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Background: Osimertinib is a third-generation epidermal growth factor receptor tyrosine kinase inhibitor 
(EGFR-TKI) approved for use in EGFR-mutant lung cancer. We examined its performance in the second/
subsequent line after resistance to first- and second-generation (1/2G) EGFR-TKI.
Methods: We reviewed electronic records of 202 patients who received osimertinib from July 2015 to 
January 2019 in the second/subsequent line after progression on prior EGFR-TKI. Of these, complete data 
from 193 patients were available. Clinical data including patient characteristics, primary EGFR mutation, 
T790M mutation status, presence of baseline brain metastases (BM), first-line EGFR-TKI use, and survival 
outcomes were extracted, and results retrospectively analyzed.
Results: Of 193 evaluable patients, 151 (78.2%) were T790M+ (T790M positive) with 96 (49.2%) tissue 
confirmed; 52% of patients received osimertinib in the second line setting. After median follow up of  
37 months, median progression-free survival (PFS) of the entire cohort was 10.3 [95% confidence interval 
(CI): 8.64–11.50] months and median overall survival (OS) was 20 (95% CI: 15.61–23.13) months. Overall 
response rate (ORR) to osimertinib was 43% (95% CI: 35.9–50.3%); 48.3% in T790M+ vs. 20% in T790M− 
(T790M negative) patients. OS in T790M+ patients was 22.6 vs. 7.9 months in T790M− patients (HR 
0.43, P=0.001), and PFS was 11.2 vs. 3.1 months respectively (HR 0.52, P=0.01). Tumour T790M+ was 
significantly associated with longer PFS (P=0.007) and OS (P=0.01) compared to tumour T790M− patients, 
however this association was not seen with plasma T790M+. Of the 22 patients with paired tumor/plasma 
T790M testing, response rate (RR) to osimertinib was 30% for those plasma T790M+/tumour T790M−, 
compared to 63% and 67% for those who were plasma T790M+/tumour T790M+ and plasma T790M−/
tumour T790M+, respectively. By multivariable analysis (MVA), Eastern Cooperative Oncology Group (ECOG) 
performance status ≥2 was associated with shorter OS (HR 2.53, P<0.001) and PFS (HR 2.10, P<0.001), 
whereas presence of T790M+ was associated with longer OS (HR 0.50, P=0.008) and PFS (HR 0.57, P=0.027). 
Conclusions: This cohort demonstrated the efficacy of osimertinib in second line/beyond for EGFR+ 
(EGFR mutation-positive) non-small cell lung cancer (NSCLC). Tissue T790M result appeared more 
predictive of osimertinib efficacy compared to plasma, highlighting potential T790M heterogeneity and the 
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Introduction

Epidermal growth factor receptor (EGFR) mutations are 
the most common actionable driver mutations in non-small 
cell lung cancer (NSCLC), of which exon 19 deletions 
and exon 21 point mutations (L858R) are predominant 
(1,2). Current therapeutic strategies include the sequential 
approach starting with first-generation (1G) tyrosine kinase 
inhibitors (TKIs) (gefitinib, erlotinib), second-generation 
(2G) (afatinib, dacomitinib), followed by sequential 
osimertinib if found to be T790M+ (3), or upfront third-
generation (3G) (osimertinib) (4,5). The EGFR T790M 
mutation is the primary mechanism of resistance in patients 
with progression on 1G/2G TKIs, for which 3G TKIs are 
typically efficacious (6,7). 

The FLAURA study showed significantly longer median 
progression-free survival (mPFS) (18.9 vs. 10.3 months, 
HR 0.46, P<0.001) and overall survival (OS) (38.6 vs. 31.8 

months, HR 0.80, P=0.046) with first-line osimertinib 
compared with 1G TKIs (4,5). Subgroup analysis suggests 
inferior outcomes with Asian ethnicity and L858R. On 
the other hand, in the AURA3 trial when patients received 
osimertinib after acquiring T790M mutation to first 
line EGFR TKI, the median OS (mOS) was 26.8 [95% 
confidence interval (CI): 23.5–31.5] vs. 22.5 (95% CI: 20.2–
28.8) months with platinum-based chemotherapy (3). Several 
real-world studies on sequential use of 1G/2G TKIs followed 
by osimertinib (upon T790M acquired resistance) have also 
reported good clinical efficacy and survival outcomes with 
this approach with OS 36–61.3 months from start of first-line 
EGFR TKI (8-13). Nonetheless, the optimal TKI sequence 
is still not known, and while osimertinib may increasingly be 
a preferred first-line option, a concern is the lack of standard 
targeted therapy after progression on osimertinib. 

