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Abstract

Background: Epidermal growth factor receptor-mutated (EGFR*) non-small-cell lung cancer
(NSCLC]) patients failing tyrosine kinase inhibitors (TKI) can benefit from next-line targeted
therapies, but implementation is challenging.

Methods: EGFR* NSCLC patients treated with first/second-generation (16/2G) TKI at our
institution with a last follow-up after osimertinib approval (February 2016), were analyzed
retrospectively, and the results compared with published data under osimertinib.

Results: A total of 207 patients received erlotinib (37%], gefitinib (16%) or afatinib (47%).

The median age was é6years, with a predominance of female (70%]), never/light-smokers
(69%). T790M testing was performed in 174/202 progressive cases (86%), positive in 93/174
(53%), and followed by osimertinib in 87/93 (94%). Among the 135 deceased patients, 94 (70%)
received subsequent systemic treatment (43% chemotherapy, 39% osimertinib), while 30%
died without, either before (4%) or after progression, due to rapid clinical deterioration (22%),
patient refusal of further therapy (2%), or severe competing illness (2%). Lack of subsequent
treatment was significantly (4.5x, p <0.001) associated with lack of T790M testing, whose most
frequent cause (in approximately 50% of cases) was also rapid clinical decline. Among the 127
consecutive patients with failure of 16/2G TKI started after November 2015, 47 (37%) received
osimertinib, with a median overall survival of 36 months versus 24 and 21 months for patients
with alternative and no subsequent therapies (p=0.003).

Conclusion: Osimertinib after 1G6/2G TKI failure prolongs survival, but approximately 15% and
30% of patients forego molecular retesting and subsequent treatment, respectively, mainly
due to rapid clinical deterioration. This is an important remediable obstacle to sequential

TKI treatment for EGFR* NSCLC. It pertains also to other actionable resistance mechanisms
emerging under 1G/2G inhibitors or osimertinib, whose rate for lack of next-line therapy is
similar (approximately 35% in the FLAURA/AURAS trials), and highlights the need for closer
monitoring alongside broader profiling of TKI-treated EGFR™ NSCLC in the future.
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Introduction

Epidermal growth factor receptor (EGFR) muta-
tions drive growth in 10-15% of non-small-cell
lung cancers (INSCLC) and were instrumental in

major therapeutic advances during the last dec-
ade.! EGFR-directed tyrosine kinase inhibitors
(TKI) have consistently shown superior efficacy
and tolerability over conventional chemotherapy
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for these tumors, with responses in the majority of
cases and a median overall survival (OS) currently
exceeding 2.5years.>* After failure of the first/
second-generation (1G/2G) compounds erlotinib,
gefitinib, afatinib, or dacomitinib, the third-gener-
ation drug osimertinib has also demonstrated
superiority over alternative options and is the
treatment of choice for the approximately 50% of
patients with resistance mediated by the EGFR
T790M mutation.> However, experience in daily
clinical practice shows that a considerable number
of potentially eligible patients are never exposed to
osimertinib, for example, because they do not
undergo T790M testing at the time of disease pro-
gression. In the phaselIll randomized FLAURA
trial, the percentage of patients in the control arm,
who received osimertinib as first subsequent ther-
apy after failure of 1G TKI was 31%.2 Given the
superior efficacy of next-line osimertinib and other
targeted drugs over conventional chemotherapy
for eligible patients harboring sensitizing resist-
ance mutations,>® accommodation of tandem
TKI treatment in patient management is impor-
tant for longer survival.” More recently, upfront
administration of osimertinib emerged as an alter-
native strategy for NSCLC patients with EGFR
exonl9 deletions (dell9) or L858R,% based on
better systemic and intracranial efficacy as well as
longer OS compared with 1G inhibitors in the
FLAURA study.2%10 Nonetheless, sequential
administration of targeted therapies remains of
critical importance for EGFR* NSCLC regard-
less of the initial TKI choice, because many
patients are eligible for next-line precision drugs
also after failure of osimertinib. Here, we system-
atically analyze the feasibility and clinical impact
of molecular retesting, sequential targeted thera-
pies, and any next-line treatment for NSCLC fail-
ing EGFR inhibitors, along with critical factors
that determine successful implementation in the
real-world setting.

