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Introduction
Brain metastases are the most common malignant tumors of the nervous system [1]. About 9% 

to 26% of patients with malignant tumors develop brain metastases, and brain metastases account 
for 30% to 40% of intracranial tumors [2,3]. Among the brain metastases, the most common 
primary lesions are lung, breast, melanoma, and renal tumors, and some brain metastases have 
unknown sources [4]. Untreated brain metastases tend to progress rapidly, with neurological 
symptoms occurring in a short period of time, and the median survival time is only 4 to 6 weeks 
[3]. Traditionally, the prognosis of brain metastases has been considered very poor because they 
are in advanced stage and can only be treated palliatively. However, the modern treatment of brain 
metastases has greatly changed their expected prognosis. Current treatments for brain metastases 
include surgery, radiation therapy, targeted therapy, chemotherapy, and comprehensive therapy. 
Surgery is still of great importance in treating brain metastases and an essential part of comprehensive 
treatment. Generally, patients with good condition, symptomatic, isolated and shallow brain 
metastases are the best surgical indications. Additionally, there are surgical indications for patients 
who need the pathological diagnosis and those who fail to receive radiotherapy. Recently, due to 
advances in surgical techniques, surgery can reach deeper lesions than in the past, and the incidence 
of perioperative complications has decreased. We believe that surgery is a safe and effective method 
for the treatment of brain metastases and should not be considered an aggressive treatment in such 
disease. We retrospectively analyzed the clinical data of patients with surgical treatment of BMs in 
our hospital, and analyzed the clinical outcomes and prognostic factors of surgical treatment for 
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Abstract
Objective: The traditional view is that patients with Brain Metastases (BMs) are in the end stage 
and can only receive palliative treatment. However, modern treatment has greatly changed their 
survival prognosis. The purpose of our study is to determine the curative effect of surgical treatment 
in patients with different primary tumor brain metastases, and to study the factors influencing the 
prognosis.

Methods: Continuous retrospective analysis of clinical data of patients with BMs undergoing surgery 
from December 2015 to January 2019 in Fudan University Shanghai Cancer Center (FUSCC). 
Analyzing the clinical characteristics, treatment and survival of brain metastases.

Results: A total of 103 patients were included. None worsened after surgery and, two weeks after 
operation, 18 (17.5%) patients demonstrated an unchanged postoperative neurological examination 
while 85 patients (82.5%) showed an improvement. Three months after operation, 91 cases (88.3%) 
were stable, 4 cases progressed (3.9%) and 8 cases died (7.8%). The median survival time was 20 
months, nearly two times longer than previously reported. 28 cases (27.2%) had a survival fewer of 
six months, 62 (60.2%) of 1 year, 36 (35.0%) of 2 years, 17 (16.5%) of 3 years and the longest survival 
time was 47 months in 1 case, and it is still under follow-up. Univariate analysis identified age over 
60 (P=0.045), metastatic tumor size ≥ 3 cm (P=0.002), and high level of tumor markers (P=0.029) as 
positive prognostic factors. Multivariate analysis identified metastatic tumor size ≥ 3 cm (P=0.009) 
as an independent negative prognostic factor.

Conclusion: Surgery is a safe and effective option to manage brain metastases which can alleviate 
clinical symptoms, prolong survival time and improve patients’ prognosis. It is not a too aggressive 
strategy. We suggest surgery as an important part of the comprehensive treatment of BMs, even as 
the preferred strategy in some cases. Metastasis tumor size ≥ 3 cm (P=0.029) was an independent 
negative prognostic factor for patients with brain metastases.
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BMs.

Patients and Methods
The clinical data of patients with BMs in the Department of 

Neurosurgery, Fudan University Shanghai Cancer Center from 
December 2015 to January 2019 were retrospectively analyzed.

Inclusion criteria: 1. Patients with single brain metastases who 
can tolerate surgery 2. Patients with multiple brain metastases with 
obvious space occupying effect (midline shift >1 cm) had prominent 
clinical symptoms and were life-threatening 3. Patients with multiple 
brain metastases had clear responsibility lesions, and the purpose of 
operation is to prevent the progression of symptoms and intracranial 
hypertension.

