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Abstract

BACKGROUND: Although newly diagnosed high-grade glioma patients in Japan can
receive bevacizumab (BEV) as first-line chemotherapy, randomized clinical trials have
not shown a survival benefit for BEV for these patients. In this study, we investigated
whether selective add-on BEV for patients with newly diagnosed glioblastoma (GBM)
and anaplastic astrocytoma (AA) improves prognosis, in cases where tumors were
continuously growing during radiotherapy concomitant with temozolomide (TMZ).
METHODS: We conducted a retrospective survey of the overall survival (OS) of
patients with GBM/AAs who were treated in our institution between 2006 and 2016.
Patients whose tumors were continuously growing regardless of radiotherapy were
categorized as the “progressive” group; remaining patients were categorized as the
“non-progressive” group. Since 2013, patients in the “progressive” group received
add-on BEV therapy with the Stupp regimen during or just after radiotherapy.
RESULTS: Of 151 GBM/AA patients, 34 (22.5%) were categorized in the “progressive”
group. Median OSs of the “progressive” and “non-progressive” groups were 13.2
months and 25.3 months, respectively (P < 0.001). Twelve patients in the “progressive”
group received add-on BEV therapy, and their median OS was 20.2 months; whereas for
the remaining 22 patients in the “progressive” group who were treated before the BEV
era, their median OS was 10.5 months. In the “progressive” group, add-on BEV
significantly extended OS (P = 0.018) and was the lone clinical factor of better
prognosis.

CONCLUSIONS: We found that, for patients with GBM/AAs whose tumors were
continuously growing during radiotherapy, add-on BEV treatment resulted in survival

benefits.
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Introduction

Because of some promising results in uncontrolled clinical trials ! 2, Bevacizumab
(BEV) - a humanized monoclonal antibody that inhibits vascular endothelial growth
factor (VEGF) - has been approved in Japan since 2013 for the treatment of primary
high-grade glioma. However, for newly diagnosed glioblastoma (GBM) patients who
received BEV as first-line chemotherapy with the ordinary Stupp regimen 3, two
large-scale international phase 11 clinical trials failed to demonstrate an improvement in
overall survival (OS) % °. Therefore, in patients with high-grade glioma, the effect of
angiogenesis inhibition on OS is probably limited, and it is disputable whether BEV
should be administered to all patients with primary high-grade glioma. In our institution,
we do not currently administer BEV as first-line chemotherapy to patients with
high-grade glioma; but patients whose tumors were continuously growing despite
radiotherapy concomitant with temozolomide (TMZ) were selectively treated with
add-on BEV during or immediately after radiotherapy. In this study, we retrospectively
investigated whether this “selective” add-on BEV chemotherapy improved the
prognosis of patients with aggressive high-grade astrocytoma, as compared to the

prognosis of patients in the pre-BEV era.



Materials and Methods

Patients

In this retrospective study, we analyzed 151 adult patients with newly diagnosed GBM

and anaplastic astrocytoma (AA) who were treated in our institution between 2006 and

2016 with conventional radiotherapy and concomitant TMZ according to the Stupp

regimen. Patients with anaplastic oligodendroglioma and oligoastrocytoma, which was

defined based on World Health Organization 2007 criteria, were excluded. Also

excluded were patients with clinical secondary GBM, patients with pediatric glioma

who were under 18 vyears of age, and patients whose tumors were not

histopathologically confirmed. Additionally, patients who received hypofractionated

radiotherapy (34 Gy/10 Fr) were excluded as well, even if they also received TMZ

chemotherapy.

Imaging

Each patient underwent magnetic resonance imaging (MRI) with T1-weighted,

T2-weighted, fluid-attenuated inversion recovery (FLAIR) and T1-weighted with

contrast enhancement preoperatively, within 48 hours postoperatively, at the midpoint of

the radiotherapy, and the end of radiotherapy. Tumor volumes and extent of resection



were calculated by the planimetry method using 5-mm slice axial TIWI with contrast
enhancement, as described previously °. In cases of tumors without obvious contrast
enhancement, tumor volumes were assessed in the hyperintense area of the FLAIR
images. Extent of tumor resection was estimated by the volumetric change between
preoperative and postoperative tumor volume. Resection rate was defined as the
percentage of resected tumor volume in the preoperative tumor volume. In needle
biopsy cases, extent of resection was defined as 0%. Evaluation of imaging was
conducted independently by a neuroradiologist who was blinded to the clinical course.
The calculations of extent of tumor resection rate were performed by a neurosurgeon

(Y.1.) who was blinded to the course of the operation.

