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Abstract
Background.  Current guidelines do not recommend primary prophylactic anti-epileptic drug (AED) therapy for pa-
tients with brain metastases (BM). Yet, subgroups of patients at high seizure risk might still benefit from prophylaxis.
Methods. We identified 799 patients diagnosed with BM by retrospective screening of our electronic chart system. 
Candidate risk factors for the development of epilepsy were tested by univariate and multivariate Cox regression 
models.
Results.  Epilepsy was diagnosed in 226 of 799 patients (28%). Risk factors for epilepsy in non-operated patients 
were single BM (P = 0.002, hazard ratio [HR] 3.2, 95% CI: 1.5–6.6) and detection of tumoral hemorrhage (P = 0.008, HR 
2.5, 95% CI: 1.3–4.9). Preoperative seizures occurred predominantly in patients with supratentorial BM (P = 0.003, 
HR 20.78, 95% CI: 2.8–153.4) and lung cancer (P = 0.022; HR 2.0, 95% CI: 1.1–3.6). Postoperative seizures were asso-
ciated with supratentorial localization (P = 0.017, HR 5.8, 95% CI: 1.4–24.3), incomplete resection (P = 0.005, HR 4.6, 
95% CI: 1.6–13.1), and by trend for multiple brain surgeries (P = 0.095, HR 1.9, 95% CI: 0.9–4.0). These risk factors 
were integrated into a predictive score model for postoperative epilepsy (score sum 0–8). A gradual increase of 
seizure rates along with higher sum score was confirmed post hoc (score 0 = no seizures; score 8 = 48% seizures). 
Receiver operating characteristic analysis supported diagnostic accuracy (P = 0.00001, area under the curve = 0.75).
Conclusions.  Here we have defined risk profiles for the development of BM-related epilepsy and derived a score 
which might help to estimate the risk of postoperative seizures and identify individuals at risk who might benefit 
from primary prophylactic AED therapy.

Key Points

1.  Epilepsy was diagnosed in 226 of 799 patients (28%) with brain metastases.

2. � Postoperative seizures were associated with supratentorial brain metastases, residual 
tumor, or repeat brain surgery.

3.  A predictive model for seizures was derived from patients’ risk profiles.
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Brain tumor–related epilepsy (BTRE) is common in patients 
with brain metastases (BM) from systemic tumors and is 
thought to contribute to morbidity and mortality.1,2 Freedom 
from seizures is essential for favorable quality of life in brain 

tumor patients.3–5 BTRE lifetime risk in BM patients is esti-
mated at 20–35% to 67%.6–8 Diagnosis of BTRE commonly 
necessitates the initiation of secondary prophylaxis, whereas 
primary prophylactic anti-epileptic drug (AED) treatment in 
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response to a BM diagnosis is not indicated.9 This is because 
several retrospective studies have failed to demonstrate a 
general risk reduction for developing BTRE with primary pro-
phylaxis.10–12 However, subgroups of patients with high risk 
of seizures might still benefit from primary prophylaxis.13

There are only limited data to estimate the risk of de-
veloping BTRE in BM patients, mostly from retrospective 
studies of patient cohorts that also include patients with 
primary brain tumors7,14 or patients with distinct tumor 
entities, such as melanoma.13

Although available data and current guidelines9 do not 
support the concept of primary prophylaxis with AED, al-
though these are nevertheless often prescribed in BM pa-
tients without BTRE, such as prior to BM resection or on an 
individual basis if the patient is thought to be at increased 
seizure risk. Possible seizure prevention has to be weighed 
against risk of drug interactions and of relevant side effects 
associated with AED therapy. This is particularly true for an 
older AED like phenytoin or phenobarbital.15

A better understanding of risk factors for BTRE might 
help to define a role for primary prophylactic AED therapy 
in subgroups of BM patients. Gross total resection, radi-
otherapy, and chemotherapy are thought to contribute to 
seizure control in glioma patients.7,8,16 Conversely, pre- or 
postoperative hemorrhage and multiple lesions were asso-
ciated with increased seizure risk in BM patients,13 and de-
tection of cortical hemosiderin correlated with seizure risk 
in a retrospective study including 36 BM patients.14

The major goal of this study was to define subgroups 
of BM patients at high risk for BTRE who might benefit 
from primary AED therapy. To this end, we retrospectively 
studied a clinically well-annotated cohort of 811 patients 
with BM. Since surgery can either contribute to improved 
seizure control following resection or in turn result in post-
operative onset of new seizures, separate analyses for 
preoperative BTRE, postoperative BTRE, and BTRE in non-
operated patients were conducted, with the intent to build 
risk prediction models for BTRE in BM patients.

