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Abstract. Malignant cancer is the top cause of mortality in
Taiwan. In particular, the mortality rate of with lung cancer
reached 39.2/100,000 in 2017. Epidermal growth factor
receptor tyrosine kinase inhibitors (EGFR‑TKIs) are being
increasingly used to treat lung cancer.; however, due to small
sample sizes and a limited number of adequately controlled
studies, it is difficult to compare survival rates of traditional
chemotherapy with EGFR‑TKI therapy when used as a
first‑ or second‑line treatment for patients with lung cancer,
and therefore data on its efficacy are inconclusive. Therefore,
Taiwan's entire 2010‑2015 National Health Insurance Database
(NHID) was used to perform a retrospective study. The top
two anti‑neoplastic first‑line therapies used for lung cancer
were traditional platinum‑based doublet chemotherapy and
EGFR‑TKI therapy. Patients with stage III and IV lung cancer
undergoing first‑line EGFR‑TKI therapy exhibited improved
overall survival rates. However, patients with stage I and II
lung cancer demonstrated limited benefits. Patients with stage
IIIB and IV EGFR mutation (‑) patients did not benefit from
treatment with EGFR‑TKI therapy. The EGFR‑TKI gefitinib
may be more effective in patients with lung cancer than erlotinib, irrespective of whether patients had been previously
treated or not. Patients treated with Gefitinib also exhibited
improved survival rates compared with other frequently used
chemotherapeutic drugs.
Introduction
Lung cancer is one of the most common types of malignant
cancer and the leading cause of cancer‑associated death
in Taiwan, United States and the European Union (1,2).
Wang et al (3) have shown that the 5‑year overall survival
(OS) rate for all patients with lung cancer in Taiwan is 15.9%,
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being relatively lower in patients with late‑stage lung cancer
(4.9% in stage IV). For a large proportion of patients, the
disease is initially diagnosed at a later stage of cancer, and
drug treatment is required for long‑term survival improvement.
Typically, systemic therapy is used in patients with advanced
or recurring disease following initial definitive treatment. The
therapeutic regimen used depends on the stage of the cancer,
the molecular characteristics of the tumour and the patient's
overall medical condition. Advances in drug treatments have
increased the OS of patients with lung cancer and may control
tumour‑associated symptoms without adversely affecting the
patients' overall quality of life (QoL) (4‑6).
Prior to the development of epidermal growth factor receptor
(EGFR)‑tyrosine kinase inhibitor (TKI) therapy, chemotherapy
with platinum‑based doublets was administered to patients
with stage IV non‑small‑cell lung cancer (NSCLC). Several
meta‑analyses have demonstrated the benefits of platinum‑based
doublet chemotherapy (7). The double‑drug treatment strategy
also results in improved OS rates compared with a single‑drug
chemotherapy regimen (8). Platinum‑based doublets are usually
combined with a third‑generation cytotoxic drug, such as
gemcitabine, vinorelbine or taxane; incorporation of pemetrexed and other drugs into individual treatment schedules may
also be considered (9). Single‑ and double‑drug chemotherapy
has shown benefits in some elderly patients (>70 years) (10).
Compared with patients who received supportive care alone,
patients treated with vinorelbine exhibited improved 1‑year OS
rates and a significantly improved QoL, with acceptable toxic
effects (7). Furthermore, EGFR mutation (+) patients treated
with EGFR‑TKIs (such as, gefitinib, erlotinib or afatinib) exhibited a higher response rate, longer progression‑free survival
(PFS) and an improved QoL compared with patients treated
with standard platinum‑based doublet chemotherapy (11,12).
The aim of lung cancer drug treatment is to control
symptoms and improve the OS of patients. In Taiwan,
platinum‑based doublet chemotherapy and EGFR‑TKIs
are frequently used as a first‑line treatment combined with
third‑generation cytotoxic combinations [Third generation
Cytotoxic Combination (TCC), including paclitaxel, vinorelbine, gemcitabine and docetaxel], or as a monotherapy in select
patients. A better suited drug treatment may be associated
with improved outcomes. The aim of the present retrospective
cohort study was to determine the real‑world prescription rates
of the various drugs used to treat patients with lung cancer in
Taiwan and analyse the outcomes.
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Materials and methods
Data source and patient definition. The present study is a
retrospective, population‑based study using claims records
from the entire National Health Insurance Database (NHID)
of Taiwan between 2010 and 2015. NHID contains details
of all the citizens in Taiwan (23,492,074 in 2015). NHID
of Taiwan is a publicly available database through formal
application and approved by the Health and Welfare Data
Science Centre at The Ministry of Health and Welfare, Taiwan
(https://dep.mohw.gov.tw/DOS/np‑2500‑113.html). The
International Classification of Diseases, 9th Revision (ICD‑9);
Clinical Modification code (ICD‑9 code 162) and catastrophic
illness certificate (ICD‑9 code 162) were used to select patients
with lung cancer. This method of using a catastrophic illness
certificate as the diagnostic criteria for lung cancer is strict
and reliable. Patients who did not have a medical record of
lung cancer with ambulatory (expenditures due to visits) and
