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Abstract

This is an exciting time in neuro-oncology. Discoveries elucidating the
molecular mechanisms of oncogenesis and the molecular subtypes of
glioblastoma multiforme (GBM) have led to new diagnostic and classification
schemes with more prognostic power than histology alone. Molecular profiling
has become part of the standard neuropathological evaluation of GBM.
Chemoradiation followed by adjuvant temozolomide remains the standard
therapy for newly diagnosed GBM, but survival remains unsatisfactory. Patients
with recurrent GBM continue to have a dismal prognosis, but neuro-oncology
centers with active clinical trial programs are seeing a small but increasing
cadre of patients with longer survival. Molecularly targeted therapeutics,
personalized therapy based on molecular profiling of individual tumors, and
immunotherapeutic strategies are all being evaluated and refined in clinical
trials. Understanding of the molecular mechanisms of tumor-mediated
immunosuppression, and specifically interactions between tumor cells and
immune effector cells in the tumor microenvironment, has led to a new
generation of immunotherapies, including vaccine and immunomodulatory
strategies as well as T-cell-based treatments. Molecularly targeted therapies,
chemoradiation, immunotherapies, and anti-angiogenic therapies have created
the need to develop more reliable neuroimaging criteria for differentiating the
effects of therapy from tumor progression and changes in blood-brain barrier
physiology from treatment response. Translational clinical trials for patients with
GBM now incorporate quantitative imaging using both magnetic resonance
imaging and positron emission tomography techniques. This update presents a
summary of the current standards for therapy for newly diagnosed and
recurrent GBM and highlights promising translational research.
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Introduction

The second decade of the 21% century is an exciting time in
neuro-oncology, perhaps especially so in the diagnosis and
management of glioblastoma multiforme (GBM). The results of
ongoing discovery related to the molecular genetics of GBM, the
molecular pathways mediating resistance to immunotherapy, and
deeper understanding of mechanisms of sensitivity and resist-
ance to molecularly targeted agents are all entering translational
clinical trials. In addition, innovative approaches to the neuroim-
aging of treatment response are improving our ability to dif-
ferentiate between effects of therapy and tumor progression in
both newly diagnosed and recurrent GBM.

Discussion

Approximately 70,000 primary CNS tumors are diagnosed
annually in the US, with GBM being the most frequent high-
grade glioma, with an incidence of 3-4/100,000'. The incidence
increases with age, with the peak incidence being in the fifth or
sixth decade. Although there have been a number of advances in the
therapy of GBM, median survival is still short at between 15 and
18 months for patients with newly diagnosed GBM, approximately
10% going on to be five-year survivors”’. The median survival for
patients with recurrent GBM treated with regimens including
bevacizumab is eight to nine months'. Neuro-oncologists, being
optimists by nature, note that long-term survivors are being seen
with increasing frequency, and the median survival has been
improving incrementally over the 12 years since the original report
of the efficacy of chemoradiation incorporating temozolomide
followed by adjuvant temozolomide for six monthly cycles was
reported in 2004°.

Current treatment regimens for newly diagnosed GBM are based
on the randomized prospective trial, led by Roger Stupp, compar-
ing external beam fractionated radiation alone to concurrent daily
low-dose temozolomide during radiation, a one-month break, and
then six months of adjuvant temozolomide at 150-200 mg/m?.
This trial demonstrated an increase in median overall survival
of approximately three months and 30% versus 10% survival at
24 months favoring the chemotherapy cohort>*. This regimen
has been the basic scaffold for subsequent trials, and studies of
molecular prognostic and predictive factors are based on analy-
sis patient cohorts treated with this regimen or permutations that
maintain the basic design.

Although the introduction of anti-angiogenic therapies, with
bevacizumab being the lead drug in class, initially appeared to be
a transformative approach, subsequent clinical trial experience
has been disappointing. Initial studies for recurrent GBM dem-
onstrated that treatment with bevacizumab was associated with
higher response rates, clinical improvement, and longer time to
progression than historical controls employing chemotherapy™'.
Two randomized prospective trials in which bevacizumab was
added to the standard chemoradiation followed by adjuvant temo-
zolomide failed to demonstrate a benefit in overall survival for
the bevacizumab arm®’. Phase 2 trials evaluating bevacizumab in
combination with cytotoxic chemotherapies subsequently failed
to demonstrate a benefit in overall survival with the combinations
compared to bevacizumab alone'’. In a randomized phase 2 trial
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comparing bevacizumab or lomustine alone to the combination
of bevacizumab and lomustine with nine-month survival as the
primary endpoint, the combination of bevacizumab and lomustine
was superior to either of the drugs alone, but bevacizumab alone
was no better than lomustine alone'''>. The EORTC trial 26101
compared the combination of bevacizumab and lomustine to
lomustine alone and failed to demonstrate improved overall
survival in the combination arm (Proceedings Society for
Neurooncology, 2017). Currently, outside of clinical trials, the
role of bevacizumab in the treatment of GBM is in treating
patients with neurologic symptoms and signs related to the size
of the tumor or the surrounding edema. This benchmark for
overall survival with bevacizumab is only eight to nine months>'".
Although the addition of bevacizumab to chemoradiation and
adjuvant temozolomide did not prolong overall survival, bevaci-
zumab can ameliorate radiation-induced worsening of edema and
mass effect in newly diagnosed GBM patients.

