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Objective: Osimertinib is the standard targeted strategy for lung adenocarcinoma patients harboring epidermal growth factor receptor
(EGFR)-activating mutation who have achieved acquired mutation T790M beyond progression of first-line EGFR-tyrosine kinase
inhibitor (TKI). In a real world setting, the efficacy for osimertinib as a subsequent treatment beyond first-generation EGFR-TKI
progression under complex circumstances such as different T790M mutation status is still worth exploring.
Methods: Records of 84 lung adenocarcinoma patients with an EGFR sensitive mutation who received first-generation EGFR-TKI as
first-line therapy and sequenced by osimertinib after progression were retrospectively reviewed in this study. The assessment of
efficacy of subsequent osimertinib treatment was evaluated by progression free survival (PFS), objective response rate (ORR),
complete response (CR), partial response (PR), disease control rate (DCR) and stable disease (SD) rates. Relationship between PFS
and clinicopathological characteristics was analyzed using univariate analysis.
Results: Until the median follow-up time of 23.7 months (IQR 10.8–29.0 months), the median PFS (mPFS) of subsequent osimertinib was
17.0months (HR 1.744, 95%CI, 13.547–20.382). Among 60 patients who had at least onemeasurable lesion, 35.0% of patients (21/60) had PR
to osimertinib, and 63.3% patients (38/60) had SD during osimertinib treatment. The ORR was 35.0%, and the DCR was 98.3%. Patients with
acquired T790Mmutation which was detected by NGS or ddPCR assay had an mPFS of 17.0 months (HR = 1.032, 95% CI, 14.941–18.987),
while the remaining 17 patients who had negative or unknown T790M mutation status had an mPFS of 23.5 months (HR = 9.404, 95%
CI, 5.068–41.932). No significant difference was observed in those with and without T790M mutation (P = 0.704).
Conclusion: Osimertinib may serve as an alternative subsequent choice after progression of first-generation EGFR-TKI in EGFR-
mutated lung adenocarcinoma and may represent a potential treatment option for selected T790M-negative patients.
Keywords: osimertinib, progression, subsequent therapy, lung adenocarcinoma, T790M mutation

Introduction
Epidermal growth factor receptor (EGFR)-activating mutations, including mainly in exon 19 (19del) and exon 21 (L858R)
mutations, have been confirmed as the main predictors of clinical outcome with targeted therapy in non-small cell lung
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cancer (NSCLC).1,2 EGFR-tyrosine kinase inhibitors (TKIs) are now a standard first-line therapy for NSCLC patients
harboring EGFR-activating mutations, resulting in a 70% response rate and a prolonged progression-free survival (PFS).3

However, the majority of patients would develop acquired resistance to EGFR-TKIs,4 with the mean duration of initial
response being 3 to 7 months.5,6 The mechanism of resistance is complex, and a threonine-to-methionine mutation at codon
790 (T790M) of the EGFR gene accounts for approximately 50% of acquired resistance to the first-generation EGFR-TKI
gefitinib.4 Some patients would acquire MET amplification or EGFR amplification, and even mutations in PIK3CA.7

Osimertinib is a third-generation EGFR-TKI, known to be effective both as first-line therapy in NSCLC patients
harboring the sensitive EGFR mutations,8 and in patients with the T790M resistant mutation after failure of prior
TKIs, significantly prolonging progression free survival (PFS) compared to platinum and pemetrexed chemotherapy
(10.1 months vs 4.4 months, P < 0.001).9 Osimertinib also has similar efficacy in the Asia-Pacific patient population
harboring the EGFR T790M mutation, with a median PFS (mPFS) of 9.7 months (95% CI, 7.0–11.1).10 However, in
patients who have not acquired the EGFR T790M mutation beyond the progression of first-generation EGFR-TKI,
chemotherapy is still a recommended strategy by the National Comprehensive Cancer Network (NCCN) Guidelines.
Continuation of EGFR-TKI combined with chemotherapy is not recommended, according to the results in the
IMPRESS study, showing that continuation of gefitinib after progression on first-line gefitinib did not prolong PFS
(5.4 months vs 5.4 months) in patients who received chemotherapy as subsequent therapy,11 and has even been
detrimental to overall survival compared to chemotherapy plus placebo (13.4 months vs 19.5 months, P=0.016).12