inpatient (expenditures due to admissions) care in the year
2010 were defined as lung cancer patients during 2011‑2015
and were enrolled in this study as treatment‑naive lung cancer
patients. The TNM Staging of lung cancer and EGFR gene
mutation status were identified according to the linked cancer
registration file (13). Cancer registration file was founded
in 1979. Hospitals with >50‑bed capacity, which are able to
provide care for outpatients and hospitalized patients with
cancer were recruited and reported all newly diagnosed cases
of malignant neoplasms to the registry. Staging and treatment
details were required to report for specific cancers in 2002 and
Site‑specific factors (EGFR, Kras and other risk factors) were
first included in 2012. Since the present study was between
2010 and 2015, information on EGFR mutation from certain
patients may be missing.
Research ethics approval. The protocol used in the present
study was approved by the Joint Institutional Review Board
Taiwan R.O.C. (Protocol Number: 14‑S‑007). As this study
was a retrospective database analysis study, it does not require
informed consent according to local legislation issued by the
Ministry of Health and Welfare in Taiwan (14).
Assessment. The primary objective of the present study
was to determine the first‑line drug treatment pattern in
treatment‑naive patients with lung cancer. The medications
used for treating patients with lung cancer were in accordance
with the Anatomical Therapeutic Chemical (ATC) classification (15). The use of antineoplastic and immunomodulating
agents (ATC code, L) was monitored in these patients. The
agents were categorized into five classes: Platinum‑based
compounds, third‑generation cytotoxin combinations
(paclitaxel, vinorelbine, gemcitabine and docetaxel; TCC),
monotherapy (single third‑generation cytotoxin; paclitaxel,
vinorelbine, gemcitabine and docetaxel), EGFR‑TKIs (afatinib,
gefitinib and erlotinib) and others (other agents or combinations which were not included in the other groups). Following
diagnosis of lung cancer, the first‑line treatment was defined
as the first anti‑neoplastic agent prescription and its combination with other drugs within 90 days. Patients who underwent
surgery were identified by their cancer registration file. The
second‑line treatment was identified as addition of one or more
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new anti‑neoplastic agents following the first‑line treatment.
The code for neutropenia was ICD‑9:288.0; for thrombocytopenia, ICD‑9:287.4; Nausea and vomiting, ICD‑9:787.0;
neuropathy, ICD‑9:357.3; rash, ICD‑9:782.1; diarrhoea,
ICD‑9:787.9; nail disorders, ICD‑9:703.8‑9; and finger and toe
disorders ICD‑9:681.0‑1.
Data analyses. SAS 9.1 (SAS Institute Inc.) was used for data
analyses. The variable measures were identified based on the
criteria described above. Frequencies/percentages were used
to describe categorical variables. A log‑rank test was used to
compare the Kaplan‑Meier curves from different treatment
groups. OS for first‑ and second‑line treatments were calculated from the first day of drug administration of first‑ and
second‑line treatments, respectively, until death. Cox regression analysis was used to identify the independent risk factors.
Results
Sample description. In 2015, the population of Taiwan was
~23.4 million, of which 38,035 patients had lung cancer
and there were 12,695 new cases of lung cancer in Taiwan.
According to the National Health Insurance Database (NHID),
lung cancer prevalence in Taiwan increased from 0.11 to 0.16%
between 2010 and 2015, while the annual incidence density
increased from 0.0524 to 0.0540% (Table I; Fig. 1).
First‑line anti‑neoplastic drug prescriptions in patients with
lung cancer. Among the treatment‑naive patients with lung
cancer, 7,298‑9,269 patients per year (60.42‑71.99%) were
administered anti‑neoplastic and immuno‑modulating drugs
(Fig. 2; Table SI). Platinum‑based doublet chemotherapy was
the most frequently prescribed first‑line treatment (47.75% in
2011 and 39.97% in 2015), followed by EGFR‑TKI therapy
(21.00% in 2011 and 32.48% in 2015), other drugs (~20%),
monotherapy (5.59% in 2011 and 5.15% in 2015) and TCC
therapy (0.71% in 2011 and 0.37% in 2015) (Fig. 2; Table SI).
First‑line clinical assessments. To determine the efficacy of
different treatments and distinguish the patients' lung cancer
stages, each patient's survival data was linked with their cancer
registry file. Some of the cancer registration files lacked information, and as such, the final number of patients used for further
staging and survival analysis was less than the total number
of patients. Table II shows the patients' demographic data. A
total of 38,100 patients underwent surgery or chemotherapy:
Group 1 (n=5,077), only surgery; group 2 (n=7,392), surgery
with chemotherapy; and group 3 (n=25,631), only chemotherapy or EGFR‑TKIs. In group 3, 10,588 patients underwent
platinum‑based doublet chemotherapy, 179 TCC therapy, 771
monotherapy, 8,008 EGFR‑TKI therapy and 6,085 other treatments (Table II). Patients with stage I and II lung cancer in
surgery and surgery plus chemotherapy showed significantly
improved OS benefits compared with other treatment groups
(Fig. 3A; P<0.001). However, the surgery did not significantly
improve OS in patients with stage IV lung cancer (Fig. 3C).
EGFR‑TKI therapy showed limited survival benefits for patients
with stage I and II lung cancer, but compared to other treatments, OS was significantly increased with EGFR‑TKI therapy
in late‑stage lung cancer (III and IV) (Fig. 3B and C).