Treatments

After histopathologic confirmation, patients received conventional localized
radiotherapy (54-60Gy) concomitant with TMZ according to the Stupp regimen 3 within
21 days postoperatively. Beginning in June 2013, BEV was approved for malignant
glioma, if the contrast-enhanced tumor and/or hyperintense area in T2/FLAIR images
appeared to evidently increase compared to postoperative MRI. In these cases, patients

also received BEV (10 mg/kg every 2 weeks) as add-on chemotherapy with the Stupp



regimen. Patients who received BEV during radiotherapy were continuously treated

with TMZ and BEV in the maintenance phase after irradiation.

Evaluation and statistical analysis

R statistical software, version 3.0.3, was used to conduct all statistical analyses and
create graphical images. We evaluated clinical information including age at onset, sex,
tumor volume, extent of resection, preoperative Karnofsky performance status (KPS)
score, and isocitrate dehydrogenase (IDH) mutation. IDH mutation was assessed by
direct sequencing for IDH-1 codon 132 and IDH-2 codon 172. O%-methylguanine DNA
methyltransferase (MGMT) expression status was evaluated by immunohistochemical
(IHC) analysis at the diagnosis, as described previously "8, Chi-square tests, Welch’s
tests, and Wilcoxon rank-sum tests were applied for comparison between groups. Study
endpoint was OS, which was measured from the day of the first surgery. Survival curves
were described using the Kaplan-Meier method and compared by the log-rank test. Cox
proportional hazards models were also applied for survival analysis. All patients were

followed in our institution until death or last visit.

Results



Patient characteristics

Since 2006, 151 patients with GBM (N = 111) and AA (N = 40) were treated in our

institution according to the Stupp regimen, of whom 34 (22.5%) progressed during the

period of radiotherapy. Table | shows the characteristics of these 34 patients, who were

categorized as the “progressive” group; the remaining 117 patients were categorized as

the “non-progressive” group.

In the “progressive” group, 26 GBMs and eight AAs were initially diagnosed,

and no statistical significance was observed histopathologically between the

“progressive” group and the “non-progressive” group (P = 0.66; chi-square test).

Additionally, no statistical significance was observed among each group in age at onset,

sex, or preoperative tumor volume. Conversely, some differences were observed

between the two groups in terms of preoperative clinical performance status and extent

of tumor resection. Preoperative KPS scores of the “non-progressive” group were better

than the scores of the “progressive” group (P = 0.02). Moreover, median values of

extent of tumor resection were clearly different between two groups: 36.4% in the

“progressive” group and 93.0% in the “non-progressive” group (P < 0.001). Gross total

resection, defined as more than 98% resection, was achieved in 47 of 117 patients

(40.2%) in the “non-progressive” group, whereas in only 4 of 34 patients (11.8%) in the



“progressive” group. Conversely, only biopsy, which extent of resections were less than

25 %, were performed in 15 patients (13.2%) in the “non-progressive” group and in 15

patients (44.1%) in the “progressive” group. Extent of tumor resection was apparently

associated with the risk of progression during radiotherapy.

In 115 patients, IDH mutation could be investigated. In the “non-progressive”

group, 10 of 90 patients (10%) were identified as having IDH mutation, whereas

IDH-mutated astrocytoma was not included in the “progressive” group. In addition, 101

of 151 cases were evaluated by MGMT expression status in this series. In the

“non-progressive” group, approximately half of cases showed negative expression of

MGMT, and the other half showed positive expression. Conversely, in the “progressive”

group, 18 of 24 assessed cases (75%) showed positive expression of MGMT.

Poor prognosis of patients with progressive disease during radiotherapy

Figure 1 shows the differences in OS of all 151 patients with AA/GBM according to

tumor progression during radiotherapy concomitant with TMZ. Overall prognosis of

patients in the “progressive” group was significantly worse than that of patients in the

“non-progressive” group (P < 0.001). Median OS of the “progressive” group and the

“non-progressive” group was 13.2 months and 25.3 months, respectively. Indisputably,



the prognosis of the “progressive” group was dismal.

Prognostic effect for add-on BEV application for progressive tumor during radiotherapy
concomitant with TMZ

As described above, 34 patients had tumor progression during radiotherapy and were
categorized as the “progressive” group; of these, 12 patients could be applied BEV. Of
these 12 patients, two were histologically diagnosed with AA and 10 were histologically
diagnosed with GBM. Five patients started BEV in the middle of radiotherapy; the other
seven started BEV just after radiotherapy. In 11 of 12 patients, contrast-enhanced and
T2/FLAIR hyperintensity lesions were decreased after BEV administration (Fig. 2);
however, one patient did not have an observable response despite BEV administration
and died at 4.7 months. Before the BEV era, 22 patients in the “progressive” group were
treated; of these, six had AA and 16 had GBM. In this group, six patients (27%) did not
receive adjuvant TMZ maintenance therapy after irradiation because of poor
performance status.

