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ABSTRACT

Background: Several risk stratification scores have been suggested to aid prognostication and guide treatment
strategies for brain metastases (BMs). However, the current scores do not focus on the specific neurosurgical
population, therefore not predicting short-term mortality and postoperative performance status.

Methods: This retrospective observational study of 362 consecutive patients treated with surgery for BMs aims to
identify the factors associated with post-surgical outcomes and propose a surgery-specific prognostic score for
patients with BMs candidate for open surgery.

Results: Factors significantly associated with OS and performance status in multivariate analysis were age, KPS,
surgical site, synchronous debut of BM, number, tumor volume, seizure, extra-cranial metastases, and deep-
seated location. The variables were incorporated into the Anamnestic Radiological Metastases Outcome Surgi-
cal score (ARMO-S). The values range between 0 and 10. Patients were divided into two groups (low-risk and
high-risk) based on each significant subgroup’s median survival and performance status with an optimal cutoff
value determined as 4. The two groups have significant differences in OS (9.6 versus 14 months, p = 0.0048)
postoperative KPS (90 versus 70, p = 0.012) and KPS at last follow-up evaluation (75 versus 30, p < 0.001)
Conclusion: ARMO-S is a simple and comprehensive score for BM patients selected for neurosurgery, as it in-
corporates the main factors of the most important prognostic scores, implementing them with more surgery-
specific predictive elements such as tumor location and volume, presence of seizures at onset, and involve-
ment of eloquent brain areas.

1. Introduction

maintain intracranial tumor control throughout the cancer disease [6].
Selecting the optimal treatment for individual patients poses a

Brain metastases (BMs) represent the most prevalent malignant tu-
mors within the central nervous system (CNS), exhibiting an incidence
of 3-10 times greater than that of primitive brain tumors [1-3].

Overall survival (OS) varies widely and depends on the primary
diagnosis, extracranial disease, tumor-specific biological factors, and the
patient’s age [4,5]. The treatment aims to relieve symptoms and

considerable challenge, given the diverse nature of diseases and the
requirement for randomized controlled trials (RCT) to comprehensively
compare various management options [7,8]. The diversity observed
within this patient cohort highlights the complex characteristics of BMs
[9], underscoring the importance of a nuanced assessment of prognosis
and treatment planning.

Abbreviations: BMs, Brain metastases; OS, Overall survival; HRQoL, health-related quality of life; ROI, region of interest; KPS, karnofsky performance status;
NSCLC, non-small cell lung cancer; MRI, magnetic resonance imaging; ECMs, extracranial metastases; SRS, stereotactic radiosurgery; WBRT, whole brain radio-

therapy; RCT, randomized controlled trials.
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Surgery becomes necessary if there is histopathologic or molecular
uncertainty about the brain tumor [10]. Moreover, radical resection of
the tumor mass can provide rapid symptomatic relief and is usually
preferred in BMs too large to undergo radiosurgery. [11]. Despite ad-
vancements in surgical techniques, the decision to pursue surgery is
highly individualized, considering factors like the patient’s overall
health, the location and size of the metastases, and the presence of
concurrent systemic disease.

The graded prognostic assessment (GPA) [6] and Recursive parti-
tioning analysis (RPA)[12] have been developed to predict survival in
cancer patients with BMs [13]. Their use has been supported and vali-
dated outside RCTs [13-17]. However, some useful evidence is known to
select patients who are more likely to achieve a survival benefit from BM
surgery. Some clinical, radiologic, and surgical features, which are
currently not considered in most predictive scores, may make the
outcome of surgery suboptimal for survival, performance status, and
health-related quality of life (HRQoL) of the patient with BM. A specific
surgical grading system could facilitate clinician decision-making by
allowing them to make decisions based on evidence-based medicine
rather than merely on their personal experiences [17]. This investiga-
tion aims to identify the factors associated with post-surgical outcomes,
computing a simple surgery-specific prognostic score for patients with
BMs irrespective of primary tumor location and candidate for open
surgery.

2. Material and methods

2.1. Study population

Data from adult patients who underwent surgery for BMs in three
different institutions between 2016 and 2021 were retrospectively
analyzed. Consensus about diagnosis, treatment, and related informa-
tion was obtained under written informed consent approved by our In-
stitution’s Principal Institutional Review Board. This study adheres to
PROBE 2023 guidelines for reporting observational studies. All methods
were performed following relevant guidelines and regulations. Patients

Table 1
Population study with anamnestic and clinical data.
Total patients: 362 %
Age Mean 60.6
Gender Male 171 47.2
Female 191 52.8
Follow-up Mean 38
Min-Max 17-86
Female 191
Primitive cancer Lung 180 Stomach 2
Breast 80 Thyroid 6
Colon 31 Melanoma 14
Kidney 7 Prostate 3
Uterus 1 Unspecific 36 -
Ovarian 2
KPS at diagnosis Mean 85
90-100 154 42.5
70-89 137 37.8
50-69 58 16
30-49 11 3
<302 0.05
>70 212 58.6
<70 150 41.4
Days hospitalized Mean 12
Min-Max 7-69
Clinical debut Focal deficit 105 29
Seizure 55 15.02
Follow-up 192 35.6
Incidental 10 2.08
Debut Synchronous 129 35.6
Metachronous 233 64.3
Extracranial metastases 112 30.9
Bone involvement 25 6.09
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were enrolled according to the following criteria:

- Adult patients (>18 years) who are candidates for intracranial sur-
gery with the aim of complete removal of the tumor and/or need for
histologic diagnosis.

