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Background: The aim of this study was to evaluate the impact of smoking on the treatment outcome of
epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) in patients with EGFR-mutant
lung adenocarcinoma, with consideration of other factors including radiologic tumor progression pattern
according to patient smoking status.

Methods: A total of 224 patients with EGFR mutant lung adenocarcinomas that were treated with EGFR-
TKIs were retrospectively reviewed. Radiologic tumor progression pattern and treatment outcomes were
evaluated according to smoking history.

Results: There were no significant differences in radiologic tumor progression pattern based on smoking
status. There were no significant differences in survival between never-smokers and smokers or among
never-, former-, and current-smokers, but there was a trend of shorter progression free survival (PFS) and
poorer overall survival (OS) in smokers compared with never-smokers. In multivariate analysis, long-term
smokers had shorter PFS and poorer OS than those who had never smoked.

Conclusions: A history of smoking had no significant effect on radiologic tumor progression pattern;
however, smoking history is a negative predictive factor of survival in patients with EGFR-mutant lung

adenocarcinoma undergoing EGFR-TKI therapy.
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Introduction

Although smoking tobacco has been shown to be one of the
predominant risk factors for lung cancer, 25% of global lung
cancer cases are not attributed to tobacco smoke (1). Lung
cancer in those who have never smoked is considered to be
a distinct disease with unique clinical features (1,2). Female
Asian patients have a higher incidence of non-small-cell
lung cancer (NSCLC) among never-smokers (2-4). Never-
smokers have demonstrated better therapeutic responses to
epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs) (5-7), probably due to the higher occurrence
rate of EGFR mutations in never-smoker groups (5,8-10).

Approximately 90% of clinically relevant EGFR mutations
in patients with NSCLC are exon 19 in-frame deletions
(exon 19 del) and exon 21 L858R substitutions (exon 21
L858R) (11,12). NSCLC harboring exon 19 del or exon
21 L858R is highly sensitive to EGFR-TKI therapies, such
as erlotinib or gefitinib, with response rates ranging from
60-90% and progression free survival (PFS) of 7-13 months
(13,14). Afatinib, another clinically available EGFR-TKI, has
maximal survival benefit in patients with exon 19 del (15).
The frequency of activating EGFR mutations in exon 19 del
and exon 21 L858R has been reported to be 40-60% in non-
smoking patients compared to 10-20% in smoking-related
NSCLC (5,8-10). Moreover, a previous study identified an
inverse relationship between incidence of EGFR mutations
and number of pack-years of cigarette smoking, with fewer
mutations found in patients with longer smoking history (12).
Together, these findings suggest that favorable outcomes in
response to EGFR-TKI therapy in non-smoking NSCLC
patients are due to their higher rate of EGFR-mutation
compared with that of smoking patients (16,17).

Few studies have focused directly on smoking history
and its relationship with EGFR-TKI therapy outcome in
patients with EGFR-mutant NSCLC, and the existing
studies have yielded controversial results (12,14,17-20).
Several studies showed no significant differences in
survival outcomes after EGFR-TKI therapy in lung
adenocarcinoma patients who were former/current
smokers and those who had never smoked (12,18-20). This
further indicates that it is probably the mutation status
and not clinical characteristics such as smoking history
that underlies clinical outcomes after EGFR-TKI therapy
(12,18-20). Recent preclinical studies, however, have shown
that smoking aberrantly activates the EGFR pathway, and
cells that are activated by smoking are resistant to EGFR-
TKIs (21,22). One recent retrospective study showed that

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

more than 30 pack-years of smoking is an independent
negative predictive factor of EGFR-TKI therapy outcome
in lung adenocarcinoma patients with EGFR-activating
mutations (14). A previous study by Cha er 4l. (23), showed
that certain tumor progression patterns, such as rapid
progression of primary tumor at progressive disease (PD)
were predictive factors for inferior survival in NSCLC
patients treated with EGFR-TKIs. On the basis of previous
studies, we hypothesized that, since smoking history is
related to inferior survival in NSCLC patients, there are
differences in radiologic tumor progression pattern between
smokers and never-smokers. The aim of our study was
to compare survival outcomes after EGFR-TKI therapy
according to smoking history and to analyze differences in
radiologic tumor progression pattern in order to determine
whether smoking history has an impact on survival outcome
or radiologic tumor progression pattern in patients with

EGFR-mutant NSCLC undergoing EGFR-TKI therapy.