Exclusion criteria: 1. Age >80 years; 2. Patients with other 
underlying diseases could not tolerate surgery. 3. Incomplete clinical 
data including general information, imaging, treatment methods, 
postoperative pathology, follow-up information and lack of consent. 
A total of 103 cases were included, there were 59 males (57.3%) 
and 44 females (42.7%), aged 17 to 76 years, with an average age of 
(57 ± 10) years. Patients were analyzed with respect to age, gender, 
primary tumor, presence of neurologic symptoms, smoking history, 
tumor markers, timing of metastasis, preoperative radiotherapy, 
presence of extracranial metastases at the initial diagnosis, number, 
location and size of BMs. High level of tumor markers was defined 
as tumor markers above the upper limit of normal. Complete tumor 
resection was defined as the absence of significant residual tumor 
on postoperative MRI. Therefore, there are two main reasons for 
incomplete resection. One is multiple metastases, and the other is due 
to location and intraoperative considerations, such as functional areas 
and close relationship with vital vessels or nerves. The unresectable 
tumor was treated with radiotherapy after operation. Throughout 
the analysis, the patient's survival time was defined as the time from 
brain surgery to death or the end of FU. Most patients are admitted to 
hospital for surgical treatment as soon as possible after the diagnosis 
of brain metastases. The study was approved by the ethics committee 
and patients agreed to use their clinical data for research purposes.

Treatment
All patients underwent a craniotomy to remove the tumor. 

Conventional craniotomy was performed according to the imaging 
location. If subcortical tumors are difficult to locate, preoperative 
or intraoperative navigation or B-ultrasonography was used. After 
positioning, the cortex is cut in the sulcus along the contour of 
the tumor to minimize damage to the adjacent gyrus. Dissect and 
separate the tumor along the edematous zone with the microscope, 
and the tumor was excised as whole as possible to reduce the chance 
of intraoperative implantation. If the tumor is huge and complete 
resection is difficult, the central part of the tumor can be removed 
by volume reduction, and then the peripheral part of the tumor can 
be completely separated and removed. The tumor cavity should be 
carefully hemostatic and covered with hemostatic materials, and the 
skull should be closed routinely unless intracranial pressure was high.

Follow-up methods
All patients were evaluated by enhanced Magnetic Resonance 

Imaging (MRI) within 48 h after operation. The general conditions of 
patients were evaluated 2 weeks after the operation. Three months after 
surgery, the patients were followed up in the outpatient department 
for general condition and enhanced MRI. Tumor progression was 
defined as enhancement of progressive enlargement of the lesion or 

no change in tumor size, but persistent symptomatic edema.

Statistical analysis
Kaplan-Meier plots (univariate analysis) and Cox regression 

method (multivariate analysis) were used for statistical analysis. A p 
value of <0.05 was regarded as significant.

Results
BMs characteristics

Among 103 cases, 94 cases were supratentorial, 9 cases were 
infratentorial; 78 cases were single brain metastasis and 25 cases were 
multiple brain metastasis. The primary tumors were 59 cases of lung 
cancer, 21 cases of breast cancer, 6 cases of renal cancer, 6 cases of 
colorectal cancer, 5 cases of gastric cancer, 2 cases of liver cancer, 1 
case of ovarian cancer, 1 case of cervical cancer, 1 case of melanoma 
and 1 case of bladder cancer.

Treatment outcomes
All 78 cases of single intracranial lesions were completely resected, 

2 cases of multiple lesions were completely removed (divided into 
two operations), and 23 cases of multiple lesions only underwent 
responsible lesion resection. 

Two weeks after operation, 18 (17.5%) patients demonstrated an 

Figure 1: Kaplan–Meier plots for parameters significantly associated with 
overall survival: Age of patients.

Figure 2: Kaplan–Meier plots for parameters significantly associated with 
overall survival: Size of BMs.
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unchanged postoperative neurological examination while 85 patients 
(82.5%) showed an improvement.

Follow up
Three months after operation, 91 cases (88.3%) were stable, 4 

cases progressed (3.9%) and 8 cases died (7.8%). Among all cases, 
90 cases (87.4%) had good prognosis (Modified Rankin Score, MRS 
0-2) and 13 cases (12.6%) were relatively poor (MRS ≥ 3). Among 
13 poor prognosis cases, 5 patients had one side of limb hemiplegia 
before operation, MRS score was 3, and the postoperative score 

remained unchanged; 3 cases were caused by postoperative tumor 
progression due to multiple intracranial space occupying lesions; 2 
cases had hemiplegia of one limb after operation because of nerve 
function injury; the remaining 3 cases had poor prognosis due to the 
progression of metastases in other parts. The median survival time 
was 20 months, nearly two times longer than previously reported [1]. 
28 cases (27.2%) had a survival fewer of six months, 62 (60.2%) of 
1 year, 36 (35.0%) of 2 years, 17 (16.5%) of 3 years and the longest 
survival time was 47 months in 1 case, and it is still under follow-up.