- Preoperative magnetic resonance imaging (MRI) suggestive for BMs
without leptomenigeal involvement;

- No previous surgery;

- No previous radiotherapy;

The observational period of the cohort was planned at 18 months.
2.2. Clinical data

Clinical information was retrieved from medical records. We
collected gender, age, symptoms, tumor lobe site, and side. Regarding
onset symptoms, we considered seizures, focal sensory-motor neuro-
logical disorders, dizziness, altered mental status, memory loss, head-
ache, and incidental or follow-up findings.

The surgical extent of resection (EOR) was considered gross total
(GTR) when white matter appeared free of disease in any aspect of the
surgical cavity. The surgical operator would interrupt the total excision
when, despite a residual, intraoperative neuromonitoring or neuropsy-
chological testing showed a risk of postoperative functional morbidity.

2.3. Images analysis

All enrolled patients underwent a pre-operative brain MRI scan
(Achieva 3 Tesla). Pre- and postoperative T1-weighted MRI images with
gadolinium contrast were used to determine the anatomical site and
number of the BM and were confirmed by neuroradiological reports and
an experienced consultant neurosurgeon. Tumor location was divided
into infra- and supratentorial and further stratified into superficial and
deep-seated. Deep-seated lesions were defined as tumor location in
proximity with the cuneus, precuneus, corona radiata, basal ganglia,
thalamus, cingulate gyrus, ventricles, operculum, medial and lateral
occipitotemporal gyrus, orbital gyrus, insula, clivus, parahippocampal
gyrus, corpus callosum, pineal region and gyrus rectus as reported in a
specific previous work [2]. We further reported the presence of tumor
located in a brain noted eloquent area. Eloquent areas were defined as
areas of the brain with readily identifiable neurological function, in
which injury results in a direct disability [16-19].

The tumor volumes were calculated by drawing a region of interest
(ROI) in a volumetric enhancing post-contrast study weighted in T1 (a
multi-voxel study), conforming to the margins of the contrast-enhancing
lesion. The edema volume was measured by drawing an ROI in FLAIR-
weighted research, from which the previously calculated lesion was
subtracted. The study used the Horos Dicom Viewer (v 3.3.6, open-
source software, Pixmeo SARL, Bernex, Switzerland; https://horospro
ject.org/) reported in a previous study [16].

2.4. Values and statistical analysis

The sample was analyzed with SPSS v21 (SPSS Inc., Released 2009,
PASW Statistics for Windows, Version 21.0, Chicago, Illinois, USA).
Comparisons between nominal variables was carried out using the Chi?
test. Continuous variables correlations have been investigated with
Pearson’s Bivariate correlation. The OS was defined as the time between
the radiological diagnosis and the last visit in our institutes or the pa-
tient’s death. Survival times were analyzed depending on parameters
with known or potential prognostic and predictive value

age, number and volume of BMs, control of primary disease, extra-
cranial metastases (ECMs), location and pathology of the primary tumor,
status of the systemic disease, time intervals between primary diagnosis
and BMs diagnosis. A particular focus was centered on the performance
status expressed as Karnofsky Performance scale (KPS) results. This
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Table 2
Population study with radiological and surgical data.

No. 362 %

Location Superficial/convexity 320 88.4
Deep/periventricular 42 11.6
Subtentorial 107 29.5

Eloquent area involvement 105 29

Multiple lesion 100 27.6

Major lobe involvement Frontal 96 26.5
Temporal 73 20.2
Parietal 60 16.6
Occipital 26 7.2
Cerebellum 107 29.6

Side Left 214 59.1
Right 143 39.5
Bilateral 5 1.4

Tumor volume Mean 141
Min-Max 0.4-80
<10 cm3 229 63.3
>10 cm3 133 36.7

score was chosen since it is critical for a patient’s survival when BM is
present [18]. KPS was recorded before surgery at the time of diagnosis
and was repeated 30 days after surgery (early post-operative evaluation
and further recorded at the end of the adjuvant treatment, the last
outpatient evaluation).

Kaplan-Meier estimator and log-rank test were used to analyze sur-
vival. Variables significantly associated with OS in univariate analysis
were included in Cox multivariate analysis. The validity of the model
was tested with the bootstrap method. Variables from the final model
were used to construct a new prognostic index by assigning points ac-
cording to the impact of a specific variable on OS. Characteristics that
showed a significant association with survival, KPS (p < 0.05), or a trend
(p < 0.08) were used to create the score. The threshold of statistical
significance was considered p < 0.05. ROC curves were compared using
DeLong’s test.

3. Results
3.1. Study population and clinical data

The final cohort comprised 362 patients with a median follow-up of
38 months (range 17-86 months). The cohort comprised 171 (47.2 %)

men and 191 (52.8 %) women. Mean age was 60.6 years (range 17-81
years). Data regarding histopathological diagnosis, clinical onset, and

Table 3
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presence of seizures are summarized in Table 1. In 129 (35.6 %) of pa-
tients, cerebral dissemination was diagnosed before or together the
primary tumor (synchronous debut), and the time from primary diag-
nosis to the first surgical treatment of BMs ranged from 0 to 4 months. In
60.4 % of patients, systemic therapy (chemo-, hormone- or immuno-
therapy) was additionally used.

Radiological features of BMs, including size, location, tumor vol-
umes, major lobe involvement, the identification of multiple BMs, and
the involvement of eloquent areas were detected and reported in
Table 2.

3.2. Survival analysis and score

Median OS was 17 months (range 1-72 months). The 6-, 12- and 24-
month OS rates were 64 %, 51.3 %, and 17.9 %, respectively.

