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Abstract

The therapeutic landscape of the management of low- and high-grade infiltrating gliomas continues to evolve.
Daily clinical decision making in neuro-oncology clinics across the US is frequently challenging, especially for ana-
plastic and low grade primary brain tumors.The focus of this review is centered on treatments which are approved
by the FDA and/or featured in the NCCN Guidelines. Systemic therapy trials using a variety of agents such as
temozolomide, bevacizumab, and procarbazine, lomustine, vincristine (PCV), and lastly trials of local therapies
including surgical trials using carmustine impregnated wafers as well as trials investigating the administration of
tumor treating fields are evaluated. Pivotal trials on the treatment of the primary brain tumors are discussed in

detail along with associated correlative studies.

bevacizumab glioma

lomustine temozolomide tumor treating fields

Recent advances and ongoing studies are reshaping the
clinical management of infiltrating gliomas. This serves
as the impetus to review the key therapeutic trials which
have lead us to the current treatment paradigms.(Table 1)
Over 20 years ago the successful utilization of nitrosou-
rea-impregnanted wafers administered within tumor re-
section cavities was demonstrated to positively influence
outcomes in patients with GBM. Development of orally
administered alkylating agent, temozolomide, served to
establish a new standard of care for the management of
newly diagnosed high-grade gliomas. The introduction of
antiangiogenic agents to neuro-oncology and their subse-
quent FDA approval (bevacizumab) significantly changed
practice patterns. More recently results of the studies of
tumor treating fields (TTF) provided new evidence that is
now changing management of patients with glioblastoma.
In parallel, studies evaluating chemoradiotherapy with ei-
ther temozolomide or procarbazine, CCNU, and vincristine
(PCV) have established a new standard of care for the man-
agement of grade Il and Il gliomas. This review will differ
in structure from many others by limiting its scope to a few
key clinical trials, and the correlative studies associated
with them, which define our current standard of care. It will

focus on systemic therapies with the exception of the lo-
cally administered BCNU wafers and tumor treating fields
(TTF).

I
Glioblastoma

Systemic Therapies

Temozolomide

Temozlomide is an oral alkylating agent which has been
a component of the standard of care regimen for newly
diagnosed glioblastoma for the past decade. When ini-
tially evaluated in advanced solid tumors on a single
monthly dosing schedule the toxicities were pronounced.
Specifically grade 4 nausea and vomiting as well as grade
3 and 4 leukopenia and thrombocytopenia occurred. When
spread over 5 contiguous days on a monthly schedule
the regimen became more tolerable. In the phase | study
two of the four patients with gliomas exhibited partial
responses (PR)." In the phase Il Cancer Research Campaign
(CRC) trial for recurrent anaplastic astrocytomas (AA) and
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Table 1 Pivotal therapeutic trials for infiltrating gliomas

Author

Newlands'

Bower?

Yung?

Stupp®
Stupp®

Gilbert™
Wick'®

Malmstrom'6

Brandes'”

Minniti'8
Minniti'®

Perry*20
Friedman??
Kreisl?®
Taal®®
Wick*?7
Gilbert?®
Chinot®°

Brem?3’

Brem38
Westphal*®
Stupp*
Stupp*®

Van Den Bent*®
Cairncross?6,4°
Buckner®?

Fisher®*

Year
1992

1997
2000

2002
2005

2014

2012

2012

2003

2008
2009
2016

2009

2009

2014

2015

2014

2014

1991
1995

2003

2012

2015

2013

2013

2016

2015

Phase

NA

1
1

Histology

| Recurrent glioma, melanoma,

renal cancer, breast cancer,
colorectal cancer, stomach
cancer, other cancers
Recurrent AA/GBM
Recurrent GBM

Newly Dx GBM
Newly Dx GBM

Newly Dx GBM

Grade IlI/IV Newly Dx GBM

Newly Dx GBM

Newly Dx GBM

Newly Dx GBM
Newly Dx GBM
Newly Dx GBM

Recurrent GBM

Recurrent GBM

Recurrent GBM

Recurrent GBM

Newly Dx GBM

Newly Dx GBM

Recurrent grade IlI/IV glioma

Recurrent grade IIl/IV glioma

GBM, AA, AO, ACA

Recurrent GBM

Newly Dx GBM

AO

AO, AOA

0O,0AA

0O,0A A

Treatments
T™MZ

T™Z

T™MZ
procarbazine

RT/TMZ+TMZ

RT/TMZ+TMZ
RT alone

RT/TMZ+TMZ (5/28 day)
RT/TMZ+TMZ (21/28 day)

RT (60 Gy)
TMZ (7day on, 7 day off)

RT (60 Gy)
RT (34 Gy)
TMZ (5/28 days)

RT (59.4 Gy)
RT (59.4Gy)+PCV
RT (59.4 Gy)+TMZ (5/28 day)

RT (60 Gy)/TMZ+TMZ (5/28 day)
RT (30 Gy)+TMZ (5/28 day)

