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ABSTRACT

Introduction: Hypoxia-induced autophagy leads to an increase in vasculogenic-mimicry (VM) and the
development of resistance of glioblastoma-cells to bevacizumab (BEV). Chloroquine (HCQ) inhibits autoph-
agy, reduces VM and can thus produce a synergistic effect in anti-angiogenic-therapy by delaying the
development of resistance to BEV.

Purpose: We retrospectively compared the combined addition of HCQ+BEV and adjuvant-radiochemother-
apy (aRCT) to aRCT alone for recurrent-glioblastoma (rGBM) in regards of overall survival (OS).

Methods: Between 2006 and 2016, 134 patients underwent neurosurgery for rGBM at our institution.
Forty-two patients (Karnofsky-Performance-Score>60%) with primary-glioblastoma underwent repeat-sur-
gery and aRCT for recurrence. Four patients (9.5%) received aRCT+HCQ+BEV. Five patients
received aRCT-+BEV.

Results: In rGBM-patients who were treated with aRCT+HCQ+BEV, median OS was 36.57 months and
median post-recurrence-survival (PRS) was 23.92 months while median PRS in the control-group was 9.63
months (p=0.022). In patients who received aRCT+BEV, OS and PRS were 26.83 and 12.97 months,
respectively.

Conclusions: Although this study was performed on a small number of highly selected patients, it dem-
onstrates a synergistic effect of HCQ+BEV in the treatment of rGBM which previously could be demon-
strated based on experimental data. A significant increase of OS in patients who receive aRCT+HCQ+BEV
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cannot be ruled out and should be further investigated in randomised-controlled-trials.

Introduction

Glioblastoma multiforme (GBM) accounts for 12-15% of all
brain tumours' and is associated with an extremely poor diagno-
sis despite extensive efforts to improve treatment options.
Median survival is 14.6 months in patients receiving current
standard treatment.” GBM has an incidence rate of 2 to 3 new
cases per 100,000 population per year. People aged between 50
and 70 years account for the majority of new cases.’

Current standard treatment for patients younger than 65 years
consists of a combination of radiotherapy at a total radiation
dose of 54-60Gy and chemotherapy with temozolomide in
accordance with the Stupp protocol. Since the publication of a
study by Perry et al., a combination of radiotherapy and chemo-
therapy has considerably gained in importance in the manage-
ment of elderly patients with methylated O6-methylguanine-
DNA methyltransferase (MGMT) status.* Prior to the study by
Perry et al., elderly patients with GBM were commonly treated
with radiotherapy alone. Hypermethylation of MGMT was found
to have a favourable influence on prognosis.”® Treatment with
tumour-treating fields, which involves the use of electromagnetic
fields, was reported to increase overall survival (OS) time from
16 months to 20.9 months.”

Novel targeted therapies, which have been successfully estab-
lished in the management of other tumour entities, have thus far
not led to a significant improvement in the survival of GBM
patients. Especially anti-angiogenic treatment with bevacizumab,
a monoclonal antibody to vascular endothelial growth factor
(VEGF), did not notably increase OS (16.8 versus 16.7 months;
p=0.10) in a phase III trial. It was only associated with signifi-
cantly longer progression-free survival (PFS: 8.4 versus 4.3
months; p<0.001). For this reason, bevacizumab was not
approved in Europe as a treatment for GBM.*® Bevacizumab,
however, was found to reduce oedema associated with radi-
ation necrosis.'’

In an experimental study, Reyes et al. investigated an entirely
different treatment approach and were able to show that quina-
crine, which, like chloroquine, is a quinolone derivative, is effect-
ive against GBM cells."' Reyes and colleagues implanted C6 rat
glioma cells into rats that then underwent chemotherapy with
carmustine (bis-chloroethylnitrosourea; BCNU). They found that
the addition of a quinolone derivative substantially increased the
antineoplastic effect of carmustine.

