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Abstract
Objectives  Central nervous system (CNS) metastases are very common in patients with non-small-cell lung cancer (NSCLC). 
We aimed to explore the clinical impact of osimertinib, a third-generation epidermal growth factor receptor-tyrosine kinase 
inhibitor (EGFR-TKI), on CNS metastases in patients with advanced NSCLC in real-world setting.
Methods  Patients with advanced NSCLC who received osimertinib after progression of early-generation EGFR-TKIs and 
CNS metastases on baseline brain scan were retrospectively collected. Primary outcomes were disease control rate (DCR) 
and progression-free survival (PFS), and secondary objectives were objective response rate (ORR), time to tumor response, 
median best percentage change from baseline in CNS target lesion (TL) size and safety.
Results  Between Apr 1, 2017, and Dec 30, 2017, 22 patients met selection criteria, 15 with ≥ 1 measurable CNS lesion 
(RECIST 1.1) were included in CNS evaluable for response (cEFR) set. Among the 22 patients, ORR and DCR were 40.9% 
and 86.4%, respectively, with median PFS of 8.5 months (95% CI 4.1, 13.0). Median intracranial PFS was not reached. Of 
15 patients in cEFR set, CNS DCR was 80.0% with complete response reported in 3 patients (20.0%). Median best percent-
age change from baseline in CNS TL size was − 40% (range − 100 to + 60%) and median time to CNS tumor response was 
1.3 months. CNS ORR was 53.3%. The safety profile was acceptable and no new unexpected findings were found.
Conclusion  This real-world analysis further confirmed that osimertinib indeed demonstrated clinically meaningful efficacy 
against CNS metastases in Chinese patients with advanced NSCLC.
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Introduction

Central nervous system (CNS) metastases, such as leptome-
ningeal metastasis (LM) and brain metastasis (BM), are very 
common in non-small cell lung cancer (NSCLC) patients 
and are associated with a significant neurological deficit 
[1]. CNS metastases accounts for 10–15% at the time of 

diagnosis and affects 30–50% of NSCLC patients throughout 
the course of the disease [2]. For advanced NSCLC patients 
with epidermal growth factor receptor (EGFR) activating 
mutations, epidermal growth factor receptor-tyrosine kinase 
inhibitors (EGFR-TKIs) including gefitinib, erlotinib, and 
afatinib are now considered to be standard first-line ther-
apy based on evidence from several trials [3–5]. Although 
several researchers have demonstrated a certain activity of 
first- or second-generation EGFR-TKIs in EGFR-mutated 
NSCLC patients with CNS metastases [6], it was demon-
strated that EGFR + NSCLC patients have a much higher 
risk of developing CNS metastases [7]. Treatment options 
for CNS metastases during or after first- or second-gener-
ation EGFR-TKIs include surgical resection, stereotactic 
radiosurgery (SRS), whole-brain radiotherapy (WBRT) 
and chemotherapy, but with severe adverse effects or lim-
ited inability to cross the blood–brain barrier (BBB) [8–11]. 
These observations suggest that a drug with much better 
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CNS penetration and acceptable safety profile is needed to 
effectively treat patients with CNS metastases. Osimertinib 
is a third-generation EGFR-TKI, which inhibits both EGFR 
and T790M mutations [12]. It demonstrated greater pen-
etration of the BBB than gefitinib or afatinib in preclinical 
studies [13], and promising intracranial efficacy in patients 
with advanced NSCLC from several large-scale randomized 
control trials [14–16]. Among advanced NSCLC patients 
who have progressed on early-generation EGFR-TKI treat-
ment, the CNS objective response rate (ORR) from those tri-
als range from 50 to 70%, which showed significantly greater 
efficacy than chemotherapy [17]. However, there was lack of 
real-world evidence to illustrate the effectiveness and safety 
of osimertinib on the CNS metastases. Therefore, we retro-
spectively assessed the real-world clinical impact of osimer-
tinib on CNS metastases in patients with advanced NSCLC 
in our cancer center.