Factors significantly associated with OS and/or performance status
in multivariate analysis were as follows: age, pre-operative KPS, number
of BMs (single vs. multiple), tumor volume, eloquent surgical site,
supratentorial compartment involvement, deep-seated location, pres-
ence of seizure and control of the primary tumor (presence of ECMs and

Table 4
The ARMO score.
ARMO score Points
1 Anamnestic Age <70 0
>70 1
2 Performance KPS > 70 0
KPS < 70 1
3 Eloquency No 0
Yes 1
4 Debut Metachronous 0
Synchronous 1
5 Seizure No 0
Yes 1
6 Radiological Numbers 1 0
>1 1
7 Extracranial metastases No 0
Yes 1
8 Location Superficial 0
Deep 1
9 Subtentorial No 0
Yes 1
10 Volumes <10 cm3 0
>10 cm3 1

<5 points: low risk 5-10: high risk

Table with multivariate analysis of the main scoring elements. We considered for scoring the values for variables with a substantial significant difference in OS or KPS

value at the last clinical evaluation.

Multivariate analysis Overall survival P-value Performance status (KPS) P-value

1 Age <70 14 0.03 70 0.05

— >70 11 65

2 Performance status on debut KPS > 70 17.3 0.03 75 <0.001
KPS < 70 10.4 40

3 Eloquency No 15 0.03 75 0.01
Yes 12 55

4 Debut Metachronous 14 0.05 75 0.02
Synchronous 12 60

5 Seizure No 18 0.044 70 1
Yes 13 70

6 Numbers 1 14 0.05 65 1
>1 12 65

7 Extracranial metastases No 13 1 70 0.001
Yes 13 60

8 Location Superficial 17 <0.001 75 0.05
Deep 7 55

9 Subtentorial No 13 1 70 0.05
Yes 13 60

10 Volumes <10 cm3 10 0.1 50 <0.001
>10 cm3 15 35

70
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Fig. 1. The box-and-whiskers plots show the significant differences regarding
the overall survival (OS, part A and the Karnofsky performance status, KPS, part
B and C). OS is significantly higher in the low-risk group (mean value of 14)
than the mean value in the high-risk-group (mean value of 9.6, p = 0.0048, part
A); The KPS measured after surgical intervention is significantly higher in the
low-risk group (mean value of 90) than the mean value in the high-risk-group
(mean value of 70, p = 0.012, part B); The KPS measured at last clinical
evaluation is significantly higher in the low-risk group (mean value of 75) than
the mean value in the high-risk-group (mean value of 30, p < 0.0001, part C).

the metachronous debut of BM) (Table 3). There was no significant
difference in OS or performance status between patients with two, three,
or > three metastases (p = 0.26). Gender, systemic disease status,
fractionation RT-scheme, and whole brain radiotherapy (WBRT) or
systemic treatment application were not statistically significant pre-
dictors of survival in the whole cohort.

Statistically significant preoperative variables derived from the
multivariable analysis were included in an additional binary logistic
regression model. Odds ratios derived from this model were then used to
assign weight to the variables included. Consequently, these variables
were incorporated into the new prognostic score—Anamnestic Radio-
logical Metastases Outcome Surgical score (ARMO-S). The correspond-
ing scoring points of the variables are summarized in Table 4.
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3.3. ARMO-Score validity

The scoring system was applied to the cumulative cohort, and re-
sampling with the bootstrap method obtained similar estimations of
the model parameters. The resulting score values range between 0 and
10. Patients were divided into two groups (low-risk and high-risk
groups) based on each significant subgroup’s median survival and per-
formance status.

The optimal cutoff value was determined to be 5, suggesting a higher
risk of reduced OS and KPS in patients with a score > 4. The median OS
was 14 months for patients with 04 points (low risk group, SD = 9.24,
Standard error mean = 2.35, 1 outlier) and 9.6 months for patients with
> 5 points (high risk group, t-test SD = 8.5, Standard error mean = 1.02,
6 outliers, p = 0.0048, Fig. 1A). The hazard ratio (HR) for reduced
prognosis after resection in the “High risk group” was 1.10 (95 % CI,
1.08 -1.12; p = 0.001).

The two groups have significant differences in terms of postoperative
KPS (Low-risk group

Mean = 90, SD = 15, Standard error mean = 1.5, versus 70 for High-
risk group, SD = 25, Standard error mean = 5, 8 outliers p = 0.012,
Fig. 1B) and KPS at last follow-up evaluation (Low-risk group: Mean =
75, SD = 30, Standard error mean = 2.5, High-risk group: Mean = 30,
SD = 20, Standard error mean = 5, 1 outlier, p < 0.001, Fig. 1C). We
identified a significant difference in the KPS status trend over time be-
tween the two groups, given the established correlation between the
preoperative KPS value and the final performance at the end of follow-
up. Specifically, we examined the trend of KPS recovery during the
follow-up stages and found a significant distinction over time between
the two groups (Repeated measures test, Sphericity assumed test: p <
0.001, Greenhouse-Geisser test: p < 0.001, Multivariate analysis within
factors p < 0.001, Fig. 2).

The accuracy of the system in predicting surgical outcome was
considered with the status of “good” based on the predictive ability
criteria and after optimization with the Youden index.

Consequently in the model values we obtained a cross-validated area
under curve (AUC) of 0.587 (p = 0.03, DeLong’s test) and single-
validation AUC for post-operative KPS (95 % CI, 0.43- 0.74), 0.583
(p = 0.03, DeLong’s test) for KPS at the last evaluation (95 % CI, 0.42—
0.74), 0.541 (p < 0.001, DeLong’s test) and OS (95 % CI, 0.37- 0.709p
< 0.001, Fig. 3).

