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Abstract

Glioblastoma multiforme (GBM) is an aggressive cancer type, with fewer than 3–5% of 
patients surviving for more than 3 years. We describe a 48-year-old right-handed man who 
presented with generalized seizure attacks. Magnetic resonance imaging (MRI) revealed a 
heterogeneous gadolinium-enhancing lesion in the left inferior parietal lobule. The patient 
underwent awake surgery, and tumor resection included abnormalities on T2-weighted MRI, 
with subcortical mapping used to identify the deep functional boundaries. After supratotal 
resection, the tumor was  diagnosed as GBM without isocitrate dehydrogenase (IDH) 1 and 2 
mutations. At a follow-up evaluation, 9 years and 2 months after the surgery, the patient 
appeared healthy, and no relapse or recurrence was observed. We present the case of a long-
term survivor of IDH-wildtype GBM. This case suggests that supratotal resection with intra-
operative awake brain mapping can improve survival without impairing the patient’s 
neurological functions.
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Introduction

Glioblastoma multiforme (GBM) is one of the most 
frequent and aggressive glial neoplasms in the 
primary central nervous system in adults, with a 
median survival time of 20 months from diagnosis 
even with aggressive treatment, including surgery, 
radiotherapy, and chemotherapy.1,2) Surgical tumor 
resection plays a critical role in the multimodal 
treatment of GBM. Large observational studies 
and literature reviews based on objective evalu-
ation of the extent of resection (EOR) for GBM 
have revealed that maximal tumor resection is 
significantly associated with better outcomes for 
GBM.3,4) Even after aggressive surgery for GBM, 

tumor recurrence is inevitable, and most patients 
uniformly die.

Recently, some research groups reported that extended 
tumor resection beyond contrast-enhancing lesions in 
a magnetic resonance imaging (MRI)- verified area, 
also known as supratotal resection, improves the 
outcome of patients with GBM.5–10) These studies on 
gliomas found that tumor cells spread beyond visible 
abnormalities and that conventional MRI underesti-
mates the actual spatial extent of gliomas. It has also 
been suggested that tumor cells might have the 
potential to invade areas 10–20 mm away from the 
MRI-defined tumor boundaries.11) Therefore, we 
attempted to achieve supratotal resection for gliomas 
whenever possible, beyond the tumor margins visible 
on MRI, with the aid of awake functional mapping.

Here, we present a case of a long-term survivor 
(still alive 9 years and 2 months after the surgery) 
of isocitrate dehydrogenase (IDH)-wildtype GBM, 
in which supratotal resection was achieved using 
awake brain mapping.
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Case Presentation

In 2013, a 48-year-old right-handed man presented 
with generalized seizure attacks and was transferred 
to the emergency room of a nearby hospital. Brain 
MRI revealed a heterogeneous gadolinium-enhancing 
lesion with a high-intensity area on T2-weighted 
images in the left inferior parietal lobule, with a 
maximum diameter of approximately 20 mm (Fig. 1A 
and 1B). The patient was transferred to our hospital 
for surgery. The white matter tracts, such as the 
pyramidal tract, superior longitudinal fasciculus 
(SLF), and inferior fronto-occipital fasciculus (IFOF), 
were computed from the preoperative diffusion 
tensor imaging (DTI) data set using BrainLAB iPlan 
Cranial version 3.0 (German HealthCare Export 
Group, Bonn, Germany) (Fig. 1C).12)

