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Distinct Primary Glioblastoma

BACKGROUND: Gross total resection (GTR) of contrast-enhancing tumor is associated with
increased survival in primary glioblastoma. Recently, there has been increasing interest in
performing supratotal resections (SpTRs) for glioblastoma.

OBJECTIVE: To address the published results, which have varied in part due to lack of
consensus on the definition and appropriate use of SpTR.

METHODS: A crowdsourcing approach was used to survey 21 neurosurgical oncologists
representing 14 health systems nationwide. Participants were presented with 11 definitions
of SpTR and asked to rate the appropriateness of each definition. Participants reviewed
T1-weighed postcontrast and fluid-attenuated inversion-recovery magnetic resonance
imaging for 22 anatomically distinct glioblastomas. Participants were asked to assess the
tumor location’s eloquence, the perceived equipoise of enrolling patients in a randomized
trial comparing gross total to SpTR, and their personal treatment plans.

RESULTS: Most neurosurgeons surveyed (n = 18, 85.7%) agree that GTR plus resection of
some noncontrast enhancement is an appropriate definition for SpTR. Overall, moderate
inter-rater agreement existed regarding eloquence, equipoise, and personal treatment
plans. The 4 neurosurgeons who had performed >10 SpTRs for glioblastomas in the past
year were more likely to recommend it as their treatment plan (P < .005). Cases were
divided into 3 anatomically distinct groups based upon perceived eloquence. Anterior
temporal and right frontal glioblastomas were considered the best randomization candi-
dates.

CONCLUSION: We established a consensus definition for SpTR of glioblastoma and
identified anatomically distinct locations deemed most amenable to SpTR. These results
may be used to plan prospective trials investigating the potential clinical utility of SpTR for
glioblastoma.
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lioblastoma i
aggressive adult primary central nervous

invasive tumor that infiltrates surrounding brain
parenchyma beyond contrast-enhancing regions
on magnetic resonance imaging (MRI).*? This

(GBM) is the most
in patients following standard of care is only
15 mo.>¥ Moreover, almost every GBM patient
experiences disease progression ~7 to 10 mo
after initial treatment.’

Studies have established that gadolinium-

system malignancy.? GBM is an

contributes to low survival rates; median survival
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enhancing tumor gross total resection (GTR)
correlates with increased survival and decreased
disease progression compared to subtotal
resection (STR) or biopsy due to cytoreductive
effects.” Even with GTR, tumor recurrence
is inevitable at/near the primary resection
site,2:3:10,11

This finding, along with work in low-
grade gliomas demonstrating a relationship
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between supratotal resection (SpTR) and longer overall survival
(OS) without new, postoperative deficits, encouraged applying
this technique to GBM.!?'13-1¢ Systematic reviews demonstrate
a positive correlation between SpTR and OS in GBM.!%:17-18
However, authors observed heterogeneity between the results of
these studies, attributable to differences in the definition and
application of SpTR. This supports the establishment of a single
definition of SpTR for GBM.

The use of SpTR has been hindered by concerns that it may
impair function of adjacent tissue and cause new, postoperative
deficits that lower quality of life (QOL) and decrease OS.!%-2°
These findings encourage neurosurgeons to balance benefits of
extensive resection with deficits, and lead some to pursue SpTR
for GBMs within relatively noneloquent areas (ie, right frontal
or anterior temporal lobes).?!"?? Because meta-analyses have not
included anatomic location as a variable, effect of tumor location
on OS after SpTR has not been established.

We used crowdsourcing, recruiting experienced neurosurgical
oncologist to problem solve through collective intelligence, to
establish a definition for SpTR in GBM by majority agreement,
and to determine consensus on the appropriate clinical use of

SpTR in GBM.*

METHODS

Survey Participants

A 133-question online survey (eAppendix) was sent to 34 well-
established neurosurgical oncology faculty, selected in part based upon
publication record on GBM surgical outcomes, practice in high-volume
academic medical centers, and willingness to complete this survey.”
Demographics included years in practice, neuro-oncology fellowship
training, adjunct methods routinely used during GBM surgery, and
operative volume.
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Definitions of GBM SpTR

A comprehensive literature search identified 11 unique definitions for
SpTR of GBM (Supplement).'®-24-34 Respondents were asked whether
they agreed, disagreed, or strongly agreed/disagreed that each definition
was appropriate to use in a potential future clinical trial assessing SpTR

for GBM.

