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Background. The brain represents a frequent progression site in lung adenocarcinoma. This study was designed to 
analyse the association between the epidermal growth factor receptor (EGFR) mutation status and the frequency of 
brain metastases (BM) and survival in routine clinical practice.
Patients and methods. We retrospectively analysed the medical records of 629 patients with adenocarcinoma in 
Slovenia who were tested for EGFR mutations in order to analyse the cumulative incidence of BM, the time from the 
diagnosis to the development of BM (TDBM), the time from BM to death (TTD) and the median survival.
Results. Out of 629 patients, 168 (27%) had BM, 90 patients already at the time of diagnosis. Additional 78 patients 
developed BM after a median interval of 14.3 months; 25.8 months in EGFR positive and 11.8 months in EGFR negative 
patients, respectively (p = 0.002). EGFR mutations were present in 47 (28%) patients with BM. The curves for cumulative 
incidence of BM in EGFR positive and negative patients demonstrate a trend for a higher incidence of BM in EGFR 
mutant patients at diagnosis (19% vs. 13%, p = 0.078), but no difference later during the course of the disease. The 
patients with BM at diagnosis had a statistically longer TTD (7.3 months) than patients who developed BM later (3.1 
months). The TTD in EGFR positive patients with BM at diagnosis was longer than in EGFR negative patients (12.6 vs. 6.8, 
p = 0.005), while there was no impact of EGFR status on the TTD of patients who developed BM later. 
Conclusions. Except for a non-significant increase of frequency of BM at diagnosis in EGFR positive patients, EGFR 
status had no influence upon the cumulative incidence of BM. EGFR positive patients had a longer time to CNS pro-
gression. While EGFR positive patients with BM at diagnosis had a longer survival, EGFR status had no influence on TTD 
in patients who developed BM later during the course of disease.
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Introduction

The brain represents a frequent progression site 
in lung adenocarcinoma.1,2 The incidence of BM is 
increasing, probably due to a better treatment and 
prolonged survival as well as due to better imaging 
techniques.3 This condition is often disabling and 
reduces the patients’ quality of life.

The survival, even after aggressive multimodal-
ity treatment, remains poor.4 Therefore new sub-
groups that might benefit from new treatments are 
being identified.5,6 In the last few years, much effort 
and research in lung cancer has been oriented to 
molecular targets, e.g. EGFR activating mutations. 
Although a substantial proportion of patients with 
EGFR mutated tumours develop BM, the preva-
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lence and the best treatment options for progres-
sion to the central nervous system (CNS) have not 
yet been finally determined.

Prospective trials for progression to CNS are 
challenging to conduct, therefore retrospective 
analyses and meta-analyses remain useful and im-
portant research tools. 

The aim of our retrospective study was to deter-
mine the frequency of BM at diagnosis and during 
the course of disease, the time to the development 
of BM and the survival after the diagnosis of BM in 
relation to EGFR mutation status.

Patients and methods
Patients

Between December 2009 and January 2012, 804 pa-
tients with lung cancer in Slovenia were tested for 
EGFR mutations. After excluding cases with other 
histologic types, 629 patients with primary lung 
adenocarcinoma and with a definitive report on 
the mutation status were selected for this analysis.

The patients included in this analysis had a 
specific oncological treatment at the Institute of 
Oncology, the University Clinic Golnik and the 

TABLE 1. Patients characteristics

Characteristics Total patient 
number all (%) EGFR wild 

type (%) EGFR mutant (%) p

EGFR status n = 629 100 492 78.2 137 21.8

Age (years)

median 64 63 66

range 25−88 25−87 36−88

Gender < 0.001

male 326 51.8 282 57.3 44 32.1

female 303 48.2 210 42.7 93 67.9

Smoking status < 0.001

current 272 43.2 255 51.8 17 12.4

former 181 28.8 152 30.9 29 21.2

never 147 23.4 64 13.0 83 60.6

no data 29 4.6 21 4.3 8 5.8

Performance status (WHO) 0.513

PS0 84 13.4 63 12.8 21 15.3

PS1 379 60.3 301 61.2 78 56.9

PS2 97 15.4 72 14.6 25 18.2

PS3 41 6.5 34 6.9 7 5.1

PS4 4 0.6 2 0.4 2 1.5

no data 24 3.8 20 4.1 4 2.9

Weight loss 0.511

yes 183 29.2 141 28.7 42 30.6

no 380 60.4 302 61.3 78 56.9

unknown 66 10.4 49 10.0 17 12.5

Stage 0.070

I−III 245 38.9 203 41.2 42 30.6

IV 379 60.2 286 58.1 93 67.8

undetermined 5 < 1 4 < 1 1 < 1

EGFR = epidermal growth factor receptor



Radiol Oncol 2014; 48(2): 173-183.

Stanic K et al. /Brain metastases in lung adenocarcinoma and EGFR mutations 175

University Clinic Maribor. The testing was per-
formed either as a routine procedure of adenocar-
cinoma at the time of diagnosis or, upon a special 
request of the treating oncologist, in patients who 
were diagnosed in the past or were candidates for 
the treatment with TKI at relapse. The medical re-
cords of patients were reviewed retrospectively. 

The TNM staging is based on 7th Edition. All pa-
tients diagnosed before 2010 were restaged accord-
ing to the new classification.7

The presence of BM was diagnosed with com-
puted tomography (CT) or brain magnetic reso-
nance imaging (MRI) either within the initial di-
agnostic staging of lung cancer or when patients 
became symptomatic.

