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Abstract The aim of this study was to explore prognostic

factors for non-small cell lung cancer (NSCLC) patients

with brain metastases (BM) on the basis of EGFR mutation

status. Among 779 consecutive NSCLC patients who

underwent EGFR mutation screening, all 197 patients with

BM were divided according to the EGFR mutation status.

The prognostic factors, including patient characteristics at

the time of BM diagnosis, treatment history, and radiologic

features, were analyzed. Of 197 patients with BM, 108 had

wild-type EGFR and 89 had EGFR mutation. The patients

with EGFR mutation presented longer overall survival after

BM diagnosis (OS) than those with wild-type EGFR,

regardless of whether BM was synchronous or metachro-

nous. For the patients with EGFR mutation, favorable

prognostic factors in multivariate analysis were age \65

(p = 0.037), good performance status (PS) (p \ 0.0001),

cranial radiotherapy (p = 0.020), previous chemotherapy

B1 regimen (p = 0.009), stable extracranial disease at BM

diagnosis (p = 0.022), and erlotinib therapy after BM

diagnosis (p = 0.0015). On the other hand, favorable

prognostic factors for the patients with wild-type EGFR

were only good PS (p = 0.0037) and cranial radiotherapy

(p = 0.0005). Among patients treated with erlotinib after

BM diagnosis, the patients with exon 19 deletion showed

longer OS than those with exon 21 point mutation

(p = 0.019). The prognostic factors for NSCLC patients

with BM were different according to the EGFR mutation

status. Particularly in NSCLC patients with EGFR muta-

tion and stable extracranial disease, regular cranial evalu-

ation for detecting asymptomatic BM would lead to good

prognosis. In addition, erlotinib therapy would be prefer-

able in NSCLC patients with BM and EGFR mutation,

especially those with exon 19 deletion.

Keywords Brain metastases � EGFR � Mutation �
Exon 19 � Prognostic factors

Introduction

Lung cancer remains the leading cause of cancer-related

death worldwide. More than 25 % patients with lung can-

cer develop brain metastases (BM) during the clinical
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courses [1, 2]. Despite treatment with systemic chemo-

therapy and/or local radiotherapy, the prognosis of lung

cancer patients with BM was extremely poor [3–5].

Recently, epidermal growth factor receptor tyrosine

kinase inhibitors (EGFR-TKIs), including gefitinib and

erlotinib, have been reported effective for non-small cell

lung cancer (NSCLC) with EGFR mutation [6, 7]. In

addition, those drugs have been reported to present a

positive effect on BM from NSCLC with EGFR mutation

[8]. Therefore, EGFR-TKIs have become an efficient

therapeutic option for BM from NSCLC with EGFR

mutation. To date, the favorable prognostic factors for

NSCLC patients with BM reported the presence of EGFR

mutation, stable extracranial disease at the time of BM

diagnosis, and eastern cooperation oncology group

(ECOG) performance status (PS) ^1 [9, 10]. However,

there are no reports to investigate prognostic factors on the

basis of EGFR mutation status. In our previous study, we

reported that patients with BM from NSCLC with exon 19

deletion had multiple small BM with scarce brain edema,

although this study included only patients with BM

detected at the time of NSCLC diagnosis [11]. We suppose

that BM from NSCLC with EGFR mutation is clinically

and radiographically distinct from those with wild-type

EGFR. If so, prognostic factors for patients with BM may

be different according to the EGFR mutation status. To

clarify these questions, we performed the present study.

Materials and methods

Patients

We retrospectively investigated all consecutive non-squa-

mous NSCLC patients who underwent EGFR mutation

screening at Kanagawa Cardiovascular and Respiratory

Center (KRCC) and Ibarakihigasi National Hospital from

March 2005 through September 2012. Among them, all

patients with BM, which were detected at the time of NSCLC

diagnosis (synchronous BM) or developed during clinical

course (metachronous BM), were included in this study. The

patients with minor and/or double mutations were excluded

because the aim of this study was to reveal the prognostic

factors for patients with BM from NSCLC with exon 19

deletion and exon 21 point mutation, which accounts for

90 % of EGFR mutations [6, 7, 12]. This study was approved

by the Institutional Human Ethics Committees of KRCC and

Ibarakihigashi National Hospital.

