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Simple Summary: This study explores how the timing and outcomes of repeat surgery impact
patients with recurrent glioblastoma (IDH-wildtype). It examines key factors like a patient's
functional status and tumor size before and after surgery. The results suggest that removing as much
tumor as possible may improve survival, especially when patients are still functioning well and the
tumor burden is manageable. However, larger studies are needed to confirm these findings and help
guide better surgical decisions in the future.

Abstract: Background and Objectives: This study aims to evaluate the overall survival benefits of
repeat resection in patients with recurrent glioblastoma, IDH-wild type (rGBM) and to identify
factors for long-term survival, including the role of clinical, radiological, and molecular parameters.
Methods: This longitudinal matched case-control study included 60 patients with tGBM divided into
two groups: one-surgery (n=30) and repeat resection (n=30). Baseline characteristics, preoperative and
postoperative volumes, and molecular markers were assessed. Survival analyses were conducted
using the Log-Rank test, and associated factors with long-term survival were identified in the repeat
resection cohort. Results: Patients who underwent repeat resection had a significantly longer median
survival of 23.9 months compared to 9.2 months in the one-surgery group (p < 0.001). Preoperative
tumor volume was found to correlate with postoperative residual volume in repeat resections.
Patients with no residual contrast-enhancing tumor volume (0 cm?®) after repeat resection had a mean
survival of 25.0 months, while those with any residual volume had a mean survival of 9.4 months.
Lower KPS (<70) and GCS (<13) scores were significantly associated with short-term survival,
highlighting the importance of functional status at the time of repeat resection. Conclusion: Complete
repeat resection may improve overall survival in patients with recurrent IDH-wildtype GBM and
should be considered a therapeutic option rather than a diagnostic or salvage procedure. Early
surgical intervention, before declines in KPS and GCS or tumor volumes become unmanageable, may
lead to better outcomes. Further studies with larger cohorts are needed to confirm these findings.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Glioblastoma (GBM), the most aggressive primary brain tumor in adults, remains a significant
therapeutic challenge. The standard of care typically involves maximal safe surgical resection
followed by concurrent radiotherapy and temozolomide chemotherapy, based on the Stupp protocol
[1]. Despite these intensive first-line treatments, the prognosis remains poor, with a median overall
survival of 12-15 months and inevitable disease progression in most patients. [2]. Once recurrence
occurs, therapeutic options become limited, and no treatment has consistently demonstrated a
significant improvement in survival post-recurrence. The management of recurrent GBM (rGBM)
remains highly debated, with no clear consensus on the optimal approach [3].

Repeat resection is one approach that has been explored for managing rGBM, yet its efficacy
remains contentious. Earlier studies often produced mixed results, partly due to heterogeneity in
patient selection and molecular tumor characteristics, which were poorly understood before the 2021
WHO classification update. More recent evidence suggests that maximal safe re-resection may be
associated with improved survival outcomes, particularly in patients with minimal residual tumor
volume post-operatively [4,5]. Additionally, the influence of molecular profiles, such as IDH
mutation status, Methylguanine-DNA methyltransferase (MGMT) promoter methylation, is
becoming increasingly recognized as critical factors influencing outcomes after reoperation [6].

Deciding whether to pursue repeat resection is a complex process that requires careful
consideration of various clinical, surgical, and molecular factors. This study aims to assess the overall
survival benefits of repeat resection in a well-defined cohort of patients with rGBM, as well as to
identify factors that can be associated with long-term survival. To our knowledge, this is the first
longitudinal matched case-control study that integrates clinical, radiological, and molecular
parameters to evaluate the role of repeat resection in recurrent GBM. Furthermore, we aimed to
identify factors for long-term survival following repeat resection, allowing for more informed patient
selection and improved treatment planning.