Patients and methods

Study population and study endpoints

This retrospective study included all non-consecutive
stage IV NSCLC patients with activating EGFR
exon 18-21 mutations who received 1G/2G TKI
in the Thoraxklinik Heidelberg between 2010 and
2019 and had their last follow up after osimertinib
approval as second-line therapy in Europe (1
February 2016). Three main types of analyses
were performed: (1) molecular workup at disease
progression and implementation of sequential

targeted therapies were examined in all evaluable
patients; (2) administration of any subsequent
treatment was analyzed in the subset of deceased
patients, because the entire therapeutic trajectory
was available for them; and (3) survival analyses
according to subsequent treatment were per-
formed in the consecutive (and therefore unbi-
ased) subset of patients with failure of 1G/2G TKI
started after 15 November 2015 (this translates to
an earliest possible date of TKI switch after 1
February 2016, since the earliest restaging is per-
formed 8 weeks after treatment start, and rebiopsy
with subsequent molecular analysis needed at
least 2weeks). The robustness of results across
patient subsets was confirmed by additional sensi-
tivity analyses provided in the Supplemental mate-
rial. Patients with EGFR exon 20 insertions were
excluded, because they respond poorly to cur-
rently approved compounds and are managed
mainly with other treatments.!! Cases with ongo-
ing responses or switch to osimertinib without, or
despite, negative EGFR T790M testing were also
excluded from analysis.

Data collection and statistical analysis

Histological diagnosis of NSCLC was performed
at the Institute of Pathology Heidelberg on tissue
specimens according to the criteria of the current
World Health Organization (WHO) Classification
(2015) for lung cancer.!? Molecular profiling of
tissue and liquid biopsies was performed using
DNA-based next-generation sequencing (NGS)
with a laboratory turnaround time <10 working
days, as described previously.!314 Clinical data
were systematically collected from the patients’
records with a cutoff on 30 June 2020. Since all
patients were treated in-house, there were no miss-
ing data regarding the study endpoints (molecular
retesting, subsequent treatment, survival) or loss-
to-follow-up cases. The progression date under
1G/2G TKI was verified by the investigators with
review of radiologic images, that is, chest/abdomen
computed tomography (CT) and brain magnetic
resonance imaging (MRI)-based restaging every
6—12weeks, without formal RECIST re-evalua-
tion, as several studies have demonstrated very
good agreement between real-world and RECIST-
based assessments.!>16 OS was calculated from
start of treatment for stage IV disease. Follow-up
time was calculated by the reverse Kaplan—Meier
method.!” Time-to-next-treatment (TNT) was
calculated from the start of 1G/2G EGFR TKI
until initiation of next-line therapy or death.
Survival data were analyzed according to
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EGFR* NSCLC: 1G/2G TKI & last FU after 01.02.2016
(all patients, n=240, TKI treatment start in 2010-2019)

Ongoing response (n = 28)

Switch to osimertinib off-label (n = 5)

(alive without disease progression)

(without/despite negative T790M testing)

Evaluable patients (n=207)

post-progression (n=202)

analysis of molecular workup at progression
and sequential targeted therapies

post-progression alive (n=72)

analysis of any next-line treatment

post-progression deceased (n=130)

s N

death without
progression (n=5)

n=48/72 n=75/130

survival analyses according to next-line treatment

consecutive subset with start of TKI treatment after 15" Nov 2015 (n=127)

Figure 1. Flow diagram of the entire study population and subsets used to calculate each endpoint.
1G/2G, first/second-generation; EGFR*, epidermal growth factor receptor-mutated; FU, follow up; NSCLC, non-small-cell

lung cancer; TKI, tyrosine kinase inhibitors.

Kaplan—Meier and compared between patient
groups with the logrank test. Numerical data were
analyzed with the Student’s r-test, categorical data
with the chi-square test, and effects of variables on
survival were quantified by Cox regression.
Confidence intervals (CI) for proportions were com-
puted according to Clopper—Pearson.!8 Statistical
calculations were performed with SPSS v24 (IBM,
Armonk, NY, USA), and plots generated with
GraphPad Prism v7 (La Jolla, CA, USA).