Materials and methods

Data source and study population

Patients with advanced NSCLC who received osimertinib 
after progression of early-generation EGFR-TKIs and CNS 
metastases were retrospectively collected in our cancer 
center between Apr 1, 2017, and Dec 30, 2017. Eligible 
patients were required to have histologically or cytologi-
cally confirmed NSCLC, stage IV cancer based on the AJCC 
Cancer Staging Manual (7th Edition) with CNS metastatic 
lesion on baseline brain CT or MRI scan, treated with osi-
mertinib after progression of early-generation EGFR-TKIs 
and/or chemotherapy. And only patients with ≥ 1 measur-
able lesion on baseline brain scan were included in CNS 
evaluable for response (cEFR) set. A total of 22 patients 
met selection criteria, and 15 were included in the cEFR set.

Assessments

Primary outcomes were disease control rate (DCR) and 
progression-free survival (PFS), and secondary objectives 
were ORR, time to tumor response, median best percent-
age change from baseline in the sum of CNS target lesion 
(TL) size and safety. Disease response to treatment and 
tumor shrinkage was assessed according to Response 
Evaluation Criteria in Solid Tumor (RECIST) criteria (ver-
sion 1.1). DCR was defined as the occurrence of complete 
response (CR), partial response (PR), or stable disease 
(SD) ≥ 6 weeks, while ORR pointed to CR or PR. PFS was 
defined as the time interval from the start of the treatment 
until progressive disease (PD) or death from any other 
causes, whichever occurs first. Time to tumor response refers 
to the time from the date of first dose until first response. 

CNS response evaluation of cEFR set included evaluable 
metastatic lesions in the brain only, regardless of extracranial 
response. Adverse events (AEs) were recorded according to 
the National Cancer Institute Common Terminology Criteria 
for Adverse Events (CTCAE, version 4.0).

Statistics analysis

Statistical analyses were carried out by the SPSS 23.0 
statistical software (SPSS, Inc., Chicago, IL, USA) and 
alpha = 0.05 was used as significant level for all statistical 
testing. The distribution of patients’ baseline demographic/
clinical characteristics and treatment patterns were described 
using frequency analysis. Fisher’s exact test was used to 
assess the difference of ORR and DCR between various 
EGFR mutation type subgroups. Kaplan–Meier method 
was applied to calculate PFS, and log-rank test was used to 
evaluate the difference between subgroups.

Results

Patients and characteristics

Between Apr 1, 2017, and Dec 30, 2017, 22 patients with 
advanced NSCLC and CNS metastases on baseline brain 
scan who received osimertinib from our hospital met the 
selection criteria, in which 15 were of the cEFR set. All 
of them were tested for EGFR mutation types before the 
treatment of osimertinib, 20/22 were T790M positive and 
received osimertinib after progression of early-generation 
EGFR-TKIs. The other two patients were demonstrated to 
have no T790M mutation by plasma ctDNA analysis and 
cerebrospinal fluid (CSF) analysis, respectively, but received 
osimertinib after progression of gefitinib and erlotinib based 
on the presence of EGFR exon21 L858R mutation. All 
patients received osimertinib 80 mg orally once daily.

The median age of patients for this analysis was 
59.5 years (range, 40–82 years), most of them (20/22, 90.9%) 
were nonsmokers, and 15/22 (68.2%) underwent plasma 
ctDNA analysis for EGFR mutation detection. As for EGFR 
genotypes, 11/22 (50.0%) patients were EGFR T790M +/
exon19del, 7/22 (31.8%) were T790M +/exon21 L858R, 
2/22 (9.1%) were EGFR T790M +/19del negative/L858R 
negative and 2/22 (9.1%) were T790M negative, other EGFR 
mutation sites were negative. At the time of osimertinib use, 
patients’ ECOG PS was 0 (16/22, 72.7%), 1 (4/22, 18.2%), 
and 2 (2/22, 9.1%). All the patients had received at least one 
early-generation EGFR-TKIs, among which 9 (40.9%) had 
gefitinib only, 3 (13.6%) erlotinib only, 4 (18.2%) icotinib 
only, 3 (13.6%) gefitinib and erlotinib, 1 (4.5%) erlotinib and 
icotinib, while 2 (9.1%) had avitinib, a third-generation irre-
versible EGFR-TKI which targets both EGFR and T790M 
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mutation, after progression of first-generation EGFR-TKI 
gefitinib or icotinib. Nine patients (40.9%) had received pre-
vious platinum-containing chemotherapy, and 11 patients 
(50.0%) had received various EGFR-TKIs only. Patients 
receiving osimertinib as the second-, third- or > third-line of 
treatment were 8 (36.4%), 8 (36.4%) and 6 (27.3%), respec-
tively. Six patients (6/22, 27.3%) received brain radiotherapy 
prior to osimertinib (≤ 6 months: n = 3; > 6 months, n = 3), 
including three of WBRT and three of SRS. Baseline char-
acteristics of study population are shown in Table 1.

