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Opinion Statement

At the time of glioblastoma (GBM) recurrence, a sharp analysis of prognostic
factors, disease characteristics, response to adjuvant treatment, and clinical
conditions should be performed. A prognostic assessment could allow a careful
selection between patients that could be proposed to intensified approaches or
palliative setting. Participation in clinical trials aims to improve outcome, and
should be encouraged due to dismal prognosis of GBM patients after recurrence.
Reoperation should be proposed if the tumor is amenable to a complete resection
and if prognostic factors suggest that patient could benefit from a second
surgery. Second-line chemotherapy should be chosen based on MGMT status, time
to disease recurrence, and toxicity profile. If enrollment into a clinical trial is not
possible, a nitrosourea-based regimen is the preferred choice, carefully evaluating
any previous temozolomide (TMZ)-related toxicity. In MGMT-methylated patients
relapsing after TMZ completion, a rechallenge could be proposed. After second
progression, the clinical advantage of subsequent lines of chemotherapy still
needs to be clarified. However, based on performance status, patients’ preference,
and disease behavior, a third-line treatment could be considered. Available
treatments include nitrosoureas, bevacizumab, or carboplatin plus etoposide.
However, more effective therapeutic options are needed.
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Introduction

Glioblastoma is the most common malignant brain
cancer in adults; despite surgery and chemoradiation, all
patients experience relapse with a median survival of
12–15 months from initial diagnosis [1].

At recurrence, no standard approach has been
established. Therapeutic options have to be carefully
weighted taking into account tumor size and location,
previous treatments, performance status (PS), and
prognostic factors.

Two North American studies were conducted to
identify prognostic factors in recurrent high-grade glio-
ma patients enrolled in phase I–II clinical trials. The
NABTT analysis, performed on 333 patients, found that
age, KPS, and corticosteroids at baseline were important
prognostic factors for survival in glioblastoma (GBM)
patients [2•]. In particular, results of the recursive
partitioning analysis divided GBM patients in four cat-
egories with median survival ranging from 10.4 months

(patients younger than 50 with KPS 90–100) to
4.9 months (patients older than 50 with steroid use at
baseline). Similarly, NCCTG-NABTC analysis on 596
high-grade patients, found grade, age, PS, baseline ste-
roids, and time from initial diagnosis asmost influential
factors for survival [3•].

A pooled analysis of EORTC trials on 300 recurrent
GBM patients confirmed these findings [4•]. The report
identified poor PS and more than one target lesion as
significant negative prognostic factors for both progres-
sion free survival (PFS) and survival. Patients with tu-
mors larger than 42 mm and treated with steroids at
baseline had shorter survival, whereas tumors with pre-
dominant frontal locations had better survival.

These models provide objective information to phy-
sicians, patients and their families, and needs to be
discussed in order to identify the best therapeutic strat-
egy at the time of recurrence.

Surgical resection in recurrent GBM

Many retrospective studies have demonstrated that in newly diagnosed GBM, the
extent of surgical resection of the enhancing tumor is associatedwith a longer survival
[5, 6]. However, even if at time of recurrence, surgical resection relieves symptoms
related to mass effect, whether its role in prolonging survival remains controversial.

The Glioma Outcome Project prospectively analyzed the morbidity of second
surgery. Perioperative complications occurred in 33% of patients, 18 % displayed a
worsened neurological status, 10 % had seizures, and intracranial bleeding and
systemic infection both occurred in 4% of patients. Depression occurred in 20% of
patients, and the perioperative mortality rate was 2.2 % [7]. Postoperative compli-
cations could delay or even prevent further lines of chemotherapy. Nevertheless,
some patients with recurrent GBM can benefit from reoperation.

