = 40) with recurrent GBM under-treatment with BVZ underwent MRI before,
two and four months after treatment with BVZ. In patients with radiological pseudoresponse (n = 11),
ADC analyses were performed. Areas with decreasing T1 contrast enhancement (CE) and FLAIR signal
decrease were manually selected and compared to size and position matched healthy contralateral brain
parenchyma.
Results. – Histogram based ADC (10–6 × mm2/s) of these patients decreased significantly (P < 0.005) from
baseline MRI (T1-CE, FLAIR: 1124.9 ± 160.3, 1098.4 ± 226.2, respectively) to 2 months (781.3 ± 110.7,
783.3 ± 103.3) and remained stable during 4 months (777.0 ± 138.5, 784.4 ± 155.4, all mean ± 1 SD),

despite progressive disease. Mean ADC values of the healthy contralateral brain tissue remained stable
(P > 0.05) (ADC values: baseline: 786.2 ± 110.7, 2 months: 781.1 ± 76.2, 4 months: 804.1 ± 86.2).
Conclusion. – Treatment of GBM with BVZ leads to a decrease of ADC values in areas of pre-treatment
T1-CE/FLAIR signal hyperintensity to levels of comparable with normal brain tissue. ADC values remained
stable, even when progressive tumor growth was reported.
ntroduction

Glioblastoma (GBM) is the most frequent primary malignant
rain tumor in adults with an incidence of approximately five
ases by 100,000, and a median overall survival of 14 months
1,2]. Standard treatment for patients with GBM involves surgical
esection, radiotherapy and chemotherapy (RCT). Chemother-
py with temozolomide (TMZ) is performed concomitantly after
urgical resection [2–4]. In patients with recurrent GBM no

standard treatment” exists so far. Besides re-do-surgery, re-
adiation and chemotherapy with other alkylating agents such as
omustine, antiangiogenic agents (AG) are being used to treat recur-
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rent GBM [1,2,5]. Bevacizumab (BVZ; Avastin, Roche Diagnostics
International AG, Rietkreuz, Switzerland) is one of the antiangio-
genic agents targeting vascular endothelial growth factor (VEGF).
Whereas BVZ has not been approved for therapy in Europe, it how-
ever is still being used in clinical routine as 3rd line therapy, and
sometimes in combination with lomustine according to Weath-
ers et al. [6–9]. Due to the highly difficult management of GBM,
it has been of great clinical interest to develop response criteria
to improve the comparability of response rates between clinical
studies with different therapy regimes. Neuro-radiological imag-
ing techniques for instance magnetic resonance imaging (MRI) is
commonly used to create valid response criteria.
GBM patients treated with BVZ frequently present with ini-
tial radiographic response, although the overall survival rate
only shows modest benefits [10,11]. In particular, a significant
decrease of tumoral contrast enhancement (CE) after initiating

https://doi.org/10.1016/j.neurad.2018.04.002
http://www.sciencedirect.com/science/journal/01509861
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurad.2018.04.002&domain=pdf
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VZ-treatment has been reported, providing response rates up
o 60% in phase II studies [11–14]. The discrepancy between
emarkable radiographic response and clinical outcome has led to
onsiderable scientific interest. The decrease of CE seems to be a
onsequence of a normalization of the blood brain barrier (BBB)
ogether with a reduction of vascular permeability, which again
esults in a reduction of peri-focal edema. This reduction of edema
s often followed by an improvement of the patients’ clinical sta-
us due to a reduction of neurological symptoms. However, there
eems to be no relevant reduction of tumor mass [15–17]. This
henomenon has been discussed to be responsible for the discrep-
ncy between impressive radiological response rates and otherwise
odest OS (overall survival) benefits [10,11,18,19].
Furthermore, radiographic pseudoresponse (i.e. initial partial or

omplete response, according to RANO (Response Assessment in
euro-Oncology) criteria, followed by progressive disease in the
ext MRI) was frequently detected in GBM patients treated with
VZ. Although RANO criteria are the current standard in response
riteria for high-grade glioma, they display their limitations
hen it comes to radiographic pseudophenomena. Distinguishing

etween pseudoresponse and real response under BVZ treatment
s challenging. According to the RANO working group, alternative
valuation parameters like diffusion weighted imaging (DWI) could
e useful to improve assessment of treatment response of GBM,
ereby extending the existing RANO criteria.

