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Simple Summary: Metastases to the brain result in serious morbidity and mortality. Surgical
resection is a treatment option; however, many patients die within a short time after surgery. It is
therefore important to understand which patients may benefit from surgical resection. We have
investigated prognostic factors for survival after surgery for brain metastases. We identified eight
factors that significantly predicted survival in these patients and created a preoperative prognostic
index to estimate survival and to guide clinical decision-making in evaluating surgery as a treatment
for brain metastases. We tested our findings on patients who underwent the same treatment at two
other large hospitals in Norway and Sweden, and our findings were valid. This is to our knowledge
the first such index to support decision-making in this setting.

Abstract: Background: Brain metastases (BM) are common in cancer patients and are associated
with high morbidity and mortality. Surgery is an option, but the optimal selection of patients for
surgery is challenging and controversial. Current prognostication tools are not ideal for preoperative
prognostication. By using a reference population (derivation data set) and two external populations
(validation data set) of patients who underwent surgery for BM, we aimed to create and validate
a preoperative prognostic index. Methods: The derivation data set consists of 590 patients who
underwent surgery for BM (2011-2018) at Oslo University Hospital. We identified variables associated
with survival and created a preoperative prognostic index with four prognostic groups, which was
validated on patients who underwent surgery for BM at Karolinska University Hospital and St. Olavs
University Hospital during the same time period. To reduce over-fitting, we adjusted the index in
accordance with our findings. Results: 438 patients were included in the validation data set. The
preoperative prognostic index correctly divided patients into four true prognostic groups. The two
prognostic groups with the poorest survival outcomes overlapped, and these were merged to create
the adjusted preoperative prognostic index. Conclusion: We created a prognostic index for patients
with BM that predicts overall survival preoperatively. This index might be valuable in supporting
informed choice when considering surgery for BM.
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1. Introduction

The diagnosis of brain metastases (BM) often occurs at a late stage of the cancer dis-
ease trajectory, and the prognosis is generally poor [1-3]. As many as 10-30% of cancer
patients will develop BM, and the median overall survival (OS) is about five months [4].
However, survival varies widely according to primary diagnosis, age, presence and ex-
tent of extracranial disease and other tumor-specific biological factors [4-6]. Treatment
usually aims at symptom control, but life prolongation is also possible, and both are com-
monly attempted. However, choosing the right treatment pathway for each patient is
challenging, due to the heterogeneity of diseases and a lack of randomized controlled
trials comparing all management options. Treatment options include stereotactic radio-
therapy, whole brain radiotherapy, medical oncological treatments, such as traditional
chemotherapy, immunotherapy and targeted therapies, and surgical resection [7-10]. A
combination of modalities may be preferable [11-16]. In addition, best supportive care
including corticosteroids, pain medication, anti-epileptics and antiemetics may be used for
symptom control.

Patients with high functional status, stable extracranial disease and few intracere-
bral lesions may benefit from surgical resection of their BM [17]. Further, surgery may
be necessary in cases of histopathological or molecular uncertainty regarding the brain
tumor. Resection may also give rapid symptomatic relief and is usually preferred in BM
that are too large for stereotactic radiosurgery [18,19]. Even so, about half of the patients
operated on for newly diagnosed BM die within one year after surgery [20]. There is a lack
of evidence to select those patients who are most likely to achieve a survival benefit from
BM surgery. The updated ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up for patients with BM from solid tumors give general recommendations for when
surgery is recommended, which include involving a multidisciplinary tumor board [21].
The biological diversity of BM is reflected in the complexity of the medical subspecialties
involved. This poses a particular challenge in establishing well-functioning multidisci-
plinary tumor boards where all relevant specialties are represented. Most institutions have
well-established meetings for organ-specific cancers. However, BM care is hampered by
care allocated to the unifocal realms of neurosurgery and/or radiation oncology in isola-
tion from each other and from medical oncologists who retain the depth of expertise for
individual patients and their diseases and who increasingly offer CNS-active therapies [22].
While integrated multidisciplinary treatment is best evaluated in specialized meetings, this
service is not available for most patients and caregivers. In fact, a recent study found that
the use of resective surgery was offered to more patients after the establishment of a BM
multidisciplinary tumor board [23], suggesting that surgery is underutilized in this patient
group. Thus, there is an obvious need for data to support the evaluation of whether surgery
could potentially benefit the patient.

Prognostication for patients with BM has a long history in medical science. In 2008
Sperduto et al. introduced the graded prognostic assessment (GPA) [24] that was an
improvement of the prognostic classification recursive partitioning analysis (RPA) created
by Gaspar et al. in 1997 [25]. After 2008, Sperduto et al. have further developed the GPA
into the diagnosis-specific graded prognostic assessment (ds-GPA), where each primary
cancer is assessed separately [5]. The RPA and the GPA are both based on data that is
now very old. The rapid development of cancer treatment improves prognosis for patients,
and these tools are no longer valid. Further, while providing highly useful information
on which factors affect prognosis for patients with BM, the RPA, GPA and the ds-GPA are
prognostic instruments generated for a broader oncological use. As such, these systems
were not created specifically for selection to surgery. In addition, the newer ds-GPA requires
molecular data and histopathological information that may not be available in up to one-
third of patients prior to surgery for brain metastases [26]. In a previous study, we found
that the GPA could not correctly predict survival and the ds-GPA could be calculated in
only half of the patients referred to surgery for BM [3]. Therefore, selecting the right patient
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for BM surgery remains a substantial clinical challenge, and a new prognostic index created
for this exact purpose is warranted.