Clinical outcomes

At data cutoff (Mar 1, 2018), the median duration of follow-
up was 6.5 months, 17 (77.3%) patients remained on osimer-
tinib treatment, 4 had died and were considered to be related 
to the disease under investigation, 1 received chemotherapy 
after osimertinib treatment. These five failures of osimerti-
nib treatment were attributed to intrathoracic progression in 
three patients, and CNS in two. None discontinued osimerti-
nib before disease progression. The median duration of osi-
mertinib treatment was 5.7 months (range 2.1–12.0 months).

Of the 22 patients, 9 had PR (40.9%), 10 had SD (45.5%) 
and 3 had PD (13.6%). DCR was 86.4% (19/22; 95% con-
fidence interval [CI] 70.8, 101.9). ORR was 40.9% (9/22; 
95% CI 18.6, 63.2) with median time to tumor response: 
2.6 months. Events of systemic progression (regardless of 
intracranially or extracranially) were observed in ten patients 
(45.5%), and the median PFS was 8.5 months (95% CI 4.1, 
13.0) (Fig. 1), while intracranial progression were observed 
in four patients (18.2%), median intracranial PFS (iPFS) was 
not reached (95% CI not reached [NC], NC). As for EGFR 
genotypes, events of systemic progression were lower in 
T790M +/exon19del group (3/11, 27.3%) than in T790M +/
exon21 group (4/7, 57.1%) (p = 0.332). And, events of 
intracranial progression were observed in 0/11 (0.0%) and 
1/7 (14.3%) patients in T790M +/exon19del and T790M +/
exon21 population (p = 0.389), respectively. Median PFS of 
T790M +/exon19del population was not reached, compared 
to 8.5 months (95% CI 3.2, 13.8) of T790M +/exon21 L858R 
group. The systemic tumor response to osimertinib is shown 
in Table 2. Univariate and multivariate analyses using a Cox 
proportional-hazards model were performed to explore the 
potential prognostic factors for PFS. Variables (including 
gender, age, smoking history, ECOG PS scores, treatment 
line and genotypes) that contributed to significantly longer 
PFS was not dicovered. 

Of the 15 patients in the cEFR set, 8 had CNS CR (3 
patients) or PR (5 patients), 4 had SD, and 3 had PD. CNS 
DCR was 80.0% (12/15; 95% CI 57.1, 102.9), among whom 
two patients died of intrathoracic progression, but not CNS. 
The other three patients experienced CNS PD by the time of 
first CNS assessment, and post-progression therapies were 

Table 1   Baseline patient demographic and clinical characteristics

PD progression disease, CSF cerebrospinal fluid
a Intracranial and extracranial

Characteristics Patients (n = 22)

No %

Age, years
 Median 59.5
 Range 40–82

Sex
 Male 9 40.9
 Female 13 59.1

ECOG PS
 0 16 72.7
 1 4 18.2
 2 2 9.1

Smoking status
 Nonsmoker 20 90.9
 Former/current smoker 2 9.1

Histology
 Adenocarcinoma 22 100
 Others 0 0

Specimen for gene test
 Tissue 5 22.7
 Plasma 15 68.2
 CSF 1 4.5
 Pleural effusion 1 4.5

EGFR mutation type
 T790M positive 20 90.9

  Exon 19del 11
  L858R 7 9.1

 T790M negative 2
  Exon 19del 0
  L858R 1

Treatment history
 Gefitinib 13 59.1
 Erlotinib 7 31.8
 Icotinib 6 27.3
 Afatinib 0 0
 Avitinib 2 9.1
 Chemotherapy 11 50.0

