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Abstract

Background

Reoperation for patients with recurrent glioblastoma multiforme (GBM) is a highly debated
topic within the medical community. GBM is known for its aggressive nature and poor prog-
nosis, with most patients experiencing tumor recurrence despite initial treatments. Some
studies suggest a survival benefit from a second surgery, while others do not. The aim of
this study is to assess whether reoperation for recurrent GBM offers a survival benefit com-
pared to patients who do not undergo re-resection and to identify the prognostic factors influ-
encing patient selection for reoperation.

Methods

This study retrospectively reviewed medical records from the American University of Beirut
Medical Center over a ten-year period, from 01/01/2012 to 01/01/20283. It included patients
with recurrent GBM after initial surgical resection. Patients were categorized into two
groups: those who underwent reoperation and those who received only medical manage-
ment upon recurrence. Inclusion criteria included histologically confirmed GBM with previ-
ous tumor resection; patients who only had a biopsy were excluded. Time to progression
and time to death were analyzed using the Kaplan-Meier curve, with differences between
groups assessed by the log-rank test.

Results

Age categorization (<50 vs. >50 years) and gender distribution did not significantly impact
reoperation likelihood (p = 0.306 and p = 0.616, respectively). However, a notable associa-
tion was observed with Charlson comorbidity index (CCI) <3, indicating higher reoperation
rates (p = 0.022). Tumor size grouping (<5 vs. >5 cm) showed no significant association
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with reoperation status (p = 0.175). Similarly, whether the tumor was unifocal or multifocal
and the extent of initial tumor resection (GTR vs. subtotal) did not demonstrate significant
associations with reoperation (p = 0.086 and p = 0.351, respectively). Remarkably, compli-
cations following the initial surgery emerged as a significant factor associated with the deci-
sion not to undergo reoperation (p = 0.018). The most common complications following both
initial and subsequent surgeries included DVT, weakness, seizures, and wound leakage
and infection. The progression-free survival for patients who underwent reoperation was
15.9 months, whereas for those who did not undergo reoperation, it was 6.7 months (log-
rank p < 0.001) The median post progression survival for patients who underwent reopera-
tion upon recurrence was 5.9 months, compared to 5.1 months for those who did not
undergo reoperation. (log-rank p = 0.065). The median overall survival for patients who did
not undergo reoperation was 11 months, compared to 21 months for those who underwent
reoperation (log-rank p < 0.001).

Conclusion

In conclusion, reoperation for recurrent Glioblastoma Multiforme (GBM) appears to offer a
survival benefit, as indicated by significantly longer disease-free intervals and higher pro-
gression-free and overall survival rates compared to patients who did not undergo
reoperation.

Introduction

Glioblastoma multiforme (GBM) is the deadliest and most prevalent form of primary brain
tumors in adults. According to the 2021 WHO Classification of Tumors of the Central Ner-
vous System, glioblastoma is classified as a WHO grade 4 glioma based on molecular and his-
topathological features. It represents approximately 47.1% of all malignant tumors of the
central nervous system (CNS), making it the most common malignant brain tumor [1]. Its
global incidence rate stands at approximately 3-4/100,000 person-years, although regional var-
iability exists [2].

The cornerstone of initial therapy for glioblastoma multiforme (GBM) is surgical resection,
followed by adjuvant radiotherapy and temozolomide therapy, with additional options includ-
ing immunotherapy or anti-angiogenic therapy. However, despite the aggressiveness of these
regimens, their limited efficacy underscores its grim prognosis [3]. GBM is characterized by its
continuous progression, a hallmark that prompted the development of standardized criteria
for its assessment [1, 4, 5]. The Macdonald Criteria [6], introduced to provide a uniform
method of evaluation, defines progression as a 25% increase in the sum of new lesions, perpen-
dicular diameters of enhancing lesions, and clinical deterioration. The Response Assessment
in Neuro-Oncology (RANO) criteria [7] have since evolved to offer an updated framework,
emphasizing significant increases in non-enhancing lesions, FLAIR, as well as recognizing the
insufficiency of post-contrast enhancement alone due to the infiltrative nature of GBM.

Despite current treatments, the median progression-free survival (PFS) remains relatively
short, ranging from 4.4 to 8.4 months in newly diagnosed GBM cases [1, 4, 5]. To improve out-
comes, novel therapeutic strategies have been developed for recurrent cases, including new tar-
geted therapies, angiogenesis inhibitors, and gamma knife surgery [8, 9]. Recent studies have
identified a range of clinical and molecular variables that significantly influence survival and
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recurrence in glioblastoma. Factors such as patient age, extent of surgical resection, molecular
markers like MGMT methylation status, and the presence of genetic mutations have been
shown to impact both progression-free survival and overall survival in glioblastoma patients
[10].

