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ABSTRACT

The management of high-grade gliomas (nGGs) is complex and ever-evolving. The standard of care for the treatment
of HGGs consists of surgery, chemotherapy, and radiotherapy. However, treatment options are influenced by multi-
ple factors such as patient age and performance status, extent of tumour resection, biomarker profile, and tumour
histology and grade. Follow-up cranial magnetic resonance imaging (Mri) to differentiate treatment response from
treatment effect can be challenging and affects clinical decision-making. An assortment of advanced radiologic
techniques—including perfusion imaging with dynamic susceptibility contrast mr1, dynamic contrast-enhanced
MR, diffusion-weighted imaging, proton spectroscopy, MRI subtraction imaging, and amino acid radiotracer imag-
ing—can now incorporate novel physiologic data, providing new methods to help characterize tumour progression,
pseudoprogression, and pseudoresponse. In the present review, we provide an overview of current treatment options
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for HGG and summarize recent advances and challenges in imaging technology.
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BACKGROUND

Gliomas are malignant tumours derived from glial cells
or their precursors; in the United States, they constitute
80% of all primary intra-axial malignancies of the central
nervous system and 28% of all cancers involving the central
nervous system'. The current World Health Organization
histologic classification system uses histopathologic
changes of cellular atypia, mitotic activity, endothelial
cell proliferation, and necrosis to classify gliomas as “low
grade” (gradestand 1) and “high grade” (grades irand 1v)2.
Common glioma subtypesinclude astrocytoma (including
glioblastoma), oligodendroglioma, and oligoastrocytoma
(or mixed glioma)?.

Predictive and Prognostic Factors

Important factors that predict positive outcomes are oli-
godendroglial cell line, extent of surgical resection, and
age less than 50 years*. Furthermore, tumours with mgmT
(O-6-methylguanine-pNa methyltransferase) promoter
methylation, chromosomal 1p and 19q co-deletion (seen
in oligodendroglioma cell lineage), or isocitrate dehydro-
genase 1 and 2 mutations have been shown to have more

favourable outcomes®-8. The presence of MGMT promoter
methylation and 1p/19q co-deletion can also affect treat-
ment decisions, because either of those mutations predicts
a better outcome in patients treated with alkylating
chemotherapy®?. In the case of MgMT promoter methy-
lation, inferior outcomes have been reported in elderly
patients (defined as >70 years of age) when such patients
are treated with conventionally fractionated radiotherapy
alone compared with chemotherapy?®.

MANAGEMENT STRATEGIES

Maximal safe surgical resection is widely accepted as the
standard of care for high-grade gliomas, although existing
evidence isretrospective in nature!®!!, Currently accepted
adjuvant management, which is based on a trial by the
European Organisation for Research and Treatment of
Cancer (EorTc) and the (then) Ncic Clinical Trials Group'?,
includes maximal surgical resection or biopsy followed by
concomitant temozolomide (rmz) and radiation (a total
dose of 60 Gy administered in 30 fractions) followed by
6 cycles of adjuvant Tmz. That regimen is based on trial
results demonstrating improvement in survival outcomes
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with that protocol rather than with radiation therapy (rt)
alone!?. In the T™z arm of the trial, 27.2% of patients were
alive at 2 years compared with 10.9% in the rr-alone arm.
At5years, 9.8% of patients in the combined therapy group
were alive compared with 1.9% of those who received
RT alone. Median overall survival was also higher in the
TMz-containing arm (14 months with TMz-RT plus adjuvant
T™MZ vs. 12 months with rT-alone)!2.

Given emerging data supporting the use of alternating
electric fields with Tmz after the rT—T™Mz phase of treat-
ment'3, the current standard of care is evolving. Other trials
haveyielded newinsights into the management of specific
glioma subpopulations (discussed in the subsections that
follow). Table 1 summarizes the results of recent trials.

Elderly Patients
Evidence suggests that, compared with younger patients,
elderly patients (60 years of age and older) tend to do
poorly. Two large randomized controlled trials, NoA-8
and the Nordic trial, indicated that, compared with using
both Tmz and rt, the use of TmMz alone in patients with
MGMT promoter methylation produced similar outcomes
with less toxicity®!6. The Noa-8 trial also demonstrated
that, compared with the TmMz group, the rr-alone group
of patients without MGMT promoter methylation experi-
enced superior event-free survival. Those trials suggest
that treatment with TMz or RT alone in elderly patients is
acceptable depending on mgMT status. The results of ce.6
(NCT00482677), a phase 111 trial comparing RT plus TMZz
with rT alone in elderly patients is ongoing, and results
are expected within the next year.

