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Abstract

Objective: The authors’ goal was to use a multicenter, observational cohort study to determine
whether supramarginal resection (SMR) of FLAIR-hyperintense tumor beyond the contrast-
enhanced (CE) area influences the overall survival (OS) of patients with isocitrate dehydrogenase—
wild-type (IDH-wt) glioblastoma after gross-total resection (GTR).

Methods: The medical records of 888 patients aged = 18 years who underwent resection of
GBM between January 2011 and December 2017 were reviewed. Volumetric measurements of the
CE tumor and surrounding FLAIR-hyperintense tumor were performed, clinical variables were
obtained, and associations with OS were analyzed.

Results: In total, 101 patients with newly diagnosed IDH-wt GBM who underwent GTR of

the CE tumor met the inclusion criteria. In multivariate analysis, age = 65 years (HR 1.97; 95%
Cl 1.01-2.56; p < 0.001) and contact with the lateral ventricles (HR 1.59; 95% CI 1.13-1.78;

p = 0.025) were associated with shorter OS, but preoperative Karnofsky Performance Status >
70 (HR 0.47; 95% CI 0.27-0.89; p = 0.006), MGMT promotor methylation (HR 0.63; 95% CI
0.52-0.99; p = 0.044), and increased percentage of SMR (HR 0.99; 95% CI1 0.98-0.99; p = 0.02)
were associated with longer OS. Finally, 20% SMR was the minimum percentage associated
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with beneficial OS (HR 0.56; 95% CI 0.35-0.89; p = 0.01), but > 60% SMR had no significant
influence (HR 0.74; 95% CI 0.45-1.21; p = 0.234).

Conclusion: SMR is associated with improved OS in patients with IDH-wt GBM who undergo
GTR of CE tumor. At least 20% SMR of the CE tumor was associated with beneficial OS, but
greater than 60% SMR had no significant influence on OS.
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INTRODUCTION

Survival outcomes of patients with glioblastoma (GBM) remain unsatisfactory despite
current surgical and medical therapies.12 Multiple factors are known to influence overall
survival (OS), including age, preoperative and postoperative Karnofsky Performance
Status (KPS), extent of resection (EOR), administration of adjuvant therapy, presence

of isocitrate dehydrogenase (IDH) mutation, MGMT promoter methylation status, and
tumor proximity to the lateral ventricles (LVs).2~” EOR has been established as the main
metric for assessment of resection.8: Previous studies have reported a survival benefit
when a minimum EOR of approximately 70% is achieved on T1-weighted imaging

with contrast enhancement.810 Driven by the positive outcomes seen with increased
EOR, new technologies and surgical tools have been developed to further maximize safe
resection.8:11.12

Resection of GBM is usually limited to the contrast-enhanced (CE) tumor. Survival remains
dismal, even if gross-total resection (GTR) of the CE portion is achieved.2> GBM cells are
highly infiltrative and migrate beyond the CE component, with a considerable amount of
tumor cells present within the FLAIR-hyperintense area surrounding the CE region.8

Recent studies have evaluated the impact of supramarginal resection (SMR)—defined

as resection beyond the CE portion on T1-weighted postcontrast imaging but within

the boundaries of the FLAIR-hyperintense signal—on survival outcomes, but variable
results have been reported.13-17 Furthermore, the benefit of SMR for patients with IDH-
wild-type (wt) tumor remains unclear,18 with a recent study reporting beneficial OS in
patients younger than 65 years with IDH-wt GBM who underwent SMR.19 In the present
multicenter, observational cohort study, we tested the hypothesis that SMR may have a
beneficial influence on OS, regardless of other influencing variables, in a homogenous
cohort of patients diagnosed with IDH-wt GBM who underwent GTR of the CE portion.

