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KEYWORDS Abstract Surgical resection represents the standard of care in diffuse glioma, and more
Diffuse glioma; extensive tumour resection appears to be associated with favourable outcome. Up to now, ter-
Extent of resection; minology to describe extent of resection has been inconsistently applied across clinical trials
Glioblastoma; which hampers comparative analysis of cohorts between different studies. Based on a compre-
MRI; hensive literature review, we developed evidence-based expert recommendations on categories
Nomenclature; for extent of resection. Recommendations are formulated for the categories ‘biopsy’, ‘partial
Surgical resection resection’, ‘subtotal resection’, ‘near total resection’, ‘complete resection’ and ‘supramaximal

resection’. Definitions rest on reduction of contrast- and non—contrast-enhancing tumour
in glioblastoma, and on reduction of T2/FLAIR-hyperintense tumour in gliomas WHO grade
2 or 3. Both relative reduction of tumour volume (in percentage) as a measurement of surgical
efficacy and absolute residual tumour volume (in cm?) as a measurement of remaining tumour
burden are incorporated into the categories for extent of resection. Class of evidence for the
proposed categories ranges from class IIB to IV. Limitations of the suggested categories are
discussed. The proposed categories on extent of resection offer a framework to standardize
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nomenclature based on previous studies, and will need to be evaluated in prospective, molec-
ularly well-defined cohorts. Our categories may eventually help as a stratification factor for

future clinical trials.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Diffuse gliomas represent a heterogencous group of
primary central nervous system neoplasms. Such tu-
mours correspond to WHO grades 2—4 (Arabic nu-
merals as per the suggestions of the cIMPACT-NOW
update 6) and differ in terms of clinical presentation,
treatment and outcome depending on the isocitrate de-
hydrogenase (IDH) mutation status [1,2]. Recent studies
have provided robust evidence that extent of tumour
resection respectively postsurgical tumour volumes are
associated with further progression and overall survival
in diffuse gliomas [3—8]. Quantifying extent of resection
is therefore of particular interest in gliomas of WHO
grades 2—4. Although IDH-mutant gliomas WHO
grade 2 or 3 exhibit a rather prolonged natural history
compared with WHO grade 4 glioblastomas, the vast
majority of these tumours is life-limiting given that
recurrence and progression inevitably occur [9]. How-
ever, there is no clear definition of biopsy, partial
resection, subtotal resection, near total resection, gross
total resection and supramaximal resection with respect
to removed or residual tumour volume. Comparative
studies between several institutions are therefore limited
[10]. Thus, the analysis of the role of surgery across
various molecular subgroups of diffuse gliomas is
hampered. Given that upcoming classifications rest their
definitions on molecular markers rather than on histol-
ogy alone, the role of surgery will need to be re-assessed
in newly defined tumour entities [1,11]. Particularly for
investigational purposes, nomenclature for surgical
approaches in glioma surgery must therefore be
standardized.

Prior studies have frequently defined categories for
extent of resection as relative reduction of the preoperative
tumour volume in percentage. Although less mature,
however, more recent studies claimed that the absolute
residual tumour volume might be more relevant than the
proportion of removed tumour in terms of prognosis
[3,12]. In the present article, we recommend various
evidence-based categories for extent of resection in
supratentorial diffuse glioma based on recent literature.
We aimed to incorporate both removed tumour propor-
tion as well as residual tumour volume into our definitions.
Extent of resection in glioblastoma will be discussed
separately from resection in gliomas WHO grade 2 or 3,
and highest class of evidence is provided [13].