Materials and Methods

Patients

We screened the electronic chart system of the University 
Hospital Zurich for patients with BM diagnosed between 

January 2004 and December 2014, employing the search 
term “brain metastasis.” Of 843 adult patients, 13 were 
excluded because of missing informed consent and 19 
because of alternative diagnoses. Of the remaining 811 
patients, 568 had a brain biopsy or resection. Follow-up 
data until death were available for 628 patients (77%), 
whereas 183 patients (23%) were followed up for a me-
dian of 17.0 months (95% CI: 12.0–23.0 mo). This study was 
approved by the Cantonal Ethics Committee Zurich (KEK-
ZH-Nr. 2018-00192).

Assessments

At least one unprovoked seizure in a patient with a diag-
nosis of BM was defined as BTRE according to the criteria of 
the International League Against Epilepsy (ILAE) that were 
valid when data were collected.17 A new classification of 
seizures has been established meanwhile.18 Postoperative 
epilepsy was diagnosed in patients with documented epi-
leptic seizures during postoperative follow-up, except for 
seizures within 7 days of craniotomy. The latter are referred 
to as acute symptomatic postoperative and thus provoked 
seizures.19 All patients with provoked seizures only were 
assigned to the non-BTRE group.

Patient characteristics, histopathological data, and clin-
ical data including neurological deficits, seizure history, 
postoperative course, complications, and medication were 
obtained by electronic chart reviews. Reports of cranial CT 
and MRI scans were reviewed to assess number, locali-
zation, and morphology of BM and to define presence of 
tumoral hemorrhage, tumor progression, and extent of re-
section. Absence of contrast-enhancing tumor on postop-
erative MRI scans was rated as gross total resection.

Statistical Methods

Analysis of nominal variables was performed employing 
the chi-square test, and analysis of linearly scaled variables 
was done with the Mann–Whitney U-test. Significant dif-
ferences of paired nominal data were assessed employing 
McNemar’s test. Differences between ordinally coded data 
in unpaired samples were assessed by the Kruskal–Wallis 
test. Binary logistic regression analysis was performed to 
assess for factors independently associated with preopera-
tive seizures. Variables which were associated with BTRE in 

Importance of the Study

Brain tumor–related epilepsy is a frequent and clini-
cally highly relevant complication of brain metastasis. 
However, current guidelines do not recommend pri-
mary prophylactic AED treatment for seizure-free 
patients with BM, since no benefit from general pro-
phylaxis has been demonstrated so far. Furthermore, 
AED treatment may have significant side effects, inter-
fere with systemic cancer therapy, and generate ad-
ditional cost. Conversely, seizure prevention is of high 
clinical importance, since seizures negatively impact 

quality of life, for patients and for caregivers, and pos-
sibly outcome, too. In clinical practice, AED treatment 
is started following a first seizure, or based on an in-
dividual decision of the treating physician. Here we 
provide risk profiles for the development of seizures 
in patients with and without tumor resection. We have 
developed a predictive score to support clinicians in 
the identification of patients at high risk for postopera-
tive epileptic seizures who might benefit from primary 
prophylaxis with AED.
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univariate analyses were carried forward for multivariate 
testing using a Cox regression model including postoper-
ative follow-up for seizures and seizure occurrence. Other 
variables previously reported to be associated with seiz-
ures were included in our model as possible confounders. 
Multivariate models for BTRE were derived separately for 
operated and non-operated patients, based on results from 
univariate analysis. We integrated the results in a predic-
tive score model. Score values were derived from respec-
tive hazard ratios (HRs) for each item and confirmed using 
beta-coefficient values of regression. Receiver operating 
characteristic (ROC) curves were used to rate score validity. 
An area under the curve (AUC) of 0.5 reflects no discrim-
ination between risk groups; an AUC of 1, a perfect dis-
crimination between subjects at high and low risk; and an 
AUC >0.7 is widely accepted as cutoff for clinically relevant 
discrimination capacity of a clinical score.20

Statistical analysis was performed by SPSS v23 (IBM) 
and GraphPad Prism v7.0. For two-sided P-values, results 
with P < 0.05 were considered significant and with P < 0.01 
highly significant.

Data Availability Statement

The data that support the findings of this study are avail-
able from the corresponding author, upon reasonable re-
quest (fabian.wolpert@usz.ch).

Results

Patient Characteristics

Interrogation of the electronic database allowed the identi-
fication of 811 BM patients. Twelve patients were excluded 
because of a history of prior epilepsy (Fig. 1, CONSORT 
[Consolidated Standards of Reporting Trials] chart). Of the 
final cohort of 799 patients, 237 (30%) had at least one 
documented seizure. In 5 patients, a provocation factor, 
such as more than moderate alcohol consumption, alcohol 
withdrawal, low serum sodium levels, or infection, was 
reported; 2 of these 5 patients later suffered from at least 
one unprovoked seizure and then fulfilled ILAE criteria 
for BTRE. Ten patients had a seizure within the first week 
after surgery, and the seizure was rated as provoked by 
surgery.17 Two of these patients had at least one or more 
unprovoked seizures in the further course of disease and 
were therefore included in the BTRE group. Altogether, 226 
of 799 patients (28%) had at least one unprovoked epileptic 
seizure and thus fulfilled BTRE criteria (Table 1). Seizure 
rates varied from 1 to 13 seizures (Fig. 2A). There was no 
association between the first clinical symptom of BM and 
BTRE (Fig. 2B). Most seizures occurred within 1 week from 
diagnosis of BM, whereas other seizures occurred prefer-
entially in the later course of disease beyond 12 weeks, 
potentially indicative of progressive disease (Fig. 2C). 
In operated patients the majority of the first and second 
seizures occurred before surgery, whereas few seizures 
occurred within the first 12 weeks after surgery (Fig. 2D), 
consistent with surgery-afforded seizure control.