METHODS

Patient Selection

The electronic medical records of 888 adult patients with a presumed diagnosis of GBM
who underwent treatment at our three main campuses between January 2011 and December
2017 were reviewed. Diagnosis of GBM was based on the updated WHO classification
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system20 and determined from the pathology report. Inclusion criteria were as follows: 1)
confirmed histopathologic diagnosis of GBM; 2) first-time resection; 3) preoperative MRI
scan obtained within 4 weeks before surgery and postoperative MRI scan obtained within
48 hours after surgery; 4) achievement of GTR (defined as complete resection of the CE
region on postoperative T1-weighted MRI); 5) IDH-wt status confirmed by the absence of
IDH1 or /IDHZ gene mutation; 6) known MGMT promoter methylation status; 7) adjuvant
radiation therapy and chemotherapy administered according to the Stupp protocol;2! and 8)
presence of preoperative FLAIR hyperintensity beyond the CE tumor (Fig. 1).2! This study
was approved by the Mayo Clinic Institutional Review Board.

Radiographic Characteristics and Volumetric Measurements

The MRI scans of all included patients were retrieved from our institutional archive

of medical images. Every scan was obtained at our institution with a 1.5- or 3-T

scanner according to a standardized internal protocol. For every patient, preoperative and
postoperative MRI scans were evaluated. Preoperative scans were acquired within 4 weeks
prior to surgery, and postoperative scans were acquired no later than 48 hours after the
surgical procedure. Postcontrast FLAIR and T1-weighted images were evaluated. Tumors
were subclassified according to their anatomical location of the involved lobe as frontal,
parietal, temporal, or occipital; as cortical or deep-seated (defined as CE tumor not in
contact with cortical gray matter); and as eloquent (defined as lesion located in the left
hemisphere or right parietal/occipital lobes) or non-eloquent (defined as lesion located in the
right frontal/temporal lobes).22 Additionally, the relationship with the LVs was classified on
the basis of the location of the CE tumor as 1) CE tumor bordering the LVs or 2) CE tumor
not bordering the LVs (Supplementary Fig. 1), as previously reported.*23

Volumetric measurements were obtained by manually defining the region of interest on each
scan of each slide in the axial plane, with subsequent automatic computerization of the
volumetric data from the selected regions of interest with DICOM medical image viewer
software OsiriX (Pixmeo SARL). Two authors (R.A.D. and G.D.B.), who were blinded

to any clinical or demographic patient information except the images, double-coded 20
(20%) randomly chosen patients to ensure no significant differences between measurements;
intraclass correlation was used to measure intergrader reliability. Intraclass correlation

was calculated to be 0.85; therefore, the remaining volumes were equally distributed and
measured.

A total of three volumes corresponding to the following characteristics were directly
measured on each scan (Supplementary Fig. 2). 1) CE volume was defined as the

CE area on postgadolinium T1-weighted images and re-reflected disrupted blood-brain
barrier, including regions of central necrosis. 2) Cystic/necrotic volume was defined as a
nonenhanced region within the CE portion of the tumor on postgadolinium T1-weighted
images. The region was considered cystic if the borders of the cavity were regular, whereas
irregular borders reflected central necrosis. 3) FLAIR volume was defined as a hyperintense
area on FLAIR sequence and likely represented a combination of tumor and vasogenic
edema.
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SMR was defined as the percentage of the FLAIR volume beyond the CE area that was
resected. Therefore, to calculate SMR, CE tumor volume was subtracted from preoperative
FLAIR volume to determine the preoperative FLAIR volume beyond the CE area. A positive
SMR value indicated a decrease in postoperative FLAIR hyperintensity, whereas a negative
SMR value indicated an increase in postoperative FLAIR hyperintensity in comparison with
the preoperative value; this was potentially related to increased vasogenic edema secondary
to the surgical procedure.

Statistical Analysis

RESULTS

OS was defined as the period from surgery to death. The data of patients who were still

alive at data compilation were censored at the date of the most recent clinical follow-up.

