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Simple Summary: Prognostic evaluation in patients with advanced cancer is essential, as life ex-
pectancy influences important personal, as well as clinical, decisions. A good prognostic tool can
help physicians to tailor treatment to people’s specific needs. The established treatment modality for
patients with brain metastases includes tumor surgery. Maximal tumor resection has been proven
to be a good prognostic factor. However, widely used prognostic models have not been tested
in patients who have undergone surgery. Moreover, the extent of surgery is not incorporated in
any prognostic tool. We tested a well-known Graded Prognostic Assessment score and added the
rest tumor volume as an additional prognostic factor. The new score provides a good and reliable
assessment of prognosis and could be used for further management after surgical treatment.

Abstract: Background: Graded Prognostic Assessment (GPA) has been proposed for various brain
metastases (BMs) tailored to the primary histology and molecular profiles. However, it does not
consider whether patients have been operated on or not and does not include surgical outcomes
as prognostic factors. The residual tumor burden (RTB) is a strong predictor of overall survival.
We validated the GPA score and introduced “volumetric GPA” in the largest cohort of operated
patients and further explored the role of RTB as an additional prognostic factor. Methods: A total
of 630 patients with BMs between 2007 and 2020 were included. The four GPA components were
analyzed. The validity of the original score was assessed using Cox regression, and a modified index
incorporating RTB was developed by comparing the accuracy, sensitivity, specificity, F1-score, and
AUC parameters. Results: GPA categories showed an association with survival: age (p < 0.001, hazard
ratio (HR) 2.9, 95% confidence interval (CI) 2.5–3.3), Karnofsky performance status (KPS) (p < 0.001,
HR 1.3, 95% CI 1.2–1.5), number of BMs (p = 0.019, HR 1.4, 95% CI 1.1–1.8), and the presence of
extracranial manifestation (p < 0.001, HR 3, 95% CI 1.6–2.5). The median survival for GPA 0–1 was
4 months; for GPA 1.5–2, it was 12 months; for GPA 2.5–3, it was 21 months; and for GPA 3.5–4, it
was 38 months (p < 0.001). RTB was identified as an independent prognostic factor. A cut-off of
2 cm3 was used for further analysis, which showed a median survival of 6 months (95% CI 4–8) vs.
13 months (95% CI 11–14, p < 0.001) for patients with RTB > 2 cm3 and <2 cm3, respectively. RTB was
added as an additional component for a modified volumetric GPA score. The survival rates with the
modified GPA score were: GPA 0–1: 4 months, GPA 1.5–2: 7 months, GPA 2.5–3: 18 months, and GPA
3.5–4: 34 months. Both scores showed good stratification, with the new score showed a trend towards
better discrimination in patients with more favorable prognoses. Conclusion: The prognostic value of
the original GPA was confirmed in our cohort of patients who underwent surgery for BM. The RTB
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was identified as a parameter of high prognostic significance and was incorporated into an updated
“volumetric GPA”. This score provides a novel tool for prognosis and clinical decision making in
patients undergoing surgery. This method may be useful for stratification and patient selection for
further treatment and in future clinical trials.

Keywords: GPA; brain metastasis; prognostic assessment; rest tumor volume; surgery

1. Introduction

The incidence of brain metastases (BMs) has increased owing to several factors, in-
cluding demographic changes and the increased life expectancy of patients with cancer.
They occur in 20–30% of patients with systemic cancer and represent the most common
brain tumors, with recurrence rates of approximately 40–60% [1]. Due to the heterogeneous
nature of oncologic conditions, the available literature on brain metastasis is still in its
infancy.

BM management has evolved secondarily to several factors, including advances in
imaging modalities and treatments [2–6], as well as the development of prognostic indices.
Several research groups have proposed evaluating different risk factors in patients with
cancer to calculate indices to guide treatment decisions [7–10]. The Graded Prognostic
Assessment (GPA) index is a well-known prognostic instrument that assesses the number
of BMs, age, Karnofsky performance status (KPS), and extracranial manifestations, making
it a valuable tool for assessing treatment outcomes and guiding clinical decisions [11].
Subsequent studies have validated the GPA and demonstrated its utility in clinical practice
and trial design. The GPA has been refined and adapted to specific cancer types, such as
breast cancer, leading to the development of disease-specific Graded Prognostic Assessment
(ds-GPA) indices [12–16]. These indices have been shown to provide valuable prognostic
information, aiding in clinical decision making and the stratification of patients in clinical
trials [17,18]. For instance, in breast cancer patients with brain metastases, studies have
demonstrated that the tumor subtype, such as HER2 and ER/PR status, significantly affects
survival [19]. Additionally, imaging characteristics, including peritumoral edema and
diffusion-weighted imaging (DWI) signal intensities, have been found to be associated
with prognosis in patients with brain metastases [20]. A comprehensive overview of the
current approaches to the management of brain metastases emphasizes the individualized
nature of treatment for each patient [21].

Surgical resection provides a survival advantage for patients with a single BM. More-
over, surgical treatment results in lower local recurrence rates and better clinical out-
comes [3,22]. Resection has been established as the standard therapy for patients with few
BMs [23]. Patchell et al. demonstrated that the combination of surgery and whole-brain
radiation therapy (WBRT) was more effective in treating patients with a resectable solitary
brain metastasis compared to WBRT alone [3]. The study by Patchell and colleagues, along
with other trials, such as those by Vecht, provided evidence in favor of surgery for the
treatment of single brain metastases. Specifically, the findings indicated that patients who
underwent surgical resection followed by WBRT survived significantly longer and had
a lower risk of local recurrence compared to those treated with WBRT alone [22]. The
importance of considering surgery, particularly in cases of highly radio-resistant tumors,
such as non-small cell lung cancer, has been also highlighted. There are also increasing
data supporting surgical resection in patients with multiple BMs [24]. These findings
underscore the significant clinical advantage of incorporating surgery into the management
of single brain metastases, particularly in improving patient survival and reducing the risk
of recurrence [25]. There are also increasing data supporting surgical resection in patients
with multiple BMs [26–30].

Previous studies [26–29] have highlighted the significance of the residual tumor burden
(RTB) and the extent of resection as robust indicators of extended overall survival (OS) in
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patients with brain metastases, irrespective of age or cancer type. Postoperative magnetic
resonance imaging (MRI) is utilized to assess the extent of resection as an objective measure
of surgical outcomes.

This investigation aims to emphasize the importance of considering RTB in the prog-
nostic assessment of a highly diverse histologic group of patients who have undergone
surgery for brain metastases, generating a modified version that evaluates the residual
tumor volume for a higher postoperative OS estimation accuracy.