This finding was confirmed by Briceno et al. and Sotelo et al.
in two prospective randomised studies on GBM patients who
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Figure 1. Using the P13K/mTOR signalling pathway shown in this figure, glioblastoma cells produce growth factors such as VEGF. VEGF binds to receptors on endothe-
lial cells and stimulates endothelial cell migration and proliferation. This mechanism enables glioblastoma cells to induce tumour angiogenesis and thus to increase
nutrient supply. Bevacizumab is a monoclonal IgG1 antibody to VEGF and binds to both free VEGF molecules and VEGF receptors on endothelial cells. As a result, bev-
acizumab can block tumour angiogenesis and restrict nutrient supply to the tumour. Glioblastoma cells, however, are able to make bevacizumab ineffective by induc-
ing vasculogenic mimicry (VM). VM can be regarded as a resistance mechanism that is induced by autophagy processes, which in turn can be inhibited by

chloroquine.

received combined radiochemotherapy with carmustine and in
addition adjuvant chloroquine (150 mg/day) (Briceno et al.'*: OS
33 versus 11 months; Sotelo et al.'”: OS 24 versus 11 months).
The study by Sotelo et al. was a randomised, placebo-controlled
and double-blind trial.

In August 2017, Wu ef al. conducted an experimental study
and offered a possible explanation as to why the addition of bev-
acizumab failed to improve OS in the AVAglio study by Chinot
et al® Wu et al. found that GBM stem cells can change the
angiogenesis of tumour vessels in such a way that angiogenesis is
independent of VEGF - a process referred to as vasculogenic
mimicry.'* As a result, bevacizumab becomes ineffective.
Vasculogenic mimicry can be regarded as a mechanism of resist-
ance of GBM stem cells to bevacizumab and is caused by
hypoxia-induced autophagy. At the same time, inhibition of hyp-
oxia-induced GBM stem cell autophagy was found to delay or
even inhibit vasculogenic mimicry. In an experimental setting,
autophagy was inhibited genetically by the knockout of autoph-
agy-related 5 (ATG5) or ATG9A or pharmacologically by the
administration of chloroquine.'*"?

Mechanisms of autophagy help cells regulate their lifespan in
an energetically efficlent manner by maintaining a balance
between the production and degradation of cell components.
Dysregulation of autophagy is involved in carcinogenesis.
‘Programming errors’ are therefore a potential target for tumour
therapies. In experimental studies, the inhibition of autophagy by
chloroquine was reported to improve the efficacy of temozolo-
mide and radiation therapy. In addition, chloroquine alone was
found to prolong GBM stem cell survival.

These studies also demonstrated a synergistic effect of com-
bined treatment with chloroquine and bevacizumab. In 2012, Hu
and colleagues were the first to explore the hypothesis that
autophagy inhibition has a synergistic effect on anti-angiogenic
therapy.'® This effect is graphically displayed in Figure 1.

In a phase I/II trial, Rosenfeld et al. confirmed that chloro-
quine was able to augment the DNA-damaging effects of temozo-
lomide in GBM patients and showed that 600 mg/day was the
maximum tolerated dose (MTD)."” Experience with chloroquine,
which has been used for the past 60 years in the management of
malaria and rheumatoid disorders, has shown that chloroquine
and its derivative hydroxychloroquine (HCQ), which can cross
the blood-brain barrier, are able to induce the inhibition of cel-
lular autophagy.'® Rosenfeld et al. used electron microscopy to
demonstrate a significant accumulation of intracellular vacuoles
in patients who received HCQ in addition to standard therapy
over a period of 9 weeks. The authors interpreted this finding as
evidence of an augmentation of autophagy inhibition. This was a
dose-dependent effect, which was not achieved at the maximum
tolerated dose of 600 mg of HCQ per day. For this reason, the
American Brain Tumor Consortium (ABTC) 0603 phase I/II
study by Rosenfeld et al. did not show a significant improvement
in survival for patients who received HCQ in addition to radio-
therapy and chemotherapy when compared to patients who
underwent radiotherapy in combination with temozolomide in a
European Organisation for Research and Treatment of Cancer
(EORTC) phase III study.”"”

In the present study, we report our first clinical experience
with the treatment of patients with recurrent GBM using a



combination of bevacizumab and HCQ in addition to standard
therapy on the basis of the Stupp protocol. The objective of this
study was to underline the experimentally observed synergistic
effects of this augmentative pharmaceutical combination due to
clinical setting and to provide a basis for prospective randomised
controlled trials.

