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Early post-bevacizumab change
in rCBV from DSC-MRI identifies
pseudoresponse in recurrent
glioblastoma: Results from ACRIN
6677/RTOG 0625
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and Kathleen M. Schmainda*®

'Department of Diagnostic Imaging, Rhode Island Hospital and Alpert Medical School of Brown University,
Providence, RI, United States, ?Center for Statistical Sciences, Brown University School of Public Health,
Providence, RI, United States, *Department of Radiology, Duke University Medical Center, Durham, NC,
United States, “Department of Biophysics, Medical College of Wisconsin, Milwaukee,

WI, United States, *Department of Radiology, Medical College of Wisconsin, Milwaukee, WI, United States

Background: Progressive enhancement predicted poor survival in ACRIN 6677/
RTOG 0625, a multi-center trial of bevacizumab with irinotecan or temozolomide in
recurrent glioblastoma, but pseudoresponse likely limited enhancement-based
survival prognostication in T1 non-progressors. We aimed to determine whether
early change in cerebral blood volume from baseline (ACBV) could further stratify the
T1 non-progressors according to overall (OS) and progression-free (PFS) survival.

Methods: 37/123 enrolled patients had DSC-MRI, including 13, 15, and 8 patients
without 2D-T1 progression at 2, 8, and 16 weeks post-treatment initiation,
respectively. Mean CBV normalized to white matter (nRCBV) and mean
standardized CBV (sRCBV) were extracted from enhancing tumor. ROC curves
were derived for ACBV using six-month PFS and one-year OS as reference
standards. Kaplan-Meier survival estimates and log-rank test compared PFS and
OS for both ACBV (increase vs. decrease) and T1 response status (stable vs.
decreasing enhancement).

Results: PFS and OS were significantly worse for increasing CBV at 2 weeks
(p=0.003 and p=0.002 for nRCBV, and p=0.03 and p=0.03 for sRCBYV,
respectively), but not for 2D-T1 patients with stable vs. decreasing enhancement
(p=0.44 and p=0.86, respectively). ACBV at week 2 was also a good prognostic
marker for OS-1 and PFS-6 using ROC analysis. By contrast, 2D-T1 response status
at weeks 2, 8, and 16 was not associated with PFS-6. ACBV at 16 weeks (p=0.008
for sRCBV) but not 8 weeks (p=0.74 for nRCBV and p=0.56 for sRCBV) was
associated with significant difference in median survival, but no difference in
survival was observed for 2D-T1 patients with stable vs. decreasing
enhancement at 8 weeks (p=0.69) or 16 weeks (p=0.21). At 16 weeks, OS did
not differ significantly between 2D-T1 progressors and 2D-T1 non-progressors
with increasing CBV (median survival 3.3 months post week 16 scan vs. 9.2 months,
respectively; p=0.13), suggesting that 2D-T1 non-progressors with increasing CBV
may have a prognosis like that of 2D-T1 progressors.
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Conclusion: After 2 weeks of anti-angiogenic therapy, ACBV in 2D-T1 non-
progressors significantly prognosticated PFS and OS, whereas 2D-T1 response
status did not, identifying a subpopulation that benefits from bevacizumab.
Combining 2D-T1 progression and ACBV may yield a response assessment
paradigm with 3-tiered OS stratification.

KEYWORDS

recurrent glioblastoma, bevacizumab, pseudoresponse, DSC-MRI, (CBV) cerebral

blood volume

1 Introduction

Glioblastoma, the most common and aggressive primary brain
tumor, has dismal prognosis with median overall survival (OS) of 12-15
months and 5-year survival rate of 9.8% (1). Maximal safe resection
plus chemoradiation with concomitant and adjuvant temozolomide is
standard of care (1), but rapid recurrence is typical (2). Glioblastoma
typically overexpresses vascular endothelial growth factor (VEGEF),
motivating anti-angiogenic treatment trials. Bevacizumab, a
humanized monoclonal anti-VEGF antibody (3), conferred
progression-free survival (PES) benefit versus historic controls (4),
but clinical trials have failed to demonstrate OS benefit for newly
diagnosed (5, 6) or recurrent (7) glioblastoma. Nonetheless, recent
evidence suggests that bevacizumab may improve OS in a subset of
patients (8-11), thus making early post-treatment imaging biomarkers
that can predict response potentially important.