EGFR mutation detection

EGFR mutation status was assessed by the polymerase chain

reaction (PCR) clamp method at Mitsubishi Chemical

Medience Corporation (Tokyo, Japan) or the cycleave

method at SRL Inc. (Tokyo, Japan). EGFR mutation ana-

lysis was conducted using tissue specimens from primary

tumor and metastatic lesion, or cytologic materials such as

bronchial lavage fluid and pleural effusion [13].

Patient characteristics, treatment history,

and extracranial disease activity

Patient characteristics including gender, age, smoking his-

tory, histology, ECOG PS, staging, and presence of neuro-

logical symptoms at the time of BM diagnosis, and

treatment history including cranial radiotherapy and EGFR-

TKIs, were investigated. For cranial radiotherapy, whole

brain radiotherapy or radiosurgery was performed based on

the condition of BM such as size and number. For EGFR-

TKIs, gefitinib and erlotinib were initially administered at

250 and 150 mg, respectively, daily on a continuous basis.

In addition, we evaluated extracranial disease activity at the

time of BM diagnosis, referring to the previous report by

Eichler et al. [9]. Extracranial disease activity at the time of

BM diagnosis was defined as ‘‘active’’ if new sites of

extracranial disease and/or progression at already known

sites of disease including primary tumor were observed by

chest, abdomen, and pelvis CT; chest radiograph; and/or

bone scan [9]. In all patients with synchronous BM, extra-

cranial disease was considered ‘‘active’’.

Radiographic analysis

All patients with BM evaluated with Gd-enhanced magnetic

resonance imaging (MRI) were included for radiographic

analysis. Referring to the previous paper [11], three brain

tumor variables were measured: (1) number and (2) size of

the brain tumors on T1-weighted Gd-enhanced imaging and

(3) size of associated peritumoral brain edema (PTBE) on

T2-weighted imaging or fluid-attenuated inversion recovery

(FLAIR) sequence imaging. For the patients with multiple

BM, the two largest tumors were evaluated for the tumor and

PTBE sizes, following the new RECIST version 1.1 [14].

The PTBE size was defined by the subtraction of the

diameter measured on T1-weighted Gd-enhanced imaging

from the diameter on T2 or FLAIR imaging. If PTBE was

absent, the PTBE size was defined as zero. Because many

papers have reported that PTBE size is related with tumor

size [15–17], we defined the relationship between tumor and

PTBE sizes as the PTBE-index described in our previous

report [11]. The PTBE-index was calculated by dividing

PTBE size by tumor size to minimize the influence of tumor

size on PTBE size. All measurements were performed by at

least one board-certified radiologist blinded to the clinical

data and EGFR mutation status.
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Statistical analysis

Fisher’s exact test was used to compare categorical variables

such as gender, histology, smoking history, ECOG PS,

staging, extracranial disease activity, and neurological

symptoms. The Mann–Whitney U test was performed to

compare continuous variables, including age, number of

BM, tumor size, PTBE size, and PTBE-index. Overall sur-

vival (OS) was evaluated as the period from the detection of

BM to the day of death from any cause. The outcome was

censored if a patient had not progressed or died at the time of

the last follow-up. Survival duration was estimated using the

Kaplan–Meier method, with differences between the groups

compared using the log-rank test. Prognostic factors

affecting OS were analyzed using the Cox proportional

regression (hazards) model. A p value of \0.05 was con-

sidered statistically significant, and only those variables

with p values of\0.05 in univariate analysis were included

in multivariate analysis. JMP 10 software (SAS Institute,

Cary, NC, USA) was used for all statistical analyses.