OS was plotted using the Kaplan-Meier method, and log-rank analysis was used to analyze
differences in Kaplan-Meier curves. Univariate and multivariate Cox proportional hazards
models were used to investigate the associations between variables, percentage of SMR, and
OS. A p value < 0.05 (2-sided) was considered statistically significant. RStudio version 3.6.0
was utilized to analyze patient data. Explorative multivariable Cox proportional hazards
regression analysis was performed by binning SMR into 10% increments for inclusion in
further analyses. Progression-free survival (PFS) was defined as the period from surgery to
radiographic evidence of tumor recurrence and analyzed as a secondary outcome of interest.

We included 101 patients with a new diagnosis of GBM who underwent GTR at our
institution and met the inclusion criteria. Demographic and clinical characteristics are
summarized in Table 1. The mean (range) age was 59.8 (18-86) years, and 68 (67%)
patients were male. The mean (range) KPS was 80 (30-100), and the mean (range) OS was
18.3 (2.7-50) months. The most common locations were the frontal (n = 47 [46.5%]) and
temporal (n = 46 [45.5%]) lobes, followed by the parietal (n = 26 [25.7%]) and occipital (n
=14 [13.9%]) lobes. Fifty-one (50.5%) tumors were considered deep-seated because they
were not in contact with cortical gray matter, and 52 (51%) were in contact with the LVs.
The mean (range) preoperative CE tumor volume was 36.2 (1.03-124.15) cm3, and the
mean (range) preoperative FLAIR-hyperintense volume was 42.2 (0.48— 182.74) cm3. After
GTR, the mean (range) residual volume on FLAIR was 28.4 (0-120) cm3, and the mean
percentage of SMR on FLAIR was 28.4% (Supplementary Fig. 3).

Patient-Specific and Tumor-Specific Variables

Univariable Cox proportional hazards regression analysis identified age > 65 years (HR
1.99; 95% CI 1.31-3.02; p < 0.001), deep-seated tumor location (HR 1.54; 95% CI 1.01-
2.42; p = 0.05), and contact with LVs (HR 1.61; 95% CI 1.06-2.39; p = 0.02) as associated
with shorter OS (Table 2). Additionally, preoperative KPS =70 (HR 0.47; 95% CI 0.29—
0.81; p = 0.01), postoperative KPS = 70 (HR 0.57; 95% CI 0.35-0.94; p = 0.03), and
MGMT promoter methylation (HR 0.61; 95% CI 0.40-0.99; p = 0.03) were associated with
longer OS (Table 2 and Fig. 2). On multivariate analysis, age = 65 years (HR 1.61; 95% ClI
1.01-2.56; p = 0.04), contact with LVs (HR 1.26; 95% CI 1.13-1.78; p = 0.03), preoperative
KPS = 70 (HR 0.48; 95% CI 0.27-0.89; p = 0.02), and MGMT promoter methylation (HR
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0.63; 95% CI 0.52—0.99; p = 0.04) were still found to have a significant influence on OS
(Table 3). Finally, tumor location (frontal, parietal, temporal, or occipital lobe) and laterality
(left vs right) had no significant influence on OS (Table 2).

Between Percentage of SMR on FLAIR and Survival Outcomes

In univariate analysis, the percentage of SMR on FLAIR was associated with improved OS
(HR 0.99; 95% CI 0.98-0.99; p < 0.01) (Table 2). Whether a tumor was deep-seated (24.8%
of patients vs 31.9% of patients with non—deep-seated tumors, p = 0.50) (Supplementary
Table 1) or located in a noneloquent area of the brain (30% of patients vs 26.4% of patients
with tumors in an eloquent area, p = 0.73) (Supplementary Table 1) had no significant
effect on percentage of SMR observed. In multivariate analysis, after we controlled for
other variables (age, KPS, MGMT promoter methylation, contact with LVs, and contrast
enhancement/FLAIR ratio), an increased SMR on FLAIR was still significantly associated
with OS (HR 0.99; 95% CI 0.98-0.99; p = 0.02) (Table 3). Furthermore, explorative
multivariable Cox proportional hazards regression analysis was used to determine whether
significant cutoff values existed. Here, significant benefit in OS was seen in patients who
underwent 20% (HR 0.56; 95% CI 0.35-0.89; p = 0.01) (Fig. 3) to 50% SMR (HR 0.62;
95% ClI 0.39-0.99; p = 0.04) (Fig. 4), but no significant influence was seen in patients

who underwent 60% SMR (HR 0.74; 95% CI 0.45-1.21; p = 0.34) and greater (Table 3).
Additionally, postoperative KPS was not significantly different between the patients with <
0% SMR and those with > 0% SMR at the last follow-up (80 vs 80, respectively; p = 0.15).