In clinical practice, however, some patients could not tolerate chemotherapy after progression of first-line EGFR-
TKIs, and thus received osimertinib even without detection of EGFR-T790M. Furthermore, the clinical utility of
tissue rebiopsy has usually been limited by the lack of available tissue, costs, risk of complications, and turnaround
times.13 Plasma circulating tumor DNA (ctDNA) has advantages over tissue biopsy in the perspectives mentioned
above, and is recommended not only for EGFR sensitive mutations14 but also for acquired T790M mutation.15 The
Cobas test, droplet digital polymerase digital chain reaction (ddPCR), and next generation sequencing (NGS) could
be used in the detection of the T790M mutation in tumor DNA derived from ctDNA to identify patients for
osimertinib treatment.16 In a real world setting, the efficacy of osimertinib as a subsequent treatment beyond first-
generation EGFR-TKI progression under complex circumstances such as the combination of bevacizumab, with or
without the T790M mutation, is still worth exploring.

Methods
Study Design
We retrospectively reviewed the records of advanced lung adenocarcinoma patients diagnosed by pathology and
radiological results at the Cancer Hospital Chinese Academy of Medical Sciences (CAMS). Patients with EGFR sensitive
mutations who received first-generation EGFR-TKIs as first-line therapy followed by osimertinib after progression were
included. Inclusion criteria included the following: 1. Pathologically diagnosed as recurrent/metastatic lung adenocarci-
noma; 2. Harboring typical EGFR 19del or 21L858R point mutation assessed by amplification refractory mutation
system (ARMS)-PCR or NGS assay; 3. Progression after first-generation EGFR-TKIs as first-line therapy; 4. With or
without EGFR exon 20 T790M mutation alone or co-occurring with other EGFR mutations confirmed by NGS or ddPCR
with tissue or liquid biopsy after progression of prior TKI; 5. Patients who received osimertinib combined with or
without bevacizumab as subsequent therapy prior to TKI, regardless of whether they had received chemotherapy or not.
Having received local therapy such as palliative surgery, radiotherapy, radiofrequency ablation, intrathecal injection or
intrapleural chemotherapy together with targeted therapy were allowed for inclusion. Patients who had other kinds of
EGFR-TKIs or chemotherapy between first- and third-generation EGFR-TKIs were also included. Those who had no
complete records or follow-up data were excluded from the analysis.

The present study was approved by the ethics committee of Cancer Hospital, CAMS and Peking Union Medical
College (approval No. 21/245-2916). Informed consent was waived by the ethics committee.
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Clinical Assessment
The assessment of efficacy of subsequent osimertinib treatment was based on the RECIST version 1.1.17 The indices of
efficacy assessment were evaluated by progression free survival (PFS), overall survival (OS), objective response rate
(ORR), complete response (CR), partial response (PR), disease control rate (DCR) and stable disease (SD) rates. PFS was
defined as the period between the initiation of osimertinib to progression or death from any cause, and OS was defined as
the period from the initiation of osimertinib treatment to death from any cause or the last follow-up. ORR was defined as
the sum of CR and PR rates, and DCR was defined as the sum of the CR, PR and SD rates.

The relationship between PFS and clinicopathological characteristics was analyzed using univariate analysis, includ-
ing age, gender, smoking history, tumor stage, brain metastases, best response to prior EGFR-TKIs, the presence of the
T790M mutation, and the line of osimertinib. EGFR mutation status at diagnosis was also analyzed as a factor.

