
UCSF
UC San Francisco Previously Published Works

Title

Supramaximal Resection Can Prolong the Survival of Patients with Cortical Glioblastoma: 
A Volumetric Study.

Permalink

https://escholarship.org/uc/item/0990g5fm

Journal

Neurologia Medico-Chirurgica, 63(8)

Authors

Otsuji, Ryosuke
Hata, Nobuhiro
Funakoshi, Yusuke
et al.

Publication Date

2023-08-15

DOI

10.2176/jns-nmc.2022-0351
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0990g5fm
https://escholarship.org/uc/item/0990g5fm#author
https://escholarship.org
http://www.cdlib.org/


364

ORIGINAL ARTICLE doi: 10.2176/jns-nmc.2022-0351

Neurol Med Chir (Tokyo) 63, 364-374, 2023 Online July 10, 2023

Supramaximal Resection Can Prolong the Survival of Patients with
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Abstract

We aimed to retrospectively determine the resection rate of fluid-attenuated inversion recovery

(FLAIR) lesions to evaluate the clinical effects of supramaximal resection (SMR) on the survival of pa-

tients with glioblastoma (GBM). Thirty-three adults with newly diagnosed GBM who underwent gross

total tumor resection were enrolled. The tumors were classified into cortical and deep-seated groups

according to their contact with the cortical gray matter. Pre- and postoperative FLAIR and

gadolinium-enhanced T1-weighted imaging tumor volumes were measured using a three-dimensional

imaging volume analyzer, and the resection rate was calculated. To evaluate the association between

SMR rate and outcome, we subdivided patients whose tumors were totally resected into the SMR and

non-SMR groups by moving the threshold value of SMR in 10% increments from 0% and compared

their overall survival (OS) change. An improvement in OS was observed when the threshold value of

SMR was 30% or more. In the cortical group (n = 23), SMR (n = 8) tended to prolong OS compared

with gross total resection (GTR) (n = 15), with the median OS of 69.6 and 22.1 months, respectively (p

= 0.0945). Contrastingly, in the deep-seated group (n = 10), SMR (n = 4) significantly shortened OS

compared with GTR (n = 6), with median OS of 10.2 and 27.9 months, respectively (p = 0.0221). SMR

could help prolong OS in patients with cortical GBM when 30% or more volume reduction is achieved

in FLAIR lesions, although the impact of SMR for deep-seated GBM must be validated in larger co-

horts.

Keywords: supramaximal resection, glioblastoma, depth, volumetric study, survival

Introduction

The association between the resection rate of contrast-

enhanced (CE) tumors and the outcome has been widely

investigated in patients with glioblastoma (GBM). Gross

total resection (GTR), in which the CE lesion is completely

resected, is known to be effective in prolonging overall sur-

vival (OS).1,2) However, since GBM is a highly invasive tu-

mor, tumor cells often spread far from the CE region and

can extend to the contralateral hemisphere at the time of

diagnosis.3-7) Considering such infiltrative behavior, resec-

tion beyond the CE region is required for the “theoretical”

complete GBM’s resection; however, GTR of CE tumors has

been recognized as the maximal resection for standardized

treatment.

The consensus among neurosurgeons regarding maximal

resection is desirable as long as it does not compromise

the neurological function.1,2,8-14) The fluid-attenuated inver-

sion recovery (FLAIR) lesion around the CE area is the site

where tumor cells infiltrate the edematous brain paren-
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Fig.　1　Flowchart of the study’s patient selection process.

chyma, and the density of tumor cells decreases continu-

ously toward the periphery.15) Accordingly, expanding the

excision to the FLAIR lesion reduces the volume of infil-

trating tumor cells but can compromise the damage to

normal brain tissues. For surgeons, balancing functional

preservation with the resection of infiltrating tumors com-

plicates their decision-making process. Although several re-

ports on the expanded resection of FLAIR lesions lead to a

favorable prognosis,14,16-24) consensus for optimizing the re-

section rate of FLAIR lesions is not established. In this

study, we aimed to explore the quantity of FLAIR lesion re-

section beyond CE tumors and analyzed the clinical effects

of supramaximal resection (SMR).

