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Purpose: Brain metastasis is the most common complication of brain cancer; nevertheless, 

primary lung cancer accounts for approximately 20%–40% of brain metastases cases. Surgical 

resection is the preferred treatment for brain metastases. However, no studies have reported the 

outcome of surgical resection of brain metastases from non–small-cell lung cancer (NSCLC) 

in the People’s Republic of China. Moreover, the optimal treatment for primary NSCLC in 

patients with synchronous brain metastases is hitherto controversial.

Patients and methods: We retrospectively analyzed the cases of NSCLC patients with brain 

metastases who underwent neurosurgical resection at the Sun Yat-sen University Cancer Center, 

and assessed the efficacy of surgical resection and the necessity of aggressive treatment for 

primary NSCLC in synchronous brain metastases patients.

Results: A total of 62 patients, including 47 men and 15 women, with brain metastases from 

NSCLC were enrolled in the study. The median age at the time of craniotomy was 54 years 

(range 29–76 years). At the final follow-up evaluation, 50 patients had died. The median OS time 

was 15.1 months, and the survival rates were 70% and 37% at 1 and 2 years, respectively. The 

median OS time of synchronous brain metastases patients was 12.5 months. Univariate analysis 

revealed that radical treatment of primary NSCLC was positively correlated with survival, and 

it was an independent prognostic factor in the multivariate analysis.

Conclusion: Surgical resection is an effective treatment for brain metastases. Besides cran-

iotomy, radical therapy is necessary for the management of primary NSCLC in patients with 

synchronous brain metastases.
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Introduction
Lung cancer is the most common cause of cancer-related death worldwide; it accounted 

for 13% (1.6 million) of the total diagnosed cancer cases and 18% (1.4 million) of total 

cancer-related deaths in 2008.1 In the USA, it accounts for 26% and 28% of all cancer-

related deaths among women and men, respectively.2 Non–small-cell lung cancer 

(NSCLC), including its types adenocarcinoma, squamous cell carcinoma, large-cell 

carcinoma, and bronchioloalveolar carcinoma, accounts for nearly 85% of all lung 

cancer cases.3 The risk of developing brain metastases is up to 10% for patients in the 

early stages of NSCLC.4 Furthermore, brain metastasis occurs in 30%–50% patients 

with advanced NSCLC.5,6

The development of brain metastases is often considered as the terminal stage of 

any cancer, and the prognosis of patients with brain metastases from NSCLC is gener-

ally poor. Without treatment, the median survival time is only 1 month.7 Whole-brain 

radiation therapy (WBRT) alone can extend the median survival time to 3–6 months.8,9 
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Two randomized control trials have reported that patients 

with extracranial primary cancer and single brain metastasis 

who underwent surgical resection followed by WBRT had 

longer survival time and better quality of life than did similar 

patients who underwent WBRT alone.8,10 Nevertheless, the 

median survival time of patients undergoing combination 

therapy is also not more than 1 year. Thus, management of 

brain metastasis continues to be a significant challenge in 

the treatment of NSCLC.

No studies have hitherto reported the outcomes of NSCLC 

patients in the People’s Republic of China who underwent 

surgical treatment for brain metastases in the People’s 

Republic of China. In the present study, we retrospectively 

analyzed the cases of patients with brain metastases from 

NSCLC who underwent neurosurgical resection at a single 

hospital, and assessed the efficacy of this treatment and the 

necessity of radical treatment for primary NSCLC in patients 

with synchronous brain metastases.

Materials and methods
Patients
We analyzed the cases of NSCLC patients who underwent 

craniotomy for brain metastases between January 2000 

and June 2012 at Sun Yat-sen University Cancer Center. 

Brain metastases were diagnosed using magnetic resonance 

imaging (MRI), and serial MRI was used for follow up. 

Clinical parameters included patient demographics, number 

of brain metastases, location of brain metastases, tumor 

histology, treatment modality, and thoracic disease stage 

and treatment. Additionally, recursive partitioning analysis 

(RPA) was performed to facilitate stage classification.11 

Patients 65 years old with Karnofsky Performance Status 

(KPS) 70, controlled primary cancer, and no extracranial 

metastases were grouped under class 1. Class 3 included all 

patients with KPS 70. Patients not fitting any of the above-

mentioned criteria were grouped under class 2. NSCLC stage 

was classified according to the seventh edition of the Ameri-

can Joint Committee on Cancer (AJCC) staging criteria,12 

excluding the metastases in the brain. Overall survival (OS) 

time was calculated as the duration between the time of diag-

nosis of brain metastases and death or the date of last follow 

up (November 2013) for patients who survived until the end 

of the analysis period. The study was approved by the ethics 

committee of Sun Yat-sen University Cancer Center.

