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Introduction: Clinical evidence comparing chemotherapy and tyrosine kinase inhibitors (TKIs)
as second-line therapy for epidermal growth factor receptor (EGFR) wild-type non-small-cell
lung cancer (NSCLC) are conflicting.

Methods: We retrospectively reviewed stage IV EGFR wild-type NSCLC patients who relapsed
on first-line chemotherapy at the Shanghai Chest Hospital to compare the efficacy of TKIs and
chemotherapy as second-line therapy among different clinical subgroups.

Results: The progression-free survival (PFS) and overall survival for patients receiving
chemotherapy as second-line therapy for NSCLC were longer than patients who received TKIs.
The hazard ratios (HRs) were 0.40 (P<<0.001) and 0.50 (P<<0.001), respectively. Subgroup analy-
ses showed that second-line TKI therapy resulted in inferior PFS among smokers (HR =0.24,
P<0.001), males (HR =0.33, P<<0.001), females (HR =0.54, P=0.004), and patients with
adenocarcinoma (HR =0.48, P<<0.001) and nonadenocarcinoma histology (HR =0.20, P<<0.001).
Among never-smokers, the PFS in cohorts receiving second-line chemotherapy or TKIs was
not significantly different (HR =0.70, P=0.08).

Conclusion: These results suggest that EGFR TKI therapy was inferior compared to che-
motherapy in EGFR wild-type NSCLC patients who relapsed from first-line chemotherapy;
however, among never-smokers, these two treatment strategies were comparable.

Keywords: TKI, wild-type, NSCLC

Introduction

Lung cancer is the most frequently diagnosed cancer worldwide. Non-small-cell
lung cancer (NSCLC) accounts for 85%—-90% of all lung cancers."> Most lung cancer
patients are diagnosed at an advanced stage; thus, only a minority of patients are
surgical candidates.’ In the last decade, the discovery of epidermal growth factor
receptor (EGFR) as a driving gene in NSCLC and the subsequent discovery of the
superior efficacy of tyrosine kinase inhibitors (TKIs) in patients with EGFR mutations
have changed treatment patterns and outcomes.®® According to previous reports, the
benefit of TKIs does not appear to be limited to patients with activating mutations of
EGFR, and data from randomized trials suggest that some of these wild-type patients
will derive a modest benefit from these agents.’ Current guidelines suggest that EGFR
TKIs are an option upon progression to first-line treatment;'° however, the role of
EGFR TKIs in treatment of EGFR wild-type NSCLC is debatable. In the present
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study, we collected clinical data at Shanghai Chest Hospital
to analyze the efficacy of TKI therapy among different clini-
cal subgroups.

Methods

Study design and patients

The study was approved by the Institutional Review Board
of the Shanghai Chest Hospital. All subjects or their fam-
ily members provided written informed consent. All of
the patients were diagnosed with advanced NSCLC (stage
IV) at the Shanghai Chest Hospital between January 2012
and December 2014. The inclusion criteria were as fol-
lows: 1) patients with stage IV NSCLC (NSCLC staging
was performed according to the 7th edition of the TNM
classification)!' and 2) patients with the EGFR wild-type
mutation status. Untreated patients and patients with missing
survival details were excluded from this analysis. The base-
line clinical characteristics included age at diagnosis, tumor
histology, smoking history, sex, and treatment-free interval.
Treatment-free interval was defined as the time that elapsed
from the completion of first-line treatment to progression.'?

Testing method for EGFR mutations

DNA was extracted from five serial slices of a 5-lum paraffin
section using the DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany). A highly sensitive method (Amplification
Refractory Mutation System) was used to detect muta-
tions in the EGFR gene according to the manufacturer’s
protocol provided with the ADx EGFR mutation test kit
(Amoy Diagnostics Co., Ltd., Xiamen, People’s Republic
of China).” The kit allows the detection of 29 known
recurrent mutations in EGFR exons 18-21, which include
G719X in exon 18; 19 deletions in exon 19; S7681, T790M,
and three insertions in exon 20; and L858R and L861Q in
exon 21.'" Real-time PCR was carried out using the cycling
conditions described in Table S1. The assay was performed
using a LightCycler480 (Hoffman-La Roche Ltd., Basel,
Switzerland) machine according to the manufacturer’s
instructions. If the sample FAM Ct value was greater than or
equal to the critical negative value shown in the “Negative”
row in manufacturer’s protocol of the ADx EGFR mutation
test kit, the sample was classified as negative.