2. Materials and Methods
2.1. Study Population

A total of 630 patients met the inclusion criteria (histopathological diagnosis of BM,
pre- and postoperative MRI, tumor resection apart from brain tumor biopsy, and complete
medical records) and were included in the final analysis. This study was conducted between
April 2007 and January 2020 at the Technical University of Munich.

Patients’ medical records, including age at diagnosis, sex, tumor localization, number
of BMs, date of surgery, pre- and postoperative KPS, pre- and postoperative tumor burden,
date of death, and/or date of the last follow-up, were evaluated.

2.2. Surgical Procedure and Imaging Analysis

The surgical approach aimed to achieve extensive tumor removal and focused on
protecting the eloquent areas of the brain. It was performed using pre- and intraoperative
navigation techniques. The decision to perform surgery was based on the mass effect,
bleeding, development of new neurological deficits, and uncertainty regarding the nature
of the tumor. For a detailed description, refer to previously published data [28,29]. All
postoperative T1 MRI sequences with contrast enhancement obtained within 72 h postoper-
atively were analyzed. The contrast-enhancing tumor volumes were manually segmented
and analyzed by experienced faculty members using Origin software (Origin, Brainlab,
Version 3.1; Brainlab, AG, Munich, Germany).

2.3. Statistics

The primary endpoint was to determine the OS after surgery for BM until the date
of death or loss to follow-up. Patients lost to follow-up were excluded. The original GPA
score categories were applied to the dataset [11], dividing patients into four main categories
with previously established cut-offs of 0–1, 1.5–2, 2.5–3, and 3.5–4, where 4 correlated
with the best prognosis [7,18,19]. Multivariate analysis with the Cox proportional hazard
regression model was used to assess the association between GPA variables and clinical
outcomes. Survival analyses for each individual GPA category and score variable were
plotted using the Kaplan–Meier curve. Data were individually compared using log-rank
statistics. Statistical significance was set at p < 0.05. The Bonferroni correction was applied
where appropriate. To develop a modified GPA score, a rest tumor volume cut-off of 2 cm3

was selected based on previously published results. A clinically relevant cut-off of 1.78 cm3

was identified using maximally selected log-rank statistics [29]. To compare the goodness
of fit between the two GPA scores, accuracy, sensitivity, specificity, F1-score, and receiver
operating characteristic (ROC) analysis were used. Software packages including GraphPad
Prism Ver 8.3.1 (La Jolla, CA, USA), SPSS Statistic Ver 29 (IBM Co., Armonk, NY, USA), and
MATLAB Ver R2023b were used for analysis. DATAtab eU (Graz, Austria) was used for
graphical representation.

3. Results
3.1. Patient Characteristics

Among the 630 patients that met the inclusion criteria, 350 (50.0%) were male, with a
median age at surgery of 63 years (range: 18–93). Patients with BM had a median KPS score
of 80% (range: 10–100). Regarding the number of intracranial lesions, 144/630 patients
(54.6%) had one, 109/630 (17.3%) had two, 133/630 (21.1%) had three, 7/630 (1.1%) had
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four, and 47/630 (5.9%) had more than four. Regarding BM localization, 470/630 (74.5%)
lesions were in the supratentorial region, 156/630 (24.7%) were in the infratentorial region,
and 4/630 (0.8%) were present in both regions.

The GPA scores were stratified into four categories, as follows: 186/630 patients
(29.5%) had 0–1, 285/630 had (45.8%) 1.5–2, 133/630 had (21.3%) 2.5–3, and 25/630 had
(4%) 3.5–4 points.

Complete cytoreduction was achieved in 444/630 (70.5%) patients, with a median
preoperative tumor burden of 12.4 cm3 (IQR 5.2– 25.8 cm3) and a median postoperative
tumor volume of 0.14 cm3 (IQR 0.0–2.05 cm3). Additional demographic data are presented
in Table 1.

Table 1. Patient characteristics.

Characteristic Value Characteristic Value

Age median (years) 63 (18–93) Postoperative GPA (score, %)

(n, %) 0–1 186 (29.5)

<45 65 1.5–2 1.5–2

45–55 135 2.5–3 2.5–3

56–60 155 3.5–4 3.5–4

Gender (n, %) Chemotherapy for BM (n, %)

Male 315 (50) Yes 301 (47.8)

Female 315 (50) No 289 (45.8)

KPS (n, %) Median 80 Unknown 40 (6.4)

90–100 241 (38.3) Radiotherapy (n, %) 505 (71.7)

70–80 264 (42) WBRT (n, %)

50–60 84 (13.3) Yes 208 (41.2)

>40 41 (6.4) No 297 (58.8)

ECOG (n, %) SRS

0 39 (6.2) Yes 26 (5.2)

1 329 (52.2) No 479 (94.8)

2 162 (25.7) HSRS

3 42 (6.7) Yes 231 (45.7)

4 25 (4) No 274 (54.2)

Unknown 33 (5.2) Complete cytoreduction (n, %)

Histology (n, %) Yes 444 (70.5)

Lung cancer 128 (20.3) No 186 (29.5)

Melanoma 107 (17) BM localization (n, %)

Breast cancer 100 (15.9) Supra-tentorial 470 (74.5)

CRC 45 (7.1) Infra-tentorial 156 (24.7)

RCC 35 (5.6) Both 4 (0.8)

Prostata 23 (3.7) Tumor volume (cm3, median IQR)

CUP 19 (3) Preoperative 12.4 cm3 (5.2–25.8 cm3)

Others 173 (27.4) Postoperative 0.14 cm3 (0.0–2.05 cm3)
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Table 1. Cont.

Characteristic Value Characteristic Value

Number of lesions (n, %)

1 344 (54.6)

2 109 (17.3)

3 133 (21.1)

4 7 (1.1)

>4 37 (5.9)
(KPS) Karnofsky performance scale, (ECOG) Eastern Cooperative Oncology Group status, (CRC) colorectal
cancer, (RCC) renal cell carcinoma, (CUP) cancer of unknown primary, (BM) brain metastasis, (IQR) interquartile
range, (GPA) graded prognostic assessment, (SRS) stereotactic radiosurgery, (HSRS) hypofractionated stereotactic
radiotherapy.

3.2. GPA Score Validation

KPS, age, number of BM, and presence of extracranial metastases determined GPA
scores, with improved clinical characteristics associated with higher GPAs. Data were
assessed based on the information obtained preoperatively and at diagnosis. Multivariate
Cox hazard analysis affirmed the GPA-OS association (Table 2).