To further assess the role of tumor progression for BTRE 
in patients with known BM, we evaluated imaging results 
obtained within one week of the first seizure. This informa-
tion was available for 76 previously seizure-free patients. 
Tumor progression was noted in 47 of these patients (62%).

AED Use in BTRE

AED treatment was assessed before and after the time of 
occurrence of a first seizure as well as one year after the 
diagnosis of BM. Information on AED prophylaxis after di-
agnosis of BM and prior to any documented seizure was 
available for 796 patients (Supplementary Table 1). BTRE 
risk did not differ between patients with (31%) versus 
without (31%) primary prophylaxis (Table 1). Justification 
of primary prophylaxis was documented for 138 of 153 

  
 Suspected diagnosis

of BM according
 to chart
n = 843 

Included in
final analysis

n = 799  

Missing consent n = 13
alternative diagnosis n = 19

Patients with
confirmed

diagnosis of BM
n = 811   

Prior diagonosis
of epilepsy

n = 12

Surgery
n = 557

No surgery
n = 242

Epileptogenic
risk profile 

Preoperative
epileptogenic
risk profile  

Postoperative
epileptogenic
risk profile  

Fig. 1  CONSORT chart. The consort chart shows the selection 
path for patients to be included in this study. The upper part docu-
ments the preselection process to identify all BM patients and ex-
clude patients with missing consent or alternative diagnosis. Next, 
patients with prior diagnosis of epilepsy were excluded from fur-
ther assessment. The lower part shows separation of patients who 
underwent neurosurgery or no surgery. Pre- and postoperative 
BTRE risk profiles were assessed separately.
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
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Table 1  Patient characteristics stratified for absence versus presence of BTRE

All Patients  
(n = 799)

No BTRE  
(n = 573, 71.7%)

Confirmed BTRE  
(n = 226, 28.3%)

P*

Sex, m/f 427/372 298/275 129/97 0.284a

Age, y, median (range) 60.5 (20.5–90.1) 60.9 (20.5–90.1) 58.4 (26.6–84.9) 0.004*b

Number of BM, median (range) 2 (1–64) 2 (1–64) 1 (1–20) 0.095b

KPS, median (range) 80 (20–100) 80 (30–100) 80 (20–100) 0.829b

Primary tumor, n (%)   

  Unknown 45 (5.6) 34 (75.6) 11 (24.4) 0.556 a

  Lung cancer 332 (41.6) 225 (67.8) 107 (32.2) 0.037 a

  Melanoma 143 (17.9) 105 (73.4) 38 (26.6) 0.616 a

  Breast cancer 93 (11.6) 76 (81.7) 17 (18.3) 0.023 a

  Renal cell cancer 28 (3.5) 20 (71.4) 8 (28.6) 0.973 a

  Gastrointestinal cancer 63 (7.9) 46 (73.0) 17 (270) 0.811 a

  Other 95 (11.9) 66 (68.8) 30 (31.3) 0.784a

Alcohol, n (%)  

  No abuse 624 (85.5) 444 (71.5) 180 (28.5) Ref.

  Ongoing abuse (>30 g/d) 84 (11.5) 54 (64.3) 30 (35.7) 0.420a

  Former abuse 22 (3.0) 16 (72.7) 6 (27.3) 0.812a

  No information 81  

First seizure, type, n (%)  

  Focal seizures (intact awareness) 83 (36.7)

  Focal seizures (impaired awareness) 21 (9.3)

  Generalized tonic-clonic (onset unknown) 92 (40.7)

  Generalized non-motor (onset unknown) 8 (3.5)

  Status epilepticus 12 (5.3)

  Incomplete file 10

AED prophylaxis, n (%)  

  No primary prophylaxis 573 (72.7) 395 (68.9) 178 (31.1) Ref.