Prognostic analysis
Univariate analysis: In 103 patients with brain metastases, the 

overall median survival time was 20.0 months (95% CI: 13.372-
26.628) from the first day after surgery to the death or follow-up 
deadline. Kaplan–Meier estimation for clinical parameters showed 
that patients older than 60 years old (P=0.045) (Figure 1), metastatic 
tumor size ≥ 3 cm (P=0.002) (Figure 2), and high level of tumor 
markers (P=0.029) had poor prognosis (Figure 3 and Table 1).

Multivariate analysis: Multivariate Cox proportional hazards 
regression analysis showed that metastatic tumor size ≥ 3 cm 
(P=0.009) was an independent negative prognostic factor for patients 
with brain metastases (Table 2). The size of metastases ≥ 3 cm is a risk 
factor for death in patients with brain metastases.

Discussion
This study retrospectively analyzed the clinical data of 103 

patients with brain metastases who underwent surgical treatment in 
our hospital. The results confirmed that surgical resection of the 

Figure 3: Kaplan–Meier plots for parameters significant associated with 
overall survival: Level of tumor markers.

Parameter No. of patients (%) Median survival
(months (95% CI)) χ2-value p-value

Gender 0.102 0.794

male 59 (57.3) 20.0 (11.783,28.217)

female 44 (42.7) 23.0 (9.393,36.607)

Age 4.008 0.045

<60 ys 60 (58.3) 28.0 (19.193,36.817)

≥60 ys 43 (41.7) 12.0 (7.879,16.121)

Primary tumor 2.5 0.475

Lung cancer 55 (53.4) 17.5 (6.252,28.748)

Breast cancer 19 (18.4) 20.0 (0.000,40.404)

Digestive system tumor 24 (23.3) 17.0 (0.000,38.604)

Type is not clear 5 (4.9) 39.0 (10.793,67.207)

No. of brain metastases 0.005 0.946

<3 93 (90.3) 20.0 (12.754,27.246)

≥3 10 (9.7) 21.0 (10.471,31.529)

Size of brain metastases 9.327 0.002

<3cm 44 (42.7) 28.0 (12.433,43.567)

≥3cm 59 (57.3) 11.0 (7.860,14.140)

Location 0.340 0.560

Supratentorial 94 (91.3) 20.0 (13.114,26.886)

Infratentorial 9 (8.7) 17.0 (0.000,46.218)

Extracranial metastases 1.543 0.214

yes 40 (38.8) 16.0 (9.279,22.721)

no 63 (61.2) 23.0 (13.962,32.038)

Table 1: Kaplan–Meier estimators for clinical parameters.
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responsible lesion can relieve intracranial hypertension and provide 
an opportunity for the treatment of primary focus and systemic 
treatment of the whole body. Surgery is not a too aggressive strategy 
and the median survival time was nearly two times longer than 
previously reported [1]. The survival analysis demonstrated that the 
prognosis of surgical treatment for patients with metastases less than 
3 cm in diameter is relatively good. In this study, lung cancer and 
breast cancer accounted for 53.4% and 16.4%, respectively, close to 
the foreign reports [5]. Lung cancer and breast cancer are the most 
common primary foci of brain metastases, and their composition 
directly affects gender composition. In our study, male patients 
accounted for 57.3%, which higher than females, consistent with 
literature reports [6]. Male patients have a higher proportion of lung 
cancer, so there are more men with brain metastases than women. 
But in recent years, the smoking population of female patients had 
gradually increased, so did the incidence of female lung cancer. 
Melanoma and kidney cancer are also common primary lesions, and 
the source of the digestive system is relatively rare. This study revealed 
no significant difference in the prognosis of patients with brain 
metastases caused by different primary foci. However, with the 
development of targeted and immunotherapy in recent years, the 
survival time of lung cancer patients with brain metastases is longer 
than before. The surgical treatment of BMs has bought time for 
comprehensive treatment, which is very important to prolong the 
survival time of patients. Besides, we found that age was a prognostic 
factor. The prognosis of patients over 60 years old is not as good as 
that of patients younger than 60 years old, which may be related to the 
elderly patients usually complicated with hypertension, diabetes, low 
immunity, and even poor general conditions. The brain metastases 
were mainly located in supratentorial region, and less case were 
located in infratentorial region. In this series of data, the distribution 
of supratentorial lesions was further analyzed, the results showed that 