RT (40 Gy)/TMZ+TMZ (5/28 day)
RT (40 Gy)

bev
bev+irinotecan
bev followed by bev+irinotecan

bev
CCNU
bev+CCNU

CCNU
bev+CCNU

RT/TMZ/bev+TMZ/bev
RT/TMZ+TMZ

RT/TMZ/bev+TMZ/bev
RT/TMZ+TMZ

BCNU wafers

BCNU wafers
Surgery+placebo

BCNU wafers
Surgery+placebo

TTF
Physician’s choice chemotherapy

RT/TMZ+TMZ/TTF
RT/TMZ+TMZ

RT+PCV
RT alone

PCV+RT
RT alone

RT+PCV
RT alone

RT/TMZ+TMZ

(O]
NA

5.8 months
NA

16 months

14.6 months
12.1 months

16.6 months
14.9 months

9.6 months
8.6 months

6 months
7.5 months
8.3 months

11.2 months
12.7 months
14.9 months

10.6 months
9.3 months

9.3 months
7.6 months

9.7 months
8.9 months

31 weeks

8 months
8 months
12 months

8.6 months
9.1 months

15.7 months
16.1 months

16.8 months
16.7 months

46 weeks

31 weeks
23 weeks

11.9 months
13.6 months

6.6 months
6.0 months

19.6 months
16.6 months

43.2 months
30.6 months

4.7 years
4.6 years

13.3 years
7.8 years

NA

Overall survival, 0S; progression free survival, PFS; not available, NA; glioblastoma, GBM; anaplastic astrocytoma, AA; anaplastic
oligodendroglioma, AQ; anaplastic oligoastrocytoma, AOA; astrocytoma, A, oligodendroglioma, O; oligoastrocytoma, OA; temozolomide, TMZ;
bevacizumab, bev; tumor treating fields, TTF; procarbazine/CCNU/ vincristine, PCV; diagnosed, Dx.

*currently only in abstract form.

PFS
NA

4.2 months

12.4 weeks
8.32 weeks

NA

6.9 months
5.0 months

5.5 months
6.7 months

NA
NA

7 months
6.3 months

5.3 months
3.9 months

4.2 months
5.6 months

16 weeks

3 months
1 month
4 months

1.5 months
4.2 months

10.7 months
7.3 months

10.6 months
6.2 months

NA

NA
NA

5.9 months
5.9 months

2.2 months
2.1 months

7.1 months
4.0 months

24.3 months
13.2 months

2.6 years
1.7 years

10.4 years
4.0 years

4.5 years



glioblastomas a response rate (RR) of 11% was noted.
Similar RR was seen in both histologic subtypes.? When
compared to procarbazine, temozolomide for recurrent
disease was associated with improved progression free
survival (PFS) (12.4 weeks vs. 8.32 weeks) and an improved
health-related quality of life (HRQOL).3>* Another phase
Il trial evaluated RT with concomitant temozolomide
(75 mg/m?) followed by temozolomide 5/28 days
(200 mg/m?) in the newly diagnosed glioblastoma demon-
strated safety and tolerability with favorable overall sur-
vival (OS), 1 year survival, and 2 year survival.® This was
followed by the phase Il EORTC/NCIC trial evaluating this
regimen in comparison to RT alone. Common grade lIl/IV
toxicities for this and other phase lll trials using temozlo-
mide are listed in Table 2. This trial was conducted at 85
centers in Europe and Canada and enrolled 573 patients.
The median age was 56 with a range between 23 and 71.
While the trial was for glioblastoma a small percentage
(7%) of patients enrolled had other diagnoses. Most (84%)
underwent debulking surgeries with 40% having complete
radiographic resections. RT was initiated at a median of 5
weeks (range 1.7-12.9 weeks) post-surgery. Due to the pre-
viously described PCP during RT in earlier trials patients
were prophylaxed with Bactrim or pentamidine during
that treatment phase. This was the first randomized trial to
demonstrate benefit of a chemotherapy in the treatment of
newly diagnosed glioblastoma. OS in the temozolomide
arm was 14.6 months compared to 12.1 months in the con-
trol arm. Two year survival was 26.5% vs. 10.4%, respect-
ively. Progression free survival (PFS) was also improved at
6.9 months vs. 5.0 months.® Five year survival was 9.8%
compared to 1.9% with PFS of 4.1% vs 1.3%.” Prognosis
was significantly influenced by the promoter methylation
status of methyl guanine methyl transferase (MGMT), a
suicide enzyme which removes methyl adducts from the
06 guanine position on DNA. While numerous techniques
have been used to evaluate MGMT promoter methylation
status, in this study methylation-specific PCR (MSP) was
utilized on over half of the specimens (n=307/573, 53.6%).
Two-hundred and six (36% of the total subjects enrolled)
of these samples were evaluable. Decreased activity of the
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enzyme via methylation of its promoter was associated
with an improvement in OS (18.2 months vs. 12.2 months,
p<.001). The difference was most pronounced when com-
paring patients in the chemoradiotherapy arm with MGMT
promoter methylation (OS 21.7 months, 2 year survival
46.0%) compared to those with unmethylated promoters
(OS 12.7 months, 2 year survival 13.8%). The differences
in the radiotherapy alone arm between MGMT promoter
methylated (OS 15.3 months, 2 year survival 22.7%) and
unmethylated (11.8 months, 2 year survival <2%) were not
in this study, however, significant.8 Other studies have
demonstrated a higher likelihood of radiographic response
or stable disease in MGMT promoter methylated patients
(71%) treated with radiotherapy alone when compared
to MGMT promoter unmethylated patients (42%, P=.001)
treated with radiotherapy alone.® Of additional interest is
the higher incidence of pseudoprogression in patients with
methylated MGMT promoter treated with chemoradiother-
apy compared to unmethylated patients treated with the
same regime.'®