23,492,074
38,035 (0.16%)
12,695 (0.0540%)
7,670 (60.42%)
23,433,753
36,027 (0.15%)
13,786 (0.0588%)
92,69 (67.23%)
23,315,822
30,938 (0.13%)
11,816 (0.0507%)
8,506 (71.99%)
Total beneficiaries
23,162,123
Prevalence, no. (%)
24,995 (0.11%)
Incidence, no. (%)	‑	
Treated with an ATC L type drug, no. (%)	‑	

23,224,912
28,314 (0.12%)
12,166 (0.0524%)
8,567 (70.42%)

23,373,517
31,997 (0.14%)
10,400 (0.0445%)
7,298 (70.17%)

2015
2014
2013
2012
2011
2010
Year

Table I. Prevalence and incidence of patients with lung cancer in Taiwan.

ATC, Alternative Therapeutic Chemical classification code; ATC‑L, antineoplastic and immunomodulating agents. Prevalence and incidence are presented as percentage of the entire population. The
percentage of patients under ATC L type drug treatment is presented as a percentage of the incidence no. ‑, data not available.
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Figure 1. Selection and criteria of the cases used in the present study. ICD‑9,
International Classification of Diseases, 9th Revision; ATC, Alternative
Therapeutic Chemical classification code; ATC‑L, antineoplastic and immunomodulating agents.

Figure 2. Percentage of patients treated with each of the various first‑line
treatments. The first line treatments were categorized into five groups:
Platinum‑based; TCC; monotherapy, EGFR‑TKIs and others. EGFR‑TKI,
epidermal growth factor receptor‑tyrosine kinase inhibitor. TCC, third‑generation cytotoxin combinations (paclitaxel, vinorelbine, gemcitabine and
docetaxel); monotherapy, single third‑generation cytotoxin: Paclitaxel,
vinorelbine, gemcitabine and docetaxel; EGFR‑TKIs, afatinib, gefitinib and
erlotinib; others, other agents or combination which did not fit into any of
the categories.