The following parameters were recorded: de-
mographic and clinical characteristics, the date of 
diagnosis, TNM classification, treatment charac-
teristics, the date of first progression after primary 
treatment, the date of first BM; extracranial sites 
of disease activity at the time of BM diagnosis or 
any progression, the treatment of BM, the time of 
death or the last follow up. The smoking status was 
categorised as follows: nonsmokers (< 100 ciga-
rettes in their lifetime), former smokers (stopped 
> 1 year before diagnosis of lung cancer), or cur-
rent smokers. Performance status (PS) ranged from 
0 to 4 according to Eastern Cooperative Oncology 
Group (ECOG) criteria. Weight loss of more than 2 
kilograms per month before diagnosis of lung can-

cer was considered important. The follow up took 
place through 7th October 2013.

EGFR testing

There was no extra testing performed only for the 
purpose of this retrospective analysis. Pathological 
expertize and results of molecular testing were used 
for analysis. The samples used to extract genomic 
DNA were either from formalin-fixed, paraffin-em-
bedded tissue sections or cytological slide prepara-
tions. The quantification of extracted DNA was done 
on Qubit Fluorometer (Invitrogen, Carlsbad, USA). 
To detect EGFR gene activating mutations, the sam-
ples were tested with TheraScreen EGFR29 Mutation 
Kit (DxS Diagnostics, Qiagen, Manchester, UK). 

Statistical analysis

The primary endpoints in this analysis were the cu-
mulative incidence of BM, the time to the develop-
ment of brain metastases (TDBM) and the survival 
after the diagnosis of BM representing the time to 
death (TTD). The TDBM was calculated from the 
time of the diagnosis to the time of the development 
of BM for all patients who had no BM at diagnosis. 
The TTD was calculated from the date of BM to the 
date of death from any cause or the date of the last 
follow-up; censored observations represent patients 
alive at the time of the last follow-up. The second-

TABLE 2. Baseline characteristics of patients with brain metastases

Patients with BM at diagnosis Patients who developed BM later

Characteristics Total patient 
number all (%) EGFR wild 

type (%) EGFR 
mutant (%) p Total patient 

number (BM) (%) EGFR wild 
type (%) EGFR 

mutant (%) p

 EGFR status n = 90 100 64 71.1 26 28.9 n = 78 100 57 73 21 27

Age (years)

median 61.5 60 66 0.346 59 59 59 0.154

range 38−87 38−81 40−87 (36−81) (43−81) (36−74)

Gender

male 39 43.3 31 48.4 8 30.8 0.127 41 52.6 31 54.4 10 47.6 0.598

female 51 56.7 33 51.6 18 69.2 37 47.4 26 45.6 11 52.4

Stage

I−III NA NA NA NA 45 57.6 40 70.1 5 23.8 0.000

IV 90 100 64 71.1 26 28.9 32 42.4 17 29.9 16 76.2

Metastatic sites

brain only 25 27.8 22 34.4 3 11.5 0.029 50 64.1 38 66.7 12 57.1 0.440

multiple sites 65 72.2 42 65.6 23 88.5 28 35.9 19 33.3 9 42.9

BM = brain metastases; EGFR = epidermal growth factor receptor
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ary endpoint of this analysis was the overall surviv-
al (OS) calculated from the date of diagnosis to the 
date of death due to any cause. The Kaplan-Meier 
(KM) method and the log rank test were used to test 
for the difference between EGFR positive and nega-
tive patients. The cumulative incidence was calcu-
lated using 1-KM, using progression to CNS as an 
event. The association between the EGFR mutation 
status and the clinico-pathological characteristics 
of patients were tested using the Mann-Whitney U 
(MW-U) or the Kruskal Wallis H (KW-H) test. All 
p values reported were based on the two-sided hy-
pothesis. The statistical analysis was computed us-
ing SPSS v.20 statistical package.

This survey was approved by the National 
Ethics Committee on 18.10.2011, No.143/1.

Results
Patient characteristics

The baseline characteristics of all 629 adenocarci-
noma patients are presented in Table 1. The series 

included 326 (52%) men and 303 (48%) women 
with a median age of 64 years (range from 25 to 88). 
All patients were Caucasians. A statistically signifi-
cant higher proportion of EGFR positive patients 
was among women (67.9% vs. 32.1%), p < 0.001 
and nonsmokers (60.6% vs. 33.6%), p < 0.001. Out 
of 629 patients included in the analysis, 379 (60%) 
had a metastatic disease. Ninety patients had brain 
metastases already at the time of diagnosis, repre-
senting 14.3% of all and 33% of metastatic patients. 
EGFR mutations were present in 26 (29%) patients 
with BM.

We identified 168 patients who had BM at any 
time during their course of disease. Of these, 90 pa-
tients had metastases in CNS already at the time of 
diagnosis and 78 patients progressed to CNS dur-
ing the treatment and the course of the disease. Out 
of 168 patients with BM, 47 had EGFR activating 
mutations (28%). The median follow-up time was 
53 months. The data on the basic characteristics of 
this subgroup of patients (separately for those with 
BM at diagnosis and for those who developed BM 
later) are presented in Table 2. The median age at 
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FIGURE 1. Cumulative incidence of BM in all adenocarcinoma patients by EGFR status.
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diagnosis for patients with BM at diagnosis was 
61.5 years and did not differ due to EGFR status. 
The proportion of women was higher among EGFR 
positive patients (69.2%), yet this was not statisti-
cally significant compared to EGFR negative pa-
tients (MW-U test, p = 0.127). At diagnosis, only 3 
patients (11.5%) with EGFR mutated tumours had 
BM as the only metastatic site, while there were 22 
(34%) such patients in EGFR wild type tumours (p 
= 0.029). No such difference was seen in patients 
who had BM later during the course of the disease 
(p = 0.440). EGFR wild type patients in stage I-III 
progressed to CNS more often than EGFR mutant 
patients, p < 0.001.