Materials and Methods

Patients

We enrolled 121 adult patients (age > 18 years) with

newly diagnosed GBM from our database between Decem-

ber 2006 and August 2018. The patients were treated as

previously described.25) Patients were excluded based on

previously described criteria.26) Patients with BRAF muta-

tions were also excluded because they comprise a distinct

biological subgroup of GBM.27-29) Two patients were ex-

cluded because of a lack of adjuvant therapy with the

Stupp regimen. One patient who could not undergo mag-

netic resonance imaging (MRI) due to a cardiac pacemaker

implant and one patient who could not undergo CE MRI

due to active bronchial asthma were excluded. Finally, 96

patients were enrolled in this study (Fig. 1). In Japan,

bevacizumab can be used with temozolomide as a first-

line treatment. However, bevacizumab is used as a second-

line chemotherapy for cases with subtotal or more resec-

tion at our institution; therefore, all cases used in the final

analysis (gross total or more resection) were treated with-

out first-line bevacizumab. Our local ethics committee ap-

proved this study (Kyushu University Institutional Review

Board for Clinical Research: 848-00). This study followed

the 1964 Declaration of Helsinki (as revised in Fortaleza,

Brazil, October 2013). Written informed consent was ob-

tained from all patients.

Neuroimaging findings

MRI scans were using a 1.5- or 3-T scanner. For each

patient, pre- and postoperative neuroimages on FLAIR and

gadolinium-enhanced T1-weighted imaging were evaluated.

Preoperative scans were acquired within 10 days before

surgery, and postoperative scans were acquired within 48 h
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after surgery. The tumor location in the non-eloquent cor-

tex was defined as the right frontal/temporal/occipital or

left occipital, as described by Shah et al.23) According to the

previous study,24) tumors were classified into two groups

according to whether or not the CE tumor was in contact

with the cortical gray matter. The association with the lat-

eral ventricles (LVs) was classified based on the location of

the CE tumor as contact with the subventricular zone

(SVZ).30-33) Based on Lim et al.’s classification, tumor depth

was divided into two groups depending on whether or not

the cortex was included.30) In their classification, groups I

and III were cortical, and II and IV were the deep-seated

groups. Pre- and postoperative tumor volumes were quan-

tified with a three-dimensional imaging and analysis sys-

tem volume analyzer of DICOM image, Synapse Vincent

software version 5.5.0007 (Fujifilm, Tokyo, Japan). The CE

T1-weighted tumor volume and FLAIR abnormality volume

beyond the CE tumor were calculated by manually select-

ing the region of interest evaluated with subsequent auto-

matic computerization of the volumetric data. An experi-

enced neurosurgeon, blinded to the patients’ clinical char-

acteristics or prognosis, performed the volume analysis.

Pre- and postoperative CE volumes and FLAIR abnormality

volumes were measured directly. CE volume was the area

of increased signal intensity on CE T1-weighted images.

FLAIR volume beyond CE was the hyperintense area on

FLAIR around the CE area. FLAIR hyperintense volume be-

yond the CE was calculated as follows. FLAIR abnormality

volume, including the CE region, was measured directly,

and the CE volume was subtracted from the FLAIR vol-

ume. As supplementary data collection, postoperative

FLAIR images of SMR were observed to detect where the

FLAIR area spontaneously regressed. If present, the volume

of FLAIR was measured using the same method.

Classification of tumor resection

GTR was 100% resection of the CE tumor, subtotal re-

section (STR) was �90% tumor resection, and partial resec-

tion was <90% tumor resection. Biopsy was defined as an

operation for diagnosis without tumor reduction. This

classification of tumor resection was based on the image

analysis of tumor volume before and after surgery.

SMR was the resection of FLAIR around the CE tumor

beyond a certain threshold value, along with GTR. The op-

timum threshold for FLAIR reduction was obtained by

moving the threshold value in 10% increments from 0%.

Genetic analyses

Sample preparation and subsequent confirmation of ge-

netic signatures whose clinical significance was revealed in

previous studies, including ours, were performed as de-

scribed previously.27-29,34-38)

Statistical analyses

Clinical and molecular characteristics were evaluated us-

ing the chi-square, Mann-Whitney U, and Fisher’s exact

tests. The Kaplan-Meier analysis was performed to evalu-

ate OS, and the log-rank test was used to compare survival

distributions.