the frontal and parietal lobes were the most common, and the 
occipital and temporal lobes were relatively rare. Studies demonstrated 
that cerebellar metastasis are associated with poor prognosis [7]. 
Chaichana reported 708 patients, of which 140 (19.8%) had undergone 
surgery for cerebellar metastases from different primary tumors. The 
results showed that cerebellar metastasis were associated with poor 
survival and increased risk of spinal recurrence [5]. There are different 
possible explanations for the poor prognosis of patients with 
subcutaneous transfer. Kitaoka reported a higher incidence of 
meningeal spread in the surgery for metastatic tumors of the posterior 
fossa, which is attributed to a closer spatial relationship with the 
ventricular system, leading to poor survival [8,9]. Some studies 
explained that these factors may also lead to poor survival as the 
incidence of complications in posterior fossa surgery seemed higher 
(e.g., hydrocephalus) [9,10]. However, in this study, there was no 
significant difference in survival between patients with supratentorial 
and infratentorial metastases. In most cases, surgery is the only viable 
option for effective treatment of infratentorial metastases, and it had 
been confirmed that surgery can improve the prognosis of patients 
compared with radiotherapy alone [5]. Tumor markers are 
characteristic in malignant tumor cells or produced by the host 
response to tumor stimulation. It was found that the patients with 
normal levels of CEA, CA153 and other tumor markers in patients 
with brain metastasis of breast cancer and lung cancer were 
significantly better than those with an abnormal increase in 
progression free survival [11]; suggesting tumor marker levels can be 
used as a factor in evaluating prognosis. Univariate analysis in this 
study also found that elevated tumor marker levels are one of the 
factors that lead to patient's poor prognosis. Although the treatment 
of brain metastases is controversial, surgery is still a significant 
method to treat brain metastases and improve the prognosis of 
patients. Resection of single brain metastases has become the standard 

Tumor markers 4.748 0.029

normal 14 (13.6) 40.0 (24.352,55.648)

 high 89 (86.4) 15.0 (9.075,20.925)

Timing of metastasis 1.479 0.224

Synchronous 23 (22.3) 17.5 (5.122,29.878)

Metachronous 80 (77.7) 20.0 (9.976,30.024)

Clinical presentation 1.798 0.180

Neurologic symptoms 74 (71.8) 15.0 (9.543,20.457)

No neurologic symptoms 29 (28.2) 30.0 (18.668,41.332)

Preoperative radiotherapy 0.002 0.964

yes 11 (10.7) 20.0 (1.802,38.198)

no 92 (89.3) 20.0 (2.219,27.781)

Smoking history 3.245 0.072

yes 25 (24.3) 8.0 (0.000,16.364)

no 78 (75.7) 23.0 (15.654,30.346)

95% CI: 95% Confidence Interval; ys: years old; cm: centimeter

Parameter Regression coefficients Standard error Wald value P value Hazard ratio 95% CI

Gender 0.312 0.252 1.529 0.216 1.366 0.833, 2.240

Tumor size 0.696 0.265 6.883 0.009 2.005 1.192, 3.372

Tumor marker 0.765 0.404 3.580 0.058 2.149 0.973, 4.747

Table 2: Prognostic factors of overall survival based on a Cox’ proportional hazard regression model.