Age and poor performance status have also affected
RT dose and fractionation schemes in elderly patients. For
individuals more than 50 years of age with a Karnofsky per-
formance status greater than 50, lower-dose radiotherapy is
preferred because higher-dose radiotherapy demonstrates
no survival advantage!+18.

Anaplastic Astrocytoma

The optimal management of patients with anaplastic
astrocytoma is unknown. A few patients with anaplastic
astrocytoma were included in the eorTc-NcIc trial'?, and
for that reason, the study treatment regimen is often used
for patients with such tumours. The results of Radiation
Therapy Oncology Group (rRT0G) 9813 (NCT00004259) and
EORTC 26053-22054 (NCT00626990) are pending and will
provide the first prospective evidence for the management
of anaplastic astrocytoma.

Anaplastic Oligodendroglioma
The management of anaplastic oligodendrogliomais based
on evidence from two large phase 11 trials that recently
established a new standard of care®®. In EORTC 26951, a
significantincrease in median overall survival was shown
in patients treated with rRT and adjuvant procarbazine, lo-
mustine, and vincristine (pcv) compared with Rt alone (3.4
years vs. 2.6 years respectively). A similar survival benefit
with the addition of pcv chemotherapy was observed in
RTOG 9402, but only in patients with 1p/19q co-deletion.
Although some available data support the use of TMz
instead of pcv in this patient population, no phase 111 trials

have yet been completed. The results of the ongoing EorRTC
26081-22086 trial (NCT00887146) comparing Rt followed
by pcv with RT and concomitant and adjuvant Tmz will
hopefully add some clarity about the role of TmMz in patients
with anaplastic oligodendroglioma.

Recurrent Disease
Treatment options are more limited at the time of recur-
rence because patients who received radiotherapy often
cannot be re-treated because of the risk of brain necrosis
or radiation injury to critical structures. Patients are
re-assessed for either or both of tumour resection and
treatment with T™mz, single-agent lomustine, etoposide,
carboplatin with tamoxifen, or pcv. Alternating electric
field therapy has also shown promise in the recurrent set-
ting, although its use is not widespread?’. Carmustine-
impregnated wafers deliver chemotherapy locally at the
time of resection and can confer a survival benefit?!;
however, few centres are currently using that method
because of high complication rates and cost.
Bevacizumab has shown some promise in recurrent
glioblastoma multiforme and can also be used to treat
radiation necrosis. Bevacizumab inhibits vascular endo-
thelial growth factor, thereby normalizing the integrity
of the blood-brain barrier and changing imaging char-
acteristics. Bevacizumab is not yet in wide use in publicly
funded health systems because of high cost and a lack of
an overall survival benefit'>?223, There is some evidence
of a potential survival advantage when lomustine is com-
bined with bevacizumab, as in the phase 11 BELOB trial?4.
However, the results of the phase 111 extension of that trial
(NCTO01290939) reported no difference in overall survival
between treatment arms.

Future Treatment Strategies
Despite treatment advances, outcomes remain poor in high-
grade gliomas, and particularlyin glioblastoma. Many prom-
ising treatment options are currently under investigation.
Vaccines act by boosting the body’s own immune
defenses through immunologic memory and might play
arole in combating malignant cells. Several vaccines are
currently being investigated in early clinical trials. The
dendritic cell-based DCVax-L (Northwest Biotherapeutics,
Bethesda, MD, U.S.A.) has been shown to be effective and
safe in phase 1 and 11 clinical trials?>-%7, and research into
its effectiveness is ongoing (NCT00045968, NCT02146066).
The peptide-based synthetic vaccine rindopepimut
(against epidermal growth factor receptor variant 1) was
shown to increase overall survival in a phase 11 trial?8, and
further studies are currentlyunderway to confirmits efficacy
and safety (NCT01498328, NCT01480479, NCT00458601).
Interest in the use of human pathogenic viruses to
selectively destroy tumour cells has also been increasing.
The therapeutic use of such “oncolytic viruses” has shown
some promise in preclinical models, including glioma
cell cultures?*-32, The development of therapies that se-
lectively target tumour cells would have clear advantages
over conventional chemotherapy and rt, which exert toxic
effects on both malignant and non-malignant tissues. Re-
search is currently ongoing, studying the PVSRIPO polio
virus (NCT01491893) and the retroviral replicating factor
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TABLE 1 Summary of landmark trials in the treatment of high-grade glioma
Reference Design Results
(trial name)