2. Materials and Methods
2.1. Study Design

This study utilized a longitudinal, matched case-control design involving patients diagnosed
with IDH-wildtype GBM and treated between 2014-2019 and pathological specimens were re-
analysed and regraded based on WHO 2021 molecular criteria. The Institutional Review Board
approved the study. The inclusion criteria for patients were radiological and/or symptomatic tumor
progression, tumors suitable for surgical resection, failure of non-surgical therapies, requiring tissue
sampling for further treatment planning, longitudinally followed until deceased and being medically
fit for repeat procedure. Patients were required to meet all these criteria. Contraindications included
inaccessible tumor locations, extensive disease spread, or severe comorbidities that had significant
impact on the patient’s surgical procedure. The decision-making process involved a multidisciplinary
team to thoroughly evaluate and balance the potential benefits and risks. Repeat surgical resection
was offered to all eligible patients (n=136), with 102 patients with recurrent GBM meeting the
inclusion criteria and enrolling in the study during the study period. Among these, 32 patients
underwent repeat resection, while 70 declined the procedure. Additionally, 34 other patients
underwent repeat resection during this timeframe but were excluded from the study due to not
meeting at least one of the strict inclusion criteria. The reasons for refusing surgery include concerns
about potential risks or complications, lack of belief in the surgical benefits, a preference to pursue
second- or third-line medical treatments, family decisions, long travel distances for follow up, and an
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inability or unwillingness to adhere to the close follow-up requirements of the study. Thirty-two
patients underwent surgery; however, 2 patients were excluded from the study for not meeting the
required postoperative imaging and pathological criteria (unsatisfactory MRI findings, radiation
necrosis, and the absence of viable tissue in pathology). The remaining 30 patients met the eligibility
criteria with confirmed recurrent disease in the pathological examination of specimens and were
matched to a control cohort based on criteria. Matching criteria included age, preoperative tumor
volume at initial diagnosis, gender, comorbidities (hypertension, diabetes mellitus, preoperative ASA
[the American Society of Anesthesiologists] score), extent of resection (EOR) at initial surgery, tumor
location (left side and eloquent location based on motor-sensory-speech), GCS and KPS at
presentation, postoperative adjuvant treatments and molecular markers (MGMT methylation, TERT
mutation, p53, ATRX loss). Forty patients who were not matched were excluded from the study.
Study groups were comprised of 2 cohorts: one surgical resection, who refused the repeat resection
(n=30) and those who underwent repeat resection (n=30) (Figure 1). All cases were operated by the
senior author MM. Overall survival is measured from the date of the initial surgery to the time of
death. Volumetric analyses of contrast-enhancing (CE) tumors were performed using a semi-
automated method. In short, tumor volumes were quantified on pre- and postoperative MRI scans
(obtained <48 hours after surgery). Using 3D Slicer (open-source software, version 5.6.2), total CE
tumor was measured on contrast-enhanced T1 sequences, and non-contrast-enhancing (nCE) tumor
was delineated on FLAIR or T2 sequences. Absolute volumes (cm?®) were recorded for both first and
repeat resections and relative volume reduction was calculated as (postoperative
volume/preoperative volume) x 100. The Response Assessment in Neuro-Oncology (RANO)
classification system for GBM divides the EOR into four primary categories based on residual tumor
volume. Class 1 signifies supramaximal resection, which is defined as 0 cm?® of CE tumor and <5 cm?
of nCE tumor [7,8]. For patients with no postoperative residual CE tumor, MRIs were further
analyzed in terms of the volume of the nCE tumor to determine their RANO scales. Eloquence was
defined as the involvement of motor, sensory, and speech areas, and these factors were matched one-
to-one, as was the left-side localization of tumors. Multicentric or multifocal GBMs that required
multiple craniotomies at the initial presentation were excluded. Time to first progression was
assessed per RANO 2.0 criteria [9]. We further analyzed the repeat resection group in seeking to
identify associated factors for long-term survival. We compared the patients (n=7) who had short
survival with a median of 2.1 (+1.13) months to those who had a long survival with median of 12.77
(£8.4) (n=23) in the repeat resection group.

136 Patients with

Recurrent GBM
| ]
[ 1 34 Patients underwent
. repeat resection, did
70 Patients refused 32 Patients underwent not meet selection
repeat resection repeat resection criteria, excluded
40 Patients did 2 Patients did not meet
not match- postop criteria-
Excluded Excluded
30 Patients-case 30 Patients
matched control R tR jon
One Surgery Cohort Cohort

Figure 1. Flowchart of patient selection.
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2.2. Statistical Analysis

Comparisons between the two groups were made using Student’s t-test, Mann Whitney U test,
Pearson's 2 test, and Fisher’s Exact test as appropriate. Survival analyses were conducted using the
Log-Rank test to compare overall survival between the groups.