The survival differences between the three EGFR‑TKIs used
(gefitinib, erlotinib and afatinib) were also determined. The OS
rate for patients treated with gefitinib was significantly higher
compared with erlotinib and platinum‑based doublet chemotherapy (Fig. 3D). For afatinib, the sample size was too small
to calculate the median survival rates. The detailed OS, median
survival and hazard ratios are presented in Tables SII and SIII.
Results of the multivariate Cox hazards regression analysis
for patients treated with different first‑line treatments for lung
cancer are shown in Table III. Overall, elderly patients with
lung cancer (OR=1.01‑1.03 compared with <65) and those with
late‑stage lung cancer (OR=1.03‑17.29 for stage IV compared
with stage I; OR=0.65‑4.16 for stage III compared with stage I;
OR=0.79‑2.42 for stage II compared with stage I) had a poor
OS, and women exhibited improved OS rates compared to
men (OR=0.50‑0.73 compared with men).
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Table II. Clinicopathological characteristics of patients treated with different first‑line treatments for lung cancer. The EGFR
expression status, lung cancer staging and grade were identified by linking with the cancer registration file.
Without surgery
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Surgery
Surgery plus
Platinum‑based		
Monotherapy EGFR‑TKIs
Variable
only (%) chemotherapy (%) compounds (%) TCC (%)
(%)
(%)
Others (%)
Patient number
5,077
7,392
10,588
179
771
8,008
6,085
Sex
Male
2,254 (44.4)
4,134 (55.9)
7,884 (74.5) 136 (76.0) 521 (67.6) 3,140 (39.2) 4,329 (71.2)
Female
2,823 (55.6)
3,255 (44.0)
2,691 (25.4)
43 (24.0) 250 (32,4) 4,857 (60.7) 1,747 (28.7)
Unknown		
3 (0.1)
13 (0.1)
0
0
11 (0.1)
9 (0.1)
EGFR mutation 							
Negative
582 (11.5)
1,443 (19.5)
3,226 (30.5)
52 (29.1) 256 (33.2)
313 (3.9) 1,536 (25.2)
Positive
742 (14.6)
2,213 (29.9)
841 (7.9)
4 (2.2)
62 (8.0)
6,801 (84.9) 349 (5.8)
Unknown
3,753 (73.9)
3,736 (50.6)
6,521 (61.6) 123 (68.7) 453 (58.8)
8,94 (11.2) 4,200 (69.0)
TNM stage
0
76 (1.4)
75 (1.0)
25 (0.2)
0
3 (0.4)
22 (0.3)
25 (0.4)
I
3,827 (75.4)
2,812 (38.0)
298 (2.8)
7 (3.9)
64 (8.3)
184 (2.3)
344 (5.7)
II
334 (6.7)
1,070 (14.5)
321 (3.0)
12 (6.7)
35 (4.5)
85 (1.1)
318 (5.2)
III
268 (5.3)
1,548 (20.9)
2,747 (25.9)
42 (23.5) 141 (18.3)
612 (7.6) 1,195 (19.6)
IV
210 (4.1)
1,707 (23.1)
6,989 (66.0) 118 (65.9) 504 (65.4) 6,972 (87.1) 3,965 (65.2)
Unknown
362 (7.1)
180 (2.5)
208 (2.1)		
24 (3.1)
133 (1.7)
238 (3.9)
Pathologic grade							
1
1,353 (26.6)
631 (8.5)
207 (2.0)
5 (2.8)
38 (4.9)
297 (3.7)
163 (2.7)
2
2,392 (47.1)
3,034 (41.0)
1,508 (14.2)
23 (12.8) 170 (22.0) 1,544 (19.3) 919 (15.1)
3
609 (12.0)
1,647 (22.4)
1,964 (26.6)
42 (23.5) 132 (17.1)
997 (12.5) 1,052 (17.3)
4
60 (1.2)
104 (1.4)
71 (0.7)		
6 (0.8)
10 (0.1)
50 (0.8)
Other
663 (13.1)
1,976 (26.7)
6,838 (64.5) 109 (60.9) 425 (55.1) 5,160 (64.4) 3,901 (64.1)
Area							
North
2,684 (52.9)
3,423 (46.3)
4,661 (44.0)
58 (32.4) 241 (31.3) 3,441 (43.0) 2,888 (47.5)
Central
1,133 (22.3)
1,831 (24.8)
2,591 (24.5)
63 (35.2) 257 (33.3) 1,874 (23.4) 1,528 (25.1)
South
1,154 (22.7)
1,941 (26.3)
2,990 (28.2)
53 (29.6) 256 (33.2) 2,453 (30.6) 1,450 (23.8)
East
80 (1.6)
173 (2.3)
297 (2.8)
5 (2.8)
17 (2.2)
200 (2.5)
163 (2.7)
Outer Islands
26 (0.5)
24 (0.3)
36 (0.3)		
0
40 (0.5)
56 (0.9)
or unknown
Age 							
<40
133 (2.6)
152 (2.1)
243 (2.3)
0
14 (1.8)
122 (1.5)
42 (0.7)
40‑49
513 (10.1)
703 (9.5)
1,016 (9.6)
7 (3.9)
36 (4.7)
584 (7.3)
122 (2.0)
50‑59
1,310 (25.8)
1,842 (24.9)
2,535 (23.9)
17 (9.5)
101 (13.1) 1,586 (19.8) 402 (6.6)
60‑69
1,565 (30.8)
2,295 (31.0)
3,311 (31.3)
41 (22.9) 137 (17.8) 1,920 (24.0) 831 (13.7)
70‑79
1,174 (23.1)
1,883 (25.5)
2,754 (26.0)
78 (43.6) 295 (38.3) 2,251 (31.9) 2,088 (34.3)
>80
382 (7.6)
517 (7.0)
729 (6.9)
36 (20.1) 188 (24.4) 1,545 (19.3) 2,600 (42.7)
Mean ± standard
62.9±11.6
66.3±11.4
63.4±11.3
71.1±9.8
70.3±12.2
67.4±12.6
75.7±10.8
deviation
Side effects		
Neutropenia
21 (0.4)
510 (6.9)
1,505 (14.2)
11 (6.1)
30 (3.9)
303 (3.8)
247 (4.1)
Thrombocytopenia
3 (<0.1)
24 (0.3)
63 (0.6)
0		
16 (0.2)
7 (0.1)
Nausea/vomiting
67 (1.3)
589 (8.0)
1,058 (10.0)
4 (2.2)
32 (4.2)
627 (7.8)
192 (3.2)
Neuropathy		
26 (0.4)
32 (0.3)
0
0
16 (0.2)
8 (0.1)
Rash
6 (0.1)
50 (0.7)
74 (0.7)
8 (4.5)
3 (0.4)
92 (1.1)
13 (0.2)
Diarrhea
29 (0.6)
234 (3.2)
303 (2.9)		
20 (2.6)
367 (4.6)
98 (1.6)
Nail disorders
3 (<0.1)
11 (0.1)
7 (<0.1)		
15 (1.9)
22 (0.3)
3 (<0.1)
Finger and toe
14 (0.3)
183 (2.5)
117 (1.1)
0		
450 (5.6)
28 (0.5)
disorders
EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitors; TCC, third‑generation cytotoxin combinations (paclitaxel, vinorelbine, gemcitabine and docetaxel); TNM, Tumor‑Node‑Metastasis.
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Figure 3. Kaplan‑Meier survival time curves for patients with different stages of lung cancer and treated with various treatments. Overall survival of patients
with (A) stage I and II, (B) stage III and (C) stage IV lung cancer treated with various first‑line drug treatments. (D) Overall survival of patients with
stage IIIB and IV lung cancer treated with various first‑line drug treatments. Survival statistics are presented in Tables SII and SIII. EGFR‑TKIs, afatinib,
gefitinib and erlotinib; others, other agents which did not fit into any of the categories; Chemo, chemotherapy; OP, operation (surgery).

