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A B S T R A C T

We aimed to discriminate subgroups according to the risk of brain metastases in patients

with non-small cell lung cancer (NSCLC) lacking neurological symptoms. We performed a

retrospective review of 433 patients with NSCLC who underwent chest computed tomogra-

phy (CT), brain magnetic resonance imaging (MRI) and bone scans at an initial staging

work-up between April 2003 and April 2007. Brain metastases were determined by MRI.

Patients were stratified into groups according to the number of risk factors (0–3) identified

by multivariate analysis. In multivariate analysis, histopathology with non-squamous cell

carcinoma, nodal stage P2 on CT and presence of bone metastases were three risk factors

for brain metastases. Patients were divided into four groups according to the number (0–3)

of these predictive factors. The proportions of patients with brain metastases in the four

groups were 2%, 3%, 17% and 35%, respectively, and these differences were significant

(P < 0.001). When analysis was performed in patients with localised disease, the number

of risk factors was correlated with the prevalence of brain metastases (P = 0.013) but stage

was not (P = 0.153). Although this diagnostic model should be validated through further

studies, our data suggest that the number of risk factors might be a useful tool to identify

silent brain metastases in patients with NSCLC.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Lung cancers, of which more than 80% show non-small cell

histology, form a leading cause of death worldwide.1,2 Initial

presentations with distant metastases are common.3 Extra-

thoracic staging of non-small cell lung cancers (NSCLCs) is

important for prognostic estimation and treatment strat-
er Ltd. All rights reserved

th annual meeting of the
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).
egy.4,5 The brain is one of the most frequent sites of extra-tho-

racic metastases.6

Although positron emission tomography (PET) scans have

been introduced as a useful tool for staging of NSCLCs,7 it is

not yet widely available. Moreover, PET is not a practical tool

to evaluate brain metastases due to high background activity

in brain tissue.8 Therefore, computed tomography (CT) scans
.
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or magnetic resonance imaging (MRI) is recommended for

cranial staging.9 However, fewer than 10% brain metastases

have been detected in patients with negative neurological

signs and symptoms,10 and the cost-effectiveness of routine

screening for brain metastases is not clear.11

Routine screening for brain metastases in asymptomatic

patients has not yet reached a consensus in practice guide-

lines. Whereas the American Thoracic and European Respira-

tory Societies advocate no routine screening in asymptomatic

patients,12 the American Society of Clinical Oncology recom-

mends cranial screening for patients with stage III cancers

who are being considered for local treatment.13 However,

other studies suggest that cranial scanning should be per-

formed routinely.14,15 Furthermore, some investigators have

reported that some types of pathology that are not considered

in current guidelines12,13 are associated with risks of brain

metastases.16–18

Traditionally, the blood–brain barrier has been considered

as a limiting factor of chemotherapeutic agents in treating pa-

tients with brain metastases.19 Local treatment such as radi-

ation or surgery has been applied to control metastatic brain

lesions.20 Although some investigators have reported the

effectiveness of a chemotherapeutic agent for brain metasta-

ses,21 their role has not been established. Therefore, even in

patients with advanced stages, detection of brain metastases

may be useful to determine therapeutic strategies.

It has been suggested that diagnostic accuracy of MRI is

superior to CT in patients with brain metastasis.22,23 Brain

MRI is a useful technique for the evaluation of small lesions

with brain metastases in patients with NSCLC.10 Although

clinical benefits of its application remain unclear in asymp-

tomatic patients with NSCLC,10 detection of brain metastases

could reduce the discomfort and the unnecessary risks

caused by invasive procedures such as mediastinoscopy or

aggressive local treatment. Also, it could be helpful to deter-

mine the additional local treatment for brain lesions in ad-

vanced stages. The selected application of brain MRI in

high-risk patients could lead to an improvement in cost-

effectiveness. Therefore, stratification of patients with newly

diagnosed NSCLCs, using risk factors for brain metastases,

could be useful in making a decision to proceed to cranial

staging. We launched this retrospective study to identify pre-

dictive factors and to discriminate subgroups according to the

risk of brain metastases in patients with NSCLC lacking neu-

rological symptoms.