Materials and methods

In this single-centre retrospective study, we investigated three
groups of patients who were treated for recurrent glioblastoma at
the Department of Neurosurgery of the University Hospital of
Schleswig-Holstein in Luebeck between 2006 and 2016. The
objective of treatment was to prolong survival and to preserve
the patients’ quality of life (Karnofsky Performance Score >60)."
GBM patients received standard treatment plus bevacizumab
alone or in combination with HCQ for indications other than
those for which the medications are approved. Since this treat-
ment approach was considered appropriate as a salvage therapy
in these individual cases, it was both ethically and legally justi-
fied. The patients or their legally authorised representatives gave
their written informed consent to this form of treatment.

Endpoints

In this study, the primary endpoint was post-recurrence survival
(PRS). The second endpoint was OS of patients undergoing treat-
ment for recurrent GBM with or without additional augmentative
treatment with bevacizumab alone or in combination with HCQ.

Patients

A total of 134 adult GBM patients (over the age of 18 years)
were screened for inclusion in the study. Of these, 52 patients
underwent repeat surgery for recurrence. Ten patients with sec-
ondary GBM were excluded. The remaining 42 patients presented
with primary GBM. Further exclusion criteria were a history of
hepatic or renal dysfunction, haematopoietic disorders, previous
other malignancies, pregnancy, retinopathy, cataract, a Karnofsky
Performance Score <60 or refractory disease concomitant with
the missing response to first-line adjuvant radiochemotherapy.
The inclusion period (2006 —2016) has been selected as a result
of the implementation of the Stupp protocol as the standard of
care in 2006. Moreover, the opportunity for an additional treat-
ment modification was provided since 2006 as well.

At the occurrence of relapse, the option of the additive
administration of bevacizumab and/or HCQ in an adjuvant set-
ting was discussed with the patients and their relatives based on
findings from recent publications if salvage treatment was appro-
priate. Detailed elucidation referring to this individual salvage
treatment approach has been performed in this context.
Therefore, only patients who met the abovementioned inclusion
criteria and those who consented to the offered proceeding were
eligible for inclusion into the first or the second subgroup in the
current study. The control group was composed of GBM patients
at relapse who also met the abovementioned inclusion criteria
but denied further treatment modifications.

The first group of patients (n=4) was treated with a combin-
ation of bevacizumab and HCQ in addition to radiochemother-
apy. The second group of patients (n=5) received only
bevacizumab in addition to the Stupp protocol for radiochemo-
therapy. The control group consisted of 33 patients who were
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Figure 2. Ninety-two of 134 patients were excluded from the study because they
had a Karnofsky Performance Score of <60 or secondary glioblastomas. The
remaining 42 patients with recurrent GBM were included in the study. Of these,
four patients were treated with a combination of bevacizumab and HCQ and five
patients received only bevacizumab in addition to standard therapy according to
the Stupp protocol. The control group consisted of 33 patients who were treated
with standard adjuvant therapy on the basis of the Stupp protocol.

treated with standard adjuvant temozolomide and radiation ther-
apy for recurrent GBM (Figure 2).

Patient characteristics were collected and included age, sex
and comorbidities (i.e. arterial hypertension, type 2 diabetes mel-
litus, and thyroid dysfunction). According to the 2016 World
Health Organization (WHO) classification of brain tumours,
tumour-related patient characteristics are O°-methylguanine-
DNA methyl-transferase (MGMT) status, isocitrate-dehydrogen-
ase 1/2 (IDH1/2) status, the presence or absence of 1p/19q code-
letion, and p53 status. The intracranial location of GBM and the
extent of surgical resection were documented as well.”’

Treatment and response to treatment

Patients received intravenous bevacizumab at a dose of 10 mg/kg
body weight at 3-week intervals. HCQ was administered orally in
tablet form (Resochin) at a dose of 250 mg/day.”' Patients
received bevacizumab alone (n=15) or in combination with HCQ
(n=4) at the aforementioned doses in addition to radiochemo-
therapy for recurrent GBM according to the Stupp protocol.