PFS was analyzed as a secondary outcome of interest. PFS was radiographically determined
in 69 (68%) patients. Because the cohort size was small and this study was powered for
analysis of the primary outcome of OS, no multivariate analysis of PFS was conducted.
Univariable Cox proportional hazards regression analysis identified age = 65 years (HR
2.34; 95% CI 1.31-4.19; p < 0.01) and increased Charlson Comorbidity Index (HR 1.20;
95% ClI 1.01-1.43; p = 0.03) as associated with shorter PFS (Supplementary Table 2).
Additionally, KPS = 70 (HR 0.48; 95% CI 0.24-0.86; p = 0.03) and MGMT promoter
methylation (HR 0.61; 95% CI 0.48-0.94; p = 0.04) were associated with longer OS
(Supplementary Table 2). In univariate analysis, 10% increments in SMR on FLAIR were
associated with improved PFS (HR 0.92; 95% CI 0.85-0.99; p = 0.04) (Supplementary
Table 2). Furthermore, explorative Cox proportional hazards regression analysis was used to
determine if significant cutoff values existed. Here, significant benefit in PFS was seen in
patients who underwent 20% (HR 0.58; 95% CI 0.34-0.99; p = 0.05) (Supplementary Fig.
4) to 40% SMR (HR 0.52; 95% C1 0.31-0.86; p = 0.01) (Supplementary Fig. 5), but no
significant influence was seen in patients who underwent 50% (HR 0.64; 95% CI 0.38-1.06;
p = 0.08) or greater SMR (Supplementary Table 2).

DISCUSSION

The survival benefits of EOR of CE tumor in patients with GBM have been widely studied.
Maximum safe resection and particularly GTR are associated with improved 0S.824-26
Nonetheless, OS remains dismal, and the median OS is 15 months for patients who receive
maximal therapy.2 Recent studies have evaluated the impact of SMR on OS, but variable
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results have been reported.1:913-15 The inclusion of patients with different molecular
subtypes of GBM and intrinsic differences in prognosis and response to therapy,’’ variability
in EOR of CE tumor, and diversity of honvolumetric measurements methods may have
potentially influenced these findings.

For the purposes of this study, we aimed to evaluate the potential influence of SMR on OS
in a homogeneous cohort of patients diagnosed with IDH-wt GBM. Thus, we minimized
variability within our cohort while including patients with the most common subtype of
GBM.27 Furthermore, to account for variability in EOR of CE tumor, only patients who
underwent GTR of CE tumor were included. All included patients completed an adjuvant
radio-chemotherapy regimen according to the Stupp protocol to account for variability in
adjuvant treatment. This is the first study to report the benefit of SMR for OS in patients
with IDH-wt GBM, regardless of other influencing variables.

Patient and Tumor-Specific Variables

The survival outcomes of patients with GBM are strongly linked to patient age and
functional status at time of diagnosis.28 Our results are consistent with those in the literature,
with age > 65 years and KPS < 70 negatively influencing OS. Tumor proximity to the

LVs has also been associated with increased aggressiveness in tumor behavior. However,
data supporting its influence on survival are inconsistent throughout the literature.* A recent
meta-analysis compared survival of patients with GBM in contact with the LVs versus that
of patients with GBM without LV contact, and GBM without LV contact reportedly had

a potentially negative influence on OS; however, no definitive conclusions were drawn.28

In our study, patients with tumors in contact with the LVs had a significantly lower mean
OS (16.6 months) than patients with GBM without LV contact (20.2 months). The current
literature suggests that the migration of GBM cells through the CSF and involvement with
the neurogenic niche of the subventricular zone are potential mechanisms for increased
tumor aggressiveness and decreased survival.#28 Furthermore, no significant association
with OS was observed when tumors were classified by location (deep-seated, cortical, and
left/right hemispheres) or lobe (frontal, parietal, temporal, and occipital).

