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Abstract. – OBJECTIVE: Continued EGFR-
TKIs treatment is still controversial for NSCLC
patients with activating EGFR mutations, who
acquire resistance to the drug. Of these patients,
elderly ones were worth to be investigated to fur-
ther examine efficacy of continued EGFR-TKIs
treatment.

PATIENTS AND METHODS: A total of 232
NSCLC patients (≥≥ 70-year-old) were recruited
from the Chinese People’s Liberation Army Gen-
eral Hospital between January 1, 2009, and July
31, 2014. And 44 patients were qualified for fur-
ther retrospectively investigated, which were di-
vided into dramatic and non-dramatic progres-
sion groups based on the characteristics of pro-
gression during first-line EGFR-TKIs treatment.
And they were also divided into two groups:
continued EGFR-TKIs group and discontinued
EGFR-TKIs group. Subsequently, progression-
free survival (PFS), post-progression survival
(PPS), and overall survival (OS) of these groups
were investigated by multivariate analysis.

RESULTS: Median OS (28.9 months vs. 23.2
months, p = 0.46) and median PPS (16.9 months
vs. 4.4 months, p = 0.216) were both not signifi-
cantly different between continued EGFR-TKIs
groups and discontinued ones. However, when
focusing on patients with non-dramatic progres-
sion, the median OS (29.0 months vs. 23.2
months, p = 0.039) and median PPS (21.3
months vs. 3.9 months, p = 0.001) were signifi-
cantly longer in the continued EGFR-TKIs pa-
tients than discontinued ones.

DISCUSSION: Continued EGFR-TKIs beyond
PD may be a good option for elderly patients
with non-dramatic progression. The characteris-
tic of progression after first-line EGFR-TKIs
treatment should be taken into account to deter-
mine which part of patients is suitable for con-
tinued EGFR-TKIs treatment, especially for the
speed of progression.

CONCLUSION: Continued EGFR-TKIs treat-
ment promotes the survival of elderly patients
with acquired resistance to EGFR-TKIs therapy.
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Introduction

Erlotinib or gefitinib is epidermal growth fac-
tor receptor tyrosine kinase inhibitors (EGFR-
TKIs), which has led to significant clinical im-
provement in certain patients with EGFR muta-
tions1. Several randomized phase III studies2-4

had proved that the progression-free survival
(PFS) was significantly longer in patients who
received EGFR-TKIs than in those who under-
went cytotoxic chemotherapy. Despite the
marked benefits of EGFR-TKIs in NSCLC with
EGFR mutant, most cases ultimately develop re-
sistance to these drugs after a median of 9 to 13
months5. In clinical practice, continued EGFR-
TKIs still benefited patients with EGFR-mutant
lung cancer, who acquired resistance to Erlotinib
or gefitinib6, suggesting that some tumor cells re-
mained sensitive to EGFR-TKIs7. However,
strategies for the treatment of resistant tumors are
still controversial, and have not been investigated
well. On the one hand, Nishie et al8 in 2012 sug-
gested that continued EGFR-TKIs beyond PD
prolonged overall survival compared with
switching to cytotoxic chemotherapy. And
Yoshimura et al7,9 in 2013 indicated that Erlotinib
or gefitinib followed by the addition of peme-
trexed showed favorable response and acceptable
toxicity for patients beyond PD. On the other
hand, Kanda et al10 in 2015 indicated that plat-
inum-doublet chemotherapy might prevent the
development of acquired resistance to EGFR-
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Aim
Here, we investigated whether continued

EGFR-TKIs treatment in elderly patients pre-
vented the development of acquired resistance to
EGFR-TKIs in patients with advanced NSCLC
harboring EGFR. And the characteristics of pro-
gression were identified to determine the poten-
tial biomarkers for application of EGFR-TKIs
treatment beyond PD. Our study further suggest-
ed that continued EGFR-TKIs were still potential
therapeutic strategy for elderly patients in non-
dramatic progression group with acquired resis-
tance to EGFR-TKIs