Surgical approaches have also become a more frequently utilized option and are utilized in
10-30% of GBM cases [11]. Reoperation for recurrent glioblastoma was pioneered by Pool
[12] in 1968. However, only a limited number of studies have examined its impact on glioblas-
toma recurrence. Nonetheless, reoperation has shown promise in improving PFS and overall
survival in select patients. In addition, published evidence, particularly from Berger et al. [8]
and other researchers, indicates similar outcomes [13, 14]. For patients undergoing repeat sur-
gery, the NIH Recurrent Glioblastoma Scale offers a means to stratify outcomes. In the most
favorable scenario, the median survival reached 9.2 months, contrasting sharply with the poor-
est-performing group, which experienced a median survival of only 1.9 months [15]. Overall,
re-do craniotomy was shown to have enhanced survival outcomes. However, conducting ran-
domized studies on reoperation is challenging due to the heterogenetic nature of recurrent
GBM.

Furthermore, emerging research has highlighted the role of tumor stem cell dissemination
in glioblastoma, particularly following ventricular opening during surgical resection. This pro-
cess may contribute to the aggressive nature of glioblastoma recurrence, as the migration of
tumor stem cells to distant sites within the brain increases the likelihood of tumor regrowth
and progression after surgery. Such findings suggest that strategies targeting tumor stem cell
spread could offer potential avenues for improving treatment efficacy in glioblastoma patients
[16].

Additionally, the existing literature is predominantly retrospective, leading to potential con-
founding by selection bias. There is still some controversy on whether or not re-operation
should be performed in patients with recurrent GBM, if this will offer any benefit regarding
PFS, and, if any, what factors are correlated with significant benefit upon re-operation. There-
fore, reoperation remains a topic of debate, particularly based on its applications and effective-
ness [14]. Herein, we present a literature review on the matter while also presenting our data
on patients with recurrent GBM in a tertiary referral center.

Methods

This study retrospectively reviewed medical records from the American University of Beirut
Medical Center (AUBMC) over a ten-year period, from 01/01/2012 to 01/01/2023. The data
for this study were accessed from 04/04/2023 to 03/04/2024, inclusive. The study was con-
ducted in accordance with the ethical principles outlined in the Declaration of Helsinki (2013)
and its later amendments or equivalent ethical guidelines. Approval was granted by the Institu-
tional Review Board (IRB) at AUBMC (study protocol ID: BIO-2023-0075) prior to data col-
lection. All data were anonymized to ensure confidentiality, and the authors did not have
access to any information that could identify individual participants during or after data col-
lection. The information collected was fully anonymous, serially coded, and will remain confi-
dential after the study concludes.

Inclusion criteria

This study included patients diagnosed with recurrent glioblastoma multiforme (GBM) fol-
lowing initial surgical resection, with histologically confirmed GBM, classified according to
the 2021 WHO Classification of Tumors of the Central Nervous System. While the 2021
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classification was used for analysis, IDH-mutant GBM cases were not reclassified from the ini-
tial diagnoses based on the 2016 classification.

Only patients who underwent a single reoperation for recurrence were included; those with
multiple resections were excluded. Tumors located in midline, thalamic, or infratentorial areas
were excluded from the analysis. Patients who had undergone only biopsy were also excluded.
Recurrence or progression was evaluated according to the Response Assessment in Neuro-
Oncology (RANO) criteria, with pseudo-progression and necrosis excluded by MRI spectros-
copy. Two groups were analyzed: those who underwent reoperation and those who received
medical management upon recurrence.

Statistical analysis

Continuous variables were described as means + standard deviations or medians (interquartile
range), and categorical variables were reported as frequencies and percentages. For inferential
statistics, we evaluated significant associations with the decision to undergo reoperation using
the Chi-square test for categorical variables and the t-test for continuous variables. All p-values
were two-sided, and a significance level of p < 0.05 was applied to all analyses. The statistical
analyses were performed using the SPSS version 29.0 statistical package.

Survival analysis

Time to progression and overall survival were analyzed using the Kaplan-Meier method, with
differences between groups assessed by the log-rank test. As a secondary objective, we per-
formed a univarjable Kaplan-Meier analysis to identify predictors of poor overall survival in
patients with recurrent GBM. We also conducted a multivariable Cox regression analysis to
assess independent predictors of poor overall survival in this cohort.

Results
Patient and tumor characteristics

A total of 243 patients were initially identified. However, 34 patients who had undergone only
a biopsy without subsequent resection and 84 patients who had undergone surgical resection
at our institution without follow-up on recurrence were excluded. Finally, data from 125
patients were included in our analysis. Of these, 84 patients had undergone a single resection,
and 41 patients had undergone repeat resection (Table 1).