Roa et al., 20044

Vredenburgh et al., 2007'°
(RTOG 0525)

Stupp et al., 2009'?
(EORTC 26981-22981/
NCIC CE.3)

Malmstrém et al., 201216
(Nordic)

Wick et al., 20128
(NOA-08)

Cairncross et al., 2013°
(RTOG 9402)

van den Bent et al., 2013°
(EORTC 26951)

Patients age 60 or older with glioblastoma
multiforme (GBM) treated with maximal
surgical resection and then randomized to
2 treatment arms:

1. Standard RT (60 Gy in 30 fractions)
2. Hypofractionated RT (40 Gy in 15 fractions)

Patients with GBM treated with maximal
surgical resection and then randomized to
2 treatment arms:

1. Standard TMZ-RT, then TMZ+placebo
2. Standard TMZ-RT, then TMZ+bevacizumab

Patients with GBM treated with maximal
surgical resection and then randomized to
2 adjuvant treatment arms:

1. TMZ-RT, followed by 6 cycles of TMZ
2. RTalone

Patients age 60 or older with GBM
randomized to 3 treatment arms:

1. TMZ
2. Hypofractionated RT (34 Gy in10 fractions)
3. Standard RT (60 Gy in 30 fractions)

Patients age 65 or older, with a Karnofsky PS 60 or
greater, and anaplastic astrocytoma or GBM
randomized to 2 treatment arms:

1. T™MZ
2. RT

Patients with anaplastic oligodendroglioma
or anaplastic oligoastrocytoma randomized
to 2 treatment arms:

1. PCV followed by RT
2. RT

Patients with anaplastic oligodendroglial
tumours randomized to 2 treatment arms:

1. RT
2. RT followed by PCV for 6 cycles

No difference in OS between arm 1 and arm 2 (5.1 months
vs. 5.6 months; HR: 0.89)

Significantly fewer patients in arm 2 than in arm 1 required
an increased post-treatment steroid dose (23% vs. 49%)

No difference in OS in arm 2 and arm 1 (15.7 months vs.
16.1 months)

Better PFS in arm 2 than in arm 1 (10.7 months vs. 7.3
months)

Improved OS (23.2 months vs. 14.3 months) and PFS (14.1
months vs. 8.2 months) in patients with compared with those
without MGMT promoter methylation

Lower OS in arm 2 than in arm 1 for patients with MGMT
promoter methylation (15.7 months vs. 25 months)
Increased grade 3 and greater toxicity in arm 2 than in arm 1
(neutropenia, hypertension, DVT/PE)

Increase in median OS at year 5 favouring arm 1 (14.6
months vs. 12.1 months; HR: 0.6)

MGMT promoter methylation strongest predictor for outcome
and benefit in arm 1 compared with arm 2 (23.4 months vs.
15.3 months: HR: 0.3)

Median OS better in arms 1 and 2 than in arm 3

(8.3 and 7.5 months vs. 6.0 months)

In patients age 70 and older, OS was better in arms 1 and 2
than in arm 3 (9.0 and 7.0 months vs. 5.2 months)

Patients with MGMT promoter methylation in arm 1 did
better than those without (9.7 months vs. 6.8 months; HR:
0.56)

No OS difference between patients with and without MGMT
promoter methylation who received any RT (8.2 months vs.
7.0 months; HR: 0.81)

Minimum follow-up was 12 months

Arm 1 noninferior to arm 2 in OS (8.6 months vs. 9.6
months; HR: 1.09) and EFS (3.3 months vs. 4.7 months;

HR: 1.15)

Patients with MGMT promoter methylation experienced
better OS than those without (11.9 months vs. 8.2 months;
HR: 0.62)