Gene Tests
EGFR sensitive mutations were detected by ARMS-PCR or NGS at baseline, with either tissue or cytohistology
samples. The EGFR exon 20 T790M mutation was confirmed by plasma ctDNA or tissue biopsy when first-line EGFR-
TKIs progressed. Most patients underwent NGS texting with another tissue or liquid biopsy, while some patients also
had their plasma samples tested by ddPCR assay. The T790M mutation detected by either NGS or ddPCR was deemed
positive in this study. After the progression of osimertinib, some patients underwent extra gene testing with tissue or
ctDNA.

Statistical Analysis
Clinical characteristics and responses to therapy of patients were analyzed with descriptive statistics. The continuous and
categorical data were presented as medians [quartile 1 (Q1) and quartile 3 (Q3)] and numbers (percentages), respectively.
Continuous variables were compared by t-tests, and categorical variables were analyzed by χ2 tests. All statistical
analysis was performed by utilizing SPSS version 26.0 (IBM Corp., Armonk, NY, USA), and a P value <0.05 was
considered to be significant. Median PFS was calculated by the Kaplan-Meier product limit method. Hazard ratios (HR)
and 95% CI were calculated using the Cox proportional hazards model. Risk factors for PFS were analyzed with the
univariate Cox proportional hazards regression model, using the following covariates: age, gender, smoking history,
tumor stage, brain metastases, best response to prior EGFR-TKI, the presence of T790M mutation, line of targeted
therapy, and EGFR mutation status at diagnosis.

Results
Characteristics
From February 2017 to June 2021, 84 eligible patients were included in the study. Clinicopathological features of all
enrolled patients are shown in Table 1. Most enrolled patients were females who never-smoked with a good performance
status of 0–1. The median age of diagnosis of recurrent or metastatic disease was 56 years old (IQR 49–64 years old). In
total, 59 patients (70.2%) had stage IIIB/IV disease when first diagnosed, while 25 patients (29.8%) had recurrence after
resection, with or without adjuvant chemotherapy or adjuvant radiotherapy. Seventeen patients (20.2%) underwent
rebiopsy on tissue to detect T790M using NGS assay. Four patients (4.8%) who had pleural effusion or leptomeningeal
metastasis (LM) received thoracocentesis or rachicentesis to undergo NGS tests on pleural fluid or cerebrospinal fluid
(CSF). The remaining 58 patients (69.0%) received NGS tests on ctDNA only. Among patients who received plasma
gene tests, 42 patients (72.4%) were positive, 7 patients (12.1%) who were negative on NGS tests received further
plasma tests using ddPCR assays and had positive results for the T790M mutation, and the remaining 9 patients (15.5%)
had negative results on NGS tests or both. Twenty patients (23.8%) had been diagnosed with lung adenocarcinoma with
brain metastases (BM) at baseline of first-generation EGFR-TKIs, including a limited number of LM. As for progression
pattern of first-line EGFR-TKIs, 13 patients (15.5%) had intracranial progression or new lesions in the CNS, while the
remaining 71 patients (84.5%) had non-CNS metastases. Therefore, a total of 26 patients (31.0%) had BM or LM prior to
osimertinib.
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Treatment
All enrolled patients were pathologically diagnosed with recurrent/metastatic NSCLC harboring sensitive EGFR exon 19
deletion or exon 21 L858R mutation and progressed after first-line EGFR-TKI icotinib, gefitinib, or erlotinib. Most
patients (94.0%) underwent secondary tissue or liquid biopsy to detect the T790M mutation beyond progression. Two
patients (2.4%) received one to two cycles of chemotherapy while awaiting NGS or ddPCR testing.

All patients then received osimertinib as subsequent therapy until progression or death, with no intolerable
adverse events occurred. In total, 42 patients (50.0%) had received icotinib, 29 patients (34.5%) had received
gefitinib, and the remaining 13 patients (15.5%) had received erlotinib as their first-line therapy. Fifteen patients
(17.9%) had received a combination of first-generation EGFR-TKIs and the anti-angiogenic agent bevacizumab
concurrently or when gradual progression occurred, with progression in no more than two nontargeted lesions, and
with an asymptomatic status or stability of pre-existing symptoms.18 In total, 73.8% of patients (62/84) received
osimertinib as second-line therapy, while the remaining 26.2% of patients (22/84) had subsequent chemotherapy or
other EGFR-TKIs until they received osimertinib as third-line therapy. Thirty-eight patients (45.2%) underwent local
therapy including palliative surgery, radiotherapy (RT), radiofrequency ablation (RTA) for regional lesions, intrathe-
cal injection for LM, and intrapleural chemotherapy for pleural effusion, in addition to systemic treatment. The
treatment strategy has been shown in Table 2.