Patients and Methods

Patients
A total of 232 NSCLC patients (≥ 70-year-old)

were recruited from the Chinese People’s Libera-
tion Army (PLA) General Hospital between Jan-
uary 1, 2009, and July 31, 2014. The last avail-
able follow-up was March 31, 2015. Forty-four
patients were qualified for further investigation in
our study (Figure 1), and all had experienced dis-
ease control for first-line EGFR-TKIs treatments
(Partial Response or Stable Disease) after first-
line treatment. Three independent radiologists
and three oncologists conducted radiological as-
sessments and judgments, and assessment results
were all confirmed after careful discussion. The
study complied with the Declaration of Helsinki,
and was approved by the Institutional Ethics Re-

TKIs in patients, and prolonged survival com-
pared with continued EGFR-TKIs. We hypothe-
sized that the characteristics of progression of pa-
tients during the first-line EGFR-TKIs treatment
determined the application of continued EGFR-
TKIs. In addition, elderly patients have been un-
derrepresented in clinical trials. The lack of data
for elderly patients could result in suboptimal or
excessively toxic treatments. These small molec-
ular agents are more easily accepted by elderly
patients because they are less toxic, which allows
more favorable tolerability. Therefore, continued
EGFR-TKIs beyond progression disease (PD)
seems a reasonable option for elderly patients
whose disease was controlled by first-line EGFR-
TKIs treatment.
Lung cancer is the most frequently diagnosed

type of cancer and the leading cause of cancer-
related death worldwide. Non-small cell lung
cancer (NSCLC) comprises more than 80% of
all lung tumors11. Approximately two-thirds of
NSCLC are diagnosed at advanced stages12.
47% of patients with lung cancer are > 70
years13. Although the incidence and mortality of
lung cancer have decreased in patients with <
50 years, this is not the case for patients with >
70 years14,15. For a variety of reasons, only 66%
of elderly patients receive any cancer treatment,
and only 45% of those are treated with a stan-
dard combined chemotherapy and radiation16.
Therefore, an effective therapeutic approach for
lung cancer especially of elderly patients was
necessary. 

Figure 1. The screening process of qualified patients.
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view Board at the Chinese PLA General Hospi-
tal. Written informed consent was obtained from
all patients.

Evaluative Criteria 
Response to continued EGFR-TKIs treatment

was evaluated using RECIST version 1.1. Overall
survival (OS) was defined as a period from the
start of first-line EGFR-TKIs treatment to the
date of death or to the date at which the patient
was last known to be alive. Post-progression sur-
vival (PPS) was defined as the period from the
first PD after first-line treatment of EGFR-TKIs
to the date of death. Progression-free survival 1
(PFS1) was identified as the period from the start
of EGFR-TKIs treatment to the first PD. PFS2
was defined as the period from the first PD to the
second PD or death. Here, PFS1 was categorized
into two modes: non-dramatic and dramatic pro-
gression. Dramatic progression was defined as
rapid tumor progression with sudden worsening
of symptoms during first-line EGFR-TKIs treat-
ment. The other was identified as non-dramatic
progression. 

Statistical Analysis
Clinical characteristics were ana lyzed using

Fisher’s exact test. Survival analyses were ana-
lyzed using Kaplan-Meier method. The differ-
ences between the two groups were tested using
the log-rank test. Multivariate analysis for sur-
vival was performed using a Cox regression
model. Statistical analysis was performed using
SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

Results

Patient Characteristics
The median age of these 44 patients was 81.2

years (70-96 years). 32/44(72.7%) patients were
≥ 80 years and the majority was male (90.9%).
Nearly 20% patients were non-adenocarcinoma,
including five patients with squamous cell carci-
noma. Thirty-three patients were treated with
continued EGFR-TKIs beyond PD. Of these pa-
tients, 14 patients (42.4%) discontinued any
treatment after PFS2, and the other 19 patients
(57.6%) received subsequent treatments after
PFS2. Of these 19 patients, 10 patients switched
from EGFR-TKIs to cytotoxic chemotherapy:
gemcitabine/carboplatin (1), nab-paclitaxel/car-
boplatin (2), pemetrexed/cisplatin (3), docetaxel
(4), pemetrexed (5), S-1 (6) and nab-paclitaxel

