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Abstract Surgical resection remains an important option
for the treatment of brain metastases despite recent
advancements in radiotherapy and systemic therapy. When
selecting surgical candidates, it is important to exclude
terminal cases who will receive neither a survival benefit nor
an improvement in their quality of life. We reviewed a total
of 264 surgical cases of brain metastases and analyzed the
clinical characteristics of early death in order to clarify the
indication for and the role of surgery. The median survival
time (MST) after surgery in all cases was 12.4 months.
Early death was defined as death within 6 months, and 23 %
(62 cases) of this series were succumbed to this. A decrease
in postoperative Karnofsky performance status (KPS) (<70)
(P =0.041), lack of systemic therapy after surgery
(P < 0.0001), and uncontrolled extracranial malignancies
(P = 0.0022) were significantly related to early death in
multivariate analysis, while preoperative KPS (<70) and
recursive partitioning analysis (RPA) class were related to
early death only in univariate analysis (P < 0.05). When
analyzing patients with uncontrolled extracranial malig-
nancies and those with a postoperative KPS score of 70 or
greater (who were generally candidates for systemic ther-
apy), the MST was significantly longer in the systemic
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therapy (+) group compared with the systemic therapy (—)
group (12.5 vs. 5.6 months; P = 0.0026). Our data indicate
that the postoperative RPA class and treatment strategy were
associated with early death. Deterioration of patients by
surgery should be avoided in the treatment of brain
metastases.
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Introduction

Brain metastasis is a life-threatening event for cancer
patients and indicates that cancer has reached the advanced
stages. Surgical resection remains an important option for
treatment despite recent advancements in radiotherapy and
chemotherapy. The aims of surgical resection are mass
reduction and rapid improvement of neurological status.

Knowledge regarding the prognosis of extracranial
lesions is important when making decisions about surgery.
Several studies have attempted to identify prognostic fac-
tors, and various classification systems including recursive
partitioning analysis (RPA) classification and graded
prognostic assessment (GPA) have been developed [1, 2].
These classification systems have mainly been validated in
patient populations treated with radiotherapy; however,
some reports have indicated that these systems are useful
for predicting survival time after surgery [3-9]. Consider-
ing the risks associated with treatment, terminal cases who
receive neither a survival benefit nor an improvement in
their quality of life (QOL) should be excluded during the
selection of surgical candidates.

Herein, we describe a retrospective analysis of the
relationship between clinical characteristics and the
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outcome of surgery for brain metastases, and we discuss
the indications for and the role of surgery.

Materials and methods
Patients

In total, we included 264 cases (156 men and 108 women)
who underwent resection as their first surgery for brain
metastases at the National Cancer Center Hospital in Japan
between January 2000 and December 2011. The mean age
of the included patients was 57.5 years (range 19-87), and
their clinical characteristics were extracted from their
medical records. Overall survival was calculated from the
first resection surgery to death. The Karnofsky perfor-
mance status (KPS) was determined as recorded or was
retrospectively estimated from information obtained from
the clinical chart by three neurosurgeons (Y.N., Y.M., and
S.S.) who performed surgery on the patients. RPA classi-
fication of each patient was performed using published
criteria [1]. Preoperative status, including performance
status and RPA, was evaluated at the time of surgery, while
postoperative status was evaluated approximately 1 month
after surgery. The performance status and RPA class of
patients who died within 1 month after surgery were
recorded as O and III, respectively. Information regarding
the RPA class and status of extracranial malignancy was
not available for 1 case.

The cause of death was determined by clinical evalua-
tion. Neurological deaths were defined as cases with neu-
rological deterioration and stable extracranial disease as
well as cases with apparent fatal progression of intracranial
lesions or leptomeningeal metastases (LMM) regardless of
systemic conditions.

The analysis in this study was approved by the local
institutional review board (reference no. NCC16-066).

Treatment

Our basic surgical indications for brain metastases were
described in a previous report [10]. Surgical candidates
included patients with the following characteristics: (1) a
post-surgery life expectancy of 6 months or more based on
information from medical oncologists, (2) no clinical
symptoms or apparent radiological findings indicating
LMM, and (3) single metastases measuring =3 cm, or
multiple or smaller tumors associated with severe neuro-
logical symptoms such as cerebellar metastases. In prin-
ciple, adjuvant radiotherapy usually began 8 days after
surgery. Adjuvant stereotactic radiosurgery (SRS) or ste-
reotactic radiotherapy (SRT) was undergone only for the
treatment of the surgical remnant or unresected lesion(s) in
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patients with multiple metastases. After brain metastases
were controlled, patients received further systemic therapy
or best supportive care (BSC) according to decisions made
by medical oncologists.

