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Abstract
Background Acquired epidermal growth factor receptor (EGFR) T790M mutation is the primary resistance mechanism to firstgeneration EGFR tyrosine kinase inhibitors (TKIs) used in advanced, EGFR mutation-positive non-small-cell lung cancer
(NSCLC). Available data, predominantly in Asian patients, suggest that this mutation is also the major cause of resistance to
the irreversible ErbB family blocker, afatinib. For EGFR T790M-positive patients who progress on EGFR TKI therapy,
osimertinib is an effective treatment option. However, data on osimertinib use after afatinib are, to date, scarce.
Objective To identify the prevalence of EGFR T790M mutations in predominantly Caucasian patients with stage IV EGFR
mutation-positive NSCLC who progressed on afatinib, and to investigate the subsequent response to osimertinib.
Patients and Methods In this single-center, retrospective analysis, EGFR T790M mutation status after afatinib failure was
assessed using liquid biopsy and tissue rebiopsy. EGFR T790M-positive patients subsequently received osimertinib.
Results Sixty-seven patients received afatinib in the first-, second-, or third-line (80.6%, 14.9%, and 4.5%, respectively). After
afatinib failure, the T790M mutation was identified in 49 patients (73.1%). Liquid biopsy and tissue rebiopsy were concordant in
79.4% of cases. All patients with T790M-positive tumors received osimertinib (73.5% after first-line afatinib); 37 (75.5%) of
these had an objective response (complete response: 22.4%; partial response: 53.1%). Response rate was independent of T790M
copy number.
Conclusion EGFR T790M mutation is a major mechanism of acquired resistance to afatinib. Osimertinib confers high response
rates after afatinib failure in EGFR T790M-positive patients and its use in sequence potentially allows extended chemotherapyfree treatment.
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Key Points
Approximately three quarters of patients with EGFR
mutation-positive NSCLC who progressed following
treatment with afatinib had the EGFR T790M mutation.
In this real-world setting, all afatinib-treated patients who
developed the EGFR T790M mutation were subsequently
treated with osimertinib.
Targeted treatment with afatinib followed by osimertinib
results in pronounced responses and provides the
potential for long-term chemotherapy-free treatment.

1 Introduction
For patients with advanced non-small-cell lung cancer
(NSCLC) and activating epidermal growth factor receptor
(EGFR) mutations, EGFR tyrosine kinase inhibitors
(TKIs) are standard first-line treatment [1]. First- (gefitinib, erlotinib), second- (afatinib, dacomitinib), and thirdgeneration (osimertinib) EGFR TKIs are currently approved in this setting and have demonstrated robust clinical activity. Recent head-to-head data have demonstrated
that the second-generation irreversible ErbB family
blockers, afatinib and dacomitinib, and the thirdgeneration irreversible EGFR wild-type sparing TKI,
osimertinib, achieve superior clinical outcomes over reversible first-generation TKIs [2–6]. Nevertheless, progression inevitably occurs with all EGFR TKIs. It is therefore important that tumors are characterized for further
molecular aberrations at the time of acquired resistance,
so subsequent therapy can be tailored. Liquid biopsy is a
strategy for tumor genotyping that is now commonly used
to assess the presence of aberrations at the time of progression [7, 8]. Although various underlying mechanisms
of acquired resistance to first- and second-generation
EGFR TKIs have been described, the ‘gatekeeper’
EGFR T790M mutation, which arises from acquisition
of a single recurrent missense mutation within exon 20,
is the most common mechanism [9, 10].
Osimertinib is selective for both EGFR-sensitizing mutations and the EGFR T790M-resistance mutation. Based on the
phase III AURA3 trial, in which 94% of patients had received
first-line treatment with a first-generation EGFR TKI and 7%
had been pretreated with afatinib, osimertinib was approved
for the second-line treatment of patients with an EGFR
T790M mutation following progression on or after EGFR
TKI therapy [1, 11]. Consequently, it is imperative that patients are screened for the EGFR T790M mutation at the point
of acquired resistance. Furthermore, it is important to assess
the relative frequency of acquired EGFR T790M resistance