Table 1 Clinicopathological Features of All Enrolled Advanced Lung Adenocarcinoma Patients Harboring EGFR-Activating Mutations
Who Received Osimertinib Beyond Progression of First-Generation EGFR-TKIs as First-Line Therapy

Characteristics Overall
(n=84)
n (%)

T790M+
(n=67)
n (%)

T790M-/Unknown
(n=17)
n (%)

Age (median, IQR) 56 (49–64) 56 (49–63) 61 (51–66)

Gender Female 58 (69.1) 43 (64.2) 15 (88.2)
Male 26 (30.9) 24 (35.8) 2 (11.8)

Smoking status Current/former 23 (27.4) 22 (32.8) 1 (5.9)
Never 61 (72.6) 45 (67.2) 16 (94.1)

Tumor stage Postoperative recurrence 25 (29.8) 20 (29.9) 5 (29.4)
IIIB/IV 59 (70.2) 47 (70.1) 12 (70.6)

CNS metastases prior to

1st line EGFR-TKI

Present 20 (23.8) 14 (20.9) 6 (35.3)
Absent 64 (76.2) 53 (79.1) 11 (64.7)

EGFR mutation at diagnosis Exon 19 deletion 51 (60.7) 40 (59.7) 11 (64.7)
Exon 21 mutation (L858R) 33 (39.3) 27 (40.3) 6 (35.3)

Best response to prior TKI CR/PR 30 (35.7) 21 (31.3) 9 (52.9)
SD 54 (64.3) 46 (68.7) 8 (47.1)

Detection of T790M

mutation after first
progression

NGS (tissue) 16 (19.0) – –
NGS (plasma) 40 (47.6) – –

NGS (pleural/cerebrospinal fluid) 4 (4.8) – –

ddPCR (plasma) 7 (8.3) – –
Negative/Unknown 17 (20.2) – –

Progression pattern of first-
line EGFR-TKI

Intracranial progression/New metastases in CNS 13 (15.5) 9 (13.4) 4 (23.5)
Non-CNS progression 71 (84.5) 58 (86.6) 13 (76.5)

Abbreviations: EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; CNS, central nervous system; ddPCR, droplet digital polymerase digital chain
reaction.
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Efficacy and Response to Osimertinib
Until 8th October 2021, the median time of follow-up was 23.7 months (IQR 10.8–29.0 months). When 51 progression
events (60.7%) and 22 survival events (26.2%) had occurred, the PFS of subsequent osimertinib was mature, while the OS
was not. The median PFS1 of first-generation EGFR-TKIs was 17.9 months (HR 2.333, 95% CI, 13.287–22.433). The
median PFS of subsequent osimertinib was 17.0 months (HR 1.744, 95% CI, 13.547–20.382), as shown in Figure 1. Eleven
patients out of 51 patients (21.6%) who had progressed after osimertinib treatment had intracranial progression or new
lesions in the CNS, while the remaining 40 patients (78.4%) had non-CNS metastases. Fourteen patients (27.5%) who had
progression then underwent another gene test, among whom 35.7% patients (5/14) had the C797S acquired mutation. Among
60 patients who had at least one measurable lesion, only one patient (1.7%) had progressive disease at the first evaluation
after osimertinib therapy (Table 3). Among these patients, 35.0% of patients (21/60) had a partial response to osimertinib, and
63.3% of patients (38/60) had stable disease during osimertinib treatment. The ORR was 35.0%, and the DCR was 98.3%.

