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A B S T R A C T

Introduction: Osimertinib is an EGFR tyrosine kinase inhibitor (TKI) with antitumor activity in non-small cell
lung cancer (NSCLC) with EGFR T790M mutations. The incidence of oligo-progression (PD) on osimertinib is
unknown.
Methods: We retrospectively analyzed 50 pre-treated EGFR T790M-positive NSCLC patients treated with osi-
mertinib at seven Swiss centers. Oligo-PD was defined as PD in≤ 5 lesions. Mutational profiling of pre- and post-
osimertinib tumor samples was performed.
Results: Median age was 62 years (37–89), 64% were females, 86% had a PS≤ 1, 54%/13% were never/current
smokers. Median follow-up was 15.3 (IQR: 8.6–21.6) months. Overall response rate was 80%, median pro-
gression-free survival 12.1 months (95% CI 8.3–18.3), median overall survival 28 months (95% CI 20.2-not
reached [NR]) and median treatment duration 18.8 months (95%CI 16-8-NR). PD occurred in 36 patients (72%).
73% had oligo-PD. Median osimertinib treatment duration in patients with oligo-PD was 19.6 vs. 7 months if
systemic PD (p= 0.007). The number of progressive lesions in patients with oligo-PD was 1 (27%), 2 (35%) and
3–5 (39%). Sites of PD included lungs (56%), bones (44%), and brain (17%). Sixteen patients with oligo-PD
continued treatment with osimertinib for a median of 6.7 months beyond PD. Thirteen received local ablative
treatment (LAT). In pre- and post-PD tumor tissue multiple molecular alterations were detected.
Conclusion: In patients with acquired resistance to osimertinib, we observed a high rate (73%) of oligo-PD.
Outcomes of patients receiving LAT were favorable, supporting the concept of osimertinib treatment beyond
progression in combination with LAT of progressing lesions.

1. Introduction

In recent years, multiple actionable oncogenic drivers and corre-
sponding targeted agents have been identified in non-small-cell lung
cancer (NSCLC) patients. In patients with activating epidermal growth
factor receptor (EGFR) mutations improved outcomes with respect to
response rate (ORR), progression-free survival (PFS), and quality of life
were demonstrated with first- or second-generation EGFR tyrosine

kinase inhibitors (TKIs) in comparison to standard first line platinum-
based chemotherapy [1–6]. More than half of the patients with EGFR
mutations progressing on EGFR TKIs develop a T790M resistance mu-
tation [7]. Osimertinib is an irreversible third generation EGFR-TKI
selective for both EGFR-TKI sensitizing mutations and the T790M re-
sistance mutation in exon 20. The phase II non-randomised AURA II
trial in patients with T790M-resistance mutation after first-line TKI
treatment showed a high RR of 70% [8] and led to approval of
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osimertinib by health authorities. The confirmatory randomized AURA
III trial assessed osimertinib versus platinum-pemetrexed che-
motherapy demonstrated superiority of the osimertinib versus pla-
tinum/pemetrexed in the second-line setting [9]. Patients in the osi-
mertinib arm had improved PFS (11.0 months versus 4.2 months) and a
higher ORR (71% versus 31%) [9]. In treatment-naïve patients with an
activating EGFR mutation the randomised phase III FLAURA trial
compared osimertinib with a first-generation EGFR-TKI and demon-
strated superiority of osimertinib with respect to PFS and duration of
response [10]. OS results are currently immature. Osimertinib has been
approved as second-line treatment after failure of a first or second-
generation TKI and presence of a T790M-mutation and as first-line
treatment in all EGFR-mutated NSCLC patients by the by FDA and
EMEA.

Unfortunately, all patients on osimertinib eventually progress after
a median of 11 months in the second line setting [9]. Therefore, pat-
terns of recurrence are clinically relevant, as they can direct surveil-
lance strategies and may identify situations of oligoprogression (oligo-
PD), in which continuation of targeted treatment after an ablative local
therapy may be beneficial, as has been shown for first-generation EGFR-
and ALK-TKIs [11]. To the best of our knowledge, the incidence of
oligo-PD on osimertinib and the role of local treatment strategies in this
situation are unknown as are outcomes with systemic therapy after
osimertinib failure.