Additionally, detection of T790M mutation from cell-
free DNA (cfDNA) or circulating tumour DNA using non-
invasive liquid biopsy techniques has increasingly been 
incorporated into routine clinical practice at the point of 
resistance on 1G/2G TKI. Plasma cfDNA genotyping using 
the Cobas EGFR mutation test v2—a semi-quantitative 
real-time polymerase chain reaction (PCR) test, was the 
first liquid biopsy to be approved as a companion diagnostic 
test to identify T790M mutation. Several other mutational 
analysis platforms including amplification refractory 
mutation system (ARMS), digital PCR, as well as next-
generation sequencing (NGS) techniques have also been 
utilised for this purpose. However, few of the previous real-
world studies on sequential TKI treatment had focused on 
differential outcomes between plasma vs. tumour T790M+ 
patients treated with osimertinib. 

Data on efficacy of osimertinib beyond second line and 
outcomes between plasma vs. tumour T790M+ patients 
is limited, and sequential use of osimertinib after 1G/2G 
TKIs remains relevant. Here, we describe the real-world 
outcomes of use of osimertinib in second and subsequent 
line setting in our patients with advanced EGFR+ NSCLC 
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after resistance to prior front-line EGFR TKI, treated at 
a tertiary cancer center in Asia. We present the following 
article in accordance with the STROBE reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-22-661/rc).

Methods

We identified 202 patients with metastatic EGFR+ NSCLC 
treated with osimertinib in second or subsequent line after 
progression on prior EGFR-TKI from July 2015 to January 
2019 at the National Cancer Centre Singapore. Osimertinib 
was first made available to patients as part of the AZD9291 
Early Access Program (EAP) in 2015. Of these, data from 
192 evaluable patients were analyzed (Figure 1). All patients 
were started on osimertinib 80 mg once daily with dose 
reductions as per physician’s discretion for tolerability. 
Patients underwent regular radiological assessments with 
computed tomography (CT) scans and were analysed 
for response rate (RR) and PFS as per investigator-
assessed Response Evaluation Criteria in Solid Tumors  
(RECIST 1.1) criteria. 

We included patients who consented under the 
Lung Cancer Consortium Singapore (LCCS) database 
and clinical data including baseline characteristics, 
primary EGFR mutation, T790M mutation status upon 
progression, presence of baseline brain metastases (BM), 

first-line EGFR-TKI used, systemic treatment including 
chemotherapy use prior to osimertinib, as well as survival 
status, were captured. Electronic records of these patients 
were retrospectively reviewed and anonymized for analyses 
and reporting. Patients with incomplete data or lost to 
follow-up were excluded. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). Written informed consent to participate was 
obtained from each of the patients under our LCCS data-
base. This study was approved by Centralized Institutional 
Review Board (CIRB), Singapore (No. CIRB 2007/444/B).  
Patient data were de-identified and anonymized before 
analysis.

Reflex testing for primary EGFR mutations at the point 
of diagnosis of non-squamous NSCLC was performed 
by direct Sanger sequencing or Roche COBAS EGFR 
mutation test—a real-time allele-specific PCR test, while 
T790M testing on histology specimens was performed 
mainly by the COBAS EGFR mutation test. For plasma 
specimens, tests on cfDNA for T790M mutation were 
performed by the plasma EGFR COBAS mutation test.

Statistical analysis

Baseline patient demographics, cancer type, primary EGFR 
mutations, T790M mutation status, type of T790M testing, 
presence of BM and TKI are summarized using descriptive 
statistics; categorical data were described using frequency 
and percentages while continuous data were described using 
median with interquartile range and range. We evaluated 
the overall response rates (ORR) for osimertinib as well as 
progression-free survival (PFS) and overall survival (OS) in 
this patient cohort. PFS was calculated from the start date 
of osimertinib to the date of documented progression of 
disease. OS was calculated from start date of osimertinib to 
date of demise and surviving patients were censored at date 
of last follow-up. The Logrank test was used to compare 
the survival between groups of patients. Univariable and 
multivariable analysis (MVA) were performed using the Cox 
proportional hazard regression model, proportional hazard 
assumption was assessed using the Schoenfeld residuals test.

