Acta Neurochirurgica (2023) 165:2755-2767
https://doi.org/10.1007/500701-023-05788-z

ORIGINAL ARTICLE q

Check for
updates

Oncological and functional outcomes support early resection
of incidental IDH-mutated glioma

Andrei Birladeanu’ - Marion Barberis’ - Isabelle Poisson’ - Sébastien Froelich'? - Emmanuel Mandonnet'?3

Received: 6 June 2023 / Accepted: 29 August 2023 / Published online: 6 September 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2023

Abstract

Purpose The main objective was to assess the neuropsychological, epileptical, and oncological outcomes in a series of
patients operated on for a IDH-mutated diffuse low-grade glioma (DLGG) of incidental discovery (iDLGG).

Methods We retrospectively reviewed a consecutive series of surgically treated adults with DLGG and selected cases inci-
dentally discovered. Tumor volumes, growth rates, and extents of resection (EOR) were assessed by volumetric measures of
fluid-attenuated inversion recovery magnetic resonance imaging. The data on oncological, functional, and epileptical results
were retrieved from the patients’ digital files.

Results Among all patients with DLGG resected at our center between June 2011 and April 2022, we found eleven cases with
an incidental discovery. Resection was supratotal, gross total, and subtotal in 45.5%, 26.4%, and 18.1% of cases, respectively.
The rate of epileptic seizures after the surgery was 9.1%. There were 45.4% of patients that had tumor progressions and the
overall mean time to tumor progression was 42 months. After the surgery, 3 (27.3%) patients had mild neurocognitive dete-
riorations, which impeded the return to work in one patient (9.1%). There were no differences with previous series regarding
clinical, radiological, and molecular characteristics. Similar results were also found for functional, surgical, epileptical, and
oncological outcomes.

Conclusion Although the right approach for iDLGG is still a matter of debate, our data support the safety and effectiveness
of early surgical resection. More studies are needed to firmly ground this early “preventive” surgery approach.

Keywords Incidental diffuse low-grade glioma - IDH mutated - Awake surgery - Neuropsychological assessment - Return
to work

Introduction growing tumors, with growth rates (around 3.5 mm/year)

very close to those of symptomatic DLGG (sDLGG) [34,

Due to the wider access to MRI nowadays, IDH-mutated
glioma (aka diffuse low-grade glioma, DLGG) are more
frequently incidentally diagnosed [17]. The long period of
asymptomatic evolution of DLGG explains their significant
prevalence in the healthy adult population, close to 0.04%
[32]. These incidental DLGG (iDLGGQG), albeit detected in
a clinically silent stage [30], are slowly but continuously
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37, 38]. Nevertheless, their management is still a matter of
debate. There has been a recent shift from a wait-and-watch
paradigm to a “preventive” surgery, arguing that early and
radical surgical resection should enable to increase survival
[10]. Hence, a maximal surgical resection according to
functional boundaries is recommended [23, 39]. There are
several series in the literature that already assessed sepa-
rately the functional, epileptical, and oncological outcomes
of patients with a surgically treated iDLGG, sustaining the
feasibility and safety of this preventive surgery approach
[18]. In the present series, we aimed to report the functional,
epileptical, and oncological results of all iDLGG surgically
treated at our institution and to compare the results with
other available series.
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Methods
Data source

This retrospective study examined a consecutive series of
107 adult patients who underwent a surgical resection of a
DLGG between June 2011 and April 2022 at Lariboisiere
Hospital, Paris, France. Histological diagnosis was made
according to the WHO 2016 classification [25].

From this series, we selected the 11 patients in whom
the glioma was incidentally discovered, that is in whom
the glioma was considered as an unexpected finding on an
MRI performed for another purpose.

