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Disease progression patterns of bevacizumab
responders with recurrent malignant gliomas
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Abstract. Tumor progression in patients with recurrent
malignant glioma who respond to bevacizumab (BEV) is
difficult to assess. The current study reviewed the clinical and
radiological results of patients following a BEV-based chemo-
therapy regimen, and evaluated disease progression patterns
in patients who responded to BEV therapy. From August 2011
to November 2015, 24 patients (18 glioblastoma cases and 6
anaplastic astrocytoma cases) were treated with BEV-based
chemotherapy. In total, 6 patients were treated with BEV
alone and 18 patients were treated with BEV combined with
irinotecan. The male-female ratio was 10:14, and the median
age was 47.5 years (range, 29-69). Patient performance status
(PS) was classified using the Eastern Cooperative Oncology
Group PS scores as follows: PS 1 (n=3), PS 2 (n=9), PS 3
(n=9) and PS 4 (n=3). Treatment-associated complications
were also analyzed according to the National Cancer Institute
Common Terminology Criteria for Adverse Events version
4.0. Treatment responses were estimated using the Response
Assessment in Neuro-Oncology Criteria. Progression-free
survival (PFS) following treatment, patterns of disease
progression and overall survival following treatment failure
were also analyzed. The median PFS was 2.8 months (range,
0.6-10.1). In total, 2 patients did not continue treatment due to
rectal bleeding and severe hematologic toxicity. Amongst the
BEV responders (n=16, 72.7%), there was clinical deterioration
without significant radiological progression in 2 patients (n=2,
12.5%). Radiological progression of non-enhancing lesions
without enhancement flare-ups was observed in 6 patients
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(42.9%). A total of 3 of those lesions were diffuse and 3 were
focal. Increased lesion enhancement was observed in 8 patients
(57.1%). Of the non-responders (n=6, 27.3%), diffuse enlarge-
ment of non-enhancing lesions was detected in 2 patients and
an increase in lesion enhancement occurred in 4 patients.
BEV complete responders (n=3) radiologically progressed
with enlarged T2/fluid attenuation inversion recovery lesions
without enhancement, followed by enhancement flare-ups.
Following BEV treatment failure, § patients received a number
of adjuvant treatments and the overall survival was 4.5 months
(range, 0.4-34.0). Clinical symptoms and radiological altera-
tions of non-enhancing lesions must be evaluated in order to
assess tumor progression in the BEV responders, particularly
in patients who have achieved complete remission.

Introduction

Bevacizumab (BEV; Avastin®) is a monoclonal humanized
antibody that targets vascular endothelial growth factor
(VEGF). BEV-based chemotherapy has resulted in an objec-
tive radiological response of 19.6-37.8% and a median response
duration of 3.0-11.0 months in high-grade gliomas (1-4). Even
with the high radiological response rates to anti-angiogenic
therapy, the majority of patients develop progressive disease
within a year of treatment. Following treatment, alternative
VEGF-independent pro-angiogenic growth factors may be
activated, resulting in tumor resistance and aggressive tumor
characteristics (5,6).

Following anti-angiogenic treatment, the blood-brain
barrier may be restored (5). Contrast enhancement in
T1-weighted magnetic resonance images (MRI) and hyper-
intensity in T2/fluid attenuation inversion recovery (FLAIR)
images may be reduced, which causes the early detection
of tumor progression to be challenging. In order to evaluate
responses to an anti-angiogenic treatment such as BEV,
MRI results, including T1-weighted images with contrast
enhancement and T2/FLAIR images, and clinical status
must be considered according to the Response Assessment
in Neuro-Oncology (RANO) criteria (7). However, there are
certain vague aspects in determining tumor progression that
only use the RANO criteria as this criteria does not assess the
degree of T2/FLAIR alteration.
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Tumor progression is difficult to identify in BEV responders
with recurrent malignant glioma. Certain patients exhibit
clinical deterioration without definitive radiological progres-
sion, and other patients exhibit progressive enlargement of
non-enhancing lesions without neurological deterioration.
Therefore, the present study reviewed clinical and radiological
results following BEV-based chemotherapy, and evaluated
patterns of disease progression in the BEV responders.

Materials and methods

Patient clinical and tumor characteristics. Between August
2011 and November 2015, surgery was performed on 6 patients
with anaplastic astrocytoma and 18 patients with glioblas-
toma, which were classified according to the World Health
Organization criteria 2007 (8). The Institutional Review
Board of Chonnam National University Hwasun Hospital
(CNUHH-2016-052; Chonnam, Korea) approved the current
study. Patient characteristics are summarized in Table I. The
male-female ratio was 10:14 and the median age was 47.5 years
(range, 29-69).

