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1 Introduction
Non-small-cell lung cancer (NSCLC) is the main causes of 

mortality related to the cancer in the world (Bray et al., 2018; 
Wang et al., 2021). Largely patients are diagnosed at advanced, 
and metastatic stage, often asscociated with poor survival and 
difficult-to-manage disease (Ettinger et al., 2012; Wood et al., 
2018; Periyanaina  et  al., 2020). The activation of epidermal 
growth factor receptor (EGFR) mutations, like exon 19 deletions 
(Ex19del) and exon 21 codon p.Leu858Arg (L858R) point 
mutations, have been found as common oncogenic drivers for 
NSCLC (Steuer et al., 2015).

EGFR tyrosine kinase inhibitors (EGFR-TKIs) are a 
group of drugs that block the growth of cancer cells through 
targeting the EGFR mutation (Sundaresan et al., 2016). Previous 
clinical studies have provided robust evidence supporting 
EGFR-TKIs achieve significant clinical benefit compared with 
chemotherapy. And EGFR-TKIs have been recommended 
as the first-line therapy for advanced NSCLC with sensitive 
EGFR mutations (Hanna et al., 2017; Planchard et al., 2018; 
Wu et al., 2019).

Osimertinib, a third-generation irreversible oral EGFR TKI, 
potently and selectively inhibits both EGFR-TKI-sensitizing 
mutations (EGFRm; exon 19 and 21 mutations) and the T790M 
resistance mutation and shows a promising prognosis on CNS 

metastases (Wu  et  al., 2019; Reungwetwattana  et  al., 2018; 
Mok et al., 2017).

Based on the FLAURA study, Osimertinib was superior to 
comparator generation TKIs with respect to significantly longer 
survival rate in the first-line treatment setting. These findings 
provided support for osimertinib as the upfront therapy for 
advanced NSCLC harboring EGFR mutation– positive (Ex19del or 
L858R) (Soria et al., 2018; Ramalingam et al., 2020). Osimertinib 
has recently been accepted as a first-line option by the FDA for 
advanced NSCLC with EGFRm (European Medicine Agencies, 
2021; Food and Drug Administration, 2015)

Moreover,the efficacy of EGFR-TKIs led to investigation of 
their use as an adjuvant treatment for resectable disease. The 
ADAURA trial have demonstrated that disease-free survival was 
significantly longer among those patients harboring resected 
EGFR mutation–positive NSCLC who treated with osimertinib 
than placebo (Wu et al., 2019).

Thus, the assessment of optimal treatments that may provide 
promising disease control is a significant clinical priority. We 
therefore conducted a meta-analysis to analysis the efficacy 
and safety of osimertinib as front-line therapy in NSCLC that 
harbored sensitive EGFR mutations.
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Abstract
Our meta-analysis was designed to explored the efficacy and safety of osimertinib as front-line strategy in advanced non-small-cell 
lung cancer (NSCLC) whose tumors had sensitive EGFR mutations. Computerized search for trials from CENTRAL, PubMed, 
Cochrane and EMBASE up to May, 2021. The investigated trials include investigated osimertinib in untreated NSCLC patients 
with EGFR-mutation. Our meta-analysis summarized the outcomes from 4 studies. Outcomes of this study revealed that PFS 
was significantly longer for patients treated with osimertinib than the standard EGFR-TKIs/placebo group. In terms of the PFS 
subgroup analyses, better PFS were found to be higher in patients treated with Osimertinib, regardless of the sex, EGFR-mutated 
status, and smoking history. Besides, osimertinib improved CNS efficacy in untreated NSCLC patients with EGFR-mutation. 
In terms of the treatment-related AE subgroup analyses, no difference was identified when comparing Osimertinib vs. the 
comparable group (p > 0.05). The results suggested that First-line osimertinib treatment achieved a clinically meaningful PFS 
benefit and tolerable AEs for treatment of advanced NSCLC patients with EGFR-mutated than the prior EGFR-TKI/placebo. 
Meanwhile, osimertinib seemed to be a better option for advanced patients with CNS metastases. In terms of efficacy and 
tolerability, osimertinib seemed to be a more appropriate upfront therapy among EGFR-mutant NSCLC.
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Practical Application: Further trials exploring sequential strategy of osimertinib and early generation TKIs are needed to 
provide much more appropriate clinical guidance.
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2 Methods and materials

2.1 Search strategy

Published trials about the effectiveness followed by osimertinib 
in treating untreated patients with NSCLC were retrieved. The 
PubMed, Embase, Cochrane library were searched till May, 2021. 
The main search terms and Medical Subject Heading (MeSH) 
were: “osimertinib” “AZD9291” “EGFR-TKI,” “untreated” “first-
line” and “non-small cell lung cancer.” In addition, two reviewers 
hand-searched the relevant reference of eligible researches for 
additional studies.