Figure 3 shows the prognostic differences of the “progressive” group according
to chemotherapy. The prognosis of patients who received add-on BEV was significantly

better than that of patients who were treated before BEV approval (P = 0.018). The



median OS of the former group and the latter group were 20.2 months and 10.5 months,
respectively. Furthermore, Cox proportional hazards models showed that add-on BEV

was the lone clinical factor for improved prognosis in the “progressive” group (Table

).

Discussion

The management of GBM and AA remain enormously challenging. Despite the
development of several promising molecular target drugs, including BEV, currently no
drugs verifiably improve the survival of patients with GBM and AA. Nonetheless, BEV
has been met with hopeful anticipation because it can cause a rapid decrease in
contrast-enhancing tumors and in perifocal tumor edema °. Our study showed that
selective add-on BEV during radiotherapy for “progressive” GBM and AA has a
reasonable treatment strategy and could extend patient OS. After BEV is approved
outside Japan for the treatment of primary high-grade glioma, many other institutions
may adopt this strategy; however, to our knowledge, ours is first retrospective survey to
show the efficacy of “selective” BEV administration for primary GBM/AAs.

Since BEV as first-line chemotherapy for primary GBM did not show a

significant improvement in OS * ° we recommend against administering BEV as



first-line chemotherapy for all patients with GBM/AAs. Therefore, it is very important
to select the appropriate patients who could likely benefit from first-line BEV therapy.
Several studies investigated the efficacy of first-line chemotherapy for unresectable
malignant glioma %12, In 2014, a phase Il trial in France (TEMAVIR) was performed to
determine whether neoadjuvant and/or adjuvant BEV and irinotecan could improve
prognosis for unresectable GBM . In 2016, phase Il trial in Spain (GENOM 2009)
studied the efficacy of add-on BEV on radiotherapy concomitant with TMZ for
unresected GBM 0. Unfortunately, neither of these trials showed extension of OS with
first-line BEV. Although a single retrospective study from Japan reported improved OS
for patients with malignant glioma without cytoreductive surgery 2, we should consider
that first-line BEV cannot always improve patient outcomes even if residual tumor is
observed before chemo-radiotherapy. However, in this series, the extent of resection and
resection rate were strong clinical factors between the “progressive” group and the
“non-progressive” group. Therefore, the existence of residual tumor should be a
particularly noticeable factor to watch out for early progression during radiotherapy.
Patient selection by molecular aspects should also be considered. Based on the
phase 111 AVAglio trial, subsequent translational research showed that G-CpG island

methylator phenotype (CIMP)-“proneural” GBMs benefitted from BEV and TMZ



chemotherapy 2. It will be potentially valuable if patients likely to benefit from add-on
BEV can be selected according to these morphologic subgroups. However, such detailed
morphologic information on tumors is rarely available before radiotherapy. Although
Methyl-Guanine-Methyl-Transferase (MGMT) methylation status is another strong
biomarker for GBM, especially under the Stupp regimen 4, no survival benefit of
add-on BEV was observed, even for unmethylated MGMT GBMs “. In our series, we
did not evaluate MGMT methylation status, but we did evaluate MGMT expression
status by IHC. Although the IHC approach to evaluate the expression level of MGMT is
still controversial 1°, MGMT positive expression theoretically corresponds to
unmethylated MGMT 28, We previously demonstrated good correlation between MGMT
expression status and survival of GBM patients and proposed evaluation procedure’. In
this series, among the assessed cases, the “progressive group” contained a large
population of GBM/AAs with positive expression of MGMT. However, although a
small population, some GBM/AAs with negative expression of MGMT showed
progression during primary radiotherapy concomitant with TMZ. Presently, it would be
difficult to select patients with primary GBM/AAs who are likely to benefit from
add-on BEV. Therefore, patients whose tumors are continuously growing during

radiotherapy with the Stupp regimen might be selectively administered add-on BEV



treatment. Notably, no cases with IDH-mutated GBM/AAs were observed in the
“progressive” group; therefore, IDH mutation status might be an important factor to
predict clinical course in the early-stage treatment of GBM/AAs.

