
© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):3038-3047 | http://dx.doi.org/10.21037/apm-20-605

Introduction

Brain metastasis of lung cancer is common in a lot of 
patients with non-small cell lung cancer (NSCLC) and may 
affect negatively survival and quality of life (1). Epidermal 
growth factor receptor (EGFR), widely distributed in 

human epidermal cells and stromal cells, is an important 
membrane surface receptor with tyrosine-kinase activity (2).  
EGFR exon 19 deletions and point mutations in exon 21 
can be found in a lot of NSCLC patients (3). Actually, a 
variety of EGFR-sensitizing mutations were harbored in 
about 10–40% of NSCLC patients. Therefore, these vital 
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therapeutic mutations are considered important for the 
advanced NSCLC.

The question is that it can’t be said to be satisfactory that 
the efficiency of first- and second-generation epidermal 
growth factor receptor tyrosine kinase inhibitors (EGFR-
TKIs) in central nervous system (CNS) metastasis (4). 
Preclinical models and clinical studies had shown that 
these agents have limited ability to cross the blood–brain 
barrier, allowing the CNS to emerge as a sanctuary site for 
metastatic spread. Patients treated with first- or second-
generation EGFR-TKIs were often with impressive initial 
response, but exhibit progression after 10–14 months (5,6). 
Osimertinib (7,8) is a third-generation tyrosine kinase 
inhibitor (TKI), initially approved for epidermal growth 
factor receptor (EGFR) mutant non-small cell lung cancer 
(NSCLC) with T790M acquired resistance. 

A meta-analysis, about osimertinib in treating EGFR-
mutated advanced NSCLC, showed that subgroup analysis 
in the AURA3 study suggested that osimertinib had a higher 
CNS response rate and prolonged CNS PFS compared 
to those of chemotherapy (9). However, osimertinib 
compared to first- and second-generation EGFR-TKIs. 
Data supporting the use of osimertinib in brain metastases 
are limited, although it had established better CNS activity 
in some preclinical models and clinical studies. There is no 
aggregate analysis regarding CNS metastases performed. 
Therefore, our meta-analysis will be the first systematic 
review to synthesize the results of published literature, 
efficiency comparison between osimertinib and other drug 
therapy, to provide more objective data for the optimal 
clinical use of osimertinib in CNS metastasis of NSCLC. 
We present the following article in accordance with the 
PRISMA Reporting Checklist (available at http://dx.doi.
org/10.21037/apm-20-605).

Methods

Search strategy

We have registered at International Prospective Register of 
Systematic Reviews (CRD 42019125600). Some database, 
including PubMed, EMBASE, ISI Web of Science database 
and Cochrane Library, were searched for eligible studies. 
The last retrieval was performed on January 30, 2020. The 
following search terms were used for the literature search: 
(“osimertinib” OR “mereletinib” OR “AZD9291” OR 
“Tagrisso”) AND (“Non-Small Cell Lung Cancer” OR 
“Non-Small Cell Lung Carcinoma” OR “Non-Small Cell 

Lung Carcinoma” OR “Non-Small-Cell Lung Carcinoma” 
OR “Non-small Cell Lung Cancer” OR “Non-Small-Cell 
Lung Carcinomas” OR “Non-Small Cell Lung Carcinoma” 
OR “NSCLC”) AND (“Brain” OR “CNS” OR “central 
nervous system”). The titles and abstracts of the primary 
studies identified in the electronic search were retrieved by 
two authors independently. 

Inclusion and exclusion criteria

The inclusion criteria are as follows: (I) the studies were 
trials performed about osimertinib in NSCLC patients with 
CNS metastasis confirmed by magnetic resonance imaging 
(MRI) or computed tomography (CT); (II) we can obtain 
response rate or other relevant data from the identified 
study to calculate; (III) written in English; and we only 
use the data of the most recent trial were used when the 
reported data were from the same patients. We have deleted 
all reviews, case reports, animal or duplicate publications.

Data extraction and quality assessment

Two authors independently extracted data and evaluated 
quality of the literature. We extracted the following 
information: first name of the author, year of publication, 
region, trial design, sub-category, EGFR mutant (%), age 
(years), sample size, dosage and length of osimertinib, 
tumor response, data of PFS. The NOS standard (10) was 
used as a research quality assessment standard. Low quality 
means that studies with a score no more than 4. The two 
authors resolved the problem, such a difference in opinion 
on a document, through mutual discussion and requested 
help from a third author if necessary.