To achieve supratotal resection, which means a 
broad resection of the regions on T2-weighted MRI 
that extends beyond the contrast-enhancing portion 
of the tumor, the patient underwent awake surgery, 
assisted by both cortical and subcortical functional 
mapping. The tumor margins were letter-tagged 
(A–F) using the neuro-navigation system before the 
brain shift occurred (Fig. 2). Cortical mapping was 
performed with a double task combining picture-
naming and right-arm movements. During cortical 
mapping using a biphasic current (pulse frequency, 
60 Hz; single pulse phase duration, 0.5 ms) under 
a 4 mA stimulus with picture-naming tasks, a 
convulsion around the mouth was induced with 
postcentral gyrus stimulation (tags 1 and 2; Fig. 2). 
Next, the patient was asked to perform oral reading 
and writing tasks. Cortical stimulation did not 
induce any neurological disturbances during these 
tasks. After cortical mapping was completed, cortical 
resection was initiated at the anterior border of the 
tumor (letter tags; B–C) with negative mapping, and 
tumor resection was performed at the level of the 
white matter under the angular gyrus. At the end 
of the tumor resection, semantic paraphasia was 
induced by stimulating the deep side of the tumor 
cavity. The patient mistakenly stated “notebook” 
when the picture of “pencil” was presented on a 
monitor. Upon stimulation of this site, the patient 
was not able to perform the oral reading and writing 
tasks. Tumor resection included abnormalities on 
T2-weighted MRI, with subcortical mapping used 
to identify the deep functional boundaries (Fig. 1D). 
Supratotal resection was thus achieved with the aid 
of awake functional mapping. The extent of supra-
total resection (EOsR) was calculated as follows: 
postoperative tumor cavity/preoperative tumor 
volume in T1 contrast-enhancing tumors. The final 
EOsR was 399.6%.

Postoperatively, the patient showed no remark-
able neurological deteriorations in language, oral 
reading and writing, or movement of the upper 
and lower extremities. Histological examination 
of the tumor yielded a diagnosis of GBM, and 
Ki-67 expression was observed in 10% of the 
tumor cells (Fig. 3). Sanger sequencing revealed 
that this tumor harbored no IDH1, IDH2, H3F3A, 
HIST1H3B K27M, B-Raf proto-oncogene, serine/
threonine kinase (BRAF) V600E, or telomerase 
reverse transcriptase (TERT) promoter mutations.13) 
By contrast, methylation of the O6-methylguanine-DNA 
methyltransferase (MGMT) promoter was detected 
using quantitative pyrosequencing technology. The 
proneural subtype of GBMs with better prognosis, 
as described in several studies,14,15) was character-
ized by PDGFRA amplification, as well as TP53 
and IDH1 mutations. No copy number changes in 
PDGFRA or TP53, nor IDH1 mutations, were 
detected by MLPA in this tumor. Furthermore, 
EGFR amplification and homozygous deletion of 
CDKN2A, CDKN2B, and PTEN loss, which is a 
frequent event in the other GBM subclass, were 
also not observed.

Following this surgery, the patient was treated 
with 60 Gy in 30 fractions of radiotherapy in 
 combination with concurrent temozolomide (TMZ) 
chemotherapy. Moreover, the patient was still on a 
maintenance regimen of TMZ 200 mg/m2 on days 
1–5 every 4 weeks at the time of the check-up.

At a follow-up evaluation 9 years and 2 months 
after the surgery, the patient appeared healthy and 
showed no signs of relapse or recurrence (Fig. 1E). 
Moreover, he continued to live a normal life and 
did not show any disturbances in neurocognitive 
status or motor, language, reading, and writing 
functions.

Discussion

Long-term survivors living at least 2 years from 
diagnosis comprise 13% of all patients with GBM.16) 
Due to the nature of the disease and the high recur-
rence, only 3%–5% of patients with GBM live for 
longer than 3 years after diagnosis.17) According to 
a systematic review by Tykocki et al.,18) fewer than 
1% of all patients with GBM survive longer than 
10 years. The prognosis of GBM depends on the 
age of the patient, with younger patients having 
more favorable outcomes. This may be the reason 
for the different molecular and genetic alterations 
observed in younger compared to older patients. 
However, the biological and molecular characteris-
tics of short- and long-term GBM survivors are also 
remarkably different.19)
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Fig. 1 Preoperative axial T2-weighted (A) and axial T1-weighted MRI with gadolinium enhancement (B), showing 
a high-intensity area in the left inferior parietal lobule and enhancing parts at the superficial lesion. Generation 
of a 3D object representing the fiber bundles of white matter tracts (C). After segmentation of the fiber tract bundle, 
a 3D object (yellow) was generated, representing the left pyramidal tract. The green-colored area shows the SLF, 
the blue-colored area shows the IFOF, and the tumor area is highlighted in orange. Postoperative axial T2-weighted 
MRI (D) showing no tumors due to supratotal resection. Axial T1-weighted MRI with gadolinium enhancement (E) 
performed 9 years and 2 months after the surgery, showing no recurrent tumors. 3D: three-dimensional, IFOF: 
inferior fronto-occipital fasciculus, MRI: magnetic resonance imaging, SLF: superior longitudinal fasciculus. 
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Regarding the relationship between molecular 
alterations and survival after GBM, some studies 
have revealed that patients with GBM and IDH1 
or IDH2 mutations and MGMT promoter methyl-
ation have a better prognosis.20,21) The overall 
survival (OS) of patients with GBM with MGMT 
promoter methylation is significantly higher (21.7 
months) than that of patients with an unmethyl-
ated promoter (15.3 months).22) IDH1 and IDH2 
mutations occur in up to 10% of primary GBM 
cases and are associated with a substantially longer 
OS. The median OS was 3.8 years for patients 
with IDH1 mutations and 1.1 years for patients 
with wildtype IDH1.23) Other molecular biomarkers, 
such as TERT promoter mutations, have also been 
observed in GBM more frequently than in other 
types of gliomas. TERT promoter mutations in 
MGMT promoter unmethylated GBM have been 
associated with poorer OS.24) Although our patient 
showed MGMT promoter methylation and no IDH1, 
IDH2, or TERT promoter mutations, our case 
presents a favorable disease course, with no signs 
of tumor recurrence at more than 9 years after 
surgery.