Imaging assessment of response to antiangiogenic therapy is
challenging because VEGF inhibitors quickly decrease vascular
permeability and suppress contrast enhancement (12). This
“pseudoresponse” may not reflect decreased tumor burden, limiting
objective response based on contrast-enhanced T1-weighted MRI as a
predictor of OS (13, 14), and prompting inclusion of FLAIR in
modified response criteria (15). The ACRIN 6677/RTOG 0625
central reader study demonstrated that although progressive
contrast enhancement in recurrent glioblastoma after 2-4 cycles of
anti-VEGF therapy prognosticated poor survival, there was no
significant survival benefit for contrast enhancement responders
(decreasing enhancement) compared to non-responders, non-
progressors (stable disease) (16). Whereas progressive enhancement
identified relative bevacizumab failures, regressive enhancement
failed to sub-select the non-progressors likely to do well. Presence
of progressive disease on FLAIR imaging was also unable to sub-
stratify the T1 non-progressors (16).

Physiologic imaging markers such as relative cerebral blood
volume (rCBV) from DSC-MRI may more accurately predict
treatment response. Absolute pre- and post-treatment rCBV in
single-institution studies (17-19) and change in rCBV from
baseline in ACRIN 6677/RTOG 0625 (20) predicted OS in
bevacizumab-treated recurrent glioblastoma regardless of T1
progression status.

In this study, we re-evaluated the ACRIN 6677/RTOG 0625 DSC-
MRI studies for 2D-T1 non-progressors to determine whether early
change in rCBV better predicts OS and PFS than 2D-T1 response
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status, specifically addressing the problem of pseudoresponse in
responders versus non-responders. We also explored how change in
rCBV for 2D-T1 non-progressors might be added to a response
assessment paradigm based on 2D-T1 progression.

2 Materials and methods

The Radiation Therapy Oncology Group (RTOG, now NRG
Oncology), in collaboration with the American College of
Radiology Imaging Network (ACRIN, now ECOG-ACRIN), both
funded by the National Cancer Institute, conducted a prospective,
randomized phase IT multi-center trial to evaluate bevacizumab with
irinotecan or temozolomide in recurrent glioblastoma (ACRIN 6677/
RTOG 0625). Twenty-three institutions participated in this HIPAA-
compliant trial after obtaining IRB approval. Informed consent was
obtained for all patients.

2.1 Study subjects

All patients had recurrent histologically proven glioblastoma or
gliosarcoma (pre-WHO 2016 classification). Detailed inclusion and
exclusion criteria have been published (16). Patients received
bevacizumab (10 mg/kg IV, days 1 and 15 of a 28-day cycle) and
were randomized to receive either temozolomide (75 mg/m® p.o., days
1-21 during the first 28-day cycle; 100 mg/m? for cycle 2 and beyond)
or irinotecan (125 mg/m> IV, days 1 and 15 of a 28-day cycle); both
treatment arms were pooled for this study due to small sample size.

2.2 MRI protocol

Imaging was performed at 1.5T (Siemens Espree, Siemens
Avanto, GE Signa Excite, GE HDx) or 3T (GE HDx, GE Excite).
Conventional MRI included pre-contrast T1-weighted, T2-weighted,
FLAIR, and diffusion-weighted imaging. After intravenous injection
of 0.1 mmol/kg of standard gadolinium-based agent, axial 2D spin-
echo (2D-T1) and 3D gradient-echo (3D-T1) T1-weighted images
were acquired. Contrast agent administered for conventional post-
contrast imaging served as “pre-load” for subsequent DSC-MRI,
potentially diminishing contrast extravasation-associated T1
contribution to DSC-MRI signal (21-23). Echo-planar gradient-
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echo (TE=30-40ms) DSC-MRI was performed with TR=1.3-1.5s (120
repetitions), flip angle=90°, slice thickness=5mm (0-2.5mm gap),
matrix=128x128, and FOV=22-24cm. Images were acquired for
1 min before and 2 min after bolus injection of 0.1 mmol/kg
gadolinium-based contrast agent. Imaging was performed at
baseline, 2 weeks after bevacizumab initiation, and after 2 and 4
treatment cycles (8 and 16 weeks). Complete MRI parameters are on
the ACRIN website (https://www.acr.org/Research/Clinical-
Research/ACRIN-Legacy-Trials).

2.3 Central reader methods

Central reader methods were previously described (16). All local
imaging was retrospectively transmitted to ACRIN for central review.
Two primary readers independently measured 2D-T1 largest
diameter of contrast enhancement and maximum perpendicular
diameter for each target lesion. Time of 2D-T1 progression, and
radiologic response status at each time point were determined using
Macdonald (24) and RANO (25) threshold criteria. Steroid dosage
and clinical status were unavailable to ACRIN readers. An adjudicator
settled discordant times to progression.