95% CI: 95% Confidence Interval
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treatment for patients with good functional status and controlled 
extracranial disease [12,13]. The progress of surgical techniques, 
microsurgical instruments and intraoperative navigation have led to 
a decrease in perioperative complications and in-hospital mortality, 
which is estimated to be as low as 1.8% in large medical centers [14]. 
There are few reports on surgical indications for multiple brain 
metastases. In the case of multiple brain metastases, surgery is usually 
limited to less than three metastases, patients with neurological 
dysfunction, intracranial hypertension, life-threatening, and those 
who need pathological diagnosis for systemic treatment. However, 
two recent single-center retrospective studies claimed that resecting 
responsible lesions can improve patient outcomes, and patients with 
two to three metastatic foci can benefit from the same survival benefits 
as one metastatic foci [15,16]. Our results also showed that the 
number of brain metastases has no significant impact on the prognosis 
of patients, while patients with the largest diameter of metastases 
greater than or equal to 3 m have a relatively poor prognosis. It may 
be related to the occupation of the metastasis and the cause of 
neurological symptoms. Moreover, for the patients with larger 
metastasis size, the tumor growth time was longer, and the metastasis 
of other extracranial lesions was often combined. Compared with the 
number and size of metastatic tumors, we pay more attention to the 
basic situation, the space occupying effect and the location of multiple 
metastases of patients when formulating the treatment plan. For the 
lesions with remarkable space occupying effect or located in the 
posterior fossa, if the primary lesion is controllable and the 
postoperative survival time is ≥ 6 months, whether the number of 
lesions is more than 3 or the tumor size is greater than 3 cm, we all 
actively take surgical treatment. The recurrence of postoperative 
brain metastases is a problem that cannot be ignored after surgical 
treatment. Incomplete tumor resection is the main factor for the 
progress of postoperative pial meninges [9]. Therefore, for surgical 
treatment of brain metastases, complete resection should be done as 
much as possible. Studies had shown that WBRT after surgery can 
reduce 46% to 59% of local recurrences to 28% [17,18]. However, 
after WBRT, 52% of patients had neurocognitive impairment, while 
only 24% of patients had neurocognitive impairment without WBRT 
[19]. Neurotoxicity and reduced quality of life after WBRT are the 
main concerns of this treatment. Some studies found that the use of 
stereotactic radiotherapy before surgery, followed by surgical 
resection of metastatic lesions within 48 h, can reduce neurotoxicity, 
the risk of meningeal progression and retain a high level of local 
control [20,21]. Furthermore, many researchers use stereotactic 
radiotherapy to treat the resectioned tumor cavity, which can avoid 
the risk of cognitive impairment after WBRT [22]. For patients with 
local recurrence after brain metastases, re-surgical resection can still 
benefit some patients. Bindal reported 48 patients with recurrent 
brain metastases after surgery. The results showed that the median 
survival time after reoperation was 11.5 months. Among the 48 
patients who underwent reoperation, 26 patients relapsed again, and 
those who chose reoperation had longer median survival time than 
those who did not (8.6 vs. 2.8 months). Therefore, for some selective 
cases, multiple operations after relapse can benefit patients. Current 
researches believe that even if the patient's performance is poor or 
multiple brain metastases have occurred, surgical treatment is still of 
great significance. On one hand, it can quickly remove the edema 
caused by the tumor; alleviate space-occupying effects and intracranial 
hypertension. On the other hand, it can prevent further deterioration 
of the neurological function. What is more, surgery can also obtain a 
pathological diagnosis, providing a basis for subsequent systemic 

treatment. For patients with brain metastases from non-small cell 
lung cancer with EGFR mutations, EGFR targeted therapy tends to 
have a better prognosis [23,24]. Besides, several recent studies have 
reported deviations in EGFR mutation status between primary 
tumors and metastatic brain lesions, with reported deviations ranging 
from 27% to 28% [25,26]. The pathological diagnosis obtained by 
surgery provides the basis for clinical precise treatment. There are 
certain deficiencies in this study. First of all, it was a retrospective 
study, a total of 103 cases were included, and the number of cases was 
not large. The exact conclusion still needs to be confirmed by a multi-
center collaborative large-scale prospective randomized controlled 
study. Second, the time for the inclusion of this study is as of January 
2019, and the FU time for this part of cases is not long. Lastly, the 
patients with metastases included in this study include different 
primary foci. A separate analysis of the case data of different primary 
foci will help guide clinical precision treatment.

Conclusion
Surgery is a safe and effective option to manage brain metastases 

which can alleviate clinical symptoms, prolong survival time and 
improve patients’ prognosis. It is not a too aggressive strategy. We 
suggest surgery as an important part of the comprehensive treatment 
of BMs, even as the preferred strategy in some cases. Metastasis tumor 
size ≥ 3 cm (P=0.029) was an independent negative prognostic factor 
for patients with brain metastases.
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