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ABSTRACT

Purpose: This study investigated invasion patterns of temporal lobe glioblastoma following
complete resection of contrast-enhancing tumor and evaluated whether non-enhancing tumor

presence in the anterior temporal tip predicts the site of progression.

Methods: We retrospectively analyzed patients from a single-institution database who were
diagnosed with IDH-wildtype temporal lobe glioblastoma and underwent complete resection of
the contrast-enhancing region. Eligible patients had preoperative, immediate postoperative, and
progression MRIs to assess tumor progression patterns. FLAIR imaging was examined for its
predictive value in identifying progression sites. Surgical outcomes, progression-free survival

(PFS), and overall survival were analyzed.

Results: A total of 48 patients were identified, of whom 14 (29%) underwent anterior temporal
lobectomy and were excluded from further analysis. Among the remaining 34 patients, 21 (62%)
exhibited anterior progression. Expert assessment suggested that in 12 of these 21 patients
(57%), an anterior temporal lobectomy might have encompassed the region of tumor progression.
Superior, inferior, and lateral progression patterns were associated with longer median PFS (~11
months), whereas medial progression correlated with the shortest PFS (5.9 months). FLAIR signal
at the temporal tip had moderate sensitivity (71.43%) but low specificity (18.52%) for predicting

anterior progression, resulting in a high false-positive rate.

Conclusions: Temporal lobe glioblastomas often progress anteriorly, suggesting that anterior
temporal lobectomy may help reduce progression in select cases. FLAIR imaging had limited
predictive value for anterior progression, emphasizing the need for advanced imaging techniques.
Future research should identify reliable biomarkers and evaluate the role of anterior temporal

lobectomy through well-designed prospective studies.



INTRODUCTION

Glioblastoma, the most common and aggressive primary malignant brain tumor, carries a poor
prognosis despite significant advances in surgical and adjuvant therapies. Even with aggressive
treatment, including complete resection of contrast-enhancing regions followed by radiotherapy
and chemotherapy, the median overall survival remains approximately 16 to 21 months [1, 2].
While maximizing the extent of resection has been consistently associated with improved survival
outcomes, local tumor progression remains a frequent and significant challenge, even after

complete resection of contrast-enhancing tumor [3].

This persistent challenge has spurred growing interest in supramaximal resections as a strategy
to further improve outcomes. One such approach is anterior temporal lobectomy, which involves
the removal of the temporal lobe anterior to the tumor, as an alternative strategy for managing
temporal lobe glioblastomas [1]. This technique not only addresses the visible tumor but also
targets surrounding infiltrative tissues that may harbor microscopic disease. Emerging evidence
suggests that anterior temporal lobectomy may enhance survival and seizure control compared
to resection limited to contrast-enhancing regions [1, 4-6]. However, the impact of resecting the
temporal tip raises a critical question: could this area be a key site for tumor progression in these

patients, thereby influencing outcomes?

Despite promising insights, the specific progression patterns of glioblastoma following resection
of contrast-enhancing tumor in temporal lobe glioblastomas remain underexplored [3].
Investigating these patterns is essential for refining surgical and radiotherapeutic strategies to

improve long-term outcomes.

This study aims to fill this knowledge gap by (1) characterizing invasive progression patterns of
temporal lobe glioblastoma after complete resection of contrast-enhancing tumor and (2)

assessing whether non-enhancing tumor in the temporal tip predicts progression sites. By



elucidating these patterns, we seek to inform optimized, personalized surgical strategies for this

aggressive tumor.

METHODS

Study population

Patients included in this study were identified through a retrospective review of a single-institution
tumor database. The cohort consisted of individuals diagnosed with isocitrate dehydrogenase
(IDH)-wildtype glioblastoma confined to the temporal lobe who presented for the first time to the
neuro-oncology clinic and underwent complete resection of contrast-enhancing tumor between
November 17, 2014, and September 12, 2023. All eligible patients received standard
postoperative chemoradiotherapy and had magnetic resonance imaging (MRI) data available at
three critical time points: preoperative, immediate postoperative, and documented progression.
Preoperative imaging was analyzed to assess non-enhancing tumor extension into the temporal
tip, while progression imaging documented the spatial trajectory of tumor invasion. This approach
enabled evaluation of whether an anterior temporal lobectomy would have encompassed the
observed progression area, offering insights into its potential role in managing temporal

glioblastoma progression.

