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ABSTRACT

Background. Immediate whole brain radiation (WBRT) has
been the standard for patients with lung cancer with brain
metastases. The study aims to evaluate the effect of imme-
diate cranial irradiation in patients with epidermal growth
factor receptor (EGFR) mutant lung cancer in the era of a
new generation of EGFR inhibitors.
Materials and Methods. Medical records of 198 patients
with EGFR mutant non-small cell lung cancer and brain metas-
tases at initial metastatic diagnosis were reviewed. Patients
were categorized into four groups: immediate WBRT, immedi-
ate cranial stereotactic radiosurgery (SRS), delayed radiation
upon progression of cranial lesions (DRT), and never cranial
irradiation (NRT). Overall survival (OS) and progression-free
survival related to EGFR inhibitors were analyzed.
Results. The SRS group had the fewest brain metastases and
fewest extracranial lesions, and the DRT and NRT groups had

the smallest brain metastases. Median survival were 18.5,
55.7, 21.1, and 18.2 months for the WBRT, SRS, DRT, and
NRT groups, respectively. Patients who had received EGFR
T790M inhibitors survived longer (41.1 vs. 19.8 months). In
multivariate analysis, the OS of patients in the SRS group was
longer than that in the NRT group (adjusted hazard ratio
[aHR]: 0.315). Patients who had fewer extracranial lesions
and who had received EGFR T790M inhibitor treatments also
survived longer (aHR: 0.442 and 0.357, respectively).
Conclusion. Immediate stereotactic radiosurgery but not
whole brain radiation was associated with longer survival.
Because of patient heterogeneity and the introduction of
EGFR T790M inhibitors, the timing and modality of cranial
irradiation should be determined individually, and cranial irra-
diation may be omitted for selected patients. The Oncologist
2019;24:e1417–e1425

Implications for Practice: Immediate whole brain radiation has been the standard for patients with lung cancer with brain
metastases. In this study, it was observed that, for patients with epidermal growth factor receptor (EGFR) mutant advanced
lung cancer who had brain metastases, there was no difference in survival between patients who never received cranial irra-
diation and those who received whole brain radiation immediately. Patients who received immediate stereotactic radiosur-
gery or who had ever received EGFR T790M inhibitors survived longer. Patients who received immediate stereotactic
radiosurgery have fewer brain metastases. These findings suggest that the timing and modality of cranial irradiation should
be determined individually, and cranial irradiation may be omitted in selected patients.

INTRODUCTION

Non-small cell lung cancer (NSCLC), especially adenocarci-
noma, is characterized by frequent mutation of oncogenic
driver such as the epidermal growth factor receptor (EGFR)

gene. Mutation of EGFR was observed in up to 50% of lung
adenocarcinomas in East Asia [1]. EGFR tyrosine kinase
inhibitors (TKIs) are widely used as first-line therapies for
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patients with advanced EGFR mutant NSCLC [2, 3]. The
EGFR T790M inhibitor osimertinib is superior to standard
EGFR-TKIs including gefitinib, erlotinib, or afatinib as first-
line therapy for patients with advanced EGFR mutant NSCLC
in terms of progression-free survival (PFS) [4].

It was reported that around 40% of patients with lung
cancer developed brain metastases at some point during
their life. The survival of patients with lung cancer with
brain metastases is shorter than that of those without brain
metastases. Cranial irradiations including whole brain radia-
tion and stereotactic surgery are among standard therapies
in patients with brain metastases [5]. Systemic therapies
with EGFR-TKIs are safe and effective for the treatment of
patients with EGFR mutant NSCLC with brain metastases. In
a prospective observational study of patients with EGFR
mutant lung cancer with brain metastases, gefitinib or erlotinib
achieved a response rate of 83% and a median PFS of
6.6 months [6]. In a phase II trial of gefitinib in patients with
EGFR mutant lung adenocarcinoma who had brain metasta-
ses, gefitinib alone without cranial irradiation resulted in an
87.8% response rate of brain metastases response, and the
median PFS was 14.5 months [7].