Efficacy of first‑line treatment for patients with EGFR muta‑
tions. The EGFR mutation status was used to select patients
with lung cancer who may exhibit an improved response to
EGFR‑TKI therapy. The activity of EGFR‑TKIs in EGFR
wild‑type or unknown lung cancer patients still requires
investigation. Patients with stage IIIB and IV lung cancer who
underwent surgery with chemotherapy, platinum‑based doublet
chemotherapy or EGFR‑TKI therapy were selected and their
OS analysed. In patients with EGFR mutation (+), the OS was
improved compared with patients with EGFR mutation (‑) and
EGFR mutation (unknown) in all the treatment groups (Fig. 4;
Tables SIV and SV). The efficacies of platinum‑based doublet
chemotherapy and EGFR‑TKI therapy were similar in EGFR

mutation (+) patients (20.7 vs. 20.3 months; P=0.82), whereas
patients with EGFR mutation (‑) who underwent platinum‑based
doublet chemotherapy had significantly improved OS compared
with patients who underwent EGFR‑TKI therapy (12.53 vs.
10.47 months; P=0.008). In addition, EGFR mutation (unknown)
patients who underwent EGFR‑TKI therapy exhibited improved
OS compared with patients who underwent platinum‑based
doublet chemotherapy (15.83 vs. 10.4 months; P<0.0001). These
results suggest that EGFR‑TKIs should not be used in patients
with EGFR mutation (‑).
Second‑line clinical assessment. The benefits of different
second‑line treatments were assessed. Current guidelines

CI, confidence interval; HR, hazard ration; TCC, third‑generation cytotoxin combinations (paclitaxel, vinorelbine, gemcitabine and docetaxel); TNM, Tumor‑Node‑Metastasis.

Sex		
		
Female
0.50 (0.41‑0.60)
0.61 (0.56‑0.66)
0.61 (0.58‑0.64)
0.69 (0.46‑1.04)
0.73 (0.61‑0.87)
0.76 (0.72‑0.890)
0.67 (0.63‑0.71)
Age							
≥65
1.03 (1.03‑1.05)
1.02 (1.02‑1.03)
1.01 (1.01‑1.02)
1.01 (0.99‑1.03)
1.01 (1.00‑1.02)
1.02 (1.01‑1.02)
1.01 (1.01‑1.02)
TNM Stage (ref, stage I)
II
2.42 (1.85‑3.16)
1.56 (1.39‑1.78)
1.17 (0.95‑1.43)
0.79 (0.27‑2.33)
1.85 (1.03‑3.30)
1.40 (1.00‑1.96)
1.51 (1.27‑1.80)
III
4.16 (3.21‑5.38)
2.08 (1.86‑2.34)
1.31 (1.11‑1.53)
0.65 (0.25‑1.70)
2.39 (1.56‑3.64)
1.04 (0.83‑1.30)
1.69 (1.47‑1.95)
IV
17.29 (13.81‑21.64) 5.35 (4.81‑5.96)
2.09 (1.79‑2.44)
1.03 (0.42‑2.56)
3.52 (2.37‑5.22)
1.88 (1.53‑2.30)
3.00 (2.63‑3.43)