The mean age of patients who underwent single resection was 53.11 + 18.5 years, compared
to 50.15 + 13.4 years for those who underwent repeat resection (p = 0.363). Gender distribu-
tion was similar across both groups, with males constituting 72.6% of the single resection
cohort and 68.3% of the repeat resection cohort (p = 0.616).

Influence of factors on the decision to undergo repeat resection

Analysis revealed that several factors significantly influenced the decision to pursue repeat
resection. The Charlson Comorbidity Index showed a marked difference between the two
groups. A higher proportion of patients undergoing repeat resection had a Charlson Comor-
bidity Index < 3 (65.9%) compared to those undergoing single resection (44%) (p = 0.022).
This suggests that patients with fewer comorbidities were more likely to undergo repeat
resection.

Complications following the first surgery were notably less frequent in patients who chose
to undergo repeat resection. Specifically, only 4.9% of patients who underwent repeat resection
experienced complications following the initial surgery compared to 21.4% in the single
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Table 1. Patient and tumor characteristics.

Single resection Repeat resection P-value

N (%) N (%)
Age 53.11 £18.5 50.15+13.4 0.363
Gender
Male 61 (72.6) 28 (68.3) 0.616
Female 23 (27.4) 13 (31.7)
Charlson Comorbidity Index
<3 37 (44) 27 (65.9) 0.022
>3 47 (56) 14 (34.1)
ASA Classification
<3 54 (71.1) 26 (70.3) 0.932
>3 22 (28.9) 11 (29.7)
Tumor Location (Lobes)
Temporal 34 (40.5) 13 (31.7) 0.195
Parietal 18 (21.4) 15 (36.6)
Frontal 23 (27.4) 12 (29.3)
Occipital 3(3.6) 1(2.4)
Other 6(7.1) 0 (0)
Tumor Location (Side)
Right 37 (44) 18 (43.9) 1.000
Left 45 (53.6) 23 (56.1)
Bilateral 2(2.4) 0 (0)
Tumor Location
Eloquent 12 (14.3) 5(12.2) 0.749
Non-Eloquent 72 (85.7) 36 (87.8)
Tumor Size
<5cm 47 (62.7) 15 (48.4) 0.175
<5cm 28 (37.3) 16 (51.6)
Tumor Focality
Unifocal 68 (81) 38 (92.7) 0.086
Multifocal 16 (19) 3(7.3)
Extent of Tumor Resection
GTR 36 (46.2) 20 (55.6) 0.351
Subtotal 42 (53.8) 16 (44.4)
IDH Mutational Status
Wildtype 50 (87.7) 16 (72.7) 0.104
Mutant 7 (12.3) 6 (27.3)
Ki67 Index
High 77 (97.5) 28 (93.3) 0.303
Low 2(2.5) 2(6.7)
Oncotherapy after the 1* Surgery
Resection only 5(6) 1(2.4) 0.681
RT alone 4(4.8) 4(9.8)
Temodal or Avastin 1(1.2) 0 (0)
ChemoRT and Adj. CHT 73 (88) 36 (87.8)
Complications following 1** Surgery
Yes 18 (21.4) 2(4.9) 0.018
No 66 (78.6) 39 (95.1)

(Continued)
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Table 1. (Continued)

Location at Recurrence
Same

Different

https://doi.org/10.1371/journal.pone.0317937.t001

Single resection Repeat resection P-value

N (%) N (%)

72 (93.5) 39 (97.5) 0.328
5(6.5) 1(2.5)

resection group (p = 0.018). On multivariable analysis, complications following the first sur-
gery emerged as the only significant factor associated with the decision not to undergo reoper-
ation (p = 0.019).

There were no significant differences in tumor location distribution between both groups,
and the temporal location was the most common in both groups (40.5% in single resection vs.
31.7% in repeat resection, p = 0.195). The tumor side was evenly distributed, with 44% of the
single resection group and 43.9% of the repeat resection group having right-sided tumors
(p = 1.000). Tumor size was also comparable between the groups, with 62.7% of the single
resection group and 48.4% of the repeat resection group having tumors < 5 cm (p = 0.175).

The extent of tumor resection revealed that 46.2% of the single resection group and 55.6%
of the repeat resection group achieved gross total resection upon initial surgery (p = 0.351).
The IDH mutational status was wildtype in 87.7% of the single resection group and 72.7% of
the repeat resection group (p = 0.104). A high Ki67 index, typically considered above 20-30%,
was found in 97.5% of the single resection group and 93.3% of the repeat resection group
(p = 0.303).