3. Results
3.1. Baseline Characteristics

The mean age of patients undergoing one-surgery was 54.1+11.05 years (range: 24-71), compared
t0 49.3+10.74 years (range: 25-69) for those undergoing repeat resection (p=0.093). Preoperative tumor
volumes were similar between the groups (46.1 cm? vs. 45.5 cm?, p=0.871). Gender distribution was
also comparable in one-surgery vs. repeat resection groups (15 females and 15 males vs. 21 females
and 9 males, p=0.114, respectively). Comorbidities such as hypertension (11 vs. 7, p=0.260) and
diabetes mellitus (4 vs. 8, p=0.219) showed no significant differences. There was no difference in their
KPS and GCS at presentation. Ten patients in one-surgery and 11 patients in repeat resection group
received second-line chemotherapy before the time they were offered repeat resection and they
included bevacizumab, irinotecan, lomustine, or carboplatin. No significant differences in second-
line medical therapies were observed between patients with one surgery and with repeat resection
(Table 1).

Table 1. Baseline characteristics of patients in the one-surgery and repeat resection groups, matched using a

case-control design (*Student’s t test, # Mann-Whitney-U, $Pearson c2, oFisher’s Exact, §Wilcoxon signed-rank

test).
One-surgery  Repeat Resection
(n=30) (n=30)

Age (years) 54.1+11.05 49.3+10.74 0.093*

Preoperative Volume at first surgery (cm?3) 46.1 (14.1-191.3) 45.5 (1-320.4) 0.871#
Female/Male 15/15 21/9 0114

Hypertension (patients) 11 7 0.260

DM (patients) 4 8 0219°

ASA score at first surgery-median (SD) 2 (0.573) 2 (0.765) 0.788s

GCS <13 (patients) 2 2 1"

KPS <70 (patients) 7 6 0.754 %

EOR at 1% surgery (%) 86.9 (27.4-100) 85.8 (23.6-100) 0917

Postoperative volume (cmd) 5,61 (0-59,1) 2,38 (0-32) 0,3471:

RANO class 1 (patients) 7 10 0.39$

Left Hemisphere (patients) 19 17 0. 598$

Eloquent (motor-sensory-speech) (patients) 18 18 1_000$
MGMT methylated (patients) 13 11 0.764SB

TERT mutated (patients) 7 10 0.280°

Completed Stupp regimen (patients) 30 27 0_333$

Time to first progression since 1stsurgery (RANO 2.0) (mo.s) 5.6 (3-9) 5.5(3-9.8) 0.48™
2nd-line chemotherapy prior to offering surgery (patients) 10 11 1.0007

3.2. EOR and Molecular Markers

The EOR during the first surgery was similar between the groups, with 86.7% for the one
resection group and 85.8% for the repeat resection group (Mann-Whitney U, p = 0.917). The median
residual tumor volume at the first surgery was 5.61 cm? (range: 0-59.09) for the one resection group
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and 2.38 cm?® (range: 0-31.99) for the repeat resection group (Mann-Whitney U, p = 0.347). RANO
Class 1 resection during the first surgery was achieved in 7 patients in the one-surgery group and 10
patients in the repeat resection group (Fisher's exact test, p = 0.56). For the repeat resection group, the
EOR during the second surgery was 88.2%, with a median residual tumor volume of 3 cm? (range: 0-
32). RANO Class 1 resection during the repeat surgery was achieved in 8 patients in the repeat
resection group (Table 2). Similarly, MGMT methylation and TERT mutation status were not
significantly different between these groups (p>0.05) (Table 1). Other molecular markers like
CDKN2A/B, KDR, EGFR were not available for all patients at the time of study.

Table 2. EOR in the one-surgery and repeat resection groups (# Mann Whitney-U, $Pearson c2, Bolt: p<0.05).

One-surgery Repeat Resection p
Survival-median (mo.s) 9.17 (1.9-27.3) 23.87 (9.4-81.9) <0.001°
Time to 2"d surgery after first surgery-median ) 11.63 (3.8-57.1)
(mo.s)
Survival after 2" surgery-median (mo.s) - 11.35 (1.97-50.6)
EOR at 1% surgery (%) 86.7 (0.27-100) 85.8 (0.24-100) 0.917¢
Residual volume at 1t surgery (cm?) 5,61(0-59,09) 2,38(0-31,99) 0,347¢
RANO class 1 at 1¢ surgery (patients) 7 10 0.56¢
EOR at 2" surgery-median (%) - 88.2 (0.11-100)
Residual volume at 2" surgery-median (cm?) - 3.3 (0-94.8)
RANO class 1 at 2" surgery (patients) 8

3.3. Overall Survival

Patients who underwent one resection had a median survival of 9.2 months, whereas those who
underwent repeat resection had a significantly longer median survival of 23.4 months (Log Rank test,
p < 0.001) (Figure 2). The median time to second resection in the repeat resection group was 11.6
months, with a subsequent median survival of 11.3 months after the second resection. Although
excluded 40 patients who underwent one-surgery are not within the scope of this manuscript due to
the one-to-one case-control matching design with the strict matching criteria; however, it is worth
mentioning that among the excluded patients who underwent only one surgery, the median age was
68 years, with 23 males and 17 females. The median overall survival in this group was 10.1 months.