2. Patients and methods

2.1. Patient population

We evaluated patients with NSCLCs who were consecutively

diagnosed at our hospital between April 2003 and April

2007. Four hundred forty-six patients met the following en-

try criteria: Brain MR, chest CT and bone scans were applied

at diagnosis. Patients without neurological symptoms,

which were defined using criteria as described in a previous

study,16 and histopathology were reviewed at Korea Cancer

Center Hospital in Seoul. Amongst these patients, we ex-

cluded seven with sarcomatoid carcinomas and six with

adenosquamous cell carcinomas. A total of 433 patients
were included. All medical records including images were

reviewed.

Chest CT scans were performed as a part of the diagnostic

work-up using one of the two helical scanners (Volume Zoom;

Siemens Medical Systems, Erlangen, Germany, or HiSpeed

CT/i; GE Medical Systems, Milwaukee, WI, USA). The CT scans

were obtained from the supraclavicular regions through the

upper abdomen following intravenous administration of a

contrast agent using 5 or 10 mm thick sections.

Brain MRI scanning was performed using a 1.5-T unit (Sig-

na 1.5-T; GE Medical Systems). Spin-echo T1-weighted images

(500/8 repetition time/echo time, two signals acquired,

256 · 192 matrix, 20 cm field of view) and T2-weighted images

(6000/84 repetition time/echo time, one signal acquired,

512 · 256 matrix, 20 cm field of view) were obtained in the ax-

ial plane with 7 mm sections and 0.1 mm intersection gap.

Axial, coronal and sagittal T1-weighted images were obtained

for contrast MR studies after intravenous administration of

gadopentetate dimeglumine (0.1 mmol/kg).

Whole body bone scans using a gamma camera were ob-

tained 3–4 h after injection of 20 mCi methylene diphospho-

nate labelled with 99 mTC. Bone scans were used to diagnose

bone metastases24 if they showed multiple hot uptakes consis-

tent with metastases or if they showed increased uptakes

showing typical findings in additional studies (i.e. radiography,

CT or MRI scans). Brain metastases were diagnosed based on

brain MRI scans interpreted by one neuroradiologist (T.H.L.,

with five years of experience). Stage was classified using the

TNM (tumour, node, metastasis) system.25 Tand N factors were

decided based on findings of CT with or without additional

fiberoptic bronchoscopy. One thoracic radiologist (D.H.C., with

10 years of experience) reviewed the CT images. Mediastinal

lymph nodes larger than 1 cm on transaxial CT images were

considered positive. Adrenal masses, except for benign-look-

ing lesions showing low attenuation (<10 Hounsfield unit) on

unenhanced CT scans, that were performed if indicated clini-

cally, were considered metastases.16,26 The institutional review

board at the Korea Cancer Center Hospital reviewed and ap-

proved the study protocol.

2.2. Statistical analysis

Predictive factors for brain metastases were evaluated by uni-

variate analysis using Pearson’s Chi-squared test or Fisher’s

exact test. Using the median value of diameter, primary can-

cers were categorised into large (Pmedian) or small tumours

(<median). Multivariate logistic regression analysis with step-

wise forward selection was performed to identify the predic-

tors of brain metastases. A model using the number of risk

factors identified by multivariate analysis was constructed

and compared with one using TNM staging alone. The Bayes-

ian information criteria (BIC) statistics, inversely correlated

with a model’s fit, were used to compare the two models

and Raftery’s guidelines were used to interpret BIC differences

between the two models.27 Briefly, BIC differences of 0–2, 2–6,

6–10, >10 were assumed to provide weak, positive, strong and

very strong evidence for the new model giving a smaller BIC,

respectively. A multilevel likelihood ratio (LR) for stage or

number of predictors was calculated according to previously

as described.28



Table 1 – Patient characteristics

Characteristic Number of patients (%)