A prognostic preoperative scale based on patients who underwent reoperation
for recurrent GBMwas developed by NIH [8]. This scale, combining data on tumor
involvement of eloquent/critical brain regions, KPS (9 or ≤80), and tumor volume
(G or ≥50 cm3), identified patients likely to have poor (1 month), intermediate
(4.5 months), and good (10.8 months) survival. However, the estimation of the
eloquent/critical area and the measurement of tumor volume could be a subjective
variable parameter. For this reason, another group few years later proposed a
simplified preoperation scale based on KPS and ependymal involvement
distinguishing patients with good (18 months), intermediate (10 months), and
poor (4 months) survival [9].

Retrospective studies on large series of patients provide contradictory results with
respect to the survival benefit of a surgical resection [10–13]. Patient characteristics,
treatment profile, and measure of postsurgical residual tumor vary considerably
between studies.

49 Page 2 of 12 Curr. Treat. Options in Oncol. (2016) 17: 49



A literature review on this topic suggests a survival benefit in high-grade glioma
patients receiving a reoperation at the time of recurrence, indicating time interval of
at least 6 months between operations, favorable PS, and extent of resection as
important predictors of benefit [14].

Brandes et al. recently published one of the largest studies of 270 consecutive
patients who received second surgery for GBM. All patients have been treated with
concomitant and adjuvant temozolomide (TMZ) and underwent postoperative CT
scan within 48 h of surgery to determine the extent of tumor resection. Median
survival from second surgery was 11.4 months and was influenced by the extension
of surgery (gross total resection: 15.4months; partial resection: 9.0months), andO-
6-methylguanine-DNAmethyltransferase (MGMT) methylation at first surgery
(MGMT methylated: 13.8 months, MGMT unmethylated: 10.0 months) [11•].

The Director trial evaluated the efficacy and tolerability of two different TMZ
schedules at first progression. A post hoc analysis was made on the correlation
between the extent of resection and outcome in GBM patients who underwent
second surgery prior to randomization (68%of enrolled patients). Extent of surgery
was evaluatedwithMRI volumetrics within 72 h after surgery. Complete resection of
enhancing tumor was achieved in 67.8 % of patients. The gross total resection was
associated with a longer post-recurrence survival (12.9 months), compared to
patients with partial surgery (6.5 months). However, patients who received partial
surgery showed a trend to aworse survival compared to non-reoperated patients (6.5
vs 9.8 months, p = 0.52) [15•].

In conclusion, data suggest that reoperation can be an option if a gross total
resection can be achieved, and accordingly, to prognostic preoperative scales.

Reirradiation

Although radiation is proven to be effective in GBM, the second course of
radiotherapy has been applied reluctantly with conventional techniques as
treatment outcome outweighs the risk of treatment-related side effects. In fact,
the dose of 60 Gy typically applied in the first-line treatment generally hampers
the use of a second full-dose radiotherapy course. Lack of prospective and
randomized trials and high probability of selection bias in single-arm studies
increase the concerns about safety and efficacy at recurrence after initial
irradiation.

Systemic chemotherapy

Chemotherapy is probably the most used salvage treatment in recurrent setting.
The interval between the end of adjuvant treatment and progression and
toxicity profile are important variables to consider. Outcome after second-line
treatments is poor with reportedmedian PFS of 1.8months andmedian overall
survival (OS) of 6.2 months (Table 1) [4•].

Nitrosoureas

Nitrosoureas are standard treatment and are considered as control arm in
randomized trials in recurrent GBM (Table 1). Their toxicity profile in
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pretreated patients could be challenging, leading to grade 3–4 hematological
toxicity, often causing treatment delays and discontinuation [16].

Lomustine (CCNU) demonstrated in phase II–III randomized studies
a median PFS of 1–2.7 months and a median survival of 7.1–
9.8 months [17–20]. An aspect that is worth mentioning is that,
throughout the years, a progressive increase of survival in patients
treated with CCNU at recurrence has been observed in the clinical trials
[16]. This is probably due to an increasing efficacy of post-progression
treatments, and in a better disease-related complications management,
thus leading to improvement over years.