The following parameters were collected from the
digitalized medical files: gender, age at the surgery, sex,
handedness, reason for initial MRI, tumor location and
side, time interval between radiological diagnosis and sur-
gery, preoperative tumor volume and surgically resected
volume—evaluated on preoperative and postoperative
MRI using fluid attenuated inversion recovery (FLAIR)
sequence—, time interval between radiological diagno-
sis and tumor growth confirmation, number of MRIs until
tumor growth demonstration, histopathological diagnosis
according to the WHO 2016, postoperative oncological
treatment, time interval from surgery to tumor progres-
sion, follow-up since diagnosis and surgery, the return to
work after surgery and its mode (part/full time), delay for
resuming work, early and delayed postoperative epileptic
seizures (within first month and after), oncological adju-
vant treatment, delay to antiepileptic drug (AED) with-
drawal, and finally, the survival. Handedness was assessed
by the speech therapist using the Oldfield Coefficient
(Edinburgh Inventory).

Surgical technique

All the patients but one were operated on under awake
conditions (patient #4 was operated on under general anes-
thesia at first surgery, and under local anesthesia at second
surgery). All the surgeries were performed by the senior
author of the study.

Neuronavigation (S7, Medtronic, Minneapolis, MN,
USA) was used in all patients at the beginning of the sur-
gery for the planification of the incision and the bone flap.

Resection was performed using the surgical microscope
(Pentero, Zeiss, Jena, Germany) before 2018 (cases #1 to
#6) or surgical loops (Zeiss) after 2018 (cases #7 to #11).
Awake surgery was performed using the same protocol
as previously reported [2, 26]. The cortical and axonal
electrical stimulation (Nimbus iCare light, Innopsys,
Carbonne, France) was used with the following settings:
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frequency = 60 Hz, biphasic pulses of 500 us each, and
intensity between 1 and 3 mA. In addition to the standard
sensorimotor and picture naming testing, several other
cognitive tasks were also intraoperatively monitored
[2]. The set of intraoperative tasks were selected by the
surgeon, depending on the location of the tumor and the
patient’s job/hobbies [28], among the following tasks:
pyramid and palm tree test (PPTT), double task (repetitive
movement of contralateral superior limb + picture naming
or picture naming in 1-back), read the mind in the eyes test
(RMET), and trail making test (TMT).

Imaging

All the patients had a first postoperative MRI within 48 h,
then a second 4-month follow-up MRI. Preoperative and
early postoperative FLAIR recovery volumes were manu-
ally segmented using Carestream software (Onex, Toronto,
Ontario, Canada). The extent of resection (EOR) was cal-
culated as follows: (100-[postoperative tumor volume/pre-
operative tumor volume]*100), with 100% indicating gross
total resection. Resection was deemed subtotal when resid-
ual tumor volume was less than 10 cm?® [4, 42]. When no
residual tumor was seen on postoperative MRI, we further
assessed whether the resection was supratotal. To this end,
we applied the standard definition used in previous stud-
ies [20]: the resection was deemed supratotal whenever the
volume of the surgical cavity on the follow-up MRI was
larger than the preoperative FLAIR tumor volume. For those
patients, EOR was calculated as (volume of the surgical cav-
ity / preoperative tumor volume) *100.

Molecular biology

The IDH1 and IDH2 mutations were assessed by polymer-
ase chain reaction, as previously described [1]. The 1p19q
codeletion was determined by comparative genomic hybridi-
zation (CGH) array technique on frozen samples using a
SurePrint G3 human comparative genomic hybridization
Microarray Kit 4 x 180 K (Agilent Technologies, Inc.).

Analysis of neurocognitive status

For all the patients, the neurocognitive status was assessed
by a speech therapist preoperatively, 3 to 5 days postopera-
tively, and 3 to 4 months after the surgery. Preoperative and
postoperative long-term (3-4 months) testing assessed the
following cognitive domains, as previously detailed [3, 26]:

— Language functions, including naming 80 black and
white pictures (DO [Denomination Orale d’Images] 80)
[31] and literal and categorical word fluencies,

— Mathematics: 3 basic arithmetic mental computations,
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— Praxis: copy of the Rey figure [40],

— Memory: forward and backward digital span, verbal span,
free and cued selective (16 items or 48 items) reminding
test (FCSRT) [15]; delayed copy of the Rey figure [40],

— Attention: d2 attention test [7],

— Executive functions: Stroop test [43], trail-making test
(TMT) parts A and B [13].