Univariate and multivariate Cox proportional hazards

models were used to investigate the associations between

the variables and OS. Changes in Karnofsky Performance

Scale (KPS) scores before and after surgery between SMR

and GTR were compared using a paired t-test. The level of

statistical significance was set at p<0.05. All statistical

analyses were performed using JMP Pro, version 13.2 (SAS

Institute Inc., Cary, NC, USA).

Results

Background characteristics

In the enrolled 96 patients, GTR was achieved in 33

(34.3%) patients. For these patients, we performed maxi-

mal safe resection of the CE lesion guided by 5-

aminolevulinic acid (5-ALA) with a multiple operation sup-

port system, including neuro-navigation and neurophysi-

ological monitoring. The clinical characteristics and mo-

lecular genetic features of the 33 patients are summarized

in Supplementary Table S1. The median age of the patients

was 64 (range, 36-79) years. The median KPS score was 90

(20-100). The mean preoperative CE tumor volume was

30.2 (0.31-143.8) cm3. The mean residual volume on FLAIR

was 57.6 (0-153.4) cm3, and the mean resection ratio on

FLAIR was 21.9% (−752-100) (Fig. 2A). In our study, less

than 0% FLAIR resection, inferring that the FLAIR hyperin-

tensity region enlarged postoperatively, was found in 11

(33.3%) patients, similar to that found in previous stud-

ies.16,23)

Survival outcome of radiographic findings

To determine the suitable threshold of the FLAIR resec-

tion ratio for the positive effect of the outcome, we

changed the cut-off value from 0% to 50% and performed

Kaplan-Meier analysis (Fig. 2B). Survival prolongation was

observed in patients who underwent resection of �30% of

the FLAIR lesions. Therefore, we defined SMR as cases in

which more than 30% FLAIR resection beyond GTR was

achieved. The patients’ backgrounds in SMR and GTR are

shown in Supplementary Table S2. SMR included more fe-

males. However, the two groups had no significant differ-

ences, including age, KPS, tumor size, and pMGMT meth-

ylation status.

Association between extent of resection and overall

survival classified by tumor depth

When SMR is defined by the volume reduction of the

FLAIR hyperintense area, the situations in which SMR can

be achieved differ between cortical and deep-seated tu-

mors. Figure 3A-B and D-E show that the resection rate of

the FLAIR hyperintense area of deep-seated tumors is
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Fig.　2　Exploratory analyses of supramaximal resection (SMR) in 33 patients who underwent gross total resection (GTR) of glio-

blastoma.

(A) Histogram showing the distribution of the fluid-attenuated inversion recovery (FLAIR) resection ratio (percent). (B) The

threshold of the FLAIR resection rate, defining SMR, was increased from 0% to 50% by 10%. The figure shows an example with a 

threshold of 30%. (C) The Kaplan-Meier analysis of survival to examine FLAIR resection rates, defining the SMR. Although there

was no difference between the two groups when the cut-off value was 0-20%, the survival rate of the SMR group increased when the 

cut-off value was 30% or more.

overestimated compared with that of cortical tumors be-

cause a certain volume reduction of the hyperintense

FLAIR area was obtained during corticotomy of the surgi-

cal corridor for the resection of deep-seated tumors. Such

situations resulted in “apparent” SMR, in which the volume

reduction of infiltrating tumor cells beneath the enhanced

tumor is inefficient. Furthermore, the Kaplan-Meier curves

in Fig. 4A show that deep-seated tumors had significantly

shorter OS than cortical tumors (median OS was 20.9

months and 31.5 months, respectively; p = 0.0342), indicat-

ing that the cortical and deep-seated groups had different

characteristics. Based on this concept and findings, we di-

vided 33 patients with GTR into two groups, cortical (n =

23) and deep-seated (n = 10), according to the depth of

the tumor (Supplementary Table S1, S3). The association

between the extent of resection and OS was analyzed for

each group (Fig. 4B-C). In the cortical group, SMR tended

to prolong OS compared with GTR, with the median OS of

69.6 and 22.1 months, respectively (p = 0.0945). By con-

trast, in the deep-seated group, SMR significantly short-

ened OS compared with GTR, with median OS of 10.2 and

27.9 months, respectively (p = 0.0221), suggesting that SMR

was associated with unfavorable outcomes. In univariate

Cox proportional hazards regression analysis of the corti-

cal group, unmethylation of the O(6)-methylguanine-DNA

methyltransferase promoter (pMGMT) (hazard ratio [HR],

5.17; 95% confidence interval [CI], 1.56-17.15; p = 0.0073)