Cumulative incidence of BM

The cumulative incidence of BM for all 629 patients 
analysed is presented in Figure 1. The incidence 
of BM did not differ among EGFR groups, the log 
rank p = 0.47. While more EGFR positive than neg-
ative patients had BM already at diagnosis (19% vs. 
13%), the difference was only marginally signifi-
cant (MW-U, p = 0.078). 

Metastases developed after a median time of 
14.3 months (CI 13.2 – 15.4) in 78 patients who had 
no BM at diagnosis. This group was not homog-
enous with regard to stage, there were 45 non-
metastatic and 33 metastatic patients, but this did 
not influence the TDBM. The median time to CNS 
progression for EGFR mutated patients was much 
longer than for EGFR wild type patients, 25.8 vs. 
11.8 months (log rank, p = 0.002). 

Specific oncological treatment before 
the development of BM

All 78 patients without BM at diagnosis had a spe-
cific oncological treatment of primary tumour. The 
patients with non-metastatic disease at diagnosis 
(45 patients) received various combinations of sur-
gery, radiotherapy and chemotherapy. According 
to guidelines, none received TKI as a primary 
treatment. Ten patients (3 EGFR positive) had only 
a surgical treatment of the primary tumour and 
CNS was the first site of disease progression in 5 
patients, none of them EGFR positive. Six patients 
were treated with radiotherapy only, among them 
only one was EGFR mutant and received an inter-
mittent treatment with chemotherapy and TKI at 
the first progression, which was not to CNS, and 
developed BM while on maintenance treatment 
with TKI. Thirty patients had a multimodality 
treatment, two were EGFR mutant. Metastatic pa-

tients received systemic treatment, either chemo-
therapy or TKI. In fact, 12 (80%) of all 15 EGFR 
positive patients received TKI already as a first line 
treatment.

In summary, all 21 EGFR positive patients with-
out BM at diagnosis actually received treatment 
with TKI either as an initial or one of subsequent 
therapies, all before the development of BM. 

A

B

FIGURE 2. Survival from diagnosis of BM according to EGFR status: (A) for patients 
with BM at diagnosis and (B) for patients who developed BM later during the course 
of the disease. 
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Specific oncological treatment after the 
diagnosis of BM 

Out of 90 patients with BM at diagnosis, 66 (73%) 
patients started their treatment with whole brain 
radiotherapy (WBRT). After WBRT, all 17 EGFR 
positive patients received TKI treatment. Among 
49 EGFR negative patients, 4 were also given TKI, 
chemotherapy was administered to 25 patients and 
best supportive care (BSC) to 20 patients. In the 
group of 24 patients who never had cranial irradia-
tion, there were 9 EGFR positive patients, 7 received 
TKI and 2 BSC only. EGFR wild type patients in the 
group without WBRT received chemotherapy (7), 
TKI (1) and BSC (7). Altogether, no systemic thera-
py was delivered to 29 (32%) patients (2 EGFR posi-
tive) who had BM already at the diagnosis.

Within the group of 78 patients who developed 
BM later, 63 (80%) had WBRT and afterwards 40 
patients (63%) received no systemic treatment, in-
cluding 7 EGFR positive patients. Of the remain-
ing 10 EGFR positive patients, 9 received TKI and 
1 had chemotherapy. Among 15 patients without 
irradiation, BSC was given to 13 patients and TKI 
to 2 EGFR positive patients. 

In summary, WBRT was delivered to 128 (76%) 
out of 168 patients with BM, while 40 patients had 
no irradiation of CNS. In comparison to EGFR wild 
type patients, those with EGFR mutations treated 
with WBRT had a longer TTD, 6.9 vs. 2.6 months 

(log rank, p = 0.005). Among all, 11 patients had a 
brain metastases resection followed by irradiation. 
We grouped patients into 3 categories regarding 
the dose of WBRT delivered (< 20 Gy, 21–30 Gy or 
> 30 Gy). The patients receiving a higher dose had 
a statistically significant longer TTD (log rank, p = 
0.005). This difference was even more pronounced 
within each dose group for EGFR positive patients; 
however, no statistic was computed due to the 
small number of cases in some groups. Patients 
without WBRT had a statistically lower TTD (log 
rank, p = 0.002).

The systemic treatment resulted in a longer sur-
vival after BM compared to no systemic treatment, 
though only one half of the patients (52%) received 
one. The curves for TKI and chemotherapy over-
lap and show no meaningful difference. Treatment 
with TKI after the diagnosis of BM was adminis-
tered to 49 patients (71% were EGFR positive) and 
chemotherapy to 37 (97% EGFR negative) patients.

