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Abstract Retrospective studies suggested a benefit of first-
line tyrosine kinase inhibitor (TKI) treatment continuation af-
ter response evaluation in solid tumors (RECIST) progression
in epidermal growth factor receptor (EGFR)-mutated non-
small-cell lung cancer (NSCLC) patients. The aim of this
multicenter observational retrospective study was to assess
the frequency of this practice and its impact on overall surviv-
al (OS). The analysis included advanced EGFR-mutated
NSCLC patients treated with first-line TKI who experienced
RECIST progression between June 2010 and July 2012.
Among the 123 patients included (67+12.7 years, women:
69 %, non smokers: 68 %, PS 0—1: 87 %), 40.6 % continued
TKI therapy after RECIST progression. There was no differ-
ence between the patients who did and did not continue TKI
therapy with respect to progression-free survival (PFS1: 10.5
versus 9.5 months, p=0.4). Overall survival (OS) showed a
non-significant trend in favor of continuing TKI therapy (33.0
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vs. 21.2 months, p=0.054). Progressions were significantly
less symptomatic in the TKI continuation group than in the
discontinuation group (18 % vs. 37 %, p<0.01). Univariate
analysis showed a higher risk of death among patients with PS
>1 (HR 4.33, 95 %CI: 2.21-8.47, p=0.001), >1 one metastatic
site (HR 1.96, 95 %CI: 1.06-3.61, p=0.02), brain metastasis
(HR 1.75, 95 %CI: 1.08-2.84, p=0.02) at diagnosis, and a
trend towards a higher risk of death in cases of TKI discon-
tinuation after progression (HR 1.62, 95 %CI: 0.98-2.67, p=
0.056 ). In multivariate analysis only PS >1 (HR 6.27, 95
%CI: 2.97-13.25, p=0.00001) and >1 metastatic site (HR
2.54, 95 %CI: 1.24-5.21, p=0.02) at diagnosis remained sig-
nificant. This study suggests that under certain circumstances,
first-line TKI treatment continuation after RECIST progres-
sion is an acceptable option in EGFR-mutated NSCLC
patients.
Clinical trial information: NCT02293733
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1 Introduction

In Europe and North America, 10 % to 15 % of patients
diagnosed with advanced non-small-cell lung cancer
(NSCLC) have an activating mutation of the epidermal
growth factor (EGF) gene. In France since 2010, NSCLC
patients are screened for such mutations through a network
of molecular biology laboratories [1]. Several phase III trials
in patients with EGFR mutation-positive NSCLC [2—-6] given
first-line treatments have shown the superiority of tyrosine
kinase inhibitors (TKI) over conventional chemotherapy in
terms of progression-free survival (PFS). Three such drugs
(gefitinib, erlotinib, afatinib) are now authorized in France
for first-line treatment of NSCLC. However, almost all TKI-
treated patients experience disease progression, as defined by
the RECIST criteria [7]. These criteria, developed for patients
undergoing chemotherapy, are not perfectly suited to targeted
therapies that have different modes of action (blockade of
signaling pathways involved in cell proliferation, angiogene-
sis, apoptosis, or metastasis) [8—10]. In 2010, Jackman et al.
proposed specific criteria for disease progression during TKI
therapy [11]. Moreover, several studies, although often small,
retrospective, and conducted in a single center, suggest that
TKI continuation after RECIST progression may sometimes
postpone the need for second-line treatment and also improve
survival [12—14]. The aim of this observational, retrospective,
multicenter study was to determine the frequency of this prac-
tice in France, the characteristics of the patients concerned,
and the possible impact on overall survival (0S).

2 Patients and Methods

The main objectives were to assess the frequency of continued
EGFR TKI administration after RECIST progression in pa-
tients with advanced EGFR-mutated NSCLC and its impact
on OS. A secondary objective was to describe the character-
istics of disease progression in these patients.

This was a multicenter, observational, retrospective study
including patients with advanced EGFR-mutated NSCLC
treated with first-line EGFR TKI and experiencing RECIST
progression between 1 January 2010 and 30 June 2012. The
patients had to be over 18 years old and have a RECIST target
lesion at inclusion. The following patient characteristics were
recorded: socio-demographic characteristics, performance sta-
tus (PS) at diagnosis, the type of EGFR mutation, disease
extension, the mode of progression (site, symptoms), and
treatment after disease progression. We compared patients in
whom the TKI was continued as the primary treatment after
the first RECIST progression (continuation group) with pa-
tients in whom the TKI was no longer the main treatment
(discontinuation group). For each patient, we calculated
progression-free survival (PFS) during first-line TKI
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treatment (PFS1), defined as the period between the start of
TKI therapy and the first RECIST progression or death, as
well as PFS between the first and second RECIST progression
(PFS2), PES between the second and third RECIST progres-
sion (PFS3), and overall survival (OS). RECIST progressions
were diagnosed by the individual investigators, and a random
sample of 30 files was reviewed centrally by a panel of experts
convened by GFPC. This trial is registered with
ClinicalTrials.gov under number NCT02293733