For each task, cognitive deterioration was defined as a
decrement of more than one unit of the z-score. One domain
was considered as impaired whenever at least one of the
z-scores decreased by more than one unit.

Analysis of postoperative employment activity

Patients were scheduled for consultation every 3 months in
the first year after the surgery and systematically questioned
about their employment activity. For patients resuming pro-
fessional activity, the date of the return was noted, as well
as the mode of work (full time, part time).

Results
Descriptive clinical and radiological data

A detailed description of the 11 included cases is given in
Table 1. There were 7 males and 4 females. The median
age at the surgery was 37 years (range 25 to 58 years). Nine
patients were right-handed, and two were ambidextrous.
Headaches were the main reason for MRI examination,
found in five patients (45.4%). Other reasons were follow-
up for another tumor, cranial trauma, familial screening, and
neurological symptoms non-related to the glioma.

In nine patients, the localization of the glioma was fron-
tal, fronto-insular in one, and parietal in another one. The
tumor was right-sided in 6 patients and left-sided in the other
five (see Fig. 1 & 2). The mean tumor volume at surgery
was 18 cm?, with a range between 1 and 79 cm?. On histo-
pathological analysis, all the gliomas were IDH-mutated (10
grade 2 and one grade 4); 5 tumors were 1p/19q co-deleted
(oligodendroglioma) and 6 non-co-deleted (astrocytoma).

Time from radiological diagnosis to evidence
of tumor growth and surgery

On the majority of cases, more than 1 year was needed to
prove that the tumor was growing, using the methodol-
ogy previously described [29]. Average number of MRIs
before surgery was 2.7 (Fig. 2). The overall mean time from
radiological diagnosis until surgery was 25 months (range
3-68). Only one patient (case #4) needed a biopsy to con-
firm the diagnosis of glioma before resection, because of

the complexity of the case: MRI showed a right frontal
lesion strongly suggestive of a DLGG but the patient also
had a diagnosis of multiple sclerosis (MS) (see Fig. 3). The
patient #2 had an unusual evolution: his follow-up MRIs
never showed tumor growth on FLAIR sequences but, on the
third follow-up MRI, a contrast enhancement was detected
(see Fig. 1) that prompted the surgery. Another case that is
worth to detail is the patient #8, referred to us from another
center, for which the tumor growth over the first year of
follow-up was missed by the former clinician in charge. As
he came to our clinics 1 year later, the tumor had already
undergone a malignant transformation (see Fig. 4). At that
stage, the patient had a generalized seizure and surgery was
offered straight away.

Extent of resection

The overall mean extent of resection (EOR) in our series
was 99.1%, with supratotal, gross total, and subtotal resec-
tion in 45.4%, 27.4%, and 18.1% of cases, respectively (see
Table 1). The subtotal resections were both observed when
the glioma was situated near eloquent brain areas: premotor/
SMA cortex.

Immediate post-op complications

Patient #1 presented a hemiparesis at postoperative day
(POD) 2 that was caused by an epidural hematoma (see
Fig. 5), requiring a surgical evacuation. Subsequent evo-
lution was favorable with complete recovery. Patient #8
presented at 1 month after the surgery a wound infection
that required surgical revision under local anesthesia and
a 6-week treatment with antibiotics. Patient #3 presented
immediately after the surgery a slight motor aphasia, a right
neglect, and a slight weakness of the right superior limb that
was attributed to a small venous ischemia (see Fig. 6) and
that fully resolved after rehabilitation.

Neurological and neurocognitive outcomes

None of the patients suffered permanent neurological defi-
cits. Nevertheless, there were 3 patients that had slight dete-
riorations on neurocognitive status assessed at the 4-month
follow-up. The cognitive changes after the surgery are shown
by domains in Table 2, while the full data on preoperative
and follow-up performances are exposed in Table 3.
Deficits of attention and executive functions were found
at follow-up for patient #1 with a right frontal glioma. Inter-
estingly, an area of diffusion hypersignal in the deep white
matter of the middle frontal gyrus was observed for this
patient on his immediate postop MRI (see Fig. 5). Patient #5
with a right fronto-insular glioma worsened his deficits on
attention, executive functions, and processing speed after the
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Table 1 (continued)