2. Search strategy and selection criteria

A multidisciplinary panel of experts who serve in guideline
committees of major neuro-oncological societies from
Asia, Europe and North America was formed. References
were identified through a search of PubMed using various
combinations of the search terms “glioblastoma”, “astro-
cytoma”, “oligodendroglioma”, “glioma”, “diffuse”,
“anaplastic”, “WHO grade 11”, “WHO grade 1117, “im-
aging”, “contrast”, “non-contrast”, “resection”, “surgery”,
“complete”, “extent”, “volume”, “threshold”, “IDH”,
“MGMT”, “survival” and “outcome” from 1990 until
August, 2020. Google scholar, authors’ own files, and
references from relevant articles were also searched. Only
studies published in English language journals were
considered. The first and senior author screened for rele-
vance, removed duplicates and circulated information
extracted from a preliminary reference list between all
authors. The final reference list was then selected by all
authors on the basis of originality and relevance to the
topics covered in this article. Based on the selected litera-
ture, a qualitative synthesis of the literature and recom-
mendations on categories for extent of resection in diffuse
glioma were formulated by all authors. Consensus was
achieved through repeated circulation of manuscript
drafts.

3. Imaging requirements

The intraoperative estimation of the operating neuro-
surgeon on resection has been shown to be rather
inaccurate in both glioblastoma and gliomas WHO
grade 2 or 3 [14—16]. Most studies have therefore
quantified the extent of resection using postoperative
magnetic resonance imaging (MRI) as suggested by the
RANO criteria [17]. MRI should be obtained within
48 h after surgery (at latest within 72 h) to reduce the
risk of mistakenly considering unspecific contrast
enhancement as residual tumour [17]. This is of partic-
ular importance in glioblastoma which characteristically
shows contrast enhancement. Volumetric image analysis
using 3-dimensional measurements should be applied to
accurately quantify entire tumour volumes [17].
Although modern imaging segmentation tools enable
clinicians to independently quantify tumour volumes
with moderate effort and also on retrospective data sets
[18], a centralized imaging review using the same image
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segmentation method is recommended for multicenter
studies to allow standardized comparative analysis be-
tween different institutions.

4. Extent of resection in glioblastoma

Glioblastoma is the most common malignant primary
brain tumour [19]. Microsurgical tumour resection fol-
lowed by concomitant radiochemotherapy and mainte-
nance chemotherapy represents the standard of care in
such tumours [20].

4.1. Supramaximal resection beyond enhancing tumour
borders in glioblastoma

Recent studies have introduced the concept of ‘supra-
maximal resection’ including not only the resection of
enhancing but also non-enhancing glioblastoma tissue
[21—24], especially because comparison of different MRI-
and PET-based imaging techniques revealed significant
glioblastoma tumour volumes beyond contrast enhance-
ment [25—28]. Analysing data from 876 glioblastoma
patients who underwent complete resection of contrast
enhancing tumour, Li et al showed that an additional
survival benefit was found when >53% of the surround-
ing non-enhancing T2/FLAIR-hyperintense abnormality
was resected [29]. In addition, a similar study by Pessina
et al. suggested that >45% of T2/FLAIR-hyperintense
abnormality needed to be removed to achieve prog-
nostic relevance [30]. Although prior studies have re-
ported a significant survival advantage for resection
beyond contrast enhancement among glioblastoma with
IDH mutations [31], more recent studies reported similar
effects in additional subsets of IDH wild-type glioma
patients [3,32]. Of note, other studies may suggest that
higher or lower extents of non-contrast enhancing tissue
are needed to achieve prognostic relevance [3,32]. Moli-
naro et al. also reported on absolute tumour volumes and
determined that a subset of younger patients with
<5.4 cm® residual non-enhancing, T2/FLAIR-hyperin-
tense tumour had improved outcome when compared
with >54 cm® residual non-enhancing tumour [3]. By
contrast, Incekara et al. explicitly failed to establish such
a connection between residual non-enhancing tumour
volume and outcome when considering a more broadly
defined IDH wild-type cohort [32]. Collectively, glio-
blastoma patients in which the complete enhancing and
additionally a large proportion of the non-enhancing
tumour is removed may benefit in regard of outcome
[33]. On a cautionary note, data on definitive cutoff
values for the volume of tumour tissue which needs to be
removed to convey a prognostic benefit are scarce.
Further studies in prospective cohorts are warranted, and
such studies must include measures of quality of survival
by capturing neurological function and patient-reported
outcomes, not only mere survival measured in days or

weeks. For now, we propose to denote all approaches
with resection beyond contrast enhancing tumour bor-
ders into the surrounding non-enhancing T2/FLAIR-
hyperintense abnormality as ‘supramaximal resection
beyond enhancing tumour borders’. Whereas potential
cutoffs can only be based on class IV evidence, highest
level of evidence that supramaximal resection beyond
enhancing tumour borders might be beneficial in terms of
survival comes from a prospective cohort reported by
Eyiipoglu et al [23] providing class III evidence.