Next-generation sequencing (NGS) analysis of cell-free plasma DNA
(cfDNA) of 15 T790M-positive patients treated with osimertinib in the
phase I AURA study revealed an additional C797S mutation con-
currently with persistent T790M mutation in 40% of cases at progres-
sion, whereas loss of T790M mutation occurred in 27% [12]. in vitro,
the C797S mutation which is located within the EGFR kinase-binding
site, conferred resistance to all current EGFR TKIs in the presence of
EGFR T790M mutation, but the subset of cells with L858R/T790M and
C797S remained partially sensitive to cetuximab [13]. Recently a first
non-competitive allosteric inhibitor-EAI045-was presented, exhibiting
dramatic synergistic activity with cetuximab in overcoming resistance
in L858R+/T790M+/C797S+ cell lines [14]. In addition, EGFR-in-
dependent mechanisms of osimertinib resistance have been identified
including HER2 and MET gene amplification, in both cases with con-
current loss of the T790M mutation [15]. Oxnard and colleagues pre-
sented molecular analyses from cfDNA progressing on osimertinib and
found no T790M mutation in 46%, C797 in 27% (deletion exon 19 only
and all with T790M) and one patient each with BRAF V600E mutation,
PIK3CA mutation, MET amplification, HER2 amplification (all with no
T790M) [16]. Most recently, the same group demonstrated that 32% of
the patients maintained T790M mutation, of which the majority had a
C797S mutation as resistance mechanism [17]. On the other hand, of
the 68% with loss of T790M mutation a wide range of resistance me-
chanisms occurred resulting in a shorter time to treatment dis-
continuation, likely due to emergence of pre-existing resistant clones
[17].

The main aims of our study were to analyze recurrence patterns in
patients with EGFR T790M-positive NSCLC receiving osimertinib and to
evaluate the potential value of local and systemic treatment strategies
during oligo-PD. Molecular analyses of NSCLC samples were performed
to identify novel mechanisms of osimertinib resistance.

2. Methods

Eligible patients with T790M-positive NSCLC treated with osi-
mertinib between January 2015 and December 2017 at seven oncology
centres in Switzerland were included in this analysis. Clinical, radi-
ological and pathological data were collected by local investigators. The
primary objectives of the study were to assess progression patterns on
treatment with osimertinib, to analyse the outcome of patients with
oligo-PD in comparison to patients with systemic progression, and to
evaluate a potential added benefit of local ablative therapy (LAT) in

patients with oligo-PD.
Oligo-PD was defined as progression of ≤ 5 lesions and being

overall PD according to RECIST 1.1. There is no universally accepted
definition of oligometastatic disease however we based our definition
on the most frequently applied definition of ≤ 5 metastases for solid
tumors [18,19]. Secondary endpoints were site of progression on osi-
mertinib treatment, OS, PFS, RR with osimertinib, RR to subsequent
systemic therapy. Patients must have received adequate follow-up in-
cluding documented radiological evaluation of tumor manifestations
generally with computed tomography (CT) every two to three months.
Anonymized data were documented and analyzed in a central elec-
tronic database at the Group for Clinical Cancer Research (SAKK) Co-
ordinating Center. Data on patient and tumor characteristics, treatment
and treatment outcome were collected. Responses were defined ac-
cording to the Response Evaluation Criteria in the Solid Tumors
guidelines, version 1.1. Tumor assessments were performed by local
radiologists.

PFS was defined as time from osimertinib treatment start to pro-
gression; OS was defined as time from start of osimertinib treatment to
death or last contact. Patients not experiencing an event were censored
at the time of data cut-off (Aug 21, 2018) or at the last contact of lost to
follow-up. The first patient started treatment in August 2014, the last
patient in December 2017. Treatment over progression was defined as
treatment which was continued for at least two months after progres-
sion. The interval of two months was chosen since this represents the
mostly applied minimum imaging frequency in everyday clinical
practice and thus patients receiving osimertinib for a minimum of two
months over PD represent patients who were treated over PD with an
adequate imaging assessment. Time-to-event end points were analyzed
by the Kaplan-Meier method.