Radiographic Data

To investigate anatomic locations where SpTR was considered appro-
priate treatment for GBM, preoperative MRI data were sourced from
22 adult (>18 yr) GBM patients (Supplement). This study was exempt
from obtaining patient consent; all radiographic data were de-identified
as required by HIPAA regulations and Institutional Review Board
(IRB) protocol (IRB00196609). For each case, participants assessed
eloquence of the tumor’s location, perceived equipoise of enrollment in
a randomized clinical trial comparing GTR to SpTR, and their personal
surgical plan. Consensus on each case’s eloquence, equipoise, or plan was
defined as >70% agreement among experts.”

Software and Data Collection

The survey and responses were created, distributed, and stored
using Qualtrics XM (Provo, Utah). We found no applicable reporting
guidelines that would apply to this article. By following the EQUATOR
reporting guidelines decision tree (http://www.equatornetwork.org/
wp-content/uploads/2013/11/20160226-RG-decision-tree-for-Wizard-
CC-BY-26-February-2016.pdf), we found that none of the most popular
checklists are appropriate for our study design.

Statistical Analysis

Statistical analyses were performed with SPSS Statistics software 25
(IBM) and R version 4.0.1. P-values <.05 were considered statisti-
cally significant (Supplement). A “resectability index” (RI) quantified
perceived level of resectability for each case; an “aggressiveness index”
(AI) was calculated for each surgeon (Supplement).?

RESULTS

Definition of SpTR for GBM

Twenty-one neurosurgeons from 14 health systems completed
this survey, representing 62% of the 34 invited to participate
(Supplement). Most surveyed (n = 18, 85.7%) agree/strongly
agree GTR plus resection of any noncontrast-enhanced disease
is an appropriate definition for SpTR (Table 1). In bivariate
unadjusted analysis, neurosurgeons in practice >10 yr were more
likely to endorse this definition (n = 10, 100%) than counterparts
(n =8, 73%, P = .031). Resection 1 to 2 cm beyond contrast-
enhancing disease was the second most endorsed definition with
14 (66.6%) neurosurgeons agreeing/strongly agreeing this was a
fitting definition. Neurosurgeons performing >50 GBM SpTRs
over their careers were more likely to agree/strongly agree this was
a good definition (n = 7, 100%, P = .011) (Supplement).
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TABLE 1. Agreement and Disagreement Among 21 Neurosurgical Oncologists Regarding 11 Published Definitions of SpTR for GBM
Disagree or Agree or
strongly strongly agree,
Definition disagree, N (%) N (%)
Extent of T2 FLAIR resection
Any decrease in post-op FLAIR volume3?:3! 12 (57.1) 9 (42.9)
GTR + >25% of FLAIR abnormality region3 14 (66.7) 7(33.3)
GTR + >45-50% of FLAIR abnormality region® 16 (76.2) 5(23.8)
GTR + >54% of FLAIR abnormality region 15 (71.4) 6 (28.6)
GTR + >75% of FLAIR abnormality region®® 14 (66.7) 7(333)
GTR + 100% of FLAIR abnormality region2*2> 9 (42.8) 12(57.1)
Other extent of resection definitions
Any resection beyond GTR3? 11(52.4) 10 (47.6)
GTR + resection of edematous tissue involved radiographically normal gyrus27 10 (47.6) 1 (52.4)
GTR + any resection of noncontrast-enhanced disease3? 3(14.3) 18 (85.7)
Resection 1to 2 cm beyond contrast enhancement?®:2° 7(33.3) 14 (66.6)
GTR + resection of surrounding noneloquent, radiographically normal cortex and white matter?® 11(52.3) 10 (47.6)
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FIGURE 1. The percentage of neurosurgical oncologists who rated each GBMs location as noneloquent, near eloquent, or eloquent. R: right; L: left; Ant: anterior;

Agreement Among Surgeons on Eloquence of GBM
Location and Treatment Plan

Consensus on noneloquence of GBM location was reached for
tumors in the right frontal (85.7%) and right anterior temporal
lobe (85.0%) (Figure 1). Sample variances were among the lowest
of the 22 cases—0.13 and 0.27, respectively—indicating a high
level of agreement between respondents (Supplement).
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Figure 2 details neurosurgeons’ most likely treatment plan for
each case. Right frontal and both anterior temporal lobes were
considered most amenable to SpTR (Supplement).