4.2. Complete resection of contrast enhancing tumour in
glioblastoma

Gross total resection has historically been defined as
complete tumour mass removal. A deeper understanding
of the tumour biology and the invasive nature of glio-
blastoma has shown that such a complete removal is not
feasible [7], however, the semantic concept of gross total
resection has persisted. Cutoff points for reduction of
enhancement in the definition of gross total resection
ranged from 90% [30,34], 96% [35], 97% [36], to most
frequently 100% (Table 1) [29,31,37—39]. The number of
patients in which a high reduction of enhancement was
achieved varies substantially across different studies, which
might be in part explained by distinct patient cohorts
which were analysed. Of note, even small differences in
extent of resection within the range of 90—100% may
translate into clinical differences [40]. Marko et al. [41] and
Molinaro et al. [3] reported that larger extent of resection
particularly within the range of 90—100% were associated
with improved outcome in a continuous fashion.
Accordingly, Sanai et al reported that glioblastoma pa-
tients in which the complete contrast enhancing tumour
was removed showed favourable outcome when compared
to patients in which only 98% reduction in enhancement
was achieved [42]. Similar findings were made in a multi-
centric study by Miiller er al [43] This assumption is
also supported by Stummer et al. who provided so far the
only class IIB evidence, albeit from the pre-temozolomide
era and not controlled for MGMT or IDH status, that
complete resection of contrast enhancing glioblastoma
tissue is associated with improved survival [7]. Based on a
large retrospective patient cohort, however, Molinaro et al.
[3] reported that the association of complete resection of
contrast enhancing tumour and favourable outcome is
present in patients with and without IDH mutation; and
also when IDH-wildtype glioblastoma patients were
stratified according to MGMT status.

Data in regard of residual glioblastoma volume and
outcome are less mature, but selected studies found that
even postoperative contrast enhancement of little more
than 1 cm? may be associated with inferior outcome [32].
Based on these findings, we assume that outcome be-
tween glioblastoma patients may only be rather ho-
mogenous and comparable when definition of gross
total resection is narrow. We also argue that the term
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Table 1

Previous definitions of ’gross total resection’ in supratentorial glioblastoma.

Definition: reduction of
contrast enhancing tumour
(7o)

Patients with ‘gross total resection’

Cohort and patient inclusion = Reference

criteria

>90—100% 86/832 (10.3%) after new diagnosis

>90—100% 60/282 (21.3%) after new diagnosis

>96—100% 52/107 (48.6%) after new diagnosis

>97—-100% 30/170 (17.7%) at recurrence

100% 125/345 (36.2%) after new diagnosis

100% 268/335 (80.0%) after new diagnosis; including

also glioma WHO grade 3

100%
recurrence

100% 40/59 (67.8%) at recurrence

100% 754/1095 (68.9%) after new diagnosis

876/1229 (71.3%) after new diagnosis or at

Prospective cohort; newly
diagnosed GBM patients
Retrospective cohort; newly
diagnosed GBM patients which
underwent surgery followed by
TMZ/RT—TMZ
Retrospective cohort; GBM
patients who underwent
surgery after new diagnosis and
later re-resection for recurrence
Retrospective cohort; GBM
patients with tumour re-
resection for recurrence
Prospective cohort; newly
diagnosed GBM patients
Prospective cohort; newly
diagnosed patients with
astrocytic tumours WHO grade
3/4 and KPS >50 who had
open surgery