Ethics

This study was approved by the ethics committee
of Heidelberg University (S-145/2017 and
S-469/2017). Since this was a non-interventional,
retrospective study, informed consent was
obtained whenever possible, but its need for every
participant was waived by the ethics committee.

Results

Evaluable study patients

Opverall, 240 stage IV NSCLC patients with 1G/2G
TKI treatment for activating EGFR exon 18-21
mutations and last follow up after 1 February 2016
were identified (Figure 1). After exclusion of cases

with ongoing responses (7=28) or switch to osi-
mertinib regardless of EGFR T790M testing
(n=5, details given in the Supplemental material),
207 evaluable patients remained for analysis of
molecular work-up at disease progression and
implementation of sequential targeted therapies
(Figure 2). Among these, 135 had died at the time
of data cutoff and were used for analyzing the
administration of any subsequent therapy (Figure 3).
The characteristics of evaluable patients are sum-
marized in Table 1 and were very similar between
the entire population and the subset of consecutive
patients with failure of 1G/2G TKI started after 15
November 2015 (n=127), which was used for sur-
vival analyses according to subsequent treatment
(Figure 4). Most were females (70%), with a
median age of 66years, never/light-smoking his-
tory (69% and 66%), lung adenocarcinomas
(>95%), and EGFR dell9 (approximately 65%).
Over 80% had received an EGFR inhibitor already
from the first line, most frequently afatinib
(approximately 50—-60%).

Analysis of EGFR T790M testing, T790M

positivity, and next-line osimertinib

Among patients with radiologic disease progression
under 1G/2G EGFR TKI (=202, Figure 1), the
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(a) Molecular testing and osimertinib after failure of 1G/2G EGFR inhibitors

202 patients with
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, 80-
£ i 93 T790M*
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T790M
testing

T790M
positivity (of 202)

radiologic
progression

(b) Reasons for lack of T790M testing
in 14% of progressive patients

osimertinib osimertinib

87 treated with osimertinib

(of 207, Figure 1)

(C) Reasons for no administration of
osimertinib despite T790M positivity in

3% of progressive patients

severe competing
illness (1.5% or 3/202)

refractory disease
(1.5% or 3/202)

p<0.001

(d) Method and positivity rate of T790M
testing in our patients (n=174)

liquid rebiopsy
(n=61, 35%

27/61 T790
(44%)

51/89 T790M*
(57%)

liquid

CLC
transformation
(<1% or 1/202)

p=0.47

liquid rebiopsies
tissue rebiopsies
both

W npositive results

negative results

p=0.076 for trend

regarding the T790M positivity in cases with
iopsies, tissue rebiopsi

and both

tissue rebiopsy
(n=89, 51%)

Figure 2. Molecular testing, T790M positivity and next-line osimertinib after failure of 16/2G-generation EGFR
inhibitors in the entire study population. (a) Rate of T790M testing, T790M positivity and next-line osimertinib
administration among patients with documented radiologic disease progression under 16/2G EGFR TKI
(n=202, Figure 1). Error bars indicate 95% Cl. (b) Reasons for lack of T790M testing in 14% of progressive
patients (chi-square p<0.001). Patient refusal was due to severe side effects from first-line TKI (5/6), and
reluctance to undergo bronchoscopy (1/6). Severe competing illness leading to decision against further
anticancer therapy was dementia in two cases, and glioblastoma multiforme in the third. Refractory disease
was primary progressive disease at the first restaging after start of 16/2G EGFR TKI in 2/3 cases, and small-
cell transformation at the time of TKI failure in 1/3. (c] Reasons for lack of treatment with osimertinib despite
T790M positivity in 3% of progressive patients (chi-square p=0.47). (d) Utilization and positivity rate of liquid
rebiopsies, tissue rebiopsies, and their combination for T790M testing in our patients (chi-square p=0.076 for

trend regarding positivity).