3 Statistical Analysis

The analysis was done on an intention-to-treat basis. Qualita-
tive variables were described in terms of frequencies, percent-
ages (with their 95 % confidence intervals calculated using an
exact method), while quantitative variables were described in
terms of the mean, standard deviation, median, and interquar-
tile range. OS and PFS were analyzed with the Kaplan-Meier
method. The TKI continuation and discontinuation groups
were compared using Fisher's exact test or the Mann—Whitney
U test. Univariate and multivariate analysis of OS and PFS1
used the Cox regression model and included the following
covariates: age, gender, PS, histology, brain metastasis, EGFR
mutations (deletions in exon 19, L858R vs. other mutations),
TKI continuation or discontinuation after progression, and the
number of metastatic sites. SAS statistical software v9.3 was
used (INC Institute, Cary, NC, USA).

Role of the sponsors: the sponsors had no role in the design
or performance of the study, data analysis, or manuscript prep-
aration. The results belong to GFPC. The data were analyzed
by the GFPC statistician and interpreted by the authors.

The protocol was approved by an independent ethics com-
mittee in Saint Etienne on behalf of all participating centers,
and the study complied with good clinical practices and the
Helsinki Declaration.

4 Results
4.1 Patients Characteristics

The study included 123 patients treated in 29 centers. The
patients (Table 1) were typical of the EGFR-mutated NSCLC
population, with a median age of 67.7+12.7 years and a pre-
dominance of women (69 %), non-smokers (68 %), perfor-
mance status (PS) 0/1 (87 %), and adenocarcinomas (99 %).
The mutations were located in exon 19, exon 21, or another
exon in, respectively, 66 %, 30 %, and 4 % of cases. First-line
treatment consisted of gefitinib and erlotinib in, respectively,
77 % and 23 % of cases. The vast majority (82 %) of patients
were symptomatic at diagnosis (stage IV, 98 %), and only
33 % had one metastatic site (Table 2). The best responses
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Table 1  Baseline characteristic of the patients according to treatment after first progression
All patients n=123 Continuation group n=50 Discontinuation group n=73 p-Value
Age (years) 67.7+£12.7 69.9+12 66.2+13.2 0.08
Female 69 % 72 % 67 % 0.07
Smoking status (n=121) 0.1
current 10 % 10 % 11 %
former 19 % 20 % 18 %
never smokers 68 % 70 % 67 %
PS (n=115) 0.2
0/1 87 % 86 % 88 %
2 11 % 12 % 11 %
3/4 2% 2 % 1%
Weight loss (n=115) 0.2
<5% 75 % 76 % 74 %
Mutational status EGFR 0.1
Exon 19 66 % 64 % 69 %
Exon 21 30 % 32 % 27 %
Others 4% 4% 4%

PS performance status; EGFR epidermal growth factor receptor

to TKI therapy were complete, partial, and stable in, respec-
tively, 5 %, 63 %, and 32 % of cases. Median PFS1 was
9.9 months.

4.2 First and Subsequent Progression: Therapeutic
and Clinical Outcomes

First progressions (Table 3) were characterized by an increase
in the size of existing lesions (74 % of cases) and/or the

appearance of new metastases (60 % of cases). After this first
progression, 40.6 % of patients (n=>50) continued EGFR TKI
as their primary treatment (continuation group), together with
local radiotherapy (brain, bone, lung, cervical lymph node,
liver) and/or vertebroplasty in 19 cases. The other patients
(discontinuation group, n=73) received either chemotherapy
(n=49), sometimes combined with a TKI (n=10), or support-
ive care alone (n=14) (Fig. 1). There was no significant dif-
ference between the two groups in terms of clinical,

Table 2 Baseline clinical
characteristic of the patients

All patients n=123

Continuation group n=50 Discontinuation group n=73

according to treatment after first

progression Symptomatic patients 82 %
Main symptoms
Respiratory 61 %
Pain 39 %
Neurological 18 %
Others 26 %
Metastatic sites
Bone 49 %
Lung 40 %
Brain 32 %
Liver 20 %
Others 27 %
Number of metastatic sites*
1 33 %
2 24 %
>3 25 %