Results

Patient characteristics

Of the 779 consecutive NSCLC patients who underwent

EGFR mutation screening, 210 had synchronous or

metachronous BM. Thirteen patients were excluded

because they harbored minor and/or double EGFR muta-

tions. Therefore 197 patients (89 with synchronous BM and

108 with metachronous BM) were finally included in this

study. Of the 89 patients with synchronous BM, there were

50 patients with wild-type EGFR and 39 patients with

EGFR mutation (24 with exon 19 deletion and 15 with

exon 21 point mutation). Of the 108 patients with

metachronous BM, there were 58 patients with wild-type

EGFR and 50 patients with EGFR mutation (26 with exon

19 deletion and 24 with exon 21 point mutation).

According to the EGFR mutation status, the patients were

divided into the two groups: the EGFR mutation group and

the wild-type group. The characteristics of the both groups

are listed in Tables 1 and 2.

Among the patients with synchronous BM, female

gender, never-smoking status, and neurologically asymp-

tomatic BM were more common in the EGFR mutation

group than in the wild-type group (p = 0.0007, 0.0017, and

Table 1 Patient characteristics with synchronous brain metastases

Characteristics EGFR mutation status

EGFR mutant

(39)

Wild type

(50)

p value

Sex

Male/female 13/26 35/15 0.0007*

Age

Years (median) 64.0 66.5 0.54

Histology

Ad/non-Ad 38/1 44/6 0.13

Smoking history

Active or former/

never

17/22 39/11 0.0017*

ECOG PS

0–1/2–4 28/11 35/15 1.00

Neurological symptom

Present/absent 4/35 19/31 0.0034*

Radiologic evaluation

Enhanced MRI/

others

39/0 40/10 0.0021*

Ad adenocarcinoma, PS performance status, MRI magnetic resonance

imaging

* p \ 0.05

Table 2 Patient characteristics with metachronous brain metastases

Characteristics EGFR mutation status p value

EGFR mutant

(50)

Wild type

(58)

Sex

Male/female 20/30 46/12 \0.0001*

Age

Years (median) 67.5 68.0 0.77

Histology

Ad/non-Ad 50/0 51/7 0.014*

Smoking history

Active or former/

never

20/30 48/10 \0.0001*

ECOG PS

0–1/2–4 35/15 39/19 0.84

Staging

1–3A/3B–4 18/32 21/37 1.00

Extracranial disease

Stable/active/N.E. 16/32/2 13/44/1 0.38#

Neurological symptom

Present/absent 15/35 22/36 0.42

Radiologic evaluation

Enhanced MRI/

others

44/6 50/8 1.00

Previous chemotherapy regimen

1 or under/2 or over 23/27 37/21 0.081

Ad adenocarcinoma, PS performance status, N.E. not evaluated at the

detection of brain metastases

MRI magnetic resonance imaging

* p \ 0.05; # chi-square test
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0.0034). All patients in the EGFR mutation group were

evaluated with Gd-enhanced MRI, although 20 % patients

in the wild-type group were evaluated with other radio-

graphic modalities because of the presence of apparent

neurological symptoms that required immediate evaluation

(p = 0.0021).

Among the patients with metachronous BM, female

gender, adenocarcinoma pathology, and never-smoking

status were more common in the EGFR mutation group

than in the wild-type group (p \ 0.0001, 0.014, and

\0.0001). The number of previous chemotherapy regimens

at the time of BM detection tended to be greater in the

EGFR mutation group than in the wild-type group although

the difference was not significant (p = 0.081).

Radiographic analysis

We evaluated the brain tumor variables, dividing the EGFR

mutation group into the exon 19 group and the exon 21

group. The EGFR mutation group and the exon 19 group

had greater number of synchronous BM than did the wild-

type group (p = 0.019, 0.017, Fig. 1a), although the dif-

ference was not significant in the number of metachronous

BM (Fig. 1b). With regard to the tumor size, the EGFR

mutation group and the exon 19 group had smaller-sized

BM than the wild-type group, regardless of synchronous

(p = 0.003 and 0.002; Fig. 1c) or metachronous BM

(p = 0.023 and 0.03; Fig. 1d). In addition, the PTBE size

in the EGFR mutation group and the exon 19 group was

Fig. 1 Details of brain

metastases (a, b number of brain

tumors, c, d tumor size, e,

f peritumoral brain edema size

(PTBE), g, h PTBE-index).