Adjuvant treatment after the first surgery mainly consisted of chemoradiation and adjunc-
tive chemotherapy (STUPP protocol), with 88% of patients in the single resection group and
87.8% in the repeat resection group (p = 0.681) undergoing oncotherapy after the first surgery.
Upon recurrence, the tumor was found at the same site in 93.5% of patients in the single resec-
tion group and 97.5% of patients in the repeat resection group (p = 0.328).

Complications following first surgery

The most common complications following the first surgery in the single resection group
included deep vein thrombosis, hemiparesis/weakness, and seizures (Table 2). Other compli-
cations such as intracranial bleeding/stroke, wound infection, aphasia, facial palsy, and loss of
vision were less frequent. In the repeat resection group, complications included deep vein
thrombosis and seizures.

Table 2. Complications following first surgery: Single vs. repeat resection.
Complications following 1** Surgery Single resection

(Number of Patients)

Repeat resection
(Number of Patients)
Deep vein thrombosis 6 1
Hemiparesis/ weakness
Seizures
Intracranial bleed/stroke
Wound infection
Aphasia
Facial palsy

UV U R P IS TSRS
olo|lo|o|o |~ o

Loss of vision

https://doi.org/10.1371/journal.pone.0317937.1002
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Fig 1. Kaplan-Meier curves for progression-free survival in patients undergoing initial resection vs. repeat resection.

https://doi.org/10.1371/journal.pone.0317937.g001

Survival rates

Survival was analyzed across three key metrics: Overall Survival (OS), Post-Progression Sur-
vival (PPS), and Progression-Free Survival (PFS). OS was defined as the time from initial diag-
nosis to death or the end of follow-up, reflecting the length of time a patient lives after
diagnosis. PPS was defined as the time from the first recurrence to death or the end of follow-
up, indicating survival after the disease has recurred. PFS was defined as the time from initial
diagnosis until disease progression or recurrence, capturing the duration of disease control

before progression or recurrence.

Our analysis revealed significant findings related to reoperation. Patients who underwent
reoperation had a median PFS of 15.9 months (95% CI: 13.906-17.828), compared to just 6.7
months (95% CI: 5.499-7.834) for those who did not undergo reoperation (log-rank
p < 0.001) (Fig 1). This indicates that a longer PES is associated with the decision to undergo

repeat resection.

Regarding PPS, the median survival time after progression was 5.9 months (95% CI: 2.145-
9.589) for patients who underwent reoperation upon recurrence, compared to 5.1 months
(95% CI: 3.425-6.775) for those who did not (log-rank p = 0.065) (Fig 2). As for OS, patients
who underwent reoperation had a median survival of 21 months (95% CI: 10.963-31.037),
which was significantly longer than the 11 months (95% CI: 8.605-13.395) observed for those

who did not have a reoperation (log-rank p < 0.001) (Fig 3).
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Fig 2. Kaplan-Meier curves for post-progression survival in patients undergoing initial resection vs. repeat resection.

https://doi.org/10.1371/journal.pone.0317937.9002

Adjuvant treatment following recurrence

Following recurrence, 82 patients (80%) received adjuvant treatment, while 20 patients (20%)
did not receive any further treatment. Among those who underwent adjuvant treatment, the
modalities varied. Eighteen patients were treated with chemoradiotherapy (ChemoRT) com-
bined with adjunct chemotherapy (Adj. CHT), and 17 patients received radiotherapy (RT)
alone. Sixteen patients were administered temozolomide alone. Bevacizumab was used in 60
patients, and 17 patients received Lomustine. Other treatment options included Afinitor, Gefi-
tinib, Irinotecan, Nivolumab, Etoposide, Panitumumab, and Regorafenib. The mean duration
of adjuvant treatment after recurrence was 8 +13 months.

Complications following repeat resection

In the repeat resection group, the most common complications were pulmonary embolism
and seizures, each occurring in 2 patients (Table 3). Other complications included weakness
and cerebrospinal fluid (CSF) leak.

Predictors of Overall Survival (OS)

The univariable Kaplan-Meier analysis identified several predictors of poor OS in patients
with recurrent glioblastoma (Table 4). Gender did not significantly influence survival; how-
ever, the Charlson Comorbidity Index was a significant predictor of survival. Patients with an
index of <3 had a median survival of 17 months (95% CI: 14.910-19.090) compared to 13
months (95% CI: 7.539-17.191) for those with an index >3, with a p-value of 0.038.