Second Deaths Follow-up Follow-up

surgery

Adjuvant

Return to work Mode of return  Time between

Time

Delayed post-
op seizures

Time from first Early post-op

MRI to growth seizures

evidence

Number of
MRISs until
surgery

Patient

since surgery
(months)

since radiolog-
ical diagnosis
(months)

oncological
treatment,

surgery and

to work, FT/

PT

until AED
withdrawal
(months)

return to work

(months)

modality, time
from surgery

(months)

60
64

73

No

14 Yes PT/FT
FT

No

No

80
57

No

Yes

No

No

39 (death)

0

Yes (RT+CT,

No

Not stopped

17 No Yes

3(2)

8

SRT X2,
CT)

No

(36 months)

18
10

22

FT

Yes

No

No

12
28

No Yes (7 months) Not stopped Yes PT/FT No
No FT

17
22

10

No

Yes

No

first surgery. Of note, he subsequently improved with reha-
bilitation program, and 2 years later, when he was reevalu-
ated preoperatively to the second surgery, his functions had
returned back to normal. Finally, patient #8 slightly deterio-
rated on the memory and executive functions. It is worth to
note that this patient was the only one who received (because
of a diagnosis of grade 4 astrocytoma) radiation therapy with
concomitant chemotherapy straight after the surgery.

Employment activity

We found 2 patients (#1 and #8) who did not resume their
previous work. For the patients that did return to work, the
sick leave period lasted 3.7 months (range 1-8 months). The
two patients who resumed their work the most rapidly were
both self-employed workers. All patients resumed their job
full time, after a short period of half-time in two of them.

Epileptical status

All patients were put on anti-epileptic drugs after the
surgery: levetiracetam for a couple of months and clobazam
for 2 weeks. The levetiracetam was withdrawn progressively,
within 12 months in the vast majority of cases. There were
2 patients that stopped the AED by themselves before
6 months, without presenting any epileptic seizure. One
patient (case #2) with suboptimal compliance developed
an early partial seizure 1 month after the surgery. He thus
needed an increase of the dosage and, finally, after a period
of 33 months, the AED could be withdrawn. There were 3
patients that manifested late seizures, and in one of them,
the seizure could be directly imputed to the surgery: patient
#10 had several partial seizures 7 months after the surgery,
during the period she was diminishing progressively the
levetiracetam. Seizures were stopped by re-increasing the
dosage of levetiracetam. The other two patients developed
seizures much later, one at 21 months, attributed by the
neurologist to MS relapse; and the other one at 36 months,
in keeping with the tumor progression towards a multifocal
disease.

Subsequent treatments

In our series, there were in total 5 patients that had radiologi-
cal progressions and the overall mean time to progression
was 42 months. Three patients had a redo surgery for recur-
rences (patient #3 at 42 months, patients #4 at 36 months
and #5 at 24 months, see Figs. 1 and 2). Unexpectedly, his-
topathological examination did not find any tumor but only
gliosis in patient #3. Patient #5 had a second recurrence
3 years later that was treated by stereotactic radiotherapy.

@ Springer



2760 Acta Neurochirurgica (2023) 165:2755-2767

5.5 years

5 years

SRT +CT

1.5 years

e oo >
0.8 year

e >
0.5 year

D >

Fig.2 Serial MRI panels for patients #6 to #11. First column: radiological diagnosis; 2nd column: preoperative MRI; 3rd column: postoperative
MRI
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Fig.3 Concomitant diagnosis
of incidental diffuse low-grade
glioma and multiple sclerosis in
patient #4. Axial FLAIR images
showing the frontal-mesial
glioma but also multiples foci
of hyperintensities in bilateral
white matter typical of MS
lesions

Fig.4 Malignant transformation
in patient #8. Axial flair and T1
gadolinium-enhanced images

Two other patients needed adjuvant oncological treat-  the STUPP protocol, and then multiple additional lines of
ment. Patient #1 recurred more than 5 years after surgery ~ chemotherapy and stereotactic radiation therapy for multiple
and received a chemotherapy by PCV. Patient #8 underwent ~ remote recurrences.