Age (years)

Median 66 (range 39–84)

666 224 (52)

>66 209 (48)

Sex

Male 333 (77)

Female 100 (23)

Histology

SCC 202 (47)

ADC 178 (41)

Large cell carcinoma 7 (2)

NOS 45 (10)

PS

61 397 (92)

>1 36 (8)

Tumour size

Small (63.6 cm) 217 (50)

Large (>3.6 cm) 216 (50)

T stage

T1–2 337 (78)

T3–4 96 (22)

N stage

N0–1 274 (63)

N2–3 159 (37)

M stagea

M0 334 (77)

M1 99 (23)

Metastatic sites

Bone 52 (12)

Lung 41 (9)

Adrenal gland 12 (3)

Liver 10 (2)

Not classifiedb 7 (2)

Stagea

I 163 (38)

II 60 (14)

III 111 (26)

IV 99 (23)

Brain metastases

Yes 32 (7)

No 401 (93)

Maximal size of brain metastases, cm

Median (range) 0.9 (0.2–2.3)

NOS, not otherwise specified; PS, performance status; SCC, squa-

mous cell carcinoma; ADC, adenocarcinoma.

a Brain metastases were not considered in staging.

b Skin, kidney or lymph node.
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Stata version 9.0 software (Stata Corp., College Station, TX,

USA) was used for statistical analyses. Odds ratios (ORs) and

their 95% confidence intervals (CIs) were calculated. All P-val-

ues were derived from two-sided tests and P < 0.05 was con-

sidered significant.

3. Results

3.1. Patient characteristics

Data from 433 patients were analysed and Table 1 shows their

characteristics. The median age was 66 years and 77% of the

patients were men. The sizes of primary lung tumours ranged

from 1 to 9 cm (median 3.6 cm). Of these patients, 47% had

squamous cell carcinomas and 41% had adenocarcinomas.

On CT scans, 162 patients had N2 or N3 nodes. Most of the

extrapulmonary metastatic lesions were in bone (12%), the

adrenal gland (3%) and the liver (2%). Thirty-two patients

(7%) had brain metastases. The maximum size of brain le-

sions ranged from 0.2 to 2.3 cm with a median of 0.9 cm.

3.2. Risk factors for brain metastases

Results of the univariate analysis are listed in Table 2. Tumour

size (large versus small) was a risk factor in this analysis

(P = 0.027). When the tumour stage was analysed as T, N or

M factors, the T factor did not affect brain metastases

(P = 0.689), but both N and M factors did (P < 0.001). Compared

with squamous cell carcinoma, the risk of brain metastases in

patients with non-squamous cell carcinoma was increased

significantly (P = 0.004). The presence of bone metastases to-

gether with metastases in the lung and other distant sites

was associated with brain metastases by univariate analysis.

However, amongst those significant clinical features identi-

fied by univariate analysis, when we used multivariate analy-

sis, histology (squamous cell carcinoma or not), N stage (0–1

versus 2) and the presence of bone metastases were signifi-

cantly associated with brain metastases. The TNM stage did

not remain significant when subjected to multivariate logistic

regression.

3.3. Diagnostic model for brain metastases

Next, we attempted to categorise patients using the risk fac-

tors defined by the multivariate analysis (i.e. non-squamous

cell carcinoma, nodal stage P2, bone metastases). The 433

patients were allocated to four groups according to the num-

ber of risk factors: 124 patients with none; 202 patients with

one; 81 patients, with two and 26 with three. The proportions

of patients with brain metastases in these four groups were

2%, 3%, 17% and 35% (Table 2) and its difference was signifi-

cant (P < 0.001). In receiver operating curve analysis, the area

under the curve (AUC) for the number of risk factors was sim-

ilar to that for stage (0.77 and 0.74, respectively). However, the

difference in the partial AUC for a false positive rate <20% was

0.05 (95% CI, 0.02–0.08), which suggests diagnostic superiority

of the proposed model when high sensitivity is of great

importance. Considering the similar frequency of brain

metastases between stage II and III, we combined the data

on these two stages. Similarly, data on patients with two or
three risk factors were merged (Fig. 1A). We then calculated

the LRs and their 95% CIs in these groups (Fig. 1B). In the

stage-based model, the LR in stage II or III was 0.8 (95% CI,

0.5–1.3), which suggests a limited diagnostic ability. Further-

more, the BIC statistics (difference of 9.3) showed ‘strong’ evi-

dence favouring the model constructed using the number of

risk factors compared with the model using the TNM stage

alone.