Overall Survival

—I10ne surgery
—'Repeat resection

08

06
50%

04

Cumulative Survival

0.2

I

00

Survival (months)

Figure 2. Overall survival between one-surgery and repeat resection cohorts. (OS: Overall survival).
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3.4. Factors Related to Long Survival After Repeat Resection

In the repeat surgery cohort, 7 out of 23 patients did not survive long enough to receive
postoperative adjuvant therapy. In this short-survival group, the median survival was 2.1 months
(range: 2-3.5) compared to 12.77 months (range: 6.1-50.6) in patients who were able to receive
adjuvant therapy and achieved longer survival. We compared the patients who had short survival
(n=7) to those who had long survival (n=23) after the repeat resection group to identify associated
factors for long-term survival (Table 3). All patient after the repeat resection had better GCS and their
KPS remained stable without additional neurological deficits. Among several factors, only the
preoperative GCS and preoperative KPS were significantly different between short-term and long-
term survivors following repeat resection. The Park score, which combines preoperative tumor
volume, KPS, and tumor location within the motor, speech, or middle cerebral artery territory, was
influential but did not achieve statistical significance, likely due to the limited sample size (Fisher’s
Exact, p=0.07). Neither the postoperative residual volume nor the EOR achieved statistical
significance after the repeat resection. RANO Class 1 resection was attained in 8 out of 23 long-term
survivors, but 0 out of 7 short-term survivors. However, the difference was not significant, probably
due to sample size (Fisher’s Exact, p=0.307). The residual volume after repeat resection was notably
smaller among long-term survivors (long-term survivors=2.79 cm3 vs. short-term survivors=8.35
cm3) (Figure 3-A). The Pearson regression analysis showed a weak relationship, which suggests a
more noticeable trend that higher residual volumes are linked to shorter survival (R square=0.03
p=0.36) (Figure 3-B). To determine if there was a strong cutoff point in the data, we further analyzed
whether a specific threshold of residual volume could significantly separate survival outcomes. The
most significant difference occurs at the 0.0 cm? threshold. Patients with no residual volume have a
mean survival of 25.0 months, while those with any residual volume have a mean survival of 9.4
months in the repeat resection group. This suggests that complete resection with 0.0 cm?® residual
volume might be associated with notably better survival outcomes. (Figure 3-B).

Then, we analyzed the relationship between preoperative and postoperative volumes in repeat
resection using a linear regression model, we found that higher preoperative volumes before the
repeat resection were associated with higher postoperative volumes. The preoperative volumes may
moderately be associated with postoperative residuals after repeat resection with a positive linear
relationship, as demonstrated by the statistically significant results (R-square: 0.43, p=0.0001) (Figure
3-C).

Table 3. Comparison of short-term and long-term survivors in the repeat resection cohort (*Student’s t test, #
MannWhitney-U, $Pearson c2, tFisher’s Exact Bolt: p<0.05).

Repeat Resection Cohort Short-term Survivors After Long-term Survivors After

2nd Surgery (n=7) 2nd Surgery (n=23)
Survival after repea't resection (mo.s)- 2.1(2-3.5) 12.77 (6.1-50.6)
median
Clinical Markers
Age (years) 50.6+10.34 49+40 0.734*
Gender (Female) 3 18 0.153
GCS <13 (patients) 5 0 <0.001"
Park Score 2(1-3) 1(0-2) 0.086
Volume > 50 cm® 2 7 1.000
MSM (patients) 3 11 1.000
KPS<70 (patients) 6 0 0.007
Hypertension (patients) 3 4 0.25 "

DM (patients) 1 7 0.638 "
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Stupp protocol completed (patients) 7 20 1.000
Surgical Markers
Eloquent location (patients) 3 15 0392
Left hemisphere (patients) 4 13 1.000
Touch to ventricle (patients) 6 16 0.638
Ependymal enhancement (patients) 2 11 0427
Preoperative Volume-median (cm?) 24.4 (3.6-320.4) 52 (1-132.6) 0'774#
Postoperative Volume-median (cm?) 8.35 (0.6-25.1) 2.79 (0-94.8) 0.32;
EOR-median (%) 79 (41.9-90.6) 89.5 (10.7-100) 0.287;:
RANO Class 1 (patients) 0 8 0143
Pathological Markers
MGMT methylated (patients) 3 8 1.000
TERT mutation (patients) 1 9 0179

