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Abstract

Objective: Although superior clinical benefits of epidermal growth factor receptor (EGFR) tyrosine kinase

inhibitors (TKIs) in the treatment of advanced non-small-cell  lung cancer (NSCLC) had been reported, the

survival  difference between exon 19 deletion (Del19) and exon 21 Leu858Arg substitution (L858R) remains

controversial. The purpose of this study is to investigate the differences in progression-free survival (PFS) and

overall  survival  (OS) between different  EGFR  mutant  subtypes  among advanced NSCLC patients  receiving

gefitinib.

Methods: There were 204 advanced NSCLC patients with EGFR mutations treated with gefitinib were enrolled

in this retrospective cohort study. Patients were divided into the EGFR Del19 group and the L858R mutated group

according to their mutant subtype. Propensity score matching (PSM) was conducted by using a nearest-neighbor

algorithm (1:1) to adjust for demographical and clinical covariates. Survival curves were constructed with the

Kaplan-Meier method and compared by using the log-rank test.

Results: The PFS in Del19 group was similar to that in the L858R group [before PSM 8.6 vs. 7.2 months,

P=0.072; after PSM 7.3 vs. 7.2 months, P=0.155]. No differences were detected in OS between the L858R and the

Del19 group (before PSM 17.8 vs. 13.1 months, P=0.253; after PSM 16.9 vs. 13.1 months, P=0.339). The Del19

group was significantly younger compared with the L858R mutation group in age (P=0.015).

Conclusions: No significant difference was found in the PFS or OS between the Del19 and L858R mutant

NSCLC patients receiving gefitinib. The age gap might contribute to the survival differences between Del19 and

L858R groups. PSM is of important value to the elimination of potential bias.
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Introduction

Lung cancer imposes a major disease burden on the world.
It remains the most commonly diagnosed cancer and the
greatest cause of cancer-related death (1). In non-small-cell
lung cancer (NSCLC), epidermal growth factor receptor
(EGFR) exon 19 deletion (Del19) and exon 21 Leu858Arg
substitution (L858R), which account for 90% of all EGFR
mutations,  are  associated  with  favorable  outcomes  in
patients  treated  with  EGFR-tyrosine  kinase  inhibitors
(TKIs) (2-5). Many retrospective and prospective studies,
as well as meta-analyses, that have studied NSCLC patients
with  various  lines  of  EGFR-TKI  treatment  have
demonstrated longer progression-free survival (PFS) and
occasionally more favorable overall survival (OS) in those
with  Del19  than  in  those  with  the  L858R  or  other
mutations  (6-8).  In  contrast,  other  clinical  studies,
including phase III trials, have demonstrated no difference
in the efficacy of EGFR-TKI treatment according to the
EGFR mutation type (9-12). Therefore, whether there are
differences in survival between patients with these common
EGFR mutations remains controversial. In this study, we
analyzed  the  clinical  benefit  of  gefitinib  in  advanced
NSCLC, and explored the survival differences between two
common mutation subtypes.

Materials and methods

Patients

Our single-center, retrospective study was approved by the
Ethics  Committee  of  the  Peking  University  Cancer
Hospital in Beijing, China. Inclusion criteria were patients
who  were  diagnosed  with  advanced  NSCLC  between
September 2006 and September 2016 and who received
gefitinib treatment. Exclusion criteria were patients under
18 years old or for whom results for EGFR mutation type
were unavailable. A total of 204 patients were enrolled in
our study. Data, such as age, sex, histological type, clinical
stage,  brain  metastases  and  treatment  regimens,  were
collected from hospital computer information systems and
telephone calls for analysis.

Evaluation

We used the amplification refractory  mutation system-
polymerase  chain  reaction  (ARMS-PCR)  method  to
examine mutations in tumor tissues. The diagnosis of brain
metastasis was judged by an independent radiologist based

on  brain  magnetic  resonance  imaging  (MRI)  findings.
Disease progression was assessed according to Response
Evaluation Criteria In Solid Tumors (RECIST) version 1.1
(13). All staging procedures were carried out using the 7th
Union  for  International  Cancer  Control  tumor  node
metastasis (TNM) classification. The primary endpoint of
our study was PFS, which was defined as the duration from
the  onset  of  gefitinib  treatment  to  disease  progression
(local, regional, and/or distant) or death from any cause.
The secondary endpoint  of  our study was OS.  The last
follow-up was on May 17, 2017. Data were censored on the
last contact date. Patients who were still alive at the final
follow-up were  regarded as  censored,  and the  duration
between the initial treatment and the final follow-up was
included in the survival analysis.