Results

Baseline characteristics 

In this cohort of 193 patients, the median age at diagnosis 
was 63 years (interquartile range, 55–70 years); 59.6% 

EGFR+ metastatic NSCLC treated 
with osimertinib in 2nd/subsequent line 

between July 2015–Jan 2019
(n=202)

Excluded (n=9): patients with 
incomplete data-9

Excluded (n=1): patient lost 
to follow-up immediately post 

starting osimertinib

Included patients (n=193) 
Median follow-up 37 months 

Used for statistical analysis for PFS 
and OS (n=192)

Figure 1 Consort flow diagram. EGFR+, epidermal growth factor 
receptor mutation-positive; NSCLC, non-small cell lung cancer; 
PFS, progression-free survival; OS, overall survival.
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Table 1 Baseline characteristics and TKI use in patients who 
received osimertinib in second or subsequent line treatment of 
metastatic EGFR+ NSCLC

Characteristics
Frequency 

(N=193) 

Age at diagnosis, years

Mean (SD) 62 (10.4)

Median [interquartile range] 63 [55–70]

Range 25 to 85

Gender, n (%)

Female 115 (59.6)

Male 78 (40.4)

Ethnicity, n (%)

Chinese 166 (86.0)

Malay 8 (4.1)

Indian 4 (2.1)

Others 15 (7.8)

ECOG, n (%) 

0–1 153 (79.3)

2–4 40 (20.7)

Smoking history, n (%)

Non-smoker 154 (79.8)

Former/current 37 (19.2)

Unknown 2 (1.0)

Primary EGFR mutation, n (%)

Exon 19 mutation 117 (60.6)

Exon 21 mutation 62 (32.1)

Others 12 (6.2)

Unknown 2 (1.0)

T790M mutant, n (%)

No 20 (10.4)

Yes 151 (78.2)

Unknown/NA 22 (11.4)

Line of treatment of osimertinib

Median 2

Range 2 to 10

Presence of baseline brain metastasis, n (%)

Yes 55 (28.5)

No 138 (71.5)

Table 1 (continued)

Table 1 (continued)

Characteristics
Frequency 

(N=193) 

Preceding TKI use, n (%)

Gefitinib/erlotinib 144 (74.6)

Afatinib 47 (24.4)

Others 2 (1.0)

Chemotherapy use prior to osimertinib, n (%)

No 111 (57.5)

Yes 79 (40.9)

NA 3 (1.6)

TKI, tyrosine kinase inhibitor; EGFR+, epidermal growth factor 
receptor mutation positive; NSCLC, non-small cell lung cancer; 
SD, standard deviation; ECOG, Eastern Cooperative Oncology 
Group; NA, not applicable.

of patients were females, with a predominance of never-
smokers (79.8%). Up to 79.3% of patients were of Eastern 
Cooperative Oncology Group (ECOG) performance status 
0–1 at start of osimertinib use. 

One hundred (51.8%) patients received osimertinib in 
the second line, whereas the remaining patients received 
it in third or subsequent lines (up to 9 prior lines of 
treatment). Median number of lines was 2 (range, 2–10). 
Prior line TKI therapy was gefitinib or erlotinib (1G-TKI) 
in 144 (74.6%) patients, afatinib in 47 (24.4%) and EGF816 
as part of a phase I/II trial (14) in 2 (1%) patients. BM was 
present in 55/193 (28.5%) patients at baseline (at time of 
starting osimertinib), and 37 (67.3%) of them had received 
whole brain radiotherapy (WBRT). In the group of patients 
who received afatinib, there was higher proportion of 
BM (46.8% vs. 22.9%) compared to the 1G-TKI group. 
Baseline patient data is presented in Table 1.