DWI is based on the physical principles of the Brownian motion
f molecules using complex physical processes like the dephasing
f spins and their diffusion around inhomogeneous fields [20–22].
egarding biological tissue, for instance brain parenchyma, diffu-
ivity can be quantified by the apparent diffusion coefficient (ADC)
23–26]. Normally, low ADC values have been reported to represent
higher tumor cellularity, a higher tumor-grade and may even be
marker for a higher tumor activity [25–33]. Higher ADC values,

or example can be caused by peritumoral edema [34,35]. Other
athologies, such as necrosis, ischemia, infection or inflammation
an lead to ADC value alterations as well [32,36]. Due to hetero-
onous ADC values in one tumor, mean values in selected tumor
reas can miss the accurate reflection of spatial heterogeneity. To
ecrease the risk of measuring inaccurate ADC values, histogram
nalyses have been used [26,32]. In the underlying study ADC val-
es in patients with recurrent GBM, under treatment of BVZ with
adiographic pseudoresponse and no response were analyzed.

aterial and methods

atients

Patients (mean age: 57.0 years, range: 29–76 years, male: n = 27,
emale: n = 13) with GBM in first (n = 32), second (n = 5) or third
elapse (n = 3) under therapy with BVZ between October 2004 and
ay 2016 were retrospectively identified. All patients received

tandard-of-care treatment, including surgical resection followed
y radiation-therapy and adjuvant chemotherapy, according to the
ANO-guideline (Stupp’s protocol) [3,37]. The adjuvant chemother-
py was either performed as monotherapy with temozolomide
Temodal, Merck & Co, Kenilworth, USA] or as a combined therapy
dding Lomustin (CCNU, medac GMBH, Wedel, Germany). All of the
atients received BVZ, in relapse situation. Therapy response under
VZ treatment was monitored through MRI (1.5T Magnetom Espree
nd 3T Magnetom Trio, Siemens AG, Munich, Germany) follow-

p examinations. First examination was performed before BVZ
dministration (baseline MRI) and after two and four months after
nitiating BVZ therapy (Fig. 1). The study was conducted according
o the Declaration of Helsinki in its revised revision.
radiology 46 (2019) 36–43 37

Radiographic response was analyzed in the 2-months follow-up
MR examination, imaging either no response (progressive diseases
[PD], stable diseases [SD]) or (pseudo)-response (including partial
response [PR] or complete response [CR]) (Fig. 1).

In the latter group, region of interest (ROI), revealing a decrease
in T1-CE signal under BVZ treatment from baseline to 2-months
follow-up MRI were identified and manually selected (Figs. 2–3).
The identified ROIs were manually transferred, matching in size
and position, to baseline and 4- months examinations. ADC values
(mean, minimum and maximum) were reported (Table 1). Retro-
spectively, pseudoresponse was unmasked during the 4-months
follow up. Furthermore, the selected ROIs, matching in size and
position, were transferred to the contralateral, presumably, healthy
brain tissue, during baseline, two- and four- months follow-up ADC
map. The same method was used to capture ADC values for FLAIR
signal increase (Figure 3).

For the first group, progressive diseases were identified through
T1 CE/FLAIR–signal increase at the 2-month follow-up MRI. ROI-
histogram analysis was done for the new T1 CE/FLAIR signal
increase. The selected ROIs, matching in size and position, were
manually transferred to the baseline MRI and the corresponding
healthy contralateral parenchyma. Some patients of this group
showed stable diseases at the 2-month follow-up. For these
patients the following MRIs were analyzed, until progressive dis-
eases were found. Histogram analyses was done for the MRI with
PD and for the previous MRI, so called “pre MRI”. Similar to the
patients with pseuodresponse ADC values were reported (Table 2).