The aim of this study was to improve prognostication for patients considered for BM
surgery. In a previous study, we analyzed 590 patients who underwent surgery for BM at
a geographically defined, single-provider referral center for neurosurgery in South-East
Norway and identified several preoperative factors associated with prolonged survival [3].
In the current study, we sought to simplify the practical use of these prognostic factors and
developed a preoperative prognostic index based on data from our previous study. Further,
we validated the prognostic index against two populations from other geographically
defined, single-provider institutions.

2. Materials and Methods

We created a preoperative prognostic index using a Cox regression survival analysis
with preoperative prognostic factors based on a reference population (derivation data set).
The derivation data set consists of 590 patients who underwent first-time craniotomy for
BM from 2011 to 2018 at Oslo University Hospital (OUH). The median age was 63 years at
the time of BM surgery (range 18-89). The most prevalent primary cancers were lung (33%),
melanoma (16%), colon (9%) and breast cancer (9%). Fifty-one percent were female and 48%
had comorbidities. Eighty-one percent had an ECOG status of two or better. Single BM was
identified in 64% of the patients, while only 7% had more than four. Synchronous BM was
found in 36%, while extracranial disease was considered stable in 29% and progressive in
18% of the patients. The preoperative factors used in the Cox regression analysis were based
on a review of the literature and a round-table discussion among in-house oncologists and
neurosurgeons at OUH. They included gender, age, primary cancer, performance status,
presence of extracranial disease, location of BM, previous treatment and comorbidities.
Only statistically significant factors were then dichotomized (yes/no) and used to create
the index in a new regression analysis. Beta values were used to create the index scores.
We pragmatically divided the index into four prognostic groups based on index scores.

To validate the preoperative prognostic index, we reviewed all patients who un-
derwent first-time craniotomy for brain metastases at Karolinska University Hospital,
Stockholm, Sweden, (KU) and at St. Olavs University Hospital, Norway, (StO) in the period
2011-2018 (validation data set). We used the preoperative prognostic index to score all
patients in the validation data set and divide them into tentative prognostic groups. We
created Kaplan—-Meier survival plots to investigate whether the proposed prognostic groups
were prognostic in real life. Digital patient records were evaluated locally at KU and StO,
and each patient was scored in accordance with the preoperative prognostic index created
at OUH.

After this validation, the preoperative prognostic index was adjusted in accordance
with our findings to create an adjusted preoperative prognostic index.

2.1. Ethics

The study was approved by the data protection officer at OUH. Patient consent was
waived due to the quality improvement focus of the study and the few patients still alive.
All patients treated at OUH who were alive during the data collection were contacted and
given the right to decline use of their data. The Regional Committee for Research Ethics
(REC) South-East Norway and the Stockholm Regional Ethics Committee approved the
study and transfer of data (REK number: 462536 and Dnr. 29017 /1760-31 (sup-2020-02407)
in Sweden)). Data were stored and analyzed in accordance with the GDPR.
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2.2. Statistical Analyses

OS was analyzed using Kaplan-Meier plots and log-rank tests. Patients that were alive
at the time of data extraction (OUH: 27.07.2020, KU: 08.02.21 StO: 01.01.22) were treated as
censored. Hazard ratios were estimated by Cox’s proportional hazards model. Harrell’s C
index was estimated to assess concordance. Frequencies were compared between groups
using the Chi-square test. A p-value < 0.05 was considered statistically significant. We
performed all statistical analyses in SPSS Statistics 28 (IBM Corp. Armonk, NY, USA).

3. Results

Based on the derivation data set described in the Methods section, we performed a Cox
regression analysis with dichotomized variables that revealed eight statistically significant
preoperative prognostic variables (Table 1). The variables associated with poorer OS were
ECOG performance status above two, colorectal cancer, known extracranial metastases,
progressive disease at the time of surgery or brain metastases as the first sign of cancer,
age above 70 years, chemotherapy at any time prior to surgery and more than four brain
metastases at the time of surgery. Breast cancer was associated with longer OS compared
to other primary cancers. We used the Cox regression analysis to create the preoperative
prognostic index with four prognostic groups: 0, 1, 2 and 3 (Table 1). The prognostic groups
were pragmatically chosen based on scores. Patients in prognostic group 0 had the longest
OS, and patients in prognostic group 3 had the poorest OS. OS for patients treated at OUH
is illustrated in Figure 1 and Table 2.

Table 1. Cox regression analysis as the basis for the preoperative prognostic index. We summarized
B and obtained the preoperative prognostic index score.