mutations in patients treated with first- and secondgeneration EGFR TKIs, as this information may drive the
selection of first-line treatment.
To date, analyses of the frequency of acquired EGFR
T790M mutation have mainly been conducted in patients
who received first-generation EGFR TKIs, with prevalence
rates of 49–69% [9, 10, 12]. However, available data from
studies undertaken in Taiwanese [13] or Japanese patients
[14], and a predominantly Asian population [12] suggest that
development of the EFGR T790M mutation may also be the
major mechanism of resistance to afatinib (43–68% of patients). Data on the prevalence of the EGFR T790M mutation
after afatinib failure, and subsequent response to osimertinib,
are lacking in Caucasian patients. As the mechanism of action
of afatinib differs from that of reversible EGFR TKIs, evidence of similar resistance mechanisms across these agents
is essential. Additionally, it is important to demonstrate that
osimertinib is as effective a treatment option after afatinib
failure as it is after erlotinib and gefitinib. We therefore conducted a retrospective analysis in patients who progressed on
afatinib, with the aim of identifying the prevalence of EGFR
T790M mutations in this setting, and the subsequent responses of these patients to osimertinib.

2 Patients and Methods
2.1 Study Design and Patient Population
This single-center, retrospective analysis included all patients
with stage IV adenocarcinoma of the lung and activating
EGFR mutations who progressed on afatinib treatment between April 2015 and August 2018 at the Department of
Respiratory and Critical Care Medicine of the Otto Wagner
Hospital, Vienna. Exclusion criteria included lack of liquid
biopsy, negative liquid biopsy that was not followed by
rebiopsy, and therapies administered between afatinib and
osimertinib treatment for patients with the T790M mutation.
The patients included in this analysis had been treated with
afatinib in the first-, second-, or third-line setting; patients who
received afatinib in the second- and third-line settings after a
first generation TKI were included previously in a named
patient use program. Some patients (n = 33) had been included
in a previous study [8].
EGFR mutation status was determined using liquid biopsy
only, or liquid biopsy followed by tissue rebiopsy if the liquid
biopsy result was negative for T790M and the patient was fit
enough to undergo rebiopsy. Patients with the EGFR T790M
mutation received subsequent osimertinib.
All procedures in studies involving human participants,
which were approved and overseen by an ethics committee
at the Otto Wagner Hospital, were performed in accordance
with the ethical standards of the institutional and/or national
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research committee, and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. For
retrospective studies, formal consent is not required. Patient
written informed consent to this study was obtained before
implementation of the liquid biopsies.

2.2 Liquid Biopsy
Liquid biopsy was performed as previously described [8].
Briefly, blood samples were collected in ethylenediaminetetraacetic acid-containing vacutainer tubes and processed within 2 h of collection. Cell-free plasma DNA was extracted using
QIAamp circulating nucleic acid kits (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions. The
patient mutation status was determined using droplet digital
PCR (QX-100™ Droplet Digital™ PCR system; Bio-Rad,
Hercules, CA, USA).

2.3 Assessment and Statistical Analysis
The patient and tumor characteristics monitored included age,
sex, race, smoking status, presence of brain metastases, type
of EGFR mutation at baseline (prior to any systemic treatment
for stage IV adenocarcinoma of the lung), and treatment prior
to afatinib. Tumor responses to afatinib and osimertinib were
assessed by centralized radiologic review based on imaging
methods, according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1 and institutional guidelines. The objective response rate (ORR) was defined as the
combined percentages of patients with complete responses
(CRs) and partial responses (PRs). Treatment probabilities
were calculated using the Kaplan-Meier method. T790M copy
number was estimated based on the read-out of the droplet
digital PCR assay. Comparison of response according to
T790M copy number was done by one-factorial analysis of
variance (ANOVA). All analyses were performed using
GraphPad Prism version 7 software. Data cut-off was
August 31, 2018.