For patients with advanced EGFR mutant NSCLC who
have brain metastases, it is still conflicting whether cranial
irradiation should be administrated immediately on diagnosis
of brain metastases, in addition to the use of EGFR-TKIs.
Magnuson et al. demonstrated that the survival is longer for
patients who received upfront cranial irradiation, especially
stereotactic radiosurgery, than for patients who received
deferral radiotherapy [8]. In contrast, Jiang et al. suggested
worse survival in patients who received whole brain radiation
plus EGFR inhibitors compared with those who received
EGFR inhibitors alone [9]. With the progress of radiotherapy,
such as stereotactic surgery, and the new generation of EGFR
inhibitors such as osimertinib [10, 11], the roles of radiother-
apy and EGFR-TKI in patients with EGFR mutant NSCLC who
have brain metastases are still under debate. This is a retro-
spective study to further define the role of cranial irradiation
in the era of stereotactic surgery and EGFR-T790M specific
inhibitors.

MATERIALS AND METHODS

Patients
We retrospectively reviewed the medical records of patients
with NSCLC according to the following criteria: patients who
had tumor tissue tested for the EGFR mutation from March
2012 to January 2016 at National Taiwan University Hospital
(NTUH), patients who received anticancer therapies at NTUH,
patients who had brain metastases and were diagnosed with
advanced disease, and patients whose tumors carried the
EGFR exon 19 deletion or the L858R mutation. Patients were
excluded if their brain lesions were totally resected by surgi-
cal interventions. The study was approved by the Research
Ethics Committee of NTUH.

Parameters
We recorded demographic data, tumor-related features, and
major anticancer treatments of the patients. Tumor-related

features included histological type, stage of tumor at diagnosis,
and EGFR mutational status. Anticancer treatments included
EGFR-TKIs, chemotherapies, and radiotherapies such as whole
brain radiation and stereotactic surgery. Whole brain radiation
was generally performed at a dose of 30 Gy in 10 fractions.
Image studies for evaluation of intracranial and/or extracranial
lesions were generally conducted every 3 months. The data
cutoff date for the analysis was October, 31, 2017.

Statistical Analysis
Comparisons of patient characteristics between groups were
conducted using the chi-squared test. Differences with respect
to age between the groups were analyzed using Student’s
t test. Overall survival (OS) was defined as the period from
diagnosis of brain metastasis to death or final follow-up. PFS
was defined as the period from diagnosis of brain metastasis
to the first to occur of either systemic disease progression or
death. Treatment response was evaluated according to the
RECIST criteria version 1.1. Survival was estimated using the
Kaplan-Meier method. Time-to-intracranial progression was
defined as the period from the diagnosis of brain metastasis
to the development of intracranial progression, and the devel-
opment of extracranial progression or death was regarded as
censored data. Differences with respect to survival between
groups were analyzed using the log-rank test. Univariate and
multivariate analyses were performed using the Cox propor-
tional hazards regression model. Variables that were signifi-
cantly associated with survival or PFS in the univariate analysis
were included in the multivariate analysis. Age was a continu-
ous variable, and other variables were nominal variables. All
tests were two-tailed, and a p value less than .05 was reg-
arded as statistically significant. All analyses were conducted
using SPSS for Windows software, version 19.0 (SPSS, Inc.,
Chicago, IL).

RESULTS

Patient Characteristics
In total, 679 patients with lung cancer tumors that carried the
EGFR exon 19 deletion or the L858R mutation were identified.
A total of 198 patients had brain metastases upon diagnosis of
advanced disease. Patients were categorized into four groups
according to the timing and method of the cranial therapies
they received upon diagnosis of advanced disease: immediate
whole brain radiation (WBRT group), immediate cranial stereo-
tactic radiosurgery (SRS group), delayed radiation upon pro-
gression of cranial lesions (DRT group), and never cranial
irradiation (NRT group). Table 1 presents the baseline charac-
teristics of the 198 patients who received a diagnosis of
advanced disease. Of the patients, 127 were women. Of the
tumors, 190 were adenocarcinomas, and 102 and 96 tumors
carried the EGFR L858R mutation and the exon 19 deletion,
respectively. Forty-nine (24.7%) patients had stage I–III dis-
ease on diagnosis and had received surgical resection of pri-
mary tumors or concurrent chemoradiations. Patients in the
NRT group were older than those in the other three groups
(p = .007 using the one-way analysis of variance test). Rela-
tively more patients in the SRS group than the other three
groups were in the early stage of the disease at diagnosis
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(p = .007). No patients in the SRS group had more than four
cranial lesions upon diagnosis of advanced disease (p < .001).
Patients whose largest cranial tumors were smaller than or
equal to 1 cm were more likely to be in the DRT or NRT
groups (p < .001). Eleven (52.4%) patients in the SRS group did
not have extracranial lesions on diagnosis of brain metastases,

and the proportion was higher than those in the WBRT, DRT,
and NRT groups (p < .001).