Data Box plots present

median ± 25th and 75th

percentiles (solid box) with the

10th and 90th percentiles shown

by outside the box. Asterisk (*)

a significant difference

compared to the wild-type

group (p \ 0.05). BM brain

metastases, PTBE peritumoral

brain edema
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also smaller than that in the wild type, regardless of syn-

chronous (p \ 0.0001 and \0.0001; Fig. 1e) or metachro-

nous BM (p = 0.0017 and 0.0016; Fig. 1f). With regard to

the PTBE-index, the same trend was observed in the syn-

chronous (p = 0.0005 and \0.0001; Fig. 1g) and metach-

ronous BM (p = 0.0078 and 0.0052; Fig. 1h). The exon 21

group presented the similar trend toward the wild-type

group as the exon 19 group in each radiographic variable,

although the difference was not significant. The results for

patients with adenocarcinoma were identical to those for

patients with NSCLC (data not shown).

Treatment history after BM diagnosis, and survival

and prognostic analysis

Treatment history after BM diagnosis is shown in Table 3.

Brain metastasectomy was performed in five patients of

each group. Radiotherapy was more commonly performed

in the wild-type group than in the EGFR-mutation group

(p = 0.010). Conversely, EGFR-TKIs were more fre-

quently used in the EGFR-mutation group (p \ 0.0001).

With the median follow-up period of 315 days after BM

diagnosis, OS in the EGFR mutation group (median:

451 days) was longer than that in the wild-type group

(median: 228 days) (p \ 0.0001, Fig. 2a). In addition, OS

in the EGFR mutation group was longer than that in the

wild-type group, regardless of the time of BM diagnosis:

synchronous BM (OS in the EGFR mutation group:

484 days versus OS in the wild-type group: 218 days,

p = 0.0016) and metachronous BM (OS in the EGFR

mutation group: 449 days versus OS in the wild-type

group: 237 days, p = 0.0041), respectively (Fig. 2b, c).

When limited in patients with adenocarcinoma, the EGFR

mutation group also presented better OS than the wild-type

group, regardless of whether BM was synchronous or

metachronous (p = 0.0035, 0.0071).

Prognostic factors for patients with BM were analyzed

on the basis of EGFR mutation status (Table 4, 5). In the

EGFR mutation group, univariate analysis revealed age

\65, good ECOG PS, cranial radiotherapy, stable extra-

cranial disease, previous chemotherapy B1 regimen, erl-

otinib therapy after BM diagnosis, and number of BM \5

as favorable prognostic factors (p = 0.035, \0.0001,

0.002, 0.016, 0.012, 0.020, and 0.027). In multivariate

analysis, age \65, good ECOG PS, cranial radiotherapy,

stable extracranial disease, previous chemotherapy B1

regimen, and erlotinib therapy after BM diagnosis still

remained as favorable prognostic factors (p = 0.037,

\0.0001, 0.020, 0.022, 0.009, and 0.0015). Among patients

treated with erlotinib after BM diagnosis, the patients with

exon 19 deletion showed significantly longer OS than those

with exon 21 point mutation (p = 0.019, Fig. 2d). How-

ever, this trend was not observed in patients treated with

gefitinib after BM diagnosis (p = 0.42, Fig. 2e). In the

wild-type group, on the other hand, univariate analysis

revealed that female gender, never-smoking status, good

ECOG PS, absence of neurological symptom, cranial

radiotherapy, previous chemotherapy B1 regimen, and

number of BM \5 were favorable prognostic factors

(p = 0.031, 0.033, \0.0001, 0.031, \0.0001, 0.0083, and

0.033), while multivariate analysis revealed only good

ECOG PS and cranial radiotherapy to be favorable prog-

nostic factors (p = 0.0037 and 0.0005).