Statistical analysis

Patients were categorized into two groups based on EGFR
mutation subtype: the Del19 group and the L858R group.
Categorical data are reported as number with percentage,
and continuous data are reported as either  or median
(interquartile range), as appropriate. Categorical data were
compared using the Chi-square test or Fisher’s exact test.
PFS  and  OS  were  estimated  using  the  Kaplan-Meier
method. Comparison of PFS and OS between groups was
performed  using  the  log-rank  test.  Additionally,  we
conducted unadjusted and multivariable Cox proportional
hazards models controlling for all demographic and clinical
characteristics to examine whether the mutation type had
an impact on PFS or OS among our participants. Groups
selected  for  subgroup  analyses  were  selected  a  priori,
including subgroups that were based on different therapy
lines.

To ensure that the treatment groups were as similar as
possible, we used propensity score matching (PSM). First,
logistic  regression  was  performed  to  estimate  the
probability  of  mutation  subtype  as  a  function  of  the
following characteristics: age, sex, histological type, clinical
stage, brain metastases, mutation frequency and therapy
line.  Next,  matching  (1:1)  on  the  propensity  score  was
performed using a nearest neighbor-matching algorithm,
with a maximum caliper distance of 0.25 of the standard
deviation  of  the  propensity  score.  To  assess  the
performance of the matching, baseline categorical variables
were  compared  between  the  matched  groups,  and
standardized  differences  were  calculated  for  which  a
difference between –0.1 and 0.1 is  generally considered
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negligible.
Statistical  analysis  was  performed  with  R  software

(Version 3.3.3; R Foundation for Statistical Computing,
Vienna, Austria). The reported significance levels were all
two-sided, with statistical significance set at 0.05.

Results

Clinical characteristics

Clinical  characteristics  and  survival  data  for  the  204
patients  enrolled  in  this  retrospective  study  were
summarized and analyzed. The median patient age was 59
(range: 20–90) years. There were 68 male patients and 136
female patients, suggesting that EGFR mutations are more
often  present  in  female  patients.  There  were  194
adenocarcinomas and 10 non-adenocarcinomas, indicating
the  predominant  presence  of  EGFR  mutations  in
adenocarcinomas. Common adverse effects at any grade
included acneiform rash (54.6%), diarrhea (10.1%), and
transaminase elevation (7.8%). No patients discontinued

gefitinib due to treatment-related toxicity.
Using  the  primary  data,  we  compared  the  age,  sex,

histology, brain metastases and therapy line type among
different  mutation  types.  In  the  Del19  group,  21.4%
patients  were  aged  65  years  or  above,  whereas  this
proportion was significantly higher in the L858R group
(38.4%, P=0.015). No significant differences were seen for
sex, histology, or other baseline characteristics (Table 1).

Survival comparison and PSM

Using the primary data, we analyzed survival in the two
groups. The PFS of the Del19 group tended to be longer
than that of the L858R group, but did not reach statistical
significance [8.6 vs. 7.2 months, respectively; hazard ratio
(HR):  1.304;  95%  confidence  interval  (95%  CI):
0.976–1.742; P=0.072] (Figure 1).  The OS of the Del19
group also tended to be longer  than that  of  the L858R
group, but did not reach statistical significance (17.8 vs.
13.1  months,  respectively;  HR:  1.192;  95%  CI:
0.882–1.611; P=0.253) (Figure 2).