Methods

Our institutional review board (Samsung Medical Center,
Seoul, Korea, approval # SMC201403002-HE003) approved
this retrospective study with a waiver of informed consent.
The patients’ records/information were anonymized and
de-identified prior to analysis.

Patients

We retrospectively reviewed a total of 246 patients who had
histologically proven lung adenocarcinoma in clinical stage
IV with confirmed activing EGFR mutations of exon 19
del and exon 21 L858R and were treated with EGFR-TKIs
(gefitinib or erlotinib) as first- or second-line therapy, and
beyond, at our institution between June 2006 and October
2011. Combined chemotherapy was not performed for any
patient during EGFR-TKI therapy. Patients were treated
with an EGFR-TKI regimen until either disease progression
or the end of the study period. All patients received cycles of
EGFR-TKI therapy at three-week intervals and underwent
baseline contrast-enhanced chest computed tomography
(CT) prior to EGFR-TKI therapy and follow-up
contrast-enhanced chest CT after every two EGFR-TKI
cycles. We excluded 22 patients from the study because of
side effects of EGFR-TKIs before sufficient assessment
of treatment response or follow-up loss (Figure I).
As a result, a total of 224 patients were included in the
study. We retrospectively reviewed the patients’ medical
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246 patients had activating EGFR mutations of deletions in exon 19 or L858 mutations

_ 17 were withdrawn due to side
o effects of EGFR-TKIs

_ 5 were follow-up loss during
o EGFR-TKI treatment

\

| 224 patients were finally included in this study |

\ 4 ¢

| Never-smoker (n=157) | | Former-smoker (n:43)| | Current-smoker (n=24) |

Figure 1 Flow chart of patient enrollment. EGFR-TKIs, epidermal growth factor receptor-tyrosine kinase inhibitors.

records for smoking history, categorizing patients as
never-smoker (<100 cigarettes in lifetime), former-smoker
(quit =1 year ago), and current-smoker (smoked at
present or quit <1 year ago) (14). We also categorized
patients as never-smoker and ever-smoker (former-
smokers and current-smokers). Patients were treated with
the recommended dose of either erlotinib (150 mg per
day, administered orally) or gefitinib (250 mg per day,
administered orally) until disease progression was evident.

Imaging and assessment of tumor response

Pretreatment evaluation before EGFR-TKI therapy
included chest CT, abdominal CT, bone scan or FDG-
positron emission tomography (PET)-CT, and magnetic
resonance imaging (MRI) of the brain.

Baseline chest CT scans were performed less than two
weeks before EGFR-TKI therapy. Clinical features of the
patients and metastasis status at baseline and at PD were
collected. Baseline was defined as the state before the
start of the EGFR-TKI treatment, and PD was defined as
systemic progression or the appearance of new metastatic
lesions while on EGFR-TKI treatment, based on the
revised Response Evaluation Criteria in Solid Tumors
(RECIST) (24). The pattern of metastasis was determined
as intra- or extra-thoracic metastasis. Intra-thoracic
metastasis was defined as metastasis in contiguous anatomic
sites, such as both hemithorax and mediastinum. Extra-
thoracic metastasis was defined as metastasis outside the
hemithorax and mediastinum. Tumor (T) stage, nodal (N)
stage, and metastasis (M) stage were assessed at baseline, as
was the number of metastatic sites. At development of PD,
we evaluated the patient’s primary tumor and metastatic
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status with appropriate imaging methods. At PD, primary
tumor status was classified as no change, slow progression,
or rapid progression. Slow progression was defined as less
than 20% increase in the longest diameter of the primary
tumor on two follow-up studies and rapid progression
was defined as more than 20% increase in the longest
diameter of primary tumor on two follow-up studies.
Radiologic tumor progression patterns were subgrouped as
progression of primary tumor only, intrathoracic metastasis,
or extrathoracic metastasis, such as brain, bone, liver, or

adrenal gland (23).

