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. Patients with advanced lung cancer harbouring EGFR mutations treated with EGFR-TKIs showed better median survival and
Conclusion lower risk of mortality than those in the multimodality therapy group. In the case of EGFR-mutated advanced lung cancer,
there is room for downstaging in the TNM classification.
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Background/Aims: The treatment of epidermal growth factor receptor (EGFR)-mutated lung cancer cases has shown re-
markable development in the past two decades. However, there have been limited studies comparing the prognostic effects
of EGFR-tyrosine kinase inhibitor (TKI) and other treatment modalities. Therefore, we compared the survival outcomes of pa-
tients treated with EGFR-TKIs versus those treated with other treatment modalities.

Methods: Patient data were collected from the Korean National Health Insurance Database, National Health Insurance Ser-
vice-National Sample Cohort 2002 to 2015, which was released by the Korean National Health Insurance Service in 2015.
The lung cancer group included patients (n = 2,003) initially diagnosed with lung cancer between January 2010 and Decem-
ber 2013. The main outcome was all-cause mortality. A Cox proportional hazard regression analysis was used to calculate the
relative risk of mortality.

Results: Among the newly diagnosed lung cancer cases, 1,004 (50.1%) were included in the analysis. A 15.1-month medi-
an survival benefit was observed in the EGFR-TKI group than that of the multimodality therapy group. The risk of mortality
was as follows: EGFR-TKI treatment group (n = 142; hazard ratio [HR], 5.29; 95% confidence interval [Cl], 3.57 to 7.86) and
multimodality therapy group (n = 326; HR, 7.42; 95% Cl, 5.19 to 10.63) compared to surgery only (n = 275).

Conclusions: Patients with advanced lung cancer harbouring EGFR mutations treated with EGFR-TKIs showed better medi-
an survival and lower risk of mortality than those in the multimodality therapy group. In the case of EGFR-mutated advanced

lung cancer, there is room for downstaging in the TNM classification.

Keywords: Epidermal growth factor receptor; Lung neoplasms; Neoplasm staging; Tyrosine kinase

INTRODUCTION

Drugs effective against epidermal growth factor receptor
(EGFR)-mutated lung cancer have emerged and been tested
in numerous randomised controlled studies [1-4]. However,
only a limited number of studies have compared the prog-
nosis of patients with lung cancer harbouring EGFR muta-
tions and treated them with different treatment modalities
while controlling variables affecting co-morbidity and prog-
nosis in real-world treatment settings.

Remarkable progress has been made in the treatment of
driver mutations [5-7]. Furthermore, it has been suggested
that information on driver mutations should be included in
the tumor, node, and metastasis (TNM) classification [8,9].
Lung cancer staging is determined by tumour size and lo-
cation, as well as lymph node and distant metastases [10].
Furthermore, the tumour stages are adjusted by analysing
the survival rate based on active treatment [11,12].

However, few studies have investigated the differences in
prognoses of EGFR-mutated lung cancer patients with ad-
vanced disease who relapse after treatment with primary EG-
FR-tyrosine kinase inhibitor (TKI) versus other multimodality
therapies. Therefore, the aim of this study was to compare
the survival of lung cancer patients treated with EGFR-TKI
versus those treated with other treatment modalities.
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METHODS

Database

This database was described earlier [13]. Briefly, this study
used data from the National Health Insurance Service-Na-
tional Sample Cohort (NHIS-NSC) 2002 to 2015, released
by the NHIS in 2015, which includes all medical claims filed
from January 2002 to December 2015 for 1,031,392 na-
tionally representative randomly selected patients, account-
ing for approximately 2.2% of the entire population of the
NHIS in 2002. The current study was approved by the Insti-
tutional Review Board (IRB) of Keimyung University Dongsan
Hospital (IRB 2018-05-016). The IRB waived the requirement
for informed consent.