Molecular diagnostics, including O6-DNA-methylguanine methyltransferase (MGMT) promoter
methylation status and IDH mutation analysis, were retrospectively retrieved from patients'

electronic medical records to complement clinical and imaging data.

Surgical procedures and assessment

All patients underwent surgical resection guided by 5-aminolevulinic acid (5-ALA) fluorescence.
Additional surgical adjuncts, such as neurophysiological monitoring or awake surgery, were

utilized at the surgeon’s discretion based on intraoperative needs. The procedures were planned



to achieve complete resection of the fluorescent tumor, and in cases involving anterior temporal

lobe tumors, the remaining temporal tip was also removed as part of the resection.

Postoperative imaging using T1-enhanced magnetic resonance imaging was performed to
confirm the absence of residual contrast-enhancing tumor, defining complete resection. Patients
were stratified into two groups based on the extent of resection observed on postoperative
imaging: those who underwent complete resection of contrast-enhancing tumor without
lobectomy and those who underwent resection combined with lobectomy. The latter group was
excluded from analysis. To ensure consistency in group classification, an independent

neuroradiologist reviewed all MRI scans to verify the completeness of resection.

The assessment of whether an anterior temporal lobectomy might have been beneficial was
based on a retrospective review of anatomical imaging, where the criteria included the extent of
non-enhancing tumor involvement at the temporal tip, its proximity to critical white matter tracts,
and the anticipated feasibility of safely resecting this tissue based on standard neurosurgical
anatomical landmarks. The anterior temporal tip was defined as the portion of the temporal lobe

located anterior to the contrast-enhancing tumor, typically measuring no more than 4 cmin length.

To ensure a consistent cohort, only tumors confined to the temporal lobe were included in this
study, while those extending into other areas, such as the temporal occipital region, were
excluded. In cases of anterior progression, we measured the distance between the posterior
margin of the temporal tip and the anterior margin of the contrast-enhancing tumor. If this distance
was large, indicating that the tumor was located too far posteriorly and that resecting the anterior
temporal lobe would require removal of a considerable amount of normal brain tissue, these
patients were not considered suitable candidates for anterior temporal lobectomy. This approach
ensured that our analysis focused on cases where an extended resection was anatomically

feasible.



Classification of invasion patterns

Tumor progression patterns were classified based on their anatomical relationship to the resection
cavity. Anterior progression was defined as tumor extension into the anterior temporal lobe,
posterior progression as tumor spread posterior to the resection cavity, and medial progression
as invasion into medial temporal structures, including the amygdala and hippocampus. Superior
progression was characterized by tumor spread through the temporal stem into the insula or

frontal lobe, while distant progression referred to tumor invasion beyond the temporal lobe.

Statistical analysis

Progression-free survival (PFS) was defined as the time from the initial surgery to the date of
documented tumor recurrence, progression, or death from any cause, whichever occurred first.
Definitive tumor progression was determined based on radiological criteria, specifically an
increase in the size of the lesion on T1-enhanced MRI accompanied by corresponding changes
on other sequences (e.g., FLAIR), in line with established guidelines. In cases where imaging
findings were ambiguous and raised the possibility of pseudoprogression, patients continued to
receive their current treatment regimen. Follow-up imaging was then performed, and only cases
where the lesion demonstrated persistent or further radiological enlargement were classified as
definitive progression. If subsequent imaging did not confirm progression, the case was
categorized as pseudoprogression and not counted as an event for PFS. Patients without
evidence of progression or death at the time of analysis were censored at the date of their last
follow-up. Overall survival (OS) was defined as the time from the initial surgery to the date of
death from any cause or the last follow-up for censored patients. For patients with progression,
OS was calculated using the time-to-death data (recorded in days). Median PFS/OS and

corresponding 95% confidence intervals for each progression pattern were estimated using non-



parametric order statistic methods. For ease of interpretation, all survival times in days were

converted to months by approximating 30 days per month.

To assess the relationships between different glioblastoma progression patterns (anterior,
posterior, medial, lateral, superior, inferior, and distant), a correlation matrix was generated.
Spearman’s rank correlation coefficient was used to evaluate the strength and direction of
associations between these progression patterns, as this method accounts for the non-parametric

nature of the data.