Retrospective cohort; GBM
patients <80 years who had
>78% contrast enhancing
tumour resection at first
diagnosis or recurrence
Prospective cohort; GBM
patients with recurrence after
surgery followed by TMZ/
RT—-TMZ

Retrospective cohort; newly
diagnosed GBM patients
without deep-seated tumour
localization

Lamborn et al., 2004 [34]

Pessina et al., 2017 [30]

Bloch et al., 2012 [35]

Oppenlander et al., 2014 [36]

Kreth et al., 2013 [37]

Beiko et al., 2014 [31]

Li et al., 2016 [29]

Suchorska et al., 2016 [38]

Al-Holou et al., 2020 [39]

Definitions of ’gross total resection’, numbers of patients in which ’gross total resection’ was achieved, and patient inclusion criteria are given.
Abbreviations: KPS, Karnofsky performance score; WHO, World Health Organization.

‘gross total resection’ in glioblastoma should be replaced
by the more precise term ‘complete resection of
enhancing tumour’ (or redefined as such) (Table 2) [17].
Highest class of evidence to support this statement is the
class IIB study by Stummer et al. [7].

4.3. Near total resection of enhancing tumour in
glioblastoma

The concept of ‘near total resection’ may include pa-
tients in which relevantly more than 80% resection (with
not more than 5 cm?® residual tumour volume; the pro-
posed thresholds for subtotal resection, see the next
paragraph) but not 100% resection has been achieved.
When evaluating the postoperative results in 721 glio-
blastoma patients, Marko et al. found that more than
ten percent of their cohort had extent of resection
ranging between 95 and 99% [41]. Given that larger
extent of resection particularly within the range of
80—100% has been claimed to translate into improved

outcome [3], patients who underwent a greater than 95%
resection may perform better than patients who only
had a less than 95% resection [35,40,42]. On a
cautionary note, there are in turn no robust data on
whether patients who underwent 95—99% resection also
exhibit less favourable outcome when compared to pa-
tients with 100% resection. However, the data from
Marko et al. and Molinaro et al. may be interpreted to
be in support of such a hypothesis [3,41]. Based on the
current data, we therefore assume that a significant
proportion of patients match into a category of 95—99%
extent of resection. These patients may have a distinct
survival curve when compared to patients with 80—94%
resection but also to patients with 100% resection.
Similar findings were also made when focussing on re-
sidual tumour volume, as a rather linear relationship
between residual contrast enhancing tumour and
outcome has been reported [12,40]. Accordingly, Ince-
kara et al found that glioblastoma patients with 0—1

cm’ residual contrast enhancing tumour had more
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Table 2
Categories for extent of resection in supratentorial glioblastoma.

Category Extent of resection (glioblastoma) Class of Key references
evidence [13]  (glioblastoma)
Supramaximal resection beyond enhancing Beyond contrast-enhancing tumour borders 111 Li et al., 2016 [29]

tumour borders

Eyiipoglu et al., 2016
[23]

Pessina et al., 2017 [30]
Molinaro et al., 2020 [3]

Complete resection of enhancing tumour  100% contrast-enhancing tumour 11B Stummer et al., 2008 [7]
Sanai et al., 2011 [42]
Marko et al., 2014 [41]
Molarino et al., 2020 [3]
Near total resection of enhancing tumour >95% contrast-enhancing tumour v Chaichana et al., 2014
+ [40]

<1 cm? residual contrast-enhancing tumour

Subtotal resection of enhancing tumour
+

<5 cm? residual contrast-enhancing tumour

Partial resection of enhancing tumour
+/—

>80% contrast-enhancing tumour v

1—79% contrast-enhancing tumour

Marko er al., 2014 [41]
Molarino et al., 2020 [3]
Incekara et al., 2020 [32]
Sanai et al., 2011 [42]
Orringer et al., 2012 [44]
Oppenlander et al., 2014
[36]

Chaichana et al., 2014
[40]

Sales et al., 2019 [46]