  Primary prophylaxis 150 (19.0) 104 (69.3) 46 (30.7) 0.582 a

  Perioperative prophylaxis 65 (8.2)  

Localization of BM, n (%)  

  Deep brain 8 (2.6) 8 (100.0) 0 (0.0) 0.942a

  Cerebellum 64 (21.1) 57 (89.1) 7 (10.9) 0.899a

  Brain stem 6 (2.0) 5 (83.3) 1 (16.7) 0.798a

  Frontal 110 (36.2) 62 (56.4) 48 (43.6) 0.094a

  Parietal 49 (16.1) 32 (65.3) 17 (34.7) 0.809a

  Occipital 27 (8.9) 16 (59.3) 11 (40.7) 0.886a

  Temporal 39 (12.8) 32 (82.1) 7 (17.9) 0.121a

  Supratentorial 226 (74.3) 142 (62.8) 84 (37.2) <0.001

  Infratentorial 78 (25.7) 70 (89.7) 8 (10.3) Ref.

  Missing information 61  

  Multiple BM 434  

Surgery, n (%)     

  No surgery 242 (30.3) 193 (79.8) 49 (20.2) Ref.

  One or more surgeries 557 (69.7) 380 (68.2) 177 (31.8) 0.001a

  File incomplete 2  

Extent of resection of supratentorial single BM   

  No surgery 28 (17.0)  

  Biopsy 1 (0.6)  
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Table 1  Continued

patients: individual decisions of treating clinicians (52 pa-
tients, 38%), pathologic EEG findings (30 patients, 22%), 
continuation of perioperative prophylaxis (52 patients, 
38%), other reasons like treatment of neuropathic pain (4 
patients, 3%). Information on AED prophylaxis was avail-
able for 554 of 557 operated patients; in 115 of those, BTRE 
was diagnosed before surgery. In the remaining patients, 
BTRE was diagnosed in 14 of 236 patients (5.9%) with no 
AED prophylaxis, in 32 of 138 patients (23.2%) with primary 
prophylaxis, and in 1 of 65 patients (1.5%) with periopera-
tive prophylaxis which was started prior to and stopped 
within 4 weeks after surgery (P = 0.0005).

Seizure Types

There was a trend toward association of generalized 
nonconvulsive seizures with lower median KPS (P = 0.053) 
and with higher number of BM (P = 0.073, Kruskal–Wallis 

test). There was no association of seizure type and sex 
(P = 0.187), extent of resection (P = 0.121), initial symptom 
(P = 0.405), lobe (P = 0.312), or hemisphere (P = 0.593) or 
detection of intracranial hemorrhage (P = 0.555, chi-square 
test). Focal seizures with retained awareness were more 
common in operated patients (75/182, 41.2% versus 10/47, 
21.3% in non-operated patients), whereas focal seizures 
with impaired awareness occurred more frequently in non-
operated patients (11/47, 23.4% versus 11/182, 6.0% in oper-
ated patients; P = 0.002, chi-square test).

Risk Factors for BTRE in Non-Operated Patients

Characteristics of 242 patients, who were not operated, 
are shown in Supplementary Table 2; 49 patients (20.2%) 
had BTRE. BTRE was associated with number of BM 
(P = 0.013, Mann–Whitney U-test) and was more common 
in patients with one brain metastasis (17/51, 33.3%) than 

All Patients  
(n = 799)

No BTRE  
(n = 573, 71.7%)

Confirmed BTRE  
(n = 226, 28.3%)

P*

  Partial resection 87 (52.7)  

  Gross total resection 49 (29.3)  

  No postoperative MRI 61  

Treatments administered after BM diagnosis in 
non-operated patients, n (%) 

  

  No chemotherapy or RT 9 (3.8)  

  RT only 103 (43.1)  

  Chemotherapy only 5 (2.1)  

  Chemotherapy and radiotherapy 122 (51.0)  

  Incomplete file 4  

  No radiotherapy 14 (5.9) 12 (85.7) 2 (20.7) Ref.

  Radiotherapy 224 (94.1) 177 (79.0) 47 (21.0) 0.553a

  No chemotherapy 114 (47.1) 91 (79.8) 23 (20.2) Ref.

  Chemotherapy 128 (52.9) 101 (78.9) 27 (21.1) 0.860a

Treatments administered after surgery of BM, n 
(%)

  

  No chemotherapy or RT 58 (11.0)  

  RT only 216 (41.1)  

  Chemotherapy only 12 (2.3)  

  Chemotherapy and radiotherapy 239 (45.5)  

  Incomplete file 32  

  No radiotherapy 72 (13.6) 58 (80.6) 14 (19.4) Ref.

  Radiotherapy 456 (86.4) 300 (65.8) 156 (34.2) 0.013

  No chemotherapy 296 (53.5) 218 (73.6) 78 (26.4) Ref.

  Chemotherapy 257 (46.5) 158 (61.5) 99 (38.5) 0.002

+ The results of database screening are shown. The first column depicts the respective characteristics items, with main items in bold letters and 
subcharacters in normal letters. The second column shows overall values for all patients. Percentages for sub-items reflect their fraction compared 
with the whole entity of a main item. The third and fourth columns show the fraction of patients without and with seizures, marked with italic letters. 
Percentages refer to the fraction of patients with or without seizures for each item. RT indicates radiotherapy of the brain.
*Results of statistical testing, indicating P-values. Significant values are highlighted with bold letters; the respective statistical test is indicated with 
superscript letters: a = chi-square test; b = Mann–Whitney U-test; Ref. = group of patients that served as a reference.