Table 1 Baseline characteristics of patients before PSM

Variables
n (%)

Standardized difference P
Total (N=204) Del19 (n=131) L858R (n=73)

Age (year)

　<65 148 (72.5) 103 (78.6) 45 (61.6)   0.364
0.015

　≥65 56 (27.5) 28 (21.4) 28 (38.4) –0.364

Gender

　Female 136 (66.7) 86 (65.6) 50 (68.5) –0.061
0.796

　Male 68 (33.3) 45 (34.4) 23 (31.5)   0.061

Histology

　Adenocarcinoma 194 (95.1) 123 (93.9) 71 (97.3) –0.164
0.466

　Non-adenocarcinoma 10 (4.9) 8 (6.1) 2 (2.7)   0.164

Clinical stage

　IIIA 3 (1.5) 1 (0.8) 2 (2.7) –0.151

0.484　IIIB 4 (2.0) 3 (2.3) 1 (1.4)   0.069

　IV 197 (96.6) 127 (96.9) 70 (95.9)   0.057

Brain metastases

　No 114 (55.9) 75 (57.3) 39 (53.4)   0.077
0.703

　Yes 90 (44.1) 56 (42.7) 34 (46.6) –0.077

Therapy line

　First-line 123 (60.3) 77 (58.8) 46 (63.0) –0.087

0.794　Second-line 55 (27.0) 36 (27.5) 19 (26.0)   0.033

　Third-line or above 26 (12.7) 18 (13.7) 8 (11.0)   0.085

PSM, propensity score matching.
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To  eliminate  potential  imbalances  between  the  two
groups, we performed PSM. After the matching, the Del19
and L858R groups were well balanced for various factors,
including age (Table 2). Following PSM, the differences in
PFS and OS between the two groups were reduced. The
PFS of the Del19 group was similar to that of the L858R
group (7.3 vs. 7.2 months, respectively; HR: 1.287; 95%
CI:  0.909–1.824;  P=0.155)  (Figure  3).  No  significant
difference  was  detected  in  OS  between  the  Del19  and
L858R groups  (16.9  vs.  13.1  months,  respectively;  HR:
1.187; 95% CI: 0.835–1.688; P=0.339) (Figure 4).

To confirm the  results  of  the  PSM analysis,  we  next
performed a sensitivity analysis based on a multivariate Cox
proportional hazards regression model in the pre-matching
cohort.  Our  data  showed  results  similar  to  the  PSM
analysis: mutation type did not reach statistical significance

for either PFS (HR: 1.323; 95% CI: 0.966–1.811; P=0.080)
or OS (HR: 1.244; 95% CI: 0.906–1.710; P=0.177).

Survival analysis for different therapy lines

There  were  77  and  46  patients  who  received  first-line
gefitinib therapy in the Del19 group and L858R groups,
respectively, while 54 and 27 patients received gefitinib as a
second-line  therapy  or  above  in  the  Del19  group  and
L858R groups, respectively. The disease control rate was
87.1% in the first-line setting, and 66.1% in the second-
line setting.

We compared the PFS and OS between the Del19 and
L858R groups within different therapy lines. The OS of
the Del19 group was significantly longer than that of the
L858R group in the second-line or further management
setting (22.7 vs. 12.3 months, respectively; P=0.020), but
not  in  the  first-line  setting  (Supplementary  data).  The
stratification of different therapy lines was not performed
in the PSM due to the limited sample size.

Discussion

Although there were some reports showing that EGFR-
TKI treatment was more effective in the Del19 group than
in the L858R group,  results  on the survival  differences
between Del19 and L858R mutation subtypes remained
inconsistent  (14,15).  In  this  study,  we  investigated  the
characteristics and survival outcomes of Del19 and L858R
mutation patients receiving gefitinib. In contrast to prior
studies,  we performed rigorous  adjustment  for  baseline
differences by PSM to overcome the impact of bias and
potential confounding factors in this retrospective study.
After PSM, the 67 patients in the Del19 group and the 67
patients  in  the  L858R  group  were  well  matched.  This
ensured  that  our  study  conclusion  was  more  solid  and
convincing.

In keeping with previous reports, we found that these
mutations were predominantly present in female patients,
and in the adenocarcinoma histotype (6,8,16). However,
the OS in our study was shorter in contrast with the data
obtained by Ke et al. (16.3 vs. 33.3 in the Del19 group; 13.3
vs .  26.4  months  in  the  L858R  group)  (17).  We
hypothesized  that  reasons  for  such  differences  might
include the fact that there was more brain metastasis in our
study (44.1%), which could lead to shorter OS.

In this study, the PFS and OS of the Del19 group tended
to  be  longer  than  those  of  L858R  group,  which  is  in

 

Figure 1 Kaplan-Meier curve for progression-free survival (PFS)
between Del19 and L858R lung cancer before propensity score
matching (PSM) (log-rank test, P=0.072).

