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Abstract: Individuals with glioblastoma are often characterized by older age, advanced
neurologic manifestations at the primary stage, and unresectable tumors, and these factors
are associated with poor treatment outcomes. Administration of bevacizumab (BV, Avastin®)
promotes tumor regression and improves cerebral edema, and is expected to improve neuro-
logic findings in many patients with malignant gliomas, including glioblastoma. Although the
addition of BV to the conventional standard therapy (chemoradiotherapy with temozolomide)
for newly diagnosed glioblastoma prolonged the progression-free survival time and the perfor-
mance status of patients, it failed to extend overall survival time. However, more than 50% of
glioblastoma patients show Karnofsky performance status =70 at initial presentation; therefore,
BV should be used to improve or maintain their performance status as an initial treatment.
Most of the adverse events of BV, except hypertension and proteinuria, occur as complications
of glioblastoma, and explanation of the advantages and disadvantages of BV administration
to patients is important. Herein, the efficacy, safety, and challenges of using BV for treating
glioblastoma were reviewed.
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Introduction

Glioblastoma has one of the worst prognoses among the various carcinomas, with a
5-year survival rate of ~10%.' Standard therapy for glioblastoma is to remove as much
tumor as possible without compromising neurologic function, followed by maintenance
with concomitant temozolomide (TMZ) and radiation therapy (RT, focal radiation with
60 gray). The results of a Phase I1I study conducted by the European Organization
for Research and Treatment of Cancer (EORTC) and the National Cancer Institute
for Canada (NCIC) comparing RT + TMZ to RT alone in patients with primary glio-
blastoma showed that overall survival (OS) was significantly longer in the RT + TMZ
group (14.6 months) than in the RT alone group (12.1 months).>*

Most patients are diagnosed with glioblastoma within 3 months after symptom
onset. One therapeutic challenge is that these patients show neurologic manifestations
and have low performance status (PS) at initial presentation. At onset, Karnofsky PS
(KPS) scores of 100/90 and 80 were found in 25% and 19% of patients, respectively,
and KPS =70 was found in 50% of patients. Therefore, PS in more than 50% of
patients is already low during the primary diagnostic stage.'

Glioblastoma promotes secretion of vascular endothelial growth factor (VEGF),
which induces vascularization and increases capillary permeability of the blood—brain
barrier, subsequently causing extracellular edema.** Bevacizumab (BV) (Avastin®;
Hoffman-La Roche Ltd., Basel, Switzerland) is a humanized monoclonal antibody
targeting VEGF and was first approved in the US for glioblastoma in 2009.° Block-
ing the VEGF pathway restores the abnormal tumor vasculature to a more normal
state, reducing vascular permeability and the regional cerebral blood volume around
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the tumor” in addition to decreasing peritumoral edema. Tra-
ditionally, steroids have been used to control brain edema in
patients with brain tumors and ~30%—70% of patients who
received BV were reported to reduce their steroid doses.®®
BV is a useful drug for glioblastoma patients especially
those with poor PS as BV markedly reduces cerebral edema
and improves PS.'%!" In this article, the efficacy and adverse
events of BV are reviewed.

Bevacizumab for newly-diagnosed

glioblastoma

A Phase III comparative study of RT + TMZ + placebo
versus RT + TMZ + BV was conducted to verify the
additional effect of BV versus TMZ alone in patients with
newly-diagnosed glioblastoma. The AVAglio study® was
conducted in European and Asian countries and in the US,
and the RTOGO0825 study'? was conducted mainly in the US.
Progression-free survival (PFS) was 10.6 months in the BV
group compared to 6.2 months in the placebo group in the
AV Aglio study, showing a significant PFS prolongation in
the BV group (hazard ratio [HR] 0.64, P<<0.001). Although
PFS in the BV group was also prolonged in the RTOG0825
study (7.3 vs 10.3 months) (HR 0.79, P=0.007), the prespeci-
fied difference (P<<0.004) was not satisfied. In addition, no
significant difference was observed in OS between groups
in either the AVAglio study (16.7 vs 16.8 months) or the
RTOGO0825 study (16.1 vs 15.7 months). In both studies, the
aim had been to prove the advantage of combination therapy
with TMZ and BV; however, both clinical trials failed to
prove this from the perspective of prolonged survival.

Patients with insufficient tissue at biopsy for genetic
analysis were excluded from the RTOGO0825 study. The
treatments (BV or placebo) were assigned to patients in such
a way that neither the doctors nor the patients were aware of
which treatment was assigned to which patient. After recur-
rence, the trial became open, and BV was administered if
needed. In the RTOGO825 study, patients were assigned to
groups based on the expression level of nine genes thought
to be prognostic factors.!* BV was administered to 30% and
40% of patients in the placebo group after recurrence in the
AV Aglio study and in the RTOGO0825 study, respectively.
Thus, the crossover effect may have contributed to nondif-
ferences in survival between the groups.