Fig. 2 Intraoperative photograph obtained before tumor 
resection, showing letter tags that indicate tumor bound-
aries (A–E). Postcentral gyrus stimulation induced 
convulsion around the mouth (tag: 1, 2). Posterior 
portion of the superior temporal gyrus stimulation 
induced phonemic paraphasia (tag: 3). Left superior 
parietal lobule stimulation induced a cessation in right 
upper limb movement (tag: 4–7). Oral reading and 
writing tasks did not induce any disturbances in the 
cortical mapping. Arrowhead: intraparietal sulcus, 
arrow: Sylvian fissure. 

Fig. 3 Photomicrographs (magnification ×40 or ×200) of the current case. HE staining showed proliferation of 
atypical glial cells and necrosis. Abnormal proliferation of vessels was observed around necrosis (A). Microvas-
cular proliferation was also observed, which strongly suggested glioblastoma pathology (B). Immunohistochemical 
staining of IDH1R132H yielded negative results (C). The absence of IDH1 and IDH2 mutations was also confirmed 
by Sanger sequencing. HE: hematoxylin–eosin, IDH: isocitrate dehydrogenase. 
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Supratotal resection for gliomas, including both 
GBM and lower-grade gliomas, is a newly emerging 
concept in the field of neuro-oncology that can 
improve the survival of patients with glioma. In 
this aggressive surgery, awake functional mapping 
enables safe tumor resection of language-dominant 
and non-dominant GBMs while protecting cortical 
and subcortical neurological functions.

A comprehensive summary and analysis of several 
studies on supratotal resection for GBM that have 
been published, comparing supratotal resection and 
gross total resection for GBM is presented in detail 
in Table 1. In a retrospective study with 282 newly 
diagnosed GBM cases, the median PFS for supratotal 

resection was 24.5 ± 2.4 months and the median 
OS was 28.6 ± 5.2 months, compared with a gross 
total resection PFS of 11.9 ± 0.6 months and OS 
of 16.2 ± 1.2 months. Moreover, fewer patients 
showed worsening of deficits or developed new 
neurological deficits after supratotal resection (4.8%) 
than after gross total resection (13.3%) or subtotal 
resection (11.2%). This study suggests supratotal 
resection, that is, surgical resection beyond contrast- 
enhancing boundaries, as a promising strategy to 
improve clinical outcomes in patients with GBM.8) 
Eyüpoglo et al. reported on supratotal resection 
surgery using a dual intraoperative visualization 
approach for GBM.9) In this study, gross total 

Table 1 Supratotal resection in glioblastoma

Number 
of cases

Definition of 
supratotal 
resection

Number of 
supratotal 
resection 
case (%)