Table 2. Multivariate COX hazard analysis of GPA score categories applied to our patient cohort.

Category p Value HR Lower 95% Cl Upper 95% Cl

Age (<50 vs. 50–60 vs. >60) <0.001 2.89 2.51 3.32

KPS (80–100 vs. 60–70 vs. ≤50) <0.001 1.32 1.16 1.51

Number of BMs (1 vs. 2–3 vs. ≥4) 0.019 1.38 1.05 1.81

Extracranial BMs (no, yes) <0.001 2.03 1.62 2.55
First column represents the GPA score items, second column represents two-sided p-values, third column
represents hazard rations (HRs), and the last two columns states the 95% confidence intervals (CIs). KPS:
Karnofsky performance score, BM: brain metastasis. p < 0.05 was considered significant.

All patients were assigned to four GPA categories: 0–1, 1.5–2, 2.5–3, and 3.5–4. Kaplan–
Meier and log-rank tests showed a significant difference in survival among the four sub-
groups (Figure 1). The median OS for GPA 0–1 was 4 months (95% confidence interval (CI)
4–5); for GPA 1.5–2, it was 12 months (95% CI 9–13); for GPA 2.5–3, it was 21 months (95%
CI 16–29); and for GPA 3.5–4, it was 38 (95% CI 14–114) (Table 3).

Patients that underwent surgery were assigned to four classes: 0–1 (blue line), 1.5–2
(orange line), 2.5–3 (green line), and 3.5–4 (red line). The x-axis represents survival after
surgery in months, and the y-axis shows the percentage of surviving patients. Group
comparisons were conducted using the log-rank test (p < 0.001).

3.3. Rest Tumor Burden as an Independent Predictor for Survival

The RTB independently predicts the OS (hazard ratio (HR) 1.017983, 95% CI 1.0058–
1.0303, p = 0.0036). Maximally selected log-rank statistics showed a significant RTB cut-off of
1.78 cm3 (p = 0.0022) for all patients, regardless of the number of intracranial metastases [29].
This value was later rounded to 2 to achieve clarity for its use.

Patients with RTB > 2 cm3 had a median OS of 6 months (95% CI 4–8), and those with
RTB < 2 cm3 had 13 months (95% CI 11–14) (Figure 2). This cut-off was integrated as an
additional variable to modify the GPA score and assess its prognostic accuracy.
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The median survival for patients with a rest tumor volume >2 cm3 (orange line) was
6 months, and for patients with a rest tumor volume of <2 cm3 (blue line), it was 13 months
(p < 0.001).

3.4. Modified GPA Score

To develop a new GPA score, the residual tumor volume was integrated as a fifth
category. The age of patients was categorized into two groups: ≤70 years (0.5 points) and
≥70 years (0 points), as we previously reported that age is an independent prognostic factor
with a significant cut-off of 67 years [29]. A tumor rest volume ≥2 cm3 was given a score of
0, while <2 cm3 was assigned a score of 0.5. These values were further divided into four
subgroups. Each patient in each subgroup was assigned a score of 0–1, 1.5–2, 2.5–3, and
3.5–4; thus, the values remained comparable with those present in the original GPA. The
corresponding scores are listed in Table 4.

Table 4. Modified GPA Scores with integrated tumor rest volumes.

0 0.5 1

Age ≥70 <70 NA

KPS <70 70–80 90–100

ECM no NA yes

N of BM >3 2–3 1

Rest tumor volume ≥2 <2 NA
(KPS) Karnofsky performance scale, (ECM) extracranial manifestation, (BM) brain metastasis, (NA) not applicable.

The Kaplan–Meier and log-rank tests demonstrated significant differences in survival
among the four categories. The median survival for GPA 0–1 was 4 months; for GPA 1.5–2,
it was 7 months; for GPA 2.5–3, it was 18 months; and for GPA 3.5–4, it was 34 months
(Figure 3 and Table 5).
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Table 5. Overall survival of the four modified GPA classes shown in months.

Mean Estimate Median
Estimate

Median Lower
95% CI

Median Upper
95% CI

GPA 0–1 10.16 4 3 6

GPA 1.5–2 15.69 7 6 9

GPA 2.5–3 35.08 18 14 23

GPA 3.5–4 43.38 34 27 77

Patients that underwent surgery were assigned to four new classes: 0–1 (blue line),
1.5–2 (orange line), 2.5–3 (green line), and 3.5–4 (red line). The x-axis represents survival
after surgery in months, and the y-axis shows the percentage of surviving patients. Group
comparisons were conducted using a log-rank test (p < 0.01).

The GPA categories were assessed for early death (<3 months) and long-term sur-
vival (>12 months), following established methods [31,32]. To compare the classification
effectiveness of the standard and modified GPA scores, the accuracy, sensitivity, specificity,
F1-score, and ROC AUC (Table 6) were reported.

Table 6. Comparison of the classification performance for 3- and 12-month survival.

Short-Term Survival Long-Term Survival

Measures Standard GPA
Score

Modified GPA
Score

Standard GPA
Score

Modified GPA
Score

Accuracy 65.4% 63% 76.5% 78.4%

Sensitivity 43.2% 20.1% 8.2% 17.1%

Specificity 80.6% 93.0% 97.1% 97.0%

F1 score 0.254 0.117 0.031 0.064

AUC 0.62 0.6 0.53 0.57
Comparison of the two GPA scores for 3-month survival, showing both scores performing equally (McNemar
test, p = 0.31). The comparison of the classification of the 12-month and longer survival category showed similar
results. There was no statistically significant difference in performance (McNemar test, p = 0.18).

First, time-dependent specificities filtering patients with short life expectancies
(<3 months) were tested. Both scores had similar accuracies (65.4% versus 63.0%), with
the sensitivity of the standard score at 43.2% yielding better results. Notably, both scores
identified patients with a more favorable prognosis, with “volumetric GPA” showing a
distinctively higher specificity (93.0% versus 80.6%). This finding is supported by the F1
scores, the harmonic means of sensitivity, and recall (0.254 and 0.117 for the standard and
modified GPA scores, respectively). When the AUC were compared, both scores showed
almost identical results.

Thereafter, the measurements of long-term survival (>12 months) were compared. The
accuracies increased for both variants (76.5% versus 78.4%), with the modified GPA score
marginally outperforming the standard GPA. Comparing the AUC values, the modified
GPA also showed better results (0.57 versus 0.53).

There were no significant differences between the two GPA scores. The modified GPA
score showed a similar discrimination when compared to the standard GPA; however, it
was better at identifying long-term survivors.

