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Abstract
Purpose Osimertinib is the standard treatment for advanced non-small cell lung cancer (NSCLC) patients with T790M 
mutation after the failure of first-/second-generation epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKI). 
We comprehensively analyzed factors that affect the therapeutic efficacy of the osimertinib treatment in NSCLC patients.
Methods 351 NSCLC patients with T790M mutation receiving osimertinib treatment were included. We investigated the 
value of different factors in predicting the clinical outcomes of the osimertinib therapy, including progression-free sur-
vival (PFS), overall survival (OS) and objective response rate (ORR). Logistic and COX regression were used to identify 
prognosticators.
Results In osimertinib therapy, EGFR mutation status (19Del/L858R) at initial diagnosis and the therapeutic choice of prior 
EGFR-TKI agent was not associated with patients’ prognosis. Notably, the PFS of the prior EGFR-TKI was independently 
related to ORR (OR, 95% CI 0.98, 0.96–1.00, p = 0.030), PFS (HR, 95% CI 0.98, 0.97–1.00, p = 0.009) and OS (HR, 95% 
CI 0.96, 0.93–0.98, p < 0.001) of osimertinib treatment. Among distinct organ metastases, only bone metastasis was related 
to the efficacy of osimertinib, in terms of ORR (OR, 95% CI 1.97, 1.27–3.06, p = 0.002), PFS (HR, 95% CI 1.55, 1.18–2.03, 
p = 0.001) and OS (HR, 95% CI 1.81, 1.27–2.59, p = 0.001). However, the therapeutic efficacy of osimertinib was not further 
impacted by the accumulation of metastatic organs. A performance status score of 2–4 was also an adverse prognosticator 
for the osimertinib therapy.
Conclusion PFS of the prior EGFR-TKI treatment, performance status score and bone metastasis were independent prog-
nosticators of the osimertinib treatment. These findings may facilitate clinicians in the decision-making of osimertinib.

Keywords Osimertinib · EGFR-T790M · Non-small cell lung cancer · Prognostic analysis · Real-world study

Introduction

Lung cancer ranks first in incidence and mortality rates 
among various cancer types worldwide (Siegel et al. 2018). 
Non-small cell lung cancer (NSCLC) accounts for approxi-
mately 80–85% of all lung cancer cases (Molina et al. 2008; 
Shi et al. 2014). At initial diagnosis, more than 50% of pri-
mary NSCLC patients were identified as the metastatic stage 
with a 5-year survival rate of merely about 4% (Miller et al. 
2016).

In recent decades, epidermal growth factor receptor 
(EGFR) tyrosine kinase inhibitor (TKI) has significantly 
improved the survival outcomes of NSCLC patients with 
sensitive EGFR mutations (19del and L858R) compared 
with traditional chemotherapy (Inoue et al. 2013). How-
ever, most patients inevitably developed progression or 

Xin Tang and Yuan Li contributed equally to this work and should 
be considered co-first authors.

 * You-ling Gong 
 gongyouling@hotmail.com

 * Zhi-gang Yang 
 yangzg666@163.com

1 Department of Radiology, West China Hospital, Sichuan 
University, 37# Guo Xue Xiang, Chengdu 610041, Sichuan, 
China

2 Department of Thoracic Oncology and State Key Laboratory 
of Biotherapy, Cancer Center, West China Hospital, Sichuan 
University, 37# Guo Xue Xiang, Chengdu 610041, Sichuan, 
China

http://orcid.org/0000-0001-9341-7697
http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-021-03797-y&domain=pdf


2476 Journal of Cancer Research and Clinical Oncology (2022) 148:2475–2486

1 3

resistance with a median progression-free survival (PFS) of 
9–13 months after receiving the first- (e.g., gefitinib, erlo-
tinib, icotinib) or second-generation (e.g., afatinib) EGFR-
TKI (Mok et al. 2009). Among the many mechanisms that 
lead to the acquired resistance to prior first- or second-gen-
eration EGFR-TKI, The EGFR exon 20 Thr790Met (T790M) 
mutation is a major one, accounting for 48–62% (Campo 
et al. 2016; Oxnard et al. 2011; Sequist et al. 2011; Yu et al. 
2013).