‘Survival vs, Resigual Volume. Pre-operative vs. Postoperative Volumes

Sunvival [months)

Pre-operative Volume at Repeat Resection (cm3)

(a) (b) (©

Figure 3. A: Preoperative and postoperative volumes in short-term and long-term survivors in repeat resections
(# Mann-Whitney-U). B: Residual volume after repeat resection versus survival of rtGBM patients (Linear
regression, R square=-0.03 p=0.36). C: Relationship of preoperative and postoperative volume in repeat resection
for rGBM patients (Linear regression, R-square: 0.43, p=0.0001).

4. Discussion

Our study demonstrates a significant survival benefit for patients undergoing repeat resection
in recurrent GBM, with a median survival of 23.4 months, substantially longer than the 9.17 months
observed in patients with only one-surgery. These findings support the earlier consideration of repeat
resection, particularly before consciousness (GCS) and functional deterioration (KPS) occur.
Furthermore, smaller preoperative tumor volumes were associated with less residual tumor after
surgery. Notably, patients with no residual tumor volume after repeat resection had a mean survival
of 25.0 months, compared to 9.4 months for those with residual tumors, suggesting that RANO Class
1 resection may lead to better survival outcomes.

GBM is an extremely aggressive brain tumor that inevitably recurs, even after intensive first-line
treatment [2,10]. Currently, therapeutic strategies for recurrent glioblastoma are inadequate, as no
treatment has demonstrated significant improvement in post-recurrence survival in randomized
controlled trials [3,11]. While earlier studies have reported mixed outcomes with surgical resection
at tumor progression, recent evidence suggests that repeat resection may be associated with
improved survival outcomes [4] [12-14]. Moreover, patients selected for repeat resection often have
a more favorable clinical profile and less extensive, non-eloquent disease, raising questions about
whether the observed benefits are due to selection bias or the EOR itself [15,16]. There is a notable
literature gap regarding the selection process for patients with GBM, which presents inherent
challenges for conducting prospective controlled trials. These challenges arise from various factors,
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including ethical considerations, tumor location, patient comorbidities, surgeons' approaches, and
molecular subgroups of GBM. To address these issues, we designed a study with matched case-
control design to exclude confounding factors.

While some studies have not shown favorable outcomes with surgical resection at tumor
progression, recent evidence suggests that repeat resection may be associated with improved
outcomes. [12-14,17]. Our study demonstrated the benefits of repeat resection in tGBM through a
matched case-control, longitudinal approach. Repeat surgery provides patients with “a fresh start”,
effectively resetting the clock to the initial time point, offering survival outcomes comparable to those
seen after the first resection (11.63 vs. 11.35 mo.s, time to 2nd surgery vs. survival after 2nd surgery,
respectively).