Numerous subsequent trials had evaluated methods
to potentially optimize the use of temozolomide includ-
ing adding second agents or altering dosing schedules.
The largest (n=833 randomized, n=1,173 registered)
study looking at alternate dosing schedules was the
phase Ill RTOG 0525 trial which compared the treatment
regimen employed in the EORTC/NCIC trial with 6 to 12
adjuvant cycles of temozolomide to a dose-dense arm
where patients received 21/28 day (75 mg/m?%day) for 6
to 12 cycles. There was no significant difference in OS
(16.6 months vs. 14.9 months, p=.63) or PFS (5.5 months vs.
6.7 months, p=.06). There was, however, increased grade
>3 toxicity in the dose-dense arm (34% vs. 53%, p<.001)."
The optimal duration of temozolomide therapy for newly
diagnosed glioblastoma remains unclear with some re-
cent abstracts supporting treatment beyond 6 cycles'? and
others not."® Limited data exists to help guide clinical de-
cision making with regards to this question. The phase Il
EORTC/NCIC trial used 6 cycles. Many subsequent trials
used a larger number of cycles, 12 being the most com-
monly employed. In the RTOG 0525 trial 71% of patients

Table 2 Grade Ill/IV adverse events with temozolomide for newly diagnosed glioblastoma

Grade llI/IV toxicities EORTC/NCIC

investigational arm

Leukopenia 7% 6%
Lymphopenia NA 15%
Neutropenia 7% 7%
Thrombocytopenia 12% 10%
Anemia 1% 1%
Fatigue 13% 3%
Rash/dermatologic 3% NA

Infection 7% NA

Nausea/vomiting 2% 1%

NA, not available.

RTOG 0525
control arm

RTOG 0825 RTOG 0825
control arm control arm during
during chemoradiotherapy maintenance therapy
2.3% 6%

9% 13.4%

3.7% 5.1%

77% 1M1.7%

0.3% 1.3%

2.7% 9%

NA NA

NA NA

0.3% 1.7%
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received more than 6 cycles. Of all of the patients without
disease progression or toxicity preventing continued treat-
ment (n=261, 78% of the patients on study) a small subset
(7%, n=22) discontinued temozolomide after 6 cycles while
the majority (71%, n=239) continued beyond 6. There was
a non-significant trend toward improved OS (30.2 months
[95% Cl, 25.5 to 35.4 months] vs 24.9 months [95% CI, 19.2
to 36.2 months]).”" At this time either 6 cycles or 12 cycles
of adjuvant temozolomide are deemed to be reasonable by
many in the neuro-oncology community.

The optimal management of elderly patients with newly
diagnosed glioblastoma is still unclear, although recent
studies offered new insights on the potential best options
for patients over 65. In general, prognosis is poorer in eld-
erly patients and the ability to tolerate treatments lessens
with increasing age. Numerous studies have evaluated an
array of regimens, often deescalating the aggressiveness
of the therapeutic approach. These have included shorter
course radiation with or without temozolomide as well
as temozolomide alone on an alternate dosing schedule.
The role of MGMT methylation in this group of patients
has been investigated and shown to have important prog-
nostic and predictive implications. These important studies
have been recently reviewed.' Of particular relevance are
the trials in elderly addressing the use of temozolomide
alone versus radiotherapy. The randomized NOA-08 trial
compared radiotherapy alone (60 Gy) to an alternate dose
temozolomide regimen (100 mg/m?, 7 days on/7 days off)
and found chemotherapy arm to be non-inferior to radio-
therapy. OS was 8.6 months in the temozlomide arm and
9.6 months in the radiotherapy. MGMT promoter methy-
lation detected in 35% of patients remained predictive.
Patients with MGMT promoter methylation experienced a
significant improvement in event free survival (8.4 months
vs. 4.6 month) when treated with temozlomide compared
to radiotherapy. The inverse scenario was seen in patients
without MGMT promoter methylation (3.3 months vs.
4.6 months). These findings help support the use of MGMT
promoter methylation status in the clinical decision mak-
ing process for this patient population.’™ In the Nordic
trial, which randomized elderly patients to standard radio-
therapy (60 Gy) alone vs. hypofractionated radiotherapy
(34 Gy in 10 fractions) vs. temozolomide (5/28 days for 6
cycles) the temozolomide arm (OS 8.3 months) and hypo-
fractionated radiotherapy arm (OS 7.5 months) had similar
outcomes. Both were superior to standard radiotherapy
(OS 6 months). MGMT promoter methylation was pre-
dictive of response to temozolomide.'® Combined chemo-
radiotherapy utilizing temozlomide in conjunction with
standard dose and hypofractionated radiotherapy has also
been demonstrated to be feasible.””-'® The recently com-
pleted and presented, but not yet published, phase Ill CCTG
CE.6/EORTC 26062-26061/TROG 08.02 (NCT00482677)
enrolled patients >65 years old with an ECOG performance
status of 0-1. Patients were randomized to radiotherapy
alone (40 Gy in 15 fractions) vs. radiotherapy (40 Gy in 15
fractions) with concomitant temozolomide followed by 12
cycles of adjuvant temozolomide lendsadditional insight
into the management of this patient population. In this
study there was a clear improvement in OS (9.3 months vs.
7.6 months) and PFS (5.3 months vs. 3.9 months) strongly
supporting the utilization of combined chemoradiotherapy

with short course radiation in the elderly with reasonable
performance status.?’ Finally, there is support for very
short course radiotherapy (25 Gy in 5 fractions) alone over
short course (40 Gy in 15 fractions) in the frail (KPS as low
as 50%) elderly.?"