82 % 82 %
54 % 67 %
37 % 40 %
25 % 15 %
20 % 32 %
50 % 49 %
36 % 42 %
32% 31 %
14 % 23 %
28 % 34 %
44 % 29 %
16 % 34 %
26 % 26 %

* (not known: 17 patients)
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Table 3  Patient characteristics at first disease progression

Mode of disease progression All patients Continuation Discontinuation p-Value
n=123 (%) group n=50 (%) group n=73 (%)
Worsening of symptoms 36 (29) 9 (18) 27(37) <0.01
New symptoms 56 (45) 19 (38) 37 (51) <0.05
Pain 28 (50) 11 (58) 17 (46)
Respiratory 23 (41) 7 (37) 16 (43)
Neurological 12 (21) 4(21) 08 (22)
Increase in size of initial lesions 91 (74) 30 (60) 61 (84) <0.05
Pulmonary (primary site) 63 (51) 17 (34) 46 (63)
Metastatic site 67 (55) 24 (48) 46 (63)
lung 24 (33) 7 (14) 17 (23)
bone 20 (16) 5(10) 1521
brain 12 (10) 6 (12) 6(8)
liver 7 (6) 24 5(7)
others 21 (17) 7 (14) 14 (19)
New organ system metastasis 73 (60) 27 (54) 46 (63) ns*
lung 24 (33) 9(33) 15 (33)
brain 18 (25) 7 (26) 11 (24)
bone 17 (23) 6(22) 11 (24)
liver 12 (17) 14 8 (17)
others 20 (27) 3(11) 17 (37)
Number of new lesions 1 44 % 48 % 41 % 0.2
2 15 % 4 % 22 %
>2 36 % 41 % 33 %

*ns not significant

mutational, or metastatic features at diagnosis (Table 2). How-
ever, although there was no difference in the mode of progres-
sion (main site/metastasis or new lesions), significantly fewer
patients in the continuation group than in the discontinuation
group were symptomatic at the time of progression (Table 3).
Major new symptoms were pain, respiratory, neurological,
and others (Table 3). There was no significant difference in
PFS1 between the continuation and discontinuation groups
(10.5 versus 9.5 months, respectively, p=0.4) (Table 4). A
second progression occurred in 79 patients (35 in the contin-
uation group and 44 in the discontinuation group). There was
no significant difference between the groups in terms of PFS2
(respectively 4.1 and 4.8 months, p=0.55). Treatment after the
second progression is summarized in Fig. 1. There was a
highly significant difference in PFS3 (10.2 months vs.
3.6 months, p=0.0096) between the continuation and discon-
tinuation groups (Table 5). Finally, there was a non-significant
trend towards longer overall survival (Fig. 2) in the continua-
tion group than in the discontinuation group (33 months vs.
21.2 months, p=0.054).

4.3 Re-Biopsy at Progression

This first and second progression gave rise to re-biopsy in
24 % and 17 % of cases, respectively (Table 5). In this study,
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the impact of re-biopsy on patient management has not been
evaluated. However, we can assume that the histological (one
case) or mutational changes (six cases of detection T790M
mutation) have influenced the treatment.

4.4 Univariate and Multivariate Analysis

In univariate analysis, the risk of death was significantly
higher among patients with PS >1 (HR 4.33, 95 % CI: 2.21
to 8.47, p=0.0001), >1 metastatic site (HR 1.96, 95 % CIL:
1.06 to 3.61, p=0.02), or brain metastases (HR 1.75, 95 %
CI: 1.08 to 2.84, p=0.02) at diagnosis, and a non-significant
trend towards a higher risk of death when TKI therapy was
discontinued after PFS1 (HR 1.62, 95 % CI: 0.98 to 2.67, p=
0.056). In multivariate analysis, the only significant risk fac-
tors for death were PS >1 (HR 6.27, 95 % CI: 2.97 to 13.25,
p=0.0001) and >1 metastatic site (HR 2.54, 95 % CI: 1.24 to
5.21, p=0.02) at diagnosis (Table 6).

5 Discussion
This multicenter study of Caucasian patients with EGFR-

mutated advanced NSCLC receiving first-line EGFR TKI
therapy shows that in a real-world setting in France, 40.6 %
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of patients continued to receive the same first-line TKI as their
main treatment after the first RECIST progression. Disease
progression was significantly less symptomatic in this group
of patients. This might underline a different biology of disease
with less aggressive and symptomatic disease. There was no
significant difference between the TKI continuation and dis-
continuation groups in term of PFS1 (10.5 versus 9.5 months)
or PFS2 (4.1 versus 4.8 months), but there was a highly sig-
nificantly difference in PFS3 (10.2 vs. 3.6 months, p=0.0096)
and a non-significant trend towards better OS (33.0 vs.