(7). The other 9 patients’ subsequent treatment
included: radiotherapy (1), CIK (2), sunitinib (3),
sorafenib (4), TACE (transhepatic arterial
chemotherapy and embolization) (5), everolimus
(6). In addition, of these 44 patients, EGFR mu-
tation status was identified in 20 patients, 16 pa-
tients of whom were harboring active driver mu-
tation (including 5 patients with exon 19 dele-
tion, and 11 patients with exon 21 L858R point
mutation). In order to further investigate the role
of continued EGFR-TKIs in this group of pa-
tients, the median duration of continued EGFR-
TKIs treatment beyond PD was calculated (5.9
months), and consequently served as the time
used to divide the patients into two groups, in-
cluding long-term EGFR-TKIs group and short-
term EGFR-TKIs group (Table I).
According to the comparison of patients who

continued EGFR-TKIs beyond PD and those
who did not, we identified that only the charac-
teristic “the duration of EGFR-TKIs treatment
beyond PD” showed a significant difference (de-
tailed in Table II). 

Survival 
For these 44 patients, the median PFS1 was

11.8 months (95% confidence interval [CI]: 7.8-
15.8 months) and median OS was 24.1 months
(95% CI: 17.7-30.5 months) (Figure 2). Univari-
ate analysis showed that median OS was 28.9
months in patients who continued to take EGFR-
TKIs beyond PD, and 22.5 months in those who
discontinued EGFR-TKIs. There was no signifi-
cant difference between the two groups (p =
0.131). However, there was a significant differ-
ence in the median PPS between the two groups
(16.9 months vs. 3.9 months, p = 0.006). More-
over, when we further investigated the progres-
sion in PFS1, we found in non-dramatic progres-
sion group, those patients who treated with con-
tinued EGFR-TKIs achieved better median PPS
and OS outcomes than those who discontinued
EGFR-TKIs treatment (Figure 3A&B; PPS: 21.3
months vs. 3.9 months, p = 0.001; OS: 29.0
months vs. 23.2 months, p = 0.039, respectively),
but we did not conclude the same results in dra-
matic progression group. 
Here, 33 (75%) patients continued EGFR-

TKIs beyond PD after their first-line treatment.
Of these 33 patients, 6 patients (75.0%) had oli-
go-metastasis, 12 patients (66.7%) showed exist-
ing lesion progression, and 15 patients (83.3%)
showed dramatic progression. The median PFS1
of these patients was 12.1 months (95% CI 10.0-
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Characteristics Number (%)

Age group 70-80 12 (27.3)
≥ 80a 32 (72.7)

Sex Male 40 (90.9)
Female 4 (9.1)

Smoking status Never 18 (40.9)
Ex/Current 26 (59.1)

ECOG PS 0-2 25 (56.8)
≥ 3 19 (43.2)

Histology Adenocarcinoma 36 (81.8)
Non-adenocarcinomab 8 (18.2)

Stage Recurrencec 19 (43.2)
IIIb/IV 25 (56.8)

First-line EGFR-TKIs Gefitinib 28 (63.6)
Erlotinib 16 (36.4)

EGFR-TKIs Response Partial Response (PR) 16 (36.4)
Stable Disease (SD) 28 (63.6)

Type of progression Oligo-metastasisd 8 (18.2)
Existing lesion 18 (40.9)
Dramatic progression 18 (40.9)

Continued EGFR-TKIs YESe 33 (75)
Nof 11 (25)

Duration of EGFR-TKIs administration beyond PD ≥ 5.9 m 22 (50%)
< 5.9 m 22 (50%)

Table I. Characteristics of 44 patients.