Variable

Surgery only,
HR (95% CI)

Without surgery
Surgery plus	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
chemotherapy,
Platinum‑based
TCC, HR
Monotherapy, HR
Target therapy,
Others,
HR (95% CI)
compounds, HR (95% CI)
(95% CI)
(95% CI)
HR (95% CI)
HR (95% CI)

Table III. Multivariate Cox proportional hazards regression analysis for overall survival in patients treated with different first‑line treatments for lung cancer.
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recommend both chemotherapy and EGFR‑TKIs, and the
Taiwan National Health Insurance (NHI) system allows the
use of both. Table IV shows the patients' demographic data.
A total of 24,248 patients with lung cancer underwent
second‑line treatment. Pemetrexed (n= 4,962) for chemotherapy and erlotinib (n=3,901) for targeted EGFR‑TKI therapy
were the most frequently prescribed. The median survival
time for patients treated with gefitinib was 16.23 months, for
pemetrexed it was 11.73 months and for the remainder of the
drugs it was ~7 months (ranging between 6.73 and 8.2 months)
(Fig. 5 and Tables SVI and SVII). These results suggest that
as a second‑line treatment, gefitinib resulted in improved OS
compared with other chemotherapeutic drugs. Results of the
multivariate Cox hazards regression analysis for different
second‑line treatments for lung cancer are shown in Table V.
The efficacy of gefitinib was superior to other medication as
second‑line treatment for lung cancer. This result was similar
for the first‑line treatments.
Discussion
The present study is one of few retrospective cohort studies
examining first‑line treatment for treatment‑naive lung cancer
patients using a national sample (16). Using data from the
NHID, it was demonstrated that first‑line treatments used in
Taiwan are similar to that recommended by the American
Society of Clinical Oncology (ASCO) guidelines for patients
with stage IV NSCLC (17). The majority of new cases of lung
cancer are treated with platinum‑based doublet chemotherapy
or EGFR‑TKI therapy as initial treatment (39.91 and 32.48%,
respectively, in 2015). Based on the data from NHID, the use of
EGFR‑TKIs for lung cancer treatment has increased over time,
while that of other therapies has decreased. The results of the
present study suggest that EGFR‑TKIs as a first‑line treatment
is less efficacious compared with chemotherapy when used to
treat patients with stage III and IV treatment‑naive lung cancer.
There is little benefit of treating patients with stage I and II lung
cancer and no benefit for treating patients with stage III and IV
with EGFR mutation (‑) with EGFR‑TKIs. In addition, direct
comparison of EGFR‑TKIs and other chemotherapy drugs
used as second‑line treatment showed that gefitinib was
superior to the other drugs.
ASCO guidelines recommend platinum‑based doublet
chemotherapy for patients with NSCLC without EGFR or
ALK mutations and with improved ability to take care of
themself (17); however, a meta‑analysis showed that 1‑year
survival was not significantly increased in patients treated
with platinum‑based doublet chemotherapy compared with
patients treated with TCC therapy (18). Based on the data
from NHID, median survival in patients with stage IV lung
cancer who underwent platinum‑based doublet chemotherapy
was 11 months, which was higher compared with patients
who underwent other types of chemotherapy (6.6 months with
TCC therapy, 8.67 months with monotherapy and 3.77 months
with others). This inconsistency in our results and previously
published data may be due to different stage responses to
various therapies, as the median survival in patients with
stage III lung cancer was not significantly different between
platinum‑based doublet chemotherapy and TCC therapy
[15.47 months (14.77‑16.03) vs. 12.6 months (8.80‑15.97)].
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Figure 4. Kaplan‑Meier survival curves of patients according to the EGFR Mutation status and treatment. Survival curves of patients with (A) EGFR Mutation
(+), (B) EGFR Mutation (‑) and (C) EGFR Mutation (unknown). Survival statistics are presented in Tables SIV and SV. EGFR‑TKIs, afatinib, gefitinib and
erlotinib; Chemo, chemotherapy; OP, operation (surgery).