Median survival time from diagnosis of 
BM (TTD)

The TTD for all 168 patients with BM was 5.3 
months (CI 3.9–6.6). EGFR positive patients had 
a longer TTD as compared to EGFR negative pa-
tients, 6.3 vs. 4.8 months, respectively (log rank, p 
= 0.026). This difference is entirely due to a better 
survival of EGFR positive patients who had BM at 

TABLE 3. Univariate and multivariate analysis

TTD 90 TTD 78

7.3 months (CI 4.1–10.5) 3.1 months (CI 1.7–4.4)

Univariate Multivariate Univariate Multivariate

p-value p-value HR (95% CI) p-value p-value HR (95% CI)

Gender
(female/ male) 0.24 - 0.81 -

Age 
(< 61 / > 61) 0.15 0.09 ns 0.05 0.15 NS

Smoking
(never/ever) 0.33 - 0.64 -

Weight loss
(no/yes) 0.04 0.09 NS N/A -

PS
(0-1/2-4) 0.00 0.01 1.96

(1.16−3.30) N/A -

EGFR
(negative/
positive)

0.00 0.00 0.37
(0.18–0.77) 0.70 -

Systemic treatment 
(yes/no) 0.00 0.00 4.32

(2.39–7.82) 0.00 0.00 2.16
(1.22–3.82)

WBRT
 (yes/no) 0.07 0.04 0.53

(0.28–0.99) 0.92 - NS

EGFR = epidermal growth factor receptor; HR = hazard ratio; NS = not significant; PS = performance status; WBRT = whole brain radiotherapy
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initial diagnosis (12.6 months for EGFR positive 
and 6.8 for EGFR negative patients, p = 0.005). In 
those patients who developed BM later, the TTD 
was significantly shorter (3.1 months) and there 
was no significant difference between EGFR posi-
tive and negative patients (p = 0.7) (Figure 2).

Table 3 presents the results of univariate and 
multivariate analysis of survival from the date of 
BM (TTD) for patients with BM at diagnosis and 
those who developed BM later. The TTD for pa-
tients with BM at diagnosis (90 patients) was in-
fluenced by the EGFR status, age, weight loss, PS, 
WBRT and systemic treatment according to uni-
variate analysis. The multivariate analysis showed 
that beside EGFR status also PS, WBRT and sys-
temic treatment were significant.

In the TTD for patients who developed BM later 
(78 patients) age, systemic treatment and WBRT 
were significant in univariate, but only systemic 
treatment in multivariate Cox analysis. The EGFR 
status showed no significance in patients who de-
veloped BM during their course of disease.

Overall survival time

The overall survival of patients with EGFR activat-
ing mutations among all 629 adenocarcinomas was 
significantly longer regardless of metastatic status, 
log rank p < 0.001 (Figure 3). The median survival 
time for stage I–III was 59 months for EGFR posi-
tive and 36 months for EGFR negative patients. 
Metastatic patients had a shorter median survival, 
20.6 months for EGFR mutant and 8.3 months for 
EGFR wild type. 

The presence of BM at the diagnosis of meta-
static disease was a clear negative prognostic fac-
tor. The patients who had a metastatic disease at 
diagnosis, yet not to CNS, had a longer median 
survival compared to the patients with a metastatic 
disease to CNS at diagnosis (10.7 vs. 7.3 months). 
The difference within those two subgroups also 
persists in accordance with the EGFR status. The 
survival was twice longer in EGFR mutated (24.1 
vs. 12.6 months) than in wild type patients (8.6 vs. 
6.8 months) (Figure 4).

Discussion

Our retrospective analysis belongs to the largest 
reports on nationally-based lung adenocarcinoma 
tested for EGFR mutations. We found that 28% of 
adenocarcinoma patients developed BM at any 
time during their course of disease. The majority 

of papers report a frequency of BM from 25 to over 
50% for NSCLC, emphasizing a higher incidence 
in non-squamous histology.1,2,8-13 There are also 
some reports focusing exclusively on adenocarci-
noma, yet the number of patients in these studies 
is low.14-16 

The publications in recent years also include in-
formation on the EGFR status. Due to the increased 
prevalence of EGFR mutations in Asian population 
(30–40%) as compared to Caucasians (10–20%), the 
papers including a substantial proportion of Asian 
patients should be interpreted with caution since 

FIGURE 3. Overall survival for EGFR positive and negative patients in stages I-III (A) 
and IV (B).

A

B
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it has been reported that the incidence of BM is in-
fluenced by the EGFR status.15-23 Saad et al. report-
ed no increased risk for development of BM with 
EGFR expression.24 All patients in our analyses 
were Caucasians.

The proportion of women in our analysis is high 
(52%) and does not reflect the epidemiological data 
(31%).25 The reason is a selection bias. The treat-
ing oncologists more often ordered EGFR testing 
at relapse for women and non-smokers, since all 
publications report a higher probability of EGFR 
mutations in those subgroups of patients.

In our analysis, the BM were present in 90 (14%) 
patients already at diagnosis. The same proportion 
was reported by Sekine et al. for 174 analysed Asian 
patients of whom 40% were EGFR mutated.20 The 
proportion of our patients with BM at diagnosis 
among all EGFR positive ones compared to all 
EGFR negative ones was higher, yet it did not reach 
statistical significance (19% vs. 13%, log rank, p = 
0.078). Fujiwara reported this proportion to be 32% 
in the EGFR positive and 27% in the EGFR negative 
group among 141 analysed Asian patients.15 

In our series, the BM was the only metastatic site 
for 25 patients at diagnosis, of whom only 3 were 
EGFR positive (p = 0.029). Significantly more iso-
lated BM in EGFR negative patients was also found 
in the study of Eichler et al., 31% vs. 7% (p = 0.03).25 
On the contrary, Lee et al. found a higher incidence 
of isolated BM in EGFR mutated patients from a 
series of 117 resected tumours (24% vs. 9%), which, 
however, was not statistically significant.21 This 
finding indicates a different biology of the disease. 
It is therefore possible that patients with EGFR mu-
tations are more prone to metast asing, including 
CNS, or they produce more often asymptomatic 
metastases and, consequently, patients are diag-
nosed at a later stage. One can also speculate that 
women nonsmokers (the majority of EGFR positive 
patients), although having medical and breathing 
problems, are not considered being at risk of hav-
ing lung cancer in spite of seeking medical atten-
tion relatively early. 