Patients with MGMT promoter methylation also experienced
better EFS in arm 1 (8.4 months vs. 3.3 months; HR: 0.53)

No difference in OS comparing arm 1 with arm 2 at 10-year
follow-up (4.6 years vs. 4.7 years; HR: 0.79)

Subset analysis showed increased OS in arm 1 compared
with arm 2 for patients with 1p/19q co-deletion (14.7 years
vs. 7.3 years; HR: 0.59)

No difference in survival in arm 1 compared with arm 2

for patients with 1p/19q co-deletion (2.6 years vs. 2.7 years;
HR: 0.85)

Median follow-up was 140 months

Increased OS in arm 2 compared with arm 1

(42.3 months vs. 30.6 months; HR: 0.75)

Increased PFS in arm 2 compared with arm 1

(24.3 months vs. 13.2 months; HR: 0.66)

Increased survival in patients with than without

1p/19q co-deletion in arm 1 (111.8 months vs. 21.1 months)
Trend to more benefit of PCV in patients with than without
1p/19q co-deletion in arm 2 (OS not reached vs. 111.8
months; HR: 0.56)
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TABLE 1 Continued

Reference
(trial name)

Design

Results

Chinot et al., 20147
(AVAglio)

Roa et al., 20158
(IAEA)

Gilbert et al., 201319
(RTOG 0825)

=

Patients with GBM treated with maximal
surgical resection and then randomized to
2 treatment arms:

1. TMZ-RT + bevacizumab, followed by
28-day treatment break, followed by
TMZ + bevacizumab
2. TMZ-RT + placebo, followed by
28-day treatment break, followed by
TMZ + placebo

Patients age 50 or older, a Karnofsky PS 50

or greater, with GBM treated with maximal

surgical resection and then randomized to
2 treatment arms:

Hypofractionated RT (25 Gy in 5 fractions)
2. Standard RT (40 Gy in 15 fractions)

Patients with GBM treated with maximal
surgical resection and concurrent TMZ/RT
before randomization to 2 treatment arms:

No difference in OS for arm 1 compared with arm 2

(16.8 months vs. 16.7 months; HR: 0.88)

Increased PFS in arm 1 compared with arm 2

(10.6 months vs. 6.2 months; HR: 0.64)

Higher QOL and PS scores in arm 1 compared with arm 2
Time to initiation of glucocorticoids was longer in arm 1
than in arm 2 (12.3 months vs. 3.7 months; HR: 0.71)
More grade 3 or greater adverse events (DVT/PE) in arm 1
than in arm 2 (38.8% vs. 25.6%)

Median follow-up was 6.3 months

No difference in OS between arm 1 and arm 2

[7.9 months (95% Cl: 6.3 to 9.6 months) vs.

6.4 months (95% Cl: 5.1 to 7.6 months), p = 0.988]

No difference in PFS between arm 1 and arm 2

[4.2 months (95% Cl: 2.5 to 5.9 months) vs.

4.2 months (95% Cl: 2.6 to 5.7 months), p = 0.716]

No difference in QOL at 4 or 8 months after treatment
between arm 1 and arm 2 (EORTC QOL questionnaires)

No difference in OS in arm 1 compared with arm 2
(16.6 months vs. 14.9 months; HR: 1.03)

1. Standard TMZ
2. Dose-dense TMZ

No difference in PFS in arm 1 compared with arm 2

(5.5 months vs. 6.7 months; HR: 0.87)

® Increased OS (21.2 months vs. 14.0 months; HR: 1.74) and
PFS (8.7 months vs. 5.7 months; HR: 1.63) for patients with
compared with those without MGMT promoter methylation

m Increased grade 3 or greater toxicity (lymphopenia and

fatigue) in arm 1 than in arm 2 (34% vs. 53%)

RT = radiotherapy; OS = overall survival; HR = hazard ratio; RTOG = Radiation Therapy Oncology Group; TMZ = temozolomide; PFS = progression-
free survival; MGMT = O-6-methylguanine-DNA methyltransferase; DVT = deep vein thrombosis; PE = pulmonary embolism; EORTC = European
Organisation for Research and Treatment of Cancer; NCIC = National Cancer Institute of Canada; QOL = quality of life; PS = performance status;
EFS = event-free survival; PCV = chemotherapy regimen of procarbazine-lomustine-vincristine; IAEA = International Atomic Energy Agency; Cl =

confidence interval.