As an initial study, the extent of tumor removal was
assessed using postoperative MRI, and removal using three
subgroups was classified as follows: Gross total resection (no
obvious residual tumor), subtotal resection (residual tumor,
<50%) and partial resection (residual tumor, =50%). Tumors
were completely removed from 6 patients (25.0%) and partially
removed from 13 patients (54.2%). Biopsies were performed in
5 patients (20.8%). A total of 19 patients underwent surgery
followed by radiotherapy and concomitant temozolomide
chemotherapy. In total, 5 patients received surgery followed
by radiotherapy alone. The median radiation dose was 59.4 Gy
(range, 50.4-60.0). As adjuvant treatment prior to BEV-based
chemotherapy, surgical resection was performed for recurred
lesions in 6 patients, and chemotherapeutic regimens were
as follows: Treatment with temozolomide was administered
to 10 patients; procarbazine, CCNU and vincristine (PCV)
regimens were administered to 9 patients; metronomic
temozolomide was administered to 3 patients; an ifosfamide,
carboplatin and etoposide (ICE) regimen was administered
to 1 patient. Gamma knife radiosurgery was performed on
3 patients and a single patient received additional radiation.

The patients were regularly treated using BEV
(10 mg/kg body weight) alone or in combination with irino-
tecan (125 mg/m?) every 2 weeks. In total, 6 patients received
BEV-only chemotherapy and 18 patients received BEV
combined with irinotecan.

Treatment responses following BEV-based chemotherapy
were estimated using the RANO criteria (7). The RANO
criteria divides tumor responses into four types based on
alterations in MRI and clinical features: Complete response
(CR), partial response (PR), stable disease (SD) and progres-
sive disease (PD). A target lesion was defined as a primary
tumor site including any peritumoral edema and a new lesion
was defined as a spatially-separate tumor within the brain.
Radiological progression patterns were divided into dominant
enhancing and non-enhancing lesions, according to the altera-
tions in T1-enhancing and T2/FLAIR MRI images (Fig. 1).
Non-enhancing lesion progression patterns were diffuse or
focal. Additionally, clinical deterioration was considered a
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Table 1. Clinical and radiological characteristics of patients
who received BEV-based chemotherapy.

A, Characteristics of all patients

Variable n=24 (%)
Gender
Male 10 (41.7)
Female 14 (58.3)
Median age 47.5 years (range, 29-69)
Pathology
Glioblastoma 18 (75.0)
Anaplastic astrocytoma 6 (25.0)
ECOG PS
1,2 3,9 (50.0)
3,4 9,3 (50.0)
BEV chemotherapy
Alone 6(25.0)
Combined with Irinotecan 18 (75.0)
Treatment-associated
complications (CTCAE 4.0)
Neutrophil loss
Grade 4 2
Grade 3 1
Grade 2 2
Hypertension
Grade 3 1
Platelet loss
Grade 2 1
Hemorrhoid bleeding
Grade 2 1
Epistaxis
Grade 1 2
General muscle weakness
Grade 1 3
Urticaria
Grade 1 1
B, Response evaluation
Variable n=22 (%)
Best response (RANO criteria)
Complete response 3(13.6)
Partial response 10 (45.5)
Stable response 3(13.6)
Progressive disease 6(27.3)

Progression-free survival,
months

Median, 2.8 (range, 0.6-10.1)

C, Disease progression patterns in BEV responders

Variable n=16 (%)
Only clinical progression 2 (12.5)
Only radiological progression 5@31.3)
Clinical and radiological progression 9(56.2)
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Table I. Continued.

D, Radiological disease progression in BEV responders

Variable n=14 (%)

Target lesions

Dominant enhancing lesions

Dominant non-enhancing lesions
Diffuse
Focal

New lesions
Dominant enhancing lesions
Dominant non-enhancing lesions

8 (57.1)
6 (42.9)

[NOI SR S OS BN}

E, Radiological progressive disease in BEV non-responders

Variable n=6 (%)
Target lesions
Dominant enhancing lesions 4 (66.7)
Dominant non-enhancing lesions 2(33.3)
Diffuse 2
Focal 0
New lesions 2
Predominant enhancing lesion 1
Predominant non-enhancing lesion 1
Subependymal enhancement 9/20 (45.0)

CTCAE, National Cancer Institute Common Terminology Criteria
for Adverse Events version 4.0; RANO, Response Assessment in
Neuro-Oncology; BEV, bevacizumab.

recurrence pattern. Ventricular subependymal enhancement
was analyzed as evidence of cerebrospinal fluid dissemination
on brain imaging studies.