4. Discussion

BM afflicts 10% of patients with cancer [1,33], with more than 50% presenting with
multiple intracranial lesions [34]. These metastases considerably contribute to mortality,
morbidity, and healthcare costs [35]. The estimated survival is typically <6 months, yet it
greatly varies in a heterogeneous population of these patients [36] and has significantly
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improved recently [37]. However, surgically treated patients demonstrate a better-than-
expected OS [38–40], highlighting the need for new prognostic tools.

Surgical resection is a well-established treatment modality for the management of
BM [41], and the presence of multiple intracranial lesions is not a contraindication for
surgical treatment. Several authors have demonstrated the beneficial role of surgery for
solitary and multiple lesions [3,22,42]. In addition to improved survival, neurological bene-
fits can also be achieved with surgical treatment [43]. According to the current guidelines,
unknown histology, a single lesion, and symptomatic BM are evaluated as indications for
surgical resection [2,30]. Despite the presence of a large cohort of patients who undergo
surgical treatment for BM, sufficient data on prognostic evaluation after therapy are lacking.
Several attempts have been made to evaluate the clinical outcomes and survival of patients
who undergo surgical treatment, with a focus on the extent of resection [44]. However,
estimating prognosis after surgery remains challenging.

The original well-established GPA score was developed for patients with their first
diagnosis of BM [11]. This score has been validated by multiple studies comparing
different disease pathologies without considering further surgical treatment and out-
comes [14,18,19,45]. Most studies have focused on stratifying patients based on specific
histology, lacking a standardized assessment of disease response to emergent surgical
treatment. The GPA and its original scoring items were selected for our analyses because it
is one of the most well-established and widely validated prognostic indices for BM.

Some studies have focused on the validation of the GPA in patients with single or
multiple metastases. Nieder et al. demonstrated the validity of the GPA in 64 patients
who underwent surgery followed by whole-brain radiotherapy [46]. Jakola et al. reported
similar results in a cohort of 141 patients [47]. Grossenbacher et al. confirmed the prognostic
value of the GPA with 285 patients who underwent surgical treatment for BM [48].

In this study, the prognostic value of the GPA was assessed in the largest cohort of
patients who underwent BMs. Based on multivariate Cox analysis, each single score item
of the GPA was associated with patient survival, with age and the presence of extracranial
lesions having the strongest predictive value. Categorization into four groups depicted a
strong contrast in survival, making it possible to assess prognosis after surgical treatment.
The current study confirmed the prognostic value of all the components of the original GPA
in individuals that underwent surgery.

The aim of this study was to validate the existing score and to develop a modified
GPA incorporating the residual tumor volume. The postoperative residual tumor volume
has a strong prognostic value for survival and clinical outcomes [28,29,48]. Maximum
cytoreduction suggests improved patient survival after surgery [28,29,49,50]. However,
notably, some authors did not find an association between the extent of resection and clinical
outcomes [42]. Our study group emphasizes that the extent of resection and residual tumor
volume should remain integral to prognostic assessment.

The results of the previously published postoperative rest volumes were used in this
study [29]. One group was defined as patients with a residual volume >2 cm3, and another
group as those with a residual volume <2 cm3. A significant difference in survival was
observed between the two groups; therefore, this division was used for GPA modification.
We added a new volumetric parameter to the original prognostic index as one of the
objective characteristics of surgical intervention and changed the age categorization to
maintain the score within the standard grouping.

Both scores successfully discriminated OS. Both the original and “volumetric GPA”
were associated with OS in our analysis, showing similar median survival values. However,
the data analysis from this study suggests that the modified GPA with integrated tumor
residual volume can better classify long-term survivors. As mentioned previously, a
trend towards improved survival was observed in heterogeneous groups of patients with
BM, with a mean OS > 10 months in those who received surgical treatment [51,52]. This
tendency warrants the development of new evaluation models that can predict prognosis
with improved accuracy. The latter emphasizes that maximal tumor resection, tumor
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volumetric analysis, and a postoperative MRI are essential for evaluating the prognosis of
patients with BM. The addition of RTB increased the discriminatory power of the score and
selected patients with particularly favorable prognoses.

Other modified GPA scores have been created since the introduction of the standard
GPA in 2008 [53], employing several factors specific to the histologic origin of the primary
disease, as well as other properties and predictors. These scales include the Diagnosis-
specific Graded Prognostic Assessment (DS-GPA), Extracranial Score (EC-S), Updated
Renal GPA, Updated Gastrointestinal GPA, Integrated Melanoma DS-GPA, Melanoma Mol-
GPA, Sarcoma GPA, Hepatocellular Carcinoma GPA (HCC-GPA), Colorectal Cancer GPA
(CRC-GPA), and Uterine Cancer GPA (Uterine GPA). The primary tumor origin was not
specified in the standard GPA and the EC-S, while all the others included disease-specific
predictors such as the time of primary diagnosis, BRAF gene status, Child–Pugh score,
tumor markers such as serum CEA, and neurologic symptoms. The DS-GPA was the more
comprehensive one in this cohort of scales, since it evaluated the specific histologic type
and included it in the score. In a systematic review performed by Marques-Ribeiro and
collaborators [53], they reported that GPA-derived diagnosis-specific scales were superior
to the original score. It appears that age and the KPS have frequently been accounted for in
previous scores, but the tumor rest volume [28,29,50] has not been considered previously,
much less as part of a comprehensive score. We strongly believe that an integrated approach
to all BM, regardless of the histologic type, should include surgical resection, whenever
it is possible. The latter should always aim for gross total resection, and the tumor rest
volume should be assessed along with the GPA in order to make better-informed decisions
in the management of patients with BM; hence the necessity to create a score that could be
utilized in clinical practice.

Despite the high heterogeneity, poor prognosis, and various therapeutic modalities of
BM, surgery is crucial in these patients. A better understanding of prognosis is vital for
personalized clinical management. In the largest reported series of patients treated for BM,
the understanding of prognosis improved, and a new prognostic factor was identified. The
set of selected values incorporated into the “volumetric GPA” index aids in assessing patient
prognosis post surgery. The updated version provides a more accurate survival estimation
score. These results could inform clinical decisions and standardize the evaluation of a
highly diverse group of patients receiving surgical treatment.

The current study had limitations. First, it was a retrospective, single-center design,
leading to potential bias due to the loss of follow-up, incomplete medical records, and
selection bias. Second, heterogeneity in tumor histology, anatomical localization, and
treatment modalities could further complicate data interpretation. Lastly, our study focused
exclusively on surgically treated patients with BM, which may have led to a bias towards
fitter individuals.