Statistical analysis
Statistical analysis was performed using the SPSS v16.0 

software (IBM Corp, Armonk, NY, USA). Survival data 

were analyzed by the Kaplan–Meier method and logrank 

test. The Cox proportional hazard model was used to identify 

the independent prognostic factors for survival. P0.05 was 

considered as statistically significant.

Results
Patient demographics
A total of 62 patients, including 47 men and 15 women, with 

brain metastases from NSCLC were enrolled in the study. 

The median age at the time of craniotomy was 54 years 

(range 29–76 years). The histopathological subtype was 

adenocarcinoma in 50 patients, squamous cell carcinoma in 

eight patients, adenosquamous carcinoma in two patients, 

large-cell carcinoma in one patient, and bronchioloalveolar 

carcinoma in one patient. According to the NSCLC clas-

sification, 15 patients had stage I cancer, 19 had stage II 

cancer, and 28 had stage III cancer. Of these 62 patients, 

49 had single brain metastasis, and 13 had two or more 

brain metastases. Only 22 patients had synchronous brain 

metastases from NSCLC. Synchronous presentation was 

defined as diagnosis of brain metastases within 2 months 

of diagnosis of NSCLC. According to RPA classification, 

34 patients belonged to stage I; 20 belonged to stage II; and 

eight belonged to stage III. Patients’ characteristics are sum-

marized in Table 1.

Management of brain metastases
All symptomatic patients diagnosed with brain metastases 

and presenting with brain edema received intravenous dex-

amethasone. All patients underwent craniotomy, of which  

50 underwent complete resection. For patients with two or 

more brain metastases, only a single life-threatening brain 

lesion was excised. A total of 45 patients underwent metasta-

sectomy followed by WBRT, whereas nine patients with mul-

tiple brain metastases underwent stereotactic radiosurgery 

(SRS) followed by metastasectomy. Eight patients underwent 

metastasectomy alone because of poor physical condition. 

The most commonly used fractionation schedule for WBRT 

was 30 Gy doses in 10 fractions. The median maximal and 

marginal doses for SRS were 36 Gy (range 32–40 Gy) and 

18 Gy (range 14–24 Gy), respectively.

Management of lung cancer
Patients were considered to have had radical therapy if they 

underwent surgical resection and/or received sequential 

or concurrent chemoradiotherapy. Patients who received 

only chemotherapy for thoracic disease were considered 

to have had palliative thoracic therapy. A total 35 patients 
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underwent lobectomy, eight underwent wedge resection, 

five underwent chemoradiotherapy, and seven patients 

only underwent chemotherapy. The various management 

approaches are summarized in Table 2.

Outcomes and survival analysis
Kaplan–Meier analysis and logrank test were used to identify 

potential predictive factors of survival. At the final follow-up 

visit, 50 patients had died. Of these, 21 patients died from 

the progression of brain metastases, and 29 patients died 

because of systemic metastasis. The median OS time was 

15.1 months, with survival rates of 70% and 37% at 1 and  

2 years, respectively (Figure 1).

Table 3 shows the results of the univariate analysis for 

the prognostic factors of OS for all patients. The stage of 

primary NSCLC correlated with OS, with a median OS time 

of 34.9 months for stage I patients, 19.2 months for stage 

II patients, and 9.0 months for stage III patients (Figure 2). 

The RPA stage also correlated with OS, with a median OS 

of 23.4 months for stage I patients, 14.5 months for stage II  

patients, and 7.4 months for stage III patients (Figure 3).  