was associated with shorter OS (Table 1). Additionally,

achievement of SMR may be associated with a longer OS

(HR, 0.37; 95% CI, 0.11-1.23; p = 0.1053). Conversely,
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Fig. 3 Schema and representative magnetic resonance images of supramaximal resection (SMR).

(A-C): Schema showing the situations affecting SMR achievement. Contrast-enhanced tumors and surrounding fluid-attenuated

inversion recovery (FLAIR) lesions are shown as red- and blue-colored areas, respectively. The FLAIR lesions to be resected for

SMR achievement are shown in green-colored. (A) Example of a cortical tumor in a normal situation. (B) Example of a deep-seated 

tumor in which the FLAIR lesion on the surface is readily resected during conventional gross total resection (GTR). (C) An exam-

ple case in which the FLAIR lesion was extremely localized outside the contrast enhancement area. SMR can be achieved with

standard surgical procedures for GTR in the situations described in Figures (B) and (C).

(D-F): Magnetic resonance images of representative cases showing a, b, and c situations. (D): A cortical tumor in a normal situa-

tion. (E): A deep-seated tumor. (F): A cortical tumor with a localized FLAIR lesion.
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Fig.　4　The Kaplan-Meier plot shows the difference in OS between patients with cortical and deep-seated tumors.

(A): Patients with deep-seated tumors had significantly shorter OS than those with cortical tumors (median OS was 20.9 months

and 31.5 months, respectively; p = 0.0342).

(B-C): Survival analysis showing survival rates by a degree of excision classified by tumor depth. The supramaximal resection 

(SMR) group had a longer survival in tumors that included the cortex. The median overall survival (OS) periods in SMR and gross 

total resection (GTR) were 69.6 and 22.1 months, respectively (p = 0.0945). Conversely, the order was reversed in the deep-seated 

tumors, and the median OS periods of SMR and GTR were 10.2 and 27.9 months, respectively (p = 0.0101).

pMGMT status did not affect OS in the deep-seated group,

and achievement of SMR significantly worsened OS (HR,

10.80; 95% CI, 1.17-99.65; p = 0.0358). Consequently, the as-

sociation between SMR and OS appeared to be contrary

between cortical and deep-seated GBMs. Multivariate

analyses, including age, pMGMT status, and SMR in corti-

cal and deep-seated groups, were performed (Supplemen-

tary Table S4). In the cortical tumor, unmethylated

pMGMT was also associated with poor prognosis (HR,

6.01; 95% CI, 1.55-23.28; p = 0.0095), while an effect of SMR

was not observed. In the deep-seated tumor, only SMR was

significantly associated with shortened OS (HR, 12.83; 95%

CI, 1.28-128.59; p = 0.0300). In multivariate analysis com-

bining deep-seated and cortical tumors, unmethylated

pMGMT alone significantly affected OS (HR, 2.83; 95% CI,

1.14-7.03; p = 0.0249) (Supplementary Table S5).

Age groups and the effect of SMR

As a supplementary analysis, we divided the patients

into two groups according to age to observe the effect of

SMR because there was a difference in age between the

deep and superficial groups (Supplementary Table S1). The

Kaplan-Meier analysis showed no significant observable ef-

fect of SMR on OS in the young or elderly group (Supple-

mentary Figure S1).