As shown in Figure 1, in the first year the curve 
of cumulative incidence of BM in EGFR mutated 
patients rises slower than in EGFR wild type, yet 
after one year the curves of EGFR mutant and 
EGFR wild type tumours overlap. Our patients 
without BM at diagnosis progressed to CNS after a 
median time of 14.3 months. The interval was long-
er for EGFR positive patients vs. EGFR negative 
ones, 25.9 vs. 11.9 months, respectively (p = 0.002). 
We believe that this observation is entirely due to 
a longer survival of EGFR mutated patients since a 

substantial proportion of EGFR wild type patients 
die already within the first year and never have a 
chance to develop BM. The time to the develop-
ment of BM was also longer in EGFR positive pa-
tients in the study by Eichler et al., 19 vs. 14 months, 
yet this was not statistically significant.25

The median survival time from the diagnosis of 
brain metastases to death (TTD) was 5.3 months 
for all patients with BM. The EGFR mutation sta-
tus strongly influenced the median survival time 
if BM had been discovered already at diagnosis 
(12.6 vs. 6.8 months) with no significant impact on 
those found later during the course of disease. A 
difference in accordance with the EGFR status was 
also found by Eichler et al., 14.5 vs. 7.6 months (p 
= 0.09).25 The TTD for our EGFR positive patients 
compares favourably to 5.5 months reported by 
Heon.26 Another report including 70% of EGFR 
positive patients found an overall survival from 
BM onset to be 15 months.27 A favourable survival 
of EGFR mutated patients with BM (13.2 vs. 6.8 
months, p = 0.001) was also reported by Hsiao.28

Patients treated with WBRT had a longer TTD 
than those without it, which was also reported 
in other studies.17,29 EGFR positive patients had a 
longer TTD within the irradiated and the non-ir-
radiated group as compared to EGFR negative pa-
tients. Gow et al. also reported that patients with 
EGFR mutations and WBRT had a better survival 
and response rate in univariate but only a trend 
in multivariate analysis.30 Additionally, we found 
that a higher dose led to longer survival. A com-
bination of BM resection and postoperative WBRT 
did not result in a better TTD than WBRT alone for 
EGFR positive vs. negative patients, although the 
numbers are small. A systemic treatment delivered 
after the diagnosis of BM also increased survival 
and there was no difference whether patients re-
ceived TKI or chemotherapy. Our finding is in ac-
cordance with a recent publication by Komatsu et 
al., who report a significant improvement in PFS 
and OS for patients treated with TKI after WBRT.29 

Surprisingly, WBRT was an independent factor 
for better survival only in patients who had BM al-
ready at the time of diagnosis, while it had no in-
fluence on the subgroup of patients who developed 
BM later during the treatment and the course of 
disease. On the contrary, systemic treatment with 
chemotherapy or TKI had a significant influence 
on the survival of patients with BM of both sub-
groups. It is possible that the disruption of blood 
brain barrier by WBRT in patients with BM at di-
agnosis increased the permeability and penetration 
of TKI to CNS, leading to a prolonged survival; 
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the mechanism was proposed by Ceresoli.31 All 78 
patients who developed BM during the treatment 
and the course of disease in our study had one or 
more previous treatment lines with TKI before the 
BM onset. Due to the retrospective nature of our 
analysis, we could not establish any reliable PS at 
the time of BM from our medical records, therefore 
this was not included in the analysis. Usually, pa-
tients after several progressions and chemotherapy 
or TKI lines have a poor performance, which is also 
reflected in the fact that 63% of the patients only 
received BSC after WBRT. The reason for the non-
effective WBRT might also be a lower total dose 
with shorter fractionation delivered to the majority 
of those patients. 

EGFR mutated cell lines exposed to ionizing 
radiation in vitro show a 500 to 1000-fold reduced 
clonogenic survival.32 On the other hand, there are 
also in vitro reports for increased radioresistance of 
EGFR cell lines.33 It is believed that cells with EGFR 
mutations are radiosensitive and cells with EGFR 
overexpression are radioresistant.

Tanaka showed a strong in vitro effect of en-
hanced radiation response with gefitinib due to 
a prolonged double strand break and suppressed 
cellular DNA repair capability.34 TKI is considered 
to be a radiosensitizer, therefore TKI delivered 
concomitantly with WBRT represents one option 
of improved response rate (RR) in treating BM. The 
combination of WBRT and concomitant treatment 
with TKI remains controversial. While some re-
searchers found no evidence of increased toxicity, 
others report an excellent RR and an increased OS 
at the expense of significant toxicity.35-39 Currently, 
TKI delivered concomitantly with WBRT is only 
recommended in clinical trials.

TKI alone was also used to treat asymptomatic 
BM from lung adenocarcinoma with high response 
rate of almost 70% in unselected Asian population 
of nonsmokers.40-46 In spite of all publications so far, 
the association between WBRT, the treatment with 
TKI and EGFR status is still unclear. 