Patient follow-up and evaluation of clinical outcomes

All patients underwent planned radiologic assessments at
baseline and every six weeks throughout therapy. Treatment
response was evaluated by radiologists based on the revised
RECIST (24). We examined the disease control rate (DCR),
overall response rate (ORR), PFS, and overall survival
(OS) of patients on EGFR-TKIs. DCR was defined as the
proportion of patients who achieved complete response
(CR), partial response (PR), or stable disease (SD) as the
best response to EGFR-TKIs. ORR was defined as the
proportion of patients with CR or PR. Patients were
observed for survival evaluation until death or final hospital
visit. PFS was calculated from the start of EGFR-TKIs until
disease progression, death without documented progression,
or the final follow-up visit. OS was calculated from the start
of EGFR-TKIs until death or the final follow-up visit.

Statistical analysis

Differences in clinical variables according to smoking history

jtd.amegroups.com F Thorac Dis 2016;8(11):3175-3186



3178 Cha et al. Impact of smoking on response to EGFR-TKIs in lung adenocarcinoma

were tested using the Chi-square test and Fischer’s exact test
according to Cochran’s rule. Survival curves were derived
using Kaplan-Meier methods. Univariate and multivariate
analyses were performed using Cox proportional hazards
regression models to identify independent factors associated
with survival outcomes. Two-sided P values less than 0.05 were
considered significant. All analyses were performed using SPSS
version 20.0 IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics

A total of 224 patients with stage IV lung adenocarcinoma
with confirmed EGFR mutations were analyzed.
Of 224 patients, 157 (70.1%) were never-smokers and
67 (29.9%) were ever-smokers. Of the 67 ever-smokers,
43 were former-smokers and 24 were current-smokers at the
time of diagnosis (Figure 1). Patients with former/current
smoking history were more likely to have received EGFR-TKIs
after other forms of treatment and chemotherapies
compared with never-smokers (P=0.02). ORR to EGFR-
TKI therapy was 72.2% with first-line, 88.7% with second-
line, and 77.8% with third-line and beyond. Of 224 patients,
110 (49%) had died and 202 (90.2%) had PD. Other clinical
characteristics such as age, Eastern Cooperative Oncology
Group performance status (ECOG PS), and type of EGFR-
TKI were not different according to smoking history (7able 1).

Clinical response of EGFR-TKI and radiologic tumor
progression patterns according to smoking history

The DCR and ORR for patients treated with EGFR-TKIs
were not different between never-smokers and smokers, but
there was a trend of lower DCR and ORR in smokers than
never-smokers (DCR, 93.0% wvs. 92.5%, ORR, 85.4% uvs.
77.6%). The DCR and ORR for EGFR-TKIs among never-,
former-, and current-smokers were not significantly different
(DCR, 93.0% wvs. 90.7% vs. 95.8%, ORR, 85.4% vs. 81.4%
vs. 70.8%), but there was a trend of lower ORR in former-
and current-smokers than in never-smokers (7Table 1).

At baseline, T stage was significantly higher in current-
smokers than in never- and former-smokers (P=0.03). N
and M stages were not significantly different between never-
smokers and smokers. Although not significant, current-
smokers tended to have more intra- and extra-thoracic
metastasis at baseline than never- and former-smokers.
At the development of PD, there were no significant
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differences in radiologic tumor progression pattern or
primary tumor status according to smoking history (Z7able 2).