Osimertinib (AZD9291), as an irreversible third-gen-
eration EGFR-TKI, is capable to overcome the acquired 
T790M-mediated resistance by binding to the EGFR kinase 
at the cysteine-797 residue of the ATP-binding site (Cross 
et al. 2014). According to the remarkable outcomes of clini-
cal trials, the NCCN guidelines recommend osimertinib as 
the standard treatment for NSCLC patients with acquired 
EGFR-T790M mutation who failed in first- or second-
generation EGFR-TKIs. However, real-world studies inves-
tigating the clinical prognostic factors of osimertinib in 
NSCLC patients with acquired T790M mutation remain 
limited, especially in Asian populations. Previous studies 
have reported that age (Kato et al. 2019; Ono et al. 2019), 
gender (Peng et al. 2021), performance status (Kato et al. 
2019; Ono et al. 2019), smoking history (Liu et al. 2020), 
EGFR 19 Del (Igawa et al. 2019; Ono et al. 2019; Peng et al. 
2021), the extrathoracic metastasis status(Chen et al. 2020), 
central nervous system (CNS) metastasis (Peng et al. 2021) 
and pleural effusion (Masuhiro et al. 2018) were potential 
prognostic factors of osimertinib treatment. However, at pre-
sent, the prognostic effect of prior EGFR-TKI treatment on 
sequential osimertinib is uncertain. In addition, the exact 
influence of patients’ metastatic modalities on the therapeu-
tic efficacy of osimertinib treatment remains unclear.

The purpose of our study is to comprehensively inves-
tigate the prognostic value of different clinical factors in a 
real-world Chinese NSCLC cohort with acquired T790M 
mutation receiving osimertinib treatment, with special 
concerns on the prior EGFR TKI treatment and metastatic 
modalities.

Materials and methods

Study population and data collection

A total of 351 NSCLC patients with acquired T790M muta-
tion receiving osimertinib treatment at West China Hospital 
from 2016 to 2021 were included in the current study. All 
patients performed re-biopsy (fluid or tissue biopsy) after the 
failure of the first- or second-generation EGFR-TKI treat-
ment including gefitinib, icotinib, erlotinib, and afatinib 
and were confirmed with T790M mutation. We retrospec-
tively collected clinical factors from all cases including age, 

sex, smoking history, performance status score, laterality, 
location, clinical stage, metastasis site, surgical history, 
primary EGFR mutation types, prior EGFR-TKI treatment 
and sequential osimertinib (Table 1). This retrospective 
study was approved by the ethics committee of West China 
Hospital.

Response assessments and study endpoints

Clinical stage was evaluated according to the 8th edition of 
the American Joint Committee on Cancer (AJCC) tumor-
node-metastasis (TNM) classification system. The tumor 
response to osimertinib was assessed based on the Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1. 
The primary endpoints of this study were PFS, which was 
defined as the time from the initiation of osimertinib treat-
ment to the date of disease progression or the last follow-
up visit; overall survival (OS), which referred to the time 
between osimertinib initiation to death from any cause or the 
last follow-up visit. Our secondary endpoint was the objec-
tive response rate (ORR). The ORR referred to complete 
remission (CR) or partial remission (PR).

Statistical methods

R software (4.0.0) was utilized for all analyses of this study. 
The Chi-square test or Fisher’s exact test was conducted to 
compare the difference in categorical and continuous vari-
ables, as well as the therapeutic responses of osimertinib 
between distinct subgroups. The Kaplan–Meier method was 
employed to analyze the survival outcomes. The log-rank 
test was performed for the comparison of survival curves 
in different subgroups. Univariate and multivariate logistic 
or COX regression were carried out to identify the prog-
nostic factors associated with ORR/PFS/OS of osimertinib. 
All tests were two-sided and a p value less than 0.05 was 
considered to be statistically significant.

Results

Baseline characteristics of patients

The baseline characteristics of the total cohort and patients 
of distinct response groups are shown in Table 1. The median 
age was 58 (IQR: 51–68), 40.5% (142/351) of all patients were 
male, 24.5% (86/351) had a smoking history, 5.4% (19/351) 
had a performance status score of 2–4 and 16.5% (58/351) 
had a surgical treatment. Prior to osimertinib treatment, T3–4, 
N2–3 and IVB stage were diagnosed in 70.4% (247/351), 
65.2% (229/351) and 65.5% (230/351) of patients, respectively. 
The primary EGFR mutations types at initial diagnosis were 
19 Del (55.6%) and L858R (34.8%), while the rest 9.7% of 
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Table 1  Baseline factors of all patients and cases of distinct response groups