21.2 months, p=0.054) when TKI therapy was continued.
Several studies have clearly demonstrated the advantages of
first-line EGFR TKI therapy over chemotherapy for advanced
EGFR-mutated NSCLC [2-6]. Likewise, benefits of contin-
ued blockade of mutated gene pathways after tumor progres-
sion have been observed in several types of cancer [15-17].
Only preliminary studies are available for lung cancer, and
most were small and conducted in a single center. In a retro-
spective analysis of 147 NSCLC patients treated with EGFR
TKIs in an Italian center from 2004 to 2012, 10 % of patients

Table 4 Median overall survival

and progression-free survival All patients Continuation group Discontinuation group p-Value
according to treatment after n=123 n=50 n=73
progression
Median OS (months) 21.6 33 21.2 0.054
Median PFS 1 (months) 9.9 10.5 9.5 0.4
n=79 n=35 n=44
Median PFS 2 (months) 4.6 4.1 4.8 0.55
n=35 n=12 n=23
Median PFS 3 (months) 6.3 10.2 3.6 0.0096

OS overall survival; PES progression-free survival; PFS1 period between the start of TKI therapy and the first
RECIST progression; PFS2 period between the first and second RECIST progression; PFS3 period between the
second and third RECIST progression
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Table 5 Results of re-biopsy after the first and second RECIST
progressions

No. of pts
Biopsy at first RECIST progression 29
Same biological profile 17
T790M 6
Small-cell lung cancer 1
Non-contributory* 3
Met amplification 1
PIK3CA 1
Biopsy at second RECIST progression 13
Same biological profile 7
T790M 5
Small-cell lung cancer 1

PIK3CA Phosphatidylinositol 3-kinase mutation; T790M T790M muta-
tion exon 20 EGFR

* Non-contributory lack of tumor cells

who had single-lesion RECIST progression were treated with
locoregional radiotherapy plus continued EGFR TKI therapy
until further progression. Median PFS2 was 10.9 months
(range 3—32 months) [18]. However, the population was het-
erogeneous, many patients having wildtype or unknown
EGFR status. In a U.S. single-center study of 56 patients with
advanced EGFR-mutated NSCLC, 88 % of patients continued
TKI therapy after retrospectively diagnosed disease progres-
sion (increase in the target lesion in 97 % of cases, new lesion
in 81 %, and both in 83 %). The median time between
RECIST progression and TKI discontinuation was
10.1 months [14].

The impact of TKI continuation after RECIST progression
on survival has rarely been studied. In a retrospective analysis
of 335 Japanese patients with advanced NSCLC who

responded to initial gefitinib therapy [19], 18.3 % of patients
continued to receive gefitinib after RECIST progression. They
experienced significantly better survival (HR for death: 0.726,
95 % CI: 0.538-0.980; p=0.035) than the other patients, but
the difference was not significant in multivariate analysis.
More recently, a Japanese team retrospectively assessed a
group of 64 patients selected among 186 patients with
EGFR-mutated advanced NSCLC [20]. Sixty percent of the
64 patients continued EGFR-TKI therapy after progressing.
Median OS was significantly better than among patients
who switched to chemotherapy (32.2 versus 23.0 months,
p=0.005, HR: 0.42, 95 % CI: 0.21-0.83), but this analysis
excluded patients who, after disease progression, received a
combination of chemotherapy and EGFR-TKI, those who re-
sumed TKI therapy after a line of chemotherapy, and those
who received only best supportive care after progression. Fi-
nally, preliminary results from a prospective, phase II trial
(ASPIRATION) of EGFR TKI continuation after first
RECIST progression show that TKI therapy was continued
for a median of 3.7 months in the experimental group [21], a
duration very similar to that found here. In our study, PFS3
improved significantly in the continuation EGFR TKI group.
But patients in this group received more often chemotherapy
and more often platin doublet chemotherapy with a high re-
sponse rate compared to discontinuation group. This higher
therapeutic pressure may explain the trend for better survival.