In recent years, molecular markers have played an important role in subclassification

and characterization of gliomas and are considered to influence survival outcomes and
response to treatment in patients with GBM.17:29 IDH and MGMT methylation status are
most strongly associated with OS, and patients with IDH-wt tumors are believed to have
worse response to adjuvant treatment and more aggressive tumor behavior.17-24 Our cohort
included only patients with IDH-wt GBM, and our results were consistent with those in the
available literature, showing that MGMT promoter methylation is associated with increased
survival.

SMR and Survival Outcomes

GBM cells are highly invasive. By the time of diagnosis, cells are often present in locations
distant from the CE foci and often extend into the contralateral hemisphere.30-34 This
infiltrative behavior makes complete resection of GBM virtually impossible. For glioma
surgery, the general consensus is that more resection is better, as long as it can be safely
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performed without compromising the neurological function of the patient.2435 However,
particularly for GBM, resection is usually limited to the CE tumor, with GTR of the CE
portion considered the ideal outcome.>:811.14,15,26,36

Although GTR of the CE portion of the tumor is associated with survival benefits in patients
with GBM, the percentage of SMR on FLAIR may not follow the same principle because
this region comprises both edematous brain parenchyma and infiltrative tumor cells with a
continuous reduction in tumor cell density toward the periphery.3’ Furthermore, functional
tissue is often present within this region, representing a challenge to the surgeon during

the decision-making process to find a balance between functional tissue preservation and
diffuse tumor resection. This may explain why, in our study, patients who underwent SMR
greater than 60% did not have a statistically significant increase in OS. Our experience

has been to perform more awake craniotomies with direct cortical and subcortical real-time
mapping and neuropsychological testing at the time of surgery to maximize resection and
minimize potential neurological deficit, and no significant difference in postoperative KPS
has been observed between patients with < 0% SMR and those with > 0% SMR.6.12.38-44
Additionally, no significant differences in percentages of SMR were noted between patients
with deep-seated versus cortical tumor, or between those with tumors in eloquent versus
noneloguent areas.

The survival benefit of SMR for patients with GBM has been assessed in prior studies that
used various cohorts and methodologies, such as the inclusion of patients regardless of EOR
of CE tumor, molecular status, presence of recurrent tumors, use of adjuvant therapy, and
tumor measurement modalities, and contrasting results have been reported.9:14-16.22.24 o
recent study reported significantly favorable OS for patients who underwent resection of CE
and non-CE tumors, regardless of MGMT promoter methylation status, and for all patients
with IDH-mutant tumors. For patients with IDH-wt tumor who underwent SMR, beneficial
OS was only observed in those younger than 65 years.19 In the present study, we analyzed
the impact of SMR on the survival outcomes of only patients with newly diagnosed IDH-wt
GBM who had undergone first-time resection since 2011.

Our results show, for the first time, that increased SMR is associated with significantly
improved OS in patients with IDH-wt GBM, regardless of age or other variables. Although
statistically significant, the HR (0.99; 95% CI 0.98-0.99) of this finding is not as robust

as the significance obtained for specific SMR percentages. In these analyses, 20% was

the minimum percentage of SMR associated with beneficial OS, but > 60% SMR was not
significantly associated with beneficial OS. However, as the percentage of SMR increased,
we may not have had enough patients to identify statistical differences. Therefore, we
conclude, on the basis of the current study, that resection of at least 20% of the FLAIR-
hyperintense tumor beyond contrast enhancement should be attempted when safely possible.
At this time, no data support improved OS with > 60% SMR (Fig. 5). PFS was analyzed

as a secondary outcome; SMR was significantly associated with improved PFS only when
pooled into 10% intervals. Threshold analysis demonstrated a significant benefit on PFS
with SMR of at least 20%, while statistical significance was lost at SMR of 50%. Given the
retrospective nature of the current study and its limited cohort size, the clinical impact of
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SMR for patients with GBM should be further explored by using prospective studies with
standardized surgical strategies to maximize safe SMR.