Survival outcomes of EGFR-TKI therapy according to
smoking history

There were no significant differences in survival between
never-smokers and smokers (median PFS, 1.25 vs. 1.26 years;
median OS, 2.87 vs. 2.35 years) or among never-, former-,
and current-smokers (median PFS, 1.25 vs. 1.26 vs. 1.01 years;
median OS, 2.87 vs. 2.55 vs. 1.70 years), although there
was a trend of shorter PFS and poorer OS in smokers than
in never-smokers (Figure 2). In univariate analysis, sex,
ECOG PS >2, high baseline T stage, M1a or M1b stage,
and number of metastatic sites >3 were factors for reduced
PFES and poor OS in the Cox proportional hazard model.
There were no significant differences in any of these factors
between never- and long-term-smokers or among never-,
former-, and current-smokers (Table 3).

In multivariate analysis adjusted for age, sex, ECOG PS,
EGFR mutation status, line of treatment, type of EGFR-TKI,
baseline T stage, N stage, M stage, and number of
metastatic sites, smokers had significantly shorter PFS and
poorer OS compared to never-smokers (HR, 2.22; 95% CI,
1.10-4.46, P=0.03 for PFS; HR, 2.21; 95% CI, 1.06-4.58,
P=0.03 for OS). In addition to smoking history, sex (male
sex, P=0.009 for PFS; P=0.02 for OS), ECOG PS >2 (P=0.02
for PES; P=0.001 for OS), and M stage (M1a + M1b, P=0.01
for OS) were found to be associated with reduced PFS and
poor OS in the multivariate analysis (Tzble 4).

Discussion

Lung cancer in never-smokers and smokers differs in
both clinical features and genomic characteristics (1,2,25).
There are several distinct differences in the genomic
landscapes of those who have and those who have never
smoked. First, significantly higher mutation frequencies
are observed in smokers than never-smokers. Second,
the spectrum of mutations is different, for example C:G
— AT transversions are predominantly seen in smokers,
whereas C:G — T:A transitions are predominantly seen in
never-smokers. In addition, distinctive sets of mutations
are identified in smokers versus never-smokers (25). These
differences in genomic characteristics of never-smokers
and smokers might be related to different tumor behaviors,
progression patterns, or treatment responses to therapeutic
agents such as EGFR-TKIs.
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Table 1 Patient baseline characteristics according to smoking history
Variables Never-smoker Ever-smoker P value Former-smoker  Current-smoker P value
(n=157) (n=67) (n=43) (n=24) (three groups)
Age (yrs) 58.87+11.45 58.94+10.05 0.97 60.12+10.02 56.83+9.95 0.51
Sex, M:F 22:135 62:5 <0.001 38:5 24:0 <0.001
ECOG PS, n (%) 0.52 0.63
0 25 (15.9) 7(10.4) 6 (14.0) 14.2)
1 121 (77.1) 54 (80.6) 33 (76.7) 21 (87.5)
2 11 (7.0 6 (9.0 4 (9.9 2(8.3
Exon, n (%) 0.90 0.59
19 97 (61.8) 42 (62.7) 25 (58.1) 17 (70.8)
21 60 (38.2) 25 (37.3) 18 (41.9) 7 (29.2)
Line of treatment, n (%) 0.02 0.01
First 31(19.7) 5(7.5) 24.7) 3(12.5)
Second 94 (59.9) 40 (59.7) 30 (69.8) 10 (41.7)
Beyond 32 (20.4) 22 (32.8) 11 (25.6) 11 (45.8)
TKI, n (%) 0.052 0.11
Erlotinib 59 (37.6) 35 (52.2) 20 (46.5) 14 (58.3)
Gefitinib 98 (62.4) 32 (47.8) 23 (53.5) 10 (41.7)
TKI period (yrs) 0.93+0.68 0.91+0.69 0.85 0.91+0.60 0.91+0.84 0.98
Death, n (%) 0.75 0.62
No 81 (51.6) 33 (49.3) 23 (53.5) 10 (41.7)
Yes 76 (48.4) 34 (50.7) 20 (46.5) 14 (58.3)
DCR 93.0% (146/157) 92.5% (62/67) 0.90 90.7% (39/43) 95.8% (23/24) 0.20
ORR 85.4% (134/157) 77.6% (52/67) 0.16 81.4% (35/43) 70.8% (17/24) 0.73

M, male; F, female; ECOG PS, Eastern Cooperative Oncology Group Performance Status; TKI, tyrosine kinase inhibitor; PFS, progression
free survival; OS, overall survival; DCR, disease control rate; ORR, overall response rate; PD, progressive disease.