Prognostic Variables ! B p-Value HR (95% CI)
Age > 70? 0.514 <0.001 1.67 (1.36-2.05)
ECOG > 2? 0.489 <0.001 1.63 (1.31-2.04)
Breast cancer? —0.710 <0.001 0.49 (0.33-0.73)
Colorectal cancer? 0.350 0.036 1.42 (1.02-197)
Progressive extra.cranial diseas?? 2 or 0.345 <0.001 141 (1.17-1.71)
synchronous brain metastases
Extracranial metastases present? 4 0.394 <0.001 1.48 (1.23-1.79)
Previous chemotherapy? 0.295 0.009 1.34 (1.08-1.68)
Number of BM > 4? 0.439 0.010 1.55 (1.11-2.17)
Prognostic Index Score Group
-1.0-0.0 0
>0.0-1.0 1
>1.0-14 2
1.4-2.9 3

1: Unknown = No. 2: Progressive extracranial disease: growing primary tumor or metastases, or new metastases
three months prior to BM surgery. 3: Synchronous BM: primary tumor discovered within one month prior to
BM surgery, or BM as first sign of disease. 4. Extracranial metastases were defined as documented extracranial
metastases at any point prior to brain surgery, not including local lymph node infiltration.
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Figure 1. OS at OUH by preoperative prognostic index groups.
Table 2. Preoperative prognostic index groups and OS at OUH *.
Prognostic Prognostic o Median OS in o
Group Index Score Total N (%) Months (95% CI) HR (95% C1)
0 —1.0-0.0 77 (13) 39 (24-54) 1
1 >0.0-1.0 337 (57) 11 (10-12) 1.93 (1.42-2.62)
2 >1.0-14 130 (22) 6 (5-7) 3.1(2.19-4.32)
3 >1.4-29 46 (8) 3 (2-4) 5.4 (3.56-8.19)
Overall 590 (100) 10 (9-11)

* Harrell’s C = 0.62.

From 2011 to 2018, 262 patients underwent first-time surgery for brain metastases
at KU, and 180 patients underwent surgery at StO. Four patients were excluded due to
missing survival data. Thus, 438 (261 + 177) patients were included in the validation of
the preoperative prognostic index. Fifty-three (12%) patients were still alive at the last
follow-up. Patients were divided into prognostic groups by summarizing the regression
coefficients for each prognostic factor present preoperatively. There were statistically signif-
icant differences regarding the percentage of patients with age > 70 years, ECOG > 2, breast
cancer, progressive extracranial disease/synchronous BM and previous chemotherapy
between OUH and the other two hospitals. However, there were no differences in the
distribution of patients within each prognostic group between OUH and the two other
hospitals. We describe general patient characteristics in Table 3.

Table 3. General characteristics for each patient population.

Oslo University Karolinska University St.Olavs University
Hospital (590) Hospital (261) Hospital (177)
Age > 70 148 (25%) 39 (15%) * 63 (36%)
ECOG >2 111 (19%) 73 (28%) * 7 (4%) *
Breast cancer 53 (9%) 54 (21%) * 25 (14%) *
Colorectal cancer 50 (9%) 19 (7%) 23 (13%)
dlzgfsfeejssl;lr?cﬁgsgfsng\l/[ 322 (55%) 112 (43%) * 98 (55%)
Extracranial metastases 312 (53%) 133 (51%) 80 (45%)
Previous chemotherapy 203 (34%) 155 (59%) * 98 (55%) *
Number of BM > 4 43 (7%) 13 (5%) 8 (5%)

* Statistically significant difference compared to OUH (p < 0.05).



Cancers 2023, 15, 3174

6 of 12

The Kaplan-Meier plot shows significant differences in OS in the validation data set,
which are consistent with the different prognostic groups found in the derivation data set
except for prognostic groups 2 and 3. The median OS after surgery was ten months for all

three hospitals (Table 4 and Figure 2).

Table 4. OS at KU/StO by preoperative prognostic index groups *.

Prognostic o Median OS in o
Group Total N (%) Months (95% CI) HR (95% CI)
0 45 (10) 33 (1947)
1 275 (63) 12 (9-15) 1.60 (1.12-2.29)
2 81 (18) 6 (4-8) 2.85 (1.90-4.28)
3 37 (8) 6 (4-8) 2.73 (1.70-4.40)
Overall 438 (100) 10 (8-12)
* Harrell’s C = 0.58.
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Figure 2. OS at KU/StO by preoperative prognostic index groups.

We adjusted the index by merging prognostic groups 2 and 3, thus creating the adjusted
preoperative prognostic index. This is demonstrated in Table 5 and Figure 3a,b.

Table 5. OS at all hospitals by adjusted preoperative prognostic index groups.