Osimertinib treatment line
 2nd 8 36.4
 3rd 8 36.4
 > 3rd 6 27.3

Extracranial metastases
 Lung 17 77.3
 Bone 13 59.1
 Pleura 9 40.9
 Adrenal gland 5 22.7
 Liver 4 18.2

PD sites prior to osimertinib
 Intracranial 10 45.5
 Intrathoracic 4 18.2
 Systematica 8 36.4
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consecutive osimertinib treatment with acceptable stable 
disease. CNS ORR was 53.3% (8/15; 95% CI 24.7, 81.9) 
with CR reported in three patients (3/15, 20.0%), regardless 
of prior radiotherapy to the brain. Of those patients experi-
encing a CNS response, median time to CNS tumor response 
was 1.3 months, and none of them subsequently progressed 
in the CNS. Among patients without prior local treatment 
to the brain in nearly 6 months, CNS DCR and CNS ORR 
were 83.3% (10/12) and 66.7% (8/12), respectively. Taking 
the basis of EGFR mutation status before the initiation of 
osimertinib into consideration, seven patients were EGFR 
T790M +/exon19del, five were T790M +/exon21 L858R, 
two were EGFR T790M +/19del-negative/L858R nega-
tive, and one was T790M negative. CNS DCR of T790M +/
exon19del group and T790M +/exon21 L858R group were 
100.0% (7/7) and 80.0% (4/5), respectively, (p = 0.417), 
and CNS ORR was 57.1% (4/7) in the T790M/19del group, 
compared with 60.0% (3/5) in the T790M/L858R group 
(p = 1.000). There was no statistical difference between the 
two groups as for CNS DCR and CNS ORR. Of the only 
patient in cEFR set with no detectable EGFR-T790M muta-
tion but EGFR exon21 L858R, a CNS CR was achieved 
with osimertinib treatment at the first brain MRI scan. 

CNS response to osimertinib is shown in Table 3. Tumor 
shrinkage was seen in most patients (12/15, 80.0%) (Fig. 2). 
Median baseline CNS TL size was 1.6 cm (range 1.0–4.4), 
and median best percentage change from baseline in CNS 
TL size was − 40% (range − 100 to + 60%).

Safety

All patients reported at least one AE. The most common 
AEs of all grades were stomatitis and increased creatinine 
(CRE) level. Grade 3 AEs occurred in five patients (22.7%), 
and no grade 4 AEs were observed. The grade 3 AEs include 
anorexia (two patients), stomatitis (one patient), fatigue (one 
patient) and the platelet count decreased (one patient). One 
patient had a dose interruption due to decrease in the platelet 
count in grade 3. No one experienced a dose reduction, and 
none of the patients discontinued or died due to AEs. Table 4 
summarizes AEs of any grade and of grade 3 or higher.

Discussion

In this real-world study, 19 of 22 (86.4%) NSCLC patients 
with CNS metastasis and 12 of 15 (80.0%) CNS response-
evaluable patients treated with osimertinib achieved a sys-
temic and intracranial disease control, respectively, and the 
median PFS was 8.5 months. The study findings confirm the 
intracranial efficacy evidence and manageable safety profile 
of osimertinib in the real world.

The ORR and DCR of our study in overall population 
seemed to be obviously inferior to most large-scale clinical 
trials including AURA [18], AURA2 [16] and AURA3 [14]. 
Of the cEFR set, the CNS ORR of our study (53.3%) was 
similar to that seen in a pooled analysis [17] from two phase 
II studies: AURA extension and AURA2 (54%), but CNS 
DCR (80.0%) was lower than this pooled analysis (92%). 
The lower systemic and CNS ORR/DCR in our study pos-
sibly were mainly attributed to the following reasons: 14/22 
(63.6%) patients in our study and 11/15 (73.3%) in the cEFR 
set were treated with osimertinib as ≥ third-line systemic 
therapy (most of them received chemotherapy as first-line 