Clinical data

The number of BVZ therapy cycles and the corticosteroid
(dexamethasone) administration throughout the therapy for each
patient was captured and compared between the groups (pseu-
doresponse vs. no response). The clinical status for each patient
was assessed by KPS, (Karnofsky Performance Status) during base-
line, 2- and 4-month follow up for patients with pseudoresponse
and during baseline, 2-month, pre-MRI and PD MRI for patients
with no response (Table 3). The OS for all patients was reported
and compared between the two groups (pseuodoresponse vs. no
response) [38].

Since molecular-pharmacological mechanisms and adverse
effects of BVZ have been discussed to be linked with vascular patho-
physiology [39,40], cardiovascular risk factors for every patient
were evaluated including hypertension, diabetes mellitus, obesity,
former vascular events, hyperlipidemia/hypercholesterinemia and
tobacco consumption. As short and long-term vascular patholo-
gies can cause diffusion restriction inside the tumor, white matter
lesions (WML) were graded (0–3) according to Fazekas score [41].

Magnetic Resonance Imaging

The MRI protocol included non-enhanced sagittal and axial
T1-weighted, axial T2-weighted turbo spin echo, axial T2/FLAIR,
T2*weighted gradient echo, contrast-enhanced axial T1-weighted,
3D spoiled gradient echo imaging with coronal and sagittal recons-
tructions (MP-RAGE) sequences. Gadolinium-DOTA (Dotarem,
Guerbet, Villepinte, France) was used as a contrast agent. Diffusion
weighted images (DWI) were obtained with echo time/repetition
time = 80–135 ms/4–10 s, section thickness = 5 mm with 1 mm

intersection gap by using a monopolar spin-echo preparation.
Apparent diffusion coefficient (ADC) images were calculated from
acquired DW images with b-value 1000 s/mm2 and b-value 0
s/mm2 images.
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Fig. 1. Flow-chart: enrollment, allocation and assessment.

Fig. 2. ADC-histogram-analysis at baseline and 2-month follow-up: contralateral size and position matched healthy brain parenchyma, T1 CE signal decrease.
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Fig. 3. ROI acquisition during baseline and 2- and 4-month follow-up: T1 CE
signal-decrease; size and position matched contralateral healthy brain; FLAIR signal
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could be observed, revealing no significant difference between
the mean ADC values of T1-CE/Flair signal decrease and the con-
ecrease.

istogram Analyses

The images were analyzed with the ConVis DICOM (Digital
maging and Communications in Medicine) viewer (conVIs GmbH

Co. KG, Mainz, Germany). For ADC-histograms analyses, original
ICOM data (16 bit) was transferred to “image j” (public domain,
ayne Rasband/NIH). ADC-values (mm2/s) were calculated auto-
atically.

tatistical analyses

All statistical analyses were performed using SPSS Software
IBM; New York, USA). For the statistical results of the propor-
ional distributions, contingency tables were used. All values,
nless indicated otherwise, were provided as mean ± SD. His-
ograms and Plots indicated that normal distributions should not
e assumed for metric parameters. Consequently, non-parametric
ests were performed. Differentiations between mean ADC-values
ere analyzed with the non-parametric Kruskal-Wallis test and the
ann–Whitney U test with a Bonferroni-Holm correction for paired

ests when necessary. The level of significance was calculated by
eans of the chi-square-test (�2-test) and Pearson’s test was per-

ormed to evaluate associations between categorical variables. For
xploring correlation between categorical and metric parameters,
inear regression analyses were performed. We set our significance

evel at � = 0.05. Boxplots were designed with the help of Graph Pad
RISM (Graph Pad Software, Inc.).
radiology 46 (2019) 36–43 39