EGFR mutation status 

Of the 193 patients, majority harbored exon 19 (60.6%, 
n=117) and exon 21 (32.1%, n=62) mutations, whereas 
patients with exon 18 mutations (G719A, p.E709_T710>D) 
or dual co-existing EGFR mutations accounted for most 
of the remaining patients. Of note, 6 (3.1%) patients had  
de novo T790M mutation detected upon diagnosis which co-
occurred with another sensitizing EGFR mutation. In the 
group of patients who received upfront afatinib, there was a 
higher proportion of double (compound) EGFR mutations 
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(6.4% vs. 2.8%) compared to 1G-TKI group.
In this cohort, 171 (88.6%) patients underwent testing 

for T790M mutation of which the mutation was detected in 
151 (78.2%) of all patients; 95 (49.2%) patients had T790M 
detected based on re-biopsy (comprising both histology 

as well as cytology specimens) and 63 (32.6%) from 
plasma EGFR testing. T790M status was negative in 20 
(10.4%) and not tested in 22 (11.4%) patients who received 
osimertinib. 

Overall efficacy of osimertinib

After a median follow up of 36.6 (95% CI: 31.8–41.6) 
months, mPFS was 10.3 (95% CI: 8.64–11.50) months on 
osimertinib (Figure 2) and mOS was 20.0 (95% CI: 15.61–
23.13) months for the whole cohort (Figure 3).

Osimertinib was used in second line in 52% of patients, 
achieving an mPFS of 10.0 (95% CI: 6.34–12.29) months 
and OS of 20.5 (95% CI: 15.18–23.89) months. In the 
remaining 48% patients who received osimertinib in 
the third/subsequent line, outcomes were similar with 
mPFS of 10.3 (95% CI: 8.05–14.03) months and mOS of  
18.7 (95% CI: 14.13–23.75) months. Interestingly there was 
also no significant difference in RR to osimertinib at 43% in  
both groups. 

Physician-assessed ORR to osimertinib was 43% (95% 
CI: 35.9–50.3%): 48.3% in T790M+ vs. 20% in T790M-
negative patients (Table 2). In patients who received 
osimertinib, 72.5% achieved disease control [best response 
being partial response (PR) or stable disease (SD)] (Table 3).  
Duration of response achieved was 11.1 (95% CI: 8.28–
13.67) months in T790M+ patients. 

By MVA, ECOG ≥2 (adjusted HR 2.53, P<0.001) upon 
starting osimertinib was associated with a shorter OS of 
6.5 months compared to 23.1 months in patients who were 
ECOG 0–1, whereas presence of T790M+ portends a longer 
OS (adjusted HR 0.50, P=0.008) (Table 4). The presence of 
T790M mutation was significantly associated with longer 
PFS compared to T790M-negative patients (adjusted HR 
0.57, P=0.027). Conversely ECOG ≥2 (adjusted HR 2.10, 
P<0.001) and first-line afatinib use (adjusted HR 1.58, 
P=0.009) compared to 1G-TKI use, were significantly 
associated with shorter PFS by MVA (Table 5). 
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Figure 2 PFS of entire cohort. PFS, progression-free survival.

Figure 3 OS of entire cohort. OS, overall survival.

Table 2 Overall response, progression free survival and overall survival of EGFR T790M+ and EGFR T790M− patients with osimertinib use

Variables EGFR T790M positive EGFR T790M negative HR (95% CI) P value

ORR 48.3% 20%

Median PFS 11.2 months 3.1 months 0.52 (0.32, 0.85) 0.01

Median OS 22.6 months 7.9 months 0.43 (0.26, 0.72) 0.001

EGFR, epidermal growth factor receptor; HR, hazards ratio; CI, confidence interval; ORR, overall response rate; PFS, progression-free 
survival; OS, overall survival.
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Efficacy of osimertinib in T790M+ 2nd/3rd line 
osimertinib by subgroups

Common sensitizing EGFR mutations in exon 19 and exon 
21 have similar PFS of 10.3 months (HR 0.97, P=0.9), 
whereas other mutations are associated with a shorter PFS 
of 1.7 months (HR 1.39, P=0.3) though numbers were 
small (n=12). There was no significant difference between 
OS achieved in patients with exon 19 mutations vs. exon 
21 mutations vs. others at 19.7 vs. 20.5 vs. 15.2 months, 
respectively (P=0.8). 