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
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in patients with multiple BM (31/189, 16.5%; P = 0.007, chi-
square test). Patients with a single cortical supratentorial 
brain metastasis, defined as <1  cm distance from the 
cortex, or subcortical brain metastasis, defined as 1–2 cm 
from the cortex, showed no difference in BTRE rate, com-
pared with BM in the deep white matter (>2 cm from the 
cortex; Supplementary Table 2). There was no association 
of BTRE with histology of the primary tumor (P = 0.816), 
chemotherapy after diagnosis of BM (P  = 0.911, data not 
shown), or steroid intake at any time during the clinical 
course (P  =  0.977, data not shown, all chi-square test). 
Supratentorial versus infratentorial tumor location of a 
single BM was not associated with BTRE either. This dif-
ference was still not significant for early occurrence of 
BTRE (<12 wk; supratentorial: 6/24 patients [25.0%] com-
pared with infratentorial: 1/9 patients [11.1%] , P = 0.360). 
Hemorrhagic transformation of the tumor was found 
upon initial imaging in more than a third of the patients, 
with the highest rate in melanoma. Detection of tumoral 

hemorrhage was associated with the diagnosis of BTRE 
(P = 0.021). We used a Cox regression model with time to 
first seizure as an outcome measure for multivariate testing 
to exclude bias from diverging survival. Both single BM 
(P = 0.002, HR 3.2, 95% CI: 1.5–6.6) and detection of tumoral 
hemorrhage (P = 0.008, HR 2.5, 95% CI: 1.3–4.9) were re-
tained as independent factors associated with BTRE. Post-
hoc calculation revealed BTRE in 13 of 116 patients (11.2%) 
with neither factor, in 27 of 106 patients (25.5%) with one of 
the factors, and in 7 of 14 patients (50%) with both single 
BM and tumoral hemorrhage risk factors.

Risk Factors for Preoperative Seizures

Information on preoperative seizures was available for 
554 of 557 operated patients. They were reported in 112 of 
these patients (19.2%) and were the first symptom of BM 
in 62 of these patients (11.2%). There was no association 
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Fig. 2  Seizure characteristics in BM patients with BTRE. (A) The documented numbers of seizures per number of patients are shown as bar 
plots. (B) Stacked bar plots showing initial symptoms of patients with (gray) and without (black) seizures. Patients with a seizure as the first 
symptom of BM are excluded here. (C, D) The occurrence of the first 5 seizures per number of patients over time is shown from the diagnosis of 
BM (C) or from surgery (D) as grouped bar plots.
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
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between preoperative BTRE and the number of metastases 
(P = 0.433), KPS (P = 0.319), age (P = 0.160; Supplementary 
Table 3), or steroid use (P  =  0.187, not shown) or initial 
symptom (P = 0.572, both chi-square test). However, there 
was an association between primary tumor histology and 
preoperative seizures (P = 0.037): We noted an increased 
incidence of preoperative seizures in patients with lung 
cancer (P = 0.007) and a decreased incidence of preoper-
ative seizures in patients with breast cancer (P  =  0.005). 
Furthermore, patients with a single cortical or subcortical 
supratentorial BM showed a trend toward increased sei-
zure risk compared with deep-seated BM (P = 0.075). The 
largest fraction of patients with preoperative seizures had 
frontal BM (33.7%, P = 0.007), followed by parietal single 
BM (24.4%, P = 0.911), occipital (16.0%, P = 0.297), and tem-
poral (6.1%, P = 0.11) single BM (Supplementary Table 3).

Supratentorial versus infratentorial localization was the 
key risk factor for preoperative seizures on multivariate 
analysis (P = 0.003, HR 20.78, 95% CI: 2.8–153.4), followed 
by lung cancer as the primary tumor (P  =  0.022, HR 2.0, 
95% CI: 1.1–3.6). A sub-analysis for supratentorial tumors 
revealed localization in the frontal lobe (P = 0.001, HR 2.78, 
95% CI: 1.5–5.2) as an independent risk factor.

Risk Factors for Postoperative Seizures

The associations of clinical disease characteristics 
with postoperative BTRE are summarized in Table 2. 
Supratentorial versus infratentorial (P = 0.012) and occip-
ital versus other locations (P = 0.027) were associated with 
postoperative seizures. Furthermore, single versus more 
than one brain surgery in the disease course (P = 0.00001) 
and cerebral venous thrombosis (P = 0.030) were associ-
ated with postoperative BTRE. BTRE was less common in 
patients following gross total resection versus incomplete 
resection (P  =  0.008). The development of postoperative 
BTRE was associated with brain irradiation (P = 0.013; Table 
1) as well as chemotherapy (P = 0.002; Table 1).