Fig.5 Post-operative complica-
tions in patient #1. Left: coronal
CT showing an epidural hema-
toma at POD 2. Right: Axial
diffusion weighted MRI at POD
1 showing a small stroke

@ Springer



2762

Acta Neurochirurgica (2023) 165:2755-2767

Fig.6 Post-operative complications in patient #3. Axial diffusion-
weighted MRI showing cortical diffuse foci of ischemia of venous
origin

Follow-up and survival analysis

The mean follow-up from radiological discovery for our
series was 83.4 months (range from 12 to 148). The mean
follow-up after surgery was 60.2 months (with a range
between 6 and 133 months). Patient #8 died at 39 months
after surgery. All other patients had a stable disease on last
MRI and were alive at last follow-up.

Discussion

In the present work, we provided oncological, cognitive, epi-
leptical, and professional outcomes in a consecutive series of
11 patients operated on for a DLGG of incidental discovery.
We propose to put our results in perspective with the exist-
ing literature and to highlight some lessons learned from the
present series.

Characteristics of iDLGG

In Tables 4 and 5, we summarized the main findings of the
12 series of iDLGG that we selected and reviewed (see flow-
chart in supplementary materials and references [8, 14, 17,
18, 21, 22, 33, 35, 37, 38, 45, 46]). All studies including
ours converged to establish that the following characteris-
tics of iDLGG are similar to those observed in SDLGG (see
[14] in particular): mean age of 40 years, predominance of
frontal location, and weighted proportions of astrocytoma
(1p19q no codel) and oligodendroglioma (1p19q codel). On
the contrary, compared to sDLGG, iDLGG shows a slight
female predominance and smaller volume. Not surprisingly,
this latter characteristic likely explains the higher rates of
complete resection in iDLGG.

The challenge of optimizing onco-functional
balance in iDLGG patients

Even if their incidence is growing, iDLGG are still a rare
entity nowadays. Because of this rarity, the management
remains unclear and debatable [39]. Preventive surgery
for iDLGG has been proposed, arguing that the earlier the
surgery, the higher the chances to achieve a total or even
supratotal tumor resection without permanent deficits [10,
14,17, 18, 21, 36].

In our center, we sticked to the principle of offering sur-
gery only once tumor growth could be demonstrated on
serial MRIs, which might take some time considering the
slow growth of these tumors. Accordingly, in our series, the
time interval between radiological diagnosis and surgery was
25 months, in line with previous studies (see Tables 4 and 5).
This policy is rooted in the observation that up to 18.8% of
cases did not show any radiological evolution after a mean
follow-up of 46.9 +34.9 months in a large series of patients
with a suspected iDLGG [6].

In general, the principle of DLGG surgery is to optimize
the “onco-functional balance” [11, 27], a challenge particu-
larly difficult for incidentally discovered lesions, as it should
always be kept in mind that patients would enjoy a strictly
normal life if an MRI would not have been performed for
another purpose. Therefore, the bar regarding cognitive and

Table 2 Follow-up changes in 1 3 4 5 6 7 3 9 10 1

main cognitive domains for the

11 patients Language _ _ _ _ _ N _ _ _ _
Praxies = = = \ / = = = = =
Calculus = = = = J/ NA = = = =
Memory = = = N = N N\ = = =
Attention N = = N = / = = = =
Executive functions N = = N / / \\ = = =
Processing speed = = = AW = / \ = = =
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Table 3 Complete raw scores of cognitive testing for the 11 patients, before and 4 months after surgery

10

7/80

77179
39/34
18/25

v

77/79
38/38
24/23

7

78/78
32/32

78/80
38/38
20/15

7

79/78
31/22

78/80
32/34
36/32
71

79/78
40/22
26/23

73/73
16/16

5/3

T6/NA
34/NA
31/NA
IV/NA
34/NA

80/79
30/22
51/35

v

DO80
LWF

Language

50/51
28/33

/1

15/20

NA/

14/14

CWF
Type

I/TAYLOR
27/33
0:1

NA

Praxies (Rey figure copy)