A total of 37 patients received RT prior to surgery. In
patients who experienced tumor recurrence after radio-
therapy, surgical indication was judged via discussion with
senior radiologists.

Early death

Early death was defined as death within 6 months after the
first surgery for brain metastases, and the clinical profiles
between the early death group and the non-early death
group were compared. This definition is based on a com-
parison between the outcome of whole brain radiation
therapy (WBRT) and surgery. The median survival time
(MST) after WBRT alone is approximately 6 months [11-
13]; therefore, if surgery confers a survival benefit, it
should extend this time period.

Statistical analysis

Statistical analysis was performed using JMP version 10
(SAS Institute, Cary, NC, USA). The data for survival time
were analyzed using the Kaplan—-Meier method. A P value
below 0.05 was considered statistically significant.

Results
Analysis for all cases

When all cases were analyzed, the median follow-up, MST,
1-year overall survival rate, and 5-year overall survival rate
were 11.2, 12.4 months, 52, and 12 %, respectively. The 3
and 6-month overall survival rates were 89 and 75 %,
respectively. When patients were divided according to
preoperative RPA class, we determined that MST was
21.8 months for class I (59 cases, 22 %), 12.4 months for
class II (148 cases, 56 %), and 6.5 months for class III (56
cases, 21 %) (Fig. 1a). When we reevaluated the data using
postoperative RPA classification, MST was 20.8 months
for class I (66 cases, 25 %), 11.2 months for class II (176
cases, 67 %), and 4.3 months for class III (21 cases, 8 %)
(Fig. 1b). Both of pre- and postoperative RPA class were
significantly related with survival (P < 0.0001, log-rank
test). The relationships between preoperative and postop-
erative RPA class are shown in Supplementary Table 1.
KPS improved in 53 %, was unchanged in 40 %, and
worsened in 7 % of all cases after surgery. Surgical com-
plications were observed in 20 cases (7.6 %) including 8
instances of neurological deterioration due to surgical
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Fig. 1 Survival analysis. a Survival curves according to preoperative
RPA class. MST was 21.8 months for class I, 12.4 months for class II,
and 6.5 months for class III. b Survival curves according to
postoperative  RPA class. MST was 20.8 months for class I,
11.2 months for class II, and 4.3 months for class III. ¢ Survival
curves according to type of adjuvant therapy in patients with high
KPS (70 or more) and uncontrolled extracranial malignancies. MST
was 12.5 months for the systemic therapy (4) group and 5.6 months

manipulation, 3 cerebral infarctions, 2 cases requiring
evacuation of intraparenchymal hemorrhage, 1 case
requiring evacuation of epidural hematoma, 1 case treated
conservatively for intraparenchymal hemorrhage, 1 case
requiring ventricular drainage for obstructive hydrocepha-
lus, 1 instance of pulmonary embolism, 1 instance of sur-
gical site infection, 1 sudden cardiopulmonary arrest, and 1
instance of vocal paralysis related to intubation. A per-
manent neurological deficit occurred in 11 (4.2 %)
patients, but did not lead to early death in any case. Four
patients (1.5 %) succumbed to surgery-related death (i.e.,
death within 30 days after surgery). Of these, two died of
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for the systemic therapy (—) group. d Survival curves according to
postoperative systemic therapy. Group 1 consisted of patients without
systemic disease, group 2 consisted of patients undergoing systemic
therapy for uncontrolled extracranial disease, and group 3 consisted of
patients who had extracranial disease but did not receive systemic
therapy. MST was 20.8 months for group 1, 12.4 months for group 2,
and 5.1 months for group 3

advanced systemic diseases 22 and 30 days after surgery,
respectively. The other patients experienced neurological
death: 1 died of LMM 23 days after surgery, while the
other died of brainstem infarction 17 days after surgery for
frontal lobe metastases.

Clinical characteristics of the early death group
A total of 62 patients (23 %) were included in the early
death group. The early death rates were 10, 22, and 41 % in

preoperative RPA class I, II, and III patients. When patients
were divided according to postoperative RPA class, the
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Table 1 Patient characteristics

Table 2 Multiple logistic regression analysis for early death

Total Early Non-early P value®
death death

Patients no. 264 62 202
Multiple BM 67 24 43 0.0058
Infra-tentorial lesions 79 18 61 0.86
Age 65 or more 82 16 66 0.31
Preoperative KPS <70 57 24 33 0.0002
Postoperative KPS <70 22 13 9 <0.0001
ECM and/or uncontrolled 161 50 111 0.0003

primary lesion”
Preoperative RPA® 0.0059°¢

I 59 6 53

I 148 33 115

I 56 23 33
Postoperative RPA” 0.0041¢

I 66 7 59

I 176 43 133

I 21 12 9
Primary cancer

Lung 102 24 78

Breast 48 11 37

GI 46 14 32

Malignant melanoma 13 5

Renal 8

Others 47 6 41
GTR 232 53 179 0.51
Any RT prior to surgery 37 11 26 0.33
Adjuvant RT(+) 216 46 170 0.075
Systemic therapy after operation for BM