Table 2 depicts the systemic anticancer therapies adminis-
tered to patients during their lifespan. Of the patients, 195
(98.5%) had received at least one line of EGFR TKIs, and
101 (50.8%) had received at least one dose of chemotherapy.

Table 1. Patient characteristics

Characteristics WBRT, n (%) SRS, n (%) DRT, n (%) NRT, n (%) Total, n (%) p valuea

n 75 21 27 75 198

Sex

Male 25 (33.3) 10 (47.6) 11 (40.7) 25 (33.3) 71 (35.9) .581

Female 50 (66.7) 11 (52.4) 16 (59.3) 50 (66.7) 127 (64.1)

Age, years

Median 60.2 59.8 61.0 70.4 .007b

Range 41.5–82.4 36.1–81.3 36.3–85.4 42.6–92.5

Smoking

Never smoker 46 (61.3) 13 (61.9) 20 (74.1) 49 (65.3) 131 (66.2) .791

Ex-smoker 11 (14.7) 5 (23.8) 3 (11.1) 7 (9.3) 26 (13.1)

Current smoker 11 (14.7) 2 (9.5) 2 (7.4) 13 (17.3) 28 (14.1)

Unknown 4 (5.3) 1 (4.8) 2 (7.4) 6 (8.0) 13 (6.6)

Histology

Adenocarcinoma 71 (94.7) 20 (95.2) 27 (100) 72 (96.0) 190 (96.0) .308

Squamous cell
carcinoma

3 (4.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (1.5)

Adenosquamous
cell carcinoma

1 (1.3) 1 (4.8) 0 (0.0) 3 (4.0) 5 (2.5)

EGFR mutation

L858R 34 (45.3) 9 (42.9) 15 (55.6) 44 (58.7) 102 (51.5) .322

Exon 19 deletion 41 (54.7) 12 (57.1) 12 (44.4) 31 (41.3) 96 (48.5)

Stage on diagnosis of lung cancer

I 2 (2.7) 6 (28.6) 2 (7.4) 2 (2.7) 12 (6.1) .007

II 3 (4.0) 3 (14.3) 1 (3.7) 8 (10.7) 15 (7.6)

III 10 (13.3) 2 (9.5) 2 (7.4) 8 (10.7) 22 (11.1)

IV 60 (80.0) 10 (47.6) 22 (81.5) 57 (76.0) 149 (75.3)

Number of brain metastases

1 16 (21.3) 14 (66.7) 8 (29.6) 30 (40.0) 68 (34.3) <.001

2–4 23 (30.7) 7 (33.3) 6 (22.2) 29 (38.7) 65 (32.8)

5–10 19 (25.3) 0 (0.0) 6 (22.2) 5 (6.7) 30 (15.2)

>10 17 (22.7) 0 (0.0) 7 (25.9) 11 (14.7) 35 (17.7)

Size of largest brain metastasis, cm

≤1 18 (24.0) 4 (19.0) 19 (70.4) 47 (62.7) 88 (44.4) <.001

1–2 19 (25.3) 11 (52.4) 5 (18.5) 15 (20.0) 50 (25.3)

2–3 17 (22.7) 3 (14.3) 3 (11.1) 10 (13.3) 33 (16.7)

>3 21 (28.0) 3 (14.3) 0 (0.0) 3 (4.0) 27 (13.6)

Extracranial lesionsc

0 8 (10.7) 11 (52.4) 4 (14.8) 10 (13.3) 33 (16.7) <.001

1 27 (36.0) 6 (28.6) 6 (22.2) 21 (28.0) 60 (30.3)