The Kaplan-Meier curve shows the significant difference in survival
between the two groups (Estimated OS in low-risk group 19.85 versus
10.7 in high-risk, 95 % CI = 30-45, SD = 4, p = 0.001 Fig. 4A). To
further confirm the accuracy of the specific score for this surgical series,
we compared the different classes of RPA with the actual OS and KPS,
showing that for class I (t-student respectively p = 0.403, p = 0.06), class
II (t-student respectively p = 0.77 and p = 0.514) and class III (p = 0.44
and p = 0.05) there is no significance for in the survival or performance
predictive value (Fig. 4B). Finally, we compared the series with the GPA
scoring system and showed low significance (t-test p = 0.77 and p =
0.51, respectively, for OS and KPS, Fig. 4C).

4. Discussion

Treatment options for patients with BMs range from open brain
surgery, stereotactic radiosurgery (SRS), WBRT, or supportive care with
corticosteroids or combinations [19]. Selection of the appropriate
therapy for the right patient remains crucial [6,20]. Various scores have
been proposed to suggest prognosis and guide treatment strategies
[5,21]. However, attempts to identify short-term survival, such as after
surgery, using the various indices alone or in combination, have been
disappointing [22,23]. Although GPA and RPA scores have prognostic
properties in a BM patient population [24-27], they do not take into
account specific information necessary for the neurosurgeon to predict a
radical surgical procedure that ensures good neurological function of the
patient, such as the site of BMs, involvement of eloquent areas, presence
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Fig. 2. The graph shows the change in patients’ performance status measured as Karnofsky perfomance scale (KPS) during follow-up in cases of ARMO-S less than 5

points (low-risk group, red line) and high-risk group (blue-line).
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Fig. 3. ROC curve identifies a balance at the threshold < 5 points of sensitivity and specificity regarding differences between postoperative KPS (blue-line), KPS at
last evaluation (red line), and survival (green line). As can be seen the cross-validated area under curve (AUC) turns out to be significant for all three endpoints.

of epileptogenic areas, or involvement of the subtentorial compartment.

Our study confirms that the critical prognostic elements remain those
related to age, the number of metastases, the presence of known primary
disease, the presence of ECMs, and the purposed score incorporates
these factors. Class I evidence supports a level 1 recommendation for
patients with single BM susceptible to surgical resection. In general,
patients are considered eligible for treatment if they have a KPS of at
least 70 [28]. At the same time, control of extracranial disease did not
seem necessary since patients may benefit from aggressive forms of local
adjuvant therapy [25]. Still, we thoroughly considered the possibility of
managing a patient with a known presence of primary tumor with a
metachronous debut [29] of BM and the presence of a primary debut of
neurological symptoms in synchronous BM presentations as significant.

72

Some studies suggested that total tumor volume may be correlated with
patient outcome and should be added to the diagnosis-specific GPA
index (DS-GPA). [30]. We confirm the correlation between tumor size
and the risk of morbidity and mortality. By identifying a threshold of 10
cm?, we documented how large lesions significantly impact performance
status and postoperative recovery.

4.1. Implemented surgical prognostic factors

Patients with BM can debut with various symptoms such as focal
neurologic deficits, headache, and nausea [31]. The impact of neuro-
logical deficits on a patient with neoplastic disease cannot be under-
estimated. Evidence shows that neurological deficits caused directly by
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Fig. 4. The Kaplan-Meyer (K-M) curve shows the significant difference in
survival between the two groups (Estimated OS in low-risk group 19.85, red
curve versus 10.7 in high-risk, blue curve, p = 0.001 group) in ARMO-S (part
A). The K-M curve in our surgical series does not significantly discriminate
between RPA (part B) and GPA classes (part C).

BM are associated with reduced life expectancy and health-related
quality of life (HRQoL) [31,32]. Preoperative seizures are common
and occur in approximately 20-35 % of patients [32]. Seizures cause
morbidity and mortality and are also a common complication after
neurosurgery; nevertheless, patients with tumor-related epilepsy with
unfavorable seizure outcomes embark on further adjuvant therapy,
which may, itself, have an epileptogenic effect [33]. Recurrent seizures
have a negative effect on the HRQoL, especially if they are not controlled
postoperatively or with long-term medication only [34]. Further, they
are also particularly concerning because antiepileptic drugs (AEDs) can
impact quality of life and interfere with chemotherapeutic regimens
[35]. We also confirm that the final impact on OS turns out to be
significant.

Surgical management remains the central theme to prognosticate the
outcome of our series. Patients with BMs experience a survival benefit
with maximal EOR [36,37]. Furthermore, the location of the BM might
significantly impact patient survival and, therefore, might be considered
in clinical decision-making and patient counseling [38].

There are distinct brain regions in which brain tumors disrupt
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network dynamics or vegetative control areas with neurological conse-
quences. In describing this process, the term “eloquent area” is used to
define the brain areas with readily identifiable neurological function in
which injury results in disability [39,40]. Tumor-associated neurolog-
ical dysfunction occurs in the setting of the mass-effect into cortical and
subcortical network structures, in lesions sustained following surgery,
and through oncological therapeutic interventions such as brain irradi-
ation and chemotherapy [39]. We demonstrated that BMs in the
eloquent area significantly impact OS and performance status.

We confirmed that a deep tumor location is associated with a high
rate of sub-total resection and poorer survival [41]. The EOR is often
sacrificed [40] to prevent surgical complications [42]. In multivariate
analysis, we demonstrated an impact of deep localization of BM on both
OS and KPS.