Results

Eleven out of 40 patients (27%) could be identified during
the 2-month follow up examination with radiographic response
according to RANO criteria. The other 29 patients (72% %) did not
reveal radiographic response (SD and/or PD) according to RANO
criteria. At the 4-month follow-up MR examination, all of the eleven
patients (100%) diagnosed with initial response under BVZ showed
progressive disease, hereby uncovering a pseudoresponse. Four of
these eleven patients were rated PD due to T1-CE and FLAIR-signal
increase (36%), three showed an isolated increase of T1-CE (27%),
three showed an isolated increase of the T2/FLAIR-signal (27%) and
one patient (9%) showed both signs of progress plus a new distant
lesion.

Out of the 29 patients with no response at 2-month follow-up,
6 patients dropped out of the study, due to insufficient follow-up
data. Out of the 23, 13 showed progressive diseases at the 2-month
follow up, 10 showed stable diseases, followed by progressive dis-
eases at a later follow-up examination. Results are displayed in
Table 2.

Pseudoresponse group

Measurements of ADC values in areas of tumor, with a reduction
of T1 contrast enhancement under BVZ therapy

In all patients with pseudoresponse, the mean (± SD) ADC value
(10−6x mm2/s) of the histogram analyses was evaluated at base-
line, 2- and 4-month follow-up MRI. All results are displayed in
Table 1. Box-plot analyses for mean ADC values during baseline, 2-
and 4-month are provided in Fig. 4. Briefly, mean ADC value was
1124.9 ± 160.3 at the baseline examination (range: 802.3–1352.8),
781.2 ± 110.7 at 2-month follow-up (range: 673.5–1010.7) and
777.0 ± 138.5 at the 4-month follow-up of (range: 571.4–1210.7).
Thus, a significant (P < 0.05) decrease of the mean ADC value
from baseline to 2-month follow- up was detected. No significant
changes of ADC values were observed between the 2- and the 4-
month control (Table 1, Fig. 4).

Measurements of ADC values in areas of tumor, with a reduction
of FLAIR-signal under BVZ therapy

Mean ADC value during baseline examination of 1098.4 ± 226.2
(range: 772.5–1414.9), during 2-month follow-up of 783.3 ± 103.3
(range: 712.3–1003.0) and during 4-month follow-up of
784.4 ± 155.4 (range: 533.5–1007.9) were captured.

A significant (P < 0.05) decrease of the mean ADC value from
baseline to 2-month could be detected in all patients. Mean ADC
values between 2- and 4-month revealed no significant alteration
(Table 1, Fig. 4).

Measurements of ADC values for size and position matched areas
of the contralateral presumably healthy brain tissue

In the contralateral healthy brain parenchyma, the ADC values
revealed no significant alteration between baseline (786.2 ± 110.7;
range: 683.4–1394.1), 2- (788.1 ± 76.2; range: 679.1–916.3) and 4-
months (804.1 ± 86.2; range: 692.0–997.8).

Furthermore, while the mean ADC values of pre-treatment
tumor area decreased from baseline to 2-month follow up for
the areas of the tumor with T1 CE/FLAIR signal increase, an
adjustment to the mean ADC values of the normal brain tissue
tralateral size and position matched presumably healthy brain
(Table 1, Fig. 4).
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Table 1
Descriptive data for ADC-values: T1 CE, contralateral, size and position matched, healthy brain parenchyma and FLAIR signal during baseline, 2-month and 4-month follow-up
examination.

Pseudoresponse
group
n = 11

baseline
ADC value
(10−6x mm2/s)

2- months
ADC value
(10−6x mm2/s)

4-months
ADC value
(10−6x mm2/s)

T1-CE 1124.9 ± 160.3a

802.3–1352.8
781.3 ± 110.7
673.5–1010.7

777.0 ± 138.5
571.4–1210.7

Contralateral
healthy
parenchyma

786.2 ± 110.7
683.4–1394.1

788.1 ± 76.2
679.1–916.3

804.1 ± 86.2
692.0–997.8

FLAIR 1098.4 ± 226.2a

772.5–1414.9
783.3 ± 103.3
712.3–1003.0

784.4 ± 155.4
533.5–1007.9

a Significant difference to 2- months MRI.