Plans varied by individual surgeons’ tendencies, quantified
using Al. Scores ranged from 3.05 to 4.34 (higher score indicating
surgeon chose more aggressive surgical goal, like SpTR, over
conservative strategy, like biopsy, with greater frequency relative

www.neurosurgery-online.com
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FIGURE 3. Scatter plot representing the aggressiveness index (AI) for each
neurosurgeon. Possible scores range from 1 to 5, with a higher Al value signi-
Jfying a neurosurgeon who has more aggressive surgical goals, as calculated by
averaging the numerical value representing the selected treatment plans over
the 22 sample GBM cases relative to peers. Differences between neurosurgeons’
Al are statistically significant as determined by ANOVA (P = .001).

to peers) (Figure 3). Differences in Al scores between surgeons

were deemed statistically significant (P = .001, Supplement).
Neurosurgeons performing >10 SpTRs in the past year (n = 4)

were more likely to recommend SpTR relative to peers in

NEUROSURGERY

unadjusted bivariate analysis (n = 17, P < .005). This associ-
ation was seen specifically for GBMs in the left posterior temporal
(P =.004), left occipital (P =.001), left frontal (P = .032), right
posterior temporal (P = .003), right parietal (P = .018), right
occipital (P =.018), and left parietal lobes (P = .004).

Agreement Among Surgeons Regarding Randomizing
to SpTR vs GTR

When asked whether cases could be reasonably randomized
in a clinical trial, consensus was reached for GBMs located in
right frontal, left anterior temporal, and right anterior temporal
lobes (Table 2). Left posterior temporal, butterfly, multicentric,
brainstem, SMA, left insular region extending into Broca’s area,
and left thalamic GBMs were felt to not be reasonable candidates
for randomization by >70% of respondents. The most contro-
versial cases, in which consensus was not reached and sample
variance was greatest, included GBMs in the right occipital lobe
(2.44) and a large lesion involving nearly the entirety of the right
anterior and posterior temporal lobe (2.12).

DISCUSSION

The results of this survey not only demonstrate the potential
of crowdsourcing to address complex neurosurgical questions but

VOLUME 89 | NUMBER4 | OCTOBER2021 | 715
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Distinct GBMs

TABLE 2. A Crowdsourcing Approach Revealed Consensus Among Neurosurgeons Regarding the Equipoise of GTR or SpTR for Anatomically

Case # Tumor location Probably or definitely no, N (%) Maybe, N (%) Probably or definitely yes, N (%) Sample variance
Group A
8 R Frontal 2(9.5) 0(0.0) 19 (90.5) 113
19 L Ant Temporal 3(15.8) 0(0.0) 16 (84.2) 133
3 R Ant Temporal 4 (21.0) 1(5.3) 14 (737) 21
Group B
1 R Cerebellum 7 (36.9) 2(10.5) 10 (52.6) 1.92
16 R Parietal 4 (21.0) 5(26.3) 10 (52.6) 1.59
18 R Occipital 9 (47.4) 2(10.5) 8(42.1) 244
9 R Ant + Post-temporal 11 (55.0) 2(10.0) 7 (35.0) 212
10 R Post-temporal 9 (45.0) 4(20.0) 7(35.0) 1.92
n L Wernicke's 10 (50.0) 3(15.0) 7 (35.0) 1.91
4 L Occipital 10 (52.6) 3(15.8) 6 (31.6) 1.84
15 R Insular 12 (63.1) 2(10.5) 5(26.3) 1.82
21 L Parietal 13 (68.4) 2(10.5) 4(21.1) 154
7 L Frontal 13 (65.0) 4 (20.0) 3(15.0) 119
Group C
2 L Post-temporal 15 (75.0) 0 (0.0) 5(25.0) 2.03
17 Butterfly 17 (89.5) 0(0.0) 2(10.5) 125
14 Anterior Butterfly 16 (84.2) 1(5.3) 2(10.5) 1.04
6 Posterior Butterfly 19 (90.5) 0(0.0) 2(9.5) 116
5 Multicentric 18 (94.8) 0 (0.0) 1(5.3) 0.87
20 Brainstem 18 (94.8) 0(0.0) 1(5.3) 0.58
12 SMA 16 (80.0) 3(15.0) 1(5.0) 0.77
13 L Insular + Broca’s 19 (95.0) 0(0.0) 1(5.0) 0.88
22 L Thalamus 19 (100.0) 0 (0.0) 0(0.0) 0.05

Group A: >70% strong consensus to randomize, group B: no overwhelming consensus, and group C: >70% strong consensus to not randomize.