Risk Factors for PFS of Osimertinib
The PFS of osimertinib as a subsequent therapy for female patients and male patients was 17.9 months vs 16.5 months,
respectively, with no significant difference observed (P = 0.231, HR = 1.442, 95% CI, 0.789–2.637). Patients harboring EGFR
exon 19 deletion had similar mPFS to those with EGFR exon 21 L858R mutation (17.0 months vs 18.0 months), with no
significant difference observed (P = 0.143, HR = 1.517, 95% CI, 0.865–2.661). Patients with acquired T790M mutation which
was detected by NGS or ddPCR assay had a mPFS of 17.0 months (HR = 1.032, 95% CI, 14.941–18.987), while the remaining

Table 2 Treatment Strategy of 84 EGFR-Mutated Lung Adenocarcinoma Patients Who Received Osimertinib After Progression of
First-Generation EGFR-TKI

Treatment Strategy Overall (n =
84)
n (%)

T790M+ (n =
67)
n (%)

T790M-/
Unknown (n = 17)
n (%)

Kind of 1st generation
EGFR-TKI

Icotinib 42 (50.0) 36 (53.7) 6 (35.3)
Erlotinib 29 (34.5) 20 (29.9) 9 (52.9)

Gefitinib 13 (15.5) 11 (16.4) 2 (11.8)

Combination of

bevacizumab and 1st
generation EGFR-TKI

Yes 14 (16.7) 12 (17.9) 2 (11.8)
No 70 (83.3) 55 (82.1) 15 (88.2)

Therapy between 1st and
3rd generation EGFR-TKI

Chemotherapy (1–2 cycles) 2 (2.4) 2 (3.0) 0 (0.0)
Chemotherapy (>2 cycles) 10 (11.9) 9 (13.4) 1 (5.9)

First-generation EGFR-TKI +bevacizumab 5 (6.0) 5 (7.5) 0 (0.0)
Other EGFR-TKIs 6 (7.1) 5 (7.5) 1 (5.9)

No 61 (72.6) 46 (68.7) 15 (88.2)

Line of osimertinib 2nd 62 (73.8) 47 (70.1) 15 (88.2)
>2nd 22 (26.2) 20 (29.9) 2 (11.8)

Local/regional therapy* Palliative surgery 8 (9.5) 6 (9.0) 2 (11.8)
RT/WBRT 25 (29.8) 21 (31.3) 4 (23.5)
RFA 2 (2.4) 2 (3.0) 0 (0.0)

Intrathecal injection 4 (4.8) 3 (4.5) 1 (5.9)

Intrapleural chemotherapy 1 (1.2) 1 (1.5) 0 (0.0)
No 46 (54.8) 35 (52.2) 11 (64.7)

Combination of osimertinib
and bevacizumab

Yes (Concurrently) 11 (13.1) 9 (13.4) 2 (11.8)
Yes (When gradual progression occurred) 21 (25.0) 18 (26.9) 3 (17.6)

No 52 (61.9) 40 (59.7) 12 (70.6)

Notes: The percentages might not equal 100% on account of rounding; *one patient might receive more than one local/regional therapy.
Abbreviations: RT, radiotherapy; WBRT, whole-brain radiotherapy; RFA, radiofrequency ablation.
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17 patients who had negative or unknown T790M mutation status had a mPFS of 23.5 months (HR=9.404, 95% CI, 5.068–
41.932). No significant difference was observed in those with and without the T790M mutation (P = 0.704), as was shown in
Figure 2. The hazard ratio of PFS in patients with different characteristics using univariate analysis is shown in Figure 3.

Discussion
Osimertinib is a standard treatment for lung adenocarcinoma patients who have progressed after first-generation EGFR-
TKIs with acquired T790M mutations, improving survival and response compared to traditional chemotherapy.9 Patients
who have progression after first-line EGFR-TKIs are recommended to undergo a secondary biopsy to detect the T790M
mutation, which accounts for only approximately 50% of this subpopulation.4 Systemic chemotherapy is recommended
for patients who progress during or after first-line EGFR-TKIs without the T790M mutation by the NCCN guidelines, yet
a better subsequent regimen is still under exploration. In clinical practice, obtaining tumor tissue is always difficult and
costly, especially in patients with relapsed or metastatic disease, which makes liquid biopsy an alternative to detect
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Figure 1 Kaplan-Meier curves of progression-free survival (PFS) for all lung adenocarcinoma patients enrolled in this study who received osimertinib after progression of
first-generation epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI).