Table 2 – Risk factors for brain metastases

Characteristic Number of patients with
a brain metastasis (%)

P OR in multivariate
analysis (95% CI)

P

Age, years 0.102 NI

666 21 (9)

>66 11 (5)

Sex 0.790 NI

Male 25 (7)

Female 8 (8)

Histology 0.004

SCC 7 (3) Reference 0.020

Others 25 (11) 2.9 (1.2–7.2)

PS 0.120 NI

61 27 (7)

>1 5 (14)

Tumour size NI

Small (63.6) 10 (5) 0.027

Large (>3.6) 22 (10)

T stage NI

T1–2 24 (7) 0.689

T3–4 8 (8)

N stage

N0–1 9 (3) <0.001 Reference 0.001

N2–3 23 (14) 4.1 (1.8–9.5)

M stage NI

M0 13 (4) <0.001

M1 19 (19)

Metastasis to bone 0.004

No 19 (5) <0.001 Reference

Yes 13 (25) 3.4 (1.5–7.9)

Metastasis to lung NI

No 25 (6) 0.013

Yes 7 (17)

Metastasis to other sites NI

Yes 27 (7) 0.022

No 5 (19)

Stage (except brain) NI

I 3 (2) <0.001

II 3 (5)

III 7 (6)

IV 19 (19)

Number of risk factorsa <0.001

0 3 (2)

1 6 (3)

2 14 (17)

3 9 (35)

CI, confidence interval; NI, not included; PS, performance status; SCC, squamous cell carcinoma; ADC, adenocarcinoma.

a Significant factors in multivariate analysis.
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When we performed a statistical analysis in patients with

stage I–III, the difference according to the number of risk fac-

tors (0, 1 and 2) was statistically significant (3%, 3% and 12%,

respectively; P = 0.013). Meanwhile, the difference in the prev-

alence of brain metastases by stage (I, II and III) did not reach

statistical significance (2%, 5% and 6%, respectively; P = 0.153).

4. Discussion

This retrospective study evaluated the risk factors of brain

metastases in patients with NSCLC lacking neurological

symptoms. Based on the number of risk factors, patients

could be stratified with different risks for showing brain

metastases. Although the brain is one of the most common
sites for metastatic lesions, the routine cranial staging of si-

lent brain metastases is controversial.12–15 Cranial staging is

recommended based on the stage alone in one practical

guideline.13 In this study, the diagnostic model included the

N2 factor amongst TNM stage along with histopathology

and bone metastases. Importantly, our data suggest that this

model could predict silent brain metastases better than one

including TNM stage alone.

The prevalence and risk factors of silent brain metastases

should be interpreted cautiously considering the different

methods of studying brain metastases and various propor-

tions of advanced stages or pathologies.18,29,30 The prevalence

of silent brain metastases in our study (7%) is consistent with

the previous reports.18,29 As in other studies, patients with



Fig. 1 – (A) The proportions of patients with brain metas-

tases related to stage and number of risk factors. (B)