1G/2G, first/second-generation; Cl, confidence intervals; EGFR, epidermal growth factor receptor; SCLC, small-cell lung

cancer; TKI, tyrosine kinase inhibitors.
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(a) Frequency of next-line treatment

100
8 80
0
(] -
(3]
‘5 60
[ 4
g
€ 40
[]
8 -
8 20-
0-
deceased . .
n=135, CHT osimertinib
of which:

(¢) Frequency of next-line treatment
according to T790M results

100+

b p=0.041

80+
60+

40-

percentage of cases

20+

T790M
negative

T790M
positive

(b) Frequency of next-line treatment
according to T790M testing

100+

801 KA

90/106

60+
p<0.001

40+

percentage of cases

20

T790M T790M
tested not tested

(d) Reasons for lack of next-line
treatment in 30% of cases

patient denied
further treatment
2% or 3/135)

severe competing illness
(2% or 3/135)

death during first
TKI line without
progression

(4% or 5/135)

p<0.001

Figure 3. Systemic treatment after failure of 16/2G EGFR inhibitors in the subset of deceased patients.

(a) Rate for implementation of any subsequent treatment, subsequent CHT, and subsequent osimertinib
after failure of 16/2G EGFR inhibitors. Error bars indicate 95% Cl. (b) Association between administration

of any next-line therapy and performance of T790M testing (chi-square p<0.001). (c) Association between
administration of any next-line therapy and results of T790M testing (chi-square p=0.041). (d) Reasons for
lack of T790M testing in 30% of deceased patients (chi-square p<0.001). Severe competing illness leading to
withdrawal of further treatment was dementia in two cases, and glioblastoma multiforme in the third.

1G/2G, first/second-generation; CHT, chemotherapy; Cl, confidence intervals; EGFR, epidermal growth factor receptor;

TKI, tyrosine kinase inhibitors.

rate of EGFR T790M testing was 86% (174/202),
the percentage of EGFR T790M-positive cases
46% (93/174 or 53% of tested patients), and the
rate of next-line osimertinib treatment 43% (87/93,
or 94% of tested T790M positive patients, Figure
2a). Sensitivity analyses showed very similar results
within the subset of deceased patients (Supplemental
Figure S1a). The main reason for lack of T790M
testing in 14% of progressive patients was rapid
clinical deterioration (16/202 cases, p<<0.001), fol-
lowed by patient refusal (6/202), severe competing

illness (3/202), and refractory disease (3/202),
namely primary progression under 1G/2G TKI
(n=2) or small-cell transformation (z=1, Figure
2b). Reasons for T790M positive patients not
receiving osimertinib were rapid death before treat-
ment could be initiated (n=3), refusal of further
treatment (z=2), and concomitant small-cell trans-
formation with switch to chemotherapy (n=1,
Figure 2¢). Tissue rebiopsies were used for T790M
testing in about half of patients (51% or 89/174),
liquid rebiopsies (ctDNA analyses) in 35%
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Table 1. Characteristics of study patients.

Patients with 16/2G EGFR TKI treatment and last follow-up

after 01.02.2016

All cases (n=207) TKI start after
15 November

2015 (n=127)

Age (Median; IQR)
Sex (Female %)
PS at diagnosis? ECOG 0 n (%)
ECOG 1 n (%)
ECOG 2 n (%)
Smoking statusa®
Histology®
Metastatic sites? any extrathoracic site
brain

EGFR mutation del19

L858R

other EGFR mutations

Systemic treatment gefitinib, n (%)
erlotinib, n (%)

afatinib, n (%)

EGFR TKl in 1st line, n (%)

CHT, n (%)

Local treatment

palliative surgery, n (%)e

Follow-up time in months (median;|QR)

never/light-smokers, n (%)

adenocarcinoma, n (%)

palliative radiotherapy, n (%)