On the basis of the above findings, it is not unex-
pected that some investigators have proposed pro-
phylactic cranial irradiation (PCI) for EGFR posi-
tive NSCLC patients.47 None of the PCI studies in 
NSCLC has so far demonstrated an improved OS, 
therefore this is not a routine practice as in small-
cell lung cancer, although studies have been able to 
show a reduced incidence and delayed appearance 
of BM by 50%. There have been no reports of EGFR 
status impact on those parameters.48-51 Therefore 
we are eagerly awaiting the results of a prospec-
tive clinical trial going on in Germany; an outline 

was presented at ASCO 2012.52 Ongoing clinical tri-
als are already focusing on new molecular targets, 
therefore retrospective real life analyses, although 
without possibility to omit all disadvantages of 
retrospective studies, could add to understanding 
this complex and disabling medical condition.

Conclusions

Our results show that EGFR positive patients have 
a higher frequency of BM already at diagnosis, 

FIGURE 4. Overall survival by EGFR status for metastatic patients with brain 
metastases at diagnosis (A) and those without them (B).
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although not a statistically significant one, and a 
longer median survival than EGFR wild type pa-
tients. They develop BM later than EGFR negative 
patients, regardless of the stage and the previous 
treatment. The median survival of patients who de-
velop BM during their course of disease is not dif-
ferent with regard to their EGFR status. Systemic 
treatment (either chemotherapy or TKI) was the 
only independent factor increasing the survival af-
ter the development of BM.

References
1.  Bajard A, Westeel V, Dubiez A, Jacoulet P, Pernet D, Dalphin JC, et al. 

Multivariate analysis of factors predictive of brain metastases in localised 
non-small cell lung carcinoma. Lung Cancer 2004; 45: 317-23. 

2.  Sørensen JB, Hansen HH, Hansen M, Dombernowsky P. Brain metastases in 
adenocarcinoma of the lung: frequency, risk groups, and prognosis. J Clin 
Oncol 1988; 6: 1474-80. 

3.  Burel-Vandenbos F, Ambrosetti D, Coutts M, Pedeutour F. EGFR mutation 
status in brain metastases of non-small cell lung carcinoma. J Neurooncol 
2013; 111: 1-10. 

4.  Ali A, Goffin JR, Arnold A, Ellis PM. Survival of patients with non-small-cell 
lung cancer after a diagnosis of brain metastases. Curr Oncol 2013; 20: 
e300-6. 

5.  Berger LA, Riesenberg H, Bokemeyer C, Atanackovic D. CNS metastases in 
non-small-cell lung cancer: Current role of EGFR-TKI therapy and future 
perspectives. Lung Cancer 2013; 80: 242-8.

6.  Linnert M, Iversen HK, Gehl J. Multiple brain metastases - current manage-
ment and perspectives for treatment with electrochemotherapy. Radiol 
Oncol 2012; 46: 271-8. 

7.  Rami-Porta R, Crowley JJ, Goldstraw P. The revised TNM staging system for 
lung cancer. Ann Thorac Cardiovasc Surg 2009; 15: 4-9. 

8.  Wang S-Y, Ye X, Ou W, Lin Y-B, Zhang B-B, Yang H. Risk of cerebral metastases 
for postoperative locally advanced non-small-cell lung cancer. Lung Cancer 
2009; 64: 238-43.

9.  Robnett TJ, Machtay M, Stevenson JP, Algazy KM, Hahn SM. Factors affect-
ing the risk of brain metastases after definitive chemoradiation for locally 
advanced non-small-cell lung carcinoma. J Clin Oncol 2001; 19: 1344-9.

10.  Mamon HJ, Yeap BY, Jänne PA, Reblando J, Shrager S, Jaklitsch MT, et al. High 
risk of brain metastases in surgically staged IIIA non-small-cell lung cancer 
patients treated with surgery, chemotherapy, and radiation. J Clin Oncol 
2005; 23: 1530-7. 

11.  Smrdel U, Zwitter M, Kovač V. Brain metastases in lung cancer. Impact of 
prognostic factors on patient survival. Radiol Oncol 2003; 37: 213-6. 

12.  Gaspar LE, Chansky K, Albain KS, Vallieres E, Rusch V, Crowley JJ, et al. Time 
from treatment to subsequent diagnosis of brain metastases in stage III non-
small-cell lung cancer: a retrospective review by the Southwest Oncology 
Group. J Clin Oncol 2005; 23: 2955-61. 

13.  Ceresoli GL, Reni M, Chiesa G, Carretta A, Schipani S, Passoni P, et al. Brain 
metastases in locally advanced nonsmall cell lung carcinoma after multimo-
dality treatment: risk factors analysis. Cancer 2002; 95: 605-12. 

14.  Matsumoto S, Takahashi K, Iwakawa R, Matsuno Y, Nakanishi Y, Kohno T, et 
al. Frequent EGFR mutations in brain metastases of lung adenocarcinoma. 
Int J Cancer 2006; 119: 1491-4. 

15.  Fujiwara S, Murakami H, Shukuya T, Ono A, Tsuye A, Nakamura Y, et al. 
Clinical significance of EGFR on progression of brain meta. J Thorac Oncol 
2011; 6(Suppl 2): S1214.