Patient identification

Patients with newly diagnosed lung cancer between January
2010 and December 2013 were enrolled in this study (Fig.
1). The codes of the International Classification of Diseases,
10th revision (ICD-10), were used as a reference for diag-
nosing the disease as well as for identifying data within the
National Health Insurance (NHI) database, since the codes
for lung cancer cases diagnosed before 2010 were main-
tained in the NHI database. New lung cancer cases were
identified and counted by including newer cases registered
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From the entire national
population, 1,025,340 subjects
were randomly selected between
January 2002 and December
2015

;

A total of 2003 cases of ICD-10
codes C34.x between January 2010
and December 2013

28 Cases excluded, age < 30 years

0 Cases excluded, lung cancer diagnosis
before index date in last 2 years

639 Cases excluded due to no treatment

226 Cases excluded owing small cell and
large cell lung cancer

106 Cases excluded owing radiation
treatment alone

\J

1004 NSCLC cases were included
and follow-up until December 2015

Figure 1. Flow chart of the study. Patient selection flow chart of
non-small cell lung cancer (NSCLC). ICD-10, International Classifi-
cation of Disease 10th revision.

during the calendar year after excluding pre-existing lung
cancer. Patients with lung cancer (C34) were included only if
they were identified with a special code, V193 or V194, des-
ignated by the NHIS, Korea. The NHIS-NSC data are linked
to the Statistics Korea (national statistical office) data, which
allows for the accurate identification of deaths by death cer-
tificate records.

Patient inclusion

The selection criteria for patients with small cell lung can-
cer or advanced stage large cell carcinoma were as follows:
first-line treatment within 6 months of lung cancer diagno-
sis, using either cisplatin/carboplatin plus etoposide combi-
nation or regimen containing irinotecan/topotecan. In the
treated lung cancer patients, 226 (16.9%) were classified as
small cell lung cancer or large cell carcinoma.

Next, patients who underwent wedge resection and lobec-
tomy before and after the diagnosis of lung cancer and who
did not undergo adjuvant chemotherapy within 3 months
were classified into the surgical group. The surgical codes
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were as follows: wedge resection (01401, 01402), seg-
mentectomy (01410), lobectomy (01421, 01422, 01423,
01424), and pneumonectomy (01431, 01432). Patients
who underwent wedge resection, lobectomy, bilobecto-
my, or pneumonectomy following adjuvant chemotherapy
within 3 months of diagnosis were classified into the adju-
vant chemotherapy group. Anticancer drug dosage codes
(KK152, KK153, KK154) were used to distinguish cases of
anticancer drug administration.

The irradiation codes were as follows: external radia-
tion therapy (HD051, HD052, HDO53, HD054, HDO055,
HDO056), arc therapy (HD057, HD058, HD059), conformal
therapy (HD061), fractionated stereotactic radiation ther-
apy (HD110), stereotactic body radiation therapy (HD111,
HD112 HD211 HD212), and intensity-modulated radiation
therapy (HZ271). However, patients treated with radiother-
apy alone (n = 106) were excluded from the analysis.

Patients who received two or more modalities, such as
surgery, radiation, or chemotherapy within 3 months after
lung cancer diagnosis were classified into the multimodality
therapy group. However, patients who received anticancer
drugs within 3 months after surgery were excluded from
the study.

Next, the EGFR-TKI group was defined as patients who
received TKI for more than 2 months for the treatment of
advanced stage lung cancer [14]. However, patients who re-
ceived EGFR-TKI after recurrence post local treatment such
as surgery or concurrent chemoradiation therapy, were ex-
cluded from this group, since multimodality therapy may
interfere with the effectiveness of EGFR-TKI therapy.

Finally, the untreated cases were defined as those who
never underwent surgery, radiation, or chemotherapy until
death, after the diagnosis of lung cancer. Among the total
lung cancer cases (n = 2,003), 639 (31.9%) were untreated.
The treated cases were defined based on the medical claim
data.

Co-morbidities

Patient comorbidities, which were followed after diagnosis
and identification using ICD-10 codes from 2002 until the
index date, included ischaemic heart disease, cerebrovascu-
lar diseases, hypertension, and diabetes mellitus.