Treatment was discontinued for 1 week in patients with grade
2 cytopenia as defined by the National Cancer Institute Common
Toxicity Criteria (NCI CTC), version 2.0. Likewise, treatment
was temporarily discontinued in patients with CTC grade 2 or
grade 3 non-haematologic toxicities.”> In these cases, treatment
was resumed once toxicity-related symptoms were consistent
with CTC grade 1 or 0.

Positive treatment response was defined as the persistent
absence of GBM progression under adjuvant therapy. The recom-
mended treatment approach is maximal tumour debulking fol-
lowed by adjuvant therapy that has the objective to maintain the
benefits of surgical resection. Depending on the extent of surgical
tissue removal, patients have a biopsy only, or a partial, subtotal
or complete resection.

Patients underwent routine cranial magnetic resonance imag-
ing (cMRI) every 3 months at follow-up examinations. When
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patients showed worsening signs and symptoms, radiological
assessments were performed earlier. Clinical follow-up examina-
tions were performed at 2-week intervals or at shorter intervals
when patients presented with therapy-associated toxicities or
tumour progression.

Statistical analysis

PRS was calculated from the date of treatment initiation and OS
from the time of initial diagnosis. Survival was estimated using
the Kaplan-Meier method. The log-rank test was used for com-
paring groups. All statistical analyses were conducted with
GraphPad Prism 6 and SPSS. We performed a separate subgroup
analysis of patients receiving bevacizumab (alone or in combin-
ation with HCQ) as a salvage treatment that was considered
appropriate in these individual cases.

Patient characteristics

Of the 42 GBM patients who were included in the study, nine
(21.43%; three males and six females, median age: 49 vyears,
range: 32-61 years) received bevacizumab in addition to com-
bined radiotherapy and chemotherapy for recurrent GBM. Four
of these nine patients were treated with a combination of bevaci-
zumab and HCQ in addition to radiochemotherapy. The other
five patients received additional treatment with bevacizu-
mab alone.

None of the patients who received additional treatment had
type 2 diabetes mellitus or thyroid disease. Three of the four
patients who were treated with a combination of bevacizumab
and HCQ and one patient who received standard therapy and
bevacizumab alone had arterial hypertension. In the control
group of patients (n=33) who underwent radiochemotherapy

Table 1. Patient characteristics.

alone, there were 13 patients (39.4%) with arterial hypertension,
6 patients (18.2%) with type II diabetes mellitus, and 1 patient
(3.0%) with thyroid disease. The presence of comorbidity did not
have a significant influence on prognosis.

Complete tumour resection was possible in six of the nine
patients who were treated additionally to radiochemotherapy.
Partial resection was achieved in two patients and subtotal resec-
tion in one patient. In the control group, 23 of the 33 GBMs
were completely resected. Subtotal resection was achieved in
seven patients and partial resection in a further three patients. A
stereotactic biopsy was not performed in the control group
(Table 1).

Five of the nine GBMs that were treated with bevacizumab
involved the parietal lobe, three GBMs the frontal lobe, and one
GBM the occipital lobe. In the control group, eleven of the 33
GBMs were located at parietal sites, nine at frontal sites, seven at
occipital sites, and six at temporal sites.

All nine patients received the additional medications at first
recurrence. Since GBM is associated with a dismal prognosis and
rapid worsening, we thoroughly informed the patients and their
families about the use of medications in addition to evidence-
based treatment on the basis of the Stupp protocol and discussed
the risks and potential benefits on the basis of available data. We
then decided together whether salvage treatment was appropriate
and ethically and legally acceptable in each individual case.