All cohort (N = 351) Patients with PD (N = 35) Patients with PR (N = 180) Patients with SD (N = 136)

Primary EGFR mutation
 19 Del 195 (55.6%) 19 (54.3%) 105 (58.3%) 71 (52.2%)
 L858R 122 (34.8%) 13 (37.1%) 61 (33.9%) 48 (35.3%)
 Others 34 (9.7%) 3 (8.6%) 14 (7.8%) 17 (12.5%)

Prior EGFR-TKI
 Gefitinib 191 (54.4%) 21 (60.0%) 99 (55.0%) 71 (52.2%)
 Icotinib 92 (26.2%) 4 (11.4%) 46 (25.6%) 42 (30.9%)
 Erlotinib 59 (16.8%) 9 (25.7%) 30 (16.7%) 20 (14.7%)
 Afatinib 9 (2.6%) 1 (2.9%) 5 (2.8%) 3 (2.2%)

PFS of prior EGFR-TKI
 Median (IQR) 13.1 (9.1–19.6) 12.8 (8.2–18.3) 14.3 (10.0–22.3) 12.5 (8.1–17.3)
 < 13 Mo 174 (49.6%) 19 (54.3%) 80 (44.4%) 75 (55.1%)
 ≥ 13 Mo 177 (50.4%) 16 (45.7%) 100 (55.6%) 61 (44.9%)

Age
 Median (IQR) 58 (51–68) 58 (50–68) 57 (50–68) 60 (51–67)
 < 60Y 183 (52.1%) 19 (54.3%) 96 (53.3%) 68 (50.0%)
 ≥ 60Y 168 (47.9%) 16 (45.7%) 84 (46.7%) 68 (50.0%)

Gender
 Female 209 (59.5%) 16 (45.7%) 109 (60.6%) 84 (61.8%)
 Male 142 (40.5%) 19 (54.3%) 71 (39.4%) 52 (38.2%)

Smoking history
 No 265 (75.5%) 24 (68.6%) 138 (76.7%) 103 (75.7%)
 Yes 86 (24.5%) 11 (31.4%) 42 (23.3%) 33 (24.3%)

Performance status score
 0–1 332 (94.6%) 30 (85.7%) 175 (97.2%) 127 (93.4%)
 2–4 19 (5.4%) 5 (14.3%) 5 (2.8%) 9 (6.6%)

Laterality
 Left 145 (41.3%) 19 (54.3%) 68 (37.8%) 58 (42.6%)
 Right 206 (58.7%) 16 (45.7%) 112 (62.2%) 78 (57.4%)

Location
 Upper lobes 188 (53.6%) 17 (48.6%) 100 (55.6%) 71 (52.2%)
 Middle lobes 33 (9.4%) 2 (5.7%) 17 (9.4%) 14 (10.3%)
 Lower lobes 130 (37.0%) 16 (45.7%) 63 (35.0%) 51 (37.5%)

T stage prior Osimertinib
 T1–2 104 (29.6%) 5 (14.3%) 51 (28.3%) 48 (35.3%)
 T3–4 247 (70.4%) 30 (85.7%) 129 (71.7%) 88 (64.7%)

N stage prior Osimertinib
 N0–1 122 (34.8%) 13 (37.1%) 63 (35.0%) 46 (33.8%)
 N2–3 229 (65.2%) 22 (62.9%) 117 (65.0%) 90 (66.2%)

M stage prior Osimertinib
 M1a 88 (25.1%) 4 (11.4%) 51 (28.3%) 33 (24.3%)
 M1b 33 (9.4%) 2 (5.7%) 20 (11.1%) 11 (8.1%)
 M1c 230 (65.5%) 29 (82.9%) 109 (60.6%) 92 (67.6%)

Stage prior Osimertinib
 IVA 121 (34.5%) 6 (17.1%) 71 (39.4%) 44 (32.4%)
 IVB 230 (65.5%) 29 (82.9%) 109 (60.6%) 92 (67.6%)

Surgical treatment
 Without 293 (83.5%) 28 (80.0%) 153 (85.0%) 112 (82.4%)
 With 58 (16.5%) 7 (20.0%) 27 (15.0%) 24 (17.6%)
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patients harbored other/unknown mutations. Before osimer-
tinib initiation, 54.4%, 26.2%, 16.8% and 2.6% of all patients 
received gefitinib, icotinib, erlotinib and afatinib therapy, 
respectively.