Statistical analysis

Baseline characteristics at the date of diagnosis (age, sex,
body mass index, smoking status, comorbidities, residential
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area, and household income) for cases and controls were
summarised using descriptive statistics such as proportions.
The chi-square test was used to compare the frequencies
of variables between the survivor and non-survivor patients.
Univariate and multivariate Cox regression models were
used to evaluate mortality risk. Multivariate Cox regression
models were constructed using patient age groups (3049,
50-59, 60-69, 70-79, > 80 years), sex, body mass index,
smoking status, comorbidities, geographic location (capital,
large cities, other), household income (high, middle, low,
very low, Medicaid), and treatment modalities. Survival time
was defined as the interval from the date of lung cancer
diagnosis up to the last follow-up or death. Kaplan-Meier
survival curves were used to calculate the 5-year survival rate
for patients in different treatment groups. A post hoc analy-
sis was used for multiple comparisons of the survival curves.
The Harrell C index was used to evaluate the discriminatory
ability of the staging systems. Statistical significance was set
at p < 0.05. Statistical analyses were performed using SAS
version 9.2 (SAS Institute, Cary, NC, USA), SPSS version 24
(IBM Corp., Armonk, NY, USA), and STATA version 14.0,
(StataCorp., College Station, TX, USA).

RESULTS

Baseline characteristics

The baseline characteristics of the patients (n = 1,004) are
summarised in Table 1. Fifty-three percent of the patients
had a history of cigarette smoking. For the initial thera-
py, 261 patients (25.9%) were treated with two or more
combinations of surgery, radiation, and chemotherapy. EG-
FR-TKI therapy as first- or second-line treatment after che-
motherapy was considered in 134 patients (13.4%). We en-
rolled 227, 244, 257, and 276 newly diagnosed non-small
cell lung cancer patients in 2010, 2011, 2012, and 2013,
respectively. The incidence of lung cancer during the study
period was 48.3 cases per 10,000 person-years for all ages.

Risk factors associated with survival

Multivariate Cox regression analyses indicated a correlation
with survival, where men were found to be at 1.38 times
higher risk of mortality than females (Table 2). Furthermore,
compared to patients aged 50 years, those aged 70 and 80
years had 1.2- and 2.4-time higher risk of mortality, respec-
tively.
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The risk of mortality in patients receiving surgery plus ad-
juvant chemotherapy, multimodality therapy, chemothera-
py alone, and EGFR-TKI was 2.4, 7.4, 10.2, and 5.2 times,
respectively, that of those treated with surgery alone. More-
over, the magnitude of hazard ratios of the types of therapy
was found to be stable in the multivariate analysis. While
patients belonging to Medicaid, low household income
groups, and smokers were found to be at an increased risk
of mortality in the univariate analysis, the statistical signif-
icance could not be validated in the multivariate analysis.
Additionally, the prognosis of the patients was independent
of the year of diagnosis.

Comparison of survival analyses in
advanced-stage lung cancer patients treated
with EGFR-TKI and other treatment modalities
Next, we observed that the 5-year survival rates in patients
treated with surgery, adjuvant chemotherapy, surgery plus
chemoradiation therapy, chemotherapy alone, and EG-
FR-TKI were 78.2%, 58.2%, 18.9%, 9.7%, and 22%, re-
spectively (Fig. 2).

Further, the median survival duration for patients in the
multimodality treatment group was significantly less than
that in the EGFR-TKI group (16.2 months vs. 31.3 months;
95% confidence interval [CI], 13.1-19.0 vs. 28.5-37.3) (Fig.
2). Whereas the median survival in the chemotherapy alone
group was 10.4 months (95% Cl, 8.2 to 12.0). Moreover,
as shown in Fig. 2, the survival curves of each treatment mo-
dality appear well-separated from each other. Additionally,
post hoc analyses for comparisons of survival curves in each
group indicated statistical significance, as follows: EGFR-TKI|
group vs. chemotherapy alone (p < 0.001); EGFR-TKI vs.
multimodality therapy group (p < 0.001); EGFR-TKI vs. sur-
gery plus adjuvant chemotherapy (p < 0.001); and EGFR-TKI
vs. surgery alone (p < 0.001), along with a C-index of 0.71
(95% Cl, 0.69 to 0.73) for this staging system.