66;19 66; 21
70% %

96 (51%) 55 (48%)
92 (48%) 61 (52%)
2 (1%]) 0

141 (69%) 84 (66%)
203 (98%) 124 (98%)
124 (60%) 86 (68%)
50 (24%) 40 (31%)
134 (65%) 81 (64%)
54 (26%) 34 (27%)
19 (9%) 12 (9%)
33 (16%) 12 (9%)
77 (37%) 42 (33%)
97 (47%) 72 (57%)
172 (83%) 112 (88%)
97 (47%) 50 (39%)
107 (52%) 61 (48%)
20 (10%) 8 (6%)
49.9 (31.5-78.1] 36.1(27.0-46.6)

aECOG PS available for 190/207 (92%) and 117/127 (92%) of cases; smoking status available for 204/207 (99%) and 125/127

(98%) of cases.
b“Light” smoking status refers to <10 pack-years.

cOther histologies were squamous (3/207, 2/127) and NSCLC-NOS (3/207, 3/127).
dAt diagnosis of metastatic disease, either primary metastatic in 176/207 (85%) and 102/127 (80%) of cases, or by relapse

of previous nonmetastatic NSCLC.
eExcluding thoracoscopic surgery for pleural effusion.

1G/2G, first/second-generation; CHT, chemotherapy; del19, EGFR exon 19 deletions; ECOG PS, Eastern Cooperative
Oncology Group performance status; IQR, interquartile range; n, number; NSCLC-NOS, non-small cell lung cancer-not

otherwise specified; TKI, tyrosine kinase inhibitor.

(n=61/174), while 14% (24/174) underwent both
(Figure 2d). The T790M positivity rate was 44%
for liquid rebiopsies (27/61), 57% for tissue rebiop-
sies (51/89), and 63% for patients who underwent
both (15/24, with 12/24 positive tissue rebiopsies,
and 10/24 positive liquid rebiopsies, chi-square test
for trend p=0.076).

Analysis of subsequent treatment

Among deceased patients, subsequent treatment
was offered to 70% (94/135) and consisted mainly
of chemotherapy (58/94, 43% of 135 deceased
patients) and osimertinib (53/94, 39% of 135,
Figure 3a), while immunotherapy (5/94) and
other TKI (4/94) were used less frequently. The

journals.sagepub.com/home/tam
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Overall survival of EGFR*

NSCLC patients failing first-second

generation TKI according to subsequent treatment

100+ —— next-line osimertinib (n=47)
_ ——= other next line (n=37)
‘§ 75 - —— no next line (n=43)
E logrank p=0.037
a logrank p=0.004
e 504
(]
o
e
[«/]
o 25 -
logrank test for trend p=0.0031
0 T T T T T T T 1
0 12 24 36 438 60 72 84 months
No. at risk
next-line osimertinib: 47 45 33 14 1 0
other next- line: 37 31 14 3 2 0
no next line: 43 27 14 7 3 1 1 0

Figure 4. 0S according to next-line treatment in the consecutive subset of EGFR™ NSCLC patients. Within the

subset of consecutive patients with 1G/2G TKI start after

15 November 2015 (n=127, Figure 1), median OS from

the start of systemic treatment for stage IV disease was significantly longer for patients that received next-
line osimertinib, compared with patients that received alternative or no subsequent therapies: 36.0 (95% Cl

26.3-45.7) versus 23.5 (18.9-28.2) versus 20.6 (14.4-26.8)
1G/2G, first/second-generation; Cl, confidence interval; EGFR™,

months, respectively, logrank test for trend p=0.0031.
epidermal growth factor receptor-mutated; NSCLC, non-

small-cell lung cancer; OS, overall survival; TKI, tyrosine kinase inhibitors.

30% of patients (41/135) that died without any
next-line therapy were significantly (4.5X)
enriched among cases foregoing T790M testing
(15% or 16/106 patients without next-line ther-
apy among T790M-tested versus 69% or 20/29
patients without next-line therapy among non-
T790M-tested cases, p<0.001, Figure 3b). The
association between lack of next-line treatment
and results of T790M testing was weaker (9% or
53/58 patients without next-line therapy among
T790M-positive versus 23% or 11/48 patients
without next-line therapy among T790M-
negative cases, p=0.041, Figure 3c). The main
reason for failure to enter next-line treatment was
rapid clinical deterioration (30/135 cases or 22%,
p<<0.001, Figure 3d), while 3/135 (2%) patients
refused further treatment, 3/135 (2%) patients
had serious competing illness precluding further
anticancer therapy, and 5/135 (4%) patients died
during the first TKI line without radiologic pro-
gression (Figure 1). Sensitivity analyses showed a
very similar rate of next-line treatment in the
entire study population as that observed in the
subset of deceased patients (73% wersus 70%,
Supplemental Figure S1b).