Overall therapeutic outcomes of osimertinib

The median follow-up time was 21.3 Mo (95% CI 17.0–25.7 
Mo) for the whole cohort. Overall, among the total 351 
patients receiving the sequential osimertinib treatment, the 
best response of PR, stable disease (SD) and progressive dis-
ease (PD) was achieved in 180 (51.3%), 136 (38.7%) and 35 
(10.0%) cases, respectively. No CR was confirmed among the 
total cohort. The overall ORR was 51.3%. At the end of follow-
up, disease progression and death occurred in 227 (64.7%) and 
130 (37.0%) patients, respectively. The median PFS and OS 
for the total cohort were 12.7 Mo (95% CI 11.5–13.9 Mo) and 
25.9 Mo (95% CI 22.5–31.5 Mo), respectively.

The impact of prior EGFR‑TKI treatment and primary 
EGFR mutation on the osimertinib therapy

Previous studies revealed that the different EGFR mutations 
have distinct prognostic values, with EGFR 19 Del being the 
one with favorable clinical outcomes (Igawa et al. 2019; Ono 
et al. 2019; Peng et al. 2021). In the current study, however, 
EGFR 19 Del showed no effect in predicting either the PFS, 
OS or the ORR (Figs. 1A, 2A, 3AI; Table 2) of the sequen-
tial osimertinib therapy. Nevertheless, patients with EGFR 
19 Del harbored a relatively longer PFS in the prior EGFR-
TKI therapy compared to cases with other mutations (mean 
PFS: 17.1 Mo vs. 14.8Mo, p = 0.058).   

We also investigated the potential impact of prior EGFR-
TKI treatment on the sequential osimertinib therapy. As 
shown in Figs. 1B, 2B, 3AII, the distinct therapeutic choice 
of prior EGFR-TKI was not a predictor of the therapeutic 
efficacy of osimertinib treatment. However, the PFS of the 
prior EGFR-TKI agent was significantly associated with 
patients’ PFS, OS and ORR in osimertinib therapy whether 
as a continuous variable or a dichotomous variable accord-
ing to the median value (13 Mo) of their PFS of the prior 
EGFR-TKI treatment (Figs. 1C, 2C, 3AIII; Table 2).

The significance of pretreatment baseline clinical 
factors in predicting osimertinib therapy

Next, we explored if different pretreatment clinical fac-
tors could impact the therapeutic efficacy of osimertinib 

treatment. Patients with a higher performance status score 
(PS2–4 vs. 0–1: 17.2% vs. 52.7%, p = 0.033, Fig. 3AVII) 
and stage IVB (Stage IVB vs. IVA: 47.4% vs. 58.7%, 
p = 0.045, Fig. 3AXI) harbored a lower chance of hav-
ing an objective response in the osimertinib treatment 
(Table 2A). Other clinical factors had no influence on 
osimertinib therapy.

The results of Kaplan–Meier curves (Figs. 1D–L, 2D–L) 
and univariate COX regression (Table 2A) revealed that 
PS2–4 (HR and 95% CI PFS: 3.30, 2.00–5.47; OS: 2.84, 
1.68–4.80) and Stage IVB (HR and 95% CI PFS: 1.61, 
1.21–2.13; OS: 2.20, 1.47–3.29) was accompanied with 
rapid disease progression or death in the osimertinib treat-
ment. In addition, compared to those with M1a disease, 
patients with M1b (HR, 95% CI 1.66, 1.02–2.71) and M1c 
(HR, 95% CI 1.87, 1.34–2.60) NSCLC harbored a higher 
chance of developing disease progression, while the pres-
ence of M1c was also related to shorter OS (HR and 95% CI 
2.35, 1.48–3.74).

The effect of diverse metastatic modalities 
on the efficacy of osimertinib therapy

The exact prognostic values of various metastatic modal-
ities in the treatment efficacy of osimertinib therapy 
remain unclear. Here we comprehensively compared 
the prognosis of osimertinib in patients with different 
metastatic modes. Univariate analysis showed that bone 
metastasis was a predictor of lower ORR (OR and 95% 
CI 2.08, 1.36–3.19). Besides, bone metastasis (HR and 
95% CI PFS: 1.63, 1.25–2.13; OS: 1.85, 1.30–2.63), as 
well as hepatic metastasis (HR and 95% CI PFS: 1.51, 
1.01–2.26; OS: 1.90, 1.20–2.99), was associated with 
unfavorable PFS and OS (Fig. 4). Pleural effusion was 
accompanied by more unfavorable OS (HR and 95% CI 
1.50, 1.05–2.14) but not PFS. On the contrary, the pres-
ence or absence of metastases in other organs or pericar-
dial effusion was not related to the clinical outcomes of 
the sequential osimertinib treatment.