aRange: 80-96 years old. s ± x–: 83.86 ± 4.036. bFive patients were diagnosed as squamous cell carcinoma. Two patients were
diagnosed as large cell carcinoma. One patient was diagnosed as atypical carcinoid mixed with bronchioloalveolar carcinoma
(BAC). cEleven patients were relapsed after prior to surgery, and eight patients were relapsed prior to definitive radiotherapy.
dOne patient was diagnosed as adrenal gland metastases. Two patients were diagnosed as contra-lateral lung metastases. Two
patients were diagnosed as brain metastases. One patient was diagnosed as liver metastases. Two patients were diagnosed as
spine or bone metastases. eSeven patients received gefitinib as first-line treatment and continued gefitinib treatment beyond PD,
whereas eight patients switched to erlotinib. Six patients received erlotinib as first-line treatment and continued erlotinib be-
yond PD, where two patients switched to gefitinib. fTwo patients switched to chemotherapy, one patients received ra-
diochemotherapy. Three patients received palliative local radiotherapy. Two patients received bio-treatments and three patients
discontinued treatments.

Continued EGFR-TKIs beyond PD

Yes No p

Age < 80 10 1 0.408
≥ 80 24 9

Stage IIIb/IV 16 3 0.474
Recurrence 18 7

Smoking No 14 4 0.892
Yes 19 6

Initial EGFR-TKIs response PR 15 1 0.067
SD 19 9

PS score 0-2 22 3 0.074
≥ 3 12 7

Dramatic progression No 19 7 0.489
Yes 15 3

Duration of EGFR-TKIs administration beyond PD ≥ 5.9 m 22 0 0.001
< 5.9 m 12 10

Table II. The comparison of patients of continued EGFR-TKIs beyond PD with those of discontinued EGFR-TKIs.



ration beyond PD was 5.9 months. According to
this time, the patients were divided into long-
term (≥ 5.9 months) and short-term (< 5.9
months) groups. It was here noted that median
PPS and median OS were significantly longer in
patients who underwent long-term EGFR-TKIs
treatment than in those who underwent short-
term treatment (PPS 19.8 months vs. 6.1 months,
p = 0.013; OS 33.0 months vs. 21.9 months, p =
0.034) (Figure 3E & 3F). 
Results of univariate analysis for median OS

are shown in Table III. Multivariate analysis of
prognostic factors was performed in a Cox pro-
portional-hazards model. Results showed that a
good PS (0-2) (hazard ratio [HR] 6.8, 2.5-18.4,
p = 0.000), adenocarcinoma (hazard ratio [HR]
3.9, 1.7-9.5, p = 0.002), non-dramatic progres-
sion (hazard ratio [HR] 4.9, 2.1-11.3, p =
0.000) and long-term duration of continued
EGFR-TKIs (hazard ratio [HR] 1.9, 1.2-3.3, p
= 0.042) were associated with the longer sur-
vival (Table IV).

Discussion

This retrospective clinical study was designed
for elderly patients with advanced NSCLC har-
boring EGFR and acquired resistance to EGFR-
TKIs. We determined that the median PFS1 and
median OS of the whole group of patients were
11.8 months and 24.1 months respectively, which
was in accordance with several large clinical
studies for continued EGFR-TKIs treatment (me-
dian PFS: 10.5 months in NEG002 and 13.7
months in OPTIMAL; median OS: 27.7 months
in NEG002 and 22.7 months4,17. This confirmed
the accuracy of our results.
Kenichi et al8 retrospectively analyzed a group

of Japanese patients who either continued EGFR-
TKI or switched to chemotherapy beyond PD.
Continued EGFR-TKIs was associated with bet-
ter survival based on multivariate analyses (HR
0.42, 95%CI 0.21-0.83, p = 0.103). Chaft et al6

evaluated 61 EGFR-mutant NSCLC patients with
acquired resistance; these patients mandated
EGFR-TKIs discontinuation before administra-
tion of other treatment. Then 14 patients per-
formed disease flare-ups, occurring at 8th day af-
ter EGFR-TKIs discontinuation. Faehling et al18