Survival according to subsequent treatment

Among the consecutive patients failing TKI that
had started after 15 November 2015 (=127,
Figure 1), median OS from the start of systemic
treatment for stage IV disease was 25.5 months
(95% CI 21.0-30.1months, 79/127 events).
Patients that received next-line osimertinib had
significantly longer median OS than patients
with alternative (mostly chemotherapy) or no
next-line treatment: 36.0months (26.3-45.7,
26/47 events) wersus 23.5months (18.9-28.2,
23/37 events) wersus 20.6months (14.4-26.8,
30/43 events), respectively, logrank p=0.0031
(Figure 4). The mere performance of T790M
testing [hazard ratio (HR) 0.31, p<<0.001]
showed a stronger association with OS than next-
line osimertinib (HR=0.52, p=0.006) and clas-
sical predictors, such as a better initial Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status, lower serum lactate dehydrogenase
(LDH), absence of brain metastases at diagnosis
of metastatic disease, and dell9 instead of other
EGFR mutations (HR=0.51-0.67, Supplemental
Table S1). Median time from start of 1G/2G
EGFR TKI to start of any subsequent therapy
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was 15.1months (95% CI 12.3-17.8 months,
Supplemental Figure S2).

Discussion

Even though the superiority of osimertinib after
failure of 1G/2G EGFR inhibitors was demon-
strated by the AURA3 trial already in 2017,5
practical implementation remains challenging
with widely variable success rates in the literature.
In contrast to large randomized clinical trials
spanning over several countries, the present study
analyzes an all-comers patient population under
the homogenous, but real-world conditions of a
single large academic institution with the aim of
defining bottlenecks and priorities close to the
circumstances of daily clinical practice.

A first finding is that main obstacles to sequential
therapy with osimertinib in EGFR* NSCLC are
lack of T790M testing in approximately 15%,
and T790M negativity in approximately 45% of
progressive patients, while almost all (94%)
T790M positive patients receive the drug (Figure 2a).
Of these, the rate of T790M positivity for pro-
gressive patients is more-or-less similar across
1G/2G EGFR inhibitors and current analytical
methods,1%20 with the 50-55% observed in our
study corresponding well to the literature2!:22;
therefore, the main bottleneck appears to be ini-
tiation of T790M testing. Traditionally, the main
issue here has been tissue availability, since many
advanced lung cancer patients are not suitable or
willing to undergo invasive procedures.??
Meanwhile, this problem is largely solved by lig-
uid biopsies, which are not only feasible for every
patient, but also provide results earlier than tissue
rebiopsies due to the faster sample collection.?*
Their marginally lower sensitivity of 75-80%
compared with tissue testing is offset by their
wider applicability, and their use together with
conventional tumor rebiopsies maximizes yield
(Figure 2d).25-27 However, the clinical impair-
ment of many patients remains an important limi-
tation: in our study, rapid clinical deterioration
was the main reason for both lack of T790M test-
ing (Figure 2b), and lack of any subsequent treat-
ment (Figure 3d), which correlated (Figure 3b),
and also prevented some T790M positive cases
from receiving osimertinib (Figure 2¢). Along the
same lines, the mere performance of T790M test-
ing was associated more strongly with OS than
exposure to next-line osimertinib, type of EGFR
mutation, brain status, and other classical predic-
tors (Supplemental Table S1),28 which is indirect