To identify molecular mechanism of osimertinib resistance, muta-
tional profiling of paired tumor samples obtained prior to osimertinib
treatment and after progression was performed using a next-generation
sequencing (NGS)-based assay (Oncomine Focus Assay; ThermoFisher),
which enables the detection of genomic variants in 52 cancer-asso-
ciated genes (see Supplementary Table 1 for details).

Approval from the ethics committee of St. Gallen (Lead Ethics),
Ticino, Zürich and Central Switzerland was obtained before starting
data collection.

3. Results

3.1. Patient and tumor characteristics

Fifty patients were included in this analysis. The median age was 62
(range: 37–89), the majority were females (64%) and never (54%) or
former smokers (25%) with good ECOG performance status (PS≤ 1)
(86%). Patient and tumor characteristics are summarized in Table 1.

The main molecular baseline characteristics at diagnosis were EGFR
exon 19 deletion (74%) and EGFR L858R exon 21 mutation (24%). 12% of
patients (2 with exon 19 deletion and 4 with L858Rmutation) had initial
concomitant alterations (exon 18/ exon 20 mutation [n= 1], TP53
mutation [n=1], E709 K EGFR-mutation in Exon 18 [n=1], ALK re-
arrangement [n=2], K757 N EGFR-mutation in Exon 19 [n=1] and
de novo T790M-mutation [n= 1]). The initial EGFR mutation persisted
in 96% of pre-osimertinib tumor samples with T790M mutation; in four
patients additional alterations were found, namely E746_A750 Exon 19
deletion, K757 N exon 19 mutation, CTNNB1 S33F mutation with con-
comitant FGFR1 Fusion and one patient with EGFR, MET and FGFR4-
amplification.

3.2. Outcomes

The median follow-up of the cohort was 18 (IQR: 8.6–28) months.
ORR was 80%, including 4 patients with a complete remission (CR).
Disease-control-rate (DCR) was 92%, median PFS 12.1 months (95% CI
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8.3–18.3) and median OS 28.0 months (95%CI 20.2-not reached [NR])
with a median treatment duration of 18.8 months (95%CI 16.8-NR). At
data cut off, progressive disease (PD) had occurred in 36 patients
(72%). There were 72% patients with oligo-PD and 28% patients had
systemic PD (Table 2).

Main sites of PD were lung (56%), bone (44%), lymph nodes (22%),
liver (14%), pleura (19%) and brain (17%). The majority of patients
who had PD in the brain (n=6) had oligo-PD. Four of these patients
already had brain metastases at the beginning of osimertinib treatment
and only one of these patients had received local treatment prior to
treatment start.

Median treatment duration in patients with oligo-PD was 19.6 vs. 7
months if systemic PD (p= 0.007), and median OS was 28.0 months
versus 25.1 months, respectively (p=0.6) (see Fig. 1). The number of
progressive lesions in oligo-PD patients was 1 (27%), 2 (35%), 3 (23%),
4 (8) and 5 (8%). OS decreased for every additional lesion (not reached
for patients with one lesion, 22.4 months with 2 lesions, 17.6 for three
and 10.8 for five lesions). Thirteen patients with oligo-PD received local
treatment. These patients had an improved OS compared to patients
with oligo-PD without local treatment (med. OS not reached versus
20.2 months, see Fig. 2).

Sixteen of 26 patients with oligo-PD (61%) continued treatment
with osimertinib beyond progression, eleven of them after local ablative
therapy (LAT) was applied (9x radiotherapy, 2 x surgeries). Median
time of osimertinib treatment beyond PD was 6.7 months in patients
with oligo-PD (IQR: 5.4-NR). Only three of ten patients with systemic
PD were treated beyond PD for 3, 4 and 9 months respectively.