2.4 rCBV computation and image analysis

Normalized and standardized rCBV (nRCBV, sRCBV) maps were
computed using OsiriX open-source software with the IB Neuro' ™ plug-
in (Imaging Biometrics LLC, Elm Grove, WI). On a voxel-wise basis,
baseline pre-bolus mean signal intensity was determined, omitting the
five initial time points; the truncated signal-time series was converted to a
relaxivity-time series, AR2*(f); rCBV was estimated using trapezoidal
integration of AR2*(f) over post-bolus time points (first-pass plus post-
bolus tail) and a post-processing leakage correction algorithm (21-23).
rCBV maps were normalized to mean rCBV (nRCBV) in contralateral
normal-appearing white matter consistently located across all
longitudinal studies, and standardized rCBV (sRCBV) maps were
produced using a published technique (26).

For semi-automatic lesion segmentation, we manually defined the
region of lesion enhancement, excluding hemorrhage and macrovessels,
on difference images computed from co-registered standardized pre- and
post-contrast T1-weighted images using IB Delta Suite' (Imaging
Biometrics LLC, Elm Grove, WI). We further constrained regions of
enhancement using empirical thresholds, excluding central necrosis, and
edited segmentations to exclude non-lesion voxels (27). These ROIs were
applied to nRCBV and sRCBV maps co-registered to the 2D-T1 images,
from which mean values were extracted. This process was repeated with
new ROIs at each time point.

2.5 Statistical methods

At weeks 2, 8 and 16, we analyzed patients who did not progress
on 2D-T1. Patients were classified as decreasing enhancement if both
readers rated partial or complete response by the specified time point;
otherwise, patients were classified as stable enhancement. Percent
change in nRCBV and sRCBV were calculated from baseline for each
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time point, and summary statistics including mean, standard
deviation, median and range were computed.

To assess predictive ability and discrimination, receiver operating
characteristic (ROC) curves were derived for continuous percent change
in nRCBV and sRCBV at each time point, using OS status at 1 year (OS-
1) and PFS status at 6 months (PFS-6) as reference standards, where OS-
1 and PFS-6 were defined from patient registration. Area under the ROC
curve (AUC) and associated 95% confidence intervals were computed
empirically. As 2D-T1 response status is not a continuous marker, ROC
analysis cannot be performed; instead, association with OS-1 and PFS-6
was examined using Fisher’s exact test.

To assess the association with PFS and OS generally, and to
compare survival times, Kaplan-Meier estimates and the log-rank test
were used to compare groups defined using percent change in nRCBV
and sRCBV (increase, 20, vs. decrease, <0) and 2D-T1 response status
(decreasing enhancement vs. stable enhancement). For the time-to-
event Kaplan-Meier analysis, OS and PFS were calculated from the
date of the respective scan for each of week 2, week 8 and week 16.

For week 16 data, an exploratory analysis was also conducted,
using both 2D-T1 response status and percent change in nRCBV to
create a three-tier patient stratification: 2D-T1 progression, 2D-T1
non-progression with increased nRCBV, and 2D-T1 non-progression
with decreased nRCBV. Kaplan-Meier estimates were computed, and
the log-rank test was used to compare time to death.

Statistical computations were performed using SAS 9.4 (SAS
Institute, Cary, NC) or R version 4.1.3 (R project: http://www.r-
project.org/). All statistical tests were two-sided, with p-values <0.05
considered statistically significant. As the reported analyses are post
hoc and were considered hypothesis-generating, no adjustment was
made for multiplicity of inference.

3 Results
3.1 Study cohort

The entire ACRIN 6677 study cohort with DSC-MRI results was
described previously (16). A total of 37/123 enrolled patients had
DSC-MRI, 21 of whom had data sufficient for analysis, defined as
having both a baseline and at least one post-baseline scan with
interpretable DSC-MRI. After excluding 2D-T1 progressors, there
were 13, 15, and 8 2D-T1 non-progressors available for analysis at
weeks 2, 8, and 16, respectively. There were no 2D-T1 progressors at
week 2. Table 1 provides salient demographic and clinical data for
analyzed patients, including age, sex, surgery, location of primary
tumor, treatment arm, and indicators for availability of week 2, week 8
and week 16 DSC-MRI data. Table 2 provides summary statistics of
the percent change in nRCBV and sRCBV at each time point.