Temozolomide remains a mainstay of therapy for newly
diagnosed glioblastoma. Its use in anaplastic astrocy-
toma is also widespread. Its role in the elderly as well as
in tumors without MGMT promoter methylation is actively
being defined.

Bevacizumab

With the highly angiogenic nature of high grade gliomas
and the substantially elevated levels of vascular endothe-
lial growth factor (VEGF) in glioblastomas there has been
great interest in targeting the VEGF pathway. Bevacizumab,
the humanized monoclonal antibody targeting VEGF has
been the best studied agent. It received accelerated FDA
approval for recurrent glioblastoma based on the results
of two phase |l trials. The first, BRAIN trial, randomized
167 patients between bevacizumab alone (10 mg/kg every
two weeks) and bevacizumab plus irinotecan (125 mg/m?
or 340 mg/m? every two weeks, depending on the use of
enzyme-inducing anti-epileptic drugs). This trial was not
powered to compare bevacizumab vs. bevacizumab plus
irinotecan. With statistically similar outcomes many in
the neuro-oncology community utilize bevacizumab as a
single agent, in accordance with its FDA approval. When
compared to historical controls there was a significant im-
provement in 6 month PFS (PFS6) of 35.1% in the bevaci-
zumab alone arm and 50.2% in the combination therapy
arm. This is in contrast to 9-21% with irinotecan alone
or other salvage chemotherapy regimens. The radio-
graphic response rates (RR) were also substantially bet-
ter (28.2% bevacizumab alone, 37.8% bevacizumab plus
irinotecan) compared to other salvage regimens (<10%).22
RR and PFS at landmarks of 9, 18, and 26 weeks was pre-
dictive of survival.?® Both RR and PFS6 need to be inter-
preted with caution as the radiographic improvements
are at least in part secondary to the mechanism of action
of bevacizumab which blocks VEGF and in turn decreases
vascular permeability which then leads to decreased ex-
trusion of gadolinium from the vasculature.(Fig. 1) OS was
9.7 months (bevacizumab alone) and 8.9 months (bevaci-
zumab plus irinotecan) in comparison to historical controls
of 7.5 months.? Patients treated on this study were able
to substantially decrease their steroid use.?* This is an im-
portant point as patients with progressive glioblastoma
often require steroids which are associated with a panoply
of side effects. In addition steroids dampen immune ac-
tivity, a concept of growing prominence as investigations
into the role of immune modulation and augmentation in
the treatment of gliomas continue to progress.

The second trial for progressive glioblastoma which
lead to the accelerated FDA approval was a smaller (n=48)
single-arm phase |l trial of bevacizumab (10 mg/kg every
two weeks) followed by bevacizumab plus irinotecan
(125 mg/m? or 340 mg/m? every two weeks) at progres-
sion (n=19). Median OS was 31 weeks, PFS 16 weeks, PFS6
29%, and RR 35% (MacDonald criteria); results fairly com-
parable to the BRAIN trial. With the addition of irinotecan
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Fig. 1

Axial T1 post-contrast MRI of a patient with glioblastoma demonstrating substantial enhancement and surrounding edema with

associated midline shift (A). Marked decrease in the enhancing lesion and resolution of the midline shift is noted after the initiation of
bevacizumab. (B) These findings were associated with notable clinical improvement.

after progression on bevacizumab there were no objective
responses and no clear benefit in PFS or 0S.2> Numerous
trials in patients with progressive glioblastoma have
explored combining bevacizumab with other systemic-
ally administered therapies. Until recently, no combin-
ation has provided evidence for improvement in efficacy.
The randomized three arm BELOB trial conducted in the
Netherlands evaluated bevacizumab alone (10 mg/kg every
2 weeks), CCNU alone (110 mg/m? every 6 weeks), and
bevacizumab plus CCNU (110 mg/m? initially but subse-
quently decreased to 90 mg/m? due to toxicity). RR and
PFS were higher in the bevacizumab containing arms as
would be expected. The improvement in OS (12 months in
combined arm, 8 months in bevacizumab alone, 8 months
in CCNU alone) and PFS6 (42% combined arm, 16% beva-
cizumab, 13% CCNU) lend strong support to a combined
regimen of bevacizumab and nitrosourea in progressive
GBM.?6This combination regimen was compared to CCNU
alone in the ongoing EORTC 26101 phase lll trial. The re-
cently presented, but not yet published, results of this
trial proved discordant with the results of the preliminary
phase Il trial. While the combination regimen demonstrate
improved PFS (4.2 months vs 1.5 months, HR=0.49) as
would be expected with bevacizumab, there was no sig-
nificant improvement of OS (9.1 months vs 8.6 months,
HR=0.95, P=.650) with the combination over CCNU alone.?’
While there was no direct comparison to bevacizumab
alone in this study, the results have potential practice chan-
ging implications by diminishing use of the combination
regimen and potentially dampening excitement around
the use of single agent bevacizumab as well. This should
be weighed against the favorable decreases in steroid use
and epidemiologic studies supporting improved survival
since the FDA approval of and widespread use of bevaci-
zumab in this patient population.?®