Spontaneous regression of FLAIR in SMR

In some cases of SMR, spontaneous regression of FLAIR

occurred after surgery. Four of twelve SMR cases (three of

eight cortical and one of four deep-seated) showed de-

creased FLAIR outside the excised cavity. The median vol-

ume of non-tumor FLAIR regions in the four cases was 8.5

mL (range 5.9-10.2 mL), and the median FLAIR resection

rate add-on was 4.0% (range 1.7-4.9%). Of these, one super-

ficial case was originally GTR because the FLAIR resection
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Table　1　Univariate analysis of the overall survival of patients with cortical and deep-seated tumors

Variable assessed Cortical Tumors (n = 23) Deep-seated Tumors (n = 10)

Number of Cases (%) HR (95% CI) p-value Number of Cases (%) HR (95% CI) p-value

Age ≥ 65 years

Age < 65 years

8 (34.8) 

15 (65.2) 

1.87 (0.66–5.29) 

1.00

0.2412 8 (80.0) 

2 (20.0) 

0.70 (0.14–3.57) 

1.00

0.6686

Male sex

Female sex

14 (60.9) 

9 (39.1) 

1.93 (0.64–5.78) 

1.00

0.2412 5 (50.0) 

8 (50.0) 

0.36 (0.09–1.55) 

1.00

0.1711

KPS score < 70

KPS score ≥ 70

6 (26.1) 

17 (73.9) 

1.52 (0.52–4.47) 

1.00

0.4479 1 (10.0) 

9 (90.0) 

3.97 (0.36–43.93) 

1.00

0.2606

Unmethylated pMGMT

Methylated pMGMT

10 (43.5) 

13 (56.5) 

5.17 (1.56–17.15) 

1.00

0.0073* 5 (50.0) 

5 (50.0) 

0.95 (0.25–3.58) 

1.00

0.9429

Supramaximal resection

Gross total resection

8 (34.8) 

15 (65.2) 

0.37 (0.11–1.23) 

1.00

0.1053 4 (40.0) 

6 (60.0) 

10.80 (1.17–99.65) 

1.00

0.0358*

with BCNU

without BCNU

11 (47.8) 

12 (52.2) 

0.65 (0.23–1.84) 

1.00

0.4177 4 (40.0) 

6 (60.0) 

3.95 (0.70–22.13) 

1.00

0.1183

Contacted with LVs

Uncontacted with LVs

12 (52.2) 

11 (47.8) 

1.00 (0.34–2.91) 

1.00

0.9994 8 (80.0) 

2 (20.0) 

3.05 (0.37–25.12) 

1.00

0.3003

Asterisk indicates statistical significance (p < 0.05); CI, confidence interval; HR, hazard ratio; KPS, Karnofsky Performance Scale; LV, lateral 

ventricles; pMGMT, O (6)-methylguanine-DNA methyltransferase promoter

rate was <30% when the FLAIR area was removed from

the preoperative FLAIR.

Analysis of IDH-mutant tumor

A similar study on 10 patients (excluded cases) with his-

tologically diagnosed glioblastoma and molecularly diag-

nosed as IDH-mutant was performed as a supplementary

analysis. Four cases had no CE lesion, and in four cases,

subtotal or less resection had been performed. Only in two

cases had GTR been performed, and both were classified

as cortical tumors. One of these cases had a 30.9% FLAIR

resection rate, corresponding to SMR when applied to our

threshold for IDH-wildtype. Supplementary Table S6 sum-

marizes the backgrounds of one case of GTR and one case

of SMR. The KPS score in the SMR case was clearly lower

than that in the GTR case, the CE tumor volume was ap-

proximately three times larger than that in GTR cases, and

the residual FLAIR volume was about two times larger

than that in GTR cases. The OS for GTR and SMR was

47.8 months and 45.2 months, respectively.