Table 1

Demographic and clinical characteristics of patients at baseline

Characteristic

Patient group
All

Acquired T790M

67 (100)
67 (36–87)

49 (73.1)
70 (44–87)

Female
Male

49 (73.1)
18 (29.6)

39 (79.6)
10 (20.4)

Race, n (%)
Caucasian

62 (92.5)

45 (91.8)

5 (7.5)

4 (8.2)

49 (73.1)

38 (77.6)

13 (19.4)
5 (7.5)

8 (16.3)
3 (6.1)

Total, n (%)
Median age, years (range)
Sex, n (%)

Asian
Smoking status, n (%)
Never-smokers
Ex-smokers
Smokers

Brain metastases, n (%)
14 (20.9)
9 (18.4)
EGFR mutation at baseline (prior to any systemic therapy), n (%)
Exon 19 deletion
L858R

38 (56.7)
17 (25.4)

30 (61.2)
14 (28.6)

G719X
L861Q

3 (4.5)
4 (6.0)
5 (7.5)a

1 (2.0)
1 (2.0)
3 (6.1)b

9 (13.4)
1 (1.5)
3 (4.5)

9 (18.4)
1 (2.0)
3 (6.1)

54 (80.6)

36 (73.5)

10 (14.9)
3 (4.5)

10 (20.4)
3 (6.1)

Other
Treatment prior to afatinib, n (%)
First-generation EGFR TKIc
Platinum-based chemotherapyd
Chemotherapy and EGFR TKIe
Afatinib treatment line, n (%)
First
Second
Third

a
Exon 20 insertions (n = 2), L858R/G719X (n = 1), G719X/S786I (n =
1), G719X/L861Q (n = 1)
b

Exon 20 insertion (n = 1), L858R/G719X (n = 1), G719X/S786I (n = 1)

c

Erlotinib (n = 1) and gefitinib (n = 8)

d

Carboplatin/pemetrexed (n = 1)

e

Cisplatin/pemetrexed followed by erlotinib (n = 1), gefitinib followed
by cisplatin/pemetrexed/bevacizumab (n = 1), gefitinib followed by
pemetrexed (n = 1)

3 Results
3.2 Prevalence of Acquired T790M Mutation
3.1 Patient Characteristics
Overall, 67 patients were included in this analysis. Patient
baseline characteristics are summarized in Table 1. Most patients were Caucasian (92.5%) and received first-line afatinib
(80.6%). Nine patients (13.4%) had received prior treatment
with a first-generation EGFR TKI, one (1.5%) had received
platinum-based chemotherapy, and three (4.5%) had received
both. Fifty-five patients (82.1%) had tumors with either an
exon 19 deletion or an L858R mutation.

Forty-nine (73.1%) patients tested positive for the EGFR
T790M mutation after afatinib treatment (Fig. 1); baseline
characteristics of these patients were comparable to the
overall cohort (Table 1). Rebiopsy was conducted in 37
patients. In three cases, test results for either liquid biopsy
or tissue rebiopsy were not evaluable. Of the remaining
cases the rebiopsy results were concordant with liquid
biopsy results in 27 (79.4%) cases (Fig. 1). Six patients
had a T790M-negative rebiopsy but positive liquid biopsy

M. J. Hochmair et al.
Fig. 1 Patient disposition chart

Patients receiving afatinib and
meeting in/exclusion criteria
(n = 67)
Ongoing on afatinib
(n = 0)
Liquid biopsy performed
upon progression
(n = 67)

T790M positive in liquid biopsy
(n = 47)

T790M negative in liquid biopsy
(n = 19)

Tissue re-biopsy performed
(n = 37)

T790M not evaluable in liquid
biopsy but positive in tissue
re-biopsy (n = 1)

T790M positive in
liquid biopsy and
tissue re-biopsy
(n = 17)

T790M negative in
liquid biopsy and
tissue re-biopsy
(n = 10)

T790M positive in liquid
biopsy but negative
in tissue re-biopsy
(n = 6)

T790M negative in
liquid biopsy but
positive in tissue
re-biopsy (n = 1)

T790M positive in
liquid biopsy with
tissue re-biopsy
not evaluable or not
performed (n = 24)

T790M negative in
liquid biopsy with
tissue re-biopsy not
performed (n = 8)

Classified as T790M positive
(n = 49)

Received osimertinib
(n = 49)

Progressed on osimertinib
(n = 23)

Lost to follow-up
(n = 2)

Ongoing on osimertinib
(n = 24)

and one patient was only T790M-positive on rebiopsy.
Rebiopsy identified the presence of small-cell lung cancer
histology in two of the 37 patients who were re-tested;
both tumors were EGFR T790M negative. Of the 54 patients who received first-line afatinib, 36 (66.7%) tested
positive for T790M.