16.  Sekine A, Kato T, Hagiwara E, Shinohara T, Komagata T, Iwasawa T, et al. 
Metastatic brain tumors from non-small cell lung cancer with EGFR muta-
tions: distinguishing influence of exon 19 deletion on radiographic features. 
Lung Cancer 2012; 77: 64-9. 

17.  Zhou Wei CD. East meets West:ethnic differences in epidemiology and 
clinical behaviours of lung cancer between East Asian and Caucasians. Chin 
J Cancer 2011; 30: 287-92. 

18.  de Mello RA, Pires FS, Marques DS, Oliveira J, Rodrigues A, Soares M, et 
al. EGFR exon mutation distribution and outcome in non-small-cell lung 
cancer: a Portuguese retrospective study. Tumor Biol 2012; 33: 2061-8.

19.  Li Z, Lu J, Zhao Y, Guo H. The retrospective analysis of the frequency of EGFR 
mutations and the efficacy of gefitinib in NSCLC patients with brain metas-
tasis. J Clin Oncol 2011; 29: e18065. 

20.  Sekine A. Characteristics of metastatic brain tumor in patients with lung 
adenocarcinoma with mutation of epidermal growth factor receptor gene. 
Am J Respir Crit Care Med 2010; 181: A5147 

21.  Lee YJ, Park IK, Park M-S, Choi HJ, Cho BC, Chung KY, et al. Activating muta-
tions within the EGFR kinase domain: a molecular predictor of disease-free 
survival in resected pulmonary adenocarcinoma. J Cancer Res Clin Oncol 
2009; 135: 1647-54. 

22.  Porta R, Sánchez-Torres JM, Paz-Ares L, Massutí B, Reguart N, Mayo C, et al. 
Brain metastases from lung cancer responding to erlotinib: the importance 
of EGFR mutation. Eur Respir J 2011; 37: 624-31. 

23.  Na II, Park JH, Choe DH, Lee JK, Koh JS. Association of epidermal growth fac-
tor receptor mutations with metastatic presentations in non-small cell lung 
cancer. ISRN Oncol 2011; 2011: 756265.

24.  Saad AG, Yeap BY, Thunnissen FBJM, Pinkus GS, Pinkus JL, Loda M, et al. 
Immunohistochemical markers associated with brain metastases in patients 
with nonsmall cell lung carcinoma. Cancer 2008; 113: 2129-38. 

25. Cancer in Slovenia 2010. Ljubljana: Institute of Oncology Ljubljana, 
Epidemiology and Cancer Registry, Cancer Registry of Republic of Slovenia; 
2013.

26.  Eichler AF, Kahle KT, Wang DL, Joshi VA, Willers H, Engelman JA, et al. EGFR 
mutation status and survival after diagnosis of brain metastasis in nonsmall 
cell lung cancer. Neuro Oncol 2010; 12: 1193-9. 

27.  Heon S, Yeap BY, Britt GJ, Costa DB, Rabin MS, Jackman DM, et al. 
Development of central nervous system metastases in patients with ad-
vanced non-small cell lung cancer and somatic EGFR mutations treated with 
gefitinib or erlotinib. Clin Cancer Res 2010; 16: 5873-82. 

28.  Lee HL, Chung TS, Ting LL, Tsai JT, Chen SW, Chiou JF, et al. EGFR mutations 
are associated with favorable intracranial response and progression-free 
survival following brain irradiation in non-small cell lung cancer patients 
with brain metastases. Radiat Oncol 2012; 7: 181. 

29.  Hsiao SH. Impact of epidermal growth factor receptor mutations on in-
tracranial treatment response and survival after brain metastases in lung 
adenocarcinoma patients. Lung Cancer 2013; 81: 455-61. 

30.  Komatsu T, Kunieda E, Oizumi Y, Tamai Y, Akiba T. Clinical characteristics 
of brain metastases from lung cancer according to histological type: 
Pretreatment evaluation and survival following whole-brain radiotherapy. 
Mol Clin Oncol 2011; 1: 692-8. 

31.  Gow C-H, Chien C-R, Chang Y-L, Chiu Y-H, Kuo S-H, Shih J-Y, et al. Radiotherapy 
in lung adenocarcinoma with brain metastases: effects of activating epider-
mal growth factor receptor mutations on clinical response. Clin Cancer Res 
2008; 14: 162-8. 

32.  Ceresoli GL. Role of EGFR inhibitors in the treatment of central nervous sys-
tem metastases from non-small cell lung cancer. Curr Cancer Drug Targets 
2012; 12: 237-46. 

33.  Das AK, Sato M, Story MD, Peyton M, Graves R, Redpath S, et al. Non-small-
cell lung cancers with kinase domain mutations in the epidermal growth 
factor receptor are sensitive to ionizing radiation. Cancer Res 2006; 66: 
9601-8. 

34.  Liang K, Ang KK, Milas L, Hunter N, Fan Z. The epidermal growth factor 
receptor mediates radioresistance. Int J Radiat Oncol 2003; 57: 246-54. 

35.  Tanaka T, Munshi A, Brooks C, Liu J, Hobbs ML, Meyn RE. Gefitinib radio-
sensitizes non-small cell lung cancer cells by suppressing cellular DNA repair 
capacity. Clin Cancer Res 2008; 14: 1266-73. 

36.  Lind J, Lagerwaard F, Smit E, Senan S. Phase I Study of Concurrent Whole 
Brain Radiotherapy and Erlotinib for Multiple Brain Metastases From Non-
Small-Cell Lung Cancer. Int J Radiat Oncol Biol Phys 2009; 74: 1391-6.



