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Purpose
Epidermal growth factor receptor (EGFR) T790M mutation serves as an important predictor
of osimertinib efficacy. However, little is known about how it works among patients with var-
ious timings of T790M emergence and treatment.  

Materials and Methods
Advanced EGFR-mutant lung adenocarcinoma patients with positive T790M mutation in
tumor were retrospectively enrolled and observed to determine the outcomes of osimertinib
treatment. We evaluated the association between patients’ characteristics and the efficacy
of osimertinib treatment, particularly with respect to the timing of T790M emergence and
osimertinib prescription.

Results
A total of 91 patients were enrolled, including 14 (15.4%) with primary and 77 (84.6%) with
acquired T790M mutation. The objective response rate and disease control rate were 60.9%
and 85.1%, respectively. The median progression-free survival (PFS) and overall survival
were 11.5 months (95% confidence interval [CI], 9.0 to 14.0) and 30.4 months (95% CI,
11.3 to 49.5), respectively. There was no significant difference in response rate and PFS
between primary and acquired T790M populations. In the acquired T790M subgroup, 
patients who received osimertinib after T790M had been confirmed by rebiopsy had a longer
PFS than those with intercalated treatments between rebiopsy and osimertinib prescription
(14.0 months [95% CI, 9.0 to 18.9] vs. 7.2 months [95% CI, 3.7 to 10.8]; adjusted hazard
ratio, 0.48 [95% CI, 0.24 to 0.98; p=0.043]). Rebiopsy timing did not influence the outcome.  

Conclusion
Osimertinib prescription with intercalated treatment following rebiopsy but not the timing
of T790M emergence influenced the treatment outcome. We suggest that it is better to
start osimertinib treatment once T790M mutation has been confirmed by biopsy. 
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Introduction

Epidermal growth factor receptor (EGFR) mutation is one
of the most common oncogenic drivers in lung cancer 
patients [1,2]. Since EGFR–tyrosine kinase inhibitor (TKI) can
offer a better efficacy and quality of life [3,4], it has emerged
as an important first line therapy in EGFR-mutant non-small
cell lung cancer (NSCLC) patients. Although most EGFR-
mutant NSCLC patients may experience a good response to
EGFR-TKI initially, acquired resistance inevitably occurs,
which leads to a progression of the disease [5]. The most
common mechanism of acquired resistance is a secondary
EGFR mutation that involves a substitution of threonine to
methionine at codon 790 (T790M) [6]. 

In our previous study [7], we suggested that the detection
of T790M should not be limited at the time of EGFR-TKI pro-
gression because it could also be identified among patients
experiencing an interval from progression to initial EGFR-
TKI treatment as well as among those lacking the continuing
EGFR-TKI treatment at the time of rebiopsy. Furthermore, a
small portion of EGFR-mutant patients were known to har-
bor primary T790M before EGFR-TKI treatment [2]. 
Although previous studies suggested that T790M mutation
has a “wax and wane” nature [8], little is known about the
true dynamics of T790M mutation and how it interferes with 
patients’ outcomes and treatment results. 

Osimertinib is a third-generation EGFR-TKI that selec-
tively targets both sensitizing EGFR mutations and T790M
resistance mutation. Several clinical trials have shown that it
exhibits promising efficacy and has a more favorable adverse
events profile for EGFR-mutant patients resistant to prior
EGFR-TKI therapy [9-11], and T790M was found to serve as
a key predictor of the efficacy. Clinical trials enrolled patients
with T790M mutation detected after disease progression on
“the last treatment regimen” [9,11]. However, real-world 
patients may not always have the chance to receive osimer-
tinib treatment immediately after T790M confirmed by 
rebiopsy. Currently, it remains unclear whether treatment 
efficacy varies among patients with different intervals bet-
ween T790M emergence and osimertinib prescription. We
conducted this study to evaluate the association between 
patients’ characteristics and the efficacy of osimertinib treat-
ment, with a particular emphasis on both the timing of
T790M emergence and osimertinib prescription.