Table 2
Descriptive data for ADC-values: T1 CE, contralateral, size and position matched, healthy brain parenchyma and FLAIR signal during time of progression and pre MRI.

No response group
n = 23

ADC value
(10−6x mm2/s)

P-value ProgressionADC
value(10−6x
mm2/s)

n = 13 Baseline
MRI

2-months
Progression

T1-CE 925.6 ± 148.2a

746–1196
0.003 746.3 ± 161.3

532–930
Contralateral
healthy
parenchyma

764.6 ± 72.5
678–879

0.570 727.6 ± 111.9
548–868

FLAIR 981.0 ± 197.1
703–1273

0.387 867.6 ± 232.6
523–1271

n = 10 pre MRI Progression (at a
later time than 2
months)

T1-CE 986.0 ± 96.5
837–1056

0.089 829.0 ± 161.3
733–983

Contralateral
healthy
parenchyma

798.6 ± 89.9
698–887

0.545 788 .5 ± 93.0
657–864

FLAIR 811.25 ± 111.1 0.483 856.5 ± 148.3

N
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696–962

a Significant difference to 2-months MRI.

o response group

easurements of ADC values in areas of tumor, with new T1 CE
nd FLAIR-signal increase under BVZ therapy

Between baseline and 2-month follow-up a significant differ-
nce was observed between the mean ADC values for T1 CE, at
he same time no significant differences for FLAIR signal increase
nd for the contralateral healthy brain parenchyma was found. All
esults are displayed in Table 2.

valuated clinical data
The reported clinical data displayed in Table 3 showed no

ignificant differences between patients with radiological pseu-
oresponse and no response. In patients with radiographic
seudoresponse mean KPS at baseline MRI was 73.6, which

ncreased after BVZ administration to 75.5 at 2-month follow up.
owever, during progression (4-month follow-up) a decrease of
percentage points to 68.5 was reported. Comparing the KPS

etween the two groups, the KPS decreases from 69.6 points to
6.0 during BVZ treatment for the patients with no response. In
onclusion, no significant difference could be reported (Table 3).

The evaluation of the genetic profile showed a positive meth-
lated MGMT-state for nine (22%) patients, whereas in 19 (47%)
atients the MGMT-gen was unmethylated and in twelve (30%)

atients no MGMT-state could be found in the database. In 16
atients (40%) IDH1-state was positive, in one patient (2.5%) IDH1
as mutated, while in 23 patients (57%) no data were available.
o correlation between a positive MGMT-state (P = 0.356) and/or
731–1051

a positive IDH1-state (P = 0.478) and radiographic pseudoresponse
was found (Table 3).

The evaluation of the vascular risk profile for each patient is dis-
played in Table 2. WML graded according to Fazekas revealed minor
or no signs of WML in 80% of the patients (Fazekas grade 0: 40%;
Fazekas grade 1: 40%), while 10% of the patients were presented
with Fazekas grade 2 and grade 3, respectively (Table 3).

Discussion

According to European Association of Neuro-Oncology (EANO)
guidelines, standard treatment for newly diagnosed GBM involves
surgical resection and RCT. In the relapse situation, due to the
absence of therapy standards for each patient, further individual
therapy has to be planned. Besides re-do-surgery, re-radiation,
chemotherapy agents, antiangiogenic drugs such as BVZ are taken
into account [3,37]. However, while BVZ is licensed in the USA and
an accepted 2nd line therapy, in European countries, BVZ treat-
ment is not approved. Former studies have reported a significant
radiographic response rate in more than 25% and up to 60% after ini-
tiation of BVZ treatment, resulting in a modest survival rate [10,11].
The remarkable radiographic responses, followed by a discrepancy
in clinical benefits, have led to considerable scientific interest.