36/36

35/36

9/12 vs 6.5/12 NA/NA

36/35

NA/36
NA

36/36

36/33 35/31
0/2 NA

NA

36/36
3/3

Score

6:6/6:6
6:5/7:5

16:14/16:15 16:15/16:5

48/44

11/11.5

4:4/5:6

11:19/NA NA
6/NA

Calculus

5:3/5:3

4:3/5:4

4:3/4:3

5:3/5:2 6:5/6:6

7:5/6:3

4:2/3:2

NA

6:4/6:3

WM

Memory

16:30/16:39 16:15/16:15
NA

48/48

15:9/15:9
55/56

16:19/16:13 44:27/46:37 16:13/16:15

52/54

28:19/37:10 NA

-147

VEM

59/60

NA

58/57

NA

NA/NA

PASAT

Attention and executive func-

tions

13"/12"
68"/65"

60"/49"

2671227 227/44"

31"/43"

28"/71" NA/171"

74"177"

1"/19"

NA/NA NA
49"/NA

NA

TMT B-A 35"/24"

111"/99"
90/122

117"/89"

112"/65"
160"/217"
18"/15"

NA

125"/148"
188/181
26"/33"

173"/162"
113/165
427732
88"/92"
83/63"

102"/92

NA

55"167"
92/90

Stroop-c

234/248
19"/17"

156"/169"
39"/19"

249/162
34"/28"
56"/62"
407/41"

180"/182"
24"122"
NA/58"

61"/66"
82"/80"

d2—KL

TMT A
Rey

22"/31"

12"/NA

32"/43"

Processing speed

100"/145"
40"/37"

134"/126"

61"/55"

119"/97"
49"/39"

128"/82"
71"/95"

120"/NA NA

58"/44"

56":58"

NA

23"/NA
NA/NA

53"/57"

78"/78"

Stroop-n
d2-GZ

562"/573"

287"/348"

453"/450"

398"/217"

579"/519"  514"/420"  507"/455"

461"/451"

188"/224"

functional outcomes after surgery of iDLGG should be sig-
nificantly raised.

In the present series, it is demonstrated that the risk of
long-term cognitive deficits directly imputable to neural
tissue resection is virtually null. Indeed, among the three
patients (#1, #5, #8) with cognitive impairments at 4-month
follow-up, the deficit could be attributed to the resection of
functional connectome in patient #5 only, but this patient
fully recovered at 2 years. In patient #8, we suppose the
deterioration could be more related to the aggressive nature
of the tumor and treatments, hampering optimal reshaping
of functional networks thanks to neural plasticity. In patient
#1, the suboptimal cognitive outcome might be explained by
a small deep stroke (see Fig. 5) within the so-called minimal
common brain [16] in a 57 years of age patient. Such mini-
strokes have been previously reported in several studies of
glioma surgery [5, 12, 19, 24, 41, 44] and they may currently
pose a limitation in attaining optimal cognitive outcomes.
Indeed, it has been shown that their occurrence correlates
with some slight neurocognitive impairments [5, 24]. All in
all, the good cognitive results plaids in favor of awake sur-
gery, a methodology that allows to closely monitor cognitive
abilities intraoperatively and to tailor the resection according
to the brain functional networks of each patient.

Surgery-induced epilepsy represents another caveat. In
the present series, one patient developed partial seizures that
were a likely consequence of the surgery. This low rate of
9.1% is in good agreement with recent larger series [22, 33].

Nonetheless, these small risks of mini-strokes and epilep-
togenicity appear to be largely counterbalanced by the risk
of a rapid malignant transformation under wait-and-watch
policy, as illustrated by patient #8 in the present study and
as previously described by others [9].

Accordingly, the oncological outcome of iDLGG
was demonstrated to be better than the sSDLGG, showing
larger delays until tumor progression, with a mean delay
of 43.4 months (see Tables 4 and 5). In our series, there
were 5 patients that had tumor progressions with an overall
mean time to tumor progression of 42 months, very close
to previous series. In the largest surgical series comparing
iDLGG with sDLGG, it was reported that median survival
was not reached for iDLGG versus 14.6 years for sDLGG
[14]. However, the true survival advantage remains difficult
to estimate, as the analysis should also account for the lead-
time bias.