The study has the inherent limitations of a retrospective analysis and is prone to errors

due to inconsistent or inaccurate medical records and potential selection bias. Specifically,
given the restrictive inclusion criteria of IDH-wt status, first-time resection, and GTR, the
results are subject to selection bias. Other limitations include a robust but limited cohort
size given our inclusion/exclusion criteria, variability of the infiltrative patterns between
tumors, and potential influence of human error on radiographic measurements. Because the
cohort size was small and this study was powered for analysis of PFS was conducted. We
are aware of the potential effect of increasing resection on functional status and the risk of
new or worsened postoperative neurological deficits on GBM patients.4>46 Although this
study showed no significant differences in overall preoperative and postoperative functional
status in terms of KPS and Charlson comorbidity index, we emphasize the need for future
prospective studies that include a detailed assessment of the neurological and cognitive
function through tailored neuropsychological testing. Moreover, the possibility of hidden
bias cannot be excluded because the decision-making process used to determine the extent
of SMR for each patients cannot be defined owing to the retrospective nature of this study.

The percentage of SMR associated with maximal benefit in OS was not established owing to
the limited number of patients included in the threshold subgroups. Because we exclusively
evaluated patients with IDH-wt GBM, it is uncertain if these results are directly applicable
to other infiltrative gliomas. In particular, because the presence of non-CE gross infiltrative
tumor (as assessed with T2-weighted imaging) was uncommon in this cohort, we did not
discriminate between nonspecific FLAIR hyperintensity and solid non-CE tumor. Such
discrimination may be essential for evaluation of lower-grade gliomas. Likewise, it is
uncertain if the benefit of SMR can be extended to patients with IDH-mutant gliomas owing
to their increased responsiveness to radiation therapy and chemotherapy, and future studies
are needed to directly assess SMR in this setting.

CONCLUSIONS

SMR is associated with beneficial OS in patients with IDH-wt GBM who undergo GTR of
the CE portion. Resection of 20% of the FLAIR-hyperintense tumor beyond the CE portion
was associated with beneficial OS, but no significant influence was seen in patients who
underwent >60% SMR. Further studies are required to support these findings and determine
the SMR percentage associated with maximal benefit in OS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

CE contrast enhancement

Cl confidence interval

EOR extent of resection

FLAIR fluid-attenuated inversion recovery

GBM glioblastoma

GTR gross-total resection

HR hazard ratio

ICC intraclass correlation

IDH isocitrate dehydrogenase

KPS Karnofsky performance status

LV lateral ventricle

MGMT 0%-MethylGuanine-DNA Methyltransferase

MRI Magnetic Resonance Imaging

PFS Progression-Free Survival

SMR supramarginal resection
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Figure 2:

Survival of patients with GBM who underwent GTR of CE tumor according to MGMT
promoter methylation status. The mean survival of patients with methylated MGMT
promoter was 21.4 months compared with 18.6 months for patients with unmethylated
MGMT promoter (p = 0.043).
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Figure 3:

Survival of patients with GBM who underwent GTR of CE tumor according to a 20% SMR
threshold. The mean survival of patients who underwent > 20% SMR was 19.1 months

compared with 16.8 months for patients who underwent < 20% SMR (p = 0.013).
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Figure 4