Prognostic Prognostic Oslo Uni'versity ‘Hospital * Karolinslfa/St.Ol‘avs **
croup Index Score To(t"ZI)N Ml\;[ﬁf}i:%?? cp HROS%CD  TotalN (%) M“fﬁfﬁ??e(;? cp  HROS%CD
0 ~1.0-0.0 77 (13) 39 (24-54) 1 45 (10) 33 (19-47) 1
1 >0.0-1.0 337 (57) 11 (10-12) 1.92 (1.41-2.62) 275 (63) 12 (9-14) 1.60 (1.12-2.29)
2 >1.0-2.9 176 (30) 6 (5-7) 3.46 (2.50-4.80) 118 (27) 6 (5-7) 2.81(1.91-4.14)
Overall 590 (100) 10 (9-11) 438 (100) 10 (8-12)

* Harrell’s C = 0.61, ** Harrell’s C = 0.58.
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Figure 3. (a) OS at OUH by adjusted preoperative prognostic index groups. (b) OS at KU/StO by
adjusted preoperative prognostic groups.

4. Discussion

In this study, we have created an improved prognostic index for patients with brain
metastases to estimate expected survival after surgery. The index was validated using two
external patient populations from Sweden and Norway.

4.1. Patient Characteristics

In the population of patients used to validate the preoperative prognostic index, the
percentage of patients within each prognostic group was similar to the derivation data
set from OUH. This implies a comparable spread of risk evaluation for the acceptance
of surgery for BM across the hospitals/regions. The median postoperative OS was ten
months for all three hospitals, which is in concordance with similar studies [6,27]. Fur-
ther, the median OS in the best prognostic group was approximately 3 years (39 months
OUH vs. 33 months at KU/StO), which is an important reminder to clinicians that some
patients may live relatively long even with a diagnosis of BM [28].
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However, when evaluating individual prognostic variables, some differences between
the hospitals became apparent. Most notably, the two Norwegian hospitals had a higher
proportion of patients > 70 years compared to KU. This is probably explained by the
Gamma Knife surgery at KU [29-31] that potentially results in the selection of older pa-
tients to this therapy when referred for neurosurgical intervention. Similarly, a higher
percentage of patients with breast cancer at KU could be due to a difference in referral
practice combined with a higher incidence of breast cancer in Sweden [32]. The differ-
ence in the percentage of patients with poor ECOG performance status (>2) between the
hospitals could be due to interrater variability, a problem previously described in cancer
populations [33]. The difference could also be due to local discrepancies regarding the
significance of performance status and selection for BM surgery.

4.2. Validity of the Preoperative Prognostic Index

The preoperative prognostic index successfully identified patients with longer OS in
the validation groups at KU and StO but did not differentiate between the two groups
with the poorest prognosis (Groups 2 and 3). This could partly be due to a lower number
of patients in the two smallest groups. Based on these findings, we chose to adjust the
preoperative prognostic index by merging the two poorest groups, creating three prognostic
categories instead of four to accommodate external validity. Further, having three instead
of four groups simplifies the use and interpretation in a clinical setting. We compared
all hazard ratios from the validation data set with the derivation data set and all were
comparable, with exceptions for ECOG status > 2 and the presence of breast cancer, which
had less extreme values in the validation data set. This may explain the slightly lower
concordance in the validation set.

4.3. Clinical Importance

A decision about surgical resection is usually done with careful consideration by a
multidisciplinary tumor board. Even though some patients receive resection due to acute
hydrocephalus (14% had hydrocephalus in our derivation data set [3]) or the need for
a histopathological diagnosis, the aim is often therapeutic and based on the prognostic
outlook of the individual patient. While stereotactic radiotherapy is a good treatment
option, lesions may be too large, and neurological deficits may improve more promptly with
surgical resection [21]. Whole brain radiation therapy is also an option, but in patients with
longer expected survival time, or with single BM, this modality may not be recommended
due to known side effects [34-36]. Traditionally, the focus of prognostic tools has been to
identify patients with poor survival and to reduce the risk of potential overtreatment. The
RPA and GPA prognostic tools were useful in this regard. However, they are based on
outdated clinical data, due to the rapid development of new cancer therapies in the last three
decades. Given the advances in the treatment of metastatic cancers, predicting longevity is
also important in treatment selection. In the best prognostic groups, avoiding long-term
side effects of treatment is important and should be considered in clinical decision-making.
For many of these patients, surgical resection may be the best alternative even if there is not
a need for acute decompression and treatment of hydrocephalus. In addition, in cases of
histopathological uncertainty, estimating the prognosis of the patients may aid the decision
between performing a simple biopsy or a gross total resection of a BM.

Our adjusted preoperative prognostic index is solely based on patients who underwent
surgery for BM and allows for uncertainty regarding histopathology and extracranial
disease. In contrast, well-established prognostic scores are based on patients who received
a variety of treatments. In addition, the newly updated ds-GPA does not allow for unknown
primary cancer. When it comes to surgery for BM, one-third of the patients may present
with BM as the first sign of disease [3,26,37]. Our index does not contain molecular data
such as EGFR mutation status in lung cancer patients, HER2 status in breast cancer patients
and BRAF mutation status in melanoma patients. For a high fraction of patients such
molecular data is unknown at the time of evaluation for craniotomy. In addition, while the
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above mutations are associated with survival, the association is uncertain in patients with
BM [38,39], and more studies are warranted to establish the role of oncogenic mutations in
these patients. Further, studies have also shown discrepancies between mutation status in
primary tumors and their BM [40,41].