Cognitive assessments in relation to return to work

In a large series of iDLGG patients, Cocherau et al. reported
that almost half of the patients with iDLGG had preopera-
tively a slight cognitive deficit. Thus, the preop neuropsy-
chological assessment is a useful tool for selecting the tasks
to be tested during the awake surgery, according to the tumor
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Table 4 Comparative series on iLGG: literature review (1)

N° Mean age ( Sex ratio Tumor locali-  Tumor side Pre-op tumor ~ Time to sur- Reason for MRI
years) (female/male)  zation (right/left) volume (cc) gery
Mean, range
(months)

Pallud et al., 47 355 58%142% Frontal 68% 51%/49% Median 17.2 NA Headache 42.5%
2010 (37) Trauma 4.2%

Lima et al., 11 31.6 (18-50) 73%127% Frontal 54.6% 0%/100% Mean 32.6 20.1 (range Headache 45.4%
2017 (22) (range 3-71) Trauma 9.1%

2-140)

M.B. Potts 35 384+1.8 57.1%/42.9%  Frontal 65.7%  42.9%/57.1% Mean 10.4+2.3 Headache 31.4%
etal., 2012 20.2+2.9 Trauma 20%
(38)

Zhang ZY 23 419+26 43.5%/56.5%  Frontal 65.3% NA Mean NA Headache 21.7%
etal., 2014 23.8+5.1 Trauma 47.8%
(46)

Lima GL, Duf- 21 35 71.4%/28.6%  Frontal 52.5% NA Mean 39.6 11.5 (range Headache 57.1%
fau H, 2015 (range 3-42) Trauma 4.8%
(23) 2-142)

Cochereau 15  38.5(24-64) 53%147% Frontal 46.7%  73.3%/26.7% Mean 32.6 NA Headache 40%
etal., 2016 (range Trauma 6.7%
(10) 1-100)

M. Opoku- 34 40.8 50%/50% Frontal 52.9%  56%/44% 57.2 27.6 Headache 26%
Darko et al., Trauma 15%
2017 (35)

Ngetal., 2019 74 357+9.7 58.1%/41.8%  Frontal/fronto- 41.9%/58.1% 28.1+£27.32  344+41.1 NA
41 opercular

45.9%

Tus et al., 2020 34 37.5(18-71) 55.8%/44.2%  Frontal 61.8% 58.82%/14.18% Median 15 NA Headache 35.3%
(18) (5-40) Trauma 23.5%

Zeng et al., 49  20-29—14.3% 59.2%/40.8%  Frontal 42.9% NA Less than 30 (range Headache 19%
2021 (45) 30-39—36.7% 2:26.5% 12-60) Trauma 16%

40-49—46.9% 2 t0 3:59.2%
50-59—2.1% More than
3:14.3%

Gogos et al., 113 39.4 (18.9— 55.8%/44.2% Frontal 58.4%  40.7%/59.3% Mean 22.5 Median 3.1 Headache 34.5%

2020 (15) 71.3) (range Trauma 16.8%
1-144)

Iusetal., 2022 267 39.19 (18-71) 58%/42% Frontal 52.44% 55.4%/44.6% Median 15 Median 22 Headache 33%
19) (1-189) (1-170) Trauma 13%

Present series 11  36.9 36.4%/63.6%  Frontal 81.8%  54.5%/45.5% Mean 18 Mean 25 Headache 45.4%

(range 1-79) (range 3-68) Trauma 9.1%

location and patient expectations regarding their job and
hobbies (see [28]). The late cognitive assessments helped
us to better guide the rehabilitation program, with the aim to
give to the patients the best chances to return to work within
the shortest delay.

In this sense, and although it is a multifactorial endpoint,
the rate of return to work is an interesting proxy of a cogni-
tively successful surgery. The rate of 90% found in our series
is comparable to the 97% reported in the sole other series of
the literature in which this parameter was assessed [33]. It
is worth noting that it is the cognitive deficit which impeded
patient #1 to resume his work, emphasizing the strong link

@ Springer

that exists between cognitive evaluations and capability to
go back to work.