Materials and Methods

1. Patients

We retrospectively analyzed lung cancer patients who
were diagnosed and treated with osimertinib at Taichung
Veterans General Hospital (TCVGH) between September
2014 and January 2017. To be eligible for participation in the
study, patients were required to have pathologically con-
firmed lung adenocarcinoma, advanced stage (stage IIIB and
IV) disease, known sensitive EGFR mutations in treatment-
naïve tumor specimens, positive T790M mutation in tumor
tissue (either primary or acquired after EGFR-TKI progres-
sion), a history of osimertinib therapy, and complete clinical
follow-up data. Patients were excluded if they had lung
tumor with doubtful origin, other active malignancies,
T790M detected only in plasma ctDNA, incomplete data
records, or received other anti-neoplasm therapy during the
course of osimertinib treatment (e.g., chemotherapy and 
immunotherapy). 

2. Data records and response evaluation 

Clinical data for analysis included patients’ age, sex, East-
ern Cooperative Oncology Group performance status (ECOG
PS), tumor stage, smoking status, EGFR mutation status,
biopsy condition, and serial treatment history. Brain metas-
tasis status at the time of osimertinib treatment was also
recorded. Tumor, node, and metastases (TNM) staging was
done according to the seventh edition of the American Joint
Committee for Cancer  staging system [12]. Unidimensional
measurements as defined by Response Evaluation Criteria
in Solid Tumors ver. 1.1 were used in this study [13]. The 
objective of this study was to compare the efficacy of osimer-
tinib in T790M-positive lung adenocarcinoma patients with
various treatment and biopsy conditions. Outcome variables
included the objective response rate (ORR), disease control
rate (DCR), progression-free survival (PFS), and overall sur-
vival (OS).

3. EGFR mutation analysis

Tumor specimens were collected and procured for EGFR
mutation analysis as previously described [14]. The detection
method used in this study was matrix-assisted-laser-desorp-
tion-ionization time-of-flight mass spectrometry (MALDI-
TOF MS). The detection spectrum of MALDI-TOF MS is
summarized in S1 Table. We performed the testing according
to the instructions provided by the MassARRAY system 
(Sequenom, San Diego, CA). With respect to the biochemical
reaction, polymerase chain reaction was used to amplify the

Jeng-Sen Tseng, Treatment Timing and Osimertinib Efficacy



region containing the tyrosine kinase domain of the EGFR
exons 18, 19, 20, and 21. A single nucleotide extension was
then performed by primers and corresponding detection
probes to amplify the region containing each target mutation.
After SpectroClean Resin clean up, samples were loaded
onto the matrix of SpectroCHIP by Nanodispenser (Matrix)
and then analyzed by Bruker Autoflex MALDI-TOF MS.
Data were collected and analyzed by Typer4 software 
(Sequenom). All the tests were performed by ISO15189-cer-
tified TR6 Pharmacogenomics Lab, National Research Pro-
gram for Biopharmaceuticals (NRPB), at the National Center
of Excellence for Clinical Trial and Research of National Tai-
wan University Hospital.

4. Statistical methods

With regard to the rebiopsy timing, patients who had 
received other systemic treatment between the first EGFR-
TKI progression and rebiopsy were defined as rebiopsy
“with interval from first EGFR-TKI progression” and 
patients receiving rebiopsy at the time of first EGFR-TKI pro-
gression were indicated as rebiopsy “at first EGFR-TKI pro-
gression.” Patients who had continued receiving EGFR-TKIs
treatment within 1 month before rebiopsy, were defined as
“with EGFR-TKI treatment at rebiopsy.” With regard to the
treatment timing, patients who had received any other sys-
temic treatment, such as chemotherapy, immunotherapy,
and other targeted therapy, between rebiopsy and the pre-
scription of osimertinib were defined as osimertinib treat-
ment “with intercalated treatment” and patients without
intercalated treatments between rebiopsy and osimertinib

prescription were indicated as osimertinib treatment “after
rebiopsy.” We also evaluated the interim between rebiopsy
and osimertinib treatment (< 6 months vs.  6 months). Uni-
variate analyses of ORR and DCR were performed using
Fisher’s exact test. The Kaplan-Meier method was used to 
estimate PFS and OS. Differences in survival time were ana-
lyzed by log-rank test. Logistic regression model and Cox
proportional hazard model were used for multivariate analy-
ses of treatment responses and survival outcomes. In the
stepwise procedure, the significant levels for entry and 
removal were 0.05 and 0.10, respectively. All statistical tests
were carried out using SPSS ver. 15.0 (SPSS Inc., Chicago, IL).
Two-tailed tests and p-values of < 0.05 for significance were
used.