At last, the posterior fossa is the site of many types of tumors, and
BMs are the most common adult malignancies in this region. 20 % of
BMs occur in the posterior fossa and are associated with significant
morbidity [43]. Indeed, is demonstrated that although patients with
supra- and infratentorial BMs experienced comparable post-operative
survival, posterior fossa metastasis location was associated with a 2.5
times higher risk of neurological and/or non-neurological post-opera-
tive complications [44,45]. Our analysis confirmed that the difference in
postoperative performance status with comparable OS appears signifi-
cant in the subtentorial BMs group.

4.2. Strengths of the score

This is a reliable, practical, and manageable score for neurosurgeons
and oncologists who are able to define patients who would benefit from
surgery. This could help in many cases of unknown diagnosis when a
prompt decision should be undertaken in emergent patients. In addition,
the choice of factors influencing the score is based on survival and
performance status at the end of surgical treatment, providing a more
accurate prediction of the outcome. In daily clinical practice, cases are
often reported of patients who, despite a favorable prognosis according
to the most common classifications, have a significantly reduced
outcome after surgery. Here we present a common scenario from our
patient cohort in which two patients of the same age group with equal
GPA and RPA score had a significantly different prognosis (Fig. 5). Ac-
cording to the ARMO-S, patient A, had a prognosis close to 11 months
(precisely 13 months after brain surgery), while patient B (fell into the
high risk group), resulting in a significantly reduced prognosis. After
radical uncomplicated surgery, patient B, approximately after 4 days,
experienced generalized seizures that required admission to the inten-
sive care unit. On the sixth day, after seizure control was achieved, the
patient discontinued sedation and returned to the neurosurgery unit
with residual strenght deficit on the right arm. An early brain disease
recurrence was reported at 30th day MRI, and the patient was hospi-
talized again for the onset of new generalized seizure. The patient
deceased in the intensive care unit following the onset of infection
during sedation at three months after surgery.

The use of evidence-based, well-known, and validated assessment
methods like the GPA and RPA scores, developed in renowned and high-
volume centers to guide the need for surgery, further strengthens the
ARMO score.

5. Limitations of the score and study

One notable limitation is the retrospective nature of the study used to
develop the clinical score. Retrospective analyses are inherently sus-
ceptible to biases, and while the score may demonstrate efficacy in our
study cohort, prospective and external cohort validation is essential to
establish its generalizability and reliability in real-time clinical sce-
narios. In addition, the patient population included in the study may be
relatively homogenous, potentially limiting the generalizability of the
clinical score to a broader and more diverse population of patients with
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Fig. 5. Two male patients, both aged 70-75 years old, were diagnosed with primary non-small cell lung cancer (NSCLC). At their first follow-up, a brain neo-
formation was detected on total-body CT in the absence of other disease localizations. Subsequent brain MRI confirmed the heteroplasic nature of the two lesions. The
GPA score and RPA score were identical, indicating a KPS > 70, primary disease control without ECMs, while also expressing a highly variable survival prognosis of
7-11 months. Patient B, however, experienced generalized seizures that were difficult to manage and required hospitalization, as well as a large lesion (>10 cm®)

involving deep areas and located near the primary motor area.

BMs. Variations in tumor types, locations, and patient characteristics
might influence the score’s performance in different clinical settings.
The ARMO score may not fully reflect the impact of emerging thera-
peutic modalities or changes in standard treatment practices, and a
useful external validation in independent patient cohorts is crucial.

6. Conclusion

ARMO-S is a ten-point simple and comprehensive score for BM pa-
tients selected for open surgery, as it incorporates the main factors of the
most important prognostic scores such as GPA and RPA, implementing
them with more surgery-specific predictive elements such as tumor
location and volume, presence of seizures at onset, and involvement of
eloquent brain areas. This investigation provides a novel, easy-to-use
score that optimizes the delicate balance between the potential bene-
fits of surgery and the associated risks.

Data availability

The dataset generated and analyzed during the current study is not
publicly available or retrieved for National databases because it results
from institutional internal research of all treated cases of gliomas in our
Hospitals. The original dataset is available from the corresponding
author upon reasonable request.

Funding
This study was not funded by any association.
Ethics approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

Consensus about diagnosis, treatment, and related information was
obtained under written informed consent approved by our Institution’s
Principal Institutional Review Board (IRB, 6961, prot. 0296,/2023).

This article does not contain any studies with animals performed by
any of the authors.

74

10. Consent to participate

Informed consent was obtained from all individual participants
included in the study. The patient has consented to the submission of
this review article to the journal. The participants and any identifiable
individuals consented to publication of his/her image.

We confirm that the manuscript has been read and approved by all
named authors and that there are no other persons who satisfied the
criteria for authorship but are not listed. We further confirm that the
order of authors listed in the manuscript has been approved by all of us.

We confirm that we have given due consideration to the protection of
intellectual property associated with this work and that there are no
impediments to publication, including the timing of publication, with
respect to intellectual property. In so doing we confirm that we have
followed the regulations of our institutions concerning intellectual
property.

We further confirm that any aspect of the work covered in this
manuscript that has involved either experimental animals or human
patients has been conducted with the ethical approval of all relevant
bodies and that such approvals are acknowledged within the
manuscript.

CRediT authorship contribution statement

Daniele Armocida: Writing — original draft, Conceptualization.
Tamara Ius: Methodology, Data curation. Giuseppa Zancana: Re-
sources, Investigation. Andrea Bianconi: Methodology, Investigation,
Data curation. Fabio Cofano: Visualization, Resources, Methodology,
Investigation, Data curation. Fulvio Tartara: Visualization, Validation,
Supervision. Alessandro Frati: Writing — review & editing, Supervision.
Diego Garbossa: Validation, Data curation, Conceptualization. Maur-
izio Salvati: Validation, Data curation, Conceptualization.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.