PLOS ONE | https://doi.org/10.1371/journal.pone.0317937  January 31, 2025 8/17


https://doi.org/10.1371/journal.pone.0317937.g002
https://doi.org/10.1371/journal.pone.0317937

PLOS ONE

Impact of reoperation on progression-free survival in recurrent GBM: A tertiary center experience

Cum Survival

1.0

0g

06

0.4

02

0o

Overall Survival
Re-operation

T
|!‘L Yes/No

—IIN
| 1_\ —'_|'T'ZS

20 40 60 80 100 120 140

Time in months

Fig 3. Kaplan-Meier curves for overall survival in patients undergoing initial resection vs. repeat resection.

https://doi.org/10.1371/journal.pone.0317937.9003

ASA classification also had a significant impact on survival. Patients with an ASA classifica-
tion of <3 had a median survival of 16 months (95% CI: 13.371-18.629), while those with an
ASA classification of >3 had a median survival of 11 months (95% CI: 6.328-15.672), with a p-
value of 0.003. Tumor location within the brain lobes resulted in comparable survival out-
comes: patients with temporal lobe tumors, parietal lobe tumors, frontal lobe tumors, occipital
lobe tumors, and those with tumors in other locations had a median survival of 14 months
(95% CI: 10.605-17.395), 16 months (95% CI: 7.684-24.316), (95% CI: 11.136-18.864), 16
months (95% CI: 0.000-43.440), and 12 months (95% CI: 5.999-18.001), respectively
(p=0.314).

Side-specific tumor location demonstrated that patients with right-sided tumors had a
median survival of 15 months (95% CI: 11.396-18.604), compared to 17 months (95% CI:
14.306-19.694) for those with left-sided tumors and 4 months for those with bilateral tumors,
with a significant p-value of 0.034. Tumor focality was a strong predictor of survival, as
patients with unifocal tumors had a median survival of 17 months (95% CI: 15.111-18.889),

Table 3. Complications following repeat resection.

Complications following Repeat Resection Number of patients
Pulmonary embolism 2
Seizures 2
Weakness 1
CSF leak 1

https://doi.org/10.1371/journal.pone.0317937.1003
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Table 4. Univariable Kaplan-Meier analysis of predictors for poor overall survival in patients with recurrent

glioblastoma.

Variables Median Survival in months (95% CI) P-value
Gender

Male 16 (13.235-18.765) 0.393
Female 15 (11.477-18.523)

Charlson Comorbidity Index

<3 17 (14.910-19.090) 0.038
>3 13 (7.539-17.191)

ASA Classification

<3 16 (13.371-18.629) 0.003
>3 11 (6.328-15.672)

Tumor Location (Lobes)

Temporal 14 (10.605-17.395) 0.314
Parietal 16 (7.684-24.316)

Frontal 15 (11.136-18.864)

Occipital 16 (.000-43.440)

Other 12 (5.999-18.001)

Tumor Location (Side)

Right 15 (11.396-18.604) 0.034
Left 17 (14.306-19.694)

Bilateral 4

Tumor Size

<5cm 15(12.897-17.103) 0.661
<5cm 13 (8.357-17.643)

Tumor Focality

Unifocal 17 (15.111-18.889) <0.001
Multifocal 6 (2.801-9.199)

Extent of Tumor Resection

GTR 18 (10.671-25.329) 0.001
Subtotal 11 (6.522-15.478)

IDH Mutational Status

Wildtype 14 (9.577-18.423) 0.433
Mutant 18 (13.596-22.404)

Ki67 Index

High 15 (12.685-17.315) 0.611
Low 15 (12.060-17.940)

Oncotherapy after the 1% Surgery

Resection only 5(3.868-6.132) 0.021
RT alone 14 (.000-28.761)

Temodal or Avastin 4

ChemoRT and Adj. CHT 16 (14.052-17.948)

Complications following 1** Surgery

Yes 15 (6.235-23.765) 0.653
No 15 (12.992-17.008)

Location at Recurrence

Same 16 (13.620-18.380) 0.442
Different 9 (.000-19.802)

https://doi.org/10.1371/journal.pone.0317937.1004
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while those with multifocal tumors had a median survival of only 6 months (95% CI: 2.801-
9.199), with a highly significant p-value of <0.001.

The extent of tumor resection following the first surgery significantly influenced survival,
with an initial gross total resection (GTR) resulting in a median survival of 18 months (95%
CI: 10.671-25.329) compared to 11 months (95% CI: 6.522-15.478) for subtotal resection
(p =0.001). IDH mutational status, as well as Ki-67 index levels, did not influence survival.
Oncotherapy after the first surgery was a significant factor affecting survival. Patients undergo-
ing resection only had a median survival of 5 months (95% CI: 3.868-6.132), while those
receiving radiotherapy alone had a median survival of 14 months (95% CI: 0.000-28.761).
Conversely, those treated with chemoradiotherapy, and adjuvant chemotherapy (STUPP pro-
tocol) had a median survival of 16 months (95% CI: 14.052-17.948), with a significant p-value
of 0.021.