5. Ethical statement

This study was approved by the Institutional Review
Board of Taichung Veterans General Hospital (IRB No.
CF12019). Written informed consents for genetic testing and
clinical data records were obtained from all patients.

Results

1. Patient demographics and osimertinib treatment

The selection flowchart of the study population is shown
in Fig. 1. A total of 91 patients with advanced lung adeno-

Fig. 1. Patient selection flowchart. EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PD, disease pro-
gression.

Primary T790M (n=14) Acquired T790M (n=77)

Timing of rebiopsy
  At first EGFR-TKI PD (n=43)
  With interval from PD (n=34)

Timing of osimertinib treatment
  After rebiopsy (n=40)
  With intercalated treatment (n=37)

Osimertinib treatment (n=132)
(2014 Sep-2017 Jan)

Osimertinib treatment (n=91)
Efficacy analysis

Exclude 41 patients

Combined  other treatment (n=6)
No initial EGFR mutation data (n=2)
Did not harbor T790M (n=4)
Incomplete follow-up data (n=2)
Treatment < 2 wk (sepsis) (n=2)
Only with plasma T790M status (n=25)
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Table 1.  Univariate analysis of osimertinib best response regarding with patients’ demographic data and prior treatment
condition (n=87a))
Characteristic No. ORR (%) p-valueb) DCR (%) p-valueb)

Demographic data
Age (yr) 

< 65 49 63.3 0.662 87.8 0.547
 65 38 57.9 81.6

Sex
Male 28 60.7 > 0.999 85.7 > 0.999
Female 59 61.0 84.7

Smoking 
Non-smokers 75 58.7 0.352 85.3 > 0.999
Former and current smokers 12 75.0 83.3

ECOG PS
0-1 70 65.7 0.095 91.4 0.003
 2 17 41.2 58.8

Baseline EGFR mutations
Exon 19 deletions 47 59.6 0.385 83.0 0.661
Exon 21 L858R 24 70.8 83.3
Othersc) 16 50.0 93.8

Brain metastasis
Yes 41 58.5 0.826 82.9 0.765
No 46 63.0 87.0

Prior treatment condition
First EGFR-TKI regimend),e)

Gefitinib 37 62.2 0.844 83.8 > 0.999
Erlotinib 42 57.1 85.7
Afatinib 7 71.4 85.7

Initial EGFR-TKI treatmentd),e)

First line 70 55.7 0.088 84.3 > 0.999
Second line or later 16 81.3 87.5

Prior EGFR-TKI(s) treatmentd),e)

1 59 52.5 0.081 84.7 0.428
2 20 80.0 90.0
3 7 71.4 71.4

Best response to prior EGFR-TKI(s)d),e)

Partial response 68 58.8 0.599 82.4 0.285
Non-responder 18 66.7 94.4

PFS of prior EGFR-TKI(s) (mo)d),e)

< 12 40 57.5 0.662 80.0 0.366
 12 46 63.0 89.1

Prior chemotherapy
Naïve 22 54.5 0.614 90.9 0.502
Chemotherapy-treated 65 63.1 83.1

EGFR-TKI use before osimertinibf)

Yes 50 64.0 0.514 82.0 0.544
No 37 56.8 89.2

Osimertinib treatment timing (1)g)