D. Armocida et al.

References

[1]

[2

—

[3

—

[4

=

[5

—

[6

—

[7

—

[8

—

[9

—_

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Le Rhun E, Guckenberger M, Smits M, Dummer R, Bachelot T, Sahm F, et al. EANO
Executive Board and ESMO Guidelines Committee. EANO-ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up of patients with brain metastasis
from solid tumours. Ann Oncol 2021 Nov;32(11):1332-47. https://doi.org/
10.1016/j.annonc.2021.07.016.

Voglis S, Padevit L, van Niftrik CHB, Kalin V, Beyersdorf B, Da Mutten R, et al.
Safety of microneurosurgical interventions for superficial and deep-seated brain
metastases: single-center cohort study of 637 consecutive cases. J Neurooncol 2023
Nov;165(2):271-8. https://doi.org/10.1007/511060-023-04478-1.

Derks Shae, van der Veldt Aam, Smits M. Brain metastases: the role of clinical
imaging. Br J Radiol. 2022 Feb 1;95(1130):20210944. 10.1259/bjr.20210944.
Epub 2021 Dec 14. PMID: 34808072; PMCID: PMC8822566.

Cagney DN, Martin AM, Catalano PJ, Redig AJ, Lin NU, Lee EQ, et al. 346
Incidence and prognosis of patients with brain metastases at diagnosis of systemic
malignancy: a population-based study. 347. Neuro Oncol 2017;19:1511-21.
https://doi.org/10.1093/neuonc/nox077.

Sperduto PW, Berkey B, Gaspar LE, 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;
70:510-4.

Jakola AS, Gulati S, Nerland US, Solheim O. Surgical resection of brain metastases:
the prognostic value of the graded prognostic assessment score. J Neurooncol 2011
Dec;105(3):573-81. https://doi.org/10.1007/s11060-011-0623-4. Epub 2011 Jun
10.

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating
quality of evidence and strength of recommendations. BMJ 2008;336:924-6.
Khalifa M, Magrabi F, Gallego B. Developing a framework for evidence-based
grading and assessment of predictive tools for clinical decision support. BMC Med
Inf Decis Making 2019;19:207.

Weil RJ, Palmieri DC, Bronder JL, Stark AM, Steeg PS. Breast cancer metastasis to
the central nervous system. Am J Pathol Oct 2005;167(4):913-20. https://doi.org/
10.1016/50002-9440(10)61180-7.

Thon N, Kreth FW, Tonn JC. The role of surgery for brain metastases from solid
tumors. Handb Clin Neurol 2018;149(386):113-21. https://doi.org/10.1016/
b978-0-12-811161-1.00008-6. 387.

Ferguson SD, Wagner KM, Prabhu SS, McAleer MF, McCutcheon IE, Sawaya R.
Neurosurgical management of 388 brain metastases. Clin Exp Metastasis 2017;34:
377-89. https://doi.org/10.1007/s10585-017-9860-z.

Cuthbert H, Riley M, Bhatt S, Au-Yeung CK, Arshad A, Eladawi S, et al. Utility of a
prognostic assessment tool to predict survival following surgery for brain
metastases. Neurooncol Pract. 2023 Aug 7;10(6):586-91. https://doi.org/
10.1093/nop/npad047. PMID: 38026583; PMCID: PMC10666803.

Sperduto CM, Watanabe Y, Mullan J, Hood T, Dyste G, Watts C, et al. A validation
study of a new prognostic index for patients with brain metastases: the graded
prognostic assessment. J Neurosurg (Spec Suppl) 2008;109:87-9.

Nieder C, Mehta M. Prognostic indices for brain metastases—usefulness and
challenges. Radiat Oncol 2009;4:10.

Nieder C, Marienhagen K, Geinitz H, Molls M. Validation of the graded prognostic
assessment index for patients with brain metastases. Acta Oncol 2009;48:457-9.
Armocida D, Arcidiacono UA, Palmieri M, Pesce A, Cofano F, Picotti V, Salvati M,
D’Andrea G, Garbossa D, Santoro A, Frati A. Intracranial Meningioma in Elderly
Patients. Retrospective Multicentric Risk and Surgical Factors Study of Morbidity
and Mortality. Diagnostics (Basel). 2022 Jan 29;12(2):351. 10.3390/
diagnostics12020351.

Soffietti R, Abacioglu U, Baumert B, et al. Diagnosis and treatment of brain
metastases from solid tumors: guidelines from the European Association of Neuro-
Oncology (EANO). Neuro Oncol. 02 01 2017;19(2):162-174. 10.1093/neuonc/
now241.

Gaspar LE, Scott C, Murray K, Curran W. Validation of the RTOG recursive
partitioning analysis (RPA) classification for brain metastases. Int J Radiat Oncol
Biol Phys 2000;47:1001-6.

Vogelbaum MA, Brown PD, Messersmith H, Brastianos PK, Burri S, Cahill D, Dunn
IF, Gaspar LE, Gatson NTN, Gondi V, Jordan JT, Lassman AB, Maues J, Mohile N,
Redjal N, Stevens G, Sulman E, van den Bent M, Wallace HJ, Weinberg JS, Zadeh G,
Schiff D. Treatment for Brain Metastases: ASCO-SNO-ASTRO Guideline. J Clin
Oncol. 2022 Feb 10;40(5):492-516. 10.1200/JC0.21.02314. Epub 2021 Dec 21.
Erratum in: J Clin Oncol. 2022 Apr 20;40(12):1392.