Clinical assessments

Clinical follow-up included a physical examination, an
imaging examination, and routine laboratory tests, which
were performed every 4 weeks. The PFS was determined
from the date of initiating second-line therapy until the date

of the first documented progression or the last follow-up visit.
The OS was measured from the date of second-line therapy
until the date of death or the last follow-up visit, whichever
occurred first.

Statistical methods

For descriptive purposes, demographic and clinical data
were summarized as the median with a range of con-
tinuous variables; categorical variables were expressed and
summarized as the mean of absolute numbers and percentages.
The survival results were summarized as median values, and
two-sided 95% confidence intervals (Cls) were analyzed using
the Kaplan—Meier method. Statistical significance was defined
as a P<<0.05. SPSS software (version 22; IBM Corporation,
Armonk, NY) was used for all statistical analyses.

Results

A total of 364 EGFR wild-type NSCLC patients who received
second-line therapy were included in this analysis, of whom
108 received EGFR TKIs as second-line therapy, whereas
256 received chemotherapy as second-line therapy. Patient
demographic data are shown in Table 1.

The PFS for patients receiving chemotherapy (3.8 months;
95% CI, 3.3-4.2) as second-line therapy was significantly
longer than patients who received TKIs (2.0 months; 95%
CI, 1.8-2.3 and hazard ratio [HR], 0.40; 95% CI, 0.30-0.52;
P<0.001; Figure 1). The OS of the chemotherapy and TKI

Table | Demographic data of all patients

Characteristic EGFR TKis Chemotherapy
(n=108) (n=256)
Median age (range) 61 (32-82) 62 (20-84)
=65 39 (36.1%) 98 (38.3%)
<65 69 (63.9%) 158 (61.7%)
Sex
Male 72 (66.7%) 188 (73.4%)
Female 36 (33.3%) 68 (26.6%)

Smoking status

Smoker 55 (50.9%) 174 (68.0%)

Never-smoker 53 (49.1%) 82 (32.0%)
Histology

Adeno 80 (74.1%) 151 (59.0%)

Others 28 (25.9%) 105 (41.0%)
Types of EGFR TKI

Erlotinib 31 (28.7%)

Gefitinib 53 (49.1%)

Icotinib 24 (22.2%)
TFI

=3 months 37 (34.3%) 83 (32.4%)

<3 months 71 (65.7%) 173 (67.6%)

Abbreviations: EGFR, epidermal growth factor receptor; TKls, tyrosine kinase
inhibitors, TF, treatment-free interval.
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Figure | Kaplan—Meier plot of PFS comparison between TKI and chemotherapy
cohorts.

Abbreviations: PFS, progression-free survival; TKI, tyrosine kinase inhibitor;
95% Cl, 95% confidence interval; HR, hazard ratio.

cohorts was 8.0 months (95% CI, 7.2-8.8) and 7.0 months
(95% CI, 6.1-7.8), respectively. The HR was 0.50 (95% CI,
0.38-0.66; P<<0.001; Figure 2).

Subgroup analyses showed that second-line TKI therapy
resulted in inferior PFS compared to chemotherapy among
smokers (HR, 0.24; 95% CI, 0.17-0.34; P<<0.001); males (HR,
0.33;95% CI, 0.23-0.46; P<<0.001), females (HR, 0.54; 95%
CI, 0.35-0.82; P=0.004), patients with adenocarcinoma (HR,
0.48;95% CI, 0.35-0.66; P<<0.001) and nonadenocarcinoma
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Figure 2 Kaplan—Meier plot of OS comparison between TKI and chemotherapy
cohorts.

Abbreviations: OS, overall survival; TKI, tyrosine kinase inhibitor; 95% Cl, 95%
confidence interval; HR, hazard ratio.

histology (HR, 0.20; 95% CI, 0.12-0.33; P<<0.001), age =65
years (HR, 0.36; 95% CI, 0.23-0.55; P<<0.001), and age <65
years (HR, 0.42; 95% CI, 0.30-0.60; P<<0.001). Among
never-smokers, the PFS in cohorts receiving second-line
chemotherapy or TKIs was not significantly different (HR,
0.70; 95% CI, 0.47-1.04; P=0.08) (Figure 3).

Of the 108 patients who received TKI therapy, ten
responded. Among the 53 never-smokers who received TKI
therapy, nine responded. Among the 55 smokers, only one
responded to TKI therapy.