In addition, absence of synchronous brain metastases was 

Table 1 Patient demographics

Characteristic All patients  
n=62  
n (%)

MBM  
n=40  
n (%)

SBM  
n=22
n (%)

Age (years)
54 29 (46.8) 18 (45.0) 11 (55.0)

54 33 (53.2) 22 (55.0) 11 (55.0)

Sex
Male 47 (75.8) 32 (82.5) 14 (63.6)
Female 15 (24.2) 8 (17.5) 8 (36.4)

Histology
Adenocarcinoma 49 (79.0) 32 (80.0) 17 (77.3)
Squamous cell  
carcinoma

9 (14.5) 6 (15.0) 3 (13.6)

Others 4 (6.5) 2 (5.0) 2 (9.1)
NSCLC stage

I 15 (24.2) 13 (32.5) 2 (9.1)
II 19 (30.6) 13 (32.5) 6 (27.3)
III 28 (45.2) 14 (35.0) 14 (63.6)

Number of brain metastases
1 49 (79.0) 32 (80.0) 17 (77.3)

2 13 (21.0) 8 (20.0) 5 (22.7)

RPA
I 34 (54.8) 24 (60.0) 10 (45.5)
II 20 (32.3) 11 (27.5) 9 (40.9)
III 8 (12.9) 5 (12.5) 3 (13.6)

Abbreviations: MBM, metachronous brain metastases; NSCLC, non–small-cell lung 
cancer; RPA, recursive partitioning analysis; SBM, synchronous brain metastases.

Table 2 Management of lung cancer

Management  
of lung cancer

All patients  
n=62
n (%)

MBM  
n=40
n (%)

SBM  
n=22
n (%)

Radical treatment 48 (77.4) 36 (85.0) 10 (45.5)
Surgical resection 43 (69.4) 33 (77.5) 9 (40.9)
Chemoradiotherapy 5 (8.0) 3 (7.5) 1 (4.6)

Palliative treatment 7 (11.3) 4 (10.0) 8 (36.4)
Supportive treatment 7 (11.3) 0 (0.0) 4 (18.1)

Abbreviations: MBM, metachronous brain metastases; SBM, synchronous brain 
metastases.

Figure 1 Kaplan–Meier analysis for overall survival of all patients.
Abbreviations: CI, confidence interval; OS, overall survival.

Table 3 Univariate analysis to identify factors affecting overall 
survival of patients with brain metastases

Variable Cases Median OS  
(months)

P-value

Age (years) 0.235
54 29 19.2

54 33 14.5
Sex 0.790

Male 47 15.1
Female 15 14.7

Histology 0.148
Adenocarcinoma 49 22.0
Nonadenocarcinoma 13 12.9

NSCLC stage 0.000
I 15 34.9
II 19 19.2
III 28 9.0

Number of BM 0.526
1 49 15.5
2 13 14.7

RPA 0.002
I 34 23.4
II 20 14.5
III 8 7.4

Synchronous BM 0.015
Yes 22 12.5
No 40 22.0

Abbreviations: BM, brain metastases; NSCLC, non–small-cell lung cancer; OS, 
overall survival; RPA, recursive partitioning analysis.
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associated with longer survival (Figure 4). The primary 

NSCLC (P0.001) and RPA (P=0.001) stages were also 

independent prognostic factors in the multivariate analysis.

Table 4 shows the results of the univariate analysis for 

prognostic factors of OS for synchronous brain metastases 

patients. The median OS time for patients with synchronous 

brain metastases was 12.5 months. In the univariate analy-

sis, radical treatment of primary NSCLC was found to be 

positively correlated with survival (P=0.005) and was an 

independent prognostic factor in the multivariate analysis 

(P=0.007) (Table 4 and Figure 5). Stage I and II NSCLC 

patients achieved longer survival than stage III patients 

(P=0.020); however, NSCLC stage was not an independent 

prognostic factor in the multivariate analysis (Table 4).

Discussion
Lung cancer burden in People’s Republic of China is 

continuously increasing because of an increased aging 

population, smoking habits, and air pollution. Brain metas-

tasis is the most common complication of brain cancer; 

however, approximately 20%–40% of brain metastases 

originate from lung cancer.13,14 As the incidence rates 

for various cancers increases and mortality from cancers 

decreases, the incidence rates of brain metastases appear 

to be increasing.

Since 2000, our center has been the first in the People’s 

Republic of China to systematically treat brain metasta-

ses. Surgical resection followed by WBRT has become 

the standard management practice for brain metastases 

patients. In the present study, we retrospectively analyzed 

the cases of patients from a single center who underwent 

craniotomy for brain metastases from NSCLC. A median 

Figure 2 Kaplan–Meier analysis for overall survival by NSCLC stage.
Abbreviations: NSCLC, non–small-cell lung cancer; OS, overall survival.