Figure 5. Kaplan‑Meier survival curves of patients treated with various
second‑line anti‑neoplastics. Three epidermal growth factor receptor‑tyrosine kinase inhibitor agents, afatinib, gefitinib and erlotinib, and six
chemotherapy agents, docetaxel, etoposide, gemcitabine, paclitaxel, pemetrexed, and vinorelbine were assessed. Survival statistics are presented in
Tables SVI and SVII.

According to the Taiwan NHI system, patients with
locally advanced NSCLC who fail to respond to chemotherapy as a first‑line treatment (with or without EGFR

mutation) are prescribed EGFR‑TKIs. A few randomised
studies comparing gefitinib with erlotinib prescription,
showed that the median PFS in the gefitinib group was
higher compared with the erlotinib group (4.9 months vs.
3.1 months; 95% CI=1.3‑8.5 vs. 0.0‑6.4) (19). In another
cohort study in Taiwan, previously treated EGFR‑TKIs naïve
NSCLC patients administered with gefitinib had longer
PFS and OS times compared with patients administered
erlotinib (20). In the present study, OS for 9 commonly used
second‑line treatments for patients with lung cancer, three
EGFR‑TKIs (afatinib, gefitinib and erlotinib) and six chemotherapy drugs (docetaxel, etoposide, gemcitabine, paclitaxel,
pemetrexed and vinorelbine) were assessed. Among the
24,292 lung cancer patients who received second‑line treatment, 5,237 (21.56%) were administered EGFR‑TKIs. The
results of the present study demonstrated that patients whom
had previously been administered gefitinib had improved OS
time. There are several possible explanations for the superior therapeutic effects of gefitinib compared with erlotinib.
Erlotinib is more likely to be prescribed to patients with lung
cancer with a higher severity of disease, such as those with
cachexia and increased intracranial pressure (20). EGFR
mutation status may also serve a crucial role in patients
with lung cancer. Clinical evidence involving a comparison
between chemotherapy and EGFR‑TKIs as second‑line treatment has yielded contrasting results which may be due to
inconsistent inclusion criteria with, without, or with mixed
EGFR mutation status (21‑23).

EGFR, epidermal growth factor receptor.
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329 (19.7)
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61.9±11.6

423 (25.3)
465 (27.9)
781 (46.8)

966 (57.9)
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1,669

336 (6.8)
16 (0.3)
422 (8.5)
13 (0.3)
44 (0.9)
161 (3.2)
9 (0.2)
137 (2.8)

124 (2.5)
592 (11.9)
1,407 (28.4)
1,439 (29.0)
1,081 (21.8)
319 (6.4)
60.5±11.7

888 (17.9)
2,938 (59.2)
1,136 (22.9)

2,189 (44.1)
2,757 (55.9)

4,962

Paclitaxel (%) Pemetrexed (%)

182 (5.5)
96 (5.8)
16 (0.5)
6 (0.4)
140 (4.2)
71 (4.3)
8 (0.2)
6 (0.4)
22 (0.7)
10 (0.6)
78 (2.4)
36 (2.2)
4 (0.1)
22 (1.3)
48 (1.5)		

122 (3.7)
411 (12.5)
922 (28.0)
949 (28.8)
702 (21.2)
192 (5.8)
60.5±11.7

834 (25.3)
1,005 (30.5)
1,459 (44.2)

1,945 (59.0)
1,342 (41.0)

3,298

Erlotinib (%) Etoposide (%) Gefitinib (%) Gemcitabine (%)

4,427

Afatinib (%) Docetaxel (%)

Patient number
109
Sex
Male
43 (39.4)
Female
66 (60.6)
EGFR mutation
Negative
4 (3.7)
Positive
67 (61.5)
Unknown
38 (34.8)
Age
<40
4 (3.7)
40‑49
12 (11.0)
50‑59
31 (28.4)
60‑69
31 (28.4)
70‑79
27 (24.8)
>80
4 (3.7)
Mean ± standard deviation
61.5±11.6
Side effect
Neutropenia
7 (6.4)
Thrombocytopenia		
Nausea/vomiting		
Neuropathy		
Rash		
Diarrhea		
Nail disorders
0
Finger and toe disorders
9 (8.3)

Variable

255 (6.3)
12 (0.3)
192 (4.7)
6 (0.1)
27 (0.7)
113 (3.8)
8 (0.2)
61 (1.5)

108 (2.7)
410 (10.1)
1,009 (24.9)
1,099 (27.1)
1,022 (25.2)
403 (10.0)
61.9±11.6

881 (21.7)
1,408 (34.8)
1,762 (43.5)

2,239 (55.3)
1,801 (44.7)

4,051

Vinorelbine (%)

Table IV. Clinicopathological characteristics of patients treated with different second‑line treatments for lung cancer. EGFR expression status was identified through linking with the
cancer registration file.
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Afatinib,
HR (95% CI)

Docetaxel,
HR (95% CI)

Erlotinib,
HR (95% CI)

Etoposide,
HR (95% CI)

Gefitinib,
HR (95% CI)

Gemcitabine,
HR (95% CI)

Paclitaxel,
HR (95% CI)

Pemetrexed,
HR (95% CI)

Vinorelbine,
HR (95% CI)

CI, confidence interval; HR, hazard ration; TNM, Tumor‑Node‑Metastasis.