3.3. Treatment patterns after osimertinib failure

To date 15 of 36 (42%) patients with PD on osimertinib have al-
ready received subsequent treatment lines. The majority has received
only one further line (range 1–4 lines). According to the guidelines,
73% were treated with chemotherapy. A limited number of patients
received subsequent TKI (n=2) or immunotherapy (n=2). Due to a
short median follow-up of 4.6 months (IQR 1.6–13 months), outcome
data on these subsequent lines are not yet mature.

Please see also Fig. 3 for detailed treatment patterns.

3.4. Osimertinib resistance mechanisms

Paired pre- and post-osimertinib tumor samples were available for 9
patients. For one additional patient, only a post-osimertinib sample was
available. Sites of pre-osimertinib biopsy were lymph nodes (n=5),

Table 1
Patient Characteristics.

Baseline Characteristics before start of osimertinib

Median Age 62
Gender Male: 18 (36%)

Female: 32 (64%)
PS 0: 25 (50%)

1: 18 (36%)
2:5 (10%)
3: 2 (4%)

Smoking history Current: 6 (12%)
Former: 16 (32%)
Never: 26 (52%)

Brain metastasis at start of osimertinib
treatment

Present and treated: 15 (30%)
Present and untreated: 7 (14%)
Not present: 28 (56%)

Stage at initial diagnosis II: 1 (2%)
IIIA: 2 (4%)
IVA: 5 (10%)
IVB:42 (84%)

Previous treatment lines 1: 22 (44%)
2: 17 (34%)
3: 4 (8%)
4: 4 (8%)
6: 1 (2%)
7: 2 (4%)

Initial type of EGFR mutation Deletion Exon 19: 37 (74%)
L858R Mutation Exon 21: 12 (24%)
Other : 1 (2%)

Type of material for T790M
assessment

Liquid biopsy: 14 (28%)
Tumor tissue: 36 (72%)

New mutation other than T790M
before osimertinib start(name
them)

Yes: 4 (8%)
- p.E746_A750 Exon 19 deletion,
- p.K757 N exon 19 mutation,
- CTNNB1 p.Ser33Phe mutation and
concomitant FGFR1 Fusion

- EGFR, MET and FGFR4-
amplification.

No: 46 (92%)

Table 2
Patient Characteristics depending on PD Type.

Oligo-PD
(n= 26)

Systemic-PD
(n=10)

Median Age 61 69
Gender
Female 15 (58%) 7 (70%)
Male 11 (42%) 3 (30%
PS
≤1: 24 (92%) 6 (60%)
> 1: 2 (8%) 4 (40%)
Smoking history
Current 3 (12%) 1 (10%)
Former 10 (28%) 3 (30%)
Never 13 (50%) 5 (50%)
Missing 0 1 (10%)
Brain Metastasis
Yes: 14 (54%) 3 (30%)
No: 12 (46%) 7 (70%)
Previous Treatment lines
1 9 (35%) 6 (60%)
2 9 (35%) 3 (30%)
> 2 8 (30%) 1 (10%)
Initial Type of EGFR
mutation 21 (81%) 7 (70%)
Deletion Exon 19 4 (15%) 3 (30%)
L858R Mutation Exon 21 1 (4%) 0 (0%)
Other
Concomitant Genetic alterations at

initial diagnosis
2 (8%) 2 (20%)

Yes: 24 (92%) 8 (80%)
No:

Fig. 1. OS Oligo versus systemic PD.
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bone, brain, pleura and pleural effusion (one each) for the post-osi-
mertiib samples lymph nodes (n=2), liver (n=3), primary tumor
(n=2), pleura effusion, thoracic wall and adrenal gland (one each).
Results of mutational profiling with a targeted sequencing approach
using a panel of 52 genes including EGFR are summarized in Table 3.
EGFR C797S and loss of T790M were detected in 3/10 (30%) and 5/10
(50%) of post-osimertinib samples, respectively. In addition, the fol-
lowing genomic alterations were found in post-osimertinib, but absent
in pre-osimertinib samples: EGFR amplification (n=1), CCND1 am-
plification (n=1), CDK4 amplification (n= 1), MET amplification
(n=1), MET N375S (n= 1), AR amplification (n= 1), and PIK3CA
K111N (n= 1).