reported that long-term erlo tinib administration
for treatment of NSCLC patients beyond PD
leading to prolonged OS. These studies all sug-
gested that clinical benefit might be still sus-
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12.9 months) and median PFS2 was 4.7 months
(95% CI: 2.9-6.5 months). Median PFS1 did not
differ significantly between non-dramatic and
dramatic progression groups (14.3 months vs.
11.2 months, p = 0.227). Moreover, the median
PFS2 of patients with non-dramatic progression
showed 7.0 months (95% CI: 2.3-11.7), and pa-
tients who showed dramatic progression were 4.6
months (95% CI: 0.6-3.4). This difference was
statistically significant, p = 0.037 (Figure 3C).
PPS showed similar results. The median PPS was
21.3 months (95% CI: 13.0-29.6 months) in the
non-dramatic progression group and 12.0 months
(4.7-19.3 months) in the dramatic progression
group (p = 0.003) (Figure 3D).
The range of continued EGFR-TKIs treatment

beyond PD was 0-35 months and the median du-

Figure 2. Kaplan-Meier analysis for PFS1 (A) and OS (B)
in all patients (n = 44).
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tained by continued EGFR-TKIs treatment. Ox-
nard et al19 explained this phenomenon in vitro
using EGFR-mutant NSCLC cell lines. They in-
dicated that resistant tumors are likely a mixed
population of EGFR-TKIs-sensitive and resistant
cells. Then continued EGFR-TKIs treatment
along with chemotherapy after PD may target
both cell populations more effectively than
chemotherapy alone.

However, at the 2014 ESMO conference, a phase
III double-blind IMPRESS study evaluated the effi-
cacy of continued gefitinib plus cisplatin/peme-
trexed vs. placebo plus the same chemotherapy reg-
imen in patients with acquired resistance to first-
line gefitinib. Results showed that continued gefi-
tinib along with chemotherapy did not promote bet-
ter OS than the doublet chemotherapy alone group,
and might lead to worse OS.

Figure 3. A, Subgroup analyses. A-B, Kaplan-Meier curve for PPS and OS in the non-dramatic progressed population com-
pared with patients who continued EGFR-TKIs and those who did not. C-D, Kaplan-Meier curve for PFS2 and PPS in the con-
tinued EGFR-TKIs population by different types of progression of PFS1. E-F, Kaplan-Meier curve for PPS and OS by median
duration of EGFR-TKIs treatment beyond PD.
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Our results showed that median OS and medi-
an PPS were not significantly different between
the continued and discontinued EGFR-TKIs
group. This may indicate that not all patients
should continue EGFR-TKIs beyond PD. Physi-
cians need to determine which patients should
continue EGFR-TKIs or what kind of patients
would benefit the most from continued EGFR-
TKIs treatment. Yang et al20 classified different
types of EGFR-TKIs failure modes in NSCLC.
Results showed that median PFS and OS differed
significantly among these grouping models. In
the gradual progression group, continued EGFR-
TKIs promoted longer OS than switching to
chemotherapy (39.4 months vs. 17.8 months; p =
0.02). In the current study, results showed that
patients with non-dramatic progression can
achieve better OS and PPS by continued EGFR-

TKIs treatment, but this was not the case in the
dramatic progression group. Patients with non-
dramatic progression continued to benefit from
EGFR-TKIs treatment, perhaps because tumor
cells retain certain sensitivity to EGFR-TKIs.
EGFR-TKIs can still control the cloning of this
part of cells. Dramatic progression demonstrated
higher tumor burden and more secondary mutant
tumor cells, which caused resistance to EGFR-
TKIs.
The present study had performed that too few

individuals were found to have received subse-
quent chemotherapy. Only 3 patients switched to
chemotherapy after PD. It was not then possible
to further compare the survival results of contin-
ued EGFR-TKIs with those of switching to
chemotherapy. The main reason for this may be
the fast deterioration of general physical condi-

Characteristics Variables Patients (n) Median OS (months) 95% CI p

Sex Male 40 23.9 22.1-25.8 0.475
Female 4 28.9 3.9-53.9

Age < 80 12 29 22.8-34.6 0.022
≥ 80 32 24.1 21.8-26.4

Smoking Never 18 29 12.6-45.4 0.062
Current/EX 26 23.8 18.1-29.5

ECOG PS 0-2 25 33.5 26.5-40.5 0.004
> 2 19 23.7 22.0-25.4

Histology Adenocarcinoma 36 29 18.4-39.7 0
Non-adeno 8 14.9 10.2-19.6

Stage Recurrence 19 33.5 27.4-39.6 0.095
IIIb/IV 25 23.6 21.8-25.4

EGFR-TKIs response PR 16 30.2 17.1-43.3 0.077
SD 28 23.6 21.3-25.9

Continued EGFR-TKIs Yes 33 28.9 29.6-37.1 0.462
after 1st PD No 11 23.2 12.4-32.6
Dramatic progression Yes 18 21.9 16.6-27.2 0.018