Statistical analysis

All eligible studies were included. The heterogeneity 
between studies was evaluated with Q and I2 statistics (11).  
Studies with an I2 statistics of 0%, 25% and 50% 
represented no, low and moderate, respectively. High 
heterogeneity meant that I2 was more than 75%. According 
to the results of inter-study heterogeneity appraisal using 
Q and I2 statistics, Fixed-effects model was preferred to 
random-effects model when there was no statistically 
moderate heterogeneity (I2 >50%) between studies, and 
vice versa when there was high heterogeneity (12). We 
performed the integrated analysis to calculate the 95% 
confidence interval (CI), representing effect size. According 

http://dx.doi.org/10.21037/apm-20-605
http://dx.doi.org/10.21037/apm-20-605


3040 Wang et al. Osimertinib for lung cancer with CNS metastases 

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):3038-3047 | http://dx.doi.org/10.21037/apm-20-605

to treatment lines, the analysis parameter included all 
data of response or survival. We also conducted subgroup 
analyses of objective response rate (ORR) and disease 
control rate (DCR) to the dose of osimertinib. In addition, 
we have performed sensitivity analysis by excluding the 
studies with the lowest-quality score. If necessary, the 
heterogeneity was also explored by subgroup. The potential 
publication bias was further validated by the Egger’s and 
Begg’s test (13). All statistical analyses were two sides. A P 
value less than 0.05 was considered statistically significant. 
This meta-analysis was conducted by the STATA version 
14.0 (Stata Corporation, College Station, TX).

Results

Search results

The PRISMA flow chart of this meta-analysis is shown 
in Figure 1. Duplicates and irrelevant studies and those 
without sufficient data were removed from a total of 504 
publications. All investigators finally agreed to include 
11 eligible (14-24) studies with 842 patients in our meta-

analysis (Table 1). There are four RCTs, three single-
arm trials, two retrospective studies and two real-world 
treatment studies. The eligible studies were published from 
2017 to 2019, and average age (median or mean) in the 
included studies was ranged from 24.9 to 65 years. The 
sample size was ranged from 24 to 211. All studies included 
osimertinib 80 mg dose. 

ORR and DCR

ORR of osimertinib was obtained from eleven eligible 
studies. The overall ORR of osimertinib, in analysis, was 
70% (95% CI: 68–71%). According to the line of treatment, 
we conducted further analysis on the ORR. Five studies 
provided data on first-line treatment and other six provided 
data on second-line treatment or beyond. In analysis, the 
pooled ORR of patients were 71% (95% CI: 69–73%) 
with moderate heterogeneity (I2 =0%, P=0.65), and 65% 
(95% CI: 62–68%) with no heterogeneity (I2 =0%, P=0.63;  
Figure 2), in first-line and ≥ second-line treatment, 
respectively. All selected studies provided data on DCR, 

Initial records identified through database searching (n=504):

PubMed (n=233)

EMBASE (n=122)

Cochrane Library (n=68)

ISI Web of Science database (n=81)

Records after duplicates removed (n=365)

Full-text articles assessed for eligibility (n=15)

Initial records screened based on title and 

abstract (n=365)

Record excluded (n=350):

-Inappropriate population (n=57)

-Inappropriate intervention (n=48)

-Inappropriate comparison (n=10)

-Inappropriate outcome (n=3)

- Inappropriate study design (n=232) 

Full-text articles excluded (n=4): 

  3 cannot get detailed data

  1 collect samples after surgery

Studies included in quantitative synthesis 

(meta-analysis) (n=11)

Figure 1 Search strategy and identification of studies. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 2009;6:e1000097. doi:10.1371/journal.
pmed1000097. For more information, visit www.prisma-statement.org.
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and the overall DCR was 92% (95% CI: 91–94%). The 
combined DCR was 93% (95% CI: 90–95%), (I2 =0%, 
P=0.86), and 92% (95% CI: 89–94%), (I2 =0%, P=0.88; 
Figure 3) in first-line treatment group and second-line 
treatment or beyond, respectively. 