After rebiopsy 38 71.1 0.095 86.8 0.369
With intercalated treatment 36 50.0 77.8

(Continued to the next page)
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carcinoma harboring T790M and treated with osimertinib
were enrolled for outcome analysis. Patients’ characteristics
are shown in S2 Table. Briefly, the median age was 63 years.
Sixty-one patients (67.0%) were female and 77 patients
(84.6%) were non-smokers. Most patients (79.1%) received
EGFR-TKI as the first line therapy. Sixty-three patients
(69.2%) received one EGFR-TKI treatment previously and 27
patients (29.7%) had received two or more prior EGFR-TKIs.
One patient with primary T790M did not receive first or sec-
ond generation EGFR-TKI before osimertinib treatment. Sev-
enty-three patients (80.2%) had ECOG PS 0-1 and 22 patients
(24.2%) were chemonaïve. Forty-one patients (45.1%) had
brain metastasis at the time of osimertinib treatment. Exon
19 deletion (19Del) and exon 21 L858R accounted for the

most common baseline EGFR mutation types (52.7% and
27.5%, respectively). Other mutations included one with
G719S, one with G719S+S768I, two with 19Del+G719X, and
14 with primary T790M (4 accompanied with 19Del and 10
accompanied with L858R). 

After exclusion of four patients without a measurable 
lesion, the ORR and DCR were 60.9% and 85.1%, respec-
tively. Survival outcomes were followed up till June 30, 2017.
The median PFS and OS were 11.5 months (95% confidence
interval [CI], 9.0 to 14.0) and 30.4 months (95% CI, 11.3 to
49.5), respectively. With regard to the timing of T790M emer-
gence, 14 patients (15.4%) harbored primary T790M and 77
patients (84.6%) had acquired T790M after EGFR-TKI treat-
ment. Among the acquired T790M population, rebiopsy was

Table 2.  Univariate analysis of osimertinib best response regarding with T790M emergence condition (n=87a))
Characteristic No. ORR (%) p-valueb) DCR (%) p-valueb)

T790M emergence timing
Primary 13 61.5 > 0.999 100 0.202
Acquired 74 60.8 82.4

Acquired T790M biopsy timing 1
At first EGFR-TKI PD 41 51.2 0.093 82.9 > 0.999
With interval from PD 33 72.7 81.8

Acquired T790M biopsy timingc) 2
With EGFR-TKI at rebiopsy 62 58.1 0.345 79.0 0.110
Without EGFR-TKI at rebiopsy 12 75.0 100

Biopsy location 1
Primary tumor 29 58.6 0.818 82.8 0.753
Metastatic site(s) 58 62.1 86.2

Biopsy location 2
Within thorax 65 64.6 0.312 86.2 0.731
Out of thorax 22 50.0 81.8

ORR, objective response rate; DCR, disease control rate; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor;
PD, disease progression. a)Exclude four patients without measurable target lesion, b)By Fisher exact test, c)EGFR-TKI(s) use
within 30 days before rebiopsy or not. 

Table 1.  Continued
Characteristic No. ORR (%) p-valueb) DCR (%) p-valueb)

Osimertinib treatment timing (2)g)

< 6 mo from rebiopsy 60 61.7 0.769 81.7 > 0.999
 6 mo from rebiopsy 14 57.1 85.7

ORR, objective response rate; DCR, disease control rate; ECOG PS, Eastern Cooperative Oncology Group performance status;
EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PFS, progression-free survival. a)Exclude 4 patients
without measurable lesion, b)By Fisher exact test, c)Include complex mutations involving 19Del or L858R, d)Denote the first
and/or second generation EGFR-TKI(s), e)One patient harboring primary T790M did not receive first or second generation
EGFR-TKI(s) before osimertinib, f)EGFR-TKI(s) use within 30 days before osimertinib, g)Only acquired T790M population. 
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performed at first EGFR-TKI progression in 43 patients and
the other 34 patients received rebiopsy following an interval
from the first EGFR-TKI progression. In the case of treatment
timing, 40 patients received osimertinib after T790M was
confirmed by rebiopsy and the other 37 patients had inter-
calated treatment between rebiopsy and osimertinib pre-
scription. 

2. Osimertinib efficacy and patients’ clinical condition

Univariate analyses of the best response of osimertinib are
shown in Tables 1 and 2. In the ORR analysis, no factor cor-
related significantly with objective response to osimertinib
treatment. There were trends of differences in ECOG PS,
EGFR-TKI as the first line treatment or not, numbers of prior
EGFR-TKI treatments, osimertinib treatment timing, and the
rebiopsy timing of acquired T790M. In the DCR analysis,
ECOG PS was the only factor that correlated with disease
control significantly. Patients with ECOG PS 0-1 were more
likely to achieve disease control (91.4% vs. 58.8%, p=0.003). 