Overall survival between EGFR-TKI following
multimodality therapy and EGFR-TKI as
primary therapy

Next, we compared the survival rates conferred by EGFR-TKI
as secondary treatment in patients who relapsed after treat-
ment with multimodality therapy versus those who received
it as a primary therapy. Our analysis suggested that median
survival durations in patients treated with EGFR-TKI after
multimodality therapy and those treated with EGFR-TKI as a
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Table 1. Demographic and clinical characteristics of patients with lung cancer
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Characteristic Death Alive p value
Sex
Male 409 (72.0) 269 (61.7) 0.001
Female 159 (28.0) 167 (38.3)
Age, yr
30-49 32 (5.6) 9 (8.9 0.000
50-59 89 (15.7) 107 (24.5)
60-69 190 (33.5) 133 (30.5)
70-79 203 (35.7) 150 (34.4)
>80 54 (9.5 7(1.6)
Baseline comorbidity
Ischemic heart disease 106 (18.7) 0 (18.3) 0.920
Cerebrovascular diseases 81 (14.3) 0 (11.5) 0.174
Hypertension 284 (50.0) 198 (45.4) 0.165
Diabetes 208 (36.6) 140 (32.1) 0.148
BMI < 18.5 kg/m? (missing n = 172) 31 (6.9) 6 (4.2) 0.099
Smoker
Non-smoker 195 (43.9) 191 (50.8) 0.058
Current or ex-smoker 249 (56.1) 185 (49.2)
Residential area
Seoul 103 (18.1) 95 (21.8) 0.210
Large city 120 (21.7) 99 (22.7)
Small city and rural area 345 (60.7) 242 (55.5)
Household income relative to the median, %
9-10 172 (30.3) 164 (37.6) 0.006
6-8 181 (31.9) 128 (29.4)
3-5 95 (16.7) 81 (18.6)
1-2 82 (14.4) 2 (11.9)
0 38 (6.7) ( 5)
Year of lung cancer diagnosis < 0.001
2010 152 (26.8) 75 (17.2)
2011 157 (27.6) 87 (20.0)
2012 142 (25.0) 115 (26.4)
2013 117 (20.6) 159 (36.5)
Initial treatment modalities
Surgery only 8 (8.5) 234 (53.7) < 0.001
Surgery with adjuvant chemotherapy 6 (6.3) 0 (8.0)
Multimodality® therapy 196 (34.5) 65 (14.9)
Chemotherapy only (exclude EGFR-TKI therapy) 196 (34.5) 5 (8.0)
EGFR-TKI treatment 92 (16.2) 42 (9.6)

Values are presented as number (%).
BMI, body mass index; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
@More than two combination of surgery, radiation, chemotherapy.
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Table 2. Univariate and multivariate Cox proportional hazard regression analyses for factors associated with the survival of
EGFR mutated advanced lung cancer
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. Univariate Multivariate
Variable
HR 95% Cl p value HR 95% ClI p value
Men (reference: women) 1.52 1.27-1.83 <0.001 1.38 1.05-1.81 0.021
Age, yr
30-49 1.02 0.68-1.53 0.913 0.81 0.48-1.37 0.447
50-59 Reference Reference
60-69 1.44 1.12-1.85 0.004 117 0.87-1.57 0.282
70-79 1.47 1.14-1.88 0.002 1.22 0.90-1.64 0.190
> 80 3.49 2.48-4.90 <0.001 2.41 1.56-3.72 0.000
Ischemic heart disease 1.03 0.83-1.27 0.772 1.13 0.88-1.47 1.139
(reference: no)
Cerebrovascular diseases 1.16 0.92-1.48 0.192 0.88 0.67-1.17 0.887
(reference: no)
Hypertension (reference: no) 117 0.99-1.38 0.058 1.07 0.87-1.33 1.078
Diabetes (reference: no) 118 0.99-1.40 0.053 0.99 0.80-1.23 0.998
BMI (reference < 18.5 kg/mz) 0.74 0.51-1.07 0.115 0.71 0.49-1.04 0.715
Ex-smoker or current smoker 1.27 1.05-1.53 0.012 0.98 0.77-1.25 0.987
(reference: never smoker)
Residential area
Seoul, capital city Reference Reference
Large city 1.05 0.80-1.36 0.71 0.88 0.64-1.19 0.418
Small city and rural area 1.18 0.95-1.48 0.125 118 0.91-1.53 0.192
Household income relative to the median, %
9-10 Reference Reference
6-8 1.22 0.99-1.51 0.055 1.06 0.83-1.34 0.627
3-5 1.205 0.938-1.548 0.145 1.13 0.85-1.51 0.382
1-2 1.422 1.093-1.850 0.009 1.04 0.76-1.41 0.800
0 2.118 1.490-3.011 0.000 1.39 0.77-2.51 0.271
Year (Conti) 0.918 0.850-0.992 0.030 0.99 0.90-1.08 0.866
Staging surrogate
Surgery only Reference Reference
Surgery with adjuvant chemotherapy 2.26 1.47-3.49 < 0.001 2.4 1.49-3.90 < 0.001
Multimodality? therapy 7.61 5.54-10.45 < 0.001 7.42 5.19-10.60 < 0.001
Chemotherapy only 11.05 8.00-5.12 < 0.001 10.24 7.15-14.64 < 0.001
(exclude EGFR-TKI therapy)
EGFR-TKI treatment 477 3.36-6.76 < 0.001 5.29 3.57-7.86 < 0.001