>1 40 (53.3) 4 (19.0) 17 (63.0) 44 (58.7) 105 (53.0)
aBy chi-squared test for all comparisons with the exception of age.
bBy t test.
cExtracranial lesions: number of extracranial organs with cancers on diagnosis of brain metastases.
Abbreviations: DRT, delayed radiation upon progression of cranial lesions; NRT, never cranial irradiation; SRS, immediate cranial stereotactic
radiosurgery; WBRT, immediate whole brain radiation.
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Three patients had not received any systemic anticancer thera-
pies. Twenty-seven patients had received at least one dose of
EGFR T790M inhibitor during their lifetimes; 18 (66.7%) of
them were enrolled in clinical trial of AZD9191, EGF816,
CO-1686, or HS-10296, including 1 patient treated with
AZD9291 as first-line therapy. The SRS group had received
more chemotherapy treatments than the NRT group (p = .017
using the chi-squared test). All 27 patients in the DRT group
received whole brain radiation as salvage radiotherapy to the
cranial lesions

OS Analyses
As of October 2017, themedian survival time of the 198 patients
was 20.6 months (95% confidence interval: 17.9–23.3 months)

with a median follow-up time of 19.0 months. The median sur-
vival times were 18.5 months, 55.7 months, 21.1 months, and
18.2 months for the WBRT, SRS, DRT, and NRT groups, respec-
tively (p = .008 using the log-rank test; Fig. 1A).

The survival times for patients with the EGFR exon 19 dele-
tion and the L858R mutation were 20.6 and 20.6 months,
respectively (p = .902). The survival times for patients treated
with gefitinib, erlotinib, or afatinib as the first EGFR-TKI were
20.5, 23.1, and 20.2 months, respectively (p = .878). We evalu-
ated whether extracranial lesions may influence survival, and
we observed difference in survival among patients who did
not have extracranial lesion, who had one organ involved by
cancers, and who had more than one organ involved by can-
cers (55.7, 28.4, and 15.3 months, respectively, p < .001;

Table 2. Systemic anticancer therapies administered

Therapy WBRT, n (%) SRS, n (%) DRT, n (%) NRT, n (%) Total, n (%) p value

EGFR TKI

Yes 73 (97.3) 21 (100) 27 (100) 74 (98.7) 195 (98.5) .7

No 2 (2.7) 0 (0.0) 0 (0.0) 1 (1.3) 3 (1.5)

EGFR T790M TKI

Yes 12 (16.0) 2 (9.5) 5 (18.5) 8 (10.7) 27 (13.6) .622

No 63 (84.0) 19 (90.5) 22 (81.5) 67 (89.3) 171 (86.4)

Chemotherapy

Yes 42 (56.0) 8 (38.1) 20 (74.1) 31 (41.3) 101 (51.0) .013

No 33 (44.0) 13 (61.9) 7 (25.9) 44 (58.7) 97 (49.0)

Era of diagnosis of advanced diseases

Before December 2012 22 (29.3) 1 (4.8) 8 (29.6) 10 (13.3) 41 (20.7) .02

2013 19 (25.3) 4 (19.0) 6 (22.2) 18 (24.0) 47 (23.7)

2014 25 (33.3) 10 (47.6) 8 (29.6) 20 (26.7) 63 (31.8)

After January 2015 9 (12.0) 6 (28.6) 5 (18.5) 26 (34.7) 46 (23.2)

Abbreviations: DRT, delayed radiation upon progression of cranial lesions; EGFR, epidermal growth factor receptor; NRT, never cranial irradia-
tion; SRS, immediate cranial stereotactic radiosurgery; TKI, tyrosine kinase inhibitor; WBRT, immediate whole brain radiation.

Figure 1. Overall survival (OS). (A): Kaplan-Meier curves of OS of patients in the SRS group (black solid line), WBRT group (black
dashed line), DRT group (red solid line), and the NRT group (red dashed line). (B): Kaplan-Meier curves of OS of patients who, at ini-
tial metastatic diagnosis, had 0 (black solid line), 1 (black dashed line), and more than 1 (red solid line) extracranial organs involved
by cancers. Vertical lines indicate censored data.
Abbreviations: DRT, delayed radiation upon progression of cranial lesions; NRT, never cranial irradiation; SRS, immediate cranial ste-
reotactic radiosurgery; WBRT, immediate whole brain radiation.
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Fig. 1B). The median survival time for the 27 patients who had
received EGFR T790M inhibitors was 41.1 months and was
19.8 months for the 171 patients who never had (p < .001).