Yaghi NK, Radu S, Nugent JG, Mazur-Hart DJ, Pang BW, Bowden SG, et al. Optimal
timing of radiotherapy following brain metastases surgery. Neurooncol Pract. 2022
Feb 2;9(2):133-41. https://doi.org/10.1093/nop/npac007. PMID: 35371524;
PMCID: PMC8965066.

Weltman E, Salvajoli JV, Brandt RA, de Morais HR, Prisco FE, Cruz JC, et al.
Radiosurgery for brain metastases: a score index for predicting prognosis. Int J
Radiat Oncol Biol Phys 2000;46:1155-61.

Nieder C, Pawinski A, Molls M. Prediction of short survival in patients with brain
metastases based on three different scores: a role for ‘triple-negative’ status? Clin
Oncol 2010;22:65-9.

Zuccato JA, Zadeh G, Anders CK, Shultz DB, Brastianos PK. Special issue: advances
in the multimodality management of brain metastases and ongoing approaches to
further improve their treatment. Neurooncol Adv. 2021 Nov 27;3(Suppl 5):v1-3.
https://doi.org/10.1093/noajnl/vdab157.

75

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Journal of Clinical Neuroscience 125 (2024) 68-75

Gaspar L, Mehta M, Patchell R, Burri S, Robinson P, Morris R, et al. The role of
whole brain radiation therapy in the management of newly diagnosed brain
metastases: a systematic review and evidence-based clinical practice guideline.

J Neurooncol 2010;96:17-32.

Kalkanis S, Kondziolka D, Gaspar L, Burri S, Asher A, Cobbs C, et al. The role of
surgical resection in the management of newly diagnosed brain metastases: a
systematic review and evidence-based clinical practice guideline. J Neurooncol
2009;96:33-43.

Jenkinson MD, Haylock B, Shenoy A, Husband D, Javadpour M. Management of
cerebral metastasis: evidence-based approach for surgery, stereotactic radiosurgery
and radiotherapy. Eur J Cancer 2010;47:649-55.

Kessler AT, Bhatt AA. Brain tumour post-treatment imaging and treatment-related
complications. Insights Imaging. 2018 Dec;9(6):1057-75. https://doi.org/
10.1007/513244-018-0661-y.

Sarnthein J, Staartjes VE, Regli L. Neurosurgery-Registry consortium.
Neurosurgery outcomes and complications in a monocentric 7-year patient
registry. Brain. Spine 2022 Jan;19(2):100860. https://doi.org/10.1016/j.
bas.2022.100860.

Armocida D, Pesce A, Palmieri M, Cofano F, Palmieri G, Cassoni P, et al. EGFR-
Driven Mutation in Non-Small-Cell Lung Cancer (NSCLC) Influences the Features
and Outcome of Brain Metastases. J Clin Med 2023 May 9;12(10):3372. https://
doi.org/10.3390/jcm12103372.

Marcus LP, Marshall D, Hirshman BR, McCutcheon BA, Gonda DD, Koiso T, et al.
Cumulative intracranial tumor volume (CITV) enhances the prognostic value of the
lung-specific graded prognostic assessment (GPA) model. Neurosurgery 2016;79
(2):246-52. https://doi.org/10.1227/NEU.0000000000001123.

Noh T, Walbert T. Brain metastasis: clinical manifestations, symptom management,
and palliative care. Handb Clin Neurol 2018;149:75-88. https://doi.org/10.1016/
B978-0-12-811161-1.00006-2. PMID: 29307363.

Chan V, Sahgal A, Egeto P, Schweizer T, Das S. Incidence of seizure in adult
patients with intracranial metastatic disease. J Neurooncol 2017 Feb;131(3):
619-24. https://doi.org/10.1007/5s11060-016-2335-2.

Puri PR, Johannsson B, Seyedi JF, Halle B, Schulz M, Pedersen CB, et al. The risk of
developing seizures before and after surgery for brain metastases. Clin Neurol
Neurosurg 2020 Jun;193:105779. https://doi.org/10.1016/j.
clineuro.2020.105779.

Bahna M, Heimann M, Bode C, Borger V, Eichhorn L, Giiresir E, et al. Tumor-
associated epilepsy in patients with brain metastases: necrosis-to-tumor ratio
forecasts postoperative seizure freedom. Neurosurg Rev 2022 Feb;45(1):545-51.
https://doi.org/10.1007/s10143-021-01560-y.

Wu A, Weingart JD, Gallia GL, Lim M, Brem H, Bettegowda C, et al. Risk Factors for
Preoperative Seizures and Loss of Seizure Control in Patients Undergoing Surgery
for Metastatic Brain Tumors. World Neurosurg 2017 Aug;104:120-8. https://doi.
org/10.1016/j.wneu.2017.05.028.

Molinaro A, Hervey-Jumper S, Morshed R, et al. Association of maximal extent of
resection of contrast-enhanced and non-contrast-enhanced tumor with survival
within molecular subgroups of patients with newly diagnosed glioblastoma. JAMA
Onc. 2020;6(4):495-503.

Winther RR, Hjermstad MJ, Skovlund E, Aass N, Helseth E, Kaasa S, et al. Surgery
for brain metastases-impact of the extent of resection. Acta Neurochir (Wien) 2022
Oct;164(10):2773-80. https://doi.org/10.1007/s00701-021-05104-7.

Hamed M, Potthoff AL, Heimann M, Schéfer N, Borger V, Radbruch A, et al.
Survival in patients with surgically treated brain metastases: does infratentorial
location matter? Neurosurg Rev 2023 Mar 30;46(1):80. https://doi.org/10.1007/
$10143-023-01986-6.