evidence that, in routine clinical practice, the
threshold for T790M testing is influenced by the
patient’s condition and perceived life expectancy.
Of note, this clinical deterioration is typically dis-
ease-related, as <10% (Figure 2b) of our patients
did not receive next-line therapy due to some
other severe competing illness. For non-EGFR™*
NSCLC patients treated with palliative chemo-
therapy, the attrition is even greater, with only
30-50% entering the second line,2°-3! which has
been a major argument for maintenance therapy
and more frequent restaging every 6-8weeks.32
However, the TKI treatment of EGFR™" patients
is continuous anyway, and shortening of imaging
intervals for them is limited by the increased radi-
ation and logistic burden due to the longer sur-
vival. Alternative methods for improved
surveillance of these patients could be serial lig-
uid biopsies and/or performance of tissue rebiop-
sies earlier, that is, at the first sign of radiologic
progression.33:34 In addition, monitoring of elec-
tronic patient-reported outcomes (ePROs) under
chemotherapy for various solid tumors was asso-
ciated with significantly longer survival in a piv-
otal study, and could therefore represent a
cost-efficient method to improve care of EGFR™
NSCLC patients, whose quality of life is also
known to fluctuate under treatment.?>3¢ Closer
monitoring could facilitate an increase of the
T790M testing rate up to a theoretical maximum
of approximately 95%, and of the treatment rate
for T790M positive cases to >95% (Figure 2). Of
note, the 82%—-86% rate of T790M testing in our
study (Figure 2 and Supplemental Figure Sla)
was very similar to that of a prospective study in
Japanese cancer centers (81%),25 while our
approximately 30% rate of patients without next-
line treatment (Figure 3) was very similar to that
observed in the standard arm of the FLAURA
trial (32%, Supplemental Table S2)? and other
certified German lung cancer centers (30%).3”
The markedly lower rates of T790M testing and
any next-line treatment, for example 19%-30%
and 31%-38%, respectively, reported in some
registry studies,?%:3% presumably suggest an addi-
tional need to improve awareness and access
regarding novel diagnostic and therapeutic
options in the community outside specialized
centers (Figure 5).

The longer OS of T790M positive patients treated
with next-line osimertinib in our real-world cohort
(Figure 4) underlines the importance of sequential
TKI administration for clinical outcome, as already
demonstrated by the randomized AURA3 trial,>
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Current bottleneck: rapid clinical deterioration

Possible strategy: closer patient monitoring*, earlier tissue rebiopsy at progression

(* radiologic?, liquid biopsies?, ePRO?)

max = 95%
—)
currently = 80-85%

First-line EGFR
inhibitor

Additional need outside the setting of
specialized centers: increased awareness
and access to novel diagnostic and
therapeutic options

Molecular testing at
disease progression

max = x% max > 95%

Identification of an

~55% for T790M actionable mutation

after 1G/2G TKI

T

currently = 90-95%

Current bottleneck: spectrum of molecular profiling
Possible strategy: use of (larger) NGS panels

Targeted therapy of
marker(+) patients

Figure 5. Implementation of sequential targeted therapies for metastatic EGFR* NSCLC. Critical parameters, possible improvement
strategies and feasibility limit for implementation of sequential targeted therapies in metastatic EGFR* NSCLC. The maximum
testing rate of 95% is taken from Supplemental Table S2 and excludes only patients with EGFR TKI discontinuation due to reasons
precluding further treatment (i.e. “other reasons” or patient decision); the actual testing rate of 80-85% is taken from Figure 2a,
Supplemental Figure S1a and the literature cited in the Discussion; the actual treatment rate for T790M positive patients with
osimertinib of 90-95% is taken from Figure 2a and Supplemental Figure STA; the maximum treatment rate for T790M positive
patients of >95% additionally considers that 3/6 T790M positive patients foregoing osimertinib treatment suffered early death before
the drug could be started (Figure 2c), which could potentially have been prevented by an earlier change in therapeutic strategy
facilitated by closer patient monitoring; the x% rate of marker-positivity is mutation-specific, for example, approximately 55% for
EGFR T790M under 16/2G EGFR TKI (Figure 2a).2":22 For any next-line targeted therapy, the theoretical upper limit of implementation
is the product of these three parameters (0.95*0.95*x], for example, approximately 50% for osimertinib after 1G6/2G EGFR TKI. The
rate of molecular testing affects the feasibility of implementation for all next-line targeted therapies. This framework appears to be
very similar for 16/2G EGFR inhibitors and osimertinib, as shown in Supplemental Table S2 and explained in the Discussion.