Histopathology

The histopathological examination focused on MGMT status, p53
mutations and the presence or absence of 1p/19q codeletion. All
patients who received bevacizumab in addition to standard ther-
apy for recurrent GBM were MGMT-negative. In the control
group (n=33), seven patients were positive for MGMT

Chloroquine and bevacizumab (Avastin) (n =4)

Bevacizumab alone (n=5) Control group (n=33)

Median age and range 56 (44-61)
Sex

Female 2 (50.0%)

Male 2 (50.0%)
MGMT status

Methylated 0 (0.0%)

Unmethylated 4 (100.0%)
1p/19q codeletion

Yes 0 (0.0%)

No 4 (100.0%)
p53 status

Positive 2 (50.0%)

Negative 2 (50.0%)
IDH 1/2 mutation

Yes 0 (0.0%)

No 4 (100.0%)
Tumour location

Frontal 1 (25.0%)

Temporal 0 (0.0%)

Parietal 2 (50.0%)

Occipital 1 (25.0%)
Extent of resection

Complete 3 (75.0%)

Subtotal 0 (0.0%)

Partial 1 (25.0%)

Biopsy only 0 (0.0%)
Comorbidities

Arterial hypertension 3 (75.0%)

Type 2 diabetes mellitus 0 (0.0%)

Hypothyroidism 0 (0.0%)

47 (32-60) 61 (27-70)

4 (80.0%) 14 (42.4%)
1

(20.0%) 19 (57.6%)
0 (0.0%) 5 (15.2%)
5 (100.0%) 28 (84.8%)
0 (0.0%) 0 (0.0%)
5 (100.0%) 33 (100.0%)
3 (60.0%) 8 (24.2%)
2 (40.0%) 25 (75.8%)
1 (20.0%) 4 (12.1%)
4 (80.0%) 29 (87.9%)
2 (40.0%) 4 (12.1%)
0 (0.0%) 10 (30.3%)
3 (60.0%) 5 (15.2%)
0 (0.0%) 3 (9.1%)
3 (60.0%) 23 (69.7%)
1 (20.0%) 7 (21.2%)
1 (20.0%) 3 (9.1%)
0 (0.0%) 0 (0.0%)
1 (20.0%) 13 (39.4%)
0 (0.0%) 6 (18.2%)
0 (0.0%) 1 (3.0%)

Abbreviations. MGMT: methylated 06-methylguanine-DNA methyltransferase; IDH: isocitrate dehydrogenase.



methylation and thus had a better prognosis and response to
treatment with temozolomide. Since the study included only pri-
mary GBM, none of the patients demonstrated prognostically
favourable 1p/19q codeletion, which suggests the presence of a
secondary GBM of oligodendroglial origin. P53 mutations were
detected in five of nine patients (55.5%) who received bevacizu-
mab alone or in combination with HCQ in addition to standard
treatment. In the control group, p53 mutations were observed in
8 of 33 patients (24.2%). IDH1/2 mutations were observed in
four patients of the control group (12.1%) and in one patient
that has been treated with a bevacizumab-based regimen (11.1%).
Table 1 provides an overview of histopathological findings.

Treatment and toxicity

Treatment with bevacizumab alone or in combination with HCQ
in addition to standard therapy was generally well tolerated. The
main side effects were haematological in nature. One patient who
was treated with bevacizumab developed a neutropenic fever.
Treatment was continued uninterrupted. In one patient, the com-
bined use of bevacizumab and HCQ led to bicytopenia
(thrombocytopenia and neutropenia) and required discontinu-
ation of HCQ for a week. There were no cases of retinopathy,
which is a commonly known complication of treatment with
HCQ. In the control group, three patients who received treat-
ment with temozolomide developed lymphocytopenia with
opportunistic infections. Prolonged NCI grade 3 thrombocyto-
penia was observed in one patient from the control group. This
patient required repeated transfusions.

Outcome and effectiveness

All patients included in the study eventually died from GBM.
Median follow-up was 18.50 months (mean: 23.62 months, range:
6.30-73.86 months). Median follow-up was 31.82 months (range:
9.80-52.86 months) in the group of patients who received only
bevacizumab in addition to standard therapy and 39.07 months
(range: 15.13-63.76 months) in the group of patients who under-
went treatment with bevacizumab and HCQ.

There was no significant difference between the patient groups
in PES or, in other words, before treatment with bevacizumab
alone or in combination with HCQ was initiated. Median PFS
was 10.70 months for patients who received standard therapy
plus bevacizumab and HCQ for recurrent GBM, 20.61 months
for patients who were treated with standard therapy and bevaci-
zumab alone for recurrent GBM (p=0.109), and 10.25 months
for the control group (p=0.733).