Multilevel likelihood ratios (LR) and their 95% confidence

intervals according to stage and number of risk factors,

respectively.
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non-squamous cell carcinomas were associated with an in-

creased risk of brain metastases.18,31–33 The high-risk of brain

metastases in patients with N2 or N3 stage is also in line with

the previous studies.17,34

Although the TNM stage was significantly associated with

brain metastases, the T factor was not a risk factor, in con-

trast with N and M factors. One report suggested that the T

stage might be a risk factor for having brain metastases.17

However, this finding was not suggested in other studies.35,36

In our data, tumour size was linked with brain metastases by

univariate analysis. Although this finding is consistent with

the results of a previous study,37 our multivariate analysis

suggests that tumour size might not be an independent risk

factor. The design of our study focusing on neurologically

asymptomatic patients ‘at diagnosis’ might explain the dis-

parity between the studies.17,35,36 The clinical significance of

T stage and tumour size for the actual risk of brain metasta-

ses should be defined through further studies.
Consistent with a previous pilot study, we observed a link

between the two metastatic sites.38 Simply, the high-risk of

brain metastases in patients with bone metastases could be

due to the extent of tumour spread. In addition, adenocarci-

noma histology, a risk factor of both brain and bone metasta-

ses,16 might explain such a link. However, it should be noted

that bone metastases, compared with non-skeletal metasta-

ses, were associated with an increased risk of brain metasta-

ses when analysed by multivariate analysis. Further studies

should be followed to confirm this finding.

In addition to the BIC statistics, LRs were used to compare

the predicting model based on the number of risk factors with

the stage-based one. LRs, alternative statistics for diagnostic

accuracy, provide information about the probability that a pa-

tient has a given target disease.39 The further LR is from 1.0,

the greater its effect is on the presence or absence of a target

disease.39 Conversely, an LR close to 1.0 indicates uselessness

as a diagnostic test. Therefore, in the proposed model, three

groups could be considered to have an increased or decreased

probability of brain metastases based on their LRs. In con-

trast, diagnostic ability in stage II or III seems to be limited

in the stage-based model (Fig. 1B). Moreover, for localised dis-

ease, the stage-based model could not discriminate patients

with brain metastases, but the proposed model could. How-

ever, in this study, the proposed model, using a small number

of patients with silent brain metastases, was constructed

without an external validation. Therefore, the proposed mod-

el needs to be validated through further studies with a suffi-

cient sample size.40

Our data should be interpreted cautiously given the retro-

spective natures of this study. Although a false positive rate of

11% using brain CT has been reported in patients with a single

brain metastasis,41 the multiple tumourous lesions in pa-

tients with NSCLC that were confirmed by pathology seem

to support this method for making a diagnosis of brain metas-

tases. In our data, 15/32 (47%) patients with brain metastases

had multiple lesions on brain MRI. Amongst 17 patients with

a single brain lesion, nine underwent follow-up brain MRI

scans at least three months later, and progressing lesions in

the brain were observed in six of them. Although the results

of our study could be biased by false positive interpretations

of brain metastases, it should be noted that MRI is more accu-

rate for the diagnosis of brain metastases than CT.10,23 A sub-

stantial change in the incidence of brain metastases is not

likely to occur.

Although the brain has been considered as a pharmacolog-

ical sanctuary site because of the blood–brain barrier,19 some

authors have reported favourable responses in treating brain

lesionswith front-line chemotherapy.21 However, small lesions

in asymptomatic patients might have a less disrupted blood–

brain barrier. 19 This idea is partly supported by a study suggest-

ing a low response rate of brain lesions to systemic chemother-

apy in asymptomatic patients with small cell lung cancers.42

Therapeutic benefits of chemotherapy, compared with radia-

tion therapy, are not completely understood. Therefore, addi-

tional local treatments for asymptomatic brain lesions could

be considered in patients with advanced stages. Future studies

are essential to establish suitable treatments for such patients.

Our findings in respect to identification of high-risk patients

could be useful in the design of clinical trials.
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These results suggest that a diagnostic model using sev-

eral risk factors may be useful to identify silent brain metas-

tases in patients with NSCLC at presentation. In addition, our

study indicates that this proposed model is able to discrimi-

nate high-risk patients accurately compared with a stage-

based model. These results suggest that the number of risk

factors could be helpful in clinical practice and in designing

future studies. Further studies are recommended to validate

this diagnostic model.
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