4. Discussion

In this analysis of patients with T790M-positive metastatic adeno-
carcinoma of the lung treated with osimertinib we found an un-
expectedly high rate (73%) of oligo-PD, which mainly occurred outside
of the central nervous system. Patients with oligo-PD received

osimertinib significantly longer compared to patients with systemic
progression (19.6 months vs. 7 months), possibly due to overall lower
tumor volume and potentially biologically more indolent behavior.
However median overall survival was comparable between subgroups
(28.0 months vs. 25.1 months, respectively). Patients who were treated
with LAT had an improved OS compared those who had no LAT (not
reached vs. 22.0 months)

A possible explanation for the similar OS of patients with oligo-
versus systemic PD may be that molecular resistance mechanisms are
potentially more relevant in this setting than patterns of recurrence. On
the other hand, we demonstrated that patients with oligo-PD who re-
ceived LAT had more favourable outcomes. The retrospective nature of
our study with the lack of a control group does not allow us to conclude
whether improved outcomes of these patients actually resulted from
LAT or from a more favourable patient group which was able to receive
LAT. In addition to stay comparable with existing data and be con-
gruent with RECIST no lesion-specific response after LAT was assessed
and therefore we do not have any information on direct benefit of LAT
on a specific lesion. Nonetheless, our findings are in line with previous
reports that studied first- generation EGFR-TKI and ALK-TKIs demon-
strating that the continuation of targeted treatment after LAT leads to
favourable outcomes, indicating that this strategy is reasonable also in
the setting of oligo-PD patients on osimertinib [11]. In the series of
Weickhardt et al with 65 patients with an ALK-translocation or EGFR-
mutation who received crizotinib or erlotininb were evaluated for oli-
goprogression defined as either non-leptomeningeal CNS-progression
and/or ≤ 4 sites of extracranial progression [11]. Twenty-five oligo-PD
patients (15 ALK, 10 EGFR) were treated with a LAT and then resumed
their previous TKI-treatment; PFS after LAT was 6.2 months, suggesting
relevant prolongation of disease control with the same TKI-treatment in
oligoprogressive patients after LAT. Of note, our definition for oligo-PD
was slightly different including patients with ≤ 5 progressive lesions
irrespective of organ thus excluding patients with> 5 cerebral lesions
needing WBRT. A more recent study by Xu et al analysed the benefit of
local treatment in patients treated with an EGFR-TKI (gefitinib, erlo-
tinib or icotinib) [20]. In their retrospective analysis local treatment to
all lesions in oligometastatic patients (maximum of five lesions) re-
sulted in significant PFS and OS-benefit compared to TKI-treatment
alone or TKI-treatment in combination to local treatment to some of the
lesions [20]. At ASCO 2018 another study focusing on treatment stra-
tegies after osimertinib failure was presented [21]. Of 71 patients
progressing on osimertinib 62% continued treatment over progression,

Fig. 2. OS in oligo-PD with/without LAT.

Fig. 3. Swimmers plot: Treatment patterns.
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in 21 patients after local consolidation radiotherapy was applied. Pa-
tients receiving treatment over progression had a longer second PFS
then the patients that discontinued treatment. However no information
on type of progression and site of treatment failure was given. At
ASTRO 2018 another prospective study assessing LAT in oligometa-
static NSCLC not progressing after front-line systemic therapy was
presented, including patients with EGFR-mutations treated at least for
three months with an EGFR-TKI. In this trial an OS benefit was shown
for LAT of all oligometastatic lesions (≤3) [22].