We believe that a prognostic index based on patients who underwent surgery for BM
in the last decade is useful for patients and clinicians during joint decision-making. The
index should be further validated in a prospective cohort of patients, preferably in patient
populations outside of the Nordic countries, to increase validity. To ease the clinical use
of the index, we further hope to create a readily accessible online calculator based on the
index. Future studies should also include patient-reported outcome measures to investigate
patient perspectives and symptoms in patients with short and long OS after treatment.

4.4. Strengths and Limitations

The study describes a high number of patients treated with BM surgery within geo-
graphically defined regions. We have used data from three treatment centers. The centers
have different referral practices and as such somewhat different patient populations. In
addition, there is significant heterogeneity within the populations on the variables selected
for scoring prognosis. Study limitations include the retrospective collection of data and
that the analysis was performed on patients who were already selected for surgery for
BM. Further data on patients who were evaluated and declined for surgery would likely
improve the index but are not available.

5. Conclusions

We believe current prognostic tools are insufficient for patients considered for surgery
for BM since they either are based on very old data or require histopathological information
that may be unavailable preoperatively. To facilitate decision-making for patients and clini-
cians, we created a preoperative prognostic index for these patients. The index categorizes
patients into three prognostic groups with different expected survival times. We evaluated
the index on external cohorts of patients, thereby demonstrating its validity and usefulness.
The preoperative prognostic index can provide information on prognosis for clinicians and
patients in the shared process of selecting the right treatment for the right patient with BM
(Table S1).

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15123174/s1, Table S1. Tripod Checklist [42].

Author Contributions: Conceptualization, R.R.W., E.O.V.-M., M.]. H. and E.S.; methodology, RR.W.,
E.O.V.-M,, M.].H. and E.S.; software, R.R.W. and E.S.; validation, RR.W., E.O.V.-M., M.J.LH. and E.S.;
formal analysis, RR.W. and E.S.; investigation, RR.-W., ].5.A., L.A. and ].H; resources, M.].H., S.K.;
data curation, RR.W,, ].S.A,, L.A. and ].H.; writing—original draft preparation, RR.W., E.O.V.-M,,
M.J.H. and E.S.; writing—review and editing, RR.W,, ES, M.JH.,L.A,, ] H,]J.S.A., OS,,].B,, SK and
E.O.V.-M,; visualization, RR.W. and E.S.; supervision, E.O.V.-M.; project administration, E.O.V.-M.
and M.J.H.; funding acquisition, M.J.H. All authors have read and agreed to the published version of
the manuscript.

Funding: The South-Eastern Norway Regional Health Authority and the Norwegian Cancer Society
funded this study under Grant 2017113 and Grant 182832.

Institutional Review Board Statement: The Data Protection Officer at Oslo University Hospital
approved the study. The Norwegian regional ethics committee and the Stockholm regional ethics
committee approved the collection and transfer of data from St. Olavs University Hospital and
Karolinska University Hospital to OUH for analyses (REK number: 462536 in Norway and Dnr.
29017/1760-31 (sup-2020-02407) in Sweden).

Informed Consent Statement: The Norwegian Directorate of Health waived patient consent and
deemed the study a quality improvement project. All patients treated at OUH were informed about
the study and their right to decline the use of their data. Storage and handling of data are done in
accordance with the GDPR.


https://www.mdpi.com/article/10.3390/cancers15123174/s1
https://www.mdpi.com/article/10.3390/cancers15123174/s1

Cancers 2023, 15, 3174 10 of 12

Data Availability Statement: The data used in this study are available on request from the corre-
sponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nieder, C.; Spanne, O.; Mehta, M.P,; Grosu, A.L.; Geinitz, H. Presentation, patterns of care, and survival in patients with brain
metastases. Cancer 2011, 117, 2505-2512. [CrossRef] [PubMed]

Wong, J.; Hird, A.; Kirou-Mauro, A.; Napolskikh, J.; Chow, E. Quality of life in brain metastases radiation trials: A literature
review. Curr. Oncol. 2008, 15, 25-45. [CrossRef] [PubMed]

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]

Cagney, D.N.; Martin, A.M.; Catalano, PJ.; Redig, A.]J.; Lin, N.U; Lee, E.Q.; Wen, P.Y.; Dunn, LE; 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]

Sperduto, PW.; Mesko, S.; Li, ].; Cagney, D.; Aizer, A.; Lin, N.U.; Nesbit, E.; Kruser, T.].; 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. [CrossRef] [PubMed]

Kavouridis, V.K.; Harary, M.; Hulsbergen, A.F.C; Lo, Y.T.; Reardon, D.A.; Aizer, A.A.; Iorgulescu, ].B.; Smith, T.R. Survival and
prognostic factors in surgically treated brain metastases. J. Neurooncol. 2019, 43, 359-367. [CrossRef]

Soffietti, R.; Abacioglu, U.; Baumert, B.; Combs, S.E.; Kinhult, S.; Kros, ].M.; Marosi, C.; Metellus, P.; Radbruch, A.; Villa
Freixa, S.S.; et al. Diagnosis and treatment of brain metastases from solid tumors: Guidelines from the European Association of
Neuro-Oncology (EANO). Neuro Oncol. 2017, 19, 162-174. [CrossRef]