Post-surgery complications did not significantly affect survival. Both groups, those with
and without complications, had a median survival of 15 months (95% CI: 6.235-23.765 for
those with complications and 12.992-17.008 for those without) (p = 0.653). There was no dif-
ference in survival based on the location of recurrence (p = 0.442).

In the multivariable Cox regression analysis, several factors were evaluated for their impact
on overall survival in patients with recurrent glioblastoma (Table 5). Tumor focality emerged
as a significant predictor, with multifocal tumors associated with poorer survival compared to
unifocal tumors (HR: 0.507, 95% CI: 0.274-0.935, p = 0.030). Oncotherapy after the first sur-
gery also demonstrated a strong impact on survival. Patients who underwent radiotherapy
alone had significantly worse outcomes (HR: 7.032, 95% CI: 2.378-20.798, p<0.001) compared
to those who received the STUPP protocol. The extent of tumor resection showed a trend
towards improved survival with gross total resection (GTR), though this was not statistically
significant (HR: 0.663, 95% CI: 0.430-1.022, p = 0.063). Other variables, such as the Charlson
Comorbidity Index and ASA classification, did not show significant associations with survival
after adjusting for confounding factors.

Discussion
Based on the literature presented in Table 6, we presented a detailed comparison of outcomes

between patients with recurrent GBM who underwent reoperation and those who did not.

Table 5. Predictors of poor overall survival in patients with recurrent glioblastoma based on multivariable Cox
regression analysis (N = 125 patients).

Variable HR 95% confidence interval P Value
Charlson Comorbidity Index 0.808 (0.526-1.241) 0.330
ASA Classification 0.630 (0.377-1.054) 0.252
Tumor Location (Side)
Right Ref 0.085
Left 0.404 (0.084-1.946) 0.259
Bilateral 0.281 (0.062-1.283)) 0.101
Tumor Focality 0.507 (0.274-0.935) 0.030
Oncotherapy after the 1** Surgery
Resection only Ref 0.003
RT alone 7.032 (2.378-20.798) <0.001
Temodal or Avastin 1.804 (0.744-4.370) 0.909
ChemoRT and Adj. CHT 6.171 (0.695-54.778) 0.999
Extent of Tumor Resection 0.663 (0.430-1.022) 0.063

https://doi.org/10.1371/journal.pone.0317937.1005
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Table 6. A literature review of reoperation on recurrent glioblastoma.

Author

Franceschi et al.
[17]

Quick et al. [18]

McNamara
etal [19]

Park et al. [20]

Terasaki et al.
[21]

Voisin et al.
[22]

Rusthoven et al.
[23]

Harsh et al.
[24]

De Bonis et al.
[25]

Ma et al. [26]

Azoulay et al.
[27]

Chen et al. [28]

Woernle et al.
[29]

Tully et al. [14]

Helseth et al.
[30]

GBM patients who

underwent initial surgery

232

40

584

55

35

174

34

39

36

205
183

65
98

204
516

PFS = Progression-free survival

OS = Overall survival

Reoperation on
recurrent GBM
102 (44%)

40 (100%)

107 (18.3%)

55 (100%)

7 (20%)

87 (50%)

34 (100%)

39 (100%)

17 (47.2%)

52 (25.3%)
69 (38%)

20 (30.7%)
40 (40.8%)

40 (24%)
65 (12.6%)

Median time between first
and second surgery (months)
13.1

10.2 (early if < 10 and late

if > 10)

11.5

10.0

6.9

7.43

6.3

7.0

GP, IP, PP, = Good prognosis, intermediate prognosis, poor prognosis

https://doi.org/10.1371/journal.pone.0317937.t1006

PFS after repeat
surgery (months)
9.6

13.0

7.1

13.0

9.0

10.5

21.8

8.4

6.0 vs 5.0

9.6 vs 5.3

13.5vs 5.8
GP: 13.93;IP: 8.33

8.3vs 6.7

OS with redo-
surgery (months)
25.8

26.2

20.9

GP: 20.0; IP: 18.0;
PP: 4.0

15.1

30.6

30.2

16.0

25.4
18.9

20.1
18.4

OS without redo-
surgery (months)
18.6
16.2

9.9

GP: 14.0; IP: 8.0; PP:
3.0

18.5

10.7

11.6
14.81

9.0
8.6

Reoperation for recurrent GBM is generally associated with a better PFS compared to no reop-
eration. For instance, studies such as those by Quick et al. and Rusthoven et al. reported PFS
rates of 13.0 and 21.8 months after reoperation, respectively. This is notably longer than the
PES rates observed in non-reoperation cohorts, which generally ranged from 5.3 t0 9.0
months. In studies such as that by McNamara et al., PES after reoperation was reported at 7.1
months, while the non-reoperation PES rate was significantly shorter at 9.9 months. These
findings suggest that reoperation can effectively delay disease progression in recurrent GBM
patients, potentially due to the removal of tumor bulk and reduced tumor burden, which may
help prolong the time before disease progression. However, the variability in PFS results
among studies indicates that the benefit of reoperation can be influenced by factors such as the
extent of resection, the patient’s overall health, and the timing of the surgery. For example,
studies such as those by Park et al. and Chen et al. reported varying PFS outcomes depending
on the reoperation approach and patient subgroup characteristics.
Moreover, reoperation generally has a positive impact on OS, but the extent of this benefit
can vary. For example, Voisin et al. and Quick et al. reported OS with reoperation ranging
from 18.4 to 30.6 months, which is substantially longer than OS without reoperation, which