The diagnostic performance of FLAIR signal into the tip for predicting anterior progression was
assessed by calculating sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV). Sensitivity was defined as the proportion of true positive cases (patients
with FLAIR into the tip and anterior progression) relative to the total number of cases with anterior
progression. Specificity was defined as the proportion of true negative cases (patients without
FLAIR into the tip and without anterior progression) relative to the total number of cases without
anterior progression. PPV and NPV were calculated to determine the proportion of positive and
negative test results that were correct, respectively. Confidence intervals for these estimates were

calculated using the Wilson method to account for uncertainty in the proportions.

Statistical analyses were performed using IBM SPSS Statistics version 30.0.0, and p-values

<0.05 were considered statistically significant.

RESULTS

Patient characteristics

Table 1 summarizes the demographic, tumor, and survival characteristics of patients who
underwent complete resection of contrast-enhancing tumors (n = 34). The maijority of patients

were between 50 and 69 years of age (88%, 30/34), with a predominance of males (62%, 21/34).



Tumor laterality was evenly distributed. FLAIR signal at the temporal tip was present in 68% of
patients (23/34). All cases were IDH wildtype, and MGMT promoter methylation was identified in

32% of patients. The median PFS was 9.67 months, while the median OS was 20.5 months.

Invasive patterns

Table 2 outlines the progression patterns of glioblastoma in the study cohort. The most common
progression direction was anterior (62%; Figure 1), followed by posterior (47%), medial (15%),
lateral (12%), superior (12%), inferior (6%), and distant spread (9%) (Figure 2). Ofthe 21 patients
with anterior progression, nine (43%) exhibited exclusively anterior progression, while the
remaining 12 (57%) showed anterior progression along with additional invasion patterns.
Correlation matrix analysis revealed weak associations among the various progression patterns,

with no statistically significant relationships observed between progression directions.

Table 3 summarizes PFS and OS statistics for different tumor invasion patterns after resection.
Superior progression exhibited the highest median PFS (11.4 months), followed closely by lateral
and inferior progressions (11 months each), while medial progression was associated with the
lowest median PFS (5.9 months). Overall survival varied by progression pattern, with median OS
ranging from 12.7 months for distant progression to 26.3 months for superior progression;
anterior, posterior, medial, lateral, and inferior progressions had median OS values between

approximately 20.4 and 21.4 months.

Potential predictive biomarkers

Among the 21 patients exhibiting anterior progression, neurosurgeons judged that an anterior
temporal lobectomy might have prolonged PFS in 12 cases (57% of those with anterior
progression, corresponding to 35% of the overall cohort). An analysis was conducted to evaluate

whether FLAIR signal at the temporal tip could serve as a predictive biomarker for anterior



progression. FLAIR showed a sensitivity of 71.43% for identifying anterior progression but had a
low specificity of 18.52%, indicating a high rate of false positives. The PPV was 40.54%, and the

NPV was 45.45%, reflecting limited predictive power. With an overall accuracy of 41.67%.

DISCUSSION

This study reveals the invasion patterns in patients with temporal lobe glioblastoma after complete
resection of contrast-enhancing tumor. Patients most showed anterior progression. PFS varied
by direction of invasion. FLAIR signal at the temporal tip had limited predictive accuracy in terms
of progression. These results highlight the need for more reliable biomarkers to anticipate invasive

patterns and guide surgical decisions effectively.

The anterior spread of temporal glioblastoma may be influenced by the extent of resection and
tumor biology. Upon complete resection of contrast-enhancing tumor, non-enhancing tumor tissue
at the temporal tip is often left intact, potentially serving as a reservoir for anterior progression [7].
Additionally, resection of contrast-enhancing tumor generally preserves anterior white matter
tracts, which glioblastoma cells preferentially invade [8-11], facilitating anterior spread. The limited
extent of resection of contrast-enhancing tumor may also maintain components of the local tumor
microenvironment, including vascular and stromal support, that further promote anterior

progression.

Anterior temporal lobectomy was estimated to be beneficial in 57% of cases with anterior
progression, which represents 35% of our overall cohort of 34 patients. By resecting anterior
temporal structures, including the anterior temporal tip, where non-enhancing tumor tissue may
reside, and disrupting the anterior white matter tracts that facilitate tumor invasion, this approach
could potentially reduce the incidence of anterior progression. Moreover, such an extensive
resection may favorably alter the local tumor microenvironment, thereby influencing both tumor

invasion and survival outcomes. In this analysis, an expert neurosurgeon reviewed the anatomical



extent of tumor spread within the anterior temporal lobe using established neuroanatomical
landmarks to assess whether an extended resection might have encompassed the area of
progression. This judgment was based on the observed direction of tumor spread. While these
retrospective assessments suggest that extended resection may reduce anterior progression, we
acknowledge that these conclusions remain speculative and are not supported by direct

interventional data.