Discussion

Definition of supramaximal resection (SMR) and its ef-

fects on prognosis

In this study, we defined SMR by volumetric analyses of

the resection rate using FLAIR images and evaluated its ef-

fects on molecularly diagnosed GBM with homogeneous

clinical backgrounds. In previous studies, various defini-

tions of SMR, such as additional resection of more than 1

cm surrounding the CE tumor,20) complete resection of

FLAIR,19) and addition of lobectomy,21,23) were applied. Al-

though these definitions may ensure the uniformity of sur-

gical procedures, achieving SMR depends on clinical situ-

ations, such as tumor location and FLAIR distribution,

leading to selection bias and less versatility. The advan-

tages of the SMR definition based on volumetric analysis,

such as ours, are tumor location independence and objec-

tivity maintenance. Moreover, we did not set any inclusion

criteria based on the operative method, including awake

surgery or intraoperative imaging.17) To determine the opti-

mal FLAIR resection threshold for the definition of SMR,

we changed the cut-off values in stepwise increments of

10% each (Fig. 2B-C). As the OS prolongation associated

with SMR appeared around the threshold exceeding 30%,

as shown in Fig. 2C, we defined SMR as more than 30% of

the FLAIR resection. The results were variable in previous

reports, in which SMR was determined using volumetric

analysis. Li et al. reported that the prognosis improved by

53.21% or more.16) Vivas et al. reported that a 20-50%

FLAIR reduction threshold positively affected OS prolonga-

tion.24) However, notably, the former studies were not de-

signed based on the World Health Organization 2016 crite-

ria; thus, these previous studies seemed to include a cer-

tain number of patients with molecularly lower grade

gliomas, possibly resulting in the overrating of the SMR ef-

fect because volume reduction of FLAIR lesion likely re-

lates to OS improvement for lower grade glioma more

than for GBM. Nonetheless, the threshold for FLAIR resec-

tion differs; various studies, including ours, suggest that

extended excision of the surrounding FLAIR lesion above a

certain level should positively affect the prognosis of pa-

tients with GBM.

Our study showed no significant difference in postopera-

tive KPS scores between the SMR and GTR groups (Sup-

plementary Figure S2). It is concerning that intentional
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SMR can compromise the postoperative performance

status of patients. In this study, we retrospectively analyzed

the SMR effect in a cohort in which the extent of resection

outside the CE area was not designed preoperatively. Al-

though a maximal safe resection was performed using 5-

ALA, preservation of neurological function should be the

top priority using surgical support systems, such as elec-

trophysiological monitoring and neuro-navigation. Direct

evaluation with neuropsychological tests is also used dur-

ing awake surgery, as needed. Such standardized surgery

ensured safety in the SMR and GTR groups and prevented

deterioration of functional outcomes in our cohort. It is

desirable to evaluate the performance status before and af-

ter the surgery to evaluate whether or not SMR negatively

affects neurological prognosis in future clinical trials to as-

sess the clinical significance of SMR.

Effect of SMR depending on tumor depth

Our results indicate that the outcome effects of SMR dif-

fer greatly depending on tumor depth. SMR may have an

advantage in prolonging OS in cortical GBM but may

negatively impact OS in deep-seated tumors (Table 1, Fig.

4B-C). Since deep-seated tumors were significantly older

than cortical tumors (Supplementary Table S1), the effect

of SMR was evaluated by age as a supplementary analysis;

no significant difference was seen (Supplementary Figure

S2). This result suggests that the difference in the effect of

SMR was due to the difference between cortical and deep-

seated positions, not due to age. Furthermore, these find-

ings did not change with the addition of the two IDH-

mutant cases (data not shown).

There are four possible reasons for the difference in the

efficacy of SMR between cortical and deep-seated tumors.

First, a difference in resection patterns in FLAIR lesions

between cortical and deep-seated tumors exists. Since SMR

is defined by the resection rate of FLAIR lesions, SMR for

deep-seated tumor seems to be readily achieved during

uncapping of the tumor surface, and volume reduction of

the surrounding FLAIR lesion of the CE tumor is not al-

ways necessary. We consider such a situation as “apparent”

SMR, inducing confusion in evaluating the clinical effects

of SMR, which is expected to prevent local recurrences

from surrounding tissues beneath the CE lesions. Second,

deep-seated tumors may affect the degree of fluorescence

of 5-ALA. Although 5-ALA fluorescence seems to coincide

with blood-brain barrier disruption regions,39,40) CE regions,

it has been reported that even unenhanced lower grade

gliomas are latently fluorescent.41) One study reported that

5-ALA fluorescent lesions beyond the CE tumor corre-

sponded with preoperative hyperintense areas using neuro-

navigation during operation.42) Considering that deep-

seated tumors are more aggressive, the deep-seated SMR

group is possibly within the range where fluorescence was

observed to be wider. However, the relationship between

the 5-ALA fluorescent region and the FLAIR-hyper region

in the relevant case is inconclusive. We can only speculate

at this stage since this is a retrospective study, and we

cannot perform intraoperative MRI at our facility. Third,

deep-seated tumors have a high proportion of contact with

the LVs owing to their localization. Previous studies sug-

gested that CE lesions of GBM bordering the LVs would

have a worse prognosis because neural progenitor cells in

the SVZ may potentially initiate tumors and increase ma-

lignancy.30-33) Deep-seated tumors may harbor innate aggres-

sive bioactivities that differ from those of cortical tumors.