R: right; L: left; Ant: anterior; Post: posterior.

also capture the current beliefs of 21 members of the neurosur-
gical oncologist community regarding the definition of SpTR and
its potential use in GBM management. As quantified by the Al,
neurosurgeons vary in the aggressiveness of their surgical goals,
likely due in part to their experience with performing SpTRs
for GBMs Nevertheless, we demonstrate that consensus can be
reached in a large group of neurosurgical oncologists presented
with a variety of GBMs in specific anatomic locations. These
findings, build upon prior work in related fields, suggest that there
may be utility in surveying groups of knowledgeable experts to
help make critical decisions in the treatment of patients, especially
when the optimal treatment is unknown.?*:3>

The abundance of definitions for SpTR has complicated
research into its utility in GBM treatment.'>!” One recent
systematic review by Jackson et al'® included 11 studies and 810
patients who underwent SpTR of their GBMs In their meta-
analysis, they divided the studies into 3 subgroups based on the
definition of SpTR that was used and then assessed OS after
SpTR. The first group included studies in which SpTR was
defined based on the amount of T2-fluid-attenuated inversion-
recovery (FLAIR), enhancing tissue resected as determined on
postoperative imaging. Studies in the second group defined SpTR

716 | VOLUME 89 | NUMBER4 | OCTOBER 2021

as resection of 5-aminolevulinic acid (5-ALA) fluorescing tissue
outside of contrast-enhancing regions on MRI. Studies in the
third group, in which SpTR was defined as extended anatomic
resection of the surrounding gyrus and normal white matter,
demonstrated the greatest OS advantage after SpTR. These results
encourage the selection of a single, anatomically based definition
of SpTR.

The definition of SpTR that was endorsed as the most appro-
priate in our survey—“GTR plus any resection of noncontrast-
enhanced disease”—is unique compared to the other choices
because it specifically stipulates the resection of disease outside the
contrast-enhanced region, instead of resection of FLAIR abnor-
mality. This distinction is important because the T2 FLAIR
region seen on imaging in GBM patients may not only represent
nonenhancing tumor cells but also cerebral edema or demyeli-
nation.”:3® The preference of our survey respondents for a
definition with this specificity alludes to the importance of being
able to safely distinguish GBM cells outside traditionally contrast-
enhanced regions intraoperatively. This goal may be achieved
through the use of intraoperative adjuvants like 5-ALA fluores-
cence or intraoperative MRI to help maximize resection while
maintaining surgical safety.”’-3

www.neurosurgery-online.com



A primary goal of this work was to provide a unifying definition
of SpTR in GBM that could be used a priori to standardize
clinical research involving SpTR; the most commonly endorsed
definition does not satisfy this condition. Similarly, we recognize
that definitions of SpTR dependent upon postoperative calcula-
tions of FLAIR extent of resection have provided interesting clinic
insights in prior retrospective studies. Nevertheless, such calcu-
lation estimates are not easily performed a priori, and thus, they
hold less clinical utility in the design of future prospective studies
on SpTR.26 In contrast, two-thirds of the cohort and all of the
surgeons who have performed more than 50 SpTRs over their
careers agreed or strongly agreed that “resection 1 to 2 cm beyond
contrast enhancement” was a suitable definition for SpTR of
GBM. This more uniform definition provides the neurosurgeon
a definitive a priori goal for extent of resection. In addition, it sets
a quantifiable benchmark for what can and cannot be classified
as SpTR and enables the neurosurgeon to determine when SpTR
has been achieved during surgery using intraoperative navigation.

In addition, a number of studies have demonstrated that GBM
recurs within 2 cm of the original contrast-enhancing tumor in
80% to 95% of recurrences.?®>*0% Choucair et al,* for example,
identified that of 405 patients with GBM, over 90% died from
a recurrence around the site of the original tumor. He used these
data to justify including a 2-cm margin around the tumor bed
in the radiation therapy field. Gaspar et al*? observed that in
51 patients with recurrent supratentorial malignant glioma, 49
(96%) recurrences were within a 2 cm margin of the tumor
bed. In his systematic review, Wilson?” rationalized this previ-
ously established 80% to 90% local recurrence statistic with
his own findings from examinations of postmortem and biopsy
samples from GBM patients. He found that 98% of GBM tumor
cells preoperatively are concentrated either within the contrast-
enhancing tumor or 2 cm from its edge. After resection of the
tumor, 77% of the residual cell mass is still located within 2 cm of
the resection cavity. This finding has been corroborated by recent
single-cell RNA sequencing analyses of GBM cells at the tumor’s
periphery and additionally suggests that these cells drive recur-
rence.*®* Finally, De Bonis et al*® demonstrated that resecting 1
to 2 cm beyond tumor borders may translate to lower recurrence
rates. Although 18 of 36 (50%) SpTR patients had local GBM
recurrence, 42 of 52 (81%) GTR patients’ tumors recurred locally,
and progression-free survival (PES) between the 2 cohorts trended
toward being higher for SpTR patients (SpTR: median 12 mo;
95% CI 7-17; GTR: median 9 mo, 95% CI 7-13; P=.09). Given
this rationale and the relatively high level of acceptance of this
definition within our cohort, we recommend that the definition
of SpTR as 1 to 2 cm beyond contrast enhancement be considered
for standard use in clinical practice and in the design of future
prospective studies.