Since there are controversies regarding the survival
outcomes of smokers versus non-smokers after EGFR-
TKI therapy, we aimed to identify whether there are
differences in treatment responses between smokers and
non-smokers undergoing EGFR-TKI therapy that are
specifically related to EGFR mutant status. Our results
showed a trend of inferior survival in smokers; after
adjusting for other clinical factors, smoking history was a
predictive factor for inferior survival in patients with lung
adenocarcinoma. Based on these data, we hypothesize that
smoking induces distinct factors that lead to development of
tumor progression or acquired resistance to EGFR-TKIs.
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Cigarette smoke is already known to induce activation of
cytochrome CYP 1A1/2, which influences the metabolism
of EGFR-TKIs and may reduce the therapeutic response
to these drugs (26,27). In the preclinical study by Filosto
et al. (21) cigarette smoke stimulated aberrant EGFR
phosphorylation that impaired receptor degradation and
induced a different EGFR conformation and a signaling
pathway that was resistant to EGFR-TKIs. Moreover,
other researchers have demonstrated that cigarette smoke
induces aberrant phosphorylation of EGFR, resulting in
lack of ubiquitination by c¢-Cbl and impaired degradation.
Thus, it is probable that this kind of EGFR activation

J Thorac Dis 2016;8(11):3175-3186
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Table 2 Tumor status at baseline and at development of PD according to smoking history

Variables Never-Smoker  Ever-smoker P value Former-smoker Current-smoker P value
(n=157) (n=67) (n=43) (n=24) (three groups)
At baseline
Tumor category, n (%) 0.18 0.03
T 32 (30.5) 14 (29.2) 10 (34.5) 4(21.1)
T2 52 (49.5) 17 (35.4) 12 (41.4) 5 (26.3)
T3 6 (5.7) 6 (12.5) 1(3.4) 5(26.3)
T4 15 (14.3) 11 (22.9) 6 (20.7) 5(26.3)
Nodal category, n (%) 0.052 0.23
NO 91 (58.0) 28 (41.8) 19 (44.2) 9(37.5)
N1 11 (7.0 10 (14.9) 6 (14.0) 4(16.7)
N2 20 (12.7) 7(10.4) 4(9.3) 3(12.5)
N3 35 (22.3) 22 (32.8) 14 (32.6) 8 (33.3)
Metastases, n (%) 0.29 0.12
M1a only 62 (39.5) 24 (35.8) 19 (44.2) 5(20.8)
M1b only 39 (24.8) 12 (17.9) 8 (18.6) 4(16.7)
M1ia/b 56 (35.7) 31 (46.3) 16 (37.2) 15 (62.5)
No. of metastatic sites 1.92+1.00 1.91+£0.92 0.93 1.74+0.93 2.21+0.83 0.18
At development of PD
No. of metastatic sites 2.25+1.15 2.18+1.14 0.70 2.00+1.14 2.50+1.10 0.22
PD, n (%) 0.49 0.22
No 15(9.6) 8(11.9) 7 (16.3) 14.2)
Yes 142 (90.4) 59 (88.1) 36 (83.7) 23 (95.8)
Radiologic PD pattern, n (%) 0.12 0.21
Primary tumor progression 31 (21.8) 6 (10.2) 5(13.9) 14.3)
Intra-thoracic metastasis 69 (48.6) 33 (55.9) 20 (55.6) 12 (52.2)
Extra-thoracic metastasis 42 (29.6) 20 (33.9) 11 (30.6) 10 (43.5)
Primary tumor progression, n (%) 0.07 0.13
No 90 (59.2) 47 (72.3) 28 (68.3) 19 (79.2)
Yes 62 (40.8) 18 (27.7) 13 (31.7) 5(20.8)
Primary tumor, n (%) 0.16 0.34
No change 90 (59.2) 47 (72.3) 28 (68.3) 19 (79.2)
Slow progression 40 (26.3) 13 (20.0) 9(22.0) 4(16.7)
Rapid progression 22 (14.5) 5(7.7) 4(9.8) 14.2)