The variation in PFS based on tumor progression direction may be influenced by anatomical and
biological factors that affect tumor spread and treatment response. Lateral and inferior invasion,
associated with longer PFS, likely involve regions with fewer critical structures and denser white
matter tracts, which may constrain tumor infiltration and slow its advancement [12, 13]. These
areas also have better surgical accessibility, allowing for more effective initial resection and
reducing the likelihood of aggressive early recurrence. In contrast, medial progression, linked to
shorter PFS [14, 15], involves proximity to critical structures such as the thalamus, basal ganglia,
and ventricles [16], which not only limits the extent of safe resection but also provides supportive
microenvironments that can facilitate faster tumor cell migration and proliferation [17]. Medial
regions may also receive higher vascular support, promoting tumor growth and contributing to
earlier recurrence [17]. This directional variation in PFS underscores the importance of
considering anatomical progression patterns in treatment planning, as these patterns may

inherently influence both the aggressiveness of recurrence and patient outcomes.

The moderate sensitivity but low specificity of FLAIR signal at the temporal tip for predicting
anterior tumor spread may stem from the inherent limitations of FLAIR imaging in distinguishing
between true tumor infiltration and reactive changes in adjacent brain tissue [18]. FLAIR
hyperintensity at the temporal tip is common in patients with temporal lobe glioblastoma due to
peritumoral edema, inflammation, or preexisting tissue abnormalities, which can appear similar to

non-enhancing tumor invasion on imaging [19-21]. This overlap likely contributes to the high rate



of false positives, as FLAIR cannot reliably differentiate infiltrative tumor cells from non-tumorous
changes [21, 22]. Additionally, the anterior temporal tip may have a naturally higher prevalence of
FLAIR hyperintensity in patients with glioblastoma due to its anatomical susceptibility to tumor-
related edema and blood-brain barrier disruption, further decreasing the specificity of FLAIR for
predicting true anterior progression. These findings suggest that, while FLAIR can be useful as
an initial screening tool, it lacks the precision needed for accurate prognostication and highlights
the need for adjunctive imaging modalities, such as diffusion tensor imaging (DTI) or advanced

MRI techniques, to better distinguish tumor infiltration from non-specific FLAIR changes.

This study is unique in its focus on detailed progression patterns in temporal lobe glioblastoma,
providing insights that may guide tailored surgical approaches. However, several limitations
should be noted. Its retrospective, single-institution design may limit generalizability, as patient
demographics and imaging protocols could vary in other settings. Additionally, the relatively small
sample size (n = 34) reduces statistical power and precludes definitive conclusions regarding the
potential benefits of more extensive resection strategies. Variability in MRI timing and equipment
could also affect consistency in progression assessment. Future prospective, multicenter studies
with larger cohorts and advanced imaging techniques are needed to validate and build upon these
findings, and to determine whether extended resection of FLAIR-positive tissue can improve

survival outcomes.

CONCLUSIONS

This study highlights the invasive patterns of temporal lobe glioblastomas following complete
resection of contrast-enhancing tumor and the challenges in predicting progression using
conventional imaging. Anterior progression, the most common pattern, may result from limited
resection at the temporal tip and preservation of anterior white matter tracts. These findings

suggest a potential role for anterior temporal lobectomy in reducing anterior progression through



more extensive resection and disruption of invasion pathways. While FLAIR imaging at the
temporal tip showed moderate sensitivity, its low specificity limits its predictive utility. Advanced
imaging techniques and reliable biomarkers are needed to guide surgical strategies and improve
outcomes. Future research should validate these findings and explore innovative, tailored

treatment approaches.



References

1. ZhengY, Saffari SE, Low DCY, Lin X, Ker JRX, Ang SYL, Ng WH, Wan KR (2023) Lobectomy
versus gross total resection for glioblastoma multiforme: A systematic review and individual-
participant data meta-analysis. J Clin Neurosci 115: 60-65 do0i:10.1016/j.jocn.2023.07.016