Most clinical studies are conducted in patients with
KPS =60-70. In fact, patients with KPS =90 accounted for
70% of the study population in the AV Aglio study. However,
patients with KPS =90 accounted for only 20%-30% of
all patients with newly-diagnosed glioblastoma in clinical

situations, as mentioned previously.' Therefore, it is impor-
tant to recognize the extreme difference in patients between
clinical studies and the clinical setting. The HR for survival
in the AVAglio study was 0.95 (95% confidence interval
[CI]: 0.77-1.19) in patients with an Eastern Cooperative
Oncology Group (ECOG) PS score of 0 (KPS equivalent,
90-100), while it was 0.84 (95% CI: 0.69—1.04) in patients
with ECOG PS score of 1-2 (KPS 60-80),® suggesting that
among patients with low PS at the primary stage, OS might
be prolonged by combined use of BV. In patients from
this same study who did not receive post-study treatment
due to low PS or other reasons, OS was 11.6 months in the
RT + TMZ + BV group, while it was reported as 8.0 months
in the RT + TMZ group (P=0.01).

In the AVAglio study, the time maintaining KPS =70
was 6 months in the placebo group, while it was significantly
prolonged to 10 months in the BV group,® suggesting another
advantage of BV administration at the primary stage.

In both studies, health-related quality of life (HRQOL)
was evaluated using EORTC QLQ-C30/BN-20. Global
health status, physical functioning, social functioning, motor
dysfunction, and communication deficits were evaluated in
the AVAglio study, and no =10-point change during the
time before recurrence was observed in either group.'* In the
meantime, deterioration-free survival, which was defined as
avoiding quality of life reductions of more than 10 points,
recurrence, and death, was significantly prolonged in the RT +
TMZ + BV group. However, only global health status, social
functioning, and communication deficit recurrence were
prolonged in the RT + TMZ + BV group in the evaluation
of time to deterioration, excluding recurrence and death from
the events. In particular, the report indicated a lowered QOL
score at the time of recurrence as an important finding.'*

On the other hand, the results of the RTOG0825 study
indicated the opposite result seen in the AV Aglio study, show-
ing a decrease of cognitive function' as well as HRQOL score
in the RT + TMZ + BV group until week 34 from baseline.'®
The end point of HRQOL was defined as the time to overt
deterioration in the AVAglio study, while it was defined as
differences in score during a certain period after treatment
initiation in the RTOGO0825 study. As shown earlier, in addi-
tion to the difference in analytical methods between studies,
it is important to note that the difference in survey response
rate (AVAglio study: 80% vs RTOG0825: 60%) may affect
the results. Therefore, it is still unclear if BV improves QOL
in patients with newly-diagnosed glioblastoma.

Glioblastoma is classified into proneural, mesen-
chymal, and proliferative types by molecular markers
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based on microarray analysis.'” Only in patients with the
proneural type tumor with IDH1 wild type was OS in the
RT + TMZ + BV group significantly prolonged compared to
OS in the RT + TMZ + placebo group (17.1 vs 12.8 months,
HR 0.63, P=0.045)."® However, no difference in OS was
observed, while PFS was prolonged in the mesenchymal
type with a high expression level of VEGF. Presence/absence
of MGMT promoter methylation did not have any effect
on the efficacy of BV. Further investigation is necessary
for elucidating biomarkers indicating which gliomas will
respond to BV.

Administration of BV to patients with glioblastoma has
been of concern because it can cause an increase of infiltra-
tion while it suppresses enlargement of the tumor; however,
prospective examination of changes in the images in the
AVAglio study revealed that BV did not cause any difference
in the pattern of tumor invasion at the time of recurrence."
Diffuse type is found in 61% of patients with glioblastoma
at initial presentation. OS of patients with nondiffuse type
was reported as 20.1 and 18.4 months in the RT + TMZ + BV
group and the RT + TMZ + placebo group, respectively,
indicating prolongation of survival time in patients with
nondiffuse type (P=0.03, HR 0.76). Moreover, no difference
in survival time was observed between groups even though
patients with nondiffuse type at initial presentation turned
out to have diffuse type at the time of recurrence.'