Toxic effects were assessed using the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.0 (CTCAE), with a score of 1 indicating mild adverse
effects, 2 indicating moderate adverse effects, 3 indicating
severe adverse effects, 4 indicating life-threatening adverse
effects and 5 denoting mortality-associated with the adverse
effects. Physical examinations, including neurological exams,
blood pressure measurements and laboratory tests of blood
and urine, were performed biweekly. Eastern Cooperative
Oncology Group (ECOG) performance status (PS) scales were
used to assess patient disease progression and to determine the
appropriate treatment prognosis (9).

Statistical analysis. Follow-up durations were expressed as
the median average and range. The effects of single variables
on progression-free survival (PFS) and overall survival (OS)
rates were determined using univariate analyses. Single vari-
ables included pathologic grade, chemotherapeutic regimen,
radiological progression pattern, associated subependymal
enhancement and salvage treatment following BEV-based
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chemotherapy. PFS was calculated from the initiation of
BEV-based chemotherapy to clinicoradiological disease
progression; OS was calculated from the time of failure to
respond to BEV-based chemotherapy to the date of mortality
(or the last follow-up visit). PFS and OS probabilities were
estimated using the Kaplan-Meier method and compared
using log-rank tests. All statistical analyses were performed
using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Tumor response and toxicity of BEV-based chemotherapy.
Prior to BEV-based treatment, the ECOG PS scores were 1 in
3 patients, 2 in 9 patients, 3 in 9 patients and 4 in 3 patients.
In total, 2 patients discontinued treatment due to chemo-
therapy-associated complications that included rectal bleeding
and severe hematologic toxicity following a single administra-
tion of BEV combined with irinotecan. A total of 22 patients
received a median of 6 cycles (range, 2-18) of BEV, and treat-
ment responses were analyzed using the RANO criteria. The
objective tumor response rates were 13.6% CR, 45.5% PR,
13.6% SD and 27.3% PD. It was considered that CR, PR and
SD were BEV-responsive, but PD was BEV-non-responsive.

According to CTCAE version 4.0, patients exhibited
chemotherapy-associated complications, including grade 4
(n=2), grade 3 (n=1) and grade 2 (n=2) decreases in neutrophil
counts, grade 3 hypertension (n=1), grade 2 platelet loss (n=1),
grade 2 hemorrhoid bleeding (n=1), grade 1 epistaxis (n=2),
grade 1 general muscle weakness (n=3) and grade 1 urticaria
(n=1; Table I). Severe grade 3 and 4 toxicities occurred in
4/24 patients (16.7%).

The median PFS was 2.8 months (range, 0.6-10.1) following
BEV-based chemotherapy. Depending on the pathology, the
median PFS times were 3.2+0.4 months for patients with
glioblastoma and 2.7+1.5 months for patients with anaplastic
astrocytoma (P=0.482; Fig. 2A). For chemotherapeutic regi-
mens, the median PFS of patients who received BEV alone
was 2.3+1.7 months, and that for patients who received BEV
combined with irinotecan was 2.8+0.5 months (P=0.823;
Fig. 2B).

Patterns of disease progression following BEV-based chemo-
therapy. Patterns of disease progression are summarized in
Table I and Fig. 1. In BEV responders, clinical progression
without definitive radiological progression was observed in
2/16 patients (12.5%). In total, 5 patients (31.3%) exhibited
only radiological progression and 9 patients (56.2%) exhibited
clinical and radiological progression.

For radiological progression in BEV responders, target
lesions were dominant enhancing tumors in 8/14 patients
(57.1%), and were non-enhancing tumors in 6/14 patients
(42.9%). Out of the 6 patients with non-enhancing tumors,
3 had diffuse lesions and 3 had focal lesions. New lesions
developed in 4 patients, of which 2 were enhancing lesions
and 2 were non-enhancing lesions. For radiological disease
progression in BEV non-responders, target lesions were domi-
nant enhancing tumors in 4/6 patients (66.7%) and were diffuse
non-enhancing tumors in 2 patients (33.3%). New lesions were
observed in 2 patients, of which 1 was enhancing and 1 was
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Figure 1. Radiological progression patterns according to T1-enhancing and T2/FLAIR MRI images. (A) Dominant enhancing lesion. (B) Diffuse T2/FLAIR
non-enhancing lesion without an enhancement flare-up. (C) Focal T2/FLAIR non-enhancing lesion without an enhancement flare-up. (D) Associated subepen-
dymal enhancement (red arrow). CE, contrast enhancement; FLAIR, fluid attenuation inversion recovery; MRI, magnetic resonance imaging.
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Figure 2. Kaplan-Meier curves for PFS rate. (A) Depending on pathology, the median PFS of patients with glioblastoma was 3.2+0.4 months, and that of
patients with anaplastic astrocytoma was 2.7+1.5 months (P=0.482). (B) Depending on the chemotherapeutic regimen, the median PFS of patients who received
BEYV alone was 2.3+1.7 months, and that of patients who received BEV combined with irinotecan was 2.8+0.5 months (P=0.823).
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C. Enlarged non-enhancing lesion