(+) 119 16 103 <0.0001

(=) 129 46 83

BM brain metastases, ECM extra-cranial metastases, GI gastrointes-
tinal, GTR gross total removal, KPS Karnofsky performance status,
RPA recursive partitioning analysis, RT radiation therapy, WBRT
whole brain radiation therapy

? Pearson’s Chi square test
® Data of one case was absent
¢ Analyzing with dividing into RPA T and II-III

early death rates were 11, 24, and 57 % in class I, II, and IIT
patients, respectively.

Table 1 shows the results of univariate analysis of data
from the early death group and the non-early death group.
The early death group contained a significantly higher ratio
of patients with multiple brain metastases, KPS <70,
uncontrolled primary cancers, and advanced RPA (II or
III). The distribution of primary cancers did not differ
significantly between these 2 groups. Fewer patients
received systemic therapy after the resection of brain
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Odds ratio P value

Postoperative systemic therapy (—) 491 <0.0001
Uncontrolled extra-cranial malignancy (+) 5.22 0.0022
Postoperative poorer KPS (<70) 3.61 0.041
Multiple brain metastases (2.04) 0.051
Preoperative poorer KPS (<70) (1.84) 0.18
Preoperative advanced RPA (class I or III)  (0.79) 0.84
Postoperative advanced RPA (class II or IIT) (0.96) 0.98
Adjuvant radiotherapy (not performed) (1.69) 0.21

KPS Karnofsky performance status, RPA recursive partitioning
analysis

metastases in the early death group than in the non-early
death group (26 vs. 55 %).

Multivariate logistic regression analysis was performed
to identify which factors were most closely related with
early death. Only clinical factors with P < 0.1 in univariate
analysis (as described above) were used for this analysis.
As shown in Table 2, uncontrolled primary tumors or
extracranial metastases, lack of postoperative systemic
therapy, and a postoperative decrease in KPS (<70) were
significantly related to early death.

The impact of postoperative systemic therapy
on the survival of patients with uncontrolled
extracranial disease

The impact of treatment strategy on survival was further
analyzed because postoperative systemic therapy was sig-
nificantly related with early death in the univariate and
multivariate analyses described above. Survival analysis
using the Kaplan—Meier method did not reveal a difference
in survival between patients in the systemic therapy (+)
group (119 cases) and the (—) group (129 cases) (12.9 vs.
10.7 months; P = 0.68, log-rank test). Because systemic
therapy is not usually administered to patients with poor
performance status or without extra-cranial malignancies,
we performed a further analysis including only patients
with uncontrolled extracranial malignancies and those with
a postoperative KPS of 70 or more. Based on this analysis,
the MST was significantly longer in the systemic therapy
(+) group (85 cases) than in the systemic therapy (—)
group (54 cases) (12.5 vs. 5.6 months; P = 0.0026, log-
rank test) (Fig. lc).

The impact of postoperative treatment strategy
on survival

All patients were divided into 3 groups according to
treatment course after surgery for brain metastases: group 1
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(102 cases) included patients without systemic disease,
group 2 (89 cases) included patients who underwent sys-
temic therapy for uncontrolled extracranial disease, and
group 3 (65 cases) included patients who had extracranial
disease but did not receive systemic therapy. Group 3
patients were treated with best supportive care. The MSTs
of groups 1, 2, and 3 were 20.8, 12.4, and 5.1 months,
respectively, and the difference among the groups was
significant (P < 0.0001, log-rank test) (Fig. 1d). The early
death rate was 12 % in group 1, 16 % in group 2 and 55 %
in group 3, and the early death rate of group 3 was sig-
nificantly higher than that of the other groups (P < 0.0001,
Pearson’s Chi square test).

Cause of death

Data regarding cause of death was available for 55 of the
early death cases. Twenty patients (32 %) died from neu-
rological causes, while 35 patients (56 %) died from sys-
temic diseases. Thirteen of the neurological deaths were
attributed to LMM. The adjuvant radiation therapies used
in LMM cases were WBRT in 5 and local brain radiation
therapy in 3 cases. Five cases did not receive either ther-
apy. Other neurological deaths were due to progression of
brain metastases after RT (6 cases) and brain stem infarc-
tion (1 case).