One strength of our study is its multicenter design, ensuring
rapid recruitment of a representative patient sample of French
national management practices in advanced EGFR-mutated
NSCLC [1]. Our efficacy data for first-line TKI therapy are
very similar to those of phase III trials in Caucasian popula-
tions, in terms of both PFS and OS. The modes of disease
progression observed here are also compatible with published
data [22]. Although the two groups had similar characteristics
at diagnosis, those who continued TKI therapy after RECIST

Fig. 2 Kaplan-Meier curves of 1.00 7
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Table 6  Univariate and multivariate analysis of overall survival
variables PES oS

univariate univariate multivariate

HR (95 % CI) p-Value HR (95 % CI) p-Value p-Value
Continuation vs. discontinuation 1.16 (0.81 - 1.67) 0.41 1.62 (0.98 - 2.67] 0.056 1.12 (0.60 - 2.07) 0.71
Female vs. male 0.63 (0.42-0.93) 0.02 0.84 (0.50 - 1.40) 0.5006
PS 0-1 vs. >1 1.58 (1.04-2.38) 0.04 4.33(2.21-8.47) 0.0001 6.27 (2.97-13.25) 0.00001
Age * 0.99 (0.97-1) 0.16 1.1 (0.98 - 1.02) 0.38
EGFR mutation exon 19 vs. 21 0.88 (0.60 - 1.29) 0.51 0.86 (0.52 - 1.40) 0.53
Brain metastasis 0 vs. >1 1.17 (0.79-1.73) 1.75 (1.08-2.84) 0.02
Number of metastatic sites 1 vs. 2-3 1.29 (0.8-2.06) 0.28 1.96 (1.06-3.61) 0.02 2.54 (1.24-5.21) 0.02

HR Hazard ratio, EGFR Epidermal growth factor receptor, PFS progression-free survival, OS overall survival, * linear model was chosen

progression were significantly less symptomatic at the time of
progression. The mode of disease progression markedly influ-
ences management choices. Yang et al [23] attempted to es-
tablish a typology of disease progression in EGFR TKI-treated
advanced mutated NSCLC. One hundred and twenty consec-
utive clinical trial patients were used to establish a model
based on clinical factors, and another 107 routinely treated
patients were used as the validating set, using Bayes discrim-
inant analysis. The cohort was classified into patients with
dramatic progression, those with gradual progression, and
those with local progression. PFS in the dramatic, gradual,
and local progression groups was 9.3, 12.9, and 9.2 months,
respectively (p=0.007), and OS was 17.1, 39.4, and
23.1 months, respectively (p<0.001). TKI continuation was
superior to switching to chemotherapy in the gradual progres-
sion group in terms of OS (39.4 months vs. 17.8 months; p=
0.02). In patients with dramatic progression, the difference
between TKI continuation and switching to chemotherapy
was marginally in favor of chemotherapy (18.6 months vs.
23.9 months; p=0.07), while median OS was similar between
EGFR TKI continuation and chemotherapy in the local pro-
gression group (23.6 months vs. 23.7 months; p=0.66) [23].
In our study, it is likely that the investigators tended to switch
to chemotherapy more often for patients with clinical signs of
rapid progression.

Several mechanisms of EGFR TKI resistance have been
identified, including emergence of the T790M mutation, c-
met amplification, and histological transition to small-cell car-
cinoma [24]. Re-biopsy is required to determine which mech-
anism is responsible for TKI resistance [25], but few patients
in our study underwent re-biopsy after progression (24 % after
first progression, 17 % after second progression). This study
has several limitations. First, the definition of RECIST pro-
gression was left to the individual investigators. Central re-
view of a random sample of 30 files showed good agreement.
However, the decision to continue or discontinue TKI therapy
was also left to the investigators and was not necessarily

guided by the clinical features of progression. Our decision
to include in the "discontinuation" group patients (n=10) who
received both chemotherapy and continued TKI therapy is
debatable, but the introduction of chemotherapy was consid-
ered to represent a real treatment switch. Preliminary results of
the IMPRESS study suggest little impact of continued EGFR
TKI therapy plus chemotherapy in this situation [26]. Like-
wise, the inclusion of patients who received only best support-
ive care after progression may have influenced the median OS
in the discontinuation group, but an analysis excluding these
patients showed no significant difference in overall survival
versus the TKI continuation group (22.6 months vs.
33 months, p=0.19). Furthermore, the number of patients con-
tinuing EGFR TKI is limited. Results observed and their in-
terpretations should be cautious.

6 Conclusion

This retrospective study suggests that in certain circum-
stances, continued EGFR TKI therapy after first RECIST pro-
gression may benefit some patients, particularly those whose
progression is pauci-symptomatic, gradual, or accessible to
local treatment.
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