Table 1. Selected randomized studies in recurrent GBM

Author Study type Treatment Nr of pts PFS months OS months
TKI randomized studies

Van den Bent Phase II BCNU/TMZ 54 2.4 7.3

Erlotinib 54 1.8 7.7

Brandes Phase II CCNU + placebo 40 1.9 7.5

Galunisertib 39 1.9 8

Galunisertib + CCNU 79 1.8 6.7

Wick Phase III CCNU 84 1.6 7.1

Ezastaurin 167 1.5 6.6

Batchelor Phase III Cediranib 128 3 8

Cediranib + CCNU 123 4.1 9.4

CCNU + placebo 64 2.7 9.8

Bevacizumab randomized studies

Friedman Phase II Bevacizumab 85 4.2 9.2

Bevacizumab + CPT-11 82 5.6 8.7

Taal Phase II Bevacizumab 50 3 8

CCNU 46 1 8

CCNU + bevacizumab 52 4 12

Wicka Phase III CCNU NR 1.5 8.6

CCNU + bevacizumab NR 4.2 9.1

Field Phase II Carboplatin + bevacizumab 60 3.5 6.9

Bevacizumab 62 3.5 7.5

Brandes Phase II Fotemustine 32 3.4 8.7

Bevacizumab 59 3.4 7.3

TMZ rechallenge randomized studies

Weller Phase II TMZ1 wk on/1 wk off 52 1.8 9.8

TMZ3 wk on/1 wk off 53 2 10.6

The table summarizes selected randomized phase II and phase III studies on recurrent GBM discussed in the text
aAbstract

49 Page 4 of 12 Curr. Treat. Options in Oncol. (2016) 17: 49



Fotemustine is an intravenous nitrosourea that has recently gained a
role in the treatment of recurrent GBM, especially in Europe, where it is
widely used in clinical practice [16].

A prospective multicenter phase II study by Brandes et al. [21] evaluated
fotemustine (induction schedule 75 mg/mq on days 1–8–15 and maintenance
with 100 mg/m2 q 3 weeks) on 43 patients with recurrent GBM after standard
radiotherapy and TMZ. PFS at 6months (PFS-6) was 20.9%, response rate (RR)
was 7%, andOSwas 6months. Disease control rate was higher in patients with
methylated MGMT, while no difference in PFS-6 was seen between methylated
and unmethylated tumors. The planned dose of induction at the beginning of
the study was 100 mg/m2 on days 1–8–15 (according to the licensing instruc-
tions for the drug). However, the protocol was amended to reduce fotemustine
induction dose to 75mg/m2 because the first three patients experienced grade 4
thrombocytopenia during induction therapy. Fotemustine was the control arm
in a randomized phase II study and showed amedian PFS and OS of of 3.4 and
8.7 months, respectively [22]. Compared to other nitrosoureas, fotemustine is
not associated with cumulative lung toxicity, which does not limit the number
of administrations that can be delivered. The most important side effect is
represented by long-lasting thrombocytopenia [16].

Temozolomide rechallenge

Alternative schedules of TMZ were developed to increase dose intensity aiming
at overcoming TMZ resistance [23••]. The main alternative schedules were
continuous slow dose (50 mg/m2 daily), 1 week on/1 week off (150 mg/m2 for
7 days every 14 days), and 3 weeks on/1 week off (75–100 mg/m2 for 21 days
every 28 days). In the Director trial [24••], 105 patients with GBM at first
recurrence at least 3 months after the end of RT were randomized to two
different TMZ schedules: 1 week on (120mg/m2 per day)/1 week off or 3 weeks
on (80 mg/m2 per day)/1 week off. There was a similar outcome in both arms
for median time to treatment failure (1.8 vs 2.0 months) and OS (9.8 vs
10.6 months), showing no differences between the two dosing regimens,
regarding either efficacy, safety, or tolerability. Themost important result of this
trial was the strong prognostic role of the MGMT promoter methylation status
in patients rechallenged with TMZ, PFS-6 being 39.7 % in patients with meth-
ylated MGMT versus 6.9 % in patients without MGMT promoter methylation.
An analysis was performed by interval of pre-exposure to TMZ (intervals below
or above 2 months), demonstrating a significantly improved outcome in pa-
tients with a longer delay from previous TMZ, and largely confined to patients
with MGMT methylated patients.