Olson, ].J.; Kalkanis, S.N.; Ryken, T.C. Congress of Neurological Surgeons Systematic Review and Evidence-Based Guidelines for
the Treatment of Adults with Metastatic Brain Tumors: Executive Summary. Neurosurgery 2019, 84, 550-552. [CrossRef]

Long, G.V.; Atkinson, V.; Lo, S.; Sandhu, S.; Guminski, A.D.; Brown, M.P,; Wilmott, ].S.; Edwards, J.; Gonzalez, M.; Scolyer, R.A;
et al. Combination nivolumab and ipilimumab or nivolumab alone in melanoma brain metastases: A multicentre randomised
phase 2 study. Lancet Oncol. 2018, 19, 672-681. [CrossRef]

Gaspar, L.E.; Prabhu, R.S.; Hdeib, A.; McCracken, D.J.; Lasker, G.F.; McDermott, M.W.; Kalkanis, S.N.; Olson, J.J. Congress of
Neurological Surgeons Systematic Review and Evidence-Based Guidelines on the Role of Whole Brain Radiation Therapy in
Adults with Newly Diagnosed Metastatic Brain Tumors. Neurosurgery 2019, 84, E159-E162. [CrossRef]

Brown, P.D.; Ballman, K.V.; Cerhan, J.H.; Anderson, S.K.; Carrero, X.W.; Whitton, A.C.; Greenspoon, ].; Parney, L.F.,; Laack, N.N.I;
Ashman, ].B.; et al. Postoperative stereotactic radiosurgery compared with whole brain radiotherapy for resected metastatic
brain disease (NCCTG N107C/CEC.3): A multicentre, randomised, controlled, phase 3 trial. Lancet Oncol. 2017, 18, 1049-1060.
[CrossRef] [PubMed]

Ayas, AW,; Grau, S.; Jablonska, K.; Ruess, D.; Ruge, M.; Marnitz, S.; Goldbrunner, R.; Kocher, M. Postoperative local fractionated
radiotherapy for resected single brain metastases. Strahlenther. Onkol. 2018, 194, 1163-1170. [CrossRef] [PubMed]

Schapira, E.; Hubbeling, H.; Yeap, B.Y.; Mehan, W.A,, Jr.; Shaw, A.T.; Oh, K,; Gainor, J.F,; Shih, H.A. Improved Overall Survival
and Locoregional Disease Control with Concurrent PD-1 Pathway Inhibitors and Stereotactic Radiosurgery for Lung Cancer
Patients with Brain Metastases. Int. J. Radiat. Oncol. Biol. Phys. 2018, 101, 624-629. [CrossRef] [PubMed]

Mahajan, A.; Ahmed, S.; McAleer, M.E,; Weinberg, J.S.; Li, ].; Brown, P; Settle, S.; Prabhu, S.S.; Lang, FE.; Levine, N.; et al.
Post-operative stereotactic radiosurgery versus observation for completely resected brain metastases: A single-centre, randomised,
controlled, phase 3 trial. Lancet Oncol. 2017, 18, 1040-1048. [CrossRef]

Kotecha, R.; Gondi, V.; Ahluwalia, M.S.; Brastianos, PK.; Mehta, M.P. Recent advances in managing brain metastasis. F1000Research
2018, 7. [CrossRef]

Schmieder, K.; Keilholz, U.; Combs, S. The Interdisciplinary Management of Brain Metastases. Dtsch. Arztebl. Int. 2016, 113,
415-421. [CrossRef]

Patchell, R.A.; Tibbs, P.A.; Walsh, ].W.; Dempsey, R.J.; Maruyama, Y.; Kryscio, R.J.; Markesbery, WR.; Macdonald, ].S.; Young, B. A
randomized trial of surgery in the treatment of single metastases to the brain. N. Engl. J. Med. 1990, 322, 494-500. [CrossRef]
Thon, N.; Kreth, EW.; Tonn, ].C. The role of surgery for brain metastases from solid tumors. Handb. Clin. Neurol. 2018, 149,
113-121. [CrossRef]

Ferguson, S.D.; Wagner, K.M.; Prabhu, S.S.; McAleer, M.F,; McCutcheon, I.E.; Sawaya, R. Neurosurgical management of brain
metastases. Clin. Exp. Metastasis 2017, 34, 377-389. [CrossRef]