For the overall population, no covariate reached a signifi-
cant level in the multivariate logistic regression model for
ORR analysis. In the case of DCR analysis, only ECOG PS 
0-1 independently correlated with a higher chance of disease
control (odds ratio [OR], 9.00; 95% CI, 2.35 to 34.54; p=0.001).
In the multivariate Cox proportional hazard model, ECOG
0-1 was the only factor associated with both a longer PFS and
OS independently (hazard ratio [HR], 0.32; 95% CI, 0.16 to
0.63; p=0.001 and 0.21; 95% CI, 0.09 to 0.49; p < 0.001, respec-
tively). 

3. Osimertinib among patients with primary or acquired
T790M 

As shown in Table 2, the ORR and DCR among patients
with primary and acquired T790M were 61.5% vs. 60.8% and
100% vs. 82.4%, respectively. Neither p-values were statisti-
cally significant. S3 Fig. illustrates the PFS and a trend 
toward a longer PFS in primary T790M than in acquired
T790M population was found (not reached vs. 10.7 months
[95% CI, 8.0 to 13.5], p=0.093). Of the primary T790M 
patients, 11 were still continuing osimertinib treatment at the
time of data cut-off and seven of them experienced more than
10 months’ PFS. OS was similar between each group
(p=0.990). 

The results of the multivariate analysis of ORR and PFS 
regarding the timing of T790M emergence are shown in
Table 3. There was no significant difference in ORR (adjusted
OR, 1.72; 95% CI, 0.25 to 11.93; p=0.581) and PFS (adjusted
HR, 0.60; 95% CI, 0.12 to 2.98; p=0.532) between each group. 
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4. Rebiopsy timing and osimertinib efficacy among pati-
ents with acquired T790M 

With regard to the rebiopsy timing, we examined the 
interval between rebiopsy and “first” EGFR-TKI progression
because EGFR-mutant patients usually benefit most from the

first EGFR-TKI therapy but not the rechallenge [15]. As
shown in Table 2, in the acquired T790M subgroup, the ORR
and DCR among patients whose T790M detected at first
EGFR-TKI progression and after an interval were 51.2% vs.
72.7% and 82.9% vs. 81.8%, respectively. Both p-values were
not statistically significant. There were also no significant dif-

Fig. 2.  Kaplan-Meier plot showing progression-free survival of patients with acquired T790M in relation to rebiopsy timing
(p-value by log-rank test). EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PD, disease progression; CI,
confidence interval.
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Pr
og

re
ss

io
n-

fre
e 

su
rv

iva
l 

1.0

0

0.2

0.4

0.6

0.8

0
Time (mo)

10 3020 40

p=0.008

After rebiopsy: 14.0 mo (95% CI, 9.0 to 18.9)
With intercalated treatment: 7.2 mo (95% CI, 3.7 to 10.8)
Censored
Censored

A

Pr
og

re
ss

io
n-

fre
e 

su
rv

iva
l 

1.0

0

0.2

0.4

0.6

0.8

0
Time (mo)

10 3020 40

p=0.012

< 6 mo from rebiopsy: 11.7 mo (95% CI, 6.2 to 17.2)
≥ 6 mo from rebiopsy: 7.0 mo (95% CI, 4.6 to 9.4)
Censored
Censored

B

1170 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2018;50(4):1164-1174



ferences in PFS (11.5 months [95% CI, 5.1 to 17.8] vs. 9.2
months [95% CI, 7.5 to 11.0], p=0.700) (Fig. 2). Similar results
were noted in the analysis of whether patients remained
EGFR-TKI at the time of rebiopsy. 

In the multivariate analysis (Table 3), there was no signif-
icant difference in ORR (adjusted OR, 0.69; 95% CI, 0.16 to
3.07; p=0.627) and PFS (adjusted HR, 0.97; 95% CI, 0.44 to
2.15; p=0.943) between patients whose T790M were detected
at the first EGFR-TKI progression and after an interval. Sim-
ilar results were noted in the analysis of whether patients
were kept on EGFR-TKI at the time of rebiopsy.