Bevacizumab for recurrent

glioblastoma

The efficacy of BV monotherapy was demonstrated
when patients in the RT + TMZ group experienced a
recurrence.*?2° Before the BV era, PFS, the 6-month PFS
rate, OS, and 1-year OS in patients with recurrent glioblas-
toma were reported as ~2—3 months, 9%—-28%, ~6 months,
and 14%-32%, respectively.” PFS, 6-month PFS rate, and
OS after BV therapy in patients with recurrent glioblastoma
were reported as 2—4 months, 20%—50%, and 7—12 months,
respectively.?’

In the Brain study, the first large-scale study conducted
in the US, BV monotherapy for patients with recurrent glio-
blastoma resulted in a response rate of 28.2%, a 6-month PFS
rate 0f42.6%, and median OS of 9.2 months.?! No difference
in cognitive function during the time to recurrence due to
administration of BV was reported.?®

Previous research has indicated that the efficacy of BV
monotherapy correlates with a patient’s PS, and the effect of
BV was less in patients with KPS <70.%3° However, patients
with very low KPS were also reported to improve function

and quality of life and be able to continue treatment at the
outpatient clinic.!!

The half-life of BV is ~3 weeks, and 10 mg/kg or 15 mg/kg
of BV is administered every 2 weeks or 3 weeks, respectively;
in other words, 5 mg/kg of BV is administered per week. No
differences in PFS and response rate were reported even when
low-dose BV (5 mg/kg/3 weeks) was administered.?® More
favorable outcomes were reported when low-dose BV (less
than 5 mg/kg/week) was administered.> The optimal dose
of BV for glioma patients should be determined.

The BELOB study was a randomized Phase Il compara-
tive study and the first study to compare CCNU (lomustine)
to BV versus CCNU or CCNU + BV.** OS rate at 9 months
in the CCNU group (50 cases), the BV group (46 cases), and
the CCNU (90 mg/m? or 110 mg/m?) + BV group (52 cases)
was 43%, 38%, and 59%, respectively, and OS was 8§, 8,
and 11 months, respectively. PFS rate at 6 months was 43%,
38%, and 59%, and PFS was 1, 3, and 4 months, respectively.
Response rate in the BV monotherapy group was higher than
that in the CCNU monotherapy group. Although no differ-
ence in OS was observed among groups, OS was prolonged
in the CCNU + BV group compared to the CCNU or BV
monotherapy group. In this study, BV monotherapy failed to
show superiority to CCNU monotherapy. These results lead
to a randomized Phase 111 study comparing CCNU alone to
CCNU + BV, conducted using CCNU as a standard therapy
drug for patients with first recurrent glioblastoma.

Various clinical studies of BV + concomitant drug(s)
have been conducted in patients with recurrent glioblastoma.
However, promising results have not yet been obtained from
combinations of BV with TMZ,34% BCNU, ¢ fotemustine,’-*8
irinotecan,?'** or carboplatin.***?

BV is reported to be effective for treating radiation
necrosis.* Re-irradiation of patients with glioblastoma who
received radiation therapy as primary therapy may lead to
radiation necrosis as a serious adverse event. However, a
combination of BV and re-irradiation was reported to be
effective.*

Clinical studies of various drugs have been conducted
in patients with recurrent glioblastoma; however, thus far
an effective therapy has been elusive. No difference between
electric field therapy using Novo TTF and other active che-
motherapies was reported;* thus, Novo TTF was approved
as a medical device. PFS was reported to be ~4 months
after administration of BV at the first recurrence and the
second or third recurrence.**® Some researchers suggest
administering BV with palliative intent to patients with
recurrent glioblastoma.
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Rapid enlargement of tumor or cerebral edema (rebound)
after termination of BV has been reported,’' thus, admin-
istration of BV beyond progression is considered useful
even after recurrences. In fact, the results of a randomized
comparative study after recurrence in patients with colorectal
cancer demonstrated prolonged survival in the BV-continuing
group.’>> Reardon et al retrospectively examined patients
who experienced recurrence after administration of BV.
OS in patients without treatment, patients treated with a
non-BV regimen, and patients who continued BV therapy
was 1.5, 4.0, and 5.9 months, respectively (HR 0.64, P=0.04),
indicating efficacy of “Beyond PD (BPD)” therapy even in
patients with glioblastoma.’* However, BV continuation
did not have any significant effect on PFS, or OS, or any
clinical improvement in comparisons of BV-continuing
groups to BV-ceasing groups® conducted in patients with
a first recurrent glioblastoma after a comparative study of
BV vs BV + carboplatin.*® Currently, a BPD study is being
conducted in patients who were enrolled in the AVAglio
study, assigning those patients after recurrence into a BV
group or a placebo group.