3.2 Prediction of progression-free survival

We evaluated the ability of DSC MRI to predict PFS among 2D-
T1 non-progressors at weeks 2, 8 and 16 separately using two different
approaches. First, we determined whether percent change in nRCBV
and sRCBYV predict PFS-6 using ROC analysis. There were 12 and 14
patients at week 2 and 8, respectively, whose progression status was
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TABLE 1 Demographic and clinical data for the cohort of 2D-T1 non-progressors with available week 2, week 8 or week 16 DSC-MRI data.
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Location of Primary Tumor

Parietal

Occipital

Basal Ganglia

Cerebellum

Brainstem

Corpus Callosum

Type of Additional Week 2 Week 8 Week 16
Surgery (Initial Surgery (Recur- Treatment DSC-MRI DSC-MRI DSC-MRI

Subject = Age GBM) rent GBM) arm (n=13) (n=15) (n=8)

1 55 Male 90 Subtotal resection None X Bev+CPT-11 0 1 0

2 45 Male 100 Total Tumor None X X Bev+CPT-11 0 1 0
Resection

3 51 Female 80 Total Tumor Total Tumor Resection X Bev+CPT-11 0 1 1
Resection

4 48 Female 70 Subtotal resection None Bev+TMZ 0 1 1

5 36 Male 100 Total Tumor None X X X Bev+CPT-11 0 1 1
Resection

6 62 Male 70 Missing None Bev+CPT-11 0 1 1

7 58 Male 100 Total Tumor Total Tumor Resection X Bev+TMZ 1 0 0
Resection

8 39 Male 80 Total Tumor None X X X X X Bev+CPT-11 1 0 0
Resection

9 74 Female 100 Biopsy only None X X X X Bev+CPT-11 1 0 0

10 68 Female 80 Total Tumor None X Bev+TMZ 1 0 0
Resection

11 64 Male 90 Total Tumor None X X X X Bev+TMZ 1 1 0
Resection

12 60 Female 80 Subtotal resection Subtotal Resection X X Bev+CPT-11 1 1 0

13 43 Female 70 Total Tumor None X X Bev+CPT-11 1 1 0
Resection

14 60 Male 90 Total Tumor Total Tumor Resection X X Bev+TMZ 1 1 0
Resection

15 62 Female 100 Subtotal resection None X X Bev+TMZ 1 1 0

16 23 Male 70 Subtotal resection None Bev+CPT-11 1 1 1

(Continued)
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TABLE 1 Continued

Location of Primary Tumor

p £
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E § = | 2|3 5§ £
o "6 'S 1] [} "‘;; 1]
g' t 5 9 2 c o
© o T ‘© (2]
Type of Additional k& O @ g & 3 Week 2 Week 8 Week 16
Surgery (Initial Surgery (Recur- o 6 Treatment DSC-MRI DSC-MRI DSC-MRI
Subject KPS GBM) rent GBM) o arm (n=13) (n=15) (n=8)
17 58 Female 80 Total Tumor Total Tumor Resection X Bev+CPT-11 1 1 1
Resection
18 43 Male 100 Total Tumor None X Bev+TMZ 1 1 1
Resection
19 51 Male 70 Biopsy only None X Bev+TMZ 1 1 1

KPS, Karnofsky Performance Status; GBM, Glioblastoma Multiforme; DSC-MRI, Dynamic Susceptibility Contrast MR Perfusion; Bev, Bevacizumb; TMZ, Temozolomide; CPT-11, Irinotecan.

The "X" designates which of the 8 identified brain regions were involved with tumor for the particular case.
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TABLE 2 Summary statistics of percent change in nRCBV and sRCBV by time point for the cohort of 2D-T1 non-progressors, overall and stratified by

patient outcome (OS-1 and PFS-6).

Parameter

Mean (SD)

nRCBV sRCBV

Mean (SD)

Median [Rangel]

Median [Range]

All patients 13 -17.1 (54.5) -11.6 [-89.8, 81.8] -16.1 (54.1) -37.4 [-91.5, 86.8]
Alive 5 -52.9 (33.5) -64.7 [-89.8, -11.6] -56.4 (21.6) -51.7 [-91.5, -37.4]
0S§-1
2 Dead 8 52 (54.4) 0.3 [-78.5, 81.8] 92 (53.5) 9.1 [-61.0, 86.8]
No Progression 6 -57.2 (31.7) -69.5 [-89.8, -11.6] -57.2 (19.4) -56.0 [-91.5, -37.4]
PES-6
Progression ! 6 12.7 (48.6) 0.3 [-53.6, 81.8] 7.9 (42.6) 9.1 [-54.2, 61.0]
All patients 15 -20.6 (49.8) -40.5 [-96.1, 68.8] -24.7 (36.8) -19.1 [-93.4, 42.7]
Alive 6 -13.9 (53.8) -38.9 [-65.2, 68.8] -25.2 (23.5) -23.5 [-51.3, 8.2]
0S§-1
8 Dead 9 -25.0 (49.8) -46.8 [-96.1, 55.8] -24.3 (45.0) -19.1 [-93.4, 42.7]
No Progression 10 -32.9 (48.9) -46.8 [-96.1, 68.8] -31.3 (35.5) -41.0 [-93.4, 30.5]
PFS-6
Progression > 4 21.6 (29.2) 16.8 [-3.0, 55.8] 2.7 (27.9) 63 [-19.1, 42.7]
All patients 8 -2.2 (44.7) -11.5 [-53.6, 56.7] -13.7 (27.3) -14.0 [-60.9, 33.8]
Alive 6 -12.9 (44.3) -31.9 [-53.6, 54.7] -22.6 (22.1) -20.6 [-60.9, -0.003]
0S-1
16 Dead 2 29.8 (38.0) 29.8 [3.0, 56.7] 13.2 (29.2) 13.2 [-7.5, 33.8]
No Progression 7 -10.6 (40.9) -26.0 [-53.6, 54.7] -20.5 (20.9) -20.5 [-60.9, -0.003]
PES-6
Progression ° 0 N/A N/A N/A N/A