In addition, we divided all patients into distinct groups 
based on the number of extrathoracic organ metastasis they 
had and compared the therapeutic efficacy of the subse-
quent osimertinib therapy among all groups. The presence 
of extrathoracic organ metastasis was obviously associated 
with shorter median PFS and OS for patients receiving 
sequential osimertinib therapy (Figure S1). However, the 
prognosis of patients with different number of extrathoracic 

Table 1  (continued)
PD Progression disease, PR Partial response, SD Stable disease, EGFR Epidermal growth factor receptor, IQR Interquartile range, PFS Progres-
sion-free survival
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organ metastasis (metastatic burden) was comparable (Fig-
ure S1), indicating that the therapeutic efficacy of osimer-
tinib was not obviously impacted with the accumulating of 
metastatic organs.

Multivariate analyses identifying independent 
prognosticator of osimertinib therapy

Multivariate logistic and COX regression was carried out 
to identify the independent risk factors of osimertinib treat-
ment (Table 2). Factors with predictive ability in univariate 
analysis (Table 2A) as well as previously reported prognos-
tic factors including age, gender, smoking history and pri-
mary EGFR mutation were included into the multivariate 

analysis. Considering that bone metastasis, M stage and 
stage were closely related to one another, we only included 
bone metastasis into the multivariate analysis. The results 
were consistent in different analyses regarding OR, PFS and 
OS as an endpoint, respectively. PFS of prior EGFR-TKI, 
performance status score and bone metastasis were strongly 
associated with a shorter PFS and OS and a lower ORR.

Discussion

To the best of our knowledge, our research is currently the 
largest real-world study of the Chinese population inves-
tigating the prognosis of osimertinib treatment in NSCLC 

Fig. 1  Kaplan–Meier curves showing the progression-free survival 
of the sequential osimertinib treatment in patients with distinct clini-
cal subgroups. A Patients with different primary EGFR mutations; 
B Patients with different prior EGFR-TKI therapies; C Patients with 
different PFS of the prior EGFR-TKI treatment; D Patients with dif-
ferent age groups; E Patients with different genders; F Patients with 

or without smoking history; G Patients with different PS; H Patients 
with different T stages; I Patients with different N stages; J Patients 
with different M stages; K Patients with different stages; L Patients 
with or without surgical treatment. EGFR-TKI: epidermal growth fac-
tor receptor tyrosine kinase inhibitors; PS: performance status score; 
PFS: progression-free survival
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patients with acquired T790M mutation resistant to prior 
first-/second-generation EGFR-TKI therapy. The median 
PFS of our study was 12.7 Mo, consistent with the outcomes 
of the AURA extension randomized trial (12.3 Mo) (Yang 
et al. 2017a, b) and real-world studies from two Chinese and 
one French cohort (12–12.4 Mo) (Auliac et al. 2019; Chen 
et al. 2020; Peng et al. 2021). The median OS of the present 
study was 25.9 Mo which was also in line with the AURA 
III clinical trial (26.8 Mo) (Mok et al. 2017). Similar to other 
real-world researches (40.5–58.8%), the ORR of the current 
study was 51.3% (Huang et al. 2021; Igawa et al. 2019; Peng 
et al. 2021; Yang et al. 2021). In aggregate, the current study 
verified the favorable clinical efficacy of osimertinib treat-
ment in a large real-world Chinese cohort.