We then assessed the occurrence of seizures before and 
after surgery. Altogether, there was no significant associ-
ation between pre- and postoperative seizure occurrence 
(P  =  0.077, McNemar test). There was also no significant 
association of pre- with postoperative seizures in the sub-
group of 197 patients with only single supratentorial me-
tastasis with a median follow-up of 6  months (95% CI: 
6.0–8.0 mo) (Fig. 3).

Next, we evaluated the association of extent of resec-
tion determined by postoperative imaging obtained within 
one week with postoperative BTRE in patients with single 
supratentorial BM. Risk of postoperative seizures was sig-
nificantly higher after biopsy or partial resection than after 
gross total resection (P = 0.008) (Table 2).

We then focused on patients with single supratentorial 
BM who had been seizure free prior to surgery and ex-
plored an association of new BTRE with extent of resec-
tion. Twenty of 66 patients (30.3%) who had a biopsy or 
partial resection developed postoperative BTRE, compared 
with only 2 of 38 patients (5.3%) with gross total resec-
tion (P  =  0.003, chi-square test). In contrast to preopera-
tive seizures that were associated with frontal localization 
of a single brain metastasis, new diagnosis of BTRE after 

surgery was associated with occipital tumor localization 
(P  =  0.027; Table 2). In contrast to preoperative seizures, 
tumor histology was not associated with postoperative 
seizures (P = 0.479).

Factors that were associated with postoperative seizures 
in univariate analysis were then tested in multivariate anal-
ysis, using a Cox regression model. Median postoperative 
follow-up for seizures was 6.0  months (95% CI: 6.0–8.0). 
Supratentorial location (P = 0.017, HR 5.8, 95% CI: 1.4–24.3) 
and incomplete resection (P = 0.005, HR 4.6, 95% CI: 1.6–
13.1) were independently associated with postoperative 
seizures. Multiple surgeries (P = 0.095, HR 1.9, 95% CI: 0.9–
4.0) were associated with increased rate of postoperative 
seizures by trend (Fig. 4A).

Score Models for Prediction of Postoperative 
Seizures

Finally we integrated the factors associated with post-
operative seizures into a model where supratentorial 
localization accounts for a score value of 4, incomplete re-
section for a score of 3, and multiple surgeries for a score 
of 1, based on HR values from multivariate analysis. ROC 
analysis supported the diagnostic accuracy of the score 
(P = 0.000014, AUC = 0.75, 95% CI: 0.66–0.84) (Fig. 4B). Post-
hoc calculation of this score revealed a gradual increase in 
seizure frequency (Fig. 4C).

Discussion

Although BTRE is a common complication in patients with 
BM, no general benefit from primary AED prophylaxis in 
BM patients has been demonstrated.9 However, subgroups 
of BM patients might be at higher risk for BTRE and there-
fore benefit from primary prophylactic AED treatment, 
such as patients with BM from melanoma.13

Here we define the risk profile for BTRE in a single insti-
tution cohort of 799 BM patients to identify subgroups of 
patients at increased risk of BTRE. We report a BTRE rate of 
28%. The BTRE rate was lower in non-operated BM patients 
(20%) than in operated patients (32%) (Table 1). These data 
need to be interpreted with caution, since the decision for 
surgery was likely often biased—for example, to achieve 
seizure freedom or relief from intracranial pressure. Yet, 
because of this difference in BTRE frequency, we defined 
separate risk profiles for operated and non-operated pa-
tients. Since surgery has been reported to contribute to 
seizure control in patients with lower-grade gliomas,21 we 
also decided to define separately the risk profile for pre-
operative versus postoperative seizures. Non-operated 
patients with a single brain metastasis had a higher BTRE 
rate than patients with multiple BM (Supplementary Table 
2). This finding was unexpected, since a higher tumor 
burden should result in increased seizure risk. Yet, BM in 
potentially epileptogenic regions like the precentral gyrus 
or mesiotemporal region might often be difficult to resect. 
This would result in a selection bias toward non-operated 
patients with single lesions in highly epileptogenic regions, 
whereas surgery is in general less frequently performed in 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noz172#supplementary-data
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patients with multiple BM (notable multiple small BM). We 
furthermore found an increased BTRE rate in non-operated 
patients with hemorrhagic lesions (P = 0.021)14 but no other 

clinical factors considered to be potentially associated with 
BTRE, including depth of BM location, histology of the pri-
mary tumor, type of cancer treatment, or steroid intake.