Median PRS was 12.97 months for patients who received bev-
acizumab alone and 23.92 months for patients who were treated
with bevacizumab plus HCQ. Median PRS in the control group
was 9.63 months. Median OS was 26.83 months in patients who
underwent standard therapy and bevacizumab and 36.57 months
in patients who received bevacizumab and HCQ in addition to
standard therapy. Median OS for the control group was 17.52
months (Figure 3).

In spite of the small number of patients, post-recurrence sur-
vival was significantly longer in patients who received bevacizu-
mab and HCQ in addition to standard treatment when
compared to patients in the control group (p=0.022). In add-
ition, there was a trend towards longer PRS in GBM patients
who received a combination of bevacizumab and HCQ when
compared to patients who received only bevacizumab in addition
to standard therapy. This difference, however, did not reach
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statistical significance (p =0.1126). Median PRS was 9.70 months
in patients with secondary and 10.10 months in primary GBM
(HR: 2.956, 95% CI: 1.123-5.431; p=0.0391). The median OS of
GBM patients who did not undergo surgery for recurrence was
9.63 months.

Discussion

The management of glioblastoma is a particular interdisciplinary
challenge in the field of neuro-oncology since no major improve-
ments in the prognosis for GBM patients have thus far been
achieved despite extensive research work.

A variety of treatment options have been tested in phase II
trials but did not have the hoped-for success in terms of a sig-
nificant and marked prolongation of survival. Available studies
reported significant results but provided only marginal improve-
ments in prognosis. In particular, there is a lack of evidence-
based alternative treatments for patients with recurrent GBM.

Novel targeted therapies, which have proven useful for
example in the management of haematologic neoplasms, have
also been effective in treating a variety of solid tumours. We
believe that, despite the complexity of GBMs, this form of treat-
ment will be an important element of future therapeutic
approaches for this entity. A combination of medications and
other therapeutic agents may effectively address the ability of
GBM to adapt to treatment. Currently, available studies suggest
that targeted therapy alone does not appear to be an adequate
treatment option for GBM patients. Lessons learned in oncology
have repeatedly demonstrated that aggressive tumours often
necessitate equally aggressive treatment. Research efforts in
(neuro-) oncology and related disciplines must focus on develop-
ing treatment regimens that can achieve cytoreduction and at the
same time are associated with side effects that are acceptable
to patients.

As mentioned before, a median OS of 14.6 months is reported
for GBM patients in the literature.” In the group of patients who
had a Karnofsky Performance Score (KPS)>60, the prognosis
was much better since these patients were suitable for repeat sur-
gical resection. We were able to reproduce this finding using our
data (KPS > 60, median OS: 17.5 months; KPS < 60, median
OS: 6.73 months; p <0.0001). In the present study, we investi-
gated patients with a KPS >60, which is associated with a better
prognosis than a KPS <60, in order to assess whether the add-
ition of bevacizumab (Avastin) alone or bevacizumab plus
hydroxychloroquine to combined radiochemotherapy with temo-
zolomide can significantly prolong PRS.

As a result of the retrospective study design and the small
number of patients, we applied strict inclusion criteria in order
to ensure the best possible comparability of the different groups
of patients. The small sample size can be explained by the use of
a salvage therapy that is ethically acceptable in individual cases.
There are only a small number of patients who meet the criteria
for this type of treatment and at the same time, there are a large
number of patients who refuse this treatment because of the dis-
mal prognosis and the absence of evidence in support of these
forms of treatment.

There were no significant differences in median PFS between
the groups. The potential comparability of the groups was dem-
onstrated by the fact that the investigated patients, who presented
with recurrent GBM, had a KPS>60 and similar median PFS
and, in addition, did not show significant differences in other
characteristics (age, arterial hypertension, diabetes mellitus, thy-
roid diseases).
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Figure 3. Kaplan—Meier survival curves. (1a) Cumulative overall survival (0S). (1b) Cumulative post-recurrence survival (PRS) in patients who received standard therapy
plus bevacizumab and in patients who received standard therapy alone (Stupp protocol). (2a) Cumulative overall survival (OS). (2b) Cumulative post-recurrence survival
(PRS) in patients who received standard therapy plus a combination of bevacizumab and HCQ and in patients who received standard therapy alone (Stupp protocol).
(3a) Cumulative overall survival (0S). (3b) Cumulative post-recurrence survival (PRS) in patients who received radiochemotherapy with temozolomide plus a combin-
ation of bevacizumab and HCQ and in patients who were treated with standard therapy and bevacizumab alone.