As a novel inhibitor targeting the EGFR signaling, the 
therapeutic efficacy of the third-generation EGFR-TKI, 
osimertinib, may be potentially affected by the initial first/
second-generation EGFR-TKI treatment. However, little 
research regarding this issue had been carried out. Only 
one small-sample study with 27 NSCLC patients from 
Japan reported that the PFS of initial EGFR-TKIs was sig-
nificantly associated with the PFS of osimertinib treatment 
(Yoshimura et al. 2019). In the current study, we systemati-
cally reported the prognostic effects of relevant factors in the 
prior EGFR-TKI therapy on the sequential osimertinib treat-
ment, including prior EGFR-TKI agents, PFS of prior EGFR-
TKI and primary EGFR mutation. Our analyses supported 
different therapeutic choices of prior EGFR-TKI (gefitinib/

Fig. 2  Kaplan–Meier curves showing the overall survival of the 
sequential osimertinib treatment in patients with distinct clinical 
subgroups.  A Patients with different primary EGFR mutations; B 
Patients with different prior EGFR-TKI therapies; C Patients with 
different PFS of the prior EGFR-TKI treatment; D Patients with dif-
ferent age groups; E Patients with different genders; F Patients with 

or without smoking history; G Patients with different PS; H Patients 
with different T stages; I Patients with different N stages; J Patients 
with different M stages; K Patients with different stages; L Patients 
with or without surgical treatment. EGFR-TKI: epidermal growth fac-
tor receptor tyrosine kinase inhibitors; PS: performance status score; 
PFS: progression-free survival
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erlotinib/icotinib/afatinib) are not predictors of osimertinib 
treatment. Huang et al. (2021) also reported a similar finding 
that the therapeutic efficacy of osimertinib was not signifi-
cantly different among patients treated with various first-line 
EGFR-TKIs, including gefitinib, erlotinib and afatinib group 
(10.9 Mo vs. 10.0 Mo vs. 6.7 Mo, p = 0.534). Furthermore, 
in the present study, we observed the significant relationship 
between the PFS of prior EGFR-TKI treatment and the PFS/
OS/ORR of the sequential osimertinib therapy. As far as we 
know, this is the first Chinese real-world study to report the 
effect of PFS of prior EGFR-TKI on the efficacy of osimer-
tinib treatment in NSCLC patients with acquired T790M 
mutation.

Previous studies have demonstrated that different primary 
EGFR mutation types had distinct prognostic values. EGFR 
19 Del was considered as a favorable prognostic factor in 
first- or second-generation EGFR-TKI therapy (Yang et al. 
2017a, b; Zhang et al. 2014). However, the prognostic role of 

primary EGFR mutation types in the sequential osimertinib 
treatment remains controversial. Ono et al. (2019) identi-
fied EGFR genotype as an independent predictor of PFS 
of osimertinib in 47 T790M-positive NSCLC patients (HR: 
2.83, 95% CI 1.32–6.06, p = 0.007). In addition, a prospec-
tive observational study indicated that the response rate of 
osimertinib in patients with 19 Del was obviously more 
favorable than L858R (69.7% vs. 38.9%, p = 0.033), so were 
the median PFS (8.0 Mo vs. 5.2 Mo, p = 0.045) and median 
OS (19.8 Mo vs. 12.9 Mo, p = 0.0015) (Igawa et al. 2019). 
However, on the contrary, in the current study, EGFR 19 
Del did not significantly influence the efficacy of osimerti-
nib therapy. There are a number of studies that support our 
findings (Huang et al. 2021; Kishikawa et al. 2020; Masuhiro 
et al. 2018; Yoshimura et al. 2019). Interestingly, one study 
reported that against the EGFR L858R mutation, the pres-
ence of EGFR 19 Del mutation was associated with shorter 
OS but not PFS (Peng et al. 2021). Taking together, these 

Fig. 3  Objective response rate of the sequential osimertinib treatment in patients with distinct clinical subgroups. Patients were grouped either 
by pretreatment clinical factors (A) or metastatic modalities (B)



2482 Journal of Cancer Research and Clinical Oncology (2022) 148:2475–2486

1 3

Table 2  Univariate and multivariate analyses of factors in predicting the PFS, OS and objective response of osimertinib therapy

HR Hazard ratio, OR Odds ratio, CI Confidence interval, PFS Progression-free survival, OS Overall Survival

Analysis for PFS Analysis for OS Analysis for objective response

HR 95% CI of HR P value HR 95% CI of HR P value OR 95% CI of OR P value

A. Univariate COX regression
 Primary EGFR mutation
  L858R vs. 19 Del 1.12 0.85–1.49 0.423 1.03 0.72–1.49 0.857 1.17 0.74–1.84 0.505
  Others vs. 19 Del 0.88 0.55–1.40 0.592 0.66 0.34–1.28 0.218 1.67 0.80–3.49 0.175