 

Figure 2 Kaplan-Meier curve for overall survival (OS) between
Del19 and L858R lung cancer before propensity score matching
(PSM) (log-rank test, P=0.253).
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keeping with previous studies.  Choi et  al.  reported that
patients  with  Del19  (n=28)  had  a  significantly  longer
median PFS (20 vs.  8  months,  P=0.004)  compared with
those with L858R mutation (n=25) and uncommon or dual
mutations (n=7) (18). For OS, Kim et al. reported that OS
was significantly better in patients with Del19 than those

with  L858R (24-month  OS  rate  was  72.1% vs.  32.0%,

P=0.014 8) (19). Koyama et al. reported that a significant

improvement in OS was observed in the group harboring

Del19 compared with those harboring L858R (NR vs. 839

days,  respectively;  HR:  0.374;  P=0.024)  (20).  Ke  et  al.

Table 2 Baseline characteristics of patients after PSM

Variables
n (%)

Standardized difference P
Total (N=134) Del19 (n=67) L858R (n=67)

Age (year)

　<65 91 (67.9) 47 (70.1) 44 (65.7)   0.090
0.579

　≥65 43 (32.1) 20 (29.9) 23 (34.3) –0.090

Gender

　Female 94 (70.1) 47 (70.1) 47 (70.1)   0.000
1.000

　Male 40 (29.9) 20 (29.9) 20 (29.9)   0.000

Histology

　Adenocarcinoma 131 (97.8) 66 (98.5) 65 (97.0)   0.100
1.000

　Non-adenocarcinoma   3 (2.2) 1 (1.5) 2 (3.0) –0.100

Clinical stage

　IIIA   2 (1.5) 1 (1.5) 1 (1.5)   0.000

1.000　IIIB   2 (1.5) 1 (1.5) 1 (1.5)   0.000

　IV 130 (97.0) 65 (97.0) 65 (97.0)   0.000

Brain metastases

　No 73 (54.5) 37 (55.2) 36 (53.7)   0.030
1.000

　Yes 61 (45.5) 30 (44.8) 31 (46.3) –0.030

Therapy line

　First-line 88 (65.7) 44 (65.7) 44 (65.7)   0.000

0.952　Second-line 31 (23.1) 16 (23.9) 15 (22.4)   0.035

　Third-line or above 15 (11.2)   7 (10.4)   8 (11.9) –0.047

PSM, propensity score matching.

 

Figure 3 Kaplan-Meier curve for progression-free survival (PFS)
between Del19 and L858R lung cancer  after  propensity  score
matching (PSM) (log-rank test, P=0.155).

 

Figure 4 Kaplan-Meier curve for overall survival (OS) between
Del19 and L858R lung cancer after propensity score matching
(PSM) (log-rank test, P=0.339).
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recently  reported  the  median  OS  was  33.3  (95%  CI:
28.9–37.7) months in patients with EGFR Del19, and 26.4
(95%  CI:  23.2–29.6)  months  in  those  with  the  L858R
mutation (17). However, no significant difference was seen
in the PFS or OS between the two groups in our study.
Possible reasons for this could include: 1) this was a single-
center, retrospective study with certain limitations; 2) the
study was based on a Chinese population, which may have
resulted in different results compared to those from other
nations;  and  3)  the  post-TKI  treatment  may  have
influenced OS.

In  this  study,  we  found  that  the  Del19  group  was
significantly younger than the L858R group in age. Similar
findings have been previously reported. For instance, it has
been shown that the percentage of patients aged <55 years
was significantly higher in the Del19 group than in the
L858R group (47.5% vs.  31.8%, respectively;  P=0.021)
(17). Zheng et al. also showed that the Del19 group was
younger than the L858R group in age (21). When we used
PSM to exclude such differences, the survival gap between
the Del19 and L858R groups was reduced. We propose
that the age difference could also contribute to the survival
differences between the Del19 and L858R groups, which
need to be explored in future comparative analysis.