Pronounced radiographic responses, favorable RR, and
improved PFS6 of bevacizumab in recurrent glioblastoma

paved the way to studies in newly diagnosed glioblastoma.
A number of phase Il trials as well as two phase Ill stud-
ies were conducted. RTOG 0825 enrolled 978 subjects and
randomized 637 to either radiotherapy with concomitant
temozolomide followed by up to 12 cycles of temozolo-
mide (5/28 day) vs. the same regimen with the addition of
bevacizumab midway through radiotherapy and continu-
ing on up to and beyond progression. Patients with pro-
gressive disease were unblinded and could cross over to
receive bevacizumab. There was no significant improve-
ment in OS (15.7 months vs 16.1 months, p=.21) and only
a non-significant trend for improved PFS (10.7 months vs.
7.3 months, p=.07) with the addition of bevacizumab. While
MGMT promoter methylation was redemonstrated to
have prognostic significance (OS 14.3 months in promoter
unmethylated, 23.2 months in promoter methylated) it was
not predictive of response to bevacizumab.?® The parallel
AVAglio trial randomized 921 subjects to radiotherapy with
concomitant temozolomide followed by 6 cycles of adju-
vant temozolomide, as described in the EORTC/NCIC trial
discussed earlier, vs. the same regimen with the addition
of bevacizumab. Bevacizumab was given every 2 weeks
with conversion to every 3 week schedule after the com-
pletion of 6 cycles of adjuvant temozolomide. Unlike the
RTOG 0825 trial there was no planned crossover although
31.1% of patients in the control arm received subsequent
bevacizumab. Similarly disappointing results for OS were
noted (16.8 months vs. 16.7 months, p=.10). The improve-
ment in PFS was significant (10.6 months vs. 6.2 months,
p<.001). MGMT promoter methylation was again not
predictive of response to bevacizumab.® Discordance
exists between the health-related quality of life (HR-QOL)
results between the two trials. The AVAglio trial, utilizing
the EORTC QLQ-C30/BN20 questionaires, demonstrated
no significant deterioration of HRQOL during the pro-
gression free interval with the addition of bevacizumab.3
In addition to patient reported outcome assessment via
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EORTC QLQ-C30/BN20, the RTOG 0825 trial included the
MD Anderson Symptom Inventory-Brain Tumor module
(MDASI-BT). Extensive neurocognitive testing was also
performed using the Hopkins Verbal Learning Test-Revised
(HVLT-R), Trail Making Test (TMT), and Controlled Oral
Word Association (COWA). A greater degree of deterior-
ation in performance on neurocognitive testing as well
as on patient reported HR-QOL questionaires was seen in
the bevacizumab arm.?® The underlying explanation for
the deterioration in symptoms and neurocognitive func-
tion still requires elucidation. The addition of bevacizumab
to the standard of care in the newly diagnosed setting
warrants additional investigation. Marked radiographic
responses can be seen in some patients due at least in part
to the drug’s mechanism of action. These are often asso-
ciated with improvements in clinical parameters such as
decreased steroid requirements.3? Of even greater interest,
a subgroup of patients in the AVAglio trial had improved
OS with the addition of bevacizumab. The isocitrate de-
hydrogenase 1 (IDH1) wild type proneural molecular sub-
type of glioblastoma had a significant improvement in OS
(17.1 months vs. 12.8 months, p=.002). Thirty-eight percent
(n=349/941) of subjects, a similar percentage as those eval-
uated in the pivotal MGMT promoter methylation evalua-
tions, retrospectively underwent biomarker analysis via a
NanoString platform.33 This is of particular importance as
the proneural subgroup does not appear to have any clear
improvement in survival with the use of our traditional
chemoradiotherapy.®* Similar investigations into the RTOG
0825 study population are ongoing. If distinct subsets of
patients with newly diagnosed glioblastoma are found to
benefit from upfront bevacizumab, it would argue for uni-
versal screening of glioblastoma patients for the predictive
biomarker which could have a meaningful clinical applica-
tion. In light of the lack of improvement in OS in the broad
(but not entire) glioblastoma patient population and the
retrospective studies supporting no detriment to delay-
ing the initiation of bevacizumab3®3¢ the optimal timing
of this agent will need to be more clearly defined. When
contemplating the use of bevacizumab, the clinician will
need to weigh the above discussed benefits with the po-
tential toxicities of this agent. These include an increased
risk of thromboembolic events, bleeding, wound healing/
wound dehiscence, and visceral perforations.?®3 Serious
thrombocytopenia and neutropenia also seem to be more
common when bevacizumab was used concomitantly with
radiotherapy and bevacizumab.?

Locally Administered Therapies

Surgically Implanted BCNU Wafers

A phase I/l trial of surgical resection with associated im-
plantation of BCNU-impregnanted polyanhydride bio-
degradable polymer implantable wafers was conducted in
21 patients with recurrent malignant gliomas. The majority
of patients received the maximum of 8 wafers implanted in
the walls of the resection cavity. The highest dosing level
of BCNU was 12.7 mg per wafer. The polymer was found
to release drug for ~3 weeks. Median overall survival
(OS) after implantation of wafers was 46 weeks (mean 48
weeks). 1 year survival post-wafer implantation was 38%.%’

The second treatment dose (7.7 mg BCNU per wafer) was
utilized in the subsequent phase Il trials. At this dose, the
local side-effects such as brain necrosis and edema were
rare, and there was minimal, if any, systemic toxicity.37-3%
While all BCNU doses were well tolerated the mean OS
was superior in the second dosing cohort (64 weeks) com-
pared to the third (32 weeks).3” Higher dosing levels are
associated with both increased local toxicity as well as de-
tectable serum levels.%®