 Prior EGFR-TKI
  Icotinib vs. Gefitinib 0.89 0.64–1.22 0.470 0.96 0.62–1.48 0.840 1.08 0.65–1.77 0.773
  Erlotinib vs. Gefitinib 1.12 0.79–1.58 0.518 1.20 0.78–1.87 0.410 1.04 0.58–1.87 0.895
  Afatinib vs. Gefitinib 1.92 0.70–5.24 0.202 1.82 0.44–7.46 0.407 0.86 0.22–3.30 0.827

 PFS of prior EGFR-TKI
  Continuous variable 0.98 0.97–0.99 0.003 0.96 0.94–0.98 < 0.001 0.97 0.95–0.99 0.012

 Age
  Continuous variable 0.99 0.98–1.00 0.133 1.00 0.98–1.01 0.628 1.00 0.98–1.02 0.834

 Gender
  Male vs. female 1.20 0.92–1.56 0.180 1.23 0.86–1.74 0.255 1.09 0.71–1.67 0.692

 Smoking history
  Yes vs. No 1.17 0.86–1.59 0.308 1.05 0.70–1.57 0.818 1.14 0.70–1.85 0.602

 Performance status score
  2–4 vs. 0–1 3.30 2.00–5.47 < 0.001 2.84 1.68–4.80 < 0.001 3.12 1.10–8.86 0.033

 T stage prior Osimertinib
  T3–4 vs. T1–2 1.26 0.94–1.69 0.118 1.42 0.94–2.12 0.092 0.88 0.56–1.39 0.585

 N stage prior Osimertinib
  N2–3 vs. N0–1 0.91 0.69–1.19 0.490 0.82 0.57–1.16 0.263 1.02 0.66–1.59 0.922

 M stage prior Osimertinib
  M1b vs. M1a 1.66 1.02–2.71 0.042 1.26 0.60–2.67 0.540 0.90 0.40–2.03 0.792
  M1c vs. M1a 1.87 1.34–2.60 < 0.001 2.35 1.48–3.74 < 0.001 1.53 0.93–2.51 0.093

 Stage prior Osimertinib
  IVB vs. IVA 1.61 1.21–2.13 0.001 2.20 1.47–3.29 < 0.001 1.58 1.01–2.46 0.045

 Surgical treatment
  With vs. without 0.76 0.53–1.10 0.148 0.94 0.61–1.47 0.795 1.25 0.71–2.21 0.431

B. Multivariate COX regression
 PFS of prior EGFR-TKI
  Continuous variable 0.98 0.97–1.00 0.009 0.96 0.93–0.98 < 0.001 0.98 0.96–1.00 0.030

 Primary EGFR mutation
  L858R vs. 19 Del 1.08 0.81–1.43 0.612 0.88 0.61–1.29 0.522 1.04 0.65–1.67 0.872
  Others vs. 19 Del 0.85 0.53–1.36 0.497 0.53 0.26–1.06 0.073 1.66 0.77–3.56 0.195

 Age
  Continuous variable 1.00 0.98–1.01 0.456 1.00 0.99–1.02 0.621 1.01 0.99–1.03 0.567

 Gender
  Male vs. Female 1.29 0.92–1.80 0.138 1.45 0.93–2.27 0.100 1.10 0.64–1.90 0.719

 Smoking history
  Yes vs. No 0.97 0.66–1.42 0.878 0.78 0.47–1.31 0.348 1.06 0.57–1.97 0.847

 Performance status score
  2–4 vs. 0–1 3.75 2.24–6.26 < 0.001 3.08 1.79–5.32 < 0.001 3.12 1.07–9.10 0.038

 Bone metastasis
  With vs. without 1.55 1.18–2.03 0.001 1.81 1.27–2.59 0.001 1.97 1.27–3.06 0.002
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findings implied that the exact significance of the primary 
EGFR mutation on the osimertinib treatment is controversial 
and more validations are warranted in future studies.

Previous researches indicated that osimertinib has a supe-
rior ability to penetrate the blood–brain barrier than first-/
second-generation EGFR-TKI, which could consequently 
result in sustained tumor remission of brain metastasis, 

indicating favorable intracranial effect (Ballard et al. 2016; 
Goss et al. 2016; Mok et al. 2017; Yang et al. 2017a, b). 
In our study, we found that brain metastasis was not cor-
related with either PFS, OS or ORR of osimertinib therapy. 
Similarly, several studies also draw the same conclusion 
that brain or CNS metastasis was not a prognostic feature of 
osimertinib treatment (Huang et al. 2021; Kishikawa et al. 
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Fig. 4  Forest plots exhibiting the significance of different metastatic modalities in predicting progression-free survival (A), overall survival (B) 
and objective response (C) of the sequential osimertinib therapy
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2020; Li et al. 2021; Masuhiro et al. 2018; Peng et al. 2021). 
We speculate that the reason for the above findings may be 
that the good intracranial efficacy of osimertinib can con-
trol brain metastasis and minimize the survival difference 
between patients with and without brain metastasis.