https://doi.org/10.1002/cncr.25707
https://www.ncbi.nlm.nih.gov/pubmed/24048799
https://doi.org/10.3747/co.v15i5.290
https://www.ncbi.nlm.nih.gov/pubmed/19008990
https://doi.org/10.1080/0284186X.2021.1930150
https://www.ncbi.nlm.nih.gov/pubmed/34032547
https://doi.org/10.1093/neuonc/nox077
https://doi.org/10.1200/JCO.20.01255
https://www.ncbi.nlm.nih.gov/pubmed/32931399
https://doi.org/10.1007/s11060-019-03171-6
https://doi.org/10.1093/neuonc/now241
https://doi.org/10.1093/neuros/nyy540
https://doi.org/10.1016/S1470-2045(18)30139-6
https://doi.org/10.1093/neuros/nyy541
https://doi.org/10.1016/S1470-2045(17)30441-2
https://www.ncbi.nlm.nih.gov/pubmed/28687377
https://doi.org/10.1007/s00066-018-1368-1
https://www.ncbi.nlm.nih.gov/pubmed/30218137
https://doi.org/10.1016/j.ijrobp.2018.02.175
https://www.ncbi.nlm.nih.gov/pubmed/29678530
https://doi.org/10.1016/S1470-2045(17)30414-X
https://doi.org/10.12688/f1000research.15903.1
https://doi.org/10.3238/arztebl.2016.0415
https://doi.org/10.1056/NEJM199002223220802
https://doi.org/10.1016/b978-0-12-811161-1.00008-6
https://doi.org/10.1007/s10585-017-9860-z

Cancers 2023, 15, 3174 11 of 12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

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]

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]

Moss, N.S.; Beal, K.; Tabar, V. Brain Metastasis—A Distinct Oncologic Disease Best Served by an Integrated Multidisciplinary
Team Approach. JAMA Oncol. 2022, 8, 1252-1254. [CrossRef]

Loh, D.; Hogg, E; Edwards, P.; MacColl, J.; Brogna, C.; Bhangoo, R.; Ashkan, K.; Vergani, F. Two-year experience of multi-
disciplinary team (MDT) outcomes for brain metastases in a tertiary neuro-oncology centre. Br. ]. Neurosurg. 2018, 32, 53—60.
[CrossRef]

Sperduto, PW.; 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 1,960 patients in the RTOG database. Int. ]. Radiat. Oncol. Biol. Phys. 2008, 70,
510-514. [CrossRef] [PubMed]

Gaspar, L.; Scott, C.; Rotman, M.; Asbell, S.; Phillips, T.; Wasserman, T.; McKenna, W.G.; Byhardt, R. Recursive partitioning
analysis (RPA) of prognostic factors in three Radiation Therapy Oncology Group (RTOG) brain metastases trials. Int. ]. Radiat.
Oncol. Biol. Phys. 1997, 37, 745-751. [CrossRef] [PubMed]

Picarelli, H.; Oliveira, M.L.; Marta, G.N.; Solla, D.].E,; Teixeira, M.].; Figueiredo, E.G. Mortality, Morbidity, and Prognostic Factors
in the Surgical Resection of Brain Metastases: A Contemporary Cohort Study. J. Neurol. Surg. Part A Cent. Eur. Neurosurg. 2020,
81,279-289. [CrossRef]

Pojskic, M.; Bopp, M.H.A.; Schymalla, M.; Nimsky, C.; Carl, B. Retrospective study of 229 surgically treated patients with
brain metastases: Prognostic factors, outcome and comparison of recursive partitioning analysis and diagnosis-specific graded
prognostic assessment. Surg. Neurol. Int. 2017, 8, 259. [CrossRef]

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. |. Surg. 2017, 44, 204-209. [CrossRef]

Bergqvist, S. Gamma Knife at Karolinska. Available online: https://www.karolinska.se/en/karolinska-university-hospital /
medical-areas/gamma-knife-surgery/ (accessed on 9 August 2022).

Leksell, L. Stereotaxis and Radiosurgery. An Operative System; Charles C Thomas: Springfield, IL, USA, 1971; p. 70.

Lindquist, C.; Kihlstrom, L. Department of Neurosurgery, Karolinska Institute: 60 years. Neurosurgery 1996, 39, 1016-1021.
[CrossRef]

Editorial Group for NOMESCO Health Statistics. Cancer. Available online: https://nhwstat.org/health/cancer (accessed on 12
September 2022).

Kim, Y.J.; Hui, D.; Zhang, Y.; Park, ]J.C.; Chisholm, G.; Williams, J.; Bruera, E. Differences in Performance Status Assessment
among Palliative Care Specialists, Nurses, and Medical Oncologists. J. Pain Symptom Manag. 2015, 49, 1050-1058.e1052. [CrossRef]
Mulvenna, P.; Nankivell, M.; Barton, R.; Faivre-Finn, C.; Wilson, P.; McColl, E.; Moore, B.; Brisbane, 1.; Ardron, D.; Holt, T.;
et al. Dexamethasone and supportive care with or without whole brain radiotherapy in treating patients with non-small cell
lung cancer with brain metastases unsuitable for resection or stereotactic radiotherapy (QUARTZ): Results from a phase 3,
non-inferiority, randomised trial. Lancet 2016, 388, 2004-2014. [CrossRef] [PubMed]

Brown, P.D,; Jaeckle, K.; Ballman, K.V; Farace, E.; Cerhan, ]. H.; Anderson, S.K.; Carrero, X.W.; Barker, EG.; Deming, R.; Burri, S.H;
et al. Effect of radiosurgery alone vs. radiosurgery with whole brain radiation therapy on cognitive function in patients with 1 to
3 brain metastases: A randomized clinical trial. JAMA 2016, 316, 401-409. [CrossRef] [PubMed]