PLOS ONE | https://doi.org/10.1371/journal.pone.0317937  January 31, 2025

12/17


https://doi.org/10.1371/journal.pone.0317937.t006
https://doi.org/10.1371/journal.pone.0317937

PLOS ONE

Impact of reoperation on progression-free survival in recurrent GBM: A tertiary center experience

ranges from 8.6 to 18.6 months. This extended survival time observed in patients undergoing
reoperation suggests that surgical intervention can offer a significant survival advantage by
providing symptomatic relief, reducing tumor burden, and potentially improving the efficacy
of subsequent treatments. Conversely, in studies such as those by Ma et al. and Azoulay et al,
where direct comparisons of OAS with and without reoperation are less clear, the available
data suggest that while reoperation does contribute to improved survival, the benefit might be
less pronounced or variable depending on individual patient factors and the specific treatment
protocols used.

Overall, reoperation for recurrent GBM appears to offer substantial benefits in terms of
both PFS and OS compared to non-reoperation, with PFS improvements ranging from a few
months to over a year and OS improvements similarly varying. The variability in outcomes
highlights the importance of personalized treatment planning. Factors such as tumor location,
previous treatment history, patient health, and the specifics of the surgical approach play cru-
cial roles in determining the effectiveness of reoperation.

Given these findings, it is essential for clinicians to carefully consider individual patient cir-
cumstances when deciding on the management of recurrent GBM. While reoperation can pro-
vide significant benefits, especially in extending PFS and OS, the decision should be guided by
a comprehensive evaluation of potential risks, benefits, and patient-specific factors to optimize
overall treatment outcomes.

Our institution’s data on reoperation for recurrent GBM reveals significant findings regard-
ing survival and outcomes. Among the 125 patients analyzed, 41 underwent repeat resection,
while 84 had only a single resection. The median PFS for patients who underwent repeat resec-
tion was 15.9 months, which was significantly longer than the 6.7 months observed in those
who did not undergo reoperation, with a p-value of <0.001 indicating a highly significant dif-
ference. The 95% confidence interval for the PFS in the repeat resection group was not pro-
vided, but the significant p-value underscores a robust extension in time before disease
progression.

Regarding OS, patients who underwent repeat resection had a median survival of 21
months, compared to 11 months for those who did not, with a p-value of <0.001, reflecting a
substantial improvement in survival. Although the 95% confidence interval for the OS in the
repeat resection group was not specified, the statistically significant p-value highlights the clear
survival advantage associated with reoperation. Regarding PPS, the median survival after pro-
gression was 5.9 months for patients who had repeat resection, versus 5.1 months for those
who did not, with a p-value of 0.065. This p-value suggests a trend toward improved PPS with
reoperation. However, the improvement was not statistically significant.

The extent of complications following initial surgery was notably lower in the repeat resec-
tion group, with a complication rate of 4.9% compared to 21.4% in the single resection group,
yielding a p-value of 0.018, which indicates a significant reduction in complications. Common
complications in the repeat resection group included pulmonary embolism and seizures, but
these were relatively infrequent. The most frequent post-surgical complications in the single
resection cohort included deep vein thrombosis, hemiparesis/weakness, and seizures. Survival
outcomes further revealed that patients with unifocal tumors had a median survival of 17
months (95% CI: 15.111-18.889), whereas those with multifocal tumors had a significantly
shorter median survival of 6 months (95% CI: 2.801-9.199), with a highly significant p-value
of <0.001.

The extent of initial tumor resection also impacted survival, with gross total resection
(GTR) yielding a median survival of 18 months (95% CI: 10.671-25.329) compared to 11
months (95% CI: 6.522-15.478) for subtotal resection, with a p-value of 0.001. Additionally,
patients who received the STUPP protocol (chemoradiotherapy and adjuvant chemotherapy)
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had a median survival of 16 months (95% CI: 14.052-17.948), compared to 5 months (95% CI:
3.868-6.132) for those who underwent resection only, indicating a significant improvement in
survival associated with comprehensive adjuvant treatment, with a p-value of 0.021. Complica-
tions did not significantly affect OS, with both groups having a median survival of 15 months
(95% CI: 6.235-23.765 for those with complications and 12.992-17.008 for those without) and
a p-value of 0.653. Our data clearly indicate that reoperation for recurrent glioblastoma offers
significant benefits in extending PFS and OS while demonstrating variability in outcomes
based on factors such as tumor focality, the extent of resection, and adjuvant treatments.