The data on complete response (CR), partial response 
(PR), and stable disease (SD) were obtained from five studies 
(14,16,18,19,22). CR meant that all lesions disappeared, no 
new lesions appeared and tumor markers were normal, for 
at least 4 weeks. This analysis suggested that the pooled CR 
values of the first-line group and the second-line or beyond 
group were 3% (95% CI: 1–4%) (I2 =0%, P=0.74) and 2% 
(95% CI: 1–5%) (I2 =79%, P=0.003), with overall CR 2% 
(95% CI: 1–4%). PR was defined as the reduction of the 
target focus maximum diameter ≥30%. The pooled PR was 
62% (95% CI: 39–84%). Subgroup analysis showed that 
the pooled PR of the first-line group was 77% (95% CI: 
72–81%) (I2 =0%, P=0.51). However, PR of the second-line 
or beyond group significantly reduced, only 55% (95% CI: 
27–84%) (I2 =99%, P<0.00001). The pooled SD was 15% 
(95% CI: 9–21%). Our research showed that the pooled SD 
of the first-line group was 17% (95% CI: 13–21%), and no 
heterogeneity was found (I2 =0%, P=0.58). on the contrary, 
the pooled SD of the second-line or beyond group was 

14% (95% CI: 5–22%), with high heterogeneity (I2 =94%, 
P<0.00001).

Progression-free survival

The pooled median PFS was 10.98 months (95% CI: 9.43–
12.53 months; Figure 4A). Through subgroup analysis, the 
pooled median PFS of untreated EGFR CNS metastasis 
patients was 12.21 months (95% CI: 9.20–15.23 months) 
(I2 =88%, P<0.00001). While, the pooled median PFS of 
second line or beyond was only 10.10 months (95% CI: 
8.87–11.33 months) (I2 =23%, P=0.26).

Based on the data from eligible studies, we analyzed 
PFS-6 and PFS-12 separately. The pooled PFS-6, based 
on four studies, was 64% (95% CI: 48–80%). The pooled 
PFS-6 was 74% (95% CI: 66–81%), (I2 =69%, P=0.04) and 
55% (95% CI: 37–73%), (I2 =99%, P<0.00001; Figure 4B), 
in the first-line group and second-line or beyond group. 
Meanwhile, the combined PFS-12 was 39% (95% CI: 
22–57%). Subgroup analysis indicated that the pooled PFS-
12 was 52% (95% CI: 43–61%), (I2 =77%, P=0.01) and 
30% (95% CI: 12–48%), (I2 =99%, P<0.00001; Figure 4C), 
in the first-line group and the second-line or beyond group, 
respectively. However, the results were unstable during the 

Figure 2 Overall response rate (ORR) of NSCLC CNS metastasis treated with osimertinib.
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pooled analysis of PFS-12 in second-line treatment group. 
When two articles by Wu et al. (19) and Yang et al. (20)  
were removed, the research outcome changed, 43% (95% 
CI: 38–49%) with moderate heterogeneity (I2 =63%, 
P=0.07). This may be explained by the fact that there are no 
patients after radiotherapy in three other articles (15,16,21), 
whereas both Wu et al. (19) and Yang et al. (20) included 
patients who received brain radiotherapy within 6 months.

The publication bias in this meta-analysis was indicated 
by Egger’s test and Begg’s test. The results are shown in 
Table 2. Both two tests confirmed that no significantly 
different results emerged. The conclusions were not 
changed after adjustment for publication bias by using the 
trim and fill method (25). 

Discussion

Eleven research literatures, totally 842 patients, were 
involved by our study included to evaluate the efficacy and 
safety of osimertinib in treating CNS metastases in EGFR-
mutant non small cell lung cancer (NSCLC) patients. The 
high ORR and DCR confirmed the efficacy of osimertinib 
in treating EGFR-mutated NSCLC with CNS metastases 
patients. Special attention should be paid to the higher 

ORR and DCR, 71% and 93%, in first-line therapy. And 
the combined median PFS of osimertinib for untreated 
patients was 12.21 months. Above data suggested that 
osimertinib provided good disease control on advanced 
EGFR-mutated NSCLC with CNS metastases, especially 
for untreated patients.

EGFR TKIs inhibit the proliferation of tumor cells 
via binding to EGFR specifically and show favorable 
therapeutic effects on advanced EGFR-mutated NSCLC. 
Tumors sensitive to EGFR TKIs (26,27) harbored 
activating mutations of EGFR (exon 19 deletion or L858R 
point mutation in exon 21). As shown above, osimertinib is 
of extraordinary efficacy both in ORR, DCR and PFS, and 
is better than afatinib with only median PFS: 8.2 months (5).  
Drug resistance largely limited the effectiveness of EGFR 
TKIs. Although both first-generation (gefitinib and 
erlotinib) and second-generation (afatinib) EGFR TKIs 
have demonstrable clinical efficacy in patients with EGFR-
activating mutations, producing improvements in response 
rates (RRs), time to progression, and overall survival (OS), 
most patients develop acquired resistance following 10–14 
months of treatment. The acquisition of a secondary 
T790M mutation in exon 20 of the EGFR gene caused 
many patients developed resistance to EGFR TKIs (28). 