>5 cm? residual contrast-enhancing tumour (for mass

effect-related symptoms)
Biopsy of enhancing tumour
tissue-based diagnosis

No reduction of tumour volume and administered for

IV (expert in analogy to other
opinion) tumours [48]
IV (expert in analogy to other
opinion) tumours [48]

favourable outcome than patients with 1—5 cm® or >5
cm® residual tumour [32]. Of note, this finding held true
for patients with and without MGMT promotor
methylation. We therefore propose that patients with
95—99% extent of resection and <1 cm® residual
contrast-enhancing tumour may be denoted by the term
‘near total resection of enhancing tumour’. Highest level
of evidence to support these thresholds comes from
comes from the the above summarized retrospective
studies, all of them representing class IV evidence.

4.4. Subtotal resection of enhancing tumour in
glioblastoma

Subtotal resection describes situations in which a sig-
nificant proportion of the tumour was not removed.
Numerous studies have aimed to determine what pro-
portion of contrast enhancing tumour needs to be
resected to confer a survival advantage. Sanai et al
retrospectively analysed a large cohort of 500 glioblas-
toma patients and calculated that a minimum of 78%
resection needs to be achieved to correspond to a sur-
vival benefit [42]. Oppenlander et al [36] also found a
threshold of 80% by analysing 170 patients with recur-
rent glioblastoma. In a study of Orringer et al. [44] on
newly diagnosed glioblastoma, 80% also seemed to
represent a prognostic threshold; however, no definitive
statistical analysis was provided. These findings may

therefore be consistent with the data from Sanai et al.
On a cautionary note, some studies have postulated
relevantly higher thresholds of 89% [45] or even 98%
[12], or relevantly lower thresholds of 70% [40] or even
only 40% [3]. However, most recent studies assume that
the minimum extent of resection which needs to be
achieved for prognostic relevance is 80%, and have
provided further evidence to support such a hypothesis
[3,4,29]. Prior studies have also aimed to determine
maximal residual tumour volumes which still translate
into favourable outcome. Chaichana et al [40] and Sales
et al. [46] reported on a maximal volume of 5 cm?® re-
sidual contrast enhancing tumour among a cohort of
259 and 113 patients who underwent surgical resection
for newly diagnosed glioblastoma, respectively.
Although some studies may have found somewhat lower
thresholds of 2—5 cm® residual contrast enhancing
tumour [12,47], the threshold of 5 cm® was recently
confirmed among a large cohort of IDH-wildtype glio-
blastoma patients with MGMT promotor methylation
[32]. Based on these findings, we argue that the term
‘subtotal resection of enhancing tumour’ should be used
in patients in which at least 80% resection of contrast
enhancing tumour was achieved and not more than
5 cm?® residual contrast enhancing tumour is seen.
Highest level of evidence to support these thresholds
comes from the above summarized studies which all
represent class IV evidence.
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In our opinion (class IV evidence), patients in
which less extent of resection is achieved might be
more accurately summarized under the terms ‘partial
resection of enhancing tumour’ (when surgery is
administered to improve symptoms attributed to
tumour mass effect) or ‘biopsy of enhancing tumour’
(when surgery is administered for tissue-based diag-
nosis and no reduction of tumour volume was pro-
vided) as it has been proposed for other tumours such
as meningioma [48].

5. Extent of resection in gliomas WHO grade 2 or 3

In glioblastoma, the proposed categories for extent of
resection are based on removed enhancing and non-
enhancing tumour tissue on postoperative MRI. Gli-
omas WHO grade 2 or 3 often display little or no
contrast enhancement [49]. Moreover, the relevance of
contrast enhancement might vary across different mo-
lecular entities [50]. Cutoff points and definitions of
categories for extent of resection may therefore pro-
foundly differ from what has been discussed in glio-
blastoma [17].