3.3 Response to Afatinib
The ORR obtained with afatinib was 92.5% (CR: 19.4%; PR:
73.1%; Table 2) in the overall cohort and 93.9% (CR: 26.5%;
PR: 67.3%) in the patients who acquired the EGFR T790M
mutation. Among the 54 patients who received first-line
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Table 2

Tumor response to afatinib
Treatment line
Any
All patients (N = 67)

First
Acquired T790M (n = 49)

All patients (n = 54)

Acquired T790M (n = 36)

62 (92.5)

46 (93.9)

50 (92.6)

34 (94.5)

13 (19.4) [9.9–28.8]
49 (73.1) [62.5–83.7]

13 (26.5) [14.2–38.9]
33 (67.3) [54.2–80.5]

10 (18.5) [8.2–28.9]
40 (74.1) [62.4–85.8]

10 (27.8) [13.1–42.4]
24 (66.7) [51.3–82.1]

2 (4.1) [−1.5–9.6]

1 (1.9) [−1.7–5.4]

1 (2.8) [−2.6–8.1]

Response, n (%) [95% CI]
Overall
Complete
Partial

Stable disease
2 (3.0) [−1.1–7.0]
Duration, n (%) [95% CI]
≥6 months

59 (88.1) [80.3–95.8]

44 (89.8) [81.3–98.3]

47 (87.0) [78.1–96.0]

32 (88.9) [78.6–99.1]

≥12 months
≥18 months

34 (50.7) [38.8–62.7]
15 (22.4) [12.4–32.4]

24 (49.0) [35.0–63.0]
13 (26.5) [14.2–38.9]

29 (53.7) [40.4–67.0]
12 (22.2) [11.1–33.3]

19 (52.8) [36.5–69.1]
10 (27.8) [13.1–42.4]

≥24 months

5 (7.5) [1.1–13.8]

5 (10.2) [1.7–18.7]

4 (7.4) [0.4–14.4]

4 (11.1) [0.8–21.4]

3.4 Response to Osimertinib
All 49 patients who had EGFR T790M-positive tumors after
progression on afatinib received osimertinib. The ORR was
75.5% (CR: 22.4%; PR: 53.1%; Table 3) in all patients, and
77.8% (CR: 19.4%; PR: 58.3%) in patients who had received
first-line afatinib. For patients who received afatinib in later
lines (N = 13) ORR was 69.3% (CR: 30.8%; PR: 38.5%, SD:
7.7%, PD: 15.4%, NE: 7.7%). There was no significant correlation between T790M copy number and response to
osimertinib (Fig. 3).
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afatinib, the ORR was 92.6% (CR: 18.5%; PR: 74.1%) in all
patients and 94.5% in those patients who acquired the EGFR
T790M mutation (CR: 27.8%; PR: 66.7%). Patients with an
EGFR mutation other than exon 19 deletion or L858R (N =
14) showed a comparable ORR of 85.7% (CR: 7.1%; PR:
78.6%, stable disease (SD): 7.1%, progressive disease (PD):
7.1%).
Figure 2 shows Kaplan–Meier curves for time on treatment
(ToT) with afatinib in patients who received it as first-line
therapy (n = 54) and those who received first-line afatinib
and tested positive for T790M (n = 36). Median ToT was
13.0 months (95% CI: 10–15) and 13.5 months (95% CI:
10–16), respectively. Median ToT with afatinib in the overall
cohort (n = 67) was 12.0 months (95% CI: 10–15). Five
(7.5%) patients achieved a long-term response to afatinib of
≥24 months. All five of these patients developed the T790M
mutation and four received first-line afatinib. Achievement of
long-term response to afatinib in this analysis was independent of baseline EGFR mutation type (as listed in Table 1). In
the T790M-negative and positive groups, four (22.2%) and
zero patients were treated beyond progression, respectively.