Although highly standardized RANO criteria for evaluating ther-

apy assessment have been well established, it is still challenging to
discriminate between radiographic response and pseudoresponse
under BVZ treatment, as both are initially presented with a reduc-
tion of T1 CE and FLAIR signal. Different approaches have been
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Table 3
Clinical data for all patients and divided into sub-cohorts (no response and radiographic pseudoresponse).

Characteristics Patients receiving BVZ (n = 40) Pseudo-responder (n = 11) Non-responder (n = 29) P-value

Age (in years) 57 ± 11.6 61.5 ± 8.5 55.9 ± 12.4 0.46
29–76 50–74 29–76

Gender
Male 27 8 19 0.66
Female 13 3 10

Overall survival (in months) 13.2 ± 13.4 14.0 ± 4.5 12.5 ± 15.8 0.31
9–24 5–69 5–69

KPS (%)
At the beginning of BVZ treatment 76.3 ± 10.3 73.6 ± 14.4 69.6 ± 9.9 0.27

60–100 60–100 60–100
At 2-month FU 0.15

54.5 ± 14.8 75.5 ± 8.2 66.0 ± 8.5
at 4-month FU 10–90 70–90 50–90 0.14
At the end of BVZ treatment 68.5 ± 8.7. 59.0 ± 15.0

50–80 5–90
50.0 ± 13.4
30–70

No. of BVZ cycles 11.9 ± 8.4 14.8 ± 7.6 9.0 ± 8.6 0.1
2–33 5–33 2–31

MGMT-Status
Methylated 9 4 5 0.76
Unmethylated 19 5 14
No data 12 2 10 0.41

IDH1-Status
Wildtype pos. 16 6 10
Wildtype mut. 1 0 1
No data 23 5 18

Patients (n) receiving 23 8 15 0.46
Corticosteroids

Patients (n) with vascular risk factors
Hypertension 23 7 13 0.57
Diabetes mellitus 4 2 2 0.29
Obesity 4 2 2 0.29
Former vascular event 8 3 5 0.48
Hyperlipidemia/Hypercholesterolemia 7 2 2 0.49

Tobacco consumption (n) (mean pack years, range) 11 3 8 0.98
25.2 41.5 25.1
5–50 30–50 5–50

White matter lesions graded according to 0:16 0:03 0:13
Fazekas (grades: 0-III) I:16 I: 5 I:11

II:4 II: 3 II: 1 0.54
III:4 III: 0 III: 4

Fig. 4. Boxplots at baseline, 2- months and 4-month follow-up: T1-CE-signal decrease, contralateral size and position matched healthy brain parenchyma and FLAIR-signal
decrease.



4 Neuro

r
t
t

a
a
f
p
[
p
r
p
v

a
g
t
e
r
s
n
t
o
A
e
T
s
b
d
c

m
e
b
s
d
h
w
B
b
K
o
d
f

o
w
u
a
F
p
c
u
m
r
t
i
o
u

L

a
g
t

2 T. A. Auer et al. / Journal of

ecommended by the RANO working group to improve diagnos-
ic accuracy of radiographic pseudoresponse, including alternative
echniques such as DWI, MR-spectroscopy and MR-perfusion.

DWI has been reported in several studies to reliably improve
ssessment of malignant gliomas [25,26,28,33,42,43]. Histogram-
nalyses of ADC-maps have been used to determine progression
ree survival (PFS] in newly diagnosed GBM, unmasking infiltrative
atterns of tumor growth by identifying real tumor progression
26,44–47]. Furthermore, BVZ has been discussed to normalize the
ermeability of peritumoral blood vessels, [12,13,48] resulting in a
eduction of tumoral contrast enhancement as well as a decrease of
eritumoral edema [48–50]. The underlying study evaluates ADC
alues during this normalization.