! Excludes one patient who progressed clinically prior to week 2.
% Excludes one patient deemed by local site to have progressed based on the week 8 scan.

* Excludes one patient deemed by local site to have progressed based on the week 16 scan. After this patient was excluded there were no remaining patients with progression.
nRCBYV, normalized relative cerebral blood volume; sRCBV, standardized relative cerebral blood volume; OS-1, overall survival at 1 year; PFS-6, progression-free survival at 6 months; SD, standard deviation.

N/A, Not applicable.

confirmed after the respective scan and before 6 months. Of those
patients, 6/12 (50%) and 10/14 (71%) were progression-free at 6
months; none of the 2D-T1 non-progressors at week 16 had
progressed at 6 months, precluding ROC analysis (Table 2).
Figure 1 shows the distribution of percent change in nRCBV and
sRCBV at week 2 (A), week 8 (B), and week 16 (C) by PFS-6 status.
Table 3 provides estimates of ROC AUC using PFS-6 as the reference
standard, along with associated 95% confidence intervals. Percent
change in nRCBV and sRCBV at week 2 exhibited high AUC values
(AUC [95% CI] = 0.94 [0.82-1] and 0.92 [0.74-1], respectively),
indicating very good discrimination. Corresponding values at week 8
were lower (AUC [95% CI] = 0.83 [0.59-1] and 0.75 [0.47-1],
respectively). By contrast, 2D-T1 response status (stable vs.
decreasing enhancement) at weeks 2 and 8 was not associated with
PFS-6 in the subset of 2D-T1 non-progressors (p=1.0 and p=0.58,
respectively; cross tabulations not shown).

We also compared time to progression/death after dichotomizing
patients with increase (>0) vs. decrease (<0) in nRCBV and sRCBV. At
week 2, patients with increased blood volume had significantly shorter
PFS compared to patients with decreased blood volume for both nRCBV
(median 1.7 months post week 2 scan vs. 12.6 months, p=0.003) and
sRCBV (median 1.7 months post week 2 scan vs. 12.6 months, p=0.03)
(Figure 2). By comparison, PFS did not differ significantly between
groups based on 2D-T1 response status (median 3.7 months post week
2 scan for decreasing enhancement vs. 6.4 months for stable
enhancement, respectively, p=0.44) (Figure 2). At week 8, neither
percent change in nRCBV (p=0.40), percent change in sRCBV
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(p=0.19), nor 2D-T1 response status (p=0.33) were associated with PFS
(Figure 3). At week 16, there were no patients with increase in SRCBV
which precluded comparison of PES. nRCBV was not predictive of PFS at
week 16 (p=0.09), but 2D-T1 response status was borderline significant
(p= 0.05) (Figure 4); however, PFS did not differ by 2D-T1 response
status among the entire cohort of 2D-T1 non-progressors at week 16
(p=0.66, n=45), of which this small number of patients also with DSC-
MRI data (n=7) was a subset.

These results suggest that at week 2, among 2D-T1 non-progressors,
percent change in nRCBV and sRCBV are good prognostic markers for
both PFS-6 (evaluated as continuous markers) and PFS in general
(dichotomized as increase vs. decrease in rCBV) and outperform the
2D-T1 response criteria. At week 8, neither nRCBV nor sRCBV could
further distinguish PFS in general (dichotomized as increase vs. decrease
in rCBV), and the 2D-T1 response criteria are not useful. At week 16,
nRCBV did not yield a statistically significant difference in PFS
(dichotomized as increase vs. decrease in rCBV), although the sample
size at this time point was small.