Two phase lll trials of surgery with associated implant-
ation of BCNU-impregnated prolifeprosan 20 wafers lead
to FDA approval of these wafers in 1997 for patients with
recurrent glioblastoma. The first of these trials randomized
222 patients with recurrent gliomas to resection with im-
plantation of non-BCNU impregnated wafers vs. resec-
tion with the implantation of BCNU-impregnated wafers.
This trial was for patients with grade Ill and IV gliomas
although over 16% of patients had other diagnoses, pre-
dominantly grade 2 oligodendrogliomas. Median OS was
23 weeks vs 31 weeks (HR=0.67, p=0.006). In a multiple
regression model stratifying for pathology found similar
results (HR=0.69, p=0.01). In the glioblastoma patients six
month survival also favored those treated with BCNU-
impregnated wafers (64% vs. 44%, p=0.02). No substan-
tial differences regarding toxicities between the treatment
arms were noted. Nor was there any difference in the
change of performance status between the two groups.3®
In another pivotal phase lll trial 240 patients with newly
diagnosed high-grade gliomas underwent surgery with
implantation of non-BCNU impregnated wafers vs. surgery
with implantation of BCNU-impregnated wafers. Median
OS in the intention to treat (ITT) analysis was 11.9 months
vs. 13.6 months (P=.03) in the entire study cohort (grade
Il and IV gliomas). There was a higher percentage of non-
glioblastoma patients with better prognoses (15.8% vs.
11.7%) in the BCNU-impregnated wafer arm.*The survival
advantage in the ITT analyses persisted at 3 years with 25%
in the BCNU impregnated wafer arm compared to 6% in
the control arm (P=.01).#" In the glioblastoma subset, how-
ever, the improvement in OS (11.4 months vs. 13.5 months)
was not significant (P=.1). In the investigational arm there
was a higher incidence of cerebrospinal fluid (CSF) leak
(0.8% vs. 5%) and increased intracranial pressure (1.7% vs.
9.7%).%% Another retrospective analyses did not support an
increased risk of infection despite the reported increase in
the risk of CSF leak.#? In clinical practice, the incidence of
CSF leak and increased intracranial following BCNU wafers
placement is low as shown by Atenello and colleagues.*®
While there was increase in intracranial hypertension in
the BCNU-wafer arm there was a favorable delay in de-
cline of Karnovsky performance score (KPS) and neuroper-
formance measures in the BCNU-wafer arm.*° The results
of this study led to the FDA approval of BCNU wafers for
newly diagnosed GBM in 2003. Lack of significant benefit
in the glioblastoma population (as opposed to the ITT
population also including other tumor histologies) has
dampened some enthusiasm for this treatment. The stud-
ies described above were initiated in the pre-temozolo-
mide era.The use of BCNU-wafers has diminished with the
advent of effective systemic therapies. Additionally, prior
treatment with BCNU-wafers is an exclusion criteria for
many neuro-oncologic clinical trials do, in part, to difficulty



with interpretation of radiographic imaging. This in turn,
has influenced a more limited pattern of use in academic
medical centers.

Tumor Treating Fields

TTF are a novel therapeutic modality, which employ four
specially designed arrays directly applied to the scalp to
deliver medium frequency electrical fields to the tumor.The
primary mechanism of action is the disruption of mitosis
and the subsequent apoptosis of the tumor cells. This de-
vice initially received FDA approval for recurrent supraten-
torial glioblastoma based on the randomized phase Il EF-11
trial. In this trial 237 patients were randomized betweenTTF
and physicians’ choice systemic therapy. In the physicians’
choice arm 31% received bevacizumab and 25% received
nitrosorueas. Almost half of the patients in the control arm
received regimens with suboptimal evidence for efficacy.
The TTF arm was found to be comparable to the control
arm with respect to OS (6.6 months vs. 6.0 months, p=.27),
PFS6 (21% vs. 16.3%, p=.13), and RR (14% vs. 9.6%, p=.19).%*

Table 3 Trials for grade Ill and high-risk grade Il gliomas
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The utilization of systemic therapies without substantial ef-
ficacy in the control arm has led to dampened enthusiasm
for the use of TTF in the recurrent setting.

More recently (October 2015), the FDA approved TTF
for the treatment of newly diagnosed supratentorial glio-
blastoma. This approval was based on the results of the
randomized phase Ill EF-14 trial which was stopped early
after an interim analysis.*® This trial enrolled 695 patients
at 83 sites internationally. Patients were treated with radio-
therapy and concomitant temozolomide followed by ad-
juvant temozolomide (5/28 days) in the control arm. In
the investigational arm TTF were added to the adjuvant
temozlomide in patients without evidence of progression
after radiotherapy. This would have excluded both pseu-
doprogressors and true progressors. TTF were continued
for up to 24 months or until second progression. The ran-
domization was 2:1 in favor of the investigational arm. In
an analysis of the first 315 patients there was a substan-
tial improvement in the PFS (7.1 months vs. 4.0 months,
p=.0014). PFS was the primary endpoint in the intent to
treat (ITT) analysis. Secondary endpoints: OS (19.6 months