Strengths and limitations

The main limitation of the study is the small number of
patients in the series that is understandable giving the rarity
of this neurooncological entity. Moreover, the well-known
test—retest effect might have led to underestimate the true
rate of cognitive deterioration. Nonetheless, it is anticipated
that the 4-month period separating the two evaluations
strongly reduced this effect.
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Table 5 Comparative series on iLGG: literature review (2)

EOR:GTR and STR/  IDH status 1p/19q co-deletion Follow-up since Post-opéra- Time to progression  Return to work (%)
PR (mean, %) status diagnosis/surgery tive seizures (% and mean period,
(mean, months) (%) months)
Palludetal., TR—38% NA NA Since diagnosis- NA 27.6 months NA
2010 (24)  STR—26% mean—91.2
PR—2%
Biopsy—34%
Lima et al., Mean—97.3% NA NA Since diagno- 0.00% 52 months (28-65) NA
2017 (2) TR and sis—60.3
SupraTR—63.6% Since sur-
STR—36.4% gery—40.6
M.B. Potts 95.7+1.3 NA NA 61.2+7.2 NA 34.3%—progression NA
etal., 2012 GTR—60% 11.4%—malignant
@31) STR—40% progression
33.9 months
Zhang ZY GTR—91.3% IDH mutated 95.6% 1p/19q co-deletion Median—111.6 NA NA NA
etal., 2014 STR and PR—8.7% 69.6%
27
Lima GL, Mean—97.3% NA NA Since surgery—49  Early 4.8% 33.3% progression NA
Duffau H,  GT and (because 39.9 months
2015 (25) SupraTR—67% of stopping
ST—33% the AED)
Cochereau NA NA NA NA NA NA NA
etal., 2016
(36)
M. Opoku- Mean—81.03% 17.6%—NA or NS* 1p/19q co-dele- Since diagno- Early 17.6%  43.8 months (range ~ NA
Darko IDH mutated 73.5% tion—38% sis—61.2 Late 29.4% 3-105 months)
etal., 2017 IDH wt—38.8% RR—23.5%
) CT—S8.8%
RT—11.8%
NG et al., Mean—95.7+8.2 NS*9.4% 1p19q co-dele- Since surgery—67  Early and late  CT 32.4% Before
2019 (28)  SupraTR—28.4% IDHwt 12.2% tion—48.6% 17.6% RT 9.5% 12 months—86.1%
IDH mutated 78.4% RR 32.4% After
63.1 months 12 months—13.9%
Tus et al., Median range—100% IDH1/2 mutated 1p/19q codele- Since diagno- 0.00% NA NA
2020 (1) 82.35% tion—41.18% sis—70
Zeng et al., TR—83.7% NA NA NA Early and NA NA
2021 (26) STR—I12.2% late—
PR—4.1% 10.2%
Gogos etal., Median—100% (From 85 available) 1p/19q+—55.3% Since diagno- Early and CT 23.9% including ~ NA
2020 (37) (90.4-100%) IDHwt—12.9% 1p/19q intact—30.6%  sis—90 late—2.7% 8% CT and RT
GTR—57.1% IDH mutated—87.1% Other 1p19q sta- RR 23.9%
tus—1.2% 9.7%—malignant
progression
Present series Mean—99.1% IDH mutated 100% 1p/19q co-dele- Since diagno- Early 9.1% 42 months 90%
GTR—S81.8% tion—45.4% sis—83.4 Late 9.1%
STR—18.2% No-co-dele- Since sur-
tion—54.6% gery—60.2

The strength of the study is that we tried to give a holistic
view of postoperative outcomes, including the oncological,
neurocognitive, epileptical, and professional status.

Conclusions

The results of this small study are similar with the results
of other series in the field and suggest that preventive sur-
gery in iLGG is an available and safe therapeutic option.
The earlier the surgery is done, the smaller the tumor
and the greater the extent of resection, resulting in better

oncological, epileptical, and functional results. The high
rate of work resumption combined with the high propor-
tion of supratotal resections in the present series gives
further support to this proactive attitude.
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