1G/2G TKI, first/second-generation tyrosine kinase inhibitors; EGFR, epidermal growth factor receptor; EGFR*, epidermal growth factor receptor-
mutated; ePRO, electronic patient-reported outcomes; NGS, next-generation sequencing; NSCLC, non-small-cell lung cancer.

the international observational GioTag study,*°
and other smaller series.**2 However, besides
EGFR T790M, up to 15-20% of EGFR™ patients
treated with 1G/2G TKI will develop other action-
able genetic alterations, for which novel, more
active than chemotherapy drugs are available
through clinical trials, early access programs, or
off-label (e.g., MET or HER2 amplifications,
PIK3CA, or BRAF mutations).*>#* Qur ability to
capture and tackle these resistance mechanisms
will depend on the very same principles demon-
strated here for EGFR T790M, but require broader
molecular profiling instead of T790M-only assays
(Figure 5).13 Furthermore, the same principles
remain relevant with osimertinib as well,® because
feasibility of detection for the diverse resistance
alterations acquired in 20-30% of progressive
patients (e.g., MET amplifications, EGFR C7978S,
etc.), and utilization of suitable targeted therapies

(e.g., next-line treatment with MET inhibi-
tors),¥-47 follow the same rules. The rates for TKI
discontinuation precluding further treatment (i.e.,
for reasons other than tumor progression and side
effects, approximately 5-10%), and lack of subse-
quent anticancer therapy (approximately 35%)
appear to be similar under osimertinib in the
FLLAURA and AURA3 studies, as those observed
under 1G/2G EGFR inhibitors (Supplemental
Table S2).25:948 For example, among FLAURA
patients treated with upfront osimertinib, 2.8%
had to discontinue treatment for reasons other
than disease progression, adverse events, and
patient decision, which is similar to the 3.8% rate
observed in the current study (Supplemental Table
S2).2 Furthermore, the rate for patient refusal of
further therapy without disease progression or
treatment-limiting toxicity can be reasonably
assumed to be uniform, approximately 2-3%
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according to Supplemental Table S2, despite an
outlier in the experimental FLAURA arm, as no
clinically relevant difference was observed in PROs
between osimertinib and standard TKI in this
study.4® Therefore, the described findings consti-
tute a general framework for the potential benefit
of EGFR* NSCLC patients from novel drugs after
failure of any EGFR inhibitor, with a maximum
theoretical patient testing rate of approximately
95% (Figure 5). According to our results and the
literature, the three main bottlenecks for tandem
targeted therapies in EGFR* NSCLC currently
are rapid clinical deterioration, the spectrum of
molecular profiling, and awareness or access
regarding novel options outside specialized centers
(Figure 5). While the indications, techniques, and
extent of molecular profiling at baseline or pro-
gression are elaborated in current recommenda-
tions from several societies,’%51 the need for
improved monitoring of patients under treatment
does not receive a similar attention yet. Our results
suggest that this will be crucial for pre-empting
consequences of rapid clinical deterioration, in
order to maximize testing rates and utilization of
all novel drugs (Figure 5). Particularly promising
in this respect are recent data from the FLAURA
trial showing that longitudinal ctDNA assays can
detect treatment failure several weeks earlier than
radiologic imaging.>2

The main limitations of our study are the retrospec-
tive, single-institution design, and small patient
number. Specific strengths are the homogenous,
standardized testing and treatment of our patients
within the same academic institution, the dissection
of the entire study population into those subsets that
are most suitable for estimation of each endpoint
(Figure 1), and the sensitivity analyses that demon-
strated robustness of findings (Supplemental Figure
S1). Whenever possible, we have compared our
estimated parameters with the findings of other
investigators or published data from clinical trials,
and found good agreement, which suggests general-
izability. The results presented provide a compre-
hensive picture of clinical implementation for
sequential targeted therapies in EGFR™ NSCLC,
define obstacles, prioritize potential measures to
overcome them, and highlight the importance for
patient survival in the real-world setting.
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