PFS Associated with EGFR Inhibitors
The median PFS to first-line EGFR TKI of the 195 patients was
8.2 months. The median PFS were 6.9 months, 14.0 months,
7.9 months, and 8.5 months for the WBRT group, SRS group,
DRT group, and NRT group, respectively (p = .001 by log-rank
test; Fig. 2A).

The median PFS were 7.9 and 8.5 months for patients
whose tumors carried EGFR exon 19 deletion and L858R muta-
tion, respectively (p = .844). The median PFS to gefitinib,
erlotinib, and afatinib were 8.2, 8.2, and 8.2 months, respec-
tively (p = .996). The median PFS were 13.4, 9.4, and 6.8 months
for patients who did not have extracranial lesion, who had one
organ involved by cancers, and who had more than one organ
involved by cancers, respectively (p < .001).

On data cutoff, 147 patients had progression to EGFR
inhibitors; 62 patients had intracranial progressions with or
without extracranial progressions, and 85 patients had extra-
cranial progressions only. Of 96 patients who received immedi-
ate cranial irradiation (the SRS and the WBRT groups), 18 had
intracranial progression, whereas 44 out of 99 patients who
did not received immediate cranial irradiation (the DRT and
the NRT groups) had intracranial progressions. We evaluated
whether immediate cranial irradiation may influence intracra-
nial progression upon EGFR inhibitors. We observed signifi-
cantly longer time-to-intracranial progression in patients who
received immediate cranial irradiation (the SRS and the WBRT
groups) than in those who did not (the DRT and the NRT
groups). The median time-to-intracranial progression were
25.9 and 11.7 months, respectively (p < .001; Fig. 2B).

Univariate and Multivariate Analysis
Univariate and multivariate analyses of survival are presented
in Table 3. The results of the univariate analysis indicated that
patients in the SRS group survived longer than those in the
NRT group (hazard ratio [HR]: 0.263, p = .002). Other variables
related to longer survival times included younger age at the
time of diagnosis of advanced disease, disease at stage I–III
at initial diagnosis, solitary brain metastasis upon diagnosis
of advanced disease, absence or solitary extracranial organ
involved by cancer, exposure to chemotherapies, and expo-
sure to EGFR T790M inhibitors. The results of the multivariate
analyses indicated that patients in the SRS group survived sig-
nificantly longer than those in the NRT group (HR: 0.315,
p = .010). Age at diagnosis of advanced disease as well as the
number of brain metastases at diagnosis of advanced disease
were not independently associated with survival. Fewer extra-
cranial organ involved by cancer (HR: 0.442, p < .001) and the
exposure to EGFR T790M inhibitors (HR: 0.357, p < .001) were
strongly associated with longer survival.

With respect to PFS and first-line treatment with EGFR-
TKIs, patients in the SRS group had a longer PFS than those
in the NRT group according to the results of the univariate
analysis (HR: 0.377, p = .001; Table 4). An early disease stage
at the initial diagnosis and solitary brain metastasis at the
time of diagnosis of advanced disease were associated with
longer PFS in the univariate analyses. In the multivariate ana-
lyses, belonging to the SRS group, having an early stage of
disease at the initial diagnosis, and fewer extracranial organs
involved by cancer were independently associated with lon-
ger PFS. Age at the time of diagnosis of advanced disease,
the EGFR with the L858R mutation or the exon 19 deletion,
and the size of the largest brain metastases were unrelated
to PFS in both the univariate and multivariate analyses.