To the best of our knowledge, our study is the first to show that LAT
in oligo-PD patients on osimertinib may be beneficial in T790M positive
NSCLC patients progressing in a limited number of metastatic lesions on
osimertinib. The true benefit of continuing osimertinib after LAT versus
switching to an alternative systemic treatment however has to be fur-
ther evaluated in prospective randomized trials such as the currently
ongoing ETOP HALT trial (ISRCTN53398136).

CNS metastases are common in EGFR-mutated NSCLC patients and
the brain is a common site of treatment failure in patients treated with
first and second-generation EGFR TKIs. In a pooled analysis of two
phase II trials (AURA expansion, AURA II) osimertinib was associated
with ORR of 54% and DCR of 92% in the brain in 50 evaluable patients
with at least one measurable CNS metastasis at baseline, irrespective of
prior local treatment to the brain [23]. In addition, in the recently
published FLAURA first line trial brain relapses were significantly lower
with osimertinib then with first-generation TKIs in the first-line setting
(19% versus 43%) [10]. In patients with known brain metastases prior
to osimertinib start median CNS-PFS was not reached with osimertinib
and 13.9 months with first generation-TKIs and CNS response rates
were significantly higher with osimertinib (91% versus 68%) in patients
with measurable lesions [24]. We observed 6 patients (17%) with
progressive disease in the brain. Of note, the majority (83%) of these
patients had oligo-PD and 4 out of 6 had previous brain metastases
(only one of which has received prior local therapy). We conclude that
radiological surveillance on osimertinib may therefore be beneficial,
particularly in those with previous brain metastases.

Overall, efficacy results in our cohort of T790M positive, mainly
EGFR TKI pretreated patients receiving osimertinib outside of a clinical
trial are in line with trial data reported in the literature and the recently
presented real-life cohort ASTRIS [25], although we observed slightly
higher response rates compared to the phase III AURA 3 trial [9].

In a subset of patients we were able to perform mutational profiling
of tumor cells at progression to identify potential mechanisms of osi-
mertinib resistance. In concordance with previous reports of molecular
resistance mechanisms after second-line osimertinib [12,17,26] as well
as the recently presented data of the FLAURA-study with MET-ampli-
fication in 15% of resistant patients [27] we observed additional EGFR
alterations (loss of T790M, C797S), EGFR amplifications and MET
amplifications in post-osimertinib samples. In addition, we found mis-
sense mutations and gene amplifications in other genes not previously
described (e.g AR-amplification). The biological and clinical sig-
nificance of these genetic alterations is unclear and requires further
functional studies.

Our study has several limitations. The analysis had a retrospective
design and included only a limited number of patients. In addition due
to the retrospective nature of our analysis follow-up imaging in our
series was not standardized and therefore oligo-PD may just be a result
of close CT-intervals. However, our collaborative multicentre effort in a
Swiss population is the first study that specifically addressed the pre-
valence of oligo-PD and outcome in T790M-positive NSCLC on osi-
mertinib treatment. Due to the relatively short follow-up time, data on
response to further treatment lines after osimertinib failure are not
mature yet and thus purely descriptive at this point. As proposed by
guidelines, most patients received chemotherapy and there is at least
preclinical evidence, that osimertinib-resistant cells remain sensitive to
paclitaxel [28]. Also with emerging data from the FLAURA trial, osi-
mertinib is likely to move into first line and our findings may not be

extrapolated to this setting. It will be interesting to study whether si-
milar progression patterns emerge when osimertinib is used as first line
treatment.

5. Conclusion

In patients with acquired osimertinib resistance, we observed a high
rate (73%) of oligo-PD. Although OS of patients with oligo- versus
systemic PD were similar, outcomes of patients with oligo-PD who re-
ceived local ablative therapy were favorable with the majority con-
tinuing osimertinib for an extended period of time in addition to local
therapy, supporting the concept of continuing osimertinib beyond
progression in combination with LAT of progressing lesions.
Prospective trials to confirm the role of LAT in patients with oligo-PD
on osimertinib are warranted and currently ongoing (ETOP HALT).
Patients with previous CNS metastases may benefit from regular radi-
ological monitoring for progression.
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