The findings from our institution align closely with findings from the broader literature,
underscoring the significant benefits of repeat surgical intervention. The median PFS for
patients who underwent repeat resection was 15.9 months, which is consistent with the range
of PES improvements reported in previous literature regarding reoperation. For example,
Quick et al. and Rusthoven et al. reported PFS rates of 13.0 months and 21.8 months, respec-
tively. The statistically significant p-value of <0.001 in our data further supports the assertion
that repeat resection can effectively extend disease control before progression. Similarly, our
median OS of 21 months for patients who underwent repeat resection reflects the substantial
survival benefit noted in studies such as those by Quick et al., who observed survival ranges up
to 30.6 months. The p-value of <0.001 in our study highlights the clear advantage of reopera-
tion in prolonging OS. While our median PPS of 5.9 months showed a trend towards improve-
ment over the 5.1 months observed in non-reoperation patients, the lack of statistical
significance (p = 0.065) is in line with literature findings, which often report variable impacts
of reoperation on PPS.

The significant reduction in complications following initial surgery in our repeat resection
cohort (4.9% vs. 21.4%, p = 0.018) supports literature observations that reoperation can be
associated with fewer complications compared to the initial surgery. Furthermore, our data on
tumor focality, with unifocal tumors having a median survival of 17 months and multifocal
tumors having a median survival of only 6 months, aligns with literature findings indicating
that tumor characteristics significantly influence survival outcomes. The impact of the extent
of initial tumor resection on survival, with gross total resection correlating with longer survival
(18 months vs. 11 months for subtotal resection), is consistent with literature reports empha-
sizing the importance of complete surgical resection. Additionally, the survival advantage asso-
ciated with the STUPP protocol in our study, showing a median survival of 16 months for
those receiving comprehensive adjuvant treatment, is consistent with the consensus found in
previous literature reports on the efficacy of combined chemoradiotherapy and adjuvant
chemotherapy.

The decision to reoperate is complex and must also consider factors like comorbidities and
duration of initial PFS. Patients with significant comorbidities or poor functional status may
not tolerate surgery well, making it less feasible. Additionally, a longer initial PFS might indi-
cate a more indolent tumor biology, making reoperation more likely to provide further benefit.
Overall, our findings corroborate existing literature on the benefits of reoperation for recur-
rent GBM, emphasizing the importance of surgical intervention in extending disease control
and OS, while also highlighting the consistency in observed trends and outcomes across differ-
ent studies.

Limitations

While our findings provide valuable insights into the outcomes of reoperation for recurrent
GBM, several limitations must be considered. First, the complexity of patient selection for
reoperation introduces potential selection bias. Patients selected for repeat resection are often

PLOS ONE | https://doi.org/10.1371/journal.pone.0317937  January 31, 2025 14/17


https://doi.org/10.1371/journal.pone.0317937

PLOS ONE

Impact of reoperation on progression-free survival in recurrent GBM: A tertiary center experience

younger, in better overall health, and have less extensive disease, factors that may indepen-
dently contribute to improved outcomes irrespective of the surgical intervention.

Second, the retrospective nature of our data collection and analysis introduces inherent
biases and constraints, including variability in surgical techniques and adjuvant treatment pro-
tocols over time. Furthermore, while our institutional data align with broader trends reported
in the literature, the single-center design limits the generalizability of our findings to other
populations and healthcare settings. Finally, future studies should investigate the influence of
molecular and genetic tumor profiles on the outcomes of reoperation, as these factors are
increasingly important in tailoring individualized treatment strategies.

Conclusion

Based on the data from our patient cohort, we consider re-do surgery for patients with recur-
rent glioblastoma (GBM) in select cases. Specifically, reoperation should be prioritized in situ-
ations where the recurrent lesion is located in a non-eloquent region of the brain, as the risk of
significant neurological deficits is minimized. Additionally, reoperation is advised for lesions
that are easily accessible surgically, allowing for safer and more effective resections with
reduced operative risk. Another key consideration is the presence of mass effect or associated
edema, as surgical resection in these cases can significantly reduce intracranial pressure, allevi-
ating symptoms such as headaches, neurological deficits, and seizures. By decreasing mass
effect and edema, reoperation has the potential to enhance patients’ quality of life and provide
symptomatic relief, which is a critical factor in managing recurrent GBM.
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