Figure 2. Progression-free survival (PFS). (A): Kaplan-Meier curves of PFS related to epidermal growth factor receptor tyrosine kinase
inhibitor of patients in the SRS group (black solid line),WBRT group (black dashed line), DRT group (red solid line), and the NRT group
(red dashed line). (B): Time to intracranial progression of patients who received immediate cranial irradiation (SRS group and WBRT
group, black dashed line) and patients who did not (DRT and NRT group, black solid line). Vertical lines indicate censored data.
Abbreviations: DRT, delayed radiation upon progression of cranial lesions; NRT, never cranial irradiation; SRS, immediate cranial ste-
reotactic radiosurgery; WBRT, immediate whole brain radiation.
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DISCUSSION

In the current study, we determined that for patients with
EGFR mutant NSCLC and brain metastases upon diagnosis
of advanced disease, those who received stereotactic radio-
surgery upon diagnosis of advanced disease (the SRS group)
survived significantly longer than those who did not receive
therapy over cranial lesions (the NRT group), and the PFS
time related to EGFR-TKI treatment was also longer in the
SRS group than in the NRT group. No difference in survival
was observed between patients in the WBRT, DRT, and NRT
groups. Patients who had fewer extracranial lesions and who
had ever received treatment with EGFR T790M inhibitors
also had relatively longer survival.

Patients with EGFR mutant lung cancer and brain metas-
tases were heterogeneous. No patients in the SRS group had
more than four cranial lesions upon diagnosis of advanced
disease, and patients in the SRS group had fewer extracranial
lesions (Table 1; p < .001). Patients in the DRT or NRT groups
were more likely to exhibit a largest cranial tumor smaller
than or equal to 1 cm (Table 1; p < .001). Similar findings
were also reported by Magnuson et al. [8]. In addition,
patients in the NRT group were older than those in the other

groups (p = .007). Despite patients in the SRS group surviving
longer, it remains uncertain whether the longer survival is
attributable to the effect of stereotactic surgery or to the
heterogeneity of patient characteristics. Patients who did not
receive immediate cranial irradiation, that is, the DRT and
NRT groups, were heterogeneous as well. The survival of
some patients in the NRT group may be short because the
patient might be weak or the diseases were extensive so that
the patients did not have the opportunities to receive cranial
irradiation. On the other hand, some patients in the NRT
group may achieve good response to EGFR inhibitors so that
there was no indication for cranial irradiation. Patients in the
DRT group achieved progressive disease, and they took the
opportunities to receive cranial irradiation. The DRT group is
a unique population of patients who did not receive immedi-
ate cranial irradiation and was in between the two extreme
situations mentioned above. In brief, considering the hetero-
geneity of patients, the timing and modality of cranial irradia-
tion should be determined individually.

The emergence of new second- or third-generation EGFR-
TKIs may influence decisions regarding the timing and modal-
ity of cranial irradiation, especially with respect to drugs that

Table 3. Univariate and multivariate analyses of survival

Variable

Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age 1.024 1.007–1.040 .004 1.017 0.997–1.038 .092