5. Treatment timing and osimertinib efficacy among pati-
ents with acquired T790M

In the acquired T790M subgroup as shown in Table 1, the
ORR and DCR among patients who received osimertinib
after T790M was confirmed by rebiopsy and with interca-
lated treatment were 71.1% versus 50.0% (p=0.095) and 86.8%
versus 77.8% (p=0.369), respectively. Similar results were
noted in the analysis of whether patients started osimertinib
treatment within 6 months after rebiopsy or not. With regard
to the osimertinib treatment timing, there was no significant
difference in ORR by the multivariate analysis (Table 3). 

In the PFS analysis as shown in Fig. 3, patients who 
received osimertinib immediately after T790M was con-
firmed by rebiopsy and who started treatment within 6
months after rebiopsy had a longer survival time (14.0
months; 95% CI, 9.0 to 18.9 vs. 7.2 months; 95% CI, 3.7 to 10.8;
p=0.008 and 11.7 months; 95% CI, 6.2 to 17.2 vs. 7.0 months;
95% CI, 4.6 to 9.4; p=0.012, respectively). In the multivariate
analysis (Table 3), osimertinib treatment started after T790M
was confirmed by rebiopsy and within 6 months after 
rebiopsy significantly correlated with PFS (adjusted HR, 0.48;
95% CI, 0.24 to 0.98; p=0.043 and 0.48; 95% CI, 0.24 to 0.97;
p=0.040, respectively).  

Discussion

The success of EGFR-targeted therapy has led to an era of
precision medicine in lung cancer [16]. By now, personalized
therapy has moved in the direction of the genotypic evolu-
tion of lung cancer, because the most common mechanism
of resistance, the T790M mutation, could be overcome by
treatment with third generation EGFR-TKI. Among patients
who progress after first or second generation EGFR-TKI,
T790M is not only a mechanism of resistance, but also serves
as an important biomarker of subsequent osimertinib treat-
ment [10,17]. The outcome of osimertinib treatment among

T790M-positive patients in our study was comparable with
that of previous clinical trials [9,11]. However, it should be
noted that our cohort consisted entirely of ethnically Asian
patients, who were more heavily treated, and there were
greater prevalence rates of subjects with brain metastasis and
poor performance status. Our results disclosed that ECOG
PS remained an important prognostic factor, even in the set-
ting of targeted therapy. Moreover, our findings indicated
that the timing of treatment, but not the timing of T790M
emergence, may significantly affect the efficacy of osimer-
tinib treatment.  

Because previous clinical trials focused on EGFR-TKIpre-
treated T790M-positive patients [9-11,17], little is known
about the efficacy of osimertinib in patients harboring pri-
mary T790M. A study by Hata et al. [18] suggested that
T790M could both pre-exist and evolve from the drug-toler-
ant cells, and that different mechanisms may result in distinct
efficacy of treatment. Of them, tumors with pre-exist T790M
may be more responsive to third generation EGFR-TKI. In
the present study, there were 14 patients with primary
T790M. All of them had concomitant sensitizing and T790M
mutation in treatment-naïve tumor specimens (4 with 19Del
and 10 with L858R). Although the overall efficacy was simi-
lar to that of acquired T790M patients, we observed a trend
toward a longer PFS in patients with primary T790M
(p=0.093) and 11 of them were still continuing osimertinib
treatment at the time of data cut-off. Hence, we suggest that
osimertinib might offer at least similar benefits to patients
with primary T790M. A longer follow-up time and prospec-
tive studies enrolling more patients are needed to clarify the
true efficacy of osimertinib in a primary T790M population. 

Since previous studies suggested that primary and 
acquired T790M mutation had distinct preferences of con-
comitant mutation partners, different prognostic meanings,
and potentially a different pathogenesis [18-21], they may
represent two distinct entities. We performed a subgroup
analysis of the acquired T790M population. Our previous
study suggested that T790M could be identified not only at
the time of EGFR-TKI progression or with the continuing
EGFR-TKI treatment at the time of rebiopsy, but also in 
patients with intercalated treatment after EGFR-TKI progres-
sion [7]; herein, we further demonstrated that rebiopsy tim-
ing did not influence the efficacy of osimertinib. The results
were similar with those of AURA and AURA2 studies [9,11],
showing that the efficacy of osimertinib was consistent across
subgroups with various last treatment regimens, in which
the T790M was identified. The aforementioned data suggest
that T790M might carry a significant oncogenic activity per
se; hence, whenever it is detected, patients could benefit from
anti-T790M treatment. For patients without suitable lesions
for rebiopsy at the time of EGFR-TKI progression, an attempt
to perform rebiopsy should be considered during the subse-
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quent treatment courses [7]. 
Both AURA and AURA2 studies enrolled patients with