5.1. Supramaximal resection beyond T2/FLAIR-
hyperintense tumour in gliomas WHO grade 2 or 3

Selected evidence class IV studies have advocated for a

‘supramaximal resection’ approach also in glioma WHO
grade 2 [51—53]. Such studies were rather vague in

Table 3

defining ‘supramaximal resection’, but mostly relied their
definition on resection beyond FLAIR-hyperintense
tumour borders on preoperative MRI [54—56]. The
exact volume of non-FLAIR hyperintense tissue which
needs to be removed to achieve prognostic relevance as
well as a compelling beneficial effect on outcome remains
to be elucidated. In addition, only few data for glioma
WHO grade 3 are available [56]. Based on class IV evi-
dence, we propose to denote approaches in which resec-
tion above FLAIR-hyperintense tumour borders has
been provided under the term ‘supramaximal resection
beyond T2/FLAIR-hyperintense tumour borders’. How-
ever, we also conclude that the current literature is too
premature to define which amount of tissue bordering to
the visible tumour needs to be removed and whether such
approaches translate into outcome differences in gliomas
WHO grade 2 and 3 [54].

5.2. Complete resection of T2IFLAIR-hyperintense
tumour in gliomas WHO grade 2 or 3

Gliomas WHO grade 2 or 3 characteristically present as
hyperintense lesions on T2/FLAIR-weighted MRI se-
quences with or without contrast enhancement. The vast
majority of studies has therefore rested their definition
of gross total resection on the complete reduction of T2/
FLAIR hyperintensity on postoperative MRI [5,57—59].
Also in gliomas WHO grade 2 or 3, even small amounts
of residual tumour tissue as displayed by MRI may
translate into differences in outcome. Wijnenga et al.

Categories for extent of resection in supratentorial gliomas WHO grade 2 or 3.

Category

Extent of resection (gliomas WHO grade 2/3)

Class of Key references
evidence [[13]] (gliomas WHO 2/3)

Supramaximal resection beyond T2/FLAIR- Beyond T2/FLAIR-hyperintense tumour borders v Duffau et al., 2016
hyperintense tumour borders (15311
Duffau et al., 2019
(15511
de Leeuw et al., 2019
[[541]
Complete resection of T2/FLAIR-hyperintense 100% T2/FLAIR-hyperintense tumour v Smith et al., 2008 [[58]]
tumour Nuno et al., 2013 [[62]]
Wijnenga et al., 2018
(5]
Near total resection of T2/FLAIR-hyperintense >90% T2/FLAIR-hyperintense tumour v Keles et al., 2006 [[66]]
tumour + Smith etz al., 2008 [[58]]

<5 cm® residual T2/FLAIR-hyperintense tumour

Wijnenga et al., 2018

(5]
Fuji et al., 2018 [6]

Subtotal resection of T2/FLAIR-hyperintense =~ >40% T2/FLAIR-hyperintense tumour v Smith et al., 2008 [[58]]
tumour + Wijnenga et al., 2018
<25 cm® residual T2/FLAIR-hyperintense tumour [5]

Partial resection of T2/FLAIR-hyperintense
tumour +/—

1—-39% T2/FLAIR-hyperintense tumour

Fuji et al., 2018 [6]

>25 cm? residual T2/FLAIR-hyperintense tumour (for
mass effect-related symptoms)

Biopsy of T2/FLAIR-hyperintense tumour

No reduction of tumour volume and administered for
tissue-based diagnosis

IV (expert in analogy to other
opinion) tumours [[48]]
IV (expert in analogy to other
opinion) tumours [[48]]
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analysed 228 patients with glioma WHO grade 2 pa-
tients, and showed that residual tumour volume nega-
tively correlated with overall survival in a continuous
fashion [5]. Of note, this finding held true among pa-
tients with and without IDH mutation. A particular
strong favourable effect was seen in patients with no
detectable tumour after resection. Similar findings haven
been made by other groups [60], and also in glioma
WHO grade 3 with and without IDH mutations
[31,61—63]. We therefore propose that exclusively gli-
omas WHO grade 2 and 3 patients in which complete
resection of T2/FLAIR-hyperintense tumour was ach-
ieved are denoted by the term ‘complete resection of T2/
FLAIR-hyperintense tumour’ (Table 3). Although there
might be class II evidence that surgical resection in
general is associated with improved survival in gliomas
WHO grade 2 and 3 [64,65], the above summarized
retrospective studies suggesting distinct outcome after
complete resection of T2/FLAIR-hyperintense tumours
represent class IV evidence.