5. Conclusions

Emerging evidence indicates that surgical resection plays a primary role in patients
with BM. A good prognostic tool is essential in clinical practice and decision making. GPA
has become one of the most widely used prognostic scores. However, it does not focus
on the subgroup of operated patients. In the current study, the prognostic value of the
original GPA has been confirmed in numerous patients who have undergone surgery. The
tumor rest volume has been shown to have prognostic significance for overall survival.
Nevertheless, it is not incorporated into the currently used prognostic assessments. The
“Volumetric GPA” facilitates the prognosis of individuals after neurosurgical treatment,
integrating the tumor rest volume and allowing for a reliable assessment of the prognosis,
and could be used for further evaluation after performing surgical treatment. It is essential
in perioperative assessment to evaluate the possibility of achieving maximal resection to
harness long-term benefits; thus, this score is useful for identifying the patients with the
best prognosis, confirming the importance of maximal tumor resection and postoperative
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volumetric analysis in patients with BM. In summary, the modified index integrates four
simple parameters and provides a direction for clinical management.

Author Contributions: Conceptualization, A.K.A. and M.G.; methodology, M.G.; software, M.G. and
L.D.; validation, M.G.M.-S., G.A. and P.P.; formal analysis, M.G.; investigation, M.G., L.D., M.G.M.-S.,
G.A., L.B. and P.P.; resources, A.K.A.; data curation, A.K.A., B.W., J.G. and B.M.; writing—original
draft preparation, M.G.; writing—review and editing, M.G., M.G.M.-S. and A.K.A.; visualization,
M.G.; supervision, A.K.A., B.M. and J.G.; project administration, A.K.A. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study and its data collection were approved by the
ethics committee of the Technical University of Munich (No. 5626:12) and adhered to the ethical
standards outlined in the Declaration of Helsinki. The requirement for written informed consent was
waived after assessment by the ethics committee.

Informed Consent Statement: The requirement for written informed consent was waived after
assessment by the ethics committee.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nayak, L.; Lee, E.Q.; Wen, P.Y. Epidemiology of Brain Metastases. Curr. Oncol. Rep. 2012, 14, 48–54. [CrossRef] [PubMed]
2. Le Rhun, E.; Guckenberger, M.; Smits, M.; Dummer, R.; Bachelot, T.; Sahm, F.; Galldiks, N.; de Azambuja, E.; Berghoff, A.S.;

Metellus, P.; et al. EANO–ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up of patients with brain
metastasis from solid tumours. Ann. Oncol. 2021, 32, 1332–1347. [CrossRef] [PubMed]

3. Patchell, R.A.; Tibbs, P.A.; Walsh, J.W.; Dempsey, M.D.; Maruyama, Y.; Kryscio, R.J.; Markesbery, W.R.; Macdonald, J.S.; Young, Y.
A Randomized Trial of Surgery in the Treatment of Single Metastases to the Brain. N. Engl. J. Med. 1990, 322, 494–500. [CrossRef]
[PubMed]

4. Kocher, M.; Soffietti, R.; Abacioglu, U.; Villà, S.; Fauchon, F.; Baumert, B.G.; Fariselli, L.; Tzuk-Shina, T.; Kortman, R.D.; Carrie, C.;
et al. Adjuvant Whole-Brain Radiotherapy Versus Observation After Radiosurgery or Surgical Resection of One to Three Cerebral
Metastases: Results of the EORTC 22952-26001 Study. J. Clin. Oncol. 2011, 29, 134–141. [CrossRef]

5. Fabi, A.; Felici, A.; Metro, G.; Mirri, A.; Bria, E.; Telera, S.; Moscetti, L.; Rusillo, M.; Lanzetta, G.; Mansueto, G.; et al. Brain
metastases from solid tumors: Disease outcome according to type of treatment and therapeutic resources of the treating center. J.
Exp. Clin. Cancer Res. 2011, 30, 10. [CrossRef]

6. Singh, K.; Saxena, S.; Khosla, A.A.; McDermott, M.W.; Kotecha, R.R.; Ahluwalia, M.S. Update on the Management of Brain
Metastasis. Neurotherapeutics 2022, 19, 1772–1781. [CrossRef]

7. Weltman, E.; Salvajoli, J.V.; Brandt, R.A.; de Morais Hanriot, R.; Prisco, F.E.; Cruz, J.C.; de Oliveira Borges, S.R.; Wajsbrot, D.B.
Radiosurgery for brain metastases: A score index for predicting prognosis. Int. J. Radiat. Oncol. Biol. Phys. 2000, 46, 1155–1161.
[CrossRef]

8. Yamamoto, M.; Serizawa, T.; Shuto, T.; Akabane, A.; Higuchi, Y.; Kawagishi, J.; Yamanaka, K.; Sato, Y.; Jokura, H.; Yomo, S.; et al.
Stereotactic radiosurgery for patients with multiple brain metastases (JLGK0901): A multi-institutional prospective observational
study. Lancet Oncol. 2014, 15, 387–395. [CrossRef]

9. Lorenzoni, J.; Devriendt, D.; Massager, N.; David, P.; Ruíz, S.; Vanderlinden, B.; Van Houtte, P.; Brotchi, J.; Levivier, M.
Radiosurgery for treatment of brain metastases: Estimation of patient eligibility using three stratification systems. Int. J. Radiat.
Oncol. Biol. Phys. 2004, 60, 218–224. [CrossRef]

10. Gaspar, L.; Scott, C.; Rotman, M.; Asbell, S.; Phillips, T.; McKenna, W.G.; Byhardt, R. Recursive partitioning analysis (RPA) of
prognostic factors in three radiation therapy oncology group (RTOG) brain metastases trials. Int. J. Radiat. Oncol. Biol. Phys. 1997,
37, 745–751. [CrossRef]

11. Sperduto, P.W.; Berkey, B.; Gaspar, L.E.; Mehta, M.; Curran, W. A New Prognostic Index and Comparison to Three Other Indices
for Patients With Brain Metastases: An Analysis of 1960 Patients in the RTOG Database. Int. J. Radiat. Oncol. Biol. Phys. 2008, 70,
510–514. [CrossRef] [PubMed]