Prior chemotherapy was also not associated with any 
statistically different ORR, PFS or OS in patients who 
received osimertinib. Patients with baseline BM had a 
shorter OS of 16.3 months compared to 22.4 months 
in patients without baseline BM (HR 1.58, P=0.01). An 
ECOG status ≥2 upon diagnosis was associated with a 
significantly shorter PFS of 3.0 months (HR 2.34, P<0.001) 
and OS of 6.5 months (HR 2.79, P<0.001) with osimertinib 
treatment compared to PFS of 11.4 months and OS of  
23.1 months in patients with ECOG 0–1. Smoking history 
did not significantly affect PFS or OS on osimertinib. 

Plasma vs. tumour T790M+ subgroups 

In T790M+ patients, treatment with osimertinib resulted in 
a statistically significantly improved mOS of 22.6 months 
vs. only 7.9 months in T790M-negative patients (HR 0.43, 
P<0.001) (Figure 4), and mPFS was 11.2 months compared 
to 3.1 months (HR 0.52, P=0.007) (Figure 5). This trend 
was shown in T790M+ proven on tumour samples, however, 
plasma T790M+ was not associated with a significant 
difference in either PFS (HR 0.67, P=0.2) or OS (HR 0.73, 
P=0.3). There were 21 patients with unknown T790M 
mutation status, OS was 14.1 months (HR 0.70, P=0.3) and 
PFS was 8.0 months (HR 0.83, P=0.6). 

ORR in patients who were tumour T790M+ was 52% 
vs. 44% in those plasma T790M+. mPFS and mOS in 
tumour T790M+ patients were 14.5 and 23.5 months, 
respectively; and in plasma T790M+ patients were 8.0 and 
18.7 months, respectively, though unable to prove statistical 

Table 3 Best response to osimertinib of entire cohort

Best overall response Frequency

PR, n (%) 83 (43.0)

SD, n (%) 57 (29.5)

PD, n (%) 40 (20.7)

Not evaluable/not applicable, n (%) 13 (6.7)

Best overall response rate (95% CI) 43% (35.9–50.3%)

Disease control rate (95% CI) 72.5% (65.7–78.7%)

PR, partial response; SD, stable disease; PD, progressive 
disease; CI, confidence interval.

Table 4 Multivariate analysis for overall survival 

Variables Adjusted HR (95% CI) P value

EGFR T790M negative 1

EGFR T790M positive 0.50 (0.30, 0.83) 0.008

ECOG 0–1 1

ECOG 2–4 2.53 (1.71, 3.75) <0.001

HR, hazards ratio; CI, confidence interval; EGFR, epidermal 
growth factor receptor; ECOG, Eastern Cooperative Oncology 
Group.

Table 5 Multivariate analysis for progression free survival

Variables Adjusted HR (95% CI) P value

EGFR T790M negative 1

EGFR T790M positive 0.57 (0.34, 0.94) 0.027

ECOG 0–1 1

ECOG 2–4 2.10 (1.45, 3.04) <0.001

HR, hazards ratio; CI, confidence interval; EGFR, epidermal 
growth factor receptor; ECOG, Eastern Cooperative Oncology 
Group.
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significance as the 2 groups overlap. Twenty-two patients 
underwent both plasma and tissue testing for T790M 
mutation, however concordance rate of T790M testing by 
the 2 methods was only 40.9%. Of the 10 patients who were 
T790M+ on plasma testing but had discordant results on 
tissue testing, ORR to osimertinib was only 30% compared 
to 52% ORR in patients who were T790M+ on tissue 
testing (Table 6). 

Prior EGFR TKI therapy

Seventy-five percent of patients received prior 1G EGFR-
TKI gefitinib or erlotinib, 24% patients received prior 
2G EGFR-TKI afatinib and 1% received other EGFR-
TKIs (EGF816). Patients received prior line TKI for 
a median duration of 13.1 months (interquartile range,  
7.7–18.6 months), with no significant difference between 

duration of treatment with prior gefitinib/erlotinib  
(12.6 months) vs. afatinib (13.6 months).

Patients who received prior afatinib showed a trend 
towards a lower ORR of 32% with osimertinib use vs. 
46.5% in patients who received prior 1G EGFR TKI 
(P=0.08) despite a similar rate of T790M positivity (79.9% 
with 1G-TKI and 72.3% with afatinib use). Patients 
receiving prior EGF816 achieved an ORR of 50%. 
PFS achieved on osimertinib was significantly longer at  
10.5 months in patients who received prior 1G EGFR-TKI 
compared to 6.3 months in patients with prior 2G EGFR-
TKI, with a hazard ratio of 1.57 (P=0.009), however type 
of first-line TKI (whether 1G or 2G TKI) did not have a 
significant influence on OS—20 months with 1G TKI and 
19 months with afatinib (P=0.2). 