. Enhancement flare-up

Figure 3. The radiological progression patterns in BEV complete responders. (A) The pre-treatment state is presented. (B) In a complete response following
BEV-based chemotherapy, all enhancing lesions disappeared and the non-enhancing lesions improved without new lesions. (C) In radiological progression, the
T2/FLAIR lesion was enlarged (red arrow) despite stable enhancing lesions. (D) In radiological progression, enlarged T2/FLAIR lesions with enhancement
flare-ups (sky blue arrow) were observed. CE, contrast enhancement; BEV, bevacizumab; FLAIR, fluid attenuation inversion recovery.

non-enhancing. Subependymal enhancement was associated
with 9/20 patients (45.0%), and included BEV responders and
non-responders.

The radiological progression patterns in BEV complete
responders. All enhancing lesions disappeared in the BEV
complete responders (n=3), and non-enhancing lesions
improved without any new lesions developing (Fig. 3).
T2/FLAIR lesions enlarged in cases of radiological progres-
sion despite stable enhancing lesions, which were associated
with clinical deterioration in 2 patients and not associated with
clinical deterioration in 1 patient. All enlarged T2/FLAIR
lesions with enhancement flare-ups were associated with
clinical deterioration.

The overall survival rate following failure of BEV-based
chemotherapy. The median OS was 4.5 months (range,
0.4-34.0) following BEV-based chemotherapy failure. In
total, 8 patients (36.4%) received salvage therapies, including
metronomic temozolomide (n=3), ICE chemotherapy (n=2),
additional radiation therapy (n=2), PCV (n=1) and gamma
knife radiosurgery (n=1). A total of 14 patients received
supportive care. The median OS for patients who received
salvage therapy was 5.1+0.7 months, as compared with

3.0+0.7 months for patients who received supportive care
(P=0.297). According to radiological progression patterns, the
median OS was 4.5+0.4 months for patients with dominant
enhancing lesions, 4.4+2.6 months for patients with diffuse
non-enhancing lesions and 3.3+0.8 months for patients with
focal non-enhancing lesions (P=0.749; Fig. 4A). The median
OS in patients with associated subependymal enhancement
was 3.0+0.6 months, as compared with 5.1+0.5 months for
those without subependymal enhancement (P=0.072; Fig. 4B).

Discussion

Malignant glial tumors are highly vascular and have
increased expression levels of VEGF, which binds to VEGF
receptors and promotes endothelial cell proliferation and
tumor angiogenesis (10). Anti-angiogenic therapy exhibits
anti-tumor effects via inducing endothelial cell apoptosis,
inhibiting novel vessel formation and decreasing tumor
perfusion, which then results in tumor starvation (11).
During initial treatment, abnormal tumor vasculature may
be transiently normalized by reducing blood vessel diam-
eter and permeability, which subsequently increases tumor
perfusion, reduces interstitial pressure and improves tumor
oxygenation (12). At this stage, the effects of radiotherapy
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Figure 4. Kaplan-Meier curves for OS rate. (A) According to radiological progression patterns, the median OS was 4.5+0.4 months for patients with predomi-
nant enhancing lesions, 4.4+2.6 months for patients with diffuse non-enhancing lesions and 3.3+0.8 months for patients with focal non-enhancing lesions
(P=0.749). (B) The median OS for patients with associated subependymal enhancement was 3.0+0.6 months, and 5.1+0.5 months for patients without subep-
endymal enhancement (P=0.072). PES, progression-free survival; OS, overall survival; BEV, bevacizumab.

and cytotoxic chemotherapeutic agents may potentially be
improved (12). Augmentation of host immunity may also
occur upon reducing VEGF-mediated immune suppression,
which in turn improves the effects of immunotherapy (13).
Augmentation of BEV-mediated benefits has been attempted
using chemotherapeutic agents, targeted therapy and irradia-
tion (4,12,13). A previous study identified that BEV combined
with CCNU improved the 6-month PFS rate to 41%, as
compared with 18% for BEV alone (4). However, these
combination therapies failed to improve survival beyond that
conferred by monotherapy, which is explained by the effect
of BEV decreasing drug delivery to the tumor (14). Finally,
adaptive resistance promotes mesenchymal transition and
increased invasiveness in response to BEV treatment (6). In
the present study, BEV combined with irinotecan improved
survival rates, as compared with BEV alone, although this
was not to a statistically significant extent.