Postoperative status and survival time in preoperative
RPA class III patients

Patients assessed as preoperative RPA class III (n = 56)
typically have shorter survival times; therefore, the clinical
courses of these patients were further analyzed in order to
evaluate the potential treatment benefit. Of these patients, 8
(14 %), 31 (55 %), and 17 (30 %) were postoperative RPA
class I, II, and III, respectively. When patients were divided
according to postoperative RPA class, MST was 13.6, 6.5,
and 3.6 months in class I, II, and III patients, respectively.
MST was significantly longer in patients who experienced
an improvement in postoperative RPA class (n = 39)
compared with patients who remained in class III (n = 17)
(6.9 vs. 3.6 months; P = 0.019, log-rank test). KPS was
improved in 43 (77 %), unchanged in 10 (18 %), and
worsened in 3 (5.4 %) preoperative RPA class III cases
after surgery.

We further analyzed the cases showing RPA class III
preoperatively but better RPA class postoperatively (I, 8
cases; II 31 cases) in order to discuss the operative indi-
cation for preoperative RPA class III patients (Supple-
mentary Table 1). Twelve cases (31 %) of this cohort (39
cases) succumbed to early death after surgery, and their
postoperative RPA class was I in one and II in 11. The
causes of their early death were mainly consisted of

systemic death; systemic disease in 8 cases, leptomeningeal
metastasis in 2 cases and unknown in 2 cases. To identify
what factor contributed to the early death in this cohort (39
cases), the postoperative treatment strategy was compared
between the early death cases (12 cases) and the non-early
death cases (27 cases). Eight of the 12 early death cases
received best supportive care while 7 of the 25 non-early
death cases (2 cases lacked the data) did. Thus, lack of
postoperative systemic therapy was also statistically related
with the early death in this cohort despite improvement in
RPA class (8/12 vs. 7/25; P = 0.025, Pearson’s Chi square
test).

Discussion

In this study, we reviewed a surgical series from a single
center and focused on the clinical characteristics of cases
with poorer prognosis. Comparing with the recent studies
presenting their surgical outcome, our series showed the
comparable survival time [3, 6, 7, 9] according to RPA
class and the comparable complication rate (7.6 vs.
4.5-14 %) despite the high ratio of RPA class IIT (21 vs.
5.7-6.8 %) [6, 14, 15]. We showed that postoperative
treatment strategy and performance status were the sig-
nificant factors for early death in multivariate analysis.
Systemic therapy after surgery was previously reported
as being significantly related to survival time, but this was
contradicted by the result in multivariate analysis [6]. This
result simply seems to reflect the bias of the analysis:
systemic therapy is usually avoided in patients with poorer
performance status or patients without uncontrolled extra-
cranial malignancy. We further analyzed only patients with
favorable postoperative KPS scores and uncontrolled
extracranial malignancies to ensure that we were only
analyzing patients who truly needed further treatment for
primary cancer. We showed that postoperative systemic
therapy had a significant effect on survival in this popu-
lation (Fig. 1c). Similarly, multivariate analysis showed
that a lack of postoperative systemic therapy was a sig-
nificant factor for early death, which was mainly analyzed
in this study (Table 2). Thus, the treatment strategy for
extracranial malignancies should be considered when
determining operative indication, and this is supported by
the results described in Fig. 1d. In other words, patients
who cannot undergo chemotherapy (e.g., due to multidrug
resistance to systemic therapy) are at high risk of early
death after surgery. We also subjected our cohort to further
analysis for survival by dividing three groups time
according to the operative period (2000-2003, 2004-2007
and 2008-2011), but the difference in OS or early death
rate was not apparent (data not shown). Despite the recent
advances in systemic therapeutic agents, brain metastases
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Table 3 Review of previous clinical studies: cause of death