Figure 3 Kaplan–Meier analysis for overall survival by RPA classification.
Abbreviations: OS, overall survival; RPA, recursive partitioning analysis.

Figure 4 Kaplan–Meier analysis for overall survival of patients with synchronous 
and metachronous brain metastases.
Abbreviation: OS, overall survival.

Table 4 Univariate analysis to identify factors affecting overall 
survival of patients with synchronous brain metastases

Variable Cases Median  
OS (months)

P-value

Age (years) 0.144
54 10 13.8

54 12 10.8
Sex 0.746

Male 16 10.8
Female 6 34.9

NSCLC stage 0.020
I and II 7 34.9
III 15 8.9

Number of brain metastases 0.515
1 16 12.5
2 6 8.8

Management of lung cancer 0.005
Radical treatment 10 13.8
Nonradical treatment 12 8.7

Abbreviations: NSCLC, non–small-cell lung cancer; OS, overall survival.
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OS time of 15.1 months could be achieved for all patients, 

and the survival rates at 1 and 2 years were 70% and 37%, 

respectively. Consistent with published data,8,10,15 we found 

that surgical resection could prolong survival and improve 

quality of life. Especially in patients with significant mass 

effect, surgical resection could relieve edema secondary to 

brain metastases and rapidly increase intracranial pressure 

to allow sufficient time for further treatment.

Low stages of primary NSCLC and RPA and absence 

of synchronous brain metastases were also associated with 

significantly longer survival times. However, there was 

no significant difference between the survival of single 

and multiple brain metastases patients. Of the 13 patients 

with multiple brain metastases, nine patients underwent 

SRS and four patients received chemotherapy followed 

by metastasectomy. They had a median OS time of 14.7 

months. SRS offers a minimally invasive option to treat 

unresectable multiple brain metastases; therefore, patients 

with multiple lesions but a low total volume of disease can 

be treated with SRS.16–18 Nevertheless, surgical resection 

remains the primary approach for larger brain lesions that 

are accessible.17,19

The optimal treatment for primary NSCLC after aggres-

sive management of brain metastases is hitherto controversial. 

Many studies have focused on the treatment of synchronous 

brain metastases from NSCLC.20–23 Lind et al suggested that 

radical thoracic treatment is acceptable for patients 65 years 

who are eligible to undergo surgery/radiosurgery for 

synchronous brain metastases from NSCLC.20 Bonnette et 

al reported that after complete resection of a single brain 

metastasis, it is legitimate to proceed with lung resection.22 

Furthermore, Hu et al recommended aggressive treatment 

Figure 5 Kaplan–Meier analysis for overall survival by type of treatment for primary 
NSCLC in patients with synchronous brain metastases.
Abbreviations: NSCLC, non–small-cell lung cancer; OS, overall survival.

of the primary lung cancer, particularly for stage I NSCLC 

patients with single brain metastasis.21

Consistent with these studies, we found that patients who 

received radical treatment of primary NSCLC had a sig-

nificantly longer OS (13.8 months) than did those receiving 

nonradical treatment (8.7 months). In addition, stage I and II  

NSCLC patients (34.9 months) had a significantly longer 

survival than did stage III patients (8.9 months). Thus, radi-

cal treatment was necessary for certain patients who could 

undergo sequential or concurrent chemoradiotherapy for 

primary NSCLC.

The present study had certain limitations. First, some 

selection bias could have been introduced because of the low 

sample size, and additional studies using a large sample size 

are necessary to substantiate the findings of our study. Second, 

the effect of chemotherapy could not be assessed because of 

the heterogeneous chemotherapy courses employed in our 

patients. Prospective clinical trials employing a standardized 

chemotherapy course will be required to evaluate the effect 

of chemotherapy on prognosis.

In summary, the findings of our study suggest that surgi-

cal resection is an effective treatment for brain metastases 

from NSCLC. With the establishment of novel neurosurgical 

techniques, neurosurgery could provide diverse treatment 

options for brain metastases. Moreover, radical therapy for 

primary NSCLC is necessary in addition to craniotomy for 

patients with synchronous brain metastases patients.
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