12. Hirshman, B.R.; Wilson, B.; Ali, M.A.; Proudfoot, J.A.; Koiso, T.; Nagano, O.; Carter, B.S.; Serizawa, T.; Yamamoto, M.; Chen,
C.C. Superior Prognostic Value of Cumulative Intracranial Tumor Volume Relative to Largest Intracranial Tumor Volume for
Stereotactic Radiosurgery-Treated Brain Metastasis Patients. Neurosurgery 2018, 82, 473–480. [CrossRef] [PubMed]

https://doi.org/10.1007/s11912-011-0203-y
https://www.ncbi.nlm.nih.gov/pubmed/22012633
https://doi.org/10.1016/j.annonc.2021.07.016
https://www.ncbi.nlm.nih.gov/pubmed/34364998
https://doi.org/10.1056/NEJM199002223220802
https://www.ncbi.nlm.nih.gov/pubmed/2405271
https://doi.org/10.1200/JCO.2010.30.1655
https://doi.org/10.1186/1756-9966-30-10
https://doi.org/10.1007/s13311-022-01312-w
https://doi.org/10.1016/S0360-3016(99)00549-0
https://doi.org/10.1016/S1470-2045(14)70061-0
https://doi.org/10.1016/j.ijrobp.2004.02.017
https://doi.org/10.1016/S0360-3016(96)00619-0
https://doi.org/10.1016/j.ijrobp.2007.06.074
https://www.ncbi.nlm.nih.gov/pubmed/17931798
https://doi.org/10.1093/neuros/nyx225
https://www.ncbi.nlm.nih.gov/pubmed/28658940


Cancers 2024, 16, 291 12 of 13

13. Ali, M.A.; Hirshman, B.R.; Wilson, B.; Schupper, A.J.; Joshi, R.; Proudfoot, J.A.; Goetsch, S.J.; Alksne, J.F.; Ott, K.; Aiyama, H.;
et al. Improving the Prognostic Value of Disease-Specific Graded Prognostic Assessment Model for Renal Cell Carcinoma by
Incorporation of Cumulative Intracranial Tumor Volume. World Neurosurg. 2017, 108, 151–156. [CrossRef] [PubMed]

14. Sperduto, P.W.; Yang, T.J.; Beal, K.; Pan, H.; Brown, P.D.; Bangdiwala, A.; Shanley, R.; Yeh, N.; Gaspar, L.E.; Braunstein, S.; et al.
Estimating Survival in Patients With Lung Cancer and Brain Metastases. JAMA Oncol. 2017, 3, 827. [CrossRef] [PubMed]

15. Bian, S.X.; Routman, D.; Liu, J.; Yang, D.; Groshen, S.; Zada, G.; Trakul, N.; Wong, M.K.; Cheng, Y.; Chang, E.L. Prognostic factors
for melanoma brain metastases treated with stereotactic radiosurgery. J. Neurosurg. 2016, 125, 31–39. [CrossRef] [PubMed]

16. Sperduto, P.W.; Mesko, S.; Li, J.; Cagney, D.; Aizer, A.; Lin, N.U.; Nesbit, E.; Kruser, T.J.; Chan, J.; Braunstein, S.; et al. Beyond
an Updated Graded Prognostic Assessment (Breast GPA): A Prognostic Index and Trends in Treatment and Survival in Breast
Cancer Brain Metastases From 1985 to Today. Int. J. Radiat. Oncol. Biol. Phys. 2020, 107, 334–343. [CrossRef]

17. Patrikidou, A.; Chaigneau, L.; Isambert, N.; Kitikidou, K.; Shanley, R.; Ray-Coquard, I.; Valentin, T.; Malivoir, B.; Laigre, M.; Bay,
J.O.; et al. Development of a disease-specific graded prognostic assessment index for the management of sarcoma patients with
brain metastases (Sarcoma-GPA). BMC Cancer 2020, 20, 117. [CrossRef]

18. Sperduto, P.W.; Kased, N.; Roberge, D.; Xu, Z.; Shanley, R.; Luo, X.; Sneed, P.K.; Chao, S.R.; Weil, R.J.; Suh, J.; et al. Summary
Report on the Graded Prognostic Assessment: An Accurate and Facile Diagnosis-Specific Tool to Estimate Survival for Patients
With Brain Metastases. J. Clin. Oncol. 2012, 30, 419–425. [CrossRef]

19. Sperduto, P.W.; Kased, N.; Roberge, D.; Xu, Z.; Shanley, R.; Luo, X.; Sneed, P.K.; Chao, S.T.; Weil, R.J.; Suh, J.; et al. Effect of tumor
subtype on survival and the graded prognostic assessment for patients with breast cancer and brain metastases. Int. J. Radiat.
Oncol. Biol. Phys. 2012, 82, 2111–2117. [CrossRef]

20. Berghoff, A.S.; Spanberger, T.; Ilhan-Mutlu, A.; Magerle, M.; Hutterrer, M.; Woehrer, A.; Hackl, M.; Widhalm, G.; Dieckmann, K.;
Marosi, C.; et al. Preoperative diffusion-weighted imaging of single brain metastases correlates with patient survival times. PLoS
ONE 2013, 8, e55464. [CrossRef]

21. Bertolini, F.; Spallanzani, A.; Fontana, A.; Depenni, R.; Luppi, G. Brain metastases: An overview. CNS Oncol. 2015, 4, 37–46.
[CrossRef] [PubMed]

22. Vecht, C.J.; Haaxma-Reiche, H.; Noordijk, E.M.; Padberg, G.W.; Voorlomen, J.H.; Hoekstra, F.H.; Tans, J.T.; Lambooji, N.; Metsaars,
J.A.; Wattendorff, A.R.; et al. Treatment of single brain metastasis: Radiotherapy alone or combined with neurosurgery. Ann.
Neurol. 1993, 33, 583–590. [CrossRef] [PubMed]

23. Kayama, T.; Sato, S.; Sakurada, K.; Mizusawa, J.; Nishikawa, R.; Narita, Y.; Sumi, M.; Miyakita, Y.; Kumabe, T.; Sonoda, Y.; et al.
Effects of Surgery With Salvage Stereotactic Radiosurgery Versus Surgery With Whole-Brain Radiation Therapy in Patients With
One to Four Brain Metastases (JCOG0504): A Phase III, Noninferiority, Randomized Controlled Trial. J. Clin. Oncol. 2018, 36,
3282–3289. [CrossRef] [PubMed]

24. Mahajan, U.V.; Desai, A.; Shost, M.D.; Cai, Y.; Anthony, A.; Labak, C.M.; Herring, E.Z.; Wijesekera, O.; Mukherjee, D.; Sloan,
A.W.; et al. Stereotactic radiosurgery and resection for treatment of multiple brain metastases: A systematic review and analysis.
Neurosurg. Focus. 2022, 53, E9. [CrossRef] [PubMed]