EGFR mutation

L858R vs. exon 19 1.011 0.856–1.193 .902

Stage at initial diagnosis

I–III vs. IV 0.391 0.247–0.617 <.001 0.555 0.330–0.934 .027

Era of diagnosis of advanced diseases

Before December 2012 vs.
after January 2013

0.511 0.332–0.784 .002 0.535 0.330–0.869 .011

No. of brain metastases

1 vs. >10 0.497 .307–0.805 .004 0.903 0.527–1.547 .711

2–4 vs. >10 0.767 0.483–1.219 .262 1.217 0.734–1.991 .435

5–10 vs. >10 0.808 0.467–1.398 .446 0.797 0.448–1.418 .440

Size of largest brain metastasis, cm

≤1 vs. >3 0.877 0.535–1.436 .602

1–2 vs. >3 0.950 0.556–1.624 .852

2–3 vs. >3 0.650 0.343–1.232 .187

Extracranial lesionsa

0–1 vs. >1 0.341 0.239–0.486 <.001 0.442 0.293–0.665 <.001

Chemotherapy

Ever vs. never 0.695 0.496–0.973 .035 0.654 0.204–0.950 .026

T790M inhibitor

Ever vs. never 0.347 0.198–0.608 <.001 0.357 0.198–0.644 <.001

Brain therapy

WBRT vs. NRT 0.953 0.654–1.388 .800 1.144 0.729–1.795 .558

SRS vs. NRT 0.263 0.113–0.611 .002 0.315 0.132–0.754 .010

DRT vs. NRT 1.030 0.635–1.672 .903 1.168 0.668–2.041 .587
aExtracranial lesions: number of extracranial organs with cancers on diagnosis of brain metastases.
Abbreviations: CI, confidence interval; DRT, delayed radiation upon progression of cranial lesions; EGFR, epidermal growth factor receptor; HR,
hazard ratio; NRT, never cranial irradiation; SRS, immediate cranial stereotactic radiosurgery; WBRT, immediate whole brain radiation.
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can penetrate the blood-brain barrier. The EGFR-TKIs adminis-
tered to patients in other studies that assessed patients with
EGFR mutant NSCLC and brain metastases were mainly
gefitinib or erlotinib [8, 9, 12, 13]. The penetration rates of
gefitinib and erlotinib in the cerebrospinal fluid were
1.13% � 0.36% and 2.77% � 0.45%, respectively [14], and this
limited cerebrospinal fluid penetration may limit the drugs’
effects on survival. Afatinib was reported to be safe and effec-
tive for the treatment of patients with EGFR mutant NSCLC
and asymptomatic brain metastases [15]. In a phase III trial for
patients with EGFR mutant NSCLC and multiple brain metasta-
ses, icotinib was associated with longer intracranial PFS times
than chemotherapy plus whole brain radiation [16]. In an anal-
ysis of clinical outcome and genomic dynamics of patients
with T790M-positive advanced NSCLC who received
osimertinib, Lin et al. observed higher probability of detectable
circulating tumor DNA as well as shorter PFS and OS to
osimertinib in patients who had brain metastases [17]. For
drugs with better cerebrospinal fluid penetration, AZD3759 is
a blood-brain barrier-penetrating EGFR inhibitor without anti-
EGFR T790M activity [18], and a phase I study demonstrated it
was safe and clinically efficacious [19]. Goss et al. reported a
54% intracranial response rate to osimertinib in 50 patients
with T790M-positive advanced NSCLC who had progressed
despite prior EGFR-TKIs treatment [20]. Compared with
gefitinib, erlotinib, or afatinib, osimertinib had better CNS effi-
cacy in patients with asymptomatic brain metastases [10]. In

the univariable and multivariable analyses conducted for this
study, patients who had received at least one dose of EGFR
T790M inhibitor independently survived longer. This warrants
further investigation to re-evaluate the effect of cranial irradi-
ation in light of a new generation of EGFR-TKIs.

In addition to the exposure of EGFR T790M inhibitors,
other factors may contribute to the longer survival in patients
who had received EGFR T790M inhibitors. First, many patients
had received multiple lines of systemic anticancer therapies
prior to EGFR T790M inhibitors, indicating that they should
survive long enough so that they got the opportunity to
receive EGFR T790M inhibitors. Second, the emergence of
EGFR T790M mutation in the tumor per se may be prognostic,
as Oxnard et al. reported that the prognosis of patients was
better if their tumors had acquired EGFR T790M mutation
[21]. Third, 18 (66.7%) of the 27 patients were enrolled in clin-
ical trials of EGFR T790M inhibitors, and most were phase I
and phase II clinical trials. These patients must have had good
performance status and good organ function if they were
enrolled in clinical trials.

The median survival time of the 198 patients in our study
(20.6 months) was shorter than the survival time reported by
Magnuson et al. (30 months) [8]. In a meta-analysis of six ran-
domized phase III trials of EGFR-TKIs in patients with advanced
EGFR mutant NSCLC, the median survival times were 25.8–26.0
months and the median PFS time related to EGFR-TKIs was
11.0 months [3]. The survival times of patients with brain
metastases tend to be shorter than those of patients without

Table 4. Univariate and multivariate analyses of progression-free survival times related to tyrosine kinase inhibitors