  
Table 2  Characteristics of operated BM patients and risk factors for postoperative seizures

All Operated Pa-
tients (N = 557)

No Postoperative Seiz-
ures (N = 471, 84.6%)

One or More Postoperative  
Seizures (N = 86, 15.4%)

P

Sex, m/f 291/266 247/224 44/42 0.827a

Age, y, median (range) 61.9 (22.9–90.1) 62.2 (22.9–90.1) 60.6 (31.7–84.9) 0.073b

Number of BM, median (range) 1 (1–36) 1 (1–36) 1 (1–20) 0.854b

KPS, % (range) 80 (20–100) 80 (30–100) 80 (20–100) 0.988

Primary tumor, n (%)    0.479a

  Unknown 39 (7.4) 35 (89.7) 4 (10.3) 0.342 a

  Lung cancer 224 (40.2) 183 (81.7) 41 (18.3) 0.085 a

  Melanoma 90 (16.2) 76 (84.4) 14 (15.6) 0.956 a

  Breast cancer 64 (11.5) 56 (87.5) 8 (12.5) 0.307 a

  Renal cell cancer 23 (4.1) 22 (95.7) 1 (4.3) 0.130 a

  Gastrointestinal cancer 53 (7.0) 47 (88.7) 6 (11.3) 0.540 a

  Other 64 (11.5) 52 (81.3) 12 (18.8) 0.585 a

Number of BM, n (%)     

  Single BM 239 (43.2) 203 (84.9) 36 (15.1) Ref.

  Multiple BM 314 (56.8) 265 (84.4) 49 (15.6) 0.861 a

  Incomplete file 1  

Localization of BM (supratentorial vs 
infratentorial), n (%)

    

  Single supratentorial BM 198 (75.9) 160 (80.8)) 38 (19.2) 0.012

  Single infratentorial BM 66 (25.0) 62 (93.9) 4 (6.1) Ref.

Localization of single supratentorial 
BM, n (%)

   0.020a

  Frontal 94 (47.5) 80 (85.1) 14 (14.9) 0.144a

  Parietal 44 (22.2) 34 (77.3) 10 (22.7) 0.500a

  Occipital 25 (12.6) 16 (64.0) 9(36.0) 0.027a

  Temporal 33 (17.2) 30 (88.2) 4 (11.8) 0.022a

Depth of single supratentorial BM, n (%)     

  Cortical or subcortical 175 (88.8) 144 (82.3) 31 (17.7) 0.114a

  Other 22 (11.2) 15 (68.2) 7 (31.8) Ref.

Number of surgeries, n (%)    0.039 b

  One brain surgery 456 (81.9) 401 (87.9) 55 (12.1) Ref.

  Two or more brain surgeries 101 (18.1) 70 (69.3) 31 (30.7) <0.001b

Cerebral venous thrombosis, n (%)     

  No 547 (98.3) 465 (84.7)) 82 (15.3) Ref.

  Yes 10 (1.7) 6 (60.0) 4 (40.0) 0.030

Extent of resection of supratentorial 
single BM, n (%)

   0.011

  Biopsy 2 (1.4) 1 (100.0) 0 (0) Ref.

  Partial resection 87 (63.0) 63 (72.4) 24 (27.6)

  Gross total resection 49 (35.5) 45 (91.8) 4 (8.2) 0.008

+ The first column depicts the respective characteristics items, with main items in bold letters and sub-items in normal letters. The second column 
shows overall values for all patients. Percentages for sub-items reflect their fraction. The third and fourth columns show the fraction of patients 
without and with seizures. Percentages refer to the fraction of patients with or without seizures for each item.* Results of statistical testing, 
indicating P-values. Significant values are highlighted with bold letters; the respective statistical test is indicated with superscript letters. a = chi-
square test; b = Mann–Whitney U-test; Ref. = group of patients that served as a reference.
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In operated patients, supratentorial versus 
infratentorial localization was the key factor associated 
with preoperative seizures on multivariate analysis 
(P = 0.003, HR 20.8), followed by lung cancer as a primary 
tumor (P = 0.022, HR 2.0). We next performed a subgroup 
analysis for patients with supratentorial tumors. Here, 
frontal localization was a risk factor for preoperative seiz-
ures (P = 0.001, HR 2.78). Primary AED prophylaxis was 
not associated with BTRE (P = 0.582); however, patients 
who received perioperative AED prophylaxis showed a 
significantly lower BTRE rate (P = 0.0005). However, the 
latter finding has to be regarded with caution, since de-
cisions for or against primary or perioperative AED pro-
phylaxis did not follow an algorithm, but were made on 
an individual basis.

A contribution of surgery to improved seizure control in 
BM patients with preoperative BTRE is assumed, but re-
mains unproven. We found no significant postoperative 
decrease of seizure rates in patients with preoperative seiz-
ures, and inversely no increased rate of new seizures after 
surgery (Fig. 3). However, seizure freedom is not the pri-
mary goal of BM surgery, and neurosurgical interventions 
are probably not planned accordingly. Epilepsy surgery 
with intraoperative EEG mapping for BM patients might 
be an interesting concept for individuals refractory to AED 
treatment.