EGFR, epidermal growth factor receptor; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; TKI, tyrosine kinase in-

hibitor.

@More than two combination of surgery, radiation, chemotherapy.
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Figure 2. Survival curves for patients treated with surgery only
(blue), surgery plus adjuvant chemotherapy (red), multimodal-
ity therapy (green), epidermal growth factor receptor (EGFR)-
tyrosine kinase inhibitor (TKI) (purple) and chemotherapy alone
(brown).

1.00

0.757

o
n
i

Survival probability

Years post-diagnosis

Figure 3. Survival curves for patients treated with primary epi-
dermal growth factor receptor (EGFR)- tyrosine kinase inhibitor
(TKI) (blue line) and those receiving EGFR-TKI after recurrence and
treatment with multimodality therapy (red line).

primary therapy were 33.0 months (95% Cl, 29.6 to 44.4)
and 28.7 months (95% Cl, 22.1 to 41.7), respectively. How-
ever, the survival gains at 4 months observed in this analysis
did not reach statistical significance (Fig. 3).
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DISCUSSION

The analysis indicated that treatment of advanced-stage
lung cancer patients harbouring EGFR mutations, using
EGFR-TKI, conferred better survival outcomes along with a
25% reduced hazard ratio than in those treated with mul-
timodality therapy. The multimodality therapy group, which
accounted for 25.9% of the lung cancer patients, was con-
sidered as clinical stage Il and matched well with the lung
cancer registry data [15]. Moreover, each survival curve, in-
cluding that for the EGFR-mutated lung cancer group, was
well separated and achieved statistical significance, as con-
firmed by the C-index value.

Although the median survival of patients in the EGFR-TKI
group was better than that in the multimodality group,
which may include a 9- to 13-month period of resistance
development [1,4,16-18], we did not observe significant
differences in their 5-year survival outcomes. Here, patients
with advanced lung cancer had a better prognosis upon
treatment with primary EGFR-TKI than those treated with
multimodality therapy for locally advanced tumours. There-
fore, EGFR-TKI therapy for the treatment of patients with
stage IlIB and higher stage tumours harbouring EGFR muta-
tions may be considered to downstage the disease.

As reported previously, the 24-month survival of patients
with stage IIB and llIA lung cancer defined by clinical stag-
ing was 72% and 55%, respectively [19]. In this study,
the survival rate for advanced lung cancer patients treated
with EGFR-TKI was 63%, which is closer to stage IIB dis-
ease. However, while the 5-year survival of stage IIB and IliB
lung cancer patients defined by clinical staging was 53%
and 26%, respectively [19], patients in our study showed
a 22% survival outcome, which is closer to stage B dis-
ease. Therefore, these comparisons again correlate with the
development of resistance to EGFR-TKI therapy. Evidence
suggests the effectiveness of treatment with osimertinib
and dacomitinib, along with combination therapy, such as
bevacizumab, which may allow updating the position in the
TNM classification of patients with EGFR-mutated lung can-
cer [6,20-22].