No 26 28.9 21.0-36.8
Duration of continued Short-term group 22 21.9 12.2-31.6 0.034
EGFR-TKIs after 1st PD Long-term group 22 33 27.0-39.9

Table III. Univariate analysis for OS for different characteristics of patients.

Variables HR RR 95% CI p-value

PS score 0-2 1 2.5-18.4 0
> 3 6.8

Adenocarcinoma Yes 1 1.7-9.5 0.002
No 3.9

Non-dramatic progression Yes 1 2.1-11.3 0
No 4.9

Duration of continued EGFR-TKIs after 1st PD Long-term 1 1.2-3.3 0.042
Short-term 1.9

Table IV.Multivariate analysis for OS.



tion. The ECOG PS score quickly dropped to 3-
4 when PD took place. Under these circum-
stances, the elderly patients were unable to toler-
ate cytotoxic chemotherapy and most of them
had to choose best supportive care. The other
reason, more common, is the patients’ own deci-
sions. Most of them were reluctant to switch
from the relatively comfortable EGFR-TKIs to
chemotherapy. 
Of 33 patients who continued EGFR-TKIs be-

yond PD, median PFS1 was not significantly dif-
ferent between the non-dramatic and dramatic
progression groups (14.3 months vs. 11.2
months, p = 0.227). This may indicate that tumor
cells initially performed sensitivity with little dif-
ference to EGFR-TKIs. Despite this, with anti-
tumor treatment, tumor cells tended to respond
differently to continued EGFR-TKIs, thus, lead-
ing to different rates of progression. As a result
of that, median PFS2 and median PPS were both
significantly different between patients of non-
dramatic and dramatic progression group. The
disadvantage of dramatic progression trans-
formed into poor survival outcome, which further
indicated that continued EGFR-TKIs is not a
suitable option for this group of patients.
ASPIRATION study had showed that contin-

ued Erlotinib beyond PD is feasible, and the me-
dian duration of continued EGFR-TKIs beyond
PD was 3.7 mouths. Asami et al21,22 set a period
of 3 months after PD as the median duration of
gefitinib treatment and this value was found to be
suitable for analysis in terms of survival time.
Here, the patients were divided into 2 groups by
median duration of continued EGFR-TKIs be-
yond PD (5.9 months). This period is much
longer than that used in the aspiration or Asami’s
studies, probably because the participants in the
current study were all elderly patients, who were
prone to EGFR-TKIs treatment, rather than
switching to other treatment. Results showed that
both OS and PPS were significantly longer in the
long-term group than in the short-term group.
Long-term EGFR-TKIs treatment was also a
good independent prognostic factor with the mul-
tivariate analysis. 
The current study has some limitations. The

number of patients is little. And the identification
for non-dramatic group and dramatic group was
still depended on the determination of tumor pro-
gression with sudden worsening of symptoms by
professor, which should be further investigated to
find biomarkers. Then, the non-dramatic group or
dramatic group was not further subdivided in sur-

vival analysis. The mechanism of acquired resis-
tance has been studied intensively and reports in-
dicating that half the relapsed patients had a
T790M, and approximately 20% patients experi-
enced MET amplification23. Unfortunately, in the
current study, screening of molecular information
was performed in only a very few cases and no
one underwent a re-biopsy after PD.

Conclusions

Continuation of EGFR-TKIs beyond PD may
be a good option for elderly patients who do not
experience dramatic progression. However, fur-
ther investigation of treatment after the failure of
EGFR-TKIs is needed to determine and novel
drugs should be developed to overcome the resis-
tance to EGFR-TKIs.
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