Toca 511 [Tocagen, San Diego, CA, U.S.A. (NCT02598011,
NCT01985256, NCT02414165, NCT01470794)].

Immunotherapy has been successful in other disease
sites and also shows preclinical promise in the treatment
ofbrain tumours. Inhibition of PD-1, such as that seen with
nivolumab, has been shown to be effective in mice implant-
ed with glioblastoma cells®334. Tts use is also currently being
explored in humans with glioblastoma (NCT02423343,
NCT02529072). If the effect on glioma tissue is comparable
to that in other malignancies such as non-small-cell lung
cancer®?, this form of therapy could play a significant role
in the future management of high-grade gliomas.

Blockade of ctLa4 by ipilimumab has been revolu-
tionary in the treatment of melanoma3®. It has also shown
preclinical promise in high-grade gliomas3%38, Clinical
trials are currently underway to test its efficacy and safety
in humans (NCT02311920, NCT02017717).

RESPONSE ASSESSMENT

The Macdonald criteria were developed in 1990 to provide
a means of accurately establishing tumour response to
therapy based on the volume of enhancing tumour seen
on computed tomography3?. The method was later ex-
trapolated to conventional magnetic resonance imaging
(MR1), in which tumour progression was defined according

to increased volume of gadolinium-enhancing tumour.
However, radiologic evaluation can be confounded by so-
called pseudophenomena—imaging changes that do not
reflect a true alteration in the burden of disease.

Pseudoprogression

Pseudoprogression refers to new areas of enhancement or
edema that arise not from tumour progression, but from
chemoradiotherapy-related inflammation, likely because
of increased vessel permeability*°. Recognized as early
as 1979*, pseudoprogression poses a clinical challenge
because the imagingappearanceisindistinguishable from
true disease progression. Before the use of TMmz chemora-
diation, only approximately 1% of patients treated with
focal fractional rT alone would develop treatment-related
imaging changes*?. However, with the current regimen,
pseudoprogression been reported in up to 50% of patients,
typically noted at the first follow-up mMr1 obtained within
2-3 months after chemoradiation therapy*3.

Failure to recognize pseudoprogression can lead to
premature termination of an effective therapy, unneces-
sarysurgical intervention, or additional chemotherapeutic
agents. Because pseudoprogression resolves spontaneously,
that resolution might be misinterpreted as evidence that
the new treatment is effective, thus skewing the results of
clinical trials**. On the other hand, successful recognition
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of pseudoprogression has been associated with improved
prognosis, possibly because of the increased likelihood of
MGMT promoter methylation in this population®.

Given the growing evidence surrounding pseudopro-
gression, the Response Assessment in Neuro-Oncology
(rRaNO) criteria provided an update in 2010 to account for
the phenomenon of pseudoprogression*6. The RaNO criteria
specify that, within the first 12 weeks after completion of
RT, tumour progression can be established only if most of
the new enhancement occurs outside the radiation field
or if histologic confirmation of progression is obtained.
However, a diagnostic dilemma remains for enlarging
enhancement and peritumoural edema that occurs within
theradiation field during the initial 12 weeks. Biopsy sam-
ples can sometimes reveal either obvious tumour growth
or therapy-induced changes, but in many instances, even
histologic assessment fails to resolve the dilemma because
of sampling errors, inconclusive specimens with mixed
treatment and tumour histologic findings, inter-observer
variability, and inconsistent definitions of residual and
recurrent disease?®’.

Because of the diagnostic challenges, the current man-
agement practice for pseudoprogression in asymptomatic
patients often involves observation and continuation of
current therapy with radiologic follow-up in 2-3 months*8.
Inthe presence of clinical symptoms, surgical resection can
be considered for therapeutic and diagnostic purposes?.