We found a significant difference in the OS between the
Del19  and  L858R  groups  in  second-line  and  further
settings but not in a first-line setting. This is in agreement
with the findings of a previous report (22). PSM analysis
was not employed in this part because it would result in a
sample size reduction that would limit any conclusions that
could  be  drawn.  Our  result  indicates  that  the  lines  of
EGFR-TKI  therapy  should  be  discriminated  in  future
studies when OS was set as the primary endpoint.

This study has some limitations. Firstly, the sample size
was  relatively  small.  Secondly,  we  did  not  explore  the
resistance mechanism for Del19 and L858R mutations. It
has been shown that the Del19 mutation was more often
associated with the EGFR exon 20 T790M mutation, which
could be the reason for longer PFS and OS in patients with
the Del19 mutation compared to those with the L858R
mutation (17). Further research in this field is necessary.

Conclusions

We compared the PFS and OS between the Del19 and
L858R mutation groups. Before the PSM, the PFS and OS
of the Del19 group tended to be longer than that of the
L858R group,  but  did  not  reach statistical  significance.

After PSM, the survival gap between the Del19 and L858R
groups was reduced, and no significant differences were
detected in the PFS or OS between the two groups. We
found significant differences in age between the Del19 and
L858R groups,  which  might  contribute  to  the  survival
differences.  Prognostic  controlled  clinical  trials  are
warranted to determine the potential survival difference
between the patients  with Del19 and L858R mutations
receiving gefitinib.
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Supplement data

Patients were classified into the first-line setting or the
second-line and beyond setting, according to the line of
their  epidermal  growth  factor  receptor  tyrosine  kinase
inhibitors (EGFR-TKI) treatment. The progression-free
survival  (PFS) and overall  survival  (OS) were compared
between Del19 and L858R groups.

In the first-line setting, no significant difference was seen
in the PFS or OS between Del19 and L858R groups (PFS:
Supplementary  Table  S1,  Supplementary  Figure  S1;  OS:
Supplementary Table S2, Supplementary Figure S2).

In the second-line and beyond setting, the PFS of Del19
group tended to be longer than that of L858R group, but
did not reach statistical significance (Supplementary Table
S3, Supplementary Figure S3). The OS of Del19 group was
signif icantly  longer  than  that  of  L858R  group
(Supplementary Table S4, Supplementary Figure S4).
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Table S1 PFS comparison between Del19 and L858R groups in
the first-line setting

Variables PFS [median (range)] Log-rank test P

Del19 8.07 (5.83–9.50)
0.432

L858R 7.05 (5.90–9.70)

PFS, progression-free survival; Cox HR=1.159 (0.802–1.677),
P=0.432 (Del19 mutant reference).

Table S2 OS comparison between Del19 and L858R groups in
the first-line setting

Variables OS [median (range)] Log-rank test P

Del19 16.3 (11.8–20.3)
0.814

L858R 13.3 (12.1–21.7)

OS, overall survival; Cox HR=0.955 (0.650–1.403), P=0.814
(Del19 mutant reference).

Table S3 PFS comparison between Del19 and L858R groups in
the second-line and beyond setting

Variables PFS [median (range)] Log-rank test P

Del19 11.35 (7.20–16.10)
0.128

L858R   7.93 (6.67–12.40)

PFS, progression-free survival; Cox HR=1.441 (0.899–2.308),
P=0.128 (Del19 mutant reference).

Table S4 OS comparison between Del19 and L858R groups in
the second-line and beyond setting

Variables OS [median (range)] Log-rank test P

Del19 22.7 (16.9–30.0)
0.020

L858R   12.3 (8.3–21.3)

OS, overall survival; Cox HR=1.815 (1.097–3.003), P=0.020
(Del19 mutant reference).

 

Figure S1 Kaplan-Meier curve for progression-free survival (PFS)
between Del19 and L858R groups in the first-line setting (log-
rank test, P=0.432).

 

Figure S2 Kaplan-Meier curve for overall survival (OS) between
Del19 and L858R groups in the first-line setting (log-rank test,
P=0.814).

 

Figure S3 Kaplan-Meier curve for progression-free survival (PFS)
between Del19 and L858R groups in the second-line and beyond
setting (log-rank test, P=0.128).

 

Figure S4 Kaplan-Meier curve for overall survival (OS) between
Del19 and L858R groups in the second-line and beyond setting
(log-rank test, P=0.020).