Figure 3 Disease control rate (DCR) of NSCLC CNS metastasis treated with osimertinib.
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Figure 4 Median progression-free survival (PFS), 6-month progression-free survival (PFS-6), and 12-month progression free survival (PFS-
12) of NSCLC CNS metastasis treated with osimertinib.

A

B

C
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We found that T790M mutation was observed in more 
than 50% of patients who developed resistance to an EGFR 
TKIs. However, the T790M status of patients’ CNS disease 
was not assessed. Published data suggest that T790M may 
occur less frequently in CNS metastases than in the primary 
tumour; therefore, some patients in our study may have 
had T790M-negative CNS metastases. In such patients, 
osimertinib would not be acting against the T790M 
resistance mutation. Neurological deficits and devastating 
clinical reality will be caused by the metastasis of cancer 
to the CNS, with an estimated survival time of less than  
one year.

As an orally taken third-generation EGFR-TKIs, 
Osimertinib can form an irreversible covalent bond with 
T790M or other EGFR mutations, via the cysteine-797 
residue. Osimertinib also was the only one EGFR-TKIs, 
by Food and Drug Administration, approved for the 
treatment of patients with metastatic T790M mutation 
positive NSCLC, and displayed impressive activity in blood 
brain barrier transmigration. Yi et al.’s study suggested that 
osimertinib had impressive response rates in treatment-
naive advanced NSCLC harboring EGFR-TKI sensitizing 
mutations with tolerable AEs (9), and the analysis by 
dose indicated that 80 mg of osimertinib once daily had 
higher ORR and DCR than the other doses. What’s more, 
osimertinib demonstrated consistently superior CNS 
efficacy compared with platinum-pemetrexed (17,19). For 
no treatment EGFR-mutated advanced NSCLC CNS 
patients, efficacy of osimertinib is also better (22,23). In 
trial, the frequency of events of CNS progression at the 
time of this analysis was lower in the osimertinib group 
than in the standard EGFR TKIs group (23). Compared 
with patients who had not receive prior brain radiotherapy 
or radiotherapy ≥6 months before osimertinib, the observed 
ORR was lower in patients who received radiotherapy  
≥6 months before osimertinib (16,19,20). CNS efficacy of 
osimertinib was observed regardless of prior radiotherapy 

status. Some case reports had demonstrated that the clinical 
responses achieved on osimertinib may obviate the need for 
whole-brain radiation in some patients (29-31). Receiving 
radiation prior to starting osimertinib for patients with 
progressing brain metastases did not prolong PFS or  
OS (32). To minimize the risks of radiation-related toxicity, 
delaying radiation could be considered for some patients 
with EGFR-mutant NSCLC with brain metastases who 
initially respond to osimertinib (14). 

Due to the blood-brain barrier, the efficacy of the 
standard cytotoxic chemotherapy (mainly platinum 
doublets or first- and second-generation EGFR-TKIs) for 
NSCLC is limited in the treatment of brain metastases (33). 
Osimertinib was effective in improving overall survival, post 
progression survival and brain metastasis-free survival in 
meta-analysis (34).

We acknowledge several limitations to this. First, to a 
certain extent, high heterogeneity limited test efficiency. 
Although several subgroup analyses were performed, 
significant heterogeneity was generally observed. Given the 
differences of the studies, there is a greater risk of potential 
selection and reporting bias. Second, limited number of 
studies and small sample size are limitations of our study, 
which might cause a result in invalid statistical analyses in 
those groups. Third, several sources of bias, such as inherent 
limitations, unmeasured confounding, and the typical bias 
in observational studies, may influence the observed results.

Conclusions

The results of our study indicate that most patients with 
CNS metastases would respond to osimertinib treatment 
in NSCLC harboring T790M mutations. Moreover, 
osimertinib has impressive antitumor activity in treatment-
naive advanced NSCLC CNS metastases harboring EGFR-
TKI-sensitizing mutations. However, more randomized 
clinical trials and additional fundamental researches are 
still needed to further clarify the beneficial population of 
different therapy and its possible mechanism, so as to better 
guide clinical treatment.
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Table 2 Result of publication bias

Item Egger’s test Begg’s test

ORR 0.511 0.764

DCR 0.220 0.448

mPFS 0.403 0.322

PFS-6 0.864 0.760

PFS-12 0.033 0.732
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