Table 3 Best Response to Osimertinib After Progression of First-Generation EGFR-TKI in 60 Advanced Lung
Adenocarcinoma Patients Harboring EGFR-Activating Mutations with at Least One Measurable Lesion

Overall Best Response Overall (n = 84)
n (%)

T790M+ (n = 67)
n (%)

T790M-/Unknown (n = 17)
n (%)

CR 0 (0.0) 0 (0.0) 0 (0.0)
PR 21 (35.0) 17 (36.2) 4 (30.8)

SD 38 (63.3) 30 (63.8) 8 (61.5)

PD 1 (1.7) 0 (0.0) 1 (7.7)
ORR 21 (35.0) 17 (36.2) 4 (30.8)

DCR 59 (98.3) 47 (100.0) 12 (92.3)

Abbreviations: n, number; CR, complete remission; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate (ORR=CR
+PR); DCR, disease control rate (DCR=CR+PR+SD).
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acquired resistance mutations. There are still a group of T790M-negative patients who do not tolerate to cytotoxic agents
or are unwilling to receive chemotherapy, and thus receive third-generation EGFR-TKIs as a subsequent choice, or after
failure of second-line systemic chemotherapy. Some patients are even unaware of their gene status before making
treatment decisions. Therefore, it is worthwhile to explore the efficacy of osimertinib under such complex situations, so
as to determine more options and optimal strategies for lung adenocarcinoma patients harboring EGFR sensitive
mutations who progress beyond first-line EGFR-TKIs.

Previously in a global real-world study, osimertinib demonstrated a similar clinical efficacy to clinical trials, with
a mPFS of 11.1 months (95% CI, 11.0–12.0) observed in 3015 T790M-positive NSCLC patients.19 In our previous study
that explored the efficacy of osimertinib in 94 NSCLC patients as subsequent therapy, the mPFS was 8.6 months (8.5

 = 0.704
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Figure 2 Progression-free survival (PFS) curves for lung adenocarcinoma patients who received osimertinib after progression of first-generation epidermal growth factor
receptor-tyrosine kinase inhibitor (EGFR-TKI), with or without EGFR T790M mutation.
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Figure 3 Hazard ratio of progression-free survival (PFS) in patients with different characteristics using univariate analysis. A hazard ratio less than 1 implies a lower risk of
disease progression or death in group 2 than in group 1. The number of cases that had progressive disease is shown in each group for every characteristic.
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months as second-line therapy, 9.1 months as ≥3rd line therapy).20 For patients with detectable T790M mutation, the
DCR and median PFS were 91.9% and 8.6 months (95% CI, 7.2 to 10.0), respectively, and were 80.0% and 3.2 months
(95% CI, 0.5 to 5.9) for those without T790M mutations.20 In this real-world study, the efficacy of osimertinib in NSCLC
patients harboring EGFR exon 19 deletion or exon 21 L858R mutation who had progression after first-generation EGFR-
TKI, with or without T790M mutation detected by NGS or ddPCR was retrospectively analyzed. The mPFS of
osimertinib in all patients enrolled was 17.0 months (HR 1.744, 95% CI, 13.534–20.382), comparably longer than
previous studies,9 with 26.2% of patients who received osimertinib as third-line therapy after chemotherapy or other
kinds of EGFR-TKIs. Among 60 patients who had at least one measurable lesion, the ORR was 35.0%, and the DCR was
98.3%. Although the ORR rate seemed poorer than that in the AURA3 study (71%),9 this study included not only
patients harboring the T790M mutation but also those who had negative results or even unknown status in the real-world
setting, and also those who received osimertinib as third-line therapy, which may influence the response rate.