The majority of retrospective studies suggest that BEV
may modestly improve patient outcomes (4,14,15). In the
current study, the median PFS was 2.8 months. Responses
to anti-angiogenic therapy occur rapidly, and tumor and
edema volumes have been established to decrease within
6 weeks of therapy initiation (16,17). Anti-angiogenic therapy
targeting the VEGF signaling pathway may promptly reduce
vessel permeability and contrast media extravasation. This
rapid and transient radiological alteration is called a ‘pseu-
doresponse’ (16,17). The decrease in edema was rapid and
sustained, even following tumor progression. Tumor progres-
sion also occurs without necrosis, which differs from the
recurrence patterns observed following treatment with other
chemotherapeutic agents. Anti-angiogenic treatments have
focused on brain tumor imaging in order to accurately define
tumor responses and progression (16,17).

The radiological findings of BEV-induced chemotherapy
responders differ from the typical radiological results of patients
who did not receive BEV-based chemotherapy, as aforemen-
tioned. Enlargement of non-enhancing lesions with decreased
or stable enhancing lesions are a typical relapse progression
pattern following BEV-based chemotherapy, compared with
typically deteriorating enhancing lesions following non-BEV
chemotherapy (18,19). Flare-up of enhancing lesions and clin-
ical deterioration without significant radiological alterations
are observed in BEV chemotherapy responders. These char-
acteristics were introduced into the revised RANO criteria (7).
Enlarged T2/FLAIR lesions, despite stable enhancing lesions,
are frequently present in BEV chemotherapy responders. The
use of RANO criteria to assess responses would effectively
estimate tumor progression, compared with other criteria that
do not consider T2/FLAIR MRI results. The RANO criteria
are reported to allow disease progression detection ~1 month
earlier, as compared with criteria that do not account for
T2/FLAIR imaging (20). However, these criteria do not state
the degree of T2/FLAIR alterations required to define tumor
progression, and these results may be treatment-associated
alterations, including perioperative ischemia, inflamma-
tion, post-radiation demyelination and leukoencephalopathy.
Furthermore, patterns of progression may differ amongst
patients with malignant glioma (21). In the current study,
clinical deterioration without definitive radiological altera-
tions were detected in 12.5% of patients. Enlarged dominant
enhancing lesions were noted in 57.1% of BEV-responders
and non-enhancing lesions were observed in 42.9% of BEV
responders. Among the radiological results, patients with
tumors that had associated subependymal enhancement
suggesting dissemination of tumor cells into the cerebrospinal
fluid had a poor OS, as compared with patients with tumors
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lacking enhancement (P=0.072). Notably, the radiological
progression of BEV complete responders primarily demon-
strated progressive enlarged T2/FLAIR lesions, despite stable
enhancing lesions with or without clinical deterioration.
Enlarged T2/FLAIR lesions with enhancement flare-ups
were associated with clinical deterioration in all patients. The
progression of non-enhancing lesions may delay detection of
treatment failure, particularly in BEV complete responders.
This delay may potentially lead to an aggressive phenotype
and be a negative prognostic factor.

Pharmacological inhibition of VEGF induces tumor
hypoxia and the growth of bone marrow-derived cells, which
then promotes the alternative angiogenesis pathway and
tumor growth (22). Considering this, tumors may be more
invasive and aggressive following anti-angiogenic treatment
and, therefore, alternative salvage treatments must be consid-
ered following BEV-based chemotherapy failure. In one
previous study, the median OS of patients was 5.6 months
with heterogeneous salvage treatments following BEV
failure, which was not reduced compared with that of the
historical salvage treatments (18). In the present study, the
median OS of patients was 4.5 months following BEV-based
chemotherapy failure. A total of 8 patients (36.4%) received
salvage therapies, which resulted in a median 5.3 month
OS compared with a 2.6 month OS in the supportive care
group.

In conclusion, for patients treated with BEV-based chemo-
therapy, caution is required to determine tumor progression
based on clinical and radiological alterations. In certain cases,
clinical deterioration without radiological alterations suggested
tumor progression. Additionally, tumor progression through
increased non-enhancing lesions was observed in numerous
BEV-responders. Clinical symptoms and radiological altera-
tions of non-enhancing lesions must be evaluated in order to
assess tumor progression in the BEV responders, particularly
those patients who experienced a complete response.
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