Recent studies have emphasized the importance of minimizing residual tumor volume during
reoperation to maximize patient survival, suggesting that the surgical goal should be maximal safe
resection for eligible patients [6,7,18,19] . Patients selected for repeat resection often have a more
favorable clinical profile and less extensive, non-eloquent disease, which raises the question of
whether the observed benefits are truly due to the EOR or simply a result of selection bias [16]. The
EOR has consistently been identified as a key prognostic factor, with studies highlighting that
minimizing residual tumor volume during both initial and repeat surgeries is crucial for improving
survival. Comparing previous surgical studies is complicated by inconsistent terminology used to
describe the EOR, often referring to relative tumor reduction in percentage terms. The study by Yong
et al. analyzed the impact of residual tumor volume on the survival of patients with rGBM who
underwent reoperation. The median postoperative survival was 12.4 months, and results indicated
that larger residual tumors (>3 cm?®) were associated with significantly decreased survival compared
to smaller or no residual tumors. The findings emphasize the importance of minimizing residual
tumor volume during reoperation to maximize patient survival. [18]. Given that absolute residual
tumor volume (in cm®) might be more prognostically significant than relative resection extent, the
“RANO classification for EOR” was recently established based on residual CE and nCE tumors to
standardize terminology (Molinaro et al., 2020). This classification aims to provide a more consistent
and prognostically relevant measure of surgical success, thereby improving the design of future
clinical trials and patient management strategies [8,20]. A recent study by the RANO resect group
investigated the impact of repeat resection on the outcomes of patients with recurrent IDH wild-type
GBM. Data from 681 glioblastoma patients with first tumor recurrence were collected, showing that
all tumors were IDH wild-type GBM WHO grade 4. Re-resection was performed in 310 patients
(45.5%), while 371 patients (54.5%) were managed non-surgically. The study found no distinct
molecular profile for tumors selected for repeat resection, but these tumors often had a superficial
location. Patients who underwent repeat resection typically had "supramaximal" or "maximal"
resection of CE tumor initially and were generally younger with higher KPS at recurrence. Re-
resection was associated with favorable outcomes, with a median overall survival of 11 months after
recurrence compared to 7 months for non-surgically managed patients. This survival benefit
persisted after adjusting for clinical confounders. The study found that only patients with residual
CE tumor volumes <1 cm?® had improved outcomes, and the RANO classification system effectively
stratified patients [7]. Preoperative tumor volume has been identified as a significant factor for
survival in rGBM previously [12]. In our study, we demonstrated for the first time that larger
preoperative volumes tend to be associated with larger postoperative residual volumes, for every 1
ml increase in preoperative volume, the postoperative volume increased by approximately 0.43 ml
after repeat resections. This finding underscores the impact of initial tumor size on surgical outcomes
in rGBM and supports the need for early surgical intervention in managing the disease.

Repeat surgery related series in favor of repeat resections [4,12-14] were mainly based on
molecularly ill-defined cohorts prior to the 2021 WHO classification [21]. A recent study by Dono et
al. analyzed data from 273 patients treated for rGBM, finding that genetic factors like CDKN2A/B
loss and KDR mutations were linked to shorter post-progression survival. Repeat surgery, especially
when combined with bevacizumab, improved post-progression survival, particularly in younger
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patients with better performance status, extending survival by 7.0 months in IDH wild-type rGBMs.
Patients with specific genetic profiles, such as EGFR mutations and CDKN2A/B mutations, benefited
most from repeat resection. The study suggests that while maximal safe re-resection improves
survival overall, certain genetic profiles gain greater benefit [6]. In our series, we did not identify any
specific genetic feature linked to improved survival.

Level of consciousness and functional status at the time of repeat resection are critically
important factors in determining outcomes. Several studies emphasize the critical role of KPS in the
prognosis of patients with IDH-wildtype GBM. Chen et al. demonstrated that higher KPS, along with
supramaximal resections, significantly improves survival [22]. Similarly, Park et al. showed that
repeat resection for rGBM led to better survival outcomes, with a higher post-treatment KPS strongly
associated with improved functional status and longer survival [23]. Our findings are consistent with
previous studies, showing that a KPS <70 is significantly associated with short-term survival. Our
study is the first to incorporate the GCS into prognostication for repeat surgery in rGBM, revealing
that patients with a GCS score of equal or less than 13 are directly linked to shorter survival [24]. We
acknowledge that selection bias remains the primary limitation of our single-center case-control
design. To mitigate this, we implemented a rigorous approach, incorporating strict case matching
based on a comprehensive set of demographic, clinical, molecular, and radiologic criteria.
Furthermore, the study is strengthened by detailed longitudinal follow-up data, although residual
bias may still limit the generalizability of the findings. Repeat resection cohort comprises young and
fit patients who may not be representative of the typical GBM population. To further validate our
results, future research should consider prospective study designs or recruit larger and more diverse
patient populations. A clinical trial with an expanded cohort would be instrumental to reaffirm the
borderline significance observed in key parameters, including the Park score, RANO criteria, and the
relationship between preoperative and postoperative tumor volume. Such a trial would have
enhanced impact if conducted through multi-institutional collaborations.

5. Conclusions

Complete repeat resection appears to improve overall survival in patients with recurrent GBM,
IDH-wildtype, and may have therapeutic value beyond its traditional role as a diagnostic or salvage
procedure. Early surgical intervention aimed at achieving complete resection should be considered
to potentially optimize outcomes before patients develop low KPS, low GCS, or tumor volumes that
exceed safe surgical thresholds. However, while our study found a notable survival difference at the
0.0 cm? threshold for contrast-enhancing (CE) residual tumor, RANO Class 1 resection did not reach
statistical significance. This underscores the need for caution in interpreting these results. Further
research with larger, multi-institutional cohorts is necessary to confirm these findings for patients
with recurrent GBM.
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