Tyrosine kinase inhibitors

Tyrosine kinase inhibitors (TKI) therapy has been widely tested in all tumor
types.

EGFR is amplified in 40 % of primary GBM patients whereas is absent in
secondary GBM, being mutually exclusive with IDH 1/2 mutation. Half EGFR-
amplified patients express EGFRvIII constitutively active ligand-independent
mutant receptor [25].
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Only one randomized phase II study has been conducted with EGFR TKIs in
recurrent GBM patients. In this study, no significant activity of erlotinib was
observed in unselected patients [26].

Other TKI inhibitors tested in randomized phase II–III studies, such as
cediranib, an oral pan VEGFR TKI [19], or enzastaurin [17] directed against
protein kinase C and the PI3K/AKT pathways, used alone or in combination
with chemotherapy, demonstrated no difference in activity compared to CCNU
alone.

Small molecule inhibitor of the TGF-ß signaling galunisertib, evaluated in
randomized phase II–III studies, failed to demonstrate improved OS over
standard chemotherapy in recurrent GBM [18].

Bevacizumab

Bevacizumab is a monoclonal antibody that binds to circulating VEGF-A and
inhibits its biological activity by preventing the interaction with the VEGF
receptor. This leads to a reduction in endothelial proliferation and vascular
growth within the tumor. Uncontrolled trials showed promising results in
recurrent GBM with impressive PFS-6 of 29–46 % [27–29].

These studies were followed by a randomized, phase II trial by Friedman
et al. (the BRAIN trial) [30] in which 167 patients were randomized to receive
bevacizumab alone or in associationwith irinotecan. In the bevacizumab-alone
and the bevacizumab plus irinotecan groups, RRwere 28.2 and 37.8% and PFS-
6 rates were 42.6 and 50.3 %, respectively, and median OS times were 9.2 and
8.7 months, respectively. However, this trial does not provide a direct compar-
ison with standard chemotherapy (i.e., nitrosoureas).

The studies by Friedman and Kreisl led to the US FDA conditional approval
of bevacizumab in USA. The EMA did not approve bevacizumab in this setting
because the results from randomized phase II trials, without direct comparison
with standard chemotherapy, were not considered sufficient, and due to weak
criteria of eligibility and response evaluation.

The BELOB trial [20] was a phase II study that randomized 153 patients to
receive bevacizumab alone or in combination with CCNU, or CCNU alone.
Results showedmedianOS of 8months in CCNU and bevacizumab armswhile
it reached 12 months in the combination arm. Overall, this study showed that
the outcome of patients treated with bevacizumab alone or CCNU was similar,
while an advantage in outcome was suggested in the combination of the two
agents.

A recent multicenter randomized phase II randomized study AVAREG [22]
evaluated bevacizumab or fotemustine on 91 patients with recurrent GBM. The
results of the study showed a similar activity of bevacizumab and fotemustine. In
particular, median OS was 7.3 months in the bevacizumab arm and 8.7 months
in the fotemustine arm, while PFS-6 was 26.3 and 10.7 %, respectively.

The results of another randomized phase II trial have been recently reported
[31]. In this trial, 122 patients with recurrent GBM were randomized to receive
bevacizumab alone or in combination with carboplatin. Median PFS was
3.5 months for each arm. Median OS was 6.9 (combination) versus 7.5 months
(monotherapy). Toxicities were higher in the combination arm. The study dem-
onstrated that adding carboplatin resulted in more toxicity without additional

49 Page 6 of 12 Curr. Treat. Options in Oncol. (2016) 17: 49



clinical benefit and furthermore showed outcome results that were far inferior
from those obtained in other studies.