Treatment Pt no. MST Neurological Systemic Unknown®
(months) death (%)° death®
Hashimoto et al. [17] Surgery + WBRT 66 11.5 37 35 % 31 %
Surgery + LBRT 64 9.7 36 36 % 29 %
Muacevic et al.” [18] Surgery + WBRT 33 9.5 29 53 % N.A.
SRS 31 10.3 11 53 % N.A.
Aoyama et al. [19] WBRT + SRS 65 7.5 19 N.A. N.A.
SRS alone 67 8.0 23 N.A. N.A.
Manon et al. [20] SRS 31 8.3 19 30 % 16 %
Serizawa et al. [21] SRS 521 9.0 18 N.A. N.A.
Jawabhar et al. [22] SRS 44 7.0 25 36 % 39 %
Andrews et al. [11] WBRT + SRS 137 6.5 28 62 % 9 %
WBRT alone 149 5.7 31 64 % 5%
Petrovich et al. [23] SRS for MM 231 8 42 50 % 8 %
SRS for others 227 6-17" 23 70 % 7 %
Agboola et al. [5] Surgery + RT 125 9.5 25 37 % 6 %
Mintz et al. [13] Surgery + WBRT 41 5.6 15 46 % 5 %
WBRT 43 6.3 28 35 % 0%
Wronski et al. [24] Surgery &= WBRT 231 13 39 30 % 12 %
Bindal et al. [25] Surgery += WBRT 82
Multiple lesions 56 10 36 32 % 23 %
Single lesion 30 14 25 45 % 15 %
Vecht et al. [16] Surgery + WBRT 32 10 32 N.A. N.A.
WBRT 31 6 33 N.A. N.A.

LBRT local brain radiation therapy, MM malignant melanoma, MST median survival time, RT radiation therapy, SRS stereotactic radiosurgery,

WBRT whole brain radiation therapy
* The ratio was evaluated with 1-year rate

® The ratio was described in each cancer

¢ Deaths of combined cause of systemic and neurological were not included in any groups. When unknown cause were excluded from analysis in
the original articles, the ratios were re-estimated including deaths of unknown causes

may arise after acquiring drug resistance even for newly
developed agents, and the survival after brain metastases
might depend largely on whether further systemic therapy
can be available or not.

One of the challenges in our study was evaluating both
preoperative and postoperative status. The prognostic sig-
nificance of pre- and postoperative RPA class was previ-
ously analyzed, and the multivariate analysis showed that
only preoperative RPA was significant [9]. This observa-
tion was, however, based simply on the analysis of survival
time. Our analysis differed from the previous study because
we evaluated the factor related to early death and specifi-
cally analyzed the group with the poorest prognosis: pre-
operative RPA class III patients. In the present study,
postoperative RPA class was related to survival and a
higher early death rate, and the early death rate was
extremely high in preoperative RPA class III patients
without postoperative improvement. Because RPA class 111
simply indicates a poor KPS score (<70), improvement in
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performance status is a significant factor for survival in
preoperative RPA class IIl patients. Therefore, when
determining the indications for surgery in preoperative
RPA class III patients, it is important to consider whether
surgery is likely to improve KPS. Patients who are not
likely to experience an improvement in performance status
are also not likely to obtain a survival benefit. However, it
is important to remember that the postoperative treatment
strategy is also significant factor for survival as shown in
our analysis for RPA class III patients.

Finally, we analyzed the cause of death. Previous studies
have reported a neurological death rate of 15-37 % after
surgery for brain metastases [5, 11, 13, 16-25] (Table 3).
Our results were in line with this, although one limitation
of our study was that the cause of death was available only
for early death cases. Of note, 21 % (13/62) of early death
cases were attributed to LMM in this study. Recent large
studies reported a 5—16 % incidence of LMM after surgical
removal [14, 17, 26, 27]. Considering these results, LMM
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appears to occur early after surgery and may be a signifi-
cant cause of early death. An increased incidence of early
death might be attributed to either (1) preoperative undi-
agnosed LMM without apparent radiological findings
because of a lack of routine cerebrospinal fluid cytology
[26] or (2) LMM caused by the surgery itself. In fact,
several previous reports have shown an increased risk of
LMM after surgery compared with SRS alone [14, 26-28].
In order to reduce early deaths due to LMM, adjuvant
therapies will need to be developed. The protective effect
of adjuvant radiation therapy for LMM remains contro-
versial, and recent studies have failed to demonstrate this
effect [14, 26]. Further studies are needed to clarify the
efficacy of radiation therapy.

In summary, early death after resection of brain metas-
tases can be attributed to neurologic factors and systemic
factors. Of the neurological factors, LMM is a critical
factor that is related to early death. Further studies
exploring the prevention and treatment of LMM are nec-
essary. Of the systemic factors, a poor performance status
after surgery (rather than before surgery), uncontrolled
extracranial malignancies, and a lack of systemic therapy
after surgery are related to early death. The limitation of
our retrospective study lies in the possibility of the bias
derived from patient selection. Further analysis including
non-surgically treated cases may confirm our observations.
When making decisions regarding surgery for brain
metastases, physicians should be aware of the importance
of a systemic treatment strategy after surgery, while sur-
geons should recognize that a poor performance status
deprives patients of QOL and a chance for systemic ther-
apy. The role of surgery for brain metastases is not only to
improve the QOL and prevent neurological death but also
to give patients a chance for further systemic therapy.
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