As expected from results of previous research, GBMs in
locations classified as noneloquent by consensus, including the
right frontal and right anterior temporal lobes, had the highest Rs
and were considered by consensus most amenable to enrollment
in an RCT. GBMs classified as involving eloquent structures had

NEURO
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the lowest RIs and by near-total consensus were classified as not
fit to randomize. However, GBMs in certain regions that were
considered eloquent or near eloquent, such as the right and left
occipital lobes, were still chosen to be treated by most respondents
with either GTR or SpTR. Although aggressively treating GBMs
in these locations may cause new postoperative visual deficits and
affect the patiends QOL, these specific deficits have not been
associated with decreased survival time like surgically acquired
motor or language deficits have.!”?* These results demonstrate
that neurosurgical oncologists consider the anatomic location of
a GBM and potential postoperative deficits that may result from
its resection as essential variables that help determine if SpTR is a
reasonable option.

Currently, 2  clinical trials (NCT02676687 and
NCT04243005) are being conducted to assess the efficacy
of SpTR upon survival for gliomas, including GBM. The
first clinical trial, “Supratotal Resection for Gliomas Within
Noneloquent Areas,” started in February 2016 at Southwest
Hospital in China and includes patients with both high- and
low-grade gliomas in noneloquent areas. The study aims to
compare patients’ PFS rates after SpTR, defined as removal of
brain parenchyma at least 1 cm beyond the radiographic margins
of tumor as seen on contrast-enhancement MRI. The second
clinical trial, a European study titled “Supramarginal Resection
in Glioblastoma,” began in January 2020 and includes patients
with GBM in any supratentorial location. It compares OS after
GTR to supramarginal resection, defined as removal of at least
1 cm of T2 FLAIR abnormality around contrast-enhancing
tumor. Given the results of our survey, we propose that the utility
of SpTR to treat GBM should be investigated by a clinical trial
with stricter stipulations than the aforementioned studies. We
further propose that only patients with GBM:s in locations that a
panel of experts considered amenable to randomization, namely
the right frontal and bilateral anterior temporal lobes, should
be included in such a future study after available evidence has
demonstrated that equipoise for outcomes and complications
exists between GTR and SpTR. Our study clearly demonstrates
that SpTR is not considered feasible in every GBM patient, and
this finding should be considered during the design of future

clinical trials and prospective studies.

Limitations

In the commercial sector where it was developed, crowd-
sourcing typically involved the input of hundreds of people to
solve a problem. In this study, a smaller population—21 neurosur-
geons in the United States—was surveyed. If these 21 neurosur-
geons chose to participate in our survey because they hold strong
opinions about SpTR, a response bias may have been introduced
into our results that influences internal validity. Additionally,
survey invitees were chosen in part based on their familiarity
with GBM and its treatment. This selection bias may have influ-
enced the external validity of our results. To address this, our
group is now conducting a similar survey among a larger group of
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American and European neurosurgeons to assess whether a larger,
more heterogeneous group of neurosurgeons will reach similar
agreement on the definition and application of SpTR for GBM.

In this survey, participants were asked to make decisions
about the treatment of GBM patients using only anatomic infor-
mation provided by postcontrast and FLAIR MRI. However,
when making decisions about surgical treatment of GBM, clinical
data are taken into account. In addition, surgeons often make
decisions about extent of resection intraoperatively using 5-ALA
fluorescence or other adjuncts. Because this information was not
provided on the survey, it was possible to more directly investigate
the relationship between proposed treatment plans and anatomy
alone; however, this constraint also limited the generalizability of
the results.

CONCLUSION

Resection 1 to 2 cm beyond contrast enhancement may be
adopted as a more standardized definition for future clinical work
and research studies investigating SpTR of GBM. Furthermore,
we have identified that GBMs involving the right frontal
and bilateral anterior temporal lobes are considered most
amenable to SpTR by a group of neurosurgical oncologists.
Ongoing surveys will determine whether the broader neurosur-
gical community agrees with this consensus definition and appli-
cation of SpTR. Nevertheless, these preliminary results support
planning prospective studies, including future clinical trials, to
further investigate the potential clinical utility of SpTR for GBMs
in these locations.
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