When defining the risk profile for postoperative seizures, 
supratentorial versus infratentorial localization of a single 
metastasis was again a very strong predictor of new post-
operative BTRE. We thus refined the seizure risk profile of 
supratentorial tumors. Univariate testing revealed incom-
plete resection (P = 0.008), multiple surgeries (P = 0.0003), 
and occipital (P  =  0.027) localization, but not tumor his-
tology (P = 0.479) (Table 2) as possible predictors of higher 
seizure risk.

On multivariate analysis, supratentorial localization 
(P = 0.017, HR 5.8), incomplete resection (P = 0.005, HR 4.6), 
and, by trend, multiple surgeries (P = 0.095, HR 1.9) were 
retained as independent factors associated with postoper-
ative seizures.

Our findings confirm and extend those from another 
recent cohort study.8 Here, headache, cognitive deficits, 
multiple BM, and localization in the temporal or occip-
ital lobe were reported as risk factors for preoperative 

seizures, whereas absence of frontal lobe involvement 
and tumor size (diameter  >5  cm) were associated with 
poor preoperative seizure control. We also found a lower 
frequency of postoperative seizures in patients with 
frontal BM, but no association with cognitive deficits or 
headache as first symptom from BM (Fig. 2). Furthermore, 
we found no association between preoperative seizures 
and the number of BM (Supplementary Table 3). We con-
firm incomplete resection as a strong predictor of post-
operative seizures.8 In fact, we speculate that differential 
extent of resection may contribute to the relative asso-
ciation of postoperative BTRE with occipital rather than 
frontal BM location in our cohort. Alternatively, or in addi-
tion, there may be detection bias in preoperative patients 
where motor seizures from frontal areas are more often 
recognized as such than more subtle seizure types, with 
occipital or parietal lesions. BM in the latter location may 
be more often diagnosed because of focal neuro(psycho)
logical deficits.

The retrospective character of our cohort study 
is its major limitation. There was a possible bias on 
underreporting of seizures. Sample sizes for some sub-
group analyses were small. Causal links between BM and 
seizures are commonly considered compelling, but other 
seizure etiologies, including metabolic disturbances and 
side effects from cancer therapies, are difficult to rule out, 
notably in a retrospective setting and in this specific pa-
tient population.

A major strength is the overall large sample size, which 
allowed us to define risk factors across treatment modal-
ities or primary tumor entities. This contrasts with previous 
cohort studies or controlled trials that were, for instance, 
restricted to tumor entities,13 single treatment modalities 
like neurosurgery,8,11 or included patients with primary 
brain tumors.7,14 The size of our cohort allowed us also 
to perform some subgroup analyses and assess risk fac-
tors for seizures in different clinical settings, namely non-
operated patients and operated individuals in the pre- and 
postoperative phase. We finally developed a score model, 
by which groups with diverging postoperative seizure risk 
can be identified, ranging from 0% to almost 50%.

Although our score model is based on a retrospective 
analysis from a single center, it might provide a valuable 
clinical tool for clinical decision making. Patients who 

  
no pre-operative

seizures
n = 149 

pre-operative
seizures
n = 48 

n = 121

n = 10

n = 38

n = 28

no post-operative
seizures
n = 159 

post-operative 
seizures
n = 38

P = 0.76

Fig. 3  Pre- and postoperative seizures in operated patients. Schematic presentation of pre- and postoperative seizures in patients with a single 
supratentorial brain metastasis. Bold arrows indicate patients who had no diagnosis of BTRE and remained seizure free after surgery (upper bold 
arrow) or had a diagnosis of BTRE and ongoing seizures following surgery (lower bold arrow). Thin arrows indicate patients who were so far sei-
zure free and developed postoperative BTRE (upper, down-going thin arrow) or patients with BTRE who became seizure free after surgery (lower 
up-going thin arrow). P-value as indicated (McNemar’s test).
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are not operated might not benefit from primary prophy-
laxis because of their low seizure risk, except for the sub-
group with single and hemorrhagically transformed BM, 
which showed a seizure rate of about 50%. Patients who 
are planned for surgery of a single supratentorial BM are 
candidates for perioperative prophylaxis, which might 
be considered to be maintained in patients with incom-
plete resection of a supratentorial single brain metastasis. 
Further validation in independent cohorts and ideally in 

prospective controlled trials is required to refine the out-
lined predictive model and to further improve its prog-
nostic accuracy.

Supplementary Material

Supplementary data are available at Neuro-Oncology online.
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Fig. 4  Predictive score model for postoperative BTRE. (A) Results of multivariate testing are shown as a small table depicting risk factors, HR 
values with 95% CI, and two-sided P-values. (B) The ROC curve is shown for the predictive score model (dashed black line). AUC and P-values as 
well as the 95% CI are indicated. (C) The score sums and number of patients are shown as stacked bar plots. The black part of each bar represents 
the fraction of seizure-free patients, the gray part those with seizures. Percentages are indicated above each bar.
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