The hypothesis generated by the BELOB trial that the bevacizumab + CCNU
arm may produce an overall survival benefit compared to either monotherapy
was unfortunately not confirmed by the subsequent phase III trial (EORTC
26101, 32••]. This study randomized 437 patients to bevacizumab + CCNU
versus CCNU, obtaining a significant difference in PFS (HR 0.49, CI 0.39–0.61)
but no difference in OS (HR 0.95, 0.74–1.21). A Cochrane systemic review was
published on the role of antiangiogenic therapy in high-grade glioma. PooledHR
for PFS for bevacizumab studies (three studies with 1712 participants) was
significant at 0.66 (95 % CI 0.59 to 0.74; P value G0.00001), Nevertheless, this
finding was not significant for OS (HR 0.92, 95 % CI 0.83 to 1.02; P value 0.12)
[33].

Bevacizumab gives significant radiographic and, sometimes, clinical benefit in
patients treated for recurrent GBM. However, the lack of survival benefit, as well
as the significant cost and potential toxicities, has raised controversy about the
future role of this drug in the management of GBM [34].

In order to explore the efficacy of bevacizumab beyond the second line of
treatment, Piccioni et al. made a retrospective analysis on 468 GBM patients
stratified according to the time of initiation of bevacizumab (upfront, first
recurrence, second recurrence, or further). The authors found that PFS and OS
were similar for all three recurrence groups (median: 4.1 and 9.8 months, re-
spectively) [35]. The data from the studies seem to suggest that bevacizumab
could have a role in the treatment of GBM independently of the line of treatment
and that a delayed administration of the agent does not affect its efficacy.
Bevacizumab is administered in GBM patients at the dose of 10 mg/kg every
2weeks, but, at present, there is no evidence that supports the use of this schedule
or another.

Levin et al. [36] reviewed data from 181 patients treated with different doses
of bevacizumab for GBM in a single institution. The authors calculated the
bevacizumab AUC (AUCBEV) and compared it to the outcome. In the study, the
value of AUCBEV had an impact on OS (OS was 60 weeks for those treated at
G3.6 mg per week/kg and 45 weeks for those treated with 93.6 mg per week/kg).
Interestingly, no difference in toxicity was observed according to the dose re-
ceived. The authors concluded that their data suggest that doses of bevacizumab
lower than those recommended could determine an improvement in outcome.
An explanation for the phenomenon observed could not be found. A meta-
analysis of 18 publications of patients with malignant gliomas treated with
bevacizumab showed no dose-response benefit comparing 10–15 mg/kg dose
cohorts (462 patients) with 5 mg/kg dosing (86 patients). There were no signif-
icant differences in progression-free survival, overall survival, or in disease re-
sponse [37]. Another retrospective study reviewed 162 recurrent GBM patients
treated with two different bevacizumab schedules 5 and 10mg/kg every 2 weeks.
There was no significant difference in OS or PFS between the groups treated with
bevacizumab 5 versus 10 mg/kg. There were more adverse events seen with
bevacizumab 10 mg/kg. Therefore, what is the optimal dose and schedule of
administration of bevacizumab in GBM remains an open question [38, 39].

The future challenge should be the identification of potential biomarkers
able to predict the response to bevacizumab in GBM, even if at present neither
markers of endothelial proliferation nor expression of microvascular density
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signature genes has reliably predicted bevacizumab efficacy across indications
[40].

Molecular profiling was performed in phase III randomized trials comparing
chemoradiation with or without bevacizumab in patients with newly diagnosed
GBM [40, 41]. Mesenchymal subtype was associated with worse outcome in
GBM patients treated with bevacizumab in association with temozolomide and
radiotherapy [41]. Sandman et al. [40] showed that adding bevacizumab to
standard therapy conferred a significantly longer OS for patients with proneural
IDH1 wild-type tumors (17.1 vs 12.2 months; HR: 0.42; p = 0.002).