TX stage was also included. PD, progressive disease.
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Figure 2 Comparison of survival curves according to smoking history. (A) Comparison of PFS between never-smokers and smokers;

(B) comparison of PFS between never-, former-, and current-smokers; (C) comparison of OS between never-smokers and smokers; (D)

comparison of OS between never-, former-, and current-smokers. PFS, progression free survival; OS, overall survival.

without the feedback regulation of normal degradation
leads to uncontrolled lung cancer growth (22). In another
study by Togashi et al. (28), chronic nicotine exposure
mediated resistance to EGFR-TKI by inducing EGFR
signal activation, and this effect was cancelled by nicotinic
acetylcholine receptor inhibitor. Based on these studies,
tumors in patients with smoking history probably acquire
early resistance to EGFR-TKIs and demonstrate more
aggressive tumor behavior than those in never-smokers.
Several studies have shown similar results to those
presented here. The latest study by Kim ez 4l. (14) showed
that cigarette smoking at a dosage of >30 pack-years is
an independent negative predictive factor of EGFR-TKI
treatment outcome in patients with lung adenocarcinoma
with activating EGFR mutations. They showed significant
differences in PFS and OS according to smoking history
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in univariate analysis. In the study by Fukuhara ez 4/. (29),
smokers had significantly lower ORR than never-smokers,
and patients with the exon 21 L858R mutation had a poorer
response to gefitinib treatment than those with exon 19 del.
However, in our study, EGFR mutation status had no
significant effect on the clinical outcome. Also, recent meta-
analyses (17,30) showed that non-smokers are likely to have
a longer PFS than smokers when undergoing EGFR-TKI
therapy for diagnosed EGFR-mutant NSCLC. A recent
study by Mitchell er al. (16) concluded that controversies
in the survival outcomes of smokers versus non-smokers
after EGFR-TKI therapy may be due to incomplete data
on smoking history, and that its relationship with treatment
response has not been comprehensively analyzed.

In our study and the study by Kim ez a/. (14), patients
with smoking history were more likely to have received

J Thorac Dis 2016;8(11):3175-3186
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Table 3 Univariate analysis of clinical variables of survival outcome of patients with EGFR-mutant lung adenocarcinoma treated with EGFR-TKIs