To our best knowledge, it is the first study evaluating ADC-value
lterations in recurrent GBM under BVZ treatment with radio-
raphic pseudoresponse and no radiographic response, comparing
his to the contralateral normal parenchyma. In line with the lit-
rature approximately 30% of the patients in this study show a
adiographic pseudoresponse. The evaluated ADC values within the
elected areas of T1 CE and FLAIR signal hyperintensity, show a sig-
ificant decrease from baseline MRI to 2- months MRI. After first
ime BVZ treatment, a normalization of the ADC values to the level
f healthy brain parenchyma can be observed, followed by stable
DC values during the 4-month MRI. ADC values for the contralat-
ral parenchyma remain stable during the period of observation.
he patients with no response to first time BVZ administration
how a significant decrease for the ADC values in new T1 CE areas,
ut in contrast to the patients with pseudoresponse, no significant
ecrease for the ADC values in new FLAIR signal hyperintensities
an be observed.

BVZ has been discussed to normalize the permeability of peritu-
oral blood vessels, with this leading to a reduction of peritumoral

dema. The normalization of the peritumoral blood vessels might
e imaged through a decrease of ADC values, especially in FLAIR
equences. As patients with no response and progressive diseases
o not show a significant decrease of ADC values in selected FLAIR
yperintensities, less edema reduction is be observed for patients
ith no response, leading to no better clinical state after first time
VZ administration. This theory is emphasized through an initial
etter tendency for the KPS during (pseudo−) response, while the
PS decreases in points during progression for both groups. Levels
f cortisol administration were captured, showing no significant
ifferences between both groups, excluding a bias induced by dif-
erent edema reductions through cortisol.

The current issue to uncover and predict specific sub-cohorts
f recurrent GBMs, in the early stages of BVZ administration, who
ill show a therapy response under BVZ treatment, remain still
nclear. The aim is to predict valid clinical endpoints (OS, PFS)
nd stratify the survival of malignant brain tumors through MRI.
urther approaches have to be made to establish these reliable,
redictive MRI biomarkers. It has been discussed, that ADC-values
ould play a key role in this future prospective. With the help of vol-
me based multiparametric imaging with integrated ADC-maps, it
ight be possible to identify and classify histopathological different

egions within the tumor [51]. Emphasized by the current litera-
ure, reporting new possible advances of antiangiogenic therapies
n several GBM sub-cohorts [8,9,52], further studies are needed in
rder to evaluate GBM therapy assessment under BVZ treatment,
sing multi-parametric imaging.

imitations of the study
The limitations of our study are (1) retrospective character of the
nalysis, (2) small number of patients, (3) observation of a hetero-
eneous patient samples at several stages (2nd, 3rd recurrences) of
he disease, (4) not all clinical and sociodemographic data could be

[

radiology 46 (2019) 36–43

obtained due to the retrospective character, (5) an investigator-bias
cannot be excluded, (6) missing multiparametric imaging.

Conclusion

Pseudoresponse in patients with recurrent GBM after first time
BVZ is associated with a normalization of the mean ADC values to
the level of normal brain parenchyma within areas of T1 CE and Flair
signal decrease. ADC values remain stable in these patients treated
with BVZ, even though progressive tumor growth is reported. Dur-
ing the (pseudo)- response an increasing KPS can be observed,
indicating better clinical conditions. BVZ might induce a signifi-
cant reduction of the edema, leading to better clinical conditions.
Similar normalization of the ADC values can be observed within
new T1 CE, for patients with PD after first time BVZ administration.
In contrast to this, no significant decrease of ADC values within
areas of FLAIR signal hyperintensity can be found. This is indicating
less edema reduction through BVZ administration in patients with
no response and PD after first time BVZ treatment, emphasized by
decreasing KPS points during PD.

However, no prediction regarding radiographic pseudoresponse
and determination of valid clinical endpoints, like OS can be pro-
vided only from ADC analyses. For this reason, further studies are
needed to evaluate GBM therapy assessment under BVZ treatment
focusing on the molecular mechanism BVZ is inducing, imaged
through MRI.
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