Similarly, a gene expression profile from participants to the BELOB trial was
retrospectively performed, demonstrating a significant benefit in PFS and a trend
towards OS only in classical GBM subtype. An important limitation of this study
is the use of primary tumor tissue [42].

The difference among these studies could be explained by the dismal prog-
nosis of proneural IDH 1 wild-type tumor that often are not offered second-line
treatment due to worse prognosis.

Immunotherapy

Immunotherapy with CTLA-4 inhibitor ipililumab and anti-PD-1 antibodies
nivolumab and pembrolizumab has recently obtained encouraging results in
metastatic melanoma. These results have prompted the development of a series
of clinical studies in various types of solid tumors. For neuro-oncology, recent
data demonstrated an interaction of the immune system between systemic and
CNS compartments [43].

Safety of the checkpoint inhibitors nivolumab (NIVO) and ipilimumab
(IPI) has been investigated in GBM patients at first recurrence [44]. The study
randomized 20 patients to receive NIVO or NIVO + IPI followed by NIVO,
demonstrating a considerable toxicity in the combination arm with 80 % of
patients reporting grade 3 or 4 adverse events and 50 % of patients
discontinuing therapy for toxicity (including colitis, cholecystitis, diabetic
ketoacidosis, confusion, and increased lipase). An encouraging clinical out-
come (OS at 6 months of 75 %) was reported. The subsequent phase III study
comparing single agent NIVO with bevacizumab in patients with recurrent
GBM has completed accrual, and we are waiting for the results.

Different vaccination approaches against GBM have been studied. Epider-
mal growth factor variant type III (EGFRvIII) is a deletion mutation that
generates a novel extracellular tumor-specific epitope that is heterogeneously
expressed in 30–35 % of primary GBM [45]. The efficacy of rindopepimut, a
peptide vaccine targeting EGFRvIII, has been assessed in a randomized phase II
study in which 72 GBM patients at first or second recurrence were randomized
to receive bevacizumab plus double-blinded injection of rindopepimut or
control (KLH) [46]. The combination arm obtained an increase in PFS-6 (27 vs
11 %) and OS (12.0 vs 8.8 months). However, a randomized phase III study,
adding rindopepimut versus GMCSF (control) to adjuvant TMZ in newly
diagnosed GBM, has been prematurely closed due to not reaching the
prespecified end points.

Another immunization approach has leveraged heat shock proteins (HSP).
In a phase I study, HSP-96 was purified from autologous tumor and pulsed
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onto patient APCs and then administered as an autologous vaccine to patients
with resectable recurrent GBM [47].

In the subsequent phase 2 single-arm study, 41 recurrent GBM patients were
treated obtaining a 6 months OS of 90.2 % with decreased OS in patients with
reduced lymphocyte count [48]. A randomized phase III trial within the Alli-
ance Consortium is ongoing comparing the use of heat-shock protein peptide
complex-96 (HSPCC-96) administered concomitantly to bevacizumab or at the
time of progression when compared with bevacizumab alone in patients with
resected recurrent GBM.

Dendritic cell-based therapy requires the isolation of patient-derived
monocytes, followed by ex vivo amplification, maturation, and subsequent
exposure to a source of tumor antigens. No randomized studies have been
conducted in the recurrent setting.

Third-line treatments

After second progression, the clinical advantage of subsequent lines of chemo-
therapy still needs to be clarified. However, based on previous treatments,
performance status, patients’ preference, and disease behavior, a third-line
treatment could be considered.

Available treatments include TMZ rechallenge, nitrosoureas, and
bevacizumab. Bevacizumab could have a role in the treatment of GBM at
recurrence independently of the line of treatment. Carboplatin plus etoposide
could be an option, taking into account toxicities fromprevious treatments, due
to an unfavorable risk-benefit profile in heavily pretreated glioma patients [49].
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