Discussion 

The data demonstrates that osimertinib is effective in 
patients with EGFR+ metastatic NSCLC (mNSCLC) 
who develop T790M mutation upon progression on prior 
1G/2G TKI in second line and later setting. Despite 
nearly half of patients receiving osimertinib in third line or 
beyond, the mPFS of 10 months achieved was comparable 
to that reported in the AURA3 trial where osimertinib was 
given predominantly (95% of patients) in the second line 
setting (3). mOS with osimertinib was 20 months—lower 
compared to that (26.8 months) in AURA3 (15), likely 
contributed by a significant proportion of our patients (20%) 
with poor performance status. Known to be a negative 
prognostic factor in NSCLC (16,17), poor ECOG of ≥2 
was also significantly associated with shorter OS in our 
patients by MVA (HR 2.53, P<0.001). 

The development of T790M mutation is both a robust 
prognostic and predictive biomarker for efficacy of 
osimertinib, its presence resulting in significantly higher 
RR, longer PFS and OS in the patients. ORR achieved was 
48% in patients with T790M+ mutation and 24% in the 
cohort of 44 patients with negative or unknown T790M 
status. In patients without T790M mutation in our study, 
osimertinib resulted in RR of 20%—consistent with results 
from the phase I AURA trial (18), poor OS of 14.1 months 
and PFS of 3.1 months only. Detecting the presence of 
acquired T790M mutation is hence critical to identify 
patients most likely to benefit from second-line osimertinib, 
in line with current recommendations (19,20). 

In this cohort, only 49% of patients diagnosed with 
T790M+ had undergone tissue biopsy at TKI resistance. 
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Figure 5 PFS by EGFR T790M mutational status. PFS, 
progression-free survival; EGFR, epidermal growth factor receptor.

Table 6 Overall response rate of patients (n=22) treated with osim-
ertinib who paired tumour and plasma EGFR T790M testing

Plasma

EGFR T790M 
negative

EGFR T790M 
positive

Tumour EGFR T790M 
negative

1/1 (100%) 3/10 (30%)

EGFR T790M 
positive

2/3 (67%) 5/8 (63%)

EGFR, epidermal growth factor receptor.
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Although tissue biopsy remains the current standard for 
molecular analysis, obtaining tumour tissue biopsy can 
present challenges due to inaccessibility of tumour, risk of 
complications from the invasive procedure, or inadequacy 
of tissue for molecular analysis. The use of liquid biopsies 
for genotyping is an appealing alternative and increasingly 
utilized in clinical practice. Circulating free tumor-derived 
DNA (ctDNA) found in blood plasma has been approved 
by regulatory agencies for T790M detection to identify 
patients for osimertinib after progression on first-line 
1G/2G EGFR TKI (19,20). 

In our study, the Cobas EGFR mutation test was 
used for T790M mutation testing in both tumour tissue 
as well as plasma cfDNA. It has reported sensitivity of 
70–80% for genotyping and concordance ranging 51–86% 
between tissue and plasma (21-25). The concordance of 
tumour and plasma testing for T790M mutation in our 
cohort appeared to be suboptimal at only 40.9%, which 
could be a function of tumour burden and intratumoral 
heterogeneity for T790M-mediated resistance (26), with 
the caveat of test sensitivity and the small number of 
patients with paired tumour-plasma T790M testing. A 
retrospective analysis from patients in AURA3 (25) had 
also demonstrated that EGFR Cobas plasma test was less 
sensitive and had lower concordance of 51% with Cobas 
tissue T790M, compared to plasma droplet digital PCR 
and plasma NGS. 