5.3. Near total resection of T2IFLAIR-hyperintense
tumour in gliomas WHO grade 2 or 3

Not only in glioblastoma but also in gliomas WHO
grade 2 and 3, the concept of ‘near total resection’ has
been introduced. This category may include patients in
which significantly more than 40% resection (with no
more than 25 cm? residual tumour volume; the proposed
thresholds for subtotal resection, see next paragraph)
but less than 100% resection was administered. Given
that the 40% cutoff for prognostic relevant subtotal re-
sections is considerably lower than the 80% cutoff which
has been postulated in glioblastoma, most studies have
also spanned their definition of near total resection
broader than it has been proposed in glioblastoma.
When evaluating gliomas WHO grade 2 or 3 patients in
which a 90—99% reduction of preoperative T2/FLAIR
hyperintensity was performed, it has been shown that
such patients have a distinct survival curve when
compared to patients with <90% resection and also
100% resection [6,58,61]. When focussing on absolute
residual tumour, it has been shown that a linear rela-
tionship between residual tumour volume and outcome
may exist [5,64]. A postoperative volume of <5 cm? has
been used in analogy to near total resection by Smith et
al. in glioma WHO grade 2 [58], although it has been
noted that the prognostic role of residual tumour vol-
umes may depend on molecular markers such as IDH
[5]. The study from Keles er al. [66] and Fuji ef al. [0]
might be interpreted to support a similar linear rela-
tionship between residual tumour and outcome in gli-
oma WHO grade 3. We therefore argue to summarize
patients with gliomas WHO grade 2 and 3 in which
90—99% resection and <5 c¢m® residual T2/FLAIR-
hyperintense tumour is seen under the term ‘near total
resection of T2/FLAIR-hyperintense tumour’. Highest

level of evidence to support these thresholds comes from
the above summarized retrospective class IV studies.

5.4. Subtotal resection of T2IFLAIR-hyperintense tumour
in gliomas WHO grade 2 or 3

Various studies have aimed to determine what minimal
tumour proportion needs to be removed to achieve
prognostic relevance in gliomas WHO grade 2 or 3,
therefore distinguishing subtotal resection from partial
resection. Smith et al. performed a volumetric study on
216 patients with glioma WHO grade 2, and patients
with >41% reduction of preoperative T2/FLAIR
hyperintensity were found to live longer [58]. Although
no clear rational was provided for the selection of this
cutoff, subsequent studies on glioma WHO grade 2 have
interpreted the data from Smith ez al. as cutoff value for
minimum extent of resection resulting in prognostic
relevance, and have provided further evidence for a
threshold of 40% [67,68]. Of note, higher values of
53%—76% have been postulated in glioma WHO grade 3
[6,69]. The discrepancies in thresholds may reflect dif-
ferences in preoperative tumour volume between glioma
WHO grade 2 and 3 [5,6]. Absolute residual tumour
volume rather than relative resected tumour proportion
might be more relevant in terms of prognosis. Wijnenga
et al. showed in glioma WHO grade 2 that a post-
operative tumour volume of <25 cm® was the maximal
postoperative volume at which resection appeared to be
associated with better outcome [5]. Of interest, a residual
tumour volume of <25 cm? as measured on T2/FLAIR-
weighted MRI imaging was also the cutoff volume
which was found in glioma WHO grade 3 [6]. We
acknowledge that some studies have reported on lower
thresholds tumour volumes, however, discrepancies may
have been caused by different methods for calculating
tumour volumes [69]. Based on these retrospective class
IV studies, we propose to denote patients with gliomas
WHO grade 2 and 3 in which at least 40% resection was
achieved and not more than 25 cm? residual T2/FLAIR-
hyperintense tumour is seen by the term ‘subtotal
resection of T2/FLAIR-hyperintense tumour’. In our
opinion (class IV evidence), patients in which less extent
of resection is provided may be summarized under the
terms ‘partial resection of T2/FLAIR-hyperintense
tumour’ or ‘biopsy of T2/FLAIR-hyperintense tumour’.