Fig. 1   Kaplan–Meier curve for progression-free survival in all 
patients

Table 2   Systemic tumor response to osimertinib

ORR overall response rate, DCR disease control rate

Systemic tumor response to treatment (n = 22)
 ORR, %(95% CI) 40.9 (18.6, 63.2)
 DCR, %(95% CI) 86.4 (70.8, 101.9)
 Complete response, n (%) 0 (0.0)
 Partial response, n (%) 9 (40.9)
 Stable disease, n (%) 10 (45.5)
 Progressive disease, n (%) 3 (13.6)

Table 3   CNS response to osimertinib

CNS central nervous system, ORR overall response rate, DCR disease 
control rate

CNS response to treatment (n = 15)
 CNS ORR, %(95% CI) 53.3 (24.7, 81.9)
 CNS DCR, %(95% CI) 80.0 (57.1, 102.9)
 Complete response, n (%) 3 (20.0)
 Partial response, n (%) 5 (33.3)
 Stable disease, n (%) 4 (26.7)
 Progressive disease, n (%) 3 (20.0)
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treatment and first-generation EGFR-TKIs in second-line 
therapy), while osimertinib acted as the second-line treat-
ment in AURA3 [14] trial. In addition, patients with CNS 
metastases account for about 30–45% of overall population 
in AURA2 [16] and AURA3 [14], and Asians account for 
about 60–65% in these clinical trials. Moreover, the rather 
small sample size of our study may also be attributed to 
this relatively lower ORR and DCR. Besides a promising 
response rate in our study, the median time to CNS tumor 
response in cEFR set with osimertinib is encouraging 
(1.3 months), which is consistent with the results of clini-
cal trials: 6.1 weeks in AURA3 [14]. And in AURA exten-
sion and AURA2 pooled analysis [17], the majority (81%) 
of patients had responded by the time of first assessment 
(6 weeks). This rapid onset of response may aid in nursing 
the neurological symptoms caused by CNS metastases and 
improving the quality of life.

The median PFS of our study was 8.5 months, which 
is comparable to 8.5 months of CNS subgroup in AURA3 
[14] and longer than chemotherapy (4.2 months). Median 
CNS PFS was neither reached in our study, nor in the pooled 
analysis [17] of AURA extension and AURA2. Although 
these large-scale clinical trials had demonstrated promis-
ing survival benefits with osimertinib than chemotherapy 
or first-generation EGFR-TKIs, mature overall survival is 
still lacking.

Most of NSCLC patients harboring EGFR activating 
mutations eventually acquire resistance to the first-genera-
tion EGFR-TKIs therapy after varying periods of treatment, 
and approximately one-third of those patients develop brain 

metastases [2, 19]. Prior to osimertinib, treatment options for 
CNS metastases during or after early generation EGFR-TKIs 
include locoregional therapy with continuation of EGFR-
TKI, chemotherapy and combination therapy (combina-
tion of chemotherapy and radiotherapy) [20, 21]. However, 
the accessible limitation for brain lesions of surgical resec-
tion [10], the potential long-term cognitive deterioration 
of WBRT [8, 22], the risk of failure in non-treated brain 
regions of SRS [9], and the inferior penetration of cytotoxic 
agents to BBB [23] were gradually be valued. In addition, 
pulsatile high-dose EGFR-TKI, and the switch from gefitinib 
to erlotinib were used in an attempt to increase intracranial 
control based on previous data [24, 25], but the evidence is 
insufficient.

Several researchers demonstrated heterogenicity between 
CNS metastases and extracranial lesions [26, 27]. For 
patients who were re-biopsied after TKI progression, only 
17% were T790M positive within CNS metastases, while 
41% in systemic lesions [26], suggested that there is lower 
selection pressure for T790M mutation intracranially, and 
that current TKIs cannot achieve and maintain efficacious 
concentrations within the CNS. Thus, a drug with superior 
BBB penetration is required to achieve optimal intracranial 
effect. Osimertinib was demonstrated with a higher penetra-
tion of BBB than gefitinib, rociletinib, afatinib, and induced 
sustained tumor regression of brain lesion in the preclini-
cal study [13]. In the FLAURA [28] study, osimertinib 
demonstrated superior efficacy in advanced EGFR muta-
tion NSCLC, compared with first-generation EGFR-TKI as 
first-line therapy, including CNS subgroup, which support 