Discoveries in molecular neuropathology have demonstrated
that, although essentially a homogeneous group of tumors by
histologic criteria, GBM can be separated out into clinically
relevant subgroups using molecular classification schemes'*".
Microarray studies performed as part of the Cancer Genome
Project led to a four-compartment classification, separating GBM
into classical, pro-neural, neural, and mesenchymal subgroups.
Similar to risk prediction multigene panels used in other malig-
nancies, retrospective molecular and outcome correlative
studies involving patients treated with chemoradiation and
temozolomide for newly diagnosed GBM identified a nine-gene
panel which separates cohorts into those with better and worse
prognosis'®. Genetic profiling appears to separate tumors which
arise from pre-existing low-grade gliomas from those which arise
primarily as GBM'*'°. Mutations in the isocitrate dehydrogenase
(IDH) gene, constituting one of the earliest and possibly initiat-
ing mutations in gliomas, are one discriminant between primary
and secondary GBM''. IDH has two isoforms, with mutation in
IDHI (IDH1-R132H) being the most common. /DH mutations
are present in 80% of secondary GBM but in only 5% of primary
GBM. The presence of IDH mutation may identify a better prog-
nostic subgroup within GBM patients. Approximately 40-50% of
GBM have EGFR gene amplification, and a splice variant which
creates a mutant form of EGFR (viii) is present in 20-50% of
EGFR gene-amplified GBM'. The prognostic implications of
EGFR amplification are still unsettled; higher levels of gene
amplification appear to correlate with poorer survival outcomes.

O6-methylguanine-DNA methyltransferase (MGMT) is involved
in DNA repair of O06-alkylating agents, the prototypical exam-
ple being temozolomide. MGMT promoter methylation has
prognostic and predictive significance in patients with GBM,
with longer survival rates in newly diagnosed patients treated
with chemoradiation and subsequent adjuvant temozolomide'*".
MGMT promoter methylation is present in approximately 50% of
newly diagnosed GBM but more commonly in secondary GBM.
MGMT promoter methylation status has been shown to be a
predictive biomarker for survival in elderly GBM patients.
Epigenetic mechanisms also have prognostic significance in
GBM. Tumors demonstrating hypermethylation of CpG sites
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throughout the genome, usually seen in younger patients with the
pro-neural subtype, have an especially favorable prognosis'*.

Mutations in the telomerase reverse transcriptase gene (hTERT)
occur in approximately 75% of GBM cases. Although hTERT
mutation status as a univariate factor does not appear to be prog-
nostic or predictive for GBM treatment outcomes, the favorable
prognosis conveyed by MGMT promoter methylation may depend
on concurrent hTERT promoter mutation. Classification into
subgroups based on MGMT promoter methylation status and
hTERT promoter mutation status appears to be more robust than
MGMT promoter methylation alone'*'"”. Since MGMT promoter
methylation is a stratification factor in many clinical trials for
GBM, hTERT mutation status will need to be correlated with
outcome as well.

Retrospective analysis of molecular features and outcome in
the NRG Oncology Trial RTOG 05-25, which tested two differ-
ent regimens of adjuvant temozolomide, led to a proposed update
for the prognostic recursive partitioning mode’. This new model
incorporates MGMT protein expression and c-MET protein expres-
sion with better separation of the overall survival prognostic
groups than incorporating MGMT promoter methylation alone”’.

Translational clinical trial approaches for recurrent and newly
diagnosed GBM include molecular targeted therapeutics, immu-
notherapies, and somatic gene therapy”. Although trials of single-
agent tyrosine kinase inhibitors for recurrent GBM have been
uniformly disappointing, ongoing trials are applying insights
into mechanisms of resistance and better understanding of driver
mutations™”’. Current trial designs include detection of specific
target mutations or mutational profiles as eligibility criteria for
the specific targeted drug. GBM patients are able to participate in
mutation-defined rather than histology-defined trials, such as the
MATCH trial. Responses have been reported with molecular-
targeted therapies for GBM expressing BRAFv600 mutations,
for GBM expressing NF1 mutations’', and for subsets of tumors
with EGFR gene amplification. Although most studies with EGFR
tyrosine kinase inhibitors (erlotinib and gefitinib) have been nega-
tive, retrospective molecular correlate studies of outcome suggest
that a subgroup of tumors with EGFRviii mutation and wild-type
PTEN, a tumor suppressor gene in the PI3K signaling pathway, do
respond”*. Clinical trials for recurrent GBM using a bifunctional
antibody targeting EGFR and coupled to a microtubule-disrupting
agent have been completed, and a study adding this agent to the
standard chemoradiation and adjuvant temozolomide is ongoing
(NCT02573324).

After a generation of persistent investigation by immunolo-
gists in the face of multiple negative trials, discoveries elucidat-
ing the mechanisms of tumor-induced immunosuppression in the
tumor microenvironment have been translated into the clinic***.
The first immunomodulatory drug trials in solid tumors have
focused on the immunosuppressive signals PD1, PDL-1, CTLAA4,
and IDO. PD-1 inhibitors and CTLA-4 inhibitors have been FDA
approved for melanoma and non-small-cell lung cancer trials.
Clinical trials in recurrent and newly diagnosed GBM are
2-3 years behind other solid tumor trials, in part because of
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additional complexities of drug delivery within the tumor
microenvironment”. Nivolumab, pembrolizumab, and ipilimumab
are humanized monoclonal antibodies with molecular weight and
lipid/water solubility characteristics that likely limit penetration into
the tumor microenvironment, especially in regions adjacent to tumor
mass where the blood—brain barrier is relatively intact. Since PD-1
is expressed on T cells rather than tumor cells, targeting PD-1
may not require intratumoral drug delivery. Ongoing trials of
checkpoint inhibitors in recurrent GBM have reported encour-
aging preliminary data suggesting activity’’”*. However, in the
Checkmate 143 trial, nivolumab did not meet the primary endpoint
for overall survival compared to bevacizumab alone (Proceedings,
World Federation of Neuro-Oncology Societies, 2017). Trials of
checkpoint inhibitors, single drugs and combinations, are currently
under phase 1 trial for newly diagnosed GBM.

Numerous studies of vaccines for recurrent and newly diagnosed
GBM have been recently completed or are ongoing. A prospective
randomized trial comparing temozolomide alone to temozolomide
plus a vaccine targeting the EGFRviii-mutated protein dem-
onstrated improved overall survival in the vaccine arm”, but
a similar trial in newly diagnosed GBM was terminated early
after interim analysis indicated futility. The recurrent GBM
EGFRuviii trial was open label and compromised by a high
rate of drop out in the standard treatment arm. Current vaccine
strategies include autologous vaccines generated from the patient’s
tumor at resection, peptide-based vaccines, and a new gen-
eration of vaccines using dendritic cells exposed to tumor cell
RNA*¥. Viral vector-based gene therapy trials, in which the vector
encodes immunomodulatory molecular signals, combine the les-
sons learned in viral somatic gene therapy trials to immunotherapy
strategies™*. Chimeric antigen receptor T cell therapies are also in
early clinical trials for patients with GBM and have demonstrated
the ability to migrate from injection sites to distant tumor sites*.

A novel cytotoxic mechanism based on tumor treatment fields
was the subject of a randomized prospective phase 3 trial in newly
diagnosed GBM. This technology employs scalp electrodes
to generate alternating directional fields of low-intensity radiation
in the 150-200 kHz range through the tumor. The tumor treatment
fields (TTFs) led to the disruption of mitotic spindle formation
and cell death in dividing tumor cells”. This trial demonstrated
a survival benefit to the TTF cohort, similar in magnitude to the
incremental benefit seen in the chemotherapy arm of the trial,
which established concurrent chemoradiation and temozolomide
as the standard therapy for newly diagnosed GBM‘. Contro-
versy continues™ regarding the lack of a sham control arm in the
trial and whether the TTF arm was more compliant with temo-
zolomide therapy, but analysis of the complete dataset indicates
that the groups were well balanced for the relevant prognostic
factors™.

The increasing translational clinical trial focus on strategies
different from cytotoxic chemotherapy has created challenges
for the radiologic evaluation of treatment response and tumor
progression’’**. Patients treated with chemoradiation for newly
diagnosed GBM may have transient worsening in MRI findings
manifest in the first post radiation therapy follow up MRI. This
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phenomenon, termed pseudoprogression, if not recognized can
lead to premature discontinuation of effective therapy and is
actually a good prognostic marker for prolonged survival®.
Pseudoprogression is not distinguishable from true progression
using routine clinical MRI criteria. At present, no single
imaging feature or combination of features have been validated
as biomarkers differentiating pseudoprogression from true
progression. Quantitative imaging techniques employing MR
spectroscopy and data extracted from clinical sequences are
supplementing and refining treatment response assessment based
on visual inspection of images’. Techniques that appear promis-
ing include Dynamic Contrast Enhanced or Susceptibility Weighted
Contrast sequences, which allow the calculation of regional
cerebral blood flow, changes in ADC characteristics, and
PET imaging using FDG, FLT, or amino acid tracers’-".
Anti-angiogenic therapies can lead to overestimation of response
based on criteria which measure the dimensions of contrast
enhancement, and progression frequently presents as enlarging
FLAIR abnormality without enhancement. Anti-angiogenic
pseudoresponse confounds the evaluation of efficacy at early
time points in treatment. As with pseudoprogression, a range of
quantitative MRT*” and PET techniques*** have been evaluated as
potential imaging biomarkers of response.

Currently, there are no prospectively validated imaging biomar-
kers which are reliable discriminators of true response. A
multidisciplinary working group to address the complexities of
treatment response assessment in neuro-oncology have produced
guidelines for current clinical trials (RANO). This group, led by
Ben Ellingson, have proposed standardized imaging protocols
with tiered complexity to establish standard imaging practices
for both clinical management and translational therapeutic
protocols™.

Using quantitative imaging techniques, investigators have identi-
fied imaging features that are not accessible by visual inspection
and which correlate with molecular characteristics of the tumor
and biologic behavior**. This application of quantitative imag-
ing using MRI features extracted from imaging data may allow
non-invasive assessment of regional heterogeneity, identify the
presence of EGFR amplification and /DH mutation*"’, differen-
tiate infiltrative tumor from perilesional edema®, differentiate
recurrence from radiation treatment effect, and have prognostic
significance in patients with newly diagnosed GBM**°. Immu-
notherapy of GBM challenges response evaluation criteria based
on enhancement as well, with the immune-mediated inflamma-
tion associated with response, mimicking progression. In a report
of retrospective analysis of MRI parameters, including DCE,
DSC, and arterial spin labeling (ASL), MR spectroscopic meas-
urement of myoinositol and Na23, and FLT PET, the authors
suggest that advanced neuroimaging techniques may differentiate
immunologic response from tumor progression™.

Elderly patients with GBM constitute an especially refractory
challenge. Age over 60 years has been a consistent poor prognos-
tic factor through the modern history of GBM therapeutics. The
increasing incidence with age coupled to the aging population

F1000Research 2017, 6(F1000 Faculty Rev):1892 Last updated: 26 OCT 2017

demographic means that the management of 70 and 80 year olds
with GBM is becoming a numerically more frequent problem.
Several trials have compared regimens which shortened the dura-
tion of radiation therapy and compared radiation therapy alone
to radiation with chemotherapy and even chemotherapy alone,
producing similar outcomes”. MGMT promoter methylation sta-
tus is an important prognostic and predictive marker. For MGMT
promoter methylated patients, in one trial, treatment with
temozolomide alone was equivalent to short course radiation
therapy. Abbreviated courses of radiation appear to be similar in
efficacy to a full six weeks of radiation, but none of these trials
compared their experimental regimen to the full six-week regimen
of chemoradiation followed by six months of adjuvant temo-
zolomide. Although controversy remains about the management
of elderly patients, evolving consensus suggests that patients
between 60 and 70 should be considered for similar treatment
as younger patients while patients over 70 or with significant
medical comorbidities be treated with a modified regimen. A
randomized prospective trial comparing 4,000 cGy over three
weeks versus concurrent chemoradiation to the same total dose
followed by six months of adjuvant temozolomide demonstrated
a survival benefit to the chemotherapy cohort, with a beneficial
effect in both the MGMT methylated and the unmethylated groups,
though larger in the MGMT methylated cohort’. This regimen is
currently considered by many neuro-oncology centers to be the
standard therapy.

Conclusion

Although the treatment options for patients with GBM are far from
satisfactory, and overall survival for patients with newly diagnosed
GBM remains short, this is an optimistic time for neuro-oncology.
Neuro-oncology centers with multi-disciplinary teams including
neurosurgery, neuro-oncology, neuroradiology, and neuropathol-
ogy are seeing median overall survival increasing, and the number
of long-term survivors is increasing as well. The translational
research challenges over the next five years include the systematic
evaluation of immunotherapy using cell-based treatments and
checkpoint inhibitors, elucidating the factors that create sensi-
tivity and resistance to molecularly targeted therapies, and the
development of increasingly accurate imaging biomarkers of
treatment response. Radiogenomics and other applications of quan-
titative neuroimaging will improve our ability to identify biologi-
cally relevant characteristics of tumors non-invasively. The current
generation of clinical trials are incorporating powerful insights into
the relationship between molecular genetics and biologic behavior,
attention to the issue of drug delivery to tumor and pharmacody-
namics, and the interplay of mechanisms of tumor immunity and
immunosuppression in the tumor microenvironment.

This review has provided an overview of the rapidly evolving diag-
nostic, therapeutic, and imaging aspects of the management of
patients with GBM. The most important recommendation regard-
ing the care of patients with GBM is the importance of the role
of neuro-oncologic centers of excellence with experience in the
diagnosis and management of these patients based on high-volume
neurosurgical and neuro-oncology practice, as equally important,
with access to clinical trials.

Page 5 of 8



Competing interests

The author has served on the scientific advisory board for
Novocure, has served on scientific advisory panels for Genentech
and Roche Pharmaceuticals, and has appeared as a discussant in a
paid appearance for Medscape WebMD.

Grant information

The author is currently the recipient of funding through the
National Cancer Institute for participation in the ABTC and
NRG consortia and is coinvestigator on a National Institutes of

References

F1000Research 2017, 6(F1000 Faculty Rev):1892 Last updated: 26 OCT 2017

Health-funded project evaluating novel PET and MRI biomarkers
of glioma treatment response. The author received grant support
from Stemline Therapeutics and Novocure.

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Acknowledgements
The author acknowledges Erin Davis (administrative assistant) for
having helped with the revision, formatting, and submission of this
review for publication.

F1000 recommended

1. McNeill K, Aldape K, Fine HA: Adult High-Grade (Diffuse) Glioma. In: Karajannis
MA, Zagzag D, editors. Molecular Pathology of Nervous System Tumors. New York,
NY: Springer New York; 2015; 77-93.
Publisher Full Text

2. Seystahl K, Wick W, Weller M: Therapeutic options in recurrent
glioblastoma--An update. Crit Rev Oncol Hematol. 2016; 99: 389—408.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

3. Bell EH, Pugh SL, McElroy JP, et al.: Molecular-Based Recursive Partitioning
Analysis Model for Glioblastoma in the Temozolomide Era: A Correlative
Analysis Based on NRG Oncology RTOG 0525. JAMA Oncol. 2017; 3(6): 784-92.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

4. Stupp R, Taillibert S, Kanner AA, et al.: Maintenance Therapy With Tumor-
Treating Fields Plus Temozolomide vs Temozolomide Alone for Glioblastoma:
A Randomized Clinical Trial. JAMA. 2015; 314(23): 2535-43.

PubMed Abstract | Publisher Full Text

5. Norden AD, Drappatz J, Wen PY: Antiangiogenic therapy in malignant gliomas.
Curr Opin Oncol. 2008; 20(6): 652—61.
PubMed Abstract | Publisher Full Text

6. Schiff D, Purow B: Bevacizumab in combination with irinotecan for patients
with recurrent glioblastoma multiforme. Nat Clin Pract Oncol. 2008; 5(4): 186—7.
PubMed Abstract | Publisher Full Text

7. Vredenburgh JJ, Desjardins A, Herndon JE 2nd, et al.: Phase Il trial of
bevacizumab and irinotecan in recurrent malignant glioma. Clin Cancer Res.
2007; 13(4): 1253-9.
PubMed Abstract | Publisher Full Text

8. Chinot OL, de La Motte Rouge T, Moore N, et al.: AVAglio: Phase 3 trial of
bevacizumab plus temozolomide and radiotherapy in newly diagnosed
glioblastoma multiforme. Adv Ther. 2011; 28(4): 334-40.
PubMed Abstract | Publisher Full Text

9. E Gilbert MR, Dignam JJ, Armstrong TS, et al.: A randomized trial of
bevacizumab for newly diagnosed glioblastoma. N Engl J Med. 2014; 370(8):
699-708.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

10.  Curry RC, Dahiya S, Alva Venur V, et al.: Bevacizumab in high-grade gliomas:
past, present, and future. Expert Rev Anticancer Ther. 2015; 15(4): 387-97.
PubMed Abstract | Publisher Full Text

11.  Taal W, Oosterkamp HM, Walenkamp AM, et al.: Single-agent bevacizumab or
lomustine versus a combination of bevacizumab plus lomustine in patients
with recurrent glioblastoma (BELOB trial): a randomised controlled phase 2
trial. Lancet Oncol. 2014; 15(9): 943-53.

PubMed Abstract | Publisher Full Text

12 Erdem-Eraslan L, van den Bent MJ, Hoogstrate Y, et al.: Identification of
Patients with Recurrent Glioblastoma Who May Benefit from Combined
Bevacizumab and CCNU Therapy: A Report from the BELOB Trial. Cancer Res.
2016; 76(3): 525-34.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

13.  Weller M, van den Bent M, Hopkins K, et al.: EANO guideline for the diagnosis
and treatment of anaplastic gliomas and glioblastoma. Lancet Oncol. 2014;
15(9): €395-403.

PubMed Abstract | Publisher Full Text

14. Aldape K, Zadeh G, Mansouri S, et al.: Gliobl : pathology, molecular
mechanisms and markers. Acta Neuropathol. 2015; 129(6): 829-48.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

15.  Olar A, Aldape KD: Using the molecular classification of glioblastoma to inform
personalized treatment. J Pathol. 2014; 232(2): 165-77.
PubMed Abstract | Publisher Full Text | Free Full Text

16. Colman H, Zhang L, Sulman EP, et al.: A multigene predictor of outcome in
glioblastoma. Neuro Oncol. 2010; 12(1): 49-57.
PubMed Abstract | Publisher Full Text | Free Full Text

17. Hartmann C, Hentschel B, Wick W, et al.: Patients with IDH1 wild type anaplastic
astrocytomas exhibit worse prognosis than IDH1-mutated glioblastomas, and
IDH1 mutation status accounts for the unfavorable prognostic effect of higher
age: implications for classification of gliomas. Acta Neuropathol. 2010; 120(6):
707-18.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

18. Arita H, Yamasaki K, Matsushita Y, et al.: A combination of TERT promoter
mutation and MGMT methylation status predicts clinically relevant subgroups
of newly diagnosed glioblastomas. Acta Neuropathol Commun. 2016; 4(1): 79.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

19. Nguyen HN, Lie A, Li T, et al.: Human TERT promoter mutation enables
survival advantage from MGMT promoter methylation in IDH1 wild-type
primary glioblastoma treated by standard chemoradiotherapy. Neuro Oncol.
2017; 19(3): 394-404.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

20. Vivanco |, Robins HI, Rohle D, et al.: Differential sensitivity of glioma-
versus lung cancer-specific EGFR mutations to EGFR kinase inhibitors.
Cancer Discov. 2012; 2(5): 458-71.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

21.  Ameratunga M, McArthur G, Gan H, et al.: Prolonged disease control with MEK
inhibitor in neurofibromatosis type I-associated glioblastoma. J Clin Pharm
Ther. 2016; 41(3): 357-9.
PubMed Abstract | Publisher Full Text

22. Haas-Kogan DA, Prados MD, Tihan T, et al.: Epidermal growth factor receptor,
protein kinase B/Akt, and glioma response to erlotinib. J Nat/ Cancer Inst. 2005;
97(12): 880-7.
PubMed Abstract | Publisher Full Text

23.  Mellinghoff IK, Schultz N, Mischel PS, et al.: Will kinase inhibitors make it as
glioblastoma drugs? Curr Top Microbiol Immunol. 2012; 355: 135-69.
PubMed Abstract | Publisher Full Text | Free Full Text

24, Hodges TR, Ferguson SD, Caruso HG, et al.: Prioritization schema for
immunotherapy clinical trials in glioblastoma. Oncoimmunology. 2016; 5(6):
€1145332.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

25. E Kamran N, Calinescu A, Candolfi M, et al.: Recent advances and future of
immunotherapy for glioblastoma. Expert Opin Biol Ther. 2016; 16(10): 1245-64.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

26. Hung AL, Garzon-Muvdi T, Lim M: Biomarkers and Inmunotherapeutic
Targets in Glioblastoma. World Neurosurg. 2017; 102: 494-506.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

27. Preusser M, Lim M, Hafler DA, et al.: Prospects of immune checkpoint
modulators in the treatment of glioblastoma. Nat Rev Neurol. 2015; 11(9):
504-14.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

28. Tan AC, Heimberger AB, Khasraw M: Immune Checkpoint Inhibitors in

Page 6 of 8


http://dx.doi.org/10.1007/978-1-4939-1830-0_6
https://f1000.com/prime/726120380
http://www.ncbi.nlm.nih.gov/pubmed/26830009
http://dx.doi.org/10.1016/j.critrevonc.2016.01.018
https://f1000.com/prime/726120380
https://f1000.com/prime/727223304
http://www.ncbi.nlm.nih.gov/pubmed/28097324
http://dx.doi.org/10.1001/jamaoncol.2016.6020
http://www.ncbi.nlm.nih.gov/pmc/articles/5464982
https://f1000.com/prime/727223304
http://www.ncbi.nlm.nih.gov/pubmed/26670971
http://dx.doi.org/10.1001/jama.2015.16669
http://www.ncbi.nlm.nih.gov/pubmed/18841047
http://dx.doi.org/10.1097/CCO.0b013e32831186ba
http://www.ncbi.nlm.nih.gov/pubmed/18285760
http://dx.doi.org/10.1038/ncponc1077
http://www.ncbi.nlm.nih.gov/pubmed/17317837
http://dx.doi.org/10.1158/1078-0432.CCR-06-2309
http://www.ncbi.nlm.nih.gov/pubmed/21432029
http://dx.doi.org/10.1007/s12325-011-0007-3
https://f1000.com/prime/718283109
http://www.ncbi.nlm.nih.gov/pubmed/24552317
http://dx.doi.org/10.1056/NEJMoa1308573
http://www.ncbi.nlm.nih.gov/pmc/articles/4201043
https://f1000.com/prime/718283109
http://www.ncbi.nlm.nih.gov/pubmed/25797685
http://dx.doi.org/10.1586/14737140.2015.1028376
http://www.ncbi.nlm.nih.gov/pubmed/25035291
http://dx.doi.org/10.1016/S1470-2045(14)70314-6
https://f1000.com/prime/726074181
http://www.ncbi.nlm.nih.gov/pubmed/26762204
http://dx.doi.org/10.1158/0008-5472.CAN-15-0776
https://f1000.com/prime/726074181
http://www.ncbi.nlm.nih.gov/pubmed/25079102
http://dx.doi.org/10.1016/S1470-2045(14)70011-7
https://f1000.com/prime/725470074
http://www.ncbi.nlm.nih.gov/pubmed/25943888
http://dx.doi.org/10.1007/s00401-015-1432-1
https://f1000.com/prime/725470074
http://www.ncbi.nlm.nih.gov/pubmed/24114756
http://dx.doi.org/10.1002/path.4282
http://www.ncbi.nlm.nih.gov/pmc/articles/4138801
http://www.ncbi.nlm.nih.gov/pubmed/20150367
http://dx.doi.org/10.1093/neuonc/nop007
http://www.ncbi.nlm.nih.gov/pmc/articles/2940562
https://f1000.com/prime/13200063
http://www.ncbi.nlm.nih.gov/pubmed/21088844
http://dx.doi.org/10.1007/s00401-010-0781-z
https://f1000.com/prime/13200063
https://f1000.com/prime/726625475
http://www.ncbi.nlm.nih.gov/pubmed/27503138
http://dx.doi.org/10.1186/s40478-016-0351-2
http://www.ncbi.nlm.nih.gov/pmc/articles/4977715
https://f1000.com/prime/726625475
https://f1000.com/prime/726697429
http://www.ncbi.nlm.nih.gov/pubmed/27571882
http://dx.doi.org/10.1093/neuonc/now189
http://www.ncbi.nlm.nih.gov/pmc/articles/5464302
https://f1000.com/prime/726697429
https://f1000.com/prime/716947814
http://www.ncbi.nlm.nih.gov/pubmed/22588883
http://dx.doi.org/10.1158/2159-8290.CD-11-0284
http://www.ncbi.nlm.nih.gov/pmc/articles/3354723
https://f1000.com/prime/716947814
http://www.ncbi.nlm.nih.gov/pubmed/26936308
http://dx.doi.org/10.1111/jcpt.12378
http://www.ncbi.nlm.nih.gov/pubmed/15956649
http://dx.doi.org/10.1093/jnci/dji161
http://www.ncbi.nlm.nih.gov/pubmed/22015553
http://dx.doi.org/10.1007/82_2011_178
http://www.ncbi.nlm.nih.gov/pmc/articles/3784987
https://f1000.com/prime/726593478
http://www.ncbi.nlm.nih.gov/pubmed/27471611
http://dx.doi.org/10.1080/2162402X.2016.1145332
http://www.ncbi.nlm.nih.gov/pmc/articles/4938323
https://f1000.com/prime/726593478
https://f1000.com/prime/726502780
http://www.ncbi.nlm.nih.gov/pubmed/27411023
http://dx.doi.org/10.1080/14712598.2016.1212012
http://www.ncbi.nlm.nih.gov/pmc/articles/5014608
https://f1000.com/prime/726502780
https://f1000.com/prime/727413442
http://www.ncbi.nlm.nih.gov/pubmed/28300714
http://dx.doi.org/10.1016/j.wneu.2017.03.011
https://f1000.com/prime/727413442
https://f1000.com/prime/725713712
http://www.ncbi.nlm.nih.gov/pubmed/26260659
http://dx.doi.org/10.1038/nrneurol.2015.139
http://www.ncbi.nlm.nih.gov/pmc/articles/4782584
https://f1000.com/prime/725713712
https://f1000.com/prime/727417980

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Gliomas. Curr Oncol Rep. 2017; 19(4): 23.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Elsamadicy AA, Chongsathidkiet P, Desai R, et al.: Prospect of rindopepimut
in the treatment of glioblastoma. Expert Opin Biol Ther. 2017; 17(4): 507—13.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Ahn BJ, Pollack IF, Okada H: Immune-checkpoint blockade and active
immunotherapy for glioma. Cancers (Basel). 2013; 5(4): 1379-412.
PubMed Abstract | Publisher Full Text | Free Full Text

Lin Y, Okada H: Cellular immunotherapy for malignant gliomas. Expert Opin
Biol Ther. 2016; 16(10): 1265-75.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Gardeck AM, Sheehan J, Low WC: Immune and viral therapies for malignant
primary brain tumors. Expert Opin Biol Ther. 2017; 17(4): 457-74.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Reinhart B, Mazzacurati L, Forero A, et al.: Inhibition of Indoleamine-2,3-
dioxygenase (IDO) in Glioblastoma Cells by Oncolytic Herpes Simplex Virus.
Adv Virol. 2012; 2012: 815465.

PubMed Abstract | Publisher Full Text | Free Full Text

Sengupta S, Mao G, Gokaslan ZS, et al.: Chimeric antigen receptors for
treatment of glioblastoma: a practical review of challenges and ways to
overcome them. Cancer Gene Ther. 2017; 24(3): 121-9.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Hottinger AF, Pacheco P, Stupp R: Tumor treating fields: a novel treatment
modality and its use in brain tumors. Neuro Oncol. 2016; 18(10): 1338-49.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Mehta M, Wen P, Nishikawa R, et al.: Critical review of the addition of tumor
treating fields (TTFields) to the existing standard of care for newly diagnosed
glioblastoma patients. Crit Rev Oncol Hematol. 2017; 111: 60-5.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Ahmed R, Oborski MJ, Hwang M, et al.: Malignant gliomas: current perspectives
in diagnosis, treatment, and early response assessment using advanced
quantitative imaging methods. Cancer Manag Res. 2014; 6: 149-70.

PubMed Abstract | Publisher Full Text | Free Full Text

Huang RY, Neagu MR, Reardon DA, et al.: Pitfalls in the neuroimaging of
glioblastoma in the era of antiangiogenic and immuno/targeted therapy -
detecting illusive disease, defining response. Front Neurol. 2015; 6: 33.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Oborski MJ, Laymon CM, Lieberman FS, et al.: Distinguishing pseudoprogression
from progression in high-grade gliomas: a brief review of current clinical
practice and demonstration of the potential value of '®F-FDG PET. Clin Nuc/
Med. 2013; 38(5): 381—4.

PubMed Abstract | Publisher Full Text | Free Full Text

Ellingson BM, Kim E, Woodworth DC, et al.: Diffusion MRI quality control and
functional diffusion map results in ACRIN 6677/RTOG 0625: a multicenter,
randomized, phase Il trial of bevacizumab and chemotherapy in recurrent

F1000Research 2017, 6(F1000 Faculty Rev):1892 Last updated: 26 OCT 2017

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

glioblastoma. Int J Oncol. 2015; 46(5): 1883-92.
PubMed Abstract | Publisher Full Text | Free Full Text

Leu K, Pope WB, Cloughesy TF, et al.: Imaging biomarkers for antiangiogenic
therapy in malignant gliomas. CNS Oncol. 2013; 2(1): 33—-47.
PubMed Abstract | Publisher Full Text | Free Full Text

Schwarzenberg J, Czernin J, Cloughesy TF, et al.: Treatment response evaluation
using '®F-FDOPA PET in patients with recurrent malignant glioma on
bevacizumab therapy. Clin Cancer Res. 2014; 20(13): 3550-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Ellingson BM, Bendszus M, Boxerman J, et al.: Consensus recommendations
for a standardized Brain Tumor Imaging Protocol in clinical trials. Neuro Oncol.
2015; 17(9): 1188-98.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

ElBanan MG, Amer AM, Zinn PO, et al.: Imaging genomics of Glioblastoma:
state of the art bridge between genomics and neuroradiology. Neuroimaging
Clin N Am. 2015; 25(1): 141-53.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Kickingereder P, Bonekamp D, Nowosielski M, et al.: Radiogenomics
of Glioblastoma: Machine Learning-based Classification of Molecular
Characteristics by Using Multiparametric and Multiregional MR Imaging
Features. Radiology. 2016; 281(3): 907-18.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Gutman DA, Cooper LA, Hwang SN, et al.: MR imaging predictors of molecular
profile and survival: multi-institutional study of the TCGA glioblastoma data
set. Radiology. 2013; 267(2): 560-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Jain R, Poisson L, Narang J, et al.: Genomic mapping and survival prediction
in glioblastoma: molecular subclassification strengthened by hemodynamic
imaging biomarkers. Radiology. 2013; 267(1): 212-20.
PubMed Abstract | Publisher Full Text | Free Full Text

Akbari H, Macyszyn L, Da X, et al.: Imaging Surrogates of Infiltration
Obtained Via Multiparametric Imaging Pattern Analysis Predict Subsequent
Location of Recurrence of Glioblastoma. Neurosurgery. 2016; 78(4): 572-80.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Furtado AD, Ceschin R, Bliml S, et al.: Neuroimaging of Peptide-based
Vaccine Therapy in Pediatric Brain Tumors: Initial Experience. Neuroimaging
Clin N Am. 2017; 27(1): 155-66.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Roth P, Gramatzki D, Weller M: Manag t of Elderly Pati with
Glioblastoma. Curr Neurol Neurosci Rep. 2017; 17(4): 35.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Perry JR, Laperriere N, O'Callaghan CJ, et al.: Short-Course Radiation plus
Temozolomide in Elderly Patients with Glioblastoma. N Engl/ J Med. 2017;
376(11): 1027-37.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 7 of 8


http://www.ncbi.nlm.nih.gov/pubmed/28303490
http://dx.doi.org/10.1007/s11912-017-0586-5
https://f1000.com/prime/727417980
https://f1000.com/prime/727480472
http://www.ncbi.nlm.nih.gov/pubmed/28274144
http://dx.doi.org/10.1080/14712598.2017.1299705
https://f1000.com/prime/727480472
http://www.ncbi.nlm.nih.gov/pubmed/24202450
http://dx.doi.org/10.3390/cancers5041379
http://www.ncbi.nlm.nih.gov/pmc/articles/3875944
https://f1000.com/prime/726560679
http://www.ncbi.nlm.nih.gov/pubmed/27434205
http://dx.doi.org/10.1080/14712598.2016.1214266
http://www.ncbi.nlm.nih.gov/pmc/articles/5133460
https://f1000.com/prime/726560679
https://f1000.com/prime/727389567
http://www.ncbi.nlm.nih.gov/pubmed/28274139
http://dx.doi.org/10.1080/14712598.2017.1296132
https://f1000.com/prime/727389567
http://www.ncbi.nlm.nih.gov/pubmed/22924042
http://dx.doi.org/10.1155/2012/815465
http://www.ncbi.nlm.nih.gov/pmc/articles/3424635
https://f1000.com/prime/726870460
http://www.ncbi.nlm.nih.gov/pubmed/27767090
http://dx.doi.org/10.1038/cgt.2016.46
https://f1000.com/prime/726870460
https://f1000.com/prime/726771952
http://www.ncbi.nlm.nih.gov/pubmed/27664860
http://dx.doi.org/10.1093/neuonc/now182
http://www.ncbi.nlm.nih.gov/pmc/articles/5035531
https://f1000.com/prime/726771952
https://f1000.com/prime/727376427
http://www.ncbi.nlm.nih.gov/pubmed/28259296
http://dx.doi.org/10.1016/j.critrevonc.2017.01.005
https://f1000.com/prime/727376427
http://www.ncbi.nlm.nih.gov/pubmed/24711712
http://dx.doi.org/10.2147/CMAR.S54726
http://www.ncbi.nlm.nih.gov/pmc/articles/3969256
https://f1000.com/prime/725420815
http://www.ncbi.nlm.nih.gov/pubmed/25755649
http://dx.doi.org/10.3389/fneur.2015.00033
http://www.ncbi.nlm.nih.gov/pmc/articles/4337341
https://f1000.com/prime/725420815
http://www.ncbi.nlm.nih.gov/pubmed/23510887
http://dx.doi.org/10.1097/RLU.0b013e318286c148
http://www.ncbi.nlm.nih.gov/pmc/articles/3880250
http://www.ncbi.nlm.nih.gov/pubmed/25672376
http://dx.doi.org/10.3892/ijo.2015.2891
http://www.ncbi.nlm.nih.gov/pmc/articles/4383029
http://www.ncbi.nlm.nih.gov/pubmed/24570837
http://dx.doi.org/10.2217/cns.12.29
http://www.ncbi.nlm.nih.gov/pmc/articles/3932329
http://www.ncbi.nlm.nih.gov/pubmed/24687922
http://dx.doi.org/10.1158/1078-0432.CCR-13-1440
http://www.ncbi.nlm.nih.gov/pmc/articles/4079729
https://f1000.com/prime/725703664
http://www.ncbi.nlm.nih.gov/pubmed/26250565
http://dx.doi.org/10.1093/neuonc/nov095
http://www.ncbi.nlm.nih.gov/pmc/articles/4588759
https://f1000.com/prime/725703664
https://f1000.com/prime/725829108
http://www.ncbi.nlm.nih.gov/pubmed/25476518
http://dx.doi.org/10.1016/j.nic.2014.09.010
https://f1000.com/prime/725829108
https://f1000.com/prime/726744974
http://www.ncbi.nlm.nih.gov/pubmed/27636026
http://dx.doi.org/10.1148/radiol.2016161382
https://f1000.com/prime/726744974
http://www.ncbi.nlm.nih.gov/pubmed/23392431
http://dx.doi.org/10.1148/radiol.13120118
http://www.ncbi.nlm.nih.gov/pmc/articles/3632807
http://www.ncbi.nlm.nih.gov/pubmed/23238158
http://dx.doi.org/10.1148/radiol.12120846
http://www.ncbi.nlm.nih.gov/pmc/articles/3606543
https://f1000.com/prime/726104760
http://www.ncbi.nlm.nih.gov/pubmed/26813856
http://dx.doi.org/10.1227/NEU.0000000000001202
http://www.ncbi.nlm.nih.gov/pmc/articles/4853918
https://f1000.com/prime/726104760
https://f1000.com/prime/729083360
http://www.ncbi.nlm.nih.gov/pubmed/27889021
http://dx.doi.org/10.1016/j.nic.2016.09.002
http://www.ncbi.nlm.nih.gov/pmc/articles/5127439
https://f1000.com/prime/729083360
https://f1000.com/prime/727428792
http://www.ncbi.nlm.nih.gov/pubmed/28324304
http://dx.doi.org/10.1007/s11910-017-0740-3
https://f1000.com/prime/727428792
https://f1000.com/prime/727407495
http://www.ncbi.nlm.nih.gov/pubmed/28296618
http://dx.doi.org/10.1056/NEJMoa1611977
https://f1000.com/prime/727407495

FIOOOResearch F1000Research 2017, 6(F1000 Faculty Rev):1892 Last updated: 26 OCT 2017

Open Peer Review

Current Referee Status: v v

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Timothy F Cloughesy Department of Neurology, David Geffen School of Medicine, University of California
Los Angeles, Los Angeles, USA
Competing Interests: No competing interests were disclosed.

1 Mark R Gilbert Neuro-Oncology Branch, CCR, NCI, National Institutes of Health, Bethesda, USA
Competing Interests: No competing interests were disclosed.

Page 8 of 8


http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