Variable

Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age 0.995 0.981–1.009 .507

EGFR mutation

Exon 19 vs. L858R 1.024 0.868–1.209 .778

Stage at initial diagnosis

I–III vs. IV 0.467 0.325–0.672 <.001 0.689 0.461–1.028 .068

Timing of diagnosis of advanced diseases

Before December 2012 vs. after January 2013 0.996 0.681–1.456 .981

No of brain metastases

1 vs. >10 0.618 0.396–0.964 .034 0.779 0.487–1.245 .296

2–4 vs. >10 0.781 0.502–1.214 .272 0.938 0.594–1.481 .784

5–10 vs. >10 0.879 0.522–1.479 .627 0.831 0.490–1.410 .493

Size of largest brain metastasis, cm

≤1 vs. >3 0.917 0.575–1.461 .715

1–2 vs. >3 0.921 0.554–1.533 .752

2–3 vs. >3 0.980 0.568–1.689 .941

Extracranial lesionsa

0–1 vs. >1 0.439 0.319–0.604 <.001 0.556 0.392–0.788 .001

Brain therapy

WBRT vs. NRT 1.062 0.764–1.507 .728 0.989 0.690–1.417 .953

SRS vs. NRT 0.377 0.232–0.686 .001 0.533 0.303–0.935 .028

DRT vs. NRT 1.300 0.823–2.045 .259 1.163 0.715–1.891 .542
aExtracranial lesions: number of extracranial organs with cancers on diagnosis of brain metastases.
Abbreviations: CI, confidence interval; DRT, delayed radiation upon progression of cranial lesions; EGFR, epidermal growth factor receptor; HR,
hazard ratio; NRT, never cranial irradiation; SRS, immediate cranial stereotactic radiosurgery; WBRT, immediate whole brain radiation.
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brain metastases; the PFS (8.2 months) and OS (20.6 months)
times in our study were likely not the result of bias.

Biases may complicate the interpretation of results. First,
performance status is a known prognostic factor for survival in
patients with advanced EGFR mutant NSCLC, although it is not
necessarily prognostic for PFS to EGFR inhibitors [22]. However,
the records of performance status in retrospective studies are
often incomplete and less accurate. As performance status was
not involved in the current study, we did not overemphasize
the prognostic effect of variables that interfere with perfor-
mance status, such as exposure to chemotherapies (Table 3).
Next, we are cautious with respect to the conclusions that the
stage at the time of diagnosis and the timing of diagnosis of
advanced disease were determined to be prognostic in both
univariate and multivariate analyses (Table 3). Patients with
early-stage diseases upon initial diagnosis received an imag-
ing study every 3–6 months. The burden of tumor tended to
be smaller with respect to the detection of recurrent dis-
eases. The effect of disease stage at diagnosis may have
resulted from selection bias. Finally, several patients received
EGFR inhibitors in the era when EGFR testing was not avail-
able in regular practice, and the EGFR mutational status in
their tumors was available several months after they started
taking EGFR inhibitors. In univariate and multivariate ana-
lyses, we observed that patients who were diagnosed with
and treated for advanced disease prior to December 2012
survived longer than those diagnosed thereafter (Table 3). As
patients diagnosed prior to December 2012 had to survive long
enough in order to have EGFR mutational status tested in their
tumors, their long survival must be owing to selection bias.

There are prognostic scores to predict the survival of
patients with NSCLC with brain metastases [23]. Common
parameters include performance status, age, extracranial
metastases, controlled primary tumor, and the number of
brain metastases. In our study, age and the number of brain
metastases were prognostic in univariate analysis but not
multivariate analysis (Table 3). Because of the progress of
radiotherapy including SRS as well as the aforementioned
emergence of new EGFR inhibitors, prognostic factors used
in current prognostic scoring, such as age and the number
of brain metastases according to the Lung-molGPA (graded
prognostic assessment) score [24], may be less prognostic
with respect to patients with EGFR mutant lung cancer and
brain metastases. The prognostic scoring for such patients
may require revision and separate criteria relative to scor-
ing of patients with other lung cancers.

CONCLUSION

Performing stereotactic radiosurgery immediately upon diag-
nosis of brain metastases was associated with longer survival
times in patients with EGFR mutant NSCLC. No difference was
evident in the survival times among patients who received
whole brain radiation, who received deferred radiation, and
who did not receive cranial irradiation. Because of the hetero-
geneity of patients and the introduction of a new generation
of EGFR-TKIs, the timing and modality of cranial irradiation in
patients with EGFR mutant lung cancer should be determined
on an individual basis, and cranial irradiation may be omitted
for selected patients.
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