2.2 Eligibility criteria

The eligible trials should met the following criteria: (1) 
the trials were assigned to analysis the efficacy and safety of 
osimertinib compared with other EGFR-TKI or chemotherapy 
or placebo in treating NSCLC; (2) Randomized clinical trials 
(RCTs) were only included; (3) trials that included participants 
were untreated NSCLC; (4) the interested results were the 
progression-free survival (PFS) and toxicity; (5) the trials should 
provide complete data.

2.3 Quality assessment

Two authors rated the quality of the included trials in 
separate. For randomized studies, the quality was assessed based 
on the Cochrane Collaboration’s “Risk of bias” tool to rate the 
quality of study.

2.4 Data extraction

Data were extracted independently based on predefined 
eligibility criteria by two researchers. Disagreement was revolved 
by a third investigator. We extracted the contents from each 
eligible trial: the lead author, publication year, participant size, 
median age, male size, patients with smoking status, patients with 
EGFR mutation status (Ex19del or L858R) and the comparator. 
In addition, the interested outcomes included toxicity and 
survival rate.

2.5 Statistical analysis

The Review Manager Software (RevMan5.3) has been used 
for statistical analysis. The I2 statistic was used to measure the 
heterogeneity between-study (Higgins & Thompson, 2002). If the 
degree of heterogeneity was not significant (p > 0.1, I2 ≤ 50%), the 
fixed-effect model was used. We used the random-effect model if 
the degree of heterogeneity was significant (Higgins et al., 2003). 
The hazard ratio (HR) with 95% confidence intervals (CIs) was 
extracted. P value less than 0.05 was set as statistical significance.

3 Results

3.1 Search results and studies characteristics

Totally, 379 studies were initially searched out. 8 publications 
were assessed in more detail according to the criteria described 
in the methods, but some did not provide enough detail of 

interested results. Finally, a total of 4 studies (Wu et al., 2019; 
Soria  et  al., 2018; Ohe  et  al., 2019; Cheng  et  al., 2021) were 
finally considered. The search process is described in Figure 1-3 
presented the summary of the quality assessment process Table 1.

3.2 Clinical and methodological heterogeneity

Pooled analysis of PFS

Pooled data showed that the untreated patients with osimertinib 
show a higher PFS rate than those with other treatments (OR = 0.42, 
95% CI = 0.26 - 0.67, I2 = 86%, P = 0.0003) (Figure 4).

Subgroups analysis of PFS

Del19 mutation versus L858R mutation

PFS data were available from three trials. The benefit favoring 
osimertinib with respect to progress-free survival was found 
consistently across both Del19 mutation groups (OR = 0.28, 95% 
CI = 0.13 - 0.62, I2 = 88%, P = 0.002) and L858R mutation groups 
(OR = 0.48, 95% CI = 0.32 - 0.71, I2 = 52%, P = 0.0003) (Figure 5).

Figure 1. PRISMA flow chart of selection process to identify studies 
eligible for pooling.
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Patients with CNS metastases

Data for PFS were available from three trials. These results 
indicated significant difference in reducing risk of CNS progression 
with osimertinib, when compared with the control group 
(OR = 0.37, 95% CI = 0.18 - 0.77, I2 = 78%, P = 0.008) (Figure 6).

Male versus Female

Results showed that osimertinib performed better than 
the control group, with statistically significant improvement 
in PFS for both male (OR = 0.41,95% CI = 0.21-0.82, I2 = 79%, 
P = 0.01) and female patients (OR = 0.33,95% CI = 0.19 - 0.56, 
I2 = 78%, P < 0.0001) (Figure 7).

Smoking history YES versus NO

The pooled OR was 0.37 (95% CI: 0.25 - 0.53; I2 = 74%, 
P < 0.00001), which indicated that osimertinib are better than 
the control group in respect to the PFS regardless of smoking 
history (Figure 8).

Pooled analysis of toxicity

Pooled data showed that patients treating with osimertinib 
favors a comparable toxicity with no statistically significant 
in all the patients (OR = 1.35, 95% CI = 0.89 - 2.05, I2 = 73%, 
P = 0.15), and in subgroup analysis, compared with the control 
group (Figure 9).