Discussion

The present study revealed the clear OS superiority of

EGFR mutation over wild-type EGFR in NSCLC patients

with BM. To date, there is a well-known prognostic index

used in NSCLC patients with BM, graded prognostic

assessment (GPA), which comprises age, Karnofsky per-

formance status, number of BM, and presence of extra-

cranial metastases; EGFR mutation status is not taken into

consideration in GPA [18]. To the best of our knowledge,

this is the first report to reveal the prognostic factors for

NSCLC patients with BM on the basis of EGFR mutation

status, and the present study revealed that the prognostic

factors were different according to the EGFR mutation

status. Therefore, it would be worth to evaluate EGFR

mutation status as prognostic factor in GPA prognostic

index. The present study demonstrated the four major

findings as follows: (1) Stable extracranial disease at BM

Table 3 Treatment history after brain metastases diagnosis

Treatment EGFR mutation status p value

EGFR mutant

(89)

Wild type

(108)

Brain metastasectomy

Yes/no 5/84 5/103 0.76

Radiotherapy

Yes/no 57/32 87/21 0.010*

WBRT 21 28

Radiosurgery 28 43

Both WBRT and

radiosurgery

8 16

EGFR-TKIs

Yes/no 66/23 26/108 \0.0001*

Gefitinib 20 3

Erlotinib 12 15

Both gefitinib and

erlotinib

34 8

WBRT whole brain radiotherapy

* p \ 0.05
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diagnosis was a favorable prognostic factor for NSCLC

patients with BM and EGFR mutation; (2) Erlotinib ther-

apy after BM diagnosis was also a favorable prognostic

factor for NSCLC patients with BM and EGFR mutation;

(3) Among NSCLC patients treated with erlotinib after BM

diagnosis, the patients with exon 19 deletion showed longer

OS than those with exon 21 point mutation; and (4)

NSCLC patients with exon 19 deletion had small-sized BM

with scarce PTBE, regardless of whether BM was syn-

chronous or metachronous. These results provide the fol-

lowing three clinical implications.

First, regular cranial evaluation for detecting asymptom-

atic BM would lead to good prognosis, particularly in

NSCLC patients with EGFR mutation and stable extracranial

disease. Our study revealed that stable extracranial disease at

BM diagnosis was a favorable prognostic factor for NSCLC

patients with EGFR mutation. To the best of our knowledge,

only two research groups have investigated the prognostic

factors for NSCLC patients with BM and have reported

almost the same results as ours; however, the patients in

those studies were not divided according to the EGFR

mutation status [9, 10]. Interestingly, the present study

revealed that stable extracranial disease was not a prognostic

factor for NSCLC patients with wild-type EGFR. BM

sometimes causes seizures and decreases quality of life.

Therefore, early tumor detection is important to facilitate

appropriate treatment before the development of neurolog-

ical symptoms and a consequent poor PS [19–21]. Impor-

tantly, neurological symptom at metachronous BM

diagnosis was absent in 14 (87.5 %) of our 16 patients with

EGFR mutation and stable extracranial disease. Therefore,

regular cranial evaluation for detecting asymptomatic BM

would be meaningful, particularly in NSCLC patients with

EGFR mutation and stable extracranial disease.

Second, erlotinib therapy would be preferable in

NSCLC patients with BM and EGFR mutation. In fact, our

Fig. 2 Overall survival after all

BM diagnosis (a), after the time

of synchronous BM diagnosis

(b) and metachronous BM

diagnosis (c), according to the

EGFR mutation status. Overall

survival for patients treated with

erlotinib (d) and gefitinib

(e) after the diagnosis of BM.

BM brain metastases
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results revealed that erlotinib therapy after BM diagnosis

was a favorable prognostic factor in NSCLC patients with

BM and EGFR mutation. To date, there were some reports

which demonstrated the efficacy of erlotinib for BM [22,

23]. With regard to gefitinib, although the similar reports

were present [24, 25], the current study did not show a

positive effect of gefitinib on OS. Erlotinib was reported to

have a slightly broader spectrum of kinase inhibitor com-

pared with gefitinib [26], but the difference between erl-

otinib and gefitinib in terms of OS can primarily be

attributed to the dose setting of these drugs. The approved

daily dose of erlotinib is equivalent to the maximum tol-

erated dose (MTD) of erlotinib, while that of gefitinib is

one-third of the MTD of gefitinib [27, 28]. In fact, the

efficacy superiority of erlotinib over gefitinib has been

reported in NSCLC patients with BM [29] and leptome-

ningeal metastases [30].