We found that T790M positivity on tumour was 
more predictive for treatment response compared to 
plasma T790M positivity, consistent with results from 
earlier studies (27,28). In the subgroup of patients with 
both tumour and plasma testing results, 8 patients who 
had concordant findings of T790M+ in both plasma 
and tumour achieved an ORR of 63% (5 of 8 patients) 
compared to only 30% (3 of 10 patients) who were plasma 
T790M+ but had negative tumour T790M testing. The 
converse was true—in the 3 patients who were tumour 
T790M+ but plasma T790M−, the ORR was still 67%. 
Plasma T790M+ patients on osimertinib had numerically 
shorter PFS/OS compared to tissue T790M+ patients in 
our study however we were unable to verify the statistical 
significance due to overlap between these 2 subgroups 
and a significant proportion of patients not having known 
plasma T790M mutation status. This may be attributed 
to higher level of ctDNA shed by the tumor in plasma 
T790M+ patients and may reflect a higher tumour 
burden as suggested by an association of plasma T790M 
positivity with higher number of metastatic sites (29).  

Thress et al. also reported lower clinical ORR of 38% in 
patients with plasma T790M+ but tumour T790M−, as 
well as lower rate of plasma T790M mutation detection in 
patients with disease limited to the thorax vs. extrathoracic 
metastatic disease (24), suggesting potential tumour 
heterogeneity, presence of other resistance mechanisms and 
that plasma ctDNA is better able to reflect total tumour 
burden compared to tissue biopsy. Despite that, currently 
there remains limited data on outcomes of patients with 
plasma T790M+/tissue T790M− status treated with 
osimertinib, which requires further validation in a larger 
prospective study. Furthermore, there is also the likelihood 
of false negative rates of approximately 30% with cfDNA-
based liquid biopsies compared with traditional tissue 
biopsies (30,31), consistent with the ORR shown in the 
tumour T790M+/plasma T790M− group. This underscores 
the value of paired tumour and plasma testing for T790M 
status to guide T790M-directed therapy in the TKI 
resistance setting. Aside from T790M mutation, tissue 
testing may also offer additional insights into resistance 
mechanisms including information about the transcriptomic 
subtype, tumour microenvironment, as well as histologic 
transformation (32). 

Interestingly, our study showed that patients who 
received prior first line afatinib had inferior PFS (but 
not OS) compared to those who received 1G TKI. This 
observation may be confounded by presence of higher 
proportion of patients with compound EGFR mutations 
who received afatinib which is associated with poor clinical 
outcomes in lung adenocarcinoma (33,34). Furthermore, 
there was a higher prevalence of CNS metastases in the 
group who received afatinib compared to 1G TKI (46.8% 
vs. 22.9%). Osimertinib has shown superior intracranial 
activity and brain penetrance (3,35), but prior to the advent 
of osimertinib, afatinib was preferred over 1G TKI for 
EGFR+ mNSCLC patients with de novo BM, based on 
clinical observations from trials showing intracranial efficacy 
with afatinib in patients with BM (36-39). This selection 
bias likely resulted in more patients with BM being treated 
with afatinib, conceivably resulting in poorer PFS (6.3 vs. 
10.5 months, HR 1.58, P=0.009) with first-line afatinib 
compared to 1G TKI. 

Several real-world studies have shown good outcomes 
with a sequential TKI approach which potentially helps to 
prolong time to chemotherapy in patients with acquired 
T790M mutation on EGFR TKI, particularly with 
sequential afatinib and osimertinib (11,12,40,41). The 
RESET (40) and UpSwing (42) observational studies 
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demonstrated favourable OS of more than 35 months (from 
time of start of afatinib) in T790M-positive patients on 
osimertinib after afatinib failure. Our findings too, support 
the role for sequential TKI strategy especially in countries 
where there are resource constraints.

Limitations of our study include its retrospective nature 
which could have resulted in inadvertent selection bias. 
Definitive conclusions regarding the subgroups of interest 
cannot be drawn due to the small numbers particularly for 
the patients with paired tumor and plasma T790M testing, 
and we acknowledge that our findings for this subgroup 
remain hypothesis-generating. Data regarding toxicity 
and patient-reported outcomes were also not included. 
There was also limited data regarding mechanisms of post-
osimertinib resistance due to limited number of biopsies 
performed after osimertinib failure. 

Conclusions

The findings of our study are particularly relevant to 
countries where sequential 3G TKI strategy is being 
practised in the setting of acquired T790M resistance 
to 1G/2G TKI. Our results further emphasize the 
complementary role of plasma cfDNA to tissue T790M 
testing, and the potential for additional insight from 
paired plasma-tumour biopsies with regards to genomic 
heterogeneity and acquired T790M-mediated resistance. 
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