Survival of patients with GBM who underwent GTR of CE tumor according to a 50% SMR
threshold. The mean survival of patients who underwent > 50% SMR was 20.1 months

compared with 18.3 months for patients who underwent < 50% SMR (p = 0.042).
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Figure5:
SMR percentages significantly associated with beneficial OS in patients with IDH-wt GBM

who underwent GTR of CE tumor. A coronal section of the brain is shown, illustrating

the CE portion of the tumor surrounded by FLAIR hyperintensity, as well as a color-coded
magnified view of the tumor region (inset). Ye/low represents proximal SMR percentages
that did not show a significant benefit in OS. Green represents SMR percentages that were
significantly associated with benefit in OS. Red'represents the distal FLAIR-hyperintense
area in which SMR was not significantly associated with OS. Copyright Alfredo Quinones-
Hinojosa. Published with permission.
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TABLE 1:

Characteristics of the study cohort (n = 101)

Characteristics Value

Age, yrs 59.8 (18 to 86)

Male sex 68 (67)

KPS 80 (30 to 100)
Charlson Comorbidity Index 44(2t09)

MGMT Methylated 32 (32)

Preop CE vol, cm® 36.2 (1.03 to 124.15)
Preop FLAIR vol, cm3 42.2 (0.48 to 182.74)
Preop Cystic vol cm3 16.1 (0 to 113.25)
Contact w/ LVs 52 (51)

% SMR on T2-weighted FLAIR ~ 28.4 (-128.13 to 100)

Residual FLAIR vol, cm3

28.4 (0 to 120)

L ocation

Frontal Lobe

47 (46.5)

Parietal Lobe

26 (25.7)

Temporal Lobe

46 (45.5)

Occipital Lobe

14 (13.9)

Deep Seated

51 (50.5)

Values are shown as mean (range) or number (%)
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TABLE 2:
Univariate analysis of OS
Variable HR (95% CI) p Value
Age =65 yrs 1.99(1.31-3.02) <0.01
Male sex 0.92 (0.61-1.48) 0.54
KPS =70 0.47 (0.29-0.81) 0.01
Charlson Comorbidity Index 1.21(1.07-1.37) 0.02
MGMT promoter Methylation 0.61 (0.40-0.99) 0.03
CE vol 1.00(0.99-1.01) 0.18
Preop Flair vol 1.03(0.99-1.04) 0.28
Preop cystic/necrotic vol 1.00 (0.99-1.01) 0.51
Cystic/necrotic vol 0.98 (0.60-1.52) 0.89
T1/T2-weighted FLAIR ratio 0.99 (0.96-1.03) 0.76
% SMR on T2-weighted FLAIR ~ 0.99 (0.98-0.99) <0.01
L ocation
Contact w/ LVs 1.61(1.06 -2.39) 0.02
Deep Seated 154 (1.01-2.42) 0.05
Lt hemisphere 0.80(0.52-1.25) 0.33
Frontal 1.22(0.79-1.90) 0.36
Parietal 0.63 (0.37-1.07) 0.09
Temporal 1.11(0.71-1.71) 0.65
Occipital 1.28 (0.67-2.42) 0.45

Boldface type indicates statistical significance (p < 0.05).

J Neurosurg. Author manuscript; available in PMC 2022 July 01.

Page 19



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Vivas-Buitrago et al.

Multivariate analysis of

SMR and OS

TABLE 3:

Variable

HR (95% ClI)

p Value

% SMR on T2-weighted FLAIR

Increased Resection 0.99 (0.98-0.99) 0.02
> 20% 0.56 (0.35-0.89) 0.01
> 30% 0.55(0.35-0.87) 0.01
> 40% 052 (0.33-0.81) <0.01
> 50% 0.62 (0.39-0.99) 0.04
> 60% 0.74 (0.45-1.21) 0.34
Age = 65 yrs 1.61(1.01-2.56) 0.04
KPS =70 0.48 (0.27-0.89) 0.02
Charlson Comorbidity Index 1.07 (1.01-1.16) 0.03
MGMT promoter methylation 0.63(0.52-0.99) 0.04
Contact w/ LVs 1.26 (1.13-1.78) 0.03
T1/T2-weighted FLAIR ratio 0.97(0.94-1.02) 0.38
Deep-seated tumor 1.21(0.66 —2.16) 0.46

Boldface type indicates statistical significance (p < 0.05).
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