Hervey-Jumper SL, Berger MS. Introduction: Surgical Management of Eloquent
Area Tumors. Neurosurgery 2020 Nov 16;87(6):1076-7. https://doi.org/10.1093/
neuros/nyaa358.

Kocher M, Soffietti R, Abacioglu U, Villa S, Fauchon F, Baumert BG, 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(2):134-41.

Chang SM, Parney IF, McDermott M, Barker II FG, Schmidt MH, Huang W, et al.
Perioperative complications and neurological outcomes of first and second
craniotomies among patients enrolled in the Glioma Outcome Project. J Neurosurg
2003;98:1175-81.

John JK, Robin AM, Pabaney AH, Rammo RA, Schultz LR, Sadry NS, et al.
Complications of ventricular entry during craniotomy for brain tumor resection.
J Neurosurg 2017 Aug;127(2):426-32. https://doi.org/10.3171/2016.7.
JNS16340.

Sunderland GJ, Jenkinson MD, Zakaria R. Surgical management of posterior fossa
metastases. J Neurooncol 2016 Dec;130(3):535-42. https://doi.org/10.1007/
s11060-016-2254-2.

Steinruecke M, Pronin S, Gherman AV, Emelifeonwu J, Liaquat I. Survival and
complications following supra- and infratentorial brain metastasis resection.
Surgeon 2023 Oct;21(5):e279-86. https://doi.org/10.1016/j.surge.2023.01.006.
Armocida D, Marzetti F, Pesce A, Caporlingua A, D’Angelo L, Santoro A. Purely
Meningeal Intracranial Relapse of Melanoma Brain Metastases After Surgical
Resection and Immunotherapy as a Unique Disease Progression Pattern: Our
Experience and Review of the Literature. World Neurosurg 2020 Feb;134:150-4.
https://doi.org/10.1016/j.wneu.2019.10.101.


https://doi.org/10.1016/j.annonc.2021.07.016
https://doi.org/10.1016/j.annonc.2021.07.016
https://doi.org/10.1007/s11060-023-04478-1
https://doi.org/10.1093/neuonc/nox077
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0025
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0025
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0025
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0025
https://doi.org/10.1007/s11060-011-0623-4
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0035
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0035
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0040
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0040
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0040
https://doi.org/10.1016/S0002-9440(10)61180-7
https://doi.org/10.1016/S0002-9440(10)61180-7
https://doi.org/10.1016/b978-0-12-811161-1.00008-6. 387
https://doi.org/10.1016/b978-0-12-811161-1.00008-6. 387
https://doi.org/10.1007/s10585-017-9860-z
https://doi.org/10.1093/nop/npad047. PMID: 38026583; PMCID: PMC10666803
https://doi.org/10.1093/nop/npad047. PMID: 38026583; PMCID: PMC10666803
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0065
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0065
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0065
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0070
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0070
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0075
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0075
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0090
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0090
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0090
https://doi.org/10.1093/nop/npac007. PMID: 35371524; PMCID: PMC8965066
https://doi.org/10.1093/nop/npac007. PMID: 35371524; PMCID: PMC8965066
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0105
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0105
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0105
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0110
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0110
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0110
https://doi.org/10.1093/noajnl/vdab157
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0120
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0120
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0120
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0120
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0125
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0125
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0125
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0125
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0130
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0130
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0130
https://doi.org/10.1007/s13244-018-0661-y
https://doi.org/10.1007/s13244-018-0661-y
https://doi.org/10.1016/j.bas.2022.100860
https://doi.org/10.1016/j.bas.2022.100860
https://doi.org/10.3390/jcm12103372
https://doi.org/10.3390/jcm12103372
https://doi.org/10.1227/NEU.0000000000001123
https://doi.org/10.1016/B978-0-12-811161-1.00006-2
https://doi.org/10.1016/B978-0-12-811161-1.00006-2
https://doi.org/10.1007/s11060-016-2335-2
https://doi.org/10.1016/j.clineuro.2020.105779
https://doi.org/10.1016/j.clineuro.2020.105779
https://doi.org/10.1007/s10143-021-01560-y
https://doi.org/10.1016/j.wneu.2017.05.028
https://doi.org/10.1016/j.wneu.2017.05.028
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0180
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0180
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0180
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0180
https://doi.org/10.1007/s00701-021-05104-7
https://doi.org/10.1007/s10143-023-01986-6
https://doi.org/10.1007/s10143-023-01986-6
https://doi.org/10.1093/neuros/nyaa358
https://doi.org/10.1093/neuros/nyaa358
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0200
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0200
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0200
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0200
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0205
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0205
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0205
http://refhub.elsevier.com/S0967-5868(24)00196-6/h0205
https://doi.org/10.3171/2016.7.JNS16340
https://doi.org/10.3171/2016.7.JNS16340
https://doi.org/10.1007/s11060-016-2254-2
https://doi.org/10.1007/s11060-016-2254-2
https://doi.org/10.1016/j.surge.2023.01.006
https://doi.org/10.1016/j.wneu.2019.10.101

	Anamnestic radiological metastases outcome surgical score (ARMO-S). A purpose of a predictive surgical scoring system for b ...
	1 Introduction
	2 Material and methods
	2.1 Study population
	2.2 Clinical data
	2.3 Images analysis
	2.4 Values and statistical analysis

	3 Results
	3.1 Study population and clinical data
	3.2 Survival analysis and score
	3.3 ARMO-Score validity

	4 Discussion
	4.1 Implemented surgical prognostic factors
	4.2 Strengths of the score

	5 Limitations of the score and study
	6 Conclusion
	Data availability
	Funding
	Ethics approval
	10 Consent to participate
	CRediT authorship contribution statement
	Declaration of competing interest
	References