80
60
40
Median 13.5 months
(95% CI 10–16)

20
0
0

3

6

9

No. at risk:
36

36

32

28

20

17

Fig. 2 Time on afatinib treatment. a Patients who received first-line
afatinib; b patients who received first-line afatinib and tested positive
for T790M
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Table 3

a

Tumor response to osimertinib

Response, n (%)
Overall

First (n = 36)

37 (75.5)

28 (77.8)

Complete

11 (22.4)

7 (19.4)

Partial
Stable disease

26 (53.1)
3 (6.1)

21 (58.3)
2 (5.6)

Progressive disease
Not evaluable

6 (12.2)
3 (6.1)

4 (11.1)
2 (5.6)

Median duration of osimertinib treatment was 14.0 months
overall, and was not reached in patients who received first-line
afatinib (Fig. 4). The data are still immature. At data cut-off,
osimertinib treatment was ongoing in 49% of patients (n =
24); 29% of these patients initiated osimertinib treatment less
than 6 months prior to the time of analysis.
Of the patients who discontinued osimertinib, 47.8% received at least one line of subsequent treatment, chemotherapy
being the most commonly used option (Table 4).
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To our knowledge, this study represents the largest real-world
analysis of EGFR T790M prevalence following progression
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Table 4 Treatment post
osimertinib
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Fig. 4 Time on osimertinib treatment. a All patients who received
osimertinib; b patients who received osimertinib following first-line
afatinib

EGFR T790M mutation is the most common mechanism of
acquired resistance in the 54 patients who received first-line
afatinib (66.7% of cases). These findings are largely consistent
with the rates of EGFR T790M reported following treatment
with first-generation EGFR TKIs (49–73%) [8–12, 15, 16] or
afatinib in predominantly Asian patients (43–68%) [12–14].
In our overall cohort of 67 patients who received afatinib in
the first-, second-, or third-line, the rate of acquired EGFR

n.s.
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4 Discussion
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Treatment probability (%)
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100

Afatinib treatment line
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Fig. 3 Response to osimertinib with respect to T790M copy number

Additional lines of treatment, n (%)
0
12 (52.2)
1
6 (26.1)
2
1 (4.3)
3
4 (17.4)
Type of treatment, n (%)
Chemotherapy
8 (72.7)
Immunotherapy
3 (27.3)
EGFR TKI
3 (27.3)
Radiotherapy
3 (27.3)
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T790M mutation was 73.1%; emergence of the mutation did
not appear to correlate with baseline characteristics. However,
it was not possible to define when the resistance mutations
emerged in the 18.4% of patients who had received prior
treatment with erlotinib or gefitinib, as T790M testing took
place only after afatinib failure had occurred, and not before
initiation of afatinib treatment in the majority of patients.
Consequently, these mutations could have arisen at the time
of failure of first-generation EGFR TKI therapy.
Of note, the droplet digital PCR method used in this study
has the advantage of higher sensitivity compared to alternative
methods. In 21 T790M-positive patients, the number of identified T790M copies/ml was below 10 and therefore well below the limit of detection of the widely-used cobas EGFR
Mutation Test version 2.0. The higher rate of T790M positivity following afatinib in the current study (73%) compared
with previous studies (43–68%) [12–14] might be attributable
to the higher sensitivity of droplet digital PCR compared with
other methods. Droplet digital PCR may, for example, detect
cases where the T790M allele is present in only a small proportion of tumor cells. Importantly, T790M allele frequency
did not appear to influence response rate, indicating that patients with subclonal T790M-positive tumors may still benefit
from second-line treatment with osimertinib. We did not monitor other molecular resistance mechanisms to afatinib therapy
due to the lack of approved drugs targeting these mechanisms.
The use of tissue biopsy to determine EGFR T790M
mutation status in patients progressing following initial
treatment with an EGFR TKI can be problematic, as some
patients may refuse or be ineligible for biopsy, or progression may have occurred at an inaccessible site. In one
analysis of EGFR T790M mutation status among 24 patients who progressed following afatinib, only 14 patients
(58%) underwent tissue biopsy at the time of progression,
and only 11 samples were sufficient for molecular analysis [17]. Consequently, use of liquid biopsy maximizes the
number of patients for whom EGFR T790M mutation status can be determined and who are therefore able to benefit from subsequent treatment with osimertinib. Additionally,
liquid biopsy may identify patients with EGFR T790M mutation who would not otherwise be able to access osimertinib
because of a false-negative tissue biopsy result, caused by the
biopsied site not being representative of all metastatic sites [7].
However, a relative lack of sensitivity for EGFR mutations
has been reported for some current liquid biopsy assays compared with tissue biopsy [18]. In our analysis, both liquid
biopsy and tissue rebiopsy were used to determine EGFR
T790M mutation status, with a concordance rate of approximately 80%. Importantly, all patients included in this analysis
received a valid test result for T790M, allowing those who
tested positive to receive subsequent treatment with
osimertinib. Based on these data, and encouraging results in
other studies [7, 15, 19, 20], it appears that liquid biopsy