3.3 Prediction of overall survival

The ability of percent change in nRCBV and sRCBYV to predict OS
at week 2 and week 16 in the entire patient cohort was previously
described (20); here, we test whether it can predict OS in the subset of
2D-T1 non-progressors. Because no patients progressed at week 2,
our week 2 cohort is identical to that published previously (20), where
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FIGURE 1

Distribution of percent change in normalized rCBV (nRCBV) and standardized rCBV (sRCBV) from baseline to week 2 (A), week 8 (B), and week 16 (C) for
2D-T1 non-progressors by overall survival status at 1 year (OS-1) and progression-free survival status at 6 months (PFS-6).

only OS data were presented. Schmainda et al. showed that percent
change in nRCBV at week 2 differed significantly between patients
who died by 1 year versus those who did not (p=0.045, ROC AUC
[95% CI] = 0.85 [0.62-1]), and that patients with increased nRCBV at
week 2 had poorer OS compared to those with decreased nRCBV
(p=0.002), with a similar finding at week 2 for sSRCBV (p=0.03). For
clarity and ease of presentation, these results are re-incorporated into
the findings for the subset of 2D-T1 non-progressors below.

Figure 1 shows the distribution of percent change in nRCBV and
sRCBV at week 2 (A), week 8 (B), and week 16 (C) by OS-1 status.
Estimates of ROC AUC using OS-1 as the reference standard, along with
associated 95% CIs, are shown in Table 3. Percent change in nRCBV
(AUC [95% CI] = 0.85 [0.62-1]) and sRCBV (AUC [95% CI] = 0.83
[0.58-1]) at week 2 are good prognostic markers of OS-1. AUC estimates
at week 16 were similar but exhibited wider confidence intervals due to
the smaller number of available patients; AUC estimates at week 8 were
poor. Response status as determined by 2D-T1 at weeks 2, 8 and 16 were
not associated with OS-1 (p=1.0, p=1.0, and p=1.0, respectively; cross
tabulations not shown).

At week 2, patients with increased blood volume had significantly
shorter survival compared to patients with decreased blood volume for
both nRCBV (median 3.4 months post week 2 scan vs. not reached,
p=0.002) and sRCBV (median 5.0 months post week 2 scan vs. not
reached, p=0.03), whereas OS did not differ significantly based on 2D-T1
response status (p=0.86) (Figure 2). At week 8, neither percent change in
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nRCBV (p=0.74), percent change in sRCBV (n=0.56), nor 2D-T1
response status (p=0.69) were associated with OS (Figure 3). At week
16, patients with increased sRCBV had significantly shorter survival
compared to patients with decreased SRCBV (median 3.6 months post
week 16 scan vs. not reached, p=0.008), although the same comparison
did not reach statistical significance for nRCBV (p=0.08) (Figure 4). OS
did not differ significantly at week 16 based on 2D-T1 response status
(p=0.21) (Figure 4).

These results suggest that at week 2, among 2D-T1 non-
progressors, percent change in nRCBV and sRCBV are good
prognostic markers for both OS-1 (evaluated as continuous
markers) and OS in general (dichotomized as increase vs. decrease
in rCBV), and again outperform the 2D-T1 response criteria. At week
8, neither percent change in nRCBV or sRCBV nor the 2D-T1
response criteria were predictive of survival. At week 16, percent
change in sSRCBYV is associated with OS, although patient counts are
small; 2D-T1 response status at week 16 was not predictive of survival.

3.4 Prediction of OS using combined 2D-T1
progression status and nRCBV

As an exploratory analysis, we further analyzed the week 16 data

to compare OS using both 2D-T1 response status and percent change
in nRCBV to create a three-tier patient stratification: progression by
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FIGURE 2

Kaplan-Meier curves using week 2 DSC-MRI for time to death (top row) and time to progression or death (bottom row) for T1 non-progressors with
stable versus decreasing enhancement on 2D-T1 (left column), T1 non-progressors with decreasing versus increasing normalized rCBV (nRCBV) (middle
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FIGURE 3

Kaplan-Meier curves using week 8 DSC-MRI for time to death (top row) and time to progression or death (bottom row) for T1 non-progressors with
stable versus decreasing enhancement on 2D-T1 (left column), T1 non-progressors with decreasing versus increasing normalized rCBV (nRCBV) (middle

Time (months)

Time (months)

80 100

60

Proportion Alive
40

20

o

40 60 80 100
1

Proportion Progression-Free
20

sRCBV: OS

i — [n=11] %change<0
- «--+ [n=4] %change >0
p=056

10 20 30
Time (months)

sRCBV: PFS

— [n=10] %change<0
---- [n=4] %change >0
p=019

10 20 30
Time (months)

column), and T1 non-progressors with decreasing versus increasing standardized rCBV (sRCBV) (right column).

Frontiers in Oncology

08

frontiersin.org


https://doi.org/10.3389/fonc.2023.1061502
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Boxerman et al.