25. Tomita, Y.; Kurozumi, K.; Fujii, K.; Shimazu, Y.; Date, I. Neurosurgery for brain metastasis from breast cancer. Transl. Cancer Res.
2020, 9, 5063–5076. [CrossRef] [PubMed]

26. Routman, D.M.; Bian, S.X.; Diao, K.; Liu, J.L.; Yu, C.; Ye, J.; Zada, G.; Chang, E.L. The growing importance of lesion volume as a
prognostic factor in patients with multiple brain metastases treated with stereotactic radiosurgery. Cancer Med. 2018, 7, 757–764.
[CrossRef] [PubMed]

27. Proescholdt, M.; Jünger, S.; Schödel, P.; Schebesch, K.M.; Doenitz, C.; Pukrop, T.; Höhne, J.; Schmidt, N.O.; Kocher, M.; Schulz;
et al. Brain Metastases in Elderly Patients—The Role of Surgery in the Context of Systemic Treatment. Brain Sci. 2021, 11, 123.
[CrossRef]

28. Baumgart, L.; Aftahy, A.K.; Anetsberger, A.; Thunstedt, D.; Wiestler, B.; Bernhardt, D.; Combs, S.E.; Meyer, B.; Meyer, H.S.;
Gempt, J. Brain metastases in the elderly—Impact of residual tumor volume on overall survival. Front. Oncol. 2023, 13, 1149628.
[CrossRef]

29. Aftahy, A.K.; Barz, M.; Lange, N.; Baumgart, L.; Thunstedt, C.; Eller, M.A.; Wiestler, B.; Bernhardt, D.; Combs, S.E.; Jost, P.J.; et al.
The Impact of Postoperative Tumor Burden on Patients With Brain Metastases. Front. Oncol. 2022, 12, 869764. [CrossRef]

30. Tendulkar, R.D.; Liu, S.W.; Barnett, G.H.; Vogelbaum, M.A.; Toms, S.A.; Jin, T.; Suh, J.H. RPA classification has prognostic
significance for surgically resected single brain metastasis. Int. J. Radiat. Oncol. Biol. Phys. 2006, 66, 810–817. [CrossRef]

31. Stankiewicz, M.; Tomasik, B.; Blamek, S. A new prognostic score for predicting survival in patients treated with robotic stereotactic
radiotherapy for brain metastases. Sci. Rep. 2021, 11, 20347. [CrossRef] [PubMed]

32. Riecke, K.; Müller, V.; Weide, R.; Schmidt, M.; Park-Simon, T.W.; Möbus, V.; Mundheke, C.; Polasik, A.; Lübbe, K.; Hesse, T.; et al.
Predicting Prognosis of Breast Cancer Patients with Brain Metastases in the BMBC Registry—Comparison of Three Different GPA
Prognostic Scores. Cancers 2021, 13, 844. [CrossRef] [PubMed]

33. Eichler, A.F.; Chung, E.; Kodack, D.P.; Loeffler, J.S.; Fukumura, D.; Jain, R.J. The biology of brain metastases—Translation to new
therapies. Nat. Rev. Clin. Oncol. 2011, 8, 344–356. [CrossRef] [PubMed]

34. Gavrilovic, I.T.; Posner, J.B. Brain metastases: Epidemiology and pathophysiology. J. Neurooncol. 2005, 75, 5–14. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.wneu.2017.07.109
https://www.ncbi.nlm.nih.gov/pubmed/28754641
https://doi.org/10.1001/jamaoncol.2016.3834
https://www.ncbi.nlm.nih.gov/pubmed/27892978
https://doi.org/10.3171/2016.8.GKS161359
https://www.ncbi.nlm.nih.gov/pubmed/27903181
https://doi.org/10.1016/j.ijrobp.2020.01.051
https://doi.org/10.1186/s12885-020-6548-6
https://doi.org/10.1200/JCO.2011.38.0527
https://doi.org/10.1016/j.ijrobp.2011.02.027
https://doi.org/10.1371/journal.pone.0055464
https://doi.org/10.2217/cns.14.51
https://www.ncbi.nlm.nih.gov/pubmed/25586424
https://doi.org/10.1002/ana.410330605
https://www.ncbi.nlm.nih.gov/pubmed/8498838
https://doi.org/10.1200/JCO.2018.78.6186
https://www.ncbi.nlm.nih.gov/pubmed/29924704
https://doi.org/10.3171/2022.8.FOCUS22369
https://www.ncbi.nlm.nih.gov/pubmed/36321293
https://doi.org/10.21037/tcr.2020.03.68
https://www.ncbi.nlm.nih.gov/pubmed/35117872
https://doi.org/10.1002/cam4.1352
https://www.ncbi.nlm.nih.gov/pubmed/29441722
https://doi.org/10.3390/brainsci11010123
https://doi.org/10.3389/fonc.2023.1149628
https://doi.org/10.3389/fonc.2022.869764
https://doi.org/10.1016/j.ijrobp.2006.06.003
https://doi.org/10.1038/s41598-021-98847-3
https://www.ncbi.nlm.nih.gov/pubmed/34645854
https://doi.org/10.3390/cancers13040844
https://www.ncbi.nlm.nih.gov/pubmed/33671376
https://doi.org/10.1038/nrclinonc.2011.58
https://www.ncbi.nlm.nih.gov/pubmed/21487419
https://doi.org/10.1007/s11060-004-8093-6
https://www.ncbi.nlm.nih.gov/pubmed/16215811


Cancers 2024, 16, 291 13 of 13

35. Guérin, A.; Sasane, M.; Dea, K.; Culver, K.; Nitulescu, R.; Wu, E.Q.; Macalalad, A.R. The economic burden of brain metastasis
among lung cancer patients in the United States. J. Med. Econ. 2016, 19, 526–536. [CrossRef] [PubMed]

36. Cagney, D.N.; Martin, A.M.; Catalano, P.J.; Redig, A.J.; Lin, N.U.; Lee, E.Q.; Wen, P.Y.; Dunn, I.F.; Bi, W.L.; Weiss, S.E.; et al.
Incidence and prognosis of patients with brain metastases at diagnosis of systemic malignancy: A population-based study. Neuro
Oncol. 2017, 19, 1511–1521. [CrossRef] [PubMed]

37. Sperduto, P.W.; Mesko, S.; Li, J.; Cagnery, D.; Aizer, A.; Lin, N.U.; Nesbit, E.; Kruser, T.J.; Chan, J.; Braunstein, S.; et al. Survival
in Patients With Brain Metastases: Summary Report on the Updated Diagnosis-Specific Graded Prognostic Assessment and
Definition of the Eligibility Quotient. J. Clin. Oncol. 2020, 38, 3773–3784. [CrossRef] [PubMed]