In our study, 11 of 12 patients (92%) in the “progressive” group with BEV
achieved tumor regression after BEV administration, and all 12 received maintenance
TMZ and BEV therapy after irradiation. In contrast, six of 22 patients (27%) in the
“progressive” group without BEV did not receive maintenance TMZ therapy after
irradiation because of poor clinical status. Selective add-on BEV therapy might sustain
patient conditions during and/or just after irradiation, leading to improved OS in the
“progressive” group.

It is important to note that, in this study, pseudo-progression cases might be
included in the “progressive” group. The existence of pseudo-progression cases is a
potential limitation. Pseudo-progression may occasionally develop at a relatively early
stage after radiotherapy and it is sometimes difficult to distinguish pseudo-progression
from true recurrence. In addition, some previous reports demonstrated the efficacy of
BEV for the treatment of symptomatic pseudo-progression 1" 8 In this series, we
applied add-on BEV for radiologically progressive disease during radiotherapy;

therefore, some cases might be pseudo-progressions rather than true early progressions.



This retrospective survey showed that BEV can potentially improve the OS of
patients with GBM/AAs who have very poor prognoses. Additionally, from an
economic standpoint, selective administration of BEV for primary GBM/AAs should be
considered. This strategy should be verified by prospective trials or multi-center,

large-scale retrospective surveys.

Conclusions
Our retrospective survey showed that patients with GBM and AA whose tumors were
continuously growing during radiotherapy concomitant with TMZ might obtain survival

benefits from the administration of add-on BEV.
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Table I.— Patient characteristics

Age

Sex

tumor volume

Preoperative

KPS

Extent of

resection

Resection rate

Histopathology

IDH mutation

MGMT

expression

mean
Women/Men
mean (ml)

=70%

80-100%
Gross  total
(>98%)
Subtotal
(90-98%)
Partial
(25-90%)
Biopsy (<25%)
Median (%)

GBM

AA

positive

“Progressive”
group
(n=34)

58.6
15/19
38.0

17

17

10

15
36.4 %

26

0/25 (0%)

18

“Non-progressive”

group (n=117)

58.5
60/57
45.2

33

84

47

27

28

15
93.0 %

85

32

9/90 (10%)

39

p-values

0.95

0.46

0.12

0.02

<0.001

<0.001

0.66



negative 6 38

not analyzed 10 40

AA, anaplastic astrocytoma; GBM, glioblastoma multiforme; IDH, isocitrate
dehydrogenase; KPS, Karnofsky Performance Status; MGMT, O®-methylguanine DNA

methyltransferase



Table II.— Cox proportional hazards model on overall survival in the ‘progressive”

group
Hazard Ratio 95% CI P-value

Age 1.02 0.989 — 1.054 0.196
Sex Men 1.892 0.833-4.295 0.128
Preoperative KPS >80% 1.418 0.659-3.052 0.372
Extent of resection 1.003 0.993-1.013 0.547
Malignancy Grade IV~ 1.576 0.592-4.195 0.363
Add-on BEV yes 0.345 0.138-0.866 0.023

BEV, bevacizumab; CI, Confidence Interval; KPS, Karnofsky Performance Status



TITLES OF FIGURES
Figure 1.— Kaplan-Meier curve of overall survival according to tumor progression
during radiotherapy for patients with glioblastoma and anaplastic astrocytoma (P <

0.001).

Figure 2—Representative case of the “progressive group” treated by add-on BEV. A
36-year-old man presented with right hemiparesis. Serial MRIs were laid out (uppers
are T1-weighted images with contrast enhancement; lowers are FLAIR images). (A)
MRI at onset. Tumor is mainly located in the left cingulate gyrus and invaded to the
corpus callosum and the contralateral deep frontal lobe. He underwent open biopsy and
was diagnosed with anaplastic astrocytoma, IDH wild. (B) MRI shows apparent
progression in the midpoint of radiotherapy concomitant with TMZ. His clinical status
also got worse. He received add-on BEV from this point. (C) MRI conducted 1 month
after add-on BEV treatment. Tumor clearly decreased in size, and the patient’s
neurological condition also improved. (D) MRI conducted 10 months after onset;

treatment with maintenance TMZ and BEV therapy. Tumor size remained stable.

Figure 3.—Kaplan-Meier curve of overall survival in the “progressive” group according
to first-line chemotherapy. The prognosis of patients who received add-on BEV
therapy (blue line) was significantly better than that of patients who did not receive

BEV therapy (green line) (P = 0.018).












	BEV for early PD glioma v22 JNSS style_revised
	Fig 1
	Fig 2
	Fig 3