Radiol Oncol 2014; 48(2): 173-183.

Stanic K et al. /Brain metastases in lung adenocarcinoma and EGFR mutations 183

37.  Welsh JW, Komaki R, Amini A, Munsell MF, Unger W, Allen PK, et al. Phase II 
trial of erlotinib plus concurrent whole-brain radiation therapy for patients 
with brain metastases from non-small-cell lung cancer. J Clin Oncol 2013; 31: 
895-902. 

38.  Ma S, Xu Y, Deng Q, Yu X. Treatment of brain metastasis from non-small 
cell lung cancer with whole brain radiotherapy and Gefitinib in a Chinese 
population. Lung Cancer 2009; 65: 198-203. 

39.  Olmez I, Donahue BR, Butler JS, Huang Y, Rubin P XY. Clinical outcomes in 
extracranial tumor sites and unusual toxicities with concurrent whole brain 
radiation (WBRT) and Erlotinib treatment in patients with non-small cell 
lung cancer (NSCLC) with brain metastasis. Lung cancer 2010; 70: 174-9. 

40.  Zhuang H, Yuan Z, Wang J, Zhao L, Pang Q, Wang P. Phase II study of whole 
brain radiotherapy with or without erlotinib in patients with multiple brain 
metastases from lung adenocarcinoma. Drug Des Devel Ther 2013; 7: 179-
86. 

41.  Togashi Y, Masago K, Fukudo M, Tsuchido Y, Okuda C, Kim YH, et al. Efficacy 
of increased-dose erlotinib for central nervous system metastases in non-
small cell lung cancer patients with epidermal growth factor receptor muta-
tion. Cancer Chemother Pharmacol 2011; 68: 1089-92. 

42.  Grommes C, Oxnard GR, Kris MG, Miller VA, Pao W, Holodny AI, et al. 
“Pulsatile” high-dose weekly erlotinib for CNS metastases from EGFR mu-
tant non-small cell lung cancer. Neuro Oncol 2011; 13: 1364-9. 

43.  Kim ST, Uhm JE, Lee J, Sun J, Sohn I, Kim SW, et al. Randomized phase II study 
of gefitinib versus erlotinib in patients with advanced non-small cell lung 
cancer who failed previous chemotherapy. Lung Cancer 2012; 75: 82-8. 

44.  Shimato S, Mitsudomi T, Kosaka T, Yatabe Y, Wakabayashi T, Mizuno M, et 
al. EGFR mutations in patients with brain metastases from lung cancer: as-
sociation with the efficacy of gefitinib. Neuro Oncol 2006; 8: 137-44. 

45.  Tang W-H, Chen J-H, Ye R-H, Ho C-L. Near Total Regression of Diffuse Brain 
Metastases in Adenocarcinoma of the Lung with an EGFR Exon 19 Mutation: 
A Case Report and Review of the Literature. Case Rep Oncol 2011; 4: 445-51. 

46.  Heon S, Yeap BY, Lindeman NI, Rabin MS, Jackman DJ, Johnson BE. Rates of 
central nervous system (CNS) metastases in patients with advanced non-
small cell lung cancer (NSCLC) and somatic EGFR mutations initially treated 
with gefitinib or erlotinib versus chemotherapy. J Clin Oncol 2011; 29(Suppl 
15): A7607.

47.  Ceresoli GL, Cappuzzo F, Gregorc V, Bartolini S, Crinò L, Villa E. Gefitinib in 
patients with brain metastases from non-small-cell lung cancer: a prospec-
tive trial. Ann Oncol 2004; 15: 1042-7. 

48.  Lee YJ, Choi HJ, Kim SK, Chang J, Moon JW, Park IK, et al. Frequent central 
nervous system failure after clinical benefit with epidermal growth factor 
receptor tyrosine kinase inhibitors in Korean patients with nonsmall-cell 
lung cancer. Cancer 2010; 116: 1336-43. 

49.  Stuschke BM, Eberhardt W, Po C, Stamatis G, Wilke H, Stu G, et al. 
Prophylactic cranial irradiation in locally advanced Non Small Cell Lung 
Cancer after multimodality treatment: Long term follow up and investiga-
tion of late neuropsychological effects. J Clin Oncol 1999; 17: 2700-9. 

50.  Lester JF, MacBeth FR, Coles B. Prophylactic cranial irradiation for preventing 
brain metastases in patients undergoing radical treatment for non-small-cell 
lung cancer: a Cochrane Review. Int J Radiat Oncol Biol Phys 2005; 63: 690-4. 

51.  Topkan E, Yildrim BA, Selek U YM. Cranial Prophylactic Irradiation in Locally 
Advanced Non-Small Cell Lung Carcinoma: Current Status and Future 
Perspectives. Oncology 2009; 76: 220-8. 

52.  Dimitropoulos C, Hillas G, Nikolakopoulou S, Kostara I, Sagris K, Vlastos F, 
et al. Prophylactic cranial irradiation in non-small cell lung cancer patients: 
who might be the candidates? Cancer Manag Res 2011; 3: 287-94. 

53.  Tufman A, Belka C, Kuenel H, Huber RM. Prophylactic cranial irradiation 
after reaching complete response, partial response, or stable disease in 
non-small cell lung cancer patients treated with epidermal growth factor 
receptor tyrosine kinase inhibitors (ProACT). J Clin Oncol 2012; 30: TPS7617.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Monitor Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