Trial Tumor Criteria for high-risk Treatment regimen Prolonged
histology survival
RTOG 1] Grade Il <39 years and subtotal RT (54 Gy) followed 13.3 years 10.4 years 10 year
98025253 0, OA A resection/biopsy by PCV(X6)" Vs vs survival
or Vs 7.8 years 4.0 years 62%
>40 years RT (54 Gy) alone Vs
41%
RTOG 1l Grade Il 3 of the following RT (50.4 Gy) with NA NA 3year
04245 0, 0A A features: concomitantTMZ survival
>40 years old, astro- followed by adjuvant 73.1%
cytic features in the TMZ (X12)™
histology, bihemi-
spheric tumor, >6cm
preoperative tumor
size, preoperative
ECOG performance
status >1
RTOG Il Grade Il Not applicable PCV (X4) followed by Overall group 2.6 years NA
94024649 AO, AOA RT (50.4 Gy) 4.6 years vs Vs
vs 4.7 years 1.7 years
RT (50.4 Gy) 1p19q codeleted
population
14.7 years
Vs
7.3 years
EORTC 1] Grade Il Not applicable RT (59.4 Gy) Overall group 156 months 5 year
26951474748 AO followed by 43.2 months vs survival
PCV (X6) vs 50 months  43.4%
vs 30.6 months vs
RT (59.4 Gy) 1p19q codeleted 37.0%
population
Not yet reached
vs
112 months

0S, overall survival; PFS, progression free survival; 0, oligodendroglioma; OA, oligoastrocytoma; A, astrocytoma; RT, radiotherapy; PCV,
procarbazine, CCNU, vincristine; TMZ, temozolomide; NA, not available; AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastrocytoma.
*PCV [CCNU 110mg/m? D#1, vincristine 1.4mg/m? D#8 and D#29, procarbazine 60 mg/m? D#8-21] was administered over 8 week cycles; **TMZ
75mg/m? during RT followed by 150-200mg/m? /day for 5/28 days; ***PCV [CCNU 130 mg/m? D#1, vincristine 1.4mg/m? D#8 and D#29, procarbazine
60 mg/m? D#8-21] was administered over 6 week cycles, ****PCV [CCNU 110 mg/m? D#1, vincristine 1.4mg/m? D#8 and D#29, procarbazine 60 mg/m?

D#8-21] was administered over 6 week cycles.
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vs. 16.6 months, p=.034) and 2 year survival (43% vs 29%)
were also superior in the TTF arm in the ITT analyses. This
was achieved without any substantial increase in toxicity
other than local site reactions, the majority of which were
grade 1 and 2 (43% of patients). How this novel treatment
modality will be incorporated into existing treatment para-
digms is yet to be seen. Complete analyses of the full pa-
tient cohort are still pending. Results of these analyses will
potentially influence the likelihood of more widespread
adoption of this therapeutic modality. Its limited toxicity
profile may lend it well towards combinations with other
more toxic modalities. However, practical difficulties with
using this treatment modality will also need to be consid-
ered. These difficulties include the necessity of regularly
shaving one’s head, near continuous utilization of the de-
vice (>18 hours per day recommended), the prolonged
course of treatment (potentially beyond disease progres-
sion), logistical issues when travelling both locally as well
as further afield. These points should be weighed by both
the clinician and the patients in the decision making pro-
cess when this treatment modality is being contemplated.

|
Anaplastic Gliomas

Procarbazine/CCNU/Vincristine

The recent fully mature results of two phase lll cooperative
group trials, one conducted in the US and Canada (RTOG
9402), the other in Europe (EORTC 26951), have helped
redefine the management of grade Ill gliomas. (Table 3)
Preliminary analyses had demonstrated a significant im-
provement in PFS but not in 0S.4647 In EORTC 26951 368
patients with anaplastic oligodendroglioma were enrolled
with a median follow up of 140 months. They were rand-
omized to receive radiation alone to 59.4 Gy or radiation
followed by CCNU (110 mg/m?) day #1, procarbazine
(75 mg/m?) day #8-21, and vincristine (1.4 mg/m?) day #8
and #29 on 6 week cycles for 6 cycles. OS was 30.6 months
vs 43.2 months (HR 0.75, 95%CI .6-.95). In the 1p19q co-
deleted patients there was a significant improvement in
OS in the combined modality arm. Retrospective evalu-
ation of the IDH1 mutation (n=179) found it to be prog-
nostic with OS of 8.4 years in the mutated patients and
1.4 years in the non-mutated.”® In RTOG 9402 patients
with both anaplastic oligodendroglioma and anaplas-
tic oligoastrocytoma (a group excluded from EORTC
26951) were included. Two hundred and ninety-one
patients were enrolled with a median follow up of 5 years.
In this study patients were also randomized to RT alone
vs. RT plus PCV. A lower dose of RT was given (50.4 Gy)
and chemotherapy was administered prior to radiation.
Patients received only 4 six week cycles. The dose of
CCNU was slightly higher (130 mg/m?2). OS in the overall
group was not significantly different. However, there was
a significant improvement (HR 0.59, 95%Cl .37-.95) in OS
in the 1p19q co-deleted group treated with PCV plus radi-
ation.*The findings from these studies provide clear sup-
port for the combination of radiation and chemotherapy
in newly diagnosed anaplastic gliomas, particularly those
with 1p19q co-deletion. Questions remain regarding the
optimal chemotherapy regimen.There has been extensive

use of temozolomide in these patients due to its efficacy in
grade IV gliomas and better tolerability compared to PCV.
Retrospective data further supports superiority of a com-
bined radiochemotherapy approach and demonstrates
trends towards possible improved outcomes with PCV
over temozolomide in these patients.?®