4 Discussion
In advanced NSCLC patients harboring an EGFR driver 

mutation, a highly potent and selective EGFR TKIs should 
be used as the first-line choice. Currently, all EGFR TKIs are 
accepted as first-line option (Li et al., 2020). The option of optimal 
first-line strategy represented actually the optimal sequencing 
of therapies for the mutant EGFR NSCLC patients (Takeda 
& Nakagawa, 2019). The third-generation TKIs following the 
early-generation TKIs was a reasonable option.

While, relying on the encouraging findings of the FLAURA 
trial (Soria et al., 2018), the highly efficacy of osimertinib as first-
line option has brought a new stage in treatment for advanced 
NSCLC. Osimertinib, namely AZD9291, has a unique and 
distinctive chemical structure. Osimertinib harboring a nearly Figure 2. Methodological quality assessment for each included study.

Figure 3. Quality assessment summary for included studies.
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Figure 4. Pooled analysis of PFS.

Figure 5. Subgroup analysis of the PFS in terms of the EGFR mutations.

Figure 6. Subgroup analysis of the PFS in terms of the CNS metastases.

Table 1. The primary characteristics of the eligible studies in more detail.
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Soria et al., 2018 279 277 64 64 101 105 97 102 175 174 104 103 Gefitinib,Erlotinib
Ohe et al., 2019 65 55 67 67 22 27 35 29 33 30 32 25 Gefitinib
Cheng et al., 2021 71 65 60 61 28 19 18 15 36 33 35 33 Gefitinib,Erlotinib
Wu et al., 2019 339 343 64 62 108 96 108 86 186 188 152 154 placebo
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patients. The results are further confirmed that osimertinib 
has a superior PFS over standard EGFR-TKIs/placebo as the 
front-line treatment. The PFS benefit was consistent across all 
predefined subgroups, regardless of the sex, EGFR-mutated 
status, and smoking history.

Known to clinician, the CNS is a common site of metastasis 
in NSCLC, and this metastasis associated with a poor survival 
(Peters et al., 2016). In terms of the efficacy in CNS metastases, a 
clinically meaningful PFS benefit was also noted with Osimertinib. 
This finding is accord with CNS benefit in the global FLAURA 
study and ADAURA trial. The mechanisms under the result can 
be due to markedly penetration of blood-brain barrier (BBB) 

200-fold potency in resistance to L858R/ T790M, which validated 
its selectivity to the EGFR-mutated NSCLC (Cross et al., 2014)

Previous preclinical studies in vitro models aiming to assess 
the specificity of various EGFR TKI mutations indicated that 
osimertinib has shown a full therapeutic window of resistance 
to EGFR T790M mutations (Hirano et al., 2015; Balthazar et al., 
2021; Rafiq et al., 2020, 2021). It has been shown to induce a 
sustained and profound effect in EGFR-mt tumor xenograft and 
transgenic models (Cross et al., 2014; Shi et al., 2019;), and to have 
higher potency against mutant EGFR than first-generation TKI.

Our study is a systematic review to evaluate the efficiencies 
of osimertinib in treating untreated mutant EGFR NSCLC 

Figure 7. Subgroup analysis of the PFS in terms of the sex.

Figure 8. Subgroup analysis of the PFS in terms of the smoking history.
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thus was limited data. Future studies are needed to address the 
overall survival to Osimertinib.

The superior PFS and comparable safety of osimertinib 
observed in our meta-analysis indicated that first-line therapy with 
osimertinib could potentially accepted as the first-rank option 
for EGFRm NSCLC. Besides, osimertinib also demonstrated 
a clinically meaningful improvement in PFS efficacy on CNS 
metastases.

Future studies are needed to update our meta-analysis and 
investigate a more mature assessment of overall survival.

Moreover, further trials exploring sequential strategy of 
osimertinib and early generation TKIs are needed to provide 
much more appropriate clinical guidance.

and durable shrinkage in mouse and nonhuman primate brain 
models with osimertinib (Ballard et al., 2016). osimertinib was 
impressively CNS active.

Beyond efficacy, drug safety should also be considered 
for the drug assessment.The safety profile in our analysis was 
consistent with previous trials. osimertinib demonstrated 
acceptable tolerability compared with the comparator EGFR 
TKI/placebo group. The safety benefit favored osimertinib across 
all the subgroups. These evidences provide a strong impetus for 
further research in the first-line treatment with osimertinib.

Our study also had several limitations. First, the heterogeneity 
due to the lack of patient-level data cannot be discounted entirely. 
Second, results of overall survival was based on immature and 

Figure 9. Pooled analysis of adverse effects (AEs).
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