In the dose-escalation cohorts of a study in which patients with activating EGFR mutations advanced NSCLC who
developed resistance to first- or second-generation EGFR-TKI treatments received osimertinib at doses of 20 to 240 mg
once daily, the response rate was 21%, and the median PFS was 2.8 months for those without centrally detectable T790M
mutation, suggesting that osimertinib might also have moderate efficacy for such patients.21 In the Phase 2 TREM study
in which NSCLC patients with progression on at least one previous EGFR-TKI received osimertinib regardless of the
presence of T790M mutation, 120 (60%) were T790M-positive, 52 (26%) were T790M-negative and 27 (14%) had
unknown T790M-status in 199 included patients.22 The ORR was 60% (51–69%) for T790M-positive patients and 28%
(15–41%) for T790M-negative patients (p < 0.001); the median PFS were 10.8 months and 5.1 months for T790M-
positive and T790M–negative patients, respectively (HR 0.62, p = 0.007); the median OS were 22.5 months and 13.4
months for T790M-positive and T790M–negative patients, respectively (HR 0.55, p = 0.002).22 This study has also
indicated the clinically significant activity of osimertinib in a proportion of T790M-negative NSCLC patients. A Phase II
study has recently been designed to assess the efficacy of osimertinib in patients with EGFR-mutated NSCLC who
developed isolated CNS progression (T790M-negative or unknown) or systemic disease progression (T790M-negative)
during first- or second-generation EGFR-TKIs or systemic disease progression with the background above.23 Notably,
several patients in our study achieved a fine response to osimertinib even as third-line therapy, with 5 out of 17 patients
(29.4%) with at least one measurable lesion having a partial response to third-line osimertinib and the other 12 patients
(70.6%) having a stable disease, indicating that a broader population may benefit from osimertinib in later line. No
significant difference was observed in those with and without the T790M mutation (P = 0.704) in our study, with the
mPFS being 17.0 months (HR = 1.032, 95% CI, 14.941–18.987) for those with detectable T790M mutation, and 23.5
months (HR = 9.404, 95% CI, 5.068–41.932) for those with negative or unknown T790M mutation status. The reason for
the observed activity of osimertinib in patients without the T790M-mutation in our study remains unclear, and might in
part be due to false negative biopsies because of tumor heterogeneity. Moreover, the combination of localized therapy or
anti-angiogenic agents might also contribute to the benefit in PFS. Based on our results, osimertinib might represent
a potential treatment option for selected T790M-negative patients. Nevertheless, the long-term survival still requires
a follow up.

Regarding the resistance mechanism, the most common EGFR tertiary mutation was EGFR C797S (14–24%),
identified in EGFR T790M-preserved patients who progressed from osimertinib, and BRAF fusion or mutation accounted
for 1–7% of resistance mechanisms, according to previous studies.24 In our previous study, that explored the resistance
mechanisms of resistance to osimertinib, around 50% of patients maintained T790M mutations and 55.1% of patients
experienced molecular modifications including EGFR acquired mutations such as C797S and C796S non-EGFR-
dependent mutations such as PIK3CA and BRAF, EGFR amplification and MET amplification.25 In our current study,
14 patients underwent liquid biopsy after progression of osimertinib, among whom 8 patients (57.1%) had preserved
EGFR T790M mutations, 5 patients (35.7%) had EGFR C797S mutations, and 1 patient (7.1%) acquired BRAF mutation
beyond progressions. The results are comparable to previous reports and further investigation on mechanisms underlying
resistance to osimertinib is still required in future studies.