Discussion
The present study directly compared TKIs with chemotherapy
as second-line treatment for advanced NSCLC in patients
with EGFR wild-type mutation status, and the results sug-
gested that EGFR TKI therapy was inferior to chemotherapy.
Subgroup analyses demonstrated a comparable PFS between
the two treatment strategies among never-smokers.
Subgroup analysis of the Iressa Pan-Asia Study trial
demonstrated that chemotherapy is superior to TKI as first-
line therapy in patients with EGFR wild-type NSCLC.’
While TKIs also achieve modest efficacy in EGFR wild-
type patients, they are recommended as an option when
chemotherapeutic reagents have failed, and this is based on
the results of longer survival in comparison with best sup-
portive care.’ Clinical evidence involving a comparison of
chemotherapy and TKIs as second-line therapy for EGFR
wild-type NSCLC are controversial. The CTONG 0806 study
compared pemetrexed with gefitinib in EGFR wild-type
patients, and the overall results favored pemetrexed, with a
PFS of 5.6 versus 1.7 months." Similarly, the TAILOR and
DELTA trials also demonstrated a significant improvement
in PFS with second-line chemotherapy compared with TKIs
in patients with wild-type EGFR tumors.'®'” However, the
INTEREST and TITAN trials demonstrated noninferiority
of gefitinib as second-line therapy for patients with wild-type
EGFR tumors in comparison with chemotherapy.'®!° Accord-
ing to a previous meta-analysis, the different EGFR mutation
detection methods in those trials might explain some of the
discrepancy in results. Trials using direct sequencing as the
method of EGFR mutation detection showed a lack of sig-
nificant difference in PFS between TKI and chemotherapy
groups. In trials using a more sensitive method for detection
of EGFR mutations, the PFS was significantly different
between the TKIs and chemotherapy groups.?’ The method
of EGFR mutation detection in the present study involved
Amplification Refractory Mutation System, which has a
sensitivity of 99%, compared to the 70% sensitivity of direct
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Study ID HR (95% CI) n
All patients —_— 0.40 (0.30, 0.52) 364
Age

265 —_— 0.36 (0.23, 0.55) 137
<65 —_— 0.42 (0.30, 0.60) 227
Sex

Male —_— 0.33 (0.23, 0.46) 260
Female —_—— 0.54 (0.35, 0.82) 104
Histology

Adeno —_— 0.48 (0.35, 0.66) 231
Nonadeno —_— 0.20 (0.12, 0.33) 133
Smoking status

Smoker —_— 0.24 (0.17, 0.34) 227
Nonsmoker 0.70 (0.47, 1.04) 137

0.1
Favor chemotherapy

Figure 3 Forest plot of PFS by clinical characteristics.

1 1.3
Favor TKI

Abbreviations: PFS, progression-free survival; TKI, tyrosine kinase inhibitor; HR, hazard ratio; 95% Cl, 95% confidence interval.

sequencing.?'?? The overall results demonstrated a longer PFS
in the chemotherapy cohort over the TKI cohort.

In the present study, among the 53 never-smokers who
received TKI therapy, nine patients responded. Among the
55 smokers, only one patient responded to TKI therapy.
This result suggests that smoking status is predictive of
benefit from TKI therapy in EGFR wild-type patients
as well as lung adenocarcinoma patients with activat-
ing EGFR mutations.?*?* It has been reported that lung
cancer in smokers has multiple genetic alterations that
are associated with smoking, such as activation of the
AKT and ERK signaling pathways,* and these alterations
mediate resistance to EGFR TKIs.?® Moreover, cigarette
smoking can result in increased clearance and decreased
plasma concentrations and area under the curve of erlotinib
in current smokers.?”-?® Previously, in an effort to identify
patients with EGFR wild-type NSCLC who would benefit
most from TKI treatment, mass spectrometry analysis of
serum samples was used to categorize candidates likely to
have good or poor survival.?’ Previous research has tried
to use KRAS mutations status to as a predictor of response
to EGFR TKIs.** However, to date, no consensus has been
translated into clinical practice.

The major limitation of the present study is its retrospec-
tive nature. Furthermore, one of the limitations of current
study is that only a single EGFR detection method was used.

It is known that currently available EGFR detection methods
have different specificities and sensitivities.?!

Conclusion

Our findings lead us to surmise that EGFR wild-type NSCLC
patients who relapse from first-line chemotherapy should
be given priority for second-line chemotherapy. For never-
smokers, however, TKIs might be an option.
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Table SI Cycling parameters

Temperature Time Cycles
Stage |

95°C 5 minutes |
Stage Il

95°C 25 seconds

64°C 20 seconds 15

72°C 20 seconds
Stage Il

93°C 25 seconds

60°C 35 seconds 31

72°C 20 seconds
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