Patients with deep-seated tumors had a significantly

shorter OS than those with cortical tumors among 33

cases in which GTR or higher was performed (Fig. 4A). Fi-

nally, the cases used in this analysis may be biased, a ma-

jor concern of our small cohort. The number of deep-

seated tumors was limited to only ten, of which only four

had SMR. Supplementary Table S3 shows that the median

volume of CE tumors in the SMR group among the deep-

seated tumors was more than three times larger than in

the GTR group, which means that patients with a shorter

OS may be clustered in the SMR group. Therefore, our re-

sults should be interpreted with caution, and it cannot be

generalized that SMR has a negative effect on deep-seated

tumors based on our cohort alone. The effect of SMR on

deep-seated tumors must be validated in larger cohorts.

Issues to be considered in the future

We defined SMR based on volumetric analyses compar-

ing FLAIR lesions between pre- and postoperative images;

however, the decrease in FLAIR after surgery is not limited

to the effect of resection. The FLAIR hyperintensity de-

creases regardless of resection when the FLAIR hyperinten-

sity before surgery reflects vasogenic edema. Previous re-

search for SMR on GBM also pointed out that preoperative

FLAIR hyperintense regions may include tumor infiltration

and vasogenic edema.16,24,42) However, no reports in which

FLAIR volume spontaneously regressed were evaluated. In

our research, four of twelve SMR cases included a FLAIR

region that spontaneously regressed after surgery, and the

FLAIR resection rate was overestimated by 4.0% (range 1.7-

4.9%). We emphasize that the resection class may change

depending on whether spontaneous regression is sub-

tracted in cases close to the threshold, when the reduction

rate of FLAIR volume defines SMR before and after sur-

gery. Theoretically, delineating the range of tumors using

FLAIR images should be performed to distinguish between

non-CE tumors and nonspecific FLAIR hyperintensities,

such as edema. Quantifying FLAIR signal intensity to iden-

tify nonspecific hyperintensities42) or combining other MR

image sequences or radiological facilities, such as positron

emission tomography, might resolve this issue.42,43) More-

over, the CE/FLAIR ratio of the tumor varies in each case.

If the FLAIR lesion around the CE tumor shows the local-

ized distribution, even standard tumor resection can meet

the SMR criterion (Fig. 3C, F). These issues should be con-
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sidered in SMR studies, such as ours. To overcome these

issues, considerable inclusion criteria should be incorpo-

rated into future prospective studies. Specifically, it is es-

sential to assess the feasibility of SMR using preoperative

images for each case, to set the planning in advance ac-

cording to the volumetric simulation, and then to perform

the operation according to the preoperative plan using a

navigation system or intraoperative images. To elucidate

the clinical effects of SMR, a prospective study should ex-

clude cases in which lobectomy and sufficient margin re-

section cannot be tolerated due to tumor localization be-

neath the eloquent area.

Limitation

This study has some limitations. We conducted a retro-

spective study analyzing a cohort from a single center and

set strict exclusion criteria; the final cohort size was small.

As GBMs show complicated infiltration patterns, varying

greatly among cases, volumetric analyses cannot be per-

formed automatically; therefore, the possibility of human

error cannot be ruled out completely. Although we de-

tected no significant difference in KPS scores before and

after surgery, a neuropsychological examination must

evaluate detailed functional outcomes for an intricate neu-

rological and cognitive function evaluation. Taken together,

prospective trials must validate the evidence for the clini-

cal effects of SMR accumulated by retrospective studies,

including ours.

In conclusion, our results indicate that extended resec-

tion of FLAIR lesions beyond CE tumors can prolong sur-

vival in patients with GBM. When FLAIR lesion resection

of �30% was defined as SMR, survival was significantly

longer than that in patients with cortical GBMs. As the

outcome effects of SMR differed greatly depending on tu-

mor depth, tumor location should be considered when de-

fining SMR based on volumetric analysis. Further studies

are needed to support our findings and evaluate the clini-

cal effects of SMR.
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