0.69
0.79
0.62
0.90
0.77
0.71
0.89
0.78
0.81
(0.17‑2.82)
(0.73‑0.85)
(0.58‑0.67)
(0.74‑1.10)
(0.67‑0.88)
(0.65‑0.77)
(0.79‑0.99)
(0.73‑0.84)
(0.75‑0.87)
Age 		
			
≥65
1.01
1.01
1.01
1.01
1.02
1.00
0.99
1.01
1.00
(0.96‑1.06)
(1.00‑1.01)
(1.00‑1.01)
(0.99‑1.01)
(1.01‑1.02)
(1.00‑1.01)
(0.99‑1.00)
(1.00‑1.01)
(1.00‑1.01)
TNM Stage (ref, stage I) 									
II
1.83
1.07
1.20
1.62
1.45
1.09
0.99
1.20
1.41
(0.11‑30.55)
(0.82‑1.39)
(0.92‑1.58)
(0.87‑2.99)
(0.96‑2.20)
(0.79‑1.51)
(0.65‑1.51)
(0.92‑1.56)
(1.05‑1.89)
III
6.67
1.25
1.25
1.41
1.86
1.26
1.32
1.41
1.58
(0.75‑59.02)
(1.01‑1.55)
(1.02‑1.54)
(0.82‑2.41)
(1.34‑2.58)
(0.99‑1.62)
(0.95‑1.83)
(1.15‑1.73)
(1.26‑1.99)
IV
6.49
1.59
1.69
1.90
2.80
1.74
1.61
1.75
2.30
(0.51‑83.40)
(1.30‑1.94)
(1.39‑2.06)
(1.13‑3.18)
(2.07‑3.80)
(1.37‑2.21)
(1.19‑2.20)
(1.46‑2.10)
(1.85‑2.86)

Sex
Female

Variable

Table V. Multivariate Cox proportional hazards regression analysis for overall survival in different second‑line treatment of the lung cancer patients.
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Claims‑based analyses have several limitations, such
as incomplete data and the possibility of coding errors or
omissions. To better understand the information on lung
cancer, data on lung cancer patients with catastrophic
illness certificates (ICD‑9 code 162) was linked with the
cancer registry file (ICD‑O‑3, C33‑C34, lung, bronchus and
trachea). However, not all the relevant information was available on the initial staging of lung cancer. A high percentage
(>90%) of patients with stage IV lung cancer and treated
with EGFR‑TKI therapy as a first line treatment underwent
molecular testing for EGFR mutation, and the majority of
these tested positive. However, <50% of patients with lung
cancer undergoing platinum‑based doublet chemotherapy
underwent molecular testing to determine EGFR mutation
status. Therefore, the results of the present study may not be
generalizable, as lung cancer staging and EGFR gene mutation status may differ across countries. Performance status
(PS) and smoking history may have an impact on outcomes
and therapeutic strategies. There was no information on
PS and smoking history listed in the cancer registry files.
Drug‑induced lung injuries was an adverse event during lung
cancer treatment. There is no specific code for drug‑induced
lung injuries, including interstitial lung disease in ICD‑9.
The most similar coding was ‘respiratory conditions due to
other specified external drugs (508.0)’. To protect personal
privacy, the Health and Welfare Data Science Centre only
allows exporting results with more than two cases in each
event. As there were results for patients with respiratory
conditions with no more than two cases in each group, it was
not possible to obtain and analyse this data. In future studies,
data from medical charts may be used to examine the factors
which may affect outcomes and therapeutic strategies.
The results of the present study suggested that patients with
stage III or IV lung cancer undergoing first‑line EGFR‑TKI
therapy may show improved OS; however, patients with
stage I and II lung cancer may only exhibit smaller benefits
and patients with stage III and IV EGFR mutation (‑) patients
may not benefit at all. The efficacy of two first‑generation
EFGR‑TKIs may not be the same. Gefitinib may be more
effective than erlotinib in treatment‑naive and previously
treated patients with lung cancer. Gefitinib also improved
survival compared with other frequently used chemotherapy
drugs. Additional randomised control trials are required to
confirm this finding.
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