Adverse events of bevacizumab
Serious adverse events from BV include hypertension,
arterial and venous thrombosis, intracerebral hemorrhage
including tumor hemorrhage, proteinuria, delayed wound
healing, and gastrointestinal perforation.?’” The rate of these
grade 3/4 adverse events according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 3.0 for newly-diagnosed patients treated with
TMZ + BV*'? and recurrent patients treated with single
BV2:2325 were reported as 1%—11%/4%—16% (hyperten-
sion), 2%—8%/3%—6% (arterial and venous thrombosis),
1%—-2%/0% (intracerebral hemorrhage), 5%/0%—-3%
(proteinuria), 1%—3%/0%—-2% (delayed wound healing),
and 1%/0%—2% (gastrointestinal perforation). Other than
hypertension and proteinuria, these adverse events are often
reported as adverse events resulting from glioblastoma
itself or its complications; thus, these adverse events are
often likely to occur during BV administration. It is neces-
sary to explain to patients the possibility that these adverse
events may occur as complications of glioblastoma during
BV administration, and patients should be fully briefed on
the importance of BV therapy and its asscociated adverse
events.

Glioblastoma, like other brain tumors, can cause tumor
hemorrhage with an incidence of ~2%.!%¢ Khasraw et al
reported no significant difference in incidence of intracerebral

hemorrhage between patients with glioblastoma or metastatic
brain tumors treated with and without BV (3.7% vs 3.6%).%’

Up to 20% and 30% of patients with glioblastoma were
reported to experience venous thrombosis in the periopera-
tive period and during chemotherapy, respectively, as PS
is lowered due to paralysis.® Nalluri et al indicated that
BV increased the risk of venous thrombosis by 1.3-fold in
patients with cancer; thus, patients with glioblastoma should
receive anticoagulant therapy. If BV is administered to
patients with glioblastoma with a high risk of cerebral
hemorrhage while providing anticoagulant therapy, further
increases in the risk of cerebral hemorrhage is a concern.
Although previous reports have indicated that BV does not
contribute to the incidence of intracerebral hemorrhage while
patients are receiving anticoagulant therapy,**®! caution is
necessary because an intracerebral hemorrhage is often a
life-threatening event.

Administration of BV doubled the risk of cerebral infarc-
tion or myocardial infarction compared to patients who did
not receive BV.®*% The incidence of cerebral infarction
was reported to be ~9% in patients with glioma because of
surgery, chemotherapy, or radiation therapy.®* Fraum et al
reported no difference in the incidence of cerebral infarction
with BV or without BV.*

Hypertension is a common adverse event of BV. In their
meta-analysis, Ranpura et al reported that the incidence of
hypertension due to BV was 23.6% and the incidence of grade
3/4 severe hypertension was 7.9%.% BV may cause hyperten-
sion because of glomerular injury due to occlusion of micro-
arteries in the kidney or a reduction in the production of nitric
oxide in the arterial wall.®® Some reports confirm the cor-
relation between the administration of BV for glioblastoma

and hypertension,*” ¢

while at least one report refutes it.”
Thus, the issue remains unresolved.

Proteinuria is an adverse event caused by impairment of
glomerular endothelial cells due to BV.”' Regular urinalysis
during outpatient visits is essential since proteinuria may
lead to nephrotic syndrome or renal failure. According to
the meta-analysis conducted by Wu et al, the incidence of
grade 3/4 severe proteinuria was 2.2%.” Both proteinuria
and hypertension have been reported to occur even under
low-dose administration of BV (2.5 mg/kg).

Clark et al reported a high complication rate (35%) in
patients undergoing craniotomy after BV therapy, including
delayed wound healing and infection, along with an increased
risk of delayed wound healing in patients undergoing cran-
iotomy within 28 days of BV administration.” Abrams
analyzed a number of papers to examine an association
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between administration of BV and wound healing, and
reported it was necessary to perform craniotomy 4 weeks
after cessation of BV therapy, and a 2-week interval after
craniotomy is necessary before re-initiation of BV.™

Conclusion

Although the usefulness of BV administration in patients
with newly-diagnosed glioblastoma is partly supported by
results such as prolongation of time maintaining KPS =70,
active administration of BV at the primary stage remains
controversial because optimal treatment after recurrence has
not been established. Since the administration of BV at the
primary stage failed to prolong survival, RT + TMZ remains
the standard therapy for glioblastoma. RT + TMZ therapy
should be performed in patients with KPS =90, consider-
ing the possible adverse events of BV. As most patients
with glioblastoma have poor KPS at the primary stage, BV
should be administered to patients with poor KPS at initial
presentation because BV appears to increase or preserve their
PS. Most of the adverse events of BV occur as complica-
tions of glioblastoma itself, leading to low PS scores. It is
therefore crucial to explain to these patients the advantages
and disadvantages of BV administration.
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