10.3389/fonc.2023.1061502

2D-T1: OS nRCBV: 0S8 sRCBV: 0S8
o o o
= — [n=3] Decreasing =1 . — [n=4] %change<0 =7 . — [n=7] %change<0
-++- [n=5] Stable ---- [n=4] %change =0 ---- [n=1] %change=0
=30 Y PPy p=021 2 . p=0.08 2 . p =0.008
o E @ : o E
S = : 2 2
< 8 ........ < % 4 : < 4 :
c = . - .
S S eeeaas . S H —
£ = . € :
g2 g 21 : §8q !
o o : o
o o | : (=3 5
o~ o~ H o~ .
o o 4 : o 4 :
T T T T T T T T T T T T T T
10 20 30 40 0 10 20 30 40 0 10 20 30 40
Time (months) Time (months) Time (months)
2D-T1: PFS nRCBV: PFS sRCBV: PFS
8 S 1=
= — [n=3] Decreasing = — [n=4] %change<0 == — [n=7] %change<0
& -++- [n=4] Stable - ---- [n=3] %change=0 B ---- [n=0] %change=0
L o p=0.05 2 o | p=0.09 L o | p=NA
L o I ® L ®
e N B = L
k=) k=) k=)
2 3 881 % 8-
5 5 : 5
< <4 . 2
o o o o . oo
c <7 c <7 . c <7
S S S
= = . =
[=} o . o
S R S R = S K1
[ o . o
o o o 4 : o 4
T T T T T T T T T T T T T T T
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Time (months) Time (months) Time (months)
FIGURE 4
Kaplan-Meier curves using week 16 DSC-MRI for time to death (top row) and time to progression or death (bottom row) for T1 non-progressors with
stable versus decreasing enhancement on 2D-T1 (left column), T1 non-progressors with decreasing versus increasing normalized rCBV (nRCBV) (middle
column), and T1 non-progressors with decreasing versus increasing standardized rCBV (sRCBV) (right column).

2D-T1 forms one patient group, and percent change in nRCBV is
used to further divide the 2D-T1 non-progressors. As there were no
2D-T1 progressors at week 2 among patients with available DSC-MRI
data, week 16 was selected for this analysis due to the larger number of
2D-T1 progressors (n=33), and a modest number of non-progressors
with available nRCBV data (n=8, 4 with positive change from
baseline). The survival curves for the stratification are shown in
Figure 5. Overall, a statistically significant difference in OS was
observed between the three defined groups (p=0.005). OS did not
differ significantly between 2D-T1 progressors and 2D-T1 non-
progressors with positive change in nRCBV (median survival 3.3

months post week 16 scan vs. 9.2 months, respectively; p=0.13),
suggesting that 2D-T1 non-progressors with increasing nRCBV may
have a prognosis like that of 2D-T1 progressors. However, this result
would require validation with a larger sample size.

4 Discussion

To our knowledge this is the first study that looks at the
utility of CBV in T1 non-progressors, specifically addressing the
issue of pseudoresponse in recurrent glioblastoma treated with

TABLE 3 Empirical ROC AUC for percent change in nRCBV and sRCBV by time point and patient outcome (OS-1 and PFS-6) among the cohort of 2D-T1

non-progressors.

Outcome

ROC AUC [95% Cl]

2 13 0.85 [0.62-1] 0.83 [0.58-1]
08-1 8 15 0.63 [0.32-0.94] 0.54 [0.23-0.85]
16 8 0.83 [0.45-1] 0.83 [0.45-1]
2 12 0.94 [0.82-1] 0.92 [0.74-1]
PFS-6 8 14 0.83 [0.59-1] 0.75 [0.47-1]
16 7 N/A! N/A !

"None of the patients with week 16 imaging had progressed at 6 months, thus precluding ROC analysis.
nRCBV, normalized relative cerebral blood volume; sSRCBV, standardized relative cerebral blood volume; ROC AUC, area under the receiver operating characteristic curve; OS-1, overall survival at

1 year; PFS-6, progression-free survival at 6 months.
N/A, Not applicable.
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FIGURE 5

Kaplan-Meier curves for time to death for T1 progressors and T1 non-
progressors with increasing versus decreasing nRCBV at week 16
Visual separation of the curves potentiates 3-tier survival stratification,
and an interpretation paradigm for recurrent GBM shortly after
Bevacizumab whereby patients with progressive enhancement are
deemed treatment failures, and change in rCBV further distinguishes
relative successes from failures.

antiangiogenic therapy. Our results suggest that CBV can be used
to distinguish outcomes in T1 non-progressors when measured
early (2 weeks) and later (16 weeks) after treatment initiation with
bevacizumab. The inability to show a difference at 8 weeks is
consistent with another single center study (17) and requires
further exploration of the underlying pathophysiology at this
post-treatment time point (20). Our results identify a potential
benefit of bevacizumab in a subset of patients. This is consistent
with the consensus amongst neuro-oncology practitioners that
bevacizumab plays an important role in the treatment of
glioblastoma (28), supported by key evidence from several
clinical studies.