positive T790M detected after progression of the last treat-
ment [9,11]. ASTRIS (Real World Treatment Study of AZD-
9291 for Advanced/Metastatic EGFR T790M Mutation
NSCLC, NCT02474355) is an ongoing phase III study 
designed to assess the efficacy and safety of osimertinib in a
real world setting [22]. However, only T790M mutation con-
firmed after last treatment progression is accepted for par-
ticipation. In the present study, we further analyzed the
interval between rebiopsy and osimertinib prescription and
found that intercalation of other systemic therapy and length
of the interval influenced the outcome of subsequent osimer-
tinib treatment. Although ORR and DCR were not statisti-
cally significant in the analysis of treatment timing, patients
with intercalated treatments or who started treatment more
than 6 months after rebiopsy had a significantly shorter PFS.
Maemondo et al. [23] compared the efficacy of gefitinib and
chemotherapy for EGFR-mutant NSCLC patients in a ran-
domized phase III study, and demonstrated that the ORR of
gefitinib in first line and second line settings were 73.7% and
58.5%, respectively. Similar results were observed in a phase
II study by Sugio et al. [24], and the PFS of the overall popu-
lation, 7.1 months, was shorter than that observed in a pure
treatment-naïve population [16]. Moreover, in the case of
ALK mutation, a different efficacy of crizotinib could be 
observed between treatment-naïve and chemotherapy-
refractory populations (PFS, 10.9 months vs. 7.7 months, 
respectively) [25,26]. These results imply that a complicated
interaction exists between treatments. Because both the sen-
sitizing EGFR mutation and T790M frequency are dynamic
and would be diminished by the effective treatment follow-
ing EGFR-TKI progression using quantitative method [27],
the T790M level at the time of osimertinib prescription might
be different in patients with or without intercalated treat-
ment, which could explain at least partly the distinct out-
come in this study. The underlying mechanisms of cancer
evolution during the path of treatments require further 
investigation. Herein, we suggest that it is better to start 
osimertinib treatment once T790M has been confirmed by 
rebiopsy.    

Liquid biopsy using plasma ctDNA, which is more con-
venient and carries lower risks, is an alternative method to
obtain genetic information about tumors [28]. As compared
with sensitizing mutations, the detection of T790M in plasma
is associated with a lower sensitivity and specificity [29],
which resulted in a different outcome of osimertinib treat-
ment. Therefore, we did not include patients whose T790M
mutation was only detected in plasma to avoid the poten-
tially confounding variables. Our previous study showed
that dynamic plasma EGFR mutation status can serve as an
independent outcome predictor of EGFR-TKI therapy [30].

Theoretically, this concept can be applied in T790M detection
and osimertinib therapy, too. Better platforms of liquid
biopsy are needed to set up for clinical application. 

The major limitation of the present study is the retrospec-
tive nature of this investigation. Although data were col-
lected retrospectively, we tried to ensure the validity of
patients’ characteristics, as well as the correlation between
treatment course and outcome measurement. Primary
T790M accounted for 15.4% of the study cohort but this did
not represent the true prevalence of the whole population
[2]. There were only a limited number of available cases 
involving rare mutations with T790M in our study and in
clinical trials [9,11]; hence, the efficacy of osimertinib among
this subgroup remains unknown. Moreover, further studies
are needed to evaluate the dynamics and pathogenesis of
T790M mutation during the course of lung cancer treatment. 

In conclusion, patients with primary T790M could also
benefit from osimertinib treatment and the efficacy was at
least similar to that of acquired T790M. The results of our
analysis of the acquired T790M patients suggest that the tim-
ing of treatment, but not the timing of rebiopsy, influenced
the outcome of osimertinib treatment. 
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