Fig. 2   Waterfall plot for best percentage change in target lesion of brain metastases
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these preclinical data. As brain radiotherapy was performed 
in only six patients prior to osimertinib (≤ 6  months: 
n = 3; > 6 months, n = 3), and median intracranial PFS (iPFS) 
was not reached in our study, the role of radiotherapy in the 
patients receiving osimertinib was unclear and needs further 
researches. We recommended that brain radiotherapy should 
be used in patients with symptomatic CNS metastases, and 
be avoided if patients performed asymptomatic, as median 
time to CNS tumor response in cEFR set with osimertinib 
was encouraging in our study (1.3 months).

As for EGFR genotypes’ analysis detected before osi-
mertinib treatment, we found that CNS DCR was higher 
in patients with EGFR T790M + /exon19del mutations than 
in patients with EGFR T790M + /exon21 L858R mutations, 
and the events of intracranial progression were lower in 
T790M + /exon19del group than in T790M + /exon21 L858R 
population, although the differences in CNS DCR and rates 
of intracranial progression were not statistically significant. 
This was consistent with the results of overall population 

of AURA2 [16] study, and previous studies has reported a 
superior efficacy of EGFR-TKI in patients with EGFR exon 
19del, compared to EGFR L858R mutations [29]. Our study 
suggests that patients with T790M + /exon21 L858R mutated 
disease may have less efficacy and more CNS progression 
than T790M + /exon19del mutation positive disease among 
osimertinib treatment. However, the conclusion should be 
taken into careful interpretation because of the small sam-
ple size, unbalanced previous treatment and patient charac-
teristics, and we still need further investigations to predict 
the population that may obtain the maximum benefits from 
osimertinib.

The advantage of our study is the data are relatively 
new, which can reflect the current medical practice. Never-
theless, there were several limitations in our study, includ-
ing its single-center, retrospective design and rather small 
sample size. It is possible that the lack of an independent 
review committee (IRC) and evaluation of efficacy of osi-
mertinib by different treating oncologists in our study may 

Table 4   Adverse events (n = 22)

AE adverse events, ALT glutamate pyruvic transaminase, AST aspartate aminotransferase, CRE creatinine

Type of AE AE grade Total report Grade ≥ 3

1 2 3 4

Rash 4 1 0 0 5 0
Dry skin 9 0 0 0 9 0
Diarrhea 5 1 0 0 6 0
Constipation 4 0 0 0 4 0
Paronychia 5 1 0 0 6 0
Anorexia 3 1 2 0 6 2
Stomatitis 8 1 1 0 10 1
Fatigue 5 2 1 0 8 1
Nausea 4 0 0 0 4 0
Vomiting 3 0 0 0 3 0
Palpitation 3 0 0 0 3 0
Cough 2 0 0 0 2 0
Headache 2 0 0 0 2 0
Dizziness 3 0 0 0 3 0
White blood cell decreased 7 1 0 0 8 0
Neutrophil count decreased 5 1 0 0 6 0
Platelet count decreased 1 1 1 0 3 1
Anemia 2 2 0 0 4 0
ALT increased 1 0 0 0 1 0
AST increased 1 0 0 0 1 0
Blood bilirubin increased 2 0 0 0 2 0
CRE increased 10 0 0 0 10 0
Hypoalbuminaemia 2 0 0 0 2 0
Cholesterol high 3 0 0 0 3 0
Hypertriglyceridemia 4 2 0 0 6 0
Hypocalcaemia 2 0 0 0 2 0
Hypokalemia 2 0 0 0 2 0
Hyponatremia 1 0 0 0 1 0
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have impacted the ORR outcomes, and for this reason, we 
used DCR and PFS as our primary objectives. Addition-
ally, because of the relatively short follow-up time, median 
iPFS and overall survival (OS) were not reached. Thus, a 
long-term follow-up and a multicenter prospective study 
would be required to further confirm our results.

In conclusion, osimertinib can be an effective treatment 
option for EGFR-mutated advanced NSCLC patients with 
CNS metastases in a Chinese population, with tolerable 
and manageable adverse events.
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