OS PFS Adjuvant 
therapy

IDH 
status

MGMT 
promoter 

methylation

Eyüpoglu 
et al., 20169)

n = 105 Beyond 
obvious 
contrast 
enhancement 
using 5-ALA 
and iMRI

30 (29%) 18.5 vs 
14 months 
(vs GTR) 
p = 0.0004

NA RT + TMZ NA +*

Li et al., 
20165)

n = 643 Resection 
over 53.21% 
of FLAIR

159 (25%) 20.7 vs 
15.5 months 
(vs <53.21% of 
FLAIR ) p <0.001

NA NA NA NA

Esquenazi 
et al., 20177)

n = 86 Beyond 
the zone of 
enhancement 
using subpial 
technique

25 (29%) 54 vs 16.5 
months (vs GTR) 
p <0.01

NA RT + 
TMZ ± 
BCNU 
wafer

NA NA

Grossmann 
et al., 20176)

n = 103 ≤46% of 
remnant 
FLAIR (3 
months post-
operation)

NA 26.6 ± 3.7 vs 
13.5 ± 0.5 
(vs GTR) p <0.001

NA Stupp 
protocol

+* NA

Pessina 
et al., 20178)

n = 282 Resection 
100% of 
FLAIR

21 (7%) 28.6 ± 5.2 vs 
16.2 ± 1.2 months 
(vs GTR) p <0.001

24.5 ± 2.4 
vs 11.9 ± 

0.6 months 
(vs GTR) 
p <0.001

TMZ + 
RT, 6-8 
cycles 
TMZ

NA +*

Glenn et al., 
201810)

n = 32 Removal of at 
least 1 cm of 
brain tissue 
surrounding 
the 
enhancement

7 (21.9%) 24 vs 11 months 
(vs GTR) 
p = 0.002

15 vs 7 
months 
(vs GTR) 
p = 0.003

NA +* +**

5-ALA: aminolevulinic acid, BCNU: carmustine, DC: dendritic cell, FLAIR: fluid-attenuated inversion recovery, GTR: gross 
total resection, iMRI: intraoperative magnetic resonance imaging, MGMT: O6-methylguanine-DNA methyltransferase, NA: not 
available, OS: overall survival, PFS: progression-free survival, RT: radiotherapy, STR: subtotal resection, TMZ: temozolomide.
+*, Relation between supratotal resection and IDH status or MGMT promoter status was not described; +**, multivariate 
analysis of PFS and OS with MGMT promoter status and supratotal resection was performed. Supratotal resection was an 
independent predictor of OS and PFS.
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resection (n = 75) with intraoperative MRI alone 
(control group) was compared with supratotal 
resection using a surgical strategy consisting of 
5- aminolevulinic acid (5-ALA) administration and 
intraoperative MRI (n = 30). The median survival 
time in the control group treated according to 
current gold standards in surgical neuro-oncology 
was 14 months, whereas tumor resection with both 
5-ALA administration and intraoperative MRI 
resulted in a significantly longer median survival 
time of 18.5 months. The authors emphasize that 
supratotal resection for glioma leads to a significant 
prolongation of the OS time in GBM patients. Li 
et al.5) investigated the role of supratotal resection 
in 876 GBM patients who achieved complete resec-
tion of T1 contrast-enhancing tumor, with the 
purpose to verify whether supratotal resection can 
improve the survival of GBM. They demonstrated 
that the resection of ≥53.21% of the FLAIR abnor-
mality beyond contrast- enhancing lesions was related 
with a significant prolonged survival compared 
with that less extensive tumor resections (median 
survival: 20.7 and 15.5 months, respectively). They 
indicated that supratotal resection, along with the 
removal of a significant amount of the FLAIR 
abnormality region, can result in longer survival 
of GBM without significant increases in postoper-
ative morbidity.

In the present case, despite IDH-wildtype GBM, 
maximal supratotal resection of GBM was possible 
with no permanent postoperative deficit and enabled 
him to live a normal life without tumor recurrence 
for 9 years and 2 months after the diagnosis. 
Considering the absence of molecular prognostic 
biomarkers, including IDH1 and IDH2 mutations 
in our case, therefore, our patient’s favorable outcome 
can be likely associated with high EOR of tumor 
by supratotal resection using awake functional 
mapping.

Conclusion

We present a case of a long-term survivor of 
IDH-wildtype GBM. This case suggests that supra-
total resection with intraoperative awake brain 
mapping, when performed on the language-dominant 
side, can improve survival without impairing the 
patient’s neurological functions.
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