represents an important technical advance in the context of
EGFR T790M testing.
In our study, the ORR achieved with afatinib was above
90% in both the overall cohort and the EGFR T790M-positive
patient group, with high CR rates (19.4% and 26.5%, respectively); response was independent of baseline characteristics.
These high response rates might have been influenced by the
single site nature of our study. The ORR achieved with
osimertinib after afatinib in patients with an EGFR T790M
mutation was also high (75.5%), with 22.4% having CRs
and 53.1% having PRs. These findings are similar to those
in the AURA3 trial [11], in which an ORR of 71% was
achieved; most patients (94%) had received erlotinib or gefitinib as first-line treatment. Although duration of response
data is immature in our study (49% of patients were still on
treatment at the cutoff date), the median ToT with osimertinib
was 14 months overall and not reached in patients who received first-line afatinib.
In patients who progressed on osimertinib and were eligible for subsequent therapy, the most commonly-used option
by far was chemotherapy (72.7%). Other studies have reported promising outcomes in patients treated with sequential
osimertinib after afatinib. In a retrospective analysis of the
LUX-Lung 3, 6, and 7 trials, 37 patients were identified who
received subsequent osimertinib following discontinuation of
afatinib, mostly in the ≥third-line setting [21]. In these patients, median time on osimertinib treatment was 20.2 months
(95% CI: 12.8–31.5) and median OS for osimertinib had not
been reached after >4 years’ follow-up. A recent multicenter
observational study across ten countries assessed outcomes in
204 patients who received sequential osimertinib after firstline afatinib. In these patients, overall median ToT was
27.6 months, with particularly promising ToT in Asian patients (46.7 months) and patients with an EGFR Del19 mutation (30.3 months) [22]. Finally, a recent phase II trial in
111 T790M-positive patients demonstrated that PFS and response rate were significantly better in patients treated with
sequential afatinib and osimertinib versus sequential erlotinib/
gefitinib and osimertinib [23].
This study has a number of limitations due to its retrospective nature. First, it was potentially subject to selection bias as only patients who progressed during a defined
period of time were included. Second, time points for
radiographic assessments were not standardized. For this
reason, we assessed ToT rather than the more stringent
endpoint of progression-free survival (PFS) as a time-toevent variable, which included patients who were treated
beyond progression, a practice that is not proven to provide additional clinical benefit. However, it is noteworthy
that no patients received treatment beyond progression in
the T790M-positive group. This reflects the availability of
an effective subsequent targeted treatment option,
osimertinib, in this setting following progression and the
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molecular confirmation of T790M. Four patients in the
T790M negative group were treated beyond progression.
Recent data from the phase III FLAURA study have shown
that first-line osimertinib significantly improves PFS compared with first-generation EGFR TKIs, while demonstrating
a similar safety profile and lower rate of serious adverse events
[4], thus suggesting that osimertinib will be broadly used as
first-line treatment. However, as mechanisms of resistance to
osimertinib are diverse, and are predominantly independent of
EGFR [24], subsequent treatment options post-osimertinib are
mostly limited to the chemotherapy at the moment. Therefore,
given the high rate of EGFR T790M observed after afatinib
treatment, and the high efficacy of osimertinib after afatinib
failure observed in this, and other, studies [21], sequential
afatinib followed by osimertinib might represent a valid
chemotherapy-free regimen that could be offered to patients.
Future investigations on the ideal treatment sequence of
EGFR TKIs for patients with EGFR mutation-positive
NSCLC are clearly warranted.
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