Although the utility of bevacizumab in glioblastoma is
controversial, there is some evidence of efficacy in small subgroups.
For example, in a multicenter retrospective study of 814 patients who
received bevacizumab for first or second recurrence of glioblastoma
initially treated with standard therapy, one patient out of twelve could
be classified as a long responder (median OS of 31.1 months from the
start of bevacizumab) (10).

In a study of 168 primary glioblastoma patients receiving
standard therapy followed by bevacizumab and/or CCNU at first
recurrence, treatment with bevacizumab was associated with
improved survival in patients with large tumor 2D-T1
measurements: median OS for patients treated with bevacizumab
without and with CCNU was 6.71 (n=27) and 6.97 (n=36) months,
respectively, versus 4.03 months (n=10) with CCNU alone. Survival
advantage from bevacizumab treatment was observed only among
patients with large tumor burden (29).

In a study of the effect of bevacizumab on survival of glioblastoma
patients > 66 years using the Survival, Epidemiology, and End Results
(SEER)-Medicare database, bevacizumab exposure was associated
with a lower risk of death, providing evidence that there might be a
potential benefit in elderly patients with glioblastoma that appeared
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independent of the number of temozolomide cycles or frontline
treatment with radiotherapy and temozolomide (9).

In a study of 962 bevacizumab-treated glioblastoma patients, 28
(2.9%) long-term survivors (post-bevacizumab initiation OS >3 years)
were identified, suggesting that a small portion of glioblastoma
patients can achieve long-term survival on bevacizumab therapy (30).

Despite the potential benefit of bevacizumab for a subset of patients,
clinical trials have consistently shown that while bevacizumab confers a
PFS benefit, it fails to demonstrate an OS benefit for newly diagnosed (5,
6) or recurrent (7) glioblastoma. These results, reported en masse and
using standard imaging only, have failed to identify a subset of patients
that may benefit. This is likely due to use of standard imaging that is not
able to distinguish true response from pseudoresponse. The phenomenon
of pseudoresponse observed with anti-angiogenic agents like
bevacizumab relates to the reduction of contrast agent extravasation
and discernible tumor enhancement independent of cytotoxic or
cytostatic effect. By comparison, CBV measurements are independent
of enhancement status, and several single institution studies using DSC-
MRI have identified patients that do benefit from bevacizumab.

We explored a three-tier patient stratification that demonstrates how
both standard imaging and CBV may be used in a stepwise fashion to
assess treatment response. Progression by 2D-T1 forms one patient
group, and percent change in nRCBV is used to further dichotomize
the 2D-T1 non-progressors. With this approach, subsets of responders
can be identified early after treatment initiation. Specifically, we know
from the ACRIN 6677 central reader study that 2D-T1 progression while
on bevacizumab is associated with poor OS (16). Applying nRCBV
analysis in the non-progressors yields two additional survival
stratifications (3-tier survival). Though there was a statistically
significant difference in OS between the three defined groups, OS did
not differ significantly between 2D-T1 progressors and 2D-T1 non-
progressors with positive change in nRCBV. This suggests that 2D-T1
non-progressors with increasing nRCBV may have a prognosis more
similar to that of 2D-T1 progressors than to that of the 2D-T1 non-
progressors with decreasing nRCBV, further emphasizing the utility of
perfusion MRI as an adjunct to conventional contrast enhanced imaging.
While the analysis was done for the 16-week data because we had enough
2D-T1 progressors and non-progressors, a similar analysis could not be
performed at 2 weeks since there were no 2D-T1 progressors at this
earlier time point. We presume that a similar relationship would hold at 2
weeks, but this would have to be formally tested.

A limitation of the current analysis is the small sample size,
particularly at week 16. This is primarily due to the limited number of
patients who agreed to the optional DSC-MRI component of the ACRIN
6677/RTOG 0625 parent trial. Restricting these patients to those without
progression by 2D-T1 and with evaluable DSC-MRI at both baseline and
the time point in question further reduced the available number of
patients. However, despite the limited number of patients, our analyses
detected a signal for DSC-MRI among 2D-T1 non-progressors. It should
also be noted that presented analyses were post hoc and were not pre-
specified in the ACRIN 6677-RTOG 0625 protocol. Thus, significant
findings will require validation in a larger study.

In conclusion, for GBM patients treated with bevacizumab, early
post-treatment imaging biomarkers which can predict response and
afford opportunity to select alternative therapies are potentially
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important. Measures of rCBV using DSC-MRI provide information
complementary to standard imaging and seem particularly relevant
for this purpose in the context of anti-angiogenic treatments with the
corresponding potential of pseudoresponse.
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