EGFR mutations were identified as an important factor in
the response to EGFR-TKIs in the Iressa Pan-Asia Study (IP-
ASS) study in 2009 [2]. Therefore, the use of EGFR-TKIs has
been based on EGFR mutation status in advanced lung can-
cer (stage lllb and IV). At the beginning of 2010, EGFR-TKIs
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were used as the primary treatment for EGFR-mutated ad-
vanced lung cancer. However, the NHIS has recommended
concurrent chemoradiation therapy for patients with stage
Il lung cancer who have good general conditions, regardless
of their EGFR mutation status. In these patients, EGFR-TKI
can be used as the initial treatment when the Eastern Co-
operative Oncology Group (ECOG) is 2 or higher. Therefore,
patients with the same stage of EGFR-mutated lung cancer
can be treated differently.

Furthermore, a median survival gain of 4 months was ob-
served in patients treated with EGFR-TKI after multimodality
therapy than in patients treated with EGFR-TKI as a prima-
ry therapy. Although the analysis failed to reach statistical
significance, multimodal therapy may play a significant role
in the outcome of EGFR-mutated lung cancer. Moreover,
low tumour burden may contribute to improving the sur-
vival of patients with advanced stage disease treated in the
multimodality therapy group than in the primary EGFR-TKI
therapy group [23,24]. However, previous studies reporting
the role of multimodality therapy in the treatment of locally
advanced lung cancer with mutated EGFR have been con-
troversial [25]. Therefore, a large cohort study is required
to evaluate the effect of multimodality therapy on lung
cancer patients with EGFR mutations. It would be neces-
sary to compare the prognosis of EGFR-mutation-positive
and EGFR-mutation-negative patients in the conventional
treatment group that did not use EGFR-TKI; however, the
analysis was not conducted due to the small number of EG-
FR-mutated lung cancers in this group [14].

At present, TNM staging does not include information on
age, sex, and comorbidities. However, it appears necessary
to also provide this information for prognosis. In this study,
male sex and age above 80 years were identified as inde-
pendent risk factors, even when treatment-related variables
were controlled. Therefore, these epidemiological variables
may also need to be incorporated into the treatment policy
along with TNM staging.

This study has several limitations. First, the study results
could not directly confirm the EGFR mutation status or type.
Given the high cost of EGFR-TKI treatment, the NHIS strict-
ly restricts this treatment unless the patient is positive for
EGFR mutation. Therefore, the administration of EGFR-TKI
treatment in patients without EGFR mutation would be rare
when EGFR mutation types have not been identified. Sec-
ond, since no information about the TNM classification was
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available, it was traced back through treatment. Moreover,
data on patient performance were not included. Third, co-
morbidities defined based on ICD codes should have been
validated through patient records. However, the database
consisted of random samples of national insurance claim
data without identification numbers, which prevented the
validation of individual cases through chart review. Fourth,
as the database did not include information on pathology,
we could not perform further analyses.

In conclusion, treatment of advanced stage lung cancer
patients harbouring EGFR mutations with EGFR-TKI, either
as first- or second-line after chemotherapy, increased the
median survival with a low hazard ratio compared to treat-
ment with multimodality therapy. Therefore, we anticipate
EGFR-TKI therapy to downstage tumours harbouring EGFR
mutations in the TNM classification.

KEY MESSAGE

1. In the case of epidermal growth factor receptor
(EGFR)-mutated advanced lung cancer, there is
room for downstaging in the tumor, node, and
metastasis (TNM) classification.

2. EGFR-tyrosine kinase inhibitor (TKI)-treated ad-
vanced lung cancer showed better survival than
the multimodality therapy group, which was con-
sidered as locally advanced lung cancer.

3. Survival may not differ between primary EGFR-TKI
therapy or multimodality therapy following EG-
FR-TKI therapy for EGFR-mutated locally advanced
lung cancer.
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