2. Stupp R, Taillibert S, Kanner A, Read W, Steinberg D, Lhermitte B, Toms S, Idbaih A,
Ahluwalia MS, Fink K, Di Meco F, Lieberman F, Zhu JJ, Stragliotto G, Tran D, Brem S, Hottinger A,
Kirson ED, Lavy-Shahaf G, Weinberg U, Kim CY, Paek SH, Nicholas G, Bruna J, Hirte H, Weller M,
Palti Y, Hegi ME, Ram Z (2017) Effect of Tumor-Treating Fields Plus Maintenance Temozolomide vs
Maintenance Temozolomide Alone on Survival in Patients With Glioblastoma: A Randomized
Clinical Trial. JAMA 318: 2306-2316 do0i:10.1001/jama.2017.18718

3. Jayamanne D, WheelerH, Brazier D, Newey A, Kastelan M, Guo L, Back M (2018) Predicting
patterns of failureintemporal lobe GBMs: possible implications onradiotherapy treatment portals.
Radiation Oncology 13: 133 doi:10.1186/s13014-018-1078-y

4, Shah AH, Mahavadi A, Di L, Sanjurjo A, Eichberg DG, Borowy V, Figueroa J, Luther E, de la
Fuente MIl, Semonche A, lvan ME, Komotar RJ (2020) Survival benefit of lobectomy for glioblastoma:
moving towards radical supramaximal resection. J Neurooncol 148: 501-508 do0i:10.1007/s11060-
020-03541-5

5. Schneider M, Potthoff AL, Keil VC, Guresir A, WellerJ, BorgerV, Hamed M, Waha A, Vatter H,
Guresir E, Herrlinger U, Schuss P (2019) Surgery for temporal glioblastoma: lobectomy outranks
oncosurgical-based gross-total resection. J Neurooncol 145: 143-150 doi:10.1007/s11060-019-
03281-1

6. Roh TH, Kang SG, Moon JH, SungKS, Park HH, Kim SH, Kim EH, Hong CK, Suh CO, Chang JH
(2019) Survival benefit of lobectomy over gross-total resection without lobectomy in cases of
glioblastoma in the noneloquent area: a retrospective study. J Neurosurg 132: 895-901
doi:10.3171/2018.12.Jns182558

7. Alkassm E, Grote A, Berger B, Woermann FG, Ersoy TF, Coras R, Kalbhenn T, Simon M (2024)
Anatomy-guidedresections for paralimbic tumors in the temporo-insular region: combining tumor
and epilepsy surgery concepts. Front Neurol 15: 1450027 do0i:10.3389/fneur.2024.1450027

8. Pustina D, Doucet G, Evans J, Sharan A, Sperling M, Skidmore C, Tracy J (2014) Distinct
types of white matter changes are observed after anterior temporal lobectomy in epilepsy. PLoS
One 9:e104211 doi:10.1371/journal.pone.0104211

9. Winston GP, Stretton J, Sidhu MK, Symms MR, Duncan JS (2014) Progressive white matter
changes following anterior temporal lobe resection for epilepsy. Neuroimage Clin 4: 190-200
doi:10.1016/j.nicl.2013.12.004

10. Wang J, Yi L, Kang QM, Zhou J, Chen TQ, Hugnot JP, Yu SC (2022) Glioma invasion along
white matter tracts: A dilemma for neurosurgeons. Cancer Lett 526: 103-111
doi:10.1016/j.canlet.2021.11.020

11. Manan AA, Yahya NA, Taib NHM, Idris Z, Manan HA (2023) The Assessment of White Matter
Integrity Alteration Pattern in Patients with Brain Tumor Utilizing Diffusion Tensor Imaging: A
Systematic Review. Cancers (Basel) 15 doi:10.3390/cancers15133326

12. FaresJ, WanY, Mayrand R, Li Y, Mair R, Price SJ (2024) Decoding Glioblastoma
Heterogeneity: Neuroimaging Meets Machine Learning. Neurosurgery
doi:10.1227/neu.0000000000003260

13. FaresJ,WanY, MairR, Price SJ (2024) Molecular diversity in isocitrate dehydrogenase-wild-
type glioblastoma. Brain Commun 6: fcae108 doi:10.1093/braincomms/fcae108

14. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, Hawkins C, Ng HK,
Pfister SM, Reifenberger G, Soffietti R, von Deimling A, Ellison DW (2021) The 2021 WHO



Classification of Tumors of the Central Nervous System: a summary. Neuro Oncol 23: 1231-1251
doi:10.1093/neuonc/noab106

15. ChaichanaKL, McGirt MJ, Frazier J, Attenello F, Guerrero-Cazares H, Quinones-Hinojosa A
(2008) Relationship of glioblastoma multiforme to the lateral ventricles predicts survival following
tumor resection. J Neurooncol 89: 219-224 doi:10.1007/s11060-008-9609-2