Third, the difference of characteristics of BM between

NSCLC with exon 19 deletion and those with exon 21

point mutation definitely exists, and to differentiate these

two mutations would be important at the point of thera-

peutic management of NSCLC patients with BM. In our

study, the survival superiority of exon 19 deletion over

exon 21 point mutation was observed in patients treated

with erlotinib. Considering the results of radiographic

variables, we do suggest the presence of radiologic and

prognostic differences between exon 19 deletion and exon

21 point mutation. To date, some studies have showed the

Table 4 Prognostic factors for

NSCLC patients with EGFR

mutations

NSCLC non-small cell lung

cancer, Ad adenocarcinoma, PS

performance status, BM brain

metastases, PTBE peritumoral

brain edema accompanied with

largest tumor

* p \ 0.05

(n) Univariate analysis Multivariate analysis

HR (95 % CI) p HR (95 % CI) p

Sex

Male/female 33/56 1.24 (0.79–1.93) 0.35 Excluded

Age

\65/C65 34/55 0.61 (0.38–0.97) 0.035* 0.57 (0.33–0.97) 0.037*

Histology

Ad/non-Ad 88/1 0.40 (0.086–7.12) 0.43 Excluded

Smoking history

Smoker/never-smoker 37/52 1.52 (0.97–2.38) 0.068 Excluded

ECOG PS

0–1/2–4 63/26 0.20 (0.12–0.34) \0.0001* 0.22 (0.12–0.42) \0.0001*

Staging

1–3A/3B–4 18/71 0.63 (0.34–1.10) 0.11 Excluded

Neurological symptom

Present/absent 19/70 1.62 (0.91–2.73) 0.095 Excluded

Brain metastasectomy

Yes/no 5/84 0.57 (0.17–1.39) 0.24 Excluded

Cranial radiotherapy

Yes/no 57/32 0.47 (0.30–0.75) 0.002* 0.51 (0.29–0.90) 0.020*

Extracranial disease

Stable/active 16/71 0.50 (0.26–0.88) 0.016* 0.46 (0.22–0.90) 0.022*

Previous chemotherapy

B1 regimen/C2 regimens 62/27 0.51 (0.31–0.86) 0.012* 0.43 (0.24–0.80) 0.009*

Gefitinib after BM

Yes/no 54/35 0.80 (0.51–1.28) 0.35 Excluded

Erlotinib after BM

Yes/no 32/57 0.58 (0.36–0.92) 0.020* 0.41 (0.23–0.71) 0.0015*

Number of BM

\5/C5 47/36 0.59 (0.37–0.94) 0.027* 0.80 (0.47–1.37) 0.42

Largest tumor size

\10 mm/C10 mm 52/31 0.82 (0.51–1.34) 0.43 Excluded

PTBE size

\10 mm/C10 mm 66/17 0.79 (0.47–1.40) 0.41 Excluded
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superiority of exon 19 deletion over exon 21 point mutation

in NSCLC patients treated with erlotinib and/or gefitinib

[31–33], while other studies have not [8, 34, 35]. Impor-

tantly, no reports have focused on the superiority of erl-

otinib over gefitinib for NSCLC patients with BM, as we

pointed out in this study. Although NSCLC with exon 19

deletion has been reported to show a good response to

lower concentrations of EGFR-TKIs than that with exon 21

point mutation [36], the present study showed survival

superiority of exon 19 deletion over exon 21 point mutation

only in patients treated with erlotinib, not gefitinib.