Pseudoresponse

Another phenomenon that confounds imaging inter-
pretation in glioma patients is that of pseudoresponse.
Pseudoresponse refers to an apparent improvement in
disease severity on MRI when, in reality, the changes
are treatment-related. Antiangiogenic therapies such as
bevacizumab or cediranib have shown early reduction in
contrast enhancement on Mmr1 within days or even hours*°.
The rapidity of the change and the lack of an associated
survival benefit® indicate that these findings do not reflect
atrue improvement in tumour burden. This phenomenon
canarise from normalization of the blood-brain barrierin-
tegrity. Patients placed on a “drugholiday” from antiangio-
genic therapy because of toxicity have in fact demonstrated
reversal of the effect and subsequent re-improvement when
the drugis restarted**. Concern has arisen that antiangio-
genic therapy mightinadvertently select for amore invasive
tumour phenotype that co-opts existing microvasculature
rather than relying on neoangiogenesis®'.

The raNoO criteria address pseudoresponse by requir-
ing MRI changes to persist for at least 4 weeks before being
termed a true response. They also include clinical status
as an indirect measure of worsening non-enhancing dis-
ease®!. The lack of an objective imaging parameter for
non-enhancing disease is clearly suboptimal; measure-
ment of T2 or fluid attenuation inversion recovery signal
abnormality in patients on antiangiogenic therapy has not
been helpful in predicting survival®’. Updates to the criteria
are expected as work in this area develops.

Advanced Imaging and Pseudophenomena
A number of preliminary investigations suggest that ad-
vanced MR1 techniques using physiologic and biochemical

parameters might provide unique information valuable to
discriminating pseudophenomena from true changes in
tumour status (Figure 1).

Perfusion Imaging

Perfusion imaging is an MRI technique that can provide
qualitative and quantitative assessment of the increased
blood supply typically seen with neoangiogenesis, which
accompanies neoplastic growth®2. On the other hand,
treatment-related changes increase vascular permeability
without neoangiogenesis. Given this important distinction,
perfusion imaging can help to differentiate gliomas from
treatment-related pseudoprogression.

Dynamic susceptibility contrast-enhanced Mri1 (Dsc-
MRI) is the most commonly used perfusion imaging tech-
nique. It relies on a first-pass bolus of gadolinium contrast
to generate parametric maps such as cerebral blood flow
maps and cerebral blood volume maps. A quantitative
analysis of the cerebral blood volume map can be used to
generate relative cerebral blood volume ratios. In clinical
investigations, such ratios derived from psc-MR1 were
shown to distinguish between true tumour progression
and pseudoprogression with 82% sensitivity and 78%
specificity®. In addition, psc-mMR1 has been used in the
RTOG 0625 multicentre trial to evaluate pseudoresponse
with bevacizumab, noting shorter overall survival times for
patients demonstrating increasing relative cerebral blood
volume after initiation of bevacizumab®4.

Another MRI technique, dynamic contrast-enhanced
MR, relies on the increased permeability of blood vessels in
tumours, which manifests asanincreased rate of capillary
leakage of contrast into the interstitial space®®. Dynamic
contrast-enhanced MR1 parameters have been particu-
larly useful in conjunction with parameters derived from
Dsc-MRI. Multiparametric analysis from both psc-mr1 and
dynamic contrast-enhanced Mmr1 was used in a study of 108
patients, successfully discriminating pseudoprogression
from true progression with a sensitivity of 87% and a spec-
ificity of 87.1%-90.3%°S.

Diffusion Imaging

Diffusion-weighted imaging is a readily available MR1
technique that depicts the restriction of water molecule
movement, relying on the apparent diffusion coefficients.
Tumour growth involves increased cellularity and greater
diffusion restriction, generating a lower apparent diffu-
sion coefficient; in contrast, pseudoprogression has been
found to have a higher apparent diffusion coefficient®”%8,
Diffusion-weighted imaging is also useful in cases of
pseudoresponse, because treatment-induced permea-
bility changes do not tend to affect diffusion restriction.
Preliminary investigations have noted that a high bvalue
(reflecting the strength and duration of the magnetic
diffusion gradient) in diffusion-weighted imaging can
identify some cases of pseudoresponse earlier than the
Macdonald and rANO criteria can®.