16. van Dijken BRJ, Yan JL, Boonzaier NR, Li C, van Laar PJ, van der Hoorn A, Price SJ (2017)
SubventricularZone Involvement Characterized by Diffusion Tensor Imaging in Glioblastoma. World
Neurosurg 105: 697-701 doi:10.1016/j.wneu.2017.06.075

17. Armocida D, Pesce A, Palmieri M, D'Andrea G, Salvati M, Santoro A, Frati A (2021)
Periventricular zone involvement as a predictor of survival in glioblastoma patients: A single centre
cohort-comparison investigation concerning a distinct clinical entity. Interdisciplinary
Neurosurgery 25: 101185 doi:https://doi.org/10.1016/j.inat.2021.101185

18. Kessler AT, Bhatt AA (2018) Brain tumour post-treatment imaging and treatment-related
complications. Insights Imaging 9: 1057-1075 do0i:10.1007/s13244-018-0661-y

19. Moon S (2022) T2/FLAIR Hyperintensity in Mesial Temporal Lobe: Challenging Differential
Diagnosis. Curr Med Imaging 18: 285-291 do0i:10.2174/1573405617666210712130555

20. Broggi G, Altieri R, Barresi V, Certo F, Barbagallo GMV, Zanelli M, Palicelli A, Magro G,
Caltabiano R (2023) Histologic Definition of Enhancing Core and FLAIR Hyperintensity Region of
Glioblastoma, IDH-Wild Type: A Clinico-Pathologic Study on a Single-Institution Series. BrainSci13
doi:10.3390/brainsci13020248

21. Dagher SA, Lochner RH, Ozkara BB, Schomer DF, WintermarkM, Fuller GN, Ucisik FE (2024)
The T2-FLAIR mismatch sign in oncologic neuroradiology: History, current use, emerging data, and
future directions. Neuroradiol J 37: 441-453 doi:10.1177/19714009231212375

22. Pinto C,Noronha C, Taipa R, Ramos C (2022) T2-FLAIR mismatch sign: a roadmap of pearls
and pitfalls. BrJ Radiol 95: 20210825 do0i:10.1259/bjr.20210825



https://doi.org/10.1016/j.inat.2021.101185

Table 1: Demographic, Tumor Characteristics,
and Survival Outcomes for Patients Undergoing
Resection of Contrast-Enhancing Temporal

Lobe Glioblastoma

N=34 | Percent
Age
40-49 3 9
50-59 18 53
60-69 12 35
70-79 1 3
Sex
Male 21 62
Female 13 38
Tumor site
Right 19 56
Left 15 44
FLAIR at the temporal tip 23 68
IDH
Wildtype 34 100
Mutated 0 0
MGMT
Methylated 11 32
Unmethylated 23 68
Median PFS (months) 9.67
Median OS (months) 20.50

Table 2: Tumor Progression Patterns Following
Resection of Contrast-Enhancing Temporal

Lobe Glioblastoma

Progression pattern N=34 Percent
Anterior 21 62
Posterior 16 47
Medial 5 15
Lateral 4 12
Superior 4 12
Inferior 2 6
Distant 3 9




Table 3: Progression-Free Survival (PFS) and Overall Survival (OS) Statistics by Tumor Progression

Pattern (n=34)

Progression pattern | Median PFS (months) 95% ClI Median OS (months) | 95% CI

Anterior 9.3 6.6-12.3 21 17.0-29.9
Posterior 9.8 6.6-12.4 20.4 16.8-26.1
Medial 5.9 3.3-12.8 20.6 7.1-23.7
Lateral 11 9.4-13.1 20.8 16.4-26.1
Superior 11.4 5.4-28.5 26.3 11.8-61.8
Inferior 11 9.7-12.3 21.4 20.6-22.2
Distant 10.4 8.2-14.9 12.7 11.7-21.5




Figure 1: Case example of a 56-year-old female with a right temporal glioblastoma. Non-
enhancing tumor extension is observed into the temporal tip. Postoperative imaging confirms
complete resection of the enhancing tumor. At progression, initial enhancement appears anterior
to the resection cavity (red arrow).
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Figure 2: Temporal glioblastoma invasive patterns following gross-total resection. Post-op
imaging at progression shows the first enhancement as seen anterior, posterior, or superior to the
resection cavity (red arrow).