Although erlotinib was reported to show a higher MTD

compared with gefitinib [27, 28], the concentration of erl-

otinib was lower in the central nervous system (CNS) than

in plasma [37]. Therefore, the concentration of erlotinib in

the CNS may be high enough to treat BM from NSCLC

with exon 19 deletion and not high enough to treat that with

exon 21 point mutation.

Despite the important findings of the present study, it

had several limitations. First, it was a small-sized retro-

spective study. Second, the timing and kinds of radio-

graphic evaluation for BM were not precisely determined

before this retrospective study. In particular, a bone scan

was not performed in some part of patients, although chest,

abdomen, and pelvis CT was done in almost all patients.

Third, BM was not confirmed pathologically and geneti-

cally. In the present study, EGFR mutation status was

evaluated, using the specimens from primary lesion in

Table 5 Prognostic factors for

NSCLC patients with wild-type

EGFR

NSCLC non-small cell lung

cancer, Ad adenocarcinoma, PS

performance status, BM brain

metastases, PTBE peritumoral

brain edema accompanied with

largest tumor

* p \ 0.05

(n) Univariate analysis Multivariate analysis

HR (95 % CI) p HR (95 % CI) p

Sex

Male/female 81/27 1.66 (1.05–2.74) 0.031* 1.53 (0.70–3.56) 0.30

Age

\65/C65 38/70 1.06 (0.70–1.59) 0.78 Excluded

Histology

Ad/non-Ad 95/13 0.64 (0.35–1.27) 0.19 Excluded

Smoking history

Smoker/never-smoker 87/21 1.70 (1.04–2.93) 0.033* 1.52 (0.69–3.52) 0.31

ECOG PS

0–1/2–4 74/34 0.22 (0.14–0.36) \0.0001* 0.33 (0.16–0.70) 0.0037*

Staging

1–3A/3B–4 21/87 0.65 (0.38–1.07) 0.090 Excluded

Neurological symptom

Present/absent 41/67 1.60 (1.05–2.41) 0.031* 1.07 (0.56–1.95) 0.84

Brain metastasectomy

Yes/no 5/103 0.76 (0.27–1.70) 0.53 Excluded

Cranial radiotherapy

Yes/no 87/21 0.33 (0.20–0.55) \0.0001* 0.24 (0.12–0.53) 0.0005*

Extracranial disease

Stable/active 13/94 0.62 (0.29–1.16) 0.14 Excluded

Previous chemotherapy

B1 regimen/C2 regimens 21/87 0.49 (0.31–0.83) 0.0083* 0.66 (0.36–1.27) 0.21

Gefitinib after BM

Yes/no 11/97 0.61 (0.29–1.14) 0.13 Excluded

Erlotinib after BM

Yes/no 18/90 0.70 (0.40–1.16) 0.17 Excluded

Number of BM

\5/C5 61/29 0.59 (0.37–0.96) 0.033* 0.87 (0.56–1.64) 0.87

Largest tumor size

\10 mm/C10 mm 40/50 1.03 (0.66–1.59) 0.91 Excluded

PTBE size

\10 mm/C10 mm 47/43 0.82 (0.53–1.28) 0.38 Excluded
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more than four-fifth of patients. Only in a patient, the

specimen from BM was used for analyzing EGFR mutation

status. More recently, discordance of EGFR mutation status

between the primary and metastatic sites has been reported.

The discordance rate for EGFR mutation status was

reported to reach up to 27–28 % [38, 39]. Therefore, future

studies using pathological specimens from BM will con-

firm our present study.

In conclusion, the prognostic factors for NSCLC

patients with BM were different according to the EGFR

mutation status. Particularly in NSCLC patients with

EGFR mutation and stable extracranial disease, regular

cranial evaluation for detecting asymptomatic BM would

lead to good prognosis. Additionally, erlotinib therapy

would be preferable in NSCLC patients with BM and

EGFR mutation, especially those with exon 19 deletion.

Accumulation of knowledge about prognostic factors based

on EGFR mutation status will aid in approaches to the

individual management of NSCLC patients with BM. Our

results would be validated in future prospective study.
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