6. Discussion

Two different aspects of tumour resection have to be
considered in concepts for extent of resection. First, the
surgical reduction of tumour burden may be represented
through the proportion of tumour removed in relation
to the original mass (resected tumour proportion in
percentage). A second aspect may acknowledge the ab-
solute postoperative tumour volume which can
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eventually be targeted by further therapy beyond sur-
gery (residual volume in cm?). Although the latter may
more accurately depict the biological tumour burden
[12], definitions on extent of resection should include
both aspects: reduction of tumour volume as a mea-
surement of surgical efficacy, and residual tumour vol-
ume as a measurement of remaining tumour burden.
Thus, we have incorporated both points into our cate-
gories for extent of resection. However, residual tumour
volume may turn out more important in future studies
from an oncological standpoint. Future prospective
studies on diffuse gliomas grade 2—4 should therefore
precisely report on the preoperative and postoperative
absolute tumour volumes, and such cohorts may deliver
further evidence on abandoning the analysis of the
proportional tumour removal in favour of measuring
residual tumour volumes. This might also contribute to
more compelling definitions of the term ‘supramaximal
resection’ in both glioblastoma and gliomas WHO grade
2 and 3.

7. Future perspectives

Molecular markers are increasingly incorporated into
the WHO classification, and tumours previously char-
acterized as grade 2 or 3 based on histology may
resolve into other entities reclassified as grade 4
tumours due to their poor outcome [70]. IDH wild-type
astrocytoma, such a provisional entity likely to resolve
partly into grade 4 “glioblastoma”, may present with
little-to-no contrast enhancement on initial imaging,
but nevertheless harbour clinical and molecular fea-
tures of glioblastoma, and manifest identical outcomes
[50,71,72]. Tt remains to be seen whether our proposed
categories and cutoffs may also hold true for glio-
blastomas being defined by the combination of an IDH
wild-type with qualifying molecular features (including
TERT promoter mutation, +7/-10 genotype, or EGFR
amplification) and gliomas WHO grade 2—4 being
defined by the presence of an IDH mutation rather
than histology [1]. Our categories for extent of resec-
tion need therefore to be prospectively evaluated in
molecularly well-defined cohorts and potentially
adjusted. We acknowledge that the current level of
evidence is overall low. Whereas randomized trials on
extent of resection above tumour borders can be pur-
sued in most solid tumours such as breast cancer [73],
such studies are hard to design and to ethically justify
in neuro-oncological patients (particularly when it
comes to leave surgically targetable tumour tissue in
situ). The resulting lack of data is accompanied by
some degree of uncertainty regarding cutoff values. In
addition, some authors have used extent of resection as
a categorical rather than a continuous variable to
determine  prognostic  cutoff values. Inherent

differences between the two statistical methods need to
be considered when interpreting results from such
studies.

Importantly, whether it is solely the resection itself
that is driving favourable survival or whether less-
aggressive gliomas might be more likely to be resected
or more responsive to subsequent therapies also remains
to be shown [31]. All data favouring higher extent of
resection can also be explained by the assumption that
non-resectable gliomaglioma has an inherently worse
prognosis because of its biology, notably infiltrative
growth in critical brain regions. The proof that extent of
resection biologically matters still awaits to be delivered.
Despite the fact that most malignant gliomas are not
suitable to be biologically completely resected, defining
extent of resection will help as a stratification factor for
clinical trials. Of note, the benefits of surgical resection
also include acquisition and analysis of tumour tissue to
guide therapy based on molecular markers [74]. Our
proposed evidence-based recommendations may offer a
framework to standardize nomenclature used in surgery
of diffuse glioma, thus improving comparison of outcome
data across different institutions or molecular glioma
subgroups.
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