Ongoing trials are attempting to further clarify the role
of chemotherapy in newly diagnosed grade Ill gliomas.
The CODEL and CATNON paired trials are evaluating this
in 1p19qg co-deleted and non-deleted patients respect-
ively. In CODEL the two current treatment arms include
radiotherapy followed by PCV vs radiotherapy with con-
comitant temozolomide followed by adjuvant temozo-
lomide. In CATNON the arms are radiotherapy alone,
radiotherapy with concomitant temozolomide, radio-
therapy followed by temozolomide, and radiotherapy with
concomitant temozolomide followed by temozolomide.
Finally, NOA-04 is looking at sequential radiotherapy,
PCV, and temozolomide as single treatment modalities
at time of study enrollment, followed by crossover to an-
other treatment modality at progression. This differs sub-
stantially from RTOG 9402 and EORTC 26951 where the
combination of radiotherapy and chemotherapy is used
initially. Preliminary reports have revealed no signifi-
cant differences thus far in OS, PFS, or time to progres-
sion after two treatment modalities.%' The results of these
studies support radiotherapy and chemotherapy in com-
bination in the newly diagnosed setting for anaplastic
oligodendrogliomas, particularly those with 1p19q code-
letion. Variability can be seen with regards to the timing
of radiotherapy in relation to the chemotherapy as well
as the chemotherapy regimen employed. While temozo-
lomide or PC (without the vincristine) can be employed
in our practices we advocate for PCV as the level one evi-
dence supports its use.

|
High-Risk Low-Grade Gliomas

For a long-time the optimal management of low grade infil-
trating gliomas had not been well defined. Management
ranged from watchful waiting to aggressive multimodality
treatment involving surgery, radiation, and chemotherapy.
Over the recent past, the analyses of mature data from clin-
ical trials for high-risk low grade gliomas support the util-
ization of combined radiation and chemotherapy for this
subset of patients.

Procarbazine/CCNU/Vincristine

The RTOG 9802 trial for high-risk low-grade gliomas
including grade Il oligodendrogliomas, oligoastrocy-
tomas, and astrocytomas demonstrated improved OS
with the combination of radiotherapy and chemotherapy.
High-risk was defined as <39 years old with subtotal re-
section/biopsy or 240 years old. In this phase Il trial 251
patients were randomized to radiotherapy (54 Gy in 30
fractions) followed by 6 cycles of PCV vs. radiotherapy
alone. The PCV cycles were similar to those used for
anaplastic gliomas except that they were 8 weeks long,
essentially adding an additional two weeks without



active chemotherapy on the second half of each cycle.
OS, PFS, and 10 year survival were all significantly bet-
ter in the combined modality arm (Table 2)52 Cognitive
function assessed by crude yet easily reproducible mini-
mental status exam revealed no substantial decline in
the average scores over time and no difference between
the two arms.53 Over 3/4t" of patients in the radiotherapy
alone arm received salvage chemotherapy. These data in-
dicate that early treatment decision making in this group
of patients influences outcomes in meaningful ways. One
can begin to appreciate that watchful waiting in the set-
ting of presumed low-grade gliomas may not be the best
option for higher risk patients.

Temozolomide

RTOGO0424 evaluated a different chemotherapy regimen
in conjunction with radiotherapy in patients with high-risk
gliomas (grade Il oligodendrogliomas, oligoastrocytomas,
or astrocytomas). A different set of high-risk criteria were
employed which necessitated at least 3 of the following
features: >40 years old, astrocytic features in the histology,
bihemispheric tumor, >6cm preoperative tumor size, and
preoperative ECOG performance status >1. In this phase Il
trial (n=129) patients received radiotherapy (50.4 Gy) with
concomitant temozolomide followed by 12 additional cycles
of temozolomide (150-200 mg/m? for 5/28 days). Three year
survival was increased when compared to a historical control
(73.1% vs. 54%, p<.001). The 3 year PFS was 59.2% and the
5 year survival was 57.1%. A substantial percentage of patients
experienced grade 3 (43%) and 4 (10%) adverse events.>*This
study lends further support for combined chemoradiotherapy
in high-risk low grade astrocytomas. At this time we lack evi-
dence supporting superiority of one chemotherapy regimen
over another in this patient population.

I
Conclusions

An understanding of the pivotal trials which underlie the
standard of care for infiltrating gliomas is essential for both
the clinician caring for patients and the researcher working
on future advances in the field. In this review we have taken
a somewhat unconventional approach removing discus-
sion of the preclinical science as well as treatments without
formal indications for treating infiltrating gliomas as these
have been well covered in other publications.53-% This
approach has allowed us to focus on the later phase clin-
ical trials and emphasize some of their nuances.The frame-
work provided will allow readers to place important new
advances in the field of neuro-oncology within the context
of what has come before.The review will also provide clini-
cians with a quick access to clinically relevant information.
Many of the discoveries discussed are practice-changing,
and detailed knowledge of the pivotal trials is necessary to
successfully educate patients and other non-neuro-oncol-
ogy providers, and to practice evidence-based medicine.
While some of the data is still maturing and interpretation
of the studies’ results often differs among the clinicians,
we are now very close to being able to practice more per-
sonalized neuro-oncology than ever before.
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