Magnetic Resonance Spectroscopy

Proton magnetic resonance spectroscopy is another
promising technique that provides noninvasive charac-
terization of cellular metabolites, determining changes
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FIGURE 1 A 31-year-old male patient with prior resection of a right frontal glioblastoma multiforme presented later with a 1-cm enhancing nodule
concerning for recurrence compared with pseudoprogression. (A) Magnetic resonance image of the new nodule. (B) Map of relative cerebral blood
volume demonstrates increased flow in the nodule (arrow). (C) Spectroscopic imaging demonstrates an elevated choline peak compared with (D) the

normal contralateral brain parenchyma in the same patient.

in the proportions of choline, N-acetyl aspartate, and cre-
atineb%6! Proliferating tumours demonstrate increased cell
membrane turnover, which entails an elevation in choline
relative to creatine, because of increased phospholipids in
the cell membranes. These tumours also demonstrate di-
minished normal functional neuronal tissue, which entails
a reduction in N-acetyl aspartate. Cerebral parenchyma
involved in pseudoprogression does not exhibit the same
metabolite profile®2.

Recent advances have also highlighted the role of
magnetic resonance spectroscopy in determining cases of
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pseudoresponse. An increased ratio of N-acetyl aspartate
to choline indicates improvement in the patient’s tumour
burden in keeping with true response to therapy®3.

Subtraction Mapping

In patients on antiangiogenic therapy, invasive tumour can
appear to be non-enhancing, given the improved integrity
of the blood-brain barrier. However, with T1 subtraction
mapping, true voxel-to-voxel subtraction measurements
can detect subtle residual enhancement in tumour that
might otherwise be inconspicuous to the eye. Usingsuch a

Current Oncology, Vol. 23, No. 4, August 2016 © 2016 Multimed Inc.
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method in 160 patients, Ellingson et al.5* demonstrated im-
proved visualization and quantification of tumour volume
thatwas predictive of overall survival and progression-free
survival. Similarly, T2 subtraction mapping has been used
to quantify voxel-wise changes, allowing visualization of
persistent abnormality in patients that appear improved
in conventional imaging5°.

Positron-Emission Tomography Imaging

Increased radiotracer accumulation in positron-emission
tomography (PET) has been noted in cases of true progres-
sion compared with pseudoprogression. Of particular
interest are the investigations that have gone beyond
traditional PET using '®F-fluorodeoxyglucose, which is of
limited utility in the normally high metabolic environment
of the brain.

Brain tumours exhibit increased protein synthesis,
making amino acid tracers an attractive imaging modality.
In astudy evaluating 72 patients with 'C-methionine PET,
athreshold uptake index of 1.9 could distinguish between
true tumour progression and pseudoprogression with 83.5%
sensitivity and 97% specificity®®. A smaller study using PET
imaging with the amino acid tracer O-2-18F-fluoroethyl-
L-tyrosine and a cut-off value of 2.3 demonstrated 100%
sensitivityand 91% specificityin discriminating true tumour
proliferation from pseudoprogression®’.

FUTURE DIRECTIONS

Pseudoprogression has yet to be adequately described
beyond the population of high-grade glioma patients on
T™Z. A small amount of research has described pseudo-
progression in low-grade glioma pediatric subjects, most
frequently manifesting as increasing mass effect rather
than new enhancement®®. Moreover, pseudoprogression
has yet to be adequately studied in patients on other che-
motherapeutic agents such as pcv (now fairly commonly
used for grade 111 gliomas in patients with 1p/19q co-
deleted tumours). One case series has demonstrated MRI
findings of pseudoprogression in patients treated with lo-
mustine and TMz combination therapy®?. The time course
of pseudoprogression also warrants better delineation.
Traditionally, pseudoprogression has been described in
the first 3 months and radiation-induced brain necrosis
hasbeen described after that period, but caution must be
exercised in relying on such timelines because cases of
non-classical “delayed” or “late” pseudoprogression have
been noted after the 3-month period®®.

The landscape of glioma management is changing
rapidly given new advances in genetic and imaging mark-
ers. Because prospective data on some glioma subpop-
ulations is lacking, ongoing clinical trials are expected
to optimize therapeutic protocols for patients with ana-
plastic astrocytoma and anaplastic oligodendroglioma.
Although response assessment continues to be a great
challenge, preliminary investigations with functional
techniques are quite promising. Such findings warrant
replication in larger studies and the addition of imaging
biomarkers to therapeutic trials to establish a new as-
sessment algorithm for evaluating therapeutic response
in patients with high-grade glioma.
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