The difference in median OS was not significant between the
control group (17.52 months) and the two groups of patients
who received additional treatment. There was, however, a trend
towards longer survival in patients receiving additional treatment
(HCQ and bevacizumab: 36.57 months, p=0.0811; hazard ratio:
0.38, 95% confidence interval: 0.196-1.054; bevacizumab alone:
26.83 months, p =0.134, hazard ratio: 0.51, 95% confidence inter-
val: 0.593-3.937). Larger sample sizes are required for differences
to reach significance. However, it appears unlikely that the level
of significance can be reached if a larger group of GBM patients
who receive additional treatment with bevacizumab alone is
investigated as previous studies could demonstrate.® Until recur-
rence, the three subgroups of patients had shown similar results,
such as median PFS.

Treatment with bevacizumab and HCQ in addition to stand-
ard therapy would most likely be expected to result in a possible
increase in median OS if it were initiated at the time of diagnosis
or, in a larger patient sample, even at recurrence.

An analysis of PRS showed that additional treatment with
bevacizumab and HCQ led to a significant increase in survival

when compared with PRS in the control group (23.92 versus 9.63
months; p=0.021). Additional treatment with bevacizumab alone
did not result in a significant increase in median PRS (12.97 ver-
sus 9.63 months; p=0.841). A direct comparison of the two add-
itional treatment options showed that the combined use of
bevacizumab and HCQ led to a longer median PRS than bevaci-
zumab alone. This difference, however, did not reach statistical
significance (p=0.113). Our study thus nearly reproduced the
results reported in the AVAglio study by Chinot et al. for add-
itional treatment with bevacizumab in patients with recurrent
GBM.*° Additional treatment with bevacizumab alone thus can
be recommended neither for patients with newly diagnosed GBM
nor for patients with recurrent GBM.

Recent molecular experimental approaches to explain why
bevacizumab, as a VEGF inhibitor, is effective only for a limited
time appear to be correct. Autophagy inhibition with HCQ
appears to prolong anti-angiogenic treatment since it suppresses
resistance mechanisms, that is, vasculogenic mimicry that allows
GBM cells to form vessels independently of VEGF.'*'>'” The
study by Rosenfeld et al. suggests that 800 mg of HCQ is the



minimum daily dose required to achieve adequate autophagy
inhibition in GBM cells. This dose level is higher than the max-
imum tolerated dose (600 mg/day). A higher degree of autophagy
could be achievable if the HCQ dose were 600mg/day during the
period of radiochemotherapy and then dose-escalated in adjuvant
temozolomide setting.'” The clinical data presented in this study
appear to confirm the augmented effects of HCQ in combination
with bevacizumab which were reported for the first time in 2012
in an experimental setting.16

This study demonstrated trends suggesting that the combined
use of bevacizumab and HCQ in addition to standard therapy
prolongs survival when compared to a control group that under-
went standard radiochemotherapy. Although these trends, with
the exception of PRS, did not reach significance, they may be
expected to become significant when larger patient samples are
investigated. Our study showed that HCQ is an effective and
well-tolerated substance that can be combined with other chemo-
therapeutic drugs or targeted therapies in the treatment of GBM.
It can delay the development of the resistance of GBM cells to
cytoreductive treatment and can thus prolong the effectiveness of
therapeutic agents.

Conclusions

In spite of the highly selected patient sample and the small num-
ber of patients, our results emphasise the need for a prospective
evaluation of treatment with a combination of HCQ and bevaci-
zumab in addition to standard therapy on the basis of the Stupp
protocol. In addition, the optimal intensity of treatment must be
determined. Available data strongly suggest that the augmented
effects of this type of additional treatment can be expected to sig-
nificantly prolong survival. For this reason, GBM patients will
likely benefit from further clinical studies involving larger sample
sizes and a prospective randomised study design.
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