38. D’Andrea, G.; Palombi, L.; Minniti, G.; Pesce, A.; Marchetti, P. Brain Metastases: Surgical Treatment and Overall Survival. World
Neurosurg. 2017, 97, 169–177. [CrossRef]

39. Liu, Z.; Lei, B.; Zheng, M.; Li, Z.; Huang, S.; Deng, Y. Prognostic factors in patients treated with surgery for brain metastases: A
single-center retrospective analysis of 125 patients. Int. J. Surg. 2017, 44, 204–209. [CrossRef]

40. Wronski, M.; Arbit, E.; Burt, M.; Galicich, J.H. Survival after surgical treatment of brain metastases from lung cancer: A follow-up
study of 231 patients treated between 1976 and 1991. J. Neurosurg. 1995, 83, 605–616. [CrossRef]

41. Ene, C.I.; Ferguson, S.D. Surgical Management of Brain Metastasis: Challenges and Nuances. Front. Oncol. 2022, 12, 847110.
[CrossRef]

42. Jünger, S.T.; Pennig, L.; Schödel, P.; Goldbrunner, R.; Friker, L.; Krocher, M.; Proescholdt, M.; Grau, S. The Debatable Benefit of
Gross-Total Resection of Brain Metastases in a Comprehensive Treatment Setting. Cancers 2021, 13, 1435. [CrossRef]

43. Mut, M. Surgical treatment of brain metastasis: A review. Clin. Neurol. Neurosurg. 2012, 114, 1–8. [CrossRef]
44. Sivasanker, M.; Madhugiri, V.S.; Moiyadi, A.V.; Shetty, P.; Subi, R.S. Surgery for brain metastases: An analysis of outcomes and

factors affecting survival. Clin. Neurol. Neurosurg. 2018, 168, 153–162. [CrossRef]
45. Sperduto, P.W.; Kased, N.; Roberge, D.; Chao, S.T.; Shanley, R.; Luo, X.; Sneed, P.K.; Suh, J.; Weil, R.J.; Jensen, A.W.; et al. The

effect of tumor subtype on the time from primary diagnosis to development of brain metastases and survival in patients with
breast cancer. J. Neurooncol. 2013, 112, 467–472. [CrossRef]

46. Nieder, C.; Geinitz, H.; Molls, M. Validation of the graded prognostic assessment index for surgically treated patients with brain
metastases. Anticancer. Res. 2008, 28, 3015–3017.

47. Jakola, A.S.; Gulati, S.; Nerland, U.S.; Solheim, O. Surgical resection of brain metastases: The prognostic value of the graded
prognostic assessment score. J. Neurooncol. 2011, 105, 573–581. [CrossRef]

48. Grossenbacher, B.; Lareida, A.; Moors, S.; Roth, P.; Kulcsar, Z.; Regli, L.; Le Rhun, E.; Weller, M.; Wolpert, F. Prognostic assessment
in patients operated for brain metastasis from systemic tumors. Cancer Med. 2023, 12, 12316–12324. [CrossRef]

49. Winther, R.R.; Hjermstad, M.J.; Skovlund, E.; Aass, N.; Helseth, E.; Kaasa, S.; Yri, E.; Vik-Mo, E.O. Surgery for brain metastases—
Impact of the extent of resection. Acta Neurochir. 2022, 164, 2773–2780. [CrossRef]

50. Lin, J.; Kaiser, Y.; Wiestler, B.; Bernhardt, D.; Combs, S.E.; Delbridge, C.; Meyer, M.; Gempt, J.; Aftahy, A.K. Cytoreduction of
Residual Tumor Burden Is Decisive for Prolonged Survival in Patients with Recurrent Brain Metastases—Retrospective Analysis
of 219 Patients. Cancers 2023, 15, 5067. [CrossRef]

51. Winther, R.R.; Vik-Mo, E.O.; Yri, O.E.; Aass, N.; Kaasa, S.; Skovlund, E.; Helseth, E.; Hjermstad, M.J. Surgery for brain metastases—
Real-world prognostic factors’ association with survival. Acta Oncol. 2021, 60, 1161–1168. [CrossRef] [PubMed]

52. Kavouridis, V.K.; Harary, M.; Hulsbergen, A.F.C.; Lo, Y.T.; Reardon, D.A.; Aizer, A.A.; Bryan Iorgulescu, J.; Smith, T.R. Survival
and prognostic factors in surgically treated brain metastases. J. Neurooncol. 2019, 143, 359–367. [CrossRef] [PubMed]

53. Ribeiro, L.M.; Bomtempo, F.F.; Rocha, R.B.; Telles, J.P.M.; Neto, E.B.; Figeiredo, E.G. Development and adaptations of the Graded
Prognostic Assessment (GPA) scale: A systematic review. Clin. Exp. Metastasis 2023, 40, 445–463. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3111/13696998.2016.1138962
https://www.ncbi.nlm.nih.gov/pubmed/26735844
https://doi.org/10.1093/neuonc/nox077
https://www.ncbi.nlm.nih.gov/pubmed/28444227
https://doi.org/10.1200/JCO.20.01255
https://www.ncbi.nlm.nih.gov/pubmed/32931399
https://doi.org/10.1016/j.wneu.2016.09.054
https://doi.org/10.1016/j.ijsu.2017.05.033
https://doi.org/10.3171/jns.1995.83.4.0605
https://doi.org/10.3389/fonc.2022.847110
https://doi.org/10.3390/cancers13061435
https://doi.org/10.1016/j.clineuro.2011.10.013
https://doi.org/10.1016/j.clineuro.2018.03.011
https://doi.org/10.1007/s11060-013-1083-9
https://doi.org/10.1007/s11060-011-0623-4
https://doi.org/10.1002/cam4.5928
https://doi.org/10.1007/s00701-021-05104-7
https://doi.org/10.3390/cancers15205067
https://doi.org/10.1080/0284186X.2021.1930150
https://www.ncbi.nlm.nih.gov/pubmed/34032547
https://doi.org/10.1007/s11060-019-03171-6
https://www.ncbi.nlm.nih.gov/pubmed/30989623
https://doi.org/10.1007/s10585-023-10237-3

	Introduction 
	Materials and Methods 
	Study Population 
	Surgical Procedure and Imaging Analysis 
	Statistics 

	Results 
	Patient Characteristics 
	GPA Score Validation 
	Rest Tumor Burden as an Independent Predictor for Survival 
	Modified GPA Score 

	Discussion 
	Conclusions 
	References