Chang, E.L.; Wefel, ].S.; Hess, KR,; Allen, PK,; Lang, EE; Kornguth, D.G.; Arbuckle, R.B.; Swint, ].M.; Shiu, A.S.; Maor, M.H,;
et al. Neurocognition in patients with brain metastases treated with radiosurgery or radiosurgery plus whole-brain irradiation: A
randomised controlled trial. Lancet Oncol. 2009, 10, 1037-1044. [CrossRef]

Lee, C.H.; Kim, D.G.; Kim, J.W.; Han, ] H.; Kim, Y.H.; Park, C.K,; Kim, C.Y,; Paek, S.H.; Jung, H.W. The role of surgical resection in
the management of brain metastasis: A 17-year longitudinal study. Acta Neurochir. 2013, 155, 389-397. [CrossRef] [PubMed]
Armocida, D.; Pesce, A.; Palmieri, M.; Cofano, F.; Palmieri, G.; Cassoni, P.; Busceti, C.L.; Biagioni, F.; Garbossa, D.; Fornai, F;
et al. EGFR-Driven Mutation in Non-Small-Cell Lung Cancer (NSCLC) Influences the Features and Outcome of Brain Metastases.
J. Clin. Med. 2023, 12, 3372. [CrossRef]

Preusser, M.; Berghoff, A.S.; Ilhan-Mutlu, A.; Magerle, M.; Dinhof, C.; Widhalm, G.; Dieckmann, K.; Marosi, C.; Wohrer, A.;
Hackl, M.; et al. ALK gene translocations and amplifications in brain metastases of non-small cell lung cancer. Lung Cancer 2013,
80, 278-283. [CrossRef]

Italiano, A.; Vandenbos, EB.; Otto, J.; Mouroux, J.; Fontaine, D.; Marcy, P.Y.; Cardot, N.; Thyss, A.; Pedeutour, F. Comparison of
the epidermal growth factor receptor gene and protein in primary non-small-cell-lung cancer and metastatic sites: Implications
for treatment with EGFR-inhibitors. Ann. Oncol. 2006, 17, 981-985. [CrossRef]


https://doi.org/10.1016/j.wneu.2016.09.054
https://doi.org/10.1016/j.annonc.2021.07.016
https://www.ncbi.nlm.nih.gov/pubmed/34364998
https://doi.org/10.1001/jamaoncol.2022.1928
https://doi.org/10.1080/02688697.2017.1368449
https://doi.org/10.1016/j.ijrobp.2007.06.074
https://www.ncbi.nlm.nih.gov/pubmed/17931798
https://doi.org/10.1016/S0360-3016(96)00619-0
https://www.ncbi.nlm.nih.gov/pubmed/9128946
https://doi.org/10.1055/s-0039-1696997
https://doi.org/10.4103/sni.sni_228_17
https://doi.org/10.1016/j.ijsu.2017.05.033
https://www.karolinska.se/en/karolinska-university-hospital/medical-areas/gamma-knife-surgery/
https://www.karolinska.se/en/karolinska-university-hospital/medical-areas/gamma-knife-surgery/
https://doi.org/10.1097/00006123-199611000-00026
https://nhwstat.org/health/cancer
https://doi.org/10.1016/j.jpainsymman.2014.10.015
https://doi.org/10.1016/s0140-6736(16)30825-x
https://www.ncbi.nlm.nih.gov/pubmed/27604504
https://doi.org/10.1001/jama.2016.9839
https://www.ncbi.nlm.nih.gov/pubmed/27458945
https://doi.org/10.1016/S1470-2045(09)70263-3
https://doi.org/10.1007/s00701-013-1619-y
https://www.ncbi.nlm.nih.gov/pubmed/23325516
https://doi.org/10.3390/jcm12103372
https://doi.org/10.1016/j.lungcan.2013.01.019
https://doi.org/10.1093/annonc/mdl038

Cancers 2023, 15, 3174 12 of 12

41. Rau, K.-M,; Chen, H.-K; Shiu, L.-Y,; Chao, T.-L,; Lo, Y.-P.; Wang, C.-C.; Lin, M.-C.; Huang, C.-C. Discordance of Mutation Statuses
of Epidermal Growth Factor Receptor and K-ras between Primary Adenocarcinoma of Lung and Brain Metastasis. Int. ]. Mol. Sci.
2016, 17, 524. [CrossRef]

42. Collins, G.S.; Reitsma, J.B.; Altman, D.G.; Moons, K.G. Transparent reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD): The TRIPOD Statement. BMC Med. 2015, 13, 1. [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/10.3390/ijms17040524
https://doi.org/10.1186/s12916-014-0241-z

	Introduction 
	Materials and Methods 
	Ethics 
	Statistical Analyses 

	Results 
	Discussion 
	Patient Characteristics 
	Validity of the Preoperative Prognostic Index 
	Clinical Importance 
	Strengths and Limitations 

	Conclusions 
	References