Brain metastases (BMs) are one of the most common distant metastases in advanced lung cancer patients26 and have
an unsatisfactory prognosis.27 It has been suggested that the incidence of BM increases over time in NSCLC patients
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harboring EGFR mutations during targeted treatment.28 Studies have shown that early-generation EGFR-TKIs show
better CNS efficacy than chemotherapy, however, the high frequency of intracranial progression is still irresistible.29,30

Third-generation EGFR-TKIs have shown improved penetration and superior efficacy in the central nervous system
(CNS) compared to first-generation EGFR-TKIs.31,32 In a real-world study from ASTRIS Korean Subset, the intracranial
ORR and intracranial DCR were 62.5% and 93.8%, respectively, and the median intracranial PFS was 13.0 months (95%
CI, 7.21–18.8).33 The study has indicated the potential role of osimertinib in T790M-positive NSCLC with BM or LM in
the real-world setting. In our previous study, osimertinib achieved an intracranial ORR of 53.3% and an intracranial DCR
of 80%, in 15 NSCLC patients with evaluable CNS metastasis sites after progression of early-generation EGFR-TKIs.34

Treatment options for BM also included surgery, radiotherapy (RT), and whole-brain radiotherapy (WBRT).35 However,
the relapse rate in the CNS is still high, and local therapies are sometimes limited by their adverse events.36 There is still
an urgent need for more alternative strategies beyond osimertinib. In our study, with 20 patients (23.8%) diagnosed as
BM at baseline, and 6 patients (7.1%) progressed with new metastases in CNS after first-generation EGFR-TKI, a total of
26 patients (31.0%) were confirmed to have metastases in CNS (including 4 patients with LM) prior to osimertinib
treatment. No significant difference in mPFS has been observed for patients with or without BM prior to osimertinib (P =
0.995). Median PFS for patients who have undergone RT or WBRT (10/26, 38.5%) was not significantly different from
those who have not (P = 0.767). Similarly, mPFS for patients who have combined EGFR-TKI and bevacizumab (11/26,
42.3%) was not significantly different from those who have not (P = 0.781), probably due to the limitation of sample size
in each subgroup.

Our study has several strengths. As it was designed in a real-world setting, the complex circumstances were taken into
consideration so as to study the efficacy of subsequent osimertinib in the real-world, and to provide more information for
a larger population. There are still several limitations in this study. First, the OS data were not mature by the date cutoff
and needed further follow-up to explore long-term survival. Second, since a higher ratio of T790M may correlate with
the osimertinib response,37 and because the detection of T790M using ddPCR may have different sensitivities compared
to the NGS assay,16 it is assumed that the results from different assays indicated that the different ratios of T790M may
differ in response to osimertinib. However, due to the limited sample size of patients who further received ddPCR when
tested negative by NGS, the difference made by gene testing remained unknown in this retrospective study. Therefore, we
are carrying out a prospective trial, studying the efficacy of osimertinib in patients who progressed beyond first-
and second-generation EGFR-TKIs and who were T790M positive via ddPCR test but negative via NGS assay, to
further explore this issue. Other limitations included the failure to demonstrate whether the presence of concomitant
genes would influence the efficacy of subsequent osimertinib and survival in patients who received the regimen.
According to previous studies, EGFR-mutant NSCLC patients with concomitant mutations at baseline were more likely
to have shorter PFS than with those without a concomitant mutation (6.20 months vs 18.77 months),38 and that a dual
blockade of EGFR and VEGFR pathways may improve survival in those with concomitant mutations.39 Due to limited
genomic detection information offered in this study, we failed to determine the relationship between concomitant genes
and the efficacy of subsequent osimertinib, and whether the combination of bevacizumab would improve the survival of
such patients. It is still essential to obtain more genomic detection information and to design further prospective studies
to further elucidate the relationship of genetic alternatives and survival. Further investigation on the resistance mechan-
ism of osimertinib is still required, too.

Conclusion
Osimertinib may serve as an alternative subsequent choice after progression of first-generation EGFR-TKIs in EGFR-
mutated lung adenocarcinoma, and may represent a potential treatment option for selected T790M-negative patients.

Ethics
The present study was approved by the ethics committee of Cancer Hospital, CAMS and Peking Union Medical
College (approval No. 21/245-2916). Informed consent was waived by the ethics committee due to the retrospective
nature of review. As patient consent to review their medical records was not required by the ethics committee, the
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