PFS to EGFR-TKI (O]
Variable Category
HR 95% Cl P value HR 95% Cl P value
Smoking history Smokers vs. never-smokers (ref.) 1.08 0.72-1.63 0.69 1.27 0.84-1.89 0.26
Never-smoker (ref.) 1.00 0.46 1.00 0.33
Former-smoker 0.94 0.57-1.54 0.79 1.12 0.69-1.84 0.64
Current-smoker 1.40 0.79-2.47 0.25 1.54 0.87-2.72 0.14
Age >60 vs. <60 yrs (ref.) 0.95 0.64-1.39 0.77 0.94 0.64-1.38 0.76
Sex Female vs. male (ref.) 0.70 0.48-1.03 0.06 0.61 0.42-0.89 0.01
ECOG PS 0 (ref.) 1.00 0.002 1.00 0.001
1 1.51 0.79-2.91 0.22 1.54 0.80-2.97 0.19
2 4.37 1.91-10.00 0.001 5.69 2.48-13.10 0.001
Exon 19 (ref.) vs. 21 1.13 0.77-1.66 0.53 1.13 0.77-1.67 0.53
Line of EGFR-TKI 1% line (ref.) 1.00 0.84 1.00 0.93
2" line 0.98 0.56-1.71 0.93 1.08 0.62-1.89 0.79
>3"line 1.12 0.60-2.08 0.73 1.13 0.60-2.10 0.71
Type of EGFR-TKI Gefitinib vs. erlotinib (ref.) 0.82 0.56-1.19 0.29 0.83 0.57-1.20 0.32
T category T1 (ref.) 1.00 0.39 1.00 0.19
T2 1.34 0.79-2.25 0.27 1.42 0.84-2.40 0.19
T3 1.074 0.44-2.63 0.88 1.39 0.57-3.42 0.47
T4 1.73 0.90-3.30 0.09 2.05 1.07-3.96 0.03
N category NO (ref.) 1.00 0.10 1.00 0.17
N1 1.79 0.98-3.30 0.06 1.68 0.91-3.08 0.09
N2 1.72 1.01-2.93 0.04 1.65 0.96-2.82 0.06
N3 1.15 0.71-1.85 0.57 1.18 0.73-1.89 0.51
M category M1a (ref.) 1.00 0.13 1.00 0.02
M1b 1.31 0.79-2.19 0.29 1.57 0.95-2.61 0.08
M1a/M1b 1.56 1.01-2.41 0.04 1.81 1.17-2.80 0.007
PD patterns Primary tumor progression (ref.) 1.00 0.49 1.00 0.73
Intra-thoracic metastasis 0.80 0.49-1.31 0.38 0.82 0.50-1.34 0.42
Extra-thoracic metastasis 0.72 0.42-1.24 0.24 0.63 0.51-1.50 0.63
Initial No. of metastases 1-2 (ref.) vs. =3 1.36 0.91-2.05 0.13 1.69 1.12-2.54 0.01

ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR-TKI, epidermal growth factor receptor tyrosine kinase
inhibitor; T, tumor; N, nodal; M, metastasis; PD, progressive disease.
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Table 4 Multivariate analysis of clinical variables of survival outcome of patients with EGFR-mutant lung adenocarcinoma treated with EGFR-TKIs

PFS to EGFR-TKI oS
Variable Category
HR 95% Cl P value HR 95% ClI P value
Smoking history Smokers vs. never-smokers (ref.)  2.22 1.10-4.46 0.03 2.21 1.06-4.58 0.03
Age >60 vs. <60 yrs (ref.) 1.04 0.61-1.77 0.89 1.27 0.74-2.20 0.39
Sex Female vs. male (ref.) 0.42 0.22-0.80 0.009 0.40 0.19-0.86 0.02
ECOG PS 0 (ref.) 1.00 0.02 1.00 0.001
1 1.88 0.74-4.748 0.18 1.99 0.78-5.10 0.15
2 5.35 1.55-18.47 0.008 11.14 3.06-40.54 0.001
Exon 19 (ref.) vs. 21 1.31 0.77-2.24 0.32 1.40 0.82-2.37 0.21
Line of EGFR-TKI 1 line (ref.) 1.00 0.73 1.00 0.70
2" line 0.97 0.48-1.97 0.93 1.36 0.67-2.78 0.40
=3 line 1.25 0.52-3.01 0.62 1.29 0.53-3.15 0.57
Type of EGFR-TKI Gefitinib vs. erlotinib (ref.) 0.92 0.55-1.56 0.77 1.04 0.61-1.77 0.88
T category T1 (ref.) 1.00 0.75 1.00 0.43
T2 1.34 0.72-2.50 0.36 1.26 0.68-2.32 0.47
T3 1.09 0.36-3.31 0.88 1.27 0.41-3.92 0.68
T4 1.45 0.68-3.10 0.33 1.89 0.89-4.03 0.10
N category NO (ref.) 1.00 0.17 1.00 0.15
N1 1.81 0.87-3.78 0.11 1.73 0.83-3.59 0.14
N2 1.61 0.79-3.26 0.19 1.56 0.77-3.18 0.22
N3 0.86 0.47-1.57 0.62 0.78 0.42-1.46 0.44
M category M1a (ref.) 1.00 0.37 1.00 0.04
M1b 1.04 0.51-2.14 0.91 1.21 0.61-2.38 0.59
M1a/M1b 1.59 0.78-3.27 0.20 1.94 1.13-3.32 0.01
Initial No. of metastases 1-2 (ref.) vs. =3 0.93 0.45-1.89 0.84 1.25 0.60-2.60 0.56

ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR-TKI, epidermal growth factor receptor tyrosine kinase

inhibitor; T, tumor; N, nodal; M, metastasis; PD, progressive disease.

other treatments or chemotherapies before EGFR-TKI
therapy than were never-smokers. This factor did not reach
statistical significance in univariate or multivariate analysis.
In previous studies (31,32), survival was not different
between patients receiving first- or second-line EGFR-
TKI treatment, demonstrating the comparable efficacy
of EGFR-TKIs as second-line treatment after failure of
chemotherapy.

There is one available study on favorable CT features in
patients with EGFR mutations (33). However, there is no

© Journal of Thoracic Disease. All rights reserved.
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information about radiologic tumor progression patterns
based on smoking history, and we believe that our study is
the first to analyze radiologic tumor progression patterns
according to smoking history. Based on previous preclinical
studies (21,22), we investigated the difference in progression
patterns between patients who have and have not smoked.
However, our study showed no significant differences in
radiologic tumor progression pattern, including primary
tumor status, based on smoking history. Since smokers with
lung cancer have higher numbers of genomic alterations
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than never-smokers with lung cancer, it is believed that
the vast majority of these genomic alterations do not
have any role in malignant transformation or progression
of tumor growth or metastasis (34). This might explain
why our results showed no significant differences in
tumor progression patterns according to smoking history.
However, our study showed a trend of increased primary
tumor progression in never-smokers than smokers and
more intra-or extrathoracic metastasis in the smokers than
never-smokers. Supporting our results, a study by Huynh
et al. (35) showed that cigarette smoke induces changes
in claudin expression, which may be important in lung
cancer biology as alterations in claudin can cause tumor
invasiveness, decreased cell adhesion, uncontrolled cell
proliferation, loss of differentiation, and loss of cohesion,
all of which contribute to lung cancer progression and
possibly contribute to metastasis. As EGFR amplification
is associated with tumor invasiveness and metastasis (36),
it might also have some relationship with smoking. It
is known that cigarette smoke causes damage in DNA,
including deletions in microRNA-encoding genes, leading
to lung cancer and uncontrolled cellular growth (37).
Further studies are needed to validate these correlations.

Our study had several limitations. This study was
performed retrospectively with limited sample sizes. Since
smoking history was assessed at baseline, smoking status
during treatment was not monitored. This is important
because the smoking habits of patients with NSCLC can
fluctuate and might affect the treatment response (38).
Furthermore, exposure to second-hand smoke was not
assessed. The impact of second-hand smoke might play
an important role in etiology of NSCLC in those who
have never smoked (39). We also did not assess other
environmental lung carcinogens, such as airborne pollution.
There was also an imbalance in baseline proportions
of sex and line of EGFR-TKIs between never-smokers
and smokers, which might have caused discrepancy in
the variable of smoking history between univariate and
multivariate analyses. Imbalance of baseline proportions
of sex between never-smokers and smokers is probably
due to the high number of female Asian patients with lung
adenocarcinomas included in our study. In addition, we
only included activating EGFR mutations of exon 19 del
and exon 21 L858R in our study design. Since lung cancer
is not a single hit but requires multiple mutations, it is
possible that other mutations play a role in determining the
influence of smoking on clinical outcome.

In conclusion, this study demonstrated that smoking

© Journal of Thoracic Disease. All rights reserved.
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history has no significant influence on radiologic tumor
progression pattern, but is predictive of inferior survival
in patients with EGFR-mutant lung adenocarcinoma
undergoing EGFR-TKI therapy. Therefore, smoking
history should be considered as part of the prognosis in
studies on EGFR-TKIs as treatment for EGFR mutant
lung adenocarcinoma. Additional prospective studies should
be carried out to validate these results.
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