Apart from brain metastasis, we also comprehensively 
explored the potential impact of different metastatic modali-
ties on the therapeutic efficacy of the osimertinib treatment. 
Our research revealed that bone metastasis was a remarkable 
predictor of lower ORR and inferior PFS/OS of the osimerti-
nib treatment, which might indicate that the effect of osimer-
tinib was diminished in treating cases with bone metastasis. 
Gu et al. (2020) reported a similar result that osimertinib had 
an effective control on the primary disease but poor effect 
on bone metastasis in a 65-year-old lung adenocarcinoma 
patient with T790M mutation resistance to gefitinib.

In addition, we also investigated the value of extrathoracic 
organ metastasis in predicting the PFS and OS of the osimer-
tinib treatment. We found that the presence of extrathoracic 
organ metastasis was strongly related to the unfavorable 
prognosis of the osimertinib therapy, which was consistent 
with another Chinese real-world study (Chen et al. 2020). 
Moreover, our study first investigated if patients’ prognosis 
in osimertinib therapy gets worse with the accumulation of 
extrathoracic organ metastases. However, the prognosis of 
patients with different number of extrathoracic metastasis 
receiving osimertinib was comparable, suggesting that the 
therapeutic efficacy of osimertinib was not obviously influ-
enced by metastatic burden. This finding implied that, in 
clinical practice of osimertinib use, patients with high meta-
static burden shared comparable clinical outcomes to cases 
with low metastatic burden, and, therefore, should not be 
treated with more aggressive therapeutic schemes.

In this study, we also analyzed the prognostic effects of a 
variety of baseline clinical factors on the efficacy of osimer-
tinib treatment. Multivariate analysis showed that a higher 
performance status score (PS ≥ 2) was related to a shorter 
PFS/OS and a lower ORR of osimertinib, which was con-
sistent with previous studies(Huang et al. 2021; Kato et al. 
2019; Li et al. 2021; Ono et al. 2019). In contrast, clinical 
characteristics such as age, sex and smoking history had no 
significant impact on the prognosis of osimertinib therapy. 
Though a number of studies had similar findings (Huang 
et al. 2021; Kishikawa et al. 2020; Li et al. 2021; Masuhiro 
et al. 2018), several researches identified age (Kato et al. 
2019; Ono et al. 2019), sex (Peng et al. 2021) and smoking 
history (Liu et al. 2020) as independent prognostic factors of 
osimertinib therapy. Thus, there is a need of more evidence 
to identify the prognostic value of pretreatment clinical char-
acteristics on osimertinib therapy.

There existed several limitations in our study. First, selec-
tion bias was not avoidable because of the retrospective 
design of the current study. Second, the data of our cohort 

were collected from a single institution. Third, there is a lack 
of biological markers for prognostic prediction of osimerti-
nib. Previous studies have reported higher TMB value (Xing 
et al. 2019), germline BCL2L11 deletion polymorphism 
(Li et al. 2021), T790M relative mutation purity quartiles 
(Zheng et al. 2020), act-EGFR MAF and T790M/act-EGFR 
MAF ratio (Del Re et al. 2018) might be potentially associ-
ated with clinical outcomes of osimertinib therapy. There-
fore, verifications on prognosticators of osimertinib from 
prospective multi-center research data with larger sample 
sizes and biological prognostic markers are needed in the 
future.

Conclusions

By analyzing data of a large Chinese cohort, our research 
exhibited the therapeutic efficacy of osimertinib in NSCLC 
patients with acquired T790M mutation from the real-world 
perspective. We comprehensively investigated the prognos-
tic factors affecting the therapeutic efficacy of osimertinib 
treatment. PFS of the prior EGFR-TKI treatment, perfor-
mance status score and bone metastasis were independent 
prognosticators of the osimertinib treatment. Our findings 
may facilitate and guide clinicians in decision-making of 
osimertinib therapy in NSCLC patients.
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