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Abstract

Purpose This is an update of the evidence-based guideline for management of newly diagnosed glioblastomas sponsored
by the American Association of Neurological Surgeons (AANS) and Congress of Neurological Surgeons (CNS) initially
published in 2008. The objective is to update evidence-based management of newly diagnosed glioblastomas over all com-
monly used diagnostic and treatment modalities in regularly encountered clinical situations.

Methods A multidisciplinary writing group was assembled to create documents related to imaging, cytoreductive surgery,
neuropathology, radiation therapy, chemotherapy and emerging developments. Questions from the prior set of guidelines,
and new and modified questions were used to guide a search of the scientific literature since the last guideline search was
completed in June 2005. Citations were screened, classified and used as evidence to create recommendations addressing the
questions in a manner that was directly linked to this evidence.

Results The sixteen writers produced 34 questions resulting in eight Level I recommendations, eleven Level II recommen-
dations, and 27 Level Il recommendations across all the topics. In some instances, insufficient data was available to answer
all or part of a question and this is stated and explained.

Conclusions This series of guidelines is based upon relevant evidence in the literature related to the management of newly
diagnosed glioblastomas. They set a benchmark for the management of this disease while highlighting key areas of weak-
ness in our knowledge and suggest directions for future basic and clinical research to improve evidence quality and recom-
mendation strength.

Keywords Glioblastoma - Therapy - Guidelines

Introduction

Background and rationale

Sponsored by the America.n Association of Neurollogical Surgeons In 2008 guidelines on the management of newly diagnosed
and Congress of Neurological Surgeons Joint Section on Tumors. . . .
glioblastoma were published and endorsed by the American
Reviewed for evidence-based integrity and endorsed by the Association of Neurological Surgeons (AANS) and Con-
American Association of Neurological Surgeons and Congress of gress of Neurological Surgeons (CNS) [1-6]. A component
Neurological Surgeons. of that set of guidelines was recognition that updates would

eventually be necessary so as to allow the recommendations

P4 Jeffrey J. Olson . .
to be modified to stay abreast of advances in the care and

jolson@emory.edu
management of newly diagnosed glioblastomas. This docu-
! Department of Neurosurgery, Emory University School ment, as well as the set of companion documents on the vari-
of Medicine, Atlanta, GA, USA ous facets of newly diagnosed glioblastoma management, are
2 Section of Neurosurgery, Dartmouth University, Hanover, the action taken in response to that recognition.

NH, USA
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Glioblastoma remains the most common primary malig-
nant glioma and when it occurs it often afflicts individu-
als during the most productive years of their lives [7-10].
Reflective of it’s serious nature, the median survival is
14-15 months [11-13]. Key reasons behind this poor prog-
nosis may include the tumor’s underlying molecular hetero-
geneity brought to light by The Cancer Genome Atlas, and
it’s rapid and infiltrative growth pattern [13—16]. The stand-
ard treatment for newly diagnosed glioblastomas remains
some form of surgery, radiation therapy and chemotherapy.
However, since the last set of guidelines was published in
2008 new knowledge has emerged affecting the manage-
ment of newly diagnosed glioblastoma. The new World
Health Organization classification of central nervous system
tumors has provided an important step toward connecting
information from molecular markers with prognostic and
therapeutic information [10, 17, 18] Additionally, the FDA
has approved the addition of tumor treating fields to adjuvant
temozolomide after radiation with concurrent temozolomide
in newly diagnosed glioblastoma [19]. The initial promise
of bevacizumab has been tempered by experience over a
broader range of clinical circumstances [20]. Recognition
that antiangiogenic therapy may be individually guided
with properly designed MRI measurement of the effect of
these agents on a given tumor will allow these treatments
to be delivered to those individuals most likely to benefit
from them.[21]. Encouragingly, considerable research effort
is currently being directed toward refining molecular tar-
geted agents [10]. On another scientifically promising front
research on immunotherapies in the form of vaccinations
and check point inhibitors has picked up pace since the last
set of guidelines were published [22-25].

These updated guidelines include sections similar to
those previously published, including imaging, cytoreduc-
tive surgery, neuropathology, radiation therapy, chemo-
therapy and targeted therapy. The methods and style used
here are adapted from and similar to other guidelines pro-
jects produced by the AANS and CNS. This coherence and
repetitive nature is intentionally used for the purposes of
reproducibility and streamlining the administration of their
creation. Each section was developed with recognition of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist items [26]. The manner
in which the points on the PRISMA checklist are addressed
varies from section to section depending on the nature of the
information available.

Objectives
Recognizing the important health impact of newly diagnosed
glioblastoma along with the lack of consensus across vari-

ous treatment options, the Joint Tumor Section of the CNS
and AANS recommended that evidence-based guidelines
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be developed for the diagnosis, management, and treatment
of patients suffering from this malady. Thus, the objectives
of these guidelines are to establish the best evidence-based
management of newly diagnosed glioblastoma in terms of
initial imaging for diagnosis, use of surgical techniques,
assessment of tumor pathology, and administration of radia-
tion therapy, cytotoxic chemotherapy and targeted therapy.

Methods
Process used in development of these guidelines

Having identified the topical objectives, the Guidelines
Committee of the AANS/CNS Joint Tumor Section then
recruited experts in the field from each of the parent organi-
zations as lead authors of each section. These authors, in
turn, recruited experts in non-neurosurgical specialties
relevant to the field of management and therapy chosen
(Table 1). The authors were provided with training on the
method of guideline development as used in this guideline
set, utilizing stepwise written instructions and then provid-
ing direct guidance as needed for each writer. The senior
authors then worked with the writers on a systematic basis
to confirm that the methods were followed as the literature
was collected and assessed, and the documents developed.
When the authors were approached and preliminarily agreed
to participate, they were asked to complete a formal con-
flict of interest questionnaire confirming the appropriate-
ness of their participation. The authors also agreed to report
any new conflicts of interest that might develop during the
writing process. The method of this evidence-based clinical
practice parameter guideline has been written in a manner
to be as transparent as possible using published assessment
criteria [27].

Strategy for searching the literature

A literature search strategy that was the same as the origi-
nal set of guidelines was undertaken to identify all citations
relevant to the management of newly diagnosed glioblasto-
mas. The PubMed®, MEDLINE® and Embase® electronic
databases were searched with additional data being gleaned
from the Cochrane Database of Systematic Reviews and
Cochrane Central Register of Controlled Trials. The date
range for the search was from July 1, 2005 to October 31,
2018 for questions that were unchanged from the guidelines
published in 2010. For new questions or questions modified
significantly from the 2010 publication, the date range for
the searches was chosen to be January 1990 through October
31, 2018. Additionally, important articles from prior to this
interval were reviewed and included if deemed to be criti-
cal evidence by the writing group for the topic. The search
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Table 1 Newly diagnosed
glioblastoma guidelines authors

Guideline Author

Affiliation

Alexa Bodman, MD
Daniel J. Brat, MD, Ph.D
Jorg Dietrich, MD, Ph.D
Joseph Domino, MD, MPH
Christopher Farrell, MD
Sarah Fouke, MD

Isabelle M. Germano, MD
‘Wen Jian, MD, Ph.D
Steven N. Kalkanis, MD
Betty Y. Kim, MD, Ph.D
Paige Lundy, MD

David J. McCracken, MD
Brian V. Nahed, MD, M.Sc
Jeftrey J. Olson

David R. Ormond, MD
Navid Redjal, MD
Timothy Ryken, MD
Mairaj Sami, MD

Wenyin Shi, MD

Jose E. Velazquez-Vega, MD
Mateo Ziu, MD

Austin Brain and Spine, Austin

Neuropathology, Northwestern University, Chicago
Neurology, Massachusetts General Hospital, Boston
Neurosurgery, University of Kansas

Neurosurgery, Thomas Jefferson, Philadelphia
Neurosurgery, St. Luke’s, St. Louis

Neurosurgery, Mount Sinai Medical Center, New York
Radiation Oncology, UT Southwestern, Dallas
Neurosurgery, Henry Ford, Detroit

Neurosurgery, MD Anderson, Houston
Neurosurgery, University of Kansas

Neurosurgery, Piedmont Hospital, Atlanta
Neurosurgery, Massachusetts General Hospital, Boston
Neurosurgery, Emory University

Neurosurgery, University of Colorado

Neurosurgery, Capital Institute, Pennington
Neurosurgery, Dartmouth

Neurosurgery, University of Kansas

Radiation Oncology, Thomas Jefferson, Philadelphia
Neuropathology, Emory University, Atlanta
Neurosurgery, Inova Institute, Falls Church

strategies used a combination of controlled vocabulary terms
and text words. The specifics of the searches for a given
topic are outlined in each respective guideline section. Refer-
ence lists of the publications chosen for full-text review were
also screened for potentially relevant studies.

Strategy for study selection

The search of the bibliographic databases identified possi-
bly relevant citations for a given topic and often these were
large in number. The eligibility (inclusion/exclusion) cri-
teria to screen the citations for each of the questions were
determined ahead of time for each section by the respec-
tive writing group. These are documented in the individual
clinical practice guideline sections in this series to assist
the reader in understanding the development process. At
least two authors evaluated the titles and abstracts using the
inclusion and exclusion criteria with broad interpretation of
the criteria being used initially to maximize the likelihood
of capturing pertinent information. A third author, when
needed, resolved cases of disagreement about pertinence.
The full-text articles of the selected abstracts were then
collected and the same process of applying the eligibility
criteria was carried out again with the more detailed infor-
mation available in the manuscripts. Articles that met the
eligibility criteria were grouped according to the questions
they addressed and used to create the evidence tables and
results sections. Reasons for exclusion for papers were also

documented to be able to discuss pertinent problem citations
in the results sections as needed.

Strategy for selection and grading the literature

Studies that met the eligibility criteria were subject to more
detailed scrutiny. One writer extracted their data and the
extracted information was checked by one or more other
reviewers. Evidence tables, reporting the extracted study
information and evidence classification (by the methods
noted in the text below and Tables 2, 3, 4, 5), were gener-
ated for all of the included studies. Evidence tables were cre-
ated with the most recent data first and subsequent listings
in retrograde chronological order. The table headings con-
sisted of first author name and year, followed by a brief study
description, chosen data class, and conclusion. The authors
were directed to construct the data in the tables in a succinct
and fact-filled manner to allow for rapid understanding of
the literature entry by the readership. The literature in the
evidence tables was expanded upon in the results section of
each section to emphasize important points supporting its
classification and contribution to recommendations. Addi-
tional information about the methods utilized in this system-
atic review can be found at https://www.cns.org/guidelines/
guideline-development-methodology.

Internal drafts of the tables and manuscripts were devel-
oped by sharing them between authors electronically, by tel-
ephone, and in person meetings. Summary and conclusion
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Table2 AANS/CNS classification of evidence on therapeutic effectiveness and levels of recommendation

Evidence classification

Class I Evidence provided by one or more well-designed randomized controlled clinical trials, including overview (meta-analyses) of
such trials
Class II Evidence provided by well-designed observational studies with concurrent controls (e.g. case control and cohort studies)
Class III Evidence provided by expert opinion, case series, case reports and studies with historical controls
Levels of recommendation
Level I Generally accepted principles for patient management, which reflect a high degree of clinical certainty (usually this requires
class I evidence which directly addresses the clinical questions or overwhelming class II evidence when circumstances pre-
clude randomized clinical trials)
Level IT Recommendations for patient management which reflect clinical certainty (usually this requires class II evidence or a strong
consensus of class III evidence)
Level 11T Other strategies for patient management for which the clinical utility is uncertain (inconclusive or conflicting evidence or

opinion)

Table 3 AANS/CNS classification of evidence on diagnosis and levels of recommendation

Class I evidence
Level I recommendation

Evidence provided by one or more well-designed clinical studies of a diverse population using a “gold standard”
reference test in a blinded evaluation appropriate for the diagnostic applications and enabling the assessment of

sensitivity, specificity, positive and negative predictive values, and, where applicable, likelihood ratios

Class II evidence
Level II recommendation

Evidence provided by one or more well-designed clinical studies of a restricted population using a “gold standard”
reference test in a blinded evaluation appropriate for the diagnostic applications and enabling the assessment of

sensitivity, specificity, positive and negative predictive values, and, where applicable, likelihood ratios

Class III evidence
Level III recommendation

Evidence provided by expert opinion or studies that do not meet the criteria for the delineation of sensitivity, speci-
ficity, positive and negative predictive values, and, where applicable, likelihood ratios

Table4 AANS/CNS classification of evidence on clinical assessment and levels of recommendation

Class I evidence
Level I recommendation

Evidence provided by one or more well-designed clinical studies in which interobserver and/or intraobserver
reliability is represented by a Kappa statistic >0.60

Class II evidence
Level II recommendation

Class III evidence
Level III recommendation

Evidence provided by one or more well-designed clinical studies in which interobserver and/or intraobserver
reliability is represented by a Kappa statistic >0.40

Evidence provided by one or more well-designed clinical studies in which interobserver and/or intraobserver
reliability is represented by a Kappa statistic < 0.40

statements were included for each section, with comments
on key issues for future investigation being added where
pertinent. When adequate data was presented in the manu-
scripts, the authors made an effort to measure the agreement
between observations or observers beyond chance utilizing
the kappa statistic.

AANS/CNS evidence classes and levels
of recommendations

The evidence as classified was then used to create recom-
mendations, the strength of which were graded, as men-
tioned before, according to the CNS Guideline Develop-
ment Methodology (Tables 2, 3, 4, 5). The class of evidence
assigned to each study (i.e., Class I, II, or III) was based on
study design, study quality and identified bias.

@ Springer

The strength of the recommendations made (i.e., Level I,
I, or IIT) was directly linked to the evidence classification
and took into account aspects of study quality and whether
or not the plan was accomplished, not just study design. For
instance, in the paradigm for therapeutic maneuvers, evi-
dence is classified into that which is derived from the strong-
est clinical studies (e.g., well-designed, randomized con-
trolled trials), or Class I evidence. Class I evidence is used
to support recommendations of the strongest type, defined as
Level I recommendations, indicating a high degree of clini-
cal certainty. Non-randomized cohort studies, randomized
controlled trials with design flaws, and case—control studies
(comparative studies with less strength) are designated as
Class II evidence. These are used to support recommenda-
tions defined as Level II reflecting a moderate degree of
clinical certainty. Other sources of information, including
observational studies such as case series and expert opinion,
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Table 5 AANS/CNS classification of evidence on prognosis and lev-
els of recommendation

All 5 technical
criteria above
are satisfied

Class I evidence
Level I recommendation

Class II evidence Four of five

Level II recommendation technical
criteria are
satisfied

Class III evidence Everything else

Level III recommendation

In order to evaluate papers addressing prognosis, five technical crite-
ria are applied:

Was a well-defined representative sample of patients assembled at a
common (usually early) point in the course of their disease?

Was patient follow-up sufficiently long and complete?
Were objective outcome criteria applied in a “blinded” fashion?

If subgroups with different prognoses were identified, was there
adjustment for important prognostic factors?

If specific prognostic factors were identified, was there validation in
an independent “test set” group of patients?

as well as randomized controlled trials with flaws so seri-
ous that the conclusions of the study are truly in doubt are
considered Class III evidence and support Level III recom-
mendations, reflecting unclear clinical certainty.

To restate, Class I evidence could be extrapolated to
Level I recommendations or lower, Class II evidence could
be extrapolated to Level II evidence or lower, and Class
III evidence could only yield Level III recommendations.
Specifically, the level of a recommendation made could be
decreased, based on consensus input by the writing group,
if there were methodological concerns regarding the studies
that provided evidence for that particular recommendation.
Additional information about the methods utilized in this
systematic review can be found at https://www.cns.org/guide
lines/guideline-development-methodology.

Guideline panel consensus and approval
process

As previously mentioned, a multidisciplinary task force was
created for each section based on author expertise, in order
to address each of the disciplines and particular areas of
therapy selected for these clinical guidelines. Each group
was involved with literature selection, creation and editing
of the evidence tables and results for their specific section
and discipline. Using this information, the task force then
drafted the recommendations in response to the questions
formulated at the beginning of the process, culminating in

the clinical practice guideline for their respective discipline.
The draft guidelines were then circulated to the entire task
force to allow for multidisciplinary feedback, discussion,
and ultimately approval.

The completed evidence-based clinical practice guide-
lines for the management of newly diagnosed glioblastomas
were presented to the Joint Guidelines Review Committee
(JGRC) of the AANS/CNS for peer review. The reviewers
for the JGRC were vetted by the Journal of Neuro-oncology
for suitability and expertise to serve as reviewers for the
purposes of publication in that journal also. The final prod-
uct was then approved by the executive committees of both
the AANS and CNS prior to publication in the Journal of
Neuro-oncology.

Figure 1 provides an outline of the key steps in the pro-
cess of developing these clinical practice guidelines.

Discussion

This series of guidelines documents was constructed to
assess reasonably current and clinically relevant evidence for
the management of newly diagnosed glioblastomas in order
to set a benchmark for current knowledge on this topic and
to highlight important key areas for future research. Only
by designing future investigations in a high quality manner
that recognizes and overcomes prior weaknesses noted in
these guidelines will advancement toward a remedy of this
disease be achieved. Secondarily, the suggestions provided
are set forth for conscientious use by the practicing physi-
cian who must take into account all of the unique individual
conditions in the therapy of a given person during their ill-
ness. The application of published guidelines information
is an activity that results in strong and often polarized opin-
ions. The guidelines presented in this current project are
not meant to resolve these issues, and it is unlikely that any
could accomplish such a goal. Fortunately, new research is
constantly underway, and these guidelines are meant to be
improved as this new evidence matures and is published.
One will note guidance for that process in the 2011 Institute
of Medicine (now the National Academy of Medicine) Clini-
cal Practice Guideline Development Process. An important
part of that document, called Standard 8, suggests timely
updating of the data and recommendations [27]. To that
point, the data analyzed for this set of guidelines has been
collected through October 31, 2018. It is estimated that the
new literature related to this guideline will be reviewed in
approximately five years with written updates of the content
and recommendations if indicated.
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AANS/CNS Joint Tumor Section decides to develop
evidence-based guidelines on the management of
metastatic brain tumors

v

Formation of the clinical expert
guideline panel

|

Topic Refinement:
Scope of questions to be addressed and
establishment of literature eligibility

v

Literature search, study selection, data
extraction, quality assessment, and
creation of evidence tables

v

Writing groups formulate draft clinical
practice guidelines

|

Circulation of the draft guidelines to
entire guideline panel for feedback,
discussion and consensus

v

Draft guidelines presented to the JGRC
for review

!

Edits and revisions from JGRC
addressed/resolved and edits
incorporated into the draft

!

AANS Board, CNS Executive
Committee and AANS/CNS Joint Tumor
Section Executive Committee review the

guidelines for endorsement decision

v

Submission of the guidelines to Journal
of Neuro-oncology